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Tandem and Telecommunications

Introduction

The telephone is an indispensable part of the modern age. It is woven into the fabric of
daily life for most residents of the world's industrial nations. The availability and
reliability of telephone service have made it an essential element of business. Deals are
proposed, meetings arranged, contracts negotiated, and orders committed via the
telephone. Users expect to be able to lift up a receiver, hear dial tone, dial a number and
either be connected to the called party or receive a busy tone, 24 hours a day 7 days a

week.

As telephone service has improved, expectations for service have increased. One of the
ways public switched networks have responded to increased demand is with innovative
technology. Telecommunication providers (telcos) have long recognized that moving
from analogue to digital technology allows increased traffic while reducing maintenance
costs. Recently, customer expectations have been raised by competition. For example,
in many countries telephone bills contain no individual call detail information. With the
introduction of competition, these same telcos are now faced with providing detailed

billing.

The emergence of a global economy has only increased competition among telcos. Even
those network providers which are protected by monopolies feel the pinch of competition
as multinational companies use by-pass technologies to search for the best deal in
telecommunication services. This has driven telcos to emphasize the values of service,
productivity, flexibility, and innovation. In this quest, public switched network
providers have harnessed computer technology to serve virtually every aspect of their
enterprise. This in turn has caused telcos to search for computer systems that
demonstrate the same levels of reliability and availability.

Tandem computers is a natural partner with telcos because:

1) The architectures of the telephone network and Tandem computer systems are
similar in design concepts and operational standards;

2) The types of functions that Tandem computer systems perform are analogous to
the types of functions that telephone networks perform;

3) Tandem is committed to, and is a world leader in the delivery of continuously
available online computer systems.

Tandem computers are currently deployed by many telecommunications providers,
including the top 29 telcos and PTTs in the world. These telcos have found that Tandem
computer systems provide continuously available, and reliable processing for their most

critical business functions.
Telephone network architecture and Tandem computer systems

The parallels between the design of the public switched network (PSN) and Tandem
computer systems are remarkable. Both support real time distributed processes. The
availability and reliability of the public switched network has long been a halimark of
telephone service. Tandem computers systems deliver continuously available service 7

days a week 24 hours a day (7 X 24).
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Tandem computer systems achieve the availability and reliability standards of telcos by
using sophisticated hardware and software technology. These systems are designed for
continuous availability and prevent a single component failure from disrupting
operations. Tandem design is comparable to the engineering of telecommunication
networks, that rely on redundancy and automatic reconfiguration in response to failure
on the network. Parallel processing is at the heart of Tandem computer's fault tolerant
design. Tandem's use of parallel processing ensures efficient computing and thus the
best price performance for machines in its class.

As telecommunications providers enter the information processing arena a key
competitive factor will be database capability. Tandem architecture assures the
integrity and security of the data processed. Tandem offers NonStop SQL, a high
performance industry standard relational database management system. NonStop SQL is
the only commercially marketed, distributed relational database that provides
continuous availability. For telcos with applications such as calling card and 800 and
800 services this type of database capability is essential.

Tandem has demonstrated a commitment to open standards-based systems, and
participates in a variety of standard's groups including CCITT and ANSI. Supported
standards include, Open Systems Interconnection (OSl), the UNIX System V operating
system, Signalling System #7, and Integrated Services Digital Network (ISDN).

Since Tandem computer systems match the architecture and operational standards of the
public switched network, Tandem computers are the ideal platforms for telco

applications.

Tandem computer systems and the telephone networks perform similar
functions

The architectural resemblance is not surprising when you consider the similarity of the
functions that the two types of networks support. Both the PSN and Tandem computer
systems provide an environment where customers send and receive information by
electrical means in real time. For the purposes of this paper this type of design will be
called a message based architecture. The primary elements of this design are the sender
and receiver of information. Terms such as “originating office” and “terminating office"
,or "calling party" and "called party" reveal the message based nature of
telecommunications network.

The type of processing involved in traditional computer systems are very different from
the types of processing involved in telephone networks. Initially, commercial
computers were stand-alone machines that performed batch functions such as check
processing, inventory control, or complex numerical calculations. Communication
between these computers was usually limited to the transfer of data files. Surprisingly,
most general purpose computers are still using this architecture. They are not able,
therefore, to take advantage of the availability and reliability of messaged based
architecture. Stored program telephone switches, on the other hand, were distributed
processors that supported the sending and receiving of electronic signals (messages) in

real time.

Since its inception in 1974, Tandem Computers applied the telephone system model to
the design of commercial computer systems. The results were general purpose, multi-
processor computers using a message based operating system with a fault tolerant
architecture. Tandem computer systems are composed of one or more machines that

2




Tandem and Telecommunications

support the sending and receiving of information in real time. These machines can be
du_smbuted over great distances and connected in a network. The term generally used for
this type of computing is online transaction processing (OLTP).

OLTP has a wide range of applications in business from securities trading to health
maintenance. Telcos may justly lay claim to the invention of OLTP,with the development
of call processing and common channel signalling. Tandem's unique contribution,
however, was to recognize that a messaged based architecture in a general purpose
computer could provide solutions to a wide variety of business problems. Since the
introduction of its first fault tolerant system, Tandem has provided computer systems
that provide continuously available, cost effective, innovative and flexible solutions to
mission critical applications.

Tandem systems are deployed in telcos worldwide

Probably no single technological trend is having greater impact on the telcos than the
intersection of telecommunications and computer technology. The convergence of
telecommunications and computers is driving the use of a messaged-based architecture
from the central office into all areas of the telecommunications business. Telephone
companies are finding that the application of messaged-based architecture can provide a
significant advantage. It provides increased levels of services and operational capability
that telcos can offer their customers. For these reasons the top 29 telcos and PTTs have

implemented Tandem computer systems.

Tandem Computers have successfully integrated messaged-based systems in a variety of
telecommunication venues outside the traditional basic telephone service arena. These
include the intelligent network, business support systems, value added services, and
network operations support systems. In order to meet the 7 X 24 availability and
reliability standards of the public switched network, the elements that make up the
network must operate at the same level. Computer systems that are used to offer telco
services must measure up to the 7 X 24 standard. Tandem computer systems are
designed for continuous availability 7 days a week 24 hours a day.

Besides the 7 X 24 reliability and availability standard that they provide, Tandem
computer systems appeal to telcos because they can offer significant improvement in
price/performance, integration, and real-time responsiveness. This improves teico
service levels. The linear expandability of Tandem systems offer a significant
competitive advantage when introducing services, because the cost of initial deployment
is significantly lower. This means that a telco can buy just the processing power needed
to introduce a service and expand the system easily and cost effectively as the market for
the service grows. Linear expandability means that as processors are added to a Tandem
system, or systems are added to form larger and larger networks, the processing power
of Tandem systems grows linearly. That is, four processors do twice the work of two,
and eight processors do four times the work of a two-processor system.

Tandem computer provide responsive, productive, flexible, innovative
service oriented systems

The use of computers in telecommunications has been increasing since the introduction
of the stored program controlled switch in the early 1960s. An early factor in
automation was the growth of traffic on the telephone network. In the United States, for
example, market forecasts predicted that without automation the number of operators
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required to handle the growing volume of calls would have exceeded the U.S. population
by the early 1980s. Another reason for the increasing use of computers in telephone
networks was the desire to provide as high a level of service as possible, while keeping
the cost of providing that service at a minimum. The increasing availability and
decreasing cost of computer components has spurred the convergence of
lelecommunications and computer technology.

The emphasis on providing a superior service at lower cost has become increasingly
important to the network provider. The changing face of government regulation and the
restructuring of telcos from monopolistic utilities to competitive business entities plays
a role in this development. Bandwidth, the major commodity of the telco, is becoming
more abundant and less and less expensive thanks to fiber optics technology. Because of
competition, the decrease in cost to the carrier must be passed onto the customer. As
price becomes less of a differentiating factor, competition will come down to service,
productivity, flexibility, and innovation in each part of the telecommunications

industry. Tandem Computers Incorporated provide systems that support these business
requirements.

Customer Service

The increased use of high technology in all areas of the economy have caused customers to
become more demanding of the services they purchase. A service is judged by its price,
reliability, availability, and responsiveness. Besides the continuous reliability and
availability that they provide, Tandem computer systems offer significant advantages in
terms of price/performance and responsiveness.

The linear expandability of Tandem systems offer a significant price/performance edge
when introducing services. A telco need only invest in a Tandem system large enough to
support the initial offering of a new service. It can then offer that service at a price
which is competitive and yet achieve a return on the investment faster. As the market
for that service grows, Tandem architecture allows expansion of the system easily to
meet increased demand and without interruption to the service.

Tandem's messaged based architecture enables telcos to implement responsive
applications that are online and perform in real-time. The high-volume transaction
processing capability of Tandem systems allows applications which can be tailored to
customer needs while keeping pace with peak activity. The Tandem Call Application
Manager (CAM) utilizes these capabilities to support call centers.

Calling centers are often the first point of customer contact and thus are critical
elements in a company's image and marketing strategy. The Call Application Manager
provides a software development platform for call center applications on Tandem
NonStop™ systems linked to private branch exchanges (PBXs) or automatic call
distributors (ACDs). The Call Applications Manager receives incoming-call details,
such as the automatic number identification (ANI) or the dialed number information
service (DNIS), and delivers the information to a host application in a simplified
format. Using this data, the application builds customer-specific screens, which CAM
then delivers to the call center agent as the call arrives. |f the call must be transferred
to another location, CAM software manages screen transfer so that the new agent receives
all information gathered up to that point. The Tandem Call Applications Manager
improves teleservicing efficiency through faster call handling, increased agent
productivity, fewer agent errors, and prompt, personalized service.
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Integration of systems is emerging as a significant factor in providing better service.
Application integration can provide a seamless interchange of information between
systems responsible for various aspects of telecommunication service. Integration cuts
down on customer frustration by not requiring the customer to provide information
more than once. It cuts costs and improves information accuracy by reducing the amount
of data entry. And responsiveness is improved by allowing different systems to share
up-to-date information.

Tandem systems allow telcos to integrate services whether they reside on different
Tandem computers, workstations, or other manufacturers' hosts through a variety of
networking and connectivity techniques. The foundation for Tandem's strength in
distributed processing is the EXPAND™ networking software which gives users a single
view of distributed applications and data anywhere in the network. To support high
speed communications on local networks of its NonStop systems, Tandem supports the
Fiber-Optic Extensions (FOX) product line with an aggregate bandwidth of 5 megabytes

per second.

Open and flexible enterprise networks are supported with products such as Ungermann-
Bass's Net/One system and Access/One network delivery system. Ungermann-Bass is a
wholly owned subsidiary of Tandem Computers, Incorporated. Net/One interconnects
devices from all leading computer vendors, while Access/One uses ordinary twisted-pair
telephone wire to connect local users. The Access/One system was the first to integrate
both local area network (LAN) and wide area Network (WAN) applications into a single
platform. Ungermann-Bass installed the first fully operational Fiber Distributed Data

Interface (FDDI) network in 1989.

A wide variety of networking and connectivity standards are supported by Tandem
including the Transmission Control Protocol/Internet Protocol (TCP/IP), the System
Network Architecture (SNA), and the X.25 protocol. Tandem is also compatible with LAN
standards including NETBIOS, Ethernet, and Token-Ring. Tandem is committed to
supporting the international Open Systems Interconnection (OSI) standards.

Productivity

Productivity is important to any telecommunications provider that must compete on the
cosvbenefit of services. Telcos are finding that one way of improving service while
reducing cost is the introduction of messaged based/transaction oriented systems.
Recently a Regional Bell Operating Company (RBOC) implemented a service negotiation
system on Tandem computers and achieved significant improvements in productivity.

Service negotiation is the means by which customer needs are ascertained and the
required service provisioned. Since customer expectations for quick and informed
responses to their requests are growing, the service negotiation system must provide
real time access 1o a myriad of customer related data. One such system is GemStar
implemented by Pacific Bell. GemStar is a Tandem based Customer Contact Platform
which allows Pac Bell service reps to assign a customer a telephone number, validate the
customer's address, verify the customer's credit, provide pricing quotes on various
services all in the course of a single customer contact session. The Gemstar system
provides the service rep with information regarding product availability, product fit
and suggests proposals to make to the customer regarding other products based on the
customer profile.
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The productivity gains that this system has provided are impressive. The Tandem based
GemStar system has reduced customer contact time by 10%, and reduced service order
errors by 15%. It has also cut training costs considerably by reducing initial training
by 33% and continuation training by 40%. And it has decreased the need for printed
reference material by 60%.

Flexibility

As competition grows, the flexibility of service offerings will be decisive.
Telecommunication providers must fashion services to the requirements of individual
customers or market segments in a timely fashion. A unique and powerful set of
Intelligent Network products, which can support the delivery of flexible and timely
services, is offered through Tandem's wholly owned subsidiary Tandem
Telecommunications Systems Inc(TTSI). TTSI-NET products include a service control
point (SCP), a service management system (SMS), and the applications development tool
set of the service creation environment (SCE).

The service control point and the service management system will be discussed in detail
later in the document, but the SCE bears special attention as a facility for rapid service
deployment, The service creation environment has a set of software development tools
which facilitates the design and development of network based applications such as a Line
Information Database, 800 Service Database, or Calling Card Validation Service. The
SCE allows application engineers to design databases, and data validation logic for
services, without the need for complete knowledge of network protocols or system
architecture. Tandem supports application development tools such as the SCE to ensure
that services are specified and delivered in response to the requirements of customers or
the needs of market segments in record time.

Innovation.

In order to differentiate themselves and accommodate shifts in the market place, network
providers will need to offer innovative new solutions to customer problems. One
solution that has been developed to meet customer needs is Integrated Services Digital
Network (ISDN). ISDN offers secure, flexible, and cost effective access for voice and
data communications equipment to the public network for both circuit and packet
applications.

The Tandem ISDN Communications Subsystem (ICS) provides a platform for development
of applications that can take advantage of the communications, network control, and call
control benefits that ISDN offers. Tandem ICS is a combined hardware and software
product that provides either a Basic Rate or Primary Rate connection between a Tandem
host and the public switched network. With the delivery of the ICS platform Tandem has
demonstrated its commitment to team with telephone companies, switch vendors, and
third party software providers to develop ISDN applications that meet real needs and
provide competitive advantages.

Tandem's pioneering development of messaged based/transaction oriented computers
makes it an ideal platform for telco information systems which emphasize service,
productivity, innovation and flexibility. The continuous availability and messaged based
design of Tandem computer systems ensures responsive, real time service. Tandem's
architecture allows competitively priced introductions of new, untried services while
providing a clear path for future expansion of the system to meet demand. And Tandem
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continues to dgmonslrate its commitment to innovative and flexible solutions to business
problems with its support of standards and its development of systems to support new
technology such as SS#7 and ISDN.

Tandem responds to the needs of the Telco Industry

For the purposes of this document the architecture of a modern telecommunications
business will be seen as having five components:

1) the network fabric (switching, transmission),
2) business systems,

3) value added services,

4) the intelligent network,

5) network operations support systems.

Except for the network fabric layer, an area in which it does not compete, Tandem has
processors installed in all components of the network architecture. Network providers
choose Tandem because Tandem's design fundamentals parallel the architecture of the the
public telephone network. These fundamentals include real time message processing,
linear expandability, 7 X 24 availability, data integrity, distributed processing, and a
commitment to standards.

Business Systems

Telecommunication business systems are those manual and automatic systems that
support the business functions of a telco. They include: service negotiation, inventory,
billing, customer support and repair. Many business systems use old batch oriented,
mainframe resident programs that were built to support a largely analogue network and
are now hard pressed to support digital features and services. Because these systems
represent the primary customer interface, they need real time responsiveness.
Customers demand control of, and access to network information. Business systems must
provide this information or serve as a conduit to it. This in turn requires that business
systems are knit into the overall architecture of the network and that they share with
network elements the requirements of availability, reliability, data integrity, and
distributed processing. Tandem systems are well positioned to support these types of
requirements.

A business system example is the use of Tandem computer systems by Jutland Telephone.
Jutland Telephone (JT) is Denmark's second largest telco serving more than one million
customers with annual sales in excess of $700 million. As with many other telcos, JT is
confronted with a changing business environment as Europe moves toward a single
market. To meet this increase in competition, JT chose Tandem computers as the
platform on which to develop a series of integrated, real-time applications. These
applications include service order entry, billing, sales and order processing for large
corporations, directory assistance, and operator services support.

The service order entry system of JT automates the ordering of new services or
equipment for customers from initial customer contact to installation of the service or
equipment. The system interfaces to directory assistance and billing to insure that
information is updated in real time. The system maintains information on each
subscriber line, This Tandem based system represents a marked improvement in
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efﬁcieqcy and productivity, since almost 60 percent of the changes of the telephone
subscribers connections are now made automatically.

JT's billing system has resided on a Tandem platform since early 1988. The system
provides summary billing for a company with many subscriptions. Services provided
by different JT divisions are listed on a single invoice for those business that request a
single bill. A Tandem Optical Storage Facility, which provides compact storage and
improved access, is used by JT to store a required five year billing history for each of
its customers. All of this translates positively to the bottom line, as the 6 million
invoices the JT prepares annually are done sooner, with less handling and reduced postal

costs.

Operator services and directory assistance systems are both key telco business systems
that benefit from Tandem's design fundamentals. Volt Delta's Operator Services System
is a product that can provide telcos a competitive edge. This application offers sub-
second retrieval speeds from a multi-million listing database. Retrieval features
include alternate spelling searches, automatic secondary searches, emergency number
searches, and frequently called number caching. This reduces the average work time
resulting in a significant cost savings.

The Volt Delta Operator Services System provides direct access to customers who have an
ongoing need for current telephone listing information as well as an electronic directory
assistance option to support network access. Other features include automatic
interception of calls to disconnected numbers, customized messages, split referrals,and
automatic call completion using the announced telephone number. The system also
supports automatic billing for collect and third party calls using interactive voice
response technology to offload calls from operator service positions. Because it is
implemented on Tandem NonStop computer systems, the Operator Services System
delivers continuously available, reliable service.

Value Added Services

Value added services use available switching and transmission facilities and then add
features to increase the value of the transmission. Although 80% of a telephone
company's current business is spoken calls, it is the other 10% of the business--data
calls and value added services--which is the fastest growing market. Value added
services require a computer which supports a messaged based architecture and provides
continuous availability and reliable processing power. They include voice, electronic
mail, and facsimile messaging, Electronic Data Interchange (EDI), data services and
gateway services. Tandem processors are ideally suited for value added services because
of their fault tolerance, distributed processing, and data integrity.

The linear expandability of Tandem systems is a key competitive factor in deploying new
services in untested markets. A provider can offer a new service with minimum
investment. As demand grows and operational requirement are better understood, the
service provider can invest in more processors, confident that Tandem's architecture
guarantees a linear increase in processing power This is a significant competitive

advantage.

Toyo Information Systems, Ltd's Fair-Way Intelligent Facsimile Transmission service is
an example of a value added service which takes advantage of Tandem's continuous

availability and distributed processing. The Fair-Way service, which is implemented in
Japan, provides a number of enhanced facsimile transmission (FAX) services. The basic
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service includes store and forward capabilities that allow a FAX to be broadcast to
multiple locations at user specified times. The system automatically retries busy and
does not answer (DNA) destinations until successful. Fair-Way also supports
simultaneous transmission to multiple locations. At the customers direction, the service
can also stop receipt of unwanted FAX messages.

Another value added service which is gaining in importance is Electronic Data
Interchange (EDI). The exchange of electronic information for buying, moving, selling
or paying is being adopted by both large and small corporations to streamline operations,
cut costs, and improve customer service. Tandem computer systems provide the
continuously available distributed processing power with the data integrity that is
required of EDI applications. EDI utility software offered under the NonStop EDI
program provides message management, security, and translation software for medium
and large enterprise EDI systems.

The Message Way system provides flexible addressing capabilities that permit users to
separately schedule and control when messages are delivered to trading partners. XWay
performs translation of in-house files to EDI standard formats, and EDI documents into
in-house formats. XWay supports both EDIFACT and ASC X12 standards. Both of these
systems benefit from Tandem's linear expandability. As volumes increase, the capacity
of the system can be increased in a cost effective manner without service or tracking

interruptions.

Globalization of the economy is significantly affecting the telecommunications business.
Competition is increasing, while opportunities are expanding. As companies look beyond
their national borders to increase business and cut costs, they need communication tools
that allow them to keep in constant contact with distant locations. Tandem computers are
used by Sprint International to provide just such a capability with its electronic
message handling service--Telemail 400.

Telemail 400 lets business people send, receive, or file messages from any terminal,
personal computer, communication word processor, or telex device on their network.
The system supports the X.400 protocol, ensuring businesses that they can connect to
public and private messaging systems around the world. Telemail 400 acts as a hub for
communications connecting dissimilar messaging systems and offering international
communications. By implementing the service on Tandem computers, Sprint
International takes advantage of Tandem's message based architecture to provide
continuous availability and distributed processing power.

intelligent Network

The goal of the Intelligent Network is to improve the delivery, cost, and variety of
telecommunication services. It does this by separating network control and routing
functions from the switching equipment that establishes and maintains voice and data
connections. This has driven the institution of an open network architecture for both the
hardware and software elements of the network. Most of the software that will control
the network will reside on processors that sit beside the switching and transmission
elements of the network . These processors must support a continuously available
message based distributed architecture. These processors must also provide a high
degree of data integrity. Because Tandem was a pioneer in the development of fault
tolerant, transaction based, distributed processors, it has become a leader in the
deployment of the Intelligent Network processors.
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The Intelligent Network provides two major advantages for the telecommunication
provider. It allows for increased operational efficacy with the use of Signalling System
#7 for out of band signalling to support look ahead routing and call set-up functions.
The Intelligent Network also provides a rich vein of new services including calling card
validation and software defined network features such as 800 and 900 services, and
customer network management features. Many of these applications are based on online
database systems resident on service control points (SCP).

Tandem Computers Incorporated, through its wholly owned subsidiary Tandem
Telecommunications Systems Inc. (TTSI), was the first company to successfully
implement a service control point in a major telco's network. The implementation is
based on Signalling System #7 and is used for calling card validation and call
forwarding. TTSI-NET offers three Intelligent Network Products a service control
point, a service management system, and a set of application tools, the service creation

environment (SCE).

The service control point provides the online database architecture required for high-

speed query support and call processing logic. These features facilitate the interactive

communications queries that are generated in an Intelligent Network application. The

concurrent operations of multiple enhanced services such as credit card validations, and

programmable call forwarding is also provided by the service control point. The system

provides SS7 network management and connection control functions as well and |
Transaction Capabilities Application Part (TCAP) support. The service control point |
takes full advantage of Tandem's message based architecture and continuous availability

to provide interactive call processing treatment as prescribed by the Advanced

Intelligent Network architecture.

The service management system is designed to allow diverse applications to be
incorporated into the architecture of the Advanced Intelligent Network. It provides
communications facilities that can interact with the products of multiple network
element vendors to offer flexible solutions to network operations problems. A wide
range of data management functions that include update processing, and network data
validation can be supported by the service management system. Interfaces to new and
existing business support systems, and customer control systems are supported. Both
TTSI-NET's service management system and service control point are built on Tandem
NonStop computer systems. These systems combine state-of-the-art Very Large Scale
Integration technology and messaged based architecture to provide high performance,
high reliability and low service cost.

Network Operations Support systems

Network operations support systems monitor, measure, control or report on the status
of the network and its elements. Many systems in this environment share the
requirements of continuous availability and reliability, since these systems provide for
the operation and control of the network in real time. As telecommunications customers
become more sophisticated they require greater and greater control over the services
that they purchase. Telcos expect to offer a whole range of customer network
management features in the coming years. This in turn will require that the operational
support systems achieve the responsiveness of other customer oriented message based
systems. The reliability and availability of Tandem computers joined with their message
based architecture make them an ideal basis for network operations support systems.
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The NMCC Network Management Systems by GTE takes advantage of Tandem's
architecture to provide reliable and continuously available network operations functions
to independent telephone companies and businesses. The NMCC system offers both
information management functions and network control functions. Information that is
entered or changed in one portion of the system is automatically updated in all other
portions of the system. The information management functions include support of
service order entry and status reporting, network facilities management, repair
administration, inventory management, directory assistance, and billing and cost
accounting. The network control functions comprise support for network alarm
monitoring, traffic administration, centralized network interface for intelligent
network devices, call detail record keeping, and electronic office mail. The cost benefit
that the integration of systems provides was achieved through the use of Tandem's
database integration and connectivity tools.

Universal Measured Service (UMS) developed by GTE, is a billing support system that
provides an efficient, cost effective, and automatic means of collecting, and processing
both switch recorded and operator handled customer usage information. UMS is
adaptable to all major switch vendors formats. The Tandem based UMS Billing
Intermediate Processor electronically collects local billing information based on usage
from central office switching equipment. It then performs extensive verification on
raw switch data and translates the data into a standard call record format. Information
is aggregated for each billing telephone number and group accounts. Finally this
information is passed to a mainframe computer over electronic communication links.
Because the information that UMS processes represents a major revenue stream for a
telco and because of the dispersed nature of swilch sites, the continuous availability,
distributed processing, and data integrity of Tandem computer systems ideally suit the
requirements of the UMS system.

The Basic Operations System (BOS) developed by US West, NewVector Group, Inc. is a
UNIX based cellular network management and surveillance system that runs on Tandem's
Integrity S2 System. BOS is a modular application that support a number of cellular
network management functions. BOS can be configured by users and scaled to their needs
in an integrated, open system environment. BOS supports the display of network
conditions, the analysis of network failures, and the ability to correct network failures
through an interactive user interface. Security in the Basic Operations System includes
the ability to restrict access to data, remote systems, and BOS commands. Tandem's
Integrity S2 was ideal as the BOS platform because of its its fault tolerance and support

for a wide variety of data communication protocols.

Standards

Tandem Computers Incorporated has long demonstrated a commitment to industry
standards as a means to improve service, increase productivity, and ensure flexibility
and innovation in system development and maintenance. Tandem has implemented
applications that support such telco industry standards as SS#7,and ISDN. It actively
participates in the development of the International Open Systems Interconnection (OSI)
standards. A wide variety of networking and connectivity standards have been
implemented on Tandem computer systems including: Transmission Control
Protocol/Internet Protocol (TCP/IP), System Network Architecture (SNA), and the
X.25 protocol. Tandem is also compatible with LAN standards including NETBIOS,

Ethernet, and Token-Ring.
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Tandem recognizes that open system standards can support the goals of productivity by
allowing customers to benefit from system interconnectivity and application portability.
For that reason, Tandem introduced the Integrity S2 system, which combines fault
tolerance with an enhanced, but fully compliant, UNIX System V operating system based
on RISC technology. Tandem did not change the industry-standard interface for UNIX, it
simply made it's NonStop UX software more reliable. Running standard UNIX
applications on Integrity S2 hardware with NonStop UX ensures the continuous
availability and the data accuracy of the applications.

Tandem is committed to a strategy of providing open application access to the unique
advantages of Tandem NonStop systems via industry standard interfaces. Tandem

recently announced that it will support the Portable Operating System Interface (POSIX)
and X/Open Portability Guide (XPG3) standards. Applications adhering to these
standards can run on a variety of different systems supporting the POSIX and XPG3
interfaces. The goal of these standards is to increase the ease of porting programs and
programmer skills. This is illustrative of Tandem's ongoing support to open systems
development; it ensures that customers are furnished an environment where
applications are truly portable. This translates to reduced software development and

maintenance costs and greater productivity.

Conclusion

The restructuring of telcos from monopolistic utilities to companies that must compete
in the free market to sell their services have caused significant changes in the
telecommunications business. Telecommunications, perhaps more than any other
industry, is played on a global level. Even those network providers which are protected
by monopolies feel the pinch of competition, as multinational companies use by-pass
technologies to achieve cost efficient telecommunications services. Competition coupled
with abundance has driven down the profit margin of bandwidth, the major telco
commodity. All of these factors have caused the telco to emphasize service, productivity,
innovation, and flexibility. This emphasis has spurred the convergence of
telecommunications and computing technologies. Computers are used in ever increasing
numbers to meet the needs of telcos and their customers.

Tandem Computers is a natural partner with the telcos in providing innovative and
flexible solutions that enhance service and productivity. Tandem's design fundamentals
parallel the architecture of the public switched network. These fundamentals include a
fault tolerant, message based architecture that supports distributed processing with a
high degree of data integrity. The Tandem architecture is linearly expandable which
ensures cost efficient deployment of systems with a clear path for expansion. The
inherent strengths that stem from these design criteria make the Tandem computer
solution a natural fit to many of the telcos mission critical applications were continuous
availability and fault tolerant processing is required.

Tandem, CLX, Cyclone, EXPAND, Guardian, Integrity S2, NonStop, TTSI-NET and the
Tandem logo are trademarks of Tandem Computers Incorporated. UNIX is a trademark of
UNIX Systems Laboratories, Inc. a subsidiary of AT&T.

©1991 Tandem Computers Incorporated. All rights reserved.
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Karen Landis

Like the US market, competition among mainframe vendors is equally fierce in the
European community. Marked by mergers and acquisitions throughout the 1980s, the
US mainframe market has diminished to a handful of major players. Consolidation
would appear to be the name of the game in Europe as well. After bowing out of the
mainframe market in late 1989, Nixdorf recently announced plans to merge computer

operations with Siemens AG.

Currently, the majority of installed European mainframes are IBM-supplicd. However,
IBM may possibly face stiffer competition selling to Fortune 1000 sites in the Euro-
pean community than in US markets. The Mainframe Market Share graph (page 4)
details IBM and competitors in both Europe and the US. As evidenced by this graph,
IBM’s share of the European market is six percent less than that enjoyed in the US.

IBM’s smaller share can be attributed to several factors. Not only must IBM face com-
petition from old familiar companies like Amdahl, Bull, Unisys, et al., but also from
several players not familiar to US markets, such as Comparex and Siemens.

Comparex Information Systems GmbH began operations in 1987 as a joint venture be-
tween Sicmens and BASF, offering mainframes which are plug compatible to IBM sys-

Tandem -
Looking Strong!

Ralph Busch

While the stocks of most computer ven-
dors are rated either “hold” or “sell” by
the stock investment analysts, a number of
analysts have been rating Tandem as a
“buy.” Some analysts have even rated it as
an “aggressive buy.” What's going on
here? Why does Tandem rate so highly
while some of the giants in the industry,
like IBM and DEC, are rated much less
favorably? A look at the Financial History
graph (page 2) shows that Tandem has
achicved a steady pattern of sales growth
over the last six years. Many analysts feel
that they are on the road to even more
dramatic growth in the 19%0s.

The Financial History graph shows that
the percent of Net Income to Sales has
been relatively healthy, growing over ten

percent in 1987, The percentages were
(See Tandem on page 2)

(See Europe on page 4)

LAN Use at
AS/400 Sites

Over the last few years, local area net-
works (LANs) have grown to be ex-
tremely popular with personal computer
users. The many benefits of LANs in-
clude the ability to share resources (such
as printers and tape drives) and data
(such as programs and files). More
sophisticated LANs might include
midrange and/or mainframe computers
which would allow PC users to access
computing and storage services on the
larger systems.

Computer Intelligence divides LANs
into two classifications: PC LANs and
General-Purpose LANs. A PC LAN, as
its name implies, is a LAN consisting
primarily of PCs. Other equipment can
also be attached to PC LANSs, such as

file servers, office equipment, bridges,

(See LANs on page 5)
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processing the uscr's spplications while
Tandem the fault is being cor o cted. The offend-
(Continued from page 1) ing processor can be + moved from the
down somewhat in 1988 and 1989. Heavy system, repaired, an< - turned to the sys-
expenditures for the development and tem without interr the application
marketing of new P“!d“d‘" announced processing. Note th single proces- b
near the end of 1989 influcnced expen- sor CLX systems a {ault tolerant.
ses. These products include enhance-
ments to the CLX eatry level NonStop Fault tolerant proc s especially im- !
systems and the new fop-of—lhc-lmc ] portant to customc equire con-
Cyclone system. Net income should im- tinuous systems ava v, high transac-
prove this year as these products begin tion throughput an m expan-
to ship, and the manufacturing learning dability in on-line t: Jon processing
curve benefits the current mid (o high (OLTP), real time, & line and sup-
range NonStop products. port environments. | \nking industry
) ] is an example of an | ry that has
By lookmg at Tal!!dl:m s current these types of requir . Weall
product line and industry oricntation, know how irritating | be to run
we can undcfstand how they have out of cash and go t line teller
achicved their success to date. The saching that s out of - Beacaus.a
Tandem - General Purpose Systems tor 3o GO
table provides some historical and per- S
formance perspective of Tandem’s Given that banks do | Jumes of
products, Tandem was founded in OLTP and require | rant process-
1974, and as the table shows, the first ing, it is not 100 hard vhy they
products were installed in 1976. All of have been prime targ randem sys-
these general purpose systems are tems. A look st the Ta . Industry
members of the NonStop family. One Profile graph shows th of the Tan-
?ftl.;;: I_tcyhfcal:rcs of l:u: NonStop dem system base is in k/Savings
amily is that they are al::lt tolerant. and Loan industry sego The ;
That is, if a fault occurs in one proces- majority of the remain the base is
sor, another processor will continue
Tandem - General Purpose Systems
Numberof Dateof Performance
Model Processors Installation MAX TPS* Comments
NonStop 2-14 1976 = First Model Shipped
NonStop Il 216 1981 32  Mignted to TXorVIX
TXP 216 1983 72 Mignting o WX
EXT 10 20r4 1986 §  Fommer Entry System
EXT 25 20r4 1 1 Former Midrange
986 5 A
CLX 600 16 1987 15  New Entry System
CLX 700 1-8 1989 30 New Midrange System
VLX 2-32 1986 200+  Mid-to-High Range
Cyclone 4-16 1989 600 Top-of-the-Line
* TPS = Transactions per Second
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Outside Intelligence

Territory imbalance due to industry con-
centrations or absence of prerequisite
hardware or software quickly
demotivates a salesforce. Demotivation
turns into higher turnover in the ter-
ritory, lack of sales, missed product
quotas and worst of all a lack of trust by
the salesforce in sales management.

Company’s Market Share

Your market and territory share greatly
influences quota attainment of a
product/service. This is the easiest of all
factors to assess. You should be able to
determine this from your own company
records. The additional benefit of
analyzing this data is you may deter-
mine that you do better in a specific
geographical area or in a particular in-
dustry even if you are selling cross-in-
dustry software.

Market share is relevant to sales only
from the viewpoint of determining what
potential remains in the marketplace.
Geography may be extremely important
when it comes to assessing territory
share and potential. For example, your
service or product may sell better in the
large cities such as New York, Boston,
Chicago and Los Angeles rather than
smaller cities such as New Orleans or
Jacksonville, Florida. This would
dramatically affect the salesperson with
a territory that includes the South.

Years ago I worked for one of the
major software companies which ob-
viously obtained it's largest revenue
share from new sales, However, no
analysis was ever done on what our
market share was versus the competi-
tion, how fast the market was growing
or slowing for specific products and so
forth. The company didn’t really have to
worry about all of that because it was
doing so well at the time.

Quotas were derived from the amount
of revenue needed to obtain the annual
growth Wall Strect wanted to see. The
revenue needed was divided by the num-
ber of salespeople and quotas were es-

tablished, Of course, senior salespeople
were assigned a larger quota due to their
experience. No analysis was done with
respect to the competition’s share of the
marketplace or how competition might af-
fect individual territories. How do you
think the salesperson felt about this
method of arriving at quotas when they
were meeting stiff competition or their
territory was saturated with their
product?

Competition’s Market Share

Analysis of the competition’s market and
territory share, although painful at times,
will benefit your company and salesforce
dramatically. It benefits the company be-
cause once you have determined the
competition’s share, added that to your
own and then subtract it from the
marketplace total you have what poten-
tial remains in the marketplace. This as-
sumes that prospects can convert to a dif-
ferent vendor (YOU, of course!).

Without this analysis you are guessing at
your company’s bottom-line because
most companies obtain a majority of their
revenue from new sales. This one factor
alone will allow you to establish realistic
revenue targets for the company. It may
even indicate to your company that the
market is losing potential and you must
take preventive action for the company. It
may be time to speed up development of
new products, acquire new products or
enter new markets.

Winning Forecasts

When forecasts are real the company
benefits. Stockholder and banker expecta-
tions are not built up beyond a

reasonable level. Support staff levels are
consistent with needs. This helps avoid
lay offs or under utilized staff situations.
Capital equipment and facilities are also
controllable to a reasonable level. Com-
pany profitability clearly suffers when
forecasts are wish lists.

Realistic revenue targets benefit the en-
tire sales organization because it makes
quotas attainable and motivates the
salesforce. Motivation comes when you
explain that you have taken the time to
set realistic quotas based upon facts, not
guesses. Attainable quotas this year
makes next year’s quota increases,
which are inevitable, more palatable and
believable to the salesforce.

Realistic Forecasts & Fair Territories

At times it is hard to face reality, and its
even harder to confront others, such as
company executives and financial
partners, with numbers that do not
reach desired growth objectives. By
using CI's market intelligence to quan-
tify and understand your market, you
can set your territories using a formula
that everyone, even your representatives
can live with. Wouldn’t it be wonderful
to eliminate squabbles over territories in
1990!

John Grant is the VP of Marketing for
Indisy Software, Inc., which markets an
enterprise-wide communications system
that connects LANs to IBM mainframe
compulers and provides applications
such as electronic mail across LAN,
mainframe and minicompulers.

Indisy Software

6100 Wilshire Boulevard
Suite 1150

Los Angeles, CA 90048-5102
213-933-8393
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Total Number of Salespeople

John Grant
Indisy Software

Does this sound familiar? Divide the
total number of sites by the number of
salespersons and arrive at sales ter-
ritories. However, is this really a
method? When assigning territories
shouldn’t you analyze these three key
components:

« What is the product/service potential
for the entire marketplace?

« What is your company’s share of the
market?

« What is the competition’s share of
the market?

Without answers to these questions
using the equal quantity of sites method
for territory assignment is analogous to
using a crystal ball.

Proper use of market intelligence to as-
sign sales territories enables sales
management to make more accurale
sales forecasts and establish realistic
revenue targets thus providing an en-
vironment of success for each salesper-
son.

Sources of market intelligence on
specific hardware, software and services
are available in the computer
marketplace today. You can’t pick up a
irade journal without sceing a graph on
IBM or DEC regarding hardware, the
number of PCs sold compared to last
year, or how local arca networks are cut-
ting into minicomputer and mainframe
sales.

Besides keeping up with the trade press
you can purchase published reports and
database information on specilic

Outside Intelligence

Market Intelligence and Sales Territories

-

markets, or even commission studies of
your own. CI’s Markel Intelligence Sys-
tem is my primary source for market in-
telligence information.

Once you have access to market intel-
ligence you need to arrive at a formula
for setting territories. The formula for
cach company should be unique, based
on various factors that are largely out of
your control. Before arriving at a
method, or revamping your current
method, examine each of these three
COI'DpODCll[S.

Product/Service Potential

Consider whether your marketplace is
growing or shrinking. A shrinking
market may necessitate more sites to
close a given revenue amount than a
growing market. A growth market may
offer the potential for multiple place-
ments per site, whereas the mature
market may yield only an occasional new
placement. You also need to know the
total size of the market with regard to
specific prerequisites such as hardware
or software. For example, assuming you
have an AS/400 banking application, the
number of IBM AS/400s installed vs. the
number being shipped to banks on a
monthly basis would be important for es-
timating the entire market potential for
your product.

I have worked for companies that as-
sumed the salesperson had enough ac-
counts to meet prerequisite
hardware/software requirements in their
territory. This assumption didn’t affect
the salesperson when everyone had 750
accounts per territory. However, as the
salesforce grew and territories shrank
this assumption began to negatively im-
pact the salesforce. Some salespeople

Number of Sites per Territory

started to complain vehemently concern-
ing the lack of qualified prospects in

their territory. A review of the territories
indicated that little potential existed for a
specific product because there weren't
enough accounts that meet the prereq-
uisite requirements. After this incident
the salesforce was suspicious and they all
started taking time away from selling to
analyze their territories. Management
should have performed a detailed
analysis in the first place and avoided the
lowering of sales morale and produc-
tivily. Imagine the consequences of this
assumption had the company been selling
only one product in a competitive markel.

Product/service potential is especially im-
portant when first introducing your
product to the marketplace. As men-
tioned in the above example, geographi-
cal or industry concentrations may create
an imbalance when assigning territories
based strictly on total number of sites. If
your product is favored by manufac-
turers, the downtown legal and banking
centers, although dense in end-user site
count, may not produce many viable
prospects.

In mature markets product/service poten-
tial is even more important and casier to
assess due to the wealth of information
available. Unless there is a good reason
why your product can displace a
competitor’s the potential of a territory
may be very little due to the penctration
by all vendors. Based on an analysis of all
territories you may decide you have to
offer special incentives to prospects. For
example, a discount on your product if
the prospect replaces your competitor’s
product with yours or additional dollars
toward quota attainment for the salesper-
son if they are able to replace a
competitor’s product.




in five industry segments that each have
between nine and thirteen percent of
the total.

Oue other important characteristic of
the Tundem installed base is that a rela-
tivelv lugh percentage (43%) of Tan-
der oites also have an IBM/PCM
ma o rame installed at the same site.
i percent of Tandem sites also
ha o DEC VAX system installed, and
einht percent have an IBM midrange
sy o installed, The significant factor
abowt this high level of co-residing with
0 vendor's systems is that there are
conaiderable requirements to exchange
' omation between these unlike sys-
ters. Tandem has met this requirement
+ 1 number of networking systems
tha facilitate exchanging data between
cms from multiple vendors, Their
acguisition of Ungerman-Bass has fur-
ther strengthened Tandem’s network-
ipabilities. A group of six new net-
< management products recently
' available by Tandem significantly
ances their ability to perform net-
irk management functions in a Tan-
0/IBM network.

s |

Iandem’s financial history shows that
they have been quite successful selling
[zull tolerant OLTP systems, However,
competition is picking up in this
market. Besides IBM and Stratus, who
have been in this market for some time,
other vendors like Bull, DEC, HP and
[Unisys are going after this market,

Despite this competitive onslaught,
Tandem and the financial analysts feel
that the market for Tandem products is
expanding. Joint efforts with third-party
software developers and system
integrators to develop what Tandem
calls “Application Environments
(AEs)"” for the manufacturing, finance
and retail/distribution markets will fucl
the expansion. TIME (Tandem In-
tegrated Manufacturing Environment)
is available now and the other two AEs
will be available late this year.

Another way to expand the fault
tolerant market is to offer a UNIX

Intelligence Report

based system for users (certain govern-
ment agencies and telephone companies
for example) who have standardized on
the UNIX operating system. Tandem in-
troduced the LNX Series in 1984 that
ran the UNIX operating system, but it
was not very successful in the
marketplace. The LNX experience ap-
parently provided training for the much
more aggressive UNIX effort that was
announced in January 1990. Also, the ac-
ceptance of UNIX as a standard has
progressed significantly since 1987.

“Application Environments” and UNIX
should provide incremental business for
Tandem. Additionally, Tandem and
some of the financial analysts are
predicting that there will be a major
move by organizations whose businesses
are becoming ever more time-critical to
what they are calling “On-Line Enterprise
Computing (OLEC).” Where OLTP is
generally restricted to a few key applica-
tions within an enterprise, and may be
run on a separate system from the sys-
tem running the production data
processing functions, OLEC will com-
bine all of the data processing for the
enterprise on one, on-line, interactive,
secure, distributed system.

OLEC moves what had been somewhat
of a niche market for processing transac-
tions against a specialized database into
the mainstream. Clearly, OLTP provides
a good base upon which to make this
move, and Tandem has major strengths
in this market. With the announcement
of the new Cyclone systems, Tandem will
have the computer power required to
move into the OLEC era. As an ex-
ample, Tandem claims that a 4 processor
Cyclone equalled a 4 processor IBM
3090-400S in an OLTP benchmark.

If Tandem is successful in moving into
this new world of OLEC, the future
could indeed be bright.

Ralph Busch, Industry Analyst, researches
the General Purpose Computer market for
Cr.

Top Ten PC Models Sold By
US Specialty Stores Channel
During December 1989

PC Brand and Model

1. IBM PS/2 Model 55sx
2. IBM PS/2 Model 30 286
3. Compaq Deskpro 386s
4. 1BM PS/2 Model 50z
5. IBM PS/2 Model 70
6. Compaq Deskpro 286e
7. Apple Macintosh SE
8. Apple Macintosh Plus
9. Apple lIGS

10. Epson Equity I+, HI, 11l +

CI’s StoreBoard reports that IBM PS/2
models held four out of the top 5 spots

in December 1989. StoreBoard monitors

|lhc US specialty store channel for CI. -15

Announcing CI’s 1990

Industry Forums

April 24 Stamford, CT
April 256 Chicago, IL
April 26 Boston, MA
May 1 Toronto, ON
May 2 Washington, DC
May 3 San Jose, CA

Come and hear presentations by
CI's Industry Analysts, covering
trends in the computer and com-
munications industry.

Don’t miss out on this opportunity
to understand this dynamic market.
Space is limited. To register call

(619) 535-6755.
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Mainframe Market Share
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| IBM AS/400
| Planned & On-Order Systems
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IBM is hoping that the recent enhance-
ments to the AS/400 models 10 and 20,
and the introduction of the model 25,
will improve sales of low-end AS/400
systems. -DE
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As indicated in the IEM and Compatible
Eu TOPG Mainframes chart, both of these com-
(Continued from page 1) 4 panies offer a wide rance of alternative
tems. After only three years in opera- and competitive system: (o IBM. Along
tion, Comparex holds a three percent with BULL, Hewlett Packard and other
share of CI's European mainframe familiar competitors lik: Amdahl,
database. Hitachi Data Systems 1./ Unisys, these
- mpanics aj artobe
Siemens, on the other hand, has been in :u“r:gptl:gnMc: n{)n B thed o “:C;L
the data processing field since 1954.
Though not directly compatible o IBM -\ 1y o in shis articie is based on 4,000
systems, the Siemeas BS3000 operating US sites and 800 European Fortune 1000
system allows these systems to run IBM sites from the February release of CPs
and compatible software with little or no on Data File
alteration. Two percent of the main- R S T
frames in CI's European database are Katon Lavsilis, Tnckistry Anaivse
supplied by Siemens. A comparison of resaarchet the IBMIPCM imainfine
systems based on performance from market for C. '
both of these manufacturers and IBM is
offered in the IBM and Compatible
Mainframes chart (below).
IBM and Compatible Mainframes
Ranked By Performance
IBM Comparex Siemens
3090-6008 . 7-500/1208
3090-300] iy Ty . 7-500/120P
3090-3008 906 . . . 7-500/1201
3090-200] . . 8/95, 8/94 - .
3090-200S . . 7190-22, 90-4, 8/93 . 7-500/120F
3090-250JH . 7/90-11, 90-3, 8/91 . 7-500/90T
3090-2503 . . . . . .7/88MP . . : SR
30902508 . . ., . . 7190-2 ol T
3090-180S SO e e 7-500/901
3090-170JH . T/T8MP, 7/90-1 . . I
3090-150JH . |, . . 7/88 . . 7-500/90F
3090-170S . 8/89 ey s
3090-150S BT s o s v abe pIAURD
3090-120J HTRQBY & o 5 il R
4381-92E . . . Wi ) e e G e R R
WN-10S, 100 . . o o IS e a s b e R
3090-100S . . v URIES 5 R
4381-91E,23 . . B O S . e 1
4381-%0E,22 ., , , . LM UT2,881 . . . . T-500/60F
4381-21 e TR ?,63! 7’69’ am, A L e maiogeiel Gk
.. « o T63,7/65 . . 7-500/60B, 60D




LANs

(Continued from page 1)
etc. A General-Purpose LAN, however,
is a LAN that contains at least one sys-

tem larger than a PC (such as a mini-
compulcr or a mainframe) as a node on
the LAN. “or example, a Token-Ring

LAN consisting of four PS/2s and a file-
wsified as a PC LAN. But

server is

add an A5 400 and you've got a General-
purposc )

LANs a1 ning popularity at US IBM
midrangc 105, The LAN Penetration -
US IBM range Sites graph shows that
in gener wrger the system at the site,
the great use of LANs at IBM
midran; Only seven percent of Sys-
tem/34 « nd eight percent of Sys-
tem/36 & 1ave LANS, versus 199% of
System/3 18% of AS/400 sites. The
graph a sws that PC LANs greatly
outnumber peneral-purpose LANs. In
most cise s Lhese midrange systems are
not inch » a native node on the net-
work,

Althoug| (qual percentage (4%) of
System/; o AS/400 sites have
general-purpose LANSs, the AS/400 ad-
vanced networking features clearly es-
tablish it as 1BM’s preferred midrange
networking platform of the future. A
review of the LAN Industry Penctration

table shows that LAN use at US AS/400
sites dilfers significantly by industry
group. For example, 29% of the sites in
Ehc medical/education segment have an
installed LAN, versus only 8% of the
wholesale/retail sites. Other industry
groups with a higher than average LAN
penctration include discrete manufactur-
ing (22%), agriculture, mining and con-
struction (21%), bank/savings and loan
(21%), finance/insurance (19%), and
process manufacturing (19%). General-
Purpose LANs are most prevalent at
banl_:fsavings and loan (9%), business
services (6%) and discrete manufactur-
Ing sites (6%), while PC LANs are
predominant in medical/education
(25%), discrete manufacturing (18%)
a.ud agriculture, mining and construc-
tion sites (16%).

Intelligence Report

LAN Industry Penetration - US AS/400 Sites

Industry Group All LANs GP LANs* PC LANs
:rﬂ.dﬂ%ulhl'o, Mining 21% 5% 16%
Bank/Savings & Loan 21% 9% 13%
Business Services 16% 6% 1%
Wholesale/Retail 8% 2% 6%
EDP Services 15% 5% 1%
Finance/Insurance 19% 4% 15%
Government 18% 3% 15%
Medical/Education 29% 5% 25%
Discrete Manufacturing 22% 6% 18%
Process Manufacturing 19% 5% 15%
Transportation/Utilities 13% 3% 10%
*General Purpose LANs

It’s evident that the use of local area net- LAN Penetration

works at AS/400 sites differs by industry

group. As the LAN Penetration - US US IBM Midrange Sites

AS/400 Sites graph (page 6) shows, Sile Typs

LAN use also differs dramatically by the ; ::::I t:::

AS/400 model installed at the site. Only
11% of the AS/400 model 10 sites have
an installed LAN, compared to an amaz-
ing 43% of the model 70 sites. Clearly,
the reason for the wide range in overall
LAN penetration is caused by the wide
range in PC LAN penetration (from
nine percent at model 10 sites to 35%
for model 70 sites).

Since only four percent of AS/400 sites
currently have a general-purpose LAN,
on the surface it appears that PC-to-
AS/400 connectivity is quite low at
AS/400 sites. However, there are other
methods of PC-to-host connection than
a direct peer-to-peer LAN link. The
PCs Linked to Host System (page 6)
graph shows that 33% of PC LANs at
AS/400 sites are linked to a host system
via a remote link, such as a gateway.
Seven percent of PC LAN sites plan
such a link in the future, and 60% have

B2 Ganoral Purposa LANs

1] 10 20 30 40 50

Percent of Sites

COMPUTER INTELLIGENCE
@& || 3344 North Torrey Pines Court

La Jolla, California 92037

6194501667




LAN Penetration

US AS/400 Sites
g Al LANS
53 PC LANS
ns Ganercl Purposs LANs

AS/400-10f

AS/400-20 B S N

By
ZE]

AS fu00-70
0 w0 Fi 30 ;Cl SIO
Percent of Sites
PC LANSs Linked To Host System
US AS/400 Sites
Planned Link

IGM )
Na Inslalled

or Planned Link

Percent of PC LAN Sifes

COMPUTER INTELLIGENCE
& | | 3344 North Torrey Pines Court
La Jolla, California 92037

6194501667

Intelligence Report

no link and no plans to install one within
the next year.

Many other PCs are connected to
AS/400s via other means, such as 5250
terminal emulation. Of the AS/400 sites
that don’t have a direct PC-to-AS/400
link via a general-purpose LAN, 65%
have at least one PC communicating in
some way to the AS/400. Overall, 32%
of the PCs at these sites communicate to
the AS/400, usually via 5250 emulation.

We have examined several ways in which
PCs communicate with AS/40{ systems.
Although a direct PC-to-AS/400 connec-
tion via a general-purpose LAN is cur-
rently the least common method of con-
nection, it will be much more common in
the future as the vision of client/server
computing becomes a reality. Many
software vendors will rewrite their ap-
plications to take advantage of the
client/server architecture, which com-
bines the ease of use and friendly user in-
terface of PCs with the computing and
storage resources of minicomputer and
mainframe systems. Part of an applica-
tion may run on the PC, and part on a
larger system, but it will be transparent
to the user. All this will be made pos-
sible by the local area network.

David Eulitt, Industry Analyst, researches
the DEC VAX and IBM Midrange
markets for CI.
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Two Years of
Fortune

Multi-site Fortune 1000 corporations arc
using more and more computing powes
to automate the way they do business

Each new release of a mainframe, min:
or personal computer introduces a now
price/performance level to the marker.
This means that each time a firm instolls
another system they're getting more bang
for their buck than ever before.

Analysis of data extracted from CI's
Market Intelligence System reveal
notable changes in corporate America’s
computing. The average multi-site For-
tune 1000 corporation had installed 8.6
mainframes, 63 minis, and 2,287 personal
computers at year-end 1989. These
figures, when compared with those from
two years earlier, show a significant
change in computing power over a short
time period. At year-end 1987, multi-sitc
Fortune 1000 corporations had installed
an average of 8.9 mainframes, 34 minis,
and 982 personal compulers.

As you might expect, personal compulers
account for the lion’s share of growth on
a unit basis. The average number of in-
stalled personal computers grew 1337
from 1987 to 1989, Minis expericnced an
85% growth rate, while mainframes cx-
perienced a three percent decline.

These trends take a somewhat different
route when each industry is looked at in-
dividually. The Average Number of In-
stalled Systems Per Corporation table
(page 7) highlights the differences in in-
stalled products for two time periods at
multi-site Fortune 1000 corporations in
the US. As the table illustrates, the use of
mainframes, minis and personal com-
puters did not change in a uniform man-
ner from 1987 to 1989.

First, the work-horses of American com-
puting, mainframes, present a mixed pic-
ture. Within this category, the average




number of installed systems per corpora-
tion varicd n a decrease of 25%
(Life Insus ) to an increase of 27%
(Diversific:. crvices). Differences in
how these try segments conduct
business ¢ utes to this variation.
For exam; irticipants within the
Life Insu: ndustry are more dis-
persed ar i« 1o distributed process-
ing than ther industries. In addi-
tion, the ¢ in power available
with syst: cn times reduces the
corporali cd to continue to add
mainfram

Second, | cms classified as minis,
the grow varied from 40%
(Transp: n) to 177% (Diversified
Financis Industrial industry
group, w cludes large manufactur-
ing com: 15 diverse as acrospace,
mining 3 metics, had close to the
average § rate with 82%. Unlike
the main category, the average
number lled minis per corpora-
tion incr cross all industry
groups. 1 vstems not only provide
a cost-¢l! means for computer
resource 1z, but also lend themsel-
ves well | artmental computing
within di cnvironments.

Third, in (he case of personal com-
puters, the crowth rate varied from a

low of 457 (Life Insurance) to a high
of 230% (Diversified Services). Diver-
sified Services, which includes, in part,
corporations that participate in the
health care, entertainment, and busi-
ness services industries, far outpaces
all others in its use of personal com-
puters. The significant change seen
h_crc suggests that corporate America
Views personal computers as a cost ef-
fective tool for increasing worker
productivity.

A review of the table overall shows that
several industry groups experienced a
decline in the average number of
installed mainframes, Conversely, the
average number of minis and personal
computers has grown. This observation
suggests industries that lend themselves
to distributed processing are opting to

Intelligence Report

Multi-Site Fortune 1000 Corporations (US)
Average Number of Installed Systems Per Corporation

Year-End Figures

Mainframes Minis PCs
Fortune ey
Indm Groug 1989 1987 1989 1987 1989 1987
Banking 82 83 177 8 2059 730
Diversified Financial 9.0 7.7 25 9 2816 1239
Diversified Services 9.8 T 43 25 1813 549
Industrial 9.1 9.9 93 51 2643 1178
Life Insurance 49 6.5 10 6 2130 1444
Retail 8.7 9.2 20 9 1474 643
Savings & Loan 2.7 24 3 2 497 156
Transportation 6.4 6.4 14 10 1175 383
Utility 11.6 124 87 42 3142 1435
All Industries 86 89 63 34 2287 982
Note: CI classifies High Performance Workstations as mini computers
Multi-Site Fortune 1000 Corporations (US)
Average Number of Planned Systems Per Corporation
Year-End 1989 Figures
Fortune
Industry Group Mainframes Minis PCs
Banking 24 2 232
Diversified Financial 26 3 314
Diversified Services 26 4 132
Industrial 2.4 9 189
Life Insurance 1.8 1 178
Retail 26 L 92
Savings & Loan 0.8 1 38
Transportation 1.5 2 160
Utility 26 8 301
All Industries 23 4 185

Note: CI classifies High Performance Workstations as mini computers

enhance their computing arsenal with
smaller, less costly systems.

The trends discussed thus far are not
confined to installed systems. A look at
the multi-site Fortune 1000 corporations

shows the average organization plans to
(See Fortune on page 8)
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Fortune

(Continued from page 7)

install 2.3 mainframes, four minis, and 185
personal computers. As with the installed
systems, differences surface when these
corporations are evaluated according to
their Fortune industry group. The table
Average Number of Planned Systems Per
Corporation (page 7) displays the average
number of products planned by multi-site
Fortune 1000 corporations within each
Fortune industry group. These figures sug-
gest that firms classified within the Utility
group will continue to increase computing
power at a faster pace than others.

Clearly, corporate America is using com-
puters to more effectively automate the
way it does business. The addition of cach
new system brings more computing power
as systems become stronger and able to
do more with each generation. This data
shows the market for minis and personal

Compagq Leads in Dealer Satisfaction

computers grew rapidly from 1987 to
1989, Mainframes, on a per unit basis
lost ground. However, a look at the
growth of MIPs supports the hypothesis
that the availability of stronger, more
powerful mainframes effects the number
of installed systems. In either case, it is
clear computers will continue to leave
their footprints within multi-site Fortune
1000 corporations.

The year-end 1989 averages reflect inter-
views with 26,900 sites associated with
949 of the Fortune 1000 ranked based on
1988 financial figures. The year-end 1957
figures are based on interviews with

21,400 sites associated with 934 of the For-

tune 1000 ranked based on 1986 financial
figures.
Suzan Sachdeva, Industry Analyst,

researches Demographics and National
Accounts for CI.

In November 1989, 206 US computer specialty stores responded to StoreBoard/Computer
Intelligence’s survey regarding satisfaction with manufacturers. The manufacturer receiv-
ing the highest total score was Compaq Computer with an average total score of 34.3. On a

scale of 1 to 10 for each category, resellers rated Compaq the highest of all vendors for Ser-

vice and Support (9.0) and among the top four for Product Reliability (9.1). In Product
Availability, Compaq scored 8.4 while Pricing was rated at 7.9.

Atari, with a score of 26.4, was rated lowest in total satisfaction, scoring especially poorly
in the area of Service and Support.

Over-All Satisfaction with Manufacturers

November 1989 Ratings by US Computer Specialty Stores
(A score of 40 was the highest score possible)

Total Total Total
Manufacturer Scores  Manufacturer Scores  Manufacturer Scores
1. Compaq 343 6.ALR 31.3  11.Toshiba 29.8
2. Hewilett-Packard 327 7. Arche 312 12. AST 298
3. NEC 325 B.Epson KA 13. Hyundai 285
4.1BM 323 9.Apple 30.7  14.Leading Edge 28.0
5. Everex 323 10. AT&T 300 15. Commodore 271

16. Atari 26.4

JoeAnn Stahel, of StoreBoard/Computer Intelligence,
researches the computer specialty store channel.
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Vendors' Links to IBM -- Superiority or Vulnerability?

Management Summary

The theme of Gartner Group's April 24-30 Conference, which was held in Chicago, was
"Integrating Workgroup/Departmental Computers: The Critical Middle Tier." As indi-
cated during that conference, many users are looking to departmental computers not
only to bridge the functionality gap between large mainframe and personal computers,
but to add value to those two environments. Any products capable of fulfilling that
role must clearly possess very rich communications capabilities.

In our presentation entitled "Vendors' Links to IBM -- Superiority or Vulnerability?",
we analyzed these communications requirements and carefully considered the potential
of some leading vendors to satisfy them. This report includes, but is not limited to,
the material covered in that presentation.

To establish the necessary knowledge base, this report first explains, with historical
perspective, how and why IBM is revamping and extending SNA, and then specifies the
role of each of the key components. It then analyzes the strategies of three major
vendors -- Digital Equipment Corp. (DEC), Tandem and Wang =-- for building interfaces
to those evolving components. As will become clear, it is an essential part of their
strategies to acquire technology from a series of small software "boutiques" that have
sprung up, and we view this situation as extremely positive for both the industry in
general and the vendors of departmental computers in particular.

This report summarizes the capabilities of those "boutiques,” or independent software
vendors (ISVs).

Among the strategic key issues considered are:

* How can outside vendors provide an acceptable level of communication with IBM PCs
and hosts compared with IBM itself?

* How is IBM likely to revamp and evolve SNA and perhaps obsclete the interface
products of cther vendors?

®* How open is IBM being with SNA specifications? Will "catch up" ball be acceptable
from other vendors?
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* To what extent are the capabilities of other vendors' communications architectures
really the important issue, with linking to IBM products required, but of second-

ary importance?

* Which vendors are likely to be most successful with their communications products?

Among the conclusions reached are:

. IBM is revamping the SNA infrastructure, using LU6.2 to replace all the other
Logical Units. This does not mean that all communication devices in the field
will quickly become obsolete -- LU6.2 implementations normally have a base compo-
nent that will emulate the older Logical Units. Also, this transition will not
occur quickly. ‘

¢ While IBM may not be particularly concerned with the fallout from this evolution,
neither is it primarily motivated by competitive or marketing considerations. The
changes are needed to simplify SNA and to give it some of the higher connectivity
it needs.

* Vendors of departmental computers are well aware that, to be players, they must
handle these new SNA technologies; and they are practical enough to buy these
software capabilities from others. This maturity indicates a welcome change in
their philosophies.

* While SNA is not really open, there is no real barrier to these vendors' coexist-
ence with the extensions and changes to SNA.

* DEC and Tandem are likely to enjoy success in developing these technologies.
DEC's strength is its aggressiveness in announcing and developing the new technol=-
ogies, while Tandem's is in its well-developed base SNA capabilities.

* Those evaluating the purchase of equipment that is to maintain SNA communications
(with an IBM architecture environment) must ensure the capability of the vendor to
supply these communications technologies.

When analyzed this way, the area -- communications among different levels of the

machine hierarchy -- becomes reasonably transparent, and there is an effective set of
standards for technology that is not only understood but also soundly implemented.

COPYRIGHT 1985 GARTNER GROUP, INC. September 5, 1985
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Introduction

The intent of this Strategic Analysis Report is to analyze how well the vendors of
departmental systems -- including IBM -- fit in with and accommodate the strategic
data streams that IBM has defined and evolved. These data streams (DCA, LU2, LU6.2
etc.) were defined to meet needs perceived by certain IBM development facilities at
certain points in time, and then were evolved, enhanced and built upon as customer and
internal requirements changed. Therefore, it is not necessarily the case that all of
IBM's midrange offerings work well with these data streams. IBM will continue to
install support for these data streams on most, if not all, of its hardware products
(note that the 3820 laser printer announced in February 1985 is an LU6.2 device), and
will continue to use those data streams as the infrastructure for the functionality
required by its customers -- increased connectivity, network recovery, network manage-
ment, distributed database, etc.

The next part of this report will analyze the strategic directions of these data
streams, and will discuss the impact of those directions on users and vendors. As part
of that discussion we will analyze IBM support of those data streams -- in other words,
how IBM has implemented those facilities on its own hardware products. We will see
further indications that IBM is very software bound, and that it is all the software
developers can do to reasonably support advances in hardware.

There will be discussion of what several of the more advanced vendors of departmental
computers -- we will label them "OEMs" for brevity -- are doing to live with these data
streams. We will emphasize that some of them are using ISVs to provide the technology
needed. The day is past when any one vendor, probably including IBM, has enough design
capability and development resource to provide all the technologies needed by these
vendors for them to grow the way that they want to. This situation is giving rise to
several alliances -- a trend that is accelerating. This report will profile the major
players.

Extensions and Revamping for Systems Network Architecture

Figure I is a high-level view of how an OEM machine -- from DEC, Wang, Hewlett-Packard
(HP), Tandem, Data General (DG) or even IBM -- would fit well within an IBM environ=-
ment. The overall structure of the hierarchy is well known -- according to Gartner
Group Comtec data, the share of the mainframe market belonging to the IBM architecture
(IBM itself plus the plug-compatibles) in 1984 was 77 percent, up from 75 percent in
1983. IBM was very strong on the desktop (PC and clones), that architecture winning 55
percent of that market. Consequently, most observers are conceding to IBM the main-
frame and the desktop markets. But IBM clearly is not dominating the midrange; in fact
its market share in this range last year was 21 percent, down from 22 percent in 1983.
This trend may continue, particularly if the OEMs follow up on and continue the
announcements that will be discussed here.

Most, if not all, OEMs have bought the fact that they must support SNA. While their
performance in delivering product, particularly timely product, has historically left
something to be desired, at least they now understand the technical requirement. A
problem for the OEMs is that IBM has introduced some higher-level layers, or exten-
sions to SNA, such as DIA and SNADS, that can be difficult and unclear. In addition,
IBM is doing significant things with LU6.2, and these will be discussed later. It is
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our position that the OEMs must build upon their base SNA support and handle these data
streams, if they want to be serious players in this market.

This report will not spend much time on PC software. We use the term "PC support" for
the type of facility announced by DEC in April. DEC's facility -- DECnet-DOS -~
provides the PCs with a full capability to participate in the VAX architecture instead
of having PC virtual diskettes maintained on a larger computer. It also provides
means to convert files between PC-DOS and VAX/VME format. Tandem has announced a
similar facility.

Figure II represents the "old" SNA. By "old" we mean the components that most users
either have installed or are in the process of installing, and whose next stage is not
yet fully available to them. While these components/data streams are not yet
perceived as obsolete, it is our contention that they are.

Figure I
OEM Machines in IBM Hierarchy
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Figure II
0ld SNA Components
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IBM's Basic Building Blocks -- LUs

An exploration of SNA technology in general and Logical Units and data streams in
particular will aid understanding of this report. IBM's technical definition of a
Logical Unit (LU) is that it is an end user's "port" into the network; it is the means
by which an end user accesses the network in order to communicate with another end
user, where an end user means either a terminal or an application program. It is much
more useful to think of an LU either as a data stream -- a set of rules for encoding
data -- or as a set of coded control characters together with protocols that govern
data exchanges between end users. This report will identify Logical Units with data
streams. Sometimes, however, we will refer to LUs also as protocols. So LU2 will
denote the 3270 interactive data stream, rather than a particular 3270 terminal. This
perspective will make the entire presentation much more clear, and in fact is more
true, architecturally. With LU6.2, IBM may clearly separate the protocols from the
data stream. However, we will not analyze that possibility here.

Figure III is a complete listing of the SNA Logical Unit types. The important ones for
this discussion are LU2 and LU6.2, and we will summarize both of them.

Figure III
Logical Unit Types

LUO - Escape data stream, used by host-based program products such as
JES2 and DSX. LUO is not device-specific. It was the original LU
type used by DISOSS and the 3790 and B8100. The latest
implementation of LUD was to handle the NCCF-to-NCCF session
that supports SNA Network Interconnection.

LU1 - Supports application to device communications, where the devices
have keyboards or printers. LUl affords higher performance than
LU3, having such capabilities as double buffering. LU1 supports
devices used for remote job entry, such as the 3777. LUl is a |
device-specific LU type. |

LU2 - 3270 display device data stream, device-specific
LU3 - 3270 printer data stream, device-specific

LU4 - Used for program-to-program communications (between 8100
processors) and for application to device communications (4700
banking terminals). LU4 is not device-specific.

LUG - Peer-to-peer data stream, network operating system. LUG is not
device-specific. LU6 has evolved through LU6.0 and LU6.1 into
LU6.2. LUB.0 and LUG.1 were developeed specifically to meet
operational requirements for CICS and IMS, and therefore didn't
fit all needs across IBM's entire product line. LU6.2 was
developed to both continue to fulfill the need for host-based
application-to-application communication and to provide a common
Logical Unit Type for all products, no matter how sophisticated or
simple. So far three architected processes that use LUG.2 have
been defined and implemented: SNADS, DIA, and the LU services
model. The LU services model is required for all LU6.2
implementations supporting either parallel sessions or the
SYNCPOINT function.

We regard LU6.2 as constituting the infrastructure for a
distributed network operating system.

LU7 - Is a device-specific data stream for support of 5250 devices
attached to a System/36.
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The first defined Logical Unit types were Logical Unit types 0, 1, 2 and 3. LU2 is
used for communications between a 3270 terminal and an application program. This data
stream includes commands for such field attributes as color, blinking and modifiabili-
ty. LU3 is just a presentation layer modification of LU2 for 3270 printers, running in
what is called 3270 data stream mode. For example, there are commands for page eject
and new line, and the read commands are invalid. LUl is basically a richer, high-per-
formance data stream for printers that might have keyboards. It is synonymous with
the so-called SNA character stream (SCS), which includes facilities such as double

buffering.

Remote Job Entry (RJE) stations such as 3777's are supported by the LUl data stream.
Printers such as 3278's and 3289's will support either LUl or LU3, depending upon the
microcode in the 3274 controller to which they are attached.

Logical units 1, 2 and 3 are "master-slave" data streams. One component -- the host --
is the Primary Logical Unit and controls the interaction (session) between the two
entities, so that it alcne can build sessions and tear them down, initiate error
recovery, etc.

Logical Unit O is really an escape data stream; it features the absence of
constraints. It is used by those who want to build their own types of data streams and
device-to-device sessions, and it has been used to build application-to-application
communications, particularly for specific device types. We would not encourage the
use of this facility. ‘1

Potentially, an organization with a great deal of skilled manpower and very unique
requirements may find LUO appropriate. IBM itself has used it for writing
program-to-program protocols for specific uses, such as certain JES facilities. We
tend to regard LUO as a predecessor facility to LU6.2, and one that will tend not to be
used further as LU6.2 becomes fully developed.

Similarly, LU4 is seen as an intermediate step to LU6.2. These sessions may be either
master-slave or peer-to-peer. IBM used LU4 before LU6.2 was ready for applica-
tions/devices sessions that needed more flexibility than LUs 1, 2 and 3 were able to
provide. LU4 was used with 5520 and 8100 peer-to-peer communications, and to support
the 6670 printer. Like LUO, LU4 should not see much further use. Nothing is complete-
ly impossible, however, and there is no doubt that, somewhere deep in the bowels of
some development laboratory, someone is contemplating use of LUO or LU4 because there
is something about LU6.2 that he does not like. Perspective on LU6.2 should be based
on a knowledge of the "new" SNA components, and should be seen in the context of what
is really happening within SNA.

Figure IV shows the "new" SNA components. There are two obvious differences between
Figure II and Fiﬁgre IV. First is the connectivity, indicated by arrows, between the
S/36" and "3274" boxes. This should not be a surprise; LU6.2 is commonly identified
with the direct comnectivity of departmental computers and cluster controllers to one
another. The second difference is the absence of LUs 1, 2 and 3 from Figure IV. Those
data streams have no place in the "new"” SNA. We strongly believe that LU6.2 will
replace LUs 1, 2 and 3., This succession will obviously have very strong competitive
effects on the OEMs, who have only comparatively recently delivered support for the
older data streams. This of course does not mean that 3270's will become instantly
obsolete. LU6.2 consists of sets of functions (see Figure IVa), of which the base set

COPYRIGHT 1985 GARTNER GROUP, INC. September 5, 1985

- 1 1




is suppo:.:ud by every product and the others are optional -- indeed, IBM has called
them option sets. The base set normally includes support for LU2, or 3270 data
streams. However, the August announcement of LU6.2 support for the Series/l did not
include support for the older Logical Units.

Figure IV

New SNA Components
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Later in Ehi; report, we will discuss the functional necessity for that replacement.
We view this infrastructure replacement as "Phase III" of SNA. IBM is not stressing
that, nor calling attention to it in any way. Why is that? What were Phases I and II?

Phase I was the 1974 introduction of SNA, which IBM made for two good reasons. One
reason was to remove barriers to customer growth and internal economies. By IBM's own
count, there were 35 telecommunications access methods and 15 link control procedures
at that time, and these supported only about 200 communications products, including
software. Clearly, this was a disaster area, confusing for customers and expensive
for IBM. One objective of the initial SNA function, therefore, was to consolidate and
simplify a large number of access methods and devices.

The other reason for the introduction of SNA was to provide access to multiple
programs on a machine from one terminal -- an operational feature for customers,
depicted in Figure V. It may be hard to realize that, before SNA, a terminal could
access only one program. That may now seem to be an incredible restriction, although
some parts of the industry still must put up with it.

Figure V
SNA Phase I

— APPLICATION -
PROGRAM

APPLICATION ! TERMINAL
- pakt CONTROLLE
i 37x5 DEVICE
COMMUNICATIONS MANAGEMENT
MANAGEMENT
HOST $/370
PROGRAM

With Phase II of SNA around 1978 IBM delivered the capability of a terminal to access
multiple computers. That feature is basically what the Advanced Communications Func-
tion (ACF) is all about. It was implemented mostly in a program product called the
Multi-System Networking Facility (MSNF) which was later better integrated (into VTAM).
Figure VI shows this function as IBM saw it in 1978. Note IBM's uncertainty about how
many levels there would be in the hierarchy of machines.

MSNF is basically an implementation of function at only the bottom three lavers of the

SNA architecture =-- physical control data link control and path control. LU6.2 is
built on the MSNF three-layer implementation; it consists of additional function in
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layers four (transmission control), five (data flow control) and six (presentation
services), Figure VII summarizes these layers.

So we have set the stage for Phase II1I, which takes the connectivity still further
(Figure IV). With Phase I IBM provided connectivity within a mainframe. Phase II made
connectivity across multiple mainframes possible, and now Phase 111 provides connec-
tivity directly across cluster controllers and departmental computers. We want to
show that LU6.2 is much more than a protocol that provides more connectivity.

Figure VI
SNA Phase II
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IBM's Architecture and Layering
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Figure VIII
LU6.2 As a Network Operating System
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In fact, YW6.2 is a Network Operating System. What does an Operating System (0S) do?
Two of its primary functions are resource management and error recovery. Key to the
resource management function is the fact that LU6.2 (support) provides a session
manager which allocates temporary ownership of a pool of communications sessions among
competing applications. The design assumption is that the applications are trans-
actions with shorter lifetimes than the communications sessions. For example, as can
be seen from Figure VIII, CICS transactions or IMS transactions at the host might be
sending many print jobs to the 3820 printer. If the LUl or LU3 data streams (proto-
cols) were used, the host would have to build up a new session for each print job and
then tear it down. That scenario would cause tremendous overheads -- not just tne
obvious CPU load, but also a lot of traffic over the communications lines. Not every-
one is aware of the number of messages (packets) that must be exchanged by nodes when a
session is being activated between them. By using the session management facilities
of LU6.2, one session is maintained, and it handles the repeated application requests.

For the sake of completeness, it should be pointed out that multileaving of data
streams within a session could be accomplished in the "old" protocols, and in fact it
was done in LUl for 3777 printing. But these facilities were not a suitable base for
generalized network and resource management capabilities.

LU6.2 will also constitute the software infrastructure for a stronger network manage-
ment and network reliability capability. One of the first applications of this aspect
of LU6.2 is the Extended Recovery Facility (XRF) for an IMS/VS Database Data Communi-
cations environment; XRF was announced by IBM on February 12, 1985, for shipment in
the third quarter of 1986. We regard this facility as providing simulated fault
tolerance; it is a layer of software on top of MVS and IMS, which are so complex that
IBM finds it very difficult to introduce fault tolerance into their architecture, in
the way that Tandem and Stratus have done (note that Stratus' fault tolerance doesn't
involve software). IBM's intent is to give users the perception of fault tolerance,
so that if some component becomes defective, all the user sees is a prolonged response
time.

What happens is that a user operates two copies of IMS, probably on two different
machines. The secondary copy shadows the primary, in updating control blocks, but
does not access the database. The two copies of IMS maintain communications using
LU6.2; the earlier logical units (data streams) do not have the peer-to-peer capabili-
ty to support this interaction. If something happens to the primary version of IMS,
the secondary can make the decision to take over. Therefore, LU6.2 is the core of the
communications building block for a fault-tolerant IMS/VS system.

Research Note P-104-031, 3/1/85, provides further analysis of the Extended Recovery
Facility, and points out that XRF does not provide recovery for all failures; for
example, it does not protect the operation from a disk failure.

LU6.2 provides a number of improvements over the previous data streams/protocols, and
these are summarized in Figure IX. Perhaps most important, LU6.2 is a device-indepen-
dent data stream, whereas LUl and LU3 are device-dependent. The older LUs also have
restrictive assumptions built into error recovery =-- namely that the primary LU is
responsible fer initiating and controlling all error recovery. The third restriction
of the older protocols concerns the resource naming =-- the terminal's LU name is
implicitly the name of the display. This effects network security, since the operator
at the terminal LU is assumed to be able to enter log-on information on the display.
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Figure IX

LU6.2 Functions
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The key point for users and vendors to know is that IBM will evolve the SNA networks in
the field out of the earlier Logical Units and into LU6.2. As indicated earlier, LU6.2
is normally implemented with a base set of functions that furnish support for devices
now in the field -- e.g., this base set emulates LUs 1, 2 and 3 protocols. Above the
base sets, LU6.2 provides option sets which in turn provide the session management
functions, making possible the peer-to-peer capabilities. As IBM ships devices that
support LU6.2 (see Figure X) -- for example, the 3820 laser printer -- it can gradually
introduce function that requires the capabilities of the option sets. This function
would probably be in the areas of network recovery and performance. Vendors support-
ing only 3274 emulation (LUs 2 and 3) will not be able to provide those levels of
support, and will be perceived as purveyors of obsolete technology.

IBM's Basic Building Blocks -- PUs

Physical Units are the other important entity within SNA. A Physical Unit manages,
monitors and comtrols the physical resources (such as attached links and adjacent link
stations) of & mode. An important new Physical Unit (PU) type is currently being
introduced == ﬁalnly, PU type 2.1. It makes sense to think of a PU as just a hard-
ware/microcode implementation that processes SNA data streams. PU type 2 is in
essence a cluster controller such as a 3274; an RJE station could also be described as
a PU2. The facilities of a PU2 device are not sufficient to exploit fully the capabil-
ities of the LU6.2 data stream/protocols. To do that, an advance over PUZ capabili-
ties is needed, and IBM has designated that PU2.1 .

The PU2.1 devices have two key capabilities that PU2 hardware lacks. The first is that

there can be multiple "upstream" links, as shown in Figure IV. The second is the
so-called "Single Node Control Point" facility, whereby the device itself can initiate
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sessions and tear them down. Unless PU2.1 and LU6.2 are both operative in a node, it
is necessary to involve the host in any session establishment/disestablishment.

The LU6.2 and PU2.1 technologies are the basic building blocks, the raw technology
infrastructure, for IBM's future networking technologies. There will be no further
implementations of LU4 and probably relatively few of LUs 1-3 and PU types 1 and 2.
IBM will be migrating all those to the LU6.2/PU2.1 technologies over the next five
years.

Figure IX A presents a comprehensive picture of IBM's layered structure for hardware

and communications. Figure X shows the status of support for these technologies with=
in IBM's present product line.

Figure IX A

IBM's Comprehensive Layered Structure
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Figure X
IBM Support for SNA Extensions
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Extension$ to Svstems Network Architecture

We now understand how IBM is evolving the SNA infrastructure, and the competitive
implications of that great change. Almost as crucial are the extensions to SNA that
IBM is building =-- SNA Distribution Services (SNADS), Document Content Architecture
(DCA) and Document Interface Architecture (DIA).

e SNA Distribution Services (SNADs): SNADS is just what the title suggests -- a
delivery system that operates within an SNA network. Why is such a thing needed -~
would simple file transfer programs not suffice? Well, the problem is that those file
transfer programs are synchronous, i.e., both the sender and the receiver must be
active at the same time, which is not always the case in an office environment. One of
the two key points about SNADS is that it is an asynchronous delivery system -- an
office worker could use SNADS to transmit a document to someone else who is away from
his desk. The other key point about SNADS is that it presupposes the existence of
LU6.2 -- but LU6.2 certainly does not presuppose SNADS, so the two are not synonymous.

What all the above says is that SNADS is just a store-and-forward delivery system well
suited to an office environment, which is of a distributed nature and has no single
location that should control everything. SNADS is essential to a distributed environ=-
ment.

Nothing in the SNADS architecture prevents a network of small processors from imple-
menting a store-and-forward network using SNADS and without involving a large S/370
processor with DISOSS. In fact, Personal Services/36 and Personal Services/38 will

include those functions.

* Document Content Architecture (DCA): Right now, document distribution is the
application that is served by SNADS. The significance of DCA is that it is a machine-
independent data stream for text -- IBM deserves accolades for pioneering this tech-
nology. That several hardware products support DCA does not necessarily mean that
documents transmitted between them will look exactly the same, for the supporting
products may not have the same text capabilities; for example, one of them may not
support footnoting. What mutual DCA support does mean is that, to the extent that the
two machines have common function, the DCA data stream will be interpreted the same
way on both, and the printed documents will look the same.

* Document Interface Architecture (DIA): A frequently made analogy likens DCA to a
letter and DIA to the address on the envelope. Using this prosaic comparison, SNADS
would be the post office vehicle. But this analog is a bit understated. It would be
more accurate to say that DIA is the mailman/sorter. DIA is really a communications
program as well as an architecture, and it gives transmission orders to SNADS and
other software components. That relationship is displayed in Figure XI.
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Figure XI
SNA Extensions
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Stated more fully, DIA is a set of defined services performed by peer communications
processes. These processes can be people, applications programs or devices, a process
being a source or recipient of information.

While it is IBM's intent that DIA use LU6.2 facilities (often through SNADS), DIA
function is independent of the LU type; it can and does use LU2 or other facilities.
Office systems such as S/36 and the 3520 use DIA to distribute and specify the use of
information, and whether the information is transported directly by LU6.2 or mediated
by SNADS depends on the type of tramsaction. For example, if the source and recipient
nodes are not attached to the same office system, SNADS must be used. So, between
autonomous office systems, SNADS is always used (by DIA). Within an office system,
DIA may or may not use SNADS.

Of course, end users are not directly aware of DIA, SNADS or LU6.2, which merely
constitute the infrastructure. An end user interfaces to Personal Services, which
invokes DIA, SNADS or LU6.2. As part of Personal Services, IBM will deliver the capa-
bility shown on Figure XII. Here DIA operates on two PCs. If, for example, there is a
Displaywrite 3 document on one PC, DIA will transmit it to the other, using an asyn-
chronous link (or any other) for the communications function.

Figure XII
DIA Operating on PCs

PC TO PC - HI'SS
TEXT
DATA
STREAM
i
DIA DIA
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In other‘;nrds, DIA is independent of SNADS and of SNA. It is not just a conglomer-
ation of coding conventions written on an envelope, and interpreted by some other
piece of software with a view to transmitting information around an office. DIA
itself consists of several services. Document Distribution Services are concerned
with the functions of distribution and delivery of information, discussed above. DIA
is usually thought of as a document profile, or a structured form that conveys the
characteristics of information on a document, the so-called address on the envelope --
but that is only one part of DIA. It has other services =-- Applications Process
Services can initiate programs and take other actions. For example, the DIA function
set includes such commands as OBTAIN (to request the delivery of documents), DELIVER,
LIST (list available documents and their status) and SIGN-ON.

Why are these points poorly understood? Because there is a tremendous education prob-
lem here. The inadequacy of IBM's explanations does not mean that the company is in
any way nefarious. It arises from the fact that the marketing representatives and
systems engineers too are a little confused, not having been trained to explain
complicated software to clients. This confusion plays into the hands of IBM's compet-
itors to some extent, but it also creates a barrier to the ability of IBM's customers
to grow and to manage their installation.

To understand these three "extensions" to SNA, it is important to relate them to the
SNA layering. DCA is purely an application function, and is therefore in the "appli=
cation" layer.

Figure X shows which of these facilities are operative on particular IBM products.
IBM's implementation is incomplete, and most of the pieces will to be delivered during
this year. Usability may not be high. IBM has its problems, pursuing what is really a
brute force approach to making all these different environments (S/36, S/370, PC) look
the same by providing Displaywrite and Personal Services, hooked to DISOSS, as a soft~
ware front end.

Independent Software Vendors (I1SVs)

Independent vendors -- for example, minicomputer suppliers =-=- may react with concern
and trepidation over the expense and time involved in supporting the data
streams/facilities described earlier. After all, SNA is not really "open." (For a
discussion of this issue see Research Notes K-321-040, 4/1/85 and K-321-074, 6/19/85.)
It took over six years for most of the independent vendors to deliver support for the
more elementary SNA data streams, which amounted to 3274 emulation and remote job
entry support.

These vendors' worries may be addressed by the presence of a new factor in the market-
place -- one that was not present in the 1970's. There are now Independent Software
Vendors (ISVs) who claim to provide SNA software technologies, for a price. In fact,
there is now a whole infrastructure of small software boutiques to supply these tech-
nologies. Their existence indicates a change in the character of the marketplace as
user companies realize they cannot (afford to) develop all these technologies them=-
selves. Alliances much be formed, and software expertise can be packaged and sold.

What are these boutique-like companies? We will look first at the ISVs that provide
document translation services, which in the context of this report would focus on the
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translation of, to and from IBM's DCA of other vendors' text data streams. These text
data streams correspond to such products as DEC's All-In-One, Wang's Office and Data
General's CED, as well as to PC products such as Multimate.

Document Conversion Services

Dominating this niche is Soft-Switch Inc., which, founded in 1979 as "Integrated Tech-
nologies Inc.," had approximately 75 employees at the beginning of 1985. Soft-Switch
Translation Services are designed to support the exchange of revisable form text among
the hardware products of various vendors. All translation is really a two-step proc-
ess -- Soft-Switch has defined a "canonical" format, which is an enhanced version of
IBM's Level 3 (revisable) DCA. Figure XIII depicts the process, the first step of
which is to translate the text data stream from the originating device to
Soft-Switch's canonical format. A second translation is then performed from the
canonical format to the (revisable) text data stream of the target device. Figure XIV
lists the products handled by Soft-Switch.

Figure XIII

Soft-Switch Document Translation Process

MACHINE A

2. DOCUMENT TRANSLATED INTO SS

CANONICAL FORM FROM FORMAT OF
MACHINE A

3. DOCUMENT TRANSLATED FROM
SS CANONICAL FORM INTO FORMAT
OF MACHINE B

MACHINE B
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—— Figure XIV
Products Handled by Soft-Switch'

IBM DISOSS
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IBM 5520

IBM 08/6

IBM 6640

IBM 6670 Information Distributor (Laser Printer)
MultiMate on the PC

NBI OASYS 8, 64, 3000 and 4000

NBI 4000

Wang OIS

Wang VS

Wang WPS

Xerox 850/860

1

Gartner Group has not verified all of chese.

¥  Soft-Switch does not support Easy Script, user

macros, symbolic variables and GOTOD control.

The Soft-Switch software, also called Soft-Switch, runs as a job in the MVS environ-
ment; under VM it runs as a service (virtual) machine. Soft-Switch has between 30 and
60 installations. The typical license fee for the installed product is stated to be
§75,000.

It is very important for users to understand that the Soft-Switch product cannot be
all things to all people -- and this is so because the office products of various
vendors are so different from one another. Soft-Switch is an excellent method for
translating routine memos and business letters. One installation uses it to gather
documents produced in the field on PCs onto an IBM mainframe and then print them.
However, the package cannot necessarily handle complex proposals and long documents
that include spreadsheets, multiple columns and footnotes and that in other ways fully
exploit the advanced features of the environment within which it was created.

Soft-Switch Inc. has marketed its technology to the OEMs, as well as to users, with
significant success so far. In fact, most of the major OEMs (with whom a subsequent
section of this report deals) including DEC and Wang, have licensed Soft-Switch's
technology.

Until recently, Network Applications Incorporated (NAI) was Soft-Switch's principal
competitor in this niche. NAI was founded in 1983, and had about 13 employees at the
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beginning of 1985. NAI's product, TransNET, provides interchange between DISOSS and
Wang OIS and VS systems. The program code resides on the MVS host system for trans-
lation and interchange. For library service, a Wang glossary is employed on the OIS or
VS system. NAI had announced its intention to support DEC and Data General systems by
year-end 1985.

It was announced in May 1985 that Soft-Switch had acquired NAI. Their product lines
were competitive as well as complementary -- the basic products implemented similar
function; Soft-Switch had implemented support for a wider variety of vendors while NAI
had made further progress in developing support for LU6.2 and a DISOSS interface.

There are other vendors in this business. The only other one we will mention is Soft~-
ware Research Corp. (SRC). This firm was founded in 1978 and its employees numbered
approximately 121 at the beginning of this year. Document conversion software is only
one part of SRC's business, while it is Soft-Switch's area of main concentrationm.
SRC's Docupower has not been sold to end users, but has been licensed to Hewlett-Pack-
ard, Lanier and Honeywell.

We will not explore this document conversion niche further. The main point has been
made -- technology can be purchased, so that OEMs need not incur a lot of delay and
internal expense to develop it.

SNA Mechanisms for Information Transfer

* The Systems Center

This is an ISV that does not at this time sell SNA technology per se. It has posi-
tioned itself to attack a specific niche -- SNA mechanisms for information transfer.
The Systems Center's goal is to provide a family of products =-- currently called the
Network Data Mover (NDM) product line =-- that can move data, text and graphics infor-
mation among microcomputers and mainframes in an SNA network and do so in an
easy-to-use, standardized manner under either program or manual control. Since the
Systems Center is not involved at this time in DCA or LU6.2 support products, it will
not be discussed further. More information can be found in Research Note C-706-018,
2/1/85.

* Communications Solution Inc. (CSI)

For some time CSI has had a product line -- Access/SNA -- that consists of packaged
support for SNA data streams. In June 1985, it extended the line to include portions
of LU6.2 support, with its Access/SNA APPC package. This software uses IBM's Conver-
sational Verb Interface to provide a structure for the interaction of programs across
SNA networks, involving hardware from IBM and OEMs. It also supports Control Operator
Verbs that activate and deactivate LU6.2 devices. While it supports a base set of
protocols, including session allocation and data flow control, it does not yet include
all aspects of direct peer-to-peer communications.

CSI also announced an ACCESS/DIA package in June. It is CSI's intent initially to give
systems such as PCs and file servers access to IBM office products supporting DIA, and
then later to supply ACCESS/DIA to emulate those systems. However, it is still too
early to see the full implications of this product.
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The entire Access/SNA product line is written in C language and hence can be ported and
installed relatively straightforwardly. The publicly announced price for Access/SNA
APPC is $275 per unit, and the package will be available in September. Future enhance-
ments will include network control facilities, multiple data-link support and the
remaining peer-to-peer communications facilities.

* Rabbit Software Corp.

In June, Rabbit Software Corp. also announced an APPC product supporting the Conversa-
tional and Control Operator Verb Interface; the product is scheduled for shipment in
the third quarter of 1985. Called "SNA-Plus," and priced at around $1,100, it
includes some DIA functions such as file transfer, application services, document
distribution and library services. SNA-plus is also written in C language and is
designed for Unix environments.

* Systems Strategies Inc. (SSI)

The fourth ISV here is a wholly owned subsidiary of AGS Computers. SSI also markets
emulation programs targeting the OEM community, and its software is also written in C
language. Its current product line includes SNA/3270 and BSC/3270, which provide,
respectively, emulation of LU2 (3274 functions) with SDLC, and bisynchronous data link
control. It also markets an SNA/RJE product. These three products can be licensed at
the following fees: BSC/3270: $60,000; SNA/3270: $§60,000; and SNA/RJE: §70,000.
SSI also offers an Applications Program Interface (API) that enables a program on the
OEM box to appear as a 3278 terminal; this software can be licensed for $§20,000. The
company has stated its intent to develop an LU6.2 product, hopefully in early 1986.

It is our understanding that SSI has been involved in supplying its technology to
Siemens AG, AT&T, Tolerant Systems Inc., Megadata Corp. and Sequecia Computer Corp.

Communications With DECnet

Interlink Computer Sciences Inc. of Fremont, Calif. has targeted a market niche
related to but distinct from those of the ISVs discussed so far. Interlink sells soft-
ware that, operating on IBM mainframes, provides communications with DECnet. Its
first product, IBM MVS/DECnet Gateway, allowed programs in the MVS environment to
access data and files on DECnet. Interlink claims to have sold over 40 copies of the
software. More recently, Interlink released the IBM VM/DECnet gateway, which provides
programs in the VM environment with that file access. However, this software does not
yet allow DECnet users to send jobs to the IBM environment, or to use IBM printers.
When that capability, which is planned by the end of this year, is provided, Interlink
will be about halfway to presenting an alternative to DEC's own SNA gateway facili-
ties, which are described later in this report. The biggest missing pieces are
support for LU6.2 and DCA. Interlink also supplies a Network Controller, called the
3711, that, when used with one of the gateway products, enables an IBM host to operate
as a peer node on DECnet.

The appearance of these ISVs is no accident. The existence of Soft-Switch, CSI, SSI
and the Systems Center demonstrates three things: first, it is the perception of OEMs
that these SNA or SNA extension technologies must be supported by their equipment.
Second, it is too difficult and costly to perform the development work in-house -- in
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other words, SNA is not really open (see Research Notes K-321-040, 4/1/85, and K-321-
071, 6/19/85). Third, the "not invented here" syndrome is disappearing.

Figure XIV A

Document Conversion Technology Licensing

SOFTSWITCH SRC
ATsT
DEC
WANG
HP x
TANDEM X

Figure XIV A represents some of the technology licensing agreements that have been
made.

Connectivity and Networking of Departmental Computer Vendors

In this section we will analyze the achievements of three leading vendors in imple-
menting the technologies described earlier, as well as their internal networking tech-
nologies. Digital Equipment Corp. (DEC) and Tandem have been chosen because of their
prominence in their "home" market segments -- DEC for scientific processing, Tandem
for transaction processing -- and because of their technological achievements. Wang
has been selected for its success in penetrating installations with IBM mainframes,
and because of the high degree of functionality of its office products.

Digital Equipment Corporation

Digital Equipment Corp. (DEC) and Tandem have the most highly developed networking
technologies among the OEMs. In many ways, their networking facilities are more
advanced in function than IBM's. For example, DEC has a local networking technology
installed at customer sites -- Ethernet -- which has been incorporated into DECnet;
whereas IBM has not yet announced its token-passing ring product. Tandem has a
distributed processing capability that is probably more sophisticated than anyone
else's. However, in fairness to IBM, it must be stated that DECnet Phase IV supports a
total of only 64,449 nodes, while SNA has been recently upgraded to address 16 million
nodes, a vast increase on its previous capability of 64,000. We see a similar situ-
ation with IBM's IMS product compared to Cullinet's IDMS or Applied Data Research's
DataCom DB. Of course, these companies are dealing with very different customer bases
from IBM. 1IBM's SNA must always support a tremendous number of terminal networks
widely varied in terms of size, diversity of topology and performance. IBM software
copes very well with such environments, but SNA's development is constrained by the
necessity to carry forward all those customers. It is easier for a vendor to move
quickly, and provide flexibility, when he is involved with smaller environments.
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We will look first at DEC's progress in connectivity. Its stated mandate for network-
ing is as follows:

* To adopt existing standards when necessary;
* To define or adopt new technologies to fill gaps;
* To migrate to new standards when appropriate;

. To retain proprietary technologies when no standard exists or when there are
significant cost/performance advantages.

DEC's fulfillment of these aims can be appraised best by analyzing its technology
before and after the April announcement, with which we deal later.

DECnet Phase IV can contain up to 1,023 nodes, and up to 63 DECnets can be linked by
servers to interconnect 64,449 nodes. The VAX minicomputers can be linked (see Figure
XV) within the architecture by any combination of four means: Ethernet; telephone
lines (leased or dialed); X.25 networks; or SNA networks. A VAXcluster has visibility
within DECnet as one node.

In carrying out its avowed aim of interconnecting with IBM's environment better than
anyone else, DEC has gone so far as to distribute function very similarly to IBM. Just
as IBM has positioned a 3725 communications processor to offload low-level operations
polling, message formatting, etc. from the host computer, so has DEC set up a separate
machine to interface VAX systems to IBM networks. This gateway is a specially pack-
aged PDP 11/24. It makes sense to use a 16-bit processor as a communications front
end; there is little to be gained for that function from the power of a 32-bit archi-
tecture such as the VAX. Also, practically speaking, DEC may have had in inventory
many 16-bit machines, with relatively good basic communications software. In an IBM
network, the control of the communications session does not reside in the 3725 -- it is
performed by the host (by VTAM). Similarly, the SNA half session in DECnet does not
reside in the gateway -- it is implemented in a special software module that must be
purchased for each VAX that wants to emulate a 3274. This design may enable DEC to
insulate the VAX machine from changes in low-level communications function, and to
respond more flexibly as IBM continues to evolve SNA.

At the Intech '84 conference in October 1984, DEC unveiled three products that make
use of the infrastructure described above. The most important was an interface to
IBM's DISOSS product, and with this announcement DEC became the first office systems
vendor to announce such a facility. The DISOSS Document Exchange Facility (DDXF)
became available in June 1985; it enables users of DEC's All-In-One office system to
access both the distribution and library functions of DISOSS. DDXF involves software
on the gateway and on each VAX computer. The announcement specified final form docu-
ments only, but DEC recently announced a capability for revisable form translation
also, called External Document Exchange. Further, DEC is using a document translation
technology licensed from Soft-Switch. Taken together with DEC's pact with Cullinet to
develop facilities for All-In-One to access mainframe resident databases (see Research
Note K-115-012, 1/16/85), this announcement shows that DEC is pragmatic, flexible and
open in building a very high level of connectivity to the IBM world.
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Figure XV
DECnet Phase IV
DNA, DECnet, and Ethernet Relationships
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Another important product introduced at Intech was a printer emulator that makes it
possible to write information generated on an IBM host on a printer attached to a VAX
or MicroVAX system. The interesting thing about this software is that it doesn't rely
upon the IBM remote batch facilities == it will be a more responsible mechanism than
the customary emulation remote job entry devices; in particular, it will not require
the unfriendly operator interface that is customarily required.

DEC can now connect an IBM cluster controller to its SNA Gateway. Since VAX minicom-
puters can already attach to IBM hosts, the facility (called the Distributed Host
Command Facility, or DHFC) now theoretically enables DECnet to serve as a backbone
network connecting IBM 327X terminals to a remote IBM host -- see Figure XVI. What was
lacking in this area before April was support within VAX VME for the 3270 data stream,
which would enable IBM terminals to access applications on a VAX. As of April 1, there
were still some missing pieces, including that mentioned above. The most important
was DEC support for LU6.2. Moreover, much needed to be done for PC support. However,
with regard to announcements, DEC was further along in IBM connectivity than anyone

else.

Figure XVI

Operation of DEC's Distributed Host Command Facility
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e DEC's Announcements

On April 16, DEC filled in the most important missing pieces. It announced DECnet-DOS
software, a product that integrates IBM personal computers with a DECnet network; it
introduced three software packages to enhance DECnet's connectivity to SNA; and it
offered two protocol emulators providing communication links from DEC's Microl RSX
operating systems to the IBM environment.

DECnet-DOS, which costs $500, will allow IBM PCs to acquire the Rainbow's communi-
cation capabilities, including file transfer to a VAX and to a Rainbow (through a
VAX), and the ability to share VAX peripherals (i.e., disk storage and printers). The
significance of this move is that DEC connectivity is now open to the ubiquitous IBM
PC. This product should increase significantly the number of PCs connected to VAXs.

It is interesting that DECnet provides functionality that IBM does not yet provide on
PCs for the IBM environment -- PCs cannot yet transparently access IMS or DB2 files,

for example.

The first of the three software packages is the DECnet/SNA VMS 3270 Data Stream
Programming Interface, which enables VMS programs to communicate using the LU2 data
stream, with programs operating on an SNA host. This means, among other things, that a
person using a DEC VT100 terminal can access CICS/VS or IMS/DC applications, or use
TSO (see Figure XVII).
Figure XVII N )
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For DECnet programs whose requirements are more complex than the basic function
provided by the 3270 Data Stream Programming Interface, DEC introduced the DECnet/SNA
VMS Application Programming Interface (API). API makes SNA functionality open to a
VAX/VMS program, so that it can exchange data easily. It is really the window DEC is
providing to VAX/VMS programs into the LU6.2 environment.

The most important piece of this announcement is the LU6.2 capability, which DEC
called the DECnet/SNA VMS Advanced Program-to-Program Communications (APPC)/LU6.2
Programming Interface. Since LU6.2 is being evolved by IBM into the SNA protocol, and
in fact LU6.2 can probably be taken as equivalent to all of SNA in embodying the archi-
tecture, it is basic for any OEM to accept LU6.2. DEC's APPC enables VMS-based appli-
cations for VAX and MicroVAX systems to communicate with IBM host applications, on a
peer-to-peer basis, via the DECnet/SNA Gateway. This communication is accomplished by
using a set of verbs defined by IBM within LU6.2. There are verb sets in LU6.2 in
addition to this one, which is used for program-to-program communication. These addi-
tional verb sets will be used for network management and resource control; other verb
sets may be defined in the future, because LU6.2 is quite extendable. These verb sets
correspond to the LU6.2 "option sets" described earlier.

These three program products support IBM environments: MVS/370, MVS/XA and CICS/VS;
they all became available in June, and are priced as follows:

- DECnet/SNA VMS 3270 Data Stream Programming Interface: $§2,500
-- DECnet/SNA VMS Application Programming Interface (API): $1,500

-- DECnet/SNA VMS Advanced Program-to-Program Communications (APPC) LU6.2 Program-
ming Interface: §1,500

The function of these three program products is to provide DECnet processes and
elements with full participation in the SNA functions: the ability to attach intelli-
gently and to communicate freely using all the data streams and through all layers
including the applications. If these products turn out to be robust and fully func-
tional -~ it is still to early to tell -- then DEC will be in an excellent position, so
far as networking infrastructures are concerned, to compete in the departmental
computer market. In fact, since the VAX machines are more powerful and functional
overall than the System/36, IBM's lead product, DEC has some significant advantages
over IBM.

DEC has recently introduced other communications products which we will list, for the
sake of completeness, but without detailed comment, because they are less directly
relevant to the departmental computer connectivity issue.

April Announcements:

-- Micro/RSX 2780/3780 allows members of the Micro/PDP-V family to emulate 2780 and
3780 bisynchronous protocols. Priced at $1,200.

==  Micro/RSX 3271, together with the 3270 terminal emulator utility, allows users of

the VT100 and VT200 terminal series to emulate 3270 bisynchronous protocols.
Priced at $900.
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-- External Document Exchange is a VAX-based software package that permits two-way
document transfer, and conversion between a DEC VAX system and a Wang OIS, using
the bisynchronous 2780/3780 communications facility common to both systems.
Priced at $3,500 for a license, and $5,000 for a license with service.

June Announcements:

== A multiyear distribution agreement under which DEC will market the Wollongong
Group's TCP/IP (Transmission Control Program/Internet Protocol) networking soft-
ware. Priced at $17,500 for VAX/VMS systems, this package includes media and
documentation. Initial deliveries are scheduled for this month. Wollongong
supplies this technology for other environments as well =-- including IBM's VM
operating systems.

==  Product support of the OSI model at the transport layer -- the VMS OSI Transport
Service product is scheduled for first quarter 1986. DEC alsc announced support
for the 1984 CCITT X.400 worldwide electronic mail standards as well as the
recently revised X.25 packet-switching recommendation, with product delivery
during 1986.

-- Upcoming shipment (i.e., during 1986) of hardware and software products to
support the General Motors Manufacturing Automation Protocol (MAP). There will
be modems, controllers and software designed for the MAP 2.1 version that runs
under VAX/VMS and MicroVAX environments.

Clearly, DEC is bringing a great deal of focus and resource to its networking initi-
atives, and at this point it is as formidable in this area as any vendors of depart-
mental computers, including IBM.

Tandem Corporation

Tandem Corporation is the only non-IBM vendor competitive with DEC in this technology.
In fact, Tandem's internal networking technology is probably more advanced than DEC's,
although Tandem has not progressed quite as far as DEC in connectivity to the IBM SNA
environment.

Tandem's philosophy is that a network must be more than a switching system among
"application domains" (an application domain is basically one central electronics
complex, or CEC). The "intelligent network” must manage information outside the
application domain in which the information was generated. This concept has given
rise to three requirements:

1) Networking facilities that can provide interactive as well as store-and-forward,
or time-staged, delivery of messages and requests;

2) A database system with strong distributed processing capabilities; and

3) Gateways that implement a wide range of data communications protocols and include
format translation services.

Figure XVIII is a conceptual representation of Tandem's networking facilities. Guard-
ian is the operating system. Tandem terms Guardian a "network operating system,"
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which may be a bit ambitious. Guardian is message-based and facilitates communi-
cations among processes, and was probably designed with more awareness of a networking
environment than were IBM's MVS/370 and DEC's VMS.

Figure XVIII

Tandem's Networking Facilities

X25AM
gateway

AM3270 AME520
gateway gateway
Guardian
Expand
Exchange X25AM
gateway gateway
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SNAX
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Expand, introduced in 1978, is presented by Tandem as an extension to Guardian. We
regard Expand as analogous to a combination of IBM's VTAM/NCP (Virtual Telecommuni-
cations Access Method/Network Control Program). Tandem's argument is that because
Guardian was implemented in a networking environment from day one, internode communi-=
cation is a natural extension of existing capabilities; the developers simply intro-
duced routing tables and implemented a packet-oriented communications protocol. The
major components of Expand are:

--  The end~to-end protocol;

==  The network control process;

==  The network line handlers;

== The network routing table; and

-- The network utilities.
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Transfer, the component that provides transport and delivery services, can be regarded
as_roughly comparable to (IBM's) DIA and SNADS operating together. Its most notable
features are:

-=- Timed delivery of messages or data. A user (program or terminal) can specify a
time window within which a particular package will be delivered. Transfer
informs senders whenever a "package" cannot be delivered within the specified
time window.

- Decoupled sessions. Communicating clients do not establish sessions with each
other, but with Transfer. This design seems more flexible and economical than
IBM's, which requires that any two clients who need to communicate maintain a
session.

== Naming flexibility. Transfer resolves logical names into physical addresses in
the network, and group names into distribution lists of addresses. This capabil-
ity is made possible by the "decoupled sessions,” and is also more flexible than
SNA's current methods.

-=- Fault tolerance. Transfer buffers packages when the destination node or some
intermediate link is unavailable, waiting until later to develop them.

Expand provides a backbone message delivery system for Transfer, just as LU6.2 does
for SNADS. Clearly, Transfer's design is more flexible than that for SNADS, and prob-
ably better suited to peer-to-peer and distributed architectures. It was introduced
in 1982.

Gateways link various environments to the network; individual gateways differ from one
another in the communication protocols that they implement (SNA, X.25, etc.) and in
the kinds of translation services they provide. A gateway is made up of three parts:

- A data communications physical interface;

-- Presentation services, such as document format translation or screen presenta-
tion; and

-=  An interface to Tandem's network.

Tandem provides gateways to a wide range of systems/protocols, including bisynchronous
batch and interactive devices (these are used heavily to communicate with DEC and Wang
systems) and Network Systems Corporation's HYPERchannel.

Tandem's SNA gateway is termed SNAX, which stands for "SNA Communications System."
SNAX is implemented in software operating on Tandem's processors, and later may be in
the Tandem 6100 front-end processor. The 6100 is similar in function to an IBM 37X5,
by which a single subsystem can accommodate different protocols, line disciplines and

-line speeds. However, a 6100 must be channel-attached, and cannot yet function as a

remote concentrator. For simplicity, the rest of this discussion will treat SNA as
consisting of the software product operating on the Tandem host. This product was
introduced in 1982,
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The design goals of SNAX are to:

-=- allow Tandem systems to operate in SNA networks;

-- allow Tandem customers to preserve their investment in SNA equipment and applica-
tions.

The goals should be met in the context of achieving the benefits of the Tandem environ-
ment =-- which Tandem cites as fault tolerance and easy expandability. It is the
perception of Tandem's customers that the company has been successful in meeting these
design goals.

SNAX has two major features. First, it can be used to make a Tandem system act as an
SNA host =-- that is, an SNA device can be attached to a Tandem system, and it will
appear to the device as if it is hooked up to an SNA host. In other words, the SNA
device can be used to access applications in the Tandem system. This attachability to |
the OEM host of SNA devices is basically the function that DEC introduced in June with

the DECnet/SNA VMS 3270 Data Stream Programming Interface (see page 29). Tandem
introduced this function in 1982.

The second SNAX function is to make a Tandem system appear as an SNA device to SNA
applications on an IBM host. A subset of the function (some might view this as a
discrete third function) is SNA session pass-through, which allows an SNA device
attached to a Tandem system running SNAX to be in session either with a Tandem applica-

tion or with an IBM host application. Figure XIX depicts the operation of this "IBM
Session Pass-Through” facility.

Figure XIX

Operation of Tandem's SNAX

APP @

COPYRIGHT 1985 GARTNER GROUP, INC. September 5, 1985




- 3 -
-_——
Figure XX
Tandem Software Utilities

PS MAIL: (Professional Support Electronic Mail
System): Supports Tandem 653X and Dynamite
Pricing on Tandem Preducts workstations, |BM 327X and asynchronous work-
Uiansttt Monthly stations, and IBM PCs as well as compatibles.
e Charge Messages can be of any length and either image-

PC MAIL $IK-2K® $100-200 or text-based.
:3""-"':: :25‘“-'6"' “-:Hm FAXLINK: Can use Tandem network, running
2;&; ngm‘r 2,’3‘.3 ﬁ over lus..d lines, sending facsimile ('fu) mes-

sages over leased telephone lines. Fax messages

< mm:”.’,:‘f.;“g:‘m“:- can be "packaged” with text messages using PS

LINK. MAIL. Uses OCR "mark sense” f:;'m or PS MAIL

> to address to fax recipient. so acts as a
T N T remote printer for text documents; format is

; switched from ASCIl to fax code and printed at

95 Fege| for DOVRNSTE wirkatatio. another location. Uses CCITT Group Il fax

machine, which is not included in the price.

PS TEXT EDIT (TEDIT): Supports IBM 327X,
Tandem 6520 and 653X terminals, and Tandem's
DYNAMITE workstations. Uses function keys.
Two windows available.

PS TEXT FORMAT: Can be used with TEDIT or
with other Tandem editors. For designing page
layouts, selecting fonts and for storing custom-
ized layouts.

PC LINK: Allows IBM and compatible PCs to
have online access to data integration through
emulating Tandem 6530 or 327X terminals. Con-
sists of four software utilities: EM B3530PC for
emulating a 6530; IXF/PC to transfer files
between Tandem host and PC; PCFORMAT to
convert files from the Tandem distributed data-
base management system, ENCOMPASS, into Data
Interface Format (DIF), Symbolic Link Format
(SYLK), BASIC or ASCII formats; and EM3270 to
access |BM 3270 host applications.

Delivery is 3Q85 for all five utilities.

Examples of SNA applications that can participate in pass-through session include:
Information Management System (IMS), Customer Information Control System (CICS),
Time-Sharing Option (TSO), Network Communications Control Facility (NCCF). Session
pass-through is applicable only to devices which support Physical Unit type 2 (PU2).
Specifically not supported in pass-through sessions are PUl devices.

It is useful to describe Tandem's data stream support capabilities. Tandem provides
two types of data stream support -- 3270 data stream (LU2) or SNALU, which is really
IBM's LUO. It is the customer's responsibility to create the communications proto-
cols. That is not really practical for customers, and in 1984 Tandem introduced SNAX
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High-Lévdl Support (SNAX/HLS), which is a general-purpose high-level interface for
specifying data streams and communication protocols -- such things as bracket support,
request mode, function management profiles and transmission subsystem profiles. This
facility would generally be invoked for custom and special-purpose applications.

The Tandem SNA interface capabilities analyzed here (introduced around 1982) are
structured similarly to those DEC is providing this year. This product design is a
very natural one. Tandem's "SNAX" offering is the most sophisticated interface to SNA
operating today, and it provides an excellent base for its implementation of the
extensions to SNA.

* Tandem's June Announcements

In June 1985, Tandem addressed this area. It introduced Information Management Tech-
nology (IMT), which presently includes five software products, and stated its intent
to provide a DCA capability, revisable form and final form, as well as to support IBM's
LU6.2. Tandem also indicated that within a year it will provide support for Ethernet
-- the IEEE 802.3 standard -- probably initially in the form of interfaces to 3Com's
products and AT&T's Starlan. Also within a year Tandem will probably interface to the
IBM PC Network. In an unspecified time frame Tandem will deliver suppert for X.400
(the CCITT electronic mail standard) and IBM's DISOSS.

At the same time as it made these announcements, Tandem announced two other agree-
ments. It signed a multiyear, multimillion dollar agreement with Sytek to remarket
LocalNet/20 and IBM PC Network compatible communications equipment. We would expect
that Tandem will offer that hardware and software for broadband local-area network
configurations involving IBM PCs and Tandem equipment, while the LocalNet/20 technolo-
gy will be used for terminal-to-host communications within the Tandem environment.
The other agreement Tandem signed was with AT&T Information Systems. Under its terms
Tandem becomes a licensee for AT&T's Digital Multiplex Interface (DMI), which is
AT&T's standard for integrating PBX equipment with computers.

Tandem's five new software products -- PS MAIL, PS TEXT EDIT, PS TEXT FORMAT, FAXLINK
and PC LINK -- allow users of IBM PCs, IBM 327X terminals, TTY terminals, Tandem termi-
nals and Group III facsimile devices to move text, data or images through a Tandem
network. They will be available in third quarter 1985; prices are shown in Figure XX.

Tandem's presentation is that IMT was designed on the basis of customer requests and
will be very popular in its own customer base. This expectation is probably correct,
since IMT fills real holes in Tandem's capabilities, and involves not much more than a
natural exploitation of the Transfer technology. Further, Tandem regards IMT as part
of its commitment to integrate office functionality into its networked, distributed
database architecture. Some Tandem personnel have been quoted as stating that, ulti-
mately, IMT aims to ensure that Tandem's own networks form the communications backbone
for Fortune 1000 companies.

Certainly these are the correct steps for Tandem to take to position itself as a force
in the department computer marketplace, at least as far as the technological infras-
tructure is concerned. While it is not yet evident whether or not there will be appli-
cations that distinguish this environment and in fact make it explode in growth,
Tandem has now indicated that it understands the technological requirements and will
comply with them. That is very important. Even though the introduction of SNAX
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preceded that of DECnet/SNA, it is perceived by many that Tandem was slower than DEC in
moving away from the philosophy that highly developed proprietary technologies were a
sufficient platform for competition with the giants. Tandem's embrace of the "stand-
ards" may not yet be as explicit as DEC's, but it may be firm enough.

With its pursuit of these technological standards, plus retuning of its marketing, DEC
has made substantial progress over the past several years in positioning itself into
the departmental computer marketplace, adding that thrust to its strength in scientif-
ic applications. Tandem has a significant presence in commercial accounts, and may be
able to move as quickly and effectively as DEC has. It is probably overly optimistic
of Tandem to expect its networking technology to be the backbone for many of the
Fortune 1000 companies. However, based on its communications infrastructure, Tandem
may be better positioned technologically than anyone else to match IBM's SNA exten-
sions and evolving network operating system.

Wang Laboratories Inc.

Wang Laboratories Inc. has historically not been as advanced as DEC and Tandem in
either internal networking technologies or connectivity to IBM. In October 1983, Wang
announced the Information Distribution System (IDS) family of software products, which
facilitate two types of communications:

-- Communication among Wang VS systems, across existing IBM network links.

D

-- Communication between VS systems and IBM hosts.

IDS made available bisynchronous and SNA point-to-point and multipoint links. Its
functioning depends on software that runs under CICS on the IBM host (see Figure XXT)
and makes possible file-transfer and store-and-forward functions.

IDS represents an attempt by Wang to build a software infrastructure for networking.
The requirement for dedicated Wang software under CICS might be problematic, since
such software represents a potential point of failure and a performance bottleneck,
and the requirement involves work on IBM equipment in order to achieve Wang connectiv-
ity. Tandem and DEC have not found it necessary to adopt this expedient. However,
this may not be a serious concern in the long term.

Wang Systems Networking (WSN) is a framework -- not yet an architecture -- that Wang
intends to evolve toward the OSI model, and is built upon the IDS transport services.
WSN is now only an umbrella term describing all Wang networking products implemented
according to the WSN strategy. These products include:

== WSN Services -- file transfer, remote access, VS and 3270 terminal emulationm,
virtual terminal interface, store and forward, resource sharing.

-- WSN Applications -- Wang Office (calendaring, E-Mail, file sharing), gateways to

DCA/DIA, etc.
== WSN Transports =-- multipoint lines, point-to-point lines, X.25, Wangnet,
IDS/bisync/SNA. )
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- Figure XXI

Wang's Information Distribution System

IBM HOST
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:‘, C DISOSS
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WANG VS WANG VS
3274 LU2 3274 LLV2
IDS 10S
OFFICE/DISOSS GATEWAY OFFICE/DISOSS GATEWAY
WANG OFFICE WANG OFFICE

IBM S/36

WANG OFFICE/DISOSS GATEWAY

Much of this was a repackaging of existing facilities. The third release of WSN,
announced in October 1984, began shipping earlier this year. While there is not vet a
least-cost routing facility, Wang is delivering such pieces as the capability of one
node monitoring the performance of adjacent nodes on the network. Wang, therefore,
has a lot of technology to build before it is really competitive in networking tech-
nologies.

* Wang's April Announcements
This April Wang announced nine new communications products (see Figure XXII) that fit

within the WSN framework. Four of these products address connectivity to IBM, but not
all the issues are handled yet.
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Figure XXII
Wang's April 1985 Announcements

propuct PRICE AVAIL.
DISOSS Gateway 1086
I1BM s 1,000
Vs $ 3,000
PROFS Gateway 4085
I1BM $40, 000
Vs s 2,000
VS/SNA Gateway $ 1,000 9/85%
endpoints s 600
PC SNA 3270 Net ’ 9/85
Gateway s 395
endpoints s 795
DMF s 1,500 1/8%
SNA Monitor $17,000-
$24,000 9/85%
X.25 General Access 3 1,000 8/8%
X.3 PAD $ 2.000 8/85
Network Application
Interface 8/835
A% $ 1,500
PC $ 200
WangNet Shared Interconnect
Modem Service 6/85
1-port modem $ 1,600
8-port modem $ J.600
Administrator $11,000 !
Translator $ 3.500

Formerly, Wang required that each Wang system be individually connected to an IBM
host. While Wang Systems Networking (WSN) -- Wang's communications architecture --
provided fairly rich facilities for communications between Wang systems, Wang users
could not specify one system in a Wang network to act as a gateway to the host. The
Wang VS/SNA Gateway addresses this problem by permitting one VS in a network to be
designated the IBM gateway. Any terminal attached to any VS in the Wang network can
now use this single gateway to access the IBM environment under 3270 emulation. While
this is a plus for Wang users, it is not unique; other vendors, notably DEC, offer
similar facilities. Similarly, the PC SNA 3270 Network allows a single PC on a Wang PC
network to be designed as a gateway to perform 3270 emulation for other PCs attached to
the network. Obviously this is a desirable, in fact necessary, function, but it is
only equivalent to what DEC and Tandem did some time ago.

Wang's DISOSS interchange product provides library services only for revisable form

DCA documents. Wang users will be able to search the IBM DISOSS library for documents
which have been previously stored, but the product provides no distribution
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capabilit}.ﬁ. By comparison, DEC's DDXF provides both library and distribution
services, and revisable as well as final form (view and print) only. DEC's gateway
also implements LU6.2, while Wang uses the Application Programming Interface (API)
provided by DISOSS. For exchanging documents between Wang and IBM, the functions
provided by the two implementations are essentially the same. However, the
peer-to-peer communications capabilities of LU6.2 will have future benefits, such as
easier integration of applications and other matters discussed earlier, for which DEC
has already done, and Tandem is about to do, the development.

Two major weaknesses surround Wang's DISOSS product. First, there is the lack of
distribution capability. Most users who want interchange between Wang and IBM's
DISOSS are looking mainly for this function. Document exchange using library services
is cumbersome at best. The second problem is the implementation using IDS. By writing
software for the IBM system, Wang has committed itself to an additional maintenance
chore which it could have avoided had all the programming been on the VS system.

The Distributed Management Facility addresses a major weakness in Wang Systems
Networking -- the former lack of a centralized management capability. Now that multi-
ple Wang systems can be managed from a single point, a major reason not to install a
Wang network (or workgroup computers) has been eliminated. However, users must still
contend with Wang's current basically proprietary LAN offerings. Wang has promised
to offer standard alternatives, but these are not yet being delivered. When Wang
offers Ethernet, for example, it will be on a par with other minicomputer vendors in
its network offerings.

The X.25, X.3, and Network Applications Interface products are basically programming
utilities that permit applications programmers to utilize Wang communications facili-
ties easily when writing their own custom applications. Finally, the Shared Intercon-
nect Modem Service simply permits multiple devices to share a single broadband modem
to attach to WangNet. This does not result in additional functionality, but simply
lowers the cost of a WangNet connection.

Wang is doing a good job in a number of communications areas. For example, a function
called Communications Networking Services (CNS) permits VS hosts to be networked and
provides the routing and switching to allow a terminal attached to any of these
systems to access data in any other VS. A Virtual Terminal Interface permits applica-
tions programs running in one VS to access similar data or applications in another VS.
In addition, Wang provides a higher degree of document transfer capabilities among its
various systems than IBM, or nearly any other vendor, does.

The dilemma facing Wang is that the data processing department has a very large voice
in the implementation of office computing, meaning that competitors to IBM have to be
clearly superior to win. Wang may have a friendlier user interface for some applica-
tions, but has been late to recognize the importance of coexistence with IBM communi-
cation standards. Wang does not yet support any IBM workstations other than the
personal computer, leaving a large installed base of IBM terminals that Wang cannot
reach with its systems. While it is talking about opening up WSN to industry stand-
ards, Wang suffers from the (correct) perception that it has held on to a proprietary
communications architecture and has a large task ahead to change that position. In
addition, while the company can provide peer-to-peer communications at the workgroup
level, it offers no centralized network management tools.
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Wang's announcements address many of the shortcomings in its communications offerings,
but do little more than bring the company up to par with DEC or other workgroup comput-
er vendors. Combined with a migration to more industry-standard, physical-LAN options
(Ethernet, Starlan, etc.), for which Wang has announced no timetable, this is positive
for Wang. However, in matching other vendors, Wang is trying to hit a moving target,
and there is no guarantee that by the time these products are actually delivered (giv-
en Wang's history of software delays), another vendor will not have raised the stakes.
The direction Wang is taking is generally a good one (although it is questionable
whether writing code to actually run on IBM systems is a good idea for a workgroup
vendor), but whether the announced delivery schedules are early encugh to keep up with
the competition remains a major question.

The irony of the situation is that Wang is truly ahead of IBM in offering office func-
tions with a high degree of transferability among a wide variety of workstations and
systems. However, Wang must accelerate its development of communications facilities,
both connectivity with IBM, especially LU6.2, and within WSN, in order to compete
effectively in the department computer arena, particularly with IBM.

Summary

A summary tabulation of OEM capabilities for connectivity to IBM including Data Gener-
al, Hewlett-Packard and AT&T, is presented in Figure XXIII.

Figure XXIII

Summary of OEM Connectivity

LU2 LU6.2 DIA  DCA SNADS

ATTIS (3B) Now 10/85 - - -
DEC Now Now - Now =
Tandem Now SOI - 3Q85 -
Wang Now SOI - 1Q85 =
Data General Now 1086 - 11/85 -
Hewlett-Packard Now S0l - SOI -

SOI means statement of intent
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Tandem has the strongest base SNA technology of these vendors, and its gateway inter-
face is a smoothly defined extension of the core Guardian/Expand software. This
strength reflects Tandem's historical markets -- from day one it has sold to accounts
that already had equipment processing mainstream applications, most of which were
IBM's. Tandem's most significant presentation is in the banking and finance industry,
in which, as of March 1985, it claimed a total of more than 2050 processors installed
at more than 240 customer sites, including 21 out of the top 25 U.S. bank holding
companies. That represents approximately 30 percent of Tandem's installed base, and
is strong IBM territory. Tandem has also done well in communications, manufacturing
and the federal government, each of which represents about 10 percent of Tandem's
installed base.

While DEC also has a well-designed SNA capability, its gateway structure may be not
quite so well integrated into DECnet as Tandem's is (into Guardian/Expand). DEC's
realization of these communications requirements came relatively late. Of course
DEC's installed base (there are over 40,000 VAX systems installed, compared to around
6,800 Tandem processors) provides it with a larger base for Research and Development
(R&D) -~ DEC spent $630.7 million in 1984 on R&D, compared to Tandem's $52.5 million,
so there is good reason to expect its development efforts to match Tandem's.

Tandem announced its involvement in the "SNA extensions" -- DCA, DIA, LU6.2 -- three
to eight months later than DEC, depending on the function. DEC announced its DCA capa-
bility in October 1984 and its LU6.2 capability in April 1985, while Tandem made
statements of direction in June. Tandem's shipment of these technologies will proba-
bly occur in mid-1986, a year after DEC's.

To the extent that this gap is significant, it may represent a lack of explicit
requirements by Tandem's customer base. LU6.2 is a technology that hasn't been appar-
ent to end users. While DCA is apparent, it may be the case that Tandem's customers
did not contemplate the intense use of these machines for text applications to the
extent that DEC's customers did for their VAX machine. It is not our perception that
this gap indicates any less of a technological capability on Tandem's part. The gap is
probably a function of positioning uncertainty.

Wang Laboratories announcements, in particular the design of its connectivity infras-
tructure, do raise the issue of base technological capabilities. In addition to the
reliance of IDS upon a component running under CICS on the IBM mainframe, the inter-
face to DISOSS uses the DISOSS Application Programming Interface rather than LU6.2.
Additionally, the DCA conversion technology (licensed from Soft-Switch Inc.) will
apparently operate on the IBM host -- Wang is not migrating that technology to its VS
equipment. It would appear that Wang's technology is the least integrated of the
three. However, the purity of the base technology is certainly not the most important
issue here.

For the record, to complete-the tabulation of R&D expenditures for 1984, Wang's were
$160.5 million and IBM's $3.148 billion.

While the technological soundness of the communications architecture is important, it
is certainly overshadowed, in terms of importance as success factors with customers,
by friendly presentation, usability, timely delivery and quality of field service.
However, those issues are not independent of the soundness of the base technology.
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Departmental computer functionality today is usually expressed in terms of office
applications and connectivity to IBM mainframe SNA environments. While it may be the
case that, in the long term, distribution of data and applications out of the "glass
houses" will have the dominant influence on departmental computer products, the neces-
sary technologies have not been developed to the point where they are a serious
factor.

We have seen how IBM is quietly evolving its own communications infrastructure in
order to accommodate its customers' growth, reliability and (last!) usability require-
ments. Unlike the situation in the 1975-1980 time frame, during which SNA was being
introduced, the vendors of departmental computer equipment now realize that partic-
ipation in that technology is essential to their success in this marketplace. Tandem
and DEC have taken the lead in that technological development.

A factor, or dilemma, that all these vendors must address is that the data processing
department has a very large voice in the implementation of office and departmental
computing. That can translate into the constraint that competitors to IBM have to be
clearly superior to win. The OEMs -- DEC, Wang, Tandem, H-P -- may have user inter-
faces that are more friendly for many applications, but often have been late to recog-
nize the importance of embracing IBM's communications architecture, and the fact that
mere coexistence with those technologies is insufficient. These OEMs have suffered
from the often correct perception that they talk adherence to industry standards but
persist with proprietary communications technologies; they therefore have a large task
ahead of them to alter that perception. In addition, while most of these vendors have I-)
indicated that they will provide peer-to-peer communications at the workgroup level,
there is little in the way of rich network management facilities to manage all the
workgroup systems from a central site, or for that matter from multiple control
centers. Most of the OEM-supplied network management facilities are little more than
data collection tools. Even if the functionality and usability of the OEM product
have advantages, it requires an aggressive, perhaps even brave, data processing manag-
er to discard IBM's centralized network management tools in favor of a communications
architecture that does not have similar facilities.

We see that it is a fundamental issue for the vendors of departmental computers wheth-
er they can extend their advantages over IBM in functionality and usability while

narrowing the gap in base communications technologies, at a time when IBM is very much
a moving target.
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GLOSSARY

ACF

Advanced Communications Function is IBM's term for the SNA facilities for multisystems
networking. These enhancements were introduced in 1977/78. While some IBM publica-
tions refer to this SNA release as SNA-2, this report considers it "Phase II" of SNA,
since that makes sense in terms of connectivity.

APPC

Advanced Program to Program communications is a synonym for LU6.2, please see that
definition in this Glossary.

CICS

The Customer Information Control System is IBM's strategic general purpose subsystem
for the implementation of transaction-processing applications. CICS invokes custom-
er-written application programs in response to transactions entered at teleprocessing
terminals, and provides the services needed by those applications to retrieve and
update data in files and return a response to the terminal which invoked them.

CNS

Communications Networking Services is a Wang software facility that permits Wang VS
hosts to be networked, and provides the routing and switching to allow a terminal
attached to any of these systems to access data in any other Wang VS.

Communication Solutions Inc.

CSI is an ISV that specializes in selling to OEMs the technology to interface with SNA
networks. Its Access/SNA product line, written in C language, now includes LU2,
Synchronous Data Link Control (SDLC) and bisynchronous capabilities. Capabilities for
DIA and LU6.2 have been promised for later this year.

DCA

Document Content Architecture is a machine-independent data stream that presently
describes the form and meaning of the information in a document. However, it was
designed to be extended to define other types of information, such as facsimile,
graphics or digitized voice. This will allow files or documents merging these forms
of information to be transmitted electronically via the technoclogies analyzed in this
report.
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Currently, IBM support two levels of DCA. Revisable form text DCA specifies format
controls such as those for type style, indentation, and line spacing. Final form text
DCA handles format controls such as those for margin placement, page size dimensions
and type style definition. One should view revisable form text DCA as defining the
logical structure of a document, while final form text DCA defines a primitive format
that is completely device-independent.

DDXF

The DISOSS Document Exchange Facility is DEC's software package that enables users of
DEC's All-In-One office system to access both the distribution and library functions
of DISOSS. DDXF has capabilities for final form data streams. The revisable capabil-
ity is packaged separately (see External Document Exchange). DDXF became available in
June, 1985; it involves software operating within VAX and IBM environments.

DECnet-DOS

This DEC software package provides IBM PCs with fairly sophisticated capabilities for
cooperative processing in a VAX environment. In particular, the PC can access VAX
files and peripherals. DECnet-DOS became available in June, 1985.

DECnet/SNA VMS APPC Programming Interface

Available in June, 1985, this DEC software facility provides VMS programs with the
ability to interact via the conversational verb interface with IBM's LU6.2 data
stream.

DECnet/SNA VMS 3270 Data Stream Programming Interface

This DEC software package gives VME programs access, via the 3270 data stream, to
programs operating on IBM hosts. This "window" became available in June, 1985.

DHFC

The Distributed Host Command Facility is a DEC software package that provides support
within the (VAX) VME operating system for IBM's 3270 data stream. In principle,

DECnet can now serve as a backbone network connecting IBM 327X terminals to a remote
IBM host. DHFC became available in April, 1985.
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DIA

Document Interface Architecture is defined by IBM as a set of services performed by
peer communications processes. A more functional view of DIA is as a set of communi-
cation programs -- i.e., software that uses communication facilities such as SNA, or
others, to carry out functions requested by users. These users can be people, appli-
cation programs or devices; the key thing is that a user represents the source or
recipient of information.

For reasons of compatibility across the product line, it is IBM's intent that DIA use
LU6.2 facilities, perhaps mediated by SNADS. However, DIA function is independent of
the LU type, and can and does use LU2 (3270 data stream) or asynchronous facilities.

DISOSS

The Distributed Office Support System is a family of IBM program products that provide
library and document distribution functions, as well as document translation services.
This software operates only under the MVS operating system, and uses CICS for access
by terminal users.

DISOSS has been slow to gain acceptance because of functional lacks and nonusability.
IBM is filling in the capabilities with the Personal Services packages, which really
should be thought of as "DIS0SS/36," "DIS0SS/38" etc.

Displaywrite

The Displaywrite products are a set of program products for word processing, based on
the Displaywriter implementation, and operating in various environments. This appears
to be IBM's strategic direction for word processing, and it helps to present uniform
user interface across multiple architectures. Announced so far are Displaywrite/1, 2
and 3 for the PC and Displaywrite/36 for the System/36.

Expand

A Tandem software facility, operating together with Guardian, that provides various
communications functions. Expand is roughly comparable to a combination of IBM's VTAM
and NCP.

External Document Exchange
External Document Exchange is DEC's facility to allow users of All-In-One to both

access and edit DISOSS library documents. DEC chose to package this product separate-
ly from DDXF, and made it available in July, 1985.
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Guardian

Guardian is Tandem's operating system for its lines of fault-tolerant computers --
Nonstop I, Nonstop II and TXP.

IDS

The Information Distribution System is a family of Wang software products which facil-
itate communications of two types: among Wang VS systems (across IBM links), and
between Wang VS systems and IBM hosts.

IMS

Information Management System is IBM's strategic subsystem for large DB/DC applica-
tions. IMS invokes customer-written application programs in response to transactions
entered at teleprocessing terminals and provides the services needed by those applica-
tions to retrieve and update data in DL/1 databases and return a response to the termi-
nal which invoked them.

IMS applications run in what are called message-processing regions. As needed, they
communicate with the IMC Control Region which is located in a separate MVS address
space. This splitting of the program product into many components (which is called
granularity) is a large reason why, at this time, IMS exploits the 308X architecture
more fully than CICS does, and also has somewhat superior integrity.

ISC

Inter-System Communications is a facility that permits an application in a subsystem
to communicate with another application in another subsystem. The two subsystems may
be of the same type (e.g., CICS/VS to CICS/VS) or of different types (CICS/VS to
IMS/VS). ISC is built up on an LU Type 6 data stream. It was first introduced in
CICS/VS Release 1.4, and is used to increase availability and provide Virtual Storage
Constraint Relief.

IMT

Information Management Technology is a group of software products, the first of which
were announced by Tandem in June, 1985, intended to provide connectivity across
different architectures. The initial products concentrate on connectivity at the
workstation level.

ISV

An Independent Software Vendor is just that -- a firm whose business is selling soft-
ware, and which is not a subsidiary of IBM or any OEM.
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LU

A Logical Unit (LU) is a term within the SNA technology that is usually defined as an
end user's "port" into the network. The term is also often taken to mean a particular
terminal or application program. The third meaning is that LUs are types of data
streams.

This terminology is confusing, and the ambiguity of the notation contributes to the
difficulty of comprehending SNA. Within this report, we will usually use the term LU
to denote data streams.

LU6.2

Logical Unit Type 6.2 is a relatively new SNA protocol that is the basis for a revamp-
ing of SNA's infrastructure. It is device independent, and provides the facilities
for peer to peer communications between two programs. Among other things, this means
that programs and small computer systems will use LU6.2 (along with Physical Unit Type
2.1) to establish and control sessions with each other, without necessarily any
participation by a host mainframe. In this manner IBM will evolve SNA away from its
current host based centralized organization.

When LU6.2 is installed in devices such as "PCs" and "cluster controllers,” such

necessities as multiple sessions among those devices and S/370 hosts will be avail-
able.

LU6.2 will also be the foundation for a "network operating system," meaning that all
of the devices on the network will use that protocol to talk intelligently to manage
resources and perform network recovery.

IBM will package LU6.2 as a base component plus option sets, so that LU6.2 can be
installed in small machines like Scanmaster, Displaywriter and the PC at a low price
point.

The terms "LU6.2" and "APPC" (advanced Program to Program Communications) have been
used synonomously by IBM, and in this report we will not distinguish between them.

MSNF

The Multi-System Networking Facility is an SNA feature, implemented in ACF/VTAM or
ACF/TCAM, that supports communication among multiple host processors. A prime benefit
of MSNF is that a terminal (user) can now access (programs operating on) multiple
computers. That capability was lacking in the initial release of SNA.

MVS
Multiple Virtual Storage is IBM's strategic operating system for large-scale data-
base/data communications environments. While MVS is more expensive, in terms of

charges and resources used, than other IBM-supplied operating systems, it provides
more reliability and device support.
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NCP

The Network Control Program is the operating software for the 3705 and 3725 communi-
cations controllers. The executable code is generated in a $/370 host and downloaded

to the 37X5.

OEM

Original Equipment Manufacturer is the generic term used in this report for manufac-
turers of departmental computers.

Personal Services

Personal Services is a family of program products, one for each office system machine
-- §/36, S/38, PC -- that extends the IBM office network architecture to that environ-
ment. Personal Services/X (where X is 36, 38, etc.) provides document exchange capa-
bilities with the other family members as well as calendar management and other office
administrative functions.

We view Personal Services as just a packaging and renaming of functions originally
presented or promised in DISOSS =-- in other words, Personal Services/36 essentially
could have been named DISOSS/36; IBM chose to rename these facilities for delivery on
office systems.

Primary LU

The Primary Logical Unit controls the session between two LUs. The primary performs
session initiation and termination, and receives log-on requests from the Secondary
LU. In an application program -- terminal session, the program is the primary LU.

PU

Within the SNA architecture, a Physical Unit is the component that manages and
controls the physical resources of a node. These resources include attached links
(communication lines) adjacent link stations (terminals) and the processor. It makes
sense to think of a PU as just a hardware/microcode/software implementation that has
the capability to interpret SNA data streams. There are four basic PU types: PU Type
1 is a Terminal (3478); PU Type 2 is a Cluster Controller (3274, 3276); PU Type &4 is a
Communications Controller (3705, 3725; actually, the NCP) and PU Type 5 is a Host
Computer (actually, it is termed System Services Control Point and realized in VTAM or
TCAM) .

IBM has implemented an enhanced Cluster Controcller Physical Unit Type, namely PU Type
2.1. Its two key new capabilities are to have multiple "upstream" links, and the
so-called "Single Node Control Point" facility, whereby the device itself can initiate
sessions and tear them down, without involving a PU Type V. This new PU Type is one of
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the two basic building blocks (the other is LU6.2) for the current revamping and
evolution of SNA by IBM.

Rabbit Software Corp.

Rabbit Software Corp. is an ISV that has announced a software package called
"SNA-plus," written in C language and targeted for vendors offering Unix environments.
Scheduled for shipment later this year, SNA-plus is claimed to include LU6.2 and some
DIA capabilities.

Session

An SNA session is a logical connection between two network addressable units. The
activation and deactivation of sessions incur significant overhead in network traffic.
Sessions compete for network resources such as bandwidth. It is IBM's (or Raleigh's)
intent that LU6.2 facilitate more efficient management of these processes,

SNA

Systems Network Architecture is a set of rules for designing and implementing communi-
cations programs. More formally, it is the description of the logical structure,
formats and protocols for transmitting information through networks and controlling
the configuration and operation of networks. These rules and descriptions are set
forth in the various Format and Protocel Logic Manuals.

The original purpose of the layered structure of SNA was to allow the application
programs and terminal users to be independent of and unaffected by the way specific
SNA services and facilities are provided. That purpose has been largely achieved, and
IBM deserves accolades for its pioneering achievement. Its next step is to build more
technology independence within SNA, and LU6.2 is the keystone of that strategy.

SNADS

SNA Distribution Services is an architecture for interchanging data through an SNA
network in a store-and-forward fashion. One benefit of SNADS is that a user need not
be aware of the availability of the system to which he wishes to distribute informa-
tion. SNADS is an SNA extension that provides an asynchronous interface.

While SNADS may be suitable in certain situations for applications that require
subsecond response time, it is mostly appropriate for applications without strong
timeliness requirements, such as document distribution, file transfer and electronic
mail.

SNADS requires that LU6.2, and the software that implements SNADS, reside in the same
processor as the LU6.2 support.
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Therefore, there is nothing in the SNADS architecture to prevent a network of small
processors from implementing store-and-forward networking using SNADS -- without

involving a large S/370 device with DISOSS.

SNAX

SNA Communication System is Tandem's SNA gateway. SNAX both makes a Tandem system act
as an SNA host and enables Tandem devices (terminals) to access applications running
on IBM hosts.

Soft-Switch

The name of a software package, as well as of the ISV supplying it, that performs
translation of document across the formats of many hardware vendors.

Systems Center

An ISV specializing in software packages implementing SNA technologies. Its current
product line consists of the Network Data Mover products, that perform information
transfer within SNA environments.

Systems Strategies Inc.

SSI is an ISV wholly owned by AGS Computer. Its product line is written in C language
and targeted at vendors of Unix environments. The products provide these environments
with software links to SNA networks. The currently available products offer remote
job entry and LU2 facilities. An LU6.2 capability is scheduled for the near future.

TCAM

The Telecommunications Access Method is an IBM program product that resides in a host
processor and directs message traffic in a network, also controlling other communi-
cation among terminals and application programs running under an O0S/VS operating
system. TCAM conforms to SNA, but also allows the use of binary synchronous communi-
cation and start/stop devices in the network TCAM; it therefore has certain facilities
lacking in VTAM, in particular message handling and queuing and non-SNA device
support. IBM is actively trying to persuade TCAM users to migrate to VTAM.

Transfer

Transfer is a Tandem software facility that provides transport and delivery services,
and is roughly comparable to IBM's DIA and SNADS cperating together.
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VTAM

The Virtual Telecommunications Access Method is an IBM program product that controls
communication between terminals and application programs running under DOS/VS,
DOS/VSE, 0S/VSI and MVS. VTAM is IBM's strategic telecommunications access method,
and has the following responsibilities:

. Controls resource allocation in the network;
* Establishes, controls and terminates sessions between Logical Units; and

. Provides operator and programmed interfaces to SNA facilities.

WSN

Wang System Networking is a framework, or umbrella, including all Wang networking
products, built upon the IDS transport services. It is Wang's intent to build WSN into
an architecture that will evolve toward the OSI model.

XRF

The Extended Recovery Facility is a reliability enhancement for an IMS/VS data-
base/data communications environment. It provides the capability of creating a "mir-
ror" IMS system and synchronizing it to the primary subsystem. XRF improved
availability by causing the mirror IMS/VS system to take over the worklocad from the
primary -- in case of some, but not all, disruptive events.
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Macroeconomic ang Political Trends
European economic activity is in a recovery mode, fueled by the recent

surge in U.S. growth and further aided by the Strength of the American dollar. This

has caused a number of European economies to improve from the low point in 1982,

manufacturing. Overall, we believe Europe's real economic growth is running at 2-
3%, and that this is likely to be Sustained in 1985, As usual, the countries have
Cifferent factors affecting them:
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britain ‘N€ present coal miners' strike has reached a critical stage. It looks

as though Arthur Scargill, the president for life of the National Union
of Mineworkers, with strong Communist leanings and financial backing
from Libya and the Soviet Union, may be beaten if the drift back to work
continues. Picket violence has escalated and intimidation is wide-
spread. Symbolically, the failure of the union to achieve what appears
to be increasingly capricious goals in the context of 13% unemployment
in the United Kingdom (3-4 million out of work, by most counts) could
provide the sort of watershed for British labor relations that was
effected by the showdown early in the first Reagan term with the air
controllers' PATCO union. We believe that Mrs. Thatcher is likely to
prevail, given her current increased popular support as a result of the
abortive attempt to kill her in Brighton last month.

France: It is difficult for many investors in the United States to comprehend
the extent to which French socialism has impacted the business
environment. The dramatic decline of the French franc, which has
fallen approximately 40% vis a vis the U.S. dollar since 1981, is only
the outward and visible sign of the rigors of doing business in France.
Well managed and effective companies, such as IBM, have escaped many of
the vicissitudes heaped upon their less fortunate U.S. and Japanese
counterparts by the French government. However, other foreign techno-
logy companies, that are not subject to preferential French treatment
as a result of export considerations are often held ransom by archaic
labor practices, an anti-business corporate environment, and a level
of bureaucratic mismanagement that rivals that evident in many lesser-
developed countries. Due to the gradual economic integration of the
EEC countries and the nature of rapidly advancing technologies in
computing and communications, we suspect the French government's
penchant for trying to swim upstream against the more conservative
global tide may provoke a sharp political reaction at some point in the
future. This will hopefully lead to less counterproductive attitudes
relating to entrepreneurial activity and real economic growth.

Germany: The German economy is also being affected by political problems. The
present scandal embroiling local politicians relating to the Flick
affair may lead to less stability in Germany, with traditional German
economic strength challenged by a more turbulent political outlook.
The Flick holding company is reported to have paid 25 million Deutsche
marks (more than $8 million U.S.) to politicians and political parties
in the late 1970's, at a time when it successfully lobbied for an 800
million Deutsche mark ($266 million) tax exemption on capital gains.

In general, these political, social and economic factors have helped
reinforce the appeal of the ostensibly overvalued U.S. currency. They may
continue to provide a basic demand for American dollars that would otherwise be
less attractive in purely economic terms, especially if the present pause in U.S.
economic growth proves short-lived. Given the backdrop, the financial implica-
tions may be as follows:

1. The U.S. dollar may continue to be "overvalued".

2. The contraction of international liquidity, that has occurred with some
consistency now for several years, may be continued.
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Deflationary tendencies may cause the prices of commodities (gold, oil, etc.)
to give further ground, with "real" interest rates declining in the U.S. and
a substantial upward revision in price/earnings multiples for well managed '
technology equities whose growth prospects are maintained. We are struck by
the bargains that appear to exist among the technology stocks that we follow
on both sides of the Atlantic. Many of the equity prices of technology
companies have been beaten down by fears following the well-publicized over-
expansion of the venture capital field in recent Yyears, combined with the
demise of a number of highly visible corporations that, in our view, had been
heading for disaster for some time. This is therefore an excellent time to be
adding to positions in selected technulogy equities, in spite of (or perhaps
because of) the widespread public pessimism that now is apparent relating to
the outlook. In our opinion, many smal ler technology companies are selling at
only 20% to 30% of their true value at present. I1f we are correct in this
appraisal, more venturesome investors are apt to See selected technology
stocks double or even guadruple in value over the next two to three years.

In Table 1 below we review the current stock prices for favored U.S.

technology companies that we believe may provide above average capital appre-
ciation over the years ahead:
Table 1
Long-Term
Trend In
Est. EPS
Earnings Per Share Price/Earnings Ratio Growth
Recent
Company Symbol Price 1983 1984E 19853E 1986E 1983 1984E 1985E 1986E Rate
Burroughs BGH $53 1/2 $4.60 5.50 6.70 7.60 11.6 9.7 8.0 7.0 11%
Data General DGN 53 1/4 0.97 2.60A 4.30 5.65 54.9 20.5 12.4 9.4 18%
Digital Equip. DEC 101 1/4 5.00 5.73A 8.25 10.65 20.3 17.7 12.3 9.5 20%
IBM 1BM 120 9.04 10.70 12.30 14.10 133, 1212 9.8 8.5 15%
NCR NCR 25 5/8 2.64 2.95 3+25 3.65 9.7 8.7 19 7.0 11%
Tandem Computers TNDM 17 1/8 0.76 0.8l 1.25 1.60 22-5 2d.1 14.3 10.7 25%
Ungermann Bass UNGR 14 0.10 0.35 0.60 1.00 140.0 40.0 23.3 14.0 40%
Wang Labs WANE 27 1/4 1.16 1.52A 1.90 2.50 23.5 17.9 14.3 10.9 30%
A - Actual

E - Estimates of Martin Simpson & Company, Inc.




Reviewing Table 1, we believe that substantial capital appreciation

pPotential exists for patient portfolio managers who invest in the equities

,Presented. We are especially enthusiastic about companies such as IBM, Digital

-

Equipment, Tandem Computers, Ungermann Bass and Wang Labs, in view of the above-
average long-term growth prospects and the market positions achieved in industry
reas that are likely to grow at rates well in excess of GNP. We do not buy the
rgument that the technology arena is now so fraught with competition that few
Companies deserve a premium multiple. In our analysis, the advent of the
microprocessor will lead to dramatic growth for at least the next decade. Well
managed participants in the computer, minicomputer, office automation and tele-
communications fields should be able to take advantage of this-technological
revolution in a highly profitable way. While new technologies can hardly be
characterized as "risk free", we believe the present environment of gloom and
uncertainty has resulted in a minimal price/earnings premium for top guality

growth equities. The investment opportunity is therefore significant, in our
analysis.

a
a

In Table 2 we review the current stock prices and growth prospects for a
number of indigenous technology companies in Europe, converted to U.S dellars at
current rates.




Table 2

Long-Term
Trend 1n

Fiscal Earnings Per Share __ Price/Earnings Ratio - : .

Company Year Price 1983  198B4E 1985E 1986E 1983 1984E 1985E 1986E  Growth Rate
British Telecom(aPF 3/31 $1.60 23 .22 - E ) .19 F 7.3 9.4
L M Ericsson (b) 12/31 $30 1/4 2.57 ! .25 .50 . 10.
Logica (a) 6/30 $5.06 0.11 ’ .16 .20 > 46.
Nixdorf (c) 12/31 $177 5.32 - .00 . 3¢ 33. 26.
Norsk Data (d) 12/31 $39 1/4 $1.90 2.15 2.75 3.50 20.7 18.3 14.3 1.2 25%
Olivetti (e) 12/31 $3.20 .46 .32 .37 .42 7.0 10.0 8.6 7.6 12%
Philips (f) 12,31 515 3/4 $1.42  1.8S 2.20 2.40 .3 8.5 7.2 6.6 15%
Scanvest Ring (d) 12/31 § 8.35 .30 .67 .90 1.25 27.8 12.5 9.3 6.7 40%
Scitex 12/31 $15 1/2 $1.08 1.30 1.70 2.40 14.4 11.9 9.1 6.5 30%

-

1 E - Estimates of Martin Simpson & Company, Inc.

-
PF - Pro Forma, assuming the new capital structure had been in place, with taxes paid in
fiscal 1985 and 1986 and common shares issued and outstanding.
(a) b = §1.238 throughout

(b) $1 U.s.

8.595 Swedish Krone throughout

() S U.8:

3.007 German Marks throughout

(d) $1 U.S. = B8.715 Norwegin Krone throughout

(e) $1 U.S. = 1,863 Italian Lira throughout

(f) S1 uU.

s

4;]
(]

3.395 Dutch Guilders throughout




2)

4)

5)

6)

s why current purchases of European technology equities
+ in our judgment:

The high appreciation in the U.S. dollar relative to European currencies may

be reversed at some point, which could cause the earnings for European
€Quities to accelerate in U.S. terms.

Many foreign technology companies are growing guite rapidly at present, with

management skills that are comparable in quality with those at U.S.
corporations.

International markets served may be less mature, leading to superior growth
prospects over the next several years for European companies with a strong
product position and effective marketing and management capabilities.

The high U.S. dollar has caused some technology companies, such as IBM, to buy
more of their component needs abroad, thereby stimulating the technology
transfer already in process in several European countries.

There 1is an increasing awareness among international investors that local
technology companies can provide above-average capital appreciation possi-

bilities. This should heighten the appeal of well-managed high technology
companies abroad.

As communications advance and distances shrink around the world, the appeal of
capitalism will generate additional investors in growth equities in the
technology field, both in the U.S. and abroad, in our judgment.

New markets that are opening up, including China, India, Korea and other
countries in the Far East, should further expand the impact and opportunities

for electronics products and technology.

Therefore, while we do not minimize the problems posed by currency fluctu-

ations, foreign cultural and accounting differences and a host of other factors
that may mitigate against foreign investment, we remain convinced that investment

opportunities with above average growth potential will continue to appear in
Europe.

The companies covered in Table I all appear to have interesting long-term

investment merit. Brief comments on e¢ach appear below:

British Telecom:

This company should participate in the growth foreseen for international
telecommunications in the United Kingdom. The terms of the present stock
offering provide more than 13% in dividend yield on the initial flotation and
we believe the stock is likely tc go to a premium when issued.

L M Ericsson:

This leading international telecommunications company currently faces an
increasingly competitive industry environment, in our opinion, with recent
acquisitions in the process of being digested. IBM an¢ Rolm, ITT and Rovsing,
AT&T and Olivetti, STC and ICL, and ‘a2 host of other companies entering the

telecommunications arena cause us to be less enthusiastic about Ericsson’'s
shares at present.




Norsk Datg

Olivetti

Philips

Scanvest

Scitex

™ g 1=manrna .
ihis well-managed software company has had an excellent growth
A e P :
record. The premium Price of the stock causes us Some concern on
a short-term basis, but we like the long-term fundamentals.

This German computer com

pany has come public only recently and is one
of the most

2ggressively managed competitors, in our view. The
recent pricing of IBM products at the low end of the market in
Germany, combined with the likelihood that Burroughs will become
more effective in penetrating the German market over the years
ahead, suggests that Nixdorf Stock may be somewhat fully priced
Currently. Long-term, we believe Nixdorf will continue to achieve
above average revenue and earnings growth.

This Norwegian minicomputer company is benefitting from buoyant
demand for the company's products in Scandinavia, Britain, and, to a
lesser extent, West Germany, where the Dietz acquisition is posing
Some unexpected challenges. Long-term, Norsk is likely to grow at a

rate of at least 20-30% and the shares are attractive for capital
appreciation, in our view.

This Italian office automation giant has a balance sheet that i3
still less strong than that of other large technology companies. The
25% equity purchase by AT&T provides interesting possibilities for
mutual ceollaboration. Short-term, the lower Italian government
research subsidies and more shares outstanding could cause the
stock to be a less interesting vehicle, in our analysis.

Continues to benefit from more stringent cost controls and better
management direction. The shares still look undervalued, in spite
of their having increased more than 30% in price in the last twelve
months, with earnings per share in U.S. dollar terms (using GAAP
accounting) up 70% in the first 9 months of 1984.

This aggressive Norwegian vendor of information systems was founded
in 1973 and is highly profit-oriented. The company is generating
about $100 million in revenues currently. The business has relied to
some extent on acquisitions and internal growth is perhaps closer to
30% than the 70% rate reported for the 1984 first half. As the
price/earnings multiple is still relatively modest, we believe the
stock could show significant capital appreciation over the years
ahead. Competitors in the U.S. include AT:T, ITT, Rolm and Collins'
Radio, among others, so that we rejard the shares as more speculative
than many of the other companies reviewed in this report.

Earnings are growing at 20-30%, with some acceleration possible in
1985 due to the introduction of attractive new products. The company
is located in Israel, but is rapidly expanding its presence in the
U.S., Europe and Japan. The shares appear to be cheap and we believe
they should perform well over the years ahead in those portfolios
that can tclerate the risks of owning a venture stil)! heavily
dependent on political developments in the volatile Middle East.

Further information is available on request
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Cray Research

Much like Apollo's situation, Cray's outlook in 1985 is very strong. This pioneer in
supercomputers has dominated its market niche and faced limited competition from
Control Data. While it is much more difficult to enter this niche than the engineering
workstation segment, it is now facing the challenge from three Japanese vendors for the
first time, two of which offer a $/370 compatible approach. Since some &0% of all
Fortran programs are run on [BM mainframes, a $/370 compatible approach is a logical
one because it will be able to share existing mainframe peripherals and will
automatically vectorize existing Fortran programs without conversion. In part to protect
its customer base and keep up technologically with the Japanese vendors, which it sees as
its principal competitors, IBM is making a major effort in this area. A Cray | class
machine should be forthcoming in the 1986/1987 time frame. The implications are that
the low and medium ends of the supercomputing market will be quite competitive
involving industrial customers and universities.

Cray is likely to migrate its products upward and concentrate on the high end in
order to maintain its current high margins. It is not clear to us how fast this segment
will grow and hence, our best estimate for Cray's growth rate past 1985 is 20%. Longer
term, the growing Japanese leadership in high-performance VLSI circuits threatens all
U.S. computer vendors of high-end equipment according to the Gartner Group and is of
course, of particular concern to U.S. supercomputer companies such as Cray. This
Japanese effort is particularly evident in their emphasis in galium arscenide, which is
expected 10 be the future high-speed logic and memory technology.

Again we believe the stock's P/E will decline in 1985 to allow for slower future
growth of around 20% versus the approximately 30% experienced during the past few
years. We would sell the stock on strength.

IBM is Tandem's most frequently encountered competitor, involved in
approximately 90% of the bids. As Tandem increases the performance range of its
processors, it is positioning itself as the new distributed mainframe company and as an
alternative to [BM in core data processing applications among the largest industrial
corporations and financial institutions in the world. What it lacks in customer relations
and depth of support relative to IBM, it makes up for by the inherent superiority of its
system architecture, which was originally designed for the on-line transaction
environment. Speculation about an IBM response has centered around its deveiopment of
a fault tolerant architecture based on its System 38 and the possibility that such a
system will be introduced around 1987. In view of IBM's emphasis on TPF-2 as its
strategic product for on-line transaction processing, and its current five incompatible
families of intermediate processors, it is unlikely that [BM will introduce such a
revolutionary multiprocessor architecture anytime soon. According to the Gartner
Group, IBM' System 370 architecture is likely to evolve to become more like its System
38. It will probably require 10 years to migrate to machine-independent SNA/LAN
architecture and truly relational data base management. Hence, for the forseeable
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_.f-ﬁﬁ Tandem will be able to continue to en)oy system architectural superiority with its
nulti-processor approach.

The reason behind IBM's emphasis on the TPF-2 as a strategic product, which is
difficult to install and support, is because of InCreasing competitive pressure from
Tandem. Current large IBM users find that DB2 (IBM's new relational data base system)
tops out at 25-30 transactions per second, and its IMS system (which is not relational)
tops out at 125 transactions per second. Since Tandem can offer a throughput of 50-100
transactions per second with a large TXP processor configuration and can also offer
relational data base and superior peer-to-peer networking capability, IBM is forced to
emphasize the high throughput of its TPF-2 system, an adaptation of the ACP system
used for airline reservations, which is difficult to use. As technology advances, we

believe Tandem should be able to maintain its technological edge over IBM for at least
the rest of this decade.

We are recommending the stock for purchase at current prices because of: (1) the
profit margin recovery we envision for the company over the next two years; (2) the
imminent series of new product introductions; and (3) the likelihood of limited direct
system competition from the major computer firms over the next five years.

David Wu, CFA
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TANDEM COMPUTERS
Current Earnings Per Share¥* P/E Ratio Indicated 52-Week
Price 1983 10B4E 1985E 1984 1985 Dividend Price Range
TNDM 16 $0.76 $0.75 $1.20 21.3% 13.3X Kil 41 - 13
DJIA 1217
s&P 400 188

*Fiscal year ends September 30; earnings are
based on 40.8 million shares outstanding in
1983, 41.4 million in 1984, and 42.0 million
in 1985.

INVESTMENT SUMMARY

It has been very difficult to make moneu in Tandem shares over the past six
months; twice, we have seen guarterly earnings disappointments peel more
than 35% off the stock price. In fact, investor dismay goes well beyond
the past six months; nearly four years ago, when Tandem last raised eguity,
the stock was at $22, a multiple of 63 times trailing l2-month earnings.
Today, after only an 18% cumulative earnings gain in the past four years,

the stock is some 27% below that level, at a multiple of 21 times (see

b
FPigure 1). - AT t

We have become increasingly positive on Tandem Computers. Tandem has been
a very controversial stock over the past several years, particularly during
the two most recent Quarters, and we have clearly been on the negative side
(see our May 8th Report). Sc far this vear, the stock is -down 57%x while
the average minicomputer company's_stock is down about 10%. We know of no
major firm currently recommending the shares, and in fact, many major
accounts appear unwilling to listen to anything other than a negative storv
on the stock or company. We are clearly in the vast mirority in being
somewhat constructive. Given the stock's sharp correction and some dis-
cernible changes at the company, We Iow believe Tandem shares have some
speculative appeal at current levels. Our opinion is based on the follow-

ing four points.
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j. The marketing transition ‘that has plagued the company for the past two
and a half to three years 7i11 probably end sometime in the next several
guarters. It is impossible to pinpoint when Tandem's transition to a
more market-focused company will gel, but recent all-out efforts by the
company to (1) crganize sales qQroups targeting specific markets and (2) ‘!. SRR aid
increase the amount of applicacions software available for its products il igl:‘:' ;:Eg _Z;:.; ; §!
should show significant progress before too long. Though this marketing
¢ransition clearly continues, the worst is in all likelihood behind the "
o i
. 32|32958 383 231 8 33
2. New product flow will be strorg over the next two to six months, which = 2
will significantly boost the competitiveness of Tandem's high- and low- : i ;:sza i i
end systems. Of greatest importance is a new Jow-end product expected : 5450 333 318 & 94
by yearend, which will offer twice the performance oI Tandem's current & i s
low-end offerings at prices comparable with existing suystems'. A low- g £|22292 %27 243 1 28 i 3'53555 Efﬁ EEE 5 5!‘
priced, more powerful entry suystem should help stimulate sales a:ff more i : od ey b ERL Y Tt -
importantly, offer systems houses an inexpensive product on which to 2 2i82533.333.333 2 A% e .
develop applications programs. 3 5 i], zende g4 dngd o =<2
£|q|8|22522 =23 332 3 33 -
i - ~ i r+h he first ¥|=1==283 ag “s~n g 9@ 4 g e £
3. Fiscal [September) 1985 should show strong earnings growth, the first j b B Elddggg 223 25: 3 zﬂ
solid gain since 198l. Our confidence depends largely on & recent \ i[%!’i?; z=n <23 § %3 ‘E‘ 3 -
schange of heart® by management. Instead of simply hoping for operating g == X == Eg !152552 2%% RAZ 3 £2
margins to rebound to 4 16%-18% range through a return ©O E = Q 6 ode See © oS- |
50%-plus revenue growct. now employing its Strictest expense :: ie ™
control measures ever growth, the T i ig CTRNRER ZER KSR QO ==
variable in Tandem's structure, is likely ;! =
coming guarters, & sharp the heavy hirin 3 - % B | 3
Purther, Tandem is watcl tionary spending like never before. 3 ;]SEE“E sgg gee 28 y gg!|2::::- =24 a3 = ns
We estimate fiscal 198 £ §1,20, up 60%, largely depending on P i i '3_ =y ‘::: ":" N E g{ -
how successful Tandem ieving margin growth. : 4 ”9_3__:_,_,_:_ £9% REQ an g 4 lé = Sn=<2 338 383 3 939
4. The stock, which we have t r:ne:fla.'. appealing value based on p::‘:e'alcne E[F.S.S.!?,’{ i %h o i & : oilm: — Boecrie )i
below S14 for several months, 1S undervalued at current levels if the Blgalde s 3dé 3 ' s 1823222 233 22z 2 ~o
fundamentals turn as expected. It sells at the second-lowest (to DEC) At - 5 j]a ¥ e ;
multiple of all minicomputer stocks on price-to-book value and price-to- l§|;;§;; ig«:_ :E-. :':, ; i | |§E§;; :_;_' nos ; 22 ]
sales bases. Jts relative sultiple of 1.5 ds on =& par with dts peer = 5s 3 : R
group and its p/E-to-secular growth is near the group average (see i l ! -
rables 1 and 2). Tandem has historically sold at a sharp premium to all ;.'. }55‘!} !!! .Hl 1) : e M -
other minicomputer egquities, using any valuation measure. While we : - fi 325:":-?; 20g 2g2 - E i
certainly do not expect it to achieve its absolute historical valuation, - } 3 = Fh |3 - g :
we believe the stock can sell] at a premium to the group if and when a !Ej 5 i ;-‘; . "E aaRAR KRG RO .t gf?
turn in operating profitability is achieved or well anticipated. E - l‘ it }i ’ i 3 drnid i ndd is i
' i23:) 5if 3 LY 3 T TR : '3;
For the September guarter, which will probably not be reported until late 3. |£.=,=’ 532 35% ‘:‘3 !°:
October, we expect revenue growth of 27%, to $150 million, and earnings of f EE:
23¢. Of perhaps greater importanze, Wwe are anxious to see a sharp reduc=- 'l:
tion in headcount growth, since we pelieve this is the single most impor= é 3
tant wvariable in determining future margins. Erployee-relatef expenses ljl
account for roughly 40% of Tandem's total costs. We believe the stock is !!‘
an appealing speculation at $15-$20 for high-risk accounts willing to Dbet ‘l!
N 333

funcamentals, with less concern for the timing of such

on a turn in
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Recent Results: Very Disagpointing to Most

Tendem's third (June) f£iscal quarter earnings were 23¢ versus 21¢ on

revenues of $142 million, up 29%. This was better than our expectations of 3 .

20c and $132 millionm, respectively, yet well below general Street expecta- o 3 _
tions of 28¢-30¢ and $150 million. Sequential revenue growth for the June 3 : P ~

period was & Very respec i

table 28%, the best gain in six years. Though
Goldman Sachs Research

gome investors had expected a Tevenut spillover to aid June's level, our
conservatism was based largely on a yiew that any spillover effect would be

modest, at best. We believe that the spillover impact has perhaps §5-$10

million.
evenue levels achieved in the quarter, Tandem's oggrating margins

Given the T
50,3%, a shade lower than expected because

were soft. Gross margins were
of a previously announc ed (September) Non=Stop 11 upgrade program; the TXPs

Table 4

Custorer and Uni :
Unit Shipment Trends ,Calander 1981-1984

shipped under this program carried lower margins than Wnormal" TXP products.
While R&D spending was in line with our expectations, SGsA levels were SOME
¢5 willion (or 10%) greater than g_gticigated, a direct result of the past
two guarters' agzressive hiring programe. In fact, Tandem's headcount was
up 5% sequentially in the June quarter, Of the heels of March's 9% growth. Runber of Processors Shi
As shown in Table 3, Tandem's hiring has been far more aggressive than any - Year Shipped
other minicomputer company's OVer the past year Or 80. Since an estimated : R Mar Rm
40% of Tandem's costs &r€ employee—related (below the 60% average for the 1981 p - _5‘?: Dec
minicomputer group because of Tandem's lack of vertical integration), the 1982 279 325 %7 ==
high SG&A spend1ng levels were clearly influenced by this robust headcount 1983 390 373 37 405
= growth. Beyond this, however, several extraordinary SGLA coOsts WerTe 1984 370 386 4 39%
. shsorbed this quarter: s higher reserve for doubtful accounts, a higher- : o . 43 569 621 573
~ than—average proportion of salary increases, and some variable marketing
costs budgeted using a higher revenue assumption. Despite these extra~
E ordinary costs, mOSt of the higher SG&A levels are believed to be employee~ Rober of Custamers Shipped =
& related, and hence, control of headcount rowth is clearly one of the most Yoar to
: important determinants of future © nding levels. Interest income and the : Sl Mar kR
; quarter's tax rate were both in line with our expectations. 1981 ;}I — _S_'I’_t_ Dec
T 108 e
% Table 3 :;g 303 12] s 120
3 . S 119 115 135 116
g — = ~ Quarterly Employment Crowth, 1983-1984 133 171 159 158
£ A
§ Period pec DoN HWP pry  INDM  WAND Average
Number of First Time U
1983 Year giisa
Mar 3% (2)% 22 5% 1% 6% 3% 0N Mar T
Jun 4 0 1 2 4 ¢ 3 1981 S . Pt Dec
aaliens ol R s B s
4 1963 25 - 38 ;g
1984 25 399 47 n

ot e bl e 4

1984
Mar 3 (A 3 4 e 6 5
Jun 6 5 5 5 “ 5 Pirst 1§
e Users as -
Current Year-Over-Year Growth Year 8 % of Total Customers
Employment 1 8% 14% 13% 14% 27% 25% 1 9% : 1981 s e S_e-p:- Dec
Revenues 3%. &7 35 32 29 52 38 1982 g.éo 0.34 K =
1983 0-;5 0.% 0:23 0.37
1984 i 0.17 0.30 0.30
0.19 0.3 ’ 0.21
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In the June quarter, Tandem shipped 569 processors to 171 customers, both
healthy numbers. Many of these represent shipments of TXP upgrades to
existing accounts, which adds an upward bias to both figures. An important
barometer of Tandem's future prospects is its ability to penetrate new
accounts. Tandem shipped to 39 new customers in the June quarter, its best
showing in the past three quarters and second best in two years. New
customers represented & respectable, but not overvhelmingly strong, 23% of

total customers. Trends in customer ard unit shipments are shown in Table
a.

What's going on at Tandem?

Many are perplexed by Tandem's relatively lackluster year-over-year revenue
growth given (1) the company's historical premium growth relative to almost
all medium and large computer vendors, (2) the strong economy that has
substantially lifted sales of nearly all competitors, and (3) Tandem's
strong, TXP-related current product cvcle. We believe the slowdown is
largely a continuation of & transition phase Tandem has been in for two

years. To gain perspective, 1t 1s valuable to take a brief look at where
the company came from.

From its founding in 1975 through March 1982, Tandem had one of the (if not
the) industry's most spectacular, and
- =

growth records. During th

predictable, revenue and earnings

Sl1X=vea

r neriod of "hyper-growth," its reve-
nues grew to an annuallized rate of $§345 million and, perhaps even more
impressive, its employment approached 2,000 people, nearly all traimed and
dedicated to the direct sale and support of Tandem's products worldwide.
Thinge changed abruptly in June 1982 (the first significant disappointment
at Tandem). As seen in Table 5 a

that June gquarter two years ago,

nd perhaps more easily in Figure 2, since

anden's quarterly sequential growth has
averaged 7%, a compound annual rate of 312. This is in sharp contrast to
the 172 (B7% annualized) averape sequential growth of the prior two-year
period. Note also the volatility of quarterly growth of late, relative to
its consistent previous record.

| L]
T

Qur point is this; Tandem's period of 'hyper-growth is gone forever. We
believe that three key factors caused this prolonged slowdown and are
largely responsible for Tandem's recent quarterly disappointments. wWe
review them below and explain what actions Tandem has begun to meet these
challenges.

l. Loss of Price/Performance Edge at Low End. Years ago, Tandem's com-
puters almost so0old themselves, based on superior price/performance
characteristics and, perhaps more important, two unique qualities —
fault-tolerance (its most recognized trait) and modular expandability
(an extremely easy, efficient, and inexpensive way to add power). As
time passed and Tandem grew larger, its commitment to its installed base
became more pronounced. 1In fact, every product announcement since the
initial Tandem Nonstop of 1976 was more powerful than the previous
model, & strategy that obviously greatly benefited existing major

1981

1982

1983

1984

Table 5
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Revenue Growth, Fiscal 1980-1984E

(millions)
Revernes

1Q $20.8

.+, 24.9
Q 29.2

Q 34.1

Yeer $109.0
1Q $0.6

v.4) 41 .4
k's) 55.9
Q 64.5
Year $208.4
1Q $71.0
0 7.1
k' 79.8
7} 87.2
Year $312.1
1Q $94.1
.o} %.0
0 110.4
) 117.9
Year $418.4
19 $126 .4
x 111.2
0 141.9
&E 151.5

Year® $531.0

Gein
Sequent ial~ Year-
Quarter to-Year
1469 % 100.0 Z
19¢7 ”'2
173 9.7
16.8 8.4
= 9%.6
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customers that had standardized on Tandem's proprietary languages and
required expanded processing power. Furthermore, since the late 1970s,
Tandem reduced processor prices at its aging low end only modestly.
Concurrently, fault-tolerant competition aimed at Tandem's neglected low
end market sprang up, the most notable being Stratus, and other mid-
range minicomputers from traditional competitors (DEC, IBM, and so on)
became inherently more reliable through technical advances. The lack of
effort in the low end market is perhaps best shown by Tandem's product
mix shift simce the introduction of the TXP high—-end product at the
beginning of fiscal 1984. It immediately captured 40X of Tandem's ship-
ments, and now accounts for more than 702. 1In the process, the dollar
volume from lower-end products has been cut in half (see Table 6).

Table 6

Estimated TXP Sales Contribution, Fiscal 1984
(millions)

lst Qtr 2nd Qtr 3rd Qtr

TXP $ 40 $50 $ 85

Other (Non Stop I and II) 69 41 34

Total shipments $109 §91 s119

As a % of Total

TXP 402 55% 71%

Other (Non Stop I and 1I) _60 45 29

Total shipments 100% 100% 100%
Several weeks ago, Tandem took its first major step in years to bolster
its competitive position at the low end. It cut prices on NonStop I and
II products 13%-30%, depending on configuration and volume. We expect
further significant moves at the low end, including a new release of the
Guardian operating system, which could boost performance 50%-75%, and a
new low end system (see page 12). These products will be announced

yithin the next three to four months.

T

Focus on Large-System Marketing. As Tandem's competitive thrust waned
at the low end, success in selling higher-end products proved frus-
tratingly slow to emerge. Over the vears, Tandem has developed strong
system level software (DBMS, languages, netuorking. and so on) to com-
plement its relatively strong high-end price/performance, vet it failed
to fully recognize the major differences in marketing large systems to
Fortune 500-sized accounts. The longer sales cycle asscciated with
these larger orders also proved to be a surprise to Tandem, as the

company has repeatedly mis judged the amount of time required to close
such deals. This has added significant volatility to its quarterly
revenues and has caused some frustration in Tandem's salesforce, prompt-
ing a greater-than-normal turnover during the last six to nine months.
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During the past vear, Tandem has established seven industry-oriented
marketing groups -- airlines, distribution, federal government, finan-
cial, retail, telecommunications, and manufacturing. Fach group has
about six headguarters emplouees plus regional support personnel to
better target specific accounts and markets. Further, better-guality
and focused applications software is expected; Tandem now has more
than 30 software houses writing applications programs for its NonStop
systems, compared with less than 10 just 9 months ago. A transition to
this type of marketing organization with more applications software is
necessary to improve Tandem's batting average at large accounts, but
takes time to bear fruit. Also, successful evolution into a better
marketing organization should improve recent turnover trends.

3. Increasing IBM Competition. The more a company sells high-end products,
particularly those with mainframe power, the more it comes into direct
marketing competition with IBM. Tandem's TXP competes in many (if not
most) cases with IBM's 308X line, IBM's most important product from
revenue, profit, and customer control standpoints. Successful product
competition against IBM is not impossible; Tandem's products are supe-
rior from a price/performance standpoint, and Tandem's on-line transac-
tion processing system is tough to match, even for IBM. On the other
hand, when it comes to marketing, we believe IBM outshines Tandem more

often than not. y focusing on increasingly larper sales, Tandem has
"backed into" a position where it 15 competing with IBM in the market
the computer giant holds dearest, the market for large mainframe appli-

O
cations that are central to an account's data processing operation.

om IBM
- get n

it is also perhaps the most difficult for investors to evaluate. W
believe there are two conseguences of stiffer IBM competition: loss of
sales bids and lencthened selling cuycles when IBM throws its top market-
ing talent at a particular sales situation. Tandem claims to have lost
only one major deal to IBM in the June guarter; on the other hand, while
ifficult to guantify, sales cycles are often longer when selling large

(a1
!) |1

1
T -7 - T o5
hurédle Tandem has

-~ FXF systems against IBM. To help with this transition, Tandem has

recently hired a number of former IBM marketing and sales people. One
of the most important is Lawrence McGraw, an l8-year IBM veteran who 1is
now the vice president responsible for all of Tandem's marketing and

field support. Mr. McGraw has been instrumental in forging a more
marketing-oriented company, with vertical market groups supported by
headguarters.

Revenue Outlook: New Product Flow will Aid Competitive Posture

Tandem's near-term revenue growth is somewhat uncertain because of the
continuing marketing transition and recent price cuts. However, there are
three major positives =-- the strong economic enviromment, Tandem's good
(and soon to be improved) product cycle, and the rapid underlying growth
of the on-line transaction processing market (estimated at 302). We have
discussed our positive assessment of the economic environment at length in
past reports (see our May Quarterly). In short, our Economic Research
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Group expects a strong capital spending environment to continue throughout

calendar 1985.

Tandem is in the midst of a favorable high-end (TXP) product cycle. We now
believe that the high performance TXP accounts for more than 70X of sales
revenue. Also apparent is the declining contribution from Tandem's older,
less powerful NonStop I+ and II products (see Table 6). Within the next
three to four months, we expect to see Checkmate, a new low-end product
priced at the same level as the NonStop I+ ($75,000-$100,000), offering
nearly twice its performance, or abou: 2.5 MIPS for an entry system.
Checkmate will be a small "under the desk” system suitable for an office
enviromment. It will probably make obsolete both the NonStop I+ and II,
and give Tandem a far better low-end offering to more effectively compete
with Stratus and others, and allow current customers to add inexpensive
systems on an existing or new Tandem network. In addition to Checkmate, by
early next year, Tandem will announce several new workstations, disk sub-
systems, and a2 major new release of its operating system.

Further out, we anticipate that by the end of calendar 1985, Tandem will
announce a high end follow-on to its TXP product, dubbed Rainbow, offering
four MIPS of performance per processor tor eight MIPS for an entry level,
two-processor system), about double the capacity of the TXP. This product
will, in all likelihood, not be fully compatible with its existing product
line. While able to use the same communications network and share all
data, we doubt if Rainbow will be fully applications software compatible.

In short, we believe that from an economic and product standpoint, Tandem
is positiomed to achieve even stronger revenue growth through calendar 1985
than its average of the past several years. The ongoing marketing tran-
sition at Tandem, however, adds a degréee of uncertainty to our forecast.
We have assumed that despite the above positive forces, Tandem's revenue
growth will be about 5%Z-7% sequentially (in line with growth for the past
two years) for the foreseeable future, with the notable exception of its
seasonally weak second (March) fiscal quarter. In all, we expect fiscal
1985 revenues of $660 milliom, up 25%. Our quarterly forecast is shown in

Table 7.

Emphasizing Margins: A Change of Heart at Tandem

During meetings with Tandem several times this summer, it became clear that
the company had begun to turn over a new leaf on expense control. In most,
if not all meetings of the past two difficult years, Tandem emphasized how
it would achieve margin expansion through higher revenue growth, usually
mentioning growth targets of 352-502. During this period, such revenue
growth and margin expansion simply failed to take hold; operating margins
have been largely bound by the 102-13% range, far below Tandem's 162-182
proclaimed target. We believe Tandem is now going through a change of

heart in its approach to margins. The company openly talks about strong
expense control measures and is currently (for the first time ever) imple-

menting a selective lay-off program. Consequently, we expect headcount
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growth this quarter and through next vear to remain very modest by his-

torical standards -- 22-3% sequentially versus the 6% average for the prior
four quarters. In fact, the company has a goal of zero headcount growth in
the September and December quarters, a goal we think will be difficult, but
achievable.

More importantly, Tandem is now budgeting (for the first time, we believe)
expenses for reasonably conservative revenue growth of 252-30% in fiscal
1985. 1In addition, many other discretionary expenses are being curbed with
the clear objective of having operating margins in the 16Z-18Z range four
quarters from now. While we have certainly not jumped on the 16X margin
bandwagon, we are optimistic that Tandem will see some meaningful expansion
next vyear. Specifically, we beieve gross margins will improve 1.0-1.5
percentage points, to 61Z or more, by late next year, the chief positive
influence being a further strengthening of Tandem's product cycle. Near
term, we expect only a modest improvement, to 60Z, resulting from an
expected smaller number of Non-Stop II upgrade sales (which hurt June
margins).

Given reasonable progress in slowing headcount growth, SCSA and R&D spend-
ing increases should moderate substantially. We expect that in the Septem-
ber quarter, Tandem will spend modestly more in both categories than in the
June quarter, then maintain those levels (as a percent of revenues) through

most of fiscal 1985,

T L]

As shown in Table 8, Tendem's gross margins have dropped considerably since
fiscal 1982. This is consistent with the gross margin pressure seen by
many other companies, & result of both aggressive IBM pricing tactics and,
to a lesser degree, competition from startup vendors who offer better
hardware price/performance. It is important to note that we do not expect
Tandem's operating margins to improve by dramatically reversing the gross
margin pressure of the past two years. Most of the margin gain should come
from tighter discretionary spending controls and slower employment growth,
evidenced by lower SG&A as a percent of revenues,

Improving Accounts Receivable and Inventory Turnover

In analyzing Tandem's June balance sheet (see Table 9), we note two impor-
tant factors. First, its receivable turnover of 86 days is better than any
in the past six years, and improved by 13 days from March's level. 1In
part, this reflects a smoother shipment schedule throughout the quarter,
courtesy of some revenue spillover from March. Also, we believe that the
high turnover indicates that Tandem did not push an inordinate amount of
product out the door during the last week in June. Second, Tandem's
finished goods inventory was down nearly $6 million (12%) from March, and
its inventory turnover improved to 1.96 times, indicating that Tandem was
not totally surprised by June's revenue levels. Finished goods inventory
was down sharply from March levels, and importantly, raw materials were up,
indicating that production plans remain at a healthy level.
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Table 9

Balance Sheet and Cash Flow Dats, 1981-1984

110
112
104

1.60
1.14
1.38
1.7

Mar

($13.4)
(32.3)

10.7
11.3

Receivable Turnover (a)

Jun Sept Dec
117 9 112
104 102 110
112 91 %
8

Jun Sept Dec

1.37 1.37 1.20
1.06 1.08 1.20
1.72 1.9 1.9
1.%

Operating Cash Flow (c)

(millions)

Jun Sept Dec
($21.0) $10.0 ($32.4)
(10.7) (26.3) (24.6)
17.3 2.5 (10.0)
(7.1

(a) Quarter-end receivables divided by quarterly revemues times 90 days.
(b) Trailing 12-month cost of goods sold divided by quarter-end inventories.
(¢) Bxcludes external sources of capital.
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Tfrﬂ.ﬂl'l operat-ing‘r:uh flow in the quarter was a modest mnegative $7.7
nlh'.o:_:. We view its cash balance of $86 million at June 30 a&s more than
sufficient to fund growth for at leasst the mext one to two years, depending

on the company's growth rate. ;
: 5
John C. Levinson - ;;%"-'ﬂ--_"_"’:-"y*'"i & - "y
(212) 9026775 . o o smseiica Es.,.. e Eeen SR &
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Coldman, Sachs & To. currently maintains an over-the-counter market in
Tandem common stock, in which the firm had & long position (over $250,000
market value) as of September 26, 1984, This position may be increased or
decreased from time to time.
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Introduction & Summary

John Levy

Design innovations to capitalize on technological advances
have been applied to fault-tolerant, high reliability systems—
a product class formerly served only by TANDEM. Some of
these efforts have been conducted by small start-up firms
such as Auragen and Synapse, as discussed below, while
Stratus has already passed the organizational hurdles of
becoming an exciting, publicly traded, small company.

John Levy will lead our panel on fail-safe, transaction
systems. He worked at Digital Equipment, where he did the
backplane for the VAX/780, and he later designed for
Tandem. Subsequently, he was the sixth member of the
LISA development team at Apple before he cashed in his
stock options and started his own company, Computer
Structures. He knows something about systems from a
designer’s standpoint.

To a computer architect, the three companies on this panel
present a lovely variety of hardware approaches. In fact, |
don't think three more different examples for case studies
could be found. It is a real pleasure to see them. It is this type
of innovation that will break the performance bottlenecks in
high reliability systems.

As an introduction to high reliability systems, there are three
pure strategies for dealing with failures in computer
systems. A pure strategy is one which has a simple,
consistent rule. One pure strategy for dealing with a failure is
lo ignore it. You hope that the failure causes the machine to
stop, and you start over. This is the usual strategy for home
computers. Of course, if the problem was caused by a
software error, the same thing will probably happen again.

A second pure strategy is to protect the circuits from failures,
either by finding components that will not fail, or by building
combinations of circuits that won't fail as a unit. This is the
sort of strategy used by NASA in things that go up in space.
There isn't much chance to repair it once it's up there.

The third pure strategy is to defend against the consequences
of a failure-to be immune.

No one of these strategies is, by itself, good enough for real
practical systems. That's the way it is with most pure
strategies. The first one-ignore the failure-is not adequate
because failures do occur, and not all application programs
can be started over. The second- by using high-reliability
components-is susceptible to unforeseen failures. There is
an old saying among programmers who write diagnostic
test programs that " diagnostics are good at finding known
failures." It is the unforeseen ones that are hard to handle.
The third strategy - defend against the consequences-is a
good idea, but not enough by itself. Programs and circuits,
which are added to a system to make it immune, can
themselves fail and add to the failure rate.

Beyond these strategies, processors and memories aren't
the only parts of a computer that can run amuck. Lots of
other things can go wrong, some of them beyond the
control of the system designer. A disk built by outside
suppliers must still be supported by the systems
manufacturer. Telephone lines introduce static as the data
goes over the line. Storage media can fail at my house
because of my two year old spreading peanut butter on a
diskette. Also, not to be ignored is operator error. The "oops
phenomenon” implies that “it takes a human to really screw
things up." An otherwise immune system can be brought
down by a person doing the wrong thing at the operator
console.

Finally, a couple of comments about transaction processing,
since that seems to be a major area in which people want
high availability. Transaction processing is a matter of doing
relatively small things over and over. Quite often the
demand, such as in an airline reservation system, is fo do
lots of transactions at the same time. The challenge is to get
high throughput, a pipeline in which lots of things are going
atonce. Inthe pipeline, none of the tasks are complete,
while still more are pouring in through the communications
links. Response time is not the big issue; the challenge is to
complete tasks in the system, to cram transactions through
the pipe and still keep the system going.

Transaction processing is Input/Output intensive, moving
bits back and forth between a disk or some other secondary
storage medium and the computer. Little actual computing
is needed in shuffling the data. The system has to spin those
disks and move those read/write heads. Transaction
processing requires a well thought-out data base access
scheme. Data in a large storage disk farm must be well
organized to be found efficiently. Transaction processing
systems are not built by taking a simple data base system
and an average applications programmer and putting them
in a room and saying, ""Make me a transaction processing
system.” It doesn't work that way. In particular, the task
requires rollback recovery mechanisms, to insure that
transactions are complete and to maintain the integrity of the
data base.

Failure rates can be traded off with time to recover.
Assuming failures, the system will have to recover. So there
is a choice. The designer either makes the failure rates as
low as possible, and then is willing to spend a fair amount of
time recovering on the rare occasions that the failure occurs.
Or, the designer creates a quick recovery while accepting a
higher failure rate.

Differences in Design Approaches
I have been trying to sum up for myself the similarities and

differences between these systems. Stratus basically has
excellent detection and has what we would call on the




technical side, ""hot backup”. In other words, there is
absolutely no delay in implementing the recovery from a
hardware failure. That is expensive in hardware, on the face
of it, with duplication. But, it achieves virtually no hardware
failures seen by the software as a result. A neutral comment
is that of course Stratus still has to deal with all the other
recovery problems that any software or communications
failure would create.

Synapse has good detection, and backup using module
substitution. Synapse achieves a high utilization of hardware
because of common memory, and because all processors
are running at once without dedicating a processor to
"backup.” Synapse has to deliver a lot of software in order
to make the applications easy. Synapse does have the
detection problems, which | have not reviewed, and it will
have to deal with restarts upon hardware failure.

Auragen may have difficulty with the detection of errors, and
is willing to do lots of reprocessing in case of failure while
counting on a low failure rate. Auragen has a high utilization
of hardware, by not dedicating much processing time ona
“backup.” The system requires the company to create lots
of software, with the objective of making application
software "easy" for the user, partially by incorporating
UNIX.

Finally, the architecture isn't what is going to sell these
systems. The massive amount of software required o make
something useful is what is so apparent when you look at
these three vendors. To me, it is hard to imagine that the
success of any one of these vendors would depend solely
on the hardware design. Obviously, it has 1o be done well
enough and it has to work well.But, that is not what is going
to make it a big success.

Users are now smart enough to demand that the software
be structured in a way that parallels the actual work. | call ita
maturing of the marketplace. It will require lots of
processing, lots of processors, and lots of software that
works well and which the user never sees. All these parts
have to be adequately designed, implemented and
maintained- hidden away down there in the "automatic
transmission,” while the user uses the shift lever. | think that
is why the market for computers can continue to expand.

Stratus Computer

Bob Freiburghouse

My responsibility at Stratus is Vice President of Software
Engineering. | was one of the three founders of Stratus. |
have a long career in the computer industry going back to
the early '60's. Much of my time was spent at Honeywell and
General Electric in various technical and management
positions. In 1974, | left Honeywell to form my own
company, a small software company which supplied
compilers principally to the minicomputer industry. In late
1979, | got together with Bill Foster, President of Stratus, and
we put together a business plan and launched the company.

| will give you a very brief history of Stratus and then
concentrate most of my slides and most of my time
explaining how we achieve fault tolerance in our system. We
are unique in our approach, and the concepts are both
interesting and simple. Non-technical people can easily
understand how we do it.

This is the history of Stratus. We began in May 1980 with our
first round of financing. We launched the company, at a time
when venture money was scarcer than it is today, with $1.7
million. Throughout the development phase, we stayed on
schedule and within budget. We announced a product in

Summary Product Comparison
Dimenzions Auwragen Synapes Swats Tardem
FCS (First Cuntomer Shipment) 10/3) v 1903 roughly | 20 shipped 11/8Y 197
Mimimum System Price 518,000 $330,000. $130,000 plus, typically $200,000 150,000,
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Backup processes in virtual memory; integral database and transaction hardwiare {auits. procew™ method;
Message system proceming lunctions. Message system.
Emphasis in Sales/Positioning “IAM style®: sell the functions on “Mainframe” market; Fault tolerance, service, Fault tolerance,
retorn; ¢ [sec. or Full r soltware, modular expansion,
capabilities; UNIX dollar, No on "how we do it™ service, dintributed
at low level, systems & communi-
catiom capabilitiey.
Major Risks Complex product Jop Task Large sol tware development task' Will have 10 agprewvely Installed base could
fer backup scheme and incorporating May have underestimated continuing »mm mvmml‘;m
lault tolerance in the LINTX kernel. support and development costs? market share. COTVEIIEN 10 A New
Executive processor must detect and May encounter [BM response” generation; largr
manage for significant cluster lailures. organization nat quick
16 respond to challenges.
Special Strengths Can wb dw ar at will Good technical staif, seem 1o High ol tware n Good land tield proven)
with evolution of technology; may understand mariket corp. Easient 1o with Lault mximtmﬂ
:n"rm Nﬂrlww senae of user needs; large
. Ni because they are low level. range of tocks seeded by
Y led g knew user
{or OEM], Still strong
technical organization.
Comments Some checkpainting still required Not in the same price class! T ee beat
S';:uw«!mmlmd “hl: 'w"h:“:“’ Still need European distribution, Otivetti "' sement. :lwm maor:l:n n.rl. deficit
oper: due 10 sales curve, £1C.
are definable at time of |




November 1981; we shipped in February 1982. In 1982,
which was not a full year of shipments, we did $5.5 million in
revenue. As of October, we have shipped 120 systems to
about 40 customers. So we have been shipping systems for
seven quarters and have been profitable for the last four,

Atannouncement, our system was a very complete product
from the standpoint of how much software was available.
The popular programming languages in software packages
were announced at the time the system was originally
introduced, and subsequently released. Initial software
enhancements included transaction processing software,
screen forms management software, communications
software-most importantly, support for IBM 3270 terminals.
Fortran and Pascal languages bring us to a total of five
major programming languages. More recent hardware and
software products to date include SDLC communications
support, additional disks, and remote service networking.

The list of software is extensive—our proprietary operating
system, transaction processing facilities, lots of
communications capability, our own global networking
capability, (StrataNET), 3270 terminal support, X.25 and
X.29. The list goes on, While most people focus on our
unique hardware approach to fault tolerance, the software
represents a major accomplishment. We are software
oriented. Most of our R&D money is spent on software.

People ask us who uses our machines. The financial
community is a major part - 29%; on-line services account
for 24% of our installed base. But, there are a wide variety of
other areas not normally associated with buying
fault-tolerant computers. We think this is the beginning of a
trend. As people realize they can buy a fault-tolerant
computer which can be programmed as easily as any other
computer and at no real penalty in price or performance,
they will demand fault tolerance. It just hasn't been available
before.

Stratus is unique in the way in which we achieve fault
tolerance. We set out from the beginning to build a
computer that was programmable in the same way as
everybody else's computer was programmable. You do not
have to write programs for Stratus using any specialized
rules or any transaction processing package. You can run
ordinary programs on our machine, and they run in a
fault-tolerant mode. We achieve that by using redundant
hardware-hardware that is redundant at a very low level.
From the buyer’s perspective. continuous processing entails
no extra software overhead and, most important, no
specialized application development. Existing application
codes from existing computers convert to ours as easily as
moving to anyone else’s machine, while still obtaining the
benefits of continuous processing. And the user can do all
that at a price/performance level that is competitive.

Two fundamental concepts contribute to fault-tolerant
operation. The central processor is one printed circuit
board, about 15 inches by 18 inches. Every field
replaceable component in the system self-checks its own
failures. How do we do it? Simply by duplicating the logic
with two sets of processor logic on each processor board.
For example, the addition of two and three, producing five,
is done in parallel by separate sets of circuitry. The output
from each set is then compared with the output from the
other set. If they are equal, the output is accepted. If, for
some reason, the output were not equal, it would not be
allowed to leave the board. If that were all, we would simply
have a computer that came to a screeching stop with an
error. But, the boards themselves are duplicated in turn, with
each board self-checking with two sets of logic. That makes
four sets of logic which perform the operation
simultaneously on separate field replaceable boards. The
left half of each board compares results with the right half of
the board; separate boards compare the results in turn.

There are two principles involved here. The boards, or any
field replaceable component, are self-checking. They detect
their own failures and do not output bad data under any
circumstances. The second principle achieves continuous
operation by having duplicating components and building
blocks, in this case processor boards. When there is failure
on one board, the output is stopped from that board and
shifts to the alternate board.

Considering the entire computer system, all the components
~memory disk controllers, communications controllers, link
controllers - are self-checking and in aimost all cases

redundant in the same manner as the processor boards. It is

not sufficient to simply have extra processors because

everything can break. The controllers and the devices are
redundant, and self-checking. The bus that serves as the
interconnection or data path between all these components

is also redundant and self-checking. So is the power supply,

as are the fans that cool the system. So, essentially,

everything inside of the box is redundant and, most

important, self-checking. Self-checking means that the |
failure is detected at such a low level such a primitive level in |
the hardware, that the failure is invisible to the software. That

is the key. Itis invisible for the most part to the operating |
system software, and it is absolutely invisible to the

customer, to the application program. That is why you can

run ordinary programs on a Stratus computer.

Basic units can be expanded in local area networks. Up to
32 processing modules can be linked together to operate as
one computer system. The modules can be physically
placed all over an office part or an office building. Beyond
local area networking, our proprietary StrataNET
networking software is based on the X.25 industry standard.
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A local area network, anywhere in the U.S.A., with a bunch
of processing modules hooked together and talking to each
other, can communicate over a packet network to other
clusters. They can also communicate by more primitive
means, X.25 or 3270, to other computer systems, in
particular IBM systems. The systems are very simple, with
few controls to minimize the possibilty of operator errors.
There are almost no controls. There is no operator console.

One of the benefits of the design is that customers write
ordinary programs for the system. They can bring existing
programs from other computers and transfer them to
Stratus.

One of the other unique benefits about Stratus is that the
machine continues to be fully functional even though it has
one or more broken components. Additional capabilities
make the system serviceable from a central location. For
example, the system detecls a fault, where the comparator
on a board discovers a discrepancy. It shuts the board off.
The board does not communicate with the system any
more; no data goes on the bus. But an interrupt signal is
sent. Operating system software picks up the interrupt
signal and says “oops, there was a component that just
went oul.” Now the job continues to process perfectly
normally, but the software then exercises the board, running
diagnostics. The computer system is still functioning fully
from the user's perspective at the same speed. As
diagnostics are run, the unit is automatically placed back
into service and synchronized with its partner if the unit
appears to check out normally. The fault is recorded in the
log as a transient failure that would have brought down a
normal computer system and resulted in a service call.

If the component proves to be defective by not passing the
diagnostic test, then it is a true failure. The unit is removed
from service, a red light appears on the outside of the
machine, and a red light appears on the board. Most
importantly, the computer now dials Stratus in Natick,
Massachusetts, and reports its own failure automatically. It
says, "'l have a failure of a CPU in slot number six."” The
system transmits the CPU serial number and the repair and
fault history automatically. The broken computer has called
for its own service and reported which part needs to be
replaced. In most cases, the customer is not even aware of
the failure, although he can monitor the activity. He can just
put the computer in a room somewhere and forget about it.

This is prgbably the first computer system that can truly be

serviced from a central location in this way. In spite of failure,
the system is still fully functional. We go beyond that to
provide- in the service center-responses to customer
questions. A customer who wants to order manuals or extra
parts calls the same number. One central location services
the customer, monitors the status of the customer's system,
and application or system software problems.

It is easy for us to separate hardware and software
problems. Hardware problems result in little red lights,
Everything else is software. One of the great difficulties in the
industry typically has been fixing the blame for what is
wrong. Diagnosing the problem is difficult. Repairing the
problem is usually the easiest Stratus has gone a long way
toward simplifying the most difficult part of the problem.

We have a large enough customer base now to establish
real data. Our customers are very happy with the system.
Customers love the central service, and even overuse it. We
get enormous call lists because people find it so convenient
to call up and say, "How do | do this, how do | do that? What
does this mean?"” The mechanism really works. Our service
costs are way below the industry average. The cosls of
servicing these machines have been addressed in the
design of the computer.

Q: What about recovery mechanisms?

A: Well, first of all, we have to accept that faults will occur,
Unless they are detected at a low enough level, the
result of that fault will be incorrectly processed data, and
recovery then becomes a crucial aspect of the problem.
The problem then becomes one of defining backup for
arestarl. That whole issue is eliminated by our
approach. The system detects the failure so early that it
can't have any consequence and redundant
components produce the right answer at the night time.
As a result, our own software people do not have to
worry about recovery, neither does the user. Our
competilors provide ransaction processing software
which requires programming according to the rule of
the TP software package to obtain recovery and
restarting capability. But thal is a different kettle of fish
than being able to run any old program you choose ina
fault-tolerant manner. Lots and lots of applications don't
fit very nicely into the TP mold which are difficult to write.
We have lots of customers who have taken batch jobs
off IBM mainframes and programs off Wang computers,
all sorts of things that were converted ina
Straight-forward manner and run on Stratus equipment.
The painless conversion is only possible if this type of
approach is used - that is, detect the fault before it can

have any consequences and therefore eliminate the
need to recover.

Q: How fast are the buses?

A: The connection between the modules is1.4
megabyles/second. There are actually two connections
and, because of the protocols that are used on them,
the full band with the both connections can be used, $0
itts 2.8 megabytes/second.

Q: Do you have statistics showing what the incidence of

fallure is with redundant components and
self-checking service?
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A: The system is designed to withstand a single failure.
However, the nature of this design permits lots of
combinations of multiple failures. But if you have a
broken CPU, you can't take a failure on your other CPU.
You could take a failure on memory or disk or whatever.
How many times it actually went down because there
were two failures? To date, | only know of one instance
when both disks went out at the same time.

What about communications?

The X.25 comm can run at 56KB/second. We don't
have very many X.25 networks; there are perhaps two
or three. The great majority of the communications is to
IBM mainframes in which we look like 3270 controllers.
IBM is the world in which we all live, in particular our
machines. We support IBM 3270 terminals completely.
In fact, our customers, if they want, can just use 3270
terminals.

Z0

Synapse Computer Corporation

Mark Leslie

My name is Mark Leslie, from Synapse Computer
Corporation. | am one of the two principal founders of
Synapse, which was started in early 1979. We got our first
funding in November 1980, also in the days when there was
a little less venture capital than there is today. We have
opened sales offices around the country, with eleven
opened by July. Our first customer shipment was December
30, 1982.

Synapse focuses on high performance, flexible expansion,
and simple application implementation. We have built much
of what we call solutions-oriented machines for transaction
processing applications. We are simplifying the
implementation complexity of transaction systems. We are at
the beginning of a trend. Over the next five to ten years, fault
tolerance will be required in all computer systems in all
segments of the marketplace. In 1983, high-technology
computer systems don't provide even the same reliability
and MTBF (mean time between failure) as the automobile. If
a car broke down an hour a week, you would trade itin for a
new one. | think there will be a shift in this industry to a high
degree of fault tolerance of various different kinds.

Traditional computing systems started out doing batch work
which converted business transactions from paper to
machine-readable form, which ran them against master files
and generated reports. Most of today's development work
by users concentrates on on-line access to data, to enter
information at the point of origin and to avoid intermediate
steps of going from paper to cards or tape. Transactions
occur while a person standing in front of a terminal updates
the data base in real time. The 1960's represented the
generation of batch processing. The high cost of computers
created an artificial environment. The price/performance

gains of the 1970’s enabled us to put computers closer to
people and introduced the generation of distributed
processing. The next step, the 1980's, represents on-line
transaction processing which brings the interaction with the
computer closer to the event changing the database in time.
Itis a very fundamental issue. At the time the person walks
away from the computer, the computer has completed the
transaction. Going on-line constitutes as fundamental a
move as distributed processing. On-line equals the
significance in terms of time that distributed processing
represented in terms of location.

Significant artifical barriers remain in cost and risk. Needs of
the transaction processing user are significant-fault
tolerance and application availability, integrity, throughput,
expandability, and fiexibility for changes.

Transaction processing includes a wide range of users who
tend to be in businesses willing to take more risk and pay
more money to go on-line. For instance, a teller machine
application enables a bank to be a leader and gain market
share, or to protect market share as a follower. In both
cases, banks spend more money and take more risk
because the application is in the mainstream of their
business. As we drive the risk and cost of transaction
processing down, the market widens to include more
applications in an on-line fashion. The American Bankers'
Association estimates that the number of electronic
transactions will rise from 1.8 billion now to 16 billion in 1986
—a 55% growth rate. Other studies suggest that the
transaction processing market will grow to $20 billion in
1985.

Several traditions in computer architecture have developed
to meet the needs of transaction processing. One is the
compatible-family architecture from IBM and DEC. A family
of similarly designed computer systems requires a new
system when the user runs out of capacity. The replacement
process generally encounters problems in compatibility;
upgrades are expensive and disruptive, These computers
are generally not fault tolerant. On the positive side, the
systems offer the advantage of a centralized data base
accessible by all terminals. That single advantage explains
why the IBM world doesn't upgrade networks of smaller
4300's, but turns to large scale 3033's or 3081's,

Multiple-computer architectures were popularized in the
1970's by Tandem, Wang and Datapoint. The philosophy
concentrates on modules with a certain processing power,
terminal capability and data capacity. Cloning the modules
expands capacity through an external bus. This architecture
is outstanding for work station activity, when the terminal
primarily processes data locally, Also, upgrades are less
disruptive. Examples are graphic work stations, document
preparation and word processing. The use of the system by
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other terminals is casual and incidental. In fact, a graphics or
engineering work station still functions as a stand-alone unit
without considering other work stations in the network. On
the other hand, the approach loses efficiency in transaction
processing, because of data distribution, For example, an
inquiry on a Mr. Jones may reside in a data base outside the
boundaries of an individual computer system. The request
searches for where the data might be, acquires the data,
transmits it across a bus, operates on it and finally sends it
back to its original location for safe storage. As the number
of systems in a network increases, the probability that the
dala resides someplace else goes to 50% with two
processors in a network and to 67% in the case of three
systems.

These multiple computer architectures may be fault tolerent.
Upgrades are less disruptive. On the negative side, the
approach requires a centralized data base capability,
constant tuning and load balancing. Interprocessor
overheads are high. Control constitutes a significant issue.

Synapse has a concept of an expansion architecture, which
allows us to grow from a small system to a large system in an
orderly and extremely modular fashion. When we do grow
to a larger system, all terminals have access to the computer
power and access 1o all the data and the entire data bases.
That is truly a unique capability in the industry. Shared main
memory and central control provide for upgrades that are
small and non-disruptive. The system is self-tuning and
includes fault tolerance.

An elegant and pure analogy simply and intuitively illustrates
the difference between a multiple system environment for
transaction processing and a Synapse architecture.
Consider a bank lobby with two people in line. | am from
New York originally, an aggressive “Type A" personality, and
| always get into the shortest line. Unfortunately, the guy in
front of me is in the vending machine business from Atari,
and he's got two suitcases full of quarters. We're both
waiting to make our deposits. Although | thought | was on
the shortest line, | am actually in the longest line. That has
probably never happened to you, but it happens to me all
the time. This problem, called multiple queue/muitiple
server, lllustrates the basic architectural weakness of existing
multiple-computer approaches.

In our analogy, the teller is a processor, and each person in
line is a terminal connected to that processor. Itis not
uncommon, in a multiple-computer system, to have one
processor swamped with activity, while another is idle.

Synapse architecture allows for a single line of patrons in
your bank lobby. Each teller says, “Next, please." Asa
result, everybody gets more even-handed access to the
system and a better utilization of the basic resources,

The analogy also carries into the distribution of the data
base. Assume, in the non-Synapse system, that each of four
tellers has a 25% chance of having my bank records. That
means that, three out of four times, he has 1o leave his own
system to find the records, go get the records, make the
transaction and then return to his computer system. The
more computer systems there are, the more likely that the
data resides elsewhere. The more processors required, the
more the data is divided and the more inefficient it gets. The
Synapse system has a single set of files; all the processors
have access 1o them with no interprocessor communication,

Consider modular expansion, as it is illustrated by the
analogy: When we expand our system, we don't have to be
concerned with which data to put where, which people to
put where, and how 1o siructure our terminals (called
load-balancing and tuning). We basically make our file
system bigger, add tellers to increase service and make our
line longer. We do not have to redivide the database. With
multiple-computer architectures, database efficiency erodes
as the number of fault-tolerant processors rises. Each of the
multiple processors is backed up by its adjacent neighbor,
and can therefore be configured at only half its capacity (if
you want to assume 100% throughput failure). For a
two-processor job, Synapse simply requires a third
processor, which is available 1o increase transaction
performance in a healthy system. That is the concept of

N+ 1 for fault tolerance. Thus, Synapse would require
eleven processors 10 do a ten-processor job, rather than
twenty or thirty highly-tuned, balanced, loosely-coupled
processors required in a multiple-computer system.

As a summary, there is no interprocessor communications
activity. Excess capacity s equalto N + 1. There is no
distribution of files, and the growth is automated within the
architecture. The internal expansion bus is 64-megabytes
per second (about the same performance characleristics as
anBM 3081). A multiple computer architecture includes a
disk file, a CPU, a memory and some terminals attached at
each of the computer nodes - those who need more specific
power must order another system. In Synapse, I/0
subsystems, processors and memories are separate
components. Those who use more specific capability order
only the additional component. For example, put in another
/O controller with another disk. Within the boundary of one
System, users have the flexibility of buying the specific
Capacity required, configured exactly o their needs. Some
users will want many I0Ps (Input/Output processors) with
many terminals; others will want many GPPs (general
Purpose processors) to grind numbers; a third group may
want huge disk storage. The system is uniquely adaptable.
We can choose which we want to add, and we can build a
very balanced system, an extremely adaptable system.



And, of course, a single processor can be externally bussed
to be part of a larger network. Synapse provides a unique
performance range from the class of a very large supermini
(VAX/780) up to the largest mainframe (IBM 3081). We can
increment that power on-line, without interrupting the
application by sliding a processor in while the system is
running.

In software, a comprehensive and sophisticated set of tools
automates on-line transaction processing. In 1974, DEC,
Data General and HP provided a bag full of tools to build a
hot-backup minicomputer. Very smart end-users assumed
responsibility for the success of the systems. Tandem
standardized the product. The essence of commercial
innovation standardizes what everybody is currently doing
in a non-standard way. In on-line transaction processing
today, users buy a bag of tools and take responsibility for a
wide range of sophisticated and intellectually demanding
challenges. We at Synapse have “productized” those tasks.

The issues of data integrity and recovery and fault tolerance
are all transparent to the application designer and
implementer. A broad menu of software includes all the tools
required. The last time we took a rough count of our
software, we had about a million lines of code implemented
on Synapse software. The operating system and the
relational DBMS (data base management system) provides
unigue functionality. On top of the relational DBMS is the
next layer of services. On top of that is the transaction
processing manager, On top of that is the user. So he
interfaces and layers (o a system that basically buffers him
from all these issues.

Beta testing was completed at the end of June. One
installed customer is in communications, another oneis a
division of a Fortune 500 company with government OEM
business. We have recently installed a system at Bank of
Ohio in Columbus, Ohio, for a centralized batch system with
satellites for transaction processing. We are very delighted
to penetrate an account with IBM and Tandem already in
place.

In summary, we believe that on-line transaction processing
is the fastest growing segment of the data processing
market. Next to personal computers, it represents the fastest
growing segment in the high technology business today. We
have brought to the market both an innovative hardware
and innovative software architecture. We have
“productized” the approach, and made a contribution in
commercial innovation to on-line transaction processing. We
address low-cost implementation for very high performance
machines. High barriers to entry in this marketplace
enhance long-term visibility. We have an experienced
management team and strong financial backers.

Q: With beta tests completed, what do the benchmarks
show about performance?

A: Although we don't have complete information yet
because it is still quite early, with multiprocessing, the
trick is to put processors in place without having
memory contention in the connecting buses. Measuring
bus contention and utilization, a ten processor system
running all of our processors at 100% flat out, and
shutting off one of our two buses to simulate twice the
number of processors, we obtained a linear increment
in performance for every additional processor. Ten
processors still used only 20% of the capacity of one
bus. Major technological advances will enable
multiprocessors to break current performance
bottlenecks. For comparison, the IBM 308x product line
obtains 1.5 times the performance of one processor
from a dual system, 1.9 times for a triple, 2.1 for a quad
and back down to 1.9 times the performance of one
processor when five multiprocessors are linked
together. At five, the system crosses the edge of the
curve. Synapse went to ten, and then shut off one of the
buses, and still obtained ten times the performance
characteristics on the bus. The result suggests that the
systemn can expand much further without suffering
performance degradation.

What about contention for disk accessing?

Alltasks in the system reside in a single list in a main
shared memory that every processor accesses equally.
A disk access occurs independent of any other
processor. When a disk device completes processing at
the I/O level, it re-enters the single list and may not be
picked up by the original processor on the next access.
It may be picked up by a different processor.

What about fault tolerance and recoverability?
Throughout, the system has all the traditional
fault-detection mechanisms. In addition to ECC
memories, fault detection is distributed throughout the
system. When a fault is detected, a board is taken out of
service. If there has been an impact on the data base,
software rolls back to a consistent state and rolls
forward from there. Our worst case for recovery is
probably minutes and our best case is very few
seconds. Our worst case of data base recovery should
be contrasted with the outright loss of a data base
entailing multiple hours, or perhaps days, of effortin
other systems. In this context, Synapse has built the
ultimate in recoverability.

Auragen Systems

Rick Martin

My name is Rick Martin. | am president of Auragen Systems.
My previous experience was all with IBM as the
370/138-148 product line manager back in the mid-70's,
and the 4331 product manager just prior to joining Auragen
in late 1981. Our doors opened for business in April 1981, A
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prototype of our system ran at the NCC in May, 1982. Our
first customer shipment, a beta site, was October 1 ﬂ'h to
Nixdorf; the first U.S. beta site received their system in
November. Our original round of financing totaled $2.3 _
million back in 1981, A $3 million R&D partnership closed in
late 1982, and $10 million was added in June of this year,
bringing the total to $15 million. A major OEM contract has
infused roughly $1.5 million in the form of advanced
royalties. That is primarily a marketing partnership targeting
Europe.

Everyone agrees the marketplace for fault tolerance is very
large-no argument. One primary inhibitor to fulfilling the
potential growth is the limited number of vendors in the
market. One study shows that the transaction market portion
of the tault tolerant market in 1986 is projected to be about
$17 billion of the total $22 billion market. Perhaps only $3
billion will be realized because there simply will not be
enough vendors. So there is plenty of room out there for
competitors, including the three of us today as well as
others. Our marketing philosophy focuses on banking and
securities. We also focus on communications- both AT&T
and ITT systems, as well as communication-based systems,
and the Federal government.

In distribution, the OEM value-added re-marketers will
represent 30-40% of our business.

Today, | would like to discuss our distributed architecture,
fault-tolerance price performance, and programmer
productivity. Our distributed architecture makes our system
flexible, very high performance and fault tolerant. An
executive processor, based on a Motorola 68000, has 128K
onboard a RAM. It provides the fault tolerance automatically.
There is absolutely nothing required on the part of the
programmer to achieve fault tolerance in the system, which
is accomplished by a separate processor. Another board,
the work processor, does customer's applications. It is two
68010's running in parallel. This is not the same concept as
Stratus where they actually run the same job and check
each other; ours runs two different jobs. Associated with the
work processor is memory, from one to eight megabytes
which is demand paged. Communication processors are
also 68000 based with memory of 128K. They handle
terminal lines and protocols. The disk tape processor, a very
high-speed proprietary design at three megabytes per
second, is not based on the 68000. Frankly, the 68000
today is not fast enough, requiring a custom-designed
board. Overall, our system includes very specialized boards
that have specialized hardware as well as specialized
software. Tied together for fault tolerance, at least two
clusters share peripherals, disks, tapes, printers, terminals,
communication lines, and so forth. We can interconnect
across what we call the system buses, up to 32 processing
clusters. If someone configured the total machine, it would

have almost 200 Motorola 68000's in a system. It is very,

very modular. The pieces are very small and you can

increment them as you need to. If you need more .‘)
processing power, you add processors. If you need
communication power, you add communication processors.

If you need more data base, you add more lape/disk

processors
There are three advantages 10 this approach

1. Flexibility, which comes in several pieces, the first of
which is technology. Each of those boards in fact is fully
independent from each other. They only talk over the
buses. The disk/tape and the work processors are
changing now based on new technology. By mid 1984,
68020-based work processors will be available.
Tremendous flexibility. All the changes are independent of
each other. The same flexibility is available for the
customer 1o configure exactly the system needed for his
application. For example, one customer system will have
five or six work processors and attach up to 5,000
lerminals. So, it is very heavily biased toward the
communication side with about 50 communication
Processors

2. Because of the distribution of tasks across the various
processors, we can functionally specialize in the
processors. The faull-tolerant work in the executive
processor does not interfere with the application |
programmer, of communications, or data base. For ‘
performance reasons, code can be shifted from one
processor 1o another to optimize throughput for various
types of systems. For the particular customer with a
tremendous number of terminals, code is moved out of
the executive processor to the communications
processor. What we can do for price performance is 10
focus the resources on the customer's needs.

3. The other advantage from a customer point of view is
modular growth. Inexpensive, single boards provide for
expansion of the system. Adding additional work, and
execulive processors with a megabyte of memory, COsts
about $30,000. Communication processors cost
$2,000-3,000. Tremendous growth capability allows for
over 200 Motorola 68000's in a fully configured system.

Let's talk about the different approaches 1o fault tolerance,
what is common and different among all of the fault-tolerant
People. Any transaction system consists of three pieces: 1)
A front-end process which handles terminals and collects
data from the users, 2) a back-end piece that deals with the
data base or file manipulation, and 3) in the midde, an
application written by a customer in COBOL, PASCAL, of
whatever, runs. These tasks define transaction processing
regardiess of fault tolerance.

)
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Computer Systems
Daonald H. Brown

EAGLE CORPORATION (OTC-EGLC)+

12/6/83 52-Week Earnings Per Share* P/E Ratio
Price Range 1983 1984E 1985E 1984E 1985E  Dividend Yield
$8 3/4 $25-7 $0.02 $0.25 $0.65 35x 13.5x - -—-

*Fiscal year ends June. There are 14.6 million common shares outstanding, of which 764,900
traded in October.

+Shearson/American Express maintains an investment banking relationship with the company and
has underwritten public offerings of securities of this firm within three years. Shearson/American
Express makes a market in this issue.

Investment Opinion

One of the deep fears of any investor in small high tech stocks relates to the thinness of
management normally running the operations. When the company president dies in a tragic and
untimely death, which was the case with Eagle, nerves start to become a little frayed. Times get
even tougher when the industry subsector shortly thereafter enters a consolidation phase with
major players - such as Computer Devices, Osborne, and Victor - falling onto hard times, and
others such as Fortune Systems and Vector Graphic getting new management. With this as a
backdrop, Eagle has managed to roll right along. In fact, the management under Ron Mickwee has
increasingly come out fighting -both at the October financial industry conference on technology in
Monterey and then again at the November tech industry Comdex show in Las Vegas.

Eagle has recently accomplished two key objectives.  First , the company has revamped the
product line to include full compatibility to the BM PC/DOS system. Although the company's PC
product had previously come "close" in the compatibility race, close isn't really good enough; the
shortcoming is now fixed in the new releases. Further, the company has come in with three new
product versions - the Spirit series of " transportables" at 33 pounds with a 10 megabyte hard disk,
a desktop PC PLUS with floppies, and a desktop PC PLUS-XL with a hard disk. Second, the
company appears to be well along in upgrading its presence in the retail distribution channel.
BusinessLand was the first to sign up in June, but Computer Factory, CompuCraft, Simtec, and
Gateway all followed. Most recently, Eagle signed ComputerLand for deliveries starting in March,
1984. Even though each of the ComputerLand franchises has considerable freedom in ordering
independently, the backing of the central staff represents a coup. As a result, Eagle is positioned
to score in the current race to capitalize on the short-term window of "PC-DOS" compatibility to
improve the company's penetration of the markets. At least for the next six to nine months, the
trend is likely to be upward.

On the negative front, Eagle has yet to prove that it can deliver the level of profitability required
to assure long-term survival in a sub-sector where competition will sharply intensify. The latest

Additional information available upon request.

The information herein has been obtained from sources which we believe to be relisble, but we do not guarantee its accuracy or completeness,
Shearson/American Express Inc,, its affilistes, its affiliated companies, or its shareholders may have a position in the securities discussed herein,
(© 1983 Shearson/American Express Tnc,
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EAGLE COMPUTER (cont'd)

in at a low 29.7% gross margin and miniscule .6% operating margin. Comparing the
E::Jlttesrwciathmztl}?ef small companigs, the grgss margin compares reasonably Tf“ with COM PAQ and
Columbia; all three trail TeleVideo's lea ing 50% record. Still, E.agle_ has taken steps in pricing the
8-bit older systems up, and in shooting for a 40% level of gross margin on the newer products that
offer the potential for a significant improvement in profitability in the coming year. With a little
bit of luck, and a continued high energy level on the part of the management and the cmplgyees,
Eagle could turn in a reasonable and possibly dramatic upswing. By no means, however, is the
potential for 25¢ in per share for the June '8% year, and 65¢ for the June .8‘5 year, assqred. The
shares are not at all attractive to the shy and retiring, given the high volatility and hectlc_ pace of
the sector. We consider the current price to reasonably reflect current competitive conditions in
PC's and the low level of profitability of the company currently.

EGLC .FCST

TABLE 1

EAGLE COMPUTER

12/1/83 == 1984FY m=nssssnausmas

($ millions) Sept.83-A Dec. 83 Mar. 84 June 84 FY1984 Fy1985

Revenues $14.3 $17.5 $20.0 $24.0 $75.8 $115.0

% Chge Y/Y 319.12  266.7%  100.0% 106,62 164,12 51.72

X Chge Q/Q 23.1% 22.4% 14.32 20.02 NA NA

Operating Income $0.1 $0.9 $1.9 $3.2 $6.1 $15.5
% Revenues 0.6% 5.0% 9.51 13.5% 8.0% 13.5%

Interest Inc.(Exp) ~-$0.1 $0.0 $0.0 $0.0 -50.1 §5.3

Pretax $0.0 $0,9 s1.9 $3.2 $6.0 $20.8
Margin 0.2% 5.0% 9.5% 13.5% 8.0% 18.12

Taxes =-$0.7 $0.4 $0.8 $1.3 $1.8 $8.6

Net Income $0.7 $0.5 $1.1 $1.9 $4.2 $12.2
% Chge =200.12 2911.0% 44.9% 1688.1% 2348.92 187.5%

EPS (Diluted) $0.01 $0.03 $0.08 $0.13 $0.25 $0.65
% Chge =110.0% NA 25.22 1180.7% -925.92  161.5%
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EAGLE COMPUTER, INC. QUARTERLY INCOME SUMMARY

z

F

m

)

@)

11/29/83 %

s=ss=ss=s==a== ]J8IFY ====cccszosasss== 5
10/2/82 1/1/83  4/2/83 7/2/83 10/2/83 1982FY 1983FY

Total Revenues $2,309  $4,772  $10,002  $11,615 $14,295  $5,963  $28,698 ~

% Chg. Y/Y NA NA NA NA NA NA 381.3% =)

% Chg. Q/Q 106.7%  109.6% 16.12  23.1% NA NA 3

Q.

Costs & Expenses e
Cost of Sales $1,744 $3,418  $6,910 $8,355 $10,040  $4,431  $20,427
% of Revs. 75.5% 71.6% 69.1% 71.9% 70.2% 74.3% 71.22
R&D $379 $362 $551 $609 $890 $919 $1, 901
% of Revs. 16.4% 7.6% 5.5% 5.2% 6.2% 15.4% 6.6%
Marketing, G & A $871 $950  $1,651 $2,417 $3,283  $1,917 $5,889
% of Revs. 37.7% 19.9% 16.5% 20.82% 23.0% 32.1% 20.5%
Total Costs & Expens $2,994 $4,730  $9,112  $11,381  §$14,213  §7,267  $28,217
Z of Revs. 129.7% 99.1% 91.1% 98.0% 99.4% 121.9% 98.3%
Operating Income -3685 8§42 $890 §234 §82 -§1,304 5481
% of Revs. -29.7% 0.9% 8.9% 2.0% 0.6  -21.9% 1.7%
Interest Expense $32 $25 $74 $177 -$58 $112 $308
Pre-Tax -$717 $17 $816 $57 $140 -$1,416 $173
Margin -31.05% 0.4% 8.2% 0.5% 1.0z -23.7% 0.6
Taxes S0 s0 $49 -$49 §59 -$690 s0
Rate 0.0% 0.0% 6.0%2  =86.0% 42.1% 48.7% 0.0%
Net Earnings =-5717 $17 §767 $106 581 -$5726 $173
X Chg. Y/Y NA NA NA NA NA NA -123.8%

% Chg. Q/Q 4411.8%  -86.2%  -23.6%

EPS -$0.10 $0.00 $0.06 50.01 $0.01 -0.10  -$0.03
% Chg. Y/Y NA NA NA NA NA NA -68.0%
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Microcomputer Peripherals
Harvey C. Allison

TANDON CORP. (OTC-TCOR)+

12/6/83 52-Week Earnings Per Share* P/E Ratio
Price Range 1983 1984E 1935E 1984E 1985E  Dividend Yield
S18 3/4 $35-15 $0.47 $1.10 $1.70 17.0x 11.0x --- ---

*Fiscal year ends in September. Of the 51 million shares outstanding, 11,972,200 shares traded in
October.

+Shearson/American Express makes a market in this issue.

Investment Conclusion

We are adding Tandon to the Shearson/American Express Recommended List. Tandon's stock may
not reflect the extent to which margins will improve over the next six months or the substantial
cost advantage Tandon enjoys in the Winchester disk drive product line. Tandon is sharply off its
earlier highs this year on news of large receivables write-offs from Victor Technologies, rumors of
vertical integration by systems manufacturers, and non-recurring charges that destroyed fourth
quarter earnings. Much of the decline has been an over-reaction, and presents a buying
opportunity. Revenues can double next year, and profit margins will improve. We are using $1.10
for fiscal 1984 and $1.70 for fiscal 1985.

Tandon has a 5% cost advantage over competitors in the Winchester disk drive industry based on
Tandon's internal media production alone. The success of this media effort has surprised everyone,
including Tandon, and its merit does not rely on the often disputed higher performance of plated
media, but on the cost. Tandon produced about 50,000 5.25" disks in September and about 70,000 in
October, in contrast to the 80,000 produced by the entire industry during all of 1982. Tandon's
simple three-step process will be automated beginning in the second quarter, and production rates
will continue to climb to 200,000 per month by the end of Tandon's year next September. Yield by
then will be over 90%, compared to current yield of about 80%.

Offshore manufacturing and vertical integration add to this cost advantage in Winchester and in
floppy product lines. Winchester disk drives and 1/2 height floppy disk drives will be moved
offshore where the costs are lower for materials and where significant tax advantages exist.
Tandon will also be doing its own casting and injection molding next year, and will expand

production of magnetic heads.

By product line, the greatest percentage growth will occur in the Winchester disk drive area which
accounted for about 25% of fiscal 1983's revenues. Tandon will triple its unit production rate in
Winchesters over the next year from 17,000-20,000 units per month to 50,000-60,000. The floppy
business will also show strong growth. As the BM PC and its clones continue to rout other

Additional information available upon request.
The information herein has been obtained from sources which we believe to be reliable, but we do not guarantee its accuracy or completeness,
Shearson/American Express Inc., its affiliates, its affiliated companies, or its shareholders may have a position in the securities discussed herein,

(® 1983 Shearson/American Express Inc,
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Tandon Corp. (Cont'd)

microcomputer manufacturers, the market for PC-standard floppy media manufactured by Tandon
explodes. Even firms not in the BM-compatible market are turning to this drive standard for

media compatibility at the expense of 8" and other 5 1/4" drive products.

Product and Market Background

Tandon's primary product markets are for Winchester disk drives which currently account for about
30% of revenues, and floppy disk drives which account for about 60% of revenues. The mark_et for
Winchester disk drives is estimated to grow 95% in 1984, and the market for flogpy disks is
estimated to grow about 85%. In this market environment, we expect Tandon to increase its
Winchester disk drive production by 200%, expanding its market share about 50%. Floppy disk sales
and increased sales in other product areas are expected to grow at least 50%. Tandon is the
primary supplier of floppy disk drives to BM.

Tandon's two primary product lines are floppy, or flexible, disk drives and fixed, or Winchester, disk
drives. Both products are used in microcomputers. Every serious microcomputer has at least one
floppy disk drive. Floppy disk drives permit the diskette containing the data to be removed from
the drive, allowing the user to keep data on an unlimited number of diskettes, but to read from only
one at a time. Fixed, or Winchester, disk drives do not allow the media to be removed, but a fixed
disk drive can store many times as much data as a floppy disk drive and the information can be
read into the computer or written out to the disk much faster than when using a floppy disk drive.

Fiscal 1983

Tandon recently reported earnings for the fourth quarter of 1983 ending September 30, 1983. As
expected, most of the Victor Technologies' debt was written off in this quarter which reduced
earnings to $0.03 from $0.12 last year. What was not expected were the additional charges to
Research and Development, and to Marketing and Administration. R&D was up 2% as a percentage
of sales over the previous quarter, and M&A was up over 4%. Sales were up 93% year to year and
17% sequentially.

Without the Victor charge, earnings would have been about $0.17 per share. There were three
other unusual charges during this period: Currency losses for the entire year were taken all at once
in this period; an account for the accrual of employee benefits was retroactively adjusted to
reflect an increase in the period of eligibility; and substantial research expenses were incurred
during the rapid development of the 10MB subsystem product introduced at Comdex. While none of

these three charges were extraordinary, two charged the fourth quarter with expenses incurred in
previous periods.
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Tandon Corp. (Cont'd)

Gross margins 1rpproved slightly during the fourth quarter, and are expected to improve more
dramatically during the following year. The two week shutdown during the first quarter is
expected to mask sequential operating improvements until the second quarter, when both sales and
margins will show sharp increases. Our quarterly estimates for next year are:

1983A 1984E

Dec Ql $0.12 $0.18
Mar Q2 $0.15 $0.25
Jun Q3 $0.17 $0.31
Sep Q4 $0.03 $0.34
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Tandon Corp. (Cont'd)
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ECHNOLOGY
RENDS

December 12, 1983

A QUICK READ ON TECH STOCKS

COMPUTER SYSTEMS

IBM's Sugar Plum For Christmas

IBM's meeting with analysts yesterday planted joy in the
hearts of the bull, and sent Scrooge running. Dancing with
dreams of Wall Street sugar plums in the form of future stock
splits, rising stock dividends, and buttressed by the reality of
upward earnings revisions and IBM's own stock purchases of
as many as eight million of its own shares for internal pur-
poses, one highly respected Wall Street buy-side analyst even
predicts a $200 upside price target through 1985. Not bad, and
not unreasonable either. The meeting is all the more sur-
prising against an historical tradition of plodding, frustrating
analysts’ meetings serving as a lesson in evasion as mean-
ingful as a “space wars" arcade game. Yesterday, IBM spoke
directly to the investment concerns impacting their future in a
highly informative and unusual meeting. The session was all
the more important because |IBM is just now in the process of
finalizing its 1984/1985 plans.

Overall, IBM suggested that the rate of revenue gain for the
coming year is likely to fall in the 15% to 20% range. The company
alleviated concerns on two critical issues affecting expectations
for the coming twelve to eighteen months, First, an acceleration
in new equipment purchases is anticipated—to the heady level of
50% in year-to-year gains for 1984. The trend will more than offset
the vulnerability of difficult comparisons against recent 1983
results of installed rental equipment. Second, the company sug-
gested that it could manage the product cycle transition to the
new 308X computers (Sierra Series) widely expected to be an-
nounced between March of 1984 and March of 1985. (The com-
pany stated that an 18% increase in modules for the 308X series is
anticipated in the coming year.)

Long-term, IBM expects growth to exceed the 14.2% aver-
age rate of the latest seven years.

We are revising our earnings estimate to $8.95 from $8.90
for FY1983, and to $10.60 from $10.25 for FY1984. We will be
using a preliminary $12.25 estimate for 1985. The company
reported $7.39 in 1982.

On balance, improved confidence in the outlook for the
coming year is likely to shift attention to the potential for 1985.
Our own view is that the shares should easily hit new highs and
hold those highs, with the $135-$145 range as a target. A 50%
premium to the market on $12.25in 1985 per share does indeed
suggest that an upside target price of $190 represents a distinct
possibility. Even conservative investors can buy this tech stock

Now.
Other highlights: : —

1. Investments in property plant and equipment will rise by
over 20% for 1984, versus a 10% gain for 1983.

2. Marketing will decline as a percentage of revenues, oﬂ‘s:et-
ting lower gross margins. The adverse trerjq in gross margins
derives from a higher percentage of aciw:ty_throu;;h third-
party marketing firms, and a greater proportion of low-end
gear being shipped. Operating margins in the fourth quarter

could be under moderate pressure, but are expected to be flat
on balance for the coming year.

3. Rental conversion sales are leveling this quarter, and the
company does not appear to think there are vulnerabilities
from a possible decline in rental asset conversion sales in Q1
and Q2 of 1984. (Specifically, 40% of rental asset conversion
sales in 1982 appeared in the fourth quarter; 25% of rental
asset conversion sales in 1983 are anticipated in the fourth
quarter. There is no particular pressure on Q1 and Q2.)

4. The PC unit sales will rise by 3X's, including all versions
such as the PCjr.

5. Orders recorded the highest year-to-year gain year-to-date
in November.

6. Otherincome for the third quarter included payments from
Fujitsu, and not Hitachi. The fourth quarter will include, in other
income, some of the proceeds from the settlement with Hitachi
from the resolution of their recent legal dispute over IBM
design work. IBM is legally restricted in its settlement, from
discussing the results. The trade press suggests that the
settlement with Hitachi represents $300 million of payments.
Only a portion will be included in the fourth quarter in con-
nection with recent litigaion while the balance will be included
in revenues in the future.

7. The tax rate is now expected to average 43.0% for 1983,
compared to 44.4% from 1982. A restatement, however, which
has no impact on reported earnings, will shift State taxes out of
selling, general, and administrative expenses, and into the tax
account. On an adjusted basis, the tax rate will come in at
45.0% for 1983, against 46.4% for 1982. Currently, no change is
anticipated in the tax rate for 1984.

8. IBM will purchase shares for its internal requirements in the
open market beginning January 1. This year such purchases
are roughly equal to eight and a half million shares.

Eagle Computer

Eagle Computer has recently accomplished two key objec-
tives. First, the company has revamped the product line to
include full compatibility to the IBM PC/DOS system. In ad-
dition, the company appears well along in upgrading its pre-
sence in the retail distribution channel. As a result, Eagle is
positioned to score in the current race to capitalize on the
short-term window of “PC/DOS" compatibility that has been
opened by the temporary gap between the demand for the IBM
PC and IBM's limited production. For the next six to nine
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MARKET PROFILE FOR WEEK ENDING 12/8/83

%, CHANGE RELATIVE STRENGTH*
::;g-'s COMPANY TWEEK 4 WEEKS 8 WEEKS 3WEEK 7 WEEK/CHANGE  ABS. DEV.
s 925 Altos Computer Sys. gg"‘- ﬁ:g‘* :‘ “’“ "‘: ““;1 ”1‘; r:a:
225 Batapost 07 23 75/~ 35
16.87 Prime Computer 63 106 3 < 27
21.25 Apple Computer 56 83 - 70 " e A 137
57 Tandy Corp. 48 173 123 14 57 32 8.8
24.50 Bolt Beranek & Newman 42 37 5.7 “ Sy=i 65
4087 Hewlett-Packard 38 176 38 17 81/ -14 28
35.87 Tandem Computer 25 55 40 el 31/-26 2.6
12.00 Ramtek 21 263 na NA NA' NA NA
9.12 Eagle Computer 13 17.6 16 NA NA/ NA NA
3187 General Instrument 03 07 89 52 7V 24 8.6
25.25 Giga-tronics 00 52 - 38 NA NA NA NA
18.75 Electromagnetic Sci. 0.0 119 85 19 1/ -16 2.1
7.00 Computone Systems 0.0 333 16 NA NA/ NA NA
6.25 K-Tron 0.0 41 166 NA NA/ NA NA
118.62 IBM - 0.1 - 58 1na ar 68/ - 42 85
25.00 Timeplex - 04 98 187 2 B/ 48 23
3337 Wang Labs Y - 25 8.8 i 61/ -42 36
17.75 Lee Data - 13 0.0 4.0 NA NA  NA NA
) 28.50 NBI, Inc. - 1.7 1.7 134 5 " n 38
18.37 Alpha Industries - 26 -~ 45 18.7 n 79 ~ 67 23
19.37 California Microwave - 31 83 1 B 12 78 28
4037 Analog Devices - 33 84 - 0.6 60 57/ 14 38
14.50 PAR Technology - 33 0.0 ~-395 NA NAY NA NA
28.50 Management Science Amer. - 33 - 1.7 73 NA NA/ NA NA
| 39.00 Harris Corp. - 33 6.1 36 9 % M4 38
36.75 Commodore Intl, - 35 17 -18.1 8 95/ - 30 56
6.00 Comserv - 4.0 22 250 NA NA/ NA NA
68.37 Digital Equipment - 40 00 309 48 100/ - 20 137
3375 Data General ~ 45 - 79 - 90 81 59/ - 35 87
2075 Analogic - 46 - 46 - 586 (] 57/ 14 a1
28.12 Policy Mgmt. Sys. - 46 5.1 0.4 20 32/ 14 1.2
18.37 TeleVideo - 57 185 185 NA NA’ NA NA
24.25 Avantek - 6.2 - 24 43 1 4 36 26
20.00 Liebert - 69 ~ 38 142 1 2 86 1.9
41.00 Micom Systems - 73 1.2 123 15 K5/ 49 3.0
16.62 Scientific-Atlanta - 74 33 08 16 Y 3 18
21.87 Convergent Tech. - 79 - §9 13 NA NA/ NA NA
53.00 ROLM - 94 - 80 6.1 a2 7 10 55
2037 M/A-COM - 34 =7 15.1 76 g8 9 35
| 20.00 Quantum Corp. 101 0.0 52 NA NA/ NA NA
| 212 Vector Graphics -10.5 -229 414 88 100/~ 1 1.5
| o o i S R S
I 12.87 National Micronetics ) :23 =2 o - W D 53
| -127 5.0 -134 NA NA/ NA NA
. 2050 Ciphor Data Products 1237 38 57 3 20/ - 31 1.7
' S il R R S -
-1738 -232 30.1 NA NA NA , iy A
Average 34% 29% 5.9% 18 sg O s
INDICES
il R
——
GROUP PERFORMANCE AVERAGES
Co icati
| Digr‘nrtglg::f;ﬁ:s e 12% 14% 36 52/~ 9
| Peripherals - HI? - 1:: 12 : ig Zg 23
— ]
Throe-week tr
end and seven-week trend performance ratings give s percentile ranking against a 1500-stock unsverse. A rank of | % the highest and 100 the lowest. Change 1837 stwolute P

representing (the seven-week trend percentile 10d
ile 10day) minus (the seven-week trand percentils seven weeks 8g0.) Abs. Dev. (Absolute Devistion] is a voliifity indicatol
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COMPANY PROFILES

EPS 23 MKT CAP
COMPANY 83E B4E 85E 83PE B4PE 85PE $ MIL REC ANALYST
Alpha Industries (3) $0.85 $1.05 SNA 21 17 NA $128 Buy SR
t* Altos Computer Sys. (6) 0.58A 0.41 0.60 15 22 15 135 DB
Analog Devices (10) 0.95 1.35 NA 42 29 NA 891 Buy SR
t* Analogic (7) 0.85A 1.10 1.40 24 18 14 346 Buy SR
*  Apple Computer (9) 1.28 0.60 1.00 16 36 7 1,213 DB
*  Avantek 0.63 0.95 NA 38 25 NA 445 Buy SR
Bolt Beranek & Newman (6) 0.46A 0.75 NA 53 a2 NA 152 Buy SR
* (California Microwave (6) 0.65A 0.85 1.05 29 22 18 153 Buy SR
t* Cipher Data Products (6) 0.50A 0.80 NA 4 25 NA 263 HA
Commodore Intl. (6) 286A 425 NA 12 8 NA 1117 Buy NG
t* Computone Systems (5) NA NA NA NA NA NA 16 SFA
t* Comsery NA NA NA NA NA NA 20 SFA
* Convergent Tech, 04 0.90 1.50 53 24 14 772 DB
Data General {9) 0.96 2.25 3.50 35 15 9 731 DB
Datapoint (7) 0.29 0.92 1.00 m 32 29 589 DB
Digital Equipment (8) 5.01A 4,75 B.00 14 13 8 3,784 Buy DB
t* Eagle Computer 0.02 0.25 0.65 456 30 14 132 Buy DB
* Electromagnetic Sci 0.55 NA NA 34 NA NA 59 SR
General Instrument (2) 1.50 350 NA 21 9 NA 998 Buy NG
* Giga-tronics 0.65 1.10 NA 38 22 NA 95 Buy SR
Harris Corp. (8) 1.60A 225 2.75 24 17 14 1,266 Buy SR
Hewlett-Packard (10) 1.55 2.00 NA 26 20 NA 10,182 DB
IBM B8.95 10.60 12.25 13 n 10 71,226 Buy DB
1* K-Tron 0.5 NA NA 41 NA NA 22 SFA
t* Lee Data (3) 1.20 1.50 NA 14 n NA 218 Buy SFA
Liebert (9) 0.80A 1.20 1.50 25 16 13 265 Buy SR
M/A-COM (9) 0.76A 1.05 NA 26 16 12 799 Buy SR
*  Management Science Amer. 088 1.20 NA 32 23 NA 481 HA
t Micom Systems (3) 1.30 1.80 NA N 22 NA 587 Buy SR
Miniscribe R R R R R R 27 HA
t* National Micronetics (6) 0.41A 0.65 NA ]| 19 NA 83 SFA
NBI, Inc. (6) 0.47A 1.50 1.90 60 19 15 281 Buy DB
t PAR Technology 0.75 0.90 NA 19 16 NA 109 SFA
t* Policy Mgmt. Sys. 0.65 0.85 NA 43 33 NA an SFA
Prime Computer 0.69 1.05 1.40 24 16 12 793 DB
* Quantum Corp 0.96 1.10 1.50 20 18 13 190 Buy HA
t* Ramtek (6) 0.29A NA NA a NA NA 40 SFA
ROLM (6) 1.80A 1.76 NA 29 30 NA 939 Buy SR
* Scientific-Atlanta (6) 0.02A 0.90 NA 781 17 NA 368 SR
Seagate 0.33 0.665 1.00 40 20 13 588 HA
*  Tandem Computer (9) 0.76 1.20 1.50 a7 29 23 1,343 DB
* Tandon NA NA NA NA NA NA 939 Buy HA
Tandy Corp. (6) 2.67A 3.10 355 16 13 12 4,494 Buy DB
* TeleVideo (10) 0.57 0.90 1.25 32 20 14 761 Buy DB
Timeplex (6) 0574 085 110 a3 29 2 168 A
T* Vector Graphic 0.43A NA NA NA NA NA 12 SFA
* Verbatim (6) 064A 090 NA % 18 RA SIS .
Wang Labs (6) 1.16A 1.60 205 28 01 16 4,100 o8
ECONOMIC FORECAST
This Month Last Month This Month Last Month
Current Q@ NextQ Current Q@ Next Q CurrentQ@ NextQ CurrentQ NextQ
3-Mo. T-Bills Indus. Prod
-_—'_—————
S/AE 8.5% 8.26% S/AE 13.0% 4.42%
Consensus 8.7 85 8.8 8.6 Consensus 10.9 7.0 8.7 7.0
AA Utility Bonds Cap. Spend. (FY1s84 Est]
‘_-_-_-___————_
S/AE 121%  11.9% S/AE 122% ::g%
Consensus 12.3 12.1 12.3 12.0 Consensus 12.3 .

Consensus figures from Blue Chip Economic Indicators

.
N gh""“""“"‘"'imn Express makes a market in these stocks, BT o8
hearson/Amarican Express maintains an investment banking relationship with these companies. |
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months, Eagle’s trend is likely to be upward.

On the negative front, Eagle has yet to prove that it can
deliver the level of profitability required to assure long-term
survival in a sub-sector where competition will sharply inten-
sify. While the shares are not for the faint of heart, they do
represent a reasonable speculation.

For additional information on Eagle Computer, please see
the report released by Shearson/American Express.

Eagle Computer is an investment banking client of
Shearson/American Express.

Tandy November Sales Up 18%

Tandy reported very strong retail sales for the month of
November, up 18% for consolidated results, and up 17% for
U.S. Radio Shack. After the 10% in October, what a reliefl We'd
average the two months at an effective 14% since the shortfall
in production for October probably slipped some sales into
November. We continue to hope for 12% to 15% increases
through February as discussed in last week's notes.

COMMUNICATIONS
Harris/Lanier—A Definite Plus

Lanier hosted a small group of analysts last Friday at the
company’s corporate headquarters in Atlanta. The meeting
was an open one with the key objective being to convince the
group that Lanier can sell not only stand-alone products, but
also systems. In their Southern style, they went through their
recruiting, evaluation, and performance-oriented marketing
programs, noted “network-type” sales already made, and
highlighted the % of the sales force which is systems-oriented
and compensated on a salary-plus-bonus basis.

Many question arose regarding the cost of the Harris/
Lanier LAN, the timing of new product introductions and the
possible GSA problem resolution. We will likely see a pro-
totype network in February and a more definitive answer to
several major issues.

Clearly, dictation and 3M products, service and the finance
company are very positive contributors. The System 1000 pcis
now being shipped. It, too, should contribute in the second
quarter, and it fills a real gap in the Harris product line, offering
pc add-ons to Harris’ 9000, 800, 1000 and MIND 9240 Systems.

Lanier's management insists the company will meet its
objective of not diluting Harris results in any quarter. Achieving
this task in the second quarter is easier than originally thought,
since our estimate is $0.40-$0.45, with the lower end most
likely. Bookings for Harris continue strong particularly in Semi-
conductor, and the third quarter and second half should reflect
this. The ramp-up at Lanier should be similar to Harris' as the
year progresses.

M/A-COM—When The Going Gets Tough

M/A-COM stock was off 9% last week as estimates for
fiscal 1984 started to come down. We grudgingly recognized
the worst-case, though we still believe low-probability, EPS
estimate of $1.00 and are using a more realistic potential of
$1.15 on the high side. The truth probably lies somewhere in
between. The two primary factors for the downgrade were still
substantial up-front costs associated with DBS and related-
product development, and a slower-than-expected operating
turn in Integrated Digital Products, though the quality of the
backlog improves monthly.

The Prodelin move will be completed in the second quar-
ter, and unless Gl or another DBS player gets off dead center
and antenna volume increases, it will continue to negatively
impact Cable/Home profitability. Development costs for Video
Cypher Il and IIl continue, but just one DBS customer—like a
TIME, Inc./ Turner—could make all the R&D visibly worthwhile.
Video Cypher II, now scheduled for fall 1984 introduction, is an

interim DBS product which will offer soft video and hard audio
scrambling, with the full-blown VLSI version (ll) offering hard
video as well, scheduled for mid-late 1985. HBO, which orig-
inally bought Video Cypher | and will begin to install those
units on the East Coast in January, is now negotiating for Video
Cypher |l when it is available. Time Inc. will expand its scram-
bling program to include Cinemax in the fall as well. While a
DBS service must eventually be scrambled, it does not have to
include scrambling at the outset. We therefore believe Time,
Inc./Turner or someone else may announce at any point the
programming and service questions are resolved. MAI has
clearly positioned itself on the equipment side, at a substantial
cost, which will hurt 1984, but if they're right, it will be an
extremely large source of revenues in the future.

Our estimate for the first quarter is $0.17-0.19 vs. 0.17 with
modest improvement in the second quarter and a strong
second half. MAI stock, in our view, discounts the worst case,
and does not take into account the potential inherent in their
leading-edge technologies. The stock remains on our Recom-
mended List.

PERIPHERALS
Tandon as a Play on PC Demand

With the PC production trebling in the coming year, it's no
wonder that IBM is getting into floppy and disk
manufacturing—Tandon can’t match the demand and others
aren't willing to become a second source to Tandon's low cost
manufacturing advantage. At the very outside limit, IBM might
be able to supply 50% of its internal requirements some timein
1985 or 1986, in the face of a demand curve calling for a trebling
in production of the IBM PC family in the coming twelve
months.

Assuming IBM’s intentions materialize, what would the
effect on Tandon be? If IBM tried to make 50% of their own
needs, Tandon's sales to IBM would still increase by 50% next
year because of IBM's estimated tripling of production. Not a
bad increase for Tandon, and quite in line with our expec-
tations, but does anyone really believe that IBM is going to be
able to keep up their end of this deal? Starting from scratch?
Forget it. So why is everyone hitting on Tandon?

Long-term, Tandon will remain the primary independent
supplier of the floppy drives used in the PC products and PC
media-compatible products that others produce, and since
everyone already has their floppy diskettes, and they always
will have to be read by the new equipment, the product line is
safe and can't be altered radically. There is even the possibility
of a license to IBM from Tandon to allow IBM to use the Tandon
design. That would be great.

_ Vfinmwers however, are another story. A Winchester disk
drive “talks” to the computer it is built into, and to no other. While
there have alyva\_;s been standards for the form factors, power
and communications protocol used by the disk drives, there is no
reason that a large systems manufacturer could not define a
different (read proprietary) disk drive and communications pro-
tocol for their products. It would give them a better lead on the
plug-compatible competitors and it could be designed with sig-
plﬁcanlcostaconomies. That is one problem. Tandon looks to be
in good shape here since they have no vulnerable business with
IBM in Winchesters, they have good customers, a small revenue
base, and they have a cost advantage over the competition in the
low-cost plated media they produce.

We have adQed Tandon to the Shearson/American Express
Recommended List and expect them to earn $1.10 in 1984 and
$1.70, 1985. While not all seventy-odd disk drive firms may make
it, we favor firms with low costs, a proven ability to manufacture,

proprietary design and we continue to recommend Tandon and
Quantum.

Additional information available upon request

TherﬂmunheranhasbeenoMamd!msowcaszchwebeﬁevetnbemﬁaue. but we do not guarantee its accuracy or completeness. Shear-
son/American Express Inc., its affiliates, its affiliated companies, or its shareholders may have a position in the securities discussed herein. = 1983 Shear-

son/American Express Inc.
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Fault tolerance adds two requirements. Some backup
hardware someplace must be available if something fails. In
addition, either the tasks are running concurrently or they
can be restarted to recover in case of failure. So
fault-tolerant systems have redundant hardware and the
ability to have the programs running concurrently in a
second location.

How the systems recover defines the difference. The
hardware approach, as exemplified in Stratus, runs
everything parallel all the way through the system. A fault
any place along the line is caught very early with control
passed to another set of hardware. Recovery is
instantaneous. There is no special programming required.
Unfortunately, there is no additional performance available
from the backup hardware. From a pure hardware point of
view, productive work is going on in half the system, and the
other half is indeed fault-tolerant overhead, This is hardware
overhead as opposed to software overhead.

Another approach today is Tandem's checkpoint method.
Every time there is some substantial activity, a checkpoint is
taken. The checkpoint is to a backup piece of hardware. In
case a primary process fails, the backup is up-to-date

_relative 1o where the application was al the checkpoint, so
the backup can restart and continue. One advantage is that
the backup processors are available to do additional work,
although recovery may take a litle longer. It takes a second
or two on the average for a Tandem system to recover.
Some of the disadvantages include frequent checkpoints.
Either the programmer does them himself, or the system
does them. But, a lot of overhead is involved. But the real
key is that it takes special fault-tolerant programming to
make this kind of system work, which is what we have seen
in the marketplace since the mid-1970's.

Our approach is similar to both these alternatives. In our
message-based system, the executive processor keeps
track of a queue and count buffer. A message coming in is
saved in case there is a failure. We don't process it. We don't
take checkpoints. We simply save the input. We save the
data to recreate the processing if there is a fallure-as
opposed to processing the data with a redundant set of
hardware, or sending massive amounts of checkpoint data
back and forth. In case of a failure, the input messages to
the backup process are in the buffer. These messages are
processed by the backup only when recovery is needed.
On the average, in a very large system, it is going to take
two to five seconds. So the recovery times that we quote are
measured in seconds, and they are not instantaneous. In
the meantime, whatever else was running continues. As
new transactions come in, rather than being routed to a
falled piece of hardware, they are routed elsewhere. The
approach is totally automatic. There are absolutely no

programming changes required. We take code off our two
VAX/780's for development and run it on our hardware
without changing a single line. There is no requirement for
the programmer to know anything about fault tolerance.

There is also minimal synchronization. Occasionally, the
input queue could build up and become very large over
time. Periodically, we do synchronize the various processors
in a process which is similar to Tandem's. The result is low
overhead for fault tolerance localized in the one 68000 in the
executive processor. From our early measurement, fault
tolerance consumes 10-20% of the system, so 80-90% of
the entire system is available for the customer’s workload
which is what the customer really buys.

The real challenge in fault tolerance is figuring out where the
fault is. And once you have it, of course, you have to replace
the failing piece of hardware. About 30% of our system
hardware in fact covers fault detection and recovery. Itisa
combination of ECC (error correction code) and parity. A
CMOS microprocessor on every board periodically checks
for problems. If there is an intermittent failure, this little
processor logs it into special, battery-powered memory.
When that board comes back to us for repair, we know
precisely what failed on the board.We also test the clusters
by checking the parameters as they pass back and forth in
the operating system to tighten up on software. Also, Stratus
has a great idea, and we do have our system dialing out for
testing and maintenance to identify which board may be
failing.

Other issues relate to programmer productivity and ease of
use. About half of our software expenditures concentrates
on these challenges, while the other half concentrates on
operating systems. Our relational data base is totally
compatible with IBM's relational data base called SQL/DS.
With our screen manager and menu development system,
the programmer needs only to write his COBOL, C,
PASCAL, or FORTRAN program without worrying about
many basic requirements. On-line help, an English-like
query language, and LISA-like user interface also serve the
user. A bit map display is not currently available nor is a mouse.

Historically, programmers really had to be cognizant of all
parts of the system. They had to worry about the data base
management, about dealings with terminals and about the
transaction manager. Menus took a lot of programming.
These requirements are met as a basic part of the system.
The programmers simply write as if it were a balch
environment. They have no concept of the transaction
processing. It is no more difficult to program our system
than a conventional computer. The programmer simply
makes calls into the data base manager or screen manager
through dictionaries.
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Over the years, no customer has ever told measystemwas ~ Q: What language did you use to write your code?

too fast, or too cheap or too easy to use. Mostly, they A: Our operating system is written primarily in C. But the
thought it was too difficult and too slow. We have really same portability will hold for COBOL, FORTRAN,
focused on price/performance. We do believe that function BASIC, and PASCAL. We have already tested it to date
through performance is the way of the 1980's. And that is between the VAX and the Altos systems. Obviously, the
why we have put in all these microprocessors doing their object code on the VAX is DEC's object code, and ours
specialized functions. Our entry system price is about is for the 68000. We simply recompile and run. We have
$140,000 for two clusters which provide 1.7 MIPs started the COBOL testing. We see no reason why the
(something in excess of a VAX/780), two megabytes of process won't be working in all languages.

memory and two 80 megabyte disks. All of the productivity :‘
tools in the basic system are bundled, without charging a ‘
separate price for the productivity tools. Everything is there

to encourage their use up-front.

LC12-11
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Tandem Computers End-User Survey

After several years of explosive growth,
Tandem, the leading independent vendor of fault-
tolerant systems for the on-line transactions
processing market, experienced a major setback
nearly one year ago as order rates fell and
revenues and earnings were restated downward to
reflect over-aggressive booking policies.
Accounting practices have now been tightened and
recent orders have shown some modest
improvement, leading to our expectation that
1984 will be an excellent year for the company.

We recently conducted a survey of 200
Tandem wusers (30% of its customer base).
Overall, the results were quite positive,
although several problem areas were
identified. Of the greatest significance, fully
97% of those polled had either definite or
probable plans to expand their Tandem
‘nstallations during the coming year. These

isers expected to add nearly 900 CPU's, which
represents more than two quarter's of Tandem
shipments. On the negative side, 22% of the
users were unsure whether they would choose

Tandem if the decision were made again. The
reasons were basically twofold: high cost and
support. Tandem's price/performance has
deteriorated as the operating system has

expanded and as competitive system prices have
come down. Software support was felt to be an
area in need of improvement. A new 16-bit
system should be introduced in the fall and
should answer some of the overhead/performance
problems.

On the 32-bit issue (and Tandem's lack
thereof'), 62% felt that such a system was either
very important (21%) or somewhat important
(41%). Tandem's entry into this market is not
likely until 1984. While current customers were
willing to wait, prospective ones may not.

While we have some concerns regarding the
current quarter now that the trade-in program
has ended and the new products have not yet been
introduced, we expect a very strong revenue and
:arnings rebound next year aided by a buoyant
economic environment and favorable product
cycle. We recommend purchase of the stock for

substantial potential capital appreciation.

_ sdem Business
lisciimation Center

Tel; (212) 349-7450
Telex 66544

TECHNOLOGY STOCK SERVICE

Update #2
July 25, 1983
Tandem s, Inc. .

0TC - .
Recent Price: $29
1982-1983 Price Range: $14-34
1985 Price Objective: $60
Annual Compound Appreciation: 4u%

Estimated 12 Month Downside Risk: 25%

Year Per Price/

(9730) Share Earnings

1980 $0.35 82.9x

1981 $0.72 40.3x

1982 $0.76 38.2x

1983E $0.80 36.2x

1984E $1.40 20.Tx

1985E $1.90 15.3x%

Dividend: None Yield: Nil

italization 's

Long~term Debt and Leases $ 21,102 8%

Common Equity 250,988 92
~ Total $272,090 100%

The company has 41 million shares
outstanding. Tandem's equity at
the current market price is valued
at approximately $1.19 billion.

(E) Estimates of Martin Simpson & Co., Inc.

This report is for the exclusive use of our clients. The information
has been compiled from sources ws balieve to be reliable but we do
not guarantee its accuracy or teness. This is not a solicitation
of any order 1o buy or sell. Mam dhﬂmmhﬂwlpﬁk
tion in and may from time to time purchase or sell any of the securi-
ties mentioned.

Member: New York Stock Exchange, Inc. ® Midwest Stock Exchange, Inc.




years of experience with the company. New customers represented
a small percentage of the total. This may possibly be explained
by two factors (1) newer users may be less likely to be members
of the International Tandem User's Group and thus were execluded
from the population (2) shipments to new customers as a
percentage of total placements have been declining for the
company as a whole.

TABLE 3

Tandem: Average Years Of Usage

No. Of Years As A Tandem Customer % Of Users

1 16%
2-3 47
4-5 32
6-7 g
100%

Average of All Users: 3.0 Years
‘Source: Martin Simpson & Company, Ine.
Geogrpahically, the U.S8. represented a

disproportionately large percentage, 85%, of the sample. U.S.
users were farily evenly split between the eastern and western

regions. Europe accounted for only 5% of the sample, yet
comprises 25% of Tandem's customner base. Participation from
Canadian, Asian and Middle Eastern users was also

underrepresented. This is attributable to two factors (1) no
telephone interviews were conducted outside the U.S. (2) foreign
users were under significantly more time pressure to return the
questionnaires.

Table 4

Geographic Distribution of Tandem Users

Eastern U.S. 44%
Western U.S. 41
Canada -
Europe 5

Asia, Middle East

Source: Martin Simpson & Company, Ine.




Survey Methodology And Sample Size

We recently completed a major survey of Tandem users.
Nearly 200 users were contacted, representing approximately 30%
of Tandem's user base, a very significant sample size. 170
responses were received by mail through questionnaires sent out
by the International Tandem Users Group (See Appendix) while the
remainder were surveyed in phone interviews conducted by Martin
Simpson & Company, Ine. The survey was conducted in the April -
June 1983 timeframe.

The 193 wusers surveyed had 1,454 Tandem CPU's
installed. The sample included both NonStop I and NonStop I
models, with an edge to the latter as can be seen in Table 1.

TABLE 1

Number of Tandem CPU's Surveyed By Model

NonStop I 552 38%
NonStop I1 902 62
1,454 100%

Source: Martin Simpson & Company, Ine.

The average installation size was 7.5 processors per
user. The typical NonStop Il installation was more than one-
third larger than the average NonStop I installation.

TABLE 2

Average Size of Installation By Model

No. of Processors

NonStop I 5.3
NonStop 11 7.2
Total 7.5

Source: Martin Simpson & Company, Inc.

Tandem User Profile

The typical Tandem user had been a customer of the
company for approximately 3 years. The distribution, as set
forth in Table 3, is heavily weighted towards users with 2-3




Distribution of the wusers by industry was highly
. correlated with the breakdown for the company as a whole, as can
be seen in Tables 5 and 6.
TABLE 5

Breakdown By Industry of Tandem Users Surveyed

Banking 19%
Insurance 2
Other Financial 6
Services 17
Manfacturing 14
Government
Medical
Software House/OEM
Education
Communications
Retail
Utilities
Transporation
Distribution
Entertainment
Computer Programming
Agriculture

. Religion
No Response
Scientifie

-
NN e e e QOO N O

. =

=
E:

Source: Martin Simpson & Company, Inc.

TABLE 6

Breakdown By Industry Of Tandem Users Corporate

Banking 19%
Other Financial 10
Manufacturing 11
Communications 10
Government 9
Medical 7
Distribution 3
Transportation 3
Other 28

100%

. Source: Martin Simpson & Company, Ine.




Banking, along with other financial sectors such as
insurance and brokerage firms, 1is Tandem's most important
industry group, accounting for nearly 30% of sales. This has
risen several percentage points over the past two years
reflecting both increased penetration in this marketplace as well
as a recession-related decline in the manufacturing sector.
Tandem has systems installed at 70% of the 25 largest banks in
the U.S., and has captured many leading U.K. banks as well. The
trend towards the widespread acceptance of automated teller
machines as well as the possible emergence of home banking,
presents an enormous marketing opportunity for Tandem. These
types of real-time, transaction processing applications demand
the fault-tolerance and data integrity that Tandem systems

provide.

Manufacturing usage of Tandem systems as a percentage
of the total has declined due tc the recent recession. Certain
geographical areas, such as Germany, Canada, and the MidWest
U.S., were particularly hard hit. As the economy recovers, we
would expect a resurgence in this sector.

Service industries (consulting, legal, ete.) have grown
in importance to Tandem as has the communications industry.
While users in the communications field were underrepresented in
our survey, we expect dramatic growth in this area for Tandem,
particularly as such services as Telextex grow in importance.

The government and medical markets are both quite
significant to the company, accounting for about 16% of the
total. Software houses and original equipment manufacturers
(OEMs) comprise a fairly small sector, while the scientifiec
market is of virtually no importance to the company.

In terms of system acquisition, the overwhelming
majority had purchased their machines (78%). Of those who had
leased, many were among Tandem's newer customers. The third

category comprises those organizations who use Tandem systems but
do not own or lease them.

TABLE 7

Tandem Computers: System Acquisition Method

Own 79%

Lease 14

Use, but does not own or lease 7
100%

Source: Martin Simpson & Company, Ine.




System Selection

As would be expected, Tandem's fail-safe capability was
the primary factor users cited in the seleetion process. Nearly
50% of those surveyed mentioned redundancy as the key reason for
installing Tandem. Ease of system expansion (particularly the
fact that no reprogramming is necessary) was cited as the most
important factor in the system selection by 24% of the users.
Networking and database management software were cited by 12% and
11% of those surveyed, respectively. Price/performance was
mentioned by a mere 1%, which correlates with the general feeling
expressed throughout the survey that Tandem's systems were too
expensive.

TABLE 8

Primary Reason Given For Selecting Tandem

Fail-Safe Capability 48%
Expandability 24
Networking Software 12
Data Base Management Software 11
Tandem's Reputation 1
Price/Performance 1
Other (1) N
100%

(1) Software, IBM Communications, support, ease of
developing new applications.

Source: Martin Simpson & Company, Inec.

Other factors which users mentioned as key reasons in
the selecetion process were (single responses):

1. Software

. IBM Communications

. Support

. Ease of Developing New Applications

. Desired Software Packages Ran on Tandem
Block Structured Language

Easy Operating System Maintenance

=3 N

Users were asked to rate the features listed in Table 9
in order of their importance in the selection process. The
higher the number, the more important the feature. While this
shows the same data as in Table 8, its presentation in Table 9
shows a tighter range in the value placed on the various




eriteria. Again, redundancy and expandability ranked highest,
while data base management software, networking software,
price/performance and the company's reputation were all rated in
the same general range.

TABLE 9

Reasons For Selecting Tandem

Fail-Safe Capability 5.5

Expandability 5.3

Data Base Management Software i

Networking Software 3.6

Price/Performance 3.5

Tandem's Reputation 3.3
Scale 1 Not Important

7 Very Important

Source: Martin Simpson & Company, Inec.

In terms of seriously evaluating competitive systems at
the time the decision to install Tandem was made, Digital
Equipment was most often mentioned (by 52% of those polled)
followed closely by IBM (49%). The other leading minicomputer
vendors, Hewlett-Packard, Data General and Prime, were mentioned
nearly one-third of the time each. The BUNCH companies
(Burroughs, Univae, NCR, Control Data, and Honeywell) were
evaluated much less frequently, while foreign vendors were rarely
looked at. At the time that most customers made their equipment
evaluations, the new fail-safe start-up companies either were not
in existence or did not represent a viable alternative. While 3%
of those surveyed had seriously considered Stratus (and rejected
it because of the company's lack of experience and/or less
power ful product), less than 1% had looked at Synapse and no one
had evaluated Computer Consoles, Parallel Computing, August
Computers or Sequoia. Fully 15% of the users had not evaluated
any competitive equipment, stating that Tandem offered the only
hardware/software solution that fit their needs.




TABLE 10

% Of Tandem Users Evaluating Competitive Equipment

None 15%
Digital Equipment 52
IBM 49
Hewlett-Packard 31
Data General 27
Prime 19
Burroughs 14
Honeywel 1 i0
Sperry Univac 5
NCR 5
Perkin-Elmer 5
Wang 3
Stratus 3
Datapoint 2
General Automation 1
Control Data 1
Modeomp 1
ICL 1
GEAC 1
Siemens O
Fujitsu «d
Gould SEL e
Qantel o
MAI - Basic Four a9
Synapse .5
Harris w3
Texas Instruments =

Source: Martin Simpson & Company, Ine.

Table 11 sets forth the ratings results on thirteen
characteristies of Tandem, ranked on a scale of 1 (poor) to 5
(excellent). No category was ranked lower than 2.56 (fair-good)
and the majority faired in the good - very good category. Again,
as would be expected, CPU reliability ranked best at 4.33, while
peripheral reliability was more than a full point lower. Disk
drive and printer failures were commonly mentioned as problems.
While service and support of hardware ranked high, software
support was given a low rating (this issue will be discussed
later) as was applications software (customers wanted to see more
from Tandem.) Service responsiveness recieved the lowest overall
ranking, with users commenting that while major problems were
quickly corrected, minor, but troublesome issues, took Tandem a
long time to resolve. Systems software products were all highly
regarded, with rankings from 3.0 to 3.95. Overall satisfaetion
with Tandem was quite high, averaging 3.9.



TABLE 11

Tandem: System Ratings

% Of
Users Responding

CPU Reliability 4.33 100%
Peripheral Reliability 3.23 95
Service Quality 3.61 100
Service Responsiveness 2.56 100
Hardware Support 3.61 100
Software Support 2.88 100
Applications Software 2.70 78
Operating Systems Software 3.65 100
Data Base Management Software 3.70 87
Networking Software 3.95 47
Applications Languages 3.50 93
Program Development Tools 3.00 87
Overall Satisfaction with Tandem 3.90 100
Scale: 1 = Poor

2 = Fair

3 = Good

4 = Very Good

5 = Excellent

Source: Martin Simpson & Company, Ine.

Users were asked what they liked most about Tandem, the
results of whiech are presented in Table 12. Once again,
reliability was far and away the most highly praised feature.
Users often commented that Tandem's eclaim to be truly fault-
tolerant was correct. Few customers mentioned any downtime
problems other than system ecrashes whieh occured when Tandem
maintenance personnel were working on the system (See Table
13). Other complaints were (1) there is no redundancy capability
in line controllers (2) Tandem's NonStop philosophy can lead to a
false sense of security if back-up functions are lost without
being brought to one's attention and thus certain failures need
to be highlighted or require operator acknowledgment and (3)
NonStop is difficult to implement in Fortran and TAL.

Many wusers complimented Tandem's treatment of its
customers, with the most frequent comment being a "feeling that
the company wanted the user to be successful." Following on the
same theme, its overall customer support was also well-regarded.

The system's performance and design (both hardware and
software) were frejuently cited as Tandem's greatest strengths,
as was its ease of expansion. Most competitive vendors require
users who need more computer power to upgrade to a higher-level




model, which is not only expensive and disruptive, but whieh
often requires some degree of reprogramming or software
modification. With a Tandem system, new CPU's can be added as
desired without interupting system performance. This has been an
enormous strength for Tandem and one which several of the newer
computer vendors (eg Convergent Technologies) have also adopted.

Several users praised the excellent quality of Tandem's
management and staff, with many stating that the level of
professionalism exhibited was unsurpassed in the industry.
Tandem's ease of use and hardware service were also considered to
be strong points.

Additional positive features mentioned infrequently and
thus not listed in Table 12 inecluded: data integrity, ability to
recover from system failures, education centers, and NonStop
I/NonStop II compatibility.

TABLE 12

Tandem Features Liked Best

No. Of Times Mentioned

Reliability 65
Tandem Attitude/Support 27
System Architecture/Performance/Quality 26
Expandability 20
Quality of Employees 18
Ease of Use 15
Hardware Service 14

System Software

Data Base Management System
Software Development Tools

Fast Response To Major Problems
Networking Software

Enseribe Software

SO b W v 0O W

Source: Martin Simpson & Company, Inc.

There were many more separate categories given in
response to what users liked least about Tandem. Leading the
list was cost. Many wusers felt that Tandem systems were
significantly overpriced. While Tandem has, from the start,
commanded a premium for its fail-safe capability, this premium
has increased over time due to several factors: (1) competitive
systems (not necessarily fault tolerant) have undergone dramatic
downward price adjustments while Tandem's prices have stayed
about the same, thus widening the price gap (2) new releases of
the operating system require increased overhead to maintain, thus
raising system cost. Many customers were sensitive to this
issue, complaining that they were forced to maintain an
increasingly costly operating system which has grown to support
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additional software products which these users did not require.
Several usrs commented that it now took four processors to run
the Cobol Compiler, where previously it required two, making it

@ not only larger, but slower as well. Clearly, the issue of
growing operating system overhead, whieh has a direct bearing on
price/performance, will have to be addressed in new products from
Tandem. Other cost issues related to maintenance, memory and
peripherals, all of whiech were felt to be priced out of line with
Tandem's competitors.

A major source of contention with Tandem was the issue
of software support/quality control. Many users felt that
software support was badly in need of attention. Customers were |
concerned that it took too long to get responses to questions |
from the company, in some cases, months. Software documentation,
in particular, was felt to be poor. Quality control has
deteriorated, according to some users, resulting in software with
S0 many bugs it could not run. Specifiec issues raised with
respect to software support and software products were:

1. Poor language support

2. Inadequate development tools - need more than
an editor and TAL compiler

3. Lack of interactive query language

4. Poor user orientation ("it's better on a P.C.")

5. Would 1like to see a manufacturing control
package and job accounting package for batch

& programs

6. Unavailibility of applications software

7. Complex structure of TAL: need language
between TAL and Fortran/Cobol

8. Software is untested

9. NonStop software is cumbersome

10. Difficulty in predicting system utilization of
an application.

Problems with peripherals related to several factors,
besides cost: (1) difficulty in interfacing non-Tandem terminals
(2) poor sequential 1/0 performance and lack of tape-handling
procedures (3) 600 1.p.m. printer failures (4) lack of disk
compression utility (5) difficulty in diagnosing sporadie disk
errors (B8) lack of a one command utility to remove disk
fragmentation and (7) lack of word processing support on the 6530
terminal.

As with most end-user surveys there is a certain degree
of inconsistency. For instance, while staff quality was
mentioned as a strength in Table 12, it was also felt to be a
weakness. Regional differences can best explain this, as most of
the complaints concerning employees were related to field serviece
offices in partizular locations. In terms of Tandem's
management, five customers expressed concern about its unorthodox
style which made it harder to sell the company to the user's top
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management . A few users also felt that customers were getting
involved, against their wishes, in internal company polities.

Other areas of concern were service, performance
(largely related to the operating system problems discussed
earlier) and documentation. Several users were upset about parts
replacement (reluctance on the part of Tandem to replace, rather
than fix, an obviously defeetive part) and its miecrocode poliey
(requiring it when not needed) which was felt to be a "marketing

ploy".

A number of customers felt that while Tandem was great
for interactive tasks, its ability to handle bateh processing
applications was weak and in need of greater support.
Additionally, a few users expressed concern that Tandem's pace of
new product development, both hardware and software, was too
slow.

Other drawbacks that vere singled out inecluded: (1)
sloppy hardware upgrades (missing parts) (2) pressure to buy
before discount period runs out and (3) lack of leasing
provisions.

TABLE 13

Tandem Features Liked Least

No. Of Times Mentioned

High Cost 26
Software Support 25
Software Quality Control 20
Operating System Overhead 16
Staff Quality 14
Peripherals 14
System Performance 12
Field Service 4|

After - Sales Support
Maintenance Downt ime
Software Development Tools
Documentation

Bateh Processing Capability
Tandem Management Philosophy
Microcode Policy

Parts Replacement

Not Enough New Products

ot -~ W

Source: Martin Simpson & Company, Inec.

Users were then asked whether they would still choose
Tandem if the decision were being made today. 78% answered
"yes", without reservation. The ecentral theme appeared to be

- 12 -




that Tandem still had the best hardware/software solution for
their needs, despite some very real problem areas. 7% were
unsure, stating that the competitive environment had changed
sufficiently since the original decision was made, presenting
other alternatives which would have to be evaluated. Fully 15%
stated that they would not choose Tandem again, with the most
conmon reason being its high cost. Other reasons were (1) would
prefer IBM (2) would prefer Stratus (3) poor high-speed
communications support and (4) disappointment with Tandem's
system performance and support. It should be noted that the
majority of the 15% responding "no", were planning to add to
their Tandem installations within the coming year, underscoring
the importance of an installed base.

TABLE 14

% Of Users Who Would Select Tandem If Decision Were Made Today

Yes 78%

Maybe 7

No 15
100%

Source: Martin Simpson & Company, Ine.

32-bit systems have repidly become the standard
architecture in the minicomputer industry. These systems provide
four prineipal advantages over 16-bit minicomputers. First, 32-
bit word length allows more direct memory addressing capability,
permitting direct access of up to 4 billion words or 16 billion
bytes versus 64,000 words or 128,000 bytes for 16-bit
processors. As a result, 32-bit systems have higher throughput
and are therefore more productive. Third, computations are more
precise as more significant digits can be carried through
caleulations., Finally, program development is made easier by the
longer word length.

Tandem's product line is still 16-bit. Customers were
asked how they felt about a Tandem 32-bit processor. 62% felt it
was either somewhat (41%) or very (21%) important, while 35%
considered the issue irrelevant,. 32-bit systems are generally
most appropriate in scientifiec applications, particularly those
with heavy number erunching tasks. As can be seen in Table 5,
none of the Tandem users surveyed fell into this group. While
many users felt that the type of processor was not important as
long as the system did the job, some felt that it would improve
system throughput. Others felt that since the industry was
adopting 32-bit ar.hitecture, Tandem should too. A 32-bit Tandem
system is not likely to be introduced before 1984 and will
probably not be fully compatible with Tandem's ecurrent 16-bit
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systems. While most users can wait until next year (though
perhaps not new customers), the compatibility issue will prove to
be a thornier issue, in our opinion.

TABLE 15

Importance Of Tandem 32-Bit Processor

Very Important 21%
Somewhat Important 41
Not Important 35
Undecided 235
100%

Source: Martin Simpson & Company, Ine.

"ENCOMPASS", Tandem's relational data base'management
system, has acheived excellent acceptance. As can be seen in
Table 16, 56% have installed or plan to install the product.

TABLE 16

Tandem: ENCOMPASS Usage Plans

Have Installed or Plan to Install 56%

Do Not Plan to Install 40

Undecided 4
100%

Source: Martin Simpson & Company, Inec.

Far fewer users, 18%, were planning to add "Transfer."
This is a new software product, which based on the "Expand"
network, will integrate electronie mail, facsimile and
communications. It will tie together all types of equipment,
regardless of the location or application.




TABLE 17
Tandem: TRANSFER Usage Plans

Have Installed or Plan to Install 18%

Do Not Plan to Install 70

Undecided 12
100%

Source: Martin Simpson & Company, Inc.

Table 18 sets forth the breakdown of installations
polled by model. NonStop II's have a decided edge over NonStop
I's, while 18% of the users had configurations consisting of both
models.

Table 18

Breakdown of Tandem Installations By Model

NonStop I 36%

NonStop I1 46

Both Models 18
100

Source: Martin Simpson & Company, Ine.

Tandem introduced the NonStop II in 1981. A trade-in
poliey was instituted whereby customers received larger and
larger credits for the NonStop I the longer they waited to

upgrade. This was done in to provide an orderly transition to
the new product line. At the final stages of the trade-in
program, 100% credit was given for NonStop I CPU's traded in for
a NonStop 1II1. (CPU's account for approximately 50% of total

system value). The trade-in program ended on June 30, 1983. As
can be seen in Table 19, 38% of those polled had already upgraded
while an additional 15% planned to do so (and we assume they
already have since the poll was taken before the program
ended). 13% had decided not to upgrade. Reasons given included
(1) not enough additional power to justify the additional cost
(2) paying for what you don't need (3) too costly, even with the
trade-in credit and (4) would prefer to front-end the system with
microcomputers and (5) are waiting for the NonStop III. Only 8%
had started out with NonStop II's, reflecting the diminshing
contribution from ne¢ew customers, versus old.

RS



TABLE 19

NonStop I1 Expansion Plans

Already Upgraded to NonStop 11 38%
Plan to Upgrade to NonStop II 15
Started With NonStop I1 8
Have Decided Not to Upgrade 13
Haven't Made a Decision Yet 18
No Response s
100%

Source: Martin Simpson & Company, Inc.

Table 20 sheds some light on the pricing issue at
Tandem, Average revenues per CPU have nearly doubled in six
years, despite declining prices for the industry as a whole.
Tandem has effectively maintained its prices, but is now running
into customer resistance. It should be noted, of course, that
newer CPU's are also much more powerful.

TABLE 20

Tandem Revenue Per CPU

CPU's Revenue Per CPU (1)

($000)
1977 69 $111.6
1978 176 138.1
1979 389 144.0
1980 653 166.9
1981 1,210 172.2
1982 (2) 1,542 202.4
1983E (2) 1,950 220.0

(1) Includes Service

(2) Increase in Revenues Per CPU are somewhat
distorted on the high side as shipments
represent net numbers and do not take into
account returned NonStop I's.

(E) Estimate

Source® Martin Simpson & Company, Inc.




Perhaps the most impressive part of this survey is the
fact that 97% will either definitely (58%) or probably (39%)
expand their installations during the next twelve months, while
only 3% will not. Not only does this demonstrate the value of an
installed base and how difficult it is to convert software to
another vendor, but also wunderscores customer loyalty to
Tandem. Many of the wusers who complained the 1loudest about
certain issues were the ones who were expanding their
installations the most! However, combined with the results shown
in Table 14 where 22% would possibly not choose Tandem again, it
highlights the faet that while existing customers may be loyal,
new customers may be hard to get unless some of the
price/performance and support issues are resolved.

TABLE 21

User Expansion Plans Within Next Twelve Months

Will Definitely Expand 58%

May Expand 39

Will Not Expand 3
100%

Source: Martin Simpson & Company, Inc.

Table 22 sets forth the percentage of users planning to
expand within the eight categories listed. 69% of those polled
were planning to add more Tandem processors. (This does not
include NonStop Il upgrades.) A total of 860 CPU's are expected
to be added over the next twelve months, averaging 4.46 per
user. Most were adding one or two CPU's while one customer
planned to add 30 processors. The 860 CPU's represent more than
two quarters' worth of Tandem shipments, indieating that if
customers follow through with their plans, 1984 should be a very
strong shipment year for the company.

TABLE 22

Tandem Expansion Plans By Product Category:
CPU's, Memory, Disk Drives, Terminals and Printers

% Of Users Expanding

CPU'S 6 9%
Tandem Memory 61
Non - Tandem Memory 5
Tandem Disk Drives 76
Tandem Terminals 37
Non - Tandem Terminals 49
Tandem Printers 21
Non Tandem Printers 52

Source: Martin Simpson & Company, Inec.
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TABLE 23

Tandem CPU Expansion Plans Within Next Twelve Months

No. Of CPU's Planned (1) % Of Users
1 37%
2 34
3-10 22
11-20 5
21+ 2
100%

Total CPU's Planned: 860
Average Planned CPU's User: 4.46
(1) Does not Include Upgrades of NonStop I's to NonStop II's

Source: Martin Simpson & Company, Inec.

61% of those polled planned to add Tandem memory. The
average addition was 6.8 megabytes per user and a total of 1,320
Mb. Only 5% were planning to buy foreign memory (a total of only
34 Mb). However, several users felt that non-Tandem memory would
become more prevalent unless Tandem lowered its memory prices.
To date, this has certainlly not been the case.

TABLE 24

Tandem Memory Expansion Plans Within Next Twelve Months

Amount of Memory Planned % Of Users

Less than 1 Mb 26%

1.5 - 4 Md 48

5 - 10 Mb 13

Greater than 10 Mb 15
100%

Total Tandem Memory Planned: 1.32 Gb
Average Tandem Memory Planned Per User: 6.84 Mb

Source: Martin Simpson & Company, Inc.
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TABLE 25

Non-Tandem Memory Expansion Plans
Within Next Twelve Months

Amount Of Non-Tandem Memory Planned % Of Users
Less Than 1 Mb 11%
1.5 - 4 Mb 33
5 - 10 Mb 22
Greater Than 10 Mb 0
Undecided 34
100%

Total Amount of Non-Tandem Memory Planned: 34 Mb
Average Planned Amount of Non-Tandem Memory
Per User: 180K

Source: Martin Simpson & Company, Inc.
76% of the users (more than any other category) planned
to buy more disk drives, for a total of 1,525 units, or an
average of nearly 8 drives per user. The most popular sizes were

128 Mb and 240 Mb capacities.
TABLE 26

Tandem Disk Drive Expansion Plans Within Next Twelve Months

No. Of Tandem Disk Drives Planned % Of Users
1=2 59%
3-6 28
7-100 10
101+ .
100%

Total Disk Drives Planned: 1,526
Average Disk Drives Planned Per User: 7.91

Source: Martin Simpson & Company, Ine.

While 37% of those surveyed intended to purchase Tandem
terminals, not too far below the 49% planning to add third-party
terminals, the difference is enormous in terms of the absolute
number of units to be added. Approximately 1,300 Tandem Model
6530 terminals will be bought, averaging 6.8 per user, with the
majority purchasin very small quantities. However, these same
users plan to buy nearly 17,000 non-Tandem terminals, for an
average per user of 86 units. As would be expected, cost is the
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major factor and several customers complained that Tandem priced
its own terminals at approximately three times the third-party

6 competition.
TABLE 27

Tandem Terminals Expansion Plans

No. Of Tandem Terminals Planned % Of Users
1-2 19%
3-5 25
6-10 17
11-40 29
41-60 4
61-100 2
101+ Vi
100%

Total Number of Tandem Terminals Planned: 1,311
Average Number of Tandem Terminals Planned Per User:
6.8 Units

Source: Martin Simpson & Company, Ine.

TABLE 28

Non-Tandem Terminals Expansion Plans

No. Of Non-Tandem Terminals Planned % Of Users
1-2 10%
3-5 15
6-10 22
11-40 24
41-60 13
61-100 5
101-500 5
500-1000 4
1000+ T I

100%

Total Number of Non-Tandem Terminals Planned: 16,676
Average Number of Non-Tandem Terminals Planned Per
User: 86 Units

Source: Martin Simpson & Company, Ine.
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The same situation prevailed for printers. More than

half of the users polled planned to add third-party printers, for

. a total of 1,053 wunits, or an average of 5.5 wunits per
customer. Only 21% expected to buy Tandem printers, for a total

ofi 183 units.

TABLE 29

Non-Tandem Printer Expansion Plans

No. Of Non-Tandem Printers Planned % Of Users

21%
27
44
8
100%

N bo -
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Total Number of Non-Tandem Printers Planned: 1,053
Average Number of Non-Tandem Printers Planned Per User:

9.5 Units
Source: Martin Simpson & Company, Inec.

TABLE 30
" Tandem Printer Expansion Plans
No. Of Tandem Printers Planned % Of Users
1 53%
2-5 3.3
6+ ].4
100%

Total Number of Tandem Printers Planned: 153
Average Number of Tandem Printers Planned Per User: .8

Units.
Source: Martin Simpson & Company, Ine.




Conelusion

The survey results were generally quite positive but
did identify some major problems that Tandem must cope with.
Overall, most users felt that Tanden still offered the best total
solution for their needs. Redundancy and easy expandability were
the most important reasons in the selection process, followed by
software, particularly data base management systems and
networking. While competition in the fault-tolerant marketplace
has intensified, Tandem still has a very significant lead, in our
analysis. The newer entries (Stratus, Synapse, August, Parallel,
No Halt) are largely still untested, often lack software, and
most are less powerful than Tandem. Several of the leading
computer vendors (Digital Equipnent, IBM, and Hewlett-Packard)
have introduced systmes with some degree of redundancy but none
offer truly fault-tolerant systems. Designing a fail-safe system
whieh is compatible with existing software is an enormous
engineering challenge.

Clearly, the survey results indicate a high degree of
customer loyalty as evidenced by the 97% who will either
definitely or probably expand their installations in the coming
year. However, the price/performance question is a thorny issue,
particularly in terms of operating system overhead. The new
products, due out later this year, should address this problem.
Until these products are announced, it may prove difficult to add
significant numbers of new customers.

The on-line transaction processing market is one of the
fastest growing segments of the computer industry. Tandem has an
excellent foothold in this market, particularly the banking
segment which is growing at roughly twice the rate as the
industry as a whole. The company's potential econtinues to be
enormous and $1 billion in revenues by 1986 appears to be a very
attainable goal.

Le-ellen Spelman

Additional Information Available on Request




APPENDIX

ITUG CONFIDENTIAL TANDEM SURVEY

lzuj’
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Dear Tandem Usar,

This brie! questionnaire has bean dunqmd to pravide the ITUG Board of Directorn and (he survey sponsor, Martin Simpson & Co._, with
objective, impartial, and unb d information about Tandem usets. Please lill this oul immediately and retum i in the attached save-
lope. The envelope has been pre-add d for your con *. The postage has been propaid for all respondents returning the ques-
tionnaire from a U S. location. International postal regulations pmh.nbll us lrom prepaying mail sen! irom outside the U S., 5o please
altach whalever postage is necessary to return this.

All of your answers will be kept STRICTLY CONFIDENTIAL. No individual respond will be idenufied. By guarantesing you com-
plate conlidantiality, we hope you will respond freely and accurataly.
Thank you very much lor your und ding and derat Please mail this on or balore May 20, 1983 so that your opinion is

counted. We nead to hear from you and appreciate your cooperation

INSTRUCTIONS: Ploase circle or mark the response(s) which are most appropriste. I you would like 1o make additional comments or
explain any ol your answers lurther, please use Page 2 (Lhe back) ol this sheet. Thanks!
A. Do yau or your organization own, lsase, or use a Tandem system? Pleass circle the answer which best describes whether or nol
you are an ollicial Tandem customer. Please circle only one anawer ) <4>
The Tandem computer system used by me and/or my crganization
1) is owned by me or my organization
12 is leasod by me or my organization
131 i used, but not owned or leased, by m» or my organization
B. How many years bave you been & Tandem cust ror & Tandem user? (Il you have been a customer or user lor less than 1.5
yeoars, plaase pul down “1" year.) <5>

(a) T have besn &4 Tandem customerfor yoar(s)
(b) Ihave boen a Tandomuserfor _____ years)
C. Whal is your principal application on or use ol your Tandem? <6-7>
D. Which unq:‘r cn!oqurv below best describes your nmmutm?{?lun circle only one answer Thmkm ] <8-9>
1] Basking 12] Fisance, excluding banking or insurance
[3] Iasurance (4] Education and/or scad
IS] Medical [6] Manulacturing
[7] Governmant 18] Transporiation
{9] Services |10} Secientihe
(11} Onhot (please specily) e —————
E. What is the gecgraphic location of your primary Tandem sysiem? (Please circle only one answer Thm.l you. 1 <lo>

1) Eastarn U S, {East of the Missisaippi)

12] Western U.S. (West of the Misuussippi)

[3] Europe (including U K. and Scandanavia)
[4] Canada

|5] Othar (please spacily the country)

Please rank your reasons lor salecting Tandem. Use & scale of | thru 7, where *1” = the least imporiant reason and “T" = the most
imporiant reason for selecling Tandem. Thank you

|——] F. NonSiop capability <li> [-— ] G. Tandem's repulation <1>
|——] H. Expandability <13 |1 1 Data Base managemeni soltware <l4>
[——] I. Price/Pardormance <15 | | K. Nelwotking capability <l6>

I | L. Other (ploase specily) g R e - —— <17>
M. What other vendors were seriously evaluated belore you chose T-ndtm"tP}ma circle as many as apply. Thank you.) <18-35>

[01] NCR (0] Prima 03] Data General
|04) Hewlat-Packard |05] Synapse 106] August Compulers
|07} Burroughs |08] Honeywell (09] Stralus
{10} Paragon Systems [L1] IBM [12) Parallel Computing
|13 DEC |14] Sequoia I15] Prime
|16] Computer Conscles  |17] Other (pleaselist) L
N. li the decision were baing made today, would you still select Tandem? <36>
(1] Yeu [2] Neo
O. Please brielly explain your answer to the previous question, Thask you <37-38>

Please rate Tandem on sach of the items, below, using the lollowing scale
I = Poor, 2 = Fair, 3 = Good, 4 = Very Good, 5 = Excallent, 6 = Don't Know/Not Applicable

P. |.__.] CPU reliability <39> Q. |.—_] Peripheral reliability <40>
R | | Service quality <dl> S. [——] Service responsiveness L Fad
N | Hardware support <A U. [ | Soliware support <44>
X1 | Applications soltware <45> W. | ___| Operating Systems software <46>
| | DBMS soliware <47> Y || Networking software <48>
Z 1 | Applcations languages <48> AA. || Program development tools <50>
BB, | | Overall satistaction with Tandem <51>
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Vv

ww

XX

Do you use o1 plan to use the foll g Tandem prod ?

CC. TRANSFER [1] Yes [2]|Ne <S>
DD. ENCOMPASS 1] Yes [2| No <53>
How important s a 32-bil Tandem processor to you? (Please circle one answe: )

1] Vesry impartant 12| Somewhal important |3] Not important
How many Tandem system CPU's do you have or use?

FF NonSiop | CPUs - <55.56> GG. NonStop Il CPU's <57.58>
Is your system or the one you use composed of TNS I's or TNS II's? The system | use conmists ol <59>
|1} only NonSiop I's [Z2] only NonSiop IT's |3] both NoaStop I's and NonStop IT's
I you have or had NenStop I's, did you or do you plan to upgrade 1o NoaSiep II's?

11] Already upgraded to NS 11 12] Plan to upgrade to NS 1l

[3] Stwarted with NS Il —never had NonStop <B0>
{4] Have decided nol lo upgrade IS] Haven't made a decison yet

I you answered “4" 0r ™5 in the last question. please brielly explain why you are not or may not upgrade Thank you <6i-62>

Will you be expanding your Tandem system in the next |2 montha?

1 Y datiniisly 2] Maybe |3] No, deliniely not <63>
i you answered, “Yes” or "Maybe”, ("1" m i 3 in the pr-cuqu question), please dncnbo how you plan to expand your system or
inmallation(s) and give the app of addit | pieces ol equip , as listed below, which you plan 1o acquire

(remombet, your otganization's name is not identified with this ress so all lnlnlmllton will be kept strictly conlidential), "Our
general plans are 10

- . — L A 4 _ <b4-65>

MM Number of additional CPU's 1o be acquired — <66-67>
NN. Amount of add 1 Tand o = <68-69>

OO0 Amun! of additional non-Tandem memory <70-71>
PP. Numbaer of additional Tandem disk drives: E <71-.73>

OQ Number of additional Tandem larminals: - <74.75>
BR Number ol additional non- Tandem terrmnals: <6 T>

SS. Numbe:r ol addstional Tandem printers: <78-79>

TT Number ol additional non-Tandem printers R = <B0-Bi>

(In the even! you do not have a specibic number, please give your best estimate for the preceding questions. Thank you )

| —— B s i 2 " AT
What = your single biggest compliment, i any, that you have lor or about your Tandem or about Tandem Computers
Incorparated?  [(That s, what do you like most?) <BH-BT>

What & your single biggest complaint, i any, 1lu| you have about your Tandem ot abow! Tandem Co:llputlu
Incerporated? (That is, wha! bothers you the most?) <B8-89>

Name the ungle most importan! suggestion you can make o imp the Int t | Tandem Usar's Group <80.91>

It you have additional comments, seggestions, or would Like to explain an answer in detail, please use the lollowing space. Please
feal l1ee 1o call Asron Harber st [303) 443.2620 for clarilication of any question

Please return this questionnaire (no later than May 20, 1983) 1o

Thank

ITUG CONFIDENTIAL TANDEM SURVEY
P. O. Box 2184
Boulder, CO B0306
USA.

you wery much for your cooperahion. The results will be published lor everyone in the ITUG NEWSLETTER. Again, return this

questionnaire on of bolore May 20th. Thanks!
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This service of the Technology Group is a monthly review of events and trends affecting companies in the
technology-related industries. Comments and observations in this publication are oriented toward clients
wishing to maintain general awareness of the conditions affecting investment decisions. Random-
Access Monthly supplements our more detailed analyses of individual companies and industry groups.

The IBM 4331, the smaller of the two 4300 systems introduced in January 1979, addresses a very critical
segment of the computer marketplace. It falls into the price/performance range where the overlap be-
tween the larger minicomputers and the smaller mainframes is most visible. This analysis compares the
IBM 4331 with several of the most important competitive products now on the market. The general conclu-
sions are:

* The 4331 is primarily designed to protect IBM's installed customer base.
* The system is best used in a batch processing environment.

The 4331 alters total system pricing, decreasing the importance of the central processor.

* Most mainframe competitors have responded with comparable price/performance offerings,
but the traditional 20-30% advantage has been erased, which focuses their attention on protect-
ing their own customer bases rather than attacking that of IBM.

* The minicomputer companies continue to offer superior pricelperformance products, which
preserves their advantage in traditional markets. Altered priceing strategies may make it more
difficult for several of these companies to prosper in the commercial data processing market-
place in the longer run.
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1. SUMMARY

IBM Defensive Response

The IBM 4331 is viewed as a defensive system designed to protect IBM's customer base; it is less an of-
fensive machine introduced to capture new market share. The impact of the 4331 will be felt most strongly
by those competitors which have been most aggressive in attacking the IBM base in the recent past.

The IBM 4331 is significant in the IBM product line because:

It places IBM’s batched-oriented “370-type’’ system in the low-price market to compete head-on
with the high-end minicomputers and competitive small mainframes.

It will significantly alter the role of the vertically integrated hardware manufacturer, system
houses, and the process of distributing small systems to end-users because the relative pricing
of hardware and software has changed, and because the computer processing unit (CPU) and
memory are only a very small percentage of total system price.

It overlaps in price with two other new IBM systems, the 8100 and System/38, yielding
competition within IBM and alternatives for the customer.

It confirms new plateaus of technology and price performance that others will have to attain
during 1980.

It will significantly enlarge the highly elastic small-scale, general-purpose computer market,
because of lower-price computation, memory, and disk storage.

The competitive and market objectives of the 4331 in decreasing order of importance to IBM are:

to prevent further erosion of the $5 billion of installed IBM System/370 models 115 through 138
(as well as older System/360 models 20 through 40) by providing a compatible and competitive
growth system, primarily for the batch processing market.

To provide a compatibie satellite small batch processor for current large-system users.

To provide a product for Data Processing Division salesmen to sell to large distributed data
processing prospects.

To provide an alternative upward growth path for System/3 and System/34 users to prevent
erosion of this base.

To provide a low-cost system that utilizes IBM's large operating systems, which changes the
selling effort from the raw hardware competitive arena to a ““total system™ competition.

w DEAN WITTER REYNOLDS INC.



4331 Market is Batch Processing

The major data processing market, when measured by dollar value of computer usage, has been, and fora
while will continue to be, batch data processing.

Large distributed data processing installations, while on the increase._ are typif:ally shut down at night and
turned into batch processing systems for one-half to two-thirds of their operating time.

Many systems that appear to be on line are actually performing on-line data collection and batch process-
ing functions.

It is in this market, batch data processing, that the 4331 will be the most effective, and where it is primarily
aimed by IBM's marketing efforts.

Although the 4331's on-line capabilities have been improved relative to the 370, they are primarily accom-
modations for the mixed environment of batch and on-line processing, and the 4331 will have negligible
impact on such traditional minicomputer markets as:

* Process control

* Scientific computation

* Time sharing

* Interactive small business systems

* Transaction processing.
Vertical Integration is Required
The 4331 is the first major step by IBM toward changing the distribution pattern of computers because it
substantially changes the relative values of the system components. IBM has always set the tone for com-
puter industry marketing practices, and the 4331 represents a significant shift in that tone.
IBM is in the systems business: Selling a total problem solution to the end-user. In the past, the solution
was primarily a piece of hardware sold on its value rather than on a muitiple of its cost. With the rapid
decrease in hardware costs, this old formula is not sufficient to provide acceptable revenue growth.
The basic instruction execution of the 4331 is more powerful than a 360/50, the commercial computer
workhorse of the 1960's. This is an improvement in price/performance over the 360/50 by a factor of 10 in
15 years. With the 360, software was free, terminals were rare, and the CPU and memory represented
about one-half of the total system price.

With the advent of the 4331, the economics have changed, and a typical total systems price is broken
down as follows:

CPU Memory 20%
Peripherals 38
Terminals 12
Maintenance’ 12
Software’ 18
100%

'Rental and monthly charges are capitalized as if they were a five-
year lease, using 2.3% of purchase price per month as the capitaliz-
ing factor. This is equivalent to 12.5% interest.




Market success under these conditions will require a vertically integrated manufacturer which has good
systems software and controls its maintenance force.

IBM Products Compete for Market

IBM now has three new products in approximately the same purchase price range: $100,000-500,000.
These are the 4331, System/38, and the 8100. Each of these offers different features for different markets,
but they compete by offering alternatives to the users and, by doing so, tend to block competition's move
into this price range. These differences are discussed more fully in Section 3.

4300 Technology Is State of Art

IBM is using new state-of-the-art proprietary technology which promises to produce logic components at
a cost of at least one-fourth that of currently available parts. IBM's financial strength allows it to price
these components based on their future cost rather than their current cost, which could be as much as
ten times higher than expected at full run rate.

The lower manufacturing costs could take at least two years to achieve as IBM builds up production
capacity and obtains manufacturing experience in the new technology. In the interim, the higher manufac-
turing costs will depress IBM profits for the 4331. However, at the end of the product cycle, the reverse
condition should prevail.

The net result is that IBM has produced a system that gives substantially better price/performance than
other mainframes which have similar cost structures. But the 4331 is still not as cost effective as the
major minicomputer vendors.

Price/Performance

Table 1 illustrates the price/performance of the major competitive systems in the 4331 class. The systems
chosen were those most likely to be involved in a competitive battle with the 4331, typically in a batch en-
vironment. If a directly competitive machine was not available, then a machine in the comparable price
range was chosen.

Table 1

RELATIVE SYSTEM RANKINGS
(Price Per MIPS)

Performance CPU System System
Vendor System (MIPS) Price ($K) Price ($K) Price/MIP ($K)
Tandem (2-CPU) 1.3 50 185-600 142
Perkin-Elmer 3220 o 45 135-560 193
Digital Equipment VAX 11/780 .9 100 210-660 233
Univac V77-800 .6 40 150-620 250
Data General C/350 .4 54 150-520 375
Prime 550 .4 70 190-660 475
Prime 450 .3 50 170-620 567
Honeywell 6/53 . 43 145-500 725
NCR 8555 .3 90 220-600 733
Honeywell 64/350 .3 155 250-650 833
Honeywell 64/320 -l 81 170-550 850
IBM 4331 o2 68 180-575 900
Burroughs 2930 2 ) 140 290-800 967
Digital Equipment 2020 .3 130 300-900 1000
NCR 8455 5 kg 50 170-550 1000
Hewlett-Packard 3000 III 12 110 190-550 1583
Hewlett-Packard 33 .07 55 120-500 1714
Univac 90/30 +15 140 280-799 1867
5 w DEAN WITTER REYNOLDS INC. '
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The performance is measured in millions of instructions per second (MIPS). The price is based on typical
systems or a minimum Central Processing Unit (CPU) as defined by the manufacturer. These figures

should only be used as a very rough guide to the relative value of the systems. .}‘\

Table 1 ranks the systems on the relative system price per MIPS. The lower the number in th'e last cplumn
of the table, the more effective the system appears to be. The 4331 ranks number 12 on the list and is over
six times as expensive as the best, the Tandem dual-processor system. Perkin-Elmer's 3220 shows in
second place in this ranking. DEC's older VAX 11/780is in third position.

4300 Closes Current PCM Market

Prior to the 4300 announcements, the plug-compatible mainframes (PCM’s) were the m_ost serious threat
to IBM because the user could switch vendors at negligible cost, without reprogramming. The 4331 and
4341, with their advanced price/performance and new technology, have made it more difficult for PCM's to

compete.

The cost of entering the PCM market was relatively small. A vendor could design a cost-competitive
machine for an engineering expense of under $1 million. At least one PCM designed a processor for an
engineering cost of $250,000. The engineering cost rises dramatically with increasing machine size,
especially in the 370/158 or 3031 class, just above the 4341.

Most of the PCM’s were also offering a 30-50% price advantage over IBM and now offer no advantage to
users over the 4300 series, except that of early delivery. In order to compete, the PCM's have had to intro-
duce new models.

We expect that one or two manufacturers may compete successfully with newly designed systems, the
most likely competitors being National Semiconductor and Magnuson. Both these vendors may seek
: specialized narrow market segments to compete directly against the IBM 4300 systems.

Mainframers Not Heavily Impacted

Mainframers such as Burroughs, Honeywell, and Univac must penetrate the IBM user base if they hope to
grow significantly faster than the market. However, at the low end of the market, their growth has been
due as much to finding new users as to switching IBM users.

| With the announcement of the 4331, these vendors must now look to protect their own installed base,
which could become attracted to IBM's better price/performance. However, the cost of reprogramming
will keep most users from making a rapid switch to a noncompatible machine.

With the 4331 announcement, all mainframers except Univac were quick to counter with their own new an-
nouncements to show their users a path for growth and, therefore, reduce the temptation to switch to
IBM. Generally, these new systems are about equal to the 4331 and do not offer the traditional 30% better
price/performance offered by non-IBM machines.

Short-term, the mainframers will not be significantly impacted by IBM. But long-term, the impact could be
more severe as lthey are forcpd to be'come more vertically integrated, from components to peripherals, in
order to maintain thelf margins. Their growth will also be slowed to the extent that past revenue growth
has come from switching IBM users to their own equipment.

Minicomputer Impact Will Be on Future Market Potential

Unlike the mainframe companies, most of the minicomputer compani i

: panies, Hewlett-Packard being a notable
exception, have a better price/performance than the 4331. There is no need for them togrush new
announcements. Sor‘ne of the current mini offerings—such as the Tandem system, Digital Equipment's
V?;. or Pt:;k:T-Elmeir"sl3220—-o::19_r three to six times better price/performance than the 4331. Normal new- ‘
product offerings will improve this ratio even more, so that, on a price/perf is. 1 inis can
easily compete with IBM. price/performance basis, the minis ca




Over the longer term, the outlook for the minicomputer companies must be viewed in a different context.
In order to maintain their fast growth and grow faster than the old electronic data processing (EDP)
market, the minis will have to add to their traditional markets by entering the commercial data processing
marketplace, where they will compete head-to-head with IBM.

The raw price/performance is only one factor in making a sale in this market. With the competition’s per-
formance margin reduced because of IBM's improved product offerings, other factors such as periph-
erals, software, and services, where IBM has more entrenched strength, will come more fully into play.
The other new IBM products—the System/38, aimed at first-time and on-line interactive users; the 8100,
aimed at the distributed processing markets; and the Series/|, aimed at the large end-user and process-
control markets—will compete in the province of the minicomputer manufacturers.

IBM has less inherent advantage in these markets but, through sheer force of size and reputation, may
capture a sizeable share of an expanded market.

2. THE IBM 4331

An Improved 370/125

The 4331 is primarily an improved version of the 370/115 and 125 models, using new technology. The basic
internal machine organization is very similar. However, the data path width on the 4331 is significantly im-
proved to 32 bits, providing much higher performance.

The 4331 is constructed of completely new technology, with 700 circuits on a chip versus two circuits for
a 370, and 64k bits of memory on a chip versus 2k bits on the 370. As the cost of a chip is relatively

constant, once full production is reached, the 4331, even with more circuits, will be considerably less
expensive to build than the replaced 370 models.

4331 Differences

The net result is that the 4331 has an improved price/performance. It offers slightly less performance than
a 370/148, at a price less than the 370/115, for a five to six times overall improvement in price/performance.

The 4331 has a MIPS rating of 0.2 and a price of $180,000 for a minimum system, leading to a price of
$900,000 per MIPS. The system price includes a capitalized value for monthly maintenance and software
charges.
The major new features of the 4331 are:

* New architecture (i.e., instruction set)

* Improved input/output capabilities

* New peripherals

* Reliability, availability, and serviceability

* New software.
Architecture

Architecture, as defined by IBM, is the instruction set and other system functions visible by and available
to the user. It is not the internal data flow design of the computer.

w DEAN WITTER REYNOLDS INC.




ure could be easily changed, if desired. However,
large cost of developing system software to sup-
ibility to preserve the user's software investment.

Because the 4331 is microprogrammed, the architect
IBM changes architecture very slowly, because of the
port the new architecture and the need for compat

Initially, IBM's large-system architecture was defined by the System/360 in 1964.' Approximately a dozen
new instructions were added for the System/370 architecture in the early 1970's. The 4331 introduces

another new architecture with about a dozen new instructions.

The new architecture is called Extended Control Program Support (ECPS). The user instruction set is
equivalent to the 370, to preserve compatibility for user programs. The privileged mstruct_ton set used by
the operating system is completely changed, which will protect the new software from unlicensed usage.

The 4331 user has two choices of architecture: The older 370 or the newer 4331 ECPS mode. The decision
as to which mode to use is determined at the time the system power is turned on and can be changed for
different job environments by changing microcode. It is feasible for IBM to alter the microcode to emulate
competitive machines, just as was done for the 360.

Using the new architecture mode in conjunction with an improved version of the old operating system
that puts more system functions into microcode, the operating-system overhead is substantially reduced
and could be as much as one-third that of a standard 370, considerably enhancing actual system

performance.

The primary difference between 370 architecture and the 4331 ECPS architecture is in the use of single-
level addressing for main storage and disk 1/0. Previously, to perform disk /O, the operating system had
to know the physical track, sector, and byte address of the data. With ECPS, the system only has to know
the page number. The disk controller's microcode maps the page address into the correct physical
address.

The system programmers and users are no longer concerned about the physical compatibility or layout of
the storage media. The 1/O controlier takes care of the problem. This will allow IBM to change /O media
and develop new compatible disk drives.

Input/Output

The 4331 I/O is considerably improved over the 370, not only in the addressing previously described but
also in speed. The total I/O rate of a 4331 is 2.3 million bytes per second, compared to the 1 million bytes
per second for the average competitors in this price class.

In a batch environment, tapes and disks are read sequentially, and /0 speed rather than MIPS could be
the primary measure of total system performance.

Another aspect of the 4331 l/O, similar to the 370/125, is the use of integrated 1/0 adapters. Functionally,
the adapters include additional microcode used to perform the channel and I/0 functions. The adapters
degrade system performance because either the adapter microcode or the central processing microcode
can be running at one time. However, the adapters are much lower in cost than the alternative of separate
controller boxes.

Peripherals

Coupled with the new 4300 announcements were several new peri 5
v ann b peripherals. The most important announce

ment was the 3770 disk drive with 570 million bytes of storage. Its incremental price of sp23 000 per unit, or

$40 per million bytes, is the lowest in the industry. '

The new drive also has a read/write speed of 1.8 million bytes per second, almost half again as fast as

other disk drives. This is a definite improvement for a batch environme i :
- nt where the disk is read sequen
tially. The 3770 attaches to the 4331 through an integrated disk adapter. Average accese: time is 20 ms.




As an alternative to the 3770, IBM also offers the 3310 disk drive, the eight-inch rigid disk called **Piccolo,”
which has spawned a large number of imitators. The 3310 stores 64 million bytes, with an average access
time of 27 ms. and a data transfer rate of one megabyte per second.

. Both of the new IBM disk drives introduced the notion of fixed-block architecture. All data are recorded in
preformatted 512-byte blocks which are directly addressable under the single-level addressing scheme
mentioned earlier.

A new printer, less expensive than the older models, complements the peripherals lineup. The 3203 model
5 allows printing at 1,200 lines per minute, further enhancing the batch processing orientation of the 4331.

Reliability, Availability, Serviceability

A major facet of the IBM system is the increased emphasis on reliability and maintainability. This is
reflected in the maintenance costs, which are 0.25% of the purchase price per month compared to 0.5-1%
for most other manufacturers.

The increase in system reliability is due to:
* Adecrease in component count, because of the high-density chips
* Error check and correcting (ECC) bits in memory
* Extensive internal checking
* Extra heavy-duty power supply.
The increase in maintainability is due to:

. * Improved microdiagnostics that will pinpoint the failing field replaceable unit (FRU) 80% of the
time and reduce the problem to one of three FRU's most of the remaining times.

* Maintenance of the systems by swapping good FRU's for bad, which are repaired at a central
site and not at the customer site.

* A separate maintenance console with microdiagnostics that allows the 4331 to be quickly
switched on-line to a remote service center for error checking and test.

Software

The software for the 4331 is basically the same system software as used on the System 360/370. The
primary operating system for the 4331 will be 370 DOS or the enhanced version, Extended Control Pro-
gram Support: Virtual Storage Extended (ECPS:VSE), which uses the new 4300 architecture and puts cer-
tain common routines into microcode.

Another popular operating system for the 4331 will be the Virtual Machine (VM) operating system. The VM
system supports a simple interactive time sharing system and will be the primary operating system for
interactive environments.

With the 4331's relatively slow speed and small memory, it cannot adequately handle the larger MVS
operating system. Additional software is needed to make the 4331 a high performance interactive system,
competitive with the minis. For example, an interactive VAX will support two to three times the number of
users as a 4331,

. The software prices have been revised, not only for the 4331, but for all IBM systems. If a user elects to
use 370 architecture and 370 software, then the 370 prices apply. If the user elects to upgrade the soft-
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re to take advantage of the new 4331 architecture, then there are additional software charges.
wa

th, or 20% of a fully loaded system price. In @ morg
software costs over $1000 per month,
;l;h;;;ng;::::‘ the extra software cost will be from $300-$800 per month, or 15-20% of the 1ot system )

price.
Table 2 summarizes the strengths and weaknesses of the 4331.
Table 2
IBM 4331 STRENGTHS AND WEAKNESSES
STRENGTHS

=370 Compatible

-Low price

-Low manufacturing cost

-Made by IBM

-Bateh software

-High reliability, availability, serviceability
-Fast 1/0

-Low electrical power

-New disk drives

WEAKNESSES

-Poor performance in an interactive environment
-Slow performance compared to minis

-Maximum main memory size of 1 million bytes )}
-Requires a system programmer 4
3. RELATION TO THE OTHER IBM PRODUCTS
In price, the 4331 Competes with two other IBM products:
* The 8100—Data Processing Division (DPD)
* The System/38—General Systems Division (GSD)
Each of these systems has certain strengths and weaknesses which aim them at certain markets
. :r':g ;Logi:;sh:rl.:::e?;%g:::da"d _has two models. One model is priced lower than the 4331,
elis just about equal in price/performance to the 4331
;I‘r:'l: 432;taar:'l;;StBhalso has two models. The lower-priced s about equal in price/performance to
. e higheris midway in price between the 4331 and 4341
The characteristics used by IBM to segment the market among these systems are
gt?:ﬁﬁ::ac:g:rg?::oer'nnp?x?::gs?t:gd development Controlled and implemented at the local user
* Isasystems Programmer required?
* Are the applications batch- or transaction-orienteo? | )
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The managerial control of the system is a strong issue to IBM because of the sales territory for the DPD
and GSD sales forces. If acompany is centrally controlled and is not a first-time user, it is DPD sales terri-
. tory. If the control is at the local site or is a first-time user, then it is GSD sales territory.

The use of systems programmers is related to the degree of customer sophistication. The smaller and
less sophisticated the customer, the less desire or need for an expensive systems programmer. This
definition also coincides with the GSD sales territory.

As the systems become larger and more complex, the talents of a systems programmer are required.
All three of the low-cost IBM systems can support a communications environment, such as remote job

entry or satellite processors, but the market distinctions are in the managerial control and first-time user
issues. Table 3 summarizes the market positions of the three IBM systems.

Table 3
MARKET POSITIONS
4331 8100 System/38

Bateh/Transaction

Oriented Bateh Transaction Transaction

. System Programmer

Required Yes Yes Usually No
System Design &

Control Local Central Local
Sold By DPD DPD GSD
User Sophisticated Sophisticated Unsophisticated

Omitted from these definitions and, therefore, a weakness in IBM’s low-end computer line, are some of
the traditional mini markets:

* Interactive computations
* Scientific computations
* Process control

* Transaction processing.

’ The Series/1 addresses some of these markets but with a much lower price/performance than the 4331.
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4. BURROUGHS CORP.

Summary

Burroughs should feel little impact from the 4331 and stands to maintain its position in the smaj.
business-system marketplace.

Burroughs announced two machines to counter the 4331. In its small stand-alone small-business-system
line, it announced a dual-processor 1885 configuration. However, this is sufficiently below the 4331 in
both price and performance (about $30,000 in price and 20-30% less in performance) that it was not ana-

lyzed further.

The most important machine in the 4331 price/performance range is the 2930, which is available as either
a uniprocessor or in a multiprocessor configuration with up to four central processors.

Although the 2930 protects Burroughs from IBM on a price/performance comparison, Burroughs is still ex-
posed without a mainframe-type system in the $150,000-200,000 range for a complete system, well under
the 2930's minimum system price of $290,000.

The strength of the 2930 will be in the transaction- and communication-oriented markets, where the com-
bined communication front-end processors and the network software will make this a strong contender in
the low-price market.

Price/Performance

The single CPU 2930 system offers a MIPS rating of 0.3, or 50% faster than the 4331's MIPS rating of 0.2,
and at a price for a minimum complete system of $290,000 leading to a price per MIPS about 7% higher
than the 4331. A multiprocessor system lowers the price per MIPS by about 30% per processor, bringing
Burtroughs to the same price/performance as IBM, but at about twice the price—$340,000 for a minimum
system.

The 2930’s strength is in a communication environment, where the 4331 is relatively weak. The 2930 uses
programmable front-end processors to handle the communications, and their effective MIPS processing
rate must be added to the main processor to provide a better comparison. The 2930 also uses separate in-
tegrated microprocessors for the disk controllers, further increasing the effective MIPS rate. The 4331 has

integrated disk controllers, but they time share the central proce
; ssor functions. rroughs
2930 has a much lower price per effective MIPS than the 433?1. Tt e s

Burroughs' main memory, at an incremental price of $15,000 per million bytes, is tied with IBM and lower

than any other surveyed machines. The memory uses 16k-bi ’ I
margins for Burroughs than other parts of the product Iine_h|t chips and will probably result in lower profit

The logic circuitry of the 2930 is

qQuite advanced, ; :
circuitry containing 700 gates per chip. using a chip with 800 gates, compared to IBM's new

Peripherals

O 3330 i
$40 - Philosophy and are priced at $140 per million
gz::zz:::;l’ess = :;Jr IBr': s nfnav;:0 3770. Because the drives yse an r::ln:ler!r technolozr;c?ge t:re: slzwer. with
© order of 30 ms. and data rates of 1 million b o nd 1
million bytes per second for the IBM 3770, ytes per second versus 20 ms. and 1.
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Reliability and Serviceability

The Burroughs maintenance and reliability philosophy is similar to IBM's in that the 2930 has a separate
maintenance processor. While the IBM maintenance processor can only operate when the system is
stopped, the Burroughs maintenance processor operates continuously and simultaneously with the main
processor to detect faults.

Part of the monitoring process includes monitoring external power fluctuations and temperature to
assure proper system operation. Only the 4331, among the surveyed systems, also offers this feature.

The maintenance philosophy is reflected in the maintenance prices, which are relatively low, 0.7% of the
purchase price per month. This is the lowest, next to IBM, and a standoff with NCR among the main-
framers.

The high-reliability philosophy, coupled with the multiprocessor configuration, gives Burroughs a very
high availability, which is needed for the transaction market.

The transaction-processing market is discussed more completely in the section on Tandem.
Software

The Burroughs software, although more than adequate, is not as extensive as some of the others, and its
data base management system, priced at $17,000, is among the most expensive.

On a total system basis, Burroughs has one of the lowest software prices, at 6-7% of the total system
price compared to 15-20% for IBM.

5. DATA GENERAL

Summary

Data General is one of the companies that will be somewhat impacted by the 4331, but in an indirect
fashion.

As a major minicomputer manufacturer moving from the traditional markets of OEM, scientific, real-time
response, etc., into the end-user markets, especially the IBM customer base, Data General now faces a
new competitor in IBM. With this new alternative solution available, many users will elect to remain with
IBM, especially those who are batch-oriented.

Price/Performance

Data General has been among the most aggressive leaders in technology, and the price and performance
Data General offers bear this out.

The Data General system that comes closest to the IBM 4331 in price is the Eclipse 350 (C350). On a total
system basis, a C350 runs from $150,000 to $500,000 compared to the IBM 4331 price of $180,000 to
$575,000. On a CPU-only basis, the price is comparable to the C350 priced at $54,000 versus the 4331 at

$68,000.

The C350 is a new machine, announced in the fall of 1978, and fills what had been a gap in the complete
line of business-oriented processors offered by Data General, ranging from the C150 at $80,000 for a com-

plete system to the M600, which can cost $1 million for a complete system.

On a performance basis, the C350 ranks about the middle of the surveyed systems, with a MIPS rating of

D WITTER REYNOLDS INC.
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350 is a 16-bit machine. Benchmark testing confirms this rating
used, the C350's performance could range from 0.2 0 0.4.

0.4, after adjustment for the fact that the C
but, depending upon which benchmarks are

Buyers of the C350 can adjust the system performance by the type of memory they purchase. A noninter-
leaved memory is standard, but a two- or four-way interleaved memory can be purchased, raising the
performance by 15-20% for a nominal $2,000-6,000 price, depending upon memory size and degree of
interleaving. With interleaving, the C350 becomes equivalent to a 32-bit wide memory in speed.

On a price per MIPS basis, the C350 is priced at $375 to $1,300, depending upon system size, less than
one-half IBM's $900 to $2,800.

The high end of the Eclipse family is capped by the M600 model which, on a system basis, is about
$50,000 more than the C350.

Although the main processors of the C350 and M6B00 are identical, the MB00 produces significantly faster
performance through an additional high-speed arithmetic unit, up to eight-way memory interleaving, and a
front-end/back-end multiprocessor architecture that increases the effective MIPS rate by adding the
speed of the two processors.

Input/Output

The standard I/O speed for the Eclipse series is relatively slow, with a speed of 1.5 million bytes per
second. Burst /O rates are higher.

Peripherals

Data General's peripherals appear adequate for the market segments they currently occupy. However,
IBM’s 3370 is clearly superior. The largest disk drive offered is 277 million bytes, with an incremental cost
of $136 per million bytes versus IBM’s $40 per million bytes. For a large, billion-byte data base-orlented
system, this would result in a price difference of $100,000 per system.

Data General was one of the last minicomputer companies to react to IBM's new memory pricing stategy
by cutting the C350 price from almost $70,000 per megabyte to $27,000. While the latter is significantly
higher than IBM's $15,000, it is less than a 2% difference on the total system price.

Reliability and Serviceability

The maintenance and reliability of the Eclipse is Standard for a minicomputer with few extra features to
aid in maintenance except for microdiagnostics. Data General, however, has given some extra attention

to power supply design, a major part of system unreliability, allowing the sytem to operate in a 20% under-
voltage environment.

The maintenance prices of the Eclipse are among the highest t
of the surveyed ines, running abou
22-23% of the total system price, or about 0.8-0.9% per month of the hardw:r); p,i’:‘:.‘-"h nes, ru g

Software

On an overall basis, the Data General software is one of the we

: k ithough
Data General has strengthened it with several recent improveme e

nts.

Data General offers no data base management System, aithough one may be bought from a third party.

ing the system to act as a remote processor toan IBM
also available. system. IB
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The COBOL offered compared favorably with other minicomputers but is substantially lacking in features
to be able to compare it to a mainframe COBOL.

Data General’s new operating system, AOS, first offered in 1977, has many good features and is a substan-
tial improvement over the earlier RDOS.

6. DIGITAL EQUIPMENT CORP.

Summary

Digital Equipment Corp. (DEC), along with Prime, may be one of the two companies most strongly im-
pacted by the IBM 4331. This impact will be evident in a possible lessening of the growth rate rather than
in an outright decline in sales, but it will be difficult to measure since DEC and Prime may find it harder
than before to penetrate IBM's user base and may put their efforts into other markets, thus continuing at
the same growth rate as in the past.

There are three DEC products that compete against the 4331 on a price basis. The first is the DEC 2020, a
36-bit system which DEC considers a mainframe. The second is the VAX 11/780, DEC’s 32-bit mini-
computer. The third is the older PDP 11/70, a 16-bit minicomputer. While the latter is the most popular of
the three DEC systems, it will not be the main future competitor in the commercial marketplace and there-
fore was not further analyzed.

The VAX was first announced in 1977, and although it is upwards compatible from the older PDP/11
family, in its own native mode it is a completely different system offering full 32-bit instructions and vir-
tual memory capabilities. The VAX 11/780 is the main future thrust of DEC. The single model in this family
is expected to be extended in the near future with additional members.

Markets

The DEC System 20 is primarily aimed at the interactive computing market, and about 600 units of all
models have been sold. The model 2020, the smallest and most comparable to the 4331, has had about 200

units installed for a total value of about $100 million.

The major market tapped by DEC for the 2020 has been the in-house time sharing market. Many com-
panies have switched from time sharing service bureaus to an in-house 2020 and achieved a reduction in
expenses plus an increase in capacity.

Because of its timesharing orientation, it is unlikely that the 2020 will be impacted by the 4331 in this sub-
market. However, about half the 2020's have been sold as stand-alone batch processors to replace exist-
ing systems, including 360/30’s and other older IBM equipment. This portion of the 2020 market will be
severely impacted by the 4331, if not dried up completely. This is a relatively small dollar volume for DEC,
at $50 million per year, and will have negligible impact on DEC’s total corporate picture.

The initial market for the VAX is the traditional minicomputer market of scientific and interactive work.
Some early users have commented that, with the interactive programming development capabilities of
the VAX, software development costs have been one-half to one-third that of other systems. As the VAX
software improves, this system will be extended more into the commercial data processing marketplace.

The 4331, while not as fast as the VAX, will slow DEC’s entrance into the batch market by providing the
IBM user with a fully compatible machine for upward growth.

Price/Performance

The DEC 2020 is a 36-bit computer, aimed at the mainframe market. Its MIPS rating is 0.3, 50% faster than
the 4331's 0.2, and its price is also 50% higher than the 4331, running from $300,000 to $900,000 for a com-
plete system.
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On a price per MIPS basis, the 2020 is slightly more expensive than the 4331: at $1,000 to $2,600 per MIPS
versus the 4331's $900 to $2,800, depending upon system size and configuration.

Recent user benchmark on the 2020 found that in the interactive environment it was considerably more
productive than either the 4331 or the VAX 11/780.

The VAX picture is different. The VAX 11/780 has a MIPS rating of 0.9, the highest of any of the systems
analyzed except the Tandem dual-processor system, and a system price about 20% higher than the 4331,

at $210,000 to $660,000.

The price per MIPS of the VAX was among the lowest of any of the systems analyzed, ranging from
$200,000 to $700,000 per MIPS, one-fourth that of the 4331 and ranking third behind the Tandem system
and the Perkin-Elmer 3220.

DEC’s main memory was originally priced at $40,000 per megabyte, but after the 4331 announcement,
DEC reduced this price down to a very competitive $18,000 per megabyte.

Peripherals

As a batch processor, the 2020 has relatively good peripherals, with 176-megabyte-capacity disk drives
and a 1.2-million-byte-per-second tape drive. These were the equal of the IBM equipment until the an-
nouncement of the new 3770 disk on the 4331.

The VAX has a very high l/O rate for its price, at 8 million bytes per second, three times that of the 4331,

The peripherals for the VAX are DEC's 176-million-byte RP06 disk drive, the same as used on the 2020, and
a very slow 45-inch-per-second tape drive. This tape is unsuitable for batch processing and can only be
used for disk backup, further underlining the fact that DEC is not seeking to sell the VAX in the batch
market.

The RPO6 disk drive has the highest price of any of the systems analyzed, with an incremental price of
$193 per million bytes, almost five times that of IBM's $40 per million bytes.

DEC’s CRT, the VT 100, is an extremely competitive device, and next to IBM's 3270 has proven so popular
that there is now up to a two-year wait for a terminal. It is priced at $1,900 for a plain terminal, or $2,200 for
a 132-character-per-line version with extra features. This compares to $3,000 for a plain 3270 and more for
more sophisticated versions.

Reliability and Serviceability

DEC is one of the few companies that places strong emphasis on reliability and maintainability. The VAX
has a separate maintenance computer (an LSI 11) for monitoring the behavior of the system and perform-
ing diagnostic work. This emphasis is paid back to the user with low maintenance prices that run about
0.5-0.6% of the purchase price per month, well below the “normal" mini price of 0.9% and the lowest
percentage of any of the companies except IBM. On a large system, IBM's maintenance cost is 15% of the
total price versus the VAX's 16%, a negligible difference. The next lowest is Tandemn at 18%, while most
systems are in the 20-22% range. ) i

The DEC 2020 does not place as much emphasis on reliability as the VAX, and it : .
: s maintenance prices are
about 20% higher, but still under those of a typical minicomputer. P

Software

DEC bundles most of it software into the system price, reducing its apparent software costs and raising
its apparent hardware costs.
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The VAX was designed from the ground up as a completely integrated system; that is, the software and
hardware were designed together, not separately. However, like most new systems, it has not yet reached
its full potential. In order to bring the machine to the market as quickly as possible, DEC used much of the
older PDP/11 software and is gradually phasing in the native mode software to achieve VAX's full
potential.

An example is the COBOL compiler. The original PDP/11 version is very slow and, on benchmark tests,
was one-half the speed of the DEC 2020 COBOL, a machine one-third the MIPS rating of the VAX. The new
COBOL is being phased in by DEC and is approaching the native speed in its capabilities.

The current line-up of native mode software is still relatively weak and includes only an operating system,
DECNET network program, COBOL, and FORTRAN compilers. No database management systems exist,
and RPG, PU1, and APL languages are not supported.

In the interim , the full range of PDP 11/70 software is available for use on the VAX, and this is the widest
range of software available for any minicomputer.

The DEC 2020 has a relatively full complement of software, with a good COBOL compiler, DECNET net-
working software, and a database management system.

7. HEWLETT-PACKARD

Summary

Hewlett-Packard (HP) is in an ambiguous position relative to the 4331. On a straight price/performance
chart, the HP 3000 is the lowest ranked except for the Univac 90/30, which shouldn’t be compared as it is
completely noncompetitive. However, from a sales standpoint, the 4331 has had a negligible impact on
HP, and the future impact will also be relatively light.

Market

The HP systems are aimed at a completely different market than the 4331. They are primarily aimed at
first-time, unsophisticated users for interactive- and transaction-oriented applications. The database soft-
ware on the HP 3000 is the most sophisticated of any of the minicomputer systems; this greatly simplifies
software development, making it easy for new users to program.

HP's user orientation plus its strong IBM-compatible RJE communications software has allowed HP to
make a significant penetration into the IBM user base as a distributad processor vendor. Because the HP
3000 is designed to be easy to program by end-users at remote sites, HP will be impacted more by the
System/38 than by the 4331 or even the 8100 series.

Price/Performance

HP has two systems that are price competitive with the 4331. They are both relatively new. The larger 3000
Series 11l was first delivered in late 1978; the smaller model 33 was first delivered in early 1979. The latter
uses HP’'s advanced Silicon-on-Sapphire (SOS) technology, which reduces the CPU logic to three chips.

These systems bracket the 4331 in price: The model 33 is 30% lower than the 4331, and the Series lll is
about 10% higher.

On the MIPS scale, both HP systems have less performance than the 4331, by at least 40% for the Series
Ill and at least 60% for the Model 33. In absolute speeds, the MIPS ratings are 0.07 and 0.12, respectively,

compared to 0.2 MIPS for the 4331.

On a price/performance basis, both HP systems are nearly twice as expensive as the 4331, with price per
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MIPS running from $1,500 to $7,000 versus the 4331's $900 to $2,900, depending upon system size and
configuration.
It is difficult to make a direct comparison based only on a MIPS analysis because of major internal struc-

ture differences between the HP and IBM computers, such as the fact that th_a 3000 is a 16—b_it mini-
computer and uses stack architecture for intermediate storage, while the 4331 is a 32-bit machine and

uses registers for storage.

The number of terminals supported is a better measure of performance than MIPS for this environment.
Because HP's systems are designed as interactive systems, they will support more terminals than a 4331.
The model 33 will support 10 to 15 terminals, compared to IBM's 8 to 10, while the Series IIl should sup-

port 20 to 30 term'nals.

HP has reacted tc IBM's announcement by cutting in half the incremental cost of main memory from over
$30,000 per millicn bytes to $15,000 per million bytes. This has a very small effect on a total HP system
price, reducing the total price less than 5% for a typical system. Its primary impact—the ability to say that
HP offers the same price as IBM—is psychological.

HP also reacted to the IBM 4331 by dropping CPU prices on both the Model 33 and Model 11l and bundling
some of the software into the hardware price. The net result of these three changes was a total system
price reduction or the order of 10%.

Input/Output

For a batch environment where the /O speed is important, the 3000 may be slower than the 4331. The
Model 33 has an I/0 speed of one million bytes per second; the Series IIl has a speed of 2.8 million bytes
per second, serving a single device. This compares to the 4331's aggregate data rate of 2.3 million bytes
per second and the ability to serve two 1-million-byte devices simultaneously.

Peripherals

Compared to the 4331, HP peripherals are very limited. The largest disk drive offered by HP has a capacity
of 120 MB and a restriction of 8 drives, or 1 billion bytes per system. The Model 33 has an even smaller
capacity. The 4331 has a capacity of nine billion bytes of on-line storage.

The tape drive offered by HP, at 1600 BPI and 45 IPS speed, is too slow to be used in a batch environment
but is adequate for backing up the small HP disk drive. The speed and capacity are inadequate to back up
alarger drive, and if HP announces a larger disk, a new tape drive will be needed.

The HP CRT's are very easy to use _and very sophisticated. HP was one of the first to offer a movable
screen to improve operator productivity and the first to put function keys directly on the CRT, making
them easier to use.

Reliability and Serviceability

HP's systems designs are strongly oriented toward high reliabilit

y and low maintenance costs, and HP is
one of the few vendors that offers remote debugging capabilities for i : ance
support processor is used as a diagnostic processor. FIS TSI A Sopurate Viaiton

HP maintenance prices are less than those of most other manufacturers, accounting for about 20% of the
total system price, two to five percentage points lower than most otheriv.. When comparing just the hard-
ware, the maintenance costs run about 0.5% of the purchase price per month, well below the typical
minicomputer cost of 1% per month and about 20% above |1BM's prices fora Iarge; system

18




Software

HP software is among the strongest offered on any of the minis. It is a completely integrated and pro-
prietary system. The major thrust of the software is interactive- and transaction-oriented. The database
and file inquiry languages are among the best.

Neither the HP software nor hardware is oriented toward the batch processing market. The COBOL is
among the weakest, supporting only the 1968 version, not the 1974 like most other companies.

HP is also going counter to the industry trend of unbundling software. Its latest announcements bundled
in previously separated software. Because most of the software is bundled in, HP's apparent software
price is the cheapest, 5% of the total system price.

Bundling reduces the number of options and makes it easier for an unsophisticated user to buy from HP.
All of this keeps pointing HP to its ultimate end-user market, the first-time user.

8. HONEYWELL, INC.

Summary

Honeywell, like Univac, can compete against the 4331 from two different levels—minicomputer and main-
frame. At the minicomputer level, Honeywell competes with the Level/6 Model 53 and at the mainframe
level with the Level/64 Model DPS 320 (Distributed Processing System).

Both the Level/6 and Level/64 now have nearly identical MIPS ratings and system prices, but they differ
vastly in applications approach. Neither should be strongly impacted by the 4331 in their typical markets.

Markets

The Level/6 is a typcial 16-bit minicomputer, with good software for a mini but poor for a mainframe. A
strong data communication capability and supporting software make it a good distributed data process-
ing product. The software support is not aimed at the first-time user market; it is more complex and harder
to use than many other minicomputer offerings. The Level/6 does not have the raw performance of other

16-bit minis in its price class.

The Level/64 Model DPS 320 is also a strong communication-oriented system. Its primary purpose is to
protect the Honeywell installed base of H200 class systems. There are over 800 of these systems in-
stalled, with an aggregate purchase value of about $1 billion. The Level 64/DPS is expected to extend this

base into the Distributed Processing System market.

Both Honeywell systems are strong contenders in the communication environment. The Level/6 is
stronger for small transaction-oriented systems; the Level/6 will be more competitive to the 8100 than the

4331.

Price/Performance

On a price per MIPS basis, the 64/320 is lower than the 4331, but does not provide the usual 20-30% price/
performance advantage users would expect for switching from IBM. As a result, Honeywell salesmen will
be constrained in attempts to capture new customers from the IBM base.

Honeywell also offers a larger version, the 64/350. It is 50% faster, with a MIPS rating of 0.3, at a price in-
crease of 50% for a small system, resulting in a price per MIPS slightly higher than the 64/320.

The 64/350 aims at a gap in the IBM line by offering a system at a price between 4331 and 4341. However,
this gap should be plugged by IBM with the expected upgrade announcement to the 4331. (Subsequent to

a DEAN WITTER REYNOLDS INC,
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ced the Level 64/DPS-330, which super-
10% greater performance than

the detailed comparisons used in this analysis, Honeywell announ
sedes both the 320 and the 350. This new machine offers approximately .
the DPS-350 and should be a strong contender in this segment of the marketplace.) )

titive with the 4331 is the Model 53, an.
The Level/6 minicomputer system model most directly price competiti : :
nounced in early 1972. The basic instruction rate of the Model 53 is slightly faster than the 4331; however,
the Model 53 is only a 16-bit machine. To some extent, the 16-bit deficiency Is overcome by a two-way
interleaved memory which has many of the speed characteristics of a 32-bit wide memory.

On an overall basis, the adjusted MIPS rate is 0.2, equivalent to the 4331. The price per MIPS, on a system
basis, is substantially lower than the 4331, at $725,000 per MIPS, because the CPU is less expensive.

Peripherals

On an incremental basis, Honeywell's prices are among the best. The fixed media disk drive is priced at
$50 per million bytes versus IBM's $40 per million bytes. Main memory has an incremental price of $20,000
per million bytes versus IBM's $15,000. Both differences, while sizeable in percentage, are negligible in
terms of total dollars for the system sizes analyzed.

Reliability and Maintainability

Neither of the Honeywell systems is particularly noteworthy in the maintainability or reliability areas.
Only single processor systems are offered, and the maintenance prices are in the middle ground, running
about 20% of system prices.

Software

Honeywell has relatively mature software, with both Level 6 and Level 64 software having migrated \
through several generations. /

The Level/6 software is not as first-time-user-oriented as other minicomputer software, and more systems
knowledge is required to use it.

Both Level/6 and Level/64 software have strong communication capabilities. The Level/6 offers the TOTAL
data base management software, from CINCOM. The COBOL is quite weak when measured against I1BM
or even against Honeywell's own Level/64 COBOL system,

The Level/64 offers strong data base management systems support languages.

9. NCR CORP.

Summary

NCR responded quickly to the 4331 with a brace of products bracketi |
t : 55 is 10%
under the 4331 in performance, while the new 8555 is 50% faster. apd it 'k

protect the current NCR base but also provid
customers who cannot wait for the long lead times on delivery of the 4300's

From a hardware and software stand

point, NCR s in the s ¢ ' om-
petitors for the following reasons: trongest pasition 005 TRNE FomgH e & )|
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* NCR offers a full range of five compatible systems ranging in price from $100,000 to several
million dollars.

* NCR's new fixed media disks compete with IBM in price at $50/MB, compared to IBM’s $40/MB,
anegligible difference even for a large system.

NCR offers a full multi-processor virtual memory operating system.

* NCR's strong emphasis on reliability and maintainability give it one of the lowest maintenance
prices of any mainframe vendor except |BM, at 0.7% of the system price per month versus
IBM's 0.5% per month.

* NCR's strong communication emphasis is combined with low-price integrated communica-
tion controllers on the smaller machines.

* NCR's main memory price of $20,000/MB is among the lowest of any vendor and is inconse-
quential in difference on a system basis versus IBM's $15,000/MB.

Markets

Markets for the 8455 or 8555 will be found among NCR’s traditional customers, primarily in banking, retail-
ing, and manufacturing.

No announcements were made concurrently with the new processors that would suggest any substantive
change in NCR'’s marketing strategies.

System Description

All the new systems use NCR'’s new Virtual Resource Operating System (VRX) to provide a full virtual
memory capability. The larger of the machines, the 8555, is also available in a multi-processor configura-
tion to provide a high availability system with up to four processors. The 8555 dual processor system
would be in the same price and performance class as the 4341.

NCR offers a further advantage in that its low-end Criterion series, which starts in price at $50,000 for a
complete system, is upwards compatible with the 8455 and 8555 systems. This provides even the smallest
user complete upwards growth visibility and offers the large user the ability to configure distributed
processing systems, which are program compatible, with a very wide variety of processors.

Price/Performance

The 8455 hardware is less expensive than the 4331 by over 25%. However, this is not the total price seen
by the user. NCR software is among the most expensive of all the companies examined, at approximately
20% of the total system price. When the extra software expense is added to the slightly higher mainte-
nance costs, the total system price of the NCR 8455 is a wash with the IBM 4331.

The 8455 is 15% under the 4331 in performance, with a MIPS rating of 0.17, and about equal in price; the
8555 is 50% faster, with a MIPS rating of 0.3, and only 20% more expensive, with a system price per MIPS
of about $733. For multi-CPU configuration, the 8555 would have an even lower MIPS price.

This gives the NCR 8555 the best price/performance ratio of the mainframe products analyzed.

Input/Output

The 8555 has the highest internal bus speed, 36 megabytes per second, of any.of the systems analyzed.
Despite the high internal bus speed, the I/O speed of the 8455 and 8555 is only two megabytes per second,

about equal to the speed of the 4331.

DEAN WITTER REYNOLDS INC.
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Peripherals

Although NCR is competitive with IBM on disk drive prices, at $50 per million bytes, the operating
capabilities are inferior. The average access time of the newest NCR drive announced in 1978 is 35 ms.
versus IBM’s 20 ms., or 50% slower. This time is most critical in a transaction environment. In a batch
environment, the read/write speed could be even more critical, and this is 1.2 million bytes per second for
NCR versus 1.8 million bytes per second for IBM's 3770—also a 50% difference.

Software

The software on the NCR is a reasonable configuration of languages and facilities, including a network
control language. CINCOM'S TOTAL is used as the data base management system.

10. PERKIN-ELMER

Summary

Perkin-Elmer could stand to benefit the most from the 4331 announcement. Far from being adversely im-
pacted by the announcement, Perkin-Elmer could seize the opportunity offered by IBM's slow delivery
schedule to enhance its position significantly.

Perkin-Elmer’'s new 32-bit system, the 3220, first delivered in the summer of 1979, is similar to the 370
architecture and, therefore, is more directly comparable to the 4331 than most other systems studied.

Perkin-Elmer can deliver a system with 4341 capability at less than a 4331 price.

Perkin-Elmer's even newer 3240 system, announced in October 1979, could fill the price gap between the
4331 and 4341, while offering performance substantially better than that of the 4341,

The ability of Perkin-Eimer to take advantage of the 4331 opportunity will depend upon the speed at which
it can react to the marketplace.

Markets

Perkin-Elmer’s traditional marketplace has been in the scientific, engineering, simulation and related
markets, and the 4331 opportunity would represent a major change in market direction. Management
statements have identified a strategic desire to enter the commercial market. However, the specific
marketing efforts to date seem tentative.

Perkin-Elmer’s thrust into the commercial marketplace could be heavily aided by an IBM-compatible ver-
sion of the 3220. A minor modification to the hardware and software would allow the 3220 to run any 360
and 370 user-written code without modification. This would include all of the IBM compilers and any code
generated by the compilers.

The 3220 is not a PCM in that it cannot run IBM operating systems, nor can it plug into IBM peripherals,
but it can run the user object code.

Price/Performance

Typical system prices for the Perkin-Eimer 3220 are $135,000 to $560,000, compared to IBM's $180,000 to
$575,000.

On a system price per MIPS, Perkin-Elmer’s 3220 is less than $200 per MIPS, well below the 4331 at $900
per MIPS.
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Input/Output

The I/O speed of the 3220 matches its internal speed with a rate of eight million bytes per record, or about
three times faster than the 4331.

Peripherals

Perkin-Elmer uses the CDC storage module, as do many other minicomputers, for disk drives and has a
relatively high price of $164 per million bytes compared to IBM's $40—a very significant price difference.
However, CDC is just beginning delivery of its Winchester-style drives that are interface-compatible to the
storage module disk drives, which could improve Perkin-Eimer's relative disk drive prices.

Perkin-Elmer also offers 6250 BPI tape drives if required, the same speed as IBM’s drives.

Perkin-Elmer makes a very low priced CRT that sells for about $500 in quantity. The use of this CRT sub-
stantially reduces the price of a large system.

Reliability and Maintenance

From a reliability and maintainability viewpoint, the 3220 is a middle-of-the-road machine. The main con-
sole can be used to initiate diagnostics that can be run to determine gross machine faults, and an error-
logging facility keeps track of current and potential hardware problems. On a price basis, the PE 3220 is
right in line with other minis, with maintenance prices at 0.9% of the purchase price per month, well
above IBM's 0.5%.

Software
Perkin-Elmer offers RJE support to enable the use of the 3220 as a remote job entry system to a 370.

The FORTRAN compiler is one of the most sophisticated available, having an excellent optimizing
capability.

The rest of the Perkin-Elmer software is relatively weak. There is no data base management software or
networking capability. The COBOL is comparable to other minis but lacks features that would make it

acceptable in the mainframe world.

There is no support for PL/1 or the APL languages.

An interactive operating system provides a reasonable level of support for interactive processing, and a
transaction oriented monitor will support 30-50 terminals for transaction processing.

11. PRIME COMPUTER

Summary

Prime could be among those most seriously impacted by the 4331 announcement, but in an indirect
fashion, by reducing the opportunity to continue to invade the IBM base.

Markets

Prime’s initial market thrust was in the scientific and interactive processing market, where Prime's high
speed and virtual memory capability provided a significant advantage.

Prime had this market niche to itself until DEC’s VAX 11/780 provided a superior product on the higher end
and WANG provided virtual memory systems both above and below Prime in price.

w DEAN WITTER REYNOLDS INC.
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* High system availability

* High system reliability ‘)
i)
* Relatively low data transmission per transaction

* High data base integrity.

On-line data entry, where data are captured but not processed, constitutes the bulk of thg current.on-llne
distributed data processing market. This is not the same as transact!on processing. Time sharing and
interactive computations as found in engineering or planning type applications are also different from the

transaction market.

High availability and high reliability, although related, are not the same system design characteristics. A
system with high reliability could have low availabilty or vice versa. A system with hundreds of operators
that is unavailable for even short periods, idling the operators, would be very expensive in lost business
and operators’ time. A financial transaction system that processes a single million-dollar transaction in-
correctly would be unacceptable, even though the system had high availability. These applications put a

high premium on data base integrity.
Performance Characteristics

The MIPS rating has less value in measuring systems performance in a transaction environment. The im-
portant measurement is number of transactions per hour. This measurement is related to the total system

throughput, which includes:

* Hardware speed

* Applications software ‘\)

* Systems software

* Data base software

* Disk and terminal I/O speeds.
It is often impossible to determine how many transactions a system will process until the system is
designed and built. It may also be difficult to estimate the number of transactions to be processed
because volumes may grow drastically as users become familiar with and learn to use the system.
Tandem, with its unique multi-processor approach, is able to satisfy these multiple requirements:

* Modular growth

* Availability

* Reliability.
If a user misjudges the transaction processing requirements of his/her system, he/she may plug in
another central processor at a small incremental cost to provide the additional computing capability. Add-

ing the processors is typically a one- or two-hour job and can be done while the system is running.

The 4331 is available only in a single processor configuration, thus not s ;
’ olvi roblem
in nearly as satisfactory a manner as Tandem. g S8 URSES GROWED IO '-.“
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The largest installed Tandem system currently uses 14 processors. It is possible to use 16 processors in
one system. Up to 2§5 Systems may be connected in a distributed data processing network. The multi-
processor configuration also provides high availability by automatically sharing the work load among the
other processors if one processor stops working.

High reliability is obtained by extensive self-diagnosis within the Tandem system.

Price/Performance

On a MIPS basis, a single Tandem processor is three times faster than a 4331 processor. However,
Tandem systems are sold with a minimum of two processors, resulting in over six times the performance
of a 4331 at approximately the same price.

On a transaction processing application, the Tandem system should support five to ten times the number
of transactions that a 4331 does.

Each program in a Tandem environment can address 128k bytes of memory for program space and an ad-
ditional 128k bytes for data. Each processor can support 256 programs running at the same time. A single
processor can have 2 million bytes of memory, and a Tandem system can have 4 MB. of memory.

On a total system price, the Tandem system and the 4331 are comparable, differing by less than $5,000 for
a small system and less than 15% for the large system, but Tandem’s greater performance gives it a price
per MIPS under $150,000 versus IBM's $900,000 per MIPS.

Peripherals

The IBM 3770 disk drives have considerably faster access time—20 ms. versus 28 ms.—than the CDC
storage module used by Tandem. This could be a mitigating influence on the transaction rate.

However, the Tandem “mirrored Database” software can write two copies of the data on different disks.
Each disk is assigned to perform half the reads, which can cut average access time to about 14 ms. In
many on-line applications, the system performs four to six reads for every write. Therefore, the average
access time in the Tandem system is considerably better than the raw hardware would suggest.

The IBM 3770 disk drive, incrementally, is about one-third the price of the Tandem disk, at $40 per million
bytes versus $130 for Tandem. For a large system, this is a $100,000 difference. However, if Tandem
upgrades to the CDC Winchester, which is interface compatible, the difference would be reduced.

Tandem uses the Lear Siegler CRT, one of the lowest-priced CRT terminals available. It is priced at one-
half the IBM 3270 CRT, reducing the cost of a large Tandem system.

The /0 channel on the Tandem system is capable of transferring data at 4 megabytes per second. That is
nearly twice as fast as the 4331 and gives further advantage to Tandem’s total throughput.

Reliability and Maintainability

The 4331 design stresses reliable components, so that the single processor configuration will provide
high availability. The design philosophy includes extensive testing and diagnostics to analyze and locate

faults and facilitate quick repair.
The Tandem approach is completely different. Tandem has designed in extensive checking to make sure
the processor is operating reliably, but once a processor fails, the workload is automatically switched to

another processor. This approach reduces the component count needed for a single processor. Mainte-
nance is performed by swapping a good processor for a defective processor, while the system is running.

The 4331 architecture, as currently defined, precludes a multiprocessor design, but even if the archi-
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tecture expands to allow multiprocessing, major new software would be ne'edeld ;{c; arlllo:ﬁ more than twe
processors to be tied together. IBM's most sophisticated software provides for load s aring, but does not
handle the dynamic case of taking the workload from a failing processor and giving it to another

processor to continue where the first one left off.

dem system. The dollar difference, at $500 to
The maintenance price for an IBM 4331 is half that of a Tan ’
$1,000 per month, depending on system size, translates to $20,000 to $40,000 in equivalent purchase price

value in favor of IBM.

Software

A major factor in total system cost is the cost of developintg user programs. Most Tandem systems will
be installed for new applications, often where the user is converting from a batch to a transaction
processing environment.

Although the Tandem software is not as extensive as IBM's, it is sufficient for the applications most often
approached.

Tandem offers all the major languages, such as COBOL, FORTRAN, and Data Base Management, inquiry
programs, report generators, screen formatters, and networking software.

More importantly, the system is oriented toward on-line program development and transaction process-
ing. Many facilities that would have to be specially coded for a 4331 are already available in Tandem's
system. Tandem users report that program development, using Tandem's proprietary language, TAL,
often takes one-third or less the time necessary on an IBM system. This could be a very significant dollar
saving for a Tandem system user.

The Tandem software has considerably less overhead than the IBM software and provides substantially
greater throughput in the transaction environment.

13. UNIVAC
Summary

Univac could be heavily impacted by IBM’s 4331

unless “ in‘rOd C i i he next sixto
twelve months. uces new equipment within the

have less relevance in the batch market, which is the 4331 stronghold

The 90/30 is the most direct competitor in the mainframe market

The 90/30

competitive with the 4331, as it wae el o Ough it was competitive with the IBM/370, it is not

ne-half times worse than the 4331.
;heegrp:\:vr::%p:;:izfgtgg:??&ies;meczgr;ﬁ;ma:?“';200 users of the smaller 90/25 looking for a compatt
. ) S of the much older 9200 | s ibriges

are approximately 2,000 current 90/30 ysers with | e M St o
; hstalled equipment val rice of about
$1 billion. These users could consider moving either to the 4331, for an ?::r:;:epil:zg?fi)er;ance at onée-
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half the monthly price of the 90/30, or to the 4341, which would give a five- to six-times increase in per-
formance for the same price.

. To date, probably few, if any, Univac users have ordered the 4331. Most orders taken by IBM have been for
customer upgrades. But the second round of competitive marketing could begin within the next year, and
it s in that environment that the Univac sales force will definitely need better price/performance products
in this area.

It is important to note that a substantial portion of the 90/30 customer base formerly consisted of IBM
customers using the older 360/20’s and 360/30’s. Without a competitive offering, Univac might find some
customers returning to the IBM fold.

The V77-800

Poor as Univac's mainframe competitive position is, the minicomputer picture is much better.

Univac purchased Varian Data Machines, a pioneer and one-time leader in the microprogrammed mini-
computer market, in June of 1977. Varian was merged into Univac and is now managed under the same

part of the corporate structure as the BC/7 small business computer.

In 1976 Varian announced the V77 family. Univac's first announcement since acquiring Varian occurred in
1978, with the V77-Model 800, which predated the 4331 announcement by a month.

The market for the V77-800 is the typical minicomputer market, with a heavy emphasis on communication-
oriented applications. More recent announcements, such as an extensive manufacturing software
package, signal Univac's intention to use the V77 in the end-user market.

The V77-800 should feel a negligible impact from the 4331, except for the typical minicomputer problem of
. the IBM customer who has no place to go and might have chosen Univac before the 4331 announcement.

Price/Performance

The V77-800 stands fourth in price/performance of all the surveyed systems, three-and-one-half times bet-
ter than the 4331. The hardware is about $30,000 less for the small system; it is somewhat more expensive

on the large system because of the costly Univac disk.

The raw MIPS performance of the V77-800 is almost three times that of the 4331, after adjustment for the
16-bit word of the Univac. Direct MIPS comparisons must be weighted by the fact that, like most minis,
the V77-800 is a 16-bit machine, while the 4331 is a 32-bit machine, requiring twice as many memory

fetches for the same amount of data.

The main memory speed for the V77-800, of 600 ns. for a 16-bit word, is considerably enhanced by 2k bytes
of 150 ns. cache memory. With an expected hit ratio of 93-95%, the effective overall memory speed is 200
ns. Even after adjustment for the 16-bit wide memory, the V77-800’s effective memory speed is two-and-

one-half times as fast as that of the 4331.

The writeable control store used to microprogram the V77-800 is 64 bits wide and has a cycle time of
165 ns.

system is the ability to attach up to four systems together to provide a

A major advantage of the Univac
: . r this configuration is relatively limited at the present

high-availability system. The software support fo
time.

of the V77-800 is almost one-half that of the 4331 and is the major reason
the cheapest of the surveyed systems, at $24,000 per

. The CPU and main memory price
. byte system that sells for $400,000.

for its price advantage. Main memory is among :
megabyte. This is a negligible price difference in a one-million-
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Input/Output

The I/O speed of the V77-800 is fast for a minicomputer, at two million bytes per second, close to the ‘)
speed of the 4331's 2.3 million bytes per second.

Peripherals

Univac disks are relatively expensive at $125/MB. compared to the $40/MB. for the 4331. For the large
system, with one billion bytes of disk, this could cause a $100,000 price difference.

Reliability and Maintainability

Univac's maintenance prices are in line with minicomputer standards of 1% of the purchase price per
month, compared to the 0.25% on the 4331. On a total system basis, this is $5,000 to 10.000 per year, or
$20,000 to 40,000 capitalized price to the user on an equivalent purchased system.

Software

The V77-800 software is relatively inexpensive, ranging from $7,500 for its small system to about $50,000
for all the features available on a large system.

The software Coverage of the V77-800 is among the best of the minicomputers. It includes all the standard

programming languages, RJE facilities, use of CINCOM's TOTAL, rated one of the best for data base
management, and a networking facility.

The COBOL is competitive in the minicomputer arena but weak in an IBM competition, because it lacks
features typically used in a batch processing environment.

Two different operating systems VORTEX and SUMMIT. provi ilori | 9))
1 ’ » Provide f i nteractive
or transaction processing environment. ¥ O {&ioring the system to an |

This report was prepared with assistance from a computer industry consultant
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Table 4

CURRENCY VALUES
(Average United States Dollar Equivalents
and the EDP Weighted United States Dollar)

Pound Frane Mark Lira Yen
(United Kingdom)  (France) (West Germany) (Italy) (Japan)

1972 2.5008 .1983 .3136 L0017 .0033
1973 2.4510 .2254 L3776 0017 .0037
1974 2.3403 .2081 .3872 .0015 .0034
1975 2.2216 .2335 .4073 0015 .0034
1976 1.8048 .2094 .3874 L0012 .0034
1977 1.7509 .2039 L4317 L0011 .0036
1978 1.9337 .2230 .5050 L0012 .0049

First Quarter 1.9203 .2130 .4883 L0012 .0043

Second Quarter 1.8428 .2192 .4816 L0012 .0046

Third Quarter 1.9502 .2210 .5032 .0012 .0053

Fourth Quarter 2.0213 .2389 .5470 L0012 .0053
1979

First Quarter 2.0280 .2334 .5369 .0012 .0049

Second Quarter 2.1011 .2295 .5311 .0012 .0045

Third Quarter 2.2353 .2380 .9554 L0012 .0045

Fourth Quarter 2.1645 .2444 .5718 L0012 .0041
1980

January 2.2668 .2454 .5741 .0012 .0042

February 2.2625 .2401 .5624 L0012 .0040
Year-to-Year

Change 11.7% 2.4% 3.9% - (18.4)%

*Index value weighted by six-country 1977 IBM revenues (May 1970 = 1.00).

Sources: Federal Reserve Bulletin, Wall Street Journal, Estimates of Dean Witter Reynolds Ine.

EDP Weighted

Dollar Dollar#*
(Canada)  (United States)
1.0094 .902
0.9998 .822
1.0226 .853
0.9830 .833
1.0141 .904
0.9412 .905
0.8777 .817
0.8942 .842
0.8886 .838
0.8757 .805
0.8523 .782
0.8449 .799
0.8646 .803
0.8583 .785
0.8517 .791
0.8637 .781
0.8737 .792
4.3% (0.8)%
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Table 5
OFFICE EQUIPMENT SHIPMENTS
Amounts in Millions)
. Percent New Percent Ending Percent Ending Percent Orders/ Backlog/
Shipments Change Orders Change  Backlogs Change Inventories Change  Shipments Inventories
1963 $ 3,503 8% $ 3,869 9% $1,492 33% $ 833 3% 1.10 1.79
1964 3,859 10 4,395 14 2,028 86 1,036 24 1.14 1.96
1965 4,265 11 4,936 12 2,699 33 1,192 15 1.16 2.26
1966 5,963 40 6,754 37 3,490 29 35335 12 1.13 2.61
1967 5,732 (4) 6,195 (8) 3,953 13 1,480 11 1.08 2.67
1968 6,215 8 6,608 7 4,346 10 1,661 12 1.06 2.62
1969 7,420 19 8,203 24 5,129 18 2,086 26 1.11 2.46
1970 7,693 4 7,258 (12) 4,694 (8) 2,288 10 0.94 2.05
1971 6,909 (10) 6,732 (7) 4,517 (4) 2,110 (8) 0.97 2.14
1972 8,605 25 9,161 36 5,073 12 2,084 (1) 1.06 2.43
1973 10,054 17 10,397 13 5,416 7 2,647 27 1.03 2.05
1974 12,179 21 12,979 25 6,216 15 3,325 26 1.07 1.87
1975 11,528 (5) 11,607 (11) 6,295 1 3,035 (9) 1.01 2.07
1976 13,724 19 13,191 14 5,762 (8) 3,088 2 0.96 1.87
1977 15,791 15 16,556 26 6,527 13 3,547 15 1.05 1.84
1978 18,571 18 19,382 17 7,431 14 4,449 25 1.04 1.67
1978
First Quarter 3,733 6 3,913 -] 6,707 12 3,786 19 1.05 |
Second Quarter 4,418 15 4,932 14 7,221 12 4,083 25 1.12 1.76
Third Quarter 4,640 19 4,791 20 7,374 13 4,254 29 1.03 1.73
Fourth Quarter 5,780 26 5,746 28 7,341 12 4,449 25 0.99 1.65
1979
First Quarter 5,037 35 6,758 73 9,062 35 4,802 27 1.34 1.89
Second Quarter 5,249 19 5,513 12 9,148 27 5,270 29 1.05 1.74
Third Quarter 5,352 15 4,828 1 8,000 22 5,433 28 0.90 1.66
Oectober 1,990 18 1,813 0 7,942 9 5,862 35 0.91 1.35
November 2,007 15 2,401 31 8,337 13 5,996 38 1.20 1.39
December 2,753 22 2,561 28 8,145 14 5,981 34 0.93 1.36
January (Prelim) 1,580 23 1,617 12 8,182 12 6,159 37 1.02 1.33

Source: U.S. Department of Commerce; compiled by Dean Witter Reynolds Inc. (These unpublished data are furnished by the Bureau of the
Census as reported by companies in the industrial categories covered by SIC code 357, Office Computing and Aecounting Machines.)
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Table 6

UNITED STATES IMPORTS AND EXPORTS*
OF COMPUTERS AND RELATED EQUIPMENT

United Kingdom France West Germany Italy Japan Total World
Imports Exports Imports Exports Imports Exports Imports Exports Imports Exports Imports Exports

Trade Value (Millions)

1974 $14 $281 $37 $234 $42 $260 $11 $ 82 $52 $238 £381 $2,152

1975 22 266 41 222 36 269 21 80 60 183 404 2,183

1976 20 302 60 271 51 290 35 85 149 233 630 2,512

1977 34 420 93 315 47 350 45 102 150 271 730 3,181

1978 52 567 95 395 73 515 43 134 245 332 961 4,214

1979
First Quarter 15 184 30 121 26 153 14 37 86 100 293 1,259
Second Quarter 22 178 35 118 25 172 6 43 81 98 345 1,285
Third Quarter 24 176 32 131 22 195 7 45 68 111 296 1,367
October 14 59 ¢ 42 5 66 3 13 22 41 110 458
November 14 T2 8 49 5 70 3 20 24 34 108 504
December 11 79 6 56 8 79 2 18 17 51 113 580
Year to date 100 748 118 537 a 735 35 176 298 435 1,265 5,453

Import/Export Ratio

1974 0.05 0.16 0.16 0.13 0.22 0.18

1975 0.08 0.18 0.13 0.26 0.33 0.19

1976 0.07 0.22 0.18 0.41 0.64 0.25

1977 0.06 0.30 0.13 0.33 0.55 0.30

1978 0.09 0.24 0.14 0.32 0.74 0.23

1979 (Year to date) 0.13 0.22 0.12 0.20 0.69 0.23

Imports (Percent Increase)

1974 0 54% 40% 10% 0 11%

1975 57% 11 (14) 91 15% 6

1976 (9) 46 42 67 148 56

1977 70 35 (08) 29 0.6 16

1978 53 2 55 (4) 63 32

1979 (Year to date) 92 24 25 (19) 22 32

Exports (Percent Increase)

1974 33% 21% 24% 55% 17% 28%
1975 (5) (5) 3 (2) (23) 1
1976 14 22 8 6 27 15
1977 39 16 21 20 16 27
1978 35 25 47 31 23 32
1979 (Year to date) 32 36 43 31 31 29

*Imports - shipments to U.S.; exports - shipments from U.S.
Sources: U.S. Department of Commerce. Compiled by Dean Witter Reynolds Ine.
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August 22, 1984

\
To: Distribution
From: Steve Schmidt
Subject: IDC report on our low-end market emphasis

Ahkhkhhhhhhhkhkhkhhhhhhkhhhohhhhhhhhhhhhhkkhhhhhhkhhhkhhhkhhdhk ik

Attached is a report prepared by International Data Corpor-
ation about today's announcement of our new pricing.

This is a reuslt of a pre-announcement meeting with Aaron
Goldberg of IDC, myself and Gina Burr. Other pre-announce-
ment meetings Gina arranged included Peter Lowber of the
Yankee Group, Jeff Beeler of Computerworld, Skip Bushee of
InfoCorp, and Omri Serlin of the Fault Tolerant newsletter.

In addition, Information Systems News picked up rumors about
this announcement early last week. We arranged an interview
with their reporter; the resulting story will break this
week. It will be interesting to see whether the story is
positive, considerihg the reporter's attitude last week.
We'll keep you posted.

IDC is a leading market research and information management
consulting organization. IDC will distribute it to its
customers, typically large end-user organizations.

Although this report won't guarantee that press coverage
will be this positive, it will help.

--- END =---
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Tandem Broadens Product Line

Tandem has recently revamped their product line (announced August 20,
1984) to allow the large user organization to take better advantage ot
the inherent capabilities of their systems. Although there are no major
new product introductions, the company has lowerea pricing and developea
packaged system solutions to better meet the needs of the user. The
actual changes 1in pricing and configuration follow closely the move
toward development of the corporate information architecture now going on
at meny large user sites.

The particulars of the announcement include,

e Two bundled NonStop l+ systems, & 2 processor and 4 processor
configuration, without mirrored disks and controllers that seil
for 32 percent and 12 percent less than previous cumparaulie
configurations.

@ A bundled NonStop II system that is base priced at $129,500, a 24
percent reduction.

@ The development of a trade-in program that allows users to move
from the NonStop l+ to a NonStop II or TXP, or from a honStop II
to TXP and receive a credit fram Tanacem for 60 to 80 percent ot
the current list price.

On the face of things i1t may appear ‘hat these announcements are
little more than price restructuring, however that 1s a very elementary
viewpoint. ToO go along with these single quantity price reductions 1s o
very aggressive discount schedule. For example, the smaller NonStop 1+
in & quantity of only 20 systems 1s priced at $55,000. Tnis has
important implications for system/site selection choices.

What this means to the user 1s slightly more difficult to explain.
Transaction processing applications are one of the crucial areas of new
application development in many large organizations. At the present
time, many of these applications are implementea on systems that are
desigred to support this transaction environment as well as other systems
tortured into supporting on-line environments. The problem arises wnen
the actual geographic sites that are part of the transaction environment
are not of sufficient size to justify the installation of a $100,000 and
above transaction processing system.




The result has been that the transaction systems are used wiere tney
can be justified, and smaller minicomputers are used where a transaction

system's price used tO be excessive. Because of this, non-compatible
software environments exist, line costs reach larger proportions aue to
inefficient concentration, and excessive system overheaa happens aue to
all the "conversion" of aata streams. The Tandem announcement nelps to
limit this problem for transaction applications.

The new pricing of *he Tandem system aliows for the installation of a
totally compatible system at sites where the previous choice was a
minicomputer of the Series/l class (larger 4955 ond 4956). This nay
sound a bit hard to believe, and in fact 1s at rirst glance. Yet loouking
at the quantity price of $55,000 which includes peripheral aevices ana
software for applications and operating system, the prices are guite
equal. For comparison, a 4956 model Series/l contiguration with sortware
and similar hardware would list in quantity 1 between $50,000 aixa
$60,000. Of course, IBM does offer volume discounts, but througn more
efficient application environments with single vendor solutions, the cost
difference is minimal. Also, the upgrade policy announcea allows users
to be assured of & very high residual value.

For users, this announcement helps to prevent problems that arise in
transaction applications where three environments have necessarily
existed, the mainframe, transaction application system, and small mini at
the geographic site. In being able to put trensaction computing systems
at more of the individual sites, coherent informetion from tne
transaction system as a whole 1s more valia, ana i1mmediacy ot the aata
base is improved.

In lowering the cost of their entry level systems, ‘landem hnas maae 1t
easier for users to develop a transaction application without worrying 1t
all sites *het need systems will be able to cost justity them. The
product line fram Tandem now stretches ifrom price points equal to tne
larger Series/l all the way to 308X class machines. Tnis ilncressea
flexibility in the choice of specific equipment &t each indiviaual site
could maske transaction applications feasible thet previously inciuaea ‘ou
many smaller sites where transaction systems were not atfordaple.

INTERNATIONAL DATA CORPORATION
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Tandem NonStop Series
Computer Systems

® PROFILE
Operating System ¢ GUARDIAN, multiprocessor, multipro-
gramming, network-oriented, "fault-tolerant” e up to 255

concurrent tagks per processor

Database o ENCOMPASS, relational distributed; includes

transaction processing lacilites

Communications/Networks ¢ GUUARDIAN/EXPAND cperating

system supports networks of multiprocessor nodes; End-to-End
acket prot aa'z::v'm support i les X.25 virtual circuit
handling and JBM 3270/3271 emulation

Languages ¢ FORTRAN. COBOL MUMPS, and TAL (Tandem
Application Language)

Applications Development # sul itial facilities for developing
transaction processing and distnbuted database applications

B-bit NonStop and NonStop |
Is; NonStop 1l features

space, 32-bit-wide access pathfo: ¥
store, ana support lor local/remole system
control /diagnostics

use the same soltware
reased ph i |

Memory e up to 2M bytes per processor
Disk o 64M ¢ i

per processor n
Ttmmlll/Workl‘ubom e 1 hard co
pont

processor maximur Systems Delivered o 1817 processors as of May 1981; average

5 . fneg
Printers e ] per printer controll ol .2 processors per sysiem
maximum; 200 cps 10 900 lpm

First Delivery ¢ May 1976

TS per processor
Comparable Systems e no other systems oifer the same degree of
internal fault iolerant operation; several vendors, such as Digital
Equipment, Perkin Elmer, and SEL offer dual ported disk
controllers and shared memory lor a distributed environment

|
|
|
|
|
|
|
1

Vendor ¢ Tandem Computers, Inc. 19333 Vallco Parkway,
TYPICAL FRICE RANGES Cupertino, CA 95014 e 408-725-6000
Purchase Purchase fstribution @ throuah:d iy nllicas
Distribu rough direct sales and service cifices in major
NenStop NonStop I metropolitan areas of USA Canada, Europe, United Kingdom
§7.5M ~$75M and Japan; through distnbutors in Mexico, South America.
Australia, and Finland

Systam B ANALYSIS

$6.0M 1 $6.0M Sysem | 7o Tandem Nor.S.ap and NonStop II Systems are the result of a
Hardwars dedicated eliort to fill 28 need for & "no-fail” system in the
computing industry. Previously. vendors used duplicate systems
working in parallel with rudimentary intercommunication for

Hardware
ke switching back and forth when a failure occurred. Few
$4.5M T4.5u applications other than te!ephcne airline traffic control, and
Bofnm

airline reservation systems truly required non-stop operation
Thus, the normal computer mode has been swiln processor
operation with dual or multiprocessor cperation the exception
When a company begins to use a computer to control many
aspects of its business online, the consequences of the computer
being down for any length of time (even ii it happens rarely)
become more serious This leads experts to predict that
$15M+515M multiprocessor, non-stop operation will become the normal mode

Systam of operation lor online systems
Soltware
l Tandem Computers. Inc. is the only company that has addressed

:
:

fault-folerant transaction processing exclusively. The hardware,

software a_?}c.:i sysie-n organization are all destqnea for non-stop
operation. This applies not only for continuation ol processing in

Hardware pricing includes annualized maintenance ($/mo x

805 Soliwere pricihy incisdes ansialinel ssvics (/50 % 80) the case of component failure, but also for expanding processor

Systems not available from Tandem on rental or lease Fﬁwer doing pem?chc maintenance, and increasing network size

arrangement e Tandem implementation of a non-siop system concept is

©1981 Data Decisions ® June 1981 » Page 1 @ Filing Sequence T090.0016-10




Products ® Tandem NonStop

Tandem NonStop Series
Computer Systems

comlorting fo users expanding the active role of computers in
business activities Other vendors will have a hard time catchin,

up with Tandem Mainframe vendors have a large hardware ang
software investment in single processor systems The architecture
of such hardware and software will ire major changes fo
support non-stop operation effectively. Eut change they must
dC:nmomtu will demand it because Tandem has shown it can be

e

The Tandem product line currently consists of the original

NonStop and the new NonStop I The two systems are based on
different 16-bit processors, but are almost totally software-
J ancillary

compatible and use the same gaﬂpherals an
equipment Compared to the NonStop, the NonStop II offers
increased physical and virtual memory address space, a 32-bit-
wide access path {0 main memory, a loadable control store, and
support for local/remole eystem control and diagnostics
Configurability of the systems is the same, although the NonStop
Il will support & larger main memory when Tandem begins o
produce memory modules based on 64K-bit chips, overcoming
current physical packaging limitations.

Tandem's GUARDIAN operating system can supportfrom 210 16
processors of the same type and runs in each processor. At
regular intervals each processor sends out status information to
all other processors. lf a processor misses its regular checkpoint, it
is assumed {0 be down and a backup processor takes over. For
each process running on a Tandem system, one GUARDIAN
sysiemn execules it, while another GUARDIAN gystem maintains
checkpoin! data so it can run the process {f the achve GUARDIAN
gystem faile

The GUARDIAN operating system has reduced the problem of
writing application programs to run in a multiprogramming,
multitasking, multiprocessor environment by treating every
program as a named process consisting of program code and
program data. The only thing a process can do is execute its own
code, access its own data, and communicate with other
processors via messages. It canno! change ils own code; the
processor has no instructions to write into code areas. Thus, all
application rams produce re-entran! code which can be
used by multiple applications Every processor in a Tandem
configuration has a proeess directory of process names and their
locations. The directory indicates the locaton of the backup
process as well as the active process. In a multiprocessor
environment. one of the tasks of GUARDIAN is to send messages
to update all of the process direciones in the system when a
backup process becomes active.

Tandem has extended the non-stop concept to its
communications network hardware and software. The ENVOY
data communications manager, an integral part of the
GUARDIAN Operating System, maintaine data communications
even il a processor or 1/O channel fails. ENCOMPASS, the
database management f{acility, is also an integral part of
GUARDIAN. The ENSCRIBE soitware manages "mirror” volumes
of the database As for any other process, one GUARDIAN system
periorms the dalabase management functions while ancther
GUARDIAN system acts as a backup. The database can reside on
one system or can be distributed across a number of processors

The GUARDIAN/EXPAND Operating System handles non-stop

rocessor resources in 8 Tandem network of up o 255 nodes
Eﬂch node can consist of 2 to 16 processors; thus the maximum
number of processors per network 1s 4080, NonStop and NonStop
1l processors can be intermixed on a network level, but not within
the same node. EXPAND allows nodes to be added online without
disrupting network operation.

The Transaction Monitoring Facility (TMF) provides a network-
wide identification ol transactions on the database. If a system
module failure prevents transaction completion. TMF backs cut
the pending database changes for that transaction without
disrupting other transactions in progress.

PATHWAY software interfaces the user application to the Tandem
network. A monitor supervises and controls the processes in a
transaction processing system. A user writes an applicetion or
gervice ram and defines screen lormats via PATHWAY

BOL Terminal Control Process (TCP) interfaces the
terminal to the service program.

Tandem offers a Data Definition Language (DDL) for the user to

specily the system database to the ENCOMPASS Data Base
Management System. ENFORM is the non-procedural language

:ior g:ewtnq NCOMPASS and for writing reports on the
atabasge -

The body of software available for the TANDEM NonStop System
is impressive in its overall support for handling transaction
processing in modemn network conligurations. Some of it, such as
the ENCOMPASS distributed database management soltware,
and GUARDIAN/EXPAND is relatively new. So far, the Tandem
software has periormed as advertised

O Strengths

Tandem offers fault-tolerant operation and eflective distnbuted
operations with minimum fuss by users. Expansion of processing
capabilities i1s also accomplished without tuss. The Tandem
NonStop hardware and soitware have been operating
successfully since 1976. They have proved they can do it. The
number of custu;gmu who have prums' ed testimony fo its success
is un ented.

O Limitations

Tandem haz been doubling its revenues from the Tandem
NonStop each year ior the five years since its first delivery. This
tremendous rate, which is hard o maintain and manage,
makes it difficult to train the numbers of field service personnel
needed to support the installed base. Tandem is still relatively
small and will remain so for the next lew years, even though it is
growing quite rapidly. lts marketing and sales support are thus
currently limited to major population areas.

B SOFTWARE
O Terms and Support

Terms e completely unbundled: monthly maintenance lees are
applied to all software packages in addition to a one-time license
{ee, many software packages require hardware microcode
options quch are separately charged.

Support ¢ local on-site ior remedial maintenance online and for
updates fo insialled packages; maintenance is perlormed while
system is running

O Operating Systems

GUARDIAN e multiprogramming, multiple-processor executive
tha! supports interprocessor communication for transparent non-
stop operations e a copy of GUARDIAN runs in aachpmceuo:
up to 255 concurrent tasks per processor, each GUARDIAN copy
18 aware of all other processors in the system; creates user process
pairs with one program in one processor active and executing
and the other program in the second processor passive but
receiving backup messages to update status and current data;
passive program begins execution il primary process fails e
supports mirrored disk volumes stan access o
peripherals » simplifies user and program interface to system with
command interpreter and system procedure calls e allows online
expansion or repair e supports database and transaction
processing via ENCOMPAS% database managemen! software
and Transaction Monitoring Facility (TMF)

Base GUARDIAN e base operating system: includes ENSCRIBE

Database Record Manager e program number is T16/2000 for
NonStop, T16/9050 for NonStop II:

$11,000 lens $110 serv
r(_mm; includes ENSCRIBE
monitor,

GUARDIAN e base operati
Database Record

M T, itor, and Spooler e
ﬁmram number is '1'181'9020 for NonStop, T16/9070 for
enStop 1I:
13,000 130

GUARDIAN/EXPAND & extension to GUARDIAN for
networking e a copy runs in each processor ® can suppori up to

LCNS one-time fee. SERV- monthly maintenance cost. Prices
effective as of May 1981.
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Tandem .NonStop Series

Computer Systems ;

285 nodes. each com of from 2 to 16 processors for a
theoretical total of 4 processors e End-b—gnd protocol for
ensuring dala integrfy from sender to receiver e provides
multiple communications paths between nodes e runs Network
Control Process atl each node lor automatic best path routing o
other nodes and for network status logging e includes Network
Line Handlers; each handler manages 1 full-duplex
communications line or 1 X 25 virtual circuif ¢ includes Network
Utilities 1o monitor the network: traces data paths through the
network. fracks events, displays network statistics and determines
status of individual processors in the network e provides network-
wide identification of transactions e uires GUARDIAN/EX-
PAND Microcode o pm?mm number is T16/9007 for NonStop,
T16/9057 for NonStop 11

10,000 100

O Database Management

ENCOMPASS o collection of facilities, including ENSCRIBE,
DDL TMF, ENFORM. and PATHWAY e runs under GUARDIAN
or GUARDIAN/EXPAND operating system: supporis distributed
database ® composed ol transaction definition and application
control, terminal management and database management;
supplies mrrocedures. rograms, and application structures to
wrnite modular, single-threaded application programs; manages
funchons required to define terminal environment, such as screen
formatting, data validation, data mapping, and screen sequences;
provides {acilities for data definition, database structure and
relational database manager with query and report writing
capabilities ® guarantees data integrity against power failures,
communications problems. and application errors o fumishes
modules needed to control and monitor application programs at
runtime e supports programs written in COBOL FORTRAN,
MUMPS, and ?Elj. lanquaﬁes ® program number is T16/9104 for
NonStop, T16/9114 for NonStop 1

v $22.000 levw  $220 sarv

ENSCRIBE Database Record Manager o included with
ENCOMPASS e may be used alone or with data definition
language (DDL) for centralized database administration e key-
sejuented entry-sequenced, and relative file structures;
multikey access with 3 index options (exac! approximate, or
generic key match); data and index compression; cache bufler,
transparent to the program, holds most recently referenced data
blocks in memory for easy accees e user can allocate more
memory o cache lo increase sysiem transaction rates:
multivolume files of up 1o 4 billion bytes on 1 disk or partitioned
across up to 16 disk volumes: a separate processor can control
each partition; record and file locking to control concurrent file
accesses.

Data Definition Language (DDL) » included with ENCOMPASS
and available separately e single unified Ia;;guaqe for design and
description of a relational database e w interactively or in
batch mode to produce data dictionary with standardized data
detinitions that can be combined to form complex data structures
® produces cutput for File Utility Program (FUP) under ENSCRIBE
to create files and source stalements lor language detlinitions to
COBOL, FORTHRAN, and TAL compilers » festures multiple
dictionaries {or efficient distributed processing e provides access
to dictionary from ENFORM, the relational/query report writer @
RECORD statements define file name and EPIJ! record name and
type. field name and type, field groups. ENSCRIBE file access
keys, and fle sequence inlormation. DEFINITION statements
describe data (in terms of lields and groups) independently of any
record e DDL dictonary provides a database ol maintained
information and supports ENFORM with mapping data to
describe file types and access methods e program number is
T16/9100:
3,000 30

ENFORM ¢ component of ENCOMPASS e relational

/report writing language to remreve records from a
3:105 ase compiled and delined by DDL e consists of
Compiler/Report Processor and Query Processor, which can be
remotely located at different nodes to reduce volume of data
transmitted e features shared access to database and data
dictionary, transparent access, query/repori development
iacﬂmesrror customization to fit application, and interactive or

program use; user can rﬁecsfy new relationships at runtime in
addition to those established during database design, words in
language can be changed to German, French, or other foreign
language e requires ENSCRIBE software and microcode an
decimal arithmetic package e program number is T16/9102
7,000 70

TRANSACTION MONITORING FACILITY (TMF)
component of ENCOMPASS e system-level facility to maintain
consistent database during concurrent transaction processing
database can be either on one system or distributed over multiple
nodes e runs under GUARDJ\N:’EXPAND operating system
which provides network-mode identification of transactions e
audit trails stored on distributed mirrored disk volumes to
maintain high reliability and availability; transparent to user
a Fpllcannn program; can be copied fo tape fo release disk space,
all audit data on records at a particular node are contained in the
audit trails at that node @ 2-phase process updates all audit bufiers
on each node belfore unlocking records and makm? changes to
the distributed database; ensures uniformity across all nodes even
it communications are lost or node fails; distnbuted transaction 1s
backed out if a failure occurs belore the changes 1o the various
databases are made permanent with the apﬂllcanon program call
to end transaction @ guides operator through recovery p ure
after catastrophic {ailure thai damages one or more files: uses
online dumps ol database files and audit trails to recover
damaged files e program number is T16/59016 for NonStop,
T16/9066 for NonStop 1l

10,000 100

PATHWAY e included in ENCOMFASS and available
separately e allows user to write transaction processing
application in non-stop environment: consists of Terminal Control
Process (TCP), Screen OOBOL_ﬁlrﬁmm. Screen Builder Unlns.
and PATHWAY Monitor (PA ON). supports IBM 3270,
Tandem 6520 multipage display, and Tandem 6510 terminals »
user writes "server’ program fo implement application in
COBOL FORTRAN, MUMPS, or TAL user designs screen
formats with the interactive Screen Builder Utility which
generates the Screen COBOL source statements 1o describe the
tormats user defines PATHWAY parameters (TCP's, terminals,
and server processes) o PATHMON e user defines the terminal
handling, in Screen COBOL, including screen formats, input and
outpu! data mapping, data validation and consistency checks
transaction routing, and overall application control: a program is
associated with each terminal on the system e passes a
transaction record to the user-written server program, which
performs the tunctions and replies. server program is terminal
independent #« PATHMON supervises and controls the
transaction processing system lor a single sysiem or for a network:
it balances loads, giving server programs a proportionate share of
transactions, creating new copies of server programs when all
current ones are busy, accepts commands to start TCFs
terminals, and server programs, fo d:ﬂw system siatus, to
control error logging, to shut down PA AY system, and to
control transactions @ a 31&3:11 can run several independent
PATHWAY systems simultaneously, each identiied by its
PATHMON process name; each system can support multiple
independent user a{.) lications e requires T16-2002 ENSCRIBE
microcode and T g,/ 2001 Decimal Arithmetic package e
program number is T16/9103:

2000 0B -

O Communications/Networks

A Tandem network is based on the GUARDIAN/EXPAND
Operating System, which supports up to 255 nodes with 2 1o 16
processors per node for a maximum of 4080 processors per
network. N%AON. the EXPAND network control monitor. can
reside in any one system in the network where it logs changes in
network status, logs and displays changes in processor status in
remole system, and displays network traffic. NETMON also
provides two network utilities: MAPS can dtusla status of network
as seen from any remote system. and PROBE can display the
current path to any remote sysiem or to any node of the network.
EXPAND supporis automatic packet forwarding and best ra!h
message routing. When a line {ails, EXPAND automatically selects
the next best path for routing and retransmission.
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In conjunction with the ENCOMPASS Data Base Management
System EXPAND networks can provide access from any ?}D’;‘: :::a
network-wide database files that are distribuled across remote
network nodes The location of the file is transparent 1o the user

Each node in a network is connected to other nodes in the
network by a dedicated private line or by a public X 25 packet
carrier To help users establish networks of Tandem Computers,
the EXPAND software includes implementation tools includin

Network Control Process (NCP), End-to-End Protoccl an

Network Line Handlers NCP runs at each network node o
establish communication paths, store routing information,
calculate best path routing. and monitor and log network status
changes. Tandem has delined a packet switc End-to-End
protocol o guarantee the integrity of data from sender to receiver.

The Network Line Handlers implement the End-to-End protocol.
The Direct Connect Line l{andler, included at nc extra cost,
manages a full-duplex dedicated line between two systems.

X 25AM-X 25 Access Method Line Handler  manages cne
X 25 virtual circuit ® pmgram number is T16/9010 for NonStop,
T16/9060 for NonStop SE000 I . B30 see

ENVOY Data Communications Manager  runs as an integral
part of the uUAF.DlAN Operunnq System 1o interface transaction
processing applications to a dats communications network e
com of & set of data communications processes that control
data communications lines and fullill requests from applications
through the fila management systemn; supports T uncﬁ!m as a
supervisor or tributary in a multipoint natwork and as a station in &
%omi -io-point network e suggorts asyn‘..,mnaus. bisync, ADM-2,
urroughs, [BM LC, and ISO HDLC protocols e
synchronous controllers o Eerme with Bell System (or equivalent)
201, 208, 209, and 212 modems; asynchronoue controllers
operate with Bell System (or equivalent) 103, 113, 303 and 212
ms e Trace Facility records line events in & trace table;
maintains line statistics as long as line i# in use; provides test
programs to verity that communications are functioning properly

EXCHANGE Remote Batch Workstation e subsystem designed
to support 2780 and 3780 emulation e accepts batch input from
any media (terminal mag tape, or disk) allows file transier
between Tandem Systems e operates in conversational
command {ile, and program modes; includes command
interpreter and server programs: maintains nonstop environment
e program number 18 T16/9004: Ko o

AM3270 Access Method e interiaces up to 255 IBM 3270
terminals and printers 1o 8 Tandem system o handles bisync
communication lines; each line can support multiple controlier:
each controller can interface multiple 3270 terminals » &
Communications Utility Program (CUP) performs operations
associated with lines, networks, and devices: works in
complemental fashion with TR 3271 to allow pass-through
access to [BM host @ requires 6202 Byte Synchronous Controller
for automatic polling. ASCI/EBCDIC code conversion, and
check character generation and checking » program number is
T16/9011 lor NonStop, T16/9061 for NonStop II:
2000 20

TR3271/Access Method ¢ emulates one or more 3271 Cluster
Controllers e simplities connecnn? Tandem to an |BM-compatible
host; used in complementary fashion with AM3270 access
method pass-through mode; allows terminals connected to
Tandem to access lgM-companb]e hosts; supports 3270 devices
connected to bisync, multipoint communications line e res
Tandem 6202 ?Jne Synchronous Controller @ program number is
T16/9012 for NonStop, T16/2062 for NonStop lI:
4,000 40

AMB520 Access Method » wpguru synchronous
communications for T16/6520 and T16/6524 terminals
rating in multipoint mode proﬁmm number is T16/9013 for

?e onStop, T16/9063 for NonStop
2,000 o

O Program Development/Languages
COBOL e« ANS] X3.25, 1974 level; extensions allow program to

set non-stop mode; CHECKPOINT verb can pass information to
backgE process; automatic checkpoint on execution of OPEN and
statements @ extended 1/0 to allow READ and WRITE
verbs to be used lor LOCK and UNLOCK operations; used with
ENSCRIBE for files and record locking; allows concurrent
BOL programs to share common database for interprocess
communication e allows direct access to operating system
procedures by binding the routines io runtime nrstem durnn
compilations e includes utility to interface programs to S
“ supEorts multilingual en\nmnment with %RMN TAL and
S e supported by DDL for consistent data definitions: can
be used with ENFORM to qu a database and wnie reports &
requires 116/2001 Decimal Arithmetic Package microcode,
T16/9002 ENSCRIBE soltware, T16/200 ENSCRIBE
Microcode, and T16/2003 COBOL Microcode for each
processor @ program number is T16/9201
$7.000 lens  $70 swrv

FORTRAN e conlorms to ANSI FORTRAN X39 1977
extensions Ercmde lor non-stop operation; can be used with DDL
and ENSCRIBE, and interprocess communication e
CHECKPQINT passes information for backup: checkpoint
automatic with OPEN an SE verbs e DDL can define
FORTRAN record structuress FORTRAN READ and WRITE
extended to use ENSCRIBE; allowe concurrent access at
either file or record level @ READ and WRITE can use GUARDIAN
facilities for interprocess communications e requires T16/2006
FORTRAN microcode, T16/2005 Floating Point Arithmetic, and
T16/200]1 Decimal Arithmetic Package for each processor e
program number is T16/9202:
6.000 60

TAL (Tandem Application Language) e macro assembler
language @ block structured; used for applications and systems
programming e assembler produces re-entrant object code
provides for both string and bit man:pulanon e included as partof
standard software with GUARD

HUHPS (Massachusetts Ganoul chgi!ll Utilit
ultiProgr, ) e meets ANSI 977 MUM
lanqmqe standard e high-level, interpretive q‘u.eqe for
interactive ftransaction processing; on inally dev oped for
hospital data management applications also for commercial
applications; extended to run under GUARDIAN in non-stop
environmen! e interfaces io COBOL FORTRAN, TAL and
PATHWAY rams ® can utilize ENSCRIBE Data Base
Manager, ENFORM Query/Report wnter, and EXPAND
communications nelwork e requires T16/2009 MUMPS
microcode, T16/9002 ENSCRIBE software, T16/2002
ENSCRIBE microcode, and T16/2001 Decimal Anthmetc

Package e program number is T16/9203
7,000 70

O Applications Development Aids

SCREEN BUILDER e integra! part of PATHWAY software o an
interactive screen definition utility that allows the user to define
screen formats directly from a terminal; output is a series of
SCREEN COBOL source statements that are compiled under the
PATHWAY TCP

O Other Facilities

SORT e runs as & separate program e may be initiated by
interactive commands, from a text file, or from a p m e
supports multiple lile types: sort keys may be ascending or
descending, string or inleger, ormuluﬁle fields @ included as part
of standarg software with GUA

SPOOLER e siores output files for later retrieval e collectors
acce uppllcabom outgat and siore on disk: print processes print

g output. S pervisor monitors, conlmis. and routes
each spooled outpul job: usually runs in m essors o
BE software

increase throughput e uires 716/9002 EN
and T16f'2002 m%
program number is T16!9101

for each processor e

$2.000 lens  $20 sarv

XRAY e online monitoring tool for measuring system
rfmnca-undbrbalandm}obmnmqapphmhm.
and managing system collects and scans data to
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measure use of verious hardware components including
processors, data communications lines, disks. {erminale
processes, disk lile opens, and so on; produces reports and plots
on usage: takes less than 1% of ;;roces.scr warkload; requires no
special equipment, excep! T16/3900 Diagnostic Link Subsystem
for firet 2-processor system plus one T16/390] Diagnostic Link

Extension for each additional processor pair in the system e
rogram number is T16/9006 for NonSiop. T16/9056 for
onStop 1l

2,800 28

® HARDWARE
O Terms and Support

Terms  cutright purchase only  separate installation charge for
components added in field; purchase price includes initial system
installation

Support e siandard monthly maintenance is Monday 1o Fnday,
B:00 AM fo 500 PM with B.hour response time: extended
maintenance agreements up to on-site. full-time support are
negotiable options

O T16 System

All gystems are multiprocessor configurations, consisting of 2 to
16 processors, which are connected by a dual interprocessor link
cal the Dynabus, GUARDIAN operating system handles
transmission of backup information over Dynabus via SEND
instruction. Data is transmitted in packets ol 16 words (5 data
words and one checksum word) up 1o a maximum ol 32,767
words. Each processor has two 16-word buffers to receive data
from other processors over both interprocessor buses. Receiving
processor is interrupted only when one of its bulfers is full

NonSiop systems are based on the T16/1412-1 processor, and
NonStop Il systems are based on the T16/1420 processor. The
fwo processors can be intermixed on a GUARDIAN/EXPAND
network level but not within the same node The processors are
software.compatible at object- and source-code levels Only
privileged programs that access operating system data space or
the "environment!’ register requires modification to be
trangported irom NonStop to NonStop 1] systems. The NonS:ec:f Il
processor leatures 3 number of enhancements as compared o
the original NonStop processor. The NonStop Il is capable of
directly addressing up to 16M bytes of main memory. although
the maximum capacity is currently 2M bytes due to physical

ckaging constraints. More of main memory can be allocated as
/O bulfer space on the NonStop Il In addition, a 32-bit-wide data
access path o main memory is used Virtual memory address
ﬂ)ace—lG bytes—is also increased Additional features of the

onStop Il include a loadable control store, facilitating microcode
updates, and an Operations & Service Processor thal supports
local/remote system control and diagnostics

The NonStop and NonStop 1l processors contain two pipelined,
microcoded processing units. One unit operates as the central
processor and Dynabus controller; the other operates as an I/0
processor. The NonStop Il processor also includes a processing
unit for control of a data transceiver for diagnostics. Each
processor has its own mdependemgower supply. All1/0 is DMA;
total DMA throughput is 4M or 5M byles per second on the
NonStop and NenStop 1l vely. Each /0 controller
contains a bulfer so that all 1/0 transiers are in burst mode 1o
reduce the load on the 1/O bus. Each processor can be
configured with up to 2M bres ol MOS error detection/correc-
tion memory. All penpherals interiace to the os‘ysnem by dual.
access controllers, which are powered by both of the processors
connected to them. Thus loss of power in one processor does not
disrupt the power in the controliers connected to it

NonStop and NonStop II System Maximums e 16 processors:
M bna: memory per processor for total of 32M bytes per system:
1920M bytes per disk controller; 32 controllers per processor for
all peripherals and data communication lines; all controllers are
dual access for 2-processor system total of 256 controllers

O Packaged Components

T16/244-3 System e includes twoT16/1412-1 Processors plus
T16/7104 System Cabinet with room for 2 additional processors

and 13 170 slots for system expansion, one T16/6604 hard copy
console, one T16/6303 asynchronous controller with 2 ports. one
T16/7501 ﬂatch Fmel one T16/3202 Magnetic Tape Controller
with dual channel connections and capacity for 2 drives, and one
T16/5103 Magnetic Tape drive PE, 45 ips. 800/1600 bpi:
$54.975 prch  $726 maint

T16/1412.1 Processor e includes CPU/Dynabus-control
processing unit, 1/0 r:mcemno cnit, 364K bytes of memory,
virtual memory control, memory mapping and protection of 2M
bytes memory, hardware multiply /divide, power-fail /auto-restart,
bootstrap loader, interval timer, control panel, Dynabus controller
and interface, interiacing for 32 170 controllers, 173 instructions,

er supply, and one T16/7303 battery pack for MOS memory

ackup: 33 >
T16/250 NonStop II S

ystem o includes two T16/1420
Processors plus T16/7120 System Cabinet with room for 2
additional processors and 13 1/0 slots for system expansion: one
T16/3910 rations and Service or (OSP) dual
Dynabus Redundant Inter-processor links: two SM-byte-per-
second block multiplexer channels; one T16/32202 Magnetic
Tape Controller with dual channel connections and capacity for 2
drives: one T16/5103 Magnetic Tape drive, 45 ipe. B0O/1600
bpi; and two T16/7303 ttery Packs for backup of MOS

memory:
1444758 BB3

T16/1420 NonStop Il Processor e includes CPU/Dynabus
control pmceum? unit. [/O processing unit, diagnostic data-
transceiver-contral processing unit S12K bytes of memory;
virtual memory control supporting 1G-byte address space; 8K of
32-bit-word loadable control store; 1K of 32-bit-word read-only
control store; string-manipulation and double-word-arithmetic
microcode: power-iail/aulo-restart, bootstrap loader, interval
timer; control panel; Dynabus controller and interface; interfacing
for 32 170 controllers; power supply; and one T16/7303 Batiery
Pack for MOS memory backup:

50800 237

Decimal Arithmetic Package o microcode that extends standard

instruction set by 40 instructions for ASCIl conversion and

decimal add, subtract, multiply, divide and scale e required on

each processor that runs OO%OL or FORTRAN object code e

Emduc! number is T16/2001 for NonStop, T16/2021 for

onStop 1I; maintenance charge applies only to NonStop version
2.000 22

Floating Point Arithmetic Package & microcode that extends
instruction set by 40 instructions for floating point arithmetic for
single (23 bits) and extended (55 bits) precision e required for
each processor that runs FO! object code e product

RTRAN
|| number is T16/2005 for NonStop, T16/2025 for NonStop II;

maintenance charge applies only to NonStop version:
22

Base GUARDIAN Microcode ® extends processor so i can run

the GUARDIAN software o reguires software license » product

number is T16/2002 for NonStop, T16/2022 for NonStop Il
1,500 NC

GUARDIAN Microcode oemndsugmcr so it can run the

GUARDIAN software; package includes Decimal Arithmetic and

Base GUARDIAN microcode; NonStop 11 version also includes

XRAY and S r microc ® requires software license o

roduct n is T16/2014 for NonStop, T16/2015 for

onStop II; maintenance charge applies only to NonStop version
3,800 2z

ENCOMPASS Microcode ® extends processor so it can run the

ENCOMPASS software package e software license o
ﬁr;‘dglc! lﬁumber is T16/2012 for ﬁanpr. T16/2013 for
top 11

NC

7,000

PRCH: purch ice. MAINT: monthly charge for
shift ma?nm:n.:l?nﬂg indicates no cbcfryvc. Prices cm
as of May 1981.
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COBOL Microcode o extends processor so it can run the
COBOL compiler. not required to run COBOL object code o
roduct number is T16/2003 for NonStop, T16/2023 lor
onStop 1l
500 _NC

FORTRAN Microcode » extends processor so it

FORTRAN compiler, not required o run FORTRAN cnlaie:::ia godr:r:
todsum ﬁumber is T16/2006 for NonStop, T16/2026 for
onStop I

500 NC

EXPAND Microcode # extends processor so it can run the
EXPAND software o res software license o product number is
T16/2007 for NonStop, T16/2027 for NenStop 1I:

2.000 NC

ENFORM Microcode e extends processor so it can run the

ENFORM software o requires software license  product number

is T16/2008 for NonStop, T16/2028 for NonStop 11
2.000

MUMPS Microcode e extends processor so it can run the

MUMPS software package o requires scftware license @ product

number I8 716/259 for NonStop, T16/2029 for NonStop 1I:
2.000 NC

PATHWAY Microcode # exiends processor so It can run the
PATHWAY software package e requires software license o
roduct number ig T16/2010 for NonStop. T16/2030 for

enStop lI: 2800 NC

Transaction Monitoring Facility Microcode e extends
processor 50 it can run the Transaction Monitoring Facility
software ® requires software license e groduct number is
T16/72011 for NonStop, T16/2031 for NonStep 1I:

2500

DDL Microcode e extends processor so it can run the DDL
software e reguires software license » for NonSiop Il enly; product
number is T16/2032 o

NC

NC

SPOOLER Microcode » extends processor so it can run the
SPOOLER software e requires software license o for NonStop I1
only: product number is T16/2033

500 NC

EXCHANGE Microcode e extends processor so 11 can run the
EXCHANGE Package software e requires software license o for
NonStop 1 only; product number is T16/2034

500 NC

XRAY Microcode e extends processor so it can run the XRAY
software e requires software license ® for NonStop Il only; product
number is T16/2035

500 NC

X25AM Microcode e extends processor sc it can run the X 25
Access Method software » ires software license o for NonStop
Il only; product number is T16/2036:

500 NC

AM3270 Microcode ¢ extends processor so it can run the 3270
Access Method software o ires software license o for NonStop
Il only; product number 4s T16/2037:

800 NC

takes 900 nanoseconds e microprogrammed instruction set e
micro-instruction execution time is 100 nanoseconds: claimed
performance is 0.7 MIPS (millions of instructions per second) per
processor and 1.3 MIPS per 2-procassor system e program access
to 4 memory maps including system data, system code, user data,
and user ; addressing to 64K worde through each map for
fotal of 256K words e 16-bit wide data paths and memory
addressing e direct and indirect addressing with and without
indexing 1o memory as well as top-of-stack in memory e 172
instructions including string and bit manipulation and
doubleword arithmetic; instruction preeich while current
instruction executing: no instruction can write into system or user

code area

NonStop I CPU e stack-criented with 16-bit internal reqgisters:
microprogrammed instruction set ® micro-instruction execution
time is 100 nanoseconds; performance comparisons o NonStop
Emcmar not available ® direct main memory addressing to 16M
ytes; virtual memory addressing to 1G bytes e 32-bit wide data
galhs; 16-bit addressing for application programs and extended
-bit addressing for system programs e direct and indirect
addressing with and without indexing fo memory as well as top-
ol-stack in memory e 222 basic instructions plus 20 decimal
arithmetic instructions; instruction pre-fetch while current
instruction executing; no instruction can write info system or user
code area
T16/3910 Operations & Service Processor (OSP) # included

in T16/250 NonStop 11 System and available separataly e serves
rator console and supports local/remote diagnostics for

as o
NenStop Il systems: can be controlled locally, from a remote
T16/6520 CRT Terminal, or from ancther (remote) T16/3910

OSP e includes microprogrammed control processor; two 1M-
byte diskette drives /1200-baud, Bell 212A.compatble
modem; T16/6520 CRT Terminal, power supply; desk

$14878 prch  $163 maint

Interprocessor Busses (Dynabus) e dual interprocessor busses:
13M bytes per second transier rate per bus e can transier data
simultaneously for 26M byles per second transier rate ® packet-
multiplexed transfers between 2 to 16 processors e direct access
by one processor 1o other processor's memory, but ne memory
sharing e transfers of 1 to 32K bytes per block for NonStop: 1 to
64K bytes per block for NonStop 11

O Memory

Main Memo-y ¢ 354K bytes of 500-nanosecond MOS included
in T16/1412-1 NonStop processor; 384K-byte module available
for expansion to maximum of 2M bytes  S12K bytes of 400-
nanosecond MOS included in T16/1420 NonSiop [l processor
512K-byte module available lor expansion to maximum of 2M
bytes ® 22 bits per word (16 data bits and 6 error
detection/correction bits); corrects all 1-bit errors and detects 2.
bit errors.

T16/2412 MOS Memory Module e 384K bytes flor
T16/1412-1 NonStop processor

$8.600 prch  $132 maint

T16/2420 MOS Memory Module » 512K bytes: for T16/1420
NonStop Il processor:
12800

47

O 1/0 Channels

TR3271 Microcode ® extends processor so it can run the
TR3271 Access Method software e requires software license e for
NonStop 1l only; product number is T16/2038:

1,000 NC

AMB520 Microcode e extends processor 5o it can run the 6520
Accege Method software » ires software license o for NonStop
Il only; preduct number is T16/2039:

O cru

Nonstop CPU e stack-criented with 16-bit internal registers o 16-
bit addition takes 500 nanoseconds; storing a result in memory

1/0 Processor » 1nhqrd3mﬂ ol each processor » controls all 1/O
for each CPU: supports 32 controllers with up to B devices per
controller; table-driven from 1/O control (IOC!? table in memory:
256 entries in 10C, one lor each possible 1/0 device. entry
contains buffer address and count of number of s o be
transferred; data bulfers are included in all 170 controllers e all
data transiers between /O controllers memory in DMA
mode at 4M bytes per second lor NonStop, SM bytes per second
for NonStop II; all I/0 devices can be operating simultanecusly
with interleaved data transfers over 1/O channel.

T16/340]1 Universal Interface ® dus! channel dual power
from 2 processors; either processor can sustain power e controls 2

devices with 16.line paralle! interiace; TTL logic for line drivers
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and rece:vers of one device and differential logic lor the other
transier rale up to 950K bytes per second '
$2.800 prech $20 maint

T16/3810 Tandem-to-IBM Link (TIL) e supports high peed

o gh-s
communications with a local IBM mainirame by emulating an
I?.-i 3420 Mode!l 7 tape dnve; attaches to IBM 3803 Model 1 or 2
Controller on 1BM mainirame, serves as first link: additional links
are provided by T16/3812

24500 800

T16/3812 e additional link
12,800 378

T16/3830 Tandem Hyper Link (THL) e supports connection
to computer systems using Network System Corporation
Hyperchannel includes channel interface, “NSC A400 adapter
interface, and cables e requires T16/7506 Paich Panal:
14,900 151

T16/7506 Hyper Link Patch Panel
350 NC

O Communications

All communications are through dual channel. dual power
controllers connected o two processors Either processor can
susiain power and mainlain communications

T16/6202 Byte Synchronous Controller ¢ controls 1 10 4
point-to-point or multipoint communication lines e supports up to. |
80K bps transmiission rate per line; supports 160K b aq:qr ate
transmission rate for all 4 lines o performs ASCIl or EBCDIC
character translation, block check character generation and
checking. and autopolling

$5.800 prch

T16/6810 Peripheral Line Adapier e supports attachment of 6, 7,
or B T16/652X 'CRT Terminal sirings and up 1o two T16/5508
Printers to T16/6202 Byte Synchronous Controller, includes 1
input port and B outpu! poris

$29 maint

1978 18

T18/6203 Bit Synchronous Controller  controls 1 1o 4 point-
{o-point or multipoint lines e supports up to 56K bps transmission
rate per line; perlorms variable length and ofiset translation of
EBCDIC and ASCIl codes, generates and recognizes control
characters; automatically inserts and deletes zerc bits e requires
T16/7502 Patch Panel:

5,800 38

T16/7802 Synchronous Patch Panel o provides connection
between synchronous controller and lines @ supports up 1o 3

controllers (12 lines)

778 8

T16/6303 Asynchronous Controller  controls up to 2 current
loop or RS-232 local or modem-connected lines e programmable
line speed: 50 bps to 19.2K bps; programmable continuous read
option allows use ol simplex links ® supports two T16/6303
extensions of 15 async lines each e requires T16/7501 Patch

Panel

3,600 18

T16/6304 Asynchronous Extension Board e T16/6303 option
provides control for 15 async lines e second T16/6304 requires

additional T16/7501 Terminal Patch Panel
4.300 22

T16/780]1 Terminal Patch Panel e provides connection
between asynchronous controllers and terminal connections e
supports up to 17 terminal ports

778 ]

O Disk

T168/3106 Disk Controller e dual-channel: dual-powered from
2 processors; either processor can sustain power @ supports up to
8 drives in any mix e requires 2 1/0 slots and T16/ 1%%4 Patch

Panel

$B8 maint

$10,800 prch

T16/7504 Disk Patch Panel e connects disk drives to
contreller (T16/3106) e includes 16 ports for 4 disk controllers
778 NC

T16/410X Moving-Head Disk Drives e all dnves use
removable disk pack e 30-millisecond average seek time: 8.33-
millisecond rotational delay e each drive includes 1 pack

T16/4104 Disk Drive ® 240M bytes; 11-high pack; pedestal
mount:
26,500 208

T16/4105 Disk Drive @ 64M bytes; 5-high pack: pedestal mount e
supports one T16/4106 add-on drive:
18,500 174

T16/4106 Disk Drive e add-on. 64M bytes; 5-high pack:
drawer mounts within T16/4105 cabinet:
15,200 174

T16/4109 Fixed/Moving-Head Disk Drive » 6545M.-byte
total capacity; 1 45M bytes on 1 nonremovable surlace with fixed-

heads; 64M bytes on 5 nonremovable surfaces with moving
heads
g 18270 123
T16/7202 Disk Cabinet ® houses up to two T16/4109 dnives
1,500 NC

O Magnetic Tape

Controllers e dual channel dual powered from 2 processors
either processor can sustain power ® supports 2 tape drives e all
drives include cabinet and cable; each drive separately

connected
T16/3202 Controller e ior TI6/5101, 5103, and 5104 dnves:
$4.8B00 preh $23 maint

T16/3203 Controller e for T16/5105 drives; not available for
NonStop 1l systems:

4,800 23
T16/5103 Drive ¢ S-track; B00/ 1600 bpi, 45 ips:

B.000 87
T16/5104 Drive ¢ S-track; 800/ 1600 bpi; 125 ips:

14,500 110

T16/8108 Drive ¢ 7-track: 200/800 bpi; 45 ips; not available
for NonStop 1l systems
B.000 57

O Terminals and Workstations
Hard Copy Terminals

T16/6603 Terminal  RS-232 interface; 132 column; 30 cps:
$2.900 prch $48 maint

T16/6604 Terminal ¢ 20 mA current loop interface; 132
column; 30 cps
3,200 48

CRT Terminals

T16/640]1 CRT Terminal ¢ RS5-232 interface; 24 lines x BO
characiers: switch selectable speed ranging from 110 bps o
19.2K bps; local or modem attachment:

$1,500 prch $25 maint

T16/6402 CRT Terminal ¢ 20 mA current loop interface; 24
lines x B0 characters; switch selectable speed ranging from 110
bps to 19.2K bps

1,800 2s
T16/6C Upper/Lower Case ¢ for T16/6401 or 6402:
180 NC

T16/6811 CRT Terminal (Page) # RS-232 interface; 24 lines x
B0 characters; characier or pu(m mode; local editing and function

keys; protected/unprotected; full/half bright:
2400 38
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Tandem NonStop Series
Computer Systems

T16/6512 CRT Terminal (Page) ¢ 20 mA current loop
nierface. 24 lines x BO characiers character or page mode;
leatures inciude local editing and function keys, protected/un-
protected. full or ,*..g.i" bright switch selectable speeds ranging
o i3 Dpe o YOK Dpe

2400 as
T16/6520 CRT Terminal (Multipage) » 3/6 memory pages of
lock

44 lines x BU/40 characiers  async or sync; characier or

on: RS-232 or 20 mA current loop interfaces; poini-to-
wltipeint communication at speeds ranging from 110
2K E:«:m » full complement of video and data aftribute
specifications. local editing, program function keys and line for
status dispiay

T16/6524 CRT Terminal (Multipage) e same as T16/6520,
excep! includes RS-232 communications port for serial printer:
3,180 24

T16/6882 CRT Terminal (Page), Polling & same as
T16/65]1), except uses polling protocol for multidrop

communicatons
2,700 a3

O Printers
T18/3302 Controller o dual channe! dusl power from 2
processors, either processor can susiain power @ supports 1 line
prinier

$2.800 prch $20 maint

Line Printers ¢ 3 models; 300/600/900/1350 Ipm » all printers
jeature 132 columns 64-charecter set, and 12-channel VFU »
each requires T16/3302 Controller

T18/8802 Line Printer ® 300 Ipm: drum print mechanism

11,500 140
T16/8503 Line Printer ® 600 lpm; drum print mechanism
14,000 178
T18/8804 Line Printer # 500 !pm; drum print mechanism
21,000 202
T168/5810 Line Printer ¢ 1350 Ipm; band print mechanism
45,6500 507

T16/5A 96.Character Drum Option e available for all line
printers, includes upper/lower case
2,000 NC

T16/5% Drum Options e available for 64-character OCR-A, 64-
character OCR-B, 96-character OCR-B, English, Swedish

Spanish, and German

2,000 NC

T16/5508 Serial Character Printer » 200 cps e async: 96-

character set switch selectable current loop or modem
attachment
4,500 B5

O Other Peripherals
T16/3305 Card Reader/Line Printer Controller e dual

channel, dual power from 2 processors; either processor can
sustain power e supports 1 line printer (any model) and 1 card

er
$2.800 prch $20 maint

—

T16/8301 Card Reader & 600 cpm: B0-column cards
8,800 46

T16/3900 Diagnostic Link Subsystem s basic subsystem
designed for 2.processor system: extension required for each
processor pair added e includes control panel that connects in
patch panel space and a printer circuit board that mounts in [/0
controller board slot; contains modem equivalent to a Bell 113B;
can connect to customer-supplied external modem e included
free with all Tandem service contracts:

3400 NC

T16/3901 Dia ic Line Extension e required lor each

processor pair added o basic subsystem
2.000 NC

O Power Supplies and Cabinets
T16/7301 Power Module ® supplies power for 1/O controllers
» required only on large contigurations:

$3,500 prch $40 maint

T16/7302 Transformer » 15K Va; for isolation:
4,000

16

T16/7303 Batfery Pack ¢ backup lor MOS memory:
1.500 28

T16/790]1 Service Panel o plug-in module: )
8.000 18
T16/7104 System Cabinet # jor up 1o 4 processorsand 161/0

controllers; supports up 1o two T16/7801 1/0O expansion boards:
71-in H x 30-m W x 32-in D:
8,600 B8

T16/7120 System Cabinet e for up io 4 processors and 24 1/0

controllers; 71-in H x 30-in W x 32-in D
18,800 168

T18/7108 Patch Panel Cabinet s {or up to 10 patch panels

71-in H x 30-in W x 32-in D; can be equipped with AC power
distribution
2800 NC

T16/7108 Patch Panel Cabinet ¢ lor up to 10 paich panels;
714n H x 22-in W x 32-in D; no provisions for AC power

distribution

2,500 NC

T16/7107 Expansion Cabinet e required for system with more
than B processors; provides space for 4 power modules and 4

patch panels; 71-in H x 30-in W x 32:in D
2,800 NC

T16/7109 1/0 Cabinet ¢ provides space for 32 [/O slots: 71-in
H x 30in W x 32-in D:
B.,600 B8

T16/7121 1/0 Cabinet » provides space for 24 [/O slots; 71-in
Hx 30in Wx 32-in D
15800 104

T168/7110 Peripheral Cabinet ® provides standard 19-inch
rack space; 71-in H x 22:in W x 32-in D
2,800 NC

« END
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TECHNOLOGY GROUP

INDUSTRY PERIODICAL

Tandem Rusiness March 1980 Rl 417/20
mva A L. Duane Kirkpatrick, First Vice President
Information Center San Francisco, (415) 392-7200

RANDOM-ACCESS MONTHLY

This service of the Technology Group is a monthly review of events and trends affecting companies in the
technology-related industries. Comments and observations in this publication are oriented toward clients
wishing to maintain general awareness of the conditions affecting investment decisions. Random-
Access Monthly supplements our more detailed analyses of individual companies and industry groups.

The IBM 4331, the smaller of the two 4300 systems introduced in January 1979, addresses a very critical
segment of the computer marketplace. It falls into the price/performance range where the overlap be-
tween the larger minicomputers and the smaller mainframes is most visible. This analysis compares the
IBM 4331 with several of the most important competitive products now on the market. The general conclu-
sions are:

* The 4331 is primarily designed to protect IBM's installed customer base.

* The system is best used in a batch processing environment.

* The 4331 alters total system pricing, decreasing the importance of the central processor.

* Most mainframe competitors have responded with comparable price/performance offerings,
but the traditional 20-30% advantage has been erased, which focuses their attention on protect-
ing their own customer bases rather than attacking that of IBM.

* The minicomputer companies continue to offer superior price/performance products, which
preserves their advantage in traditional markets. Altered priceing strategies may make it more

difficult for several of these companies to prosper in the commercial data processing market-
place in the longer run.
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1. SUMMARY

IBM Defensive Response

The IBM 4331 is viewed as a defensive system designed to protect IBM's customer base; it is less an of-
fensive machine introduced to capture new market share. The impact of the 4331 will be felt most strongly
by those competitors which have been most aggressive in attacking the IBM base in the recent past.

The IBM 4331 is significant in the IBM product line because:

It places IBM's batched-oriented “370-type'’ system in the low-price market to compete head-on
with the high-end minicomputers and competitive small mainframes.

It will significantly aiter the role of the vertically integrated hardware manufacturer, system
houses, and the process of distributing small systems to end-users because the relative pricing
of hardware and software has changed, and because the computer processing unit (CPU) and
memory are only a very small percentage of total system price.

It overlaps in price with two other new IBM systems, the 8100 and System/38, yielding
competition within IBM and alternatives for the customer.

It confirms new plateaus of technology and price performance that others will have to attain
during 1980.

It will significantly enlarge the highly elastic small-scale, general-purpose computer market,
because of lower-price computation, memory, and disk storage.

The competitive and market objectives of the 4331 in decreasing order of importance to IBM are:

to prevent further erosion of the $5 billion of installed IBM System/370 models 115 through 138
(as well as older System/360 models 20 through 40) by providing a compatible and competitive
growth system, primarily for the batch processing market.

To provide a compatible satellite small batch processor for current large-system users.

To provide a product for Data Processing Division salesmen to sell to large distributed data
processing prospects.

To provide an alternative upward growth path for System/3 and System/34 users to prevent
erosion of this base.

To provide a low-cost system that utilizes IBM's large operating systems, which changes the
selling effort from the raw hardware competitive arena to a 'total system' competition.

w DEAN WITTER REYNOLDS INC.
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4331 Market is Batch Processing

The major data processing market, when measured by dollar value of computer usage, has been, and fora
while will continue to be, batch data processing.

Large distributed data processing installations, while on the increase, are typipal ly shut down at night and
turned into batch processing systems for one-half to two-thirds of their operating time.

Many systems that appear to be on line are actually performing on-line data collection and batch process-
ing functions.

It is in this market, batch data processing, that the 4331 will be the most effective, and where it is primarily
aimed by IBM's marketing efforts.

Although the 4331's on-line capabilities have been improved relative to the 370, they are primarily accom-
modations for the mixed environment of batch and on-line processing, and the 4331 will have negligible
impact on such traditional minicomputer markets as:

* Process control
Scientific computation
Time sharing

* Interactive small business systems

* Transaction processing.
Vertical Integration is Required
The 4331 is the first major step by IBM toward changing the distribution pattern of computers because it
substantially changes the relative values of the system components. IBM has always set the tone for com-
puter industry marketing practices, and the 4331 represents a significant shift in that tone.
IBM is in the systems business: Selling a total problem solution to the end-user. In the past, the solution
was primarily a piece of hardware sold on its value rather than on a multiple of its cost. With the rapid
decrease in hardware costs, this old formula is not sufficient to provide acceptable revenue growth.
The basic instruction execution of the 4331 is more powerful than a 360/50, the commercial computer
workhorse of the 1960's. This is an improvement in price/performance over the 360/50 by a factor of 10 in
15 years. With the 360, software was free, terminals were rare, and the CPU and memory represented

about one-half of the total system price.

With the advent of the 4331, the economics have changed, and a typical total systems price is broken
down as follows:

CPU Memaory 20%
Peripherals 38
Terminals 12
Maintenance' 12
Software’ 18
100%

'Rental and monthly charges are capitalized as il they were a live-
year lease, using 2.3% ol purchase price per month as the capitaliz
ing factor. This is equivalent 1o 12.5% interest




Market success under these conditions will require a vertically integrated manufacturer which has good
systems software and controls its maintenance force.

IBM Products Compete for Market

IBM now has three new products in approximately the same purchase price range: $100,000-500,000.
These are the 4331, System/38, and the 8100. Each of these offers different features for different markets,
but they compete by offering alternatives to the users and, by doing so, tend to block competition’s move
into this price range. These differences are discussed more fully in Section 3.

4300 Technology Is State of Art

IBM is using new state-of-the-art proprietary technology which promises to produce logic components at
a cost of at least one-fourth that of currently available parts. IBM's financial strength allows it to price
these components based on their future cost rather than their current cost, which could be as much as
ten times higher than expected at full run rate.

The lower manufacturing costs could take at least two years to achieve as |IBM builds up production
capacity and obtains manufacturing experience in the new technology. In the interim, the higher manufac-
turing costs will depress IBM profits for the 4331. However, at the end of the product cycle, the reverse
condition should prevail.

The net result is that IBM has produced a system that gives substantially better price/performance than
other mainframes which have similar cost structures. But the 4331 is still not as cost effective as the
major minicomputer vendors.

Price/Performance

Table 1 illustrates the price/performance of the major competitive systems in the 4331 class. The systems
chosen were those most likely to be involved in a competitive battle with the 4331, typically in a batch en-
vironment. If a directly competitive machine was not available, then a machine in the comparable price
range was chosen.

Table 1

RELATIVE SYSTEM RANKINGS
(Price Per MIPS)

Performance CPU System System
Vendor System (MIPS) Price ($K) Price ($K) Price/MIP ($K)
Tandem (2-CPU) 1.3 50 185-600 142
Perkin-Elmer 3220 P 45 135-560 193
Digital Equipment VAX 11/780 .9 100 210-660 233
Univac V77-800 .6 40 150-620 250
Data General C/350 .4 54 150-520 375
Prime 550 .4 70 190-660 475
Prime 450 x| 50 170-620 567
Honeywell 6/53 iy 43 145-500 725
NCR 8555 e 3 90 220-600 733
Honeywell 64/350 P | 155 250-650 833
Honeywell 64/320 .2 81 170-550 850
IBM 4331 <2 68 180-575 900
Burroughs 2930 3 140 290-800 T 967
Digital Equipment 2020 -3 130 300-900 1000
NCR 8455 17 50 170-550 1000
Hewlett -Packard 3000 III P I 110 190-550 1583
Hewlett-Packard 33 .07 55 120-500 1714
Univace 90/30 15 140 280-799 1867
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The performance is measured in millions of instructions per second (MIPS). The price is based on typical
systems or a minimum Central Processing Unit (CPU) as defined by the manufacturer. These figures
should only be used as a very rough guide to the relative value of the systems.

Table 1 ranks the systems on the relative system price per MIPS. The lower the number in the last column
of the table, the more effective the system appears to be. The 4331 ranks number 12 on the list and is over
six times as expensive as the best, the Tandem dual-processor system. Perkin-Elmer's 3220 shows in
second place in this ranking. DEC's older VAX 11/780 is in third position.

4300 Closes Current PCM Market

Prior to the 4300 announcements, the plug-compatible mainframes (PCM's) were the most serious threat
to IBM because the user could switch vendors at negligible cost, without reprogramming. The 4331 and
4341, with their advanced price/performance and new technology, have made it more difficult for PCM's to
compete.

The cost of entering the PCM market was relatively small. A vendor could design a cost-competitive
machine for an engineering expense of under $1 million. At least one PCM designed a processor for an
engineering cost of $250,000. The engineering cost rises dramatically with increasing machine size,
especially in the 370/158 or 3031 class, just above the 4341.

Most of the PCM's were also offering a 30-50% price advantage over IBM and now offer no advantage to
users over the 4300 series, except that of early delivery. In order to compete, the PCM's have had to intro-
duce new models.

We expect that one or two manufacturers may compete successfully with newly designed systems, the
most likely competitors being National Semiconductor and Magnuson. Both these vendors may seek
specialized narrow market segments to compete directly against the IBM 4300 systems.

Mainframers Not Heavily Impacted

Mainframers such as Burroughs, Honeywell, and Univac must penetrate the IBM user base if they hope to
grow significantly faster than the market. However, at the low end of the market, their growth has been
due as much to finding new users as to switching IBM users.

With the announcement of the 4331, these vendors must now look to protect their own installed base,
which could become attracted to IBM's better price/performance. However, the cost of reprogramming
will keep most users from making a rapid switch to a noncompatible machine.

With the 4331 announcement, all mainframers except Univac were quick to counter with their own new an-
nouncements to show their users a path for growth and, therefore, reduce the temptation to switch to
IBM. Generally, these new systems are about equal to the 4331 and do not offer the traditional 30% better
price/performance offered by non-IBM machines.

Short-term, the mainframers will not be significantly impacted by IBM. But long-term, the impact could be
more severe as they are forced to become more vertically integrated, from components to peripherals, in
order to maintain their margins. Their growth will also be slowed to the extent that past revenue growth
has come from switching IBM users to their own equipment.

Minicomputer Impact Will Be on Future Market Potential

Unlike the mainframe companies, most of the minicomputer companies, Hewlett-Packard being a notable
exception, have a better price/performance than the 4331. There is no need for them to rush new
announcements. Some of the current mini offerings—such as the Tandem system, Digital Equipment’s
VAX, or Perkin-Elmer's 3220—offer three to six times better price/performance than the 4331. Normal new-
product offerings will improve this ratio even more, so that on a price/performance basis, the minis can
easily compete with IBM.




Over the longer term, the outlook for the minicomputer companies must be viewed in a different context.
In order to maintain their fast growth and grow faster than the old electronic data processing (EDP)
market, the minis will have to add to their traditional markets by entering the commercial data processing
marketplace, where they will compete head-to-head with IBM.

The raw price/performance is only one factor in making a sale in this market. With the competition's per-
formance margin reduced because of IBM's improved product offerings, other factors such as periph-
erals, software, and services, where IBM has more entrenched strength, will come more fully into play.
The other new IBM products—the System/38, aimed at first-time and on-line interactive users; the 8100,
aimed at the distributed processing markets; and the Series/l, aimed at the large end-user and process-
control markets—will compete in the province of the minicomputer manufacturers.

IBM has less inherent advantage in these markets but, through sheer force of size and reputation, may
capture a sizeable share of an expanded market.

2. THE IBM 4331

An Improved 370/125

The 4331 is primarily an improved version of the 370/115 and 125 models, using new technology. The basic
internal machine organization is very similar. However, the data path width on the 4331 is significantly im-
proved to 32 bits, providing much higher performance.

The 4331 is constructed of completely new technology, with 700 circuits on a chip versus two circuits for
a 370, and 64k bits of memory on a chip versus 2k bits on the 370. As the cost of a chip is relatively
constant, once full production is reached, the 4331, even with more circuits, will be considerably less
expensive to build than the replaced 370 models.

4331 Differences

The net result is that the 4331 has an improved price/performance. It offers slightly less performance than
a 370/148, at a price less than the 370/115, for a five to six times overall improvement in price/performance.

The 4331 has a MIPS rating of 0.2 and a price of $180,000 for a minimum system, leading to a price of
$900,000 per MIPS. The system price includes a capitalized value for monthly maintenance and software

charges.
The major new features of the 4331 are:
* New architecture (i.e., instruction set)
* Improved input/output capabilities
* New peripherals
* Reliability, availability, and serviceability
* New software.
Architecture

Architecture, as defined by IBM, is the instruction set and other system functions visible by and available
to the user. It is not the internal data flow design of the computer.
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; ec id be easily changed, if desired. H
Because the 4331 is microprogrammed, the architecture cou owever,
BN architecture very slowly, because of the large cost of developing system software 1o sup-

mﬂﬁnmmmmﬂlnmodiormmtimluy 10 preserve the user's software investment.

's em architecture was defined by the System/360 in 1964 Approximately a dozen
mh:nmmmm e wmw for the System/370 architecture in the early 1970's. The 4331 introduces
another new architecture with about a dozen new instructions.

The new architecture is called Extended Control Program Support (ECPS). The user instruction set is
equivalent to the 370, to preserve compatibility for user programs. The privileged Instruction set used by
meopuulngmmiswnpmwcrwmd. which will protect the new software from uniicensed usage.

The 4331 user has two choices of architecture: The older 370 or the newer 4331 ECPS mode. The decision
as to which mode 1o use is determined at the lime the system power Is turned on and can be changed for
different job environments by changing microcode. It Is feasible for IBM 1o alter the microcode to emulate
competitive machines, just as was done for the 360.

Uslng the new architecture mode in conjunction with an improved version of the old operating system
that puts more system functions into microcode, the operating system overhead is substantially reduced
and could be as much as one-third that of a standard 370, considerably enhancing actual system

performance.

The primary difference between 370 architecture and the 4331 ECPS architecture s in the use of single-
level addressing for main storage and disk VO. Previously, to perform disk VO, the operating system had

to know the physical track, sector, and byte address of the data With ECPS_ the system only has to know
the page number. The disk controller's microcode maps the page address into the correct physical
address.

The system programmers and users are no longer concerned about the physical compatibility or layout of
the storage media. The /O controller takes care of the problem. This will allow IBM to change /0 media
and develop new compatible disk drives.

Input/Output

The 4331 /0 is considerably improved over the 370, not only in the addressing previously described but
also in speed. The total /O rate of a 4331 is 2.3 million bytes per second, compared to the 1 million bytes
per second for the average competitors in this price class

In a batch environment, tapes and disks are read sequentially, and /O speed rather than MIPS could be
the primary measure of total system performance

::;0“13’ aspect of the ‘331 VO, similar to the 370/125, is the use of inegrated VO adapters Functionally,
Madaptafs include additional microcode used 1o perform the channel and /O functions. The adapters
rade system pertormance because either the adapter microcode or the central processing microcode

can be runnin. i =l
et boxg:.‘ one time. However, the adapters are much lower in cost than the alternative of separate

yrtant announce-

Coupled

mmtmm;?im:mmmmmms were several new peripherals. The most Impo

mwmmi sk drive with 570 million bytes of storage. Its incremental price of £23.000 per unit, of
on bytes, is the lowest in the industry

The new drive also has a '
read/write

other disk drives. This is a definite |

tially. The 3770 attac

speed of 1.8 million bytes per second, aimost hall again as fast ans-
hes to the mprovement for a batch environment where the disk 1s read seque
0 the 4331 through an integrated disk adapter. Average access Lime IS 20ms i
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As an alternative to the 3770, IBM also offers the 3310 disk drive, the eight-inch rigid disk called *Piccolo,"”
which has spawned a large number of imitators. The 3310 stores 64 million bytes, with an average access
time of 27 ms. and a data transfer rate of one megabyte per second.

Both of the new IBM disk drives introduced the notion of fixed-block architecture. All data are recorded in
preformatted 512-byte blocks which are directly addressable under the single-level addressing scheme
mentioned earlier.

A new printer, less expensive than the older models, complements the peripherals lineup. The 3203 model
5 allows printing at 1,200 lines per minute, further enhancing the batch processing orientation of the 4331.

Reliability, Availability, Serviceability

A major facet of the IBM system is the increased emphasis on reliability and maintainability. This is
reflected in the maintenance costs, which are 0.25% of the purchase price per month compared to 0.5-1%
for most other manufacturers.

The increase in system reliability is due to:
* Adecrease in component count, because of the high-density chips
* Errorcheck and correcting (ECC) bits in memory
* Extensive internal checking
* Extra heavy-duty power supply.
The increase in maintainability is due to:

* Improved microdiagnostics that will pinpoint the failing field replaceable unit (FRU) 80% of the
time and reduce the problem to one of three FRU’'s most of the remaining times.

* Maintenance of the systems by swapping good FRU's for bad, which are repaired at a central
site and not at the customer site.

* A separate maintenance console with microdiagnostics that allows the 4331 to be quickly
switched on-line to a remote service center for error checking and test.

Software

The software for the 4331 is basically the same system software as used on the System 360/370. The
primary operating system for the 4331 will be 370 DOS or the enhanced version, Extended Control Pro-
gram Support: Virtual Storage Extended (ECPS:VSE), which uses the new 4300 architecture and puts cer-
tain common routines into microcode.

Another popular operating system for the 4331 will be the Virtual Machine (VM) operating system. The VM
system supports a simple interactive time sharing system and will be the primary operating system for
interactive environments.

With the 4331's relatively slow speed and small memory, it cannot adequately handle the larger MVS
operating system. Additional software is needed to make the 4331 a high performance interactive system,
competitive with the minis. For example, an interactive VAX will support two to three times the number of

users as a 4331,

The software prices have been revised, not only for the 4331, but for all IBM systems. If a user elects to
use 370 architecture and 370 software, then the 370 prices apply. If the user elects to upgrade the soft-
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ware to take advantage of the new 4331 architecture, then there are additional software charges.

This improved software costs over $1000 per month, or 20% of a fully loaded system price. In a more

typical system, the extra software cost will be from $300-$800 per month, or 15-20% of the total system
price.

Table 2 summarizes the strengths and weaknesses of the 4331.
Table 2

IBM 4331 STRENGTHS AND WEAKNESSES

STRENGTHS

=370 Compatible

-Low price

-Low manufacturing cost

-Made by IBM

-Bateh software

~-High reliability, availability, serviceability
-Fast 1/0

-Low electrical power

-New disk drives

WEAKNESSES

-Poor performance in an interactive environment
-Slow performance compared to minis

-Maximum main memory size of 1 million bytes
-Requires a system programmer

3. RELATION TO THE OTHER IBM PRODUCTS
In price, the 4331 competes with two other IBM products:
* The 8100— Data Processing Division (DPD)
* The System/38—General Systems Division (GSD).
Each of these systems has certain strengths and weaknesses which aim them at certain markets:

* The 8100 is a low-cost system and has two models. One model is priced lower than the 4331,
and the higher-priced 8100 model is just about equal in price/performance to the 4331.

* The System/38 also has two models. The lower-priced is about equal in price/performance to
the 4331, and the higher is midway in price between the 4331 and 4341.

The characteristics used by IBM to segment the market among these systems are:

* |Is the application system design and development controlled and implemented at the local user
site or at the central computer site?

* |s asystems programmer required?

* Are the applications batch- or transaction-oriented?
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The managerial control of the system is a strong issue to IBM because of the sales territory for the DPD
and GSD sales forces. If a company is centrally controlled and is not a first-time user, it is DPD sales terri-
tory. If the control is at the local site or is a first-time user, then it is GSD sales territory.

The use of systems programmers is related to the degree of customer sophistication. The smaller and
less sophisticated the customer, the less desire or need for an expensive systems programmer. This
definition also coincides with the GSD sales territory.

As the systems become larger and more complex, the talents of a systems programmer are required.

All three of the low-cost IBM systems can support a communications environment, such as remote job
entry or satellite processors, but the market distinctions are in the managerial control and first-time user
issues. Table 3 summarizes the market positions of the three IBM systems.

Table 3
MARKET POSITIONS
4331 8100 System/38

Bateh/Transaction

Oriented Batch Transaction Transaction
System Programmer

Required Yes Yes Usually No
System Design &

Control Local Central Local
Sold By DPD DPD GSD
User Sophisticated Sophisticated Unsophisticated

Omitted from these definitions and, therefore, a weakness in IBM’s low-end computer line, are some of

the traditional mini markets:

* Interactive computations
* Scientific computations
* Process control

* Transaction processing.

1"

The Series/1 addresses some of these markets but with a much lower price/performance than the 4331.
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4. BURROUGHS CORP.

Summary
hs should feel little impact from the 4331 and stands 1o maintain its position in the smaj|.
business-system marketplace.

Burroughs announced two machines to counter the 4331. In its small stand-alone small-business-system
line, it announced a dual-processor 1885 configuration. However, this is sufficiently below the 4331 in
bontelll price and performance {about $30,000 in price and 20-30% less in performance) that it was not ana-

lyzed further.

The most important machine in the 4331 price/performance range Is the 2930, which is available as either
a uniprocessor or in a multiprocessor configuration with up 1o four central processors

Although the 2930 protects Burroughs from IBM on a price/performance comparison, Burroughs is still ex.
without a mainframe-type system in the $150,000-200,000 range for a complete system, well under

the 2930's minimum system price of $290,000.

The strength of the 2930 will be in the transaction- and communication-oriented markets, where the com-
bined communication front-end processors and the network software will make this a strong contender in
the low-price market.

Price/Performance

The single CPU 2930 system offers a MIPS rating of 0.3, or 50% faster than the 4331's MIPS rating of 0.2,
and at a price for a minimum complete system of $290,000 leading to a price per MIPS about 7% higher
than the 4331. A multiprocessor system lowers the price per MIPS by about 30% per processor, bringing
Burroughs to the same price/performance as IBM, but at about twice the price — $340,000 for a minimum
system.

The 2930's strength is in a communication environment, where the 4331 is relatively weak. The 2930 uses
programmable front-end processors to handle the communications, and their effective MIPS processing
rate must be added to the main processor to provide a better comparison. The 2930 also uses separate in-
tegrated microprocessors for the disk controllers, further increasing the effective MIPS rate. The 4331 has
integrated disk controllers, but they time share the central processor functions. Therelfore, the Burroughs
2930 has a much lower price per effective MIPS than the 4331

‘The:asic CPU and memory of the Burroughs is over twice the price of the 4331—$140,000 versus $68,000
or the latter. Part of this price difference IS the disk controller included in the Burroughs price.

Burroughs' main memory, at an incremental price of $15,000 per million bytes, is tied with 1BM and lower

than :‘Y'Olh: su"em mhlnes_ The memow uses ]Sk DIt ¢ hpp:’, and will prcobahh rr.?sult n 'Ower Droflt
margins for Burroughs than other parts of the product line

The logic circuitry ‘
; of the 2930 is quite advanced ates compared to IBM’'s new
circuitry containing 700gates per chip. » USING a chip with 800 gates, comp

Peripherals

Burroughs’ di |
e sk drives are based on the old removable 3330 philosophy and are priced at $140 per million

bytes versus $40 : h
access times on t:;lmﬁu sr “'3‘;037?0_ Because the drives use an older technology, they are s!owefr; i
million bytes per OF 30 ms. and data rates of 1 million bytes per second versus 20 ms. a

second fo
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Reliability and Serviceability

The Burroughs maintenance and reliability philosophy is similar to IBM’s in that the 2930 has a separate
maintenance processor. While the IBM maintenance processor can only operate when the system is
stopped, the Burroughs maintenance processor operates continuously and simultaneously with the main
processor to detect faults.

Part of the monitoring process includes monitoring external power fluctuations and temperature to
assure proper system operation. Only the 4331, among the surveyed systems, also offers this feature.

The maintenance philosophy is reflected in the maintenance prices, which are relatively low, 0.7% of the
purchase price per month. This is the lowest, next to IBM, and a standoff with NCR among the main-
framers.

The high-reliability philosophy, coupled with the multiprocessor configuration, gives Burroughs a very
high availability, which is needed for the transaction market.

The transaction-processing market is discussed more completely in the section on Tandem.
Software

The Burroughs software, although more than adequate, is not as extensive as some of the others, and its
data base management system, priced at $17,000, is among the most expensive.

On a total system basis, Burroughs has one of the lowest software prices, at 6-7% of the total system
price compared to 15-20% for IBM.

5. DATA GENERAL

Summary

Data General is one of the companies that will be somewhat impacted by the 4331, but in an indirect
fashion.

As a major minicomputer manufacturer moving from the traditional markets of OEM, scientific, real-time
response, etc., into the end-user markets, especially the IBM customer base, Data General now faces a
new competitor in IBM. With this new alternative solution available, many users will elect to remain with
IBM, especially those who are batch-oriented.

Price/Performance

Data General has been among the most aggressive leaders in technology, and the price and performance
Data General offers bear this out.

The Data General system that comes closest to the IBM 4331 in price is the Eclipse 350 (C350). On a total
system basis, a C350 runs from $150,000 to $500,000 compared to the IBM 4331 price of $180,000 to
$575,000. On a CPU-only basis, the price is comparable to the C350 priced at $54,000 versus the 4331 at
$68,000.

The C350 is a new machine, announced in the fall of 1978, and fills what had been a gap in the complete
line of business-oriented processors offered by Data General, ranging from the C150 at $80,000 for a com-
plete system to the M600, which can cost $1 million for acomplete system.

On a performance basis, the C350 ranks about the middle of the surveyed systems, with a MIPS rating of

W DEAN WITTER KEYNOLDS INC.
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e fact that the C350 is a 16-bit machine. Benchmark testing confirms this rating

t for th
isqpclor i benchmarks are used, the C350's performance could range from 0.210 0.4,

but, depending upon which

by the type of memory they purchase. A

Buyers of the C350 can adjust the system performance noninter-
leaved memory is standard, but a two- or four-way interleaved memory can be purchased, raising the
performance by 15-20% for a nominal $2,000-6,000 price, depending upon memory size and degree of
interleaving. With interleaving, the C350 becomes equivalent to a 32-bit wide memory in speed.

On a price per MIPS basis, the C350 is priced at $375 to $1,300, depending upon system size, less than
one-half IBM's $900 to $2,800.

The high end of the Eclipse family is capped by the M600 model which, on a system basis, is about
$50,000 more than the C350.

Although the main processors of the C350 and M600 are identical, the M600 produces significantly faster
performance through an additional high-speed arithmetic unit, up to eight-way memory interleaving, and a
front-end/back-end multiprocessor architecture that increases the effective MIPS rate by adding the

speed of the two processors.

Input/Output

The standard /0 speed for the Eclipse series is relatively slow, with a speed of 1.5 million bytes per
second. Burst I/O rates are higher.

Peripherals

Data General's peripherals appear adequate for the market segments they currently occupy. However,
IBM's 3370 is clearly superior. The largest disk drive offered is 277 million bytes, with an incremental cost
of $136 per million bytes versus IBM’s $40 per million bytes. For a large, billion-byte data base-oriented
system, this would result in a price difference of $100,000 per system.

Data General was one of the last minicomputer companies to react to IBM's new memory pricing stategy
by cutting the C350 price from almost $70,000 per megabyte to $27,000. While the latter is significantly
higher than IBM’s $15,000, it is less than a 2% difference on the total system price.

Reliability and Serviceability

The.main'tenance and reliability of the Eclipse is standard for a minicomputer with few extra features to
aid in maintenance except for microdiagnostics. Data General, however, has given some extra attention
to power supply design, amajor part of system unreliability, allowing the sytem to operate in a 20% under-
voltage environment.

The maintenance prices of the Eclipse are among the highest of the surveyed machines, running about
22-23% of the total system price, or about 0.8-0.9% per month of the hardware price.

Software

g" 8'(‘3 overall basis, the Data General software is one of the weakest of the surveyed systems, aithough
ata General has strengthened it with several recent improvements.

Data General offers no data base management system, although one may be bought from a third party.

The software offering of Data General is relatively strong in the remote job entry (RJE) environment, allow-

ing the system
alsg.o mailisble. 1o act as a remote processor to an IBM system. IBM 3270 emulation and X.25 support aré




The COBOL offered compared favorably with other minicomputers but is substantially lacking in features
to be able to compare it to a mainframe COBOL.

Data General's new operating system, AOS, first offered in 1977, has many good features and is a substan-
tial improvement over the earlier RDOS.

6. DIGITAL EQUIPMENT CORP.

Summary

Digital Equipment Corp. (DEC), along with Prime, may be one of the two companies most strongly im-
pacted by the IBM 4331. This impact will be evident in a possible lessening of the growth rate rather than
in an outright decline in sales, but it will be difficult to measure since DEC and Prime may find it harder
than before to penetrate IBM's user base and may put their efforts into other markets, thus continuing at
the same growth rate as in the past.

There are three DEC products that compete against the 4331 on a price basis. The first is the DEC 2020, a
36-bit system which DEC considers a mainframe. The second is the VAX 11/780, DEC’s 32-bit mini-
computer. The third is the older PDP 11/70, a 16-bit minicomputer. While the latter is the most popular of
the three DEC systems, it will not be the main future competitor in the commercial marketplace and there-
fore was not further analyzed.

The VAX was first announced in 1977, and although it is upwards compatible from the older PDP/11
family, in its own native mode it is a completely different system offering full 32-bit instructions and vir-
tual memory capabilities. The VAX 11/780 is the main future thrust of DEC. The single model in this family
is expected to be extended in the near future with additional members.

Markets

The DEC System 20 is primarily aimed at the interactive computing market, and about 600 units of all
models have been sold. The model 2020, the smallest and most comparable to the 4331, has had about 200
units installed for a total value of about $100 million.

The major market tapped by DEC for the 2020 has been the in-house time sharing market. Many com-
panies have switched from time sharing service bureaus to an in-house 2020 and achieved a reduction in
expenses plus an increase in capacity.

Because of its timesharing orientation, it is unlikely that the 2020 will be impacted by the 4331 in this sub-
market. However, about half the 2020’s have been sold as stand-alone batch processors to replace exist-
ing systems, including 360/30's and other older IBM equipment. This portion of the 2020 market will be
severely impacted by the 4331, if not dried up completely. This is a relatively small dollar volume for DEC,
at $50 million per year, and will have negligible impact on DEC's total corporate picture.

The initial market for the VAX is the traditional minicomputer market of scientific and interactive work.
Some early users have commented that, with the interactive programming development capabilities of
the VAX, software development costs have been one-half to one-third that of other systems. As the VAX
software improves, this system will be extended more into the commercial data processing marketplace.

The 4331, while not as fast as the VAX, will slow DEC's entrance into the batch market by providing the
IBM user with a fully compatible machine for upward growth.

Price/Performance

The DEC 2020 is a 36-bit computer, aimed at the mainframe market. Its MIPS rating is 0.3, 50% faster than
the 4331's 0.2, and its price is also 50% higher than the 4331, running from $300,000 to $900,000 for a com-

plete system.
w DEAN WITTER REYNOLDS INC.
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s, the 2020 is slightly more expensive than the 4331, at $1,000 to $2,600 per MIPS

One p‘::g;r:mgm, depending upon system size and configuration

Recent user benchmark on the 2020 found that in the interactive environment it was considerably more
productive than either the 4331 or the VAX 11/780.

The VAX picture is different. The VAX 11/780 has a MIPS rating of 0.9, the highest of any of the systems
analyzed except the Tandem dual-processor system, and a system price about 20% higher than the 4331,

at $210,000 to $660,000.

The price per MIPS of the VAX was among the lowest of any of the systems analyzed, ranging from
$200,000 to $700,000 per MIPS, one-fourth that of the 4331 and ranking third behind the Tandem system
and the Perkin-Elmer 3220.

DEC's main memory was originally priced at $40,000 per megabyte, but after the 4331 announcement,
DEC reduced this price down to a very competitive $18,000 per megabyte

Peripherals

As a batch processor, the 2020 has relatively good peripherals, with 176-megabyte-capacity disk drives
and a 1.2-million-byte-per-second tape drive. These were the equal of the IBM equipment until the an-
nouncement of the new 3770 disk on the 4331

The VAX has a very high /O rate for its price, at 8 million bytes per second, three times that of the 4331,

The peripherals for the VAX are DEC's 176-million-byte RPO6 disk drive, the same as used on the 2020, and
a very slow 45-inch-per-second tape drive. This tape is unsuitable for batch processing and can only be
used for disk backup, further underlining the fact that DEC is not seeking to sell the VAX in the batch
market.

The RPO6 disk drive has the highest price of any of the systems analyzed, with an incremental price of
$193 per million bytes, almost five times that of IBM's $40 per million bytes

DEC's CRT, the VT 100, is an extremely competitive device, and next 1o IBM's 3270 has proven so popular
that there is now up 1o a two-year wait for a terminal. It is priced at $1.900 for a plain terminal, or $2,200 for

a 132-charqcter-per-line version with extra features. This compares to $3,000 for a plain 3270 and more for
more sophisticated versions.

Reliability and Serviceability

DEC is one of the few Companies that places strong emphasis on reliability and maintainability. The VAX
:..:::iagmnosatzz :'v'la::tt_?rni_lnce comp_uter (@an LSI 11) tor monitoring the behavior of the system and per(ormt-
0.50.6% of OfK. This emphasis is paid back to the user with low maintenance prices that run abou

->4.9% ol the purchase price per month, well below the “normal” mini price of 0.9% and the lowes!
percentage of any of the companies except IBM. On a large system, IBM's maintenance cost is 15% of the

total price versus the VAX's 162 : o st
: <. a negligible diff ™ » o . . 18% , while mo
systems are in the 20-22% range. g erence e next lowest is Tandem, at

The D
abouleag‘zo? :oes not p_lace as much emphasis on reliability as the VAX. and its maintenance prices aré
Software
DEC bundles most of | :

of it sof "
its apparent hardwarecostst_"are Into the system price, reducing its apparent software costs and raising
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The VAX was designed from the ground up as a completely integrated system; that is, the software and
hardware were designed together, not separately. However, like most new systems, it has not yet reached
its full potential. In order to bring the machine to the market as quickly as possible, DEC used much of the
older PDP/11 software and is gradually phasing in the native mode software to achieve VAX's full
potential.

An example is the COBOL compiler. The original PDP/11 version is very slow and, on benchmark tests,
was one-half the speed of the DEC 2020 COBOL, a machine one-third the MIPS rating of the VAX. The new
COBOL is being phased in by DEC and is approaching the native speed in its capabilities.

The current line-up of native mode software is still relatively weak and includes only an operating system,
DECNET network program, COBOL, and FORTRAN compilers. No database management systems exist,
and RPG, PL/1, and APL languages are not supported.

In the interim , the full range of PDP 11/70 software is available for use on the VAX, and this is the widest
range of software available for any minicomputer.

The DEC 2020 has a relatively full complement of software, with a good COBOL compiler, DECNET net-
working software, and a database management system.

7. HEWLETT-PACKARD
Summary

Hewlett-Packard (HP) is in an ambiguous position relative to the 4331. On a straight price/performance
chart, the HP 3000 is the lowest ranked except for the Univac 90/30, which shouldn't be compared as it is
completely noncompetitive. However, from a sales standpoint, the 4331 has had a negligible impact on
HP, and the future impact will also be relatively light.

Market

The HP systems are aimed at a completely different market than the 4331. They are primarily aimed at
first-time, unsophisticated users for interactive- and transaction-oriented applications. The database soft-
ware on the HP 3000 is the most sophisticated of any of the minicomputer systems; this greatly simplifies
software development, making it easy for new users to program.

HP’s user orientation plus its strong IBM-compatible RJE communications software has allowed HP to
make a significant penetration into the IBM user base as a distributed processor vendor. Because the HP
3000 is designed to be easy to program by end-users at remote sites, HP will be impacted more by the
System/38 than by the 4331 or even the 8100 series.

Price/Performance

HP has two systems that are price competitive with the 4331. They are both relatively new. The larger 3000
Series IIl was first delivered in late 1978; the smaller model 33 was first delivered in early 1979. The latter
uses HP's advanced Silicon-on-Sapphire (SOS) technology, which reduces the CPU logic to three chips.

These systems bracket the 4331 in price: The model 33 is 30% lower than the 4331, and the Series Ill is
about 10% higher.

On the MIPS scale, both HP systems have less performance than the 4331, by at least 40% for the S'eries
IIMand at least 60% for the Model 33. In absolute speeds, the MIPS ratings are 0.07 and 0.12, respectively,
compared to 0.2 MIPS for the 4331.

On a price/performance basis, both HP systems are nearly twice as expensive as the 4331, with price per
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MIPS running from $1,500 to $7.000 versus the 4331's $900 to $2,900, depending upon system size and
configuration.

It is difficult to make a direct comparison based only on a MIPS analysis because of major internal struc-
ture differences between the HP and IBM computers, such as the fact that the 3000 is a 16-bit mini-
computer and uses stack architecture for intermediate storage, while the 4331 is a 32-bit machine and

uses registers for storage.

The number of terminals supported is a better measure of performance than MIPS for this environment.
Because HP's systems are designed as interactive systems, they will support more terminals than a 4331.
The model 33 will support 10 to 15 terminals, compared to IBM's 8 to 10, while the Series Il should sup-

port 20 to 30 term nals.

HP has reacted tc IBM's announcement by cutting in half the incremental cost of main memory from over
$30,000 per millicn bytes to $15,000 per million bytes. This has a very small effect on a total HP system
price, reducing the total price less than 5% for a typical system. Its primary impact—the ability to say that
HP offers the same price as IBM—is psychological.

HP also reacted to the IBM 4331 by dropping CPU prices on both the Model 33 and Model Il and bundling
some of the software into the hardware price. The net result of these three changes was a total system
price reduction or: the order of 10%.

Input/Output

For a batch environment where the /O speed is important, the 3000 may be slower than the 4331. The
Model 33 has an I/O speed of one million bytes per second; the Series lll has a speed of 2.8 million bytes
per second, serving a single device. This compares to the 4331's aggregate data rate of 2.3 million bytes
per second and the ability to serve two 1-million-byte devices simultaneously.

Peripherals

Compared to the 4331, HP peripherals are very limited. The largest disk drive offered by HP has a capacity
of 120 MB and a restriction of 8 drives, or 1 billion bytes per system. The Model 33 has an even smaller
capacity. The 4331 has a capacity of nine billion bytes of on-line storage.

The tape drive offered by HP, at 1600 BPI and 45 IPS speed, is too slow to be used in a batch environment
but is adequate for backing up the small HP disk drive. The speed and capacity are inadequate to back up
alarger drive, and if HP announces a larger disk, a new tape drive will be needed.

The HP CF_!T's are very easy 1o use and very sophisticated. HP was one of the first to offer a movable
screen to improve operator productivity and the first to put function keys directly on the CRT, making
them easier to use.

Reliability and Serviceability

HP's systems designs are strongly oriented toward high reliability and low maintenance costs, and HP is
one of the few vendors that offers remote debugging capabilities for its system. A separate maintenance
support processor is used as a diagnostic processor.

HP maintenance prices are less than those of most other manufacturers, accounting for about 20% of the
total system price, two to five percentage points lower than most others. When comparing just the hard-
ware, the maintenance costs run about 0.5% of the purchase price per month, well below the typical
minicomputer cost of 1% per month and about 20% above IBM's prices fora large system.

—




Software

HP software is among the strongest offered on any of the minis. It is a completely integrated and pro-
prietary system. The major thrust of the software is interactive- and transaction-oriented. The database
and file inquiry languages are among the best.

Neither the HP software nor hardware is oriented toward the batch processing market. The COBOL is
among the weakest, supporting only the 1968 version, not the 1974 like most other companies.

HP is also going counter to the industry trend of unbundling software. Its latest announcements bundled
in previously separated software. Because most of the software is bundled in, HP's apparent software
price is the cheapest, 5% of the total system price.

Bundling reduces the number of options and makes it easier for an unsophisticated user to buy from HP.
All of this keeps pointing HP to its ultimate end-user market, the first-time user.

8. HONEYWELL, INC.

Summary

Honeywell, like Univac, can compete against the 4331 from two different levels—minicomputer and main-
frame. At the minicomputer level, Honeywell competes with the Level/6 Model 53 and at the mainframe
level with the Level/64 Model DPS 320 (Distributed Processing System).

Both the Level/6 and Level/64 now have nearly identical MIPS ratings and system prices, but they differ
vastly in applications approach. Neither should be strongly impacted by the 4331 in their typical markets.

Markets

The Level/6 is a typcial 16-bit minicomputer, with good software for a mini but poor for a mainframe. A
strong data communication capability and supporting software make it a good distributed data process-
ing product. The software support is not aimed at the first-time user market; it is more complex and harder
to use than many other minicomputer offerings. The Level/6 does not have the raw performance of other
16-bit minis in its price class.

The Level/64 Model DPS 320 is also a strong communication-oriented system. Its primary purpose is to
protect the Honeywell installed base of H200 class systems. There are over 800 of these systems in-
stalled, with an aggregate purchase value of about $1 billion. The Level 64/DPS is expected to extend this
base into the Distributed Processing System market.

Both Honeywell systems are strong contenders in the communication environment. The Levell6 is
stronger for small transaction-oriented systems; the Level/6 will be more competitive to the 8100 than the

4331.

Price/Performance

On a price per MIPS basis, the 64/320 is lower than the 4331, but does not provide the usual 20-30% price/
performance advantage users would expect for switching from IBM. As a result, Honeywell salesmen will
be constrained in attempts to capture new customers from the IBM base.

Honeywell also offers a larger version, the 64/350. It is 50% faster, with a MIPS rating of 0.3, at a price in-
crease of 50% for a small system, resulting in a price per MIPS slightly higher than the 64/320.

The 64/350 aims at a gap in the IBM line by offering a system at a price between 4331 and 4341. However,
this gap should be plugged by IBM with the expected upgrade announcement to the 4331. (Subsequent to
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the detailed comparisons used in this analysis, Honeywell announced the Level 64/DPS-330, which super-
sedes both the 320 and the 350. This new machine offers approximately 10% greater performance than
the DPS-350 and should be a strong contender in this segment of the marketplace.)

The Level/6 minicomputer system model most directly price competitive with the 4331 is the Model 53, an-
nounced in early 1978. The basic instruction rate of the Model 53 is slightly faster than the 4331; however,
the Model 53 is only a 16-bit machine. To some extent, the 16-bit deficiency is overcome by a two-way
interleaved memory which has many of the speed characteristics of a 32-bit wide memory.

On an overall basis, the adjusted MIPS rate is 0.2, equivalent to the 4331. The price per MIPS, on a system
basis, is substantially lower than the 4331, at $725,000 per MIPS, because the CPU is less expensive.

Peripherals

On an incremental basis, Honeywell's prices are among the best. The fixed media disk drive is priced at
$50 per million bytes versus IBM's $40 per million bytes. Main memory has an incremental price of $20,000
per million bytes versus IBM's $15,000. Both differences, while sizeable in percentage, are negligible in
terms of total dollars for the system sizes analyzed.

Reliability and Maintainability

Neither of the Honeywell systems is particularly noteworthy in the maintainability or reliability areas.
Only single processor systems are offered, and the maintenance prices are in the middle ground, running
about 20% of system prices.

Software

Honeywell has relatively mature software, with both Level 6 and Level 64 software having migrated
through several generations.

The Level/6 software is not as first-time-user-oriented as other minicomputer software, and more systems
knowledge is required to use it.

Both Level/6 and Level/64 software have strong communication capabilities. The Level/6 offers the TOTAL
data base management software, from CINCOM. The COBOL is quite weak when measured against IBM
or even against Honeywell's own Level/64 COBOL system.

The Level/64 offers strong data base management systems support languages.

9. NCR CORP.

Summary

NCR responded quickly to the 4331 with a brace of products bracketing the 4331. The new 8455 is 10%
under the 4331 in performance, while the new 8555 is 50% faster.

These machines provide a powerful base for NCR to continue its aggressive expansion program. The im-
pact NCR will feel from the 4331 will be relatively mild, as the new systems are not only strong enough to
protect the current NCR base but also provide a reasonable alternative 1o the 4331, especially to those
customers who cannot wait for the long lead times on delivery of the 4300's.

From a hardware and software standpoint, NCR is in the strongest position among IBM's mainframe com-
petitors for the following reasons:




* NCR offers a full range of five compatible systems ranging in price from $100,000 to several
million dollars.

* NCR's new fixed media disks compete with IBM in price at $50/MB, compared to IBM's $40/MB,
anegligible difference even for a large system.

* NCR offers a full multi-processor virtual memory operating system.

* NCR's strong emphasis on reliability and maintainability give it one of the lowest maintenance
prices of any mainframe vendor except IBM, at 0.7% of the system price per month versus
IBM's 0.5% per month.

* NCR's strong communication emphasis is combined with low-price integrated communica-
tion controllers on the smaller machines.

* NCR's main memory price of $20,000/MB is among the lowest of any vendor and is inconse-
quential in difference on a system basis versus IBM's $15,000/MB.

Markets

Markets for the 8455 or 8555 will be found among NCR's traditional customers, primarily in banking, retail-
ing, and manufacturing.

No announcements were made concurrently with the new processors that would suggest any substantive
change in NCR's marketing strategies.

System Description

All the new systems use NCR's new Virtual Resource Operating System (VRX) to provide a full virtual
memory capability. The larger of the machines, the 8555, is also available in a multi-processor configura-
tion to provide a high availability system with up to four processors. The 8555 dual processor system
would be in the same price and performance class as the 4341,

NCR offers a further advantage in that its low-end Criterion series, which starts in price at $50,000 for a
complete system, is upwards compatible with the 8455 and 8555 systems. This provides even the smallest
user complete upwards growth visibility and offers the large user the ability to configure distributed
processing systems, which are program compatible, with a very wide variety of processors.

Price/Performance

The 8455 hardware is less expensive than the 4331 by over 25%. However, this is not the total price seen
by the user. NCR software is among the most expensive of all the companies examined, at approximately
20% of the total system price. When the extra software expense is added to the slightly higher mainte-
nance costs, the total system price of the NCR 8455 is a wash with the IBM 4331.

The 8455 is 15% under the 4331 in performance, with a MIPS rating of 0.17, and about equal in price; the
8555 is 50% faster, with 2 MIPS rating of 0.3, and only 20% more expensive, with a system price per MIPS
of about $733. For multi-CPU configuration, the 8555 would have an even lower MIPS price.

This gives the NCR 8555 the best price/performance ratio of the mainframe products analyzed.

Input/Output

The 8555 has the highest internal bus speed, 36 megabytes per second, of any.of the systems analyzed.
Despite the high internal bus speed, the /0 speed of the 8455 and 8555 is only two megabytes per second,

about equal to the speed of the 4331.
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Peripherals

mpetitive with IBM on disk drive prices, at $50 per million bytes, the operatin
:mg:‘le:ca?e li:fgzor?el‘he average access time of the newest. NCR drive announqed in 1979 is 35 msg_
versus IBM's 20 ms., or 50% slower. This time is most critical in a tlrarlrsactiop environment. In a batch
environment, the read/write speed could be even more critical, and this is 1.2 million bytes per second for
NCR versus 1.8 million bytes per second for IBM's 3770—also a 50% difference.

Software

The software on the NCR is a reasonable configuration of languages and facilities, including a network
control language. CINCOM'S TOTAL is used as the data base management system.

10. PERKIN-ELMER

Summary

Perkin-Elmer could stand to benefit the most from the 4331 announcement. Far from being adversely im-
pacted by the announcement, Perkin-Elmer could seize the opportunity offered by IBM's slow delivery
schedule to enhance its position significantly.

Perkin-Elmer's new 32-bit system, the 3220, first delivered in the summer of 1979, is similar to the 370
architecture and, therefore, is more directly comparable to the 4331 than most other systems studied.

Perkin-Elmer can deliver a system with 4341 capability at less than a 4331 price.

Perkin-Elmer's even newer 3240 system, announced in October 1979, could fill the price gap between the
4331 and 4341, while offering performance substantially better than that of the 4341,

The ability of Perkin-Elmer to take advantage of the 4331 opportunity will depend upon the speed at which
it can react to the marketplace.

Markets

Perkin-Eimer's traditional marketplace has been in the scientific, engineering, simulation and related
markets, and the 4331 opportunity would represent a major change in market direction. Management

statements have identified a strategic desire to enter the commercial market. However, the specific
marketing efforts to date seem tentative.

P_erkin-Elmer's thrust into the commercial marketplace could be heavily aided by an IBM-compatible ver-
sion of the 3220. A minor modification to the hardware and software would allow the 3220 to run any 360

and 370 user-written code without modification. This wou!d include all of the IBM compilers and any code
generated by the compilers.

The'3220 is not a PCM in that it cannot run IBM operating systems, nor can it plug into 1BM peripherals,
but it can run the user object code.

Price/Performance

I;?;°g$§¥5‘em prices for the Perkin-Elmer 3220 are $135,000 to $560,000, compared to IBM's $180,000 to

g:r?“?gglem price per MIPS, Perkin-Elmer's 3220 is less than $200 per MIPS, well below the 4331 at $900
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Input/Output

The I/O speed of the 3220 matches its internal speed with a rate of eight million bytes per record, or about
three times faster than the 4331.

Peripherals

Perkin-Elmer uses the CDC storage module, as do many other minicomputers, for disk drives and has a
relatively high price of $164 per million bytes compared to IBM’s $40—a very significant price difference.
However, CDC is just beginning delivery of its Winchester-style drives that are interface-compatible to the
storage module disk drives, which could improve Perkin-Elmer’s relative disk drive prices.

Perkin-Elmer also offers 6250 BPI tape drives if required, the same speed as IBM's drives.

Perkin-Elmer makes a very low priced CRT that sells for about $500 in quantity. The use of this CRT sub-
stantially reduces the price of a large system.

Reliability and Maintenance

From a reliability and maintainability viewpoint, the 3220 is a middle-of-the-road machine. The main con-
sole can be used to initiate diagnostics that can be run to determine gross machine faults, and an error-
logging facility keeps track of current and potential hardware problems. On a price basis, the PE 3220 is

right in line with other minis, with maintenance prices at 0.9% of the purchase price per month, well
above IBM's 0.5%.

Software
Perkin-Elmer offers RJE support to enable the use of the 3220 as a remote job entry system to a 370.

The FORTRAN compiler is one of the most sophisticated available, having an excellent optimizing
capability.

The rest of the Perkin-Elmer software is relatively weak. There is no data base management software or
networking capability. The COBOL is comparable to other minis but lacks features that would make it
acceptable in the mainframe world.

There is no support for PL/1 or the APL languages.

An interactive operating system provides a reasonable level of support for interactive processing, and a
transaction oriented monitor will support 30-50 terminals for transaction processing.

11. PRIME COMPUTER
Summary

Prime could be among those most seriously impacted by the 4331 announcement, but in an indirect
fashion, by reducing the opportunity to continue to invade the IBM base.

Markets

Prime's initial market thrust was in the scientific and interactive processing market, where Prime’s high
speed and virtual memory capability provided a significant advantage.

Prime had this market niche to itself until DEC's VAX 11/780 provided a superior product on the higher end
and WANG provided virtual memory systems both above and below Prime in price.
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announced in January 1979 (models 450, 550, 650, and 750), provided an answer

The new Prime 50 series, _ :
to DEC and gave Prime a more competitive machine.

s been switching to the commercial market and, even more recently, to

Prime's marketing emphasis ha | ;
that part of the OEM market that sells to the commercial end-user with a version of the Reality software

originally developed by Microdata.
nts for 10-20% of Prime's revenue. While many of the OEM's customers

by the 4331, others which do have |BM 360 or 370 systems in-
ible 4331 and save on their programming costs.

The OEM market now accou
are first-time users and unlikely to be impacted

stalled may elect to remain with IBM's compat

Prime's market strength will continue to be in interactive applications where Prime’s easy-to-use software
will be a big advantage against IBM's more difficult-to-use 4331 software.

Prime will also compete in the new-user market without undue pressure from IBM’s 4331, but may face
new competition from the System/38 in this market.

Price/Performance

The 50 series model that is most price-competitive with the 4331 is the Model 450, with total system
prices ranging from $170,000 to $620,000 versus IBM's $180,000 to $575,000.

The 450 has a MIPS rating of 0.3 versus the 4331's 0.2, leading to a system price per MIPS advantage for
Prime of less than $600 per MIPS versus IBM's $900 per MIPS. On a CPU-only basis, Prime maintains
about the same pecentage basis, with a price of $200 per MIPS versus IBM's $300.

If the slightly larger Prime 550 is used for comparison, the system price per MIPS drops below $500. The
550 provides a 30% performance advantage, 0.4 versus 0.3 MIPS, for a 10% price increase when compared
to the 450.

For hardware only, the small configurations of the Prime 550 and the 4331 are identical in price at $128,000
each, but the higher Prime maintenance costs raise the total effective system price.

Both of these Prime systems’ price/performance ratings compared poorly against DEC's VAX, which hasa
0.9 MIPS rating and a system price slightly over $200 per MIPS.

Pr?me‘s njain memory price of $40,000 per million bytes is high compared to IBM. However, on a systems
price basis, this will amount to only a 5% difference, a relatively insignificant figure.

Input/iOutput

':::‘::‘Od speed of both Prime systems is 2.5 million bytes per second versus IBM’s 2.3 million bytes per

Peripherals

Prime uses the CDC storage module drives with a capacity of 300 million bytes per spindle. These are in-
crementally priced at $110 per million bytes—Iless than other minicomputer companies but considerably
morg than IBM’'s $40 per rpil_lion bytes. This difference will not be apparent on a total system price until
105% :}faf base reaches a billion bytes. _The rgsultmg $50,000 price difference for disks would resuit in a
ifference for the total system. This partially accounts for Prime’s higher price on larger systems.

Reliability and Maintenance

rime’s reliability and maintenance philosophy is better than average for minicomputers. Prime is one of




the few compar}ias that_ offer remote system debugging capabilities. This capability is not reflected in
maintenance prices, which are at the minicomputer standard of 0.9% of the purchase price per month.

The maintenance prices for a larger system differ by over $1,500 per month in favor of IBM, adding an extra
$65,000 to the purchase price of a large Prime system.

Software
Prime offers all main languages, including PL/1, COBOL, RPG, and FORTRAN.

Prime's software is relatively strong for a minicomputer company, with a full complement of languages, a
data base management system, networking capability, and source-level debugging package.

The COBOL compiler is weak from a language facilities standpoint, missing many features used on large
systems. It is also a relatively poor operating compiler, resulting in slow execution speed of the generated
code. These factors make it more difficult for Prime to compete in the standard commercial market.
Prime's communication software offers full RJE support and a networking capability. Prime is also one of
the few companies to offer the X.25 communication capability which is important in Europe, and just
beginning to catch on in the United States.

Prime is one of the few mini companies supporting a library of application packages. Most of these are
oriented to the scientific, rather than the business, community.

The PRIMOS operating system, like other minicomputer software, is oriented toward the interactive
market and provides a reasonable level of support for transaction processing, although not to the same

degree as an operating system designed specifically for transaction processing. It offers minimal support
for batch processing.

The software strength and the ease of program development provides the main market strength for Prime.

12. TANDEM

Summary

Of all the companies analyzed, Tandem is the least likely to feel the impact of the 4331 announcement.
The primary reason for this is that Tandem has targetted the transaction processing market, and the 4331
is not a good price performer for this application.

Markets

The transaction processing market is currently relatively small, under one billion dollars per year, but it
could grow to 10-20% of the total EDP market by the middle 1980's.

The user applications that characterize this market are those in which a terminal operator keys a trans-
action that is processed against a relatively large data file, and only a small amount of data is returned to

the operator. Specific functional requirements are:
* Large data bases
* Complex decision-making on how to process the data

* Multiple non-EDP users

* Relatively light computation
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* High system availability

* High system reliability

* Relatively low data transmission per transaction

* High data base integrity.

titutes the bulk of the current on-li

a are captured but not processed, cons . i
On-line datadef:;m,:::sr:ig:tmarkel. This is not the same as transaction processing. Time sharing and
:Ilts;ﬂm;;n::::coamp&ations as found in engineering or planning type applications are also different from the
n

transaction market.

i iabili he same system design characteristics. A
and high reliability, although related, are not 1
Higtm:::::'p:lgh reliah?lily could have low availabilty or vice versa. A system with hundrgds of operators
?Irat is unavailable for even short periods, idling the operators, would be very expensive in lost business
and operators' time. A financial transaction system that processes a single million-dollar transaction in-
correctly would be unacceptable, even though the system had high availability. These applications put a
high premium on data base integrity.

Performance Characteristics

The MIPS rating has less value in measuring systems performance in a transaction environment. The im-
portant measurement is number of transactions per hour. This measurement |s related to the total system
throughput, which includes:

* Hardware speed

Applications software
Systems software

* Database software

Disk and terminal /0 Speeds.

It is often impossible to determine how many transactions a system will process until the sVS!Bm;:
designed and built. It may also be difficult to estimate the number of transactions to be process
because volumes May grow drastically as users become familiar with and learn to use the system.

Tandem, with its unique multi-processor approach, is able to satisty these multiple requirements:
* Modular growth
* Availability
* Reliability.
dges the transaction

If a user misju
another central processor at a small in
ing the processors is typically a one- o

in
processing requirements of his/her system, he/she e plu.gdd-
cremental cost to provide the additional computing capabthlv-
f two-hour job and can be done while the system is running.
The 4331 is available only in a single

; roblem
; processor configuration, thus not solving the user's growth p
in nearly as satisfactory a manner as : .

Tandem.
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The largest installed Tandem system currently uses 14 processors. It is possible to use 16 processors in
one system. Up to 255 systems may be connected in a distributed data processing network. The multi-
processor configuration also provides high availability by automatically sharing the work load among the
other processors if one processor stops working.

High reliability is obtained by extensive self-diagnosis within the Tandem system.
Price/Performance

On a MIPS basis, a single Tandem processor is three times faster than a 4331 processor. However,
Tandem systems are sold with a minimum of two processors, resulting in over six times the performance
of a 4331 at approximately the same price.

On a transaction processing application, the Tandem system should support five to ten times the number
of transactions that a 4331 does.

Each program in a Tandem environment can address 128k bytes of memory for program space and an ad-
ditional 128k bytes for data. Each processor can support 256 programs running at the same time. A single
processor can have 2 million bytes of memory, and a Tandem system can have 4 MB. of memory.

On a total system price, the Tandem system and the 4331 are comparable, differing by less than $5,000 for
a small system and less than 15% for the large system, but Tandem's greater performance gives it a price
per MIPS under $150,000 versus IBM’s $900,000 per MIPS.

Peripherals

The IBM 3770 disk drives have considerably faster access time—20 ms. versus 28 ms.—than the CDC
storage module used by Tandem. This could be a mitigating influence on the transaction rate.

However, the Tandem “mirrored Database” software can write two copies of the data on different disks.
Each disk is assigned to perform half the reads, which can cut average access time to about 14 ms. In
many on-line applications, the system performs four to six reads for every write. Therefore, the average
access time in the Tandem system is considerably better than the raw hardware would suggest.

The IBM 3770 disk drive, incrementally, is about one-third the price of the Tandem disk, at $40 per million
bytes versus $130 for Tandem. For a large system, this is a $100,000 difference. However, if Tandem
upgrades to the CDC Winchester, which is interface compatible, the difference would be reduced.

Tandem uses the Lear Siegler CRT, one of the lowest-priced CRT terminals available. It is priced at one-
half the IBM 3270 CRT, reducing the cost of a large Tandem system.

The I/O channel on the Tandem system is capable of transferring data at 4 megabytes per second. That is
nearly twice as fast as the 4331 and gives further advantage to Tandem's total throughput.

Reliability and Maintainability

The 4331 design stresses reliable components, so that the single processor configuration will provide
high availability. The design philosophy includes extensive testing and diagnostics to analyze and locate
faults and facilitate quick repair.

The Tandem approach is completely different. Tandem has designed in extensive checking to make sure
the processor is operating reliably, but once a processor fails, the workload is automatically switched to
another processor. This approach reduces the component count needed for a single processor. Mainte-
nance is performed by swapping a good processor for a defective processor, while the system is running.

The 4331 architecture, as currently defined, precludes a multiprocessor design, but even if the archi-
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; Id be needed to allow m
ulti sing, major new software wou Ore than two
tecture exm::dbse It?;‘llow Tm.mmom sophisticated software provides for load sharing, but does not

handle the dynamic case of taking the workload from a failing processor and giving it to another
pmcoI:wf to continue where the first one left off.

1 Tandem system. The dollar difference at $500
tenance price for an IBM 4331 is half that of a | 3
Wp:fmmth l:’elpemlirlg on system size, translates to $20,000 to $40,000 in equivalent purchase price

value in favor of IBM.

Software

A major factor in total system cost is the cost of developintg user programs. Most Tandem systems will
be installed for new applications, often where the user is converting from a batch to a transaction

processing environment.

Although the Tandem software is not as extensive as IBM's, it is sufficient for the applications most often
approached.

Tandem offers all the major languages, such as COBOL, FORTRAN, and Data Base Management, inquiry
programs, report generators, screen formatters, and networking software

More importantly, the system is oriented toward on-line program development and transaction process-
ing. Many facilities that would have to be specially coded for a 4331 are already avallable in Tandem's
system. Tandem users report that program development, using Tandem's proprietary language, TAL,
often takes one-third or less the time necessary on an IBM system. This could be a very significant do!lar
saving for a Tandem system user.

The Tandem software has considerably less overhead than the 1BM software and provides substantially
greater throughput in the transaction environment
13. UNIVAC

Summary

Univac could be heavily impacted by IBM's 4331 unless it introduces new equipment within the next six to
twelve months.

Like Honeywell, Univac competes in two areas— the mainframe market and the minicomputer market.

The V77-800, the largest of the Univac minicomputers, is the most likely competitor in the mmicomplﬂ?;
market. Overall, the_V??-BOO IS a highly competitive machine for a terminal-oriented environment. It wil
have less relevance in the batch market, which is the 4331 stronghold

The 80/30 is the most direct competitor in the mainframe market
The 90/30

The 90/30 is Univac's main sm
competitive with the 4331, as i
as expensive, for a price perfo

all-end mainframe. Although it was competitive with the IBM/370, it 1S r}:;
twas introduced in 1974. The 90/30 is at least 30% slower and almost tWi
fmance ratio two-and-one-half times worse than the 4331.

The main appeal of the 90/30 is to the
ble growth machine and
are approximately 2,000
$1 billion. These users

approximately 200 users of the smaller 90/25 looking for a compath
o the 2,000 customers of the much older 9200 and 9300. More importantly, gner!:
current 90/30 users, with installed equipment valued at a purchase price of aboV
could consider moving either to the 4331, for an increase in performance at one:
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half the monthly price of the 90/30, or to the 4341, which would give a five- to six-times increase in per-
formance for the same price.

To date, probably few, if any, Univac users have ordered the 4331. Most orders taken by IBM have been for
customer upgrades. But the second round of competitive marketing could begin within the next year, and
it is in that environment that the Univac sales force will definitely need better price/performance products
in this area.

It is important to note that a substantial portion of the 90/30 customer base formerly consisted of |IBM
customers using the older 360/20's and 360/30's. Without a competitive offering, Univac might find some
customers returning to the IBM fold.

The V77-800
Poor as Univac's mainframe competitive position is, the minicomputer picture is much better.

Univac purchased Varian Data Machines, a pioneer and one-time leader in the microprogrammed mini-
computer market, in June of 1977. Varian was merged into Univac and is now managed under the same
part of the corporate structure as the BC/7 small business computer.

In 1978 Varian announced the V77 family. Univac's first announcement since acquiring Varian occurred in
1978, with the V77-Model 800, which predated the 4331 announcement by a month.

The market for the V77-800 is the typical minicomputer market, with a heavy emphasis on communication-
oriented applications. More recént announcements, such as an extensive manufacturing software
package, signal Univac's intention to use the V77 in the end-user market.

The V77-800 should feel a negligible impact from the 4331, except for the typical minicomputer problem of
the IBM customer who has no place to go and might have chosen Univac before the 4331 announcement.

Price/Performance

The V77-800 stands fourth in price/performance of all the surveyed systems, three-and-one-half times b‘et-
ter than the 4331. The hardware is about $30,000 less for the small system; it is somewhat more expensive

on the large system because of the costly Univac disk.

The raw MIPS performance of the V77-800 is almost three times that of the 4331, after adjustment for the
16-bit word of the Univac. Direct MIPS comparisons must be weighted by the fact that, like most minis,
the V77-800 is a 16-bit machine, while the 4331 is a 32-bit machine, requiring twice as many memory
fetches for the same amount of data.

The main memory speed for the V77-800, of 600 ns. for a 16-bit word, is considerably enhanced by 2k.bytes
of 150 ns. cache memory. With an expected hit ratio of 93-95%, the effective overall memory speed is 200
ns. Even after adjustment for the 16-bit wide memory, the V77-800's effective memory speed is two-and-

one-half times as fast as that of the 4331.

The writeable control store used to microprogram the V77-800 is 64 bits wide and has a cycle time of
165 ns.

A major advantage of the Univac system is the ability to attach up to four systems ‘to_gether to provide a
high-availability system. The software support for this configuration is relatively limited at the present
time.

The CPU and main memory price of the V77-800 is almost one-half that of the 4331 and is the major reason
for its price advantage. Main memory is among the cheapest of the surveyed systems, at $24,000 per
megabyte. This is a negligible price difference ina one-million-byte system that sells for $400,000.
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Input/Output

The 1/0 speed of the V77-800 is fast for a minicomputer, at two million bytes per second, close to the
speed of the 4331's 2.3 million bytes per second.

Peripherals

Univac disks are relatively expensive at $125/MB. compared to the $40/MB. for the 4331. For the large
system, with one billion bytes of disk, this could cause a $100,000 price difference.

Reliability and Maintainability

Univac's maintenance prices are in line with minicomputer standards of 1% of the purchase price per
month, compared to the 0.25% on the 4331. On a total system basis, this is $5,000 to 10,000 per year, or
$20,000 to 40,000 capitalized price to the user on an equivalent purchased system.

Software

The V77-800 software is relatively inexpensive, ranging from $7,500 for its small system to about $50,000
for all the features available on a large system.

The software coverage of the V77-800 is among the best of the minicomputers. It includes all the standard
programming languages, RJE facilities, use of CINCOM's TOTAL, rated one of the best for data base
management, and a networking facility.

‘The COBOL is competitive in the minicomputer arena but weak in an IBM competition, because it lacks
features typically used in a batch processing environment.

Two different operating systems, VORTEX and SUMMIT, provide for tailoring the system to an interactive
or transaction processing environment.

This report was prepared with assistance from a computer industry consultant.
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Table 4

CURRENCY VALUES
(Average United States Dollar Equivalents
and the EDP Weighted United States Dollar)

Pound Frane Mark Lira Yen
(United Kingdom)  (France)  (West Germany)  (Italy) (Japan)

1972 2.5008 .1983 .3136 .0017 .0033
1973 2.4510 .2254 3776 .0017 .0037
1974 2.3403 .2081 .3872 .0015 .0034
1975 2.2216 .2335 .4073 .0015 .0034
1976 1.8048 .2094 .3874 .0012 .0034
1977 1.7509 .2039 .4317 .0011 .0036
1978 1.9337 .2230 .5050 .0012 .0049

First Quarter 1.9203 .2130 .4883 .0012 .0043

Second Quarter 1.8428 .2192 .4816 .0012 .0046

Third Quarter 1.9502 .2210 .5032 .0012 .0053

Fourth Quarter 2.0213 .2389 .5470 .0012 .0053
1979

First Quarter 2.0280 .2334 .5369 L0012 .0049

Second Quarter 2.1011 .2295 Al | .0012 .0045

Third Quarter 2.2353 .2380 .5554 L0012 .0045

Fourth Quarter 2.1645 .2444 .5718 .0012 .0041
1980

January 2.2668 .2454 .5741 .0012 .0042

February 2.2625 .2401 .5624 L0012 .0040
Year-to-Year

Change 11.7% 2.4% 3.9% - (18.4)%

EDP Weighted

*Index value weighted by six-country 1977 IBM revenues (May 1970 = 1.00).
Sources: Federal Reserve Bulletin, Wall Street Journal, Estimates of Dean Witter Reynolds Inc.

Dollar Dollar*
(Canada)  (United States)
1.0094 .902
0.9998 .822
1.0226 .853
0.9830 .833
1.0141 904
0.9412 .905
0.8777 .817
0.8942 .842
0.8886 .838
0.8757 .805
0.8523 .782
0.8449 .799
0.8646 .803
0.8583 o 180
0.8517 .791
0.8637 .781
0.8737 .792
4.3% (0.8)%
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Table 5

OFFICE EQUIPMENT SHIPMENTS
(Dollar Amounts in Millions)

Percent New Percent Ending Percent Ending  Percent Orders/ Backlog/
Shipments Change Orders Change  Backlogs Change  Inventories Change Shipments Inventories
1963 $ 3,503 8% $ 3,869 9% $1,492 33% $ 833 3% 1.10 1.79
1964 3,859 10 4,395 14 2,028 86 1,036 24 1.14 1.96
1965 4,265 11 4,936 12 2,699 33 1,192 15 1.16 2.26
1966 5,963 40 6,754 37 3,490 29 1,335 12 1.13 2.61
1967 5,732 (4) 6,195 (8) 3,953 13 1,480 11 1.08 2.67
1968 6,215 8 6,608 7 4,346 10 1,661 12 1.06 2.62
1969 7,420 19 8,203 24 5,129 18 2,086 26 1.11 2.46
1970 7,693 4 7,258 (12) 4,694 (8) 2,288 10 0.94 2.05
1971 6,909 (10) 6,732 (7) 4,517 (4) 2,110 (8) 0.97 2.14
1972 8,605 25 9,161 36 5,073 12 2,084 (1) 1.06 2.43
1973 10,054 17 10,397 13 5,416 7 2,647 27 1.03 2.05
1974 12,179 21 12,979 25 6,216 15 3,325 26 1.07 1.87
1975 11,528 (5) 11,607 (11) 6,205 1 3,035 (9) 1.01 2.07
1976 13,724 19 13,191 14 5,762 (8) 3,088 2 0.96 1.87
1977 15,791 15 16,556 26 6,527 13 3,547 15 1.05 1.84
1978 18,571 18 19,382 17 7,431 14 4,449 25 1.04 1.67
1978
First Quarter 3,733 6 3,913 5 6,707 12 3,786 19 1.05 1.77
Second Quarter 4,418 15 4,932 14 7,221 12 4,093 25 1.12 1.76
Third Quarter 4,640 19 4,791 20 7,374 13 4,254 29 1.03 1.73
Fourth Quarter 5,780 26 5,746 28 7,341 12 4,449 25 0.99 1.65
1879
First Quarter 5,037 35 6,758 73 9,062 35 4,802 27 1.34 1.89
Second Quarter 5,249 19 5,513 12 9,148 27 5,270 29 1.05 1.74
Third Quarter 5,352 15 4,828 1 8,000 22 5,433 28 0.90 1.66
October 1,990 18 1,813 0 7,942 9 5,862 35 0.91 1.35
November 2,007 15 2,401 31 8,337 13 5,996 38 1.20 1.39
December 2,753 22 2,561 28 8,145 14 5,981 34 0.93 1.36
January (Prelim) 1,580 23 1,617 12 8,182 12 6,159 37 1.02 1.33

Source: U.S. Department of Commerece; compiled by Dean Witter Reynolds Ine. (These unpublished data are furnished by the Bureau of the

Census as reported by companies in the industrial eategories covered by SIC ecode 357, Office Computing and Aecounting Machines.)
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Trade Value (Millions)

1974

1975

1976

1977

1978

1979
First Quarter
Second Quarter
Third Quarter
October
November
December
Year to date

Import/Export Ratio
1974
1975
1976
1977
1978
1979 (Year to date)

imports (Percent Increase)
1974

1975

1976

1977

1978

1979 (Year to date)

Exports (Percent Increase)

1974
1975
1976
1977
1978
1979 (Year to date)

United Kingdom

Table 6

UNITED STATES IMPORTS AND EXPORTS*

France

OF COMPUTERS AND RELATED EQUIPMENT

*Imports - shipments to U.S.; exports - shipments from U.S.
Sources: U.S. Department of Commerce. Compiled by Dean Witter Reynolds Inc.

West Germany Italy Japan Total World

Imports Exports Imports Exports Imports Exports Imports Exports Imports Exports Imports  Exports
$14 $281 $37 $234 $42 $260 $11 $ 82 $52 $238 $381 $2,152
22 266 41 222 36 269 21 80 60 183 404 2,183
20 302 60 271 51 290 35 85 149 233 630 2,512
34 420 93 315 47 350 45 102 150 271 730 3,181
52 567 85 385 73 515 43 134 245 332 961 4,214
15 184 30 121 26 153 14 37 86 100 293 1,259
22 178 35 118 25 172 6 43 81 98 345 1,285
24 176 32 131 22 195 T 45 68 111 296 1,367
14 59 7 42 5 66 3 13 22 41 110 458
14 72 8 49 5 70 3 20 24 34 108 504
11 9 6 56 8 79 2 18 17 ol 113 580
100 748 118 537 91 735 35 176 208 435 1,265 5,453

0.05 0,16 0.16 0.13 0.22 0.18

0.08 0.18 0.13 0.26 0.33 0.19

0.07 0.22 0.18 0.41 0.64 0.25

0.06 n.30 0,13 0.33 0.55 0.30

0.09 0.24 0.14 0. 32 0.74 0.23

0.13 0.22 0:12 0.20 0.69 0.23

0 54% 40% 10% 0 11%

5T% 11 (14) 91 15% 6

(9) 46 42 67 148 56

7 55 (08) 29 0.6 16

53 2 55 (4) 63 32

92 24 25 (19) 22 32

33% 21% 24% 55% 17% 28%

(5) (5) 3 (2) (23) 1

14 22 8 6 27 15

39 16 21 20 16 27

35 25 47 31 23 32

32 36 43 31 31 29
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TANDEM COMPUTERS TARGETS ANOTHER OPPORTUNITY MARKET

Having defined, developed, and dominated the “non-stop,"
STRATEGIES IN transaction-processing market for the past seven years, Tan-
SMALL COMPUTER SYSTEMS dem is now targeting a new market which may well be as sig-
BIWEEKLY RESEARCH NOTES nificant as its first one. This time it is corporate
communications, a market which already exists (just as the
transaction- processing market did), but Tandem has devised

its own slant and its own particular packaging and appeal.
June 9, 1982

On May 12 Tandem revealed its new plans and some initial
products to support them. The fundamental concept is to use
B B P e T T one communications network, called Transfer, to handle the
; ) entire array of information-transfer requirements. Specif-
Edited by Bill Rosser ically, this includes traditional data processing (DP)
: i information, ASCII text (Telex/TWX, word processing), images
e = PAGE | (Qot matrix, agraphics, video) and digitized voice.
'Tandem Computers Targets
"Another Opportunity A ]
Market i Transfer is a software implementation of a higher-level net-
5 o work, which takes any kind of data - electronic mail, Croup
wang'uoveg to Protect 1 or Group 2 facsimile (FAX), voice messages, word process- |
- Its Territory 3 ing, freeze-frame video, etc. - and corbines and merges it
N with normal transaction processing data. This information
System/38 to System/370 can be sent to any other part of the network and can also be
~ Migration 5 transmitted via gateways to incompatible technologies such -
RS as other mainframes, word processors, etc. Also included is L
DEC's New VAX-11/730 7 the concept of the extended transaction, that is, one that
nnei can be carried out over time (such as some time before
tomorrow morning or at a specific time in the future, e.g.,
9 a.m. Sept. 3, 1922).
. Transfer consists of two applications packages - one for

electronic mail throughout the network, and another for FAX,
i which permits the wuser to input, store, and retrieve docu-
Al ments for Group 1 and Croup 2 FAX devices. The FAX package

-~ These technology reporis are prepared for the clients of, and are published by the Gartner Group, Inc., 72 Cummings Pont Road Stamford. CT 06902 Information conlained herein has been oblained from sources

believed o be reliable, bul ils accuracy and completeness, and that of the opinions based thereon, are not guaranteed and should not be construed as representations of the Gartner Group. Entire contents #1982 by
Guqrﬁmwuqummmmwwwmpuwumnhhmumm Telephone 12031 964-0096




‘ includes a hardware interface (based on an MC68000 chip) and
also permits the transmission of digitized voice. In addi-
tion to these applications, software packages allow the user
to write simple applications to merge some different device
or data source with the transmission of the other data.

To add another major dimension to the capability, Tandem
introduced the first intecrated computer satellite communi-
cations network - Infosat - to be carried out by Tandem,
American Satellite, and Vitalink. This project has created
controllers, RF modems, computer/satellite communication
interface modules and a new earth station design. The earth
station is built around a newly developed five-watt semicon-
ductor device which permits low-cost transmission of two
parallel (but ' not redunhdant) S56-kilobaud channels (or 112
Kilobaud in all), all within the architectural framework of
Tandem's non-stop design. In other words, the transmission
amplifiers can be worked on while the antennas remain in
operation. Also, computer service engineers can maintain
the device without a special FCC license. For the customer,
this team will design, install and provide the communi-
cations-network management Function for an end-to-end
communications network to interconnect a number of Tandem
systems., And Tandem will service it all.

Tandem hopes, in this endeavor, to gain and keep account
contro}. While in the 1970's control may well have rested
with the vendor supplying the information processing capa-
bility, Tandem's view is that account control in the 1980's
will belong to the firm providing the online communications
network.

Gartni iﬁ
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MANAGEMENT SUMMARY

Tandem Computers Incorporated began operations in
1974 with the goal of developing and marketing fault-
tolerant computer systems for businesses which depend
heavily on the continuous availability of their computers.
Such businesses are characterized by high-volume on-line
transaction processing or message handling requirements.
Further, Tandem sought to provide high data integrity and
flexible modular expansion without reprogramming. In
the ensuing years, Tandem has stuck to these goals, and in
1976 the company began marketing the 16-bit NonStop
system. In April 1981, Tandem introduced their newest

system, the NonStop II, a more powerful version of

NonStop with 32-bit addressing.

The principles that lie behind the Tandem NonStop
systems concept are not very complex. The company
employs multiple processors, multiple controllers, multi-
ple data paths between the system modules, and multiple
power supplies in all system configurations. The benefits,
according to Tandem, are twofold. First, the multiplexed
configurations offer a high probability that at least one
processor and one data path will always be operable.
Secondly, a Tandem system in normal use may employ
all its processing modules and data paths to some degree
for running daily workloads. Thus, at any given time, a
processing module may have excess capacity available to
run jobs from a failed module. The capability to switch
from a failed module to an operational module is ac-
complished automatically, through a hardware/software
technique.

An added strength of this type of configuration is that
defective modules can be replaced without powering
down the balance of the system. Likewise, additional
computing power can be introduced through the addition >

Tandem is the only manufacturer offering
standard (rather than customized) fault-
tolerant systems designed to operate contin-
uously, despite breakdowns of single com-
ponents. Tandem'’s products are the 16-bit
NonStop system and the new 16-bit,
network-oriented NonStop Il system. The
NonStop Il is designed for on-line trans-
action applications requiring large numbers
of interactive terminals, communications
lines and large geographically distributed
data bases. Aimed primarily at the end-user
market, the Tandem product line consists of
multiple processor modules with MOS
memory, some peripherals, and two pack-
aged systems.

MAIN MEMORY: 384K to 2 million bytes
DISK CAPACITY: Minimum—64 million
bytes. Maximum—no set limit
TERMINALS: No set limit

PRINTERS: 200 cps; 600 to 1350 Ipm
OTHER 1/0: Magnetic tape, punched card

CHARACTERISTICS

MANUFACTURER: Tandem Computers Incorporated,
19333 Vallco Parkway, Cupertino, California 95014, Tele-
phone (408) 725-6000.

Tandem's sole business involvement is the design, develop-
ment, manufacture, marketing, and servicing of fault-tolerant,
multiple-processor computer systems. Approximately 20
percent of subassembly production for printed-circuit boards
and cables takes place at Tandem's manufacturing facilities,
with the remaining 60 percent provided by subcontractors.
The company purchases substantially all of the required I

The NonStop 11, Tandem’s new multiple
processor computer system supports high-
volume, on-line transaction applications
with many terminals, communication
lines and large local or distributed data
bases. Non Stop Il systems are fault-
tolerant and can be modularly expanded
from 2 to 16 processors (and linked in
networks of up to 255 system nodes),
without software changes. An Operations
and Service Processor (OSP) is shown in
the foreground. The OSP provides
detailed system status information and
diagnostic facilities to assist service
personnel, and includes a modem for
remote diagnosis and remote system
operation.

JULY 1981 © 1981 DATAPRO RESEARCH CORPORATION, DELRAN, NJ 08075 USA
REPRODUCTION PROHIBITED
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= of more processing modules, memory, or peripherals

without any reprogramming or other detrimental effects
on the original system,

The original NonStop system’s processing modules are
16-bit units which include two microcoded pipt:!med
processing units, one for CPU and Dynabus (inter-
processor bus) control and one for 1/O control: 384K
bytes of 500 nanosecond semiconductor (MOS) memory
with EDAC; a complete DMA-only 1/0 system; virtual
memory control; memory mapping and protection for up
to two megabytes of memory; hardware multiply, divide;
power fail/auto restart; bootstrap loader; interval timer;
control panel; Dynabus controller and interface; inter-
facing for 32 1/O controllers; a 173-member instruction
set; and a power supply.

The NonStop Il is Tandem’ second fault-tolerant net-
work-oriented multiple processor system, and is designed
specifically for on-line transaction processing applications
which require large numbers of interactive terminals,
communication lines (including X.25 virtual circuits), and
large geographically distributed data bases. The NonStop
IT system has 16-bit architecture and enables each proc-
essor to address up to one billion bytes of virtual
memory.

In order to provide object code compatibility, the Non-
Stop 11 processor retains the 16-bit instruction set of the
original NonStop system. Programs compiled on the
original NonStop system are compatible with the Non-
Stop 11, although programs that contain privileged code
may require modification. The NonStop 11 can be used in
a common data communications network without soft-
ware modification.

A new processor, called the Operations and Service
Processor (OSP), is a major feature of the NonStop I1.
The OSP communicates with the Diagnostic Data
Transceiver (DDT) processor included as part of each
processing unit in a NonStop 11 system and uses a page
mode terminal to provide detailed system status informa-
tion and diagnostic facilities to assist service personnel.
The DDT processor monitors the status of the Dynabus
interface, 1/O channel processor, memory. and the In-
struction Processing Unit (IPU), including the internal
data paths of the IPU. The OSP allows for remote
diagnosis and remote system operation through a built-in
modem.

Another feature of the NonStop 11 is processor micro-
code which resides in 32K bytes of loadable control
storage. The loadable control store allows for the instryc.
tion set of the NonStop II processor to be modified for
new features as Tandem's software is updated,

Along with the introduction of the NonStop 11, Tandem
has announced an exchange program that offers existing
customers the option of upgrading their on-site NonStop
systems to the NonStop II. This plan provides for
customers to exchange credits from returned equipment
against the list price of the upgrade,

© 1981 DATAPRO RESEARCH cO
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REPRODLCTION PO CELRAN

and peripherals from other manufact
wﬁ. 1974 T mpbptls:r::
sons, including 65 in engincering and software development,
109 in manufscturing, 244 in marketing and field service,
and 28 in general management. tm.,umm-,.
keted through 36 US. and 16 international sales offices.

»

MODELS: T16/1412-1 and TI6/1420 processors and
T16/244-3, and T16/250 packaged systems.

DATE ANNOUNCED: NonStop—November 1974, Non-
Stop 11— April 1981.

DATE OF FIRST DELIVERY: May 197 for NonStop
and April 1981 for NonStop 1L

NUMBER INSTALLED TO DATE: Over 300 customers
und over 1879 processors,

DATA FORMATS

BASIC UNIT: 16-bit words; S-bit bytes, 32-bit double
words, and 64-bit quadruple words can abo be secessed and
manipulated.

FIXED-POINT OPERANDS: & 16, 12 or 64 bits In
memory or register stack as designated by the instruction
type. Bytes can be loaded into and stored from the register
stack; moved from one memory locathon to another; com-
pared 10 the contents of snother memory location; or
scanned in 2 block of one, two, or four words. Bytes
represent unsigned values in the range of 0 10 255 Words,
double words, and quadruple words can be loaded und
stored from the register stack. Both logical (umigned) and
WFD::EUIIMkmhMGMm word oper-
ands. words and quadruple words may only have
integer arithmetic performed on them. Word operands can
represent signed numbers in the range of 12,768 (0 +32,767
and unsigned numbers in the range of 0 1o 65,435, Double
word can represent signed numbers in the range of
LI47.5K0,648 10 +2, 147,580,647, Quadruple-word oper-
ands can represent 19-digit numbers in the range of
S2ITLOM685,TISH08 1o +9,221.372,036,854,775,807.
For words, double words, or quadruple words, positive
values are represented in true binary notation. Negative
values are represented in two's-complement notation with
the sign bit of the most significant word set 1o one.

FLOATING-POINT OPERANDS: 23-bit single-precision
S5-bit double-precision operands, in pormalized form:

refresh time with an access time of 400 nano-
mﬁulhh’m". mo

N.J 08075 USA JULY 1981
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PERIPHERALS/TERMINALS
DEVICE DESCRIPTION & SPEED MANUFACTURER
MAGNETIC TAPE EQUIPMENT
T16/5104 Transport; 9-track, 800 bpi (NRZI)/ 1600 bpi (PE), 125 ips, 10.56-inch reels, tension | Kennedy
arms, read-after-write and power-fail/auto-restart electronics
T16/6103 Transport: 9-track. 800 bpi (NRZI)/ 1600 bpi (PE), 45 ips, 10.5-inch reels, tension | Kennedy
arms, read-after-write and power-fail/auto-restart electronics
PRINTERS
T16/5508 Serial matrix printer; 132 positions, 96 ASCII character set, 10 characters per Diablo Series 2300
inch, 15-inch paper [width), 6 lines per inch, electronic VFU; 200 cps
T16/55603 Drum, impact printer; 132 positions; 64 ASCIl character set (96 optional), Dataproducts 2260

10 characters per inch, 4 to 16.75-inch paper (width), 6 or 8 lines per inch,
12-channel VFU optional; 600 Ipm (436 Ipm with 96-character set)
T16/5604 Drum, impact printer; 132 positions; 64 ASCIl character set (96 optional),
10-characters per inch, 4 to 16.75-inch paper (width), 6 or 8 lines per inch,
12-channel VFU optional; 900 Ipm (436 Ipm with 96-character set)
T16/5510 line printer, 132 columns, 1350 LPM band printer, 64 character ASCI set, Documation
12 channel VFU, powered paper stacker, 1350 Ipm

Dataproducts 2290

PUNCHED CARD EQUIPMENT

T16/5301 Reader; BO-column, 1000-card input hopper and output stacker; 600 cpm (for Documation M8002
NonStop systems only)
TERMINALS
T16/6603 Hard-Copy Terminal; 132 positions, 63 or 95-character set, 10 characters per DEC DECwriter |l
inch, 3 to 14.9-inch paper (width), 6 lines per inch, standard typewriter keyboard
with 10-key numeric pad, 30-cps printing, half duplex transmission, RS-232
interface; 110-1200 bps
T16/6604 Same as T16/6603 but 20-mA current loop interface; 110-1200 bps DEC DECwriter Ii
T16/6520 Multi-page display terminal. In block mode the T16/65620 can be transmitting

from or receiving into any one of three 1920 character memory pages. In
conversational mode 144 lines x 80 characters. One parity bit per byte.
Operational modes include certain combinations of asynchronous, synchronous,
character or block RS-232 or 20 mA current loop; point to point or multipoint. Full
complement of video and data attributes, local editing, program function keys and
256th status display line. 2000 characters; 25 lines by BO characters, 7 x 9 or
14 x 9 dot matrix, reverse video, blinking, underscore, non-display, half and full
duplex transmission, RS-232 interface, 110 10 19.1 bps.

T16/6624 Same as T16/6520 except an additional RS-232 communication port is provided
for output to serial printer

P CAPACITY: 393,216 to 2,097,152 bytes per processor in
increments of 393,216 on the NonStop, S12K-bytes to 2M-
bytes on the NonStop Il in 512K increments.

> Tandem continues to manufacture and support the origi-
nal NonStop system, and offers a future upgrade plan
allowing customers to purchase the current NonStop

system for applications development. As the applications
come on line, customers can then move up to the
NonStop Il and take advantage of exchange credits
against the list price. A basic NonStop Il configuration
with dual processors, 512K-bytes of memory per proc-
essor, a magnetic tape drive and controller, and an
Operations and Service Processor costs $144.475.

The processing modules for the NonStop 11 have 16-bit
architecture including three microcoded processing units,
one for CPU and Dynabus (interprocessor bus) control,
one for 1/O control and a third for Diagnostic Data
Transceiver (DDT) control; 512K bvtes of 400 nano-
second semiconductor (MOS) memory with EDAC;
maximum virtual memory addressing of I-billion bytes,
8K of 32-bit words of loadable control store; 1K of 32-bit
words of read only storage: string manipulation and

double word arithmetic; complete DMA-only /0O sys- B

CHECKING: MOS memory employs 6 check bits per word
for error checking and correcting (ECC).

ECC detects and corrects all single-bit main memory errors,
and detects all double-bit errors and most multiple-bit
errors. ECC generates a 6-bit check field for each 16-bit data
word as it is written, and recomputes the field when the word
is read. If the check bits do not match, the erroneous bit is
corrected before data is transmitted to the processor. Cor-
rection and virtual memory address translation is included in
the stated access times of 500 nanoseconds for the NonStop
system, and 400 nanoseconds for the NonStop II. ECC helps
to ensure uninterrupted operation and is transparent to the
user. A Hamming code is used by the hardware encoder on
each memory board to construct the check field.

STORAGE PROTECTION: Via memory mapping provi-
sions.

RESERVED STORAGE: Up to 1280 bytes of memory are
reserved in the system data area for three specific tables. The Y

JULY 1981 £ 1981 DATAPRO RESEARCH CORPORATION, DELRAN, NJ 080756 USA
REPRODUCTION PROHIBITED
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T tem; power fail/auto restart; bootstrap Ioader:_ interval
timer; control panel; Dynabus controller and interface;
interfacing for 32 1/O controllers; a power supply and
one battery pack.

Both the NonStop and NonStop Il systems support
Tandem’s Guardian operating system. The standard
Guardian operating system includes the Enscribe data
base access method, Another version of the Guardian
operating system includes SPOOLER, a means of storing
application output for later retrieval, and XRAY, a
systems performance monitor.

Packaged systems include twin processing modules with
MOS memories, system cabinets, and a magnetic tape
module. Systems may be configured to include up to 16
processing modules.

Tandem's Dynabus hardware provides two autonomous
data paths for high-speed transmission of data among
processors without tying up normal communications
between the processors and peripheral devices. The
Dynabus is also used for periodic interprocessor checks,
which permit isolation of any processor failure and also
indicate at which point in the sequence of program steps
the remaining operational system should begin in order to
complete an interrupted assignment. Similarly, Tandem's
peripheral device controllers are dual-ported. This con-
struction provides communications paths from each con-
troller to two different modules in the system.

Tandem offers a variety of peripherals, including 64- or
240-megabyte pack removable disc drives and 64-
megabyte non-removable disc drives: magnetic tape
drives; a 600-cpm card reader; 600-, 900-, or 1350-Ipm
line printers; character or page-mode CRT terminals; and
synchronous or asynchronous controllers.

Tandem software includes the Guardian operating sys-
tem, ENCOMPASS distributed data base management
system, Expand data communications networking sys-
tem, Exchange remote batch workstation, AXCESS
(AM3270 and TR3271 Access Methods), Envoy data
communications manager, TAL (Tandem’s system level
language), COBOL, FORTRAN, TIL (Tandem to IBM
Link). and THL (Tandem Hyper Link). All of these
software products are unbundled.

Tandem systems are marketed for both OEM and end-
user sales, although primary emphasis is on the end user,
Arrangements for third-party leasing are primarily the
responsibility of the user, although Tandem will provide
assistance in making such arrangements, Employing its
own sales organization, Tandem markets its products
through sales offices in Atlanta; Boston; Chicago; Cin-
cinnati; Cleveland; Columbus; Dallas; Denver; Detroit:
Fort Worth; Greensboro; Houston; Indianapolis; Kansas
City, Los Angeles; Memphis; Milwaukee; Minneapolis;
Hasbrouck Heights, N.J.; New York: Omaha: Philadel-
phia; Phoenix; Pittsburgh; Richmond: Rochester: San
Diego; San Francisco; San Mateo; Santa C lara; Seattle:
St. Louis; Tampa; Tulsa; and Washington, D.C. >
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System Interrupt Vector table consists of 128 bytes divided
i 16 four-word entries. Each of these entries defines the
environment for one of the 16 operating system
handlers. The Bus Receive Table comsists of 123
divided into 16 four-word entries. Each of the 16
corresponds 10 one of the 16 possible procesors. The
‘ontrol Table consists of up 1o 1024 bytes divided into
2% comresponding to the 32 possible con-
Each controller can handle up 1o eight units con-
to an 1/0 channel. An entry describes the number of
to be transferred and the system dats location where
the data transfer takes place.

CENTRAL PROCESSOR

Each Tandem processor (T16/1412-1 or T16/1420) is built
sround s pipelined, microprogrammed central processor
with & cycle time of 100 nanoseconds. The procesor s
operated by 32-bit micro-instructions, each of which consists
of combinations of up 1o 7 of the 168 micro-operations
available,

il

T
4

o

/0

itk
]

metic; a floating-point option; 3 decimal arithmetic option;
stack architecture; pon-modifiable code areas of memory;
hardware power fail/ auto restart; hardware multiply /divide;
 block-multiplexed 1/0 channel; and dual high-speed inter-
processor buses.

Tandem employs & true virtual memory system in the sense
that besides the software designed for memaory management,
a number of features are incorporated into the processor
module’s hardware 10 aid in reducing the amount of swap-
ping that occurs:

* A “dirty” bit is associated with each dats map entry; only
if a data page has been modified is it ever swapped oul.

* A reference bit is asociated with each map entry to record
access 10 a particular page. The memory manager also
maintainy # list of maps (each process has a separate map)
active in a processor module. When memory space is
mhuwﬂ:.mMMIﬂmm‘
physical page that has been the least recently used for
overlaying.

* Paging hardware is provided in the form of memory
maps.

Each Tandem procesor module is integrated into s Tandem
NonStop system, which consists of from 2 to 16 processor
modules. Procesor modules are interfaced 1o one another
by means of two interprocessor buses, which are a standard
m‘dmmm.ammm
interface 10 1/0 devices by means of its input/output

Each proceor module is capable of operating indepen-
dently of, and simultancously with, all other processor
modules in the system. The Guardian-controlled inter-
processor buses (Dynabuses) are used to transfer dats

Operate » Duta is sctually sent across a bus in
l"""mtm;m“-ﬂ word),

Each NonStop 1y module includes an instruction
processing unit tlm memory, a Dynluiu interface

(DDT) llv:-wndnl)hmk[)nl'l’
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> Tandem markets internationally in Canada, Hong Kong,

Mexico, England, France, Germany. ltaly, Japan, the
Netherlands, Sweden and Switzerland through subsid-
iaries; and in Finland, Greece, Australia, the Philippines,
Korea, Venezuela, and Taiwan through distributors.

Typically, the company ships its systems to customers
within 90 days after receipt of orders, and systems are
sold with a 90-day warranty for end-users and 120 days
for OEM’s. Delivery for the NonStop Il is 120 days after
receipt of order.

Field engineering is provided on an 8 am. to 5 p.m.
prime-shift basis, Other hours of service may be arranged
by contract with Tandem.

Training is offered at Tandem’s corporate headquarters
and regional offices in COBOL, FORTRAN, TAL,
ENCOMPASS, MUMPS, and hardware. Software and
hardware courses are priced at $500 per week.

Tandem considers its prime competitors to be the com-
puter vendors that have the capability to offer dual
computer systems on a customized basis. These include
Burroughs, Data General, Digital Equipment, Hewlett-
Packard, Honeywell, and 1BM.

USER REACTION

Ten Tandem users responded to Datapro’s 1981 survey of
computer users, representing a total of 19 installed
systems. Eight users had purchased their systems and two
were leasing from third party leasing companies. All
systems were installed for an average of 16 months.

One-third of these users said they were using their systems
to run accounting/billing applications. Other principal
applications mentioned were: banking-check processing,
loans, savings; education scheduling/administration,
engineering/scientific, health care/medical. order proc-
essing/inventory control, and payroll/ personnel. Five
users were employing in-house personnel to write all
application programs, three were using a combination of
in-house personnel programming. “ready-made™ pro-
grams from Tandem, contract programming and proprie-
tary software; one used a combination of contract
programming and proprietary software; and one used
proprietary software only. The principal programming
language being used was COBOL (six users); FOR-
TRAN and TAL each had one user, while other languages
had two users.

Memory capacity of the installed systems ranged from
256K bytes to over 8192K bytes, with an average capacity
of about 512K bytes to less than 1024K bytes. Disk
storage capacity ranged from 256K bytes to over 1200
megabytes, and the number of workstations attached
ranged from one to five, to over sixty.

JULY 1981
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P The basic set of 242 machine instructions provides 16-, 32-,

and 64-bit integer arithmetic, and byte-oriented functions
such as scanning and comparing strings. The NonStop 11

NonStop system. This allows the NonStop I to run pro-
grams compiled on the NonStop system, although programs
that contain privileged code may require modification. Both
the Tandem NonStop and NonStop Il use the Guardian
operating system, allowing both systems'to communicate via
the Guardian/Expand networks without software modifica-
tions. Files can be exchanged between the systems by using
the network or the Backup and Restore utilities.

The NonStop 11 optional floating-point instruction set
provides 43 instructions for high-speed scientific calculs-
tions. The instruction sets are implemented in microcode
located in a high-speed control store. The control store has
8K 32-bit words of loadable storage, and 1K words of read-
only storage. The loadable portion of the control store is
initialized when the operating system is loaded. Before
loading the control store, the system performs a set of
diagnostic routines to be sure the processor is operating
correctly. The processor’s internal data paths and registers
are parity checked.

The Diagnostic Data Transceiver (DDT) is a separate
processor included as part of each NonStop Il processor
module. The DDT provides two distinct functions. First, the
DDT allows communications between a processor module
and the Operations and Service Processor (OSP), which
supports both operational and maintenance functions such
as running diagnostics. Secondly, the DDT monitors the
status of the instruction processing unit, Dynabus interface,
memory, and the 1/0 processor, and reports any errors lo
the OSP. The OSP uses the operator’s terminal for system
diagnostics and maintenance, and includes a built-in modem
for remote use. Initial connection to the modem in the OSP
requires on-site intervention to protect the user's system
against unauthorized access,

CONTROL STORAGE: Up to 3,072 32-bit pre-programmed
words of PROM microprogram storage are available to
implement the decimal and floating-point instruction
options. The basic instruction set utilizes 1024 words.
Approximately half of these are used to implement
privileged operating system functions. Cycle time is 100
nanoseconds,

The Non Stop 11 system uses 8K of 32-bit words of RAM,
loaded from disk, and 1K of 32-bit words of PROM.

ADDRESSING: Programs in the execution environment
are broken into a code area and a data area. The code area
consists of instruction codes and program constants. The
code area may not be written into and therefore cannot be
modified. Code areas are re-entrant and sharable by
numerous programs. Each code area can consist of up to
131,072 bytes; the NonStop Il provides an additional 131,072
bytes for shared libraries,

The data area consists of up to 131,072 bytes logically
separated into global (addressable by any instruction in the
program), local, and top-of-stack areas. On NonStop II,
users may allocate up to 128 million bytes of extended data
segments.

MEMORY MAPPING: Memory maps translate the 16-bit
logical address used in a program to the appropriate number
of bits needed to address physical memory: 20 bits for the
NonStop and 23 bits for the NonStop II. The physical
memory addressing limit is 2 million bytes per processor for
the NonStop and 16 million bytes per processor for the
NonStop 1. Memory is arranged in 2048-byte pages. The I
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communication manager provides the ability to interface

second volume
P provides 64MB of low cost mass storage. The v polling terminals such as the T16/6552 CRT Polling

provides a read/write head for every data track. By contrast,
the mas storage volume has two read/ write heads for each
surface of the disc. If the desired data is in a track other than
the two currently located under the heads, the mass storage
volume must perform a seek to reposition the heads.

Providing a read/write head for each data track eliminates
seek time. This gives the fast access volume the potential to
perform a read or write for every revolution of the
disc. The fast access volume of the T16/4109 improves system
throughput by providing faster access to critical files that can

limit system performance.

Performance specifications include a transfer rate of 1.2MB
per second. Average latency is 8.3 milliseconds; maximum is
17.3 milliseconds. Recording technique is modified frequency
modulation; the density is 6417 bits per inch (inner track). Full
seek time is 55 milliseconds maximum; average is 30
milliseconds; single track is 7 milliseconds. Start/stop time is
30 seconds maximum.

INPUT/OUTPUT UNITS
See Peripherals/ Terminals table.
COMMUNICATIONS CONTROL

T16/3401 UNIVERSAL INTERFACE (Ul): This interface
provides the ability 1o interface custom equipment to a
NonStop System. The Ul is capable of connecting two devices
that have 8- or 16-line parallel data interfaces to the Tandem
system. The interface provides a device datn path that s
buffered (16 words deep), bi-directional, and capable of
operating in half-duplex mode at a sustained data tranfer rate
of up to 4 megabytes per second, depending on the channel
configuration. It interfaces to one device over positive or
ground true TTL lines for distances up to 25 feet and to the
second device over differential lines for longer distances up to
500 feet. The data path between either or both of the two
devices and the Ul can be either one byte (8 bits) or one word
(16 bits) wide. Configuration of the Ul is accomplished by
software and by jumpers,

Odd parity is generated and checked for each data word that
is transferred between the channel and the UL The parity that
exists between the Ul and each device is defined by
configuration jumpers in the connector hood. The jumpers
select odd, even, or no parity.

T16/6303/6304 ASYNCHRONOUS CONTROLLER:
Handles from 2 to 32 asynchronous communications lines per
controller with line speeds ranging from 50 to 19.2K bits per
second. The controller is sufficiently fast to support 32 lines all
running at 19.2K bps. The T16/6303 provides for the first two
lines, while the T16/6304 Extension Board
provides for an additional 15 lines. Up to two TI16/6304
boards are allowed per controller. The T16/6303 provides
DMA access to main memory on all 1/O transfers and
modem support for Bell-type 103 and 202 modems (including
reverse channel). Each line is individually programmable with
respect to: bps rate; character size; parity generation and
checking; enable/disable checking for signal characters; half-
duplex modem turn-around character(s); read completion on
ETX (end of text) character; default transfer mode;
conversational mode line termination character, backspace
type, carriage return/ line feed delay, forms control delay, and
automatic line feed on input; page mode termination
character; and pseudo-polling trigger character.

For point-to-point applications, the standard Guardian 1/0
Subsystem will support any RS-233 or current loop terminal
by merely configuring the line in SYSGEN. Standard 1/0
calls (READ, WRITE, WRITEREAD) provide access to the
terminal. For multipoint applications, the Envoy data

Terminal,

T16/6202 BYTE SYNCHRONOUS COMMUNICATIONS
CONTROLLER: This controller, utilizing micropro-
plmdleduﬂun.mppomuplofmwhu.bwhecm
be configured dynamically for transiate enable, transparent
text capability, full or half duplex operation, polling address,
and selection address. Speeds up to 56K bps per line are
supported by the controller.

The T16/6202 also features automatic generation and
detection of block check characters with support for VRC,
LRC, and CRC; 16 modes of operation; automatic code
translation to ASCIl and EBCDIC; DMA access 1o main
memory; autoinsertion of DLE and SYN characters; and
support for Bell-type 201, 203, 208, and 209 modems.

The polling of multipoint stations is, for the most part,
handled by the controller, The Envoy data communication
manager formats a polling list (on behalf of the application
process) for the controller to use to poll the multipoint
tributary stations. Envoy then commands the controller to
begin polling. CPU processing is interrupted only when a
polled station responds.

The controller has the capability to recognize if a line is being

or seleeted. For each line, the controller stores the first
byte of the station’s polling address and the first byte of the
station’s selection address. Only when the line is polled or
selected and the corresponding poll or select byte matches is
CPU processing interrupted.

T16/6203 BIT SYNCHRONOUS COMMUNICATIONS
CONTROLLER: This controller is dual-channel connected
and may be powered from either connected power supply.
The T16/6203 controls from one to four bit synchronous
communication lines, either point-to-point or multipoint.
Each of the four lines may run st baud rates to 56K bits per
second. Variable length and offset transiation of EBCDIC to
ASCII codes, automatic polling of multipoint lines,
automatic control character generation and recognition, and
automatic zero bit insertion and deletion are supporied by the
T16/6203.

TIL (TANDEM TO IBM LINK): This device is a hardware
and software communications subsystem that provides 8
high-speed data path from at least one, and possibly a
network, of Tandem systems to an IBM compatible system
running an OS or OS/VS operating system. Dats is
transferred across the link by two cooperating application
programs, one running in a NonStop system, and the other
running in an IBM 370 system.

Physically, the computer systems are linked via an IBM 1803

model 1 or model 2 magnetic tape drive controller, Therefore,

the TIL device can be used with any IBM 370-compatible

system equipped with & 3803 controller running under IBM's

OS/VS or OS operating system. To the IBM 370-compatible

:‘mu;h?mdeﬂulwluhemIBMMModd*f
pe .

The TIL device transfers data at tape speeds between an IBM
and u Tandem system, which provides a burst mode transfer
rate of approximately 300 kilobytes per second. Dats block
sizes can range from 32 to 4096 bytes. Because the TIL device
utilizes as much existing IBM hardware as possible, these data
transfer rates are achieved at a reasonable cost and with a
minimum of system overhead.

THL (TANDEM HYPER LINK): THL allows a NonStop
system to be connected to the Network Systems Corpors-
tion’s (NSC) HYPERchannel network, a high speed (up ¢

50 megabits per second) local metwork to which many P
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P different vendor systems may be attached. THL features

Tandem designed hardware and software for connection to
the HYPERchannel network. The Tandem system is
connected to NSC equipment with a dual-ported controller.
Users access THL through Tandem’s Guardian file system.
Transfer of data is accomplished at 300K bytes per second
maximum burst rate over the Tandem 1/0 channel. By
utilizing the Guardisn no-wait facility, full-duplex THL
interface can be achieved. Support is provided by NSC for
connection (0 8 HYPERchannel network to systems from:
CDC, CRAY, UNIVAC, IBM, and DEC.

T16/6810 PERIPHERAL LINE ADAPTER (PLA): The
T16/6810 Peripheral Line Adapter provides a link between a
NonStop system and up to eight strings of Tandem T16/6520
or T16/6524 terminals and/or two serial printers. A
maximum of 64 devices may be connected to a single line.

Using a single PLA instead of several multipoint modems
reduces line costs, simplifies system configuration, and
facilitates peripheral additions/changes. Unlike RS-232 daisy
chains that have a 50-foot (15 meter) limitation between
terminals, the PLA does not impose severe distance
restrictions; and a disabled terminal on one port does not
hinder or affect terminal/printer operations on the other
ports.

Features of the TI16/6180 PLA include sixteen data
transmission speeds from 50 bps to 19,200 bps; eight
expansion ports for attaching Tandem T16/6520 or
T16/6524 terminals or up to eight terminal strings; two
printer ports for hard copy output; operation up to 1500 feet
(454 meters) or farther. Expansion is easy by cascading
Ti6/6810s 1o increase the number of ports available or
increase the distance to remote terminal clusters. Modem-
elimination capability reduces user costs. Parity checking
preserves data integrity, while internal self test ensures reliable
operation.

SOFTWARE

OPERATING SYSTEM: The Guardian operating system is
the only operating system currently offered by Tandem.

The Guardian operating system provides the multiprocessing
{parallel processing in separate processor modules),
multiprogramming (interleaved processing in one processor
module), and NonStop capabilities of the NonStop and
NonStop 11 systems. The NonStop character of the Tandem
systems is preserved by keeping master copies of Guardian,
configured for the specific application, in a system area on
mirrored (duplicate) disc volumes, Each mirrored volume is
meant to be mounted on a separate disc device and contains
Guardian, virtual swapping memory space, system and
application programs, and application data. This mirroring is
transparent to the user. Other transparent-to-user functions
include allocation of buffer space and control blocks, fault
handling, the preparation of a program for execution in
virtual memory when a request is made to run a program, the
capability for processes to communicate with each other
regardless of the processor modules in which they are
executing, the scheduling of processor module time among
multiple executing programs according to their application-
assigned priorities, and provision of the virtual memory
function by automatically bringing absent memory pages in
from disc when needed.

Guardian isolates the application from physical memory
constraints by providing a virtual memory management
system. Paging hardware on the NonStop system is provided
in the form of four memory maps (user code, user data,
system code, and system data); paging hardware on the
NonStop Il is provided in the form of 16 memory maps. All
code is both sharable by multiple programs and non-
modifiable, two features which reduce overlay and swapping

overhead, Code pages are never swapped out to disc. In
addition, hardware is used to record the frequency of access to
all memory pages and modification of data pages, thus
providing a low-overhead method of determining the correct

page to be replaced.

In a typical system, master copies of the Guardian operating
system, configured for the specific application, are kept in a
system area on mirrored dise volumes, Critical and frequently
used parts of Guardian are resident in each processor
module’s memory. Thus, the system's capabilities are
maintained even if a processor module, 1/0 channel, or disc
drive fails. Non-critical or less frequently used parts of
Guardian are virtual and are brought into a processor
module's memory from disc only when needed.

Likewise, & mirror principle permits data to be written
simultaneously onto two disc devices. If a failuare occurs in
one of the drives, data is read from the other device. Upon
restoration of the failed disc drive, the system automatically
updates the stored device while continuing to process
tramsactions. The mirroring is transparent to both the
application programmer and the computer operator.

To prevent data degradation resulting from a processor
failure, an active processor signals an alternate processor
(which contains a backup program) at the start of a file
update. If the update is not completed correctly, the operating
system alerts the other processor to perform the update,

Concurrently with application program execution, Cuardian
continually checks the integrity of the system. This is
accomplised by having each processor module, at a
predefined interval, transmit an “I'm alive™ message to
Guardian in every other processor module. (This interval is
typically one second). If Guardian in one processor module
finds that an “I'm alive” message has not been received from
another processor module, it first verifies that it can transmit a
message (o its own processor module; if it can, it assumes that
the non-transmitting processor module is inoperative; if it
can'i, it takes action to ensure that its own module does not
impair the operation of other processor modules, In either
case, Guardian then informs the system processes and
interested application processes of the failure.

Guardian provides multiple system services that can be
requested by programs or that affect application program
design. These include the program control functions of run,
suspend, and stop: 1/0 file management; system messages;
utility procedures; a checkpointing facility; traps and trap
handling: a command interpreter program for communicat-
ing run-time information to an program; an
interactive debug facility; and security for controlling access
to data files.

TYPICAL STORAGE REQUIREMENTS
OF TANDEM SOFTWARE

Main Disk
Memory Storage
(bytes) (bytes)
Guardian 94K 488K
TAL 60K 208K
COBOL 90K 64K
FORTRAN 56K BOK
Sort 48K 50K
Envoy 23K —_
Expand 25K —_

The executing environment of a given program is a single
processor module (specified at run time). A program’
environment consists of a code area, containing instruction
codes and program constants, and a separate data area,

containing variables and hardware environment information. Jg-
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that are executing
the same program file. This is permissible because
information within the code area cannot be modified. Each
program, however, has its own separate, private data area.

It is possible for a properly coded application process to
recover from any type of hardware failure except one—a
failure of the processor module in which it is executing.
Because of this, NonStop applications consist of one or more
primary /backup “process-pairs.” A process-pair consists of
two copies of the same program und data. Logic in the
program indicates whether the process is executing in the
primary mode, to perform the designated work, or in the
backup mode, to monitor the operability of the primary.

Procedures provided by Guardian to perform ufility
operations include a debug facility, provision of the global
address of the last word in the application’s data area,
conversion of the ASCII representation of a number into its
binary equivalent, conversion of the internal machine
representation of a number to its ASCIl equivalent, and
provision of the current date and time.

The checkpointing facility provides the capability for writing
application programs that can recover from a

module failure. To use the checkpointing facility, an
application program must be executing as a process-pair. The
checkpointing facility is used by the primary process of &
process-pair to “checkpoint™ pertinent data to its backup
process. It is used by the backup process to receive the
checkpoint dats, to monitor the primary, and to begin
executing at the point indicated by the latest checkpoint
message,

Certain critical error conditions oceurring during process
execution prevent the normal execution of a proces. The
errors, which are for the most part unrecoverable, cause traps
to operating system trap handlers. The conditions include
illegal address reference, instruction failure, arithmetic
overflow, stack overflow, process loop timer time-out,
memory manager disc read error, no memory available,
uncorrectable memory error, and map parity error.

The Guardian operating system’s security capability is
designed to prevent inadvertent destruction of files through
purging or overwriting and to prevent unauthorized access to
sensitive data files by programmers or operations personnel.

Security is enforced by assigning a group name, user name,
and (optionally) a password to individuals that are to access
the system. Furudlﬁle,mennce:nurhiﬂﬂmyhe
restricted to reading, writing, executing, and/or purging.

Using the debug facility, a program location can be
designated a “breakpoint.” The execution of the
breakpoint location during otherwise-normal processing
causes the process to enter the debug state, While the process
is in the debug state, the programmer can interactively display
.Mm the mmmdthepm'svlrhblg.dhphy and
mo contents of the process’s

; registers, and designate

The file management system provides access to, and
operations on, “unstructured” disc files. An unstructured dise
file contains information placed in it by an application
m“ﬂkmloﬂcﬂmdmunwb,m
system, and there is no implicit difference between

mdnudomnumlommmreddhcm&mubu
access is an extension of Guardian that provides access to and
operations on three additional file structures; relative files, in
Mrmdsmuudrﬂaﬁnlo&ehm.du,m‘
entry-sequenced files, in which records are appended to a file
hMmmmﬁcmwkqwm
inwhlchreeon‘hlrephmdlnlﬂkinucmdhgm
according to the value of 1 key field in the record,

Guardian program development tools include the
interpreter (Comint), the text editor (Edit), the TAL

the crossreference program (Xref), the object file editor
{Update), and the interactive debugging fucility Debug),

Comint is & progmam that is used interactively to
programs, check system status, create and delete disc files, angd
alter system hardware states. An important feature of Comin
is its ability to pass user-specified parameter information 1o 5
program af run time.

Edit is used to prepare source programs written in TAL. It s
an interactive program that allows the programmer to enter
and make changes 1o the source program through an
interactive terminal. Text entered through the text editor ks
stored in a file on disc under a nume given by the programmer.
This name also specifies the source program to the TAL
compiler and is used later if the programmer wishes (o “edit”
the file.

LANGUAGES: Tandem currently offers four high-level
languages: TAL, u language developed exclusively for use on
Tandem systems; COBOL; FORTRAN; and MUMPS, a
high-level interpretive language.

TAL s a high-level, block-structured, procedure-oriented
language designed, according to Tandem. for ease of
programming and efficient use of the architectural features of
the Tandem systems. Similarities exist between TAL and
ALGOL, PL/1, and COBOL in that they sll offer machine-
independent procedure blocks and high-level constructs.
Other characteristics of TAL include freeform structure;
machine-dependent statements; programmer-assigned
identifiers; single- and double-word integer, byte string, and
I18-digit fixed-point data types; multiple-element block
operation such as move, compare, or scan block; bit
operations such as bit deposit, bit extraction, and bit shift;
and procedures, recursive procedures, and subprocedures.

TAL' machine dependence makes it possible for the compiler
1o generate optimized code that takes advantage of the
Tandem systems’ hardware characteristics. It also enables the
programmer to code st an assembly-language level through
the use of the COBOL statement and to operate on hardware
registers through the use of STACK and STORE statements.

Program elements such as constants, varisbies, labels, and
procedures are identified throughout a source program by the
use of symbolic, programmer-assigned identifiers. This
eliminates the need for a programmer 10 keep track of specific
memory addresses. An identifier can contsin up to 31
alphanumeric characters.

A procedure is a block of machine instructions that exists only
once in a program but can be called into execution from any
point in the program. Procedures, as implemented in the TAL
language, have special properties. A program has a global
data area that is accessible only by statements within that
program; a procedure has its own (local) dats ares that is
accessible only by statements within that procedure. Unlike
the program’s global data area, however, & procedure’s local
data area is allocated and initialized only when the procedure
is executed. Because a procedure has its own local data ared
which s initialized each time the procedure is entered, 2
procedure can call itself (recursive procedure), Subprocedures
are similar to procedures in that they can have their oWn
variables and can be called recursively. However, #
mdﬁehnmﬂofapcmtdmmdlhﬂtﬁﬂmb'
called only from the procedure in which it resides.

The TAL compiler program reads source statements from
one or more files and compiles the statements into a ready-10-
fun object program. Like the source program file, the

program file is given a name. The object program name is

used to run or modify the program. As a by-pro i
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compilation, a completely annotated listing of the source
program is provided. Certain listing options provide the
machine instruction code generated and a map of all the
identifiers used in the program.,

Tandemn COBOL conforms to the ANSI COBOL-1974
language specifications and runs in a mixed-language
environment with TAL. Features of Guardian are supported
through extensions to the language, including NonStop
operations, shared and re-entrant code, virtual memory,
geographic independence of 1/0 devices, and checkpoint/
check-monitor facilities,

STARTBACKUP and CHECKPOINT are the verbs that
make & program nonstop, STARTBACKUP is normally
called once at the beginning of the program to set the
NonStop mode. Thereafter, the CHECKPOINT verb is used
to pass information to the backup process at critical points in
the processing. In a nonstop program, checkpoints will also
oceur automatically upon any OPEN or CLOSE executed
after the backup has been established. Both of these verbs will
set the special register, PROGRAM-STATUS, to indicate
the outcome of the checkpointing operation,

Geographic independence of 1/0 devices is provided by
several Tandem extensions to COBOL. The verbs LOCK-
FILE, UNLOCKFILE, and UNLOCKRECORD allow the
use of the corresponding system file and record locking
routines. This addition allows separate processors to share a
commaon data base.

The READ und REWRITE verbs are extended to allow the
specification of 8 LOCK or UNLOCK operation. The OPEN
syntax is extended to specify the file access (EXCLUSIVE,
SHARED, or PROTECTED), and to permit the SYNC-
DEPTH for files opened in the OUTPUT, 1-0, or EXTEND
mode.

Guardian data base access features included in Tandem
COBOL include key-sequenced, entry-sequenced, and
relative file structures; logical file sizes of up to four billion
bytes; one primary and up to 31 alternate keys; and optional
mirror data base recording.

The level of support provided by Tandem COBOL for the
various ANSI modules includes: Nucleus, level 2; Table
Handling, level 1; Sequential 1/0, level 2; Relative 1/0, level
2; Indexed 1/0, level 2; Sort-Merge, level 2; Library, level I
Debug, level 1; and Interprogram Communication, level 1.
Report-Writer, Communication, and Segmentation are not
supported. Segmentation, however, is supported automatic-
ally via Guardian.

Tandem FORTRAN conforms to the full language
specifications of ANSI FORTRAN-1977. All features of
Guardian are supported through extensions to the language,
including NonStop operation, shared and re-entrant code,
virtusl memory, checkpoint/checkmonitor facilities, data
base facilities, and interprocess communications.

STARTBACKUP and CHECKPOINT functions allow a
FORTRAN program to utilize the NonStop capabilities of
Guardian. STARTBACKUP is called once at the beginning
of a program to establish the NonStop mode. Thereafter,
CHECKPOINT s used to pass critical information to the
backup process. Checkpoints will occur sutomatically upon
any OPEN or CLOSE after the backup has been created.

Extensions to the FORTRAN READ and WRITE
statements permit the full use of the data base facilities. Thus,
it is possible with FORTRAN statements to access key-
sequenced, relative, and entry-sequenced files by primary keys
or up to 255 alternate keys. Provision has been made to allow
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exact, approximate, or generic positioning into a file structure
using FORTRAN. Concurrent record access is supported
with LOCK mechanisms at either the record or file level.

FORTRAN processes can communicate with one another or
with processes written in other languages through the
standard FORTRAN READ and WRITE statements.
Communication with other processes is implemented using
the interprocess communication facilities of the Guardian. In
addition, FORTRAN is enhanced so that the Tandem Data
Definition Language can also be used to transcribe a schema
into FORTRAN record structures.

ENCOMPASS DISTRIBUTED DATA BASE MANAGE-
MENT SYSTEM: This package is designed to simplify the
complexities of on-line transaction processing. It was
designed from scratch to providea high performancerelational
data base and a very high level of data integrity for a single
system or a network of systems. It fulfills the needs of
applications to process large numbers of transactions on-line
without fail,

A transaction processing software package supplies all the
procedures, programs, and application structures necessary
to allow users to write single-threaded application program
modules. User written application modules are written
without concern for terminal characteristics and communi-
cations protocols. ENCOMPASS transaction processing
software includes a terminal control process, a COBOL-like
screen language, an application monitor, and an interactive
screen definition facility.

All terminal oriented functions are isolated into terminal
control processes (TCPs), Each TCP interacts with one or
more terminals. The TCP performs four major application
functions: terminal interface, field validation, data mapping,
and transaction control. The handling of each terminal is
defined by a high-level language known as Screen COBOL.
The Screen COBOL compiler produces an intermediate code
file, which is executed by the TCP. The screen builder facility
enables the user to design screen formats directly on the
terminal screen. The screen builder program then generates
the appropriate Screen COBOL source statements that
describe the screen format. The new screen description may
then be added to an existing Screen COBOL program. The
screen builder will also take an existing Screen COBOL screen
description, display the screen, and allow the user to make
modifications directly at the terminal.

Overall control of the ENCOMPASS transaction processing
software is carried out by the Application Monitor. This
program is used to supervise and control all the working
processes in the transaction processing system. It performs
on-line addition, modification, or deletion of transaction
types, screen formats, and terminals under user control. The
application monitor also controls the start-up of all other
working processes of the system.

The second software package included in ENCOMPASS is a
data definition language which allows centralized administra-
tion of a data base to accommodate any number of
application programs, It is used to facilitate the definition of
the data base schema. The data base is defined in a2 Schema
Definition File using the Edit program. The Schema
Definition File is used as the input to the Schema program.
This program generates &8 TAL library file that, when
compiled along with the application program, produces an
object application program that is tailored to the particular
data base.

Record types are accessed through the Guardian operating
system. Guardian provides high-level access to, and
manipulation of, records in data bases. It offers three disc file
structures: key-sequenced, with variable record lengths;

relative, with fixed record lengths; and entry-sequenced, with Ja
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P variable record lengths. Records can be accessed randomly by
specifying a key or keys, or sequentially by consecutively
accessing the records in the collated order of an index. Since
multiple key fields can be defined, muitiple indices allow an
indexed file to appear as sequential. Moreover, Guardian
provides three indexing options: exact key match,
approximate key match, and generic key match. Approxi-
mate match means that the record key may be equal to or
greater than the search key; this allows a user program to
access records without knowing the exact key. Generic key
muatch means that only the initial portion (partial key) of a key
need be specified (such as the prefix to a part number in 2
vendor's record),

Other features of the operating system's access methods
include multi-key access to records (up to 255 alternate key
fields), automatic maintenance of all keys, data compression
for key-sequenced files, index compression, record locking,
multiple-volume files, a cache buffering scheme, and a file
utility program to create data base files.

The third major capability of ENCOMPASS is a system-level
capability which simplifies the task of designing transaction
oriented data management applications on a Tandem system
by providing a number of facilities to maintain data base
consistency during concurrent transaction processing. The
data base can reside on a single Tandem system or can be
distributed over multiple nodes of an Expand network. In
either case, this facility ensures that the data base remains
consistent in the event of & program failure, a single
component failure or even the total loss of communications
between nodes.

Data base consistency is protected through a network-wide
system identification of all data base activity initiated by each
transaction. ENCOMPASS monitors the data base activity
by every application program which processes the transaction
on any of the nodes in the network. This is implemented in a
distributed manner, with no single point of control,

If a failure such as a program abort, CPU or other module
failure affects the processing of the transaction, the system
sutomatically backs out the data base changes made by that
transaction up to the time of the failure. Processing of the
transaction is then restarted. Only the individual failed
transaction is backed out. The backout occurs without
impacting other transactions in progress. Transaction
backout occurs on-line and is transparent to the application
program, No restart of the system occurs.

ENCOMPASS uses multiple disc audit trails for high
transaction throughput. The Guardian operating system
sutomatically provides “before™ and “after” images of data
base updates by application programs to the audit

that write the sudit trails. Auditing of the data base is totally
transparent to user-written application programs. For
transactions that span data bases on multiple nodes of an
Expand network, all audit images for records residing on a
particular node are contained in audit trails on that node.

Data base consistency is ensured both within a single node
and across nodes by treating all data base updates made by s
single transaction as a group. If a failure occurs, all the
changes are backed out as a group, returning the data base to
its original state. This takes place even when the changes were
distributed over multiple nodes in the Expand network.

This data base consistency facility also provides: transaction
completion via a “two phase commit” principle which resolves
the problem of loss of network communications during a
distributed transaction; & concurrency control mechanism
that protects individual transactions from seeing un-
committed data produced by other concurrent transactions:
on-line backup to tape of portions of the data base while full
dats base update activity continues; and recovery from

catastrophic failures by reload of prior on-line back
hp.nﬂmﬂmhad&edaubuemmylm“z

ENCOMPASS also includes the Enform relationa)
query/report writing language, a high-level query specifica-
tion language. Enform enables programmers as well as nop-
programmers to retrieve information essily from a relational
data base and generate professional looking reports by using a
few short English-like statements. At the same time, Enform
provides the experienced programmer with a powerful,
efficient means of accessing, sorting, and formatting data so
that application development time is reduced.

Enform can be used interactively or programmatically by
COBOL, FORTRAN or TAL (Tandem's system level
language) programs. The versatility of the language lets the
user adapt Enform to a wide spectrum of applications, from
simple ad hoc inquiries to sophisticated software develop-
ment. Output can be formatied into clear, intelligible reports
with centered titles, subtitles, column headings, underlining,
totals, subtotals, averages and percentages.

Enform features include: shared sccess to data base and
dictionary; efficient information retrieval; transparent
optimization of data base searching; comprehensive report
formatting: easy customization of query/report applications;
use interactively or through a host language; decreased
smount of data transmitted over 8 network.

TANDEM SORT: This program reorders a set of records
according to the values of sort key fields defined within the
records in either ascending or descending order. It can be
driven by a set of commands entered conversationally, by a
text file containing the commands, or by & user's application
program.

Records can be passed to Sort from a file, or sent one by one
through procedure calls from a user’s program. Similarly, the
sorfed set of records can be written to a file, or the user’s
program can call a procedure to retrieve the records, one per
eall

Actual sorting runs as a separate process from the host
program. Standard interface procedures, which are present in
the sort command interpreter program or called from the
user's program, handle process creation, control, and
com o

In most large sorts, the memory is insufficient to sort all the
data at once, so Sort splits the input data into sorted pieces
(runs) it can handle and puts them into a scratch file. Sort then
uses the replacement/selection method of merging runs
together to produce the final product.

SPOOLER: The Tandem SPOOLER provides a means of
storing application output in holding areas for later retrievl.
Output may be passed to other processes or printed on one or
more devices. The SPOOLER is actually several processes
working in unison to provide spooling facilities. These
processes include the SPOOLER supervisor, collectors, print
processes, and SPOOLCOM,

The SPOOLER supervisor functions as the SPOOLER
monitor and communicates with the other SP(:g:'-!E:‘
processes to determine which tasks to perform or sch LIt
interfaces with the other processes as well as applications
calling SPOOLER procedures. SPOOLER collectors accept
output from application processes and store it on disk. There
can be one or ore more collectors. Print processes retrieve
spooled data and print it. The Tandem supplied print
processes are capable of handling multiple jobs and devices.
Users may supply their own print processes, SPOOLCOM is
an operator/user interface with the SPOOLER subsystem. It
unbemhﬂmedvﬂym:t&nﬁnlwmhe

commands from an application process. SPOOLCOM P
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p»- performs such functions as downing a device or ordering
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extra copies of a report. An application process

SPOOLER one or more times to perform m;:’wentlu
The standard file management procedures WRITE
CONTROL, and SETMODE are used. The application may
also use the SPOOLER 1o implement
more sdvanced features of the SPOOLER.

The Exchange runmebhemmhmemwaﬂulﬁmp
system 1o emulate two types of batch remote job entry: a
multilenving HASP workstation or an IBM 2780/3780 dats
trunsmission terminal. Input and output can be from/to any
medin supported by the NonStop system including disc,
magnetic tape, terminals, card readers, line printers and other

processes,

(seneral capabilities of Exchange include transmitting and
recelving in ASCI or EBCDIC, accepting horizontal tab
codes, nccepting vertical forms control codes, transmitting or
recelving EBCDIC transparent data, short record truncation,
blank field compression, transmitting and receiving block
data link messages and generation of WACK and TTD
control codes when temporarily unable to transmit or receive.

Files can be sent or received by entering commands from a
terminal. For the 2780/3780 terminal, an Exchange
subsystem on one Tandem system can perform remote file
transfers to another Tandem system which is also running the
Exchange subsystem. If Exchange is emulating an IBM
HASP workstation, files can be sent and received
simultaneously.,

HASP multileaving workstation console support is provided
via the Exchange command interpreter or programmatic
interface.

ENVOY DATA COMMUNICATIONS MANAGER:
Envoy provides an interface beiween transaction oriented
applications and a data communications network, It
comprises a set of communications processes that run as a
part of the Guardian operating system. These system
processes control one or more data communication lines and
process requests received from application processes through
file management procedure calls. The communications
processes secure the system buffer space needed to complete
requests, monitor the state of communication lines, and
return completion status und data to the application process,

The protocol procedure determines the message format for 3
request, the sequence of line operations to be performed, and
the corrective action to be taken when & line ervor is detected.
The driver procedure schedules 1/0 operations to the
communications controller, Envoy supports the following
protocols: bisyne, ADM-2, TINET, Burroughs, Full Duplex,
Asynchronous, SDLC, and HDLC.

Through use of Envoy, the NonStop system can act as; a
station in a point-to-point network; a supervisory station in 8
multipoint network; and a tributary station in a muitipoint
network.

Envoy also allows NonStop systems to connect to the
international electronic funds transfer network known as the
Saciety for Worldwide Interbank Financial Telecommunica-
tion (S.W.LF.T.). Users can plan and design totally
domestic/internutional funds transfer systems utilizing
standard Tandem supported interfaces. The software
provides a protocol level (byte ) interface to the
S.W.LF.T. network. The application level of the S, W.LF.T.
Interface must be provided by the user.

EXPAND NETWORK: In October 1978, Tandem
announced Expand, a network system. An
extension of the Guardian operating system, Expand can
accommodate up to 255 geographically dispersed systems,

© 1981 DATAPRO RES

each with & maximum of 16 central processors, all operating
in Tandem’s fault-tolerant mode.

Expand provides for automatic routing, and rerouting as
necessary, of communications among network nodes, Any
system located within the network can communicate with any
other system without traditional point-to-point connections
between all the systems. Also, systems capable of network
communications may be added to the network by simply
being connected to any one of the existing systems,

Single or multiple-line paths between adjacent nodes are
available in order to provide increased bandwidth and
recoverability. Lines may be added to or deleted from a
multiple-line path between adjacent nodes to adjust
bandwidth in economic increments. Transmission capacity
may be matched to growing requirements without forcing the
use of expensive high speed communications facilities.

For increased Nexibility in communications interface, each of
the nodes in an Expand network may be connected by either
dedicated private lines, or they may be linked via a public
X.25 packet carrier, The availability of an X.25 interface may
reduce the data communication costs of network users.

Computing resources and data bases in an Expand network
are location-transparent to operators and programmers, and
application programs are identical for single or multiple
systems. A program resident in any system in a Tandem
network may access data (subject to user-imposed security
restrictions) resident in any other system. The program will be
executed in the system on which the program file resides, or
the user may request that the program be run remotely.

Automatic routing in the Expand network is accomplished by
the Network Control Process (NCP) which resides in each
system. Through an algorithm, the NCP assures that data is
communicated via the best path in terms of minimum travel
time. In the event of a line failure, the NCP automatically
reroutes communications in accordance with the next best
travel time between communicating systems.

Keys to the automatic routing process are NETMAP, the
Network Routing Table (NRT) data arrays, and NET-
CHANGE, a message service, all managed by the NCP. If the
NCP is advised by NETCHANGE of a change in status of a
line or system node, it determines via its algorithm if there isa
path of communications shorter than the one currently being
utilized and accordingly alters NETMAP. All systems are
then notified by NETCHANGE, and the NRT is updated
with this latest information and forwarded data packets are
directed to the proper systems. Residing within the Network
Control Process is a tie-breaker algorithm for use in the event
that two or more alternate routes are identical in terms of
travel time between two communicating systems,

X.25AM is a software package supporting the X.25 packet-
switched network protocol, and is designed to allow Tandem
computer systems to communicate directly over publie
packet-switched networks using standard protocols defined
for use with X.25. Included with the package are protocols to
allow access to virtually any kind of computer or terminal.
The interactive terminal interface (ITI) provides for remote
terminal sccess to the host Tandem system from anywhere in
the country, or from around the world via international
gateways. Remote terminals look like local terminals, with no
special programming necessary. In addition, X.25AM allows
an application within the Tandem to communicate
with any other Data Terminal Equipment (DTE) connected
to the packet network using any agreed upon protocol.

An additional higher level protocol is used to allow
distributed Tandem systems to be linked together through a
public packet network using Expand.
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> The AM3270 AXCESS METHOD gives application

the ability to access individual 3270 compatible
devices connected to a2 non-switched bisynchronous,

communications line. It provides the ability for
Tandem programs to access individual 3270-type devices on
the line without concern for communication-related
requirements. In addition, 2 pass-through mode is provided
to allow terminals connected to a Tandem system to
directly access IBM-compatible hosts.

The TR3271 AXCESS METHOD provides a simplified
means 1o connect a NonStop system to an IBM-compatible
host system by emulating one or more 3271-type cluster
controllers and associated terminals and/or printer devices.
It provides interface by sllowing a Tandem application
program fto appear like a terminal to the IBM host. In
conjunction with the AM3270 pass-through protocol,
TR3271 allows real 3270 devices to be connected to Tandem,
yet access application programs running on the IBM-
compatible system.

XRAY: A performance monitor for the Tandem systems
whose applications include:

XRAY consists of two programs, XRAYCOM and
XRAYSCAN. XRA YCOM is used to control measurements.
Data is collected in a disc file and system performance is
analyzed by running the program XRAYSCAN against the
collected data for data reduction and analysis. On-line
performance monitoring is achieved by running XRAY-
SCAN against the currently active disc file. Any item or set of
items in the meaurement can be plotted on a terminal, as they
are observed.

APPLICATIONS: Tandem does not provide application
software at the present time, but from time to time it may
assist customers with particular programs.

PRICING

POLICY; The manufacturer offers the Tandem systems on a
purchase-only basis, with separately priced software.
Maintenance is also separately priced. Tandem can assist the
customer in obtaining third-party leasing.

System deliveries are F.0.B. Tandem’s plant. The warranty
extends for 90 days after initial delivery to end users
only, and for 30 days to OEM’. Tandem provides on-site

installation for fixed fees stated in the equipment price list of
the purchaser's location within the contiguous United States,
For other locations, consult Tandem. Installation facilities,
including electrical power and connector requirements, are
the responsibility of the user and must be completed prior to

® Mix balancing—the distribution of applications across
system hardware to eliminate bottlenecks.

* Growth management—the long term appraisal of system

components usage for planning, budgeting, and control installation.
purposes.
Tandem provides training classes on a fee basis in software
® On-line monitoring—a provision for immediate detection design and programming (COBOL, FORTRAN, TAL,
of performance difficulties and continuous feedback on ENCOMPASS, and MUMPS) and hardware maintenance.

system usage. Classes range in duration from one to three weeks. Software
and hardware coures are priced at $500 per week per student.
® Application tuning—a feature showing where the

program should be restructured to increase Tandem provides post-warranty maintenance service under a

transaction throughput. standard maintenance contract.®
©
EQUIPMENT PRICES
Purchase  Monthly
PACKAGED SYSTEMS Price Maint. Installation
NonStop

The NonStop packaged system consists of the following modules: two processors, each containing 384K
bytes of 500 nanosecond semiconductor (MOS) memory. power fail/auto restart, memory mapping,
bootstrap loader, interval timer, and DMA for all 1/0. Each processor may be expanded to 2M bytes of
memary. NonStop systems also include dual Dynabus redundant interprocessor links rated at 13M bytes
per second each, two block multiplexed 1/0 channels rated at 4M bytes per second each. 13 unassigned|/0
slots for system expansion, a system cabinet, one hard copy console, one dual channel connected

¥ WUus co ller, one terminal patch panel, one magnetic 1ape controller, one magnetic tape drive,
and two battery packs
T16/244-3 NonStop System; includes two T16/1412-1 processors, sach with 384K bytes of main 694,975 §728 -

memaory expandable to 2M bytes, and 13 unassigned slots for system expansion. Also
included in the package are a T16/7104 system cabinet. T16/3202 magnetic tape
controlier, T168/5103 magnetic tape drive, T16/6603 hard copy console, and two

battery packs
NonStop Il
The NonStop il packaged system of the following modules: two pr s, each containing 512K
bytes of 400 sond semiconductor (MOS) y. power fail/auto restart, memory mapping.

support for 16-bit and 32-bit addressing, bootstrap loader, interval timer, and DMA for all 1/0. Each
processor may be expanded to 2M bytes of memory. NonStop Il systems also include dual Dynabus
redundant interprocessor links rated at 13M bytes per second each, two block multiplexed 170 channeis
rated 8t 5M bytes per second aach, 23 unassigned |/0 slots for system expansion, one system cabinet,
unomguﬁctmwmroﬂm.ommmmpem,mbmplﬂarﬂom(bmmandm
Processor (OSP)

T16/250 NonStop Il System; includes two T16/1420 processors, each with 512K bytes of 400 144,475 883 =
sond ser ductor (MOS) y expandable to 2M bytes, and 23 unassigned
slots for systam expansion. Also included in the package are a T16/7120 system cabinet,
T16/3202 magnatic tape controller, T16/5103 magnetic tape drive, one T16/3910
Operations and Service Processor (OSP), and two battery packs
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EQUIPMENT PRICES
Purchase  Monthly
Price Maint.  Installation
PROCESSORS
T16/1412:1  NonStop processors include two microcoded processing units, one for CPU and Dynabus 33,500 243 600

cantrol and one for 170 control {each with 100 nanosecond cycle time}, 384K bytes of
500 nanosecond semiconductor (MOS) memory with EDAC: complete DMA only 1/0
system; virtual memory control; memory mapping protection for up to 2M bytes of
mamory. bootstrap loader, interval timer; control panel; Dynabus controller and inter-
tace, interfacing for 32 1/0 controllers; power fail/auto restart, power supply; and one
battery pack

T16/1420 NonStop Il processors include three microcoded processing units, one for CPU and 50,600 237 600
Dynabus control, one for 1.0 contrel {each with 100 nanosecond cycle time), and one
for Disgnostic Data Transceiver Control (DOT); 512K bytes of 400 nanosecond semi-
conductor (MOS) memory with EDAC; comolete DMA only 1/0 systems; virtual memory
nddrassability —to one billlon bytes; BK of 32-bit words of loadable control store, 1K of
32-bit words of read only storage. power fail/auto restart; bootstrap loader; interval
timar, control panel, Dynabus controller and interface; interfacing for 321/0 controllers;
string manipulation and double word arithmetic; power supply; and one battery pack

PROCESSOR OPTIONS

Ti6/4104 Dise; moving head, 240MB

Decamal Arithmetic Package 2,000 22 100
Floating Point Arithmetic Package: adds additional instructions 1o basic set 2,000 22 100
Power Module, supplies power for 1/0 controllers in large configurations 3,500 40 600
Battery Pack Backup for MOS Memory 1,600 28 60
T16/3910 Operations and Service Processor (OSP, for NonStop Il system only) 14,875 163 300
MEMORY
Ti6/2412 384K bytes Error Correcting MOS M v Module; 500-nar ond cycle time (for 9,600 132 100 |
NonStop only) v a7 S
71672420 612K bytes Error Correcting MOS Memory Module; 400 nanosecond cycle time (for 12,800 |
NonStop Il ondy)
MASS STORAGE
T16/3106 Dise Controller: dual channel connected, can control 1 1o B drives; uses 2 1/0 slots ;g% 23 igg

T16/4106 Disc. moving head, 64AMB :ggg 1‘;: i?g
T16/4106 Disc; moving head: 64MB; drawer mounted 18.2?0 123 450
TI6/4108 Dise, fend & moving head. 64MB 1'&_)0 e &
T16/7202 Two-high dise cabinet ‘??5 il 80
T16/7504 Disc Parch Panel-—-STD 1 - e
T16/7603 Cable, disc patch panel = _IN ol
T16/78086 Cable set, backup controller; Drive O
MAGNETIC TAPE EQUIPMENT ‘
; 23 188
T16/3202  Magnetic tape controlier for up 1o two drives; 800/1600 bpi controller; can be powsred aic
from aither processor 800 bok: 7 track 4,800 23 188
T16/3203 ontroller, 200 or , 7 e r :
T16/5103 ::::: Tape Drive: 45 s, 9-track, 800 bpi NRZ) ana 1600 boi P/E. 36 or 72K BS; S w vyt
s T16/3202 . 200K BS; 14,600 110 300
TI6/5104  Magnetic Taps Drive; 125 ips, 9-track BOO bpi NAZ! and 1600 bpi P/E. 100 or 200K BS:
roquited T16/3201 or T16/3202
PRINTERS
2.800 20 188
T16/3302 Line Printer Controller 2,800 20 188
T16/3305  Curd ReadersLine Printor Controller for one printer and one card reader; dusl channel
connacted. can be powered from eiher processor 4,500 55 150
T16/5608  Serial Printer; 200 cps, 96 character set 14,000 178 225
T16/5503  Line Printer; 600 lpm, 64 character set 21,000 202 225
TI8/6504  Line Printer; 800 ipm, 64 character set 45,500 507 225
T6/88610 Line Printer: 1350 lpm: 132 columns: 67 character ASCIl set
PUNCHED CARD EQUIPMENT A0 e 155
T16/5301 Card reager; BO columns, 600 cpm. requires T16/3305 (for NonStop only) "
rERM'NAl.s 2.800 48 150
T16/6603  Hard-Copy Terminal; 30 cps, 132 columns, RS-232 interface 3,200 44 }gg
T16/6604 With 20-ma current loop Interface rent loop 3,150 24
T16/65620 CRT, multi-page: 3 or 6 displayable memory pages: RS-232 or 20-ma cur 3180 24 150
T16/6524  Same as 8520 except with printer port 1,875 i .

TI6/6810  Peripheral line adapter, 1 input port and B output pors
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EQUIPMENT PRICES

COMMUNICATIONS EQUIPMENT

T16/7501 Terminal Patch Panel; provides connection between asynchronous controllers and up 1o
17 terminal ports

T16/7502 Synchronous Patch Panel; provides connection between synchronous controllers and up to
12 synchronous lines (3 controllers)

T16/6202 Byte Synchronous Controller: dual channel connected: may be powered from either
processor; controls up to four synchronous communications lines; either point-to-point
or multidrop

T16/6203 Bit Synchronous Controller, dual channel connected

T16/6303 Asynchronous Controller; dual channel connected; may be powered from @ither processor.
controls up to two terminal lines, either hard-wired or modem-connected

T16/6304 Asynchronous Extension Board; provides additional control for 15 asynchronous lines

T16/3401 Universal Interface; dual channel connected; can be powered from either processor;
controls any two devices having 16-line parallel interface

T16/3810 Tandem to IBM Link (TIL); high speed communications link to an IBM system

T16/3812 Tandem to IBM Link; additional link, required for each additional link or site

T16/3830 Tandem HyperLink (THL); connection bety a Tandem system and other systems using
Network System Corporation’s HYPERchannel

HARDWARE

All system cabinets include Dynabus redundant interprocessor priority resolution circuitry and data paths,
provide 1/0 controller power switching, and provide processor |/0 channel wiring

T16/7104 Large System Cabinet; provides space for up to 4 processors and 16 1/0 controllers,
each processor having 6 memory slots; can accommodate up to 512K bytes of semi-
conductor per processor; can accommaodate up to 2 additional /0 expansion
boards (T16/7801) (for NonStop system only)

T16-7107 Expansion Cabinet; for systems requiring more than 2 system cabinets and/ or more than

8 processors

Ti6/7801 170 Expansion Board; provides eight additional 1/0 siots for systems cabinets; maximum
of two per cabinet (for NonStop system only)

TI6/7109 Cabinet, 1/0 {for NonStop system only)

T16/7110 Cabinet, peripheral

T16/7120 System Cabinet; provides space for up to 4 processors and 24 1/0 controllers, each
processor having 4 memory slots; can accommaodate up to 2M bytes of semiconductor
memory per processor (for NonStop Il system only)

e/ Cabinet. 170 (for NonStop Il system only)

SOFTWARE PRICES

The following software packages are available for the NonStop and the NonStop Il. Some of the software
packages require microcode for each processor and/or a bit or byte synchronous controller. Microcode
prices range from $500 to $7,000 per processor; each controller costs $5,800.

Base Guardian—standard operating system; includes Enscribe data base access method

Exchange—Remote Job Entry and HASP

XRAY software subsystem performance monitor**

Expand Networking System

X25AM-X.25 Access Method

Guardian operating system with SPOOLER, XRAY, and Base Guardian

AM3270 Axcess Method

TR3271 Axcess Method

AM 6520 Axcess Method

Transaction Monitoring Facility*

SPOOLER**

Enform Query Report Writer®

Pathway Transaction Processing System"

ENCOMPASS distributed data base management system; includes Pathway, Enform, Transaction
Monitoring Facility, and Data Definition Language (DDL)

DDL—Data Definition Language*

COBOL—ANSI 74

FORTRAN-ANSI 77

MUMPS—ANSI 77

*Can be licensed as part of the ENCOMPASS distributed data base management package.
**Can be licensed as part of the Guardian operating system.

N - !

Price Maint.  Installation
775 6 75
776 6 75

5,800 29 100

5,800 39 100

3,600 18 125

4,300 22 188
2,800 20 188
24,500 125 800
12,900 91 375
14,900 151 300
8.600 88 400

2,500 N/C 400

970 - 600
8,600 88 400
2,500 N/C 400

15,800 166 600
15,800 104 600
One-Time License Monthly
Fee Maint.
$11,000 $110
2,000 20
2,500 25
10,000 100
2,000 20
13,000 130
2.000 20
4,000 40
2.000 20
10.000 100
2,000 20
7,000 70
8.500 BS
22,000 220
3,000 30
7.000 70
6,000 60
7.000 70
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THE NONSTOP II
TANDEM'S FIRST MAJOR PRODUCT FOR THE EIGHTIES

SUMMARY

On April 14, 1981, Tandem Computers Incorporated announced the Tandem
NonStop II, its second computer system. According to David R. Mackie, vice
president of Tandem's Headquarters Marketing Operations, the NonStop II is intended
to "earry Tandem forward into the eighties," and toward its stated goal of achieving
revenues of $1 billion by the close of fiscal 1985. |

The NonStop II provides all the features of the original fault-tolerant NonStop
system plus the following new features and enhancements:

© A new 32-bit data access architecture, which is the key to implementing
the system's extended addressing capability. Each processor can address
up to 16 Mbytes of physical memory without architectural changes as
denser memory devices become cost effective. The maximum main
memory size is currently 2 Mbytes per processor. Virtual memory
addressing capability is now one billion bytes per processor.

[ Software compatibility with current NonStop systems at the object code
level.

© Enhanced input/output capability that will significantly improve the
terminal throughput and the number of terminals and communications
cireuits available.

® Processor microcode resident in 32 Kbytes of loadable control storage,
which allows the processor's instruction set to be easily modified.

® A new Operations and Service Processor (OSP) that provides both local and
remote detailed system status information and diagnostic facilities to
assist in reducing repair times.

] An exchange program that allows current customers to upgrade their

systems by returning their original NonStop systems to Tandem for credit
against the list price of a NonStop II.

Copyright © 15 April 1981 by DATAQUEST - Reproduction Prohibited
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FEATURES

32-Bit Data Access Architecture

A major feature of NonStop II is an extended 32-bit addressing mode that allows
access to the system's entire virtual memory space. A fully configured 16-processor
NonStop II system can address up to 16 billion bytes of virtual memory (one billion
bytes per processor), giving users "access to almost unlimited data space," according
to Mr. Mackie. The extended address ability provides hardware and software support
for very large applications with hundreds of terminals, communications lines
(including X.25 virtual eircuits), and large, distributed data bases.

Each NonStop II processor currently has a main memory capacity of 512 Kbytes
to 2 Mbytes, expandable in increments of 512 Kbytes. However, each processor is
capable of addressing up to 16 Mbytes of physical memory. As denser memory
devices become cost effective, the current maximum memory of the processor can
be increased without architectural changes. This strategy recognizes potential user
needs for larger memories in the future and should allow Tandem to meet these
needs in a cost-effective manner that is advantageous to its customers.

Software Compatibility

NonStop 1I is fully compatible with the original Tandem NonStop 16 system at
both application code and network levels. "Our users . . . will be able to retain
virtually all their original investment in software and most hardware if they choose
to upgrade to the NonStop II system to take advantage of its new ecapabilities,"
stated Mr. Mackie. Futhermore, NonStop II systems can be used in a common data
communications network with the current NonStop systems without software
modification. However, NonStop II processors cannot be combined with older
NonStop processors in a single system.

Enhanced Input/Output Capability

According to James G. Treybig, Tandem's president, the NonStop II is a direct
response to the needs of the Company's customers with large, on-line transaction
processing needs. The 32-bit data access architecture can support very large 1/0
intensive applications needed by organizations having critical business operations
on-line. The NonStop II expanded architecture provides more ecapability in the
amount of data that can be transferred to and from disks, terminals, and other
peripherals, as there is a 16-fold increase in both I/O buffer space available per
processor and in the maximum 1/O transfer size. Each processor ecan now support
1 Mbyte of I/O buffer space. I/O channel speed can reach up to 5 Mbytes/second in
a burst mode.

Loadable Control Storage

The processor microcode resides in 32-Kbytes of loadable control storage. The
loadable control store allows the processor's instruction set to be modified for new
features or performance enhancements as part of Tandem's standard software update
procedure.




are not really comparable. NonStop II systems are in production and six systems are
already in place. Tandem is promising deliveries 120 days after receipt of an order.

Comments

The NonStop Il clearly emphasizes two aspects of Tandem's strategy and
philosophy.

By bringing out a system that contains significant enhancements to its original
product, the Company has reaffirmed its intention to keep its place in the forefront
of the on-line transaction processing systems market and its unique position as the
only manufacturer of a fully redundant, fail-safe system. Furthermore, the features
of the new system show a high regard for both the user's convenience and
pocketbook. In our opinion, the planned memory expandability of the NonStop II
virtually guarantees it a long duration of usefulness, and the complete software
compatibility and serviceability features show a real concern for the customer's
needs and welfare.

Ellen K. Clements
Richard J. Matlack
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Preliminary analysis of survey contacts with 96 third-party marketing
organizations suggests that there is little change in the outlook 1n

comparison to the summer months. Demand continues to bump along with
no signs yet appearing for a significant upturn.

- Revenue growth expectations are at 18% for the three-month period ending
in December versus the three-month period ending in September. This
compares with a 23% expected growth rate for the June/September survey
period, and 36% for the March/December period early this year.

- There is still no sign of a sustained upturn in demand for larger
systems as expectations there continue to be weak; low-end systems
under $32,000 show continued strength.

- Expected employment gains of B% are predicted for the December quarter.
Earlier surveys had shown expected increases of 4% for the September
versus June quarter, and 15% for the first quarter of this year.

- Anticipated improvement in employee productivity implies that profita-
bility for third-party marketing organizations will rise.

- Feedback on the DEC personal computer confirms a high level of interest,
and indiates that volume production is likely to be established by
February, 1983.

- Hewlett-Packard may not be getting much marketing leverage in third-party

distribution channels for the new 32-bit desktop product which will
be announced shortly.

REVENUE GROWTH

Mail contacts with 71 small third-party marketing organizations and
telephone surveys of 25 larger companies indicate that revenue growth
expectations of 18% for the three months ending in December are down
slightly from an expected 23% growth for the June/September period, and
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26% for the March/December quarter. Our hopes are fading for a significant .
upturn in demand for small computer systems this quarter.

Results indicate that demand for smaller systems selling for under $32,000,

while down slightly from the September/June quarter, continues to lead in terms of
growth expectations over the higher-priced system classes. Large systems still
exhibit vulnerability in the marketplace, and continue to be weak in terms of
projected revenue growth. This is a plus for personal computer and word processing
vendors, but a short-term negative to the systems suppliers such as DEC, HP and

Prime.

Historically, "minicomputer" suppliers and their customers have "powered through"
a recession. Overall, total market expansion has averaged 36% annually for

the 1975 to 1981 period using the combined revenues for Data General, Digital
Equipment, and Prime as an index. In truth, the expansion was highly volatile
around the average. Growth for the group, for example, dropped briefly from

58% in early 1974 to 19% during the 1974-1975 recession. Demand quickly rebounded
coming out of the lasl recession with expansion of 40%-50% registered in 1976.

In short, growth might ~low -- but only temporarily. With the first turn in
industrial production, a concurrent business indicator, orders picked up. (For a
discussion of the historic economic relationship of demand to economic trends, see
Digital Systems, No. 19, April 7, 1982.)

In such an environment, the name of the game was to match employment expansion

levels to short-term business fluctuations, which were derived principally from .
the economic cycle. For those that missed by overexpanding going into the

downturn, margins were hammered. Even so, there was continued pressure to

maintain position for a subsequent upturn, which would be only around the

corner. The real priority was to keep the technical work force intact in the

face of earnings pressures.

This may no longer be the case for larger systems in the $128,000-$516,000

price class. These systems represent a sharply higher proportion of revenues

for DEC and Prime in particular than in the prior economic downturn. The success
of the "minicomputer" manufacturers in pushing up the product line means that a
rising component of revenues and earnings for small computer systems now falls in
the $128,000-$516,000 price class, which is treated as a "capital spending invest-
ment". An upturn in this class of equipment could be both delayed and modest in
comparison to historic patterns.

In our summer survey, we specifically focused on shifts in spending patterns in
the scientific/engineering applications. We found that Department of Defense
bquet delays contributed to intense pressures through the summer months in
scientific/engineering applications. Further, these pressures are likely to be
reversed going into calendar 1983. In the current survey, we did not recheck the
earlier findings, but focused attention in our current effort on DEC's personal
computer. (See Outlook for Small Computer Systems in Scientific/Engineering
Applications in our DIGITAL SYSTEMS UPDATE of July 21, 1982.)
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Table I
REVENUE GROWTH - EXPECTED % CHANGE QUARTER TO QUARTER
Low-End Mid-Range Larger
Systems Systems Systems
<$32K $32-$128K $128-$516K Total

Current Fall Survey !

(Dec./Sept.)

Total Revenue ($ thous.) $14,174 $17,02]1%* $24,020 $61,117*
Exp. Chg. Q/Q +36% +9% +4% +18%
No. of Respondents 45 27 9 96

Summer Survey

(Sept./June)

Total Revenue ($ thous.) $4,101 $19,667 $22,103 $98,934%
Exp. Chg. Q/Q +39% +10% +6% +23%
No. of Respondents 32 20 5 83

Winter Survey

(Mar. 1982/Dec. 1981)

Total Revenue ($ thous.) $17,867 $19,072 $16,210 $53,149
Exp. Chg. Q/Q +77% +9% +10% +26%
No. of Respondents 117 59 15 191

Includes companies not classified by system price class.

EMPLOYMENT GAINS

Excludes one very large company reporting 75% expected revenue growth for the
December period from $4 million for the September quarter.

Projected employment gains for the September/December period have aligned with
revenue growth expectations fairly evenly across the board.
of the December quarter is expected to rise 8% overall, a slight uptick from the
4% gain anticipated for the September quarter, but well under the 15% expectation
of January, when most respondents were still ebullient.

Employment at the end

Table II
PROJECTED EMPLOYMENT GAINS - % CHANGE QUARTER TO QUARTER
Low-End Mid-Range Larger
Systems Systems Systems
<$32K  $32-$128K  $128-$516K  Total
Current Fall Survey
(Dec./Sept.)
Sept. Employment 539 1,010 354 1,903
Exp. Chg. Q/Q +15% +5% +5% +8%
No. of Respondents 45 27 9 81
Summer Survey
(Sept./June)
Exp. Chg. Q/Q +7% +6% +2% +4%
Winter Survey
(Mar. 1982/Dec. 1981)
Exp. Chg. G/0 +23% +10% +16% +15%




= ST T e e ee———

Prudential-Bache

Secunties

EMPLOYEE PRODUCTIVITY RISING .

Employee productivity is likely to improve through the fourth quarter, particular-
ly in very small systems in the $1,000-$8,000 price class. Although third-party
marketing firms will rarely comment on profitability, the revenue per man ratio
provides some indication of trends. Overall, survey respondgnts expect the
revenue/man ratio to rise 9% in the December quarter, which implies a significant
improvement in profitability. While the top-end, very large systems, may achieve
the highest profitability (it is currently $67,850 in revenue per man), survey
results show that little further improvement is anticipated here. Surprisingly,
very small systems show a respectable ratio of $34,900 in revenues per man. The
strongest improvement is expected here. These companies have been successful in
selling enough units at the lower price to maintain reasonable prospects for good
profits. They've achieved the volume to compensate for lower unit prices.

Table III
EMPLOYEE PRODUCTIVITY SHIFTS

Average System Price ($ Thous.)
Very Small Low-End Mid-Range Larger Systems

$1-%8 $8-$32 $32-$128 $128-$516 Total
Fall Survey
Revenues Per Man: $34.91 $16.34 $20.81 $67.85 $32.12
(Sept. Qtr.)
Expected Gain in
Revenues Per Man: +18% +15% +15% -1% +9% .
(Dec. Qtr.)

DEC'S PERSONAL COMPUTER CAPTURES STRONG ACCEPTANCE

Of specific interest, momentum for the DEC personal computer appears to be rising
in the third-party distribution channels. Of 18 DEC authorized distributors
contacted, two have ordered systems for February, with one of the two already
experiencing an order cut. Thirteen are seriously evaluating the product. Only
three have decided not to carry the line. The timing of the contacts was parti-
cularly appropriate since the company just recently held a meeting for the
"Commercial OEM Product Line" with these customers in Florida.

None of the distributors, however, will be receiving units before February and
March of next year. At first, the finding appeared to suggest delays in the
production build-up of DEC's new pc's, and to directly conflict with the recent
statement by the company that "there are about 1,000 personal computers installed
at test sites." Further discussions clarified the difference in DEC's parlance
between the "availability" of a new product, and "volume deliveries." The first
term means that shipments have been initiated to targeted accounts. Indeed,
installations have begun to companies such as ATAT and TRW, as well as important
software organizations heavily involved with the development and testing of the
ppoduct. Qn;y later, with "volume deliveries" would the product begin shipping 1n
hlgh quantities to mass distribution channels such as authorized DEC DEALERS
(which concentrate on the terminal product lines) and authorized DEC DISTRIBUTORS

(which wark_w.i.l:h systems.) Thus, when the 15 DISTRIBUTORS report that they will .
not be getting the product before February or March, that represents the point at
which volume deliveries will be rolling off the production line.

=
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DEC will be relying, as usual, on multiple -- and often conflicting -- marketing
channels. Large "mass merchandisers" include Computerland and Hamilton/Avnet.
DEC's authorized DISTRIBUTORS and DEALERS can qualify, provided they sign a
special agreement outlining their plans which will generally require an emphasis
on vertical marketing to gain DEC's support. In part, the company may want to
discourage system houses, which have primarily concentrated on larger systems in
the $16,000 to $64,000 price class, from being drawn inadvertently into the $1,000
to $16,000 sector which requires a totally different approach to selling and
supporting systems. Thus, DEC's requirement that its established DISTRIBUTORS
file a business plan to qualify for the personal computers does not represent

the papering over of program delays, as expressed by one such organization several
weeks ago. Rather, DEC appears to be pushing these organizations hard to ensure
that they have thoroughly thought through the pitfalls and challenges of support-
ing the new product as well as the opportunities. Finally, DEC will be selling
and supporting large corporate accounts with its own direct sales force, and
through DEC's stores.

HP's DISTRIBUTION LEVERAGE FOR THE NEW 32-BIT TECHNICAL DESKTOP

Fifteen HP System Houses were contacted in the latest effort, of whom none had
decided that they would definitely carry the new HP 32-bit, technical desktop
computer to be announced this month. Only two indicated it could be of 1interest
to them, and the remainder were both unaware and uninterested in the product
announcement. In comparison to the strong acceptance within the existing DEC
distribution channel for DEC's new low-end of fering, HP would seem to be obtaining
little marketing leverage in System Houses for the new desk top. In large

part, HP's third-party marketing organizations appear to distribute a relatively
narrow range of "point™ products from only one of HP'S divisions. Even so, DEC's
product has been announced and marketed for many months, whereas HP's had not even
been announced. As a result, it remains premature to assess timing and magnitude
of the contribution of the new products from HP through System House marketing

channels.

Prices as of 11/17/82: Digital Equipment (DEC-102 3/8), Hewlett-Packard
(HWP-68 1/4), Prime Computer (PRM-35 1/4).

Additional information is available upon request. 82-569

Donald H. Brown
Marianne Bye
(212) 791-2946
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SUMMARY AND CONCLUSION: The Year of the "Micro"

With this issue of Digital Systems, Bache Halsey Stuart Shields Incorporated
formally releases the first highlights of the 1982 BACHE/MINI-MICRO ANNUAL MARKET
SURVEY . Questionnaires were mailed late last year to 71,500 subscribers of
Mini-Micro Systems, the leading trade publication covering small computer systems.
The study included 11,202 responses that were returned early this year of which
10,801 represented usable responses from separate buying sites. These responses
included 28,498 separate entries covering individual computer models, representing
139,206 minicomputers or microcomputers with an estimated end-user sales value of
$2.7 billion purchased in 1981. The survey represents one of the few reliable
sources of detailed data available covering mini/micro users and provides a
necessary tool of analysis in a sector replete with inflated claims from indi-
vidual suppliers. The final report will be released in full in late September.

All surveys reflect sample bias. This effort concentrates on the technically
sophisticated, trained engineer, who has traditionally defined the core of the
mini/micro market. The results demonstrate the unique aspects of the subsector,
which contrasts starkly with other surveys narrowly focusing on commercial appli-
cations -- an area dominated by IBM. Further, the survey would tend to be biased
against the hobbyist personal computer user -- which makes the positive results
for Apple and Tandy all the more surprising.

A comparison of the 1982 results with the 1981 findings focuses on critical
shifts. Last year's survey was generally neutral to favorable for the traditional
"mini" manufacturers including Digital Equipment, Data General, and Hewlett-Pack-
ard, which have supplied complete computer systems in the past. With the 1982
study, the traditional minicomputer manufacturers (led by DEC) retained their
strong leadership position in the industry in terms of estimated shipments because
of the successful drive up the product line with larger systems in the $124,000-
$512,000 price class. Over the last five years, this new price class in minicom-
puters has. fueled revenue expansion. Last year, the larger systems accounted for
slightly over a third of total shipments, and fully half of DEC's shipments.

Even so, this year's results suggest that the traditional "mini" suppliers lost
substantial market position on the basis of purchasing sites, whereas the
"micro's" blossomed. "Micro" vendors included Intel from the semiconductor sector
and Apple and Tandy selling personal computers in the $1,000-%$8,000 price class.
Intel grabbed first place in unit deliveries for third-party marketing firms; on
the basis of units, Apple scored as No.-1 supplier to end-users. Moreover, these
two coupled with Motorola and Tandy made deep inroads 1in the sector in terms of
their breadth of penetration as measured by the number of sites purchasing their
proucts. The broadening of the "micro" customer base with high unit volumes
secures the position of these companies in the sector and provides them with the
means for future growth. Gnce a customer base 1s established, the potential for
profitable add-on and upgrade business remains.

The results of the survey once again conclusively demonstrate that the mini/micro
markets are not the domain of IBM, despite the company's dominant position in
traditional commercial markets, The company has fallen far short of its long-term
goals to achieve leadership in the sector. Nonetheless, IBM scored strong gains
in share overall in the latest year, with particular success in business data
processing applications -- its home market. For the first time, IBM appeared as a
TOP 10 participant in engineering/scientific applications as well. Part of
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IBM's success in the sector may be attributed to the company's increased willing-
ness to match the discount terms required to deal with third-party marketing
firms and, evidently, to accept the conflicts internal to IBM that result from
whatever competition may arise between third-party marketing firms and IBM's own

direct selling efforts.

The continuing absence of an effective presence for the other traditional main-
frame computer vendors represents a severe long-term negative, which confirms the
findings of earlier surveys. Similarly, the "intelligent terminal" subsector,
including Datapoint, Four-Phase, and Mohawk Data, does not fare well in the
results -- another trend that was apparent in last year's results.

While 1981 shaped up as the "Year of the Micro," the direct challenge to the
established minicomputer manufacturers still remains largely in the future. The
new low-end products represent a high proportion of shipments and purchasing
sites, but a small fraction of shipment value. Even so, the low end has tradi-
tionally fueled the growth of mini/micro markets by continuously introducing new
customers and applications to computers. The established suppliers have recog-
nized the challenge, and 1982 may be shaping up as the "Year of the Response."
The next issue of Digital Systems will focus on "DEC's Return to Basics," with

particular emphasis on pricing trends.




TOP INDUSTRY STANDINGS: Diverging Strategies Between "Mini" and "Micro" Vendors

Results from the BACHE/MINI-MICRO ANNUAL MARKET SURVEY confirm that the "tradi-
tional" minicomputer suppliers, led by DEC, continue to dominate the small compu-
ter systems market in terms of shipment value -- the criterion which counts
most. DEC leads the pack with a substantial 36% share of the $2.7 billion esti-
mated as value of shipments for 1981 from the survey responses. Hewlett-Packard,
I1BM, and Data General follow up as near ties for second through fourth positions.
For the most part, these four suppliers have maintained their leadership position
with a successful drive up the product line with ever larger and more expensive
systems. Their recent growth 1s derived largely from their ability to meet the
expanding requirements for established customers and applications. In terms of
shipment value, there remains only the hint of change with Intel and Motorola
scoring high at fourth and fifth positions, respectively, 1in the third-party
sector, while Apple makes the TOP 10 SHIPMENTS standings in terms of 1981 shipment
value for end-users. These "micro" vendors, primarily selling products 1in the
$1,000-$8,000 price class, represent new entrants in the industry, as well as new
competition to the "mini" manufacturers, which have generally concentrated on
systems. Overall, these "micro" vendors captured a small 8% of total shipment
value compared with 58% for the four leading "mini" suppliers. Table I (on page
6) provides summary overall data; Tables 1A and 1B in the "Market Share Analysis"
Sect ion provide a breakdown between third-party and end-user responses.

In terms of their breadth of penetration, however, the "micro" vendors led by
Apple and Tandy have registered dramatic success in the latest year. These two,
along with Intel and Motorola, account for a highly respectable 20% share overall
of sites, or buying locations, with all four making the TOP 10 SITES standing for
third parties and three making it on the end-user listing. DEC's share drops
from 36% for shipment value to 22% for sites. Apple with B% of the sites and
Tandy and Intel both at 5%, all challenge the position of Data General (6%),
Hewlett-Packard (9%), and IBM (8%). Table II (page 7) summarizes the overall data
while Tables 3A and 3B in the second section provide additional detail.

In terms of unit shipments (Tables 4A and 4B), Apple's victory as the No.-1
supplier, edging out DEC with end-users, and Intel's top position with third
parties represent significant accomplishments. High wunit volumes represent a
first strategic objective for low-end products. Unit competition provides one key
to understanding the mini/micro markets. Historically, DEC's success as the
industry leader was partly predicated on high-volume manufacturing for large
numbers of users. Once a customer base is established, the potential for

profitable add-on and upgrade business remains.

Even these large gains 1in terms of units could easily be scored by shipping
unusually high numbers of units to only a few clients. If this were true, then
the success could be short-lived, since competitors could come in on the next
round of technology and pricing to dislodge the leaders. Their drive, however,
has been more broadly based. The new low end has cracked open new markets and
substant 1ally extended the customer base in terms of numbers of applications. In
short, the high unit volumes have broadened the market.

Many customers brought into the fold at the low end subsequently upgrade to larger
processors or indirectly contribute to demand for larger processors by tying into
computer networks., Thus, the "micro" vendors have secured their position with a
breadth of penetration which will be difficult to dislodge. The breadth of
penetration provides a degree of security and staying power, and establishes a
strong base for potential growth.
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TABLE I

TOTAL 1981 TOP STANDING BY SHIPMENT VALUE

End-User Third Part Total

Supplier Rank  § Mil. % Total Rank & Mil. % Jlotal Rank § Mil. % lota
Digital Equipment 1 $ 388 34% 1% =582 37% 1 § 970 36%
Hewlett-Packard 3 108 9 3 119 8 Z2sD 227 8

IBM 2 174 15 6 49 3 2D 223 8

Data General 5 41 4 2 155 10 4 196 7

Intel NA 16 1 4 112 7 > 128 5

Honeywe 11 6 40 4 10 38 2 6 78 3

& Systems Engineer, NA 17 1 7 48 3 9 65 2
i Perkin-Elmer 8.5 22 2 B.S 41 3 9 63 2
Motorola NA 11 1 5 L. ] 9 63 2

Texas Instruments NA 18 2 8.5 41 3 9 59 v

Tandem 4 47 4 NA 11 1 9 58 2

Prime 7 35 3 NA 14 1 NA 49 2

Apple 10 21 2 NA 12 1 NA 33 3

Wang Labs 8.5 22 2 NA 7 0 NA 29 1

Tandy NA 2 0 NA 8 1 NA 10 0

Subtot al ¥ 962 Ba% ¥$1,289 83% $2,251 (5
Other $ 187 16% $ 267 17% $ 454 17%
Total 31,149 100% $1,5% 100% $2,705. 100%




Supplier

Digital Equipment
Hewlett-Packard
IBM
Apple
Data General
Intel
Tandy
Motorola
Texas Instruments
Wang Labs
Perkin-Elmer
Prime

Subtotal

Other

Total

(
( . .

TABLE II

TOTAL TOP STANDINGS BY SITES

End-User Jhird Party Total
Rank No. Mentions % Total Rank No., Mentions % Total Rank No. Mentions % Total

1 2,908 22% 1 15331 20% 1 4,239 22%
2 1,260 10 2 417 6 2 1,677 9
3 15051 9 3 453 7 3 1,604 8
4 13129 9 6 388 6 4 1,017 8
5 746 £ 4 429 7 5 ) g g, 6
7 457 4 2 486 7 o) 943 <
6 665 5 7 276 4 6.5 941 5
NA 203 2 8 187 3 8 390 2
10 222 2 9 166 3 8 388 2
8 280 2 NA 107 2 B8 387 2
NA 207 2 10 113 2 NA 320 2
9 233 2 NA 73 | NA 306 2

9,461 73% 4,426 68% 13,887 1%

3,578 27% 2,087 32% 5,665 29%

13,039 100% 6,513 100% 19,552 100%




CHART 1

"MICRO'S" AND IBM GAIN PENETRATION, "MINI'S" LOSE

SuEEljer

Digital Equipment

Hewlett -Packard

Data General
"Mini's" Subtotal

1BM

Intel
Motorola
Apple
Tandy
"Micro's" Subtotal

Composite
Market Share*

1981
Gain or Loss

34.75%

11.75
8.50

55.00%

11.30%

7.75%

2.00
10.75

6.50
27.00%

~7.25%

-1.00

-3.25
-11.50%

3.75%

-1.50%
1.50
7.00
3.75

10.75%

* Average of share for ranking by primary manufacturer
designation and by sites for third parties and end-users.
Detailed analyses are included in Tables 2A-3B in Section II.




The comparisons which can be drawn relating the year-to-year trend in.market share
for the TOP 10 vendors further dramatize the gains achieved by the personal
computer manufacturers, Apple and Tandy. IBM scored the only increase in share
of those supplying larger systems. Chart 1 presents a composite average for
the TOP 10 which combines the site and the primary vendor rankings (discussed
below) in the third-party and end-user market sectors. On average, DEC suffered
a substantial decline of 7.25 percentage points in position within the TOP 10
vendors from 1980 to 1981. The three traditional "mini" vendors -- Data General,
DEC, and Hewlett-Packard -- suffered a drop of 11.50 percentage points taken
together. With the loss, DEC accounted for 34.75% on average of the sites and
primary vendor mentions for the TOP 10 suppliers in 1981 while the three tradi-
tional "mini" vendors as a group accounted for 55.00% of the total for the TOP
10. IBM increased its share by 3.75 percentage points, on average, to 11.30% of
the total. In "micro's," the semiconductor manufacturers held roughly even while
the personal computer suppliers registered strong gains. Apple garnered 7.00
additional percentage points to reach the level of 10.75% of the total; Tandy
gained 3.75 to hit 6.50% overall.

Because of the importance of the rankings for “primary" vendors, this ranking has
been combined with the site data to arrive at a composite average share of the
market as an indication of the breadth of penetration. While the data covering
site standings indicate the breadth of penetration of individual vendors, the
listing for "primary" vendors provides an added indication of loyalty. That is,
whenever a survey respondent lists an individual supplier as its "primary" source
of computers in 1981, then that user generally stays with that supplier and does
not second-source its requirements. For example, DEC furnished over 98% of the
units purchased by respondents listing DEC as their primary supplier; Intel
furnished 88% of the demand. The dearth of purchasing from multiple vendors
represents a particular surprise in the case of the "micro" suppliers, which
currently offer a parrow product line concentrated in systems with an average
selling prices of less than $8,000,

In terms of shipment values, however, market shares have probably recorded little,
1if any, shift -- with the exception of a likely gain for IBM. Since data for
average systems value delivered to end-users were not collected for 1980, year-to-
year comparisons in terms of shipments cannot be made directly. Even so, "micro"
shipments in the $1,000-$8,000 price class represent a very high proportion of
unit shipments, but a small percentage of the value of shipments. As a result,
the market share "erosion" that may have been incurred by the traditional "mini"
manufacturers represents a negligible shift in terms of shipments. On the other
hand, the data do suggest that IBM's gain in terms of share of shipment value
probably rose about in line with the company's expanded penetration in terms of
sites. On balance, IBM has fallen far short of the long-term strategic object ives
of attaining leadership status in small systems which were targeted by the company
in the mid-1970s with the initial introduction of the Series 1 and followed up
with additional proliferating products. Over the short term of the latest year,
the company has made measurable progress and clearly achieved the status of a
second-tier competitor.

Ironically, "micro" vendors have adopted the same strategies that contributed to
the extended growth of the traditional "mini" suppliers throughout the latest two
decades. Historically, DEC birthed the small computer systems sector with the
pdp-8 product family in the mid-1960s, followed by the pdp-11 family in the
1970s. These minimal performance products offered stripped-down functionality and
aimed at new applications and new markets which heretofore could not afford the

-9-




expensive processors of the traditional suppliers. The constant influx of new
customers with expanding applications requirements fueled the growth of minicom-
puter manufacturers throughout the last decade. Ironically, the "micro" group has
followed DEC's lead in capturing new users by coming underneath the older products s
to secure a broadly based, high-unit penetration. These new customers, as their

needs expand, provide the means for future growth for the "micro" vendors as they

push up the product line to offer larger, more powerful systems in their own turn.

The momentum of expanding the customer base clearly passed from the "mini" to the
"micro" vendors in 1981, which drives future growth. The breadth of that base
suggests that the "micro" vendors will be difficult to dislodge as well.

TRENDS IN THE $1,000-$8,000 PRICE CLASS: "Micro" Vendors Define a New Low End

Semiconductor manufacturers and personal computer suppliers have created a new
product class with systems selling in the $1,000-$8,000 price class underneath the
established business from traditional minicomputer manufacturers. This price
class accounted for roughly half of the total units included in the survey, around
a fourth of the sites, but only an eighth of the value of shipments. As sum-
marized in detailed charts in Section II, Intel, Motorola, Apple, and Tandy
accounted for almost three fourths of shipments for the third-party and end-user
sectors in this price class. Only one of the traditional "mini" suppliers,
Hewlett-Packard, makes it to the TOP 10 standings in the price class. Data
General, DEC, and IBM make their presence most felt by their absence.

The semiconductor houses have effectively used their expertise in component
manufacturing as a springboard into the systems business. In the move, they
fundamentally benefited from the technology itself which has generally offered a
15%-20% improvement annually in price/performance in small computer systems for
the last twenty years. Technology has enabled these suppliers to integrate
dramatically greater function on individual component chips -- their mainstay

products.

In effect, it has been easier and more palatable for the component suppliers to
move their product line upward than for the traditional "mini" manufacturers to
stake out new territory underneath their established systems business. The trend
represents a normal shift up the product line. Moves down the product 1line
historically have presented designers of low-cost, minimal systems with the
dilemma of stripping out functions. Severe internal disciplines must be estab-
lished to implement minimum-performance design strategies because dramatic per-
formance gains are so readily achievable for what appears to be only a nominal
increase in system costs. With small increases in cost, performance escalates.
Grosch's law, for example, postulates that performance is an exponential function
of the cost of systems. As a result, designers almost always tend to look up the

product line to larger systems for the "greener grass."

The real success of the traditional component suppliers relates to the range of
options they have developed for their customers. To be able to move customers
down to minimum-performance systems at the component level, the "micro" vendors
first had to expand upwards with full-fledged systems. Large-volume, third-party
customers can rapidly develop prototype products using fully supported computer
systems with a broad range of software to cut product development time and cost.
A user can start with an integrated system such as the System 86/330 from Intel,
which has operating system software, disks, power supply, and packaging. As one's
volume grows, one may integrate backwards to the board and then semiconductor- =
chip level. Even more, Intel has extended its effective range with a "foundry"
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service., That is, many customers desire a product uniqueness which 1s not avail-
able from standard catalog chips. Intel now offers its customers assistance in
designing and processing these custom requirements. The semiconductor manufac-
turers have established the product range which offers users the option of inte-
grating their designs back to the compenent level.

At the other end of the scale, Apple and Tandy have scored in the latest year
through the combined emphasis on new software packaging and distribution strate-
gies. At $1,000-$8,000 per system, no supplier can afford the high cost of a
technically sophisticated salesmen to support marketing. The mass-merchandizing
approaches developed by both companies represent a leading-edge wave 1in the
market, Equally important has been the software approach. Visicalc, the
astonishingly sutcessful electronic worksheet, represented a new extreme in
simplicity -- or stripped-down functionality. With only thirteen basic commands,
the limited capability represented a new standard in stripped-down functionality.
At the same time, the approach benefited from providing a new class of users
.immediate access to a useful computer-based tool of analysis which did not require

training.

Given a broad base and the likelihood of further moves up the product line to
offer upgrades to their customers as applications requirements rise, "micro"
suppliers do not represent a current challenge as much as a future threat to the
established "mini" manufacturers. While the low end of the product line ranging
from $1,000-%$8,000 in average system price represents almost half of the units in
the survey, the value accounts for less than an eighth of the total. The rising
challenge derives from the potential for futher moves up the product line where
direct competition between the two subsectors will increase. Already, Intel
and Motorola have established a TOP 10 position in the $8,000-$32,000 range of
systems, 1n part through the sale of development systems.

TRENDS IN THE NEW $124,000-$512,000 PRICE CLASS: "Mini's" Solidify Position

Contrary to its origins in birthing the minicomputer industry with the minimum-
performance-and-cost pdp-8 and pdp-11 product lines, DEC has led its competitors
in driving up the product line with ever larger systems and breakthrough per-
formance. With the pdp 11/45, the pdp 11/70, and the VAX 11/780, DEC extended the
product line upward with a dramatic performance 1increase accompanied by rising
system prices. The company in effect created a new price class and new per-
formance range for minicomputers which contributed to roughly half of DEC's
shipments, and slightly over a third of all shipments in the survey. Yet, these
systems accounted for only 13% of third-party sites, and 17% of end-user sites.
The fundamental strategic objectives related to the top-end range of the product
line represent near opposites to the minimum performance/cost strategies origi-
nally employed by the minicomputer manufacturers to develop their markets.

Yet, the trend was a natural evolution driven by strong factors both within the
companies and among customers. As discussed above, a move down the product line
presents designers with a dilemma of stripping out function. Further, the concen-
tration on improving performance serves to develop existing markets to the extent
that the user can effectively capitalize on the technology to register produc-
tivity gains with personnel. With the bulk of data processing expenditures
now concentrated in software and programming support, cheaper computers may have
little real impact on overall user budgets. When the end-user can leverage the
technology to improve the productivity of personnel, the established customers
register the greatest gains in efficiency overall. The objective requires more
function, not less.
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By way of contrast, the minimum performance/cost strategies of the "micro" vendors
provide the means to cost-justify new applications with lower software and
programming overhead costs. The approach generally requires a new organization
and new applications in terms of the user community, and serves as a vehicle to
enter new markets on the part of the suppliers,

STRATEGIC PRICING OPTIONS IN TECHNOLOGY

Digital systems have offered customers dramatic improvements in capability at
continuously lower prices. The Apple III and the IBM personal computers currently
provide processing capability at least equivalent to the IBM System/360, Model 30,
which was the most popular commercial data processing system of the late 1960s.
Yet personal computers cost less than ten thousand dollars, whereas the cost of
the IBM Model 30 ran into the hundreds of thousands of dollars fifteen years

ago.

The industry discusses the trend in terms of "price/performance." That is, the
technology provides the means to drive prices down while holding performance
constant or, as another option, to push perfomance and functionality up while
maintaining prices constant., The choice is to minimize price or to maximize
performance. Generally, a rate of 20% has been a reasonable price/performance
trend for many of the products in the sector. At 20% annually, the price of
today's $50,000 system can be cut to a tenth, or to $5,000, while maintaining con-
stant performance in only ten years. Following the first alternative of minimiz-
ing price, the "micro" vendors have benefited from the underlying technology curve
and created a new product class in terms of price which now incorporates on
individual semiconductor chips the processing power of full computer systems. The
second alternative of maximizing performance suggests that functional capability
can be increased ten times in ten years while holding the price constant. This
trend represents the major thrust for the established minicomputer suppliers
since the introduction of the DEC VAX series in 1977,

The price/performance carve severely tests distribution and marketing. In terms
of minimizing price, the salesman trying to earn a living pushing these products
may have to sell ten times as many units, possibly by covering ten times as many
clients. Because this is generally not an attractive option to existing marketing
forces, distribution channels shift with the technology price/performance curve.
The more common and attractive alternative for marketing is to master the tech-
nologial challenge of a product that becomes ten times as complex in only one
decade and to continue to sell roughly the same number of units to a similar
number of clients.

Competitive strategic alternatives between the two extremes discussed above
determine the middle ground. In midrange systems, DEC and Hewlett-Packard
effectively apply technology to increase performance while maintaining roughly
constant prices. Admittedly, DEC has been slow to develop product alternatives in
the new minimum-price range of $1,000-$8,000 for systems and has applied most of
its energy to capitalizing on the potential high-volume business available with
large systems, where the company accounts for over half of shipment and site
totals in the survey. Nonetheless, DEC has applied technology aggressively in
midrange systems, as well, to maintain its position of leadership. In both the
$8,000-$32,000 and $32,000-$64,000 prices classes, DEC enjoys the top position
with an average 40% share of shipments and sites for both third-party and end-user
sectors. In the $64,000-$124,000 range, however, DEC's share drops to an average
19%. Here, Hewlett-Packard's concentration with an average 31% share edges out DEC
as the TOP 10 supplier in terms of shipment value and site penetration in the
latest survey.
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Overall, three strategic alternatives are readily apparent in the survey:

. 1. .The "micro" vendors have established a major presence in the market for
systems by emphasizing minimum performance/cost products which have created
~ new users and applications.

2. Traditional "min1" suppliers have applied technology to improve performance
while maintaining constant prices in midrange systems.

3. DEC, in particular, has primarily relied on breakthrough performance at higher
prices to fully capitalize on its established market position.

In this context, average systems prices represent one of the most important
strategic variables of planning to those in the industry. Further, the approach-
es used in 1integrating technological advances into the existing product 1line
represents a critical determinant in the success of individual companies over the
longer term. Competitive strategies must be defined as to which price class a
company will concentrate on at any point in time, and as to the shifts that can
constantly be anticipated from technologically driven gains in price/performance.
Companies must prepare to migrate existing levels of performance down and to
absorb greater performance into the current product of fering.

THE COLLECTION OF MINI/MICRO MARKETS IN TERMS OF APPLICATIONS

Small computers are general-purpose machines which can be programmed for a wide

variety of tasks 1in nearly all functions of every industry. The systems have been

; inexpensive enough to be purchased by individuals and departments without requir-

. ing approval or participation by a monolithic, centralized data processing depart-

ment. By comparison, the traditional commercial mainframe business dominated by

o IBM has tended to concentrate on relatively narrow, financial applications managed
by a small and dominant central staff.

Vendors confront each other in specific submarkets by application and by industry.
As the mini/micro sector continues to experience rapid growth, and suffuses
throughout the economy, niche-competitive strategies will become increasingly
important as a determinant of success.

The BACHE/MINI-MICRO ANNUAL MARKET SURVEY collected data on thirteen different
market sectors. As summarized in Chart 2 (page 14), opposite, one company stands
in a class by itself in the analysis -- Digital Equipment. Across all thirteen
applications sectors, DEC was first in eleven in terms of breadth of penetration
on the basis of sites and first in terms of shipment value in ten. Below DEC,
four manufacturers vie for the second-place position in a close race: Hewlett-
Packard, Data General, IBM, and Intel. (Apple places surprisingly high in site
penetration, but does not represent as significant a factor in terms of the value
of shipments.) Each of the second tier tends to be a leader in a few areas,
offset by weakness in other selected applications sectors. Below the second
tier, individual companies penetrate selected niches.

DEC's leadership across the full applications spectrum of the market testifies to
the strength of the organization. The proliferation of products, the array of
customers with applications requirements most notable for their diversity, an
‘ industry environment of accelerated innovation with overlapping and conflicting
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CHART 2

DEC'S LEADERSHIP EXTENDS ACROSS ALL APPLICATIONS

Top 10 Ranking* |

By Sites By Shipment Value
No. of Sectors Average No. of Sectors Average
in Top 10 Rank in Top 10 Rank

Digital Equipment 13 1.2 13 1.2
Hewlett-Packard 13 4.5 9 > M
Data General 12 4.3 13 4.1
IBM 12 > Py 10 4.9
Apple 11 4,2 2 5.0
Intel 10 4.0 10 6.2
Tandy 9 6.8 2 Se2
Texas Instruments 7 8.6 4 6.8
Motorola 7 6.9 9 6.8
Perkin-Elmer 6 7 5 7 1.0
Tekt ronix 4 1.3 NA NA
Prime 3 8.7 5 6.2
Modular Computer 2 Ji 3 8.7
Commodore 2 6.0 1 9.0
Rockwel1 2 8.0 NA NA
Wang Labs 2 5.0 2 5.5 Z
Honeywell 1 7.0 3 5.0
Sperry i 8.5 4 6.5
Systems Engineer. 1 5.5 6 5.8
Tandem 1 8.0 5 8.2
Zilog 1 10.5 2 3.0

* Includes only those companies making the TOP 10 ranking overall.
The average rank included only those applications where a company
makes the TOP 10 list. Additional detail is provided in Section II.
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distribution channels -- these factors exert extraordianary internal pressures on
DEC's management. In response to these challenges, DEC has evolved a partial
matrix management . The approach formally acknowledges the interdependencies of
individuals at a low level in the corporation. Authority 1is pushed down so that
people define and recognize joint responsibilities and requirements. Theoretical-
ly, operational issues and conflicts are resolved at a low level in the organiza-
tion instead of traveling up the line of authority which 1s the case in a more
functional organization. In short, DEC has developed an organization which 1s at
least as distinctive as its products.

APPLICATIONS SECTORS

IBM and Personal Computer Manufacturers Gain Share in Business DP

Three primary applications -- business data processing, engineering/scientific
data processing, and industrial automation -- account for roughly half of the
value of shipments and sites in the survey in 1981, while ten other applications
account for the remainder of the market.

Business DP (data processing) now represents the largest market for small com-
puter systems. IBM's traditional dominance of commercial markets shows up fully
in its 35% share of the shipments to end-users -- the only applications area where
IBM beat DEC (13% of shipments). With third-party marketing organizations,
however, IBM came in fourth at B% of shipments compared with DEC's placing first
with 24%, Data General second with 12%, and Hewlett-Packard third with 9%.
These results confirm the high strategic priority that IBM of necessity will
accord to marketing efforts through third-party organizations; this has been a
traditional competitive weakness 1in business DP applications for small computer
systems to date. Indeed, IBM signed contracts with eight master distributors for
the Series/l1 with reported discounts of up to 40%. Under the more general con-
tract terms with independent marketing organizations, the maximum discount has
ranged up to 30%. More recently, some Ltrade sources contend that additional
products will be included in the program such as the 4300, 8100, Displaywriter,
and personal computer. Such a move would represent an aggressive increase 1in
IBM's commitment to third-party marketing organizations. Even so, IBM temporarily
suspended further expansion of the number of master distributors, in part to
evaluate the effects of the program already in place. In any case, IBM will
clearly be expanding its effort with third-party marketing channels, although the
timing of specific moves 1s uncertain.

Of particular note, IBM's share of sites in business DP for third parties rose
from 12% in 1980 to 20% in 1981; IBM's share of sites 1n the end-user sector rose
from 25% to 31%. The traditional "mini" manufacturers suffered in general a
substantial loss of position; the personal computer manufacturers captured
substant1al market share.

Engineering/Scientific DP: DEC Maintains Dominance

DEC captured over 50% of the value of shipments in engineering/scientific applica-
tions =-- riding on the continuing success of the high-end VAX product 1line,.
Indeed, DEC's success in pushing price/performance has historically found its
warmest reception in the technically oriented markets. Given its leadership in
the complementary instrumentation markets, Hewlett-Packard records a surprisingly
low 6% of shipments with third-party organizations and 11% of end-users.

In terms of sites, gains for Intel and Motorola represent a natural expansion
whereby the products should find a ready reception among technically sophisticated
users. The strong progress for Apple and Tandy, however, represents a more
surprising trend.
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DigiEaI Equipment

Data General

Hewlett-Packard
Subtotal

18M

"Micro's"

Intel
Motorola
Subtotal

Apple
Tandy
Subtotal

TABLE III

MARKET SHARE SHIFTS FOR MAJOR APPLICATIONS*

Business DP

Engineering/Scientific

Industrial Automation

S—

1981 Gain or 1981 Gain or 1981 Gain or
Share* Loss Share* Loss Share* Loss
21.5% -5.5% 44.0% -0.5% 31.0% -9.0%

9.0 -5.5 9.0 -4,5 9.0 -3.0
10.0 -2.0 15,5 -3.5 8.0 -6.0
40.5% -IS'W 6§a5% -a- % aB-D% -1800%
25.5% 1% 4,.5% 3.0%%* NA NA

NA NA 1.5% 6 . 0% ** 20.0% 7.0%

NA NA 2.0 2,0%% 6.0 4.0

NA NA 9.5% L0% 26.0 11.0%
10.5% 7.0% 6.5% 3.5% 11.0% 5.0%

9.0 4.5 Je D 3, 5%% NA NA
19.5% 11.5% 10.0% 7.0% 11.0% 5.0%

* Average share of TOP 10 sites for
automation, which is based solely on third-party activity.

*%* IBM, Motorola, and Tandy made the TOP 10 in engineering for the first time in 1981;

third-party and end-user sectors except industrial

Intel appeared with end-users in engineering/scientific in 1981,
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Industrial Automation: Intel's Biggest Success

Last year's survey credited Intel with a dramatic increase in share: from 2% to 7%
in terms of units for industrial automation. Intel introduced its first single-
board microcomputer in 1976, the iSBC/80/10. The continuing popularity of the
8-bit "micro" products relates to their simplicity and economy in use. It appears
difficult, however, to differentiate clearly between 8080/8086 chip set deliveries
and board shipments, since users may lump their purchases under the processor
designation, even when they are purchasing the processor chip set mounted on a
board. In any case, Intel's momentum lifted its share of sites for the TOP 10
manufacturers for third-party organizations from 13% in 1980 to 20% in 198Bl.
Still well behind DEC's 29% share of shipments, Intel nonetheless placed second at
16% -- comfortably ahead of Data General and Hewlett-Packard, both having come 1in

with 11%.

MARKET SHIFTS FOR MAJOR APPLICATIONS

Table 111 summarizes the shift in market share by applications sector in terms of
sites from 1980 to 1981; detailed tables are included i1n Section II. The trends
by applications sector generally follow the totals for the survey: Tthe tradi-
tional minicomputer manufacturers lost significant market share in terms of
site data, whereas IBM and the "micro" suppliers have gained. Again, a comparison
in terms of estimated shipment value is not available since data on the value of
system shipments was not collected for 1980. Any shift in terms of value would
probably not be significant given the low average systems value of the "micro"
products. IBM's gain in market share in terms of sites, however, would be fully
reflected in terms of the value of shipments as well.
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“MINI'S" SECURE) INTEL AND MOTOROLA TRADITIONAL *"MINI'S"® HAINTAIN SHARE

CRACK THE TOP 18 IN SHIPMENTS OF SHIPMENTS) IBM GAINS

ALL OTHERS
EHEEL \ ALL OTHERS
HP
DATA GEN'L"  niciTaL o

SHARE 0OF 1981 SHIFMENT UALUE
SHARE OF 1281 SHIPMENT UALUE

TABLE 1A

TABLE 1B
TOP 10 BY 1981 SHIPMENT VALUE: THIRD PARTY

TOP 10 BY 1981 SHIPMENT VALUE: END-USER

Rank Supplier $ Mil. % Total
Rank Supplier $ Mil. % Total
1 Digital Equipment 582 37
2 Data Geperal 155 10 1 Digital Equipment 388 34
3 Hewlett -Packard 119 B 2 IBM 174 15
4 Intel 112 7 3 Hewlett -Packard lo8 9
2 Motorola 52 3 4 Tandem 47 4
6 IBM 49 3 9 Data General 4] 4
7 Systems Engineer, 48 3 6 Honeywell 40 4
8.5 Texas Instruments 4l 3 7 Prime 35 3
8.5 Perkin-Elmer 41 3 8.5 Wang Labs 22 2
10 Honeywe 11 38 2 8.5 Perkin-Elmer 22 2
10 Apple 21 2
Subtotal 1,237 79
Subtotal 898 79
Other 319 21
Other 251
Total 1,556 100

Total 1,149

—
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1981
Rank

e R R
. .
Won

&
=D

Note:

NA:

TOP 1@ "PRIMNARY" SUPPLIERS:®

‘e

DIGITAL EQ.
HP

INTEL
DATA GEN'L

4 OF 1981 MENTIGHNS

TABLE 2A

10P 10 “PRIMARY" SUPPLIERS: THIRD PARTY

THIRD PARTY

‘9

1981 1980
Supplier No. Mentions % Total % 10P Il ~No. WMenlions % lotal % YOP 10

Digital Equipment 766 25 b1 783 3a a6
Intel 229 7 11 291 13 17
Data General 219 7 11 142 6 8
Hewlett -Packard 180 6 y 199 9 12
Apple 156 5 B 31 1 2
1AM 155 5 B a3 2 3
Tandy 110 4 5 NA NA NA
Texas [nastruments 91 3 4 96 4 6
Mol oro la 72 2 4 38 2 2
Perkin-Elmer 54 2 3 54 2 ]
Systems Engineer. NA NA NA 4l 2 2
Subt otal 2,032 65 100 1,718 75 100
Other 1,109 35 560 25
Tot al 3,14l 100 2,278 100
Unspecified 914 207
Comparisons for the percentage of total cannot be made directly because
of moderale differences in the survey effort in 198] compared with 1980.
A comparison of Lhe standing within the TOP 10, however, is wvalid.
Not apolicable; supplier did not make the TOP 10 ranking in the desig-

nated year.

1981

Rank

2D D D0 =d DY N B D e

-4

Note:

NA:

Supplier

ALL OTH

(
®

TOP 18 "PRIMARY" SUPPLIERS:' END-USER

RS

DIGIT

L EQ.

% OF 1981 MENTIONS

TABLE 28

TOP 10 "PRIMARY" SUPPLIERS: END-USER

No, Mentions % jotal % 10P 10 No. MenLions

Digital Equipment
Hewlett -Packard
Apple

IBM

Tandy

Data General
Intel

Wang Labs

Texas Instruments
Prime

Datapoint

Subtotal
Other
Total

Unspecilied

Comparisons for the percentage of total cannot be mad
of moderate differences in the survey effort
A comparison of the standing within the TOP 10, however,

Not applicable; supplier did not make the T0P

nated year.

1981
1,458 27
558 10
513 10
498 9
249
207 4
143 3
125 2
B8 2
87 2
NA NA
3,926 74
1,393 26
5,319 100
1,416

37

2,712
858
245
656
161
441
280
190

NA
156
163

5,862
2,132
7,994

1,720

1980
% Total % TOP 10
34 46
11 15
3 4
8 11
rd 3
6 L}
4 5
2 3
NA NA
2 3
2 3
73 100
27
100

e directly because

in 1981 compared with 1980,
is valid.

10 ranking in the desig-




-0z~

198]
Ranik

POUVDAOWE wm -

F

Note:

NA:

PERSONAL CONMPUTER MANUFACTURERS AND

IBM BROADEN THEIR CUSTOMER BASE :
AT THE EXPENSE OF TRADITIONAL "MINI'S

DIGITAL EG@.

INTEL

%“ OF TOTAL SITES ; THIRD PARTY

TABLE 3A
TOP 10 BY SITES: THIRD PARTY

1981 1980

Supplier No. Mentions % Total % 10F 10 No. Mentions & Total % 10P 10
Digital Equipment 1,33 20 31 1,005 25 40
Intel 486 7 11 23 6 10
16M 453 7 11 129 3 5
Data General 429 7 10 463 11 19
Hewlett -Packard 417 6 10 199 5 B
Apple 388 6 9 Bl 2z 3
Tandy 276 4 7 77 2 3
Motorola 187 3 a NA NA NA
Texas Instruments 166 3 4 13 3 5
Perkin-Elmer 113 2 3 94 2 4
Systems Engineer. NA NA NA 69 2 3
Subtotal 4,246 65 100 2,490 62 100
Dther 2,267 35 1,550 38
Total 6,513 100 4,040 100

Comparisons for the percentage of total cannot be made direct ly because
of moderate differences in the survey effort in 1981 compared with 1980.
A comparison of the standing within the TOP 10, however, is valid.

Not applicable; supplier did not make the TOP 10 ranking in the desig-
nated year,

( @

1981
Rank

2 OAD DO B

e

Note:

NA:

APPLE AND TANDY CRACK THE TOP 1@
HWITH BROAD SITE PENETRATION

ALL OTHERS

DATA_GEN 'L

DIGITAL Eaq.

% OF TOTAL SITES; END-USER

TABLE 38

10P 10 BY SITES: END-USER

1981 1980
Supplier R, Wentions % Total XTOPT0 Wo Mentions % Total % TOF 10

Digital Equipment 2,908 22 52 3,967 23 36
Hewlett -Packard 1,260 10 14 1,786 10 16
18M 1,151 9 13 1,248 7 11
Apple 1,129 9 12 651 4 6
Data General 746 6 B 1,286 7 12
Tandy 665 5 7 511 3 5
intel 457 4 5 549 3 5
Wanqg Labs 280 v | 3 430 2 a4
Prime 233 - | 3 NA NA NA
Texas Instruments 222 s 2 375 - d 3
Perkin-Elmer NA NA NA 335 2 3
Subtotal 9,051 69 100 11,138 64 100
Other 3,988 3 6,206 36
Total 13,039 100 17,344 100

Comparisons for the percentage of total cannot be made directly because
of moderate differences in the survey effort in 1981 compared with 1980,
A comparison of the standing within the TOP 10, however, is valid.

Not applicable; supplier did not make the TOP 10 ranking in the desig-

nated year,

(
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‘APPLE EDGES8 OUT DEC IN UNITS é

IBFI
mr'gl./,

MOTOROLA

DIGITAL E@

% OF TOTAL UNITS; END-USER

-Tz—

TABLE 4B
TOP_10 BY UNITS ACQUIRED: END-USER

1981 1981
Rank Supplier No. Units % lotal % TOP 10
1 Apple 5,391 17 23
2 Digital Equipment 5,351 17 22
3 Motorola 2,538 8 11
4 Hewlett -Packard 2,347 7 10
5  Intel 2,321 7 10
6 IBM 2,162 7 v
7 Tandy 1,657 5 7
8 Texas Instruments 809 3 3
9 Wang Labs 656 2 3
10 Data General 651 2 3
Subtotal 23,883 75 100
Other 7,848 25
Total 31,731 100

o
INTEL DISPLACES BE!

% OF TOTAL UNITS; THIRD PARTY

1981
Rank

TABLE 4A

TOP 10 BY UNITS ACQUIRED: THIRD PARTY

Supplier

DV VEEN-~

[

Intel

Digital Equipment
Motorola

Zilog

Texas Instruments
Data General
Apple
Hewlett-Packard
Tandy

Ohio Scientific

Subtotal
Other

Total

1981
its = lota -1 P
17,985 18 22
17,021 17 21
12,261 12 15
11,240 11 14
8,075 8 10
3,934 4 5
3,213 3 4
2,858 3 4
2,674 3 3
926 1 1
80,187 78 100

22,446 22

102,633 100
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TABLE 5A
TOP 10 RANKING COMPANIES
BY APPLICATION, THIRD-PARTY MARKETERS, SITES
"DEC's Leadership Extends Across Market Spectrum of Applications; Second Tier Now Includes Apple and Intel"
w
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13 1.2 Digital Equip. 1 1 1 1 1 1 1 1 1 1 1 4 1
12 3,8 Intel - 2 2 8 3 LS 2 2 3 N 7 8.5 2
11 3.6 Data General 3 3 3 - 4 4 3 3 4 6 2 - 5
11 4.7 Apple 4 TS » = 2.9 5 5 - a9 e B 2 D 1 6
o 11 Sed 18M 2 4 4 Boate 10.5 - 9 D vas 10 6.5 3
£ 10 4.2 Hewlett-Packard 6 - e 2 2 4 8e5 0 il 3.5 Do == 8
9 6.0 Motorola - 6 b 7 &0 2 4 8 8 - - 4
9 6.7 Tandy 5 WS - Dede 8 8.5 - 10.5 - 9.5 - 2 7
8 7.7 Texas Instr. 7 U 7.5 - - - 6 e 1055 8.5 ~ 6.5 -
7 8.6 Zilog - 5 - P AR 10 {8 e 8 ] L R 8 - - 8.5 -
6 7.7 Perkin-Elmer - - 155 - - B 2ss 53557 - - 10
4 7.9 Tektronix - - - 9 e = - - - 5 - 9
2 6.5 Wang Labs 9 - - - - - - - - - - =
2 7.8 Systems Engineer - - - - - - - - 1025 5 - - -
2 B.5 Rockwell - - - ~ - e RS - - - = =
2 8.8 Modular Computer - - - - - - 7 10.5 = - L ~ =
2 9.3 Sperry - 10 - - - - - - - B.5 Wi -

Other companies ranking in one applications area include:

Business DP: Datapoint 8th, Altos 10th.

Communications: Tandem 9.5. :

WP/0Office Automation: Xerox 5.5, North Star 7th, Lanier 9th, Zenith 10th.

Industrial Automation: Cromenco 10.5.

Computer Graphics: Computervision 6th, Intel. S Heos
( Computer-Aided Instruction: Commodore 3rd, At( '.1.
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TOP 10 RANKIN® MPANIES

BY APPLICATION, END-USERS, SITES

INo. of Sectors
|Average Rank
Suppliers Ranked in
TOP 10 for More Than
One Application
|Business DP
|Terminals, Controllers
|Communications

[WP/0f fice Automation
Scientific DP
|Laboratory Control
|Industrial Automation
ISpecialized Control

Digital Equip.
Hewlett -Packard
Data General
IBM

Apple

Intel
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Other companies ranking in one applications area include:

Terminals, Controllers: Northern Telecom 3rd.

Communications: Tandem 7th.

WP/Office Automation: Xerox 6th, CPT 7th, AM Jacquard 10.5, Lanier 10.5.
Laboratory Control: Cromenco 9th.

Computer Modeling/Simulation: Systems Engineering 7th.

Computer Graphics: Computervision 3rd.
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BUSINESS DP, INDUSTRIAL AUTOMATION
AND ENGINEERING/SCIENTIFIC DP
ARE THE LARGEST THIRD-PARTY MARKETERS
ALL OTHERS

BUSINESS DP
ENGYSCI

IND AUTO

1981 SYSTEM VALUE
SHARE BY APPLICATION
FOR THIRD-PARTY MARKETERS

TABLE 6A

APPLICATION ANALYSIS: THIRD PARTY

Third Party (% of Total)
Sites* Gites* Units Value

Application 1980 1981 1981 1981
Business DP 23 30 16 21
Engineering/Scientific DP 18 17 9 14
Industrial Automation 12 7 16 14
Design, Drafting, Graphics (incl. CAD) 3 3 2 5
Data Acquisition NA 4 [ B
Word Processing/Electronic 4 8 5 4
Mail/Office Automation
Communicat ion/Telephone Systems 5 5 7 8
Laboratory Control 3 3 3 4
Terminal & Peripheral Controllers 4 3 12 4
Computer-Aided Instruction 1 1 1 1
Computer Modeling/Simulation NA 4 7 4
Specialized Control 4 4 8 7
Other 22 11 5 7
Subtotal 100 100 100 100
Total in Category 4,417 6,645 95,667 $1,489 (mil.)

* Sites -"".mltlple responses for those purchasing either from

mult i iers and/or purchasing for multiple applications from
the a manufacturer.

(@

BUBIHEBSEQP AND SCIENTIFIC
ARE THE ﬂn—usan NARKETS

ALL OTHERS

ENG/SCI1
BUSINESS DP

1981 SYSTEM VALUE
SHARE BY APPLICATION
FOR END-USERS

TABLE 6B
APPLICATION ANALYSIS: END-USER

End-User (% of Total)

Sites®* Sites* Units Value
Application 1980 1981 1981 1981
Business DP 22 21 16 29
Engineering/Scientific DP 25 23 15 24
Industrial Automation 8 6 12 2]
Design, Drafting, Graphics (incl. CAD) 3 4 3 6
Data Acquisition NA 7 7 6
Word Processing/Electronic 5 7 7 5

Mail/Office Automation

Communication/Telephone Systems S 3 3 4
Laboratory Control 9 9 11 4
Terminal & Peripheral Controllers 5 3 4 3
Computer-Aided Inatruction 4 7 14 >
computer Modeling/Simulation NA 3 2 3
Specialized Control 2 2 2 1
Other 11 5 4 4
Subtotal 100 100 100 100
Total in Category 18,747 13,867 30,311 $1,102 (mil,)

® Sites include multiple responses for those purchasing eit rom
multiple suppliers and/or purchasing for multiple applj~e from
the same manufacturer.




ALL OTHERS

DIGITAL EQ.

SHARE OF 1981 SITE MENTIONS

TABLE 78
& 10P SUPPLIERS IN BUSINESS DP: END-USER
s Sites $ Shipeents
Sites T98T — 1980 I
Rank mner Number & Total % TGP 10 Number % lotal % TOP 10 ¥Twil. = Total
1 18M 719 24 31 T84 18 25 111 35
2 Digital Equipment a6l 16 20 %9 18 25 a4l 13
3 Hewlett -Packard 264 9 11 408 10 14 26 8
4 Apple 22 8 10 118 3 4 3 1
5  Tandy 177 6 - 124 3 4 1
] Data General 132 a4 [ 256 6 9 8 2
7.5 Wang Labs %0 3 4 158 4 5 -] 2
7.5 Honeywell S0 : 4 101 2 3 32 10
9 Datapoint B9 3 4 185 & 6 3 |
10 Prime 79 3 3 NA NA NA 13 4
NA Burroughs NA NA NA 121 3 & NA NA
Subtotal 2,325 79 100 2,954 70 100 135 4l
Other 623 21 1,258 30 182 37
Total 2,948 100 4,212 100 N7 100
Note: Comparisons for the percentage of total cannot be made directly because
of moderate differences in the survey effort in 1981 compared with 1980,
A comparison of the standing within the TOP 10, however, is valid.
NA:

Not spplicable; supplier did not make the TOP 10 ranking in the desig-
nated year.

BUSINESS DP:

THIRD PARTY

DIGITAL EQ.

DATA GEN'L
ce
SHARE OF 13581 SITE MENTIONS
TABLE 7A
T10P SUPPLIERS IN BUSINESS DP: THIRD PARTY
Sites § Shipments
Sites 1981 1980 Igﬁri
Rank Supplier Number % lotal % 10P 10 Mamber % fotal % 10P 10 § Mil. % Total
5 78 24
1 Digital Equipment 286 14 23 203 20 29
2 18M 250 13 20 B3 8 12 25 8
3 Data General la8 7 12 162 14 20 38 12
4 Apple 14l 3 11 22 2 3 7 2
9 Tandy 120 6 10 32 ] 5 4
6 Hewlett -Packard 106 5 9 67 7 10 28 ‘?
7 Texas Instruments 67 3 5 61 6 9 20 ;:
B Wang Labs 47 2 & 32 3 5 5 2
9 Altos a3 2 3 NA NA NA 1 n
10 Prime 39 2 3 NA NA NA 8 3
NA Dat apoint NA NA NA 33 b | 5 YA A
NA Microdata NA NA NA 30 5 4 NA NA
Subtotal 1,247 63 100 705 L1:] 100 21% 67
Other 32 37 325 32 105 33
Total 1,979 100 1,030 100 320 100
Note Compar isons for the percent age of Lotal cannot be made directly because
of moderate differences in the survey effort in 1981 compared wilth 1980,
A comparison of Lhe standing within the T0P 10, however, is valid.
NA: Not applicable; supplier did not make the 1

nated year.

JP 10 ranking in the desig-
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INDUSTRIAL AUTOMATION:THIRD PARTY

CHARY 10

SCIENTIFIC/ENGINEERING SECTOR
COLLAPSING, BUSINESS DP FIRN

APFL
MOTQROLA

ALL OTHERS

THIRD PARTY END-USER

(]
L]

=5
|
¥ I
]
C 1 n
- ’ = = BEIS MEMT [ ie s | e Ave,
SHARE UOF 1981 SITS HMEMT] ey . } 4 Ave.
B | SR i AT o
TARLE 9 A : i
e + :
v 10P SUPPLICRS IN INDUSTRIAL AUTDMATION: THIRD PARTY .
]
Sites ‘_i Shi \-ﬂ.-nt 5 it
Sites ki 1981 - 19?0 —— :;}*ﬁl'm > :
el Sinie) Nmber % Tolal % T0F 10 amber % Tolal % il. % Tots . -
Rank Suppl ier mmter S Total e 10 Jmhe A : - e
1 Digital Equipment 126 27 51 163 52 &0 59 I :
2 Intel 8l 17 20 54 11 13 33 6 ;
; i;)Dlv_' aby 10 11 23 -] 6 0 i1 -59-‘
4 Data General 35 ¥ | 9 47 9 I; 21 * - g
5 Hewlett -Packard 33 ! 8 59 12 14 22 : 2, fJ,« )
& Motorola 26 [ 3 a 2 2 E‘l - ,{¢ ; ___’r
7  Texas Instrusents 18 a & 17 3 s ] 2 %, o Ve,
8 Modular Computer 13 3 H 13 3 : - - 5% o, 2
9.5 Perkin-flmer 12 3 3 12 2 g
9.5 74 log 2 3 NA NA YA 2 NJ‘
VA Comp. Automstion NA NA NA 11 2 3 NA
Sublotal an2 Bé 100 &07 B0 100 162 an
Other 65 14 104 20 al 20

Sem Digital Systems U ate, July 7, 1982; Digital Szﬁtrm Update, "0ul look for
L o 100 511 100 203 100 SmalT Computer Systems in Seient ific/Engineerir

g Applicat tona, ™ July 21, 1982;
and Small Computer Systems, August 24, 1982,

3 e » total cannot be made directly because
H isons lor Lhe percentage of
ek E(l:“n:z;urulo differences in the survey effort in 1981 compared with 1980.

* Relative growth rates by major applicat ion; expected 1982 purchases versus
A comparison of the standing within the TOP 10, however, is valid. 1981 purchases,
NA: Not applicable; supplier did not make the TOP 10 ranking in the desig-
1 L '

naled year,
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TABLE 11A
COMPANY DATA

% OF MENTIONED SITES BY MAJOR APPLICATION

Percent ages Total No,
Supplier Bus. DP Sci./Eng. Ind. Auto. Other Total Mentions
Apple 24.8 17.3 1.2 56.7 100 1,488
Data General 22.2 24.3 7.4 46.1 100 1,290
Digital Equip.  14.3 28.6 7.2 49.9 100 5,477
Hewlett-Packard 20.9 29.8 6.2 43.1 100 15855
1BM 59.3 9.0 2.4 293 100 1,669
Intel 152 20.5 16.4 61.2 100 978
Motorola 2.6 21.4 14.8 61.2 100 384
Perkin-Elmer 15.8 26.6 3 47.9 100 361
Prime 39.5 28.7 1.0 30.8 100 314
Tandy 31.6 14.7 0.8 52,9 100 960
Texas Instr. 27.6 15.9 11.0 45.5 100 410
Wang Labs 371 9.5 0.0 53.4 100 380

TABLE 118

COMPANY DATA

% OF 1981 SHIPMENT VALUE BY MAJOR APPLICATION
Percentages

Top Mfgq. Name Bus. DP Sci./Eng. Ind. Auto. Other Total $ Total
Apple B0, %) 8.2 1.0 2.5 100 32,668
Data General 24,1 17.9 1561 44.9 100 198,140
Digital Equip. 1257 27.6 9.1 50.6 100 984,569
Hewlett-Packard 25.9 17.8 13.7 42.6 100 234,186
IBM 65.0 7.4 Ded 22.4 100 215,204
Intel 3.0 10.8 303 54.9 100 121,700
Motorola 0.8 20.9 17.0 61.3 100 64,588
Perkin-Elmer 1537 112 16.8 56.3 100 62,624
Prime 45.3 16.2 1.1 37.4 100 53,869
Tandy 38.4 1ol 0.2 54.2 100 13,497
Texas Instr. 47.5 1.7 12.6 38.2 100 60,064
Wang Labs 44.7 3.4 0.0 51.9 100 28,893
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END-USER CONCENTRATION AT HIGH END

128-512

END-USER 1981 PURCHASES
BY VUALUE

TABLE 13B

ANALYSIS OF BUSINESS BY PRICE CLASS: END-USER

% of Total
Price Class Sites* Units Value
$ 1- 8,000 25 49 6
$ 8- 32,000 28 22 10
$ 32- 64,000 19 14 19
$ 64-128,000 10 6 14
$128-512,000 17 8 47
Other 1 1 5
Total 100 100 100

* Sites include multiple entries for responde
purchasing from several suppliers and/or
respondents purchasing computers in differe
price classes from the same supplier.

nts

rz ‘I'|

THIRD-PARTY BUSINESS
SHIFTING TO LOW END

128-512
QTHER

THIRD-PARTY 1981 PURCHASES
BY VALUE

TABLE 13A

ANALYSIS OF BUSINESS BY PRICE CLASS: THIRD PARTY

% of Total
Price Class Sites* Units Value
$ 1- 8,000 30 53 16
$ 8- 32,000 30 21 22
$ 32- 64,000 16 6 19
$ 64-128,000 9 3 15
$128-512,000 13 2 27
Other 1 16 1
Total 100 100 100

* Sites include multiple entries for respondents
purchasing from several suppliers an
respondents purchasing computers / g.rent
price classes from the same supp
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TOP 18 IN $1-8,0800 SYSTEMS:' END-USER

ALL OTHERS

INTEL

SHARE 0OF 1981 TOTAL SHIFMENT VALUE

TABLE 148

TOP 10 IN $1-8,000 SYSTEMS: END-USER

$ Shipments Sites
Rank Supplier $ Mil, % Total ANumber % Total
29 28

1 Apple 21 33 1,12
2 Intel 11 17 299 7
5 Motorola 10 15 146 4
4 Tandy 5 A K65 17
5 Hewlett-Packard 3 5 243 ?
6 Zilog 2 3 45 ;
8.5 RCA 1 2 éﬁa .
8.5 North Star 1 1 . |
8.5 Xerox 1 { ot .
8.5 Commodore 1

Subtotal 57 a8 2,864 71

Other 8 12 1,142 29

Total 65 100 4,006 100

(
@ ®

TOP 18 IN $1-8.0088 SYSTEMS:' THIRD PARTY

ALL OTHERS

SHARE OF 1981 TOTAL SHIPMENT VALUE

TABLE 14A

TOP 10 IN $1-8,000 SYSTEMS: THIRD PARTY

$ Shipments
THT. % YotaT

Rank Supplier
1 Intel 105 4l
2 Motorola 49 19
3 Zilog 20 8
4 Apple 12
5 Tandy 8 3
6 RCA 7 3
7 Advanced Micro. 6 2
8 Ohio Scientific 5 2
95 North Star o 1
¥.5 Texas Instruments 3 1
Subtotal 219 85
Other 37 15

Total 256 100
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TOF i€ IN UB-3Z.8U8 SYSTERS: EHD-USER TOP 18 IN $8-32.908 SYSTEMS: THIRG =2277Y

ALL OTHERS

ODATA GEN'!
ALL OTHTRS
] ]
HP
; | DIGITAL EA.
DIGITAL EG
SHARE OF 1981 TOTAL SHIPMENT WUALUE SHARE OF 1981 TOTAL SHIPMENT UALLUE
TABLE 158 TABLE 15A
T10P 10 IN $6-32,000 SYSTEMS: END-USER TOP 10 IN $8-32,000 SYSTEMS: THIRD PARTY
$ Shipments Sites $ Shipments Sites

Rank Supplier T Mil. % Total Number % lotal Rank Supplier 3 Mil. % Total Number % lotal
1 Digital Equipment 44 39 1,528 35 1 Digital Equipment 181 54 684 29
2 Hewlett -Packard 12 11 416 10 2 Data General 38 11 223 10
3 Datapoint 6 o 92 2 3 Hewlett -Packard 17 5 143 [
4.5 Wang Labs 5 4 150 3 4 Texas Instruments 16 5 B7 4
4.5 Texas Instruments 5 4 132 3 5 Nat'] Semicond. 1a 4 19 1
7 Intel 4 4 190 4 6 Intel 7 2 230 10
7 1BM 4 3 233 5 7 Alpha Micro 5 1 4l 2
7 Data General 4 3 412 9 9 Motorola 3 1 16 3
95 General Auto 4 2 46 1 9 Perkin-Elmer 3 1 26 1
9.5 Sperry 2 2 11 0 9 18M 3 1 90 4

Subtotal 87 78 3,210 74 Subtotal 288 BS 1,619 69

Other 25 22 1,155 26 Other 50 15 724 31

Total 112 100 4,365 100 Total 338 100 2,343 100

¢ @ « @ (.
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TOP 18 IN $32-64,0808 SYSTEMS' END-USER TOP 18 IN $32-64.000 SYSTENS' THIRD PARTY

ALL OTHERS
ALL O]HERS
|
} DATA GEN'
/ DIGITAL E@
DIGITAL EQ
- o A
. SHARE OF 1981 TOTAL SHIPMENT UVALUE SHARE OF 1981 TOTAL SHIPMENT UALUE
T
TABLE 168 TABLE 16A
T10P 10 IN $32-64,000 SYSTEMS: END-USER T0P 10 IN 552-61'4,000 SYSTEMS: THIRD PARTY

§ Shipments __Sites $ Shipments Sites

Rank Supplier ¥ Mil. % lotal ‘“umber % lotal Rank Supplier $ Mil. % lotal Number & Total
1 Digital Equipment 73 33 1,398 a7 1 Digital Equipment 107 37 580 b6
2 1AM 57 26 434 15 2 Data General 36 13 121 10
3 Hewlett -Packard 20 9 247 8 3 Honeywell 20 7 18 1
4 Honeywell 19 9 73 2 4 Hewlett-Packard 19 7 71 6
5 Texas Instruments 12 5 52 2 > IBM 18 6 158 12
6.5 NCR 7 3 17 1 6 Texas Instruments 15 5 45 4
6.5 Data General 7 3 153 5 7 Sperry 14 5 42 3
8.5 Sperry 4 Z 73 2 B Perkin-Elmer 12 4 44 3
8.5 Wang Labs 4 2 78 3 9 Microdata 9 3 23 2
10 Perkin-Elmer 3 1 86 3 10 NEC 4 2 3 o
Subtotal 206 93 2,611 L Subt ot al 255 a9 1,105 87
Other 15 7 349 12 Other 33 11 168 13
Total 221 100 2,960 100 Total 288 100 1,273 100
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TOP 10 IN $64-120,000 SYSTENS: THIRD PARTY  yoo 1o 1\ 464-120.008 SYSTENS: END- USER

‘/§OWFYN L
ERS DAT EN'

e ALL OTHERS

DIﬁITQL EQ

DIGITAL E

DATA GEN'L HEWLETT-PACKARD

HEWLETT-PACKARD

SHARE OF 1981 TOTAL SHIPMENT UALUE SHARE OF 13981 TOTAL SHIFMENT UALUE

TABLE 17A TABLE 178

T0P 10 IN $64-128,000 SYSTEMS: THIRD PARTY

TOP 10 IN $64-128,000 SYSTEMS: END-USER

$ Shipments Sites $ Shipments Sites

Rank Supplier $ Mil. % Total HNumber % lotal Rank Supplier § Wil. % Total Number % Total
1 Hewlett -Packard 69 29 196 27 ] Hewlett-Packard 55 35 558 34
2 Data General 51 22 162 23 2 Digital Equipment 26 16 245 15
3 Digital Equipment 50 22 160 22 3 18M 17 11 BS 5
4 Perkin-Elmer 16 7 54 8 4 Data General 15 9 267 16
5 Honeywe 11 15 6 10 1 5 Honeywell 13 8 36 2
6 Modular Computer 11 5 16 2 6 Wang Labs 9 6 64 4
7 Harris 5 2 9 1 7 Perkin-Elmer ] 5 99 6
8.5 Systems Engineer. 4 2 14 2 8.5 Modular Computer 5 3 64 4
8.5 Prime 4 2 32 4 8.5 Prime L) 3 B9 5
10 General Auto 3 1 5 1 10 Sperry 2 1 16 1
Subtotal 226 97 658 91 Subtotal 154 96 1,523 94
Other 8 3 62 9 Dther 6 4 102 3
Total 234 100 720 100 Total 160 100 1,625 100

( @ ( @ (@



TOP 1@
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H

CO@~GNE N -

DIGITAL EG.

TABLE 188

IN $126-3512,000 SYSTENS:® END- USER

ERS

SHARE OF 1381 TOTAL SHIPMENT URLUE

10P 10 IN $128-512,000 SYSTEMS: END-USER

Supplier

Digital Equipment
18M

Tandem

Pr ime
Hewlett-Packard
Data General
Systems Engineer.
Comput ervision
Perkin-Elmer
Sperry

Subtotal
Dther

Total

$ Shipments Sites
$Mil. % Total Number % Total

246 46 1,279 49
95 18 525 20
47 9 74 3
30 6 160 f
17 3 111 4
16 3 102 4
15 3 57 2
12 2 47 2
11 2 32 1
9 2 80 3
496 92 2,467 94
4l a 170 6
537 100 2:637 100

WO D sl sl WA B e B

IB

DIGITAL E@.

OF 1381 TOTAL SHIPMENT UVALUE

TABLE 18A

T0P 10 IN $128-512,000 SYSTEMS: THIRD PARTY

' @®
TOP 1@ IN $120-512,000 SYSTENS' THIRD PARTY
DﬁTj/;EHi}

SYSTEMS ENG ALL OTHERS

$ Shipments Sites
Supplier § Mil. % lotal Number
Digital Equipment 240 57 584 5
Systems Engineer. 43 10 43 4
Data General 28 7 53 5
18M 25 6 166 6
Tandem 11 3 27 3
Hewlett-Packard 11 3 23 2
Harris 10 2 12 1
Prime 10 2 43 4
Modular Computer 9 2 11 1
Sperry 9 2 23 2
Subtotal 397 94 985 93
Dther 25 6 69 7
Total 422 100 100




-9 {-

'@

TABLE 19A
COMPANY DATA

% OF MENTIONED SITES BY PRICE CLASS

Total No.
Supplier $1-8,000 $8-32,000 $32-64,000 $64-128,000 $128-512,000 Total Mentions
Apple 100.0 0.0 0.0 0.0 0.0 100.0 1,562
Data General 2.6 41.5 17.8 27.8 10.2 100.0 1,592
Digital Equip. 0.4 33.8 30.5 6.4 28.9 100.0 6,788
Hewlett-Packard 15.1 26.5 15.3 36.6 6.5 100.0 2,140
18M 12.0 16.6 30.6 5.0 35.8 100.0 1,992
Intel 56.1 39.3 0.3 0.0 0.5 100.0* 1,105
Motorola 65.0 35.0 0.0 0.0 0.0 100.0 429
Perkin-Elmer 4.0 15.8 31.0 36.4 1257 100.0 448
Prime 0.0 0.0 4.8 34.8 60.4 100.0 356
Tandy 100.0 0.0 0.0 0.0 0.0 100.0 962
Texas Instr, 16.9 47.6 21.8 3.0 0.0 100.0% 473
Wang Labs 0.0 A 9 | 25.3 19.9 i 100.0 427

* Includes 3.9% of mentions for Intel and 10.8% of mentions for Texas Instruments in
an average price class of less than $1,000.

TABLE 198
COMPANY DATA

% OF 1981 SHIPMENT VALUE BY PRICE CLASS

Supplier

=y - 3 - ¥ - 3 . 3 Dta s Tot ﬂl
Apple 100.0 0.0 0.0 0.0 0.0 100.0 34,532
Data General 2.2 21.4 21.5 32.8 22.1 100.0 204,334
Digital Equip. 0.3 23.2 18.3 7.9 50.4 100.0 1,028,751
Hewlett -Packard 2.6 13.3 16.6 55.6 11.9 100.0 239,477
1BM 0.6 3.2 33.2 8.7 54,3 100.0 230,604
Intel 90.5 8.8 0.2 0.0 0.3 100.0% 129,827
Motorola 92.6 7.4 0.0 0.0 0.0 100.0 67,913
Perkin-Elmer 0.8 5.8 23.4 37.8 32.2 100.0 65,550
Prime 0.0 0.0 1.0 15.3 83.6 100.0 55,585
Tandy 100.0 0.0 0.0 0.0 0.0 100.0 13,816
Texas Instr. 6.5 35.2 46.5 3.8 0.0 100.0% 61,475
Wang Labs 0.0 24.3 26.1 36.0 13.6 100.0 29,010

* Includes 0.2% of value for Intel and 1% of value for Texas Instruments in an
average price class of less than $1,0 .
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=== NEWSLETTER

SCIS Code: Tandem Computers Ine.

Tand Business
Inf: '~n_Cente
: THE NONSTOP II

TANDEM'S FIRST MAJOR PRODUCT FOR THE EIGHTIES

SUMMARY

On April 14, 1981, Tandem Computers Incorporated announced the Tandem
NonStop II, its second computer system. According to David R. Mackie, vice
president of Tandem's Headquarters Marketing Operations, the NonStop II is intended
to "ecarry Tandem forward into the eighties," and toward its stated goal of achieving
revenues of $1 billion by the close of fiscal 1985.

The NonStop II provides all the features of the original fault-tolerant NonStop
system plus the following new features and enhancements:

° A new 32-bit data access architecture, which is the key to implementing
the system's extended addressing capability. Each processor can address
up to 16 Mbytes of physical memory without architectural changes as
denser memory devices become cost effective. The maximum main
memory size is ecurrently 2 Mbytes per processor. Virtual memory
addressing eapability is now one billion bytes per processor.

® Software compatibility with current NonStop systems at the object code
level.

° Enhanced input/output capability that will significantly improve the
terminal throughput and the number of terminals and communications
eircuits available.

® Processor microcode resident in 32 Kbytes of loadable control storage,
which allows the processor's instruection set to be easily modified.

= A new Operations and Service Processor (OSP) that provides both local and
remote detailed system status information and diagnostic facilities to
assist in reducing repair times.

& An exchange program that allows current customers to upgrade their
systems by returning their original NonStop systems to Tandem for credit
against the list price of a NonStop II.

Copyright © 15 April 1981 by DATAQUEST - Reproduction Prohibited
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FEATURES

32-Bit Data Access Architecture

A major feature of NonStop II is an extended 32-bit addressing mode that allows
access to the system's entire virtual memory space. A fully configured 16-processor
NonStop Il system can address up to 16 billion bytes of virtual memory (one billion
bytes per processor), giving users "access to almost unlimited data space," according
to Mr. Mackie. The extended address ability provides hardware and software support
for very large applications with hundreds of terminals, communications lines
(ineluding X.25 virtual circuits), and large, distributed data bases.

Each NonStop II processor currently has a main memory capacity of 512 Kbytes
to 2 Mbytes, expandable in inerements of 512 Kbytes. However, each processor is
capable of addressing up to 16 Mbytes of physical memory. As denser memory
devices become cost effective, the current maximum memory of the processor can
be increased without architectural changes. This strategy recognizes potential user
needs for larger memories in the future and should allow Tandem to meet these
needs in a cost-effective manner that is advantageous to its customers.

Software Compatibility

NonStop II is fully compatible with the original Tandem NonStop 16 system at
both application code and network levels. "Our users . . . will be able to retain
virtually all their original investment in software and most hardware if they choose
to upgrade to the NonStop II system to take advantage of its new capabilities,"
stated Mr. Mackie. Futhermore, NonStop II systems can be used in a common data
communications network with the current NonStop systems without software
modification. However, NonStop II processors cannot be combined with older
NonStop processors in a single system.

Enhanced Input/Output Capability

According to James G. Treybig, Tandem's president, the NonStop II is a direct
response to the needs of the Company's customers with large, on-line transaction
processing needs. The 32-bit data access architecture can support very large I/0
intensive applications needed by organizations having critical business operations
on-line. The NonStop II expanded architecture provides more capability in the
amount of data that can be transferred to and from disks, terminals, and other
peripherals, as there is a 16-fold increase in both I/O buffer space available per
processor and in the maximum I/O transfer size. Each processor can now support
1 Mbyte of 1/0 buffer space. 1/O channel speed can reach up to 5 Mbytes/second in
a burst mode.

Loadable Control Storage

The processor mierocode resides in 32-Kbytes of loadable control storage. The
loadable control store allows the processor's instruction set to be modified for new
features or performance enhancements as part of Tandem's standard software update

procedure.




Operations and Service Processor

Tandem estimates that during an assumed seven-year life of a system purchased
in 1982-83, service will cost a user about three times the original price of the
hardware; i.e., for every $100 spent on hardware, $288 will be spent on hardware
repair and maintenance. To keep these costs from overwhelming the user, Tandem
has introduced the Operations and Service Processor (OSP) designed to lower service
costs through early fault detection and isolation, and through reducing mean time to
repair. Each NonStop II system is supplied with an OSP, which functions both as an
operator terminal and as a system diagnostic and maintenance tool that
communicates with the Diagnostiec Data Transceiver (DDT) that is included in each
NonStop Il processor module. The operator can thus diagnose software and hardware
problems through the operator console. The OSP includes a built-in modem and can
be connected to a remote terminal or another OSP, allowing an operator or Tandem
service personnel to diagnose, and perhaps correct, problems from a remote site.
Furthermore, a remote terminal connected to the OSP can be used as the operator's
console, allowing users at the remote terminal to load and run an unattended

system. However, initial connection to the OSP modem must be done at the system
site.

Exchange Program

Current Tandem users wishing to migrate to the NonStop II may participate in
an exchange program that permits them to upgrade their systems as their application
needs expand. This plan provides for on-site upgrade of the customer's NonStop
system to a NonStop II system, with the customer's original equipment being
returned to Tandem for credit against the list price of the upgrade. The returned
equipment will be refurbished and resold by Tandem.

Under a similar program, customers can purchase the original NonStop system
for application development and subsequently migrate to a NonStop II system as

applications come on-line and the application support features of the NonStop II
system are needed.

Tandem will continue to manufacture and support the original NonStop system.

PRICING AND DELIVERY

A basic NonStop II configuration consisting of two 512-Kbyte processors, a
magnetic tape drive and controller, and an OSP, is priced at $144,475. A basic
configuration of the original NonStop system with two 384-Kbyte processors, a
magnetic tape drive and controller, and an operator console sells for $94,975. A
medium-sized system with six 2-Mbyte processors, four 300-Mbyte disk drives, a
magnetic tape drive and controller, an OSP, and software consisting of the Guardian
operating system, database management, COBOL, Network/Expand, and access
method for 6520 terminals, is priced at $750,000. A roughly similar configuration of
the original NonStop system sells for about $700,000. In general, NonStop II systems
are priced 15 to 20 percent higher than their earlier counterparts. However, because
of the increased memory and the addition of the OSP, the two systems




are not really comparable. NonStop II systems are in production and six systems are
already in place. Tandem is promising deliveries 120 days after receipt of an order.

Comments

The NonStop II clearly emphasizes two aspects of Tandem's strategy and
philosophy.

By bringing out a system that contains significant enhancements to its original
product, the Company has reaffirmed its intention to keep its place in the forefront
of the on-line transaction processing systems market and its unique position as the
only manufacturer of a fully redundant, fail-safe system. Furthermore, the features
of the new system show a high regard for both the user's convenience and
pocketbook. In our opinion, the planned memory expandability of the NonStop II
virtually guarantees it a long duration of usefulness, and the complete software
compatibility and serviceability features show a real concern for the customer's
needs and welfare.

Ellen K. Clements
Richard J. Matlack






