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DECSYSTEM 20

Introduction

Digital Equipment Corpora-
tion is pleased to present the
DECSYSTEM-20—a medium-
scale computer with large com-
puter capabilities available at
small computer prices.

The DECSYSTEM-20 features
a high-performance, virtual
memory system that provides
a multi-tasking, multi-
programming environment
to support concurrent time-
sharing, batch and transaction
processing.

The DECSYSTEM-20 is easy
to use and easy to maintain. It's
flexible, expandable, reliable,
efficient and above all —
affordable.

The DECSYSTEM-20 is the
result of over ten years experi-
ence in the design and develop-
ment of large scale multi-
language timesharing systems. It
was in 1964 that DIGITAL
installed the first.commercially
available interactive timesharing
system. And it was no accident.

Even then, DIGITAL wanted
people to make better use of
their time to be more productive,
to get their “hands on” the
computer.

Building on the success of
these early systems, DIGITAL
introduced the PDP-10 in 1967.
It featured improved technology
and better peripherals. The
operating system had a better
human interface so it was easier
to use. Because of its success,
development activity accelerated
and in 1971, DIGITAL intro-
duced the DECsystem-10 family
of computing systems with a
multi-mode operation system,
called TOPS-10, offering time-
sharing, batch processing, real-
time and communications capa-
bility to support computer based
remote stations.

Over 450 DECsystem-10 sys-
tems are now installed in 21
countries worldwide.

The design, manufacture and
support of these large systems
provided DIGITAL with the
advanced technology experience
necessary for the development
of the DECSYSTEM-20.

DIGITAL also put its mini-
computer expertise to work in
the design of the
DECSYSTEM-20. The central
processor, memory, and I/O
controllers are integrated into
one neat, compact unit requiring
a minimum amount of floor
space —only twenty-eight square
feet for processor, memory and
[/O controllers. This cost-saving
packaging is made possible
because the DECSYSTEM-20
uses the latest in state-of-the-art
technology. The processor is
built of high-density, multi-
layer circuit boards and emitter-
coupled logic (ECL). Not only is
the DECSYSTEM-20 smaller,
but it's faster and more reliable.

The DECSYSTEM-20 features
a large and powerful instruction
set. The programs that the user
writes will take advantage of
this feature because the com-
pilers and interpreters produce
less machine code than do com-
parable systems. And because
programs are smaller, they will
run faster. The instruction set,
despite its size, is easy to learn
because it's logically grouped
into “families” of instructions.
One such family is the Business
Instruction Set. It has sophis-
ticated editing and character
handling capabilities for pro-
gram development or day-to-
day problem solving. And the
entire instruction set is micro-
programmed because that’s the
cost-effective way to implement
all these capabilities.

The DECSYSTEM-20 supports
up to 2.4 million bytes of high-
speed, low-cost memory. To
ensure the reliability of opera-
tion and integrity of data, all
memory read and write opera-
tions are parity checked.




The system features integrated
high-speed data channels and
mass storage controllers for disk
and magnetic tape. These inte-
grated I/O controllers permit
the simultaneous transfer of
data and control information.
Each controller has its own
direct path to memory; hence
[/O operations on two separate
controllers can be overlapped
for greater throughput and
efficiency. Since each controller
may access up to sixteen words
of data in a single request to or
from memory, the
DECSYSTEM-20 has an [/O
bandwidth of more than 7
million bytes per second.

The central processor contains
accounting and analysis hard-
ware in the form of clocks and
timers to provide accuracy and
efficiency in the control and
operation of the
DECSYSTEM-20.

A PDP-11 based front end
processor enables the central
processor to do more work by
handling unit-record peripherals,
console operations, and terminal
communications. Equally impor-
tant is its role as diagnostic
computer for the central pro-
cessor. Even if the main system is
completely inoperative, mainte-
nance engineers can utilize the
front end computer for module
level diagnosis. Preventative
maintenance may be done during
timesharing operations. Both
features increase system per-
formance by reducing Mean
Time to Repair and stand-alone
preventative maintenance time.

The virtual memory hard-
ware was designed in conjunc-
tion with the new TOPS-20
operating system to provide the
most efficient and reliable sys-
tem possible. As a consequence,
programs that are larger than
available core may be efficiently
run without overlays. The
paging hardware maps core for
both the operating system and
user programs, and provides
information needed by the
software to efficiently allocate
core. Because the monitor is
modular, demand paged, and
write-protected, it is more reli-
able. The resident portion is
quite small, thereby increasing
system throughput by making
more core available for user
programs. User core is dynami-
cally allocated as needed. No
core is wasted since there are
no partitions.
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DECSYSTEM 20
Features Simplicity

Users may access the system
by timesharing or through
batch—whichever mode is the
most appropriate to their needs.
Production jobs may be entered
into batch by cards or from a
terminal. The same command
and device specifications are
used under both timesharing and
batch. The user needs to learn
one simple command language
for both modes. Batch efficiency
is high because the system can
process multiple batch jobs at
one time.

All user programs may com-
municate with each other in a
variety of ways. Programs may
be organized in a hierarchical
control structure which provides
greater reliability and security
for user and system software.
The failure of one program will
not affect the others.

Data in the DECSYSTEM-20
file system is secure and reliable
—by design. These features are
especially significant because
data and program sharing in
memory is also a key feature.
This controlled yet flexible data
sharing facilitates powerful data
base management systems.

Device independence and
extremely flexible I/O access
methods make programming
easier and more efficient. Pro-
gram execution is also enhanced
since the I/O devices may be
chosen at run time. Other fea-
tures which increase system
throughput include simultaneous
update facilities and spooling of
unit record devices such as the
line printer and card reader.

Timesharing increases pro-
ductivity by allowing the user
to create programs using the on-
line editor, and then immediately,
from the same terminal, to com-
pile and test them using on-line
debugging techniques. Program
development time is greatly
reduced since many tests may be
run in one session —no waiting
for hours to see if there were
errors. Data preparation is also
much faster and easier since
data files may be created on-
line. Memos may be easily sent
to all users via a mailbox facility,
and documents may be for-
matted and printed using the
document preparation program.

The command language pro-
vides easy access to these
facilities. It prompts the novice
user by guide words, explana-
tions (if desired) and clear
English error messages. At the
same time, the expert user can
enter commands quickly in an
abbreviated form which will
be recognized and acted upon
by the command language
processor. Thus, both novice
and expert become more efficient
and productive.

All DECSYSTEM-20 lan-
guages enhance program pro-
duction. They contain source
level debuggers, may be used
under both batch and time-
sharing, and produce sharable,
optimized object code. COBOL,
FORTRAN, BASIC, APL,
ALGOL, CPL, MACRO —the
programmer may choose which-
ever is best suited to his applica-
tion and expertise. ANSI-68
COBOL supports ISAM, high
performance sorting, simulta-
neous updating, and DBMS —

Digital’s data base management
system. COBOL utilizes the
business instruction set for
greater object code efficiency.
FORTRAN, ALGOL and APL
provide a variety of solutions to
scientific problems, while
BASIC, APL and CPL are
designed and implemented to
aid the beginning programmer.

The system administrator has
full control over system access
and usage and can determine
who may use the system, what
level of privileges they may
have, and how the resources are
allocated. Accounting tools
enable him to accurately charge
users for the resources they have
actually used.

System operation is extremely
simple. There is no monitor
generation required. Operator
procedures are very simple and
the operator privileges are
restricted to those necessary for
normal system operation, en-
hancing system security and
reliability. Flexible backup
facilities enable single files to be
saved and restored as well as
the entire system.

The remote on-line diagnostic
system enables maintenance
engineers to do preventative
maintenance during timesharing
and to diagnose the system
quickly and easily —thereby
reducing Mean Time to Repair
and enhancing system
availability.




DECSYSTEM20

Hardware

System Architecture

The system architecture of the
DECSYSTEM-20 is the result
of design goals which included
small size, high throughput, and
high reliability and maintain-
ability. System logic, housed in
low profile cabinets, is made up
of high density ECL circuitry on
multi-layer boards. The Central
Processor, memory, and mass
storage controllers are integrated
into a single cabinet assembly,
requiring reduced floor space
and cabling. Within the same
assembly, a PDP-11 front end
processor handles unit record
devices, asynchronous com-
munications, and system diag-
nostics. Mass storage devices
are linked to the controllers over
high-speed Massbus data and
signal paths. Separate Mass-
busses provide increased
throughput for tapes and disks.
Unit record devices link directly
to controllers attached to the
PDP-11 UNIBUS. The overall
design was heavily influenced
by DIGITAL’s advanced manu-
facturing technologies, devel-
oped and refined both in the
mass production of minicom-
puters and in the production of
the large-scale DECsystem-10.
The resulting manufacturing
techniques provide customers
with a powerful hardware sys-
tem and fully developed large
computer software at low cost.

Central Processor
Architecture

The Central Processor uses
the word length and instruction
set of the latest processor devel-
oped for the DECsystem-10
computer line.

The Instruction Execution
Unit performs instruction execu-
tion, arithmetic operations,
program-controlled I/O, and all
clocking and metering functions
performed by the
DECSYSTEM-20. Included
within the unit are eight sets of
sixteen high-speed registers, a
1280 x 75 bit microstore for
instruction logic, a 512 x 16 bit
high-speed dispatch RAM, a
seven level priority interrrupt
system with vectoring, plus
system clocks and performance
meters.

The Memory Control Unit
provides paths and logic for all
transfers into and out of the
DECSYSTEM-20 memory.
Virtual-to-physical address
translation is performed by a
64 x 154 bit RAM. The Memory
Control also includes a series of
multiple word channel buffers
for high-speed direct I/O over
the Channel Bus to the indi-
vidual Massbus devices. For each
device type, there is one channel
containing a 15-word data
buffer, a channel command word
register, and a control word loca-
tion pointer —effectively a
program counter. The channels
perform data transfer by execut-
ing channel programs which are
set up in memory by device
service routines.

A Storage Bus provides a 1.6
million words/second transfer
bandwidth between the Memory
Control Unit and the
DECSYSTEM-20 memory. In
diagnostic mode, the Storage
Bus is used to access the internal
memory controllers. The Chan-
nel Bus is a physically short,
high-speed data transfer path
providing a peak 1/O bandwidth
of six million words/second
between the Memory Control
Unit and the Massbus con-
trollers. The Channel Bus op-
erates in a synchronous time
division multiplexed mode,
allowing the connection of mul-
tiple controllers to memory.

An Execution Bus connects
the front end interface to the
Instruction Execution Unit. The
bus operates asynchronously
with a bandwidth up to .5
million words/second for I/O
instruction transfer.

A high-speed data path (Mass-
bus) connects the integrated
channel controllers and mass
storage devices, such as disk or
tape. Operating either asyn-
chronously or synchronously,
the Massbus transfers control
and status information or blocks
of data between devices and
controllers. The UNIBUS, an
integral part of the PDP-11
architecture, provides a data
and status control path between
the Front End Processor and the
devices making up the PDP-11
system, including the communi-
cations interface and unit record
I/0O devices.




Dual access disks link directly
into the PDP-11 disk controller
for diagnostic and system ini-
tialization procedures. Inte-
grated channel Massbus con-
trollers allow simultaneous
execution of non-data com-
mands, such as seek, rewind,
etc., while another device, linked
to the same controller, is trans-
ferring data. To improve disk
transfer rate, Massbus Control-
lers include a double buffer
arrangement so that the soft-
ware can pre-load the next
transfer request during the cur-
rent transfer. Using this capa-
bility, the system is able to read
data corresponding to two
separate requests from sequential
sectors on the same disk without
incurring rotational delay. Upon
the completion of a channel
operation, the controller gen-
erates a priority interrupt to the
Central Processor. When the
interrupt is recognized, control
is passed directly to the appro-
priate routine through an inter-
rupt vector supplied by the
controller.

The Front End Interface pro-
vides for high-speed simulta-
neous two-way transfers of
variable-byte data between the
PDP-11 processor and the
DECSYSTEM-20 Central Pro-
cessor. The unit permits two-way
doorbell-type interrupts be-
tween the processors and pro-
vides the access path to the
Execution Bus for all diagnostic
and bootstrapping functions.

Central Processor
Features

The Central Processor directs
the operation of the entire
DECSYSTEM-20. It contains a
microcoded instruction set,
eight sets of sixteen general
purpose registers, five account-
ing and performance meters,
and instruction interrupt and
trap facilities.

The Instruction Set is imple-
mented in microcode, allowing
for easy maintainability and
expansion. The Instruction Set
is a superset of that of the
DECsystem-10 family of com-
puters and includes 386 logically
grouped instructions. A number
of operation codes are also
included with the Instruction Set
which trap either to the TOPS-
20 monitor or to the user’s area,
allowing a full range of pro-
grammable monitor calls.
Although the number of instruc-
tions is large, they are easy to
learn because of a logical group-
ing into families with consistent
mnemonic code format. All
instructions are capable of
directly addressing a full 256K
words of memory without
resorting to base registers, dis-
placement addressing, or in-
direct addressing, Instructions
may, however, use indirect
addressing and indexing to any
level. Most instruction classes,
including floating-point, allow
immediate mode addressing,
where the result of the effective
address calculation is used
directly as an operand in order
to save storage and execution
time.




Instruction Set

Half-word Data Transmission—
These instructions move a half-
word, optionally modifying the
contents of the other half of the
destination location. These 64
instructions differ in the direc-
tion they move half-words and
in the manner they modify the
other half of the destination
location contents.

Full-word Data Transmission—
The full-word data transmission
instructions move one or more
full words of data. The instruc-
tions may perform minor arith-
metic operations, forming the
negative or the magnitude of
the word being processed.

Byte Manipulation —Four
byte manipulation instructions
pack or unpack bytes of arbi-
trary length anywhere within a
word. Two instructions are pro-
vided for updating byte pointers.

Logic Instructions — The logic
instructions provide the capa-
bilities of shifting and rotating,
as well as performing the com-
plete set of 16 Boolean functions
of two variables.

Floating-point Arithmetic —
These instructions perform
scaling, negating, addition, sub-
traction, multiplication, and
division in single and double
precision, floating-point format.
In the single-precision floating-
point format, one bit is reserved
for the sign, eight bits are used
for the exponent, and 27 bits are
used for the fraction. In double-
precision floating-point format,
the fraction is extended to 62
bits in the second word. The sign
bit of the second word is unused.

Fixed/Floating Conversions —
Special instructions provide the
capability for converting fixed-
point numbers to or from
floating-point numbers. Two sets
of instructions are provided to
perform this function: one set
meeting the FORTRAN stand-
ard, a second set meeting the
ALGOL standard.

Arithmetic Testing — The arith-
metic testing instructions jump
or skip depending on the result
of an arithmetic test, and op-
tionally perform an arithmetic
operation on the test word.

Logical Testing, Modification,
and Skip —These instructions
modify, test, and/or skip using
a mask of selected bits in an
accumulator.

Program Control—This class
includes conditional and un-
conditional jump instructions.
In addition, it contains powerful
instructions for efficient calls
for short subroutines, calls for
subroutines with many para-
meters and stack-oriented sub-
routine calls.

Input/Output Operations—
Input/Output instructions
govern direct transfers of control
information to and from the
peripheral equipment control-
lers and also perform certain
operations within the processor.
Block transfer instructions can
handle multiple word data
transfers to and from direct I/O
devices.

Business Instruction Set—Five
instructions comprise the Busi-
ness Instruction Set in the central
processor. Four are arithmetic
instructions to add, subtract,
multiply, and divide using
double-precision, fixed-point
operands. The fifth is a STRING
instruction capable of per-
forming nine separate functions,
including:

o An EDIT Capability
e Decimal-to-binary and binary-
to-decimal conversion in
both offset and translated
mode
« Move STRING in both offset
and translated mode

« Compare STRING in both off-
set and translated mode (Off-
set Mode is byte modification
by addition of the effective
address of the STRING in-
struction to the source byte.

Translated Mode is byte modi-

fication by translation through

a table of half words located

at the effective address of the

STRING instruction. This

also occurs in EDIT. In addi-

tion to providing the transla-

tion function, those instruc-
tions which use translation
can control the flags in AC’s
and can detect special charac-
ters in the source.)

The Extended Business Instruc-
tion Set provides for faster pro-
cessing of COBOL programs
since there are specific instruc-
tions for doing more compre-
hensive string operations which
commonly arise in such appli-
cations.




Instruction Format

ACCUMULATOR

ADDRESS
ADDRESS TYPE

INDEX
REGISTER
ADDRESS

123014

The nine high-order bits (0-8)
specify the operation; bits 9-12
usually address an accumulator
but are sometimes used for
special control purposes, such as
addressing flags. The rest of the
instruction word supplies infor-
mation for calculating the effec-
tive address, which is used for
immediate mode data or is the
actual address used to fetch the
operand or alter program flow.
Bit 13 specifies the type of
addressing (direct or indirect);
bits 14-17 specify an index
register for use in address modi-
fication (zero indicates no index-
ing); and the remaining eighteen
bits (18-35) contain the address.
The codes not implemented as
instructions trap and are inter-
preted by routines included for
the purpose.

Number System — Arith-
metic instructions in the
DECSYSTEM-20 use two’s com-
plement, fixed-point conventions
to do binary arithmetic. In a
word used as a number, bit 0
(the leftmost bit) represents the
sign, O for positive, 1 for negative.
In a positive number, the remain-
ing 35 bits represent the magni-
tude in ordinary binary notation.
The negative of a number is
obtained by taking its two's
complement. Zero is represented
only by a word containing
all 0’s.

Fixed-point Arithmetic. Two
conventions define a number as
an integer (binary point at the
right) or as a proper fraction
(binary point at the left). In these
two cases, the range of numbers
represented by a single word is
-(2)%5 to (2)%5 -1 or-1 to 1 -(2)-2%.
Since multiplication and division
make use of double-length
numbers, there are special in-
structions for performing these
operations to yield results that
can be represented by a single
word for single precision
operations.

The format for double-length
fixed-point numbers is an ex-
tension of the single-length for-
mat. The magnitude (or its two's
complement) is the 70-bit string
in bits 1-35 of the high- and
low-order words. Bit 0 of the
high-order word is the sign, and
bit 0 of the low-order word is
ignored. The range for double-
length integer and proper frac-
tions is thus -(279) to 270
-lor-1to1-(2-70),

Floating-point Arithmetic. A
double-precision word consists
of the sign, an 8-bit exponent
and a 62-bit fraction. This gives
a precision in the fraction of 1
partin 4.6 x 10!8 and an ex-
ponent of 10 to a power of from
—38 to +38.

Processor Modes — Instruc-
tions are executed in one of two
modes. Programs operate in
either User Mode or Exec Mode.
In Exec Mode operation, all
implemented instructions are
legal. The monitor operates in
Exec Mode and is able to control
all system resources and the
state of the processor. In User
Mode operation, certain instruc-
tions are illegal, causing monitor
traps when executed. Functions
such as User Mode I/O are done
through calls to the monitor,
issued by the user program.

Executive and User Modes are
further divided into two
submodes each.



Processor Modes

User Mode

Public Submode

Concealed Submode

* User Programs
» 256K Word Address

« All instructions permitted
unless they compromise
integrity of system or
other users

« Can transfer to concealed
submode only at entry points

* Proprietary Programs

» Can READ, WRITE,
EXECUTE or TRANSEFER to
any location labeled Public

Executive Mode

(Monitor)

Supervisor Submode

Kernel Submode_

* Performs general management
of system

 Performs those functions that
affect only one user at a time

« Executes in virtual
address space labeled Public

Fast Register Blocks —General
purpose registers are another
DECSYSTEM-20 feature that
help improve program execu-
tion. Eight sets of sixteen fast
integrated circuit registers can
be used as accumulators, index
registers, and as the first sixteen
locations in memory. Since the
registers can be addressed as
memory locations, they do not
require special handling. How
the registers are used depends on
how they are addressed in the
instruction word.

Program switching time be-
tween register sets is 500
nanoseconds.

» Performs /O for system

¢ Performs those functions
that affect all users

Different register blocks can
be used by the operating system
and individual users. This elim-
inates the need for storing
register contents when switching
from User Mode to Exec Mode.

Accounting and Performance
Meters— Five accounting and
performance meters are built
into the Central Processor. These
include:

Interval Timer. A Program-
mable source of interrupts
with a range from 10 micro-
seconds to 40.96 milliseconds

Time Base. A one micro-
second relative time-of-day
clock which is used by the
monitor for system
accounting.

Performance Analysis
Counter. Designed as a tool
for testing and evaluating the
system, this counter monitors
either duration or rate of
occurrence of various hard-
ware conditions and events.

Two Accounting Meters.
An Instruction Processor
Meter which measures the
amount of the instruction
processor time used. The
information is stored in the
User Process Table. While the
default count is user time
only, the monitor may also
include interrupt time and/
or Exec Mode time in this
accounting. The second is a
Memory Reference Meter,
which measures user program
accesses to core memory. This
information is also stored in
the User Process Table.

Trap Handling — Trap facilities
exist for handling arithmetic
overflow and underflow, push-
down list overflow, and page
failures. This trap capability is
separate from the program
interrupt system and can cause
interpretation of the trap to be
performed in either the user’s or
the monitor’s address space as
appropriate for the instruction
code trapped.




Priority Interrupt System —
The Priority Interrupt System is
one of the most flexible that is
available. Devices are assigned
under program control to any
one of seven priority levels
through the dynamic loading of
a 3-bit register within the device
controller. A program can
change the priority level of any
device or disconnect the device
from the system and later rein-
state it at any other level. In
the same manner, a program can
set, enable, or disable any com-
bination of levels with a single
instruction. In addition, the
program can assign some or all
devices to the same level and
generate an interrupt on any
channel.

Program-assignable priority
interrupt levels provide much
greater flexibility than per-
manently hard-wired systems.
An interrupt can cause the pro-
cessor and the interrupting
device to initiate one of several
possible actions. In response to
an “interrupt grant” signal, the
device may supply a 33-bit word
which is decoded as 18 bits
address, 12 bits data, 3 bits
function. The processor then
does one of the following:

» Executes the instruction found
at the supplied 18-bit address
(vectored interrupt)

« Transfers a word into or out of
the addressed location

* Increments or decrements
the word at the addressed
location
Priority level 0 is of higher

priority than the seven pro-

grammable levels and is reserved
for the Front End Processor.
This level is invisible to the CPU
software and is provided as an
access to main memory for the
console.

Cache Memory
The DECSYSTEM-20 features

a 160 nanosecond access time
cache as amemory buffer. Data
being written to or read from
memory is typically found
already in the cache 90 to 95
percent of the time, thus giving
the central processor an effective
access time of 221.4 nanoseconds.
Another feature of the “state-
of-art” design cache memory is
that, unlike contemporary
designs, it does not require
write-through to memory. This
eliminates, for example, the
necessity of writing back into
main memory each value of an
index in a loop comprised of
only a few instructions.

The cache is organized in
groups of four word blocks
which are written back to main
memory only when it is necessary
to make room for another four
word parallel fetch. A cache
sweep feature allows main mem-
ory to be updated with all or
selected parts of the cache.

Memory System

The Memory Control Unit
contains the logic necessary for
memory mapping between
logical and physical addresses.

The memory address mapping
hardware is integrated with the
software to provide memory
management totally transparent
to the user. Physical memory is
divided into 512 word pages. All
monitor and user addresses are
translated by hardware from the
program'’s (virtual) address
space to physical memory ad-
dress space.

The high-order nine bits of
the 18-bit virtual address define
the virtual page number and are
used to index into a Page Table
containing the mappings be-
tween virtual addresses and
physical core for either the
active user or the operating sys-
tem. If the physical page number
is found in the 512 entry Hard-
ware Page Table, the low-order
nine bits of the virtual address
are appended to it to form the
complete physical address. If the
virtual address is not found in
the Hardware Page Table a com-
putation is performed to deter-
mine the page mapping. The
hardware page table is then
loaded with the correct mapping.
Two hardware registers internal
to the central processor contain
the page mapping information
for locating the monitor’s and
active user’s page maps in core.
These maps contain information
pointing to the pages for the
operating system or active user,
which are in core or out on the
swapping device. The storage
address pointers are of three
basic types:

Private
the page belongs to only one
user

Shared
the page is shared by more than
one user

Indirect
points to another page map page
where the pointer may again be
one of the tree types

In addition to the physical
page numbers in the page map,
control bits are present to serve
various functions. For example,
one bit is used to indicate that
the page is read only; a second is
used to indicate that currently
no physical page corresponds to



this virtual address slot. Another,
whose function is to reduce disk
channel traffic, is called a
“written” bit and indicates
whether or not a page need be
written out to the disk or dis-
carded when its physical space

is needed.

Page level sharing among
users is supported by a hard-
ware Shared Pages Table, which
holds the physical address of
the shared page. This table,
which is addressed through a
hardware register, enables more
efficient memory management
because routines need to main-
tain just one pointer to a page,
no matter how many processes
are sharing it. Similarly, there is
an Indirect Page Table for
indirect pages.

Information about how long
a page has been in core and the
number of processes sharing it is
also stored by the hardware in a
Core Status Table to aid the
monitor in memory
management.

Process Tables — There are two
types of Process Tables in core
which are used by the software
for both system and user man-
agement. These are the Exec
Process Table (EPT) and the
User Process Table (UPT). Each
is one page long. The EPT is
provided for the monitor and
UPT for each user process in
the system.

User Process Table
o Arithmetic overflow vector

address. Overflow affects

just the user and not the sys-

tem, so it is handled in the

user address space.

» Core and instruction pro-
cessor usage accounting
clocks. This information is
kept for each user to aid in
precise user resource
accounting.

Exec Process Table
e Channel recording area. In-

formation about channel

status is maintained here.

* Front End Processor Com-
munications Area. Used in
communications between the
Central and Front End
Processor.

The physical memory of the
DECSYSTEM-20 consists of
from 64K to 256K 37-bit words.
Memory increments are in 32K
blocks, with up to four control-
lers each controlling 32K or 64K
words. Two- and four-way inter-
leaving of memory is set up
through software settable
switches at system startup time.
Because the memories are inte-
gral to the Central Processor,
memory accessing is faster than
with comparable external mem-
ory architecture.

Front End Processor

The PDP-11 Front End Pro-
cessor is one of the more signif-
icant features of the
DECSYSTEM-20. The inte-
gration of the PDP-11 into the
DECSYSTEM-20 Central Pro-
cessor allows each processor to
maintain its own integrity with
minimal overhead. Additionally,
functions are shifted to the
PDP-11 wherever possible to
improve overall system perfor-
mance and reliability, and to
provide an expandable base for
future hardware and software.
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Front End functions include:

* Bootstrap the Central
Processor

¢ Drive all unit record equip-
ment

» Service local and remote com-
munications hardware

» Drive operator and diagnos-
tic consoles

« Respond to Central Pro-
cessor malfunctions

¢ Run diagnostic programs

The number of diagnostics
that run under timesharing has
been extended. This translates
into more system availability to
the user since service personnel
need not take the system when
repairs are needed.

To increase efficiency of serv-
ice and minimize the delay that
could occur if service is not on-
site, a remote diagnosing capa-
bility is built in. Each system is
equipped with an additional
asynchronous line interface
through which a remote service
center, with permission of the
system manager, can access the
system. The service center has all
the capability and diagnostic
tests available as would local
personnel. The result: reduced
repair times and more customer
satisfaction.




Diagnostic Capability — As a
diagnostic computer, the Front
End Processor can examine the
data paths and control logic of
the Central Processor even if
that unit is completely inopera-
tive. A Diagnostic Bus linkage
permits automated testing pro-
cedures and allows diagnostic
tests to be run that would be
impossible using conventional
techniques. There is less chance
for human error, because main-
tenance engineers do not have to
rely upon a malfunctioning
Central Processor to diagnose
itself.

The Front End Processor can
sense the internal status of the
central processor and control
the operation of the central
processor. Now, normal main-
tenance no longer involves time-
consuming and error-prone
reading of indicators and flip-
ping of switches. All the main-
tenance and diagnostic proce-
dures that require this on older
computers are now performed
by diagnostic programs in the
Front End Processor.

Power Failure Detection and
Recovery —If system power
fails, a detection circuit senses
the condition and causes an
interrupt. The interrupt can
trigger operation of a program,
which saves volatile registers
and provides an orderly system
shutdown, allowing for later
system restart with a minimum
amount of lost time. A program-
selectable automatic restart
capability is provided to allow
resumption of operation when
power returns. Alternatively, a
manual restart may be used.

Over Temperature Protection
— Thermal sensors strategically
placed within the equipment
detect high temperature con-
ditions and cause power shut-
down. This, in turn, initiates
the power failure interrupt.

Self-Loading and System
Startup — A cold start of the
DECSYSTEM-20 requires a
human being to push the load
button and type in the time and
date. It is always completed in
less than five minutes. A warm
restart after a temporary failure
of either the DECSYSTEM-20
or the PDP-11 front end pro-
cessor takes less than a minute
and requires no human
intervention.

DTE-20—The DTE-20 console
Front End Processor Interface
connects the Central Processor
and the Front End Processor to
provide capabilities to interrupt,
examine, deposit, diagnostic
read and write, and transfer data
during timesharing and diag-
nostic operations.

Console — The console ter-
minal provides a direct system
interface by simulating the con-
trol switch and display indicator
functions for the Central Pro-
cessor, thereby providing con-
trol of normal program and
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diagnostic operations and the
ability to start, stop, load,
modify, or continue a program.
The console is connected for
simultaneous two-way trans-
mission through a full duplex
asynchronous line interface to
the Front End Processor.

Front End Processor— A
PDP-11 is employed as a front
end processor. It is equipped
with a ROM for “cold starts”,
28K words of core memory, dual
floppy disks, console terminal
interface, asynchronous line
multiplexer, RP04 disk interface,
and optionally, line printer and
card reader interfaces.

The Front End Processor is
equipped with a high-speed
multiplexer for up to 64 asyn-
chronous communication lines
operating at speeds up to 9600
baud. The Basic System Package
is equipped with a 16-channel
multiplexer and 8 lines. Addi-
tional EIA compatible lines may
be added in groups of eight. An
optional 20mA line interface is
available. The asynchronous
line multiplexer meets EIA
RS232C and CCITT (green
book) V.24 standards.




A wide range of peripheral
equipment is available with the
DECSYSTEM-20. Each piece of
peripheral equipment is fully
integrated into the software
system.

To increase throughput and
storage capacity, a high per-
formance disk system is pro-
vided. Removable storage ele-
mentsinsure maximum flexibility
and convenience.

A reliable magnetic tape
system operating in either of two
recording modes provides data
transportability and security.

To take full advantage of the
interactive qualities of the
DECSYSTEM-20, a high quality,
high performance CRT terminal
is offered.

Hard copy equipment includes
DIGITAL'’s own widely accepted
DECwriter II terminal, as well as
high performance line printers
in several models.

Two models of card readers
are available which have been
selected for their ability to work
reliably with cards of varying
condition.

Plotters and other applications
related peripherals are available.

Today's computer systems
place ever increasing emphasis
on peripheral equipment and
their development for the
DECSYSTEM-20 is on-going.

Through this development,
the user may be assured that the
latest full capability peripheral
equipment will be available.

RPO4/RP06
Disk Systems

Up to four high-performance
RP04 disk drives or two RP06
disk drives are supported. This
provides an on-line storage
capacity of 400 million charac-
ters. On the DECSYSTEM-20,
the initial disk drive is dual-
ported, linking to both the
PDP-11 and the DECSYSTEM-
20, channels. The diagnostic
and initialization routines for
the system are stored on this
device along with the system
software.

Each disk drive transfers data
directly to and from memory
under the control of a channel
program. Because the controller
provides overlapped seeking,
the operating system will con-
currently position two or more
drives, shortening the effective
access time and increasing
throughput. This feature in
combination with a rotational
position sensing capability, can
be used by the operating sys-
tem to optimize disk through-
put. A pre-load capability is
provided in the controller so that
when a channel program is com-
pleted the controller can send
select and other control infor-
mation to the disks without
delay and initiate the new chan-
nel program.
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The RP04/RP06 disk drive
offers a high level of data relia-
bility. A phase-locked loop
clock system and state-of-the-
art recording technique provide
the utmost in reliable reading
and recording. Additional error
detection and correction hard-
ware within the RP04 and RP06
disk drives provide information
on the position and pattern of
any error burst up to eleven bits
within the data field. Correction
of most data field errors is then
accomplished under software
control.

The ability to offset the read/
write heads facilitates read
recovery and increases data
reliability and improves com-
patibility. Moreover, if a sector
on a disk pack becomes defec-
tive so that attempts by hard-
ware and software to recover
data fail excessively, the operat-
ing system dynamically marks
the sector as bad so that no
future attempts will be made to
use it. In most cases, the data can
still be recovered so that the file
can be copied to a new location.




Disk System Specifications

RP04

Disk Drive Capacity
Peak Transfer Rate
Access time:
Track-to-track
Average
Maximum
Organization

Number of Heads

Number of Recording Surfaces
Number of Disks/System
Number of Drives/Controller

20.48 million words
5.6 microseconds/word

7 milliseconds

28 milliseconds
50 milliseconds
128 words/sector
20 sectors/track
19 tracks/cylinder
411 cylinders/pack
20

19

8

4

RP06

Disk Drive Capacity

Peak Transfer Rate

Access time:
Track-to-track
Average
Maximum

Organization

Number of Heads

Number of Recording Surfaces
Number of Disks/System
Number of Drives/Controller

39.6 million words
5.6 microseconds/word

10 milliseconds

30 milliseconds

55 milliseconds
128 words/sector
20 sectors/track

19 tracks/cylinder
815 cylinders/pack
20

19
8
4
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TU45 Tape System

Features

» 1600 bpi, 9-track

e Program-selectable recording
at 1600 bpi phase-encoded or
800 bpi NRZI

o Data formats are industry-
compatible

» Expandable to eight tape
drives in a single system

e Vacuum column for tape
buffer

 High reliability

TU45 Tape Drive
Up to eight dual-density tape

drives may be provided. Drives

are equipped with a dual gap

head which enables writing and

b A
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data checking on a single pass.
An automatically activated
erase head operates on writing.
A transport door protects
the heads, capstan and magnetic
tape and other tape path com-
ponents from dust and other
contaminants. A tape cleaner
is provided and equipped with a
contaminant removal system.
Operator controls are accessible
while the door is closed.
The drive is a single capstan
unit with vacuum column tape

storage system to buffer abrupt
changes in velocity of the capstan
from the supple and tape up
motors.

The TU45 may operate in
read mode in either forward or
reverse direction. The tape
system is controlled by an inte-
grated channel and controller.
The operating system sets up a
channel program and initializes
the channel-controller. Data
transfers then proceed without
further process or attention.

Specifications for Tape and Control

Main Specifications
Storage medium

Capacity/tape reel

Data Transfer speed
Drives/control
Data Organization
Number of tracks
Recording density

Interrecord gap
Recording method

Tape Motion
Read/Write speed
Rewind speed
Rewind time
Tape Characteristics
Length
Type
Reel diameter
Handling

Error correction

Magnetic head
Drives/System
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15" wide magnetic tape
(industry std)

40 million characters (at
1600 bpi)

120,000 characters/sec., max.
8, max.

9

800 or 1600 bits/in.,
program-selectable

0.50 in., min.

NRZI for 800 bpi phase-encoded
for 1600 bpi

75 in./sec.
250 in/sec.
115 sec. typical

2400 feet, max.

Mylar base, iron-oxide coated
1012 in., max.

Direct-drive reel motors, servo-
controlled single capstan,
filtered positive pressurized tape
compartment, vacuum type tape
cleaner

(Phase-encoding only), “On-
the-fly” error correction for a
single-track dropout
Dual-gap, read-after-write
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DC20 Asynchronous
Communications
Multiplexer

Features
* Speeds up to 9600 baud
* 64-character hardware buffer
for received characters
* DMA Transmitter for each
line
* Split speed transmitter and
receiver speeds may be
different
» Conforms to EIA RS232-C,
CCITT specifications
* Full-duplex, half-duplex
The DC20 asynchronous
multiplexer is an integral part of
the DECSYSTEM-20 front end.
The basic system contains a
16-channel multiplexer with 8
lines implemented. Expansion to
64 lines is supported.

The system uses 16 double
buffered MOS/LSI receivers to
assemble incoming characters.
An automatic scanner takes each
received character and line
number and deposits the infor-
mation in a 64 character first in,
first out, buffer memory referred
to as the Silo.

The Transmitter also uses one
double buffered MOS/LSI for
each line. These are loaded
directly from the front end
processor’s memory by means of
a single-cycle, direct memory
transfer. The current address and
data byte count are stored in
semiconductor memory within
the DC20.

EIA levels with modem con-
trol leads are provided. A

modem control option is avail-
able.

LP20 Line Printers

The LP20A and LP20B

series printers are 300 line-per-
minute, 132-column devices with
64 or 96 character print sets,

The printer contains a paper
advance mechanism, top-of-
form control, self-test capability.

A solid state vertical format
control unit (VFU), static elim-
inator, and paper receptacle are
provided. The printer is an
impact-type using a revolving
character drum and one ham-
mer per two columns. Forms
with up to six parts may be used
for multiple copies. Included
with the printer is a control
unit interfaced to the Front
End Processor. The control
unit operates as an NPR (DMA)
device on the PDP-11 UNIBUS.

Paper and inked ribbon pass
between a row of hammers and
a continuously-rotating metal
drum. The drum surface contains
132 columns of all print charac-
ters. Data to be printed is
received and stored in a full line
buffer. Printing starts when a
control character (line feed,
carriage return, or form feed) is
sent. If more than 132 characters
are sent before the control char-
acter, an automatic line feed
occurs and printing continues on
the next line with no loss of
characters.

Printing is accomplished by
scanning the stored characters in
synchronization with the ro-
tating drum characters and
actuating the appropriate ham-
mer as the desired characters
move into the printing position.
A 132-column line is printed in
two drum revolutions; the odd-
numbered columns in one revo-
lution and the even-numbered
columnsinthe second revolution.
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High performance printers,
LP20F and LP20H, are offered
for applications requiring in-
creased printer throughput. Both
64 and 96 character versions are
available with scientific or EDP
character sets. The full 132-
column width may be easily
reduced by the user so that
narrower paper widths can be
used.

Operation is similar to the
LP20A described above, but a
line is printed every drum
revolution. The vertical format
control is by industry standard
12 channel paper tape.

g
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Line Printer Specifications

LP20A
Controller LP20
Columns 132
Printing
Characters 64
Printing Speed 300 Ipm
VFU Prog
UNIBUS
Transfer Type NPR

LP20B
LP20
132

96

240 lpm
Prog

NPR

LP20F
LP20
132

64
1250 lpm
Tape

NPR
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LP20H
LP20
132

96
925 lpm
Tape

NPR

CD20 Card Readers

The CD20 card readers are
rated and designed to meet
varying throughput require-
ments and provide reliable,
quiet, trouble-free operation.
These low-cost card readers
accept 80-column EIA/ANSI
standard cards.

For fast throughput, the user
can choose the console model
CD20B, which processes 1,200
cards/minute or the table model
CD20A, which processes 300
cards/minute and has a smaller
hopper while still including the
same basic features as the higher
speed model.

CD20 card readers are
designed to prevent card jams
and keep card wear to a mini-
mum. The readers have a high
tolerance to cards that have
been subjected to high humidity
or to rough handling and are
worn or otherwise damaged.

To keep cards from sticking
together, the readers use a special
“riffle air”’ feature. The last half-
inch of cards in the input hopper
are subjected to a stream of air
which separates the cards and
air cushions them from the deck
and from each other. This action
unsticks those cards attracted
electrostatically and loosens
those cards attached through
torn webs or hole locking. It
also separates cards that are
swollen and stuck from excess
humidity.




Cards entering the reader are
selected through an advanced
design vacuum picker. The
picker and its associated throat
block prevent the unit from
double picking. To minimize the
chances of jamming, the card
track is short (less than four
inches) so that only one card at a
time is in motion.

The “riffle air” and vacuum
picker features greatly extend
card life. Stoppages are also
reduced since the reader auto-
matically tries six times before it
determines that a card cannot
be picked.

The read station of the CD20
card readers uses infrared light
emitting diodes as its light source
and phototransistors as its
sensors to provide complete
reliability. No adjustments are
required during the ten-year life
expectancy of the diodes.

Card Reader Specifications

Hopper Cap
Stacker Cap
Speed

Type

CD20A CD20B

550 2200

550 2200

300 cpm 1200 cpm
tabletop Free-Standing




LA36
DECwriter 11 Terminal

Features
« Fast true 30-character-per-
second output
Low cost
Up to six-part forms
132-column printing
Variable-width forms
Upper/lower case printing
Field-proven print head
ANSI keyboard
Quiet operation
Excellent character visibility
Mechanical simplicity for
high reliability
e Meets RS232C and CCITT

(green book) V.24 Standards

The LA36 DECwriter Il is a
modular keyboard terminal
designed for high performance,
quiet operation, and high relia-
bility at speeds of 10, 15 or 30
characters per second. The LA36
provides true 30-character/
second printing for full utiliza-
tion of a 300-baud communica-
tions line without the use of fill
characters.

Printable characters are stored
in a buffer during the carriage
return operation; and while
more than one character is in the
buffer, the printer mechanism
operates at an effective speed of
60 characters/second.

Adjustable pin-feed tractors
allow for variable form width
from 3 to 14-7/8 inches (up to
132 columns). The print mechan-
ism of the LA36 will also accom-
modate multi-part forms (with
or without carbons) of up to six
parts with excellent print quality.

The LA36 keyboard generates
the full 128 ASCII character set,
consisting of 96 upper- and
lower-case printing characters
and figures and 32 control char-
acters. In addition, the LA36 is
available with optional ROMs
(Read Only Memories) to
accommodate special character
sets, in addition to the standard
ASCII such as the APL char-
acter set for use with the APL
Programming Language or
various foreign language char-
acter sets. Characters are printed
using a 7 x 7 matrix with hori-
zontal spacing of 10 characters
per inch and vertical spacing of
six lines per inch. The keyboard
layout conforms to the ANSI
standard and is similar to a
standard office typewriter. The
LA36 is particularly well suited
to the office environment because
of its exceptionally quiet opera-
tion. To insure clear visibility
of the printed line, the LA36
incorporates a beveled cabinet
top for an unobstructed view,
positioning of the ribbon away
from the paper surface, and a
print head which automatically
retracts out of the way when not
in operation.
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The LA36 was designed for
reliability and ease of main-
tenance. It consists of a carriage
system, a ribbon feed system, a
paper feed system, and an elec-
trical system. The three mechan-
ical systems were designed for
durability and high reliability
with relatively few moving parts.
The electrical system is con-
tained on two printed circuit
boards, employing the latest in
integrated-circuit technology.




LA36 DECwriter II Specifications

Printing
Spacing

Paper

Keyboard

Power Requirements

Interface

True 30-character - per - second operation;
132-column format

10 characters per inch horizontal,

6 characters per inch vertical

Up to 6 part forms, 0.020 inches
maximum pack thickness.

Variable width, 3 to 1474 inches

Tractor Drive, pin feed

Standard typewriter which conforms

to ANSI standard X4.14-1971 typewriter
paired keyboard

90-132 Vac or 180-264 Vac. 47-63Hz

300 W maximum (printing)

EIA RS232C, CCITT (green book) V.24

or 20mA current mode
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VT52 DECscope
Video Display
Terminal

Features

Upper and lower case

ASCII

24-lines

80 characters per line
ANSI/typewriter compatible
keyboard

» Auxiliary keypad

e Direct Cursor Addressing

» Scrolling

The VT52, Digital Equipment
Corporation’s newest version
of the DECscope, offers a com-
bination of features not found
in any other terminal. The VT52
is an upper-and-lower case
ASCII video terminal whose
display holds 24 lines of 80
characters.

The VT52 is upward-compat-
ible with the VTS50, but an
identification feature allows
software to distinguish between
the two models. Software which
uses Hold-Screen Mode to pro-
duce operator-controlled,
screenful-by-screenful output to
the VT50 will work perfectly on
the VT52 without modification
despite the different screen
capacities.

When a key is depressed, a
subtle click occurs, giving the
operator an audible response for
rhythmical keystrokes. For
applications where absolute
quiet is necessary, this sounder
can easily be disabled. Anyone
familiar with a standard type-
writer can learn the basics of the
VT52 operation in less than an
hour because the VT52 key-
board is similar to a typewriter
keyboard, rather than a tele-
typewriter; and DIGITAL pro-
vides thorough step-by-step
documentation for both pro-

grammers and operators. Errors
that might occur when the oper-
ator depresses several keys in
rapid sequence are prevented

by the VT52’s three-key rollover
feature.

The VT52 provides a “two-
way’ auxiliary keypad. In one
mode, the keypad is used to gen-
erate program-compatible
numeric codes. Applications
which require much numeric
input can use the VT52 without
modifying hardware or soft-
ware, while the operator uses
the convenient “numeric pad”.

VT52 Specifications

Format: 24 lines x 80 characters

Character Matrix: 7 x 7
Screen Size: 210mm x 105mm (8.3 in. x

Character Set: 96-character displayable
ASCII subset (upper and lower-case,
numeric, and punctuation)

Character Set: Complete 7-bit ASCII

Key layout: Typewriter —rather than
keypunch—format 63 keys

Conforms with ANSI standard X4.14-
1971 typewriter paired keyboard
Auxiliary keypad: 19 keys; numerals,
cursor-movement, 3 user-definable

Key-click: switch-controlled

Bell: Sounds (a) upon receipt of control
characters BEL: (b) when keyboard

input approaches right margin (output
from host approaching right margin does
not cause bell to ring)

LF causes upward scroll: Reverse Line

Feed causes downward scroll

Display
4.11in.)
Keyboard
set (128 codes)
function keys
Audible Signals
Page Overflow
Cursor

Type: Blinking underline

Control: Up or down one line; right or
left one character; home; tab (fixed tab
stops every 8 spaces); direct cursor
addressing (allows cursor to be moved to
any character position on the screen)
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Functions

Hold-Screen Mode

Terminal Self-
Identification

Communications

Dimensions

Weight
Operating
Environment

Erase display from cursor position to end
of line; erase to end of screen; scroll up;
scroll down

Allows operator to halt transmission
from host, preserving data on display.
Operator can request new data, line- or
screenful-at-a-time. Enabled/ disabled
by Escape sequences sent by system
software

Terminal transmits on command a
sequence unique to its model; software
can identify features available on any
terminal it is in contact with

EIA RS232C, CCITT (green book) V.24
normally supplied on VT52 ordered with
DECsystem-20 20mA current loop avail-
able

Transmission rates, full duplex (switch
selectable) 75, 110, 150, 300, 600, 1200,
2400, 4800, and 9600 baud
Switch-selectable local copy

Height: 360mm (14.1 in)

Width: 530mm (20.9 in)

Depth: 690mm (27.2 in)

Minimum Table Depth: 450mm (17.7 in)
20 kg (44 Ibs)

DEC STD 102-Class B environment
10°C to 40°C (50°F to 104°F)

Relative Humidity 10% to 90%
Maximum wet bulb 28°C (82°F)
Minimum dew point 2°C (36°F)
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Or, software may place the
VT52 in the alternate mode, in
which each key on the keypad
transmits a unique Escape
Sequence. This allows the host
computer to distinguish between
keys typed on the auxiliary key-
pad and similar keys on the
main keyboard. In this mode,
each key on the keypad can be
used to invoke a user-defined
function.

The VT52 has a wide range of
cursor-positioning functions.
As well as moving the cursor
one position in any direction,
software can move the cursor to
any position on the screen with
a Direct Cursor Addressing
command which specifies the
destination for the cursor. The
VT52 also offers fixed horizon-
tal tabs, a “Cursor-to-Home”
command, and two screen-
erasure functions. Data on the
screen scrolls up when a line
feed function is performed with
the cursor on the bottom line;
it scrolls down when a reverse
line feed function is performed
with the cursor on the top line.



DECSYSTEM 20

Software

The DECSYSTEM-20 is pro-
vided with highly reliable virtual
memory, multi-mode operating
system (TOPS-20) and a com-
plete range of languages and
supporting utilities designed to
provide the user with an easy-to-
learn, easy-to-use interactive
system while preserving all the
throughput required by tradi-
tional batch applications.

TOPS-20 simultaneously pro-
vides the features to support
efficient full-language timeshar-
ing for program development
and all types of interactive and
terminal oriented applications,
plus a full capability, multi-
stream batch system.

All language processors are
shareable and re-entrant to
minimize memory requirements.
Job control and command lan-
guages and all compilers are
compatible under batch and
timesharing.

The TOPS-20 operating sys-
tem takes full advantage of the
DECSYSTEM-20 paging hard-
ware facilities to provide a
virtual memory address space
to all users of 256K words.

The system provides the
concept of processes and jobs.
Each job may create several pro-
cesses with each process a sep-
arately schedulable entity with
its own address space. Provi-
sions are made for easy and
efficient communications among
processes at both the command
and monitor call levels. The file
system is highly developed and
provides the extreme reliability
so necessary in a multi-user
system.

Facilities are provided for file
sharing, file protection, and file
backup. Files may be accessed
by mapping into the user’s
address space. Conventional
access methods are provided.

TOPS-20 is the result of the
design and evolution of two
other operating systems:
TOPS-10, available on the large-
scale DECSYSTEM-10 and
proven in over 450 installations
and TENEX, an advanced inter-
active and communications
oriented system developed
partly under US Government
sponsorship for use with PDP-10
systems on the ARPA network.

TOPS-20 supports a full range
of language processors, an
easy-to-use powerful editor, a
multi-stream batch system, an
easy-to-learn, easy-to-use com-
mand language. It is a multi-
purpose, multi-mode, virtual
memory system with a highly
reliable file structure.

Languages include FORTRAN,
COBOL, ALGOL, BASIC, APL
CPL and MACRO. Source level
debuggers are provided for
MACRO, COBOL and
FORTRAN.

TOPS 20
Operating System

Features
» Multi-User, Multi-Mode
« Multi-Language Interactive
processing
» Multi-stream batch processing
Communications
Virtual Memory
Multi-process job structure
Easy-to-learn, easy-to-use
command language
o Timesharing and batch com-
mand language compatibility
» Advanced reliable file system
 Front end processor operating
system for communications
and unit record control
In combining two existing
components to form the basis
for the DECSYSTEM-20,
TOPS-20 provides all the fea-
tures needed for maximum sys-
tem reliability and ease of use.
The operating system was
designed to easily and efficiently
serve many user tasks but be
fully protected from errors they
might cause. For example, the
Command Processor runs in
User Mode to isolate errors
caused by users interacting with
the operating system. The mon-
itor itself is divided into resident
and non-resident portions to
efficiently use core and logically
isolate functions for enhanced
reliability. Special protective
hardware processor modes are
utilized in the implementation.
TOPS-20 supports a large
number of interactive tasks
together with concurrent batch
processing. Extensive human
engineering has gone into the
system to make it easy to use
and operate. A special prompt-
ing capability within the Com-
mand Processor assists the user




by completing on request the
command being entered and by
identifying argument and
options available. Powerful
commands allow routine tasks
to be performed with a mini-
mum of typing or training.

The TOPS-20 command lan-
guage is used in both batch and
timesharing modes. Any termi-
nal user can construct a job
under timesharing, and then
submit the job to be processed
by the batch system. Concurrent
with the processing of that job,
he may continue interactive
work under timesharing. Reli-
ability and ease of use were
conditions imposed on all
aspects of the DECSYSTEM-20
software development to arrive
at a product which meets the
needs of today’s users.

The DECSYSTEM-20 oper-
ates in a virtual memory envi-
ronment. TOPS-20 operation is
process oriented. Each program
invoked by a user is treated as
a separate process, having its
own 256K word addressing
space. Processes are able to ini-
tiate other processes, suspend
them, and communicate with
them allowing for multiple con-
current tasks to be executed.
This permits modularity in
application development that
can be exploited at execution
time. For example, an applica-
tion may have three distinct
phases: (1) input data,

(2) process data, (3) output
results. By using a separate
process for each phase, it is
possible to be processing one set
of data while another is being
input and still another is being
output. For the user who doesn’t

need such process structuring,
its support by the system is
transparent to him.

Timesharing

The DECSYSTEM-20 takes
maximum advantage of system
throughput capabilities, allow-
ing many independent users to
share system facilities simul-
taneously. The conversational,
rapid-response nature of the
DECSYSTEM-20 makes it par-
ticularly well suited for a wide
range of tasks. The system
supports a variety of CRT and
hard copy terminals at speeds
up to 9600 baud. Terminal users
can be located at the computer
site or at remote locations con-
nected to the system through
asynchronous communication
lines. From a terminal, the user
can control the running of a
program; create, edit, and delete
files; compile, execute, and
debug programs. The user can
also request assignment of
peripheral devices such as mag-
netic tapes. When a request for
assignment is received, the oper-
ating system verifies device
availability and user-access
privileges. The user is then
granted private use of the device
until he relinquishes it.

Timesharing on the
DECSYSTEM-20 is designed in
such a way that the command
language, input/output proces-
sing, file processing, and process
scheduling are independent of

the programming language used.

This allows use of a wide range
of languages, such as COBOL,
ALGOL, FORTRAN, BASIC,
APL and MACRO.
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GALAXY
Batch Processing
System

Features

* The same command language
used in timesharing

* Multi-stream operation with
operator control of the num-
ber of active streams

* Automatic line printer and
card reader spooling with job
accounting and control,
including special forms
scheduling

* Job dependency scheduling
allowing creation of multi-job
batch applications

* Job limits parameters to define
a batch job’s resource bounds
* Job Control Language error
recovery facilities that allow
command level recovery from
expected or unexpected errors
* Support of all language pro-
cessors, application tools, and
system utilities
* User control of automatic job
restart in the event of a system
failure during job execution
» CPU time guarantees for
groups of users
GALAXY enables the
DECSYSTEM-20 to execute
batch jobs concurrently with
timesharing jobs. The batch
user can enter a job into the
batch subsystem using a card
deck which contains control
cards defining the command
options for the job; or, using a
terminal, he can create and sub-
mit a control file which is then
intercepted by the batch sub-
system and processed in exactly
the same manner as the job sub-
mitted on cards. Because the
control language for timesharing
and batch are the same, a user is



able to duplicate any terminal
session with a batch job by using
the same set of commands and
logic. Depending on the relative
proportion of batch jobs on the
system or their importance, the
system administrator may assign
a guaranteed percentage of CPU
time for batch jobs.

The batch software programs
include the Input Spoolers, the
Batch Controllers, the Central-
ized Queue Managers, Task
Schedulers, and the Output
Spoolers.

The Input Spooler reads from
the input device and requests
the queue manager to enter jobs
into the Batch Controller’s
input queue. The input data are
separated according to the
control commands in the input
deck and placed into either user
data files or the Batch Con-
troller’s control file, for subse-
quent processing. In addition,
the Input Spooler creates the
job’s log file and enters a report
of its processing of the job, along
with a record of any operator
intervention during processing.
The log file is part of the stan-
dard output for the job.

The queue manager is respon-
sible for scheduling jobs and
maintaining both the Batch Con-
troller’s input queue and the
output spooling queues. A job
is scheduled to run acccording
to external priorities, processing
time limits and parameters speci-
fied by the user for his job, such
as start and deadline time limits
for program execution. The
queue manager enters the job
into the batch input queue based
on priorities. After the job is
completed, the queue manager
schedules it for output by plac-
ing an entry in an output queue.
When the output is finished,

the job’s entry in the output
queue is deleted by the queue
manager.

The output spooling program
improves system throughput by
allowing the output from a job
to be written temporarily on the
disk for later transfer to the
printer. The log file and all job
output are placed by the queue
manager into one or more out-
put queues to await spooling.
When the printer is available,
the output is then processed by
the Line Printer Spooler. The
Line Printer Spooler also
includes such features as special
forms control and character
sets, multiple copies, and
accounting information.

Operator Intervention —
Normal operating functions per-
formed by programs in the batch
system require little or no
operator intervention; however,
the operator can exercise control
if necessary. He can specify the
system resources to be dedi-
cated to batch processing, limit
the number of programs as well
as the core and processor time
for individual programs, stop a
job at any point, requeue it, and
change its priorities. By exam-
ining the system queues, the
operator can determine the
status of all batch jobs. In addi-
tion, the batch system can com-
municate information to the
operator and record a disk log of
all messages printed on the
operator’s console. All operator
intervention during the running
of the Input Spooler, the Batch
Controller, and the Output
Spooler causes information to be
written into the user’s log file,
as well as into the operator’s
log file, for later analysis.

Job Dependency — Although
jobs are entered sequentially
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into the batch system, they are
not necessarily run in the order
in which they are read because
of priorities set by the user or
computed by the queue man-
ager. Occasionally, the user may
submit jobs that must execute

in a particular order. To ensure
that such jobs are executed
correctly, the user can specify
initial dependency counts in the
control commands of the depen-
dent jobs. Control commands in
each job on which the depen-
dent jobs depend must in turn
decrement the count; and when
the count for a dependent job
becomes zero, it may begin
execution.

Flexibility — The batch system
allows the user great flexibility.
The input spooler normally
reads from the card reader, but
can read from magnetic tape or
disk. In the command string, the
user can include switches to
define the operation and set
priorities and limits on core
memory and processor time.

Error Recovery — The user
can control handling of error
conditions by including special
commands in his job. These
commands, copied into the con-
trol file by the Input Spooler,
specify the action to be taken
when a program encounters a
fatal error condition. If an error
occurs and the user has not pro-
vided for error recovery, the
Batch Controller initiates a
standard dump of the user’s core
area and terminates the job. This
dump can be used to help debug
a program.

Defaults — Although the batch
system allows a large number of
parameters to be specified, it is
capable of operating with very
few user-defined values. If a
user wishes to specify the nor-




mal choice for the installation,
he may do so by omitting the
parameters altogether. These
defaults can be modified by
the individual installations.
Multi-stream Capabilities —
The batch system can run multi-
ple batch jobs concurrently —a
feature which enhances both
system and user throughput,
since a user can separate jobs
into several parallel job steps.

Command Processor

The TOPS-20 Command Pro-
cessor serves as the user’s inter-
face to the system. Both batch
and interactive users work with
the same command processor
because the command language
is common to both. This consis-
tency is important because it
allows switching between the
two modes easily. Equally sig-
nificant is the time saved to learn
only a single set of commands:
new user training is much sim-
plified.

Command consistency
throughout a system is quite
useful, but consistency of com-
plicated, verbose, or hard-to-
remember commands is still
unacceptable for the conven-
ience and efficiency required of
a computer system. TOPS-20
was designed to provide the
user with concise, meaningful
commands that specify what he
wants done while isolating him
from details better left to the
system.

As an example, consider a
user who has a program sample
to test. In the simplest case he
types EXECUTE SAMPLE. With
one short command he causes
TOPS-20 to compile, load, and
execute his program. He doesn’t
concern himself with details; he

doesn’t pre-allocate memory
disk storage or even specify
where the program is to be
found. TOPS-20 and the com-
mand processor cooperate to
make the user’s job easy. The
design philosophy is that a com-
puter should be convenient for
the user —not vice versa.

To continue the example,
suppose the user also wants a
compilation listing of his pro-
gram. To specify the listing
requirement, the user types
EXECUTE SAMPLE/LIST
which causes the same action as
before but additionally produces
the desired listing.

We can carry the example
further. Suppose the user is
familiar with the system and
doesn’t like to type EXECUTE
every time he wants to carry out
the compile/load/execute
sequence. TOPS-20 requires that
the user type only enough to
uniquely identify any command,
so it is sufficient to type only
EX SAMPLE to be equivalent to
EXECUTE SAMPLE. Suppose
further that the user is testing
SAMPLE and goes through the
EXECUTE sequence frequently.
He can type only EX any time
after the first EXECUTE
SAMPLE, because EX uniquely
identifies EXECUTE — TOPS-20
remembers and assumes
SAMPLE until explicitly given
a different name.

To help the user who is not
fluent in all details of TOPS-20,
the question mark, when typed
in a TOPS-20 command, will
give a list of the alternatives
available. For example, typing
“CH?"” will make TOPS-20 type
a list of all commands begin-
ning with “CH".

Abbreviated commands are
useful, but the idea is extended
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in TOPS-20 by allowing the
user to give an abbreviated por-
tion of a command and press the
ESCAPE key. If the command is
unique, the rest of the com-
mand will be typed by TOPS-20
and will include guide words to
prompt the user for the argu-
ments to the command.

Suppose a user is beginning
to learn the abbreviations for
commands, but has not acquired
full confidence with all the
abbreviations; he can type
“DIR”, the abbreviation for the
disk directory listing command.
If he has doubts that this is what
he wants, typing the control
character ESCAPE will make
TOPS-20 type out the rest of the
command that it understands.
In this case the extra characters
typed will complete the com-
mand line to read “DIRECTORY
(OF FILES)” to indicate the full
command TOPS-20 under-
stands. This gives the user the
reassurance of seeing the full
command without requiring
him to type it out completely.

This feature, called command
recognition, works on command
arguments and file names, so
that whenever a user has doubts
about TOPS-20's understanding
of his desires he can type the
control character ESCAPE and
get a full description of
TOPS-20’s understanding of
what has been commanded
without actually executing the
command.



DECSYSTEM-20; however, the
framework in which the com-
mand processor runs is equally
useful. The TOPS-20 command
processor is not a part of the
operating system. It runs as a
part of each user’s job. This is
possible because a job in
TOPS-20 can consist of multiple
tasks or processes (programs)
associated with each other in a
hierarchical structure. The com-
mand processor in TOPS-20
runs as the controlling process
in a job.

The ramifications of this
organization are many-fold.
First, since the command pro-
cessor is not a part of the
operating system, the operating
system is smaller. System oper-
ation is also more reliable
because a command processor
error affects only the job which
exercised the bug; other jobs
continue normally.

Second, the design of the sys-
tem permits a job’s command
processor to control a task
which is itself a command pro-
cessor. Thus, new or special
purpose command processors
can be written, tested and used
just like other programs, during
normal system operations;
stand-alone system time or
operating system modifications
are almost unnecessary.

Because of the program and
data sharing supported on the
DECSYSTEM-20, system effi-
ciency is maintained by allow-
ing multiple authorized users
simultaneous access to a single
copy of any program. Hence,
the system and special command
processor can be shared.

Implementation of TOPS-20
style commands and formats—
recognition, abbreviation,
prompting, help —is facilitated

by table-oriented operating sys-
tem calls (JSYS) which provide
both consistency and reduced
development time and effort.

In summary, TOPS-20 is
engineered to be powerful yet
easy to use and learn, and pro-
vides the structure and facili-
ties required by computer users.

TOPS 20 File System

Features
e Named files
» Controlled sharing among
users
e Redundant root directories
» Write and close operations
occur in correct order —files
are always safe when reported
safe

« Index Blocks kept in core for
speed

« Integrated file and process
space for convenience and
security

« Disk and file space dynami-
cally allocated, no prealloca-
tion required

» Complete dumping and
back-up facility

TOPS-20 provides a system
of named files with controlled
sharing and protection among
users. Data sharing is provided
on a per page basis.

Reliability of the file system
is ensured by design as well as
by testing. File root directories
are redundant. Closing of files
always progresses in the correct
order so that when the user is
notified that a file is closed, it
is known to be safe.

All file system write opera-
tions are ordered so that the
directions are always correct
and are left in a consistent
state. When operations on a file
are active, index blocks and
pointers are kept in core for
speed.
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File and process space is inte-
grated providing added con-
venience and security. This
integration eliminates race con-
ditions in transaction process-
ing and data base applications,
because unlike conventional
systems, when a file is updated
it is the file itself, and not a
copy that is modified.

Disk and file space is
dynamically allocated. There is
no requirement to preallocate
disk space. A complete utility
is provided for backing up or
dumping files. All variations of
file backup procedure are avail-
able —full, incremental, and
selected directories. Provision is
made for implementation of a
clocked dumping procedure.

Named Files

The File System on the
DECSYSTEM-20 is a collection
of named data sets (files) divided
into 512 word pages. Each file
is identified by a device, direc-
tory name, file name, and exten-
sion and generation, which
defines a unique path to the file.

File Protection

All files are assigned protec-
tion codes for each of three
classes of users: the owner,
users within a common group or
project, and all other system
users. Members of each class
may be granted none, some, or
all of the following privileges:

» Read access

» Write access

» Permission to append data to
the end of the file

« Acknowledgment that the
file exists when listing the
directory

When a file is created, the
creator/owner may either expli-
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citly assign a protection code or
take the system default protec-
tion. The owner is permitted to
change the protection code at
any time.

Each file has associated with it
a File Descriptor Block which
fully describes the file’s charac-
teristics to the system. Such
information includes its protec-
tion code, who the owner is,
who last wrote in it, the date
created, the date last changed,
and its size.

File Directories

The system maintains a file
directory for each user. It con-
tains pointers to all of the user’s
files and file descriptor blocks
as well as general information
about the user. This information
includes the user’s password,
his privileges, his disk space
quota, how much disk space he
has used, and the system default
protection code. All directories
are themselves named files, and
information about them is con-
tained in a master directory
called the Root Directory. There
are redundant Root Directories
to increase file system integrity.

Groups

A group is a set of cooperating
users established by the system
administrator. Each directory
contains two group member-
ship lists: the list of users that
may have group level access to
the files in this Directory and the
list of groups to which the owner
of this Directory belongs.

Instructor/Student
Example

A way in which controlled
access may be used is illustrated
by a typical instructor/student
situation. The instructor is a
member of Group A as are other
instructors, but his directory
may not be accessed by
Group A. On the other hand,
student directories are all
accessible by Group A so that
the instructor and all other
instructors can have group
level access to student files at
any time, but neither students
nor other instructors may access
the instructor’s files.

To allow for this controlled
file sharing, the system offers
several modes of shared access:
¢ Shared reading (one or more

users reading, none writing)

* Writing (one user writing,
none reading)

* Shared updating (one or more
users reading and writing
simultaneously, using the
DECSYSTEM-20 queuing
facility for coordination)

 Restricted updating (one user
writing, any number reading)

As a further protection, if a
user has opened a file for read-
ing only, or is executing a shared
program, and attempts to write
in a shared page, the user who
wishes to write is given a private
copy of the page and the write
proceeds. This “copy-on-write”
facility is automatic.

All the software and hard-
ware elements associated with
the file system have been
designed to provide controlled
sharing of files among users on
the system. Pages of core mem-
ory function as a cache between

the file system and the processor.
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File Backup

A system utility DUMPER
provides full file backup capa-
bilities. Capable of full or incre-
mental file saving with provision
for directory specification,
DUMPER is a complete utility
for saving and retrieving files.

Virtual Memory
Operations

The TOPS-20 Operating Sys-
tem provides a demand-paged
virtual memory environment.
Each job on the system can be
considered as a set of one or
more processes, each having a
unique 256K word addressing
space and linked together by
user options or system-defined
linkages for efficient use of
storage and systems resources.
Operating in a demand-paged
mode, the system will move
into memory a subset of the
total number of pages of each
active process, bringing in pages
from the disk or moving pages
to the disk using algorithms
based on the collective char-
acteristics of all processes active
on the system. A primary prop-
erty of every process is its Work-
ing Set, defined as the set of
pages referenced during a recent
interval of time. The system
determines the interval on the
basis that when next the process
is active, memory references
will be confined with reason-
able probability to the same
pages. The number of process
pages comprising the working
set is determined by program
characteristics.

A second property, definable
in terms of all active processes
on the system, is the Balance Set,
which is the set of processes



most eligible to run and whose
collective Work Sets will fit
into core. Process eligibility is
event driven and changes when
the state of the process changes.

To insure good response,
interactive processes merit a
higher run eligibility than com-
putation-bound processes. How-
ever, if any compute-bound
process has been blocked by
interactive processes for a long
period, its eligibility is changed
so as to allow it to run.

The scheduler periodically
defines the Balance Set. Working
Set sizes are modified dynami-
cally as a process runs and are
regularly monitored by the
scheduler to adjust Balance Set
membership. Administrative
controls exist to guarantee a
percentage of the processor to a
specific user.

All paging is on a demand
basis. A recently started process
may begin with no pages in core.
As it makes memory references,
page faults occur (temporary
failures due to referencing pages
which are not in core) and a
Working Set is built up. File
input and output is accom-
plished by demand paging as
well; the desired page is mapped
into the system or user address
space and is then referenced,
causing a page fault.

The DECSYSTEM-20 sup-
ports memory management in
several important ways through
hardware and microcode. Mem-
ory mapping and page level
access protection are provided,
so as to provide efficient sharing
of pages between processes and
efficient context switching. Page
status and age information are
automatically updated for each
in core page by the microcode

from information initially set up
by the software. These hardware
tables minimize overhead while
maximizing the amount and
accuracy of information avail-
able to the system for decision
making in its management of
core and minimization of disk
channel traffic.

To effectively manage mem-
ory, the DECSYSTEM-20 uses a
combination of hardware and
software registers and tables to
relate program or virtual
addresses to physical addresses.
Two hardware registers internal
to the Central Processor, the
EBR and UBR, contain pointers
which locate the physical pages
in memory containing the map-
ping information for the operat-
ing system and the currently
active user. These pages, named
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USER PAGE TABLE
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the User Page Table and the
Monitor Page Table, contain
pointers for mapping informa-
tion between the user’s and
monitor’s address space and the
actual pages of physical memory
in use by the user and operating
system. The pointers contained
in the process tables are of three
distinct types:

Immediate

Shared

Indirect

The characteristics of an
Immediate Mode pointer are
shown below. (a)

Entries in the User Page
Table point directly to physical
pages in core. Shared Mode
Pointer characteristics are
shown below.(b)

PHYSICAL PAGE

I

| SHARED PAGES TABLE




In this case, the pointer
indexes into a Shared Pages
Table, whose entries point to
physical pages in memory. The
location of the Shared Pages
Table in memory is contained
in another hardware register
internal to the Central Pro-
cessor. The advantage of having
a Shared Page Table occurs
when multiple processes are
sharing the same page. The
bookkeeping required to track
the location of the shared page
is reduced to updating only the
Shared Page Table. Without a
Shared Page Table, every user’s
Page Table, many of which
would not be in core, would
have to be modified. In instances
where one process writes on a
shared page, the system per-
forms a “Copy-on-Write”
action, resulting in a separate
copy of page being created for
the user, containing his modi-
fication. An appropriate update
is then made to the information
maintained in the Shared Pages
Table to reduce by one the num-
ber of users sharing the specific
page.

Indirect Pointer Mode is
shown here:

INDIRECT POINTER MODE

In this mode, the entry on the
Shared Pages Table does not
point directly to memory, but
rather points to another entry
in the Process Table, which itself
may re-index back into the
Shared Pages Table or point
directly to a physical page.

To maximize system speed, a
subset of the information for all
active process page mappings,
including the operating system,
is kept in a Hardware Page
Table. As the Working Set for a
particular process is generated
or altered, the page mappings
obtained are loaded into the
Hardware Page Table. Subse-
quent memory reference to these
pages then proceeds through the
Hardware Page Table, eliminat-
ing the need to access the
in-core page tables. This high-
speed hardware page table
minimizes the need for an
“extra” cycle to pick up the
required mapping information.

One additional register
internal to the Central Processor
points to a Core Status Table,
which contains, for each page of
physical core, information on
recent references, page modifi-
cations, reasons for a page to be
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loaded in core, and reverse
pointer data. The Core Status
Table is used by the operating
system to age pages, record
when pages have been written
into, record which processes
have referenced the page, and to
permit the operating system to
locate which of the page tables
point to the page.

Process Structure

A process, as defined for the
DECSYSTEM-20, is an inde-
pendent task capable of being
run by the monitor and having
its own environment, including
a 256K virtual address space
divided into 512 pages of 512
words each. Core management
is performed by the operating
system, and only active process
pages need be in memory for
execution.

A process may create other
processes which are inferior to
the creating process. Two pro-
cesses which have been created
by another process are called
parallel processes. The superior,
or creating, process has control
over its inferior processes and
may confer or withhold privi-
leges and suspend, continue,
or terminate them.

The simplest example of a
process is a single task, such as
a program to solve a specific
problem. It receives data, per-
forms calculations, outputs an
answer, and then exits. More
complicated examples may have
one task receive inputs from
terminals, and pass them to sub-
tasks for processing. These
processes, in turn, may initiate
other tasks to perform specific
functions. The following
diagram illustrates such an
application.
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Because each process is sched-
uled by the operating system
individually, the system can be
more responsive to the demands
of the application. The ability
of the system to perform a
variety of functions apparently
simultaneously is more easily
achieved. Response time to the
input terminals may be en-
hanced since the top level pro-
cess need only receive input
requests and need not be delayed
due to what in another design
might be a delay to update a
data base.

TTERMINAL

PROCESS
MAFP B

Interprocess
Communication

Facility (IPCF)

Although each process is
fundamentally independent, an
important advantage of a multi-
process job structure is that out-
put of some processes can be
taken as input to others. The
Interprocess Communication
Facility allows for fast commu-
nication among processes. This
communication occurs when
processes send and receive
information in the form of
packets (messages). Each
sender and receiver has a unique
Process I.D. assigned to it,
which is used to route packets
between processes.

When one process sends infor-
mation to another, it is placed
into the receiver’s input queue
(a shared page) where it remains
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until the receiver retrieves it.
Instead of periodically checking
its input queue, the receiver can
enable the software interrupt
system so it can be interrupted
by the sending process when the
information has been sent.

To use IPCF, the system
administrator must assign a
user two quotas which desig-
nate the number of sends and
receives his process may have
outstanding at any time. For
example, if a user has a send
quota of two and has sent two
messages, he cannot send any
more until at least one has been
retrieved by its receiver. A user
cannot use the facility if his
quotas are zero.

Software Interrupt
System

The software interrupt system
provides a mechanism for a pro-
cess to respond to several types
of interrupts generated by other
processes, hardware, error con-
ditions, and terminal inter-
actions. It may be enabled by
both the user and the system.
The system provides 36 software
interrupt channels, of which 18
have reserved functions. The
primary types of interrupts are:
 Terminal character interrupts
« IPCF interrupts

+ ENQ/DEQ interrupts
» Hardware error conditions
interrupts
* I/O error condition interrupts
* Program errors, such as
arithmetic overflow
* Interprocess interrupts
There are three interrupt
priority levels assignable to each
software interrupt channel, thus
providing priority ordering. A
call is provided for interrupt




dismissal to resume the inter-
rupted code.

Enqueue/Dequeue
(ENQ/DEQ)

Although TOPS-20 makes
program and data sharing very
easy, while preventing any user
from changing a file which
others are using in read-only
mode, more complex applica-
tions require simultaneous up-
dating of a data base (file) or
sharing of devices.

By using ENQ/DEQ facility,
cooperating processes can insure
that such resources are shared
correctly and that one user’s
modifications do not interfere
with another’s. Examples of
resources that can be controlled
by this facility are devices,
files, operations on files (e.g.,
READ, WRITE), records, and
memory pages.

Front End Software

The Front End Processor and
software reduce the central
processor’s participation in [/O
operations and provide an
extensive diagnostic/main-
tenance tool.

The purpose of the Front End
Processor is to reduce the work-
load of the Central Processor
and to serve as a powerful diag-
nostic and maintenance tool for
service personnel. The following
functions are carried out by the
Front End Processor:

« Console processor

¢ Communications processor

* Peripheral processor

» Diagnostic/Maintenance
processor

Console Processor —Two
major functions of the console
processor are system initializa-

tion and system-operator com-
munications. A person need
only push a button and type in
the date to initiate the following
automatic program sequence.
The Front End Processor loads
and verifies the microcode, con-
figures and interleaves memory,
and loads and starts execution of
the Central Processor bootstrap
program from a device specified
by the user.

The user may request a mem-
ory configuration list indicating
which memory controller is on
line, what is the highest memory
address configured, and how the
memory is interleaved.

All normal console capabili-
ties, such as lights, start, stop,
reset, and load, are provided by
the Front End Processor. An
operator command language is
provided with the system.

Communications Processor —
The Front End Processor serves
as an intelligent data link and
buffer for the interactive termi-
nals, thereby relieving the Cen-
tral Processor of this overhead.
The Front End Processor buffers
the characters received and
interrupts the Central Processor
upon a clock signal or when it
has a group of characters to
send. The Central Processor
also sends groups of characters
for terminal output to the Front
End Processor, further enhanc-
ing efficiency. Programmable
terminal speed setting capability
is provided, allowing for termi-
nal speeds to be changed
dynamically.

Peripheral Processor —The
unit record spooling programs
in TOPS-20 communicate with
the Front End Processor by the
same buffering mechanism
described for the communica-
tion processor. Both the Central
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Processor and the Front End
Processor maintain buffers for
data, and interrupt only once
per buffer transmission, thus
increasing the amount of useful
work each processor can do.

Diagnostic/Maintenance
Processor — An integral part of
the DECSYSTEM-20 is a remote
diagnosis capability that reduces
Mean Time To Repair (MTTR)
and increases system availability
to the customer.

This capability allows Service
Engineers to determine the cause
of most system failures before
leaving the local office. By
running diagnostic tests using
telephone dial-up facilities, the
Field Service Engineer can give
the customer better service
because he can better select
which spares and test equipment
should accompany him on the
call. Most tests may be run dur-
ing general timesharing. Even if
the main CPU is inoperative,
the Front End Processor can
access all busses and major reg-
isters.

Total system security is main-
tained because the on-site sys-
tem operator must enable the
communications link, and only
the on-site personnel may
specify the specific password to
the system each time remote
diagnosis is employed. Time
limits for system access may also
be imposed, and the remote link
may never operate at a higher
privilege level for commands
than the local console terminal.
All input and output to the diag-
nostic link is copied to the local
terminal so that on-site per-
sonnel have a record of all steps
taken.




Languages

System Reporting
and Control

One of the major system
design goals for the
DECSYSTEM-20 has been to
provide a high degree of control
and simplicity of operation.
Areas of specific concern include:

Accounting and Administra-
tion —Files are maintained by
the system to provide informa-
tion on resource usage (CPU,
disk space, etc). This provides
the basis for charging individual
users as well as providing a
year-to-date summary and usage
statistics.

The system administrator sets
resource allocation guidelines:
disk quotas for each individual
user to control disk usage, the
amount of resources for batch
and timesharing, and the maxi-
mum sizes of spooled output
files.

Certain privileges can be
granted to key personnel. These
could cause an unnecessary loss
of system security and reliability
if used incorrectly. To further
protect the system and the privi-
leged user, his privileges are
only in effect if he specifically
enables them.

System Generation —The
monitor is self-configuring.

Error Reporting—The
TOPS-20 Operating System
incorporates an extensive error
detection and recovery package
to insure maximum system
availability to the user. It also
incorporates complete error
recording facilities for use by
DIGITAL maintenance engi-
neers and support personnel,
and customer operating staff.

When an error is detected,
the TOPS-20 monitor gathers

all pertinent hardware and soft-
ware information. The recovery
procedure is then started and
error related information is
added to a disk file for later use.

The DECSYSTEM-20 is pro-
vided with an extensive range of
user oriented high-level lan-
guages. The development of
high-level language has been an
important process in the evolu-
tion of improved computer
systems.

The solution to problems can
best be expressed in the terms
most closely related to the prob-
lem. The scientific user has come
to depend upon FORTRAN,
ALGOL and APL. Commercial
users apply COBOL to business
data processing tasks.

For the beginning or casual
user, BASIC is often the first
choice. Interestingly, many use-
ful and extensive applications
packages have been developed
in the BASIC language.

Just having language trans-
lators is not sufficient. The
DECSYSTEM-20 user’s work
has been made easier by provid-
ing extensions to standard lan-
guages and by relaxing certain
restrictions.

Better language implementa-
tions permit the computer to
handle more of the annoying
details while the user can spend
more of his time solving
problems.

Because writing a program is
only one step in the program
development process, the
DECSYSTEM-20 provides not
only a superior interactive
facility for entering the program,
but also, superior debugging
tools which operate at the
source program level.




DIGITAL originated the
interactive debugging concept
when it was first to introduce
DDT, (Dynamic Debugging
Technique) variants of which
are now offered on other sys-
tems. To make the usefulness of
interactive debugging available
to a wider range of people, the
DECSYSTEM-20 FORTRAN
and COBOL have source level
debugging facilities—FORDDT
and COBDDT.

These tools help to maximize
the user’s efficiency through the
assistance they provide in get-
ting his program operational.

To ensure that programs run
as efficiently as possible,
DECSYSTEM-20 produces effi-
cient code taking advantage of
the program’s structure and the
superior instruction set of the
DECSYSTEM-20. To minimize
core requirements
DECSYSTEM-20 compilers are
re-entrant and may produce
re-entrant code.
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ALGOL

* Programs may comprise
separately-compiled pro-
cedures

» Assignments are permitted
within expressions

* Remainder operator

* Unique implementation of
dynamic own arrays

 Octal boolean constants and
integer/boolean and boolean/
integer transfer functions

 Alternative reserved delimi-
ter word or “quoted delimiter
word" representations

The DECSYSTEM-20 ALGOL
system is based on the
ALGOL-60 specifications. It is
composed of the ALGOL com-
piler, and the ALGOL object
time system. The compiler is
responsible for reading pro-
grams written in the ALGOL
language and converting these
programsinto machine language.
The user may specify a param-
eter at compile time which
produces a sequence numbered
listing with cross-referenced
symbol tables.

The ALGOL object time sys-
tem provides special services,
including the input/output ser-
vice for the compiled ALGOL
program. Part of the object
time system ALGOL library is
a set of routines that the user’s
program can call in order to
perform various functions
including mathematical func-
tions and string and data trans-
mission routines. These routines
are loaded with the user’s pro-
gram when required; the user
need only make a call to them.
The remainder of the object
time system is responsible for
the running of the program and
providing services for system
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resources, such as core alloca-
tion and management and
assignment of peripheral devices.

Source level, interactive de-
bugging is provided through
ALGDDT. The user may stop
his program at any point, may
examine and change the contents
of data locations, may insert
connected code and then con-
tinue execution to test his
changes.

APL

APL (A Programming Lan-
guage) is a concise programming
language specially suited for
dealing with numeric and char-
acter data which can be col-
lected into lists and arrays. The
conciseness with which APL
expressions can be written
greatly enhances programmer
productivity and allows for very
compact and readable code
which can be executed in a
highly efficient manner. APL
finds application not only in
mathematics and engineering,
but also in financial modeling
and text handling situations.

Some of APL's features
include:

* The user’s active workspace
size is dynamically variable

* The workspace symbol-table
is dynamically variable

* Immediate-mode line editing
of complex APL expressions

» Statement branching may
occur anywhere in a state-
ment line

¢ Multiple statements may
appear in a single line

» User-controlled tab position-
ing for I/O operations

 All floating point operations
are performed to an accuracy
of eighteen decimal digits




APL is a fully interactive sys-
tem with both immediate (desk
calculator) and function (pro-
gram) modes of operation. It
includes its own editor as well as
debugging tools, tracing of
function execution, typeout of
intermediate values, setting
break points, etc. APL for the
DECSYSTEM-20 includes many
extensions not normally found
in other APL implementations.
Some of these features include a
flexible file system which sup-
ports both ASCII sequential and
binary direct access files, the
dyadic format operator,
expanded command formations
which allow the user to take ad-
vantage of the DECSYSTEM-20
file system, the execute oper-
ator and tools for error analysis
and recovery. In addition, work-
spaces are dynamically variable
in sizes up to 512K bytes and the
system supports double precision
calculations which allow up to
18 decimal digits of precision.

Finally, APL on the
DECSYSTEM-20 is available to
all users at all times without the
need to run a separate subsystem
which provides extra terminal
handling, workspace swapping,
etc. These tasks are all accom-
plished by the TOPS-20 operat-
ing system.

BASIC+2

» Multiple users share the
BASIC compiler’s pure code
A variety of program manipu-
lation commands which in-

clude functions for saving,
running and retrieving BASIC
programs

* Immediate mode statements
to facilitate debugging and
“desk calculator” mode

* Automatic syntax checking

» Advanced editor

« 30 character variable names

» Sequential data storage

« String capability; including
string arrays and functions

e Chaining with COMMON to
accommodate large programs

« Formatted output using the
PRINT USING statement
BASIC is a conversational

problem solving language that

is well suited for timesharing

and easy to learn. It has wide
application in the scientific,
business, and educational com-
munities and can be used to
solve both simple and complex
mathematical problems from the
user’s terminal.

The BASIC user types in com-
putational procedures as a series
of numbered statements that
are composed of common Eng-
lish terms and standard math-
ematical notation. After the
statements are entered, a run-
type command initiates the
execution of the program and
returns the results.

If there are errors during
execution, the user, from his
terminal, simply changes the line
or lines in error by deleting,
modifying, or inserting lines.

The beginning user has many
facilities at his disposal to aid
in program creation:

» Program Editing Facilities—
An existing program or data
file can be edited by adding or
deleting lines doing context
searches, making local or
global changes, renaming it,
or by resequencing the line
numbers. The user can com-
bine two programs or data
files into one and request
either a listing of all or part
of it on the terminal or a list-
ing of all of it on the high-
speed line printer.
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» Documentation Aids—Docu-
menting programs by the
insertion of remarks within
procedures enables recall of
needed information at some
later date and is invaluable in
situations in which the pro-
gram is shared by other users.

* As a BASIC user, you can
type in a computational pro-
cedure as a series of numbered
statements by using simple
common English syntax and
familiar mathematical nota-
tion. You can solve almost any
problem by spending an hour
or so learning the necessary
elementary commands.

e Functions—Qccasionally, you
may want to calculate a func-
tion, for example, the square
of a number. Instead of writ-
ing a program to calculate
this function, BASIC provides
functions as part of the language.
More advanced users will

want to take advantage of some

of the more sophisticated com-
putation and data handling tools
which BASIC provides. For
example:

File Input—The user may
create a name date file using the
BASIC editing facilities. This
file may now be referenced
within a program.

Output Formatting —The user
can control the appearance of
his output to the terminal or
printer.

Data Access—Data files may
be read and written either
sequentially or randomly.

String Manipulation— Alpha-
numeric strings may be read,
printed, concatenated and searched.

Error Handling—The user
controls the action taken under
program control when an error

condition occurs via the CM
ERROR statement.




COBOL

The COmmon Business
Oriented Language, COBOL, is
an industry-wide data process-
ing language that is designed for
business applications, such as
payroll, inventory control, and
accounts receivable.

Because COBOL programs
are written in terms that are
familiar to the business user,
he can easily describe the for-
mats of his data and the process-
ing to be performed in simple
English-like statements. There-
fore, programmer training is
minimal, COBOL programs are
self-documenting, and program-
ming of desired applications is

accomplished quickly and easily.

Maijor features include:

e On-line editing and debugging
The programmer may create
and modify the source pro-
gram from a terminal using an
easily-learned editing facility.
After the program has been
submitted to the compiler—
again from the terminal —any
syntax errors may be imme-
diately corrected using the
editor, and the program re-
submitted. The program list-
ing is sequence numbered
with symbols cross-refer-
enced to show when they are

defined and where used.
COBDDT, the on-line, inter-
active COBOL debugging
package, allows the program-
mer to check out the program:
» By selectively displaying
a paragraph name
» By causing the program
to pause at any desired
step during execution
* By allowing the program
to examine and modify
data at will before con-
tinuing execution

Easy program development
and debugging increases pro-
grammer productivity by
eliminating tedious waiting
periods.
e Batch
Using the same commands
for timesharing, the program-
mer may submit the program
via a control file to the Batch
system. This further increases
efficiency because other termi-
nal work may be done concur-
rent with the Batch processing
e Access Methods

The programmer has a choice

of three access methods; sequen-

tial, indexed sequential, and
random.

Indexed Sequential
Access Mode (ISAM)

ISAM requires a minimum
amount of programming while
providing a large data file hand-
ling capacity. It is supported by
the COBOL Object Time System
which automatically handles all
of the searching and movement
of data.

All reading and writing of an
index file (ten levels of indexing)
are performed by the run-time
operating system (LIBOL). This
does not involve the user. When
using the indexed sequential
files, the programmer need only
specify which record is to be
read, written, rewritten, or
deleted.

Whenever records are added
to the file, the index is auto-
matically updated, additions to
the file will not degenerate the
file as with other computers.
The common technique of using
overflow areas for added rec-
ords has been avoided. When-
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ever records have been deleted
from the file, the empty space
is used again for later additions.
The net effect of the addition
and deletion techniques signifi-
cantly increases the time
between major “overhauls” of
the data files, because the time
required to access a file is inde-
pendent of the number of
changes made to it.
e Sorting
The SORT package permits a
user to rearrange records or
data according to a set of
user-specified keys. The keys
may be ascending or descend-
ing, alpha or numeric, and any
size or location within the
record. Multi-reel file devices
may be specified.
e Source Library Maintenance
System
This system lists file entries
or adds, replaces, and/or
deletes source language data
on a file. It can also add,
replace, or extract an entire
file from the library.
e Device Independence
The operating system allows
the programmer to reference
a device with a user-assigned
logical name as well as its
physical name, thus allowing
dynamic assignment of
peripheral devices at run time.
¢ Data Base Management
System Interface
The programmer may call
upon the data base manage-
ment system facilities from
within his program. This sys-
tem, which follows the
CODASYL specifications,
allows data files to be con-
solidated into one or more
data bases. Application pro-
grams are then permitted to
access the data in the way
best suited to their needs.




CPL (Conversational
Programming
Language)

CPL is an interpreter support-
ing a subset of the draft ANSI
PL/I language. The following
is a summary of the key features
ot CPL:

» Data types include FIXED,
FLOAT, CHARACTER,
CHARACTER VARYING,
BIT, BIT VARYING,
POINTER, and arrays of these
data types.

« Storage classes include
AUTOMATIC, STATIC,
CONTROLLED and BASED

* Almost all PL/I statement
types are supported including
READ, WRITE, DECLARE,
DEFAULT, GET, PUT, ON
and FORMAT

« Subroutines and function
procedures are recursive

* The ON statement provides
the capability of recovering
from program error under
program control.

« Complete string manipulation
package

» CPL supports the following
classes of PL/I built-in func-
tions: arithmetic, mathemati-
cal, string array, storage con-
trol and pseudo-variables.
CPL is intended to be easy-

to-use for the beginning pro-

grammer or non-programmer.

At the user’s option, statements

will be executed immediately

or saved for deferred execution.

A beginning programmer can

start by executing simple com-

putational statements and can
proceed to building programs.

Since CPL is an interpreter, a

user can track a program very

closely. Debugging features,

such as source level breakpoints
and program modification
are available.

FORTRAN

The FORmula TRANslator
language, FORTRAN, is a
widely-used and procedure-
oriented programming language.
[t is designed for solving scien-
tific problems and is thus com-
posed of mathematical-like
statements constructed in
accordance with precisely
formulated rules. Therefore,
programs written in FORTRAN
consist of meaningful sequences
of these statements that are in-
tended to direct the computer to
perform the specified compu-
tations.

FORTRAN has a wide use in
every segment of the computer
market. Universities find that
FORTRAN is a good language
with which to teach students
how to solve problems via the
computer. The scientific com-
munity relies on FORTRAN
because of the ease with which
scientific problems can be
expressed. In addition,
FORTRAN is used as the pri-
mary data processing language
by many timesharing utilities.

FORTRAN
Version 4

FORTRAN-20 is a superset of
the American National Standard
FORTRAN. Both the compiler
and object-time system are re-
entrant (shareable). The com-
piler produces optimized object
code. The following is a sum-

mary of key features and exten-
sions of FORTRAN-20:
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PARAMETER statement —
Allows symbolic specifica-
tion of compile-time constants
INCLUDE statement — Allows
user to include in the compila-
tion of a given program unit
source code which resides on a
file other than the primary
source file
GLOBAL OPTIMIZATION-
FORTRAN-20 performs
extensive local and optional
global optimizations
FORDDT —the FORTRAN-20
debugger
FORDDT in conjunction with
the FORTRAN-20/"DEBUG"”
switch will allow:
* Display and modifica-
tion of program data
« Tracing of the program
statement by statement
+ Setting of pauses on any
statement or routine
OPEN/CLOSE file-specifica-
tion statements
Array bounds checking can be
generated optionally
N-dimensional arrays
ENCODE/DECODE
statements
Boolean operations equiv-
alence (EQV) and exclusive or
(XOR), in addition to OR,
AND, NOT.
The NAMELIST and list-
directed I/O features provide
format-free input and output
operations
Random-access I/O capa-
bilities
Compatibility with IBM
type declaration statements
Implied DO loops in I/O
statements and data state-
ments
Full mixed-mode arithmetic
in expressions
Octal Constants




» Logical Operations —full-
word, masking operations for
all logic functions (rather
than a result of just true or
false)

« END= and ERR= in [/O
statements

» Device independence
The FORTRAN-20 object-

time system, FOROTS, controls

the input/output, format inter-
pretation and numerical con-
version for compiled programs.

The FORTRAN user may refer-

ence any [/O device. All special

editing, conversion, and file
structuring tasks are handled

by the object-time system. De-

vices are normally specified by

logical assignment so that phys-
ical device selection need not

be made until run-time. The

devices corresponding to the

special I/O statements READ,

PRINT, ACCEPT, and TYPE are

also assignable at run-time. The

object-time system is shareable.
FOROTS implements all pro-
gram data file functions and pro-
vides the user with an extensive
run-time error reporting system.

Device independence is provided

to allow the programmer or

operator to determine the physi-
cal device at run time.

FORTRAN-20 is easy to use
in both timesharing and batch
processing environments. Under
timesharing, the user operates in
an interactive editing and debug-
ging environment. FORDDT, an
interactive program that is used
as an aid in debugging

FORTRAN programs uses the

language constructs and variable

names of the program itself —
thereby eliminating the need to
learn another language in order
to accomplish on-line debug-
ging. Under batch processing,
the user submits his program
through the batch software in
order to have the compiling,
loading, and executing phases
performed without his inter-
vention.

FORTRAN programs can be
entered into the FORTRAN
system from a number of de-
vices: disk, magnetic tape, user
terminal and card reader. In
addition to data files created by
FORTRAN, the user can submit
data files or FORTRAN source
files created by the system
editor. The data files contain
the data needed by the user’s
object program during execu-
tion. The source files contain
the FORTRAN source text to
be compiled by the FORTRAN
compiler. Output may be
received on the user’s termi-
nal, disk or magnetic tape. The
source listing cross references
all symbols to show where they
are defined and where used.

MACRO

MACRO is the symbolic
assembly language on the
DECSYSTEM-20. It makes
machine language programming
easier and faster for the user by:
» Translating symbolic opera-

codes in the source program

into the binary codes needed
in machine language
instructions

« Relating symbols specified by
the user to stored addresses
or numeric values

37

» Assigning relative core ad-
dresses to symbolic addresses
of program instructions and
data

» Providing a sequence num-
bered listing with symbols
cross-referenced to show
where they are defined and
where used
MACRO programs consist of

a series of free format statements

that can be prepared on the

user’s terminal with a system
editing program. The elements
in each statement can be entered
in free format. The assembler
interprets and processes these
statements, generates binary
instructions or data words, and
processes a listing which may
contain cross reference symbols
for ease in debugging. MACRO
is a device-independent program;
it allows the user to select, at
run-time, standard peripheral
devices for input and output
files. For example, input of the
source program can come from
the user’s terminal and output

of the assembled binary program

can go to a magnetic tape, and

output of the program listing can
go to the line printer. More
commonly, the source program
input and the binary output are
disk files.

The MACRO assembler con-
tains powerful macro capabilities
that allow the user to create new
language elements. This capabil-
ity is useful when a sequence of
code is used several times with
only certain arguments changed.
The code sequence is defined
with dummy arguments as a
macro instruction. Thus, a sin-
gle statement in the source pro-
gram referring to the macro by
name, along with a list of the
real arguments, generates the




entire sequence needed. This
capability allows for the expan-
sion and adaptation of the
assembler in order to perform
specialized functions for each
programming job.

DDT

The on-line symbolic debug-
ging tool, DDT (Dynamic
Debugging Technique), enables
the user to perform rapid check-
out of a new program by making
a change resulting from an
error detected using DDT and
then immediately executing
that section of the program for
testing and loading; the user may
enter DDT at any time, either
before execution or after an
error has occurred. After the
source program has been assem-
bled, the binary object program,
with its table of defined symbols,
is loaded with DDT. Through
command strings to DDT, the
user can specify locations in his
program, called breakpoints,
where DDT is to suspend execu-
tion in order to accept further
commands. In this way, the user
can check out his program
section-by-section and, if an
error occurs, insert the corrected
code immediately. Either before
DDT begins execution or at
breakpoints, the user can exam-
ine and modify the contents of
numbered text modes. DDT also
performs searches, gives condi-
tional dumps, and calls user-
coded debugging subroutines at
breakpoint locations. The im-
portant feature of DDT is that
user communication with DDT
is in terms of the original sym-
bolic location names, rather
than the machine-assigned
locations.

EDIT

Edit allows on-line creation
and modification of programs
and data files. The user may
insert, delete, or print lines, as
well as modify lines without
having to retype them. Advanced
techniques include string
searches, substitutions and
text manipulations.

The novice finds the system
easy to use due to the user-
oriented syntax and extensive
helping facilities. At the same
time the more advanced user
may perform quite intricate text
manipulation with equal ease.

Dumper provides file backup
for the disk file structure. Instal-
lations may use it to dump and
restore all files in all directories,
to dump and restore only those
files which have been changed
since last dump, and to dump
and restore individual user
directories.

LINK

LINK, the DECSYSTEM-20
linking loader, merges
independently-translated mod-
ules of the user’s program and
any necessary system modules
into a single module that can be
excuted by the operating system.

The primary output of LINK
is the executable version of the
user’s program. The user can
also request auxiliary output
in the form of map, log, save,
symbol, overlay plot, and
expanded core image files by
including appropriate instruc-
tions in his command strings to
LINK. The user can also gain
precise control over the loading
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process by setting various load-
ing parameters and by control-
ling the loading of symbols and
modules. Furthermore, by setting
parameters in his command
strings to LINK, the user may
specify the core sizes and start-
ing addresses of modules, the
size of the symbol table, the
segment into which the symbol
table is placed, the messages he
will see on his terminal or in his
log file, and the severity and
detail of any error messages.
Finally, he can accept the LINK
defaults for items in a file speci-
fication or he can set his own
defaults that will be used auto-
matically when he omits an item
from his command string.

RUNOFF

RUNOFF is the
DECSYSTEM-20 documentation
preparation program. It provides
line justification, page number-
ing, titling, indexing, formatting,
and case shifting. The user
creates a file which includes
text and information for for-
matting and case shifting, with
an editor. RUNOFF processes
the file and produces the final
formatted file to be output to
the terminal, the line printer, or
to another file.

With RUNOFFE large amounts
of material can be inserted into
or deleted from the file without
retyping text that remains un-
changed. After a group of modi-
fications has been added to a
file, RUNOFF produces a new
copy of the file which is properly
paged and formatted.




SORT

The TOPS-20 SORT arranges
the records of one or more files
according to a user-specified
sequence. The user designates
the keys on which the records
are sorted from one or more
fields within a record. The keys
can be in either ascending or
descending order. SORT com-
pares the key fields values of all
records. Then it arranges the
records in the specified sequence

and merges them into a single
output file. Sort may be used
under timesharing and batch,
and may be called from within
a COBOL program.

Data Base
Management System

Certain data—such as that
within commercial, accounting,
inventory control and adminis-
trative systems—are used in
computer applications which
have common relationships and
processing requirements with
data in other applications. This
can prove to be a problem
because as file organizations are
defined in one application or
program, restructuring, redun-
dant appearance, and even
repetitive processing of the same
data are often required in
another application.

To further complicate the
problem, on-line processes (i.e.,
customer order entry, shipment
planning, and student informa-
tion retrieval systems) tend to
different data structures than
the processes used to create and
maintain primary data files.
This means that as new applica-
tions requirements for existing
data are determined and addi-

tional data are defined, program
development personnel must
either alter existing data file
forms and programs or create
and maintain redundant copies.

DIGITAL offers a solution to
the problem in the Data Base
Management System —DBMS.
It enables DECSYSTEM-20
users to organize and maintain
data in forms more suitable to
the integration of a number of
related but separate processes
and applications. DBMS is ideal
in situations where data pro-
cessing control and program
development functions require
structures and techniques not
satisfied by traditional data
management facilities.

Features

The DECSYSTEM-20 Data
Base Management System is

STRUCTURES

SEQUENTIAL
= TREES
|
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predicated upon the proposals

of the CODASYL Data Base

Task Group (DBTG) which

appear in their report of April,

1971. DIGITAL's goal for DBMS

is to provide features which

assist users in obtaining the most
significant objectives stated in
the CODASYL DBTG report.

These features include:

e Hierarchical Data Structures
—In addition to sequential
structures, simple tree struc-
tures and more complex net-
work structures can be created
and maintained. Data items
can be related within and
between various levels of the
structure established.




¢ Non-redundant Data Occur-
rence— Data items may appear
in a number of different struc-
tural relationships without
requiring multiple copies of
the data. Data structures may
be established and modified
in a manner most suitable to
a given application without
altering the occurrence of the
data in structures maintained
for other applications.
Variety of Access and Search
Strategies — Data records can
be maintained in chains, as
illustrated below. Access
may be through DIRECT,
CALCULATED, or VIA set
location modes. Sort keys, in
addition to the normal storage
key, may be defined.

CHAIN

OWNER

MEMBER

N =NEXT POINTER
P = PRIOR POINTER
O =0WNER POINTER

e Concurrent Access— Multiple

run units (or programs) that
use the same re-entrant code
module further supplement
the DECSYSTEM-20 monitor’s
extensive centralized file han-
dling capabilities. Any number
of concurrent retrievals to the
same data areas can be han-
dled. Concurrent updates to
the same area can be handled
by a multiple update queuing
mechanism.

Protection and Centralized
Control— Usage of a common
data definition language
establishes data base struc-
tures maintained on direct
access storage devices that
are selectively referenced by
individual application pro-
grams through privacy lock and
key mechanisms. Physical
placement of data is specified
by a centrally-controlled data
definition processor.

Device Independence — The
common input/output and
control conventions of the
DECSYSTEM-20 monitor
provide basic device inde-
pendence. Applications pro-
grams deal with logical areas
rather than physical devices.
Data base areas may reside on
the same or different direct
access storage devices as non-
date base files.

Program Independence of
Data— Significant steps to-
ward program independence
are achieved by using the
SCHEMA and SUB-SCHEMA
concepts of data definition.
Individual programs reference
only user-selected data ele-
ments rather than entire
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record formats. Program
alterations due to adding new
data and relationships are
minimized. Alterations of the
original form (i.e., binary,
display) and element sizes
require program
recompilations.

o User Interaction Without

Structural Maintenance Re-
sponsibilities — Individual
users, applications, and pro-
grams may access data struc-
tures without the responsibility
of maintaining detailed linkage
mechanisms that are internal
to the data base software.
Common and centralized
authorization, error recovery,
and building techniques reduce
individual activity to maintain
data structures.

e Multiple Language Usage —
The DBMS data manipula-
tion language is available to
both COBOL and FORTRAN
as host languages

» DBMS Software Modules
Consistent withthe CODASYL

Data Base Task Group report,

the body of DECSYSTEM-20

data base management software
includes:

» DDL —data description lan-
guage and its processor

* DML —data manipulation
language for COBOL and
FORTRAN programs

« DCBS—data base manager
module of re-entrant run-
time routines

* DBU—group of data base sys-
tem support utilities




Services

Quality in DIGITAL computer
products is acknowledged
throughout the world. Our
engineers and programmers
have provided reliable computer
hardware and software to solve
a host of problems in a variety
of fields. To complement our
product offering, we have devel-
oped a comprehensive customer
service capability.

Over the past few years,
Datamation Magazine has run
an annual survey of computer
users, asking their opinions on
the quality of service they re-
ceive from their vendors. One
major area of concern is post-
installation maintenance services.
DIGITAL has continually ranked
first in quality and availability
of service.

Maijor factors in this capa-
bility are the number and place-
ment of service personnel; parts
inventories available to support
local efforts; an organizational
structure that provides increas-
ing expertise at each level; a
management reporting system
that continuously monitors all
areas of service agreements to
meet every customer need.

People

DIGITAL’s hardware main-
tenance organization includes
3000 hardware specialists sup-
ported by an administrative
staff of over 1000. These spe-
cialists are located in more than
300 worldwide offices for the
greatest decentralization of
service availability.

Large Systems service en-
gineers typically enter DIGITAL
with more than four years of
field experience. They then un-
dergo four months of extensive
training at DIGITAL, followed
by yearly updates in new prod-

ucts and technology. They work

with product support teams who
assure smooth transitions of new
products—from development to
testing to installation—and pro-

vide consultation and assistance

for all service locations.

Parts

The size and location of
DIGITAL's parts inventories—
at local, district, regional, and
headquarters operations—are
computer-optimized by a
DECsystem-10, which takes
into account the needs of both
existing and new installations.
The DECsystem-10, in concert
with PDP-11 computers at
regional offices, assures that
parts resources are available
locally to solve more than 90%
of user problems.

For those problems requiring
parts not available immediately,
DIGITAL has a priority parts
system utilizing inventories at
district, regional and corporate
levels. All priority parts are
shipped by specialized air-
freight carriers.

Support

Field Service’s hierarchical
organization places the greatest
concentration of resources at
the local level, with supporting
facilities at each ascending level
in the group. Continuous moni-
toring of service activity at all
levels of Field Service manage-
ment focuses attention on our
worldwide systems base so that
resources can be mobilized as
required.

Service Agreements

To give flexibility to this
structure and provide services
that meet users exact needs,
DIGITAL offers a variety of
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service agreements. These agree-
ments range from coverage 12
hours/day, five days/week to
around-the-clock maintenance
coverage. Occasional service,
on a time and materials basis, is
available to users who elect to
perform self-maintenance, as well
as off-site repair of electro-
mechanical assemblies through
16 Product Repair Centers in

the U.S. and in Europe.

Logistics

Good service demands out-
standing logistics. Spares avail-
ability minimize computer
repair time. Our materials inven-
tory network recognizes this
concept—and strengthens the
total DIGITAL support system.

The first level of spares is
often at your own computer
site. From this point the inven-
tory is in echelons at the Branch,
District, Regional and Head-
quarters locations. Our own
DECSYSTEM-20 keeps track of
this support system, providing
replacement parts when needed.

For DIGITAL computers |
located in areas on the fringes |
of our service capabilities, and i
for customers who use our
maintenance on an “as available
basis, DIGITAL supplies spares
planning and inventory pro-
curement assistance.

DECSYSTEM 20
Training

Education

"

Education is an integral part
of the total DIGITAL customer
service system. We believe in
training, not only for ourselves,
but also for our customers. Your
employees will, through educa-




tion, extract greater performance
from your computer.

To provide this training, we
have established completely
equipped training centers in a
dozen locations around the
world. Our staff at these centers
consists of full-time instructors
dedicated to computer training,

The education DIGITAL offers
includes standard and custom
courses in both hardware and
software. Our current schedule
includes over 100 standard
courses, ranging in duration
from one to five weeks.

DIGITAL recognizes that you
may have a unique requirement
that can best be met with educa-
tion at your location. Our on-
site program meets this need by
designing and conducting courses
where and when you choose.

Types of Courses

Catalog Courses—Educational
Services publishes its “Educa-
tional Courses Catalog” semi-

annually. This catalog includes
a full listing of hardware and
software courses geared to
DIGITAL'’s products, as well as
many generic computer science
courses. One section of this cata-
log is devoted to
DECSYSTEM-20 training.
Courses are listed with their
schedules for the current six (6)
month period. Prerequisites,
course abstract, objectives and
topic outlines are included.
Seminars — Conducted at our
Regional Education Centers
and at other convenient loca-
tions, seminars are designed to
complement and expand upon
our existing curriculum, as well
as keep the customer informed
of DIGITAL'’s product develop-
ments. By bringing these work-

shops to the customer’s locale,
Educational Services furnishes
a convenient way for the
DECSYSTEM-20 customer to
gain additional information on
his system.

On-Site Courses—If the cus-
tomer has a group of individuals
to train, it is often more econo-
mical to have Educational Ser-
vices conduct courses at the cus-
tomer’s location rather than
one of our Education Centers.

Custom Courses— If the cus-
tomer has a unique application
or training situation, custom
courses are very effective. This
approach gives the customer the
added advantage of maximizing
relevant material content while
minimizing information extra-
neous to his operations.

DECSYSTEM 20
Training Program

Training Credits— Along with
the purchase of a
DECSYSTEM-20 the customer
will receive ten (10) training
credits. Training credits may be
applied to the standard software
courses for a period of one year
from the date of issue.

[f used as suggested below,
the ten training credits will
enable one system programmer,
one system administrator, and
one applications programmer to
attend the appropriate software
courses in Marlborough free of
tuition charge:

System Programmer
DECSYSTEM-20 User (1 Credit)
DECSYSTEM-20 Assembly Lan-
guage Programming (2 Credits)
DECSYSTEM-20 Systems Prog
(1 Credit)

DECSYSTEM-20 Operation
System (2 Credits)
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System Administrator
DECSYSTEM-20 User (1 Credit)
DECSYSTEM-20 Systems
Admin (1 Credit)

Applications
DECSYSTEM-20 User (1 Credit)

Programmer
DECSYSTEM-20 COBOL
(1 Credit)

Supplementary Training —

Each DECSYSTEM-20 custom-
er’s educational needs should

be reviewed to determine if
additional training (in excess of
that provided by the ten training
credits) is needed. If so, the
additional requirements may be
satisfied by the purchase of
enrollments in courses conducted
in Marlborough or on-site
courses.

DECSYSTEM 20

Course Abstracts

DECSYSTEM-20 User
This course is intended for all
users of the DECSYSTEM-20
wishing to gain knowledge of
the structure of the system and
its use from an interactive ter-
minal viewpoint. This course
serves as a prerequisite for all
other courses in the curriculum.

DECSYSTEM-20 Assembly
Language Programming
This course covers the
DECSYSTEM-20 instruction set,
user level [/O programming, and
the MACRO assembler. This
course is provided for the sys-
tem programmer and serves as a
prerequisite for the
DECSYSTEM-20 Systems Pro-
gramming Course.

DECSYSTEM-20 Systems
Programming
This course covers the more
advanced JSYS operations, in-
terfacing with system programs,




and the structure of the oper-

ating system. This course is pro-
vided for the systems program-
mer and serves as a prerequisite
to the Operating System course.

DECSYSTEM-20 Operating
System
This course covers the internal
working and algorithms of the
operating system'’s Executive and
Monitor. The course is intended
for the senior systems program-
mer and should always be pre-
ceded by attendance in the Sys-
tems Programming and Assem-
bly Language Programming
course.

DECSYSTEM-20 Operator
This course is designed to pro-
vide the student with the knowl-
edge required for the operation
of a DECSYSTEM-20. This
course must be preceded by the
DECSYSTEM-20 User’s Course.

DECSYSTEM-20 Systems
Administration
This course is designed to pro-
vide the student with the neces-
sary tools for administering a
DECSYSTEM-20 installation.
The course material is applicable
to day-to-day operations, system
controls, and available DIGITAL
services.

DECSYSTEM-20 COBOL
This course is designed for the
COBOL programmer desiring
knowledge to write advanced
COBOL programs on the
DECSYSTEM-20.

DECSYSTEM-20 DBMS
This course is intended for initial
users of DBMS including man-
agement, systems personnel and
applications programmers.

Course Selection Guide

The following guide is provided to aid you in prescribing the
right courses for the customer’s various personnel.

Personnel Function Suggested Course Sequence
User 1. DECSYSTEM-20 User (1 Week)
Operator 2. DECSYSTEM-20 Operator (1 Week/
on-site)
Systems 1. DECSYSTEM-20 User (1 Week)
Programmer 2. DECSYSTEM-20 Assembly Language
(Assembler) Programming (2 Weeks)
3. DECSYSTEM-20 Systems Programming
(1 Week)
4. DECSYSTEM-20 Operating System
Commercial 1. DECSYSTEM-20 User (1 Week)
Programmer 2. DECSYSTEM-20 COBOL (1 Week)
(COBOL) 3. DBMS (if applicable) (1 Week)
System 1. DECSYSTEM-20 User (1 Week)
Administrator 2. DECSYSTEM-20 System Administration

(1 Week)
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Software Services

The DIGITAL software organ-
ization represents over 3,000
man-years of experience gained
from the development and
support of operating systems
used in more than 50,000 com-
puter installations. DIGITAL's
software varies in complexity
from real-time executives to
minicomputers to the TOPS-10
and TOPS-20. Monitors of the
DECsystem-10 and
DECSYSTEM-20 applications
cover the spectrum from process
control and monitoring scientific
experiments to implementing
reservation and inventory
control systems.

DIGITAL offers a wide range
of software services. These
services range from the personal
attention of a skilled software
consultant to the distribution of
up-to-date software and soft-
ware information. In this way
you can get the most out of your
DECSYSTEM-20 and keep pace
with advancements in software.

You purchase only what you
need. Consulting services are
available on a short-term, per-
call basis or for a longer-term
scheduled or resident period.
Likewise, software components,
including manuals and updates,
can be purchased as part of a
software maintenance service or
ordered separately from our
Software Distribution Center.

Advanced Systems
Group

The Advanced Systems Group,
an integral part of the
DECSYSTEM-20 product group,
meets special customer’s needs
by augmenting the standard
products and services of the
DECSYSTEM-20. The Advanced
Systems Group extends the
range of the DECSYSTEM-20
product and services by
providing:

Hardware/Software Design
and Development —Engineering
for special products and modi-
fications to standard products,
with emphasis in the areas of
communications, network sys-
tems, high availability and
redundant systems, and special
configurations.

Systems Project Management
—For large and complex con-
figurations including such func-
tions as systems evaluation and
design, systems planning for
future expansion, extended
factory systems testing, special
installation backup and support,
and extensions to the
DECSYSTEM-20 acceptance
test procedures.

Repeat Manufacture —of
previously designed and devel-
oped special products.

Advanced Systems Group
products maintain DIGITAL's
high standard of quality. All
hardware products are support-
able under DECSYSTEM-20
field service support plans and
are supplied with full documen-
tation, prints and diagnostics.

Support of special software is
provided through a centralized
support group on an individual
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basis for both installation and
Software Performance Reports
(SPR’s).

Because of the customized
nature of these products, the
Advanced Systems Group pro-
vides individual system con-
figuration review, system inte-
gration and system installation
assistances when needed.

DECSYSTEM 20
Manuals

Documentation is an impor-
tant part of the DECSYSTEM-20.
The planning and production of
manuals to support the user
with clear, well-written descrip-
tions of the system, pro-
gramming languages, and com-
mand processor was an integral
part of the development process.

Manuals are produced using
on-line techniques. The text
entry and editing capability of
DIGITAL's interactive systems
result in major user benefits.
Because documentation files can
be readily updated to reflect
improvements made to the
software, manuals can be more
up-to-date.

Most software documentation
is available in complementary
quantities from your DIGITAL
sales representative.




User Manuals

TITLE

ERROR DETECTION,
RECOVERY
REPORTING V1

BASIC USER'S GUIDE
COBOL REFERENCE
MANUAL

COBOL UTILITIES
MANUAL

FORTRAN REFERENCE
MANUAL

MACRO ASSEMBLER REF.
MANUAL V50

BATCH OPERATOR’S
GUIDE

VA-D BATCH REFERENCE
MANUAL

COMMAND PARSER
SPECIFICATION

LINK REFERENCE
MANUAL

CODE
EK-SEDRR-RF-001
DEC-20-LBMAA-A-D
DEC-20-LCRMA-A-D
DEC-20-LCUMA-A-D
DEC-20-LFRMA-A-D
DEC-20-LMRMA-A-D
DEC-20-OBOGA-A-D
DEC-20-OBRMA-A-M
DEC-20-OCPSA-A-D

DEC-20-ULRMA-A-D
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MONITOR CALLS

REF. MANUAL
MONITOR CALLS
USER’S GUIDE

DEC-20 SORT
OPERATOR’S GUIDE
DEC-20 USER’S GUIDE
ACCOUNTING SYSTEM
SPECIFICATIONS
GETTING STARTED
WITH RUNOFF VA
GETTING STARTED
WITH DECSYSTEM-20
SOFTWARE INSTALLA-
TION GUIDE

DATA BASE MANAGE-
MENT SYSTEM PRO-

GRAMMER'’S PROCEDURES

MANUAL
SYSTEM MANAGER'S
GUIDE

*DEC-20-OMRMA-A-D
DEC-20-OMUGA-A-D
DEC-20-USTGA-A-D

**DEC-20-OTPGA-A-D

***DEC-20-OUGAA-A-D
DEC-20-UASSA-A-D
DEC-20-URGSA-A-D
DEC-20-XGSAA-A-D

DEC-20-XSIGA-B-D

DEC-20-APPMB-A-D

DEC-20-OSMGA-B-D

*plus update DEC-20-OMRMA-A-D-DN1
**plus update DEC-20-OTPGA-A-D-DN1
***plus update DEC-20-OUGAA-A-D-DN1




TERMINAL SESSION

Logging In

To begin a DECSYSTEM-20
session, the user types
CONTROL-C (=~ C). If avail-
able, TOPS-20 responds with
the system identification, date
and version of the command
processor.! The user is then
prompted with an @ and be-
gins the LOGIN process. [In
these examples, the user has
used the command recognition
and prompting (“novice”)
modes; TOPS-20 allows the
user to type only as much of any
command as is necessary for

1YV 1.,02.37y
2 BLOGIN CUSER) 7
3 USER NAME

4 @LOGIN

LO3L DNevelosrmenlt Sus.s

(USERY DEMO-1 (FASSWORID

uniqueness.| He then types the
escape character, and the com-
mand processor determines what
command it is and prompts for
the next argument. In our ex-
ample, the colored portions in-
dicate the user’s typed input,
while the black typeout is pro-
duced by the system.

The user types LOG followed
by escape and is prompted for a
USER.2 Being a bit uncertain
about this, he types a 7 and the
system defines the field as USER
NAMES3 and reprompts up to

LL=MAR~76.

CACCOUNT #)

5 JOBE L& ON TTYZ LE2-MAR-7& 143138

6 (@

Building a FORTRAN Program

Now the user is ready to be-
gin work. He specifies that he
wants to edit a FORTRAN
source file called TEST.FOR.?
Since the file does not yet exist,
the editor warns him that a new
file is being created,® and

7TREDLIT TEST.FOR

8 Z4File nmot founds
Treat? TESTFOR.1
900100
Q0200

00400
00uE00 100

10 QO700 %

11 XI50
QO050

12 X[

13 LTESTFOR. L]

prompts with line number
00100.9 The program is now
entered line-by-line; each time
the editor prompts with a new
line number. Input is terminated
with an escape (the editor prints
itas a $10 and the user enters com-
mand level in the editor, indi-

Creating New file

No 5 X=1y1000
Nno % J=1s100
Q0300 9 A
WRITE(Sy100) A
FORMATC A& T8 7 v
00600 ENI

(X=1)/(X+1) IZ.IPRX + A

E13.+62

A=0 ,
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the last point. The user name
DEMO-1 is entered followed by
an escape, and the TOPS-20
exec prompts for a password.
The password is not echoed to
the terminal for security, and the
user is then prompted for an
account number. The line is
terminated by a carriage return.
If the login is successful, the
user is assigned a Job Number®
and then prompted for input.
The two @ signs indicate the
return to command level from a
user level command.6

TOFS-20 1AC103)

10010

cated by the asterisk.!! The pro-
grammer notices that he hasn’t
given A an initial value, and
inserts it as line 50. The E com-
mand then ends the editing
process!? and the file name is
printed as the file is closed.!3




Executing the Program

The user now attempts to exe-
cute the program by an EX com-
mand (again using prompting)
and specifying the file name.!4
TOPS-20 determines from the
file extension FOR that this is a
FORTRAN program, and calls
the compiler automatically.!5
The compiler detects a fatal error
in line 30016 and the LINKing

14 EEXECUTE (FROM) TEST.FOR
15 FORTRANS TEST
16 QOOR00 i A (X-12/7CX41) D7 39%X +
PFTNIAC LINE:OQOZ0OO ITLLEGAL ASCIYI CHARACTER
TFTNFTIL M TN . 1 FaTal ERRORS AND
17 LINK$ L.oyvaedirss
CLNENSAS No start address)
EXILT
@
PEDLT
18 Eefits TESTFOR.L
19 X ZO0
00300 ) Am( (X1 2/ (X+1L) YA 39%X ¢

«
20 XBLEXREIO0

OOI00 o
21 X0

22 LTEST FOR.2]

phase, invoked automatically by
the EXECUTE command, is by-
passed.!” The user asks for the
editor again, and the system
assumes, since it wasn't speci-
fied otherwise, that he wants to
work on the same file he was
using the last time he used the
editor—TEST.FOR.!8 The user
has line 300 printed for refer-
ence!? and then instructs the

P (=1 /7 0XFL) ¥ 39%X
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editor to search for a % and re-
place it by an * in line 300.20
The editor retypes the corrected
line. The user now leaves the
editor with a G command,?!
which causes the new version of
the program TEST.FOR.222 to
be closed (TEST.FOR.1 s still
preserved) and specified that
the last execution command is to
be retrieved (back in).14

a
A TN SOURCE

NO WARNINGS

A

3




Retry the Program

The FORTRAN compiler is
called automatically?? and this
time successfully compiles TEST.
The linking loader LINK loads
the program and starts execu-
tion.24 Line 400 of the program
causes A to be displayed?® and
the program terminates success-

26 A 16

26 (311
LT

f#
27 @1 MFORMATION
S060
28 @1 .J
SO

{2

TIME

Léy

Ly

G2

Debugging the Program

Although this is a simple ex-
ample, the user asks to use the
interactive FORTRAN debugger
to examine the execution of his
program.30 The DEBUG command
causes this to happen by recom-
piling the program, loading it,
and starting the debugger,3!
which prompts with a =>. The
user now realizes that he needs
a clean copy of the program to
refer to, and suspends the de-
bugger with a CONTROL-C.32
He issues a PUSH,33 which pro-
vides him with a separate pro-
cess (identified by the command
processor version number) and
then types out his program with
a TYPE command.34 Note that
he is not disturbing the sus-

CLNKXCT TEST

0. 194420E4+08

ENIC OF EXECUTION

2.02

LISE R

LIGER

FO00 WORKING »
SEEO0 BYSETEM FAGES

fully.26 The user is returned to
command level, at which time he
inquires (note the recognition
and prompting) about his job.?7
This process can be abbreviated
by a user once he becomes
familiar with the commands.28
The user also asks about his
quotas of disk storage space,29

28 FORTRANS TEST
MEA TN .
24 LLINK?

st danl

TIME: 2.89

JOEETHTLE
AEET 10010

CAROLT
DEMO 1 »
10010y

DEMO-L e ACOT

29 ’ ENFORMATION (AROUTY DISK-USAGE (OF DIRE
FaGES ABSTENED, 3
2000 PERMANENT ALLOWED

I UEE
FREE

pended debugging session by
doing this. The POP3> command
releases this new process and the
CONTinue returns to the orig-
inal task.36 The user now sets

a breakpoint, or pause, at line
30037 and starts the program
running.38 Before executing that
particular line, the FORDDT
system regains control and
allows the user to type out value
of variables in the program. X is
typed as a real, ] as an integer.39
When the program is com-
manded to continue, it stops at
line 300 (statement number 5)
and waits again.?? The single
command “T"4! says “type what
[ last asked for” and we now
note that ] has changed value. A
single “C” causes a continue, 42
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and the system tells him he is
allowed 3,000 working pages
(while logged in) and 2,000 pages
of permanent storage (when
logged out). The system has a
total of almost 28,500 pages
available for use.

TTYya

TTyR

CTORY )

SO DB ETED

and this time the user displays X
and A.43 To change the value for
A, he issues an ACCEPT, spe-
cifies floating point format, and
enters a —1000.44 Again, a
simple continue?> and the pro-
gram pauses once more. This
time just A is displayed (its value
is the new one he entered).*¢ He
now removes the pause,?” and
continues.?® The program now
runs to completion and exits.
Note that the elapsed time for
this debugging process was only
one minute and thirty-three
seconds.

R
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FAUSE AT % IN MAIN FROGRAM
43 »x T XA

X 1.000000

A = 0.0000000
a4 =x ACCERT A/F ~1000.

A ~1000,000
a5 = C

FAUSE AT % IN MAIN FROGRAM

T A

f ~1000,000
47 =% REMOVE
48 = CON

A IS 0.194410E408

ENIT OF EXECUTION

CPU TIME: 2.48 ELAPSED TIME:

EXTT

Optimization of the Program
Believing his program to be
correct, the user now executes it

again, this time asking
FORTRAN to optimize the code
for faster execution.4® Compar-

19 REXECU
FORTRA
MAIN.
LINK?
CLNKRXC
A T8

END OF
CFPU TI
EXLT
@

50 BIEFIN

LOGTCAL

OFr "%

ing the CPU time here to that
before,26 we note the program
now runs over three times faster.
As a test, the user now wants to
direct the terminal output from
his WRITE statement to a disk

TE TEST/COMFILE/ZOFT
Nt TEST

L.oadins
T TEST Executionl
0.194420E4+08

EXECUTION

MES 0.38  ELARPSED TIME:

(LOGICAL NAMEY @
NAME TO DEFINE OR

TO DELETE ALL
50

k.

L1 36.30

file. To do so, he simply DE-
FINE's (asking for help with the
2'"),50 the logical device 5 to be
on disk (DSK:).51 Now when the
program is executed, we do not
see the output on the terminal.52

[ :=nf -+
awd

Qe

DELETE




51 PIEF TNE

(AS)

NAME DY &

(LOGICAL

@
52 (FEX
FORTHANT TEST
MALN .
LINK? Looactims
CLNKXCT TEST Executionl
END OF EXECUTION
CrPU TIME?! 0.45 ELAFPSED TIME:
EXTT
@

Getting a Directory and Printing
a File

To find the file, the user now
asks for a directory of his disk
area. Terminating the line with
a comma®3 puts him in sub-
command mode, which is indi-
cated by the double @ @, He
now specifies reverse order94
sort chronologically55 by crea-

53 @NIRECTORY (QF
54 FEAREVERSE
55 PRCHRONOLOGICAL

tion date.?6 A blank subcom-
mand line terminates that mode
and the directory is typed. The
newest file is FOR05.DAT.3, the
result of a FORTRAN program
writing on device 5.7 The user
interrupts the list by CON-
TROL-C,58 and asks for the data
file to be typed.>® To get a listing
of the file on the line printer, the
FILESY »
(SORTING?

(BY» 7 ONE OF

CREATION

FE &
W T TE

56 @R CHIRONOLOGICAL

@@

57 FOR

(BY) CREATION

S0EMO-1
GeAT . 1

TEST o REL 5
FOR.2
58 sQAOR e 1770

(&

59 BTYFE FOROS.DAT. 1

a 18

1]

@1 JOR

l. \"{) y

JOR
(@

60 BLIGT
GLTST

61 TACILIEILIE

01244201 +08

LSER DEMO-1y ACCT
CFLLEY 7 FILE MAME
CFTLEDY TEST.FOR

51

THE

10010y

1+13

user issues a LIST command.50
To see how it will be before the
file is printed, he issues a
QUEUE inquiry,%! which shows
that his job is being printed now
on physical line printer 0. The
24 pages is a maximum limit to
prevent accidentally printing
excessive worthless pages.

FOLLOWING

TTY2



CHUELIE &
LIGE R

LT U
OEY
FLETO & aalitin
LT AT TR
¥ Jobh bheing outsul now
TOTALESS LFTE 2 Jdobhsd
Finding Out What's Going On
Finally, the user asks for a
SYSTAT.62 Among the informa-
tion printed is a list of all current
users by job, what line they are
on, what program they are
running (EXEC is the command
@
62 RSYSTAT
FRI 12-MAR-76
L&E JORS L.OAD AY

SYSTEM I8 TIMESHARING
FROGRAM
EXEC
RUNQFF
EDLT

63 JOR LINE
& 23
¥ 13
& &3
9 14
10 &5
11 11
12 13

13 3 EXEC
14 26 EXEC

g oy
9 2

1 &% 2
17 4
1e 70
20 71

EXEC
EXEC

21 42 EXEC
23 43 TFRNEW

FTYCON
EXEC

OFLEAS
LTSGR
BATLON

1 101

3 106

4 105

] 103

é 104

64 @L.OGOUT
KILLED
UGED

JOB 1éy

14252124
.8

USER DEMO-1e
0018 IN 0314337

JOB

T1LOO3N

TEST

&0 Fases

processor) and their names.53
Operator service jobs are listed
last. In this example, the sys-
tem has been up for three and a
half hours since timesharing
began and 26 jobs are in use.
Over the last three scheduling

UF 353

3101

208 2.9

USER
MOKTE
KIRECHEN
GHTUDENT
MILLER
JETUNENT
FORCHER
HALL.
AARODN
EXERCTSER
HURLEY
LM
FRIES
LLETURENT
BOTUDENT
LTOSTUDENT
HEMINGWAY

OFERATOR
OFERATOR
OFERATOR
DFERATOR
OFERATOR

TTY v

ACCT 10010y

FRIOLIMIT AFTER
10 Jé

10 24

SER
441
442

periods, the load of jobs in the
processor run queue has been
3.8,2.8,209.

Satisfied with his session, the
user logs out,54 having used 18
seconds of compute time in over
14 minutes of elapsed time.

AT 12-MAR~76 14153105




Please have a sales representative
call me.

[J Please send me additional
information on the DECSYSTEM-20.

NAME
COMPANY/INSTITUTION

STREET
CITY
COUNTRY
TELEPHONE

My application is

(] Please have a sales representative
call me.

[] Please send me additional
information on the DECSYSTEM-20.

NAME
COMPANY/INSTITUTION

STREET
CITY
STATE
TELEPHONE

My application is
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DECSYSTEM 20
Introduction

Digital Equipment Corpora-
tion is pleased to present the
DECSYSTEM-20—a medium-
scale computer with large com-
puter capabilities available at
small computer prices.

The DECSYSTEM-20 features
a high-performance, virtual
memory system that provides
a multi-tasking, multi-
programming environment
to support concurrent time-
sharing, batch and transaction
processing.

The DECSYSTEM-20 is easy
to use and easy to maintain. It's
flexible, expandable, reliable,
efficient and above all —
affordable.

The DECSYSTEM-20 is the
result of over ten years experi-
ence in the design and develop-
ment of large scale multi-
language timesharing systems. It
was in 1964 that DIGITAL
installed the first commercially
available interactive timesharing
system. And it was no accident.

Even then, DIGITAL wanted
people to make better use of
their time to be more productive,
to get their “hands on” the
computer.

Building on the success of
these early systems, DIGITAL
introduced the PDP-10 in 1967.
[t featured improved technology
and better peripherals. The
operating system had a better
human interface so it was easier
to use. Because of its success,
development activity accelerated
and in 1971, DIGITAL intro-
duced the DECsystem-10 family
of computing systems with a
multi-mode operation system,
called TOPS-10, offering time-
sharing, batch processing, real-
time and communications capa-
bility to support computer based
remote stations.

Over 450 DECsystem-10 sys-
tems are now installed in 21
countries worldwide.

The design, manufacture and
support of these large systems
provided DIGITAL with the
advanced technology experience
necessary for the development
of the DECSYSTEM-20.

DIGITAL also put its mini-
computer expertise to work in
the design of the
DECSYSTEM-20. The central
processor, memory, and [/O
controllers are integrated into
one neat, compact unit requiring
a minimum amount of floor
space —only twenty-eight square
feet for processor, memory and
[/O controllers. This cost-saving
packaging is made possible
because the DECSYSTEM-20
uses the latest in state-of-the-art
technology. The processor is
built of high-density, multi-
layer circuit boards and emitter-
coupled logic (ECL). Not only is
the DECSYSTEM-20 smaller,
but it's faster and more reliable.

The DECSYSTEM-20 features
a large and powerful instruction
set. The programs that the user
writes will take advantage of
this feature because the com-
pilers and interpreters produce
less machine code than do com-
parable systems. And because
programs are smaller, they will
run faster. The instruction set,
despite its size, is easy to learn
because it's logically grouped
into “families” of instructions.

One such family is the Business
Instruction Set. It has sophis-
ticated editing and character
handling capabilities for pro-
gram development or day-to-
day problem solving. And the
entire instruction set is micro-
programmed because that’s the
cost-effective way to implement
all these capabilities.

The DECSYSTEM-20 supports
up to one million bytes of high-
speed, low-cost memory. To
ensure the reliability of opera-
tion and integrity of data, all
memory read and write opera-
tions are parity checked.




The system features integrated
high-speed data channels and
mass storage controllers for disk
and magnetic tape. These inte-
grated [/O controllers permit
the simultaneous transfer of
data and control information.
Each controller has its own
direct path to memory; hence
[/O operations on two separate
controllers can be overlapped
for greater throughput and
efficiency. Since each controller
may access up to sixteen words
of data in a single request to or
from memory, the
DECSYSTEM-20 has an [/O
bandwidth of more than 7
million bytes per second.

The central processor contains
accounting and analysis hard-
ware in the form of clocks and
timers to provide accuracy and
efficiency in the control and
operation of the
DECSYSTEM-20.

A PDP-11 based front end
processor enables the central
processor to do more work by
handling unit-record peripherals,
console operations, and terminal
communications. Equally impor-
tant is its role as diagnostic
computer for the central pro-
cessor. Even if the main system is
completely inoperative, mainte-
nance engineers can utilize the
front end computer for module
level diagnosis. Preventative
maintenance may be done during
timesharing operations. Both
features increase system per-
formance by reducing Mean
Time to Repair and stand-alone
preventative maintenance time.

The virtual memory hard-
ware was designed in conjunc-
tion with the new TOPS-20
operating system to provide the
most efficient and reliable sys-
tem possible. As a consequence,
programs that are larger than
available core may be efficiently
run without overlays. The
paging hardware maps core for
both the operating system and
user programs, and provides
information needed by the
software to efficiently allocate
core. Because the monitor is
modular, demand paged, and
write-protected, it is more reli-
able. The resident portion is
quite small, thereby increasing
system throughput by making
more core available for user
programs. User core is dynami-
cally allocated as needed. No
core is wasted since there are
no partitions.

MEMORY
UP TO 128K

FRONT END 36-BIT WORDS

PDP-11/40
WITH
INTERFACES

AND
COMMUNICATIONS

ALL PERIPHERAL
CONTROLLERS
AND
CHAMNNELS

MEMORY
UP TO 128K
36-BIT WORDS

KL20
CENTRAL
PROCESSOR

% 137" ——{
COMPACT CABIMNET LAYOUT




DECSYSTEM 20
Features Simplicity

Users may access the system
by timesharing or through
batch—whichever mode is the
most appropriate to their needs.
Production jobs may be entered
into batch by cards or from a
terminal. The same command
and device specifications are
used under both timesharing and
batch. The user needs to learn
one simple command language
for both modes. Batch efficiency
is high because the system can
process multiple batch jobs at
one time.

All user programs may com-
municate with each other in a
variety of ways. Programs may
be organized in a hierarchical
control structure which provides
greater reliability and security
for user and system software.
The failure of one program will
not affect the others.

Data in the DECSYSTEM-20
file system is secure and reliable
—by design. These features are
especially significant because
data and program sharing in
memory is also a key feature.
This controlled yet flexible data
sharing facilitates powerful data
base management systems.

Device independence and
extremely flexible I/O access
methods make programming
easier and more efficient. Pro-
gram execution is also enhanced
since the I/O devices may be
chosen at run time. Other fea-
tures which increase system
throughput include simultaneous
update facilities and spooling of
unit record devices such as the
line printer and card reader.

Timesharing increases pro-
ductivity by allowing the user
to create programs using the on-
line editor, and then immediately,
from the same terminal, to com-
pile and test them using on-line
debugging techniques. Program
development time is greatly
reduced since many tests may be
run in one session—no waiting
for hours to see if there were
errors. Data preparation is also
much faster and easier since
data files may be created on-
line. Memos may be easily sent
to all users via a mailbox facility,
and documents may be for-
matted and printed using the
document preparation program.

The command language pro-
vides easy access to these
facilities. [t prompts the novice
user by guide words, explana-
tions (if desired) and clear
English error messages. At the
same time, the expert user can
enter commands quickly in an
abbreviated form which will
be recognized and acted upon
by the command language
processor. Thus, both novice
and expert become more efficient
and productive.

All DECSYSTEM-20 lan-
guages enhance program pro-
duction. They contain source
level debuggers, may be used
under both batch and time-
sharing, and produce sharable,
optimized object code. COBOL,
FORTRAN, BASIC, APL,
ALGOL, CPL, MACRO —the
programmer may choose which-
ever is best suited to his applica-
tion and expertise. ANSI-68
COBOL supports ISAM, high
performance sorting, simulta-
neous updating, and DBMS —

Digital’s data base management
system. COBOL utilizes the
business instruction set for
greater object code efficiency:.
FORTRAN, ALGOL and APL
provide a variety of solutions to
scientific problems, while
BASIC, APL and CPL are
designed and implemented to
aid the beginning programmer.

The system administrator has
full control over system access
and usage and can determine
who may use the system, what
level of privileges they may
have, and how the resources are
allocated. Accounting tools
enable him to accurately charge
users for the resources they have
actually used.

System operation is extremely
simple. There is no monitor
generation required. Operator
procedures are very simple and
the operator privileges are
restricted to those necessary for
normal system operation, en-
hancing system security and
reliability. Flexible backup
facilities enable single files to be
saved and restored as well as
the entire system.

The remote on-line diagnostic
system enables maintenance
engineers to do preventative
maintenance during timesharing
and to diagnose the system
quickly and easily —thereby
reducing Mean Time to Repair
and enhancing system
availability.



DECSYSTEM 20

Hardware

System Architecture

The system architecture of the
DECSYSTEM-20 is the result
of design goals which included
small size, high throughput, and
high reliability and maintain-
ability. System logic, housed in
low profile cabinets, is made up
of high density ECL circuitry on
multi-layer boards. The Central
Processor, memory, and mass
storage controllers are integrated
into a single cabinet assembly,
requiring reduced floor space
and cabling. Within the same
assembly, a PDP-11 front end
processor handles unit record
devices, asynchronous com-
munications, and system diag-
nostics. Mass storage devices
are linked to the controllers over
high-speed Massbus data and
signal paths. Separate Mass-
busses provide increased
throughput for tapes and disks.
Unit record devices link directly
to controllers attached to the
PDP-11 UNIBUS. The overall
design was heavily influenced
by DIGITAL'’s advanced manu-
facturing technologies, devel-
oped and refined both in the
mass production of minicom-
puters and in the production of
the large-scale DECsystem-10.
The resulting manufacturing
techniques provide customers
with a powerful hardware sys-
tem and fully developed large
computer software at low cost.

Central Processor
Architecture

The Central Processor uses
the word length and instruction
set of the latest processor devel-
oped for the DECsystem-10
computer line.

The Instruction Execution
Unit performs instruction execu-
tion, arithmetic operations,
program-controlled I/O, and all
clocking and metering functions
performed by the
DECSYSTEM-20. Included
within the unit are eight sets of
sixteen high-speed registers, a
1280 x 75 bit microstore for
instruction logic, a 512 x 16 bit
high-speed dispatch RAM, a
seven level priority interrrupt
system with vectoring, plus
system clocks and performance
meters.

The Memory Control Unit
provides paths and logic for all
transfers into and out of the
DECSYSTEM-20 memory.
Virtual-to-physical address
translation is performed by a
64 x 154 bit RAM. The Memory
Control also includes a series of
multiple word channel buffers
for high-speed direct [/O over
the Channel Bus to the indi-
vidual Massbus devices. For each
device type, there is one channel
containing a 15-word data
buffer, a channel command word
register, and a control word loca-
tion pointer —effectively a
program counter. The channels
perform data transfer by execut-
ing channel programs which are
set up in memory by device
service routines.

A Storage Bus provides a 1.6
million words/second transfer
bandwidth between the Memory
Control Unit and the
DECSYSTEM-20 memory. In
diagnostic mode, the Storage
Bus is used to access the internal
memory controllers. The Chan-
nel Bus is a physically short,
high-speed data transfer path
providing a peak I/O bandwidth
of six million words/second
between the Memory Control
Unit and the Massbus con-
trollers. The Channel Bus op-
erates in a synchronous time
division multiplexed mode,
allowing the connection of mul-
tiple controllers to memory.

An Execution Bus connects
the front end interface to the
Instruction Execution Unit. The
bus operates asynchronously
with a bandwidth up to .5
million words/second for /O
instruction transfer.

A high-speed data path (Mass-
bus) connects the integrated
channel controllers and mass
storage devices, such as disk or
tape. Operating either asyn-
chronously or synchronously,
the Massbus transfers control
and status information or blocks
of data between devices and
controllers. The UNIBUS, an
integral part of the PDP-11
architecture, provides a data
and status control path between
the Front End Processor and the
devices making up the PDP-11
system, including the communi-
cations interface and unit record

I/0O devices.




Dual access disks link directly
into the PDP-11 disk controller
for diagnostic and system ini-
tialization procedures. Inte-
grated channel Massbus con-
trollers allow simultaneous
execution of non-data com-
mands, such as seek, rewind,
etc., while another device, linked
to the same controller, is trans-
ferring data. To improve disk
transfer rate, Massbus Control-
lers include a double buffer
arrangement so that the soft-
ware can pre-load the next
transfer request during the cur-
rent transfer. Using this capa-
bility, the system is able to read
data corresponding to two
separate requests from sequential
sectors on the same disk without
incurring rotational delay. Upon
the completion of a channel
operation, the controller gen-
erates a priority interrupt to the
Central Processor. When the
interrupt is recognized, control
is passed directly to the appro-
priate routine through an inter-
rupt vector supplied by the
controller.

The Front End Interface pro-
vides for high-speed simulta-
neous two-way transfers of
variable-byte data between the
PDP-11 processor and the
DECSYSTEM-20 Central Pro-
cessor. The unit permits two-way
doorbell-type interrupts be-
tween the processors and pro-
vides the access path to the
Execution Bus for all diagnostic
and bootstrapping functions.

Central Processor
Features

The Central Processor directs
the operation of the entire
DECSYSTEM-20. It contains a
microcoded instruction set,
eight sets of sixteen general
purpose registers, five account-
ing and performance meters,
and instruction interrupt and
trap facilities.

The Instruction Set is imple-
mented in microcode, allowing
for easy maintainability and
expansion. The Instruction Set
is a superset of that of the
DECsystem-10 family of com-
puters and includes 385 logically
grouped instructions. A number
of operation codes are also
included with the Instruction Set
which trap either to the TOPS-
20 monitor or to the user’s area,
allowing a full range of pro-
grammable monitor calls.
Although the number of instruc-
tions is large, they are easy to
learn because of a logical group-
ing into families with consistent
mnemonic code format. All
instructions are capable of
directly addressing a full 256K
words of memory without
resorting to base registers, dis-
placement addressing, or in-
direct addressing. Instructions
may, however, use indirect
addressing and indexing to any
level. Most instruction classes,
including floating-point, allow
immediate mode addressing,
where the result of the effective
address calculation is used
directly as an operand in order
to save storage and execution
time.




Instruction Set

Half-word Data Transmission—
These instructions move a half-
word, optionally modifying the
contents of the other half of the
destination location. These 64
instructions differ in the direc-
tion they move half-words and
in the manner they modify the
other half of the destination
location contents.

Full-word Data Transmission—
The full-word data transmission
instructions move one or more
full words of data. The instruc-
tions may perform minor arith-
metic operations, forming the
negative or the magnitude of
the word being processed.

Byte Manipulation — Four
byte manipulation instructions
pack or unpack bytes of arbi-
trary length anywhere within a
word. Two instructions are pro-
vided for updating byte pointers.

Logic Instructions — The logic
instructions provide the capa-
bilities of shifting and rotating,
as well as performing the com-
plete set of 16 Boolean functions
of two variables,

Floating-point Arithmetic —
These instructions perform
scaling, negating, addition, sub-
traction, multiplication, and
division in single and double
precision, floating-point format.
In the single-precision floating-
point format, one bit is reserved
for the sign, eight bits are used
for the exponent, and 27 bits are-
used for the fraction. In double-
precision floating-point format,
the fraction is extended to 62
bits in the second word. The sign
bit of the second word is unused.

Fixed/Floating Conversions —
Special instructions provide the
capability for converting fixed-
point numbers to or from
floating-point numbers. Two sets
of instructions are provided to
perform this function: one set
meeting the FORTRAN stand-
ard, a second set meeting the
ALGOL standard.

Arithmetic Testing — The arith-
metic testing instructions jump
or skip depending on the result
of an arithmetic test, and op-
tionally perform an arithmetic
operation on the test word.

Logical Testing, Modification,
and Skip — These instructions
modify, test, and/or skip using
a mask of selected bits in an
accumulator.

Program Control—This class
includes conditional and un-
conditional jump instructions.
In addition, it contains powerful
instructions for efficient calls
for short subroutines, calls for
subroutines with many para-
meters and stack-oriented sub-
routine calls.

Input/Output Operations —
Input/Output instructions
govern direct transfers of control
information to and from the
peripheral equipment control-
lers and also perform certain
operations within the processor.
Block transfer instructions can
handle multiple word data
transfers to and from direct I/O
devices.

Business Instruction Set —Five
instructions comprise the Busi-
ness Instruction Set in the central
processor. Four are arithmetic
instructions to add, subtract,
multiply, and divide using
double-precision, fixed-point
operands. The fifth is a STRING
instruction capable of per-
forming nine separate functions,
including;:

* An EDIT Capability
¢ Decimal-to-binary and binary-
to-decimal conversion in
both offset and translated
mode
* Move STRING in both offset
and translated mode

e Compare STRING in both off-
set and translated mode (Off-
set Mode is byte modification
by addition of the effective
address of the STRING in-
struction to the source byte.

Translated Mode is byte modi-

fication by translation through

a table of half words located

at the effective address of the

STRING instruction. This

also occurs in EDIT. In addi-

tion to providing the transla-

tion function, those instruc-
tions which use translation
can control the flags in AC’s
and can detect special charac-
ters in the source.)

The Extended Business Instruc-
tion Set provides for faster pro-
cessing of COBOL programs
since there are specific instruc-
tions for doing more compre-
hensive string operations which
commonly arise in such appli-
cations.




Instruction Format

INDEX

ADDRESS REGISTER

ACCUMULATOR TYPE

ADDRESS

0 8

9 12

The nine high-order bits (0-8)
specify the operation; bits 9-12
usually address an accumulator
but are sometimes used for
special control purposes, such as
addressing flags. The rest of the
instruction word supplies infor-
mation for calculating the effec-
tive address, which is used for
immediate mode data or is the
actual address used to fetch the
operand or alter program flow.
Bit 13 specifies the type of
addressing (direct or indirect);
bits 14-17 specify an index
register for use in address modi-
fication (zero indicates no index-
ing); and the remaining eighteen
bits (18-35) contain the address.
The codes not implemented as
instructions trap and are inter-
preted by routines included for
the purpose.

13 14

ADDRESS

35

Number System — Arith-
metic instructions in the
DECSYSTEM-20 use two's com-
plement, fixed-point conventions
to do binary arithmetic. In a
word used as a number, bit 0
(the leftmost bit) represents the
sign, O for positive, 1 for negative.
In a positive number, the remain-
ing 35 bits represent the magni-
tude in ordinary binary notation.
The negative of a number is
obtained by taking its two’s
complement. Zero is represented
only by a word containing
all 0’s.

Fixed-point Arithmetic. Two
conventions define a number as
an integer (binary point at the
right) or as a proper fraction
(binary point at the left). In these
two cases, the range of numbers
represented by a single word is
-(2)% to (2)%° -1 or-1 to 1 -(2)-.
Since multiplication and division
make use of double-length
numbers, there are special in-
structions for performing these
operations to yield results that
can be represented by a single
word for single precision
operations.

The format for double-length
fixed-point numbers is an ex-
tension of the single-length for-
mat. The magnitude (or its two's
complement) is the 70-bit string
in bits 1-35 of the high- and
low-order words. Bit 0 of the
high-order word is the sign, and
bit 0 of the low-order word is
ignored. The range for double-
length integer and proper frac-
tions is thus -(279) to 270
lor-1to1-(2-70),

Floating-point Arithmetic. A
double-precision word consists
of the sign, an 8-bit exponent
and a 62-bit fraction. This gives
a precision in the fraction of 1
part in 4.6 x 108 and an ex-
ponent of 10 to a power of from
—38 to + 38.

Processor Modes — Instruc-
tions are executed in one of two
modes. Programs operate in
either User Mode or Exec Mode.
In Exec Mode operation, all
implemented instructions are
legal. The monitor operates in
Exec Mode and is able to control
all system resources and the
state of the processor. In User
Mode operation, certain instruc-
tions are illegal, causing monitor
traps when executed. Functions
such as User Mode I/O are done
through calls to the monitor,
issued by the user program.

Executive and User Modes are
further divided into two
submodes each.




Processor Modes

User Mode

Public Submpdp

Concealed Submode

» User Programs
* 256K Word Address

 All instructions permitted
unless they compromise
integrity of system or
other users

 Can transfer to concealed
submode only at entry points

* Proprietary Programs

» Can READ, WRITE,
EXECUTE or TRANSEFER to
any location labeled Public

Executive Mode

(Monitor)

Supervisor Submode

Keijr_lel Submode

¢ Performs general management
of system

» Performs those functions that
affect only one user at a time

» Executes in virtual
address space labeled Public

Fast Register Blocks— General
purpose registers are another
DECSYSTEM-20 feature that
help improve program execu-
tion. Eight sets of sixteen fast
integrated circuit registers can
be used as accumulators, index
registers, and as the first sixteen
locations in memory. Since the
registers can be addressed as
memory locations, they do not
require special handling. How
the registers are used depends on
how they are addressed in the
instruction word.

Program switching time be-
tween register sets is 500
nanoseconds.

* Performs [/O for system

» Performs those functions
that affect all users

Different register blocks can
be used by the operating system
and individual users. This elim-
inates the need for storing
register contents when switching
from User Mode to Exec Mode.

Accounting and Performance
Meters—Five accounting and
performance meters are built
into the Central Processor. These
include:

Interval Timer. A Program-
mable source of interrupts
with a range from 10 micro-
seconds to 40.96 milliseconds

Time Base. A one micro-
second relative time-of-day
clock which is used by the
monitor for system
accounting.

Performance Analysis
Counter. Designed as a tool
for testing and evaluating the
system, this counter monitors
either duration or rate of
occurrence of various hard-
ware conditions and events.

Two Accounting Meters.
An Instruction Processor
Meter which measures the
amount of the instruction
processor time used. The
information is stored in the
User Process Table. While the
default count is user time
only, the monitor may also
include interrupt time and/
or Exec Mode time in this
accounting. The second is a
Memory Reference Meter,
which measures user program
accesses to core memory. This
information is also stored in
the User Process Table.

Trap Handling — Trap facilities
exist for handling arithmetic
overflow and underflow, push-
down list overflow, and page
failures. This trap capability is
separate from the program
interrupt system and can cause
interpretation of the trap to be
performed in either the user’s or
the monitor’s address space as
appropriate for the instruction
code trapped.




Priority Interrupt System—
The Priority Interrupt System is
one of the most flexible that is
available. Devices are assigned
under program control to any
one of seven priority levels
through the dynamic loading of
a 3-bit register within the device
controller. A program can
change the priority level of any
device or disconnect the device
from the system and later rein-
state it at any other level. In
the same manner, a program can
set, enable, or disable any com-
bination of levels with a single
instruction. In addition, the
program can assign some or all
devices to the same level and
generate an interrupt on any
channel.

Program-assignable priority
interrupt levels provide much
greater flexibility than per-
manently hard-wired systems.
An interrupt can cause the pro-
cessor and the interrupting
device to initiate one of several
possible actions. In response to
an "interrupt grant” signal, the
device may supply a 33-bit word
which is decoded as 18 bits
address, 12 bits data, 3 bits
function. The processor then
does one of the following:

» Executes the instruction found
at the supplied 18-bit address
(vectored interrupt)

« Transfers a word into or out of
the addressed location

¢ Increments or decrements
the word at the addressed
location

Priority level 0 is of higher
priority than the seven pro-
grammable levels and is reserved
for the Front End Processor.

This level is invisible to the KL10
software and is provided as an
access to main memory for the
console.

Memory System

The Memory Control Unit
contains the logic necessary for
memory mapping between
logical and physical addresses.

The memory address mapping
hardware is integrated with the
software to provide memory
management totally transparent
to the user. Physical memory is
divided into 512 word pages. All
monitor and user addresses are
translated by hardware from the
program’s (virtual) address
space to physical memory ad-
dress space.
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The high-order nine bits of
the 18-bit virtual address define
the virtual page number and are
used to index into a Page Table
containing the mappings be-
tween virtual addresses and
physical core for either the
active user or the operating sys-
tem. If the physical page number
is found in the 512 entry Hard-
ware Page Table, the low-order
nine bits of the virtual address
are appended to it to form the
complete physical address. If the
virtual address is not found in
the Hardware Page Table a com-
putation is performed to deter-
mine the page mapping. The
hardware page table is then
loaded with the correct mapping.
Two hardware registers internal
to the central processor contain
the page mapping information
for locating the monitor’s and
active user’s page maps in core.
These maps contain information
pointing to the pages for the
operating system or active user,
which are in core or out on the
swapping device. The storage
address pointers are of three
basic types:

Private
the page belongs to only one
user

Shared
the page is shared by more than
one user

Indirect
points to another page map page
where the pointer may again be
one of the tree types

In addition to the physical
page numbers in the page map,
control bits are present to serve
various functions. For example,
one bit is used to indicate that
the page is read only; a second is
used to indicate that currently
no physical page corresponds to




this virtual address slot. Another,
whose function is to reduce disk
channel traffic, is called a
“written” bit and indicates
whether or not a page need be
written out to the disk or dis-
carded when its physical space

is needed.

Page level sharing among
users is supported by a hard-
ware Shared Pages Table, which
holds the physical address of
the shared page. This table,
which is addressed through a
hardware register, enables more
efficient memory management
because routines need to main-
tain just one pointer to a page,
no matter how many processes
are sharing it. Similarly, there is
an Indirect Page Table for
indirect pages.

Information about how long
a page has been in core and the
number of processes sharing it is
also stored by the hardware in a
Core Status Table to aid the
monitor in memory
management.

Process Tables— There are two
types of Process Tables in core
which are used by the software
for both system and user man-
agement. These are the Exec
Process Table (EPT) and the
User Process Table (UPT). Each
is one page long. The EPT is
provided for the monitor and
UPT for each user process in
the system.

User Process Table
» Arithmetic overflow vector

address. Overflow affects

just the user and not the sys-

tem, so it is handled in the

user address space.

* Core and instruction pro-
cessor usage accounting
clocks. This information is
kept for each user to aid in
precise user resource
accounting.

Exec Process Table
* Channel recording area. In-

formation about channel

status is maintained here.

» Front End Processor Com-
munications Area. Used in
communications between the
Central and Front End
Processor.

The physical memory of the
DECSYSTEM-20 consists of
from 64K to 256K 37-bit words.
Memory increments are in 32K
blocks, with up to four control-
lers each controlling 32K or 64K
words. Two- and four-way inter-
leaving of memory is set up
through software settable
switches at system startup time.
Because the memories are inte-
gral to the Central Processor,
memory accessing is faster than
with comparable external mem-
ory architecture.

Front End Processor

The PDP-11 Front End Pro-
cessor is one of the more signif-
icant features of the
DECSYSTEM-20. The inte-
gration of the PDP-11 into the
DECSYSTEM-20 Central Pro-
cessor allows each processor to
maintain its own integrity with
minimal overhead. Additionally,
functions are shifted to the
PDP-11 wherever possible to
improve overall system perfor-
mance and reliability, and to
provide an expandable base for
future hardware and software.
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Front End functions include:

» Bootstrap the Central
Processor

* Drive all unit record equip-
ment

* Service local and remote com-
munications hardware

» Drive operator and diagnos-
tic consoles

* Respond to Central Pro-
cessor malfunctions

* Run diagnostic programs

The number of diagnostics
that run under timesharing has
been extended. This translates
into more system availability to
the user since service personnel
need not take the system when
repairs are needed.

To increase efficiency of serv-
ice and minimize the delay that
could occur if service is not on-
site, a remote diagnosing capa-
bility is built in. Each system is
equipped with an additional
asynchronous line interface
through which a remote service
center, with permission of the
system manager, can access the
system. The service center has all
the capability and diagnostic
tests available as would local
personnel. The result: reduced
repair times and more customer
satisfaction.




Diagnostic Capability — As a
diagnostic computer, the Front
End Processor can examine the
data paths and control logic of
the Central Processor even if
that unit is completely inopera-
tive. A Diagnostic Bus linkage
permits automated testing pro-
cedures and allows diagnostic
tests to be run that would be
impossible using conventional
techniques. There is less chance
for human error, because main-
tenance engineers do not have to
rely upon a malfunctioning
Central Processor to diagnose
itself.

The Front End Processor can
sense the internal status of the
central processor and control
the operation of the central
processor. Now, normal main-
tenance no longer involves time-
consuming and error-prone
reading of indicators and flip-
ping of switches. All the main-
tenance and diagnostic proce-
dures that require this on older
computers are now performed
by diagnostic programs in the
Front End Processor.

Power Failure Detection and
Recovery— If system power
fails, a detection circuit senses
the condition and causes an
interrupt. The interrupt can
trigger operation of a program,
which saves volatile registers
and provides an orderly system
shutdown, allowing for later
system restart with a minimum
amount of lost time. A program-
selectable automatic restart
capability is provided to allow
resumption of operation when
power returns. Alternatively, a
manual restart may be used.

Over Temperature Protection
— Thermal sensors strategically
placed within the equipment
detect high temperature con-
ditions and cause power shut-
down. This, in turn, initiates
the power failure interrupt.

Self-Loading and System
Startup — A cold start of the
DECSYSTEM-20 requires a
human being to push the load
button and type in the time and
date. It is always completed in
less than five minutes. A warm
restart after a temporary failure
of either the DECSYSTEM-20
or the PDP-11 front end pro-
cessor takes less than a minute
and requires no human
intervention.

DTE-20— The DTE-20 console
Front End Processor Interface
connects the Central Processor
and the Front End Processor to
provide capabilities to interrupt,
examine, deposit, diagnostic
read and write, and transfer data
during timesharing and diag-
nostic operations.

Console — The console ter-
minal provides a direct system
interface by simulating the con-
trol switch and display indicator
functions for the Central Pro-
cessor, thereby providing con-
trol of normal program and
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diagnostic operations and the
ability to start, stop, load,
modify, or continue a program.
The console is connected for
simultaneous two-way trans-
mission through a full duplex
asynchronous line interface to
the Front End Processor,

Front End Processor — A
PDP-11 is employed as a front
end processor. It is equipped
with a ROM for “cold starts”,
28K words of core memory, dual
floppy disks, console terminal
interface, asynchronous line
multiplexer, RP04 disk interface,
and optionally, line printer and
card reader interfaces.

The Front End Processor is
equipped with a high-speed
multiplexer for up to 64 asyn-
chronous communication lines
operating at speeds up to 9600
baud. The Basic System Package
is equipped with a 16-channel
multiplexer and 8 lines. Addi-
tional EIA compatible lines may
be added in groups of eight. An
optional 20mA line interface is
available. The asynchronous
line multiplexer meets EIA
RS232C and CCITT (green
book) V.24 standards.




Peripherals

A wide range of peripheral
equipment is available with the
DECSYSTEM-20. Each piece of
peripheral equipment is fully
integrated into the software
system.

To increase throughput and
storage capacity, a high per-
formance disk system is pro-
vided. Removable storage ele-
mentsinsure maximum flexibility
and convenience.

A reliable magnetic tape
system operating in either of two
recording modes provides data
transportability and security.

To take full advantage of the
interactive qualities of the
DECSYSTEM-20, a high quality,
high performance CRT terminal
is offered.

Hard copy equipment includes
DIGITAL'’s own widely accepted
DECwriter II terminal, as well as
high performance line printers
in several models.

Two models of card readers
are available which have been
selected for their ability to work
reliably with cards of varying
condition.

Plotters and other applications
related peripherals are available.

Today's computer systems
place ever increasing emphasis
on peripheral equipment and
their development for the
DECSYSTEM-20 is on-going.

Through this development,
the user may be assured that the
latest full capability peripheral
equipment will be available.

RPO4 Disk Systems

Up to four high-performance
disk drives are supported. Each
drive has a storage capacity of _
100 million bytes, providing an
on-line storage capacity of up to.
400 million characters, On the

'DECSYSTEM-20, the initial

disk drive is dual-ported, linking
to both the PDP-11 and the
DECSYSTEM-20 channels. The
diagnostic and initialization
routines for the system are
stored on this device along with
the system software.

Each RP04 disk drive transfers
data directly to and from mem-
ory under the control of a chan-
nel program. Because the con-
troller provides overlapped
seeking, the operating system
will concurrently position two
or more drives, shortening the
effective access time and in-
creasing throughput. This fea-
ture, in combination with a rota-
tional position sensing
capability, can be used by the
operating system to optimize
disk throughput. A pre-load
capability is provided in the
controller so that when a channel
program is completed the con-
troller can send select and other
control information to the disks
without delay and initiate the
new channel program.
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The RP04 disk drive offers a
high level of data reliability. A
phase-locked loop clock system
and state-of-the-art recording
technique provide the utmost in
reliable reading and recording.
Additional error detection and
correction hardware within the
RP04 disk drive provide infor-
mation on the position and
pattern of any error burst up to
eleven bits within the data field.
Correction of most data field
errors is then accomplished
under software control.

The ability to offset the read/
write heads facilitates read
recovery and increases data
reliability and improves com-
patibility. Moreover, if a sector
on a disk pack becomes defec-
tive so that attempts by hard-
ware and software to recover
data fail excessively, the operat-
ing system dynamically marks
the sector as bad so that no
future attempts will be made to
use it. In most cases, the data can
still be recovered so that the file
can be copied to a new location.




Disk System Specifications

RP04

Disk Drive Capacity
Peak Transfer Rate
Access time:
Track-to-track
Average
Maximum
Organization

Number of Heads

Number of Recording Surfaces
Number of Disks
Number of Drives/Controller

20.48 million words
5.6 microseconds/word

7 milliseconds

28 milliseconds

50 milliseconds
128 words/sector
20 sectors/track
19 tracks/cylinder
411 cylinders/pack
19

20

11
4
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TUAS Tape System

Features
» 1600 bpi, 9-track
 Program-selectable record-
ing at 1600 bpi (phase-
encoded) or 800 bpi (NRZI)
» Data formats are industry-
compatible
e 120,000 character/second
transfer rate
« Up to 40 million characters of
storage per reel
« Reading in reverse (in addi-
tion to forward)
« Expandable to eight tape
drives in a single system
» Vacuum column for tape
buffer
« High reliability
Up to eight dual-density tape
drives may be provided. Drives
are equipped with a dual gap
head which enables writing and
data checking on a single pass.
An automatically activated erase
head operates on writing.
A transport door protects
the heads, capstan and magnetic
tape and other tape path compo-
nents from dust and other
contaminants. Operator controls
are accessible while the door
is closed.

The drive is a single capstan
unit with vacuum column tape
storage system to buffer abrupt
changes in velocity of the cap-
stan from the supply and take
up motors.

A tape cleaner is provided and
equipped with a contaminant
removal system.

The TU45 may operate in read
mode in either forward or
reverse direction.

The tape system is controlled
by an integrated channel and
controller. The operating system
sets up a channel program and
initializes the channel-controller.
Data transfers then proceed
without further process or
attention.

Specifications for Tape and Control

Main Specifications
Storage medium

Capacity/tape reel

Data Transfer speed
Drives/control
Data Organization
Number of tracks
Recording density

Interrecord gap
Recording method

Tape Motion
Read/Write speed
Rewind speed
Rewind time
Tape Characteristics
Length
Type
Reel diameter
Handling

Error correction

Magnetic head
Drives/System

14

15" wide magnetic tape
(industry std)

40 million characters (at
1600 bpi)

120,000 characters/sec., max.
8, max.

9

800 or 1600 bits/in.,
program-selectable

0.50 in., min.

NRZI for 800 bpi phase-encoded
for 1600 bpi

75 in./sec.
250 in/sec.
115 sec. typical

2400 feet, max.

Mylar base, iron-oxide coated
10V% in., max.

Direct-drive reel motors, servo-
controlled single capstan,
filtered positive pressurized tape
compartment, vacuum type tape
cleaner

(Phase-encoding only), “On-
the-fly” error correction for a
single-track dropout
Dual-gap, read-after-write
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DC20 Asynchronous
Communications
Multiplexer

Features
* Speeds up to 9600 baud
* 64-character hardware buffer
for received characters
* DMA Transmitter for each
line
* Split speed transmitter and
receiver speeds may be
different
* Conforms to EIA RS232-C,
CCITT specifications
* Full-duplex, half-duplex
The DC20 asynchronous
multiplexer is an integral part of
the DECSYSTEM-20 front end.
The basic system contains a
16-channel multiplexer with 8
lines implemented. Expansion to
64 lines is supported.

The system uses 16 double
buffered MOS/LSI receivers to
assemble incoming characters.
An automatic scanner takes each
received character and line
number and deposits the infor-
mation in a 64 character first in,
first out, buffer memory referred
to as the Silo.

The Transmitter also uses one
double buffered MOS/LSI for
each line. These are loaded
directly from the front end
processor’'s memory by means of
a single-cycle, direct memory
transfer. The current address and
data byte count are stored in
semiconductor memory within
the DC20.

EIA levels with modem con-
trol leads are provided. A
modem control option is avail-

able.

A==

LP20 Line Printers

The LP20A and LP20B

series printers are 300 line-per-
minute, 132-column devices with
64 or 96 character print sets.

The printer contains a paper
advance mechanism, top-of-
form control, self-test capability.

A solid state vertical format
control unit (VFU), static elim-
inator, and paper receptacle are
provided. The printer is an
impact-type using a revolving
character drum and one ham-
mer per two columns. Forms
with up to six parts may be used
for multiple copies. Included
with the printer is a control
unit interfaced to the Front
End Processor. The control
unit operates as an NPR (DMA)
device on the PDP-11 UNIBUS.

Paper and inked ribbon pass
between a row of hammers and
a continuously-rotating metal
drum. The drum surface contains
132 columns of all print charac-
ters. Data to be printed is
received and stored in a full line
buffer. Printing starts when a
control character (line feed,
carriage return, or form feed) is
sent. If more than 132 characters
are sent before the control char-
acter, an automatic line feed
occurs and printing continues on
the next line with no loss of
characters.

Printing is accomplished by
scanning the stored characters in
synchronization with the ro-
tating drum characters and
actuating the appropriate ham-
mer as the desired characters
move into the printing position.
A 132-column line is printed in
two drum revolutions; the odd-
numbered columns in one revo-
lution and the even-numbered
columnsinthe second revolution.
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High performance printers,
LP20F and LP20H, are offered
for applications requiring in-
creased printer throughput. Both
64 and 96 character versions are
available with scientific or EDP
character sets. The full 132-
column width may be easily
reduced by the user so that
narrower paper widths can be
used.

Operation is similar to the
LP20A described above, but a
line is printed every drum
revolution. The vertical format
control is by industry standard
12 channel paper tape.




Line Printer Specifications

LP20A
Controller LP20
Columns 132
Printing
Characters 64
Printing Speed 300 Ipm
VEU Prog
UNIBUS
Transfer Type NPR

LP20B
LP20
132

96

240 Ipm
Prog

NPR

LP20F
LP20
132

64
1250 Ipm
Tape

NPR
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LP20H
LP20
132

96
925 lpm
Tape

NPR

CD20 Card Readers

The CD20 card readers are
rated and designed to meet
varying throughput require-
ments and provide reliable,
quiet, trouble-free operation.
These low-cost card readers
accept 80-column EIA/ANSI
standard cards.

For fast throughput, the user
can choose the console model
CD20B, which processes 1,200
cards/minute or the table model
CD20A, which processes 300
cards/minute and has a smaller
hopper while still including the
same basic features as the higher
speed model.

CD20 card readers are
designed to prevent card jams
and keep card wear to a mini-
mum. The readers have a high
tolerance to cards that have
been subjected to high humidity
or to rough handling and are
worn or otherwise damaged.

To keep cards from sticking
together, the readers use a special
“riffle air” feature. The last half-
inch of cards in the input hopper
are subjected to a stream of air
which separates the cards and
air cushions them from the deck
and from each other. This action
unsticks those cards attracted
electrostatically and loosens
those cards attached through
torn webs or hole locking. It
also separates cards that are
swollen and stuck from excess
humidity.




Cards entering the reader are
selected through an advanced
design vacuum picker. The
picker and its associated throat
block prevent the unit from
double picking. To minimize the
chances of jamming, the card
track is short (less than four
inches) so that only one card at a
time is in motion.

The “riffle air” and vacuum
picker features greatly extend
card life. Stoppages are also
reduced since the reader auto-
matically tries six times before it
determines that a card cannot
be picked.

The read station of the CD20
card readers uses infrared light
emitting diodes as its light source
and phototransistors as its
sensors to provide complete
reliability. No adjustments are
required during the ten-year life
expectancy of the diodes.

Card Reader Specifications

Hopper Cap
Stacker Cap
Speed

Type

CD20A CD20B

550 2200

550 2200

300 cpm 1200 cpm
tabletop Free-Standing




LA36
DECwriter 1l Terminal

Features
 Fast true 30-character-per-
second output
Low cost
Up to six-part forms
132-column printing
Variable-width forms
Upper/lower case printing
Field-proven print head
ANSI keyboard
Quiet operation
Excellent character visibility
Mechanical simplicity for
high reliability
» Meets RS232C and CCITT

(green book) V.24 Standards

The LA36 DECwriter Il is a
modular keyboard terminal
designed for high performance,
quiet operation, and high relia-
bility at speeds of 10, 15 or 30
characters per second. The LA36
provides true 30-character/
second printing for full utiliza-
tion of a 300-baud communica-
tions line without the use of fill
characters.

Printable characters are stored
in a buffer during the carriage
return operation; and while
more than one character is in the
buffer, the printer mechanism
operates at an effective speed of
60 characters/second.

Adjustable pin-feed tractors
allow for variable form width
from 3 to 14-7/8 inches (up to
132 columns). The print mechan-
ism of the LA36 will also accom-
modate multi-part forms (with
or without carbons) of up to six
parts with excellent print quality.

The LA36 keyboard generates
the full 128 ASCII character set,
consisting of 96 upper- and
lower-case printing characters
and figures and 32 control char-
acters. In addition, the LA36 is
available with optional ROMs
(Read Only Memories) to
accommodate special character
sets, in addition to the standard
ASCII such as the APL char-
acter set for use with the APL
Programming Language or
various foreign language char-
acter sets. Characters are printed
using a 7 x 7 matrix with hori-
zontal spacing of 10 characters
per inch and vertical spacing of
six lines per inch. The keyboard
layout conforms to the ANSI
standard and is similar to a
standard office typewriter. The
LA36 is particularly well suited

to the office environment because

of its exceptionally quiet opera-
tion. To insure clear visibility

of the printed line, the LA36
incorporates a beveled cabinet
top for an unobstructed view,
positioning of the ribbon away
from the paper surface, and a
print head which automatically
retracts out of the way when not
in operation.
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The LA36 was designed for
reliability and ease of main-
tenance. It consists of a carriage
system, a ribbon feed system, a
paper feed system, and an elec-
trical system. The three mechan-
ical systems were designed for
durability and high reliability
with relatively few moving parts.
The electrical system is con-
tained on two printed circuit
boards, employing the latest in
integrated-circuit technology.




LA36 DECwriter Il Specifications

Printing
Spacing

Paper

Keyboard

Power Requirements

Interface

True 30-character - per - second operation;

132-column format

10 characters per inch horizontal,

6 characters per inch vertical
Up to 6 part forms, 0.020 inches

maximum pack thickness.

Variable width, 3 to 1478 inches

Tractor Drive, pin feed

Standard typewriter which conforms
to ANSI standard X4.14-1971 typewriter

paired keyboard

90-132 Vac or 180-264 Vac.
300 W maximum (printing)
EIA RS232C, CCITT (green book) V.24

or 20mA current mode

47-63Hz
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V152 DECscope
Video Display
Terminal

Features

Upper and lower case

ASCII

24-lines

80 characters per line
ANSI/typewriter compatible
keyboard

» Auxiliary keypad

» Direct Cursor Addressing

*» Scrolling

The VT52, Digital Equipment
Corporation’s newest version
of the DECscope, offers a com-
bination of features not found
in any other terminal. The VT52
is an upper-and-lower case
ASCII video terminal whose
display holds 24 lines of 80
characters.

The VT52 is upward-compat-
ible with the VTS50, but an
identification feature allows
software to distinguish between
the two models. Software which
uses Hold-Screen Mode to pro-
duce operator-controlled,
screenful-by-screenful output to
the VT50 will work perfectly on
the VT52 without modification
despite the different screen
capacities.

When a key is depressed, a
subtle click occurs, giving the
operator an audible response for
rhythmical keystrokes. For
applications where absolute
quiet is necessary, this sounder
can easily be disabled. Anyone
familiar with a standard type-
writer can learn the basics of the
VT52 operation in less than an
hour because the VT52 key-
board is similar to a typewriter
keyboard, rather than a tele-
typewriter; and DIGITAL pro-
vides thorough step-by-step
documentation for both pro-

grammers and operators. Errors
that might occur when the oper-
ator depresses several keys in
rapid sequence are prevented

by the VT52's three-key rollover
feature.

The VT52 provides a “two-
way” auxiliary keypad. In one
mode, the keypad is used to gen-
erate program-compatible
numeric codes. Applications
which require much numeric
input can use the VT52 without
modifying hardware or soft-
ware, while the operator uses
the convenient “numeric pad”.

VT52 Specifications

Display

Format: 24 lines x 80 characters

Character Matrix: 7 x 7
Screen Size: 210mm x 105mm (8.3 in. X

4.1in.)

Character Set: 96-character displayable
ASCII subset (upper and lower-case,
numeric, and punctuation)

Keyboard

Character Set: Complete 7-bit ASCII

set (128 codes)

Key layout: Typewriter —rather than
keypunch—format 63 keys
Conforms with ANSI standard X4.14-
1971 typewriter paired keyboard
Auxiliary keypad: 19 keys; numerals,
cursor-movement, 3 user-definable
function keys

Audible Signals

Key-click: switch-controlled

Bell: Sounds (a) upon receipt of control
characters BEL: (b) when keyboard

input approaches right margin (output
from host approaching right margin does
not cause bell to ring)

Page Overflow

LF causes upward scroll: Reverse Line

Feed causes downward scroll

Cursor

Type: Blinking underline

Control: Up or down one line; right or
left one character; home; tab (fixed tab
stops every 8 spaces); direct cursor
addressing (allows cursor to be moved to
any character position on the screen)
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Functions

Hold-Screen Mode

Terminal Self-
Identification

Communications

Dimensions

Weight
Operating
Environment

Erase display from cursor position to end
of line; erase to end of screen; scroll up;
scroll down

Allows operator to halt transmission
from host, preserving data on display.
Operator can request new data, line- or
screenful-at-a-time. Enabled/ disabled
by Escape sequences sent by system
software

Terminal transmits on command a
sequence unique to its model; software
can identify features available on any
terminal it is in contact with

EIA RS232C, CCITT (green book) V.24
normally supplied on VT52 ordered with
D%Csystem-zo 20mA current loop avail-
able

Transmission rates, full duplex (switch
selectable) 75, 110, 150, 300, 600, 1200,
2400, 4800, and 9600 baud
Switch-selectable local copy

Height: 360mm (14.1 in)

Width: 530mm (20.9 in)

Depth: 690mm (27.2 in)

Minimum Table Depth: 450mm (17.7 in)
20 kg (44 Ibs)

DEC STD 102-Class B environment
10°C to 40°C (50°F to 104°F)

Relative Humidity 10% to 90%
Maximum wet bulb 28°C (82°F)
Minimum dew point 2°C (36°F)
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Or, software may place the
VT52 in the alternate mode, in
which each key on the keypad
transmits a unique Escape
Sequence. This allows the host
computer to distinguish between
keys typed on the auxiliary key-
pad and similar keys on the
main keyboard. In this mode,
each key on the keypad can be
used to invoke a user-defined
function.

The VT52 has a wide range of
cursor-positioning functions.
As well as moving the cursor
one position in any direction,
software can move the cursor to
any position on the screen with
a Direct Cursor Addressing
command which specifies the
destination for the cursor. The
VT52 also offers fixed horizon-
tal tabs, a “Cursor-to-Home”
command, and two screen-
erasure functions. Data on the
screen scrolls up when a line
feed function is performed with
the cursor on the bottom line;
it scrolls down when a reverse
line feed function is performed
with the cursor on the top line.



DECSYSTEM20

Software

The DECSYSTEM-20 is pro-
vided with highly reliable virtual
memory, multi-mode operating
system (TOPS-20) and a com-
plete range of languages and
supporting utilities designed to
provide the user with an easy-to-
learn, easy-to-use interactive
system while preserving all the
throughput required by tradi-
tional batch applications.

TOPS-20 simultaneously pro-
vides the features to support
efficient full-language timeshar-
ing for program development
and all types of interactive and
terminal oriented applications,
plus a full capability, multi-
stream batch system.

All language processors are
shareable and re-entrant to
minimize memory requirements.
Job control and command lan-
guages and all compilers are
compatible under batch and
timesharing.

The TOPS-20 operating sys-
tem takes full advantage of the
DECSYSTEM-20 paging hard-
ware facilities to provide a
virtual memory address space
to all users of 256K words.

The system provides the
concept of processes and jobs.
Each job may create several pro-
cesses with each process a sep-
arately schedulable entity with
its own address space. Provi-
sions are made for easy and
efficient communications among
processes at both the command
and monitor call levels. The file
system is highly developed and
provides the extreme reliability
so necessary in a multi-user
system.

Facilities are provided for file
sharing, file protection, and file
backup. Files may be accessed
by mapping into the user’s
address space. Conventional
access methods are provided.

TOPS-20 is the result of the
design and evolution of two
other operating systems:
TOPS-10, available on the large-
scale DECSYSTEM-10 and
proven in over 450 installations
and TENEX, an advanced inter-
active and communications
oriented system developed
partly under US Government
sponsorship for use with PDP-10
systems on the ARPA network.

TOPS-20 supports a full range
of language processors, an
easy-to-use powerful editor, a
multi-stream batch system, an
easy-to-learn, easy-to-use com-
mand language. It is a multi-
purpose, multi-mode, virtual
memory system with a highly
reliable file structure.

Languages include FORTRAN,
COBOL, ALGOL, BASIC, APL
CPL and MACRO. Source level
debuggers are provided for
MACRO, COBOL and
FORTRAN.
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TOPS 20
Operating System

Features

Multi-User, Multi-Mode
Multi-Language Interactive
processing

» Multi-stream batch processing
« Communications

e Virtual Memory

Multi-process job structure
Easy-to-learn, easy-to-use
command language
» Timesharing and batch com-
mand language compatibility
« Advanced reliable file system
» Front end processor operating
system for communications
and unit record control
In combining two existing
components to form the basis
for the DECSYSTEM-20,
TOPS-20 provides all the fea-
tures needed for maximum sys-
tem reliability and ease of use.
The operating system was
designed to easily and efficiently
serve many user tasks but be
fully protected from errors they
might cause. For example, the
Command Processor runs in
User Mode to isolate errors
caused by users interacting with
the operating system. The mon-
itor itself is divided into resident
and non-resident portions to
efficiently use core and logically
isolate functions for enhanced
reliability. Special protective
hardware processor modes are
utilized in the implementation.
TOPS-20 supports a large
number of interactive tasks
together with concurrent batch
processing. Extensive human
engineering has gone into the
system to make it easy to use
and operate. A special prompt-
ing capability within the Com-
mand Processor assists the user




by completing on request the
command being entered and by
identifying argument and
options available. Powerful
commands allow routine tasks
to be performed with a mini-
mum of typing or training.

The TOPS-20 command lan-
guage is used in both batch and
timesharing modes. Any termi-
nal user can construct a job
under timesharing, and then
submit the job to be processed
by the batch system. Concurrent
with the processing of that job,
he may continue interactive
work under timesharing. Reli-
ability and ease of use were
conditions imposed on all
aspects of the DECSYSTEM-20
software development to arrive
at a product which meets the
needs of today’s users.

The DECSYSTEM-20 oper-
ates in a virtual memory envi-
ronment. TOPS-20 operation is
process oriented. Each program
invoked by a user is treated as
a separate process, having its
own 256K word addressing
space. Processes are able to ini-
tiate other processes, suspend
them, and communicate with
them allowing for multiple con-
current tasks to be executed.
This permits modularity in
application development that
can be exploited at execution
time. For example, an applica-
tion may have three distinct
phases: (1) input data,

(2) process data, (3) output
results. By using a separate
process for each phase, it is
possible to be processing one set
of data while another is being
input and still another is being
output. For the user who doesn’t

need such process structuring,
its support by the system is
transparent to him.

Timesharing

The DECSYSTEM-20 takes
maximum advantage of system
throughput capabilities, allow-
ing many independent users to
share system facilities simul-
taneously. The conversational,
rapid-response nature of the
DECSYSTEM-20 makes it par-
ticularly well suited for a wide
range of tasks. The system
supports a variety of CRT and
hard copy terminals at speeds
up to 9600 baud. Terminal users
can be located at the computer
site or at remote locations con-
nected to the system through
asynchronous communication
lines. From a terminal, the user
can control the running of a
program; create, edit, and delete
files; compile, execute, and
debug programs. The user can
also request assignment of
peripheral devices such as mag-
netic tapes. When a request for
assignment is received, the oper-
ating system verifies device
availability and user-access
privileges. The user is then
granted private use of the device
until he relinquishes it.

Timesharing on the
DECSYSTEM-20 is designed in
such a way that the command
language, input/output proces-
sing, file processing, and process
scheduling are independent of
the programming language used.
This allows use of a wide range
of languages, such as COBOL,
ALGOL, FORTRAN, BASIC,
APL and MACRO.
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GALAXY
Batch Processing
System

Features

* The same command language
used in timesharing

* Multi-stream operation with
operator control of the num-
ber of active streams

* Automatic line printer and
card reader spooling with job
accounting and control,
including special forms
scheduling

* Job dependency scheduling
allowing creation of multi-job
batch applications

* Job limits parameters to define
a batch job’s resource bounds
* Job Control Language error
recovery facilities that allow
command level recovery from
expected or unexpected errors
» Support of all language pro-
cessors, application tools, and
system utilities
» User control of automatic job
restart in the event of a system
failure during job execution
* CPU time guarantees for
groups of users
GALAXY enables the
DECSYSTEM-20 to execute
batch jobs concurrently with
timesharing jobs. The batch
user can enter a job into the
batch subsystem using a card
deck which contains control
cards defining the command
options for the job; or, using a
terminal, he can create and sub-
mit a control file which is then
intercepted by the batch sub-
system and processed in exactly
the same manner as the job sub-
mitted on cards. Because the
control language for timesharing
and batch are the same, a user is



able to duplicate any terminal
session with a batch job by using
the same set of commands and
logic. Depending on the relative
proportion of batch jobs on the
system or their importance, the
system administrator may assign
a guaranteed percentage of CPU
time for batch jobs.

The batch software programs
include the Input Spoolers, the
Batch Controllers, the Central-
ized Queue Managers, Task
Schedulers, and the Output
Spoolers.

The Input Spooler reads from
the input device and requests
the queue manager to enter jobs
into the Batch Controller’s
input queue. The input data are
separated according to the
control commands in the input
deck and placed into either user
data files or the Batch Con-
troller’s control file, for subse-
quent processing. In addition,
the Input Spooler creates the
job’s log file and enters a report
of its processing of the job, along
with a record of any operator
intervention during processing.
The log file is part of the stan-
dard output for the job.

The queue manager is respon-
sible for scheduling jobs and
maintaining both the Batch Con-
troller’s input queue and the
output spooling queues. A job
is scheduled to run acccording
to external priorities, processing
time limits and parameters speci-
fied by the user for his job, such
as start and deadline time limits
for program execution. The
queue manager enters the job
into the batch input queue based
on priorities. After the job is
completed, the queue manager
schedules it for output by plac-
ing an entry in an output queue.
When the output is finished,

the job’s entry in the output
queue is deleted by the queue
manager.

The output spooling program
improves system throughput by
allowing the output from a job
to be written temporarily on the
disk for later transfer to the
printer. The log file and all job
output are placed by the queue
manager into one or more out-
put queues to await spooling.
When the printer is available,
the output is then processed by
the Line Printer Spooler. The
Line Printer Spooler also
includes such features as special
forms control and character
sets, multiple copies, and
accounting information.

Operator Intervention—
Normal operating functions per-
formed by programs in the batch
system require little or no
operator intervention; however,
the operator can exercise control
if necessary. He can specify the
system resources to be dedi-
cated to batch processing, limit
the number of programs as well
as the core and processor time
for individual programs, stop a
job at any point, requeue it, and
change its priorities. By exam-
ining the system queues, the
operator can determine the
status of all batch jobs. In addi-
tion, the batch system can com-
municate information to the
operator and record a disk log of
all messages printed on the
operator’s console. All operator
intervention during the running
of the Input Spooler, the Batch
Controller, and the Output
Spooler causes information to be
written into the user’s log file,
as well as into the operator’s
log file, for later analysis.

Job Dependency — Although
jobs are entered sequentially
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into the batch system, they are
not necessarily run in the order
in which they are read because
of priorities set by the user or
computed by the queue man-
ager. Occasionally, the user may
submit jobs that must execute

in a particular order. To ensure
that such jobs are executed
correctly, the user can specify
initial dependency counts in the
control commands of the depen-
dent jobs. Control commands in
each job on which the depen-
dent jobs depend must in turn
decrement the count; and when
the count for a dependent job
becomes zero, it may begin
execution.

Flexibility — The batch system
allows the user great flexibility.
The input spooler normally
reads from the card reader, but
can read from magnetic tape or
disk. In the command string, the
user can include switches to
define the operation and set
priorities and limits on core
memory and processor time.

Error Recovery —The user
can control handling of error
conditions by including special
commands in his job. These
commands, copied into the con-
trol file by the Input Spooler,
specify the action to be taken
when a program encounters a
fatal error condition. If an error
occurs and the user has not pro-
vided for error recovery, the
Batch Controller initiates a
standard dump of the user’s core
area and terminates the job. This
dump can be used to help debug
a program.

Defaults — Although the batch
system allows a large number of
parameters to be specified, it is
capable of operating with very
few user-defined values. If a
user wishes to specify the nor-




mal choice for the installation,
he may do so by omitting the
parameters altogether. These
defaults can be modified by
the individual installations.
Multi-stream Capabilities —
The batch system can run multi-
ple batch jobs concurrently —a
feature which enhances both
system and user throughput,
since a user can separate jobs
into several parallel job steps.

Command Processor

The TOPS-20 Command Pro-
cessor serves as the user’s inter-
face to the system. Both batch
and interactive users work with
the same command processor
because the command language
is common to both. This consis-
tency is important because it
allows switching between the
two modes easily. Equally sig-
nificant is the time saved to learn
only a single set of commands:
new user training is much sim-
plified.

Command consistency
throughout a system is quite
useful, but consistency of com-
plicated, verbose, or hard-to-
remember commands is still
unacceptable for the conven-
ience and efficiency required of
a computer system. TOPS-20
was designed to provide the
user with concise, meaningful
commands that specify what he
wants done while isolating him
from details better left to the
system.

As an example, consider a
user who has a program sample
to test. In the simplest case he
types EXECUTE SAMPLE. With
one short command he causes
TOPS-20 to compile, load, and
execute his program. He doesn’t
concern himself with details; he

doesn’t pre-allocate memory
disk storage or even specify
where the program is to be
found. TOPS-20 and the com-
mand processor cooperate to
make the user’s job easy. The
design philosophy is that a com-
puter should be convenient for
the user —not vice versa.

To continue the example,
suppose the user also wants a
compilation listing of his pro-
gram. To specify the listing
requirement, the user types
EXECUTE SAMPLE/LIST
which causes the same action as
before but additionally produces
the desired listing.

We can carry the example
further. Suppose the user is
familiar with the system and
doesn't like to type EXECUTE
every time he wants to carry out
the compile/load/execute
sequence. TOPS-20 requires that
the user type only enough to
uniquely identify any command,
so it is sufficient to type only
EX SAMPLE to be equivalent to
EXECUTE SAMPLE. Suppose
further that the user is testing
SAMPLE and goes through the
EXECUTE sequence frequently.
He can type only EX any time
after the first EXECUTE
SAMPLE, because EX uniquely
identifies EXECUTE — TOPS-20
remembers and assumes
SAMPLE until explicitly given
a different name.

To help the user who is not
fluent in all details of TOPS-20,
the question mark, when typed
in a TOPS-20 command, will
give a list of the alternatives
available. For example, typing
“CH?” will make TOPS-20 type
a list of all commands begin-
ning with “CH".

Abbreviated commands are
useful, but the idea is extended
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in TOPS-20 by allowing the
user to give an abbreviated por-
tion of a command and press the
ESCAPE key. If the command is
unique, the rest of the com-
mand will be typed by TOPS-20
and will include guide words to
prompt the user for the argu-
ments to the command.

Suppose a user is beginning
to learn the abbreviations for
commands, but has not acquired
full confidence with all the
abbreviations; he can type
“DIR”, the abbreviation for the
disk directory listing command.
If he has doubts that this is what
he wants, typing the control
character ESCAPE will make
TOPS-20 type out the rest of the
command that it understands.
In this case the extra characters
typed will complete the com-
mand line to read "DIRECTORY
(OF FILES)” to indicate the full
command TOPS-20 under-
stands. This gives the user the
reassurance of seeing the full
command without requiring
him to type it out completely.

This feature, called command
recognition, works on command
arguments and file names, so
that whenever a user has doubts
about TOPS-20’s understanding
of his desires he can type the
control character ESCAPE and
get a full description of
TOPS-20’s understanding of
what has been commanded
without actually executing the
command.
The human engineering and con-
venience offered by the TOPS-20
command processor is a key to
the power and utility of the




DECSYSTEM-20; however, the
framework in which the com-
mand processor runs is equally
useful. The TOPS-20 command
processor is not a part of the
operating system. It runs as a
part of each user’s job. This is
possible because a job in
TOPS-20 can consist of multiple
tasks or processes (programs)
associated with each other in a
hierarchical structure. The com-
mand processor in TOPS-20
runs as the controlling process
in a job.

The ramifications of this
organization are many-fold.
First, since the command pro-
cessor is not a part of the
operating system, the operating
system is smaller. System oper-
ation is also more reliable
because a command processor
error affects only the job which
exercised the bug; other jobs
continue normally.

Second, the design of the sys-
tem permits a job’s command
processor to control a task
which is itself a command pro-
cessor. Thus, new or special
purpose command processors
can be written, tested and used
just like other programs, during
normal system operations;
stand-alone system time or
operating system modifications
are almost unnecessary.

Because of the program and
data sharing supported on the
DECSYSTEM-20, system effi-
ciency is maintained by allow-
ing multiple authorized users
simultaneous access to a singlé
copy of any program. Hence,
the system and special command
processor can be shared.

Implementation of TOPS-20
style commands and formats —
recognition, abbreviation,
prompting, help —is facilitated

by table-oriented operating sys-
tem calls (JSYS) which provide
both consistency and reduced
development time and effort.

In summary, TOPS-20 is
engineered to be powerful yet
easy to use and learn, and pro-
vides the structure and facili-
ties required by computer users.

TOPS 20 File System

Features
» Named files
* Controlled sharing among
users
* Redundant root directories
» Write and close operations
occur in correct order —files
are always safe when reported
safe

+ Index Blocks kept in core for
speed

* Integrated file and process
space for convenience and
security

» Disk and file space dynami-
cally allocated, no prealloca-
tion required

+ Complete dumping and
back-up facility

TOPS-20 provides a system
of named files with controlled
sharing and protection among
users. Data sharing is provided
on a per page basis.

Reliability of the file system
is ensured by design as well as
by testing. File root directories
are redundant. Closing of files
always progresses in the correct
order so that when the user is
notified that a file is closed, it
is known to be safe.

All file system write opera-
tions are ordered so that the
directions are always correct
and are left in a consistent
state. When operations on a file
are active, index blocks and
pointers are kept in core for
speed.
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File and process space is inte-
grated providing added con-
venience and security. This
integration eliminates race con-
ditions in transaction process-
ing and data base applications,
because unlike conventional
systems, when a file is updated
it is the file itself, and not a
copy that is modified.

Disk and file space is
dynamically allocated. There is
no requirement to preallocate
disk space. A complete utility
is provided for backing up or
dumping files. All variations of
file backup procedure are avail-
able —full, incremental, and
selected directories. Provision is
made for implementation of a
clocked dumping procedure.

Named Files

The File System on the
DECSYSTEM-20 is a collection
of named data sets (files) divided
into 512 word pages. Each file
is identified by a device, direc-
tory name, file name, and exten-
sion and generation, which
defines a unique path to the file.

File Protection

All files are assigned protec-
tion codes for each of three
classes of users: the owner,
users within a common group or
project, and all other system
users. Members of each class
may be granted none, some, or
all of the following privileges:

» Read access

* Write access

» Permission to append data to
the end of the file

+ Acknowledgment that the
file exists when listing the
directory

When a file is created, the
creator/owner may either expli-




citly assign a protection code or
take the system default protec-
tion. The owner is permitted to
change the protection code at
any time.

Each file has associated with it
a File Descriptor Block which
fully describes the file’s charac-
teristics to the system. Such
information includes its protec-
tion code, who the owner is,
who last wrote in it, the date
created, the date last changed,
and its size.

File Directories

The system maintains a file
directory for each user. It con-
tains pointers to all of the user’s
files and file descriptor blocks
as well as general information
about the user. This information
includes the user’s password,
his privileges, his disk space
quota, how much disk space he
has used, and the system default
protection code. All directories
are themselves named files, and
information about them is con-
tained in a master directory
called the Root Directory. There
are redundant Root Directories
to increase file system integrity.

Groups

A group is a set of cooperating
users established by the system
administrator. Each directory
contains two group member-
ship lists: the list of users that
may have group level access to
the files in this Directory and the
list of groups to which the owner
of this Directory belongs.

Instructor/Student
Example

A way in which controlled
access may be used is illustrated
by a typical instructor/student
situation. The instructor is a
member of Group A as are other
instructors, but his directory
may not be accessed by
Group A. On the other hand,
student directories are all
accessible by Group A so that
the instructor and all other
instructors can have group
level access to student files at
any time, but neither students
nor other instructors may access
the instructor’s files.

To allow for this controlled
file sharing, the system offers
several modes of shared access:
» Shared reading (one or more

users reading, none writing)

» Writing (one user writing,
none reading)

» Shared updating (one or more
users reading and writing
simultaneously, using the
DECSYSTEM-20 queuing
facility for coordination)

* Restricted updating (one user
writing, any number reading)
As a further protection, if a

user has opened a file for read-

ing only, or is executing a shared
program, and attempts to write
in a shared page, the user who
wishes to write is given a private
copy of the page and the write
proceeds. This “copy-on-write”
facility is automatic.

All the software and hard-
ware elements associated with
the file system have been
designed to provide controlled
sharing of files among users on
the system. Pages of core mem-
ory function as a cache between

the file system and the processor.
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File Backup

A system utility DUMPER
provides full file backup capa-
bilities. Capable of full or incre-
mental file saving with provision
for directory specification,
DUMPER is a complete utility
for saving and retrieving files.

Virtual Memory
Operations

The TOPS-20 Operating Sys-
tem provides a demand-paged
virtual memory environment.
Each job on the system can be
considered as a set of one or
more processes, each having a
unique 256K word addressing
space and linked together by
user options or system-defined
linkages for efficient use of
storage and systems resources.
Operating in a demand-paged
mode, the system will move
into memory a subset of the
total number of pages of each
active process, bringing in pages
from the disk or moving pages
to the disk using algorithms
based on the collective char-
acteristics of all processes active
on the system. A primary prop-
erty of every process is its Work-
ing Set, defined as the set of
pages referenced during a recent
interval of time. The system
determines the interval on the
basis that when next the process
is active, memory references
will be confined with reason-
able probability to the same
pages. The number of process
pages comprising the working
set is determined by program
characteristics.

A second property, definable
in terms of all active processes
on the system, is the Balance Set,
which is the set of processes




most eligible to run and whose
collective Work Sets will fit
into core. Process eligibility is
event driven and changes when
the state of the process changes.

To insure good response,
interactive processes merit a
higher run eligibility than com-
putation-bound processes. How-
ever, if any compute-bound
process has been blocked by
interactive processes for a long
period, its eligibility is changed
so as to allow it to run.

The scheduler periodically
defines the Balance Set. Working
Set sizes are modified dynami-
cally as a process runs and are
regularly monitored by the
scheduler to adjust Balance Set
membership. Administrative
controls exist to guarantee a
percentage of the processor to a
specific user.

All paging is on a demand
basis. A recently started process
may begin with no pages in core.
As it makes memory references,
page faults occur (temporary
failures due to referencing pages
which are not in core) and a
Working Set is built up. File
input and output is accom-
plished by demand paging as
well; the desired page is mapped
into the system or user address
space and is then referenced,
causing a page fault.

The DECSYSTEM-20 sup-
ports memory management in
several important ways through
hardware and microcode. Mem-
ory mapping and page level
access protection are provided,
so as to provide efficient sharing
of pages between processes and
efficient context switching. Page
status and age information are
automatically updated for each
in core page by the microcode

from information initially set up
by the software. These hardware
tables minimize overhead while
maximizing the amount and
accuracy of information avail-
able to the system for decision
making in its management of
core and minimization of disk
channel traffic.

To effectively manage mem-
ory, the DECSYSTEM-20 uses a
combination of hardware and
software registers and tables to
relate program or virtual
addresses to physical addresses.
Two hardware registers internal
to the Central Processor, the
EBR and UBR, contain pointers
which locate the physical pages
in memory containing the map-
ping information for the operat-
ing system and the currently
active user. These pages, named

the User Page Table and the
Monitor Page Table, contain
pointers for mapping informa-
tion between the user’s and
monitor’s address space and the
actual pages of physical memory
in use by the user and operating
system. The pointers contained
in the process tables are of three
distinct types:

Immediate

Shared

Indirect

The characteristics of an
Immediate Mode pointer are
shown below. (a)

Entries in the User Page
Table point directly to physical
pages in core. Shared Mode
Pointer characteristics are
shown below. (b)

INDIRECT PAGE TABLE

USER PAGE TABLE

SHARED PAGES TABLE

&

s
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In this case, the pointer
indexes into a Shared Pages
Table, whose entries point to
physical pages in memory. The
location of the Shared Pages
Table in memory is contained
in another hardware register
internal to the Central Pro-
cessor. The advantage of having
a Shared Page Table occurs
when multiple processes are
sharing the same page. The
bookkeeping required to track
the location of the shared page
is reduced to updating only the
Shared Page Table. Without a
Shared Page Table, every user’s
Page Table, many of which
would not be in core, would
have to be modified. In instances
where one process writes on a
shared page, the system per-
forms a “Copy-on-Write”
action, resulting in a separate
copy of page being created for
the user, containing his modi-
fication. An appropriate update
is then made to the information
maintained in the Shared Pages
Table to reduce by one the num-
ber of users sharing the specific
page.

Indirect Pointer Mode is
shown here:

In this mode, the entry on the
Shared Pages Table does not
point directly to memory, but
rather points to another entry
in the Process Table, which itself
may re-index back into the
Shared Pages Table or point
directly to a physical page.

To maximize system speed, a
subset of the information for all
active process page mappings,
including the operating system,
is kept in a Hardware Page
Table. As the Working Set for a
particular process is generated
or altered, the page mappings
obtained are loaded into the
Hardware Page Table. Subse-
quent memory reference to these
pages then proceeds through the
Hardware Page Table, eliminat-
ing the need to access the
in-core page tables. This high-
speed hardware page table
minimizes the need for an
“extra” cycle to pick up the
required mapping information.

One additional register
internal to the Central Processor
points to a Core Status Table,
which contains, for each page of
physical core, information on
recent references, page modifi-
cations, reasons for a page to be

PHYSICAL PAGE [PRIVATE)

PHYSICAL
PAGE
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loaded in core, and reverse
pointer data. The Core Status
Table is used by the operating
system to age pages, record
when pages have been written
into, record which processes
have referenced the page, and to
permit the operating system to
locate which of the page tables
point to the page.

Process Structure

A process, as defined for the
DECSYSTEM-20, is an inde-
pendent task capable of being
run by the monitor and having
its own environment, including
a 256K virtual address space
divided into 512 pages of 512
words each. Core management
is performed by the operating
system, and only active process
pages need be in memory for
execution.

A process may create other
processes which are inferior to
the creating process. Two pro-
cesses which have been created
by another process are called
parallel processes. The superior,
or creating, process has control
over its inferior processes and
may confer or withhold privi-
leges and suspend, continue,
or terminate them.

The simplest example of a
process is a single task, such as
a program to solve a specific
problem. It receives data, per-
forms calculations, outputs an
answer, and then exits. More
complicated examples may have
one task receive inputs from
terminals, and pass them to sub-
tasks for processing. These
processes, in turn, may initiate
other tasks to perform specific
functions. The following
diagram illustrates such an
application.



Because each process is sched-
uled by the operating system
individually, the system can be
more responsive to the demands
of the application. The ability
of the system to perform a
variety of functions apparently
simultaneously is more easily
achieved. Response time to the
input terminals may be en-
hanced since the top level pro-
cess need only receive input
requests and need not be delayed
due to what in another design
might be a delay to update a
data base.

Interprocess
Communication
Facility (1PCF)

Although each process is
fundamentally independent, an
important advantage of a multi-
process job structure is that out-
put of some processes can be
taken as input to others. The
Interprocess Communication
Facility allows for fast commu-
nication among processes. This
communication occurs when
processes send and receive
information in the form of
packets (messages). Each
sender and receiver has a unique
Process I.D. assigned to it,
which is used to route packets
between processes.

When one process sends infor-
mation to another, it is placed
into the receiver’s input queue
(a shared page) where it remains

until the receiver retrieves it.
Instead of periodically checking
its input queue, the receiver can
enable the software interrupt
system so it can be interrupted
by the sending process when the
information has been sent.

To use IPCF, the system
administrator must assign a
user two quotas which desig-
nate the number of sends and
receives his process may have
outstanding at any time. For
example, if a user has a send
quota of two and has sent two
messages, he cannot send any
more until at least one has been
retrieved by its receiver. A user
cannot use the facility if his
quotas are zero.

Software Interrupt
System

The software interrupt system
provides a mechanism for a pro-
cess to respond to several types
of interrupts generated by other
processes, hardware, error con-
ditions, and terminal inter-
actions. It may be enabled by
both the user and the system.
The system provides 36 software
interrupt channels, of which 18
have reserved functions. The
primary types of interrupts are:
« Terminal character interrupts
« [PCF interrupts

» ENQ/DEQ interrupts
» Hardware error conditions
interrupts
» I/O error condition interrupts
* Program errors, such as
arithmetic overflow
* Interprocess interrupts
There are three interrupt
priority levels assignable to each
software interrupt channel, thus
providing priority ordering. A
call is provided for interrupt
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dismissal to resume the inter-
rupted code.

Enqueue/Dequeue
(ENQ/DEQ)

Although TOPS-20 makes
program and data sharing very
easy, while preventing any user
from changing a file which
others are using in read-only
mode, more complex applica-
tions require simultaneous up-
dating of a data base (file) or
sharing of devices.

By using ENQ/DEQ facility,
cooperating processes can insure
that such resources are shared
correctly and that one user’s
modifications do not interfere
with another’s. Examples of
resources that can be controlled
by this facility are devices,
files, operations on files (e.g.,
READ, WRITE), records, and

memory pages.

Front End Software

The Front End Processor and
software reduce the central
processor’s participation in [/O
operations and provide an
extensive diagnostic/main-
tenance tool.

The purpose of the Front End
Processor is to reduce the work-
load of the Central Processor
and to serve as a powerful diag-
nostic and maintenance tool for
service personnel. The following
functions are carried out by the
Front End Processor:

» Console processor

+ Communications processor

* Peripheral processor

* Diagnostic/Maintenance
processor

Console Processor— Two
major functions of the console
processor are system initializa-

tion and system-operator com-
munications. A person need
only push a button and type in
the date to initiate the following
automatic program sequence.
The Front End Processor loads
and verifies the microcode, con-
figures and interleaves memory,
and loads and starts execution of
the Central Processor bootstrap
program from a device specified
by the user.

The user may request a mem-
ory configuration list indicating
which memory controller is on
line, what is the highest memory
address configured, and how the
memory is interleaved.

All normal console capabili-
ties, such as lights, start, stop,
reset, and load, are provided by
the Front End Processor. An
operator command language is
provided with the system.

Communications Processor —
The Front End Processor serves
as an intelligent data link and
buffer for the interactive termi-
nals, thereby relieving the Cen-
tral Processor of this overhead.
The Front End Processor buffers
the characters received and
interrupts the Central Processor
upon a clock signal or when it
has a group of characters to
send. The Central Processor
also sends groups of characters
for terminal output to the Front
End Processor, further enhanc-
ing efficiency. Programmable
terminal speed setting capability
is provided, allowing for termi-
nal speeds to be changed
dynamically.

Peripheral Processor — The
unit record spooling programs
in TOPS-20 communicate with
the Front End Processor by the
same buffering mechanism
described for the communica-
tion processor. Both the Central
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Processor and the Front End
Processor maintain buffers for
data, and interrupt only once
per buffer transmission, thus
increasing the amount of useful
work each processor can do.

Diagnostic/Maintenance
Processor — An integral part of
the DECSYSTEM-20 is a remote
diagnosis capability that reduces
Mean Time To Repair (MTTR)
and increases system availability
to the customer.

This capability allows Service
Engineers to determine the cause
of most system failures before
leaving the local office. By
running diagnostic tests using
telephone dial-up facilities, the
Field Service Engineer can give
the customer better service
because he can better select
which spares and test equipment
should accompany him on the
call. Most tests may be run dur-
ing general timesharing. Even if
the main CPU is inoperative,
the Front End Processor can
access all busses and major reg-
isters.

Total system security is main-
tained because the on-site sys-
tem operator must enable the
communications link, and only
the on-site personnel may
specify the specific password to
the system each time remote
diagnosis is employed. Time
limits for system access may also
be imposed, and the remote link
may never operate at a higher
privilege level for commands
than the local console terminal.
All input and output to the diag-
nostic link is copied to the local
terminal so that on-site per-
sonnel have a record of all steps
taken.



Languages

System Reporting
and Control

One of the major system
design goals for the
DECSYSTEM-20 has been to
provide a high degree of control
and simplicity of operation.
Areas of specific concern include:

Accounting and Administra-
tion—Files are maintained by
the system to provide informa-
tion on resource usage (CPU,
disk space, etc). This provides
the basis for charging individual
users as well as providing a
year-to-date summary and usage
statistics.

The system administrator sets
resource allocation guidelines:
disk quotas for each individual
user to control disk usage, the
amount of resources for batch
and timesharing, and the maxi-
mum sizes of spooled output
files.

Certain privileges can be
granted to key personnel. These
could cause an unnecessary loss
of system security and reliability
if used incorrectly. To further
protect the system and the privi-
leged user, his privileges are
only in effect if he specifically
enables them.

System Generation — The
monitor is self-configuring.

Error Reporting— The
TOPS-20 Operating System
incorporates an extensive error
detection and recovery package
to insure maximum system
availability to the user. It also
incorporates complete error
recording facilities for use by
DIGITAL maintenance engi-
neers and support personnel,
and customer operating staff.

When an error is detected,
the TOPS-20 monitor gathers

all pertinent hardware and soft-
ware information. The recovery

procedure is then started and
error related information is
added to a disk file for later use.
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The DECSYSTEM-20 is pro-
vided with an extensive range of
user oriented high-level lan-
guages. The development of
high-level language has been an
important process in the evolu-
tion of improved computer
systems.

The solution to problems can
best be expressed in the terms
most closely related to the prob-
lem. The scientific user has come
to depend upon FORTRAN,
ALGOL and APL. Commercial
users apply COBOL to business
data processing tasks.

For the beginning or casual
user, BASIC is often the first
choice. Interestingly, many use-
ful and extensive applications
packages have been developed
in the BASIC language.

Just having language trans-
lators is not sufficient. The
DECSYSTEM-20 user’s work
has been made easier by provid-
ing extensions to standard lan-
guages and by relaxing certain
restrictions.

Better language implementa-
tions permit the computer to
handle more of the annoying
details while the user can spend
more of his time solving
problems.

Because writing a program is
only one step in the program
development process, the
DECSYSTEM-20 provides not
only a superior interactive
facility for entering the program,
but also, superior debugging
tools which operate at the
source program level.




DIGITAL originated the
interactive debugging concept
when it was first to introduce
DDT, (Dynamic Debugging
Technique) variants of which
are now offered on other sys-
tems. To make the usefulness of
interactive debugging available
to a wider range of people, the
DECSYSTEM-20 FORTRAN
and COBOL have source level
debugging facilities—FORDDT
and COBDDT.

These tools help to maximize
the user’s efficiency through the
assistance they provide in get-
ting his program operational.

To ensure that programs run
as efficiently as possible,
DECSYSTEM-20 produces effi-
cient code taking advantage of
the program’s structure and the
superior instruction set of the
DECSYSTEM-20. To minimize
core requirements
DECSYSTEM-20 compilers are
re-entrant and may produce
re-entrant code.

ALGOL

* Programs may comprise
separately-compiled pro-
cedures

* Assignments are permitted
within expressions

* Remainder operator

» Unique implementation of

ynamic own arrays

¢ Qctal boolean constants and
integer/boolean and boolean/
integer transfer functions

» Alternative reserved delimi-
ter word or “quoted delimiter
word” representations

The DECSYSTEM-20 ALGOL
system is based on the
ALGOL-60 specifications. It is
composed of the ALGOL com-
piler, and the ALGOL object
time system. The compiler is
responsible for reading pro-
grams written in the ALGOL
language and converting these
programsinto machine language
The user may specify a param-
eter at compile time which
produces a sequence numbered
listing with cross-referenced
symbol tables.

The ALGOL object time sys-
tem provides special services,
including the input/output ser-
vice for the compiled ALGOL
program. Part of the object
time system ALGOL library is
a set of routines that the user’s
program can call in order to
perform various functions
including mathematical func-
tions and string and data trans-
mission routines. These routines
are loaded with the user’s pro-
gram when required; the user
need only make a call to them.
The remainder of the object
time system is responsible for
the running of the program and
providing services for system
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resources, such as core alloca-
tion and management and
assignment of peripheral devices.

Source level, interactive de-
bugging is provided through
ALGDDT. The user may stop
his program at any point, may
examine and change the contents
of data locations, may insert
connected code and then con-
tinue execution to test his
changes.

APL

APL (A Programming Lan-
guage) is a concise programming
language specially suited for
dealing with numeric and char-
acter data which can be col-
lected into lists and arrays. The
conciseness with which APL
expressions can be written
greatly enhances programmer
productivity and allows for very
compact and readable code
which can be executed in a
highly efficient manner. APL
finds application not only in
mathematics and engineering,
but also in financial modeling
and text handling situations.
Some of APL's features
include:
 The user’s active workspace
size is dynamically variable
» The workspace symbol-table
is dynamically variable

* Immediate-mode line editing
of complex APL expressions

» Statement branching may
occur anywhere in a state-
ment line

e Multiple statements may
appear in a single line

» User-controlled tab position-
ing for I/O operations

+» All floating point operations
are performed to an accuracy
of eighteen decimal digits




APL is a fully interactive sys-
tem with both immediate (desk
calculator) and function (pro-
gram) modes of operation. It
includes its own editor as well as
debugging tools, tracing of
function execution, typeout of
intermediate values, setting
break points, etc. APL for the
DECSYSTEM-20 includes many
extensions not normally found
in other APL implementations.
Some of these features include a
flexible file system which sup-
ports both ASCII sequential and
binary direct access files, the
dyadic format operator,
expanded command formations
which allow the user to take ad-
vantage of the DECSYSTEM-20
file system, the execute oper-
ator and tools for error analysis
and recovery. In addition, work-
spaces are dynamically variable
in sizes up to 512K bytes and the
system supports double precision
calculations which allow up to
18 decimal digits of precision.

Finally, APL on the
DECSYSTEM-20 is available to
all users at all times without the
need to run a separate subsystem
which provides extra terminal
handling, workspace swapping,
etc. These tasks are all accom-
plished by the TOPS-20 operat-
ing system.

BASIC

» Multiple users share the
BASIC compiler’s pure code

» A variety of program manipu-
lation commands which in-
clude functions for saving,
running and retrieving BASIC
programs

+ [Immediate mode statements
to facilitate debugging and
“desk calculator” mode

» Sequential data storage

String capability; including

string arrays and functions

e Chaining with COMMON to
accommodate large programs

» Formatted output using the
PRINT USING statement
BASIC is a conversational

problem solving language that

is well suited for timesharing

and easy to learn. It has wide
application in the scientific,
business, and educational com-
munities and can be used to
solve both simple and complex
mathematical problems from the
user’s terminal.

The BASIC user types in com-
putational procedures as a series
of numbered statements that
are composed of common Eng-
lish terms and standard math-
ematical notation. After the
statements are entered, a run-
type command initiates the
execution of the program and
returns the results.

If there are errors during
execution, the user, from his
terminal, simply changes the line
or lines in error by deleting,
modifying, or inserting lines.

The beginning user has many
facilities at his disposal to aid
in program creation:

e Program Editing Facilities—
An existing program or data
file can be edited by adding or
deleting lines, by renaming it,
or by resequencing the line
numbers. The user can com-
bine two programs or data
files into one and request
either a listing of all or part
of it on the terminal or a list-
ing of all of it on the high-
speed line printer.
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* Documentation Aids— Docu-
menting programs by the
insertion of remarks within
procedures enables recall of
needed information at some
later date and is invaluable in
situations in which the pro-
gram is shared by other users.

« As a BASIC user, you can
type in a computational pro-
cedure as a series of numbered
statements by using simple
common English syntax and
familiar mathematical nota-
tion. You can solve almost any
problem by spending an hour
or so learning the necessary
elementary commands.

e Functions— QOccasionally, you
may want to calculate a func-
tion, for example, the square
of a number. Instead of writ-
ing a program to calculate
this function, BASIC provides
functions as part of the lan-
guage.

More advanced users will
want to take advantage of some
of the more sophisticated com-
putation and data handling tools
which BASIC provides. For
example:

File Input— The user may
create a name date file using the
BASIC editing facilities. This
file may now be referenced
within a program.

Output Formatting— The user
can control the appearance of
his output to the terminal or
printer.

Data Access— Data files may
be read and written either
sequentially or randomly.

String Manipulation— Alpha-
numeric strings may be read,
printed, concatenated and
searched.




COBOL

The COmmon Business
Oriented Language, COBOL, is
an industry-wide data process-
ing language that is designed for
business applications, such as
payroll, inventory control, and
accounts receivable.

Because COBOL programs
are written in terms that are
familiar to the business user,
he can easily describe the for-
mats of his data and the process-
ing to be performed in simple
English-like statements. There-
fore, programmer training is
minimal, COBOL programs are
self-documenting, and program-
ming of desired applications is

accomplished quickly and easily.

Major features include:

e On-line editing and debugging
The programmer may create
and modify the source pro-
gram from a terminal using an
easily-learned editing facility.
After the program has been
submitted to the compiler —
again from the terminal —any
syntax errors may be imme-
diately corrected using the
editor, and the program re-
submitted. The program list-
ing is sequence numbered
with symbols cross-refer-
enced to show when they are

defined and where used.
COBDDT, the on-line, inter-

active COBOL debugging
package, allows the pro-

» By allowing the program
to examine and modify
data at will before con-
tinuing execution

Easy program development
and debugging increases pro-
grammer productivity by
eliminating tedious waiting
periods

Batch

Using the same commands

for timesharing, the program-
mer may submit the program
via a control file to the Batch
system. This further increases
efficiency because other termi-
nal work may be done concur-
rent with the Batch processing
Access Methods

The programmer has a choice

of three access methods; sequen-

tial, indexed sequential, and
random,

Indexed Sequential
Access Mode (ISAM)

[SAM requires a minimum

amount of programming while
providing a large data file hand-
ling capacity. It is supported by
the COBOL Object Time System
which automatically handles all
of the searching and movement
of data.

All reading and writing of an

index file (ten levels of indexing)
are performed by the run-time

operating system (LIBOL). This
does not involve the user. When

The common technique of using
overflow areas for added rec-
ords has been avoided. When-
ever records have been deleted
from the file, the empty space
is used again for later additions.
The net effect of the addition
and deletion techniques signifi-
cantly increases the time
between major “overhauls” of
the data files, because the time
required to access a file is inde-
pendent of the number of
changes made to it.
e Sorting
The SORT package permits a
user to rearrange records or
data according to a set of
user-specified keys. The keys
may be ascending or descend-
ing, alpha or numeric, and any
size or location within the
record. Multi-reel file devices
may be specified.
e Source Library Maintenance
System
This system lists file entries
or adds, replaces, and/or
deletes source language data
on a file. It can also add,
replace, or extract an entire
file from the library.
¢ Device Independence
The operating system allows
the programmer to reference
a device with a user-assigned
logical name as well as its
physical name, thus allowing
dynamic assignment of
peripheral devices at run time.

grammer to check out the
program:
* By selectively displaying
a paragraph name
By causing the program
to pause at any desired
step during execution

using the indexed sequential

files, the programmer need only

specify which record is to be
read, written, rewritten, or
deleted.

Whenever records are added
to the file, the index is auto-

matically updated; additions to

the file will not degenerate the
file as with other computers.
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CPL (Conversational
Programming
Language)

An interpreter supporting a
subset of the draft ANSI
PL/1 language.

CPL is intended to be easy-to-
use for the beginning program-
mer or non-programmer. At the
user’s option, statements will be
executed immediately or saved
for deferred execution. A begin-
ning programmer can start by
executing simple computational
statements and can proceed to
building programs.

Since CPL is an interpreter, a
user can track a program very
closely. Debugging features,
such as source level breakpoints
and program modifications, are
available.

CPL supports the data types
FIXED, FLOAT, CHARACTER,
and BIT. Most standard PL/1
functions are supported.

e Data Base Management

System Interface

The programmer may call

upon the data base manage-

ment system facilities from
within his program. This sys-
tem, which follows the

CODASYL specifications,

allows data files to be con-

solidated into one or more
data bases. Application pro-
grams are then permitted to
access the data in the way
best suited to their needs.

FORTRAN

The FORmula TRANSslator
language, FORTRAN, is a
widely-used and procedure-
oriented programming language.
[t is designed for solving scien-
tific problems and is thus com-
posed of mathematical-like
statements constructed in
accordance with precisely
formulated rules. Therefore,
programs written in FORTRAN
consist of meaningful sequences
of these statements that are in-
tended to direct the computer to
perform the specified compu-
tations.

FORTRAN has a wide use in
every segment of the computer
market. Universities find that
FORTRAN is a good language
with which to teach students
how to solve problems via the
computer. The scientific com-
munity relies on FORTRAN
because of the ease with which
scientific problems can be
expressed. In addition,
FORTRAN is used as the pri-
mary data processing language
by many timesharing utilities.

FORTRAN
Version 4

FORTRAN-20 is a superset of
the American National Standard
FORTRAN. Both the compiler
and object-time system are re-
entrant (shareable). The com-
piler produces optimized object
code. The following is a sum-
mary of key features and exten-
sions of FORTRAN-20:

» PARAMETER statement—

Allows symbolic specifica-

tion of compile-time constants

» INCLUDE statement — Allows
user to include in the compila-
tion of a given program unit
source code which resides on a
file other than the primary
source file

+ GLOBAL OPTIMIZATION-

FORTRAN-20 performs
extensive local and optional
global optimizations

+ FORDDT —the FORTRAN-20

debugger
FORDDT in conjunction with
the FORTRAN-20/"DEBUG”
switch will allow:
« Display and modifica-
tion of program data
» Tracing of the program
statement by statement
¢ Setting of pauses on any
statement or routine

* OPEN/CLOSGE file-specifica-

tion statements

* Array bounds checking can be

generated optionally

* N-dimensional arrays
« ENCODE/DECODE

statements

» Boolean operations equiv-

alence (EQV) and exclusive or
(XOR), in addition to OR,
AND, NOT.

» The NAMELIST and list-

directed I/O features provide
format-free input and output
operations

* Random-access [/O capa-

bilities

» Compatibility with IBM

type declaration statements

* Implied DO loops in I/O

statements and data state-
ments

e Full mixed-mode arithmetic

in expressions

e Qctal Constants




 Logical Operations—full-
word, masking operations for
all logic functions (rather
than a result of just true or
false)
e END= and ERR= in [/O
statements
* Device independence
The FORTRAN-20 object-
time system, FOROTS, controls
the input/output, format inter-
pretation and numerical con-
version for compiled programs.
The FORTRAN user may refer-
ence any [/O device. All special
editing, conversion, and file
structuring tasks are handled
by the object-time system. De-
vices are normally specified by
logical assignment so that phys-
ical device selection need not
be made until run-time. The
devices corresponding to the
special I/O statements READ,
PRINT, ACCEPT, and TYPE are
also assignable at run-time. The
object-time system is shareable.
FOROTS implements all pro-
gram data file functions and pro-
vides the user with an extensive
run-time error reporting system.
Device independence is provided
to allow the programmer or
operator to determine the physi-
cal device at run time.
FORTRAN-20 is easy to use
in both timesharing and batch
processing environments. Under
timesharing, the user operates in
an interactive editing and debug-
ging environment. FORDDT, an
interactive program that is used
as an aid in debugging
FORTRAN programs uses the
language constructs and variable

names of the program itself —
thereby eliminating the need to
learn another language in order
to accomplish on-line debug-
ging. Under batch processing,
the user submits his program
through the batch software in
order to have the compiling,
loading, and executing phases
performed without his inter-
vention.

FORTRAN programs can be
entered into the FORTRAN
system from a number of de-
vices: disk, magnetic tape, user
terminal and card reader. In
addition to data files created by
FORTRAN, the user can submit
data files or FORTRAN source
files created by the system
editor. The data files contain
the data needed by the user’s
object program during execu-
tion. The source files contain
the FORTRAN source text to
be compiled by the FORTRAN
compiler. Output may be
received on the user’s termi-
nal, disk or magnetic tape. The
source listing cross references
all symbols to show where they
are defined and where used.

MACRO

MACRO is the symbolic
assembly language on the
DECSYSTEM-20. It makes
machine language programming
easier and faster for the user by:
» Translating symbolic opera-

codes in the source program

into the binary codes needed
in machine language
instructions

« Relating symbols specified by
the user to stored addresses
or numeric values
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 Assigning relative core ad-
dresses to symbolic addresses
of program instructions and
data

» Providing a sequence num-
bered listing with symbols
cross-referenced to show
where they are defined and
where used

MACRO programs consist of
a series of free format statements
that can be prepared on the
user’s terminal with a system
editing program. The elements
in each statement can be entered
in free format. The assembler
interprets and processes these
statements, generates binary
instructions or data words, and
processes a listing which may
contain cross reference symbols
for ease in debugging. MACRO
is a device-independent program;
it allows the user to select, at
run-time, standard peripheral
devices for input and output
files. For example, input of the
source program can come from
the user’s terminal and output
of the assembled binary program
can go to a magnetic tape, and
output of the program listing can
go to the line printer. More
commonly, the source program
input and the binary output are
disk files.

The MACRO assembler con-
tains powerful macro capabilities
that allow the user to create new
language elements. This capabil-
ity is useful when a sequence of
code is used several times with
only certain arguments changed.
The code sequence is defined
with dummy arguments as a
macro instruction. Thus, a sin-
gle statement in the source pro-
gram referring to the macro by
name, along with a list of the
real arguments, generates the



entire sequence needed. This
capability allows for the expan-
sion and adaptation of the
assembler in order to perform
specialized functions for each
programming job.

DDT

The on-line symbolic debug-
ging tool, DDT (Dynamic
Debugging Technique), enables
the user to perform rapid check-
out of a new program by making
a change resulting from an
error detected using DDT and
then immediately executing
that section of the program for
testing and loading; the user may
enter DDT at any time, either
before execution or after an
error has occurred. After the
source program has been assem-
bled, the binary object program,
with its table of defined symbols,
is loaded with DDT. Through
command strings to DDT, the
user can specify locations in his
program, called breakpoints,
where DDT is to suspend execu-
tion in order to accept further
commands. In this way, the user
can check out his program
section-by-section and, if an
error occurs, insert the corrected
code immediately. Either before
DDT begins execution or at
breakpoints, the user can exam-
ine and modify the contents of
numbered text modes. DDT also
performs searches, gives condi-
tional dumps, and calls user-
coded debugging subroutines at
breakpoint locations. The im-
portant feature of DDT is that
user communication with DDT
is in terms of the original sym-
bolic location names, rather
than the machine-assigned
locations.

EDIT

Edit allows on-line creation
and modification of programs
and data files. The user may
insert, delete, or print lines, as
well as modify lines without
having to retype them. Advanced
techniques include string
searches, substitutions and
text manipulations,

The novice finds the system
easy to use due to the user-
oriented syntax and extensive
helping facilities. At the same
time the more advanced user
may perform quite intricate text
manipulation with equal ease.

Dumper

Dumper provides file backup
for the disk file structure. Instal-
lations may use it to dump and
restore all files in all directories,
to dump and restore only those
files which have been changed
since last dump, and to dump
and restore individual user
directories.

LINK

LINK, the DECSYSTEM-20
linking loader, merges
independently-translated mod-
ules of the user’s program and
any necessary system modules
into a single module that can be
excuted by the operating system.

The primary output of LINK
is the executable version of the
user’s program. The user can
also request auxiliary output
in the form of map, log, save,
symbol, overlay plot, and
expanded core image files by
including appropriate instruc-
tions in his command strings to
LINK. The user can also gain
precise control over the loading
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process by setting various load-
ing parameters and by control-
ling the loading of symbols and
modules. Furthermore, by setting
parameters in his command
strings to LINK, the user may
specify the core sizes and start-
ing addresses of modules, the
size of the symbol table, the
segment into which the symbol
table is placed, the messages he
will see on his terminal or in his
log file, and the severity and
detail of any error messages.
Finally, he can accept the LINK
defaults for items in a file speci-
fication or he can set his own
defaults that will be used auto-
matically when he omits an item
from his command string,

RUNOFF

RUNOFF is the
DECSYSTEM-20 documentation
preparation program. It provides
line justification, page number-
ing, titling, indexing, formatting,
and case shifting. The user
creates a file which includes
text and information for for-
matting and case shifting, with
an editor. RUNOFF processes
the file and produces the final
formatted file to be output to
the terminal, the line printer, or
to another file.

With RUNOFF, large amounts
of material can be inserted into
or deleted from the file without
retyping text that remains un-
changed. After a group of modi-
fications has been added to a
file, RUNOFF produces a new
copy of the file which is properly
paged and formatted.




SORT

The TOPS-20 SORT arranges
the records of one or more files
according to a user-specified
sequence. The user designates
the keys on which the records
are sorted from one or more
fields within a record. The keys
can be in either ascending or
descending order. SORT com-
pares the key fields values of all
records. Then it arranges the
records in the specified sequence
and merges them into a single
output file. Sort may be used
under timesharing and batch,
and may be called from within
a COBOL program.

Data Base
Management System

Certain data—such as that
within commercial, accounting,
inventory control and adminis-
trative systems —are used in
computer applications which
have common relationships and
processing requirements with
data in other applications. This
can prove to be a problem
because as file organizations are
defined in one application or
program, restructuring, redun-
dant appearance, and even
repetitive processing of the same
data are often required in
another application.

To further complicate the
problem, on-line processes (i.e.,
customer order entry, shipment
planning, and student informa-
tion retrieval systems) tend to
different data structures than
the processes used to create and
maintain primary data files.
This means that as new applica-
tions requirements for existing
data are determined and addi-

tional data are defined, program
development personnel must
either alter existing data file
forms and programs or create
and maintain redundant copies.

DIGITAL offers a solution to
the problem in the Data Base
Management System — DBMS.
It enables DECSYSTEM-20
users to organize and maintain
data in forms more suitable to
the integration of a number of
related but separate processes
and applications. DBMS is ideal
in situations where data pro-
cessing control and program
development functions require
structures and techniques not
satisfied by traditional data
management facilities.

Features

The DECSYSTEM-20 Data
Base Management System is

SEQUENTIAL
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predicated upon the proposals

of the CODASYL Data Base

Task Group (DBTG) which

appear in their report of April,

1971. DIGITAL'’s goal for DBMS

is to provide features which

assist users in obtaining the most
significant objectives stated in
the CODASYL DBTG report.

These features include:

e Hierarchical Data Structures
—In addition to sequential
structures, simple tree struc-
tures and more complex net-
work structures can be created
and maintained. Data items
can be related within and
between various levels of the
structure established.




Non-redundant Data Occur-
rence — Data items may appear
in a number of different struc-
tural relationships without
requiring multiple copies of
the data. Data structures may
be established and modified
in a manner most suitable to
a given application without
altering the occurrence of the
data in structures maintained
for other applications.
Variety of Access and Search
Strategies— Data records can
be maintained in chains, as
illustrated below. Access
may be through DIRECT,
CALCULATED, or VIA set
location modes. Sort keys, in
addition to the normal storage
key, may be defined.

N =NEXT POINTER
P = PRIOR POINTER
O =OWNER POINTER

e Concurrent Access— Multiple

run units (or programs) that
use the same re-entrant code
module further supplement
the DECSYSTEM-20 monitor’s
extensive centralized file han-
dling capabilities. Any number
of concurrent retrievals to the
same data areas can be han-
dled. Concurrent updates to
the same area can be handled
by a multiple update queuing
mechanism.

Protection and Centralized
Control — Usage of a common
data definition language
establishes data base struc-
tures maintained on direct
access storage devices that

are selectively referenced by

individual application pro-
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grams through privacy lock and
key mechanisms. Physical
placement of data is specified
by a centrally-controlled data
definition processor.

Device Independence — The
common input/output and
control conventions of the
DECSYSTEM-20 monitor
provide basic device inde-
pendence. Applications pro-
grams deal with logical areas
rather than physical devices.
Data base areas may reside on
the same or different direct
access storage devices as non-
date base files.

Program Independence of
Data— Significant steps to-
ward program independence
are achieved by using the
SCHEMA and SUB-SCHEMA
concepts of data definition.
Individual programs reference
only user-selected data ele-
ments rather than entire
record formats. Program
alterations due to adding new
data and relationships are
minimized. Alterations of the
original form (i.e., binary,
display) and element sizes
require program
recompilations.

User Interaction Without
Structural Maintenance Re-
sponsibilities — Individual
users, applications, and pro-
grams may access data struc-
tures without the responsibility
of maintaining detailed linkage
mechanisms that are internal
to the data base software.
Common and centralized
authorization, error recovery,
and building techniques reduce
individual activity to maintain
data structures.

Multiple Language Usage —
The DBMS data manipula-
tion language is available to




Services

both COBOL and FORTRAN
as host languages

« DBMS Software Modules
Consistent withthe CODASYL

Data Base Task Group report,

the body of DECSYSTEM-20

data base management software

includes:

» DDL —data description lan-
guage and its processor

« DML —data manipulation
language for COBOL and
FORTRAN programs

» DCBS—data base manager
module of re-entrant run-
time routines

» DBU—group of data base sys-
tem support utilities

Quality in DIGITAL computer
products is acknowledged
throughout the world. Our
engineers and programmers
have provided reliable computer
hardware and software to solve
a host of problems in a variety
of fields. To complement our
product offering, we have devel-
oped a comprehensive customer
service capability.

DECSYSTEM 20
Maintenance

Field Service offers total
maintenance capability to
DIGITAL customers. Our service
engineers are experts in com-
puters. They typically have over
eight years experience in com-
puter systems and are your
assurance of quick and correct
field maintenance. You receive
their assistance (and greater
system productivity) through
the DIGITAL Service Agreement.

Planning for adequate ser-
vice is vital. Your computer sys-
tem usage determines the scope
of your needs. The DIGITAL
Service Agreement is structured
to meet those requirements.

Characteristics of the agreement
include:
» All parts and labor
* Priority response
» Guaranteed availability
* Preventive maintenance
» Spare parts inventory
* Tailored coverage
These provisions help lead to

greater productivity from your
DECSYSTEM-20.
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Logistics

Good service demands out-
standing logistics. Spares avail-
ability minimize computer
repair time. Our materials inven-
tory network recognizes this
concept—and strengthens the
total DIGITAL support system.

The first level of spares is
often at your own computer
site. From this point the inven-
tory is in echelons at the Branch,
District, Regional and Head-
quarters locations. Our own
DECSYSTEM-20 keeps track of
this support system, providing
replacement parts when needed.

For DIGITAL computers
located in areas on the fringes
of our service capabilities, and
for customers who use our
maintenance on an “as available”
basis, DIGITAL supplies spares
planning and inventory pro-
curement assistance.

DECSYSTEM 20
Training
Education

Education is an integral part
of the total DIGITAL customer
service system. We believe in
training, not only for ourselves,
but also for our customers. Your
employees will, through educa-
tion, extract greater performance
from your computer.

To provide this training, we
have established completely
equipped training centers in a
dozen locations around the
world. Our staff at these centers
consists of full-time instructors
dedicated to computer training.

The education DIGITAL offers
includes standard and custom
courses in both hardware and
software. Our current schedule




includes over 100 standard
courses, ranging in duration
from one to five weeks.
DIGITAL recognizes that you
may have a unique requirement
that can best be met with educa-
tion at your location. Our on-
site program meets this need by
designing and conducting courses
where and when you choose.

Types of Courses

Catalog Courses— Educational
Services publishes its “Educa-
tional Courses Catalog” semi-

annually. This catalog includes
a full listing of hardware and
software courses geared to
DIGITAL'’s products, as well as
many generic computer science
courses. One section of this cata-
log is devoted to
DECSYSTEM-20 training,.
Courses are listed with their
schedules for the current six (6)
month period. Prerequisites,
course abstract, objectives and
topic outlines are included.

Seminars— Conducted at our
Regional Education Centers
and at other convenient loca-
tions, seminars are designed to
complement and expand upon
our existing curriculum, as well
as keep the customer informed
of DIGITAL'’s product develop-
ments. By bringing these work-
shops to the customer’s locale,
Educational Services furnishes
a convenient way for the
DECSYSTEM-20 customer to
gain additional information on
his system.

On-Site Courses— If the cus-
tomer has a group of individuals
to train, it is often more econo-
mical to have Educational Ser-
vices conduct courses at the cus-
tomer’s location rather than
one of our Education Centers.

Custom Courses— If the cus-
tomer has a unique application
or training situation, custom
courses are very effective. This
approach gives the customer the
added advantage of maximizing
relevant material content while
minimizing information extra-
neous to his operations.

DECSYSTEM 20
Training Program

Training Credits — Along with
the purchase of a
DECSYSTEM-20 the customer
will receive ten (10) training
credits. Training credits may be
applied to the standard software
courses for a period of one year
from the date of issue.

If used as suggested below,
the ten training credits will
enable one system programmer,
one system administrator, and
one applications programmer to
attend the appropriate software
courses in Marlborough free of
tuition charge:

System Programmer
DECSYSTEM-20 User (1 Credit)
DECSYSTEM-20 Assembly Lan-
guage Programming (2 Credits)
DECSYSTEM-20 Systems Prog
(1 Credit)

DECSYSTEM-20 Operation
System (2 Credits)

System Administrator
DECSYSTEM-20 User (1 Credit)
DECSYSTEM-20 Systems
Admin (1 Credit)

Applications
DECSYSTEM-20 User (1 Credit)

Programmer
DECSYSTEM-20 COBOL
(1 Credit)
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Supplementary Training —
Each DECSYSTEM-20 custom -
er’s educational needs should
be reviewed to determine if
additional training (in excess of
that provided by the ten training
credits) is needed. If so, the
additional requirements may be
satisfied by the purchase of
enrollments in courses conducted
in Marlborough or on-site
courses.

DECSYSTEM 20
Course Abstracts

DECSYSTEM-20 User
This course is intended for all
users of the DECSYSTEM-20
wishing to gain knowledge of
the structure of the system and
its use from an interactive ter-
minal viewpoint. This course
serves as a prerequisite for all
other courses in the curriculum.

DECSYSTEM-20 Assembly
Language Programming
This course covers the
DECSYSTEM-20 instruction set,
user level [/O programming, and
the MACRO assembler. This
course is provided for the sys-
tem programmer and serves as a
prerequisite for the
DECSYSTEM-20 Systems Pro-
gramming Course.

DECSYSTEM-20 Systems
Programming
This course covers the more
advanced JSYS operations, in-
terfacing with system programs,
and the structure of the oper-
ating system. This course is pro-
vided for the systems program-
mer and serves as a prerequisite
to the Operating System course.




DECSYSTEM-20 Operating
System
This course covers the internal
working and algorithms of the
operating system’s Executive and
Monitor. The course is intended
for the senior systems program-
mer and should always be pre-
ceded by attendance in the Sys-
tems Programming and Assem-
bly Language Programming
course.

DECSYSTEM-20 Operator
This course is designed to pro-
vide the student with the knowl-
edge required for the operation
of a DECSYSTEM-20. This
course must be preceded by the
DECSYSTEM-20 User’s Course.

DECSYSTEM-20 Systems
Administration
This course is designed to pro-
vide the student with the neces-
sary tools for administering a
DECSYSTEM-20 installation.
The course material is applicable
to day-to-day operations, system
controls, and available DIGITAL
services.

DECSYSTEM-20 COBOL
This course is designed for the
COBOL programmer desiring
knowledge to write advanced
COBOL programs on the
DECSYSTEM-20.

DECSYSTEM-20 DBMS
This course is intended for initial
users of DBMS including man-
agement, systems personnel and
applications programmers.

Course Selection Guide

The following guide is provided to aid you in prescribing the
right courses for the customer’s various personnel.

Personnel Function Suggested Course Sequence

User 1. DECSYSTEM-20 User (1 Week)
Operator 2. DECSYSTEM-20 Operator (1 Week/
on-site)
Systems 1. DECSYSTEM-20 User (1 Week)
Programmer 2. DECSYSTEM-20 Assembly Language
(Assembler) Programming (2 Weeks)
3. DECSYSTEM-20 Systems Programming
(1 Week)
4. DECSYSTEM-20 Operating System
Commercial 1. DECSYSTEM-20 User (1 Week)
Programmer 2. DECSYSTEM-20 COBOL (1 Week)
(COBOL) 3. DBMS (if applicable) (1 Week)
System 1. DECSYSTEM-20 User (1 Week)
Administrator 2. DECSYSTEM-20 System Administration

(1 Week)
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Software Services

The DIGITAL software organ-
ization represents over 3,000
man-years of experience gained
from the development and
support of operating systems
used in more than 50,000 com-
puter installations. DIGITAL's
software varies in complexity
from real-time executives to
minicomputers to the TOPS-10
and TOPS-20. Monitors of the
DECsystem-10 and
DECSYSTEM-20 applications
cover the spectrum from process
control and monitoring scientific
experiments to implementing
reservation and inventory
control systems.

DIGITAL offers a wide range
of software services. These
services range from the personal
attention of a skilled software
consultant to the distribution of
up-to-date software and soft-
ware information. In this way
you can get the most out of your
DECSYSTEM-20 and keep pace
with advancements in software.

You purchase only what you
need. Consulting services are
available on a short-term, per-
call basis or for a longer-term
scheduled or resident period.
Likewise, software components,
including manuals and updates,
can be purchased as part of a
software maintenance service or
ordered separately from our
Software Distribution Center.

Advanced Systems
Group

The Advanced Systems Group,
an integral part of the
DECSYSTEM-20 product group,
meets special customer’s needs
by augmenting the standard
products and services of the
DECSYSTEM-20. The Advanced
Systems Group extends the
range of the DECSYSTEM-20
product and services by
providing:

Hardware/Software Design
and Development —Engineering
for special products and modi-
fications to standard products,
with emphasis in the areas of
communications, network sys-
tems, high availability and
redundant systems, and special
configurations.

Systems Project Management
—For large and complex con-
figurations including such func-
tions as systems evaluation and
design, systems planning for
future expansion, extended
factory systems testing, special
installation backup and support,
and extensions to the
DECSYSTEM-20 acceptance
test procedures.

Repeat Manufacture — of
previously designed and devel-
oped special products.

Advanced Systems Group
products maintain DIGITAL's
high standard of quality. All
hardware products are support-
able under DECSYSTEM-20
field service support plans and
are supplied with full documen-
tation, prints and diagnostics.

Support of special software is
provided through a centralized
support group on an individual
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basis for both installation and
Software Performance Reports
(SPR’s).

Because of the customized
nature of these products, the
Advanced Systems Group pro-
vides individual system con-
figuration review, system inte-
gration and system installation
assistances when needed.

DECSYSTEM 20
Manuals

Documentation is an impor-
tant part of the DECSYSTEM-20.
The planning and production of
manuals to support the user
with clear, well-written descrip-
tions of the system, pro-
gramming languages, and com-
mand processor was an integral
part of the development process.

Manuals are produced using
on-line techniques. The text
entry and editing capability of
DIGITAL's interactive systems
result in major user benefits.
Because documentation files can
be readily updated to reflect
improvements made to the
software, manuals can be more
up-to-date.

Most software documentation
is available in complementary
quantities from your DIGITAL
sales representative.
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User Manuals

TITLE

CODE

SYSTEM ERROR DETECTION  EK-SEDRR-RF-001

RECOVERY & REPORTING
APL REFERENCE
BASIC-20 KIT DESCRIPTION
BASIC USER'’S GUIDE

COBOL-20 KIT DESCRIPTION

COBOL REFERENCE

COBOL-20/SORT-20 KIT
DESCRIPTION

COBOL UTILITIES REFER.

FORTRAN-20KIT
DESCRIPTION

FORTRAN REFERENCE

COMMAND LANGUAGE
REFERENCE

MACRO ASSEMBLER
REFERENCE

SORT-20 KIT DESCRIPTION
BATCH OPERATOR'S GUIDE
BATCH REFERENCE

BEGINNER'S GUIDE TO
BATCH

MONITOR CALLS REFERENCE

MONITOR CALLS USER’S
GUIDE

DEC-20-LARMA-A-D
LBDDA-
LBMAA-
LCDDA-
LCRMA
LCSDA

LCUMA
LFDDA

LFRMA
LLRMA

LMRMA

LSDDA

OBOGA
OBRMA
OGBGA

OMRMA
OMUGA

TOPS-20 KIT DESCRIPTION
OPERATOR'S GUIDE

COMPUTER LISTING
LABELLED TOPS-20 BWR

USER’S GUIDE

DECSYSTEM 20 USER's
GUIDE

ACCOUNTING SYSTEM
SPECIFICATIONS

EDIT REFERENCE

LINK REFERENCE

GETTING STARTED WITH
RUNOFF

SORT USER'S GUIDE

SYSTEM UTILITIES

GETTING STARTED WITH
DECSYSTEM 20

TOPS-20 SOFTWARE
PRODUCT DESCRIPTION

FORTRAN 20 SOFTWARE
PROD. DESCRIPTION

COBOL 20 SOFTWARE
PROD. DESCRIPTION

BASIC-20 SOFTWARE
PRODUCT DESCRIPTION

SORT 20 SOFTWARE
PRODUCT DESCRIPTION

SOFTWARE INSTALLATION
GUIDE

DEC-20-OTPDA-A-D
OTPCGA
OTPRA

OUGAA
PIGAA

UASSA

UERMA
ULRMA
URGSA

USTGA
USYSA
XGSAA

XPDAA

XPDAB

XPDAD

XPDAE

XPDAF

XSIGA




TERMINAL SESSION

Logging In

To begin a DECSYSTEM-20
session, the user types
CONTROL-C (- Q). If avail-
able, TOPS-20 responds with
the system identification, date
and version of the command
processor.! The user is then
prompted with an @ and be-
gins the LOGIN process. [In
these examples, the user has
used the command recognition
and prompting (“novice”)
modes; TOPS-20 allows the
user to type only as much of any
command as is necessary for

T 1L, 0237y

2 BLOGEN CUSER) v

3 LSER MM

4 RLOGIN (USERY DEMO-

5 JOR L& ON TTYSZE 12-MAR-76

6 (2

Building a FORTRAN Program

Now the user is ready to be-
gin work. He specifies that he
wants to edit a FORTRAN
source file called TEST.FOR.7
Since the file does not yet exist,
the editor warns him that a new
file is being created,® and

7TREDLIT TEST.FOR

8 “I"ile not founds Cr
Trsut? TESTFOR.1

9 00100 NO % X=1y1000
Qo200 no % J=1.100
Q0300 9 A= (X-1)7CX+tL) JA39%X + A
Q0400 WRITE(S2100) A
Q0500 100 FORMAT(? A I8 7 v E13.6)
Q0600 ENI

10 00700 $

11 XTH50
Q0050 A0,

12 K[

B LTESTFOR L

LO3L Dew

L (FASSWORIDD

uniqueness. ] He then types the
escape character, and the com-
mand processor determines what
command it is and prompts for
the next argument. In our ex-
ample, the colored portions in-
dicate the user’s typed input,
while the black typeout is pro-
duced by the system.

The user types LOG followed
by escape and is prompted for a
USER.2 Being a bit uncertain
about this, he types a ? and the
system defines the field as USER
NAME? and reprompts up to

alorFrment Sus.s

14238

prompts with line number
00100.9 The program is now
entered line-by-line; each time
the editor prompts with a new
line number. Input is terminated
with an escape (the editor prints
itas a $19 and the user enters com-
mand level in the editor, indi-

eating New file

46

L1 -MAR=76 .

CACCOUNT )

the last point.? The user name
DEMO-1 is entered followed by
an escape, and the TOPS-20
exec prompts for a password.
The password is not echoed to
the terminal for security, and the
user is then prompted for an
account number. The line is
terminated by a carriage return.
If the login is successful, the
user is assigned a Job Number>
and then prompted for input.
The two @ signs indicate the
return to command level from a
user level command.®

TOFS-20 1ACL03)

10010

cated by the asterisk.!! The pro-
grammer notices that he hasn’t
given A an initial value, and
inserts it as line 50. The E com-
mand then ends the editing
process!2 and the file name is
printed as the file is closed.!3




Executing the Program

The user now attempts to exe-
cute the program by an EX com-
mand (again using prompting)
and specifying the file name.!4
TOPS-20 determines from the
file extension FOR that this is a
FORTRAN program, and calls
the compiler automatically.!®
The compiler detects a fatal error
in line 30016 and the LINKing

CUTE
JRTRANS
16 OO300 a

TETNIAC

TEST

PETNFTL
17 LINK:
CLNKNSA No

EXIT
@
REDLT
18 Lefit s
19 %I JZ00
GOAO0 g
%
20 XSXBKREI00
QOI00 ]
21 k0

22 LTEST.FOR.2

(FROM)

el ¢
LINE:OOZOO0

MATN.

Loaidins
shart

TEST FOR.

e

fa N

phase, invoked automatically by
the EXECUTE command, is by-
passed.!7 The user asks for the
editor again, and the system
assumes, since it wasn't speci-
fied otherwise, that he wants to
work on the same file he was
using the last time he used the
editor— TEST.FOR.!8 The user
has line 300 printed for refer-
ence!? and then instructs the

TEST «FOR

(X120 /7CX+1)
TLLEGAL ASCLY

PRSP LD 9.4

1L FATAL

address]

(X127 (KLY VH39%X

(X127 0X+HL)Y DX 39%X

ERRORES AND

editor to search for a % and re-
place it by an * in line 300.20
The editor retypes the corrected
line. The user now leaves the
editor with a G command,2!
which causes the new version of
the program TEST.FOR.222 to
be closed (TEST.FOR.1 is still
preserved) and specified that
the last execution command is to
be retrieved (back in).14

- A
CHARACTER

4 IN SOURCE

NO WARNINGS

A

A




Retry the Program

The FORTRAN compiler is
called automatically?3 and this
time successfully compiles TEST.
The linking loader LINK loads
the program and starts execu-
tion.24 Line 400 of the program
causes A to be displayed?® and
the program terminates success-

23 FORTRANS
MATN .

24 |LINK?Z
CLNREXCT

25 A 19

ENIE OF
26 G TIME S
N TT

[

27 i
J0B

28 21 .

L&

JOB LéHy USBER DEMO-Ly ACCT 10010y TTYZ

i

LA ORMATION

LIk

fully.26 The user is returned to
command level, at which time he
inquires note the recognition
and prompting about his job.27
This process can be abbreviated
by a user once he becomes
familiar with the commands.28
The user also asks about his
quotas of disk storage space,29

TEST

L.ooveeddrs
TEST
0.194420E4+08

Ereoutionl

EXECUTION

2.02

ELAFSED TIMED 2.89

COEOLIT )
DM, »

JOT-STEHTUE
GLGCT 100G

TTYW

and the system tells him he is
allowed 250 working pages
(while logged in) and 250 pages
of permanent storage (when
logged out). The system has a
total of almost 18,000 pages
available for use.

29 ‘ EPMFORMSTLION CARDUTY DISK-USAGE (OF DIRECTORY )

Hl7)

000 WORKING »

PGl s ABGLTENEDy 3

TN LESE .
2000 PERMANEMT

SEEO0C GYETEM FAGES FREE

Debugging the Program

Although this is a simple ex-
ample, the user asks to use the
interactive FORTRAN debugger
to examine the execution of his
program.3? The DEBUG command
causes this to happen by recom-
piling the program, loading it,
and starting the debugger,3!
which prompts with a >>. The
user now realizes that he needs
a clean copy of the program to
refer to, and suspends the de-
bugger with a CONTROL-C.32
He issues a PUSH, 33 which pro-
vides him with a separate pro-
cess (identified by the command
processor version number) and
then types out his program with
a TYPE command.3? Note that
he is not disturbing the sus-

pended debugging session by
doing this. The POP35 command
releases this new process and the
CONTinue returns to the orig-
inal task.36 The user now sets

a breakpoint, or pause, at line
30037 and starts the program
running.?8 Before executing that
particular line, the FORDDT
system regains control and
allows the user to type out value
of variables in the program. X is
typed as a real, | as an integer.39
When the program is com-
manded to continue, it stops at
line 300 (statement number 5)
and waits again.?0 The single
command “T"4! says “type what
I last asked for” and we now
note that ] has changed value. A
single “C” causes a continue, 42

48

3 ODELETED
Sl L OWET

and this time the user displays X
and A.42 To change the value for
A, he issues an ACCEPT, spe-
cifies floating point format, and
enters a —1000.4% Again, a
simple continue?> and the pro-
gram pauses once more. This
time just A is displayed (its value
is the new one he entered).46 He
now removes the pause,?” and
continues.?® The program now
runs to completion and exits.
Note that the elapsed time for
this debugging process was only
one minute and thirty-three
seconds.
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31
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FORTRAND TEST

Mé LM .

LIS LoEeld s

CLNFEDER FORDOT Execution

STHRTING FORTRAN DT

33

34 2]

35
36

37 elw

38 nix

39 i

40 ==

41 +w

42

TOFE-20 1AC1L03)
F TEST . FOR

QOLGO 00 5 X
DOZ200 oo % J=l
914

OO0 100 FORMAT ("
QOHO0 ENI

(@

@O

@COMT

Falses AT S 1IN MATN FROGRAM

TYPE X»Jdil

X = 1.000000

CONTINUE

FAUSE AT S5 TN MAIN PROGRAM

X s 1000000

49

EOERUG (FROM) TEST/COMPILE/ZDEBRUG

300 5] A= (-1 70K+
Q0400 WRITE (S 100)



FAUSE AT % IN MAIN FROGRAM
43 = T XA
X s 1.000000
A i 0. 0000000
aq =2 ACCEFT A/F ~1000.
&) =1000,000
45 | (
FAUSE AT S IN MAIN FROGRAM
46 == T A
A s =1000.,000
47 = REMOVE
48 = [CON
A I8 0.194410E+08
END OF EXECUTION
CFPU TIME: 2.48 ELAFSED TIMES
EXTT

Optimization of the Program
Believing his program to be
correct, the user now executes it

again, this time asking
FORTRAN to optimize the code

for faster execution.4® Compar-

49 REXECUTE
FORTRANS

MATIN.,
L.INK?

CLNKXCT TEST
0.194420E4+08

A LS

ENDOF
CRU
EXTT
@

50 @IEF TNE
LOGICAL
OF

TIME:

II*II

ing the CPU time here to that
before,26 we note the program
now runs over three times faster.
As a test, the user now wants to
direct the terminal output from
his WRITE statement to a disk

TEST/COMFILE/OFT
TEST

Loadins
Executionl

EXECUTION

0.38 ELAFPSED TIME:

(LOGICAL NAME) 7
NAME
TO DELETE AlL

50

133630

file. To do so, he simply DE-
FINE's (asking for help with the
2,50 the logical device 5 to be
on disk (DSK:).5! Now when the
program is executed, we do not
see the output on the terminal.52

0.55

TO DEFINE OR DELETE




51 @LEF TNE

(LOGICAL NAME) O

@
52 @EX
FORTRAN: TEST
MALIN .
LLINK 2 Loaching
CLNKXCT TEST Executionl
END OF EXECUTION
CFU TIME:D 0.45 ELAFSED TIME:
EXIT
@

Getting a Directory and Printing
a File

To find the file, the user now
asks for a directory of his disk
area. Terminating the line with
a comma®3 puts him in sub-
command mode, which is indi-
cated by the double @ @, He
now specifies reverse order34
sort chronologically33 by crea-

tion date.56 A blank subcom-
mand line terminates that mode
and the directory is typed. The
newest file is FOR05.DAT.3, the
result of a FORTRAN program
writing on device 5.57 The user
interrupts the list by CON-
TROL-C,58 and asks for the data
file to be typed.59 To get a listing
of the file on the line printer, the

53 QUIRECTORY (OF FILES) »

54 PRREVERSE
55 RRCHRONOL.OGYCAL

(SORTING)
(RY) 7 ONE OF

CREATION

RE AT
W TE

56 RECHRONOLOGICAL

@@

(BY) CREATION

S EMO~1 0

57 FOROS.DAT.1

TEST s REL « 5
FOR2

58 +QOR L0

2

59 RTYPE FOROE.DAT, 1

A IS

@

@r JoR
JO%

@

60 @L.I&T
BLEST
61 [ELIEUE

1éy USER DEMO-L

CELRED

019442001408

ACET

CFLLEY 7 FILE NaME

51

10010y

(AS) DSK?2

1.13

user issues a LIST command.5°
To see how it will be before the
file is printed, he issues a
QUEUE inquiry,5! which shows
that his job is being printed now
on physical line printer 0. The
24 pages is a maximum limit to
prevent accidentally printing
excessive worthless pages.
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Finding Out What's Going On
Finally, the user asks for a
SYSTAT.%2 Among the informa-
tion printed is a list of all current
users by job, what line they are
on, what program they are
running (EXEC is the command
@
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processor) and their names.%3
Operator service jobs are listed
last. In this example, the sys-
tem has been up for three and a
half hours since timesharing
began and 26 jobs are in use.
Over the last three scheduling
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periods, the load of jobs in the
processor run queue has been
3.8,2.8,2.9.

Satisfied with his session, the
user logs out,%4 having used 18
seconds of compute time in over
14 minutes of elapsed time.
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Please have a sales representative
call me.

Please send me additional
information on the DECSYSTEM-20.

NAME
COMPANY/INSTITUTION
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My application is
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