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Tandem 16 System Introducti on 

The Tandem 16 System, described in this document, represents a major departure from 
existing mini/midi computer architecture. For the first time, a complete system has been 
designed to meet the growing demand for on-line, transaction processing systems with 
"fail-safe" capability. Using standard Tandem 16 hardware and software modu les, the user 
may build a system to match necessary requirements exactly. both in throughput and in 
sys tem reliability. No special or custom designed hardware or software is necessary. 
Equally important, the Tandem 16 can grow to meet increasing throughput demands with 
no change in operating system or applications software and without loss of the system 
during expansion. 

One Tandem 16 processor module is a powerful computer. Two or more Tandem 16 
processor modules connected together by Tandem's high-speed interprocessor bus structure 
(DYNABUS) provide an extremely powerful multiprocessor system. This capab ility coupled 
with the Tandem 16's unique NonStop ™ or "fail-safe" features make it the ideal choice for 
systems requiring economy today plus assured power to meet tomorrow's increased 
demands . 

Product No . T16/B003 1 
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Tandem 16 System Introduction 

The Tandem 16 COITlPuter System fills three important and interrelated needs: it is a computer system 
where applications run NonStop regardless of a module failure, it provides a computer system that can 
support high transaction rates to large on-line data bases, and it provides a system that is easily adaptable to 
any application. 

The basic design philosophy of the Tandem 16 Computer System is that no single module failure will stop 
or contaminate the system. This assurance of NonStop operation is sometimes called "fail-safe" when no 
loss of throughput OCcurs as a result of a failure or "fail-5oft" when some slowdown occurs but full 
processing capabilities arc maintained. The Tandem 16 can provide both "fail-safe" and "fail-soft' modes 
of operation. 

• PROCESSOR MODULES 

A single Tandem 16 Computer System may contain from two to sixteen processor modules; each module 
contain!' a micro-programmed central processing unit, its own memory (up to 512k bytes), and its own 
micro-programmed input/output channel. Each processor module is fully capable of operating 
independently of all other processor modules yet can be configured to back up other processor modules. 

• INTERPROCESSOR BUSES (DYNABUS) 

Each processor module is connected to all other processor modules via redundant high speed 
interprocessor buses. Programs running in one processor module communicate with programs running in 
other processor modules by means of these buses. Each interprocessor bus is fully autonomous, operating 
independently of (but simultaneously with) the other bus. The use of two buses assures that two paths 
exist between all processor modules in the system. 

• INPUT/OUTPUT CHANNEL 

Input/output devices (Le, magnetic tape units, disc drives, terminals, etc.) are interfaced to the compu ter 
system via dual-port i/o controllers. Dual-port means that eac h i/o con trolle r is connected to the 
input/output channels of two processor modules. This provides two paths of communication to each 
input/output device. A dual-port controller is "owned" by (i.e., will accept commands from) only one 
processor module. But in case of a fallure, the o ther processor module can take control programmat
ically . The dual-port controllers are designed so that the number of components common to both paths 
are at a min imum. 

• TANDEM 16{TRANSACTION OPERATtNG SYSTEM (T/TOS) 

Overseeing system operation is the Tandem 16 Operating System. The operating system provides the 
multiprocessing (paral lel processing in separate processor modu les), multiprogramming (interleaved 
processing in one processor module), and NonStop capabilities of the Tandem 16 Computer System. A 
copy of T jTOS resides in each processor module. 

3 



Tandem 16 System Introdu cti o n 

The operating system automatically sched ul es app li cation programs for execution according to an 
applica tion-assigned priority , provides memory management functions (automatic overlaying, swapping ( 
to disc, ctc.)' and gives app lication programs the capability to start programs executing in any processor 

module from any processor module . 

• FI LE SYSTEM 

4 

As part of t he operating system, the Tandem 16 File System provides a single in terface between 
programs and the outside world. The file system, which handles all data transfers, provides the capability 
for any program running in the system to communicate with any other program running in the system as 
well as any input/output device connec ted to t he systemj programmers need not be aware of the physical 
location of t he device/program. Up to 4,094 bytes can be transferred In one Ole system operation. 
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Tandem 16 System Introduction 

• PROCESSOR MODULE 

A Processor Module is comprised of: 

I I 
OYNA8US 

CPU 

MEMORY 

I/ O CHANNEL 

I 

DYNABUS 

The Dynabus is used for transmitting data between processor modules. Two communiaUon ~Ihs 
are provided between every processor module. 

CENTRAL PROCESSING UNIT (CPU) 

The cpu executes programs by fetching and executing instructions from memory. Arithm". 
computations are performed in the cpu. Additionally, a single instruction is executed to tnnsl'm! 
data from memory, via the interprocessor bus, to anou'er processor module's memory. Uk .. "", 
Single instruction is executed to cause the I/O channel to transfer d.ll~ between in I/O dC'\'1U and this processor modulc's memory. 

MEMORY 

Main memory can store up to 512 Kbytes of information. Data received from other procCSSOf 
modules is stored away without interfering with cpu program execution. Similarly, d.u • 
transferred between I/O devices and memory concurrently with cpu prog ... m execution. 

INPUT/ OUTPUT CHANNEL 

The I/ O channel is used for transmitting data between a processor module's memory and its I:ll 
deVices. ThIS takes place concurrently with execution of cpu instructions. 

t 
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Tandem 16 System Introduction 

• TrrOS 

The TANDEM 16 Operating System (T/TOS) provides th«} capability for mU ltiple programs to run 
concurrently in the same processor module: 

I I 

p. PROGRAM 

T{TOS ensures that the programs do not interfere with each other. In fac t, a program need not be 
aware of other running programs - at all. 

The T{fOS MESSAGE HANDLER provides interprocessor communication via the interprocessor 
buses: 

I 
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( TITOS (TITOV 
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T/TOS uses both buses if necessary to guarantee that a message will get to the desired processor 
module. 

Because of the operating system design, this is a computer system, consisting of two or more 
separate (and redundant) hardware module, that operates as a single unit. 
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Tandem 16 System Introduction 

• FI LE SYSTEM 

The FILE SYSTEM part of T/TOS is used by programs to communicate with each other and with 
I/O devices. 
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The file system provides a single interface between a program and the outside world. Other 
programs and all 1/0 devices are accessed as "files" in a single, uniform manner. The physical 
location of I/O devices and the processor module where a program is executing is transparent to 
application programs. 

(The I/O CONTROL PROGRAMS control the physical 1/0 devices on instructions from the file 
system.) 
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The use of dual port controllers guarantees a communication path to each I/O device even if a 
failure occurs. 

Each device has a PRIMARY PATH over which communication normally occurs: 
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t If a failure occurs in the primary path, the file system automatically reroutes communication to the 
affected I/O device via the ALTERNATE PATH: 

• 
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All communication to the device now occurs via the original alternate path. When the original 
primary path is restored, it becomes the "alternate" path. 
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Because of the file system design: 

programs running in independent and redundant hardware modules can communicate with each 
other and with any I/O device. The hardware provides two paths between processor modules and to 
110 devices. The operating system guarantees that if a single path is available, communication will 
occur. 
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Tandem 16 System Introduction 

• PROCESSOR MODULE CHECKING 
The oper.J.ting system provides another service: 

While application programs are executing, TfTOS in each processor module periodically transmits 
an "I'm alive" message to all other processor modules in the system. Each processor module. in 
turn, periodically checks for receipt of an ""m alive" message from every othe r processor module. 

I'M ALIVE 

G'/T09' I'M ALIVE "\:TlToy 

0 00 o P2 0(0 , P4 

If T/TOS finds that a message has not been received, it assumes that the non-transmitting processor 
module has malfunctioned. T/TOS then sends a "CPU DOWN" message to interested programs in its 
processor module. (This message is sent to programs via the file system.) 

I'M ALive 

" ,'M ALIVE" 
MESSAGE NOT 

RECEIVED 
FROM 1 

This means that it program running in one processor module will be informed if another processor 

module fiits. 
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• A NONSTOP APPLICATION 

A NonStop application consists of a primary program running in one processor module (called A in 
this example) and a backup program running in another module (called A') . 

The primary program, while operable, performs all of the applications work. At critical points in the 
application (such as prior to altering a disc file), the primary program sends a message containing 
"check pointing" inf.ormation to the backup program. 

While the primary program is operable, the responsibility of the backup program is to accept the 
checkpointing messages and be ready to take over the application if the primary program becomes 
inoperable. 

"M ALIVE MESSAGES 

T/TOS 

CHECKPOINT MESSAGE @ ~_~ 

o , 

THE PROGRAM: A 
THE PROGRAM: A' 

(j) READ (a record from the terminal) 

@ READ (a record from the discI 
READ (th. checkpoint meuage from AI 

@ WRITE (the old disc record to A'I Checkpoint 

@ WRITE (the updated record to discI 

® WRITE (the result on the terminall 

( 
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Then, if A's processor module fails: 

PROGRAM A' ACTION 

(i) READ Ithe cpu 0 down message) 

I'M ALIVE NOT 
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o TERMINAL 

(j) 
T/ros CPU 0 

DOWN 

A' 

<Z> WRITE Ito th. dilC usmg the IHt checkpoint message to restore the record) 

Then continue with the same program as A. 

REAO (a record from the terminal) 
REAO (a record from the disc) 

Except that there is no backup for A' at this time, so no checkpoint message is sent. 

When cpu 0 is repaired, a "cpu 0 up" message is sent by T/TOS to A', A' then starts A running in 

cpu O. (And A becomes the backup.) 
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Tandem 16 System Introduction 

WHY THE TANDEM 16 IS FAILURE TOLERANT 

The ability of the Tandem 16 Computer System to provide an environment where applications Q/1 

continue to run regardless of a module failure is due to its unique hardware and software design: 

• Interprocessor communication is provided by means of the redundant interprocessor buses, therefore no 
shared memory is required. This eliminates a point where a single failure could stop a system and also 
prevents one malfunctioning processor from contaminating any memory but its own. Likewise, theuse 
of dual-port i/o controll ers eli minates the need for bus switching devices (again, where a single failure 
could stop a system) . 

• Power is distributed in the system in such a manner that if a power supply fai ls, a bad.up module ~ 
avai lable. The dual-port control lers receive power (rom two sourccs: thc same supplies as their associ~trd 
processor modu les. If a supply fails, causing a processor module to become inoperative, the altem~1t 
processor modu le can take control. 
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Tandem 16 System Introduction 

• The operating system in each processo r module saves th e current operati ng state in the event a power 
failu re occu rs and resumes all operations when power is restored. 

• If an uncorrcctablc error is found in memory. the operating system de termines if the assoc ia ted area is 
critical to system operation. If it is not, the arca is nagged as bad and nO I used agai n unti l the memory is 
repaired . (Typically, the memory would be repaired during sys tem preventive maintenance. However, the 
the associated processor module could be taken off line to repair the memory, leaving the remainder of 
the system operable.) 

• Crilical pOrlions of the operating system arc ma in memory residen t; this assures thei r availability in the 
event a disc failure occurs. 

• The cooling system for the Tandem 16 is designed in such a way that if a failure occu rs, ample cooling is 
still available!! . In addition, fan modules can be replaced while the system is running (without interfering 
with system operation) . 

• Any ope!!rat ional module in the system (e.g., processor, i/o controll er, power supply, fan, etc.) can be 
re!!moved from the system and replaced on·line without stopping operation of other system modules. 

• Betause the Tandem 16 is modular in organization, it can be configured for any degree of 
NONSTOPability desired. 

WHY THE TANDEM 16 SUPPORTS HIGH TRANSACTION RATES 

A number of system characteristics resul t in t he high through put rates attai nable by the Tandem 16. 
They are-

• Program Organization 

Tandem 16 programs while executing in memory are physically separated into two parts: a. code pa rt 
containing machine instructions and program constants and a data part contai~ i ng. progra~ vanables .. ~he 
code part of a program is ac tually read·only storage (i.e., there are no machine instruc tIons for wrr tlng 
into the code area) . 

The fact that the code part contains pure code and cannot be modified means that it can be shar~d b.ya 

b f I f ,., "em library routines that are executed on behalf of applIca tIon nurn er 0 users. n act, opera 109 y (. 
programs are shared by all application programs running in a given processor modu le I. C., on ly one copy 

need reside in memory) . 
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Program Organization 

- Procedure Oriented 

Programs are functionally separated into blocks of machine instructions called procedures. A 
procedure, like a program, has its own private data area (actually in the program's data area). The real 
power of procedures is that they can be called into execution from any point in a program (including 
other procedures and themselves); the hardware automatically saves the calling environment when a 
procedure starts executing and restores the calling environment when the procedure finishes. A 
programmer can write procedures that receive parameter information (arguments)' perform 
computations using the parameters, then return results to the caller (the machine instructions for 
pdssing parameters and returning results are generated automatically for programmers using Tandem's 
Transaction Application Language - T/TA L). 

Operating system and file system functions are actually invoked by calling procedures that are part of 
the operating system (special machine instructions exist that call operating system procedures as 
efficiently as an application program's own procedures) . 

- Memory Stack 

Data areas for programs are organized in main memory as stacks. A slack is a storage allocation 
method where the last item added is the first item removed. The CPU has registers that automatically 
keep track of the last area allocated in a stack. The use of the stack means that data areas for a 
procedure's private variables arc allocated dynamically (when the procedure is called into execution), 
keeping the amount of memory space required by a program to a dynamic minimum. The stack also 
provides the mechanism for passing parameters to procedures and saving and restoring the calling 
environment (this applies to ca lling both an application's own procedures and operating system 
procedures). 
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- Register Stack 

• 

Each central processor contains an eight element register slack. The register stack provides a highly 
efficient means of executing arithmetic operations; operands are loaded into the stack, arithmetic 
operations are performed, the operands are deleted, and a result is left on the Slack. An add of two 
16·bil numbers typicalJy takes 500 nanoseconds; storing the result into the memory stack typically 
takes 900 nanoseconds. The usc of the register stack is transparent to programmers using Tandem's 

Transaction Application Language {T/TAL}. T{fAL automatically generates the machine instructions 
for efficient use of t he register stack. T/TAL, however, does provide programmers wi th the capability 
to use the register stack ex plicitly . 
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• Process Structure 

Programs (both application and system programs) arc run by the Tandem 16 Operating System on the 
basis of processes. Two definitions: the term "program" is used to identify a stalic group of instruction 
codes and initialized data (like the output of a compiler), the term "process" indicates the dynamically 
changing states of an executing program. The same program can be cXe{;uting concurrently a number of 
times; each execution is a different process. 

A process consists of: 

An area in memory containing the instruction codes to be executed (this area may be shared by other 
processes). 

- An area in memory containing a memory stack tha t is priva te to the process. (Even if other processes 
use the same code area, each has a private data area.) 

_ A process identification number (process id) assigned by the operating system when the program is 
first called for execution (the process id indicates the processor number where the program is 
executing, the number of the process in that processor, and the time that the process was created). 

_ A process control block (PCB), identified by a process id, that is used (only) by the operating system 
to control process execution. The PCB contains pointers to the process's code and data areas, retains 
the current state of the process in the event the process is suspended, indicates any system resources 
currently needed by the process, and defines any files in use by the process . 

THREE PROCESSES IN A PR OCESSOR MODU LE: 

I'ROC(SS 1 

/ 
I , 

"'OCU. !"ROCESS 

" '" "'I ...... u: INSTRUCTIOfI ...... , coon 
STACK 

'/ 
l'ItotUS 

PROCESS l OS 
COH'''OL fillS 

BLOCK 

~I'IOC[$S 2 

r -------------"I-------------, / , 
PROCESS 3 

/ 
I 

PflOCESS PflOCESS ,.. nANOn 

""IVATE SHAREO 

"'EMORV INSTRUCTION 

STACK CODES 

--; 
!'AOCESS '"oc , ESS rs PROCESS 3'S 

""" "'" • 
BLOCK 

IL[S fiLES 

Process Structure 

, 
I'.. 

PROCESS ,. 
PRIVATE 
MEMORY 

STACK 

\ PROCESS 
CONTROL 

BLOCK 

19 



Tande m 16 System In trod uct ion 

The process structure provides the mechanism for executing programs in a multiprogramming 
(interleaved processing) environment. An operating system function called the "dispatcher" assigns 
processor time to the various processes present in the system. A process, when ready to execute, is placed 
in a ready list according to its priority number. When one proccss completes executing or is suspended 
(while i/o occurs), the highest priority process ready for execution is given control of the processor (a 
"ready" high priority process automatically causes any lower priority process to be suspended). 

The use of the process structure permits each program to execute as though it has sole use of a processor 
module and peripherals attached to the system . 

• Memory Mapping 

20 

Main memory space is arranged in 2048-byte pages. A memory mapping scheme associates the 16·bit 
addresses used in a program with the physical pages in memory. The maximum number of pages allotted 
a process is 128 pages: 64 code pages and 64 data pages. The pages as addressed in a program are referred 
to as logical pages, the actual pages in memory are called physical pages. The first page in a program's 
code space and data space arc referred to as logical page O. Because of the mapping scheme, a program's 
memory pages need not be located contiguously. 

Four separate memory maps are provided: the system code map points to the area where the opcr.tting 
system's instruction codes are located, the system data map points to the operating system's memory 
stack, the user code map points to the currently execu ting application program's code space, and the user 
data map points to the currently executing application program's data space. Because actual memory 
locations are associated with entries in a map register, pages assigned to a particular program can reside in 
non-contiguous locations. The user code and data maps arc shared by all user processes present in a 
processor module. The operating system dynamically loads the user maps from a table indicated by the 
appropriate process control block just prior to dispatching that process for execution. The system maps 
arc used only by the operating system and are never modified (except for entries of non-resident pages). 

Because all program addresses are relative to logical pages rather than actual memory locations, all 
Tandem 16 programs (code and data) are inherently relocatable (i.e. , can be positioned anywhere in 
memory). This means that the operating system does not require a special function for relocating 
programs in memory; program addresses need not be readjusted each time the operating system 
dispatches a process for exC(;ution. 
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Tandem 16 System Introduction 

• Virtual Memory 

22 

The memory management function of the Tandem 16 Operating system automatically brings memory 
pages into main memory from the system disc as required by the currently executing program. Because 
all Tandem 16 programs are inherently relocatable and because a program's pages need not be in 
contiguous locations, a page can be swapped from disc into any available page in memory (the memory 
manager just makes the appropriate map register entry). In fact, a process can execute with only two 
pages in main memory: the code page containing the current instruction and the data page referenced by 
that instruction. 

A number of features are incorporated into the processor module's hardware that aid the memory 
manager in reducing the amount of swapping t hat occurs. 

- Because code is non-modifiable, code pages are neve r swapped out to disc. 

- Because code is sharable by mUltiple programs, only one copy of a program need exist in memory; if a 
needed code page is already in memory it need not be swapped in. 

- A "dirty" bi t is associated with each data map entry; only if a data page has been modified is it ever 
swapped ou t. 

- History bits are associated with each map entry to record access and overlays occurring with a particular 
page. The memory manager also maintains a list of maps (each process has a separate map) active in a 
processor module. When memory space is needed for an overlay, the memory manager selects the map 
that is at the head of the map list then selects the least accessed page in that map for overlaying. The 
memory manager ensures that processes are selected on an equal basis for potential overlays by putting 
the last map selected for overlay at the tail of the map list. 
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Tandem 16 System J ntroduction 

• High Performance Processor Modules 

The central processing unit's mic ro-instruction cycle time is 100 nanoseconds; microinstructions ilre 32 
bits in length; 6 general purpose registers are available to the micro-processor. The memory cycle lime for 
accessing a 16-bit word in semi-conductor memory is 500 nanoseconds, intluding accessing the map 
registers and, if necessary, error correction. The cycle time for core memory is 800 nanosecoods 
(inc luding mapping and parit y checking). The next instruction to be executed is prefetched while thr 
current instruc,tion is being executed. 

The basic instruction set contains 123 instructionsi each instruction is 16 bits in length. Twelve memory 
refe rence instructions can directly address any of five data areas in memory: gtobal, local, system global, 
parameters, and sub locaL Two instructions are provided for reading constant information from il 
program's code area. The data and code memory reference instructions can use the contents of the direct 
memory location as an indirect reference to another location; any of these instructions can be indexed 
(three index registers are provided ). Instructions are provided for string moves, scans, and compares 
(both eight-bit and sixteen-bit quantities), The decimal arithmetic option to a processor module, provides 
20 instructions fo r 18-digit fixed point arithmetic operations. 

• High Performance Inter·processor Buses 

Data is transferred over each interprocessor bus at a 10 megabyte per second rate. Each bus is upilble of 
transferring data between all processor modules concurrently on a multiplexed basis. Datil tr.msfersciln 
also be occu rring simultaneously on both buses. The operating system is designed to keep both buses 
operating at peak efficiency. 

One hardware instruction (SEND) is used to transmit blocks of 1 to 32767 words to a designilted 
processor module over a designated bus. ' 

Data, as far as the hardware is concerned, comes into a processor module unsolicited (i e there is no 
correspond ing " RECEIVE " instruction). . " 

Data is actually sent across a bus in "packets" of 16 words (15 data words plus one chKksum word); 
~ach ~roc~ssor m~dule contains two high·speed 16-word buffers (one ror each bus) ror receiving tnt 
Incommg I.nformatlon. These buff~rs are designated INQ X (for the X bus) and INQ Y (forthe Y bus). 
T~ansfers IOta ,t~e buffers occur slffiul.tane?usly with microprogram execution ; when a buffer fills, 1M 
mIcroprogram IS Interrupted and a spec Ial mlcroroutine Stores the block in memory. 

A table (called the Bus Receive Table - BRT) is maintained 0 h dO , 
" '. 1M eac processor module's memory 10 Iftc 

the mcommg data to a speCIfied locatIon in memory The labl 0 0 f 32 'no" , . e ContaIns a maximum 0 en 
(corresponding to the two buses from each of 16 
address where the incoming data is to be stored and ~~ocessor modules) . Each entry spKifies il buffer 
number of words has been received the cu rrently exc "e number Of. w~rds e:xpecled. When the e.xpKted 

cu 109 program IS Interrupted. 
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• High Performance Input/Output Channel 

26 

Input/outpu t transfers occur directly between memory and i/o devices concurrently with program 
execution. A single i/o operation is capable of transferring data in blocks of from one to 4094 bytes. 

One hardwa re instruction (EIO) is used to initiate input/output operations. On<:e i/o is initiated, a special 
microprocessor contained in the i/o channel controls the transfer of data between an i/o device and 
memory. 

A table (call ed the i/o control table - fOC) is maintained in each processor module's memory to permit 
the channel's mic roprocessor to control the operation on a device basis. The table contains up to 256 
en tries corresponding to the 256 possible devices on a channel; each entry contains a buffer address (in 
the system data area) and a count of the number of bytes to be transferred. Data transfer occurs 
sim ul taneously with CPU program execution; CPU execution is suspended only when both the channel 
and CPU need to access memory at the same time. When the number of bytes indicated in the IOC havt 
been transferred , the currently executing program is interrupted. 

Data is buffered by each dual-port controller so that data is transferred in bursts over a channel ill 
memory speed (the number of bytes in a "burs t " is dependent on a controller's buffer size). Controllers 
are designed so that they signal the channel prior to actually emptying (during a write opel1:tion) or 
filling (during a read operation) their buffer. This gives the channel ample time to respond thereby 
reducing the possibility of data overrun conditions. Each i/o channel is capable of communiating with iI 
maximum of 256 input/output devices (32 controllers with up to eight units per controller); ",It 256 
devices can be transferring simultaneously (with "bursrs" from one device being interleaved .. ilh 
"bursts" from others). 
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Tandem 16 Syste m Introduction 

• System Integrity 

Each processor module contains a number of features that assure system integrity: 

_ A checksum word is generated by the transmitting processor module and checked by the receiving 
processor for every packet of 15 words transferred over an interprocessor bus. 

_ One parity bit is associated with each 1 6·bil word transmitted over an i/o channel. 

_ An interval timer is provided; the operating system and the file sys tem use the timers to notify the 
application program in the event a data transfer does not complete. 

- When the semiconductor memory is used, six error correction bits are generated and stored with each 
16-bit word in memory; circuitry is provided that corrects all single bit errors and detects ALL double 
bit errors. With core memory, a parity bit is generated for each 16-bit word. 

- The addressing and count information controlling an i/o transfe r is kept in the controlling processor 
module. This prcvents a controller from contaminating more than one processor module becauseofi 
failure of an address or word count registcr. 

- The file system protects against an input/output device from erroneously writing into memory (in the 
loe table, ei ther the device's count field is set to zero or its write only bit is set), 

- Each entry in the registers that are used for memory mapping has an associated parity bit. 

- Because the memory mapping scheme provides separate system/user maps, operating system areas can 
only be accessed by operating system programs; application programs cannot inadvertently destroy the 
operating system. 

- Two hardware modes of processor operation are provided : privileged and nonprivileged. Ceruin 
critical operations (such as initialing input/output transfers or accessing system tables from application 
programs) can be performed only whi le in privileged mode. Typically, only the operating system 
operates in privileged mode; privileged operations are performed on behalf of application programs 
through calls to operating system procedures. Application programs running in nonprivileged mode 
cannot inadvertently become privileged. 

• Efficient File System 

The file system is designed so that an application program can execute concurrently with its ovm 
input/output. Additionally, the system can be configured so that while an application prog~m runs in 
one processor module, its file system operations can be occurring Simultaneously in another module. 

• Access to Large Data Bases 

On·line access to large data bases is possible for two reasons: the large number of peripheral devices tNt 
can be atta~he~ to the system (a 16 pr~essor .system can directly address 2048 input/output devices) 
and an application program can communicate With ANY device connected to the system. 

• Large Number of On-line Terminals 

Any two processor modules can handle up to 128 data communicafon I' . hi" bl afcorn' 
municating with one single-drop terminal. I mes, eac Ine IS capa e 
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• Fast Response 

Fast response to on-line inquiries is possible because application programs are schedu led for execution by 
the operating system according to a priority assigned when a program is first readied for execution. 

Programs that require precedence over other programs can be scheduled with a higher priority. 
Additionally , a program can dynamically change its own execution priority, permitting it to compensate 
for any unusual load conditions that may arise. 

Frequently used and critical portions of the operating system are main memory resident (Le., are never 
swapped out) . This enables operating system func tions to be called into execution without having to wait 
for a page to be swapped in from disc. Additionall y, part or al l of an application program can be made 
main memory resident for applications requiring a guaranteed response time. 

The area in memory where instruction codes arc stored (j.e., referenced by the user and system code 
maps) cannot be modified . This means that , if a program is suspended for some reason, the memory area 
can be overwritten immediately; it's not necessary to write this area out to disc. A program's data area is 
only written out to disc if it has been changed since last loaded into memory . Nonmodifiable code 
provides an additional benefit: when one program is suspended for some rcason, another program can usc 
the same code. This saves time because the code area need not be swapped into main memory and saves 
space because only one copy of a program need reside in memory . 
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WHY THE TANDEM 16 IS EASILY ADAPTABLE TO MANY APPLICATIONS 

The Tandem 16 Computer System's software has been specifically engineered so that applicuions Qn!:t 
defined and implemented with a minimum of time and expense . 

• Many of the responsibilities normally handled by applications programs with other systems irt ll1en 
care of automatically by the Tandem 16's operating system (T/TOS) . 

- The virtual memory scheme incorporated into the Tandem 16 enables programmers to COOCtfltnlt 

fu ll y on the intended application. Programs or portions of programs are sWilpped bel'llletn memory 
and disc automatica ll y by the operating system; the swapping is invisible 10 the applic,Jlion prClgim. 

- The multiprogramming. multiprocessing features of the Tandem 16 operating system permit prognms 
to be written without regard for other programs running in the system and without regard fOf the 
processor module in which a program is eventually run. 

- Programmers can write programs that communicate with input/output devices iIld other progrnns 
without actuall y knowing where the devices are connected to the system or where other progTimu/t 
physically executing the system. 

- Using the file system, the hardware aspect of input/output transfers is transparent to appJiatioo 
programmers; completion interrupts and system dependent error conditions are IwKfIed 
automatically. 

- !ransfers over the interprocessor buses are handled entirely by the operating system; the busoprrition 
IS completely invisible to application programmers using the file system. 

- For applicat~on dependent error recovery routines (such as not ready on a magnetic ~pe) , the filt 
~ystem prOVides a~ error number that specifically describes any errors encountered during ill 
.nput/output operation . 

• User/System Interface 

30 

Application programs and programmers typically make use of the Tandem 16 Computer Su<tem throogh these means: ,~ 

- Command Interpreter Program (COM INT) 

Programmer/operator control (versus program control) over the system is by means rJ I 

Tanfdem-s~ppJjed ~rogram called the Command Interpreter (COMINT). The Commilnd Inlerprtlrf per orms Its functions by conversing with h IJ)iI\Il 
interpreter prompts the user f a user t rough an on· line terminal device; the.com 

or a command, the user enters a command the commilnd IOterptt' lrf executes the Command then prompts lh f. ' 
is configured so that 'the C die User or another command. (Typically, the operat ingsYSlem 
devices. From this point CO:,~~an nterpreter program initially executes on one of the console 

, can be run on other terminals Connected to the system.) 
Functions that the Command Interpr t rf 'anal 
status of the system obu" . f e er ~e orms are: obtaining and allering the current open.U ~ 
running programs (;pPlica~~~g I~oo~:tlon about disc files,. creating and purging disc files, L 
TOSYSGEN, or COMINT). p g Sand Tandem·supplled programs such as EDIT, TA , 
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, For example 10 obtain the ope rational status of the system, the opera to r en ters the following command: 

• 

Command Interpreter prompt 

The command in terpreter d isplays system status information on the terminal. 

Entering a command name not known by the Command In terpreter results in an attempt to run a 
system program by that name. Parameter information can be passed to the program at run time. For 
example, to run a program called COPY and specify two fi le names (INF ILE and OUTFILE) to the 
program, the foll owing is entered : 

, COPY/IN INFILE, OUT OUTFILE! 

Non-system programs Jrc run by entering a RUN command and the program name. Parameter informa
tion can also be passed at this time. For example: 

,RUN myprog/IN afile, OUT $LP/ 

runs a program called "myprog" and passes the file names "afile" and "$LP" as parameters. 

- Editor Program (EDIT) 

The EDIT or program is used by app lications programmers to en ter and/o r modify source language 
programs through an interactive terminal. 

The editor program is typically run through use of the command interp rete r program: 

: F.DI,. nYSRcr: 

(MYSRCE is a text file to be accessed by the editor) 

Editor functions arc invoked interac tively by issuing commands to the editor program via an online 
terminal: 

-LIST ALL OUT $LP 

L editor prompt 

(lists the entire contents of the cu rrent text file on the sys tem line printer) 

- Tandemrrransaction Application Language Compiler Program (TA L) 

The T/TAL Compiler program is used to prepare ready-to--run programs from source programs written 
in Tandem's Transaction Application Language (T/TALl. TfTAL is a high·level language, designed 
especially for transaction processing. A typical statement written using T/TAL that compares two 
character strings might be: 

IF INARRAY .. "SRf:CE I VE" TIIEN • . , 

Or to call a procedure for execu ti on 

CALL COMPUTETAX(A,rnUNT , RATE , TAX) ; 
31 
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32 

(The name assigned to the procedure is COMPUTETAX; AMOUNT and RATE are parameters; 

TAX is the result) 

The T/TAL compi ler program is typically run through use of the Command Interpreter program: 

:TAL/IN MYSRCE, OUT $LP/MYOBJECT 

(MYSRCE is the file containing Tff AL source statements, MYOBJ ECT is the disc file where th~ 
readY-lo-run object program is stored by the compiler, $ _P indicates where the compiler listing is 
to be sent) 

- File System Calls 

The file system provides access to all input/output devices in a uniform manner. Fil e system 
operations are invoked through calls to library procedures that are part of the operating system. Page 

mode and conversational mode terminals, other devices, discs and portions of discs, and other 
programs are accessed as files. This permits programs to be written without regard for the actuil 
physical location of the device or program to be accessed. File names are assigned to devices when the 
system is configured, to disc files when created, and to o ther programs when they are run. As fans 
the application program is concerned, interprogram communication appears identical to input/output 
with physical devices. 

A typical T/TAL statement to write to a page mode terminal might be: 

CALL WRITE (TERMFILE, BUFFER, 600 NUMWRITTEN); 

(WRITE is a file system procedure; TERM FILE is a file number assigned to a terminal by the file 
sys tem; BUFFER is an a rray in the user's memory stack containing the data to be wrilten on the 
terminal; 6~O is the number of bytes to be written; NUMWRITTEN is the actual number written 
on the terminal). 

- Tandem 16 System Generator Program (TOSYSGEN) 

A Tandem 16 Computer System is fully configured and ready-to-run When installed on the computer 
si te. A Tandem -suppli ed system configuration program (TOSYSGEN) is available for tailoring the 
operating system to SUil a particular appl icati o n. I npul/output devices can be added or reiSsigned, i/O 
device charac.teristics are configured, space is assigned for sys tem buffers, programs can be designaled 
that automatIca ll y start executing (I.e., without using the Command Interpreter) when the opel'lting 
system is loaded into the system. 

T? configure a system, the EDIT program is used t o "fill in the blanks" in a disc file that is supplied 
With the system. The :OSYSGEN program is then run. It reads the configuration file and genenteH 
fully configured operating system (usually on a tape) that is ready to be loaded into the system. 
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SUMMARY OF TANDEM 16 FEATURES 

Tindtm 16 Complu~r System ( (ail·~fe, Ir.ansaction oriented, easil y adaptable) 

• Two to sbueen processor modules 

• Dual, high-speed intcrprocessor buscs 

• High-speed, bunt-multiplexed input/ou tput channel 

• Multiprocessing, multiprogrammfng, transaction oriented, fai l-safe operating system (T/TOS) 

• Virtual file system 

Processor Modules 

• Microprogrammed (100 nanosecond cycle time) 

• Sixtrtn bil dala paths and memory addressing 

• Up to SI2k bytcs memory per processor module 

• Mcfl'lOfy mapping (four separate maps: system data, system code, user data, user code) 

• Up to 128k bytes addressable through each map (for a total of SIlk bytes addressable) 

• 500 f1inosetond semiconductor memory acceiS time (including mapping and error correction) 

• 800 mnostCond core memory access lime (including mapping and parity checking) 

• 123 instructions (including string manipulation and doubleword arithmetic:) 

• Fbur-Word (QUAD) Decimal Option: 20 addilional instructions (including multiply, divide, roundi ng, w nven quad 
value to ASCII, convert ASC II to quad value) 

• Suck ;uchitecture (memory stack and register stack) 

• Procedure oriented hardware 

• Memory references: direct or indirect with or without indexi ng to global, local, procedure para meters, top of stack, 
or sVSlem global data areas and to code area. Word, doubleword, byte, and fou r-word, addressing 

• No INchine instruction gn write in to code area (non-modifiable code) 

• All progrilms art inherently re-entrilnt and relocatable 

• 110 tnnsfer, bus receive, and instruction execution occur concurrently 

• Next instruction prefetched while curren! instruction executes 

• t-brdw.ue power fail/ .. ulo rest..,t 

• H.1IrdWMe multiply/divide 

• ~imum of five microseconds to call operating system proc::edures 

Inttrprocessor Buses 

• Two palh~ between each proc:essor module 

• 10 megabyte tnmfer for each bus 
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• Packet-multiplexed transfers between any number of processor modules 

• Block transfers of 1 to 32,767 bytes 

• Both buses used simultaneously 

Input/Output Channels 

• Dual-port Conlrollers 

• Data transfers occur at memory speed (4 megabytes per second with semiconductor memory) 

• Up to 256 devices per processor module 

• Burst-multiplexed transfers from any number of devices 

• Block transfers of 1 to 4,094 bytes 

T{TOS Operating System 

• Multiprocessing 

• Multiprogramming 

• Geographical independence 

• Process structure 

• Memory management function makes virtual memory invisible to users 

• Processes scheduled for execution according to priority (0-255) 

• Sharable code areas handled automatically 

• Up to 256 processes per processor module 

File System 

• Two path~ to each i/o device; file system automatically switches palhs 

• All devices and programs are accessed as files 

• Geographic independence 

• Timeout associated with each ito operation 

( 

34 



• For more information regarding the Tandem 16 Computer System, refer to the following manuals: 

• Tandem 16 System Description: provides a detailed description of the system from a hardware and 
software standpoint, provides information on making an application NonStop. and tells how to 
configure the operating system for a particular application and how to run the Tandem-supplied 
TOSYSGEN program. 

• Tandem 16 Programming Manual: describes the T/TAL programming language, how to use the fi le 
system, how to use the process control, utility, general purpose, and fail-safe procedures, how an 
application interfaces with the command interpreter program, and how to use the DEBUG fac ility. 

• Tandem 16 Operating Manual : describes how to use the Tandem-supplied uti lity programs such as 
COMINT (the command interpreter), EOIT (the text editor), and BACKUP and RESTORE (for 
backing up disc files), PUP (the peripheral utility program, for initializing and mounting disc packs, 
listing device characteristics, etc.), provides a list of system error messages. and describes the system 
load procedures. 
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TANDEM 
GUARDIAN OPERATING SYSTEM 

FEATURES 

• Fail·Safe GUARDIAN Operating System for Con
tinuous Non-Stop 1M Running of Transaction
Oriented Applications 

• Multiprogramming/Multiprocessing Virtual 
Memory Management System to Support Hi" 
Transaction Aares from Numerous High·Speed 
Terminals 

• Redundant File Management System with Sym
botic File Access, File Security, file and Record 
Locking. Concurrent Input/Output and Disc 
Volume Interch angeability without 
Reprogramming 

• Fail-Safe Message Sysum with Checkpointing for 
Fault-Tolerant Programs, Process Control to Estab
lish, Change, Suspend or Delete Processes, and 
Automatic Resource Allocation and Memory 
Mapping 

• Fail-Safe Utility Procedures for Automatic Dall 
Conversion, TIme and Date Logging, and Calling 
the Debug Facility 

• Efficient High-Level Transaction Application 
Lan.guaga (TAL) Compiler for Easy Implementa
tion of AppliCition Programs 

• Interactive Command Interpreter (COMINT), Tut 
File Editor (EDIT), Object File Editor (UPDATE), 
and Debugger (DEBUG) for Fast and Economicat 
Program Development 

• On-Line Program-Concurrent Diagnostics for 
System Security and Pro,.am Integrity_ 

INTROOUCTION 

The GUARDIAN Operating System is a 
true multi-processor, multi-programming fault 
tolerant operating system. GUARDIAN has 
been specifically architectured so that applica
tions can be defined and implemented to run 
continuously (even during hardware failures) _ 
Many of the responsibilities normally handled 

by applications programmers with other 
systems are taken care of automatically by 
GUARDIAN: 

• The virtual memory scheme incorporated 
into GUARDIAN enables programmers to 
concentrate fully on the intended applica
tion. Programs or portions of programs are 
swapped between memory and disc auto
matically_ This swapping is invisible to the 
applications program. 

• The multiprogramming, multiprocessing 
features of GUARDIAN permit programs 
to be written without regard for other 
programs running in the system. 

• Programmers can write programs that com
municate with input/output devices and 
other programs without actually knowing 
to which processors these devices are corr 
nected or in which processors other pro
grams are located, 

• The hardware aspect of input/output trans
fers is transparent to application program
mers_ Interrupts and system dependent 
error conditions are handled automatically_ 

• Transfers over the interprocessor bus 
(DYNABUS)TM are handled automatically. 
The bus operation is completely invisible to 
application programmers. 

• For application dependent error recovery 
routines, the system provides an error 
number that specifically describes any 
errors encountered during an input/output 
operation_ 

The Fail-safe features of GUARDIAN 
make it uniquely suited for the fast develop
ment, easy expandability, and reliable opera
tion of on-line transaction-oriented applica
tions, With other systems, these functions 
were the responsibility of the application 
programmer_ 
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VIRTUAL MEMORY MANAGEMENT 
Within each processor the operating system is 

responsible for allocation of execution time to mUl
tiple programs on a priority basis; allocation of buffer 
$pact and control blocks; process synchronization; 
fault and trap handling; and inlerval clock main
tenance. In addition, GUARDIAN isolates the appli
cation from physical memory constraints by 
providing an efficien t virtual memory management 
system. Paging hardware is provided in the form of 
four 128K byte memory maps (user code user data. 
system code end system data), All code is both shar 
able by multiple programs and non-modifiable, two 
features which reduce overlay and swapping over
head. In addition, hardware is used to record fre
quancy of access to all memory pages and modifiea
tlon of data pages, thus providing a low overhead 
method of determining the correct page to be 
replaced. 

FILE SYSTEM 
Provided as part of GUARDIAN, the File Manager 

IS a flell:lble, easy-to-use device· independent interlace. 
It allows an application program to communicate 
With disc files, serial I/O devices, conversational page 
mode and multidrop terminals, and other application 
programs all through one standard set of routines. 
The File Manager alioWl program ell:ccu tion to con· 
tinue concurren t with ell:ecution of the fil e request. 
In fact. the input/output may be taking place in a 
different processor module. 

The File Manager also includes a number of fea· 
tures unique to the NonStop environment. When a 
processor or I/O port fails. the File Manager auto· 
matically reroutes subsequent requests to a back·up 
processor module. In addition, through a very effi· 
clent program·to·program communication mechan
ism. the File Manager provides the application with a 
simple method 01 keeping back-up programs in· 
formed of curren t operations so that a smooth transi 
tion may be made. 

File Access - For I/O devices normal ly dedicated 
to a single process, such as Terminals or Line Printers. 
the device is assigned a svmbolic name. The program· 
mer need not know the physical address of the 
device. ThiS provides a simple means to add and/or 
reconfigure I/O devices without reprogramming the 
application. In the case of disc devices, a file name 
represents a user·specified portion of the disc storage 
space. The File Manager makes no distinction 
between sequential and random access to a disc file . 
A file pointer (relative byte address) determines 
where a data transfer is to begin. The file pointer is 
normally automatically incremented for sequential 
access but may also be set explicitly for random 
access. An access mode specifies the operations to be 
performed on a file : 

• ReadlWrite (Default Mode) 

• Read Only 

• Write Only 

File Procedures - To implement file operations. 
calls are made to file management procedures. All 
files are accessed through the same set of procedures 
which provides a single uniform access method. These 
procedures include: 

• CREATE a new file 

• OPEN a file for access 

• READ data from a fi le 

• WR ITE data to a file 

• WRITEREAD writelread data to/from a file 

• READU PDATE read data from a file for sub-
sequent update 

• WRITEUPOATE write updated data to a file 

• CLOSE a file to access 

• PURGE a file from a disc 

Numerous other procedurcs are provided for device· 
dependent operations. 

File Security - The versatile File Manager provides 
the ability to limit fil e access to an individual, a group 
of indiv idual s, or an individual within a group. This 
limitation is password protected. Four types of file 
operations (read, write, e){ecute and purge) may be 
separately limited to either the individual (owner) 
who created the file the owner's group. or any indio 
vidual within the group. A program uses an exclusion 
mode to limit file access. The e){ciusion modes are: 

• Shared Access (Default Mode) 

• Exclusive Access 

• Protected Access 

File locking is provided so that cooperative applica· 
tion programs may share fil e operations as a disc file. 
Also. disc volumes may be removed and replaced 
without reprogramming the application and without 
loss of file securitY. 

MESSAGE MANAGEMENT SYSTEM 
The GUARDIAN message system handles all 

communications between Tandem 16 processor 
modules, system processes and application programs. 
It frees the user of the responsibility of routing meso 
sages to the correct processor, verifying that it got 
there correctly, and deciding which program is to 
reCtlive it in the destination procesror. A program 
need not be aware of which of the 16 Tandem pro
cessors will ultimately run it. In fact. the same pro
gram may be uecuting simultaneously on all pro
cessors. In addition, a program may access any device 
on the system, even if the device is not physically 
connected to the processor in which the program is 
running. This allows the system to be expanded with
out reprogramming the application. 
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Process Control - A process is the execution of a 
program under COnirol of the GUARDIAN Operating 
System. Process control procedures are used 10 inter
actively call processes. These processes are : 

• NEWPROCESS 
program) 

create a new process (run a 

• DELAY - suspend the calling process for a speci· 
fied interval of time 

• PRIORITY - change the process execution 
priority 

• STOP - delete a process with a normal indiation 

• ABEND - delete a process wi th an abnormal 
indication 

For example, 10 have a process delete Itself and close 
its files, the procedure CA LL STOP is used. 

Syltem Messages - GUA RDIAN sends messages 
directly to application processes to inform the appli· 
cation of certain system conditions. Some of these 
messages are; 

• Processor Module Failed 

• Process Stopped Execution 

• Processor Module Reloaded 

Certain cri tical error conditions prevent norynal exe
cution of a process. These erron cause traps to 
GUARDIAN Trap Handlers. 

Checkpointing - Fail·safe. non· stop operating 
environments require one or mC)(e primary/ backup 
prOCH! pairs. The primary process executes in one 
processor while the backup process monitors In 
another processor. With this type structure, the back· 
up process IS kept informed of the primary's eXeQJ' 
tion state of the primary process via penodic cht!Ck' 
point messages sent to the blckup process. Each 
process in a process pair has the same set of files 
open. This ensures that the backup process has 
Immediate access to the files in the event of • primary 
processor's f.ilure . GUA RDIAN prOllides seIIeral 
procedures to .id in the development of fault-tolerant 
programs: 

• CHECKOPEN -
is called by a primary process to open a file in its 
bKkup process 

• CHECKPOINT-
is called by a primlry process to checkpoint Its 
current state to its backup process 

• CHECKMONITOR -
is called by a backup process to monitor its pri. 
mary and tlke appropriate action in the event of 
the primary's failure 

• CHECKSWITCH-
is called by a primary process to switch cootrol to 
its backup process 

• CHECKCLOSE-
is called by a primary process to close a file in its 
backup process 

COMMAND INTERPRETER (COMINT) 

Tandem's COM INT is a high·level man-machine 
interface which allows the user to converse with the 
system. The user may obtain or aiter the current 
operational status of the system, create, verify and 
purge disc files, and run programs (both Tandem' 
supplied and application programs) . Normally, the 
user initially executes COMINT on a syuem console. 
From thiS point OIl, COMINT may be specified to be 
run on any other terminals connected to the system. 

PROGRAM DEVELOPMENT AIDS 
Included as part of the standard software provided 

With every Tandem 16 5y5lem is a comprehensive SOt 
01 program development tools. These programs, 
which run under control of the Command Inter· 
preter, .lIow the user to develop application programs 
with a minimum of effort_ Included are a hlgh·level 
compiler, a source file edItor, object file editor and 
interactive debugging facility . 

Transact ion Appl ication Language IT/ TAL) 
Tandem's Tranuction Application Langultge is a 
high-Il!'\lel , block structured language designed for the 
easy implementation of transaction·oriented applica· 
tlons. TrrAL prO'lides many high level constructs, 
including IF THEN, FOR, 00 UNTIL, WHILE and 
CASE. It allows the programmer to write self·docu· 
mentlng programs and eliminates the lime consumIng 
errors inherent in assembly langUage programming 
Special string maOlpulation operations are included 10 

facilitate fast processing of transaction data, among 
them are MOVE, COMPARE and SCAN stnngs. While 
prO'Jiding ell these flexible features, TrrAL does not 
sacrifice execution efficiency. A highly optimized 
compiler, it produces. object programs as efficient as 
those written in an assembly language. 

Edit - The Telft Editor is a very flexible , inter· 
actIve text file edItor that can be used to prepare 
both program source files and documentation. EDIT 
can be run from either conversational or page·mode 
terminals. and prO'lides an additional interface to 
allow It to be driven by other programs. 

Update - The ObjK:t File Editor allows the user 
to make changes to previously compiled programs. In 
addition, the output of multiple compilatIons can be 
combined through the facilities of UPDATE. 

Debug - An interactive program debugging facility 
supported by GUA RDIAN enables the user to test 
application programs. It prcwides program break· 
points, tracing of variables, and access to all of the 
code and data of the program, all from an interactive 
terminal. 

TANDEM COMPUTERS, INC. - 20605 Valley Green Or. - Cupertino, Calif. 9501 4 _ (408) 255-4800 
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GUARDIAN OPERATING SYSTEM SOFTI'IARE 

Overseeing Tandem 16 System operation is the Tandem 16 
Guardian Operating System . Guardian provides the multi
processing (parallel processing in separate processor 
modules) , multiprogramming (interleaved processing in one 
processor module) , and NonStop capabilities of the Tandem 16 
Computer System. 

In a typical system, master copies of the Guardian Operating 
System , configured for the specific application, are kept in a 
"system" area on a disc volume . Critical and frequently used 
parts of Guardian are resident in each processor module's 
memory . As such , the system's capabilities are maintained 
even if a module fails . Non-critical or less frequently used 
parts of Guardian are virtual and are brought into a processor 
module ' s memory from disc only when needed . 

Several functions of Guardian are transparent to application 
programs. These include: 

The preparation of a program for execution in virtual 
memory when a request is made to run a program. 

The capability for processes to communicate with 
each other regardless of the processor module where 
they are executing . 

Providing the virtual memory function by automatically 
bringing absent memory pages in from disc when needed . 

Scheduling processor module time among multiple 
processes according to their application-assigned 
priorities (a "process" is an executing program) . 

Guardian provides an additional and extremely important function . 
Concurrent with application program execution, Guardian 
continually checks the integrity of the system. This is 
accomplished as follows: Guardian in each processor module , 
at a predefined interval, transmits "I'm alive" messages to 
Guardian in every processor module (this interval is 
typically one second). Following this transmission, Guardian 
in each processor module checKs for receipt of an "I'm alive" 
message from every other processor module . If Guardian in 
one processor module finds that a message has not been received 
from another processor module , it first verifies that it can 
transmit a message to its own processor module; if it can , it 
assumes that the non- transmitting processor module is inopera
tive; if it can ' t, it takes action to insure that its own 
module does not impair the operation of other processor modules . 
In either case, Guardian then informs system processes and 
interested application processes of the failure. 
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An important service provided by Guardian i s file manage
ment . File management is the means by which application 
programs perform input/output operations in the Tandem 16 
computer system . A "file" can be all or a portion of a 
disc pack , a non- disc device such as a terminal or line 
printer , a process (i . e. , running program) , or the operator 
console . Files are identified by symbolic "file names . " 
This frees the programmer from needing to know the physical 
addresses of I/O devices and permits addition and recon
figuration of input/output devices without the need to 
rewrite or recompile programs. 

File management operations are performed by calling proce
dures that are part of the operating system . All files are 
accessed through this same set of procedures, thereby providing 
a single, uniform access method. Additionally, the file 
management procedures are designed so as to eliminate the 
peculiarities of various devices . 

An application program "sees" operating system services as 
a set of "library" procedures . The library procedures have 
names such as "READ , " "WRITE , " "OPEN," etc. To request 
an operating system service te . g . , input), a call to the 
appropriate operating system procedure is written in the 
application program le . g. , "REP..ott) . (The operating system 
library procedures exist in the System Code area and therefore 
are shared by all processes . ) 

Another Guardian feature is "mirrored" disc volumes . A 
"mirrored" disc volume consists of a pair of physically 
independent disc devices . The purpose of a mirror volume 
is to insure that the information on a disc volume {i . e ., 
operating system, programs , virtual-swapping- area, and 
application data} will be available even if one of the disc 
drives fail . When a write is made to a mirror volume , 
Guardian records the data to be written on the packs of 
both disc devices . As a result , both disc packs contain 
identical information . If one of the disc devices becomes 
inoperable , Guardian performs all reads and writes to the other 
operable disc volume . The operation of a mirror volume is 
entirely transparent to both application programs and system 
users . 

Process control is another important service provided by 
Guardian . Through the process control functions , an appli
cation process can run and stop processes in any processor 
module in the system and can monitor the operation of any 
processor module or any process running in the system . If a 
module fails or a process stops , or if a failed module becomes 
operab le , Guardian will notify the application process . Process 
control functions are invoked by making call to operating system 
procedures . 
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All Tandem System programs and operating system procedures 
are designed to operate with standard character-mode 
terminals, with or without communications modems . No 
special programming is required. Tandem also provides the 
ENVOY Data Communications Manager as part of its standard 
operating system . ENVOY supplies data communications 
services for asynchronous and binary synchronous communi
cations networks in both point-to-point and multipoint 
networks. For remote job entry with batch data transmission, 
the Tandem EXCHANGE system can be used by an operator or 
programmatically. The EXCHANGE system is an extremely 
flexible 2780/3780 emulator software package that has 
capability beyond the classical IBM product. 
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SECURITY 

The Guardian Security System is designed to fulfill three 
objectives : 

1. Prevent inadvertent destruction of files through 
purging or overwriting . 

2 . Prevent unauthorized access to sensitive data files by 
programmers or operations personnel . 

3 . Prevent unauthorized interference with executing pro
grams (processes) . 

Additionally , the Guardian Security System is designed so as 
not to interfere with application design in systems where 
security is not desired. 

Additional security may be provided by the application 
program. Some examples of application program security checks 
are : 

Limitation of Capability at a Terminal 

It is not necessary to have a Guardian Command Interpreter 
executing at an application terminal. Therefore, the 
application program has control over what the terminal 
operator sees . The application program can limit the 
function s that the terminal operator can perform . 

Physical Security 

Programs which a l te r or produce reports of sensitive data 
may include routines which check the terminal from wh ich 
they are run . This allows the application to restrict 
the running of the program to a specific terminal which 
is physically secure (e.g . , in a locked office for which 
there is only one key) . 

Special Devices 

These include authorization terminals such as badge 
readers , fingerprint readers, etc . 

Individuals that have access to the system are called "users . " 
In general , there are four classes of system users : 
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Standard User 

A "standard" user is allowed to perform standard 
operations such as creating and purging disc files, 
running programs, displaying system status, etc . 
Additionally, a standard user is limited as to the 
processes it can stop or debug. 

Group Manager 

A "group manager" user is permitted to perform the 
standard operations as well as designate new system 
users. 

System Operator 

A "system operator" user is permitted to perform 
the standard operations as well as reload processor 
modules, set the system time-of-day clock , and alter 
the operating state of the interprocessor buses. 

Superid 

The "superid" user has total freedom to perform 
any operation in the system. This includes debugging 
privileged programs, accessing any file, logging on 
as any user without knowing the user's password, 
adding new groups to the security system, running 
privileged programs which have not been "lice nsed . " 

Additionally, for systems where security is not desired, all 
standard users can be defined as "nUll" users. In a system 
such as this, all users have equal access to all files in the 
system . However, such a system must still have a "superid" 
user and perhaps a "system operator" user so that their 
related functions can be performed . Another alternative is 
to have all users access the system as the "superid . " 

Before a user can access the system , the user must "log on . " 
Log on is accomplished by supplying an application-predefined 
user name to the system by means of the Command Interpreter 
LOGON Command . The user name supplied to LOGON is of the form 

(group name) (user name) 

(group name) identifies an individual as 
a member of a group te.g., a department) . 

<user name) identifies the individual 
within the group. 



• 

• 

• 

Gt:.4RDIAN/EXPAND NETI-lORJo: SU3SY STEt.: 

The EXPAND NonStop Network is unique because it is an extension 
0': an existing network operating systerr.. Every Tandem/l 
Computer System comprises from 2 to 16 separate central proces 
sors . Running in the NonStop mode requires constant 
communication among the processors . Consequently, the 
Guardian Operating System includes a sophistica't.ec message 
handling system to control communications between processors 
and bet\o..'een processes (programs) running in one processor or 
running in separate processors. In effect, every Tanaem/16 
System is a local ne"Cworr. controlled by the G;.;.ardian Operating 
System. The EXPAND NonStop Network expands the scope of the 
Guardian Operating System 'to a 110\1.' communications among as 
many as 255 Tandem/16 systems. 

The Guardian/EXPAND Network system, combined v.'i tb the unique 
architecture of the Tandem/l6 Computer System, provides network 
users with a nuwber of features unequalled by other computer 
vendors : 

NonStop Nodes 

The faul t - 't.olerant harc.,.;are and soft:. ... :are of the 
Tandem/l6 System eliminates the computer as a 
source of network failures . 

Note: Inaiviciual 'Ianoem/16 Systems 
\\'i thin the neL.work are cal lee "nodes" 
to distinguish the computer system from 
the network system . 

A Distributed System 

The Guardian/EXPAND Network makes it possible to 
configure a network of Tanda~/16 fault-tolerant 
computer systems so that a user of any node in 
the network can access the resources of any other 
node (processors , files , or physical devices) 
without regard for the phYSical location of the 
resource. To the user, the Guardian/EXPAND Network 
appears to be one large set of computer resources 
rather than a collection of separate systems . 

Dynamic Message Routing 

The Guardian/EXPAND Network const:.antly monitors 
the communications paths . ~~en a transmission 
fails, the system retries until the transmission 
succeeds o r until the system determines that the 
communication path has been broken . h~en the 
communication path has been broken, the Guardian/ 
EXPAND system automatically reroutes the message 
via a different communications path . 
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Best Path Message Routing 

The Guardian/EXPAND syst.eI! monitors the 
communicat.ion lines and aut.omatically selects 
the best path . The best path 25 the one tha~ 
takes the least time . The system selects the 
fastest rather than the shortest path because 
this optimum end-to-end protocol can reduce 
conununications costs . When a communications 
line fails, Guardian/EXPAND reroutes messages 
using the next fastest available path . K"nen a 
ne",- line is added, the systerr t.akes advantage 
of any new best paths created by the addition . 

Precisely Tailored Hardware 

Different nodes wi thin a network typically have 
different computing requirements . The Tanaem/16 
System allows users to place exactly the right 
amount of computing power at each site . Even 
though the nodes wi thin the network may range 
from a basic two processor system to a sixt.een 
processor system with billions of bytes of online 
disc storage, the systems retain total compati 
bility of data, software, and applicatior. programs. 

Logical Growth 

The Tandem/16 architecture allows for incremental 
hardware expansion. A cser can add memory, central 
processors, or peripheral devices as computing 
requirements grow . Similarly, the Guardian/EXPAND 
Network allows incremental expansion . Nodes can be 
added or removed and communication paths can be 
changed, all without reconfiguring existing systems . 

Notice that the Guardian/EXPAND Network can forestall 
the need for hardware expansion since the resources 
of every system in the network are accessible . 

Data Integrity 

The Guardian/EXPAND Network incorporates multiple 
safeguards to ensure that message packets are 
receiveo correctly and tha~ data cannot be lost in 
t:ransmission. 

Human Engineering 

Because the EXPAND Network is an extension of the 
Guardian Operating System, the user interface to the 
network is throuah the Guardian Commanc Interpreter. 
For example, to run the text editor program on the 
local system, the user enters the command EDIT at 
his terminal . To run the program on a remote system, 
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the user simply enters the symbolic name 0: the 
remote system before the command: \OHIO EDlT. 
In effect, this command connects the user 
terminal with the remote OHIO system and starts 
the next editor program on that system. The 
only difference the user may notice in running 
on the remote system rather than the local 
system is that ~esponse time may be slightly 
longer since the communication lines cannot match 
the performance of the local processor. 

Simple Programming Interface 

The EXP.~ND Network relieves programmers of the 
need to deal ""i th a cumbersome telecommunication 
access method. Since programs communicate with 
each other via Guardian's message system, the 
programmer uses the same commands to communicate 
with a program in the same processor, another 
processor, or another system. 

Full aooreciation of the EXPAND Network System requires 
an understanding of ho~ tightly the EXPAND Network 
System is integratec ""i th the Guardian Operating 
System anc the Tandem/ 16's archi~ecture . 
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INTRODUCTION 

TANDEM HARDWARE 

The Tandem 16 System represents a major departure from 
existing computer architecture . For the first time , a 
complete system has been designed to meet the growing demand 
for on- line transaction processing systems with failure 
tolerance capabilities . 

user may build a system 
to match necessary requirements exactly , both in throughput 
and reliability . No special or custom designed hardware or 
software is necessary. Equally important , the Tandem 16 
System can grow to meet increasing demands with no change in 
operating system, applications software , or existing hardware. 
This growth is possible even without loss of the system during 
expansion . 

One Tandem 16 processor module is a powerful computer . The 
Tandem 16 Computer System consists of two to sixteen pro
cessor modules . Processor modules are interfaced to one 
another by means of the two interprocessor buses . A processor 
module may interface to I/O devices by means of its input/ 
output channel . 

Each processor module contains the functions that normally 
comprise a complete computer system : central processing 
unit, memory and input/output channel . Therefore , each pro
cessor module is capable of operating independently of , and 
simultaneous with, all other processor modules in the system . 

The inter processor buses (which are always under control of 
the Tandem Operating System - GUARDIAN) are used to transfer 
data between the memories of processor modules . 

Data is transferred between an input/output device {i . e ., discs, 
terminals, line printers , etc . } and a processor module by 
means of an input/output channel . Each processor module ha s 
one I/O channel that is capable of communicating with up to 
256 I/O devices . I/O devices are interfaced to I/O channels 
by dual- port controllers . Each dual-port controller is 
connected to the I/O channels of any two processor modules . 
Therefore , each I/O device can be controlled by either of t wo 
processor modules. (In actual practice , an I/O device is 
controlled exclusivel y by one processor module until a failure 
occurs such that the processor module can no longer communi 
cate with the I/O device . If such a failure occurs , the other 
processor module takes control of the I/O device . ) 
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• NonStopTM Multi·Processor Systems for On· line 
Transaction- Oriented Applications 

• Autonomous/Dual OYNABUS™ fOI Inter-
Processol Communications (13 Mega Bytes/secon d 
each) 

• Fast /800 or 500 oSec) Core or Semiconductor 
Memory with Virtual Memory Control and 
Automatic/Dynamic Program Allocation 

• High-Speed Redundant Dual-Port 110 Channels 
with Dedicated Microprocessed Interru pt and 
Block-Multiplexed OMA (2.5 or 4.0 Mega 
ByteslSecond) 

• Versatile System Applications Support with 
Tandem/Guardian and Tandemnransaction 
Appliciltions language ITfTAl) 

• 100 os cycle ti me Processors 

SYSTEM CONFIGURATIONS 

The T.ndem NonStop ~'Iems IIUusu.led on the reverse 
1101 of Ihll !Mge} fie PlCiI:'!lBd fSQeCi.IIV 10' crI1le111 on·ln·~ 
tt.nIokIlOl>-O, .. nted .pplOC.IOOni wher" hIgh ,eliebihty end 
'oW'PfO{ll'em ove.head e.e _n"eL All SY51ems IUTu.e duel 
ptOCeuotl WIth Tendem', unlaue OYNABUS to. hlgh10ftd 
Ime',prOClUor comrnunlee"ons. end .edunclllrll due'1)On 1/0 
chennels lor inOUIJOI,IIPUI resiliency, Each .ncf/Y.dulll 
PfoceUOl' module con~,nl tWO mlC,op'oqremmed P<0CaI' 

lorl one dadlClled 10 prOg1'eml end one dedoc.aled to 
InputfOUIPUI con"ol end dIIll "lIn,fe". In addition. tech 
cen"el p.oc:euo, ptOllides Po ..... r Feil/AulO ReUiln. 8fl 

Imel'Vlll " ..... Ha.d .... ,. Mulllply/DlVide, DMA. DynamIC 
Memory ~~pplng. V",ual Memory c:ormot. end I BooIIUep 

'ood" 

TANDEM 

TM 
NonStop STANDARD 

PACKAGED SYSTEMS 

TANDEM T16/212·1 SYSTEM 

The Tendem T161212·1 SYllem t(mlllU 01 e dual 
proceuo< peckaPl Ulihllnll co.e memory modulft Ekh 01 
the TWO OI'OCeslOfl con,alns 192K bvlts 01 800 nanOM!Cond 
co •• memory WIth parity The memory U IIrr'fl9KI In 64K 
try,. modul~ f32K wo.m 01 17 bou each!. The T16/212·1 
may be end.,. ul»ndad in 1M Ileid 10 448K bvles of 
~orv on each p.OCftJOf. The T16J212·1 110 Synem 
prOVides high laeed duel-pon tiD Chen""'. WIth bloc!'" 
muh'Plexed OMA. The dIIte .ell11 of ellCh tlO CNinnel n 25 
M8ytes/seeond. The sy ... m eeblnllll OI'ovides 14 vaeenl .Iou 
1o, exp.fIIion ot 1/0 Conuolle", 

TANDEM T16/244-1 SYSTEM 

The Tendem T16J244-1 Syst.m conlisn 01 e duel 
P'OCIIUOf peckelll u1lhzing IH!mOC:OOOuc:tor {MOSI memory 
modulI'S. ElIch 01 lhe lWO prDCeUOfS conUlin 192K byl" 01 
500 nanOMeond semOC:OIl<ll.iClO' memorv Wllh error cieUoc:tlDn 
and cooracllon. The memory " ... enilld III 96K byte modules 
148K wo.m 01 22 bin ellCh. 16 to. dill., 6 tor ERCCl. The 
TI6/244-1 may eellv be IIX~de1:I In The h.ld 10 I:on,eln 
lWO edd'llonel OI'oceuorJ tOt" II 10lel 01 tour proCllnOfl end 
each prOCftSOl' may be expended TO 512K byteJ 01 memory. 
Senery beckup " SUQl:)hed e. e JUlncle.d fUll.... on 
semICOnductor memory. The T161244-1 I/O System provides 
high saeed du.'.port 1/0 Chennels WITh block multiplexed 
OMA. The 0111 JITe 01 .Kh 1/0 CNinnel is 4.0 
M8yIH/vc;ond. n. Synem Cebonet p<ovides 14 vaeenlilotl 
to. IIXPlflSion 01 110 Contrail .... 

SUBSYSTEM CONFIGURATIONS 

All Tendem peckllQltd sy&t.m$ ere ,uppaned wITh. wide 
&election 01 OIirloM.III aubsylleml tD meel The he ........ 
demends ot d,,,,,.sihed epploc.tlon •• nd h'llh· .... olume dl1. ...... 

O'K Sub~Jle .... - Bec.eu&e diSC requi.emenu .re hlghlV 
'Poheelion dep.ndent lhe UM' will eOd diSC controllers .nd 
drlVfl, " ~Oed, The 1,1,..,. c.e,., choos.e from • wide ~ .. ety of 
diSC controll .... end d'1V'H inc:ludlflll 10M8, SOMB end 
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The following system modules may be added to TAN DEM packaged systems. The modules may also 
be combined to configure systems other than the standard packaged systems if desired. 

/ 
PRODUCT 
NUMBER 

T16J1403 

Tl6l1102 

TI612102 

T16/2402 

T16J6202 . 
-

T161630, 

T16J6302 

116/600, 

Tl6l6603 

T1616604 

T1616401 

Tl6l64lJ2 

T16J6511 

T16/61512 

Tl6,.... 

T161l102 

DESCRIPTION 

SEMICONDUC10R MEMORY PROCESSORS 

Gffl.'" PUIj)OM: Pr~""Ot conliu,"v of: Two 121 plpe1ined rnicroprounon, OM tor p.og"1T'6.nd one for 110. 
ComOlr i t DMA OIl/V I/O ,V.lIlm i4.0M bYlfl/tee!. V,,,u.1 Memory control. Mlmory mlpplng .nd prOIK1'on to< up 
to 512K b~f. of m.1O memory. H •• dwill" MPYJOIV. Powt.·f,il/.ula-..nan. BOOlrtr.p Lo.der. Interval TImer. 
Conuol Panel. Du.1 ,nlefp.oef~or mtn. h.rd_re. Proy;"on for UQ 1032 "0 CCl"ttollll~. 122 innrUCIIOI'If; 
mclud,ng Itlong ..... n'pul.lOon and dCXJble ....o<d arIthmetIC. 961< bylfa 148K .... ord') 01 .emiconductor memOtY 
•• .,,,,,,d as 27 bh word. 116 dau bits .nd 6 error del,cl;on/C:Offet'!,on biul.1I ,i""Ie bll erron .'t cOfll!Cled .nd." 
double bI\ e"on "t dt1Kled_ Memory cyeltl ume ot !;OO nt.en. B'tle", B,ckuo t Ot I.tm;cQllduclOl mllmorv. 

CORE MEMORY PROCESSORS 

Semr " T16/1401 with the following e"ctQ'l,Qll Ii : 1 ) Cort memory Icyele I.m. 800 nlea) n In.o ," plee. of 
,em'conduclol memory. Co,. mttmory ulil'Z8 one pa"tv bn per twO bVlei. 21 Th. 1/0 c.hennel &peed i. leciueeci lO 
2 .5 Me!l.tlYIH/J.eC. ml!mory ""PICIt\' iii 64K b\'1u 132K wordS) . 

MEMORY MODULES 

COft Mrmory module. CQIII.SU 01 II 64K bVlt memory ollin. wilh II leMf loCCell5 limt of 500 1', 11"0. cyclt lime ol 
800 lIS. T he modult i,.I,.."",d. 32K woftk 01 17 biu 116 dllill boll on. palilY bit! UP to 7 of the moduln m .... be 
conuolled bV a .. ngle ptoetUOl. 

Stm;collduc,o. memory module. ConllSU 01 64K bytt memory module wuh a qcl. ",ne 01 SOC mea. Th. modUli 
II a.ranged eli 32K ""'D.1b of 22 biu. 16 c." biu end 6 tlrOl OI!let'lio"/correc1lOl1 bill. The modult e_blts 
delKI'OII .nd corrll:CIIOn of .U single bl1 tnOB and Ge,e<:IIQII 01 '" double bil elTon Vo 10 8 01 Ihe .. moduln m .... 
be conuolled by • IIngi. p.oceuor. 

SefT!iconduclOI memory module. tOnli,nl 01 96K bVl. memory module with. cycle ,ime of 500 nsea.. The module 
" e.rrenllf'd as ~8K wo,ds 01 22 biu. 16 dale bou. '"0 6 '''0' dtleC1lon/contclion btu. Th. module enabln 
dtlec:1I011 end corrKlion of "'I.ngle bol .rrO'1 _d dtlec:1.0n of.1I doubl. bn , .. on Uo 10 5 olllle .. moduln m..,. 
bt conuoll.d bV a s,""lt proceUDI. _ 

TERMINAL SUBSYSTEMS 

Synch.onol.lli Con"oUer. due! enenntl connet;:1ed ",d m.v be p_~ from ,"her 'PIOC'UOt 10 which ;1 it 
conl'K"loed. Win controf from 1 to " synchrol'tOUi commumclIlon "11ft. I.,h •• OO;"I'lo-9Oinl o. mull'd.op. A li";Jt 
111>1 CIOn ,un UP 10 56K bP .. The -sI~1iI'1f dele r.,e 10r.11 fou,-li"u I;..Inno, ._ceId l60K bpl. The controll .. 
0*1101''"' ,II cht.Kt.r """llaI,on I-'SCII 01' EBCDIC\' Block Check a..reellr gen .... llon •• "d IUlopoll,ng. Includes 
loolH»ck tl!Sl module. down~.nt 10Id."" c:I9,bilitV. 

Asynch,onOUi Corouofi llf. 01.1.1 cMnnel connec:l.d .nd mIIY be powe •• d from e"he, proceJaOl' 10 whOch it i1 
connec:u:d. Will =nvol up 10 fWD lenninel h...... elther- hard·Wlred CIt modem COIlnteled. lillt l'Peed • 
p'Ogrllmmeble hom 50 10 19.21< bol. A«omrnodeln up 10 1""'D l!X1enJ,onJ hfle TI6/6302l. Inc:ludtlloop~k test 
able. 

AsynchronOUli ElOlnlio" 90.rd. proyj.dn .ddilione! conlrol for 15 lSYN:hronous linn. $pHd of tac:h 1i"1 i1 
plogr.mmtble Irom SO to 19.2K bPI- Eech Ii,. cen be htrd-wirttd CIt modem connl!C1ed. Pr.nqUllne: TI6/6J01. 

ConlOle SUbV5ltm, consisu ot:1. Duel cn.nnel cormtald controfl .... ,, '6/6301 wnh (1) pan fOIl' • eonsol. devICe; ; 
2.. 0.-.11) TI6f6604 3O~, 132 column I\tfO-Cop)' eo"wl •• CIL eo"nec'led. _. _ 

T ... m,ntl. H,rdCopy. 30 cps. 132 columnl. indudrtl,2S' earbl" RS232 rnterfece. 

Termine'. Herd COPY. Arne as T16/6603el(cePt 20rriA CUff.'" loop InterflCC. - --- -

Terminal. CRT. cNrIC1.r mode. 2. lina • 80 ct1a ..... el1. spnd awitd! .. lteI,blt 1 1().1 9.21< bps.. loc:.e1 0' modem 
.nechment. indudes 2S" cable, RS232 inlert.z. • 

T.minel. CAT. chet"tcttr mode. 24IimsTeo~l'1,.---.pftd IlWIldI M~e 1 1o.'9.21C bpi. jnd\Hia 25' ""bit. 
20mA curr.,,' loop inlerler::e. 

TtflTlt"". CAl. cht ........ Of pepe mode. loc:el edlll"g end luf\C1,on k'YI. 24 trnel • 80 cherlClen, prOU'Clecl, 
unproltc1tO. lull/kel1 br.ptll re .... rlt. bI,nk.n" lpeed ...... ,ch ItI.caob1oe 110,19.21(. bps. 2S' c;eble. RS232 .nttrflCle, 
local 01' mo6em etuc:hmem. 

T.mj" ... CAT. CNtae:I_ 01' pegrt mod •• local tdnlna end lul"lC'l'on keys, 24 "ne. " 80 c:n • ...aers. prOIKled. 
unOrolec:1.d. lul1/NII br.ght, re .... rse. bltnk.,,;. qlIIItd 5wru:h 1t1tc1.toI. "()'19.2K bps. 25' c:eble. 20mA C\oI''''''' loop 
'nltrfKe.. 

Termine!. CRT ........ T1616511 u"", UlII PoUing Prol ocol for Mul!id. op Communic:elions Lines. 

DISC SUBSYSTEMS 

DIM: Controller ISmail Oiled. dual ch .... nrl connected. c." be oow.ttd from tith., prDCeUOf. c:.an conllol 1 to. 
d';_ I .... ' mi. 01 T16/4101 orT I 6/4102). uch with WP.,.l. connect.on 1s."",,1 & dille c:eble IOf eac:h driw!. 1.1_ 
231. r_din" technIQU.. • 
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NUMBEf) I 

T1614101 

116f.Cl02 

T16101103 

T1G'AlOC 

116,01105 

T1613202 

116/5101 

116.'5103 

T1613JOS 

11&15301 

11615502 

Tl615503 

TI615S04 

1161'5505 

Tl615508 

Tl6!3.401 

DESCRIPTION 

DISC SUBSYSTEMS Iconl ...... .dl 

OIK , MO\'lng Hud, 10 MS, DeOHI.1 moumed, orw f"'ed ol.lle, ISO MB lorm.ned)' 001 ,emov.ble pili Ie, 15.0 MB 
10'l'1'\IlIeO, 100 lo.d,ng) , 30 ITI5 .ver. Jeek, 12.5 msillem:v 312KB 1I.ndll, ,.,e_ 

Dllt Mov'ng Head, oeornll mounled. use. ont ItmOVIbie 11-hlgh pKk, SO MB lo.mlntd, 30 ms .ve •• pI! ~"k, 12..5 
m~ 1.1tmcy, 312K8 H.nst .. , ... Ie 

DIK, MovIng Held, ped..,11l mounled, Ulft one ,emov.ble 11~ogt> !»Ck. 160 MB form'lled. 28 ms ........ uek. 
8.35 I"M I.lency, B06KB ,,.IUfIl" rile 

Dost, Mov,", Hud, DedHlI1 mounud, Uilft Dne 'II'moVJhlt ,' -hi,*, PICk. 240 M8 torm."ed. 2S".. I .... '. SlI'lI'k. 
8 .35 m, IIlency, 1.2MB tr.nd •• rl'. 

DIK. MOIlIng Head. Ptdbtl! mounled, u~ one ~moV1lble 5-h'ih p,c ... 64MB lo • ..,."ed. 30 "" .w •• ge _k, 8_35 
tnI I.leney, , _1r.1B 1- .. mt .. "It. 

MAGNETIC TAPE & PUNCHED CARD SUBSYSTEMS 

1.DI 0""fI n 16/5101 800 boil, eleh lt~ •• telv 
'!)ted c:.n be srlKled ~ .015, 75 01 125 iP$ 

UP to lwei' ~~_ 

M.gnetoC TlIOr Conl.onr •. du.1 c:hlnnlll c:onnK1eci. CIII'I be powe •• d from .,lnt, p'ocr!.$o', c.n conl,oI UP 10 tWO 121 
mIg_I'C llDe dr, ..... ' flnv comb"'ll'On 01 T 16/5101 II 800 bp, or Tl6JS103 .1 1600 bpil ueh •• 00 •• lely connected 
'-'lInal Ind d.lI c.able 10' eKh oro .... !. BPI weed eIIn bI stllCl.d 11 45, 7S or 125 'I». 

M~IIC TCIl' 0 ........ 45 IPl,9 IrK", 800 bp,. NRZI, .ncludn Ub,.,.I.nd 25' c~e. 

Mlllnclle T_ 0" ..... , 45 'P". 9-Hlek. dull Mnllty 1800 bp, NRZI .nd 1600 bPI PIE) which ,. pPt:rlIOI sWItch 
""ttt\.lbtt, ,neluoel cabo-ne: .nd 25' QbIt. 

C..d Rndlr/Lm. Prrnle. Controlle •• dI.I.J ch ... ne1 connec,td, un bI po ..... e'.d from either p.oceuOt. eom.ol5 OM 
111'e.d .... ndonell)Ion.p"nltr • 

C .. d R.-de., 600 ",m. "d 80 column c.,dI._ 

L.nt: p .. mer, 132 c:oIumns. 300 10m drum p.-.nt". 64 ehlfldlll' ASCII wt. 12<hlnnel VFU. 25' c:lbl •. 

Lone P.,nter, 132 columns. 600 10m drum prInter. 64 ch..-cter ASCII Mt. 12<hlnOlt VFU. 25' COIbI •. 

Lone: Puntlr, 132 eoluIT.\I, 900 10m drum primer. 64 chlllC1.,. ASCI! set.. 12<hlnnel VFU, 25' Clbl., 

UM P"nt •• , 137 columns. Is.oo Ipm dtum o"nte •• 64 en.rICIe! ASCII .. t. 12<,.,.nn.1 VFU. 25' c.bi •. 

S."I Pront ... 
c:oon.c:1ed 10 

132 coLumns, 91-160 Ipm dtptndlng on nuf1'lber 
1 

GENERAL CONTROLLERS 

Unl~ Imer1Ke. II'COlDOrlttl ~ 121 ,ndeoenoent I/O channel connectoons Each " CIOwle 01 o'OIIid,ng • 
~le OIlh btlween orocessor Ind 110 d ..... clS. The controller mMV bI OOWIffil from 1II.'t'Ier 01 1M PlOCIUon to 
wfllch It .1 eOl'lnetTed; on lhe _nl of • pO_r f"lure, thl: cOl'llloll., will autllml""!.cally dr.w ttS po_, trom the 
leI:ond oroeeuor. ThIS conl,oIler _II conl'oI tithe< I \oM onntll. c:.Ird reldt •• or any OIM' deonc:. hiVIng. 16 Ime 
.,...1111.1 im.,bclt.. The lone d,,~~ INt nIC ...... "' Ire TTL IIVeI tor one dlvlCll. dilf.,enli. for tnt other_ 

• 
TANDEM COMPUTERS, INC . • 19333 Vallco Parkway · Cupe:nino, Calif. 95014 • (408) 996-6000 Tl 
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NonStop'· TRANSACTION PROCESSING SYSTEM 

PATHWAY software gives users the only transaction proc
easing system capable of NonStop'" operation, assuring 
data Integrity and continuous availability. Specifically de
signed to take full advantage of unique multiprocessing 
capabilities of the TANDEM 16 computer, PATHWAY soft
ware eases the task of developing applications for the on
line transaction processing environment. 

With the PATHWAY system, programmers no longer need 
to be concerned about terminal characteristics when writ
Ing applications programs. TANDEM supplies all the pro
grams, procedures and application structures necessary 
to get user-written applications up and running In less 
time. 

PATHWAY software features: 
• The only NonStop ltansaction Processing System 

assuring continuous avaflabntty and data Integrity 
• Impressive software development tools designed to 

slgnlflcantty reduce the cost of applications 
development 

• Application structures that ease the task of designing 
and maintaining programs 

• Increased transaction throughput by utilizing the full 
advantages of the unique fau It·tolerant multiprocessing 
capabilities of TANDEM 

• ltue distributed processing through the TANDEM 
EXPAND Network, allowing applications to run In any 
CPU In any system, regardless of the physical location 
of terminals and data 

• Access to multiple applications from the same terminal 
for Increased flexibility 

• All the necessary terminal handling software allowing 
the user to concentrate on application design 

• On·line addition, modification or deletion of transaction 
types, screen characteristics, applications and 
terminals. 

NonStop 'Transaction 
Processing System 
Designed to simplify the way TANOEM 16 users develop on· 
line transaction processing applications. the PATHWAY sys· 
lem is an Important addition to the tolal TANDEM product line. 
PATHWAY software is a key development tool which assists In 
bringing up new applications faster and easier. 

The PATHWAY software package supplies alilhe procedures, 
programs and application structures necessary to allow users 
to write single· threaded applicallon program modules. Fur· 
thermore, the user· written application modules can be 
designed without concern for terminal characteristics and 
communications protocols. 

TANDEM's PATHWAY software furnishes all the maiOf com· 
ponents necessary to Implement a NonStop Transaction Proc· 
esslng System: a terminal control process, a COBOL-like 
screen language. an application monitor. and an interact1ve 
screen definition facility. 

An Impressive Terminal 
Control Process 
All terminal oriented functions are Isolated into TANDEM 
supplied Terminal Control Processes (TCPS). Each TCP inler· 
acts with one or more terminals. providing each terminal with a 

~center of control" where the overaU processing flow 01 that 
terminal is supported. 

The TCP perlorms lour major application functions: terminal 
interface (multi-terminal 1/0 handler). field validation (data 
consistency checks), data mapping (dala conversion and for· 
matting), and transaction control (application scheduling and 
transaction flow). 

Although a single Tep can control multiple terminals, each 
terminal Is logically Independent 01 the others. The TCP main· 
tains distinct data areas and control InformatilXl Jof each ter· 
minaI, and severallerminals may be performing Ihe same or 
different application functions at anyone time. The TCP auto
matically allocates the use of shared resources. 

Users of PATHWAY software may run multiple TePs for better 
distribution of available resources. In addition. users may stat1 
and Slop TCPs on·line in response to changes in the trans· 
action environment. 

A Powerful, COBOL-Uke Screen 
Formatting Language 
The handling of each terminal Is defined by the user in a high· 
level language known as Screen COBOL With Screen 
COBOL (a subset of ANSI '74 COBOL with extensions 0p
timized for screen handling), the user defines the screen for· 
malS, Inpul and oulpUt dala mapping, data validation and c0n
sistency checks. transaction routing and overall app~cation 
control of the PATHWAY system. The Screen COBOL com· 
piler pnxfuces an intermediate code file, which is executed by 
Ihe Terminal Control Process. 

A Screen COBOL program may be simple, defining one or two 
screen formats and handling a single application. Or. it may In· 
crease in complexity, defining many SCfeen fomlats and han· 
dling many transaction types. However. a Screen COBOL pro
gram is written once for a single terminal type and may be exe
cuted multiple times to support multiple terminals of the same 
type. 



A User-Controlled 
Application Monitor 
Overall control allhe PATHWAY system is camed out by the 
Application Monitor; a TANDEM-supplied program which is 
used to supervise and control all the working processes in the 
transaction processing system. 

The Application Monitor is a mull i-terminal control process 
which manages load sharing to eliminate boHlenecks. The 
Application Monitor performs on-line addWon, modification Of 

deletion ollransaction types, screen formats and termlnals
all underusercontro/. 

The Application Monitor is the first program Ihat is run to bring 
up the transaction processlng system. From thai point. the Ap
plication Monitor controls the slart-up 01 all other working 
processes of the system. The user first defines the Application 
Monitor parameters, charactenstics 01 the lemunals. terminal 
control processes, and user-wrinen application processes of 
the system. The user can then start, stop, and alter the opera
tion of the processes and devices. The Application MOnitor re
ports error conditions in the system, and can display on com
mand the status of the various system components. 

Interactive 
Screen Builder 
The PATHWAY TransactIOn Processmg System includes an 
Interactive screen builder facility that allows for the design of 
screen formats directfy on the terminal screen. The screen 
builder program then genemtes the appropriate Screen 
COBOL source statements that describe the screen format. 
The new screen description may then be added to an existmg 
Screen COBOL program -10 add an extension to an existing 
appflcation or to become the basis lor a new Screen COBOL 
program. 

The screen builder will also take an eXisting Screen COBOL 
screen description, display the screen, and allow the deSigner 
to make modifications directly at the terminal. This procedure 
allows the designer and the ultimate terminal user to prepare 
screeos togethec, and further reduces the 1ln18 required to 
bring an on-line application into production. 

Writing Applications with 
PATHWAY Software 
The PATHWAY system makes the task 01 writing on·line 
applications as simple as writing batch programs. Under con· 
lrol of the Screen COBOL program. the TCP passes a lrans
action record to a user·wntten application program which deals 
with the record very straightforwardly. It receives the record, 
processes II in a Single-threaded manner (making accesses to 
the ENSCAIBE data base as required) and replies to the TCP. 
The application program then waits for the next request. 

The transaction record sent to the application has already 
passed the data validation checkS, and Is independent 01 the 
type of terminal thai originated the transaction. The applica
liens can therefore handle several terminal types. 

For ease of design and programming flexibility, these user ap
plications may be wntten in COBOL. FORTRAN. MUMPS Of 

TITAl (TANCE M/TransacUon Application language.) 

The PATHWAY TransactIOn Processmg System allows multi
ple copies of an application to be run for higher throughput. In 
addition, PATHWAY software contains facilities 10 dynamically 
start and stop appllcalion modules In response to changes in 
the transaction erwironment. 

PATHWAY software also allows many different application 
programs to be pRtsent in the same system-even accessible 
from the same termlnal- allowing a highly modular approach 
10 application deSlQn and providing phased. on·line applica· 
tlon development. 

TANDEMs PATHWAY Transaction ProcesSing System can 
suppon terminals of several different typeS including the 
TANDEM 6520 multi· page display terminal and 3270-
compatible terminals. 

The goal 01 the PATHWAY software IS to simplify the deSIgn 
and programming 01 applications used in co·line transaction 
processing erNironments, where predefined transactions orig· 
Inate at terminals to access and update the dala base. The 
PATHWAY system eases the burden of developing these 
applications on a TANDEM computer by providing complete 
l8fminal handling and app6cation monitoring software. 

TANDEM COMPUTERS INCORPORATED, 19333 VallcoParkway, Cupertino. CA95014. Toll Free (800) 538-9360or 
(408) 996-6000 in California. Offices throughout the lk'liled States. Canada, Europe and the lk'lited Kingdom. Distributors in 
Australia, Finland. Mexico and Venezuela. 

• 

• 

• 
os""'" 



• 

• 

• 

PATHI~AY TRANSACTION PROCESSING SYSTEM 

The PATHWAY Transaction Processing System combines a set of 
special Terminal Control Processes, a new screen formatting 
language, a user-controlled application monitor , and an 
interactive screen definition facility to provide for Tandem 
users' significant reductions in programming requirements 
and simplicity in development requirements for on-line 
transaction processing applications. 

PATHWAY takes full advantage of Tandem's fault-tolerant 
capabilities to assure data integrity and continuous 
availability . 

Other features include: 

the ability to access multiple applications 
from the same terminal 

the capability to perform on-line addition, 
modification or deletion of transaction types, 
screen definitions, applications and terminals 

Until now, a programmer typically has had to spend a large 
portion of development time addressing terminal characteristics. 
PATHWAY software provides the necessary procedures, programs, 
and structures to relieve him of these tasks, thereby increasing 
productivity and also making on-line application development 
more accessible to a broader base of programmers . On-line 
applications become as easy to write as batch applications , 
opening up on-line transaction processing to a whole new world 
of users and applications. 

Simplifying application design and programming even further, 
PATHWAY divides terminal control and file manipulation into 
separate programs, which means the user needs only be concerned 
with "single-threaded processing." The Tandem supplied software 
performs all necessary data checking and format validation . 

With the PATHWAY system, all terminal oriented functions are 
isolated within the terminal control processes (TCPs) supplied 
by Tandem. Although a single TCP can control multiple 
terminals, each terminal is logically independent of the others, 
even to the extent of maintaining distinct data areas and 
control information . 
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Terminal handling programs in a PATHWAY system need only 
he writt en once for any single terminal type . They are 
defined by the user in Screen COBOL, a new , high-level 
language similar in form to COBOL. 

With Screen COBOL, the user defines the screen formats , 
input and output data mapping , data validation , message 
routing and other functions , which are interpreted by the 
TCP through an intermediate code file . A Screen COBOL 
program may be executed multiple times to support multiple 
terminals of the same type . 

The PATHWAY system also includes an application monitor 
program which supervises and controls all working processes . 
The application monitor, which is a multi-terminal control 
program which allows for load sharing, is che very first 
program to be executed, and is responsible for initiating the 
rest of the system . It permits the user to selectively start, 
stop , and alter the operation of processes and terminals , 
and request a report on the status of processes or error 
conditions . 

An interactive screen definition facility in the PATHWAY 
system supports on-line design and modification of screen 
formats directly at the terminal . This feature maximizes 
flexibility and further reduces the time required to bring on
line applications into production. 

For ease of design and programming flexibility , user applica
tion programs can be written in COBOL, FORTRAN , MUMPS or 
T/TAL (Tandem/Transaction Application Language). PATHWAY 
supports terminals of several different types, including the 
new Tandem 6520 and 6524 multi-block display terminals . 
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• NonStop TM Multi-Processor Systems for On-Line 
T fansaction-Oriented Applications 

• Autonomous/ Dual OYNABUS™ for Inter-
Processor Communications (13 Mega Bytes/second 
each) 

• Fast (800 or 500 oSec) Core or Semiconductor 
Memory with Virtual Memory Control and 
Automatic/Dynamic Program Allocation 

• High-Speed Redundant Dual-Port 110 Channels 
with Dedicated Microprocessed Interrupt and 
Block-Multiplexed OMA (2.5 or 4.0 Mega 
Bytes/Second) 

• Versatile System Applications Support with 
Tandem/Guardian and TandemITransaction 
Applications language (TfTAl) 

• 1 DO os cycle time Processors 

SYSTEM CONFIGURATIONS 

The T~dem NonStop IV.IIIY'Il li lluurated o n the reverw 
. !de of Ihil page) I re packaged especia lly for critical on-line 
Iranl8ClionoOfiented appl ica tions wh&rtI high reliability and 
low-program over~ed ar. essential. All systems feature dual 
processon with Tandem'. unique OYNA8US for high-speed 
intll"-pt'OC$5IOI'" communicatiof)t, and redundant dual-port I/O 
channell for input/output resiliency. Each individual 
proc:assor modul. cootaln, lWO microprogrammed proces-
101'11 : one dedicated to progranu and one dediuted to 
inpu t/output control and data trandel"$. In addition, each 
central processor provides Po_r Fall /Auto Restart. an 
Interval Timer, Hard_re Multiply / Divide, OMA, Dynamic:: 
Memory MappIng, Virtual Memory control, and a Bool$u ap 
,""",. 

TANDEM 

TM NonStop STANDARD 

PACKAGED SYSTEMS 

TANDEM T16/ 212·1 SYSTEM 

T~ Tandem T16/2 12·1 Sy51em consisl$ of a dual 
proc:euor peck.ge utilizing core memory moduln. Each of 
the tWO proc..or. contaillt 192K byte'S of 800 nanO$lll(:ond 
core memory with parity. The memory ;. arrilnged in 64K 
byte modules 132K words of 17 bin each). The T I6/212·1 
may be _ity eICp8nded In t~ field 10 448K bytes of 
memory on each processor. T~ T161212·1 I/ O System 
pl'OIIldes high 'PIIIId dual1)Oft I/O Channels with block· 
ITMlltipieICII!d OMA. The dati rate 01 each I/ O Channel Is 2.5 
M8ytes/secood. The syuem cabinet provides 14 vacant slou 
lor eICpan.ion 01 I/ O Controll.n. 

TANDEM T16/ 244-1 SYSTEM 

The Tandem Tl6/244· ' Sy. tem consists 01 a dual 
processor package utilizing semiconductor (MOSI memory 
modules. ElICh 01 t~ tWO prOOVSlOIli contlin 192K bytes of 
500 nanolflCOfHl semiconduClor memory with error detection 
and correction. The memory I. arranged In 96K byte modules 
(48K words 01 22 bit. each, 16 lor data, 6 lor ERCCI. The 
Tl6/244- 1 may easily be •• peoded 10 I~ lleld to cooUlin 
two addltlooal proceHOff 101' • t01l1 01 four processon aoo 
each processor may be upended 10 512K bytesof memory. 
Bauerr backup I. .....pplied II a l1and8rd leatur. on 
Mmlconductor memory. The T I 6/244-1 I/ O Synem provides 
high speed du.J·port I/ O Channel. with block multiplexed 
OMA. The data ,ate 01 .-ch 110 Chaonel i. 4.0 
MBytes/MCOnd, The Synam Clbioel provides 14 IIICInt "'01$ 
for aICPlo.lon 01 I/ O Coouolllf' . 

SUBSYSTEM CONFIGURATIONS 

All Tandem peckaged sy".ms ara supPOrted with a wide 
seleclioo 01 peripharal sub$yllaml 10 meal the hllllYy 
demamk of dl .... r.ified applicalloo, .00 hlgh-volume dati ...... 

Disc: Sublylt. ms - Because d isc requirements ar. hlllhly 
appliClt ioo depoeodef'lt the uMr will add d isc <:oo trOlierl and 
drillft as ooeded. The UM' Cln choose from a wide variely of 
disc con1rollers and d ri ..... If'lClud ing 10M 8, 50MB and 
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160MB ~hief;. Through 1M use of epproprl..UI connoll.r. 
end IOfrw¥1 the UlM can configur. redundant "mirrored" 
del. baMt for irn:f'ased syltlm integrity. 

1 

SYSTEMS T16/212·1 

1;1 ....... -

\ TI IM Sublyl tl"" - A Megnelic Tape Orto.. end Controll,r 
milk, up thoe Tape SubsyUtm. The tape 1,11"111 is • 45 ips. 
9-Irack, 80011600 Duel Density NRZIIPE SPI drive wilh 
r,ad-,h.r-wrltt and ~.f.IIIIIIJI(HMt&rt ,leetronlQ. Th, 
Ouei-port controller ClIO handl, up 10 two Independentlv 
eonneetad I~ drives with no daisy chaining r.,quirtcl. The 
Connoller m..., be powered from ,ilMr one of lhe dual 
processor •. 

1-'-'1 'nlVTlI I ~~-' I mP"lu 

T.,mlMf Subtynlm - The bale Terminal Sublyllem 
conllus of • Multlplexer end the 'Y"tm Consol.. The 
Multiple)(,r is eompriMKI of ." Asynchronous Controll.r . The 
dUII-()O(t controller providH two Independent SO to 19.2K 
bIoud communlClldon lines for morJ.m or dirllCl·wire 
connection c~libl. with Jlngl .. or mulliodrop terminal •. 
One hne is dedicaltd 10 It. system'. 30 CPS. 132'«111,1"," 
hMd-copy consoli. 

APPLICATIONS SUPPORT 

I ,-I COIfflIOLUfI 

A 
.... IT.O'I.[Xt'' 

l ~ 
r~, I 

r----, 
Tandem paeklold Non-$top ryllltmS come with lull 

applfUttOl"lS ptogrlm ..... Iopment Mlppor1; the T.ndeml 
GUARDIAN Ope,.t ing S'Iflllm, Source File Editor IEDI T!, 
Object File Editor (UPDATE), end en IntMlICtiw DllbulKlllr 
IOEBUG). The TWldemlTrwolKtion Appiationl Ungullgll: 
(TITAU complillf .!lows progrwns to be wnnen lor 
NonStop IppUcat10ns In • high I_I Iinguege. Thil prOYl(les 
Mlf c:Socumenting pro" ... ml .nd .tim;n"" tllll t;mII 
consuming lI"or. Inherllnl In IfSembty langu"". In Iddition. 
utilities Ir. provided for bKkuplr .. t~.lil. cr .. llon, IVStem 
genllf"lItion, .nd lV5tem Gperltlon. 
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SYSTEMS T16/ 244-1 

I - roLL., rL 
1='1 \='\ 

., 
1-· 1 1--· 1 
L_T-.J L_-r_.J ,---, 

---i :.=. ~--~ , 
,- , __ u. 

e L ___ ~ I r---' I 
r-- ' == '- --4 I L ___ .J I 

,---, I 
-- -I~ t- --...J I 

L ___ ~ : r---, I 
.............. r-- .... ==- t- ---I 

l' 
I L ___ J I 

,---, I 

r- I -- -{== I----I I 
L ___ ~ 1 r---, I 

r- -., r-- -t =-~ )---4 
-- -4 :!..~ )--- r---, I L ___ J I 

L ___ J -- -t =.= )----1 : r---., L ___ ~ I r---, I 

---t ==~ 1---- 1----1 :.=. 1----1 L ___ J r---' : L ___ J I 
-1-- 1- I -- -,_.... --1 r---' I 

L ___ ~ L- __ ; -- 1-__ -1 
I LCO:":'~J I 
I , , I 
I , 

TANDEM COMPUTERS, INC . • 20605 Vallev Green Dr. - CupertinO, Calif. 95014 - (408) 255-4800 

• 

• 

• 
T 16/ 87()()'()() 



• 

• 

• 

The following system modules may be added to TANDEM packaged systems. The modules may also 
be combined to configure systems other than the standard packaged systems if desired. 

!,ROOUCT '\ 
DESCRIPTION 

NUMBER 

SEMICONOUCTOR MEMORY PROCESSORS 

T1611403 Genel1ll Purpose Process« consisting of: Two 12) pipelined microprocessors, one for programs and one for I/O. 
Complete OMA. only I/O .Vltam (4 .0M byte.f5I:tC). Virtual Memory con trol. Mumory mapping and protection 'Of up 
10 S I2K bytas of main memory. Hardware MPY/OIV. POWI'r·lail/autCH'estart. Bootstrap Loader. Inlerval Timer. 
Conlro' Pinel. Due' interprocl!S$O' mess. t"rd_ •. Provision for UP to 32 I/O (:001,0111",_ 122 instructions 
including llring manipulation and doob" word arithmetic. 96K bytes (48K wordsl 01 semiconductor memory 
arranged liS 22 bit words 11 6 dala bin and 6 Mfa. de tlt(;tion/correcrlon bilslall single bil .rrors a~ corrected and all 
doYbie bit erron are detected. Memory cycle lime 01500 nsees. Bettery Back ... p for Rmicondl.lCtor memory. 

CORE MEMORY PROCESSORS 

T1611102 Same !II T 16/1402 with the follOWing exception,: 11 Core rnl!morv (cycle time 800 nseesl il ... sed in piece of 
semiconductor memory. COre memory ... tlll ~es one parilY bit per twO bytes. 21 The I/O chennel 'I)88d i, rllduoed to 
2.5 MeIJllbYles/IIC, memory Clpacity is 64K bytes (32K word,). 

MEMORY MODULES 

T1612102 Core Memory mod1.Ile, con,i". of I 64K bYte memory pllne with I read .::cell tirnl! 01 500 ns...,d I cycle time of 
BOO nl. The module Is IlTIlnged 11$ 32K wordi of 17 bits (16 dllte bits one parity bid up to 7 of the modules may be 
controlled bY a,ingle processor. 

T1812402 Semiconductor memory module, con,ins of 64K byte memory mod ... le With I eycle time of 500 nsecs. The modu'-
il IIrr1ln~ .. 32K words of 22 bits, 16 dall bill et"Id 6 error detection/correction bill. Thfi module enabln 
detection end correction of ell single bit errors end de tBCtlon of all double bit mors. Up to 8 of thne modules may 
be controlled by a ,ingle proeMsor. 

T1812403 Semiconductor memory module, con.ists of 96K byte memory module with a eycle time of 500 nsecs. The module 
il arranged 11$ 48K wordt of 22 bits. 18 data bill and 6 error deteetlonfCOH8Ction bitl. The mod ... le enables 
detection .,d COITItCtion 01 ,II lingle bit errors.,d detection of ,II do ... ble bll errors. Up to 5 01 theta modules 1lIIY 
be controlled by a ,1I1g1e prOOllssor. 

TERMINAL SUBSYSTEMS 

TI 6/6202 Synchronous Controller, d ... al ch.,nel connectlld and may be powered Irom ei lhflr pr0C8uor to which il I, 
Connecled. Will control from 1 10 4 JYnchrollOUS comm ... nlclllon lines, either point-t01)Olnt or multidrop. A Sillgie 
line CIIn run up to 56K bpi. The aglJrolJll" da ti rate for all fou r lines cannOI IKceed lOOK bin. The controller 
performs all Character transillion (ASCII or EBCDIC!, Block Check cnarK:ter Qe1leratioll, and autopolling. Includes 
loop-back test module. down-line loa:Iing capabililY. 

T1616301 AsYnchronous Controller, dU1I1 ch.,nel connected alld may be powered from eUhllr procel5Or to which il I. 
connectlld. Will control "P • • . ~ termiNI lines alther hard-wirlld or modem conl1lCtlld. lIne 'Peed Is 
prog,.mmable from 50 10 19.2K bps. Accommodates up to IWO Ixtemionl bee T16f63021. Includes loop--t.ck telt 
cable. 

T16/6302 AsynchrOOOUI Extansion Board, provides additional contrOl for 15 asynchronous linfl. Speed of NCh hne'l 
programmable from 50 to 19.2K bPi. Each line can be Nlrd-wired or modIm COMlCted_ P ..... tqulslte: T18/6301. 

Tl 6/6001 Console S ... bYltem, comills 01: 1. Dual channel connected controller, T16/6301 With ( I I port for a conloll device; 
2. One (1) T16/6604 30 CPl. 132 column hard-copy console, C/l connected. 

T16/6603 Term!n.I, Hard COpy, 30 CPl. 132 columns. i.-:l ... _ 25' cabll, AS232 in terface. 

TI 6/6604 Terminal, Hard Copy, same .. T16/6603 IxcePl 20mA current loop Interfac •. 

T18/6401 Terrnlllll, CRT, character mode, 24 Ii"" x 80 chllractert. speed switch .. Iectable 11 ()-19.2K bps, local or modem 
attachment, Includes 25' cable, RS232 in te rlacl. 

T1 616402 Terminal, CRT, chlrecter rnode. 24 lilIeS x 60 ch.-.:ters. sPHd switch .. Iectal)le 11()-.19.2K bPs, ind ... oe. 25' 0011, 
20rnA current loop Interface. 

T1816511 Term!III1I, CRT. d"IIrlCl .... or page mode, local Iditing and fUlICtion keys, 24 lilies x 80 charlCters, protected. 
ullprotectad, lull /half bright rewrse, blinking. speed switch .. !acuble 1 10-19_2K bPs, 25' cabll. RS232 interl toOl, 
local or modem 8ttachment. 

T18/8612 Terminal, CRT, chllracter or page mode, local .c:Iitillg and f"'lICtion key •• 24 lines x 80 charlCtInI, protectlld. 
unprotecled. fuli/hilil bright, rewrse, blinking •• PIId Iwitch selectable 11()-19.2K bps, 25' CIIble, 20mA c ... rrlnt loop 
Interface. 

T16/6552 Terminal , CRT, same. T18/651 1 ,xclPt ...... PoIlong Protocol for Multidrop COfMlUIIQtion. Lines. 

DI SC SUBSVSTEMS 

T16/3l02 D,se Controller (Small Dises), d ... al channel co"lIeCted. Cln be powered from ei ther processor, call con trol 1 104 
driv" lany mix 01 T16/410l or Tl6f41021, teCh whh $l!lparate connection (sillflel" OoIUI cable for each drlVtl, UIM 
23 14 recording techniqul. 
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PRODUCT '\ 
NUMBER DESCRIPTION 

DISC SUBSYSTEMS (Coro tinued) 

Tl613105 01$(: Controll,r (Urge OifoCll. dual channel eonne<:ted, c;an be ~ from ,Ith,r prQCe1Wf, can control 1 108 
drives (T 16/4 103, 4104, 41051. microproc::euor controlled wllh 4K RAM bufflr. dulll-wrill fealUra, uses modified • SMD recordin\llechnique. 

T16/4101 O.se:, MOl/lOll Hod, 10 MS. pede$laI mounted, one Ii~ed plaltll 15.0 MB formalted). O11e removable pletter (5.0 MB 
form&nlld, tOP loading!. 30 rTlI _r.ge seek, 12.5 m.latenev, 312K8 trand'r rl". 

Tl614,02 Disc MOIling Heed, pedestal moun led, uses 0 ..... remOVllbi. 11 -hogh pack, 50 M8 fOn"l'leued. 30 m. tverltgt ~k. 12.5 
ms Illeney. 312K8 t!llnde. rete. 

T1614103 DI$C, Mov'"l1 Head, pedeslal mounc.d, U_ ON remowble .' .... ugh pack, 160 MB fOnMued, 28 ms _ ... seek, 
8.35 ms Illency. 806KB traNifer rite. 

T16/4,04 Disc, MaYi"1I Hqd, pedestal mounted, u.s one IlImoYllble !1-h1t;! pack, 240 MB form.ned, 28 ms _,. INk. 
8.35 m,llteney, 1.2MB Iransf" rllt. 

T16/41 05 DISC, MOYir'lg Heed, pedestal mounled, uses one removable 5-tllllh pack, 64MB 10rrTlaued, 30 m$ lveragll _k, 8,35 
rm Iturney, 1.2MB lntn1fer nltf!, 

MAGNETIC TAPE So PUNCHED CARD SUBSYSTEMS 

T1613201 MlgnehC TIPII Conlroller, dull channel connecled, C*'\ be powered hom .ither proc:enor, eln control up 10 tWO 121 
megnetic IIP1 drlllt$ 1T16f5101 800 bpll. • .::1'1 IIIIPIIlIt.,y eonnIClld !sIgnal end dl" <*ll. for Nl:h driwl, lIP' 
speed cen be IIIIttcWd It 45, 75 or 125 Ips. 

T1613202 Meg,.,.IIC TIfI4I Controller, Out] ch.,.,,,..1 connected, c.en be powered from either proceuor, c.n corllrol up to two (21 
~tle tape dr,llt$(.,.,y eomblnallon 01 T16/5101 et 800 bpI or T1615103 II 1600 !>POl etCh sepIIrately eOl'lnecled 
1"9fl1l and dell cable 10, each dnvel, tIP' IOeId c.n be .Iected II 45. 75 or 125 1ps. 

Tl615101 Megnetlt: T.,. Dflw, 45 IPI, 9-tl'lCk, BOO bp" NAZI, includef cabinet Ind 25' uble. 

T1615103 Megnellt: T.,. OrlW, 45 ips, 9 'lrac:k, dual density (BOO bpI NRZI at'Id 1600 bpi PIEI wtuch " ~,.tor lWItch 
seIec: .. bI., includes cabinet III'Id 25' cable. 

T1613305 Cerd Reedef"/Llne Printer Control I .. , dul' ct'lIl'U'Iei COI'II'\ICIId, c.n be powefed from 1"1'1 .. procenor, control, one 
I II ....,., Ind one (1) line prinler. 

T1615301 Cltd RNder, 600 epm, Sid. 80 column c.rdJ. 

LINEPRI NT ER SUBSYSTEMS • T1613302 Llne Pnnter Cormoller, dual channel connected, CWI be po_ed from .IIhe, processor, controls one II) 01 the 
follOWIng: TI61550215503/~I5505. 

T1615502 Line Pm"e" 132 columns. 300 Ipm drum printer, 64 cheracte' ASCII MI, 12-c:hlO",,1 VFU, 25' c:eble. 

T1 615503 W".. p"nte,. 132 eolumns, 600 Ipm drum printer, 64 cheracter ASCII MI, 12-c:h."neI VFU, 25' cable, 

T1615504 Wi'll Pnnle" 132 coIlI"",!I, 900 Ipm drum prInter, 64 ch.,acter ASCII 1111, 12-c:hennel VFU, 25' cabl • . 

T1615605 Lllle P'lnter, 132 columns, 1 SOO Ipm drum printer, 64 c:har.::ter ASCII .. t, 12..chlnnel VFU, 25' e.ble 

T161550B $trill Pnrller, 132 eolumM, 91·160 Ipm ~d"'Ig 01'1 number 01 charact.n pnnted, 96 eNr.::ter ASCII III. CIL 
connecled 10 "",nchronous rnulliplnf!r. 

GENERAL CONTROLLERS 

T16/3401 Uni-.al Intlrl_, inc~I" I¥IO 121 Independent 1/0 cNn".1 connect.ons. ElCh is ClPeble 01 providing, 
complete path belween proeessor end I/O Oe-vtt:II, The controller mil'( be ~1Kf from .ilhe!' ollhe proc:euors 10 
wnir;:h it II cOl'lnected; in In. _nt of. po_, ",Iur., the controller WIll automatically drew ill PO","", from the 
second processor. This controillt' WIll conuol ellher , line printer, eerd reedtr, or.,y othe, dtvil:e having' 16 line 
~Ilel inleri_. Thelin. driven end receive" Ire TTL level for one del/ice, differenlial lor lhe Olnlt', 

• 
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• 

• 

• 

TANDEM 
GUARDIAN OPERATING SYSTEM 

FEATURES 

• Fail-Safe GUARDIA N Operating System for Con
tinuous Non-Stop TM Ru nning of Transaction
Onented Applications 

• Multiprogramming/Multiprocessing Virtual 
Memory Management System to Support High 
Transaction Rates from Numerous High-Speed 
Terminals 

• Redundant File Management System with SY"'" 
boli.: File Access. File Security, File and Record 
locking, Concurrent InputJOutput and Dis.e 
Volume Interchangeability without 
Reprogrammmg 

• Fall·Sale Message System WIth Checkpointing for 
Fault·ToIerant Programs, Process Control to Estab
lish, Change, Suspend or Delete Processes, and 
Automatic Resource Allocation and Memory 
Mapping 

• F,il·S.fe Utility Procedures lor Automatic Data 
Conversion, Time and Oate Logging. and Calling 
the Debug Facility 

• E Hicient High·Level Transaction Ap plication 
Language (TAl) Compiler for Easy Implementa
tion of Application Programs 

• Interactive Command Interpreter (C OMINT). Text 
File Editor (EDIT), Object File EdItor (UPDATE), 
and Debugger (DEBUG) for FiSt and Economical 
Program Devefopment 

• 0 n·line Program·Concurrent Diagnostics fOf 

System Security and Program Integnty. 

INTRODUCTION 

The GUARDIAN Operating System is a 
true mUlti-processor, multi-programming fault 
tolerant operating system. GUARDIAN has 
been specifically architectured so that applica· 
tions can be defined and implemented to run 
continuously (even during hardware failures). 
Many of the r~ponsibilities normally handled 

by applications programmers with other 
systems are taken care of automat ically by 
GUARDIAN: 

• The virtual memory scheme incorporated 
into GUARDIAN enables programmers to 
concentrate fully on the intended applica
tion. Programs or portions of programs are 
swapped between memory and disc auto
matically. This swapping is invisible to the 
applications program. 

• The multiprogramming, multiprocessing 
features of GUARDIAN permit programs 
to be wrinen without regard for other 
programs running in the system. 

• Programmers can write programs that com
municate with input/output devices and 
other programs without actually knowing 
to which processors these devices are con
nected or in which processors other pro
grams are located. 

• The hardware aspect of input/output trans· 
fers is transparent to application program· 
mers. I nlerrupts and system dependent 
error conditions are handled automatically. 

• Transfers over the interprocessor bus 
(DYNABUS)TM are handled automatically. 
The bus operation is completely invisible to 
applicatIon programmers. 

• For application dependent error recovery 
routines, the system provide'S an error 
number that specifically describes any 
errors encountered during an input/output 
operation. 

The Fail-Safe features of GUARDIAN 
make it uniquely suited for the fast develop
ment, easy expandability. and reliable opera
tion of on·line transaction-oriented applica
tions. With other systems, these functions 
were the responsibility of the application 
programmer. 
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VIRTUAL MEMORY MANAGEMENT 
Wlthm each processor the opera ting system is 

responsible for allocatiOn of execution time 10 mut 
Ilpte proglams on a priority basis, allocation of buffer 
space and control blocks. process synchronization, 
fault and Hap handling. and Inlerval ctock main 
tenane!!. I n addition, GUARDIAN Isolates the appli 
calion from phvslcal memory constramts by 
providmg an effiCient vlr!ual memory marlagemelu 
sySlcm. Paging hardware is prOVided In the form of 
four 128K byte memory maps luser code user dala, 
system code and system dalal . All code IS both shar 
able by multiple plograms and non modifiable, two 
features which reduce overlay and swapping over
head. In addition, hardware is used to record he 
querley 01 access to all memory pages and mo(liflca 
lion of data pages, thus prOViding a low overhead 
method of deter mrnlllg the COl rect page to be 
replaced 

fiLE SYSTEM 

PrOVided as part of GUARDIAN, the File Manager 
IS a flexible, easy to use deVice rndeptlnde01In1erlace 
It alloW1 an application program to communicate 
wHh diSC hies, serial I/O devices. conversational page 
mode and muilidrop terminals, and other application 
programs all through one standard set of rOUllnes. 
The File Manager al10ws program execution to con· 
tinue concurrent wllh execullon 01 the tile request 
In tact, the input/output may be taking place in 8 
dlfferenl processor module. 

The File Man&i)llr also includes a number of fea 
lures unique to the NonStop envrronment When a 
processor or I/ O port tarls, the File Manager autO 
mat really rerOUles subsequenl requests to a back·up 
processor module. In addition, through a very effi
cient program to program communrcatlon mechan 
Ism, the File Manager provides the application With a 
simple method of keepmg back · up programs in · 
formed of current operations so thai a smooth lfanSI 
tlon may be made . 

File Access - For I/O deViceS normally dedicated 
10 iI Single process, such as Terminals or Llile Printers, 
the deVice is aSSigned a symbolic name. The program · 
mel need not know the phYSical address of the 
deVice ThIS provrdes a Simple medns to add andlor 
reconfigure I/O deViceS Without reprogramming the 
application. In the case of diSC deVices, a file name 
represents a user ,specified portion 01 the diSC storage 
space. The File Manager makes no distinction 
between sequential and random access to a diSC frle . 
A Ille pointer (relallve byte address) detcrmmes 
where a data transfer is to begin. The file pOll1ler is 
normally automatically Incremented for sequential 
access but may also be set explicitly for random 
access, An access mode speCifies the operations to be 
performed on a hie : 

• Read/Write (Default Mode) 

• Read Only 

• Write Only 

File Procedures - To implement file operatiOns, 
calls are made to Ille management procedures. All 
fries are accessed through the same set 01 procedures 
which provides a single unrform ac«ss method. These 
procedures Include: 

• CREATE a new hie 

• OPEN a tile for access 

• READ data from a file 

• WRITE data to a trle 

• WRITEREAO write/read data to/from a trle 

• READUPDATE read data from a fi le for sub' 
sequent update 

• WRITEUPDATE wrrte updated data to a file 

• CLOSE a file to access 

• PURGE a file from a diSC 

Numerous o ther procedures ate prOVided for device 
dependent operations 

File Security - The versatile Frle Manager prOVides 
the ability to limit file acceu to an individual. a group 
of mdlvlduals. or an individual Within a groop. ThiS 
limitation is password protected. FoUl types 01 hie 
operations (read. wrlte, execute and purge) may be 
separately limited to erther the IndiVidual towner! 
who created the hie the owner's group, or any mdi 
Vidual Within the group. A program uses an eltclusion 
mode to hmll file access. The exclusion modes ate: 

• Shared Acccil {Default Model 

• Exclusive Access 

• Protected Access 

File locklllg IS proVided so tha t cooperative appllca 
1101'1 programs may share file operations as I disc hie 
Also. diSC volumes may be removed and replaced 
Without reproglammlllg the application and Without 
loss of file seCUrity . 

MESSAGE MANAGEMENT SYSTEM 
The GUARDIAN message svstem handles all 

communrcatrons between Tandem 16 processor 
modules. syStem processes and apphcatlon J)4'Dgrams. 
II frees the uscr of the responSibility of roolrog mes 
sages to the correct processor, verrfV1ll9 that II got 
there correctly. and decldrng whICh program is to 
receive II In the desunauon processor. A program 
ner;d nOt be aware of which of the 16 Tandem pro' 
cessors Will ultimately run II. In fact, the same pro, 
gram may be executing Slmultaneouslv on all pro
cessors. In addillon. a program maV access any deVice 
on the system. even If the deVice is nOt phYSically 
connected to the processor III which the program IS 
running ThiS allows the system to be expanded .... Ith 
out teptogramming the appllcallon. 



G) 

~ 
D 
C -l> 

• 

Process Control - A process IS the execution 01 11 
program under concrol ol lhe GUARDIAN Operating 
System. Process control procedures are used to mter· 
3CHvely cal' processes These processes itTe: 

• NEWPROCESS 
program) 

ere,lIe it new process (tun a 

• DELAY - suspend the calling process for a Specl 

fled Interval of lime 

• PRIORITY - change the process exeCUIlOfI 
plIOTlly 

• STOP - - delete a pract'S$ With a normal indicailon 

• ABEND - delete a process With an abnormal 
Indication 

For example, to have a prOC1lSS delete Itself and close 
lu Mes, the procedure CA LL STOP Is used. 

System Me.Slgel - GUARDIAN sends messages 
directly to appliCatIon processes to Inform the appll. 
cation of certain system conditions. Some of these 
messages are 

• Proce.sor Module Fatled 

• Process Stopped Elilecu tion 

• Processor Module Reloaded 

Certain crltlC:al error conditions prevent normal exe
CUllon of a process. These errors cause traps to 
GUARDIAN Trap Handlers 

Checkpointing - Fail-safe, non stop operating 
envuonmenlS requite one or mo..-e pnmary/backup 
procns P8irs The primary process e)Cecutes In one 
processor while the backup process monnors In 

anoth#>r processor Wllh thiS type Structure, the back 
up process IS kept informed of the Primary's exl!i:U 
lion stlte of the prtmary process vi" periodiC check
point ml!$sagt"s sen! to Ihe backup process Each 
process In a process pim has the same set of files 
open. This ensures thai the backup process has 
Immed'ale access to the files In the even t of • primary 
processor's failure_ GUARDIAN prov.des several 
procedures to aid In the developmen t of faull -tolerant 
pro{1am,-

• CHECKOPEN -
IS called by a primary prOCHS to open a Me in .IS 
backup process 

• CHECKPOINT -
II called by • prlm.ry process to checkpoint h, 
current SllIe to 115 backup process 

• CHECKMONITOR -
I' called by • backup process to mOnitor Its pl"l 
mary and take approprIate action In the event of 
the prlm,ry's failure 

• CHECKSWITCH _ 
is called by , primary process to SWitch con trol to 
115 backup process 

• CHECKCLOSE -
1$ called by a pflmary process to close a Me In liS 
backup process 

COMMAND INTERPRETER (COMINT) 

Tandem's COMINT is a hlgh,level manmachme 
Interface which allows the user to converse with the 
system. The user may obtain or alter the current 
oper.tional status of the system, create, verlfv and 
purge diSC files; and run programs (both Tandl'm
supplied and application programsl Normally, the 
user inlt.ally executes COMINT on a system console. 
From thiS POint on, COMINT may be specified to be 
run on any ot her terminals connec ted to the system. 

PROGRAM DEVELOPMENT AIDS 

Included as part of the standard software prOVided 
With every Tandem 16 system 15 a comprehenSIVe set 
of program development tools These programs, 
whIch run under conlrol of the Command Inter
preter, allow the user to develop application programs 
with a mInimum of effort Included are a hlgh-Ieveol 
compIler, a source f.le editor, oblect f.le editor and 
rnteractlVe df'bugglng facility. 

TranSKtion AppliClition u nguage ITfTALI 
Tandem', TNtnSllCtion Application Language 15 a 
high level, block sHuctured language designed for the 
easy Implementation of tlansactton·oriented apphca 
tlonl. TfTAL prOVides many high level constructs, 
rncludlng IF THEN, FDA, 00 UNTIL, WHILE and 
CASE. It allows the programmer to write ~If-docu. 
mentlng programs and ellmrnates the time consuming 
errors inherenl rn assembly language programming. 
Special slnng manipulation operations are IOc!udeod to 
facilitate fast I)(ocessmg of Ifansaction data, among 
them are MOVE, COMPARE and SCAN sttlngs_ White 
prOViding all these flexible features, TIT AL does not 
saCrifice execution effiCiency. A hlghlV optimized 
compiler, It produces obleet programs as eff,clent as 
those wntten in an assembly language_ 

Edit - The Text Editor is a very fleXible, .nter
aetlve text file edItor that can be used to prepare 
both program source files and documentation. EDIT 
can be run from either conversatIonal or page mode 
telmmals. and prOVides an addmonal inlerface to 
allow It to be dllven bV other plograms. 

Update - The Ob/«:t File Editor allows the user 
to make changes to previously compiled programs In 
additIon, the output of mult.ple compilations can be 
combined through the facilities of UPDAT E 

Debug - An mteractlve program debugging facility 
supported by GUARDIAN enables the user to test 
application programs. It prOVides program break. 
points, tracing of variables, and access to all of the 
code and data of the proglam, all from an interacllve 
termmal 

TANDEM COMPUTERS, INC, - 20605 Vallev Green Dr - Cupertino, Calif. 9501 4 _ (4081255-4800 
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• SPOOLER runs NonStop(tm) 

• User can supplV own Print Processes 

• SPOOLCOM allows operator inspection and/or 
alteration of job parameters 

• Routing structure permits individual or broadcast 
locations 

• SPOOLER library procedures allow blocking and 
compression 

• Multiple files can be spooled from one application 

• SPOOLER pa rameters can be specifi ed 
programmaticallv 

• Forms Alignment 

INTROOUCTION 

The Tandem SPOOLER provides a means 
of storing application output in holding areas 
fo r later retrieval. Output may be passed to 
other processes or printed on one or more 
devices. 

The SPOOLER is actually many processes 
working in unison to prov ide spoo ling facili · 
ties. T hese processes include SPOOLER 
Supe r visor, SPOO LER Collectors, Print 
Processes, and SPOO LCOM. 

SPOOLER Supervisor func tions as the 
SPOOLER monitor and communicates with 
the other SPOOLER processes to determine 
which tasks to perform or schedule. 
SPOOLER Control is actually a server process 
interfacing with 1) SPOOLCOM, 2) appli· 
cations calling SPOOLERCOMMA ND or 
SPOO LE RSTATUS procedures, 3) SPOOLER 
Collection Processes, and 4) SPOO L Print 
Processes. 

TANDEM 
SPOOLER 

Print Processes retrieve spooled data and 
print it The Tandem supplied print processes 
are capable of handling mUltiple jobs and 
devices. Users may supply their own Print 
Processes. 

SPOOLCOM is an opera tor/ user interface 
with the SPOO LE R subsystem. It can be run 
interactively on a terminal or can be passed 
commands from an application process. 
SPOOLCOM performs such functions as 
downing a device or ordering ex tra copies of a 
report. 

APPLICATION PROCESS INTERFACE 

At the simplest level an application process 
can open the SPOOLER one or more times to 
perform spooled ou tput. The standard file 
management procedures WRITE, CONTROL, 
and SETMOOE are used. 

Th e application may also use the 
SPOOLER library procedures to implement 
more advanced features of the SPOO LER. 
T he library procedures are: 

SPOOLSTART 
- start a job and specify spooling 

attributes 

SPOOLWR ITE 
- write a print line 

SPOOLEND 
- end the spool job 

SPOOLCONTROL 
- contro l functions 

SPOOLSETMODE 
- set mode functions 

SPOO LE R Collectors accept output from Through SPOOLST ART the application can 
application processes and store it on disc. specify location, form name, priority of print-
There can be one or more SPOOLER ing, number of copies, report name, and hold 
Collectors. before/ after printing. 

,'---------------------------------------------' 
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SPOOLCOM 

SPOO LCOM is used to initiate and con· 
trol the operation of the spooling system by 
accepting commands interactively from an 
operator at a terminal or programmatically 
from a user application process. SPOOLCOM 
commands include: 

DEV 
- controls devi'ces 

JOB 
- control jobs 

PRINT 
- control Print Processes 

COLLECT 
- control collection processes 

LOC 
- set up and modify destination 

structure 

SPOOLER 
- control the Spooling System 

HELP 
- list SPOOLCOM Commands 

EXIT 
- terminate SPOOLCOM 

SPOOLERCOMMAND 
- issue a control command 

SPOOLERSTATUS 
- retrieve status information 

SPOOLER REOUEST 
- Request information for a specific job 

necessary to start printing. 

FC 
- fix command 

COMMENT 

USER·WRITTEN PRINT PROCESSES 

T he Print Process library procedures allow 
user-written processes for devices not sup
ported by SPOOLER or the retrieval of 
spooled data by an application process. The 
procedures are: 

PRINTINIT 
- Initialize communication with the 

SPOOLER control process 

PRINTCOMPLETE 
- Accepts messages from the SPOOLER 

control process 

PR I NTR EADCOMMAND 
- Interprets control messages from the 

control process 

PRINTSTART 
- Initialize data required to print a job 

PRINTREAD 
- Read a line of spooled data 

PRI NTIN FO 
- Obtain information on an active job 

PRINTSTATUS 
- Inform SPOOLER control process of 

an event such as end of file or error on 
the device. 

UOOLER 
StJl'lRVISOR 

UOOlER 
COllECTOR 

~ ... 
D'''' 

f'RINT 

PRINTER 
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TANDEM 

DATA DEFINITION LANGUAGE 

FEATURES 
• Centralized Data Base Provides Common Resource 

for Numerous Application Programs, Ensures Data 
Consistency, Reduces Redundant Dati, and 
All ows Easy Maintainability without Sacri ficing 
System Security 

• Automatic Space Management All ocates and 
Optimizes Storage Reso urces Enhancing File and 
Record Activities 

• Data Defin ition Language (DOL) to Facilitate the 
Defini ti on of a Centralized Data Base Schema 

• Easy-t.,. Use EDI T and SCHEMA Programs to 
Facilitate Compilation of Appl ication Programs 
with High- Level l anguage TAL Com piler and 
ENS CRIB E Data Base Record Manager Proce dures 

INTROOUCTION 
Tandem's Data Definition Language allows 

centralized administration of a data base 
to accommodate any number of diversi
fied application programs. And the applica· 
tions programmer need not know where files 
associated with a specific application are 
located. Since the data base is described as a 
schema, and all data field references are 
defined in the schema, changes to record 
layout, and additions and/or changes to 
record types and/or fields may be accom
plished without code modifications to exist
ing programs. The schema also provides the 
necessary information for Query and reporting 
programs. The Data Definition Language 
(DOL) is used to describe the schema. 

OATA BASE OEFI NITION 

As illustrated on the next page. the pro
grammer defines a data base in a Schema 

Definition File using the Tandem-supplied 
EDIT program. This example is used to define 
records for a customer data base. The name 
assigned to the record type is CUSTOMER. 
The fields are named ACCTNO, NAME. 
FIRST, STREET, CITY, STATE, ZIP, SAL. 
CHARACTE R means that the field contains a 
string of ASCII characters and the number 
defines the length of each field in bytes. 
BINARY indicate5 arithmetic data. A 0 
following KEYTAG means that the field 
ACCTNO is the record's primary key and 
"NM" means that the field NAME is an 
alternate key (other fields are not defined as 
key fields). 

APPLICATION PROGR AM COMPILATION 

The Schema Definition File is used as the 
input to the Tandem-supplied SCHEMA 
program. This program generates a TfTAL 
library file that. when compiled along with 
the application program, produces an object 
application program that is tailored to the 
particular data base. (See example on the next 
pagel. 

OATA BASE ACCESS 

Record types are accessed through 
ENSCRIBE provided with the GUARDIAN 
Operating System. Fields in a record type are 
accessed by field identifiers. As shown in 
the examples, a field identifier is a concatena· 
tion of the name of the record and the name 
of the field. For example, the field identifiers 
for the CUSTOMER record defined in the 
example are: 

< field name> 

ACCTNO 
NAME 
STATE 

< field identifier> 

CUSTOMER 1\ ACCTNO 
CUSTOMER 1\ NAME 
CUSTOMER 1\ STATE 
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Each field defined as type CHARACTER also 
has a corresponding field length identifier that 
can be used to determine the length in bytes 
of a field. A field length identifier is the 
concatenation of the record name, the field 
name, and the string LEN. For example, the 
field length identifier for the NAM E field is : 

Each field which was defined to have a key 
tag will have a key tag identifier that can be 
used to pass the key tag to the file system. 
The form of this identifier is a concatenation 
of the field identifier and KEY, For 
example, the key tag identifier for the field 
NAME is: 

CUSTOMER " NAME " LEN CUSTOMER " NAME " KEY 

CUSTOMER " NAME " LEN has the value 
" 25" when referenced in the program. 

CUSTOMER " NAME " KEY has the value of 
"null" when referenced in a program. 

Defining the Data Base 
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TANDEM 
ENSCRIBE™ 

FEATURES 

• Fail Safe File and Record Management for Non
Stop TM Transaction·Oriented Applications 

• Multiple Disc File Organizations (Key·Sequenced, 
Relative and Entry-Sequenced) with EXKt, 
Genenc OJ Approximate Multi· Key Access to All 
Records 

• Automatic Management and Maintenance of Multi· 
Volume Files 

• Mirror Volumes to Provide Fail·Safe Data Base 
Protection 

• Data and Index Compression for Key·Sequenced 
Files to Optimize Disc Storage Space 

• Main Memory Cache Buffering to Increase and 
Enhance Throughput 

• Separate or Simultaneous Record andlor File lock 
to FaCIlitate and Expedite Concurrent Record 
Access and PrOVide System Security 
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• Full Complement of Interactive Higtl·Level 
Utilities to Reduce Applications Programming 
Overhead and Costs Figure 1. Mulu·Voluma File Configura1ion 

~ 
I-

W 
m 
II 
U 
UJ 
2 
w 
~ 
w 



, 

• 

• 

• 

INTRODUCTION TO ENSCRIBE 
The unique and evolutionary ENSCRIBE 

software package extends Tandem's Non·Stop 
concept of hardware and operating system 
failure immunity to fail-safe file and record 
management. Since ENSCRIBE operates as an 
integral pan of the GUARDIAN Operating 
System across multiple processors, data base 
integrity is ensured in the event of a Proces
sor, 1/0 Controller or Disc Drive failure. 
ENSCRIBE brings many advanced features 
not found even in traditional midi· and 
large-scale computer systems into the mini· 
computer price range. 

DATA BASE INTEGRITY 

When a conventional processor or disc drive 
fails, it is most often necessary to reconstruct 
the data base from archival tapes or manual 
records to ensure the integrity of the data 
base. Conversely. in a Tandem T16 system, 
when a processor fails. all file management 
functions are automatically transferred to an 
alternate processor. Optionally, ENSeR I BE 
manages a data base using the mirror principle 
illustrated in Figure 1. In this mode, data is 
wri tten onto two disc volumes 
simultaneously. When a disc fails, all file 
management functions are automatically 
transferred to the mirror disc volume. Upon 
restoration of the failed disc. ENSCRIBE 
copies the data back onto the failed disc. This 
copying operation is done concurrent with 
requests to read or update data and is entirely 
transparent to both the application 
programmer and user. 

MUL TI·VOLUME FILES 

A file may reside entirely on a single 
volume or may be pannioned to re5ide on 
several volumes. With system expansion to 
sixteen processors, and assuming that each 
volume is mirrored. the maximum size for 
each multi·volume file is nearly four billion 
bytes. And each partition of a multi·volume 
file is under the contro l of a separate 
processor. 

FILE ORGANIZATIONS 

ENSCRIBE provides a variety of file organ· 
izations for the applications programmer: 

• Key-Sequenced (I ndexed) 

• Relative 

• Entry-Sequenced 

The ~rogrammer need not be burdened with 
Structuring the file. He simply chooses the file 
organization best suited to a particular appli· 
cation and ENSCRIBE automatically struc
tures the file. This allows a programmer to 
create, access and maintain data files with 
eHiciency and economy. Moreover. since 
records are logically positioned, random 
records may be accessed sequentially. 
ENSCRIBE also provides Multi-Key Access to 
data records. Location of records in a Key
Sequenced file may be by approximate, 
generic or exact key value. ENSCRIBE main· 
tains an index of key values which provides 
rapid access to data records. When a new 
record is added to a file, or when a key value 
has been changed, ENSCRIBE automatically 
updates the index including at! secondary 
keys. This operation is entirely transparent to 
the application program. 

DATA AND INDEX COMPRESSION 
For key·sequenced files. an optional data 

compression technique may be used to pack 
more data into a particular disc area. 
Similarly, an optional index compression is 
provided for key indices. 

MAIN MEMORY CACHE BUFFER 

ENSCRIBE provides a Cache Buffer which 
resides in main memory. The purpose of the 
cache is, whenever possible, to keep the most 
recently accessed blocks in main memory 
speeding up access. System transaction rates 
may, therefore, be increased by simply allo· 
cating more memory to the cache. The cache 
resides in a separate area from the operating 
system and application programs. 

RECORD AND FILE LOCKING 

ENSCRIBE provides both record and file 
locking for system security. Record locking 
provides a greater degree of concurrent access 
to a file. A file lock request must wait for the 
record to be unlocked before it is granted. 

SUMMARY 

ENSCRIBE is complemented by Tandem's 
Data Definition Language (DOL) for data 
base management. ENSCRIBE may be used 
alone for those applications which do not 
require centralized data base administration, 
or in conjunction with DOL to provide full 
data base access. Thus, the user is provided 
with an economical growth path from file 
management to NonStop data base access. 
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ENSCRIBE FACILITIES 

GENERAL SERVICES 

E NSCA I BE provides file and record 
management services for the Tandem 
GUARDIAN Operating System. These ser
vices are interfaced to the application 
program via TITAL or COBOL. 

ENSCRIBE facilities may be used sepa
rately for handling file and record manage
ment tasks, or alternatively. may be used as 
an extension to Tandem's Data Definition 
Language (DOL); a schema for centralized 
data base management. Once a file organiza
tion has been established, programs may 
store, retrieve and/or modify logical data 
records without concern for file structure. 
ENSCRIBE facilities provide all necessary 
access control, data buffering, blocking! 
deblocking and file structure maintenance. 

FILE AND RECORD STRUCTURE SE.RVICES 

ENSCRIBE offers the application pro
grammer a choice of three file organizations: 
Key-Sequenced (Indexed), Relative, or Entry
Sequenced_ I n addition, both fixed-length and 
variable-length record formats are supported 
under ENSCRIBE. A major advantage of 
fixed· length records is high performance 
during data access. Variab le-length records 
optimize storage space on the disc. Both the 
file organization and record format must be 
specified at file definition time. 

Key·Sequenced (Indexed) Files - In key
sequenced file organizations. records are 
stored in ascending order according to the 
value assigned a primary key field within the 
record_ The primary key field may be defined 
as any contiguous set of bytes within the 
record. For example. a customer's name in an 
invoice fi le may be defined as the primary 
key. All records in an indexed file are 
variable-length. Primary keys must be unique. 
Up to 255 secondary keys can be specified. 

Relative Files - Records are stored in a 
relative file according to their relative position 
within the file. The primary key for a relative 
file is the record number. These record 
numbers are ordinal values. Each record in a 
relative file is a fixed-length record. Relative 
files can have secondary keys. 

Entry-Sequenced Files - In an entry
sequenced file, records are stored according to 
the sequential order in which they are pre
sented to the system. These records may be 
either fixed or variable length - but once 
entered, the record's size may not be changed. 
The primary key for an entry-sequenced file is 
the record's logical address. Entry-sequenced 
files can have alternate keys. 

Multi -Keyed Records - Under ENSCRIBE, 
a sing le file may have up to 255 alternate key 
fields. and the values contained in these 
alternate keys need not be unique. Thus, each 
file may have a primary key and alternate 
keys. These key fields are used to construct a 
secondary key index. This scheme IS 

commonly called Multi-Indexing. The user 
need only specify the key values to access 
records. Moreover. ENSCRIBE automatically 
keeps all indices up-la-date during record 
updates and record insertions. 

Multi- Indexing - IndeXing provides the 
greatest flexibility in accessing records. 
Records may be accessed randomly by speci
fying a key or keys, or sequentially by 
consecutively accessing the records in the 
collated order of an index. Since multiple key 
fields can be defined, multiple indices allows 
an indexed file to appear as sequential. 
Moreover, ENSCRIBE provides three indexing 
options: 

• Exact Key Match 

• Approximate Key Match 

• Generic Key Match 
Exact key match means that the record's key 
field must exactly match the specified key. 
Approximate match means that the record 
key may be equal or greater than the search 
key. This allows a user program to access 
records without knowing the exact key. 
Generic key match means that only the initial 
portion (partial key) of a key need be 
specified (such as the prefix to a part number 
in a vendor's record). 

Cache Buffering - Transparent to the 
application program, ENSCRIBE transfers 
one or more physical data blocks to main 
memory. Records within these blocks are 
then made available to the program. The 
purpose of this cache buffering is to keep the 
most recently accessed blocks in main 
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memory. Thus, index blocks for a Key· 
Sequenced File are likely to remain in the 
cache. ENSCRIBE automatically ensures that 
enough buffer space is available via overlaying 
the least recently accessed blocks, and also 
ensures that ex traneous physical accesses are 
avoided. 

FILE AND RECORD OPERATIONS 

At program execution time, the user pro
gram may issue requests for various 
ENSeRIBE services. These services fall into 
two categories: fife operations and record 
operations. Figure 2 illustrates a few of the 
available operations. 

File Operations - File operations may be 
categorized as follows: 

• Definition of an ENSCRIBE file 
organization. 

• Opening of an existing ENSCRIBE file for 
processing. 

• Closing of an ENSCRIBE file and termina
tion of processing on that file. 

• Examination of the attribute information 
stored within an ENSCRIBE file. 

• Extension of the allocated space in an 
ENSCRIBE (;ie. 

Record Operations - Record operations 
may be summarized as follows: 

• Read a record. 

• Find a record. 

• I nsert a record. 

• Update an existing record. 

• Delete a record . 
• Lock/Unlock a record. 

tNT . rtlena.eIOlll) ,. 4SSYSTEI'I USf:R PILE 
.p("t.·keyIO:~1 :oO 15.0.IO~41 • 
. buUer[O:UI, 

INT [lle-nUllber. rea"·cnt. "rt·cnt. cnt·rea". cnt',n t, 

STStIMG keylO,511 

LITERAL prl.·ellt .. 5. 
fll!'c06e ...... 
• ee ellt .. ~. 
file'type .. 1. 
ree-Ien .. 100. 
bit-len" 1000, 

J Create a nev teye" file 
CALL CREATElfll.·n .... 

prj.-ellt •• 
rll!'cooe • 
• ec e.t. 
flh·type. 
rec-len. 
blk'len, 
pr I.-key): 

I In.ert • nev recor" Into. keyed file 
CALL WRITECflle-n~ber.buffer."rt·cnl.cnl·"rt)1 

I Plnd • record by key ".lue 
CALL KEYPOSITtONlflle nu.bt'r.keyl, 

IRe." • record fro. a file 
CALL ReAD I file' nu.ber. bu He r. rea'" cnt .cnt· r u'" I 

I Upd.te • ("ecor" 
CALL ReADUP~Tr.:lflle·nu-bt'r.burfer.r •• d·cnt.cnt·re.dl: 

Update the record In burrer 

CALL VAITEUP~TElflle-nueber.bu(fer.vrt-cnt.cnt·"rtll 

I Delete. recor" fro. 8 file 
CALL WAlTEUPO,\Te If tie - n ... be r. buffer. 0 .cnt 'vrt I , 

I Lock. recor" 
CALL LOCIREClflle'nueber), 

Figure 2. Fill and Record Management EXlmplls 

TANDEM COMPUTERS. INC . • 20605 Valley Green Dr. - Cupertino. Calif. 95014 - (408) 2554800 -.,.. .... ~ .... 
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TANDEM 

ENTRY SCREEN FORMATTER 

FEATURES 

• Interactive Page-Mode Form Creation on Video 
Display Terminal for Non-Stop Transaction
Orien ted Applications 

• Efficient and Economical Forms Creation with 
Automatic or Manual Cursor Positioning, Field 
Delimiters, Automatic Validity Checking, and 
Easy Transfer to Disc Files 

• Fast and Error-Free Forms Display with 
Automatic Data Entry Validi ty Checking 

• Individual Field Access with Length and Validity 
Check Attributes for Use r-Defined Error Checking 

• Tan dem-Supplied SCREEN Program to Crea te 
New or Modify Old Forms and to Insert Multiple 
Forms in a Single Disc File 

INTRODUCTION 
The ENTRY Screen Formatter provides B simple 

easy-to-use method of creating and displaying user
defined forms on an inleractive page mode video 
terminal. Extensive validity and error checking is 
accomplished via the Tandem-supplied ENTRY 
procedures_ When an error has been made in the 
creation or data entry processes, a flashing cursor is 
positioned over the field in error and an error menage 
is printed to specifically flag the error. 

Entry essentially performs four tasks: 

• Creates Forms 

• Programmatically Displays Forms 

• Programmatically Accesses Individual Fields 

• Tests Forms Independent of Application Program 

In addition, ENTRY provides the facilities to : modify 
or update old forms, insert multiple forms in a single 
disc file, and provide length and field validity check· 
ing attributes for user·defined error checking. 

FORMS CREATION 
Forms creation is performed on a page mode ter· 

minal . The user simply designs the form on the screen 
as it is to appear when used. Fields on the form where 
terminal operator entrias are to be made are indicated 
by delimiters. Once the form image is created the 
user specifies a field name and validity checking 
attribute for each field. When completed the form 
image is written to a designated file on disc. 

FORMS DISPLAY 
Forms display. forms read and field checking are 

all performed by application programs through calls 
to ENTRY procedures. When a form is displayed on a 
terminal, the operator fills in the fields on the form 
and presses a function key 10 transmit the fields into 
the computer where ENTRY performs the validity 
check on each field . If a field contains invalid data, 
the form can be programmatically redisplayed with 
the invalid entry flashing on the screen. 

FIEL D ACCESS 
Individual fields in a form may be referenced by 

an application program. A field is referenced by the 
name assigned when the form was defined. Addi
tionally each field has a length allribute and a valid
ity checking attribute for user-defined error checking . 

SCREEN PROGRAM PROCEDURES 

ENTRY provides the following procedures to aid 
terminal I/O with forms created by the SCREEN 
program: 

• EXPANO "SCREEN-
initializes the applications I/O buffer with the 
control and data characters required to output a 
screen to the terminal 

• REAOt\SCREEN-
fills the applications I/O bulfer with the control 
sequence required to input the operator entry 
fields from a screen 

• CHECK" SCREEN-
moves the operator entry fields from the applica· 
tions I/O buffer into the correct fields and does 
the required validity checking 

• BLlNK"SCREEN-
fills the applications I/O buffer with the control 
sequence required to turn the "blinking" on or off 
for a specific operator entry field 

• POSITION "SCREEN-
fills the applications I/O buffer with the control 
sequence required to position the cursor over a 
specific operator entry field 

• Fl t\SCREEN-
is used to compute the actual length of the field 
input by the operator 
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ERROR MESSAGES 
When a user makes an error during form creation 

and testing Ihe error is flagged as follows: the flash
ing cursor is automatically positioned over the field in 
error and an error message is displilyed on the boHorn 
line of the screen. The user may then correct Ihe field 
in error and strike any function key to send the cor
rected form back to the computer. Some typical error 
messages are: 

• ILLEGAL FIELD NAME: the field name was not 
an alphanumeric string of 8 or fewer characters. 
starting with an alphabetic character 

• ILLEGAL ATTRIBUTE . the checking attribute is 
either missing or not 8 legal integer value 

• NOT ENOUGH FIELDS DEFINED the user did 
not provide enough field names 

• FIELD NOT TERMINATED the operator entry 
field does nOI have 8 terminating delimiter or is 
greater Ihan 255 characters in length 

• TOO MANY FIELDS DEFINED Ihe user pro· 
vided too many field names or attempted to define 
more than 255 fields 

Example: Creating. Scr@en Format ... ' OI HAt 

ft.&U. 'IU. I. "' ""' .... 1 .. ,_tiC.. II 'fOUll DllltA III)U lOt 
C!:Wt.t.rT,L1 uu. I. '!III '.A~' '_1111., '1'00 c.u ., '!lit TIUI n'f TO GCT 
TO ,.., .ut ITtI!. 

t.\n ..... r 
1'1"- IIMI. 11.1 .1 
In&n AIIl:HtUJ r 
(In I 
nAn: I 
11. COlI. r 
ACCOUIIT _IIJI 

1.lffA" __ If ~ 1$11_.11., II 

1'0 1I:1I'fU '!III lIIo'fA ~, nPl rtIlIC'flc. 1I:n ,.. If fIIItA " I. 1I11101 ,.., 
IftfI II'U. It In tl.IJU., AIIIt ... U_ HaUGI "1t.L U""", ... , '!III 
W!"IQoI or till. Ie ..... 'I.IUI COUecT till. ""TA &JIll U-U'TC'. A 
toIUCT. COIIrt.rTI" IOU. .1101. II , • .,"ATaI _, A HuaNOC" "" "'.:til. 
lIT I. "1'0 UTIIU 1'0 ftl "PII. 

"'UI All .... 0. ~~u, tI.la Ot. HIi_ ~ IU r ••. 1 I." ....... 
.... i. Nt poo ......... _ U>e "'< .... 

Example : Assignment of Field Names & Checking Attributes 

..... " I ,..t I 
IT .. n I 
Cln 1 
ITATt J 
11. ) = , 
U'TIA" • - . 

<-- ""1' C .... -cu .. 'loUd <-- J.n, c .... .en .. Volld 
(-- "'DJ Ch .. en .. V.lld 
<- .... , Ctu .. cu .. voll' 
,,- AI ph_tie DIll' - __ tic 0.1, 

-- ._.1" Onl, 
-- 'I~ ... ehl "-tic 0.,1, 
-- "0 C" ... _h9 ... f o ... " 

Example: Coding the Entry Procedures 

, Ulthlh ..... Ito ... ".< ~ It" Ie ... " '0< ••• 
WItT(1IT I· 1I:1 .... IIII·SCHU'.rolUlO'u •• nUf"' ... 111 
CAU ".,u rCtT.'Ul"U,trllTClIT .ClPJII 
" < nu IIcaJl ••• 

I t\lu IUnol", .1.1<1 Off 
IfJITCIIT I · .""II-SC .... I ,roIUlOPOO.ICUU. "urrEl. ""~.u "lUG." • 
tAIoI. ".ln tCIT •• CIl'rn • ....,,;IIT.CllTII 
IP f TID _IGIJI ••• 

I 'UP4U 0 b~ffu 10. "0<11"" • Ic ... " 
"tTCIIT I . UAO·lCnur.roUlO.ItIt ... crrnl" 
CALL ".1tlkIACIlt"'.lorru • ..-rt:".I'OIICI'U 100000.C"',. 
IP ( T.U II'" 

I ... fo, ••• 11".1' eIlOC"'", ... ~ ... o. e.. .. , nela 
00 ••• lIIITl~ CIIKl'ICJlao.trolllOOPUl.ICUU.IIVI"ru..OPlJl·C1II11 

I ""',n on flint. ",.ltlo" Cu .... 
VtTCtT , •• ~ I •• 'SCUD r.roIUlOPOO •• CU-U ••• U" ... ro...o,r.·IUG. 1)1 
"tTC.,. I . _IT IOII'SCUli'lIltroaoo.n, 

ICUUI. 
.IIfU.I"aTClfTl. 
I'OIlIIOPOO""CC'T1 1t1lTC". 

C"1oI. ".IT1 IC"'.furru.ItITCIfT.CtTl • 
., en '!llilt .tG'" ... 
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TANDEM 
ENVOyTM 

DATA COMMUNICATIONS MANAGER 
FEATURES 
• Fail·Safe Data Communications Manager for 

Non-Stop 1M Transaction-Oriented Applications 

• Multiple Communications Protocols 

• IBM Binary Synchronous (BSC) 
• ADM·Z Asynchronous 
• TlNET Asynchronous 
• Burroughs Synchronous 

• Multiple Line Types (Data links) 

• Point· to-Point (SSe only) 
• Centralized MUltipoint Supervisor 
• Centralized Multipoint Tributary 

• Trace Facility. line Usage & Error Statistics. 
Dn·line Testing 

• Support for Auto Call Facility 

• Support for Multiple Modem Types 

• Bell type 103, 202 Asynchronous 
• Bell type 201, 208 Synchronous 

• Simplified Applications Programming with Calls to 
GUARDIAN Operating System Procedures 

INTROOUCTION 

The ENVOY Data Communications Mana
ger provides an efficient, easy-to-use interface 
between transaction-oriented application pro
grams and the telecommunications network. 
And since ENVOY is under control of the 
GUARDIAN Operating System, it has the 
same inherent fail-safe features of all other 
Tandem systems software. As such, ENVOY 
ensures that data communications are main
tained even in the event of a processor or 110 
channel failure. ENVOY provides all the 
control necessary for switched or leased 
poinHo-point and leased multi-point telecom
munication networks, An automatic calling 
option allows unattended stations on 
switched networks to communicate and 
exchange data without operator intervention. 
The ENVOY Data Communications Manager 
supports Synchronous transmission at speeds 
up to 56K Bps and Asynchronous transmis
sion at speeds up to 19.2K Bps. 

POINT·TO·POINT OATA LINK 

ENVOY supports a Binary Synchronous 
point-to-point data link over either a switched 

or leased (non-switched) lines. In the switched 
network mode, each of two stations has a 
unique telephone number. The originating 
station dials the answering (remote) station 
and establishes a connection. After the con
nection has been established, system security 
messages may be interchanged to ensure the 
integrity of the two stations, Information 
interchange may then proceed, Once the 
interchange has been completed, the calling 
station automatically disconnects, The 
answering station detects the disconnection 
and then it also automatically disconnects. In 
the leased (non-switched) mode, the two 
stations are permanently connected (no 
number is required), but the data exchange 
sequence is the same as that described above 
for switched lines. 

MULTIPOI NT OATA LINK 

A multipoint data link consists of two or 
more stations communicating over a leased 
(non-switched) line. With this type of data 
link, one station is designated the supervisor 
and controls all communications over the 
link. All other stations are designated tribu
taries. In a centralized multipoint link, com
munications can occur only betVoJeen the 
supervisor and a tributary (tributary-to
tributary communication is not allowed). 
Each tributary station in a multipoint link is 
identified by a polling address and a selection 
address. 

To solicit data transfers from the tributary 
stations, the supervisor station periodically 
polls each tributary station in the multipoint 
link by transmitting each tributary'S polling 
address. When a tributary that has data to 
send is polled, further polling of the data link 
stops. At this point, the tributary responds by 
transmitting its data to the supervising 
station. 

To transfer data to a tributary station, the 
supervisor station first selects the desired 
tributary station by transmitting the tribu
tary's selection address. For selection to 
occur, the tributary station must be monitor
ing the line and be willing to accept the 
forthcoming data. Following selection, the 
supervisor station transmits the data to the 
tributary station. 

~ 
I-

> 
2 
w 
~ 
W 
C 
2 



;2 
C 
m 
~ 

ENVOY PROCEOURES 

ENVOY functions are implemented via 
making calls to the GUARDIAN Operating 
System's File Management Procedures. These 
procedures are as follows: 

• The OPEN Procedure is used to gain access 
to a data communications line. 

• The DEFINELIST Procedure is used by 
application processes operating as a multi
point supervisory or tributary station. For 
a supervisory station, DEFINELIST speci
fies the polling address and selection 
address of each station. For a tributary 
station, DEFINELIST specifies the polling 
address(s) and selection address(s) that 
identify the tributary when the multi-point 
line is polled. 

• The WRITE Procedure is used to transmit 
data to a remote station. 

• The READ Procedure is used to accept 
data from a remote station. 

• The WRITEREAD Procedure is used to 
transmit data to a remote station and then 
await a reply. 

• The HAL TPOLL Procedure is used by a 
station operating as a multipoint supervisor 
to stop continuous polling of all stations on 
a line. 

• The CHANGEL1ST Procedure is used by 
application processes operating as a 
multipoint supervisory or tributary station. 
For a supervisory station. CHANGEL1ST is 
used to enable/disable potting of a 
particular statiol'1. Additionally. 
CHANGEL1ST is used to restore polling of 
non-responding units. 

• The CLOSE Procedure is used to terminate 
access to a line. 

TRACE FACILITY 

ENVOY provides an aid in checkout of 
communications applications with the Trace 
Facility. The Trace Facility works with all 
line types except auto call units. 

Trace Facility records line "events" in a 
Trace Table. Each Trace Table entry provides; 

• Sequence Number 

• Controller and Line Num ber 

• Line State 

• Event 

• Miscellaneous Information 

• Timestamp 

LINE STATISTICS 

Line statistics are maintained by ENVOY 
for each line from the time a line is opened until 
the line is closed. The statistics are printed on 
the operator console when a predetermined 
error threshold is exceeded, when a path 
switch occurs, or when the line is closed. 

ON·lINE TESTING 

ENVOYTST (Envoy Test) is used to verify 
the operation of the data communications 
process and the synchronous controller 
operating as the following line types: 

• Point-to-point non·switched primary 

• PoinHo-point non-switched secondary 

• Point· to-point switched primary 

• Point-to-point switched secondary 

• Multipoint supervisor 

• Multipoint tributary 

TANDEM COMPUTERS, INC . • 19333 Vallco Parkway . Cupertino, Calif. 95014 • (4081996-6000 
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TAL 
• HIGH lEVEl lANGUAGE FOR APPLICATIONS AND 

SYSTEMS PROGRAMMING 

• PROCEDURE·ORIENTED LANGUAGE FOR TRANS· 
ACTION PROCESS1NG 

• EXTENSIVE DATA TYPES FOR ARITHMETIC AND 
STRING DATA TYPES 

• SPECIAL STRING AND BIT MANIPULATION 
FUNCTIONS 

• OBJECT CODE OPTIMIZATION COMPARABLE TO 
ASSEMBLER CODING 

• FREe·FORM STRUCTURE 

• CONSTRUCTS AMENABLE TO STRUCTURED 
PROGRAMMING 

TRANSACTION APPLICATION LANGUAGE 
IT/TAll 

The Tandom Transaction Application Language " II high 
level, block structured language dMigoed for the ea.v 
implementation of IrIIn$O(:lionoOriente-ci applications. TITAL 
Is.simil •• to ALGOL , PUI 01 COBOL in prOYidinli procedure 
blocks and hlllh level conStruell wen &I IF ••• THEN 
elSE, 00 ... UNTIL. WHILE .. 00, FOR, . nd CASE. 
Programme11 CIIn _ill self documenting progtems with 
object code ~r.lion 81 .ffic.enl l1li euembl ... code 

PROCEDURES 

The procedure-or illl'lled, block-slruclured epproech e llows 
e progremmer 10 design procedure block. for funcl.ooel 
simphcilV , De" cao be _.gned globally for ell procedures 10 
KCess or cao be e"'lIned locally - kOOWfl ooly 10 lhe 
procedure II> which il i. declared. Local data II en.gned 
dyoamlcally eod Inilielized each I.me .h. procedure I, 
.nvoked. The local dala feature ,Iso ,Uows che use of 
recurliYfl procedures. 

One procedure cao call aoother end pass paremetll'S by 
VIIlue or by refe.el1(:e. The called procedure cao opiionaily 
retu.n . VIIlue through ilS name. 

All procedure code il compiled al r'-i!otranl .nd, lher.
fore, non-modihabl.. ThIS permits code 10 be shared by 
many different 1.1$8111 I""eby minimizing lhe emoool 01 
memory reQUlfed for mult.pleeppliCllionl. 

DATA DECLARATIONS 

TnAL provides date Iype' lor er;thmel;c, ltrioll and 
logteal opeI'ationl. Sigoed iOleger datil can be specified with 
15 bill or 31 bill of precis.on. FI~1d cIala ila 5Caled decimal 
wi.h up 10 18 dill'IS of prec,sion. SIring data consists of one 
or more 8-bil byles. Logic.1 datil consists of 16·bit word •. 

Ditta can be declared al SImple, SIOgi. elemenlll&ms or III 
arrays {multipl, elemenl1!. In lIddihon a variable cen be 
declared lIS a polnler vo'ieble to facllil&lI jodiroct eddressing 

Type lunclions ere en Inlegral part of TAL end provide 
lhe ab.lity to convert from one clata type to aoother . Type 
funclions are elso ava ilable 10 determio, if strioll clale 
represenn ASCII NUMERIC, ALPHA or SPECIALllillues. 

TANDEM 
APPLICATION 
LANGUAGE 

SPECIAL FEATURES 

Special string manipulation constructS are availoble to 
lacilltale efficient process.ng of IranMelion dala. Included 
8r1 SCAN, MOVE aoo COMPARE ming operallons. 

Da" can be oddressed at Iha bit lavel. If desirabla. 
OperaTions .xill In TAL 10 perform bit deposil , bit 'KtrIC
lioo. aflthmatic d11!ting and logical d1illing. 

I/O 

All I/ O 1$ performed via calli to operating $Vllem 
Pl'ocecIural. Procedures e~ilt 10 open.nd close liles, relld and 
wrlta data , perform coolrol functloflS, cruta end purge liles , 
lock ' 00 uolock hili, end perfOlm " wilt" or " nOWllIt" 1/0. 
EX\DIlSiYfl error chackinllis provided by the Fil, Systam and 
aHor codes ... e returned to the calilng procedure for 
inSplCtion. 

TAL CONSTRUCTS 

'"-~ 

eIGH_ 

" ......... ". 
''''''''''''" 

iOTO __ , 

CALL ... __ ,( ........... ' ..... 1 

I!ETUA~ ( .. ,' .... ~ 

"e_to. " n.E .. ... '_' (EUI ... _,1 
CAS(._. or BE!;'OII 

...,-,~ 

OTHER Wl5t , .. '_, 

£ 011 0-

HIA __ .... ,,_lO'''''''I.V ..... 'oo ... _ , 
WH.LE _ . " 00 , .. ,...-" 00 __ uoonL __ I>, 

S"'", _""" MlOn 

-''''''' j 

!WItlH I 
Utl Tl L 

, .. t'C!wt I 'OIi<ltl 

The titling on the ne~1 plge Ihows .limple TAL prOQrIlTl 
Including GLOBAL eoo LOCAL data cleclarlll;oni aoo a p'o
cedu'a block. Also il1(:luded is the ~labI. milp and proce
dura map which are used wheo debuggIng Ihe progrem 
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TANDEM 
COBOL 

FEATURES 

• Conforms to ANSI COBOL X3.23·1974 

• Full compatibility with ENSCR IBE fi le structures 

• Runs in mixed language environment with T/TA L 

• Includes Tandem Extension for NonStop(TM) 
Programming 

INTROOUCTION 

Tandem/COBOL runs on the Tandem T16 
Computer System - the only multi· processor 
system designed for NonStop. transaction
oriented, data base applications. Tandeml 
COBOL utilizes all the capabilities of 
Tandem's GUARDIAN Operating System and 
ENSCRIBE Data Base Record Manager -
software designed to keep the system up and 
running while maintaining the integrity of the 
on-line data base. Thus Tandem/ COBOL is 
compatible with programs written in TITAL, 
Tandem's high level language for transaction 
processing, and is capable of running in a 
multi-language environment. 

GUARDIAN features handled by Tandeml 
COBOL include; 

• NonStop Operation 
• Shared. Re-entrant Code 
• Virtual Memory System 
• Geographic Independence of I/ O Devices 
• Checkpoint/ Checkmonitor Facilities 

ENSCRIBE features handled by Tandem/ 
COBOL include; 

• Key-sequenced, Entry-sequenced and 
Relative file structures 

• Logical file size to 4 BILLION bytes 
• One primary and up to 31 alternate keys 
• Optional mirror data base recording 

LEVE L OF SUPPORT 

NUClEUS -level 2 

The nucleus gives a basic language for the 
internal processing of data within the four 
divisions of a program. Qualification, punc
tuation characters, data-name formation, 
connectives, and figurative constants are 
supported as well as ACCEPT, ADD. ALTER. 
COMPUTE, DISPLAY, DIVIDE, EXIT, GO, 
IF, INSPECT, MOVE, MULTIPLY, PER
FORM, STOP, STRING, SUBTRACT, and 
UNSTR I NG statements. 

Extensions to the language include the 
ability to call TITAL procedures via the 
ENTER verb. 

TABLE HANOLI NG - Levd 2 

Table Handling lets you de fine three 
dimensional fixed length tables of contiguous 
data items. Each item is accessed relative to 
its position in the table. Each item may be 
identified through use of a subscript or an 
index. This level also provides series options 
and the ability to vary the contents of indices 
by an increment or decrement. Table handling 
includes the use of the SET and SEARCH 
statements. 

SEQUENTIAL 1-0 - Level 2 

Sequential 1-0 reads records of a file one 
after the other, in the order they were 
written. Memory areas among files are shared, 
and the full facilities for the FILE· 
CONTROL, I-O-CONTROL, and FD entries 
are included. Within the Procedure Division, 
CLOSE, OPEN, READ, REWRITE, USE, and 
WRITE are recognized. 

RELATIVE 1-0 - Level 2 

Relative I-a accesses records in either 
random or sequential manner. Each record in 
a relative file is uniquely identified by an 
integer value greater than zero which specifies 
the record's logical position in a fil e. It 
provides full facilities for the FI LE· 
CONTROL, I-O-CONTROL and FD entries_ 
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Within the Procedure Division it provides full 
capabi lities for t he CLOSE, DELETE, OPEN, 
REWRITE, START, USE, and WR ITE 
statements. 

INDE XED 1·0 - L.vel Z 

Indexed 1-0 accesses records in either 
random or sequential manner. Each record in 
an indexed file is identified by the value of 
one or more keys within that record. It 
provides full facilities for the FILE· 
CONTRO L, I-D-CONTRO L and FD entries. 
Within the Procedure Division it provides full 
capabilities for the CLOSE, DELETE, OPEN, 
READ, REWR ITE, START, USE, and 
WRIT E statements. 

SORT·MERGE - L ... I Z 

Sort-Merge orders one or more files of 
records, or combines two or more identically 
ordered files of records, according to a set of 
keys within each record. Optionally. you may 
apply some special processing to each of the 
individual records by input or output proce
dures using RELEASE and RETURN. This 
special processing may be applied before 
and/or aher the records are ordered by SORT 
or after the records have been combined by 
MERGE. Also. you may sort one or more 
files. or combine two or more files. one or 
more times within a given execution of a 
COBOL program. 

REPORT·WRITER - Null Level 

SEGMENTATION - Null L ... I 

Segmentation is automatic via Tandem's 
GUARDIAN Operating System. 

LIBRARY - Levell 

Text from a library is copied into the 
source program using COPY. The copied text 
is not changed. 

DEBUG - Level l 

Debug provides a basic debugging capabil· 
ity, including the ability to specify (11 selec
tive or full procedure monitoring. and (2) 
optionally compiled debugging statements. 

INTER·PROGRAM COMMUNICATION - Levell 

Inter-program Communication means a 
program can communicate with one or more 
programs using CA LL and CANCE L This 

communication is done by (11 transferring 
control from one program to another with in a 
run unit, and (2) letting both programs have 
access to the same data items. 

COMMUNICATION - Null Level 

TANDEM COBOL EXTENSIONS 

Several extensions have been added to 
Tandem/COBOL to permit use of Tandem's 
GUARDIAN Operating System. 

1. Nonstop Extensions 

For Nonstop programming in COBO L, you 
include a "?NONSTOP" line in your source 
program. STARTBACKUP and CHECK· 
POINT are the verbs that make the pro
gram nonstop. Normally STARTBACKUP 
is called once at the beginning of the 
program to set the nonstop mode. There
after the CHECKPOINT verb is used to 
pass information to the backup process at 
critical points in the processing. In a 
nonstop program, checkpoints will also 
occur automatically upon any OPEN or 
CLOSE executed after the backup is estab
lished. Both of these verbs will set the 
special register, PROGRAM·STATUS, to 
indicate the outcome of the check pointing 
operation. 

2. Extensions to the standard COBOL I/O 
facility 

Three new verbs, LOCK FILE, UN LOCK· 
FI LE, and UNLOCKRECORD, have been 
introduced to allow the use of the corre· 
sponding system file and record locking 
routines. This addition allows separate 
processes to share a common data base. 
READ and REWRITE verbs have been 
extended to allow the specification of a 
LOCK or UN LOCK operation. The OPEN 
syntax has been extended to specify the 
file access, EXCLUSIVE, SHARED or 
PROTECTED, and to permit the 
SYNCDEPTH for files opened in the OUT· 
PUT, 1·0 or EXTE ND mode. 

3. Calling TAL procedures 

The ENTER verb has been modified to call 
TAL procedures. This lets you access any 
TAL system external or your object library 
routines. These object library routines are 
assigned to the COBO L run unit at compile 
t ime. 

/ 
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DIMENSION M (1 0,20) 
READ 100, I, J , K 
DO 200, IS = I, 10 
DO 200, JS = J, 20 

200 M (IS, JS) = K 
IF (I .EO. J) GO TO 300 

• Conforms to full language specifications of ANSI 
FORTRAN. X3 .9·1977 

• Full use of all ENSCRIBE facilities including 
multi·key access and locking 

• RECORD Structures for OOl compatibility 

• Extensions for NonStop(tm) Programming 

• Facilities for Interprocess Communications 

• Support of Floating Point Arithmetic 

INTROOUCTION 

Tandem FORT RAN runs on the Tandem T16 
Computer System - the only multi-processor 
architecture designed for NonStop. t ransaction' 
oriented, data base applications. Tandem FORTRAN 
utilizes all the facilities of the GUARD IAN Operating 
System including Non-Stop operation, re-entrant 
code, interprocess communications, virtual memory. 
and ENSCR IBE data base facilities for keyed. rei. 
tive, and sequential access, multi·key data paths. and 
concurrent record access. Tandem FOR TRAN is 
capable of running in a multi·language environment. 

LEVEL OF SUPPORT 

Tandem FORTRAN conforms to the specifica· 
tlons described in the American National Standards 
Institute for Programming Languages - FORTRAN. 
X3.9-1977. 

Data Types 

Six data types are supported; IN T EGER. REAL. 
DOUBLE PREC ISION. COMPLEX. LOG ICA L and 
CHARACTER. In addition data may be arranged as 
arrays or substrings. Dimensioned arrays can have up 
to seven subscripts. 

TANDEM 
FORTRAN 

Expressions 

Expression types can be arithmetic, character, 
relational or logical. Operators allowed in expressions 
include: 

Arithmetic .. (Exponentiation) 

I (Division) 
(Multiplication) 
(Subtraction) 

+ (Addition) 

Character /I (Concatena tion) 

Relational .LT. (Less Than) 

.LE. (Less Than or Equal) 

.Eo. (Equal) 

.NE. (Not Equal) 

.GT. (Grealer Than) 

.GE. (Greater Than or Equal) 

Logical .NOT. 
.ANO. 
.OR. 
.EQV. 
.NEQV. 

Specification Statements 

Support is included for DIMENSION, COMMON, 
EQUIVALENCE, IMP LI CIT, PARAMETER, 
EXTERNA L. INTRI NS IC, and SAVE statements. In 
addition, type statements are allowed lor INTEGER, 
REAL, DO UBLE PRECISION, COMP LEX. 
LOG ICAL, and CHARACTER . 

DATA Statement 

DATA Statements can be used for initialization of 
variables, arrays, array elements, and substrings. 

Assignment Statements 

There are lour kinds of A55i~ment statements: 
Arithmetic, Logical, Statement label (ASSIGN), and 
Character. 
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/ Control Statements 

Sixteen Conlfor statements are used to control the 
execution of II program. 

Unconditional GO TO 
Computed GO TO 
Assigned GO TO 
Aiilhmetlc IF 

Logical IF 
Block IF 
ELSE IF 
ELSE 
END IF 

Input/Output Statements 

DO 
CONTINUE 
STOP 
PAUSE 
END 
CAll 
RETURN 

Nine Input/Output statements are supported. 

READ 
WRITE 
PRINT 

OPEN 

CLOSE 
INQUIRE 

BACKSPACE 
ENDFILE 

REWIND 

Tandem FORTRAN utilizes the UNIT, FMT, 
REC, IOSTAT, ERR, and END control parameters 
for READ and WRITE. 

For OPEN the UNIT, IOSTAT. ERR, FILE, 
STATUS, ACCESS. FORM, RECL, and BLANK open 
parameters can be used. For CLOSE the UNIT, 
IOSTAT, ERR, and STATUS parameters can be used. 

For INQUIRE specifiers may be used for IOSTAT, 
ERR, EXIST, OPENED, NUMBER, NAMED, NAME, 
ACCESS, SEQUENTIAL, DIRECT, FORM, FOR· 
MATTED, UNFORMATTED, RECL, NEXTREC. 
and BLANK. 

For BACKSPACE, REWIND. and ENDFILE the 
UNIT. IOSTAT. and ERR specifiers can be used. 

FO AM AT Specification 

A complete range of FORMAT specifiers is avail
able. Both explicit and list·directed editing are 
allowed. Editing descriptors allowed are: 

Apostrophe 
H 
Positional 

T, Tl, and TR 

X 
51"h 
Colon 

P 
BN and BZ 
NumerIC (I, F, E, D, G) 

L 
A 
Ust·Directed 
S. SP, and SS 

Functions and Subroutines 

Four categories of procedures are SUpPOrted: 

Intrinsic Functions 
Statement Func tions 
External Functions 
Subroutines 

External functions and subroutines may be sped· "\ 
fied in either FORTRAN or other programming 
language subprograms. 

An ENTRY statement may be used to permit 
specification of the entry point into a subprogram. 

BLOCK DATA Subprogram 

Block Data subprograms are allowed for initializ· 
ing variables and array elements in named common 
blocks. 

TANDEM FORTRAN EXTENSIONS 

Several extensions have been made to FORTRAN 
77 to enhance its operation on Tandem systems. 

1. NonSto p Extensio ns 

STAATBACKUP and CHECKPOINT functions 
allow II FORTRAN program to utilize the Non· 
Stop capabilities of GUARDIAN. ST ART BACK· 
UP is called once at the beginning of a program to 
establish the nonstop mode. Thereafter CHECK· 
POINT is used to pass Critical information to the 
backup process. Olei:kpoints will automatically 
occur upon any OPEN or CLOSE after the backup 
has been created. 

2. Structures 

Structures provide the ability to define records In 

FORTRAN. The constructs RECORD and END 
RECORD are used to define record structures. The 
Data Definition Language may also be used to 
transcribe a schema into FORTRAN RECORD 
structures. 

3. ENSCAIBE Extensions 

Extensions have been made to the FORTRAN 
READ and WRITE statements to permit the full 
use of ENSCRIBE facilities. Thus it is possible 
with FORTRAN statements to access key' 
sequenced, relative, and entry·sequenced files by 
primary or up to 255 alternate keys. Provision has 
been made to allow exact, approximate or generic 
positioning into an ENSCR IBE hie struCture using 
FORTRAN. Concurrent record access is supported 
with LOCK mechanisms at either the record or file 
level. 

4. Interprocess Communications 

FORTRAN processes can communicate with one 
another or with processes written in other 
languages through the standard FORTRAN READ 

and WRITE statements. Communication to other 
processes is implemented using the interprocess 
communication facilities of the GUARDIAN 
Operating System. 
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TANDEM 
SORT 

FEATURES 

• Three modes of operation 

• Conversational 
• Via command fi les 
• Programmatic 

• Record Input and Output 

• FromlTo an External File 
• FromfTo a User Application Program 

• Support for multiple file types 

• Unstructured files 
• ENSCRIBE structured files 
• EDIT files 

• SORT keys may be; 

• Ascending or descending 
• STRING or INTEGER 
• Multiple key fields per sort 

• SORT Output can be; 

• Complete record 
• Record Sequence Numbers 
• Keys only 

INTROOUCTION 

The Tandem SORT program reorders a set 
of records according to the values of sort key 
fields defined within the records. SO RT may 
be driven by a set of commands 
conversationally. or by a text file containing 
the commands, or it may be called from your 
program. 

Records may be passed to SORT from a 
file, or sent one by one through procedure 
calls from your program. Similarly, the sorted 
set of records may be written to a file, or 
your program may call a procedure to retrieve 
the records, one per ca ll. 

Actual sorting runs as a separate process 
from the host program. Standard interface 
procedures are present in the Sort Command 
I nterpreter program or called from your 
program, which handle process creation, 
control, and communication . 

CONVERSATI ONAL MO OE 

For this mode simply type, 

:SO RT 

and wait for the prompt "<". Six commands 
are allowed: 

FROM - names the file of 
unsorted records and 
describes the records; 

TO - names the file for the 
sorted records and selects 
output options; 

ASCENDING -
DESCENDING 

RUN -

describe the location and 
attributes of the sorting 
keys within the records; 

starts the actual sort. 

EXIT - exits from the Sort 
Command Interpreter. 

Example: 

:SORT lOUT Slpl 
< FROM insort,RECORD 56 
<TO outsort 
<ASC 6:12 INTEGER 
<RUN 
< EXIT 
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COMMANO FI LE MOOE 

For this mode, use EDIT to put your sort 
commands, one to a line. in a command file 

:SORT (lIN < command file> 1 

I. OUT < list file>I/1 

SORT reads the commands from < command 
file> . When a RUN command is found. and 
the previous commands describe a valid sort, 
SORT begins. Once the SORT completes. 
< command file> is read for more commands. 
End·of-file on < command file > terminates 
SORT. 

Example: 

:SORT/ IN myfile,OUT Sip/ 

Contents of "myfile"; 

FROM datain 
TO dataout 
Ase 1:3 INTEGER 
DESe 10:16STRING 
RUN 
Ase 88:89 
FROM names 
DESe 22:35 
TO sortout 
RUN 

PROGRAM SORTS 

There are four ways to use SORT 
in your program. 

1. SORT Input from External File 
SORT Output to External File 

2. SORT Input from External File 
SORT Output to Program, one record at 
a time 

3. SORT Input from Program 
SORT Output to External File 

4. SOAT Input from Program 
SORT Output to Program, one record at 
a time. 

Five SORT Interface Procedures are 
provided. 

SORTSTART - Initiate a sort. 

SORTSEND Send input record to 
SORT 

SORTRECEIVE - Retrieve a sorted record 

SORTFINISH 

SORTERROR 

Complete the sort 

Format a SORT error 
message 

GENERAL METHOO OF OPERATION 

Two things determine how the sort 
functions internally: 

- the amount of data to be sorted, 

- the amount of memory you give. 

If the amount of data is small enough, the 
data is sorted within memory. 

In most large sorts, the memory is in
sufficient to sort all the data at once, so 
SORT splits the input data into sorted pieces 
it can handle, and puts them in a scratch file. 
Each piece is referred to as a run since the 
records in each one "run" in sequence. 

When t here is more than one run formed 
from the initial data, the sorted output is 
produced by merging the runs together. This 
method of sorting is known as "Replacement! 
Selection", 

,'-----------------------------------~/ 
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FEATURES 

• Supports 2780 and 3780 Emulation 

• Batch input from any media 
• terminal 
• magnetic tape 
• disc 
• card reader 
• another process 

• Batch output to any media 
• terminal 
• magnetic tape 
• disc 
• line printer 
• another process 

• Three Modes of Operation 
• Conversational 
• Command File 
• Programmatic 

• File transfer ability between Tandem Systems 

• NonStop Operation 0 ptional 

INTRODUCTION 

EXCHANGE is a Tandem Subsystem designed to 
allow a Tandem SYSiem to emulate the functioos of a 
2780 or 3780 remote batch workSlation. Input and 
output can be fromlto any media supported by the 
Tandem System including disc, magnetic tape, 
terminals, card readers, line printers, and other 
processes. Commands to define the input. list and 
punch files, and characteristics about the connection 
can be accepted conversationally from a terminal, 
from a Command File, or programmatically from 
another process. 

General capabilities of EXCHANGE include trans
mining and receiving in ASCII or EBCDIC, accepting 
horizontal tab codes, accePting vertical forms control 
codes, transmitting or receiving EBCDIC transparent 
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data, short record truncatiOn, blank field com
pression, transmitting and receiving blocked data link 
messages, and generation of WACK and TTD control 
codes when temporarily unable to transmit or receive. 

Another useful feature IS the ability to transfer 
files between two workstations. An EXCHANGE 
subsystem on one Tandem can perform remote file 
transfers 10 another Tandem which is also running the 
EXCHANGE subsystem. 

EXCHANGE, at the user option, may be run in a 
NonStop mode. 

EXCHANGE STRUCTURE 

EXCHANGE is composed of two program 
modules; a Server Process and a Command 
Interpreter. 

The Server has all data link handling responsibility 
and responds to requests to send or accept data 
to/from a remote system. The Server is typically run 
in con/unction with the Command Interpreter but 
can be called directly from an application process. 
Send and receive data and initial connection paramo 
eters are passed to the Server. The Server handles all 
message assembly/disassembly, blank compression/ 
decompression, horizontal tab expansion, record 
truncation, and character set translation. The Server 
accepts and delivers data on a rccord·by·record basis. 

The Command Interpreter provides a conversa
tional interlace to the operator. Commands are 
entered to control the connection type, specify the 
receive file names and parameters, and identify the 
files to be sent. 
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EXCHANGE COMMAND INTERPRETER 

The EXCHANGE Command Interpreter allows the 
user to send or receive files by entering commands at 
a terminal or through II command file. Commands 
which can be entered are: 

CONNECT - defines remote terminal connection 

SEND - defines file to be sent 

RECEIVE - defines the receiving file 

ABORT - stops any transfer in progress 

DISCONNECT - ends connection to host 

EXIT - exits from EXCHANGE Command 
Interpreter 

STATUS - displays line status and statistiCS 

PROGRAMMATIC INTERFACE 

A user process may directly interface to the 
EXCHANGE Server. The required steps in the appli
cation process 8(e: 

1. Open an interprocess file to the Server. 

2. Establish the receive tile character set via 
SETMODE. 

3. Establish II data link to the remote system via 
SETMODE. 

At this point the application may send/receive 
records via simple READ/WRITE type statements. 
Data link message formatllng is handled by the 
Server, and compressed blanks and embedded hori· 
lontal tabs are expanded. 

COMMAND INTERPRETER INTERFACE 
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NONSTOP FEATURES 

The EXCHANGE Server can be made to run Non
Stop. In the NonStop mode of operation EXCHANGE 
will : 

1. Maintain a connection between the User, the 
EXCHANGE Command Interpreter, the EX
CHANGE Server, and the Communication Data 
Link. 

2. Maintain a major state; connected, disconnected, 
connecting. 

In the NonStop mode of operation each process 
checkpoints all major state changes. This implies 
that : 

1. Connected or disconnected status is maintained 
after II failure of either process. 

2. Connection attempts are retried if a failure 
occurs during a connecl. 

3. If a failure occurs in either process SEND and 
RECEIVE commands are aborted, but the 
communication link IS maintained. 
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• EXTEND is a subset of the GUARDIAN 
Operating System that allows operation of 
the Tandem 16 system without the use of 
disc storage. The Tandem 16 computer on 
which EXTEND runs, known as the Satel · 
lite, is used in conjunction with a 
"normal" Tandem 16, known as the Host . 
The Satellite and the Host may be connec· 
ted by a data communication line. 

• The Satellite Tandem 16 may optionally 
be connected to terminals, tape drives, 
punched card readers, and so forth. How
ever, the Satellite must have an operator 
console for the purpose of logging system 
messages and reloading processor modules. 
Also, if the Satellite Tandem 16 is not 
equipped with a tape unit, it must be 
connected via a communication line to a 
normal Tandem 16 for the purpose of 
loading the Satellite's processor modules. 

SATELLITE SYSTEM HARDWARE 

A Satellite system consists of at least the 
following hardware: 

• Two or more Tandem processor modules, 
as in a normal system 

• An operator console for logging system 
messages 

The Satellite system must also have at least 
one of the following : 

• A magnetic tape unit and a magnetic tape 
controller, or 

TANDEM 
EXTEND 

SATELLITE PROCESSOR 
OPERATING SYSTEM 

• A point-to-point data communication line 
using bisync protocol , connected to a 
synchronous controller. The communica
tion line must be connected to a normal 
Tandem 16, known as the Host. 

A Satellite system may include any other 
hardware devices with the exception of discs. 

• The data communication line between the 
Satellite and the Host is a point· to-point 
line using Binary Synchronous (bisync) 
protocol. It may be switched or non
switched (leased) . It is connected at both 
the Host and Satellite ends to a 
synchronous controller. 

• During the time that the Satellite operating 
system image is being downloaded from 
the Host, the communication line must be 
dedicated to the loading operation. At 
other times, the line may be used by 
application processes. 

SATELLITE SYSTEM SOFTWARE 

SCOMINT 

Commands may be input interactively to 
the Satellite via SCOMINT, the Satellite 
Command Interpreter. SCOM INT is a 
subset of COM I NT, the Command Inter
preter that runs on a normal Tandem 16. 

SHOST 

A program called SHOST is run on the 
Host Tandem 16 for the purpose of load
ing Satellite processor modules via a com
munication line. 
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SATE LLITE COMMAN D INTERPRETER 

• The Satellite Command Interpreter, a 
subset of the Command Interpreter that 
runs on a normal Tandem 16. serves as the 
programmer's interface to the Satellite 
Tandem 16. Its purpose is to accept a 
command (from a predefined set of com· 
mands) entered from a file (usually an 
online terminal) and initiate the system 
function indicated by the definition of the 
command. 

Some of the system functions are: 

_ to display system status 

_ to run, debug, and stop programs 

_ to designate a backup cpu for the Satellite 
Command Interpreter 

_ to switch control of the Satellite Com-
mand Interpreter to its backup 

- to load processor modules 

- to set current date and time-of·day 

- to alter bus availability status 

- to debug privileged programs 

- to control the state of the system's peri· 
pheral devices 

_ An important difference between the 
normal Command I nterpreter and the Sat· 
ellite Command I nterpreter is that the 
Satellite Command Interpreter has no 
LOGON command. Instead. the user is 
always "logged on" as SUPER.SUPER . 
Any user of the Satellite system can debug 
privileged programs, reload processor 
modules. and in general perform any 
operation on the system. 

_ I n a typical system a startup Satellite 
Command Interpreter begins executing 
when the system is cold loaded. 

HOST PROCESSING 

The SHOST program is used to control the 
Host end of a Satellite reload operation. The 
normal procedure is for the Satellite operator 
to call the Host operator and verbally request 
either a cold load (all Satellite CPU's are 
down) or a reload (at least one Satellite CPU 
is up). 

The Host operator then uses SHOST to do the 
following: 

• open a communication line to the Sate ll ite 

• open a file containing a Satellite operating 
system image 

• if this is a cold load, then send a bootstrap 
over the communication line 

• wait until Satellite operator is done reload
ing all CPU's 

• exit from SHOST 

LOADI NG THE SATELLITE 

• Depending on whether or not the Satellite 
is equipped with a tape unit, different 
procedures must be followed when per
forming a cold load or a reload of the 
system. If the system has a tape unit, then 
the memory image tape generated by the 
SYSGEN program is used to load the 
system at the Satellite site. If the Satellite 
does not have a tape unit, then the 
operating system image must be sent over 
the bisync communication line. Sending a 
processor image across a communication 
line is known as "downloading" the proc· 
essor module. Downloading Satellite proc· 
essor modules requires the cooperation of 
an operator at the Host site, who must 
establish the communication line and (if a 
cold load is required) send the bootstrap. 

SYSTEM GENERATION 

_ The SYSGEN program is used to generate 
an operating system for a Satellite Tandem 
16. Input to SYSGEN is a set of files: a 
configuration file and several object code 
files containing operating system processes, 
library routines, and (optional) user library 
routines. The output of SYSGEN is a fully 
configured operating system. 

_ The configuration file specifies informa
tion such as the number of processors in 
the system, the memory size of each 
processor module, the 1/0 devices config
ured into the system, and so forth. In 
addition, the configuration file used to 
generate a Satellite operating system con· 
tains a Program Definition Table, which 
contains the name and process number of 
each program that is to be run on the 
system. 
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TANDEM 
UNIVERSAL INTERFACE 

FEATURES 

• Provides 8/16 line parallel interface 

• Operates half-du plex, bi-directional at up to 4 
MBytes/sec 

• Uses both TTL and Differentiatl ogic 

• Contains dual·channel connected logic for 

device data path is program contro lled. such 
that a device with a one byte wide data path 
can have additional control signals sent to it 
on the remaining eight data lines. For 
example, some terminals have a one byte data 
path but require 12 bits for cursor add ressing. 

fault-tolerant operations DATA TRANSFER 

INTROOUCTION 

The T16/3401 Universal Interface fUll 
provides the abi li ty to interface custom 
equipment to the T16 Computer System. The 
UI is capable of attaching two devices that 
have 8 or 16 line parallel data interfaces to 
the Tandem 16 Computer. The Universal 
Interface (UI) provides a device data path that 
is buffered (16 words deep), bi-directional, 
and capable of operating in half·duplex mode 
at a sustained data transfer rate of up to 4 
Mbyte per second (depending on the channel 
configu ration) . It interfaces to one device 
over positive or ground true TTL lines for 
short distances (up to 25 h) and to the 
second device over differential lines for longer 
distances (up to 500 tt). The data path 
between either or both of the two devices and 
the UI can be either one byte (8 bits) or one 
word (16 bits) wide. 

Configuration of the UI is accomplished by 
software and by configuration jumpers in the 
connector hood. 

OATA PATH 

The UI can be used to interface both input 
and output devices requiring a data path 
width of either one byte (8 bits) or one word 
(16 bits) in half-duplex mode. Data is 
transferred between the UI and the channel in 
bursts consisting of several words. For input 
or output devices that operate in word mode, 
the UI passes data words directly to and from 
the device on the DATA 0: 15 interface lines 
(Figure 1). For output devices that operate 
in byte mode, the UI disassembles data words 
from the channel and transfers data bytes to 
the device. For input devices that operate in 
byte mode, the UI assembles data bytes from 
the device and transfers data words to the 
channel. In byte mode, data is transferred to 
and from the device on the DATA 8:15 
interface lines (Figure 1). The width of the 

Data transferred between the UI and a 
device may be strobed in a handshake 
sequence or pulsed without a handshake. In 
Handshake Mode, the device response can 
either lead or follow the UI data strobe. In 
Pulse Mode, the U I data strobe is used to 
pulse data to the device on write operations 
with no response from the device, while for 
read operations, the device response is used to 
pulse data to the UI with no response from 
the UI. 

OATA PARITY 

Odd parity is generated and checked for 
each data word that is transferred between 
the channel and the UI. The parity that exists 
between the UI and each device is defined by 
configuration jumpers in the connector hood. 
The jumpers select odd, even or no parity. 

OATA TRANSFER TERMINATION 

A data transfer sequence between a device 
and the I/O channel is initiated with an EIO 
instruction executed by the CPU program. 
When a specified number of bytes have been 
transferred, the sequence is terminated in one 
of three ways: 1) by the I/O channel. 2) by 
the device, or 3) by the UI. 

UI STROBES 

The VI is capable of transmitting up to six 
strobe signals to a device, one of which is the 
Data Strobe. The other five strobes can be 
transmitted individually or in combinations 
under program control. 

Two strobe signals are provided that can be 
pulsed before and after data transfer. The 
"before" strobe (Strobe 4) is 1 J1s in duration 
and the "after" strobe (Strobe 5) is lOps in 
duration. 
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Two strobe signals (Strobe 2 and Strobe 3) 
can be held active during the entire data 
transfer. 

One strobe signal (Strobe 1) can be gated 
during data transfer by an external trigger 
from the device. 

In a ground-true TIL interface. Strobes 1 
through 5 can be wired together in the 
connector hood in any combination to "or" 
their respective functions. 

UI STATUS 

Device status is presented to the Ulan 
eight (8) interface lines, STATUS 8:15. These 
signal lines can be jumpered to the ST ATRES 
0: 8 pins in the connector hood to form the 
desired status results. 

Cont roller (UI) and device status words are 
transferred to the CPU program in the CPU's 
register stack in response to EIO, ItO and 
Hila instructions. 

UI DEVICE ADDRESSING 

All devices attached to a processor 1/0 
channel are assigned unique Physical Unit 
Addresses. The Physical Unit Address is 8 bits 
in length and consists of a 5 bit Controller 
Number and a 3 bit Unit Number. The 
Controller Number is defined by switches on 
the UI board; Unit Number 0 is the device 
attached to the TTL interface and Unit 
Number 1 is the device attached to the 
differential interface. 

UI COMMANDS 

Commands are issued to the Ul by 
executing E I 0 (Execute Input/Output) 
instructions in the CPU program. The Ul 
command set is comprised of the fol lowing 
commands: 

- SENSE 
- TAKE OWNERSHIP 
- OISABLE PORT 

- SET COUNT 
- READ 
- WRITE 

< DATA 0,15, P ) 
DATA STROBE 

STROBE I 

STROBE 2 

STROBE 3 

STROBE 4 

STROBE 5 

UI DEVICE 

< STATUS B,15 

J 
< STATRES 0,8 

RESPONSE IN 

EXT TRIG IN 

CON lOOP OUT 

CON lOOP IN 

Figure 1. UI/Device Interface 
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• Field Proven Disc Drives for Transaction·oriented 
Systems 

• High Capacity 

• High Performance 

• Dua)·Ported Disc Drives for Datu Integrity 

• Reliable Servo Track Positioning for Accuracy 

• Intelligent, microprogrammed DiSt Controller 

• ComjlClct, Stand-illone Packaging 

SUBSYSTEM CONFIGURATION 

The Tandem Dual·port Disc Subsystem provides 
high capacity. high performance. high availability and 
high data integrity for on·line. transaction·oriented 
systems. When used on the Tandem NonStop (1m) 
Computer System these disc subsystems provide the 
most cost effective solution for transaction·oriented 
applications where data integritY is of paramount 
importance. 

The Model T16/3105 Disc Controller provides a 
high degree of flexibility and expandability. The disc 
controller is actually an intelligent. "backend" disc 
processor capable of supporting up to eight disc 
drives per controller. Because the controller is micro
programmed a wide variety of disc technologies and 
data base functions can be supported. 

The T16/3 105 Disc Controller connects to two (2) 
I/O channels simultaneously and may be powered 
from either processor in the event of a single 
processor failure. Thus. high availability is insured to 
the controller. 

TANDEM 
DUAL-PORT 

DISC SUBSYSTEMS 

The T16/41 03. T16/4104 and T16/4105 Disc 
Drives provide high capacity and performance 
through the use of new disc technologies. In addition 
high availability and data integrity are provided 
through dual-port connections. Each disc drive can 
connect to tWO (2) controllers simultaneously. 

T16/l1DS DISC CONTROLLER 

The T16/3105 Disc Controller is used to interface 
up to eight disc drives consisting of any mix of 
T16 /4103, T16/4104 or Tl6/4105 Disc Drives. The 
controller provides high availability to the drives 
through iu dual-channel connection pioneered by 
Tandem in its other controllers. 

Significant features of the controller include: 

(1) Dual-channel connection 

(2) 4K RAM Buffer for buffering logical records 

(3) Dual recording or the ability to transfer the 
buffer to one Of more disc units without 
having to ","transmit on the 110 bus 

(4) Support for dual·access disc drives 

(5) Read without I/O transfer Yohich allows one 
disc to be copied to another without involv· 
ing the I/O bus 

The disc controller can be configured so that two 
controllers are connected to the same disc unit. Up to 
eight drives can be daisy-chained on one controller. 
With the dual· ported disc option daisy·chain failures 
will not cause a loss of the data base, a loss of data 
base integrity, or a loss of an access path to the data 
base. 
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T16/410J, 4104 AND 4105 DISC DRIVES 

The T16 /4103. 4104 and 4105 are stand-alone 
disc drives using the latest in disc technologies to 
provide h i~ capacity and performance. 

The T16/4103 uses 3330 technology to provide a 
storage capacity of 160M bytes per pack (forma ned). 
Performance data includes an average access time of 
28 rm, average latency of 8.35 ms, and a data transfer 
rate of BOOK bytes/secood. Data is recorded on an 
eleven-high pack. Servo tracking insures accuracy of 
track follow ing. 

The T16/4104 uses SMD technology to provide a 
storage capacity of 240M bytes per pack (formatted). 
Performance data includes an average access time of 
28 ms, average latency of 8.35 m'i, and a data transfer 
rate of 1.2M bytes/ second. Data is recorded on sn 
eleven-high pack. Servo tracking insures accuracy of 
Irack following. 

SPECIF ICATIONS 

RECORDING CAPACITY 
Capacity (Unformatted) 
Capacity (Formatted) 
Recording Mode 
Recording Density 
Tracks per Surface 
Tracks per Inch 
Dlta Surfaces 
Servo Surfaces 

T16/4103 

200M Bytes 
160M Bytes 
MFM 
4040 BPI 
808 + 7 alt 
384 
19 

The T16/4105 uses SMD technology to provide a 
storage capacity of 64M bytes per pack (formatted). 

Performance data includes an average access time of 
30 ms, average latency of 8.35 ms, and a data transfer 
rate of 1.2M bytes/ second. Data is recorded on a 
five-high pack. Servo tracking insures accuracy of 
track following. 

Each of the drives has an option of being 
dual-ported, the abil ity to connect to two (2) 
T16/3105 Disc Controllers simultaneously. If a disc 
controller or the daisy-chain should fail, the other 
controller connection will insure access to the data 
b .... 

Each drive uses a tinear DC motor (voice coil) for 
accurate and high speed seeking. Reliable TTL and 
ECl circuits are used throughout. 

T16/41 04 

300M Bytes 
240M Bytes 
MFM 
6060 BPI 
808 + 7 alt 
384 
19 
1 

T16/4105 

80M Bytes 
64M Bytes 
MFM 
60388PI 
808 + 15alt 
384 
5 

PROCESSING SPEED 
Dlta Transfer Rate 
Spindle Speed 
latency (Illeraga) 

806K Bytes/Sec 
3600 RPM 

102M Bytes/Sec 
3600 RPM 

1.2M 8ytes/Sec 
3600 RPM 

ACCESS SPEEDS 
Minimum (one track ) 
Average 
Maximum 

DISC PACKS 
(all packs must be 
flag free ) 

PHYSICAL 
Dimensions (0 x W x H) 
Weight 

8.35 ms 

lOms 
28ms 
55ms 

3M 936/ 11 
CDC 9882 
Memorex Mark XI 
Oysan 

34x19x38 
4651bs 

8.35 ms 

10 ml 
28 ms 
55 ms 

Dysan (300MB) 

34x 19x38 
4651bs 

8.35 ms 

6 m. 
30 ms 
55 ms 

C~C 9877 

34x 19x34 
2431bs 

ELECTRICAL 
Voltage 

Ph .... 
Operating Amps 

208V , 60 Hz 
220/24QV, 50 Hz 
Three 

208V , 60 Hz 
2201240V, 50 Hz 
Three 

120V, 60 Hz 
2201240V, 50 Hz 
Single 

6.4 6.4 8.2 

ENVIRONMENTAL 
Temperature (operating) 60- 90 F 60- 90 F 59- 90 F 
Humidity (operating) 20- 80% 20- 80% 20- 80% 
Heat Dissipation 5800 BTU/hr 5800 BTU/hr 1800 BTUthr 
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• Tough, Service-Engineered Disc Drives for Critical 
NonStop TM Real Time Transaction-Oriented 
Applications 

• low,Cost High Performance Medium- to High
Capacity (10 to 50 Megabytes) Disc Drives 
with Proven Dependability. System Versatility 
and Modular Maintainability 

• Economical High-Speed Reliability with Ad· 
vanced Hybrid and CMOS Technology 

• Fast Data Transfer Rate (312K Bytes/Second) 
for Efficient and Economical Data Processing 

• Wide Choice of Optional Features to Facilitate 
NonStop TM System Configuration or Expansion 
in the Field. 

SUBSYSTEM CONFIGURATION 

The Tandem Disc Subsystems were particularly 
selected to provide low-cost, high reliability, high 
data capacity, fast data transfer and easy as well as 
economical maintainability. All these parameters are 
crucial to the exacting requirements of a non-stop 
transaction-oriented environment. 

A standard Disc Subsystem consists of a Disc 
Controller and one or more Moving Head Disc Drives. 
The Controller features two independent 1/0 Channel 
ports and may be powered from either system 
processor in the event of a single processor failure. In 
addition, a disc failure cannot corrupt the system 
processor's memory since the addreu and count 
words are held in the I/O processor - not the disc 
controller. 

TANDEM 
SINGLE - PORT 

DISC SUBSYSTEMS 

The Mociel T16 f4101 is a 10MB capacity drive 
using moving heads while the Model T16/4102 is a 
50MB capacity drive using moving heads. The Model 
T16/3101 Disc Controller can accommodate 1 to 4 
disc drives in any mix of T16/4101 and T16/4102 
Disc Drive configurations. Each drive connected to 
the controller has its own signal and data cable. No 
daisy chain is used. 

MODEl T16/4101 DISC DRIVE 

The T16/4101 Disc Drive is a low-cost, 
medium capacity (lOM Byte) disc drive featuring 
a 312KB transfer rate, high-speed random-access 
and pedestal-mounted cartridge disc drive. The 

unit is comprised of one fixed platter of 5MB and one 
removable top-loading platter of 5MB with average 
seek and latency times of 35 and 12.5 milliseconds, 
respectively. This rugged unit also features: a service
oriented modular design which eliminates all field 
adjustments, and an automatic cleaning system which 
purges and cleans the disc area to reduce costly 
preventive maintenance. 

MODEL T16/4102 DISC DRIVE 

The Model T16/4102 Disc Drive IS a 
moderately-priced, high-capacity (5OM Bytes) disc 
drive ideally suited for large data bases. This 
high-pe rformance unit is a random-access, 
pedestal-mounted disc pack drive and is directly 
I/O interchangeable with the Model T16/4101 
cartridge disc drive (described above) when the 
Model T16/3102 Controller is installed. The unit 
uses CDC R 9873 Disk Packs, or equivalent, for 
the storage and retrieval of data. Each removable 
pack contains 11 discs. Average seek time Is 35 ms. 
Average latency is 12.5 ms. The transfer rate is 
312KB. 
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SPECIF ICATIONS 

MODEL 
PARAMETER 

4101 4102 

RECORDING CAPACITY 

Capacity (MlllIimum ~I". forlTllnltdl 10MB 50MB 

Rec:ordll'lg Mode Doubl, Freq. Double Freq. 
Recording Density (BPI - Nom,"81) 2200 2200 
Tracks p..,. Surface (Maximum) 408 40. 

PROCESSING SPEED 

Oata Transfer Rile (K Bytes/Second] 312 312 
Spindle Speed (RPMI 2400 2400 

ACCESS TIME (Direct Seek) 

full Stroke (M,U'\econds) 00 70 
Ave~ IMdh~nckl 35 35 
One-TrICk (M,lh\ecoodsl 7 10 

DISC CARTRIDGE/PACK 

Number of O~CS 1 11 

lJsIble SUffices 2 20 
PKk TV!» 5440equi .... 2314-2 equlv. 

MODEL 

PARAMETER 
4101 4102 

RECORDING HEADS 4 20 

PHYSICAL: 

Dimension, I L II WitH Inchesl 29-3/4)< 18·1121134 32·1/2 II 27-1/2 x 38 
Weight (Poundsl 252 700 

ELECTRICAL: 

Volage 1 2 

Fr~ IHzl O.te 
50 tl 0 50 11.0 
6011.0 60 :1.0 

Power RIling l()penIting AMPsl 4 .• 5.0 
Power Alling (Sural AMPS) 9.2 "'.0 

ENVIRONMENTAL: 

()per"lng TlrfTlperllure (" FI 00-90 60-90 
()pere!!"" Humidity (Non-Conden,mgJ 10-90% 10 - &nIo 

NonoOperaling Temperature (" FI -30 to 150 -30 10 150 
Non-Opeflling Humidity (Non-COndamlng) 5-95'" 5-95'" 

Notes: (!) 
o 

Intl!9f1l1 100 - 2SO VAC.t 1 ~" 50 or 60 Hz (Smtldlirdl, lingle phew or two p"-w. 

lOB VAC t 10% at 60 Hz or 220 VAC t1 en. at 50 Hz (Standard\. 200, 230, 240, or 
250 VAC J I O'JI. at 50 Of 60 Hz IOptiol'l8ll, three phase. 
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• Ultra-Reliable, Multiple-Speed (45. 75 or 125 IPS) 
Tape Drives for Critical NonStop TM 
Transaction-Oriented Applications 

• NRZI (800 8PI) and/or PE (1600 BPI) Record;ng 
Format and ANSI/ ECMA Format Compatibility 

• IBM g-track Compatible with Vertical Parity 
Generation and Check, longitudinal Parity 
Generation and Check. CRCe Generation, Write 
Echo and Over-Write 

• Time-Saving Performance with Speedy local or 
Remote Fast-Forward (150 IPS), Rewind (300 
IPS) and Unload Modes 

• Economical Maintainability with Modular Design, 
htensive Diagnosti~ and Self-Contained 
Diagnostic Module for Off-line Testing 

SUBSYSTEM CONFIGURATION 

Tandem's MagnetiC Tape Subsystem provides 
the economy, reliabitity. and performance 
e)Cpected in a noo.stop computer system. With 
fewer parts, front-end access and superior speci
f ications, no other tape drive is easier to 
maintain_ The standard unit features electronic 
write deskew electronics, with forward and 
reverse read deskew, as well as a unique tension 
arm sensor which eliminates all conventional 
tamps, photocells and rheostats_ In summary, this 
rugged unit has been human-engineered to reduce 
operational system overhead and cut service costs. 

A basic Magnetic Tape Subsystem consists alone 
or two Model T16/S101 or T16/S103 Magnetic Tape 
Drives and a Model T16/3201 or T16/3202 Ma!J'letic 
Tape Controtler_ The standard tape unit is a 4S ips, 
9-track, PE 1600 BPI or NRZI 800 BPI drive with 

TANDEM 
MAGNETIC TAPE 

SUBSYSTEMS 

read-after-write and power-fail/auto-restan elec
tronics_ The dual-port Controller handles up to two 
independently connected tape: drives without the 
conventional requirement for daisy-chaining. In the 
event of a single processor fa ilure, the dual-port 
Controller is powered f'rom the second processor, 
Similarly, a faulty tape drive cannot corrupt a 
processor since the address and count words are held 
in the I/O processor - not the tape controller, 

MODEL T16/5101 TAPE DRIVE 

The Model T16/51Ql Magnetic Tape Drive is a 
moderately-priced, medium-speed 145 ips) direct
drive unit which accommodates 10-112-inch reels, 
8- 112-inch reels or mini reels_ The drive is fully 
compatible with IBM 9-track formats, Recording is 
NRZI at 800 BPI. 

TRANSPORT - The tape drive is mounted on 
a precision casting which provides a completely 
rigid drive structure to eliminate shimming. A 
unique reel drive sensor precisely positions the 
buffer area and eliminates many parts so that 
there is virtually nothing to wear out. The head gate 
and buffer arms retract automatically to simplify tape 
threading. Unloading is completely automatic_ A 
single REWIND/UNLOAD command causes the tape 
to rewind to loadpoint and unload after loadpoint_ 

MODEL T16/5103 TAPE DRIVE 

The Model Tl6/S1D3 Magnetic Tape Drive is a 
moderately-priced. medium speed 145 ips) direct 
drive unit which can accommodate 10-112, 8-1 /2 or 
6- 1/2 inch reels of 1/2" tape_ The drive is fully 
compatible with IBM 9-track formats_ Recording 
mode is dual-density, 800 BPI NAZI or 1600 BPI PE, 
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switch selectable. The transport mechanism is 
identical to the T16/5101. 

MODEL T16/ 3202 MAGNETIC TAPE 
CONTROLLER 

MODEL T16/3201 MAGNETIC TAPE 
CONTROLLER 

The Model T 16/3201 Magnetic Tape: Controller 
provides for a maximum two tape transports. Each 
transport may be run at 800 BPI (N AZI). Tape speed 
selection is .... ailable at 45. 75 or 125 IPS. NRZI 
recording mode conforms to American National 
Standards (ANSI X3.22·1973) for 800 BPI. 

The Model T16/3102 Magnetic Tape Controller 
provides for a maximum two tape transports. Each 
transport may be run at 800 BPI (NAZI) or 1600 BPI 
(PEl. Tape speed selection is available at 45, 75 or 
125 IPS. NRZI recording mode conforms to 
American National Standards (ANSI X3.22-1973) for 
800 BPI. Phase Encoded (PEl recording conforms to 
American National Standards (ANSI X3.39-1973J for 
1600 BPI. 

SPECIFI CATIONS (T16/5101 and T16/5103) 

Controls and indicators 

Power input 

Operat ing environment 

Features 

Power On, Forward/ Load, Reverse, 
Rewind/ Unload, Fast Forward, 
Dens ity, On line, Stop/ Reset, 
Load Point, High Density, File 
Protect, Not Ready, Local, On·Lme 

Voltage : 100·250 VAC :t 10% 
With transformer taps, 48 to 
63 Hz, 430 watts maximum 
smgle phase 

Ambient temperature : 2° to 55°C 
(transport without tape) 

Relatlw humidity: 20% to 95% 
(non-condensing) 

Vertical parity check 

Vertical parity generate 

Write echo 

Longitudinal parity'check 

Longitudinal character generation 

Cydic redundancy check 
character generation 

Phase Encode electronics or NRZI electronics
Vertical parity generation and check ; longitudinal 
parity generation and check; CRCC generation, 
check and correction; and correction of single
track errors during reread operations. 

Ouick release hold-down knob 
for lower reel assembly. 
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• Economical Medium to High-Speed (300 to 1500 
Ipm) Field-Proven Performance 

• Wide Selection of Vertical and Horizontal Form 
Formats 

• Versatile ASCII or OCR Compatible Character 
Sets (64 or 96 Characters in 132 columns) 

• Rugged Solid -State Reliability and Easy 
Modularized Maintainability with Self·Contained 
Service Aids 

SUBSYSTEM CONFIGURATION 

The Tandem Lineprinter Subsystems were 
especially selected to offer the user a wide choice in 
price/performance trade-efts to meet individual 
transaction-oriented application needs. The standard 
subsystems consist of one or more Series T16/5500 
Lineprinters and a Model T16/3302 Lineprinter 
Controller. The controller incorporates Tandem's 
NonStop TM feature of two independent I/O ports. In 
the event of a single processor failure, the controller 
automatically switches oYer to the second processor. 
In addition, a Lineprinter failure cannot corrupt a 
processor since the critical control parameters are 
held in the I/O processor - not the Lineprinter 
Controller. 

The Tandem Lineprinter Subsystems were human
engineered to provide easy on-line non·stop main
tenance and expandability in the field. The rugged 

TANDEM 

LINEPRINTER 
SUBSYSTEMS 

modularity concept employed ensures that these 
subsYSIems perform their function with a minimum 
of preventive and/or corrective maintenance 
downtime. 

MODEL T16/5502 LINEPRINTER 

The Model T16/ 5502 Lineprinter is a 
medium-priced, low-speed (300 Ipm) drum unit 
featuring a 12-channel Vertical Format Unit 
(VFU). The VFU utilJzes 18M-compatible carriage 
tapes. The unit provides 132 columns of either 
64 or 96 (optional) ASCII characters with a 
spacing of 10 characters/ inch horizontally and 6 
or 8 lines/ inch vertically. OPtionally, the unit 
features OCR character set with appropriate 
fonts. For service and maintenance, an optional 
self·test code generator is also available. This unit 
accepts up to 6-part fanfold edge-punched forms 
4 to 16.75 inches wide. 

MODEL T1615503 LINEPRINTER 

The Model T16/5503 Lineprinter is a low
priced, medium speed (600 Ipm) drum unit 
incorporating the same features as the Model 
T16/5502 described above. The minimum printing 
rate is maintained at 436 Ipm even when the 
optional 96 character set is incorporated. 
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MODEL T16/5504 LINEPRINTER 

The Model T16 / 5504 Lineprinter is 8 
moderately-priced. medium-speed (900 Ipm) drum 
unit identical to the Model T16/5502 described 
above. This rugged, compact unit also accepts up 
to 6-part forms. 

MODEL T16/5505 LINEPRINTER 

The Model T16/5505 Lineprinter is a high
performance. high-speed (1500 Ipm) train unit 
ideally suited for high-volume on-line transaction
oriented applications where speed and reliability are 
critical. The unit incorporates all the features of the 
Model T16/5502 and, in addition, provides a powered 
paper stacker. This unit also handles up to 6-part 
fanfold edge-punched forms 4 to 16.75 inches wide. 

OPTIONS 

MOOEL 

DESCRIPTION ''''' ''''' ''''. "", 
ASCII 9Ik:h .. KfIl1' Set YES YES YES YES 

OCR C .... U.:IB Sel YES YES YES YES 

Vata For .... ' Un;1 IIIFUI YES YES YES YES 

e .. poect TIme Met .. YES YES YES YES 

StltTnl flllU<'1 YES YES YES YES 

Slltoe E"""nMOt YES YES YES YES 

Pedes,. Mount STO STO STO STO 

Nola; <D SUndifd 

SPECI FICATIONS 

MODEL 
PARAMETER 

"'" "'" .... .... 
PHYSICAL: 

O' ........ womtLIlW,.H) 28,.33,,45 28.33.45 36.33 .. 45 2. "<18,, 46 

w""t tPaul'>dll '" '" '" BOO 

ELECTRICAL: 
VoI-.IS<ngIe Ph_ \lACI , , , no! lO'IIi 

F~IHd 
60.20 60! 2.0 60' 20 60 t 3.0 
50! 20 50' 2.0 SO ! 2.0 5O~ 10 

P_ R,Un, (WII", 525 ... B25 <JKW 

ENVIROf.lMENTAL: 
Tempa.IUft ~CI 10- 37 10- 37 10- 31 10- 43 

Hu .... odltV INon-CondemIngI "'-"'" ",-eo. "'-"'" la_11M 

PRINTING: 

T,~ O,um Drum Drum O'um 
$pted (6'1 o..KleI ~ Ipml '" 600 900 '''' Speed 196 o._ocm Se1lpml ,<0 . " ... "" Co!umno,SuondItd) ", '" ", ", 
HorllonUil S,*"", 
lo..KlerUlncN " " " " V.nu S'*'"'iI 
IL,nWlncta) .11 '" 61. '" P.., Wodthllinthes) .. - 1&.15 .. _ 16.75 .. - 16.75 .. - 18.75 

TRANSMISSION: 
coo. (Su ...... d) ASC" ASC" ASC" ASC" 

NOI': CD 100. l IS, 125, 200. 270 Of 240 • 101t0 
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TANDEM 
COMMUNICATION CONTROLLERS 

SYNCHRONOUS CONTROLLER 

FEATURES 

• Supports four lines per controller with speeds up 
to 56K Bps per tine 

• Full or Half Duplex synchronous operation 

• Automatic Generation and Detection of Block 
Check Characters with support for VRC, LRC and 
CAe16 Modes of Operation 

• Automatic Code Translation to ASCII & EBCDIC 

• Automatic Polling Capability provided bV the 
Controller for Multipoint Environments 

• OMA Access to Main Memory 

• Supports Transparency and Auto-insertion of 
" OLE" and "SYN" characters 

• Supports Bell·type 201, 203, 208 and 209 
modems 

INTROOUCTION 

The T16{6201 Synchronous Communications 
Adapter, utilizing microprogrammed technology, pro
vides a high speed, intelligent interface for synchro
nous communications environments. When used with 
Tandem's ENVOY Data Communication Manager a 
powerful, yet flexible data communications system 
can be designed with a minimum of effort. 

All input/output is directly between main memory 
and the controller, CPU processing is interrupted only 
when a transfer of a message completes or a line error 
condition is encountered. 

The controller generates and appends check char· 
acter information upon transmission and performs 
error checking upon reception. 

The controller automatically recognizes the trans· 
mission of transparent text. If the control sequence 
[OLE·STX) is encountered at the beginning of a 
message transfer, the controller enters the transparent 
text mode. In this mode, the controller will insert a 
control [OLE] character in front of a data [OLE) 
character wnen transmitting. Conversely, when receiv· 
ing transparent text, the controller will delete a 
control [OLE] character in front a data [OLE] 
character. The controller remains in the transparent 
text mode until an [ETB!, IETXI, or lEOTI control 
sequence is encountered. 

The controller's internal character code, as far as 
detecting control character sequences is concerned, is 
ASCII. The controller has the capability to translate 

ASCII code to EBCDIC code upoo transmission and 
to translate EBCDIC code to ASCII code upon 
reception. Because of this capability, application 
processes need deal only with the ASCII character 

" .. 
The polling of multipoint stations is, for the most 

part, handled by the controller. ENVOY formats a 
polling list (on behalf of the application process) lor 
the controller to use to poll the mUltipoint tributary 
stations. ENVOY then commands the controller to 
begin polling. CPU processing is interrupted only 
when a polled station responds. 

The controller has the capability to recognize if a 
line is being polled or selected. For each line, the 
controller stores the first byte of the station's polling 
address and the first byte of the station's selection 
address. Only when the line is polled or selected and 
the corresponding poll or select byte matches is CPU 
processing interrupted. 

OPERATION 

Each line can be configured dynamically for 

• Translate Enable 

• Transparent Text Capability 

• Full or Half Duplex Operation 

• Polling Address 

• Selection Address 

In addition, instructions are available to; 

• Answer/Hang Up the Phone 
Sets or Clears the modem control signal Data 
Terminal Ready (OTR). 

• Initiate Write 
Initiates a Write operation 

• Initialize Read Control 
Sets up a Read Operation which will follow an 
automatic line turnaround 

• Initiate Read 
Initiates a Read operation 

• Terminate Read 
Terminates a Read Continuou$ operation 

• Stop Polling 
Terminates auto polling for a line and 
interrupts 
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ASYNCHRONOUS CONTROLLER 

FEATURES 

• 2 to 32 asynchronous lines per controller with line 
speeds from 50 to 19.2K BIfS 

• Point-ta·Point or Mu ltipoint Modes of Operation 

• DMA Access to Main Memory on all If 0 Transfers 

• EIA (R5232) or Current loop Interfaces 

• Modem support for Bell-type 103 and 202 
(including reverse channel) 

• Each line individually programmable with respect 
to; 
• Baud Rate. 

• Character Size. 

• Computer Parity Generation. 

• Computer Parity Checking. 

• Connection Type. 

• Enable/disable Checking for Signal Characters. 

• Half-Duplex Modem Turn-around Character(s) . 

• Read Completion on ETX Character. 

• Default Transfer Mode. 

• Conversational Mode line Termination 
Character. 

• Conversational Mode Automatic linefHd on 
Input 

• Conversational Mode Backspace Type. 

• Conversational Mode Carriage Return/ line 
Feed Delay. 

• Conversational Mode Forms Control Delay. 

• Page Mode Page Termination Character. 

• Page Mode Psuedo-Polling Trigger Character. 

INTROOUCTION 

The TI6/6301 /6302 Asynchronous ControUer 
provides a flexible interface for all tYpes of asynchro
nous communications. For point-to-point applica' 
tions the standard GUA RDIAN I/O Subsystem will 
suppert any RS232 or Current Loop Terminal by 
merely confi!PJring the line in SYSGEN. Standard I/O 

calls (READ, WRITE. WRI TEREAD) provide access 
to the termina1. For multipoint applications ENVOY 
provides the abilitY to interface polling terminals such 
as Tandem's T1 6/6552 CR T Polling Terminal or T l's 
TINE T Data Entry Pads. The Asynchronous Con· 
troller is sufficiently fast to support 32 lines all 
running at 19.2K Bps. 

Both conversational and page mode terminals are 
supported Conversational terminals can specify. as a 
SYSGEN parameter, the characters which will be 
interpreted IS line termination, line cancel, backspace 
and end-of-file. Page mode terminals can specify. as a 
SYSGEN parameter, the characters which will be 
interpreted as Page Termination and Pseudo-poll 
Triggers. 

OPERATION 

Instructions are available to; 

• Initiate a Read 

• Initiate a Write 

• Initiate a Write Read 
Writes data to a terminal, then waiU for data to 
be read back from terminal 

• Setmode 
Seu or clears 
• single spacing 
• auto Ilnefeed 
• conversation/page mode 
• signal characters 
• parity checking 
• break ownership 

• access mode 
• read termination CK1 ETX 
• read termination CK1 signal character 

• Control 
Used for form control and modem connect/ 
disconnect 

TANDEM COMPUTERS, INC . • 19333 Vallee Parkway . Cupertino, Calif. 95014 • (408)996-6000 
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• High Performance Terminals for NonStop(tm) 
Transaction-Oriented Applications 

• Select from Keyboard/Printer, CATs or Receive
Only Printer 

• Asynchronous RS232 or 20mA Current loop 
Interfaces 

• CRT Speeds to 19.2K bps 
• Serial Printers Speeds to 200 cps 

• Field Proven Reliability 

SUBSYSTEM CONFIGURATIONS 

The Tandem Terminal Subsystems offer 
the user a wide selection of operational 
benefits to maximize the Non-Stop features 
of the system and minimize program develop
ment overhead. All terminals meet or exceed 
ANSI, EIA and ECMA standards in addition 
to being U L certified. A wide range of options 
are also offered to meet the individual needs 
of a customized or diversified application. 

A basic Terminal Subsystem consists of a 
Multiplexer, a System Console and up to 16 
additional terminal lines. The Multiplexer is 
comprised of a Model T16/6301 Asynchro
nous Controller and one or two Model 
T16/6302 Asynchronous Extension Inter
faces. The dual -port Controller handles up to 
32 independent communication lines for 
modem or direct-wire connection compatible 
with single- or multi-drop te rminals. One line 
is dedicated to the hard- or soft-copy system 
console_ Each Asynchronous Extension pro
vides an interface for up to 15 additional 
terminal lines. 

MOOELS T16/6603·66D4 KEYBOARO/PRINTER 
TE RMINALS 

The Models Tl S/SS03 and T1S/SS04 
terminals provide hard-copy output combined 

TANDEM 

TERMINAL SUBSYSTEMS 

with keyboard input at a low cost. Both 
models offer a 59 character keyboard, 30 
characters per second printing using a 5 X 7 
dot matrix, 132 characters per line and the 
ability to print all 96 ASCII characters while 
transmitting 128 ASCII characters. Each 
model is suitable for operator logging, error 
message logging, and operator input to the 
Tandem system. 

Both models are identical in every respect 
except interfacing. The Model T16/6603 uses 
an EIA RS232 interface while the T16/6604 
uses a 20 rnA current loop interface permit
ting hard·wired operation up to 1500 feet 
away. 

MOOELS T16/6401 ·6402 CRT TERMINALS 
The Models T1S/S401 and T1S/S402 CRT 

Terminals provide the performance and 
reliability of cathode ray tubes at less cost 
than keyboard/printer terminals. Both models 
incorporate a compact 12 inch CRT which 
displays 24 lines by 80 characters. or 1920 
characters per screen. The standard keyboard 
provides 59 keys for ease of data entry. Upper 
Case/ Lower Case may be chosen as an option. 
Transmission rates are switch selectable from 
75 to 19,200 bps. Thus display rates up to 
1920 characters per second are attainable. 

Both models are identical in every respect 
except interfacing. The Model T16/6401 uses 
an ErA RS232 interface while the T16/6402 
uses a 20mA current loop interface permitting 
hard-wired operation up to 1500 feet away. 

MODELS T16 /6511 ·6512 PAGE·MOOE CRT 
TERMINALS 

The Models T1S/S51 1 and T1S/6512 CRT 
Terminals provide increased capability over 
the T16/6401-6402 CRT Terminals by the 
use of page-mode display screens and added 
keyboard functions. Both models incorporate 
a compact 12 inch CRT which displays 24 
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/' lines by 80 characters, or 1920 characters per 
screen. The standard screen provides the 
ability to define protected and data entry 
fie lds for page.mode operation. The standard 
keyboard provides 68 keys for ease of data 
entry, In addition to the standard keys a 
ten ·key pad, 16 function keys, edit function 
keys, and cursor control keys are provided, 
Upper Case/ Lower Case is switch selectable. 
Transmission rate for both models is 9600 
bps, Thus display rates up to 960 characters 
per second are attainable. 

Both models are identical in every respect 
except interfacing, The Model T16/6511 uses 
an EIA AS232 interface while the T16/6512 
uses a 20mA current loop interface permitting 
hard·wired operation up to 1500 feet away. 

MOOEL 5508 SERIAL PRINTER 
The Model T16/5508 Serial Printer pro

vides high performance serial printing at a 
modest cost. Using a g-wire ballist ic head, the 
T 16/5508 generates 7 X 9 dot matrix char
acters at speeds of 200 characters per second. 
Printing is bi -directional to provide maximum 
throughput for NonStop applications. Both 
upper and lower case characters can be 
printed. A versatile electronic VFU provides 
flexible forms control. 

The T16/5508 uses a 20mA current loop 
interface. No special line printer interface is 
required since a current loop port on the 
Asynchronous Multiplexer can be used. The 
T16/5508 can be hard-wi red up to 1500 feet 
from the Tandem system. 

SPECIFICATIO NS 

Device Type 

PRINT/ DISPLAY/ KYBD 
Ty .. 
Character Gen 

lOot Matrix) 
ColUmns 
Lines 
Character Display 
Horizontal Spacing 
Diagonal Display 
VFU 
Keyboard 
Printing 
Print Speed 

Transmission 
Cod. 
Connection 

RS232 
20mA CL 

Line Speed (bps) 

Mounting 

Electrical 
Voltage 

Operating Amps 

Physical 
Dimensions 

(LxWxHI 
Wei~t (lbs) 

Environmental 
Temperature 
Humidity 

T1 616603-6604 

KYBD/ PTR 

Impact 

5X7 
132 
nf. 
nf. 
10 
nf. 
no 

59 keys 
Unidirectional 

30 cps 

ASCII 

6603 
6604 

300 

Pedestal 

1 10V. 60Hz 
220V, 50Hz 

3.1 

24x2Bx34 

120 

50-1 04 F 
11).9<)'1' 

T1 6/64Dl.&402 

CRT 

CRT 

5X7 
80 
24 

1920 
nf. 
12" 
nf. 

59 keys 

nf. 
1920 cps 

ASCII 

6401 
6402 

75 to 19,2K 

Table'lop 

110V.60Hz 
nov. 50Hz 

0.8 

2Ox16xl3 

32 

Tl6/6S1' .6512 

CRT 

CRT 

5X9 
80 
24 

1920 
nf. 
12" 
nf. 

116 keys 
nf. 

960 cps 

ASCII 

6511 
6512 
9600 

Table-top 

110V, 60Hz 
230V, 50Hz 

2.0 

24x2h:13 

50 

41 ·122F 
&95% 

T16/5508 

RIO PTR 

Impact 

7X9 
132 
nf. 
nf. 
10 
nf. 
y" 
nf. 

Bidirectional 
200 cps 

ASCII 

nf. 
y" 

9600 

Table-Top 

tlOV, 60Hz 
220V.5OHz 

4.0 

16)(23)(13 

45 

39-95F 
2()'90% 
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TANDEM 16 SYSTEM 

I I 

• 2BB KB 2BB KB 
COBOL COBOL 

ENSCRIBE ENSCRIBE 

nR~C~;~'1'H ~C~ 

ASYNC (2) 

15 LINES 

~~ V] ~ ONSOL 
10 TERl~INALS 

TAPE 
CONTROLLER 

80g~ 
\. 1600 

DISC 

• CONTROLLER 

/ 
J. .'" / BO ......, / BO " Y BO " 

",11/B ./ " M/B ./ " IVB ./ 

\.. ./ "- ./ "-

LINE 
PRINTER 

\ 

30V LPM 

• 



• 

• 

TANDEM 16 SYSTEM 

System Package 

Memory - 288 KB 

Dec . Arithmetic 

COBOL 

ENSCRIBE 

15 Lines 

10 Page Mode Terminal 

Terminal Patch 

Disc Controller 
2. '0/ ,.; 

(3) 80 M/Bytes 

Disc Pa tch Panel 

Line Printer Controller 

Line Printer, 300 LPM 

$ 87,100 

19 , 200 

3,000 

1,000 

2,000 

4 , 300 

24 , 000 

775 

10,500 

46,SO-Er-

775 

2,800 

11,500 

$213 , 450 

SOFTNARE ~~ 
,...;..r , 

COBOL 

ENSCRIBE 

SCREEN 

SPOOLER 

$ 7,000 

4,000 

2 , 000 

2 , 000 

$15,000 
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TANDEM 

DATA DEFINITION LANGUAGE 

FEATURES 
• Centralized Data Base Provides Common Resource 

for Numerous Application Programs, Ensures Data 
Consistency. Reduces Redundant Data, and 
Allows Easy Maintainabili ty without Sacrificing 
System Security 

• Automatic Space Management Allocates and 
Optimizes Storage Resources Enhancing file and 
Record Activities 

• Data Definition Language (DOll to Facilitate the 
Definition of a Centralized Data Base Schema 

• Easy-to- U$Il EDIT ilnd SCHEMA Programs to 
Facilitate Compilation of Appfication Programs 
with High-Levet language TAL Compiler and 
ENSCRIBE Data Base Record Manager Procedures 

INTROOUCTION 
Tandem's Data Definition Language allows 

centralized administration of a da ta base 
to accommodate any number of diversi
fied application programs. And the applica
tions programmer need not know where files 
associated with a specific application are 
located. Since the data base is described as a 
schema, and all data field references are 
defined in the schema, changes to record 
layout, and additions and/or changes to 
record types and/or fields may be accom
plished without code modifications to ex ist
ing programs. The schema also provides the 
necessary information for query and reporting 
programs. The Data Definition Language 
(DOL) is used to describe the schema. 

OATA BASE OEFINITION 

As illustrated on the next page, the pro
grammer defines a data base in a Schema 

Definition File using the Tandem-supplied 
EDIT program_ This example is used to define 
records for a customer data base. The name 
assigned to the record type is CUSTOMER. 
The fields are named ACCTNO, NAME, 
FIRST, STREET, CITY, STATE, ZIP, SAL. 
CHARACTER means that the field contains a 
string of ASCII characters and the number 
defines the length of each field in bytes. 
BINARY indicates arithmetic data. A 0 
following KEYTAG means that the field 
ACCTNO is the record 's primary key and 
"NM" means that the field NAME is an 
alternate key (other fields are not defined as 
key fields). 

APPLICATION PROGRAM COMPILATION 

The Schema Definition File is used as the 
input to the Tandem-supplied SCHEMA 
program. This program generates a TITAL 
library file that, when compiled along with 
the application program, produces an object 
application program that is tailored to the 
particular data base. (See example on the next 
pagel. 

OATA BASE ACCESS 

R eco rd types are accessed through 
ENSCRIBE provided with the GUARDIAN 
Operating System. Fields in a record type are 
accessed by field identifiers. As shown in 
the examples, a field identifier is a concatena
tion of the name of the record and the name 
of the field. For example, the field identifiers 
for the CUSTOMER record defined in the 
example are: 

< field name> 

ACCTNO 
NAME 
STATE 

< field identifier> 

CUSTOMER 1\ ACCTNO 
CUSTOMER 1\ NAME 
CUSTOMER 1\ STATE 
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Each field defined as type CHARACTER also 
has a corresponding field length identifier that 
can be used to determine the length in bytes 
of a field. A field length identifier is the 
concatenation of the record name, the field 
name, and the string LEN. For example, the 
field length identifier for the NAME field is : 

Each field which was defined to have a key 
tag will have a key tag identifier that can be 
used to pass the key tag to the file system. 
The form of this identifier is a concatenation 
of the field ident;!;er and KEY. For 
example, the key tag identifier for the field 
NAME is: 

CUSTOMER II NAME II LEN CUSTOMER II NAME II KEy 

CUSTOMER 1\ NAME " LEN has the value 
" 25" when referenced in the program. 

CUSTOMER " NAME 1\ KEY has the value of 
"null" when referenced in a program. 

Defining the Dlltll Bllse 

• ICU .... Drn_ITIOW 

, (0115111" or twO rtP" or .ECOIIDII 
I. Ci!S'tOIIU ItAsna U«JAII 
J. TOAIIUCl' IOII t.OG nCO.1I 

.EC'OI:D CUfTe-n. 
0, A('t1WI, 
OJ 1I000t, 
OJ PI.T, 
OJ anrn, 
U CITY' 
II STU~, 
II u" 
U SAL, 

lU'Ot:D TnlIII,,". 

Tl"1 c .... u.n1:. 'I 
T'l"PI c .... llACl"II. J\, 
Tl'PC C ........ CT ... a. 
Tl'PI CUlACttl n. 
Tl'PI ' ........ CT ... H . 
"PC C ..... ACT ... H. 
"PI c ........ tft. , . 
TYPC ., ..... n ".l. 

nYTAG G. 
lIYTAG . ..... 

II A~ Tl'Pf. ( ........ c".,. \, IIYTAG I. 
f) IIA-"r, "PI: c""u~. H, IUTMI •• • , 
OJ W.:tl, IlTTltoC 'OT·. 

n nil., Tl'PI ClIIIUc-rc:, l. 
os .. "".., ",. c ......... o:Tt. 2. 
n IIIIr, "PI C .... IlACl"II. ), 

U COOlh TTPI c .... o.cn:. I, 
' .- - T_""ICOI .. __ ,T 

II AOI'f, 
II TIU, 

' , ' _ T .... ".cTI .... " 11111IfIIII1IL 
TYPE .U.III11 U,J, 

n-., "'~ 
J~ R'~' TYPI 

lETT .... 
:1IA1ACTC1 1, 

.. u..c-n. 2. 

Compiling the Schema 

Example: Accessing the Olta else 

I~"''''''ft' tM .~~ •• o .out ... 1ft .~ .. o",,'leot'''" ........ _ 

~sou.clli(I["""CUnootU.T""!IS'Cl'l 
"LUXlln:'CUSTQIIU, 
'w.oc.n'rMll9.llCT, 

•• oc: mU''''KI'"'''''', 
I " .. .., ..... k-. Il00''",, .ou 

'ZUSTOIIu'II("Cl'11g ';" 
cvtT'IloOu'aA'<r ',,' 

["'UST "" 

l'tISTOoIU'aTSUT " -·l!~~~:!ll~i~~E$.;i:i~~:~::;'" 'USTOUS'C IT'I ' ,., 
u's,..n: ',., 

CV5 [I'll' ',.' 

I I~"" ,' 0 _ : .... __ • k-..... <I ,no," .~ .. ",. 
CALL nlTt: (ClIST ,CIIli~[.,eus""'OI'LlII,r"'1 

I ....... oa '0 <:ul_ .......... <1 10. I-., ... ft. IIp<Iot .. 
CIILL IUPOSITIOlII!CVST ,.,.""I,' .C':'1'., ,IUCTI, 
I' TIlPl '«:1 ... , 

I Goe't : .... _, ... .,..,<1 OM Lod It 
(At.L U'OO"",TUOCIICWT ,CUSTflOlu,CU~U'LU,CWf', 
Ir TIlPl atCI" 

CALL rzUI NnJlcw.T,'ILf·fll'll 
I' flU'U._1I 
UU IlCIN I 1&e:OIIII lOOT I'Ol ND 
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TANDEM 
COMMUNICATION CONTROLLERS 

SYNCHRONOUS CONTROLLER 

FEATURES 

• Supports four lines per controller with speeds up 
to 56K Bps per line 

• Full or Half Duplex synchronous operation 

• Automatic Generation and Detection of Block 
Check Characters with support for VRC. LRC and 
CRC16 Modes of Operation 

• Automatic Code Translation to ASCII & EBCDIC 

• Automatic Polting Capability provided by the 
Controller for Multipoint Environments 

• DMA Access to Main Memory 

• Supports Transparency and Auto-insertion of 
" OLE" and "SYN" characters 

• Supports Bell-type 201 , 203, 208 and 209 
modems 

INTROOUCTION 

The T16/6201 Synchronous Communications 
Adapter, utilizing microprogrammed technology. pro
vides a high speed, intelligent interface for synchro
nous communications environmenu. When used with 
Tandem's ENVOY Data Communication Manager a 
powerful, yet flexible data communications system 
can be designed with a minimum of effort. 

All input/output is directly between main memory 
and the controller. CPU processing is interrupted only 
when a transfer of a message completes or a line error 
conditiOfl is encountered. 

The controller generates and appends check char
acter information upon transmission and performs 
error checking upon reception. 

The controlier automatically recognizes the trans· 
mission of transparent text. If the control sequence 
(D LE-STX] is encountered at the beginning of a 
message transfer, the controller enters the transparent 
text mode. In this mode, the controller will insert a 
control [OLE ] character in front of a data [OLE] 
character when transmitting. Conversely, when receiv· 
ing transparent text, the controller will delete a 
control [D LE I character in front a data [OL E) 
character. The controller remains in the transparent 
text mode until an [ETBI, [ETXI, or [EDT] control 
sequence is encountered. 

The controiler's internal character code, as far as 
detecting control character sequences is concerned, is 
ASCII. The controller has the capability to translate 

ASCII code to EBCD IC code upon transmission and 
to translate EBCDIC code to ASCII code upon 
reception. Because of this capability, application 
processes need deal only with the ASCI I character 

"'L 
The polling of multipoint stations is, for the most 

part, handled by the controlier. ENVOY formats a 
polling list (on behalf of the application process) for 
the controller to use to poll the multipoint tributary 
stations. ENVOY then commands the controller to 
begin polting. CPU processing is interrupted only 
when a polled station responds. 

The controller has the capability to recognize if a 
line is being polled or selected, For each line, the 
controller stores the first byte of the station's polling 
address and the first byte of the station's selection 
address. Only when the line is polled or selected and 
the corresponding poll or select byte matches is CPU 
processing interrupted, 

OPERATION 

Each line can be configured dynamically for 

• T ranstate Enable 

• Transparent Text Capability 

• Full or Half Duplex Operation 

• Polling Address 

• Selection Address 

In addition, instructions are available to; 

• Answer/Hang Up the Phone 
Sets or Clears the modem control signal Data 
Terminal Ready (DTR) . 

• Initiate Write 
Initiates a Write operation 

• Initialize Read Control 
Sets up a Read Operation which will follow an 
automatic line turnaround 

• Initiate Read 
Initiates a Read operation 

• Terminate Read 
Terminates a Read Continuous operation 

• Stop Polling 
Terminates auto polling for a line and 
interrupts 
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ASYNCHRONOUS CONTROLLER 

FEATU RES 

• 2 to 32 asynchronous lines per controller with line 
speeds from 50 to 1 9,ZK Bps 

• Point-la·Point or Multipoint Modes of Operation 

• DMA Access to Main Memory on all 1/0 Transfers 

• EIA (RS232) or Current Loop Interfaces 

• Modem support for Bell-type 10J and 202 
(including reverse channel) 

• Each line individually programmable with respect 
to; 

• Baud Rate. 

• Character Size. 

• Computer Parity Generation. 

• Computer Parity Checking. 

• Connection Type. 

• Enable/disable Checking for Signal Characters. 

• Half-Duplex Modem Turn-around CharJcter(s) . 

• Read Completion on ETX Character. 

• Debult Transfer Mode. 

• Conversational Mode line Termination 
Character. 

• Conversational Mode Automatic linefeed on 
I"PUL 

• Conversational Mode Backspace Type. 

• Conv!rsational Mode Carriage Return/Une 
Feed Delay_ 

• Conversational Mode Forms Control Delay. 

• Page Mode Page Termination Character. 

• Page Mode Psuedo-Pollinu Trigger Character. 

INTROOUCTION 

The T16/6301l6302 Alynchronous Controller 
provides a flex ible interface for all types of asynchro
nous communications. For point-to-point applica
tions the standard GUARDIAN I/O Subsystem will 
support any RS232 or Current Loop Terminal by 

merely configuring the line in SYSGEN. Standard I/O 

calls (READ, WR ITE, WRITER EAD) provide access 
to the terminal. For multipoint applications ENVOY 
provides the ability to interface polling terminals such 
as Tandem's T16/6552 CR T Polling Terminal or TI 's 
TI N ET Data Entry Pads. The Alynchronous Con· 
troller is suHiciently fast to support 32 lines all 
running at 19. 2K Bps. 

Both conversational and page mode terminals are 
supported Conversational terminals can specify, as a 
SYSGEN parameter, the characters which will be 
interpreted as line termination, line cancel, backspace 
and end-oHile. Page mode terminals can specify, as a 
SYSGEN parameter, the characters which will be 
interpreted as Page Termination and Pseudo-poll 
Triggers. 

OPERATION 

Instructions are available to; 

• Initiate a Read 

• Initiate a Write 

• Initiate a Write Read 
Writes data to a terminal, then waits for data to 
be read back from terminal 

• Setmode 
Seu or clears 
• single spacing 
• auto linefeed 
• conversation/page mode 
• signal characters 
• parity checking 
• break ownership 
• access mode 
• read termination on ETX 
• read termination on signal character 

• Control 
Used for form control and modem connect! 
disconnect 

TANDEM COMPUTERS, INC . • 19333 Valko Parkway . Cupertino, Calif. 95014 • (408) 996-6000 
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• Field Proven Disc Drives for Tra nsaction·oriented 
Systems 

• High Capacity 

• High Performance 

• Dual·Ported Disc Drives for Data Integrity 

• Reliable Servo Track Positioning for Accuracy 

• Intelligent, microprogrammed Disc Controller 

• Compact, Stand .... lone Packaging 

SUBSYSTEM CONFIGURATION 

The Tandem Dual·port Disc Subsystem provides 
high capacity. high performance. high availabitity and 
high data integrity fOf on·line, transaction-oriented 
systems. When used on the Tandem NonStop (tm) 
Computer Svstem th~ disc subsystems provide the 

most coo eHective $Olution for transaction-oriented 
applications where data integrity is of paramount 
importance. 

The Model T16/3105 Disc Controller provides a 
high degree of flexibility and expandabitity. The disc 
controller is actually an intelligent, "backend" disc 
processor capable of supporting up 10 eight disc 
drives per controller. Because the controller is micro
programmed a wide variety of disc technologies and 
data base functions can be supported. 

The T16/ 3105 Disc COOlrotler connects to twO (2) 

I/O channels simultaneously and may be powered 
from either processor in the event of a single 
processor failure. Thus. high availability is insured to 
the controller. 

TANDEM 
DUAL-PORT 

DISC SUBSYSTEMS 

The T16/41 03, T16/4104 and T16/4105 Disc 
Drives provide high capacity and performance 
through the use of new disc technologies. In addition 
high availability and data integrity are prOVided 
through dual·port connections. Each disc drive can 
connect 10 two (2) controllers simultaneously_ 

T16/l1DS DISC CONTROllER 

The T16/3105 Disc Controller 15 used to interface 
up to eight disc drives conSlstmg of any mi)( of 
T16/4103, T16/4 104 or T16/4105 DISC Drives. The 
controller provides high availability to the dflves 
through its dual-channel connection pioneered by 
Tandem in its other controllers. 

Significant features 01 the controller include: 

(1) Dual-channel connection 

(2) 4K RAM Buffer lor buffering logical records 

(3) Dual recording or the ability 10 transfer the 
buffer to one or more disc units without 
having to re-transmit on the I/O bus 

(4) Support for dual·access disc drives 

(5) Read wilhout I/O transler v.tIich allows one 
disc to be copied to another without involv
ing the I/O bus 

The disc controller can be configured so that two 
controllers are connected to the same disc unit. Up to 
eight drives can be daisy-chained on one controller. 
With the dual-ported disc option daisy-chain failures 
will not cause a loss of the data base, a loss of data 
base integrity, or a loss of an access path to the data 
base. 

,'------------------------------------------// 
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/ T16/4103. 4104 AND 4105 DISC DRIVES 

The T16/4103. 4104 and 4105 are stand-alone 
disc drives using the latest in disc technologies to 
provide hi{fl capacity and performance. 

The T16/4103 uses 3330 technology to provide a 
storage capacity of 160M bytes per pack (formatted). 
Performance data includes an average access time of 
28 ms, average latency of 8.35 ms, and a data transfer 
rate of 806K bytes/second. Data is recorded on an 
eleven-high pack. Servo tracking insures accuracy of 
Irack following. 
The T16/4104 uses SMD technology to provide a 
storage capacity of 240M bytes per pack (formatted), 
Performance data includes an aVefage access time of 
28 ms, average latency of 8.35 m:;;, and 8 data transfer 
rate of 1.2M bytes/second. Data is recorded on an 
eleven-high pack. Servo tracking insures accuracy of 
track following. 

SPECIFICATIONS 

RECORDING CAPACITY 
Capacity (Unformatted) 
Capacity (Formatted) 
Recording Mode 
Recording Density 
Tracks per Surface 
Tracks per Inch 
Data Surfaces 
Servo Surfaces 

T16f4103 

200M Bytes 
160M Bytes 
MFM 
4040 BPI 
B08 + 7 alt 
384 
19 

The T16/41 05 uses SMD technology to provide a 
storage capacitY of 84M bytes per pack (formatted). 

Performance data includes an average access time of 
30 ms, average latency of 8.35 ms, and a data transfer 
rate of 10 2M bytes/second. Data is recorded on a 
five-high pack. Servo tracking insures acx:uracy of 
track following. 

Each of the drives has an option of being 
dual·ported, the ability to connect to two (2) 
T1613105 Disc Controllers simultaneously. If a disc 
controller or the daisY'chain should fail, the other 
controller connection will insure access to the data 
b .... 

Each drive uses a linear DC motor (voice coli) for 
accurate and hiltJ speed seeking. Reliable TIL and 
ECl circuits are used throu~out. 

T16/41Q4 

300M Bytes 
240M Bytes 
MFM 
6060 BPI 
808 + 7 alt 
384 
19 

T16/4105 

80M Bytes 
84M Bytes 
MFM 
6038 BPI 
808+15alt 
384 
5 

PROCESSING SPEED 
Data Transfer Rite 
Spindle Speed 
Latency laverage) 

806K ByteslSec 
3600 RPM 

102M Bytes!Sec 
3600 RPM 
8.35 ms 

102M Bytes!Sec 
3600 RPM 
8.35 ms 

ACCESS SPEEDS 
Minimum (one track) 
Average 
Maximum 

DISC PACKS 
(all packs must be 
flag free) 

PHYSICAL 
Dimensions (0 x W It HI 
Weig,t 

ELECTRICAL 
Voltage 

Ph .... 
Operating Amps 

ENVIRONMENTAL 
Temperawre (operating) 
Humidity (operating) 
Heat Dissipation 

8.35 ms 

10 ms 
28ms 
55ms 

3M 936/11 
CDC 9882 
Memorex Mark XI 
Oysan 

34x 19x38 
4651bs 

208V, 60 Hz 
220!240V, 50 Hz 
Three 
6.4 

60-90 F 
20- 80% 
5800 BlUthr 

10 ms 
28 m, 
55 ms 

Dysan (300MB ) 

34x 19x38 
4651bs 

208V, 60 Hz 
2201240V, 50 Hz 
Th ... 
6.4 

60-90 F 
20-80% 
5800 BTU/hr 

6 m, 
30 ms 
55 ms 

CDC 9877 

34x 19x34 
2431bs 

120V, 60 Hz 
220/240V. 50 Hz 
Single 
8.2 

59- 90 F 
20- 80% 
1800 BTU/hr 
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• Tough, Service-Engineered Disc Drives for Critical 
NonStop TM Real Time Transaction -Oriented 
Applications 

• low·Cost High Performance Medium· to High
Capacity (10 to 50 Megabytes) Disc Drives 
with Proven Dependability, System Versatility 
and Modular Maintainability 

• Economical High ·Speed Reliability with Ad· 
vanced Hybrid and CMOS Technology 

• Fas t Data Transfer Aate (J12K Bytes/Second) 
for Efficient and Economical Data Processing 

• Wide Choice of Optional Features to Facilitate 
NonStop TM System Configuration or Expansion 
in the Field , 

SUBSYSTEM CONFIGURATION 

The Tandem Disc Subsystems were particularly 
selected to provide low-cost, high reliability, high 
data capacity, fast data transfer and easy as well as 
economical malntainabilitv. All these parame ters ere 
crucial to the exacting requirements of a non-stop 
transaction-oriented environment. 

A standard Disc Subsystem consists of a Disc 
Controller and one or more Moving Head Disc Drives. 
The Controller features two independent I/O Channel 
ports and may be powered hom either system 
processor in the event of a single processor failure. In 
addition, a disc failure cannot corrupt the system 
processor's memory since the address and count 
words are held in the I/O processor - not the disc 
controller, 

TANDEM 
SINGLE - PORT 

DISC SUBSYSTEMS 

The Model TIS/4101 is a 10MB capacity drive 
using mOiling heads while the Model T1 6/4102 is a 
SOMB capacity drive using moving heads. The Model 
T16/3101 Disc Controller can accommodate 1 to 4 
disc drives in any mix of T16/4 10t and T16/4102 
Disc Drive configurations. Each drive conne{;ted to 
the controller has its own signal and data cable. No 
daisy ehalf'l is used. 

MODEL T16/4101 DISC DRIVE 

The T16/4101 Oisc Drive 1$ a low-cost, 
medium capacity 110M Byte) disc drive featuring 
a 312KB transfer rate, high-speed random-access 
and pedestal· mounted cartridge disc drive. The 

unit is comprised 01 one fixed platter of 5MB and one 
removable top-loading platter of 5MB with average 
seek and latency times of 35 and 12.5 milliseconds, 
respectively, This rugged unit also features: a service· 
oriented modular design which eliminates all field 
adjust menu, and an automatic cleaning system which 
purges and cleans the disc area to reduce costly 
preventive maintenance. 

MODEL T16/4102 DISC DRIVE 

The Model T 16/41 02 Disc Drive is a 
moderatelY'priced, high-capacity (50M Bytes) disc 
drive ideally suited for large data bases. This 
high·performance unit is 8 random-access, 
pedestal·mounted disc pack drive and ;s directly 
I/O interchangeable with the Model T16/4101 
cartridge disc drive (described above) when the 
Model T16/3102 Controller is installed. The unit 
uses COCR 9873 Disk Packs, or equivalent, for 
the storage and retrieval of data. Each removable 
pack cOnlains 11 diSCS. Average seek time is 35 ms. 
Average latency is 12.5 ms. The transfer rate is 
312KB. 
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PARAMETER 

RECORDING CAPACITY 

CIpK'IY IM."imum MegIIbyIH, Formattedl 

ReCOI'dll19 Mode 
AeCOfdll'lg Dens,ty (BPI · Nominal! 
Tra cks Per Surface (MilJumum) 

PROCESSING SPEED 

0." Transfer Rale (K Byles~1 
Spmdle SPHd (APM) 

ACCESS TIME (OUICt Seek) 

Full SHoke (Mdhseoonds) 
Aver1lge (Mllhseconds) 

One Tflck (Mllhwcoro(bi 

OISC CARTRIDGE/PACK 

Number 01 OlSa 
tkable SIKI.CH 
Pac:k Type 

PARAMETER 

RECORDING HEADS 

PHYSICAL 

Olmltnllon, tL" W x H InctWlli' 
Weight (Poul'tds' 

ELECTRICAL 

Volt. 

Frequency 1Hz) Disc 

p~ R'ling (Operating AMPSI 
Po_ A.ting (Surge AMPS} 

ENVIRONMENTAL 

()per.lll\g Tempil'".t\II, rFI 
Operillng Humidity (No ..... Conden$lngl 
NOI'I.()pe1".tlng Tempef.tufe rFI 
Non-Operating Humidity INon-COndenlingl 

MODEL 

4101 

10MB 
Double Freq. 

'200 
'08 

312 

'''Xl 
00 
35 

1 

• , 
5440 eqUIV. 

4101 

• 

29·3 /4 X 18·1/211 34 
252 

50 11 a 
60 110 

'6 
9.' 

60 90 
10 - 90"4 

-30 '0 150 
5 - 95" 

MODEL 

4102 

50MB 

Double Freq. 

'200 
406 

31' 
2400 

10 
35 
.0 

4102 

20 

32·1/2 II 27·1/2 II 38 
700 

, 
50 t 1.0 
60 ::.1.0 

5.0 
22.0 

60-90 
10 - 80'.1. 

-30 to ISO 

5 - 95" 

Intepl 100- 250 VAC 1. 10'J1i 8,50 or 60 Hz (SUlOderd), 5ingle phne or tWO phew. 

208 VAC 1.1 0'JIi a, 50 HI or 220 VAC! 10'.1. at SO Hz (Standard). 200,230,240, or 

250 VAC t 10'.1. 8' 50 01 60 HI ()Plio"a'), Ihr .. phase. 
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• Economical Medium to High-Speed (300 to 1500 
Ipm) Field-Pr oven Performance 

• Wide Selection of Vertical and Horizontal Form 
Formats 

• Versatile ASCII or OCR Compatible Character 
Sets (64 or 96 Characters in 132 colu mns) 

• Ru gged Solid·Stl te Reliability and Easy 
Modularized Maintainability with Self-Contained 
Service Aids 

SUBSYSTEM CONFI GURATION 

The Tandem Uneprinter SubsyStems were 
especially selected 10 offer the U5er iii wide choice in 
price/performance trade-offs to meet individual 
transaction-oriented application needs. The standard 
subsystems consist of one Of more Series T16/5500 
lineprinters and a Model T16/3302 lineprinter 
Controller. The controller incorporates Tandem', 
NonStop TM feature of two independent I/O ports, In 
the event of a single processor fa ilure, the controller 
lutomaticallv switches over to the second processor. 
In addition. a lineprinter failu re cannot corrupt. 
processor since the critical control parameters are 
held in the I/O processor - not the lineprinter 
Controller. 

The Tandem Lineprinter Subsystems were human· 
engineered to provide easy art-line nort-stop main· 
tenance and ex pandability in the field. The rugged 

TANDEM 

LINEPRINTER 
SUBSYSTEMS 

modularity concept employed ensures that these 
subsystems perform their function wi th a minimum 
of preventive andlOf corrective mamtenance 
downtime. 

MOD EL T16/5502 LINEPRINTER 

T he Mod e l T 16/5502 Lineprinter is a 
medium-priced, low-speed (300 Ipm) drum unit 
featuring a 12·channel Venical Format Unit 
(VF U). The VFU utiljzes IBM·compatible carriage 
tapes. The unit provides 132 columns of either 
64 or 96 (optional) ASC II characters with a 
spacing of 10 characters/ inch horizontally and 6 
or 8 linwinch venicallv. Optionally. the unit 
features OCR character set with appropriate 
fonts. For service and maintenance, an optional 
self·test code generator is also available. This unit 
accepts up to 6-pan fanfold edge-punched fOfms 
4 to 16.75 inches wide. 

MO DE L T1 6/5503 LINEPRINT ER 

The Model T 16/5503 Lineprinter is a low
priced, medium speed (600 Ipml drum UM 

incorporating the same features as the Model 
T16/S502 described above. The minimum printing 
rate is maintained at 436 Ipm even when the 
optional 96 character set IS incorporated. 
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MODEl 116/5504 LINEPRINTER 

The Model T 16/5504 Lineprinter 15 I 
moderately-priced, medium-speed (900 Ipm) drum 
unit identical to the Model T16/5502 described 
above. This rugged, compact unit also accepts up 
10 6-pan forms. 

MODEL T16/sSOS LINEPRINTER 

The Model T16/5505 Lineprinter is a high
performance. high·speed (1500 Ipm) train unit 
ideally suited for high'\lolume on· line transaction
oriented applications when! speed and reliability Ire 
critical. The unit incorporates all the features of the 
Model Tl6/S502 and, in addition, provides a powered 
paper stacker. This unit also handles up to 6-pan 
fanfold edge-punched forms 4 to 16.75 inches wide. 

OPTIONS 

MODEL 

OESCRIPTION ,,., ,,., ,,.. 
"" 

ASCUIltH;:h.Kt" s.J YES YES YES YES 

OCR CN .. CU. Sel YES Y£S YES YES 

V ... loa! forlTlll UN! lVFUI YES YES YES YES 
EI.PWCI T, .... MIlt .. YES YES YES YES 

Sell· Ten faaru .. YES YES YES YES 

StlllC Elomrn.I(>f YES YES YES YES 

Ptdeslal Moum STO STO STO STO 

SU ..... d 

SPECIFICATIONS 

MODel 
PARAMETER 

5,., 5503 .... "'" 
PHYSICAL, 

O' ....... toOnIIL>I W. HI 16>133.45 28.33. 45 ».33.45 24>;48>146 
W"9'11 IPau<ldd ,<0 ". .., '00 

ELECTRICAL: 
V.,. .. ISu>QN Pt.- VACI • • • 230 t 10\1; 

F'~IHzI 60 = 20 50! 20 eo, 2.0 6O! 3.0 
so! 20 SO! 20 50! 20 50 1 3.0 

Po- RII"" 1 ..... llnl '" "" '" <31Cw 

ENVIROfojUE-NTAl; 
Trrnpe .. lu.e rei 10- 31 10- 31 10_ 31 10- 43 
~tIIIdolY INon-~1 30- .... 30 _ "" 30- .... 10- .,., 

PAINTING 
T,~ ""'"' 

, 
o."m 0.- D~m 

Sp.'fd 1601 0.. __ SrI '",",' ,<0 "" BOO ."" SDMd 186 0.-., .. SrI 'pml ,<0 '" ... ",. 
Colo.. ...... IS....u.dI >31 '" '" '" HQr ... onai SIJk<I'Iog 
Io..an.oltndll " " " " Vefld SIIK'IIV 
ILonnfIrw;:h1 '" . ~ ~ . '" P_W"'IhJ.II~ .. - 16.15 4 _ 1615 4-1675 1_16.75 

TRANSMISSION: 
c-1Star.cs.dl ASC" ASCH ASC" ASC" 

TANDEM COMPUTERS, INC - 20605 Valley Green Dr. - Cuperllno. Calif 95014 • (4081 255-4800 
T161871 
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• Flexible and reliable NonStop(tm) Magnetic Tape 
Controllers 

• 800 bpi NRZ I an dlor 1600 bpi PE Magnetic Tape 
Drives 

• 45 ips or 125 ips Magnetic Tape Drives 

• 9 track recording, IBM and ANSI compatible 

• Ease of serviceability 

SUBSYSTEM CONF IGURATION 

The Tandem Magnetic Tape Subsystem 
provides reliability and performance for Non
Stop transaction-oriented systems requIring 
magnetic tape capability. A basic Magnetic 
Tape Subsystem consists of a NonStop 
magnetic tape controller and one or more 
magnetic tape drives. Two controllers are 
available - the T16/3201 Magnetic Tape 
Controller handles 800 bpi NAZI formats and 
the T1S/3202 Magnetic Tape Controller 
handles both 800 bpi N RZ I and 1600 bpi 
Phase Encoded (PE) formats. 

Both controllers are dual-ported. Each 
connects to two I/O channels simultaneously 
so that in the event of a single failure 
(processor, power supply or I/O channell the 
other port can maintain a data and control 
path to the magnetic tape drives. 

TANDEM 
MAGNETIC TAPE 

SUBSYSTEMS 

Each controller can control one or two 
drives. 

Three tape drives are available. They can be 
configured in 800 or 1600 bpi, NRZI or PE 
recording formats, and have tape speeds of 45 
or 125 ips. 

The drives were designed to provide ease of 
maintenance. All major service functions can 
be performed from the front door opening. 

MODEl TI 6/51 01 MAGNETIC TAPE ORIVE 

The Model T16/5101 Magnetic Tape Drive 
is a moderately priced, medium speed direct 
drive unit. Tape speed is 45 ips using 800 bpi 
NRZI recording formats. The effective data 
rate is 36KB. 

The drive uses 9 track recording and is 
compatible with IBM and ANSI standards. 
The drive uses standard 112" tape and can 
accommodate reels up to 10.5 inches in 
diameter using standard I BM hubs. 

Data integrity is maintained by the use of 
VRC, LRC and CRCC checking. 

MOOEl Tl6/5 10J MAGNETIC TAPE DRIVE 

The Model T16/5103 Magnetic Tape Drive 
is a moderately priced, medium speed direct 
drive unit. Tape speed is 45 ips. Recording 
mode is dual-density using either 1600 bpi 
Phase Encoded (PE) recording formats or 800 
bpi NRZI recording formats. The effective 
data rate is 72KB or 36KB depending on the 
operator-senable switch. 
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The drive uses 9 track recording and is 
compatible with IBM and ANSI standards. 
The drive uses standard 112" tape and can 
accommodate reels up to 10.5 inches in 
diameter using standard IBM hubs. 

Data integrity is maintained by the use of 
VAC, LRC and CRCe checking. 

MOOEL T16151D4 MAGNETIC TAPE ORIVE 

The Model T 16/5104 Magnetic Tape Drive 
is a moderately priced, high speed vacuum 
column unit. Tape speed is 125 ips. Recording 
mode is dual-density using either 1600 bpi 
Phase Encoded (PEl recording formats or 800 
bpi NRZI recording formats. The effective 
data rate is 200KB or looKB depending on 
the operator·settable switch. 

The drive uses 9 track recording and is 
compatible with IBM and ANSI standards. 
The drive uses standard 1/2" tape and can 
accommodate reels up to 10.5 inches in 
diameter using standard I BM hubs. 

Data integrity is maintained by the use of 
VAC, LRC and eRee checking 

SPECifiCATIONS 

CharacteriStlcs 5101 

Tape Speed (ips) 45 
Recording Density (bpi) 800 
Transfer Rate (cps) 36K8 
Record ing Format 9-track 

NRZI 

Tape Reels 1/2" 
std IBM hub 

Rewind TIme (ips) 300 

Transport Tension Arm 

Check ing LRC, 
VRC, 
CRCC 

MOOEL T161J1Dl MAGNETIC TAPE 
CONTROLLER 

The Model T16/3101 Magnetic Tape Con
troller provides the ability to attach up to two 
N RZI tape drives. Connections are starred 
rather than daisy-chained to insure maximum 
utilization. The controller allows each drive to 
operate at 800 bpi using NAZI recording 
formats as specified in ANSI X3.22·1973. The 
controller allows tape speeds of 45,75 or 125 
ips. The controller conforms to IBM standards 
for 9 track digital recording. 

MOOEL T161Jl01 MAG NETIC TAPE 
CONTROLLER 

The Model T16/3102 Magnetic Tape Con
troller provides the ability to attach up to two 
NRZI andlor PE tape drives. Connections are 
starred rather than daisy-chained to insure 
maximum utilization. The controller allows 
each drive to operate at 800 bpi using NRZI 
recording formats as specified in ANSI 
X3.22·1973 andl or 1600 bpi using Phase 
Encoded recording formats as specified in 
ANSI X3.39-1973. The controller allows tape 
speeds of 45, 75 or 125 ips. The controller 
conforms to IBM standards for 9 track digital 
recording. 

5103 5' 04 

45 '25 
800/1600 800/ '600 
36/72KB l00I200KB 
9-track 9-track 

NRZIIPE NRZI/pE 

1/ 2" 1/2" 
std IBM hubs std IBM hubs 

300 375 

Tension Arm Vacuum Column 

LAC. LRC, 
VRC, VRC, 
CRCC CRCC 

TANDEM COMPUTERS, INC . • 19333 Vallee Parkway • Cupertino. Calif. 95014 • (408) 996-6000 Tl6-8713-01 

• 

• 

• 



• 

• 

• 

TANDEM 
UNIVERSAL INTERFACE 

FEATURES 

• Provides 8/1 6 line parallel interface 

• Operates half-duplex, bi-directional at up to 4 
MBytes/sec 

• Uses both TTl and Ditferential logic 

• Contains dual-channel connecte d logic for 

device data path is program controlled, such 
that a device with a one byte wide data path 
can have additional control signals sent to it 
on the remaining eight data tines. For 
example, some terminals have a one byte data 
path but require 12 bits for cursor addressing. 

fault-to lerant operations DATA TRANSFER 

INTROOUCTION 

The T16/3401 Universal Interface (UI) 
provides the ability to interface custom 
equipment to the T16 Computer System. The 
UI is capable of attaching two devices that 
have 8 or 16 line parallel data interfaces to 
the Tandem 16 Computer. The Universal 
Interface (UI) provides a device data path that 
is buffered (16 words deep). bi-directional, 
and capable of operating in half-duplex mode 
at a sustained data transfer rate of up to 4 
Mbyte per second (depending on the channel 
configuration). J t interfaces to one device 
over positive or ground true TTL lines for 
short distances (up to 25 h) and to the 
second device over differential lines for longer 
distances (up to 500 tt). The data path 
between either or both of the two devices and 
the UI can be either one byte (8 bits) or one 
word (16 bits) wide. 

Configuration of the UI is accomplished by 
software and by configuration jumpers in the 
connector hood. 

OATA PATH 

The UI can be used to interface both input 
and output devices requiring a data path 
width of either one byte (8 bits) or one word 
(16 bits) in half·duplex mode. Data is 
transferred between the UI and the channel in 
bursts consisting of several words. For input 
or output devices that operate in word mode, 
the UI passes data words directly to and from 
the device on the DATA 0: 15 interface lines 
(Figure 1) . For output devices that operate 
in byte mode, the UI disassembles data words 
from the channel and transfers data bytes to 
the device. For input devices that operate in 
byte mode, the UI assembles data bytes from 
the device and transfers data words to the 
channel. I n byte mode, data is transferred to 
and from t he device on the DATA 8:15 
interface lines (Figure 1). The width of the 

Data transferred between the U I and a 
device may be strobed in a handshake 
sequence or pulsed without a handshake. In 
Handshake Mode, the device response can 
either lead or follow the UI data strobe. In 
Pulse Mode, the UI data strobe is used to 
pulse data to the device on write operations 
with no response from the device, while for 
read operations. the device response is used to 
pulse data to the UI with no response from 
the UI. 

OATA PARITY 

Odd parity is generated and checked for 
each data word that is transferred between 
the channel and the UI. The parity that exists 
between the UI and each device is defined by 
configuration jumpers in the connector hood. 
The jumpers select odd. even or no parity. 

OATA TRANSFER TE RMINATION 

A data transfer sequence between a device 
and the 110 channel is initiated with an EIO 
instruction executed by the CPU program. 
When a specified number of bytes have been 
transferred. the sequence is terminated in one 
of three ways: 1) by the 110 channel. 2) by 
the device. or 3) by the UI. 

UI STROBES 

The UI is capable of transmitting up to six 
strobe signals to a device, one of which is the 
Data Strobe. The other five strobes can be 
transmitted individually or in combinations 
under program control. 

Two strobe signals are provided that can be 
pulsed before and after data transfer. The 
"before" strobe (Strobe 4) is 1 ~s in duration 
and the "after" strobe (Strobe 5) is 1 0 ~s in 
duration. 
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Two strobe signals (Strobe 2 and Strobe 3) 
can be held active during the entire data 
transfer. 

One strobe signal (Strobe 1) can be gated 
during data transfer by an external trigger 
from the device. 

In a ground·true TTL interface. Strobes 1 
through 5 can be wired together in the 
connector hood in any combination to " or" 
their respective functions. 

UI STATUS 

Device status is presented to the UI on 
eight (8) interface lines, STATUS 8:15. These 
signal l ines can be jumpered to the STAT RES 
0: 8 pins in the connector hood to form the 
desired status results. 

Controller (UI) and device status words are 
transferred to the CPU program in the CPU's 
register stack in response to El0, 110 and 
HI 10 instructions. 

UI DEVICE ADDRESSING 

All devices attached to a processor I/O 
channel are assigned unique Physical Unit 
Addresses. The Physical Unit Address is 8 bits 
in length and consists of a 5 bit Controller 
Number and a 3 bit Unit Number. The 
Controller Number is defined by switches on 
the UI board; Unit Number 0 is the device 
attached to the TTL interface and Unit 
Number 1 is the device attached to the 
differential interface. 

UI COMMANDS 

Commands are issued to the UI by 
e)(ecuting EIO (E)(ecute Input/Output) 
instructions in the CPU program. The UI 
command set is comprised of the following 
commands: 

- SENSE - SET COUNT 
- TAKE OWNERSHIP - READ 
- DISABLE PORT - WRITE 

k: DATA 0015, P ) 
DATA STROBE 

STROBE 1 

STROBE 2 

STROBE J 

STROBE 4 

STROBE 5 

UI DEVICE 

k STATUS Bo15 

I 
k STATRES OoB 

RESPONSE IN 

EXT TRIG IN 

CON lOOP OUT 

CON lOOP IN 

Figure 1. UI/Oevice Interface 
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The Tandem 6520 block mode terminal represents a 
slgnlflcant advance In slale-of·the art technology. De
signed specifically lor use In the on-line transaction 
environment, the 6520 underscores Tandem's commit
ment to making transaction processing easier and more 
reliable. 

The Tandem 6520 featUres include: 
• MEMORY PARITY for data Integrity 
• MULTIPLE DISPLAY PAGES for high data throughput 

and reduced line utilization 
• FUll COMPLEMENT OF VIDEO AND DATA 

ATTRIBUTES, EDITING AND PROGRAM FUNCTION 
KEYS for ease of operation 

• CONVERSATIONAL AND BLOCK MODES 
• SYNCHRONOUS AND ASYNCHRONOUS PROTOCOLS 

for simplified communications 
• POINTTO POINT AND MULTIPOINT AT SPEEDS UPTO 

19.2 K BPS for increased flexibility in data transmissions 
• RS-232 AND CURRENT LOOP 'or ease in 

communication interface. 

Increased Data Integrity 
Tandem'S commitment to data integrity has now been ex
tended to the 6520 terminal through the use of parity on all 
display memory. No other terminal configuration can as reli
ably transmit to and receive data from the host processor. 
monitonng " for accuracy. Nor can other terminals provide as 
much assurance as the 6520 that the data displayed on the 
screen is the data actually received by the terminal. 

The Tandem 6520 provides immediate feedback to the oper
ator if a memory parity error occurs. by displaying an error 
message on the 25th line of the screen. It also terminates any 
110 transaction in process to prevent contaminatIOn 01 the data 
base. 

High Data Throuf!hput 
The Tandem 6520 has an impressive multiple display paging 
facility which slgnificanlly enhances throughput - a critical 
factor In the on-line transaction environment 

While interacting WIth an operator on a screen display. the 
6 520 termInal can be transmlthng from, or receiving Into. any 
one 01 the five 1920character pages at the same time. 

The mulliple display paging feature gives Ihe host processor 
the option of wrillng 10, or reading from. any page of the 6520 
terminal at its discretion. 

• . - c .. • • . _ . 

lEas: of Operation 
The Tandem 6 520 provides a full complement of Video and 
data annbutes for ease of operation. Video attributes include: 
reverse Video, blrnkrng. non-display, underscore and two pro
grammable bnghtness levels. A 25th display hne IS provided lor 
status information 

Data anribules Include; protected and unproteC1ed fields, 
alpha/numenc or a1phanumenc onty fields, upshifted fields. 
modified field Indication and auto-tab disable fields. 

The 6520 provides an impressive array of editing and functIOn 
corllrols for ease of use. Local and remote edIting functions are 
an integral part 01 the terminal design, contrnuing Tandem's 
commItment to fully dIstributed processing. 

Editing keys Include cursor up. down, left, oght, home and 
return_ Screen control keys Include erase characterf~ne/fieldJ 

page, characterl iine Insen and delete, set/clear labs. for
watdlback tabulatIOn. roll up and down. next/previous page 
and numenc key pad 

There are 16 lunClIOfl keys, providing 32 user-programmable 
lunC1I01lS, for grealer flexibility," defining applicabon depen
dent tunclrons.. 

• 
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The Tandem 6520 allows a high degree ollleJCiblllly In the ways 
n may be utilized by Tandem 16 systems. allowing Increased 
ease of configuration and expansion. a very important factor In 
the on-bne lIansactlon onented enVIronment. 

Conversahonar mode allows the terminal 10 Interact Wllh the 
host processor on a character-al-a-time basis. Display mem
ory IS orgalllzed as 120 lines by 40 Of 80 characters Wide, 24 
Imes of whICh are displayable at a time. The screen may be 
rolled upor down lov,ew all 120 lines. 

Block mode operahon allows the terrrunalto transmit and re
ceIVed blocks 01 characters. Display memory IS referenced 85 
five pages of 1920 characters or 10 pages 01 960 characlers. 
Fields may be designaled as PROTECTED. whICh Will not 
allow entry Into those fields from the keyboard. Through the 
use of the READ MODIFIED command, only fields which have 
been modified from Ihe keyboard will be transmitted by the 
termmal 

Tandem software subsystems - mcllJdmg the VS Block Mode 
Editor, the EXPAND Network Monitor. and the PATHWAY 
Transaction Processing System - will take full advantage of 
the bkx:k mode capabilities of the 6520 termlnar, 

S";:;:lifiecf Co ..,." j .... · ;- ~S 
~.....:c;::~ 

Synchronous operation allows at1achmenl ollhe 6520 to Ihe 
Tandem T1616202 Byte Synchronous Controller In block mode 
V1a a hatl or fun duplex RS·232 communtcallon ~nk. The 6520 
1$ connected mulhpotn, with one to 63 Tandem 6520 terminals 
on the same commurucalron link. 

Asynchronous operahon allows anachment 01 the 6520 to the 
Tandem TI6I6303 or 6304 Asynchronous Communications 
Controller via a hatt or full duplex RS·232 communicallon link 
eilher pOint to point In conversatIOnal or block modes. or mul
IIP(Mt in block mode. The 6520 may also be conneCled to Ihe 
6303 or 6304 controller via a 20 rna currenlloop link In point to 
point conversalionaJ or block modes. 

Both synchronous and asynchronous communications pro
tocols allow Ihe 6520 to operate al nme different speeds be
tween 1 10 and 192 K BPS. 

Tandem also oHers the 6524 (arrrunat which has the same Im
pressive lealUres as the 6520, plus the prinler pof1 option. 

Speciiications 

DISPLAY FEATURES 

Physlca' 
12 inch diagonal screen 
2,000 charac\9fS per screen 
25 lines x 40180 characters per screen 
7x9 Of 14x9 dot matnx character generallon 

Memory 
1 panty btl per byte 
120 lines x 40180 characters in conversahonal mode 
5/10 pages x 1920,'960 characters In block mode 

VIdeo AHributes 
Reverse video 
2 brightness levels 
Blinking 
Underscore 
Non-display 
Blinking UncierSCOl9ireY8rse video curSOl' 
Addressable/readable cursor 

Data AHrlbutes 
Protected/unprotected fields 
Modified data tag/partial screen transmit 
AJphafNumenC,:Alphanumenc only fields 
Upshifted fields 
Auto-lab disabled fields 

KEYBOARD FEATURES 

Style 
Typewnl9r 
32 program function keys 
10 key pad 
Repeating keys 
Audible alarm 

Editing Functions 
Rollup1down 
SeVclear labs 
Forwardtreverse labulahon 
Charactertrlne insert and delete 
Une!page erase 
Upldownlleftnghtlhomeireturn cursor controls 
PrevioosJnext page 

COMMUNICATION FEATURES 

Conversahonai Mode 
Block Mode 
ASCII code 
Synchronous/Asynchronous protocols 
HallJlun duplex 
Point 10 poinllmultlpoint 
RS'232120ma currenlloop 
Speeds 01110. 150. 300, 1200. 1800, 2400, 4800, 

9600,19200 bps 

ENVIRONMENTAL FEATURES 

Physical 
13,3· x 17.0· x 22.0· (HlCWxl) 
40lbs 

Electrical 
100/120 VIC, 60 HZ, 2 Amps 
2201240 VIC, 50 HZ. 1 Amp 

TemperaturefHumldity 
40F to 95F (SC to 3SC) 
20% to 80° .... relatIVe humidity (oon-condensmg) 

Mounting 
Tabletop 

TANDEM COMPUTERS INCORPORATED, 19333 Vallee Parkway, CupertlOO, CA 95014 Toll Free (800) 538·9360 or 
(408) 996-6000 In CaJiIOffila Offices throughout the Uruted Slates. Canada. Europe and the UlII1ed Kingdom . DiS1ribulors In 
Australia. Rnland. MexICO and Venezuela 
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• High Perfor mance Terminals for NonStop(tm) 
Tra nsaction-Oriented Applications 

• Seteet from Keyboard/Printer, CRTs or Receive
Only Printer 

• Asynchronous RS232 or 20rnA Current Loop 
I "terlaces 

• CRT Speeds to 19.2K bps 

• Serial Printers Speeds to 200 cps 

• Fiel d Pro ven Reliability 

SUBSYSTEM CONFIGURATIONS 

The Tandem Terminal Subsystems offer 
the user a wide selection of operational 
benefits to maximize the Non-Stop features 
of the system and minimize program develop
ment overhead. All terminals meet or exceed 
ANSI, EtA and ECMA standards in addition 
to being UL certified. A wide range of options 
are also offered to meet the individua l needs 
of a customized or diversified application. 

A basic Terminal Subsystem consists of a 
Multiplexer, a System Console and up to 16 
additional terminal lines. The Multiplexer is 
comprised of a Model T16/6301 Asynchro
nous Controller and one or two Model 
T16/6302 Asynchronous Extension Inter
faces. The dual-port Controller handles up to 
32 independent communication lines for 
modem or direct-wire connection compatible 
with single- or multi-drop terminals. One line 
is dedicated to the hard· or soft-copy system 
console. Each Asynchronous Extension pro
vides an interface for up to 15 additional 
terminal lines. 

MODELS T16/6603·6604 KEYBOARD/PRINTER 
TERMINALS 

The Models T16/66D3 and T16/66D4 
terminals provide hard-copy output combined 

TANDEM 

TERMINAL SUBSYSTEMS 

with keyboa rd in put at a low cost. Both 
models offer a 59 character keyboard, 30 
characters per second printing using a 5 X 7 
dot matrix, 132 characters per line and the 
ability to print all 96 ASCII characters while 
transmitting 128 ASCI I characters. Each 
model is suitable for operator logging, error 
message logging, and operator input to the 
Tandem system. 

Both models are identical in every respect 
except interfacing. The Model T16/6603 uses 
an EIA RS232 interface while the T1 6/6604 
uses a 20 mA current loop interface permit
ting hard·wired operation up to 1500 feet 
away. 

MODELS T16/ 6401 ·6402 CRT TERMINA LS 

The Models T16/6401 and T16/ 6402 CRT 
Terminals provide the performance and 
reliability of cathode ray tubes at less cost 
than keyboard/printer terminals. Both models 
incorporate a compact 12 inch CRT which 
displays 24 lines by 80 characters, or 1920 
characters per screen. The standard keyboard 
provides 59 keys for ease of data entry. Upper 
Case/ Lower Case may be chosen as an option. 
Transmission rates are switch selectable fro m 
75 to 19,200 bps. Thus display rates up to 
, 920 characters per second are attainable. 

Both models are identical in every respect 
except interfacing. The Model T16/6401 uses 
an EIA AS232 interface white the T16/6402 
uses a 20mA current loop interface permitting 
hard-wired operation up to 1500 feet away. 

MODELS T16 / 6511 ·6512 PAGE-MDOE CRT 
TERMINALS 

The Models T16/6511 and T16/6512 CRT 
Terminals provide increased capability over 
the T16/6401 ·6402 CAT Terminals by the 
use of page-mode display screens and added 
keyboard functions. Both models incorporate 
a compact 12 inch CAT which displays 24 
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/ I ines by 80 characters, or 1920 characters per 
screen. The standard screen provides the 
ability to define protected and data entry 
fields for page-mode operation. The standard 
keyboard provides 68 keys for ease of data 
entry. In addition to the standard keys a 
ten-key pad, 16 function keys, edit function 
keys, and cursor control keys are provided. 
Upper Case/ Lower Case is switch selectable. 
Transmission rate for both models is 9600 
bps. Thus display rates up to 960 characters 
per second are attainable. 

Both models are identical in every respect 
except interfacing. The Model T16/6511 uses 
an EIA AS232 interface while the T16/6512 
uses a 20mA current loop interface permitting 
hard-wired operation up to 1500 feet away. 

MOOEl5508 SERIAL PRI NTER 
The Model T16/5508 Serial Printer pro

vides high performance serial printing at a 
modest cost. Using a 9-wire ballistic head, the 
T16/5508 generates 7 X 9 dot matrix char
acters at speeds of 200 characters per second. 
Printing is bi·directional to provide maximum 
throughput for NonStop applications. Both 
upper and lower case characters can be 
printed. A versatile electronic VFU provides 
flexible forms controL 

The T16/5508 uses a 20mA current loop 
interface. No special line printer interface is 
required since a current loop port on the 
Asynchronous Multiplexer can be used_ The 
T16/5508 can be hard-wired up to 1500 feet 
from the Tandem system. 

SPECIFI CATIO NS 

Device Type 

PRINT/ oISPLAY/ KYBo 

TV" 
Character Gen 

(Dot Matrixl 
Columns 
Lines 
Character Display 
Horizontal SPKing 
Diagonal Display 
VFU 
Keyboilfd 
Printing 
Print Speed 

Transmission 
Cod. 
Connection 

RS232 
20mA CL 

Line Speed (bps) 

Mounting 

Electrical 
Voltage 

Operating Amps 

Physical 
Dimensions 

(LxWxH) 
Weig,t (lbs) 

Environmental 
Temperature 
Humid itv 

T1 6/6603-8604 

KYBD/ PTA 

Impact 

5X7 
132 
,I. 
,I. 
10 
,I. 
'0 

59 keys 
Un id irectional 

30 cps 

ASCII 

6603 
6604 

300 

Pedestal 

110V, 60Hz 
220V, 50Hz 

3.1 

24x28x34 

120 

5O-104F 

10.90% 

T16/6401-6402 

CRT 

CRT 

5X7 
80 
24 

1920 
,I. 
12" 
,I. 

59 keys 
,I. 

1920 cps 

ASCII 

6401 
6402 

75 to 19.2K 

Table-top 

110V, 60Hz 
230V, 50Hz 

0.8 

2Ox16x13 

32 

41-122F 

5-95% 

T16/6511·6512 

CRT 

CRT 

5X9 
SO 
24 

1920 
,I. 
12" 
,I. 

116keys 
,I. 

960 cps 

ASCII 

6511 

6512 
9600 

Table-top 

110V, 60Hz 
230V, 50Hz 

2.0 

24x21x13 

50 

41 -122F 

5-95% 

T16/5508 

R,O PTR 

Impact 

7X9 
132 
,I. 
,I. 
10 
,I. 
V" ,I. 

Bidirectional 
200 cps 

.. ASCII 

,I. 
V" 

9600 

Table-Top 

110V, 60H z 
nov, SOHz 

4.0 

16x23x13 

45 

39-95F 
20.90% 
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TANDEM 

ENTRY SCREEN FORMATTER 

FEATURES 

• Interactive Page-Mode Form Creation on Video 
Displ av Terminal for Non-Stop Transaction
Oriented Applications 

• Efficient and Economical Forms Creation with 
Automatic or Manual Curso r Positioning, Field 
Delimiters, Automatic Validity Checking, and 
Easy Transfer to Disc Files 

• Fas t and Error-Free Forms Display with 
Automatic Data Entry Validity Checking 

• Individual Field Access with l ength and Validity 
Check Attributes for User-Defined Error Checking 

• Tandem-Supplied SCREEN Program to Create 
New or Modify Old Forms and to Insert Multiple 
Forms in a Single Disc File 

INTROOUCTION 
The ENTRY Screen Formatter prOVides a simple 

easy-to-use method of creating and displaying user· 
defined forms on an interactive page mode video 
terminal. Extensive validity and error checking is 
accomplished via the Tandem-supplied ENT RY 
procedures. When an error has been made in the 
creation or data entry processes, a flashing cursor is 
positioned over the field in error and an error message 
is pl'inted to specifically flag the error_ 

Entry essentially performs four tasks : 

• Creates Forms 

• Programmatically Oisplays Forms 

• Programmatically Accesses Individual Fields 

• Tests Forms Independent of Application Program 

In addition, ENTRY provides the facilities to: modify 
or update old forms, insert multiple forms in a single 
disc file, and provide length and field validity check
ing attributes for user-defined error checking_ 

FORMS CREATION 
Forms creation is performed on a page mode ter

minal. The user simply designs the for m on the screen 
as it is to appear when used_ Fields on the form where 
terminal operator entries are to be made are indicated 
by delimiters. Once the form image is created the 
user specifies a fie ld name and validity checking 
attribute for each field . When completed the form 
image is written to a designated file on disc.. 

FORMS OISPLAY 

Forms display, forms read and field checking are 
all performed by application programs through calls 
to ENTRY pl'ocedures. When a form is displayed on a 
terminal, the operator fills in the fields on the form 
and presses a function key to transmit the fields into 
the computer where ENT RY performs the validity 
check on each field. If a field contains invalid data, 
the form can be programmatically red is played with 
the invalid entry flashing on the screen. 

FIELO ACCESS 
Individual fields in a form may be referenced by 

an application program. A field is referenced by the 
name assigned when the form was defined. Addi · 
tionally each field has a length attribute and a valid· 
ity checking attribute for user·defined error checking. 

SCREEN PROGRAM PR OCE OURES 
ENTRY provides the following procedures to aid 

terminal I/O with forms created by the SCREEN 
program: 

• EXPANOI\SCR EEN-
initializes the appl ications I/O buffer with the 
control and data characters required to output a 
screen to the terminal 

• REAOI\SC REEN -
fills the applications I/O buffer with the control 
sequence required to input the operator en try 
fields from a screen 

• CHECKI\SC REEN -
moves the operator entry fields fro m the applica
tions I/O buffer into the correct fields and does 
the required validity checking 

• BLlNKI\SCREEN -
fills the applications I/O buffer with the control 
sequence required to turn the "blinking" on or off 
for a specific operator entry field 

• POSITION I\SC RE EN -
fills the applications I/O buffer with the conuol 
sequence required to poSition the cursor over a 
specific operator entry field 

• FL I\SC REEN -
is used to compute the actual length of the f.eld 
input by the operator 
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ERROR MESSAGES 
When a user makes an error during form creation 

and testing the error is flagged as follows: the flash
ing cursor is automatically positioned over the field in 
error and an error message is displayed on the bottom 
line of the screen. The user may then correct the field 
in error and strike any function key to send the cor
rected form back to the computer, Some typical error 
messages are: 

• ILLEGA L FIELD NAME: the field name Msnot 
an alphanumeric string of 8 or fewer characters, 
starting with an alphabetic character 

• ILLEGAL ATTRIBUTE. the checking attribute is 
either missing or not a legal integer value 

• NOT ENOUGH FIELDS DEFINED. the user did 
not provide enough field names 

• FIELD NOT TERMINATED: the operator entry 
field does not have II terminating delimiter or 15 
greater than 255 characters in length 

• TOO MANY FiElDS DEFINED the user pro· 
vided too many field names or attempted to define 
more than 255 fields 

Example: Creating. Sc:reen Format ... 
ft.IU. '11.1. I' "' rot.I.(III'-;: I.POUII,.lc.. If YOUI Do\,.,. OOU 1101' 
CQII'~IU nu. I. "I "ACI P1IO\'IKlI YOU CA' tIIIl ft, UI III TO CIT 
TO "I III.IT IT ..... 

I ... '" IIMI I 
PI..,. _t. 11.1.1 
,T.IT A-"" , 
cln I 
'UTI I 
lIP COOl , 

A~ __ D 

IIiITiAL "_IT MOIIFI' "'_."1 II 
TO llITIl ftl IIIITA n.&.U1 nPl 'UlI:1'lc. Ul ,1. I' DIIIT. I' I .... _ ftl 
ITI.II 1I1U II I.IT IL111"'-;: ""'11 .. I~ IIUUGI II,,,,, ., ...... AT ". 
IOnOII or "I IeI"II. ,LIMII CO .. I:CT TIIC IIIITA ""'11 n·I.,...I .• 
COIUCT. COlP~ID rQaII IIIU." II111unD 11' A IlISUoGI. nPl tvllCtiOll 
III U TO lnuu TO till 111110. 

IIot., AU .... g. nu, tI.loI •••• 4.U_ .. It~ ' ... 1. All Otl ••• 
oI.u •• Nt proto-c."" Oft lh "' ...... 

Example: Assignment of Field Names & Checking Attributes 

-, , 
".,. I 
ITIlIiT I 
CITY I 
.T.U l 
II. J = , 
'"'n.1. • 
~, . 

•• - .... ,0. ......... ".a4 
• • _ hy Ch • .., .... W.Il. 
•••• "", a. ... c .... "0114 
• • - .... , C, ... .., .... V.1I4 
•• - A'pII_.lc Ott!, • ••• __ ric Oftl, 
• ••• __ rle Oftl, 
•• • • 'l ..... cl.1 lI .... rle Oft!, 
• ••• 110 a._H ..... f .. ~_ 

Example: Coding the Entry Procedures 

I 10111011 .. • b. I~ "'h .. In Ie ... _ '0 .... 
IfI!I'OI'r ,. u_·SC"ItII I.~ ••• _r".IJ. 
u.u. ."ITtIC.,.. lur, ... 1IIlTtWI' .CllTl • 
" ( nu UCI •••• 

• nau 11IftU..., ".'4 Off 
Ifft'tll'f , . ul .. ·SCUEIIltrokllO .... KU ... llurna.rDlIIO ... ·IIIG. Oj ' 
Uu. ""'tlICIT. lur, ... "lIf'ClfT .<:IITI , 
" • nlll IW'" ... 

, , .. p ..... Ddr.. Ig, .... I ..... Ie._n 
1Ift't" , . UAD-acHOOltrO_III ... urn"I' 
t.u.a. .''In.u.Dlttrf. _,.I.IIIlTtWI'. rouo""·,a.ur .t"I , 
" • TIEII 1110'" 

• ... to •• v.H,Ut, ClM<:U .. _ Opo ••• o. ''It, ,t.loto 
00 ••• u:IITl" CIIlCl·KHEII lfPOa)pp.ICHD.ncrpu.opu·CII" 

• T.rn O~ "Iek ..... ltI .. a 00 • .0' 
IfJ1'OIT , . 11.11I1·K.UD!frDMOnl. KII:EII.llurru. rouo .... ·fIJG. I I • 
WIIJCII'f ,. _ITlc.'fCIII .. ltro~. 

KUD. 
.. urrp! WlT(:IIT'] • 
rDlIIOtI:II'ACCT I • onrrcllT. 

CAU "'ITIICIT. IWrClt. "1If'C" .tllTl • 
U 1111 ftllt lao, •••• 
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TANDEM 
SORT 

FEATURES 

• Three modes of operation 

• Conversational 
• Via command files 
• Programmatic 

• Record Input and Output 

• FrumlTo an External File 
• FrumlTo 8 User Application Program 

• Support for multiple file types 

• Unstructured files 
• ENSeRI BE structured files 
• EDIT files 

• SORT keys may be; 

• Ascending or descending 
• STRING or INTEGER 
• Multiple key fields per sort 

• SORT Output can be; 

• Complete record 
• Record Sequence Numbers 
• Keys only 

INTROOUCTION 

The Tandem SORT program reorders a set 
of records according to the values of sort key 
fields defined within the records. SORT may 
be driven by a set of commands 
conversationally. or by a text file containing 
the commands, or it may be cal led from your 
program. 

Records may be passed to SORT from a 
file, or sent one by one through procedure 
calls from your program. Similarly, the sorted 
set of records may be wri tten to a file, or 
your program may call a procedure to retrieve 
the records, one per call. 

Actua l sorting runs as a separate process 
from the host program. Standard interface 
procedures are present in the Sort Command 
I nterpreter program or called from your 
program, whic h handle process creation, 
control, and communication. 

CONVERSATIONAL MODE 

For this mode si mply type, 

:SORT 

and wait for the prompt "<:'. Six commands 
are allowed: 

FROM - names the file of 
unsorted records and 
describes the records; 

TO - names the file for the 
sorted records and selects 
output options; 

ASCENDI NG -
DESCENDING 

describe the location and 
attributes of the sorting 
keys with in the records; 

RUN - starts the actual sort. 

EXIT -

Example: 

:SORT/ OUT Sip/ 

exits from 
Command 

< FROM insort,RECORD 56 
< TO ou tsort 
< ASC 6:12 INTEGER 
< RUN 
< EXIT 

the Sort 
Interpreter. 
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COMMAN O FILE MOOE 

For this mode, use EDIT to put your sort 
commands, one to a line, in a command file 

:SORT [l iN < command file> I 

!. OUT < list Ii Ie> I I I 

SORT reads the commands from < command 
file> . When a RUN command is found, and 
the previous commands describe a valid sort, 
SOAT begins. Once the SORT completes, 
< command file> is read for more commands. 
End-of-file on < command file > terminates 
SORT. 

Example: 

:SORT/ IN mylile.OUT Slpl 

Contents of "myfile"; 

FROM datain 
TO dataout 
ASC 1:3 INTEGER 
OESC 10: 16STRING 
RUN 
ASC 88:89 
FROM names 
OESC 22:35 
TO sortout 
RUN 

PROGRAM SORTS 

There are four ways to use SORT 
in your program. 

1. SORT Input from External File 
SORT Output to External File 

2. SORT Input from External File 
SORT Output to Program, one record at 
a time 

3. SOAT I nput from Program 
SOAT Output to External File 

4. SORT Input from Program 
SORT Output to Program, one record at 
a time. 

Five SO RT I nterface Procedures are 
prov ided. 

SORTSTART - Init iate a sort. 

SORTSENO Send input record to 
SORT 

SORTRECEIVE - Retrieve a sorted record 

SORTFINISH 

SORTERROR 

Complete the sort 

Format a SORT error 
message 

GENERAL METHOD OF OPERATION 

Two things determine how the sort 
functions internally: 

- the amount of data to be sorted, 

- the amount of memory you give. 

If the amount of data is small enough, the 
data is sorted within memory. 

I n most large sorts, the memory is in
sufficient to sort all the data at once, so 
SORT splits the input data into sorted pieces 
it can handle, and puts them in a scratch file. 
Each piece is referred to as a run since the 
records in each one "run" in sequence. 

When there is more than one run formed 
from the initial data, the sorted output is 
produced by merging the runs together. This 
method of sorting is known as "Replacement! 
Selection". 

TANDEM COMPUTERS, INC . • 19333 Vallco Parkway . Cupertino. Calif. 95014 • (408) 99&6000 
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• SPOOLER runs NonStop(tm) 

• User ean supplV own Print Processes 

• SPDOLCOM allows operator inspection andlor 
alteration of job parameters 

• Routing structure permits individual or broadcast 
locations 

• SPOOLER library procedures allow blocking and 
compression 

• Multiple files can be spooled from one application 

• SPOOLER parameters can be specified 
programmaticallv 

• Forms Alignment 

INTRODUCTION 

The Tandem SPOOLER provides a means 
of storing application output in holding areas 
for later retrieval. Output may be passed to 
other processes or printed on one or more 
devices. 

The SPOD LE R is actually many processes 
working in unison to provide spooling facili 
ties. These processes include SPOOLER 
Supervisor. SPOOLER Collectors, Print 
Processes, and SPOO LCOM. 

SPOOLER Supervisor functions as the 
SPOOLER monitor and communicates with 
the other SPOOLER processes to determine 
which tasks to perform or schedule. 
SPOOLER Control is actually a server process 
interfacing with 1) SPOOLCOM, 2) appli
cations calling SPOOLERCOMMAND or 
SPOOLERSTATUS procedures, 3) SPOOLER 
Collection Processes, and 4) SPOO L Print 
Processes. 

SPOOLER Collectors accept output from 
application processes and store it on disc. 
There can be one or more SPOOLER 
Collectors. 

TANDEM 
SPOOLER 

Print Processes retrieve spooled data and 
print it The Tandem suppli ed print processes 
are capable of handling multiple jobs and 
devices. Users may supply their own Print 
Processes. 

SPOOLCOM is an operator/ user interface 
with the SPOOLER subsystem. It can be run 
interactively on a terminal or can be passed 
commands from an application process. 
SPOOLCOM performs such functions as 
downing a device or ordering ex tra copies of a 
report. 

APPLICATION PROCESS INTERFACE 

At the simplest level an application process 
can open the SPOOLER one or more times to 
perform spooled output. The standard file 
management procedures WRITE, CONTROL, 
and SETMODE are used. 

The application may also use the 
SPOOLER library procedures to implement 
more advanced features of the SPOOLER. 
The library procedures are: 

SPOOLSTART 
- start a job and specify spooling 

attributes 

SPOOLWRITE 
- write a print line 

SPOOLEND 
- end the spool job 

SPOOLCONTROL 
- control functions 

SPOOLSETMODE 
- setmode functions 

Through SPOOLSTART the application can 
specify location, form name, priority of print
ing, number of copies, report name, and hold 
before/after printing. 
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SPOOLCOM 

SPOO LCOM is used to initiate and con
trol the operation of the spooling system by 
accepting commands interactively from an 
operator at a terminal or programmatically 
from a user application process. SPQO LCOM 
commands include: 

DEV 
- controls devIces 

JOB 
- control jobs 

PRI NT 
- contro l Print Processes 

COLLECT 
- control collection processes 

LOC 
- set up and modify destination 

structure 

SPOOLER 
- control the Spooling System 

HELP 
- list SPOOLCOM Commands 

EXIT 
- terminate SPOO LCOM 

SPOOLERCOMMAND 
- issue a control command 

SPOOLERSTATUS 
- retrieve status information 

SPOOLER REQUEST 
- Request information for a specific job 

necessary to start printing. 

FC 
- fix command 

COMMENT 

USER·WRITTEN PRINT PROCESSES 

The Print Process library procedures allow 
user-written processes for devices not sup
ported by SPOOLER or the retrieval of 
spooled data by an application process. The 
procedures are: 

PRINTINIT 
- Initialize communication with the 

SPOOLE R control process 

PR INTCOMPLETE 
- Accepts messages from the SPOOLER 

control process 

PR INTR EADCOMMAND 
- Interprets control messages from the 

control process 

PRINTSTART 
- Initialize data required to print a job 

PRINTREAD 
- Read a line of spooled data 

PRINTINFO 
- Obtain information on an active job 

PRINTSTATUS 
- Inform SPOOLER control process of 

an event such as end of file or error on 
the device. 
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FEATURES 

• Supports 2780 and 3780 Emulati on 

• Batch input from any media 
• terminal 
• magnetic tape 
• disc 
• card reader 
• another process 

• Batch output to any media 
• terminal 
• magnetic tape 
• disc 
• fine printer 
• another process 

• Three Modes of Operation 
• Conve rsational 
• Command File 
• Program matic 

• File transfer ability between Tandem Systems 

• NonStop Operation Optional 

INTRODUCTION 

EXCHANGE is a Tandem Subsystem designed to 
allow a Tandem System to emulate the functions of a 
2780 or 3780 remote batch workstation. Input and 
output can be from/ to any media supported by the 
Tandem System including disc, magnetic tape. 
terminals, card readers, line printers, and other 
processes. Commands to define the input. list and 
punch files, and characteristics about the connection 
can be &CCepted conversationally from a terminal, 
from a Command File, or programmatically from 
another process . 

General capabilities of EXCHANGE include trans· 
mitting and receiving in ASCI I or EBCDIC, accepting 
horizontal tab codes. accepting vertical forms control 
codes. transmitting or receiving EBCDIC transparent 

TANDEM 

EXCHANGE REMOTE 

JOB ENTRY 

SUBSYSTEM 

data, short record truncation. blank field com· 
pression. transmitting and receiving blocked data link 
messages, and generation of WACK and TTD control 
codes when temporarily unable to uansmit or receive. 

Another useful feature is the ability to transler 
liles between two workstations. An EXCHANGE 
subsystem on one Tandem can perform remote file 
transfers to another Tandem which is also running the 
EXCHANGE subsystem. 

EXCHANGE, at the user option. may be run in a 
NonStop mode. 

EXCHANGE STRUCTURE 

EXCHANGE is composed of twO program 
modules; a Server Process and a Command 
Interpreter. 

The Server has all data link handling responsibil ity 
and responds to requests to send or accept data 
to/from a remote system. The Server is typically run 
in conjunction with the Command Interpreter but 
can be called directly from an application process. 
Send and receive data and initial connection param
eters are passed to the Server. The Server handles all 
message assembly/disassembly. blank compressionl 
decompression. horizontal tab expansion, record 
truncation. and character set translation. The Server 
accepts and delive~ data on a record·by·record basis. 

The Command Interpreter provides a conversa
tional interface to the operator. Commands are 
entered to control the connection type. specify the 
receive file names and parameters. and identify the 
files to be sent. 
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EXCHANGE COMMAND INTERPRETER 

The EXCHANGE Command Interpreter allows the 
user 10 send or receive files by entering commands 8t 

a terminal or through" command file. Commands 
which can be entered are: 

CONNECT - defines remote terminal connection 

SEND - defines file to be sent 

RECEIVE - defines the receiving file 

ABORT - stops any transfer in progress 

DISCONNECT - ends connection 10 host 

EXIT - exits from EXCHANGE Command 
Interpreter 

STATUS - displays line status and statistics 

PROGRAMMATIC INTERFACE 

A user process may directly interface to the 
EXCHANGE Server. The required steps in the appli· 
cation process are: 

1. Open an interprocess file to the Server. 

2. Establish the receive file character set via 
SETMODE. 

3. Establish 8 data link to the remote system via 
SETMODE. 

At this point the application may send/receive 
records via simple READ/WRITE type statements. 
Data link message formatting is handled by the 
Server, and compressed blanks and embedded hori· 
zontal tabs are expanded. 

COMMAND INTERPRETER INTERFACE 

INTER 
PROCESS COMM 

EXCHANGE LINK EXCHANGE LINK 
COMMAND 

SERVER 
HOST 

INTERPRETER 

PROGRAMMATIC INTERFACE 

INTERPROCESS COMM 

USER LINK EXCHANGE LINK 
HOST 

PROCESS SERVER 

NONSTOP FEATURES 

The EXCHANGE Server can be made to lun Non
Stop. In the NonStop mode of operation EXCHANGE 
will : 

1. Maintain a connection between the User, the 
EXCHANGE Command Interpreter, the EX
CHANGE Server, and the Communication Data 
Link. 

2. Maintain a major state; connected, disconnected, 
connecting. 

I n the NonStop mode of operation each process 
checkpoints all major state change1. This implies 
that: 

1. Connected or disconnected status is maintained 
after a failure of either process. 

2. Connection attempts are retried if a fa ilure 
occurs during a connect. 

3. If a failure occurs in either process SEND and 
RECEIVE commands are aborted, but the 
communication link is maintained. 
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• Diverse applications include Mi x Balancing, 
Growth Management, Online Monitori ng an d 
Application Tuning 

• Provides data usa ble for resolving a variety of 
performance issues 

• Does not require any special hardware or display 
devices 

• Includes 2 programs: XRAYCOM for measure· 
ment contro l, and XRAYSCAN for data reducti on 
and .malysis 

• Self·measuring capability shows the exact amount 
of perturbation XRAY's measure ments are causing 
in the system 

INTRODUCTI ON 

X RAY is a tool for monitoring the per· 
formance of a TANDEM/ 16 computer 
system. The applications of X RAY span the 
following areas: 

Mix Balancing - the distribution of appli · 
cations across system hardware so as to 
eliminate bottlenecks. 

Growth Management - the long· term 
appraisal of system component usage for 
planning, budgeting, and control purposes. 

On Li ne Monito ring - permitting 
immediate detection of performance difficul· 
ties and providing continuous feedback on 
system usage. 

Application Tuning - highlighting where 
the application program should be re
structured to increase t ransaction throughput. 

The data provided by XRAYSCAN in the 
form of time plots and reports can be used to 
resolve a variety of performance issues, for 
example: 

• The usage of the system components (Le., 
cps, memories, discs, communication 
lines) can be monitored on a long· term 
basis, permi tting an orderly management of 
growth. 

TANDEM XRAY 
PERFORMANCE MONITOR 

FOR TANDEM/16 
COMPUTER SYSTEM 

• Programs can be distributed among the 
processo rs fo r the most effect ive use of cpu 
and memory resources. 

• Data base files can be distributed among 
the system's disc vol umes to avoid bonle
necking at a single spindle. 

• Programs responsible for excessive cpu, 
message. or virtual memory activity can be 
pinpointed. 

• Data base files can be restructured for 
speedy access, and the optimum disc cache 
size can be determined. 

• Response times CDn be tracked to provide 
an objective measure of system 
performance. 

ADDITIO NAL EQUIPMENT 

XRAY will ru n on a m i nimum 
TANDEM/ 16 with the GUAR DIAN Version 
C opera ting system and firmware. X RAY does 
not requ ire ENSCRI BE OR ENVOY, bu t is 
fully integrated wit h both so that all da ta base 
and data communicat ions activity can be 
measured or monit ored. X RAY does not 
requi re any special hardware or display de
vices: it can be operated from any asynchro
nous, point-to-point terminal with a line 
width of at least 80 characters. 

PROGRAMS 

The program X RA YCOM is used to control 
measurements. Data is collected in a disc file. 
System performance is analyzed by running 
the program XRAYSCAN against the 
collected data; thus XRAYSCAN is used for 
data reduction and analysis. 

Online performance monitoring is achieved 
by simply running XRAYSCAN against the 
currently act ive disc file. Any item or set of 
items in the measurement can be plotted on a 
terminal, as they are observed. 
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An important feature of X RAY is that it 

can measure itself, indicating exactly how 
much the system was perturbed by the 
measurements. This is possible because XRAY 
allows measurement of individual processes 
on the system. When measurements are being 
taken. XAA YCOM installs a data collection 
process, called the RECORDER, in each 
processor. XRAY can be directed to measure 
each RECORDER, letting the user know 
exactly how much overhead XRAY entails. 
(Typica lly, this is less than 1% of the 
processor's workload during the time of the 
measurement) . 

XRAYCOM has five commands: 

DATA designates the disc file in which the 
RECORDERs store measurement 
data 

CONF specifies a configuration file, which 
lists the system components to be 
measu red 

GO starts the measurement and speci
fies the time interval at which the 
RECORDERs write measurement 
data to the data file 

EXIT exit from XRAYCOM. The form 
"EXIT!" stops the measurement 

LIGHTS displays processor utilization on the 
cpu panel lights 

A typical sequence of commands used to 
start a measurement would be: 

XRAYCOM 
+ CO N F x rayconf 
+ DATA xraydata 
+ GO 10 
+ EXI T 

Any of the commands can be issued at any 
time during a measurement, permitting the 
measurement configuration, the data file, and 
the time interval to be changed. 

The items to be measured can be extended 
beyond basic device utilizations by configur
ing particular sets of files and programs for 
measurement. T he configuration is placed in a 
EDIT·type file for input to XRAYCOM. A 
typical configu ration file looks like this: 

PROG RAMS: SYSP ROCS 
SSYSTEM.SYSTEM .• 
SDEVE LOP.TESTPROG.· 

FI LES: SORDERS.· .. 
SA DMIN.BUDG ET .• 

EXAMINING THE COLLECTED DATA 

The program XAAYSCAN is used for 
exploring and filtering the data in an XRAY 
data file. Any particular part of the data file 
can be selected for examina tion with the 
WINDOW command. Then, sets of the 
measured entities can be chosen for perusal 
with the entity selection commands. 

Report 
Command 

CPU 
LINE 
DEVICE 
TERMINAL 
DISC 
PRDC ESS 
FILE 

Measured Entities Reported 

processors 
data communication lines 
tapes, printers, etc. 
terminals 
discs, and disc file opens 
processes 
file opens 

For each of the above report commands, a 
set of items is displayed. The items depend on 
the nature of the component being reported 
on. As an example, the items associated with 
the CPU report command include CPU BUSY, 
SWAP RATE. DISC RATE. CHIT RATE. 
SEND RATE. CPU OLEN. DISP RATE. 
TRAN RATE and RESP TIME. 

The XRAY report can be restricted to 
entities having values in particular ranges. For 
example, the command 

+PROCESS 1.IF CPU BUSY > 1.5 

restricts the report to those processes in cpu 1 
which have used 1.5% of the cpu or more 
during the portion of the measurement being 
examined. 

The current report can be displayed with 
the entities sorted on any item. This is done 
by naming the item in a BY clause: 

+FI LE SORDERS.· ... BY FI L E RATE 

The files accessed on SORDERS during the 
WINDOW will be displayed, in order of most 
active file to least active. 

Many reports ind plots will routinely be 
printed on a hard copy printer. At a CRT , a 
hard copy of the last report or plot can be 
made with the COPY command. 

The ability to plot any item over time is an 
integral function of X RA Y. Plots are used to 
find exception conditions, detect counter 
overflows, and associate correlated counters. 
It is simple to generate a plot, and a user may 
elect to plot any set of items on the same set 
of axes. 
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ANSI '77 Standard MUMPS Interpreter 

TANDEM MUMPS Is a high-level, Interpreted computer 
language designed for data management. MUMPS Is used 
extensively in commercial and medical applications be
cause of its ease of use, richness of features, ease of learn
ing and superior string manipulation capabilities. 

TANDEM MUMPS features include : 
• Program structures that are easy to code, debug and 

modify ; 

• Modular expansion of the system without 
reprogramming applications, allowing the most 
cost-effective use of your Investment ; 

• A vendo .... supported MUMPS implementation tully 
Integrated with the multifunctional GUARDIAN 
Operating System; 

• High availability and reliable operation using 
NonStop'" System facilities; 

• Concurrent execution of COBOL, FORTRAN or TAL 
programs for increased programming flexibility; 

• Easy access to non-MUMPS flies for maximum 
utilization of system resources; 

• Versatile development tools to cut programming costs. 

TANDEM MUMPS supports aU features of the ANSI 1977 
MUMPS Language Standard. In addition. TANDEM MUMPS 
differs from other implemental ions in that It runs under the 
vendor·supported GUARDIAN Operallng System. This means 
that TANDEM MUMPS has the unique benefits of the 
NonStop System which allows applications to continue to run 
even If a processor, disc, controller or I/O channel should fail 
during operat ion. 

TANDEM MUMPS Extensions 

TANDEM MUMPS provides the most powerfut elCtensions 01 
MUMPS available to date. In addition to all the benefits avail
able with Standard MUMPS, TANDEM supplies an interface to 
COBOL. FORTRAN, TAL and PATHWAY programs and the 

reliability of NonStop computer systems, plus the following 
elClensions: 

1. String subscripting, which lets you give variables 
meaningful names such as NAMErLASr) rather than 
the cryptic numeric identifiers such as NAME (4), Si ring 
subscripts can be up to 250 characters long. 

2. Negative and decimal number subscripting, which 
lets you subscnpt variables with negaltve numbers, 
TIME(-t2), and non-inleger numbers. VAAIANCE(·.75). 
MEAN(-25.67), 

3. The SOADER function as proposed by the MUMPS 
Development Committee. which returns all subscnpt val
ues Including non-numeric strings. The SORDER is 
supplied in addition to the SNEXT function. 

4. The SZFINFO function, whIch retums information on aU 
system files (e.g .. key sequenced. entry sequenced and 
relative disc files). 

5. The ZTRAP command, $ZTRAP function and SZTRAP 
special variable which together provide a complete error 
trapping facility that can be tailored to individual 
applicatJons. 

6. Commands and utilities that create. edit and delete ap
plication and utility routines. 

7. Commands that give access 10 Information on the state 
of the GUARDIAN Operating System environment in 
which MUMPS is running. 

8. READ and WRITE commands which provide the capa
bility of accesSing sequential and key-sequenced files 
with record sizes up to 4 k bytes. 

9. Extension to the MUMPS READ and WRITE com
mands. providing for interprocess communication with 
COBOL, FORTRAN, and TAL and other MUMPS 
processes. 

10. Simple Interface to the PATHWAY Transaction Proces
sing Syslem, which allows CRT terminals to Interact with 
applications wrinen in MUMPS, as 'NeU as other TANDEM 
languages. 

TANDEM, NonSlop. GUARDIAN, ENSCAIBE, EXPAND. ENFORM and PATHWAY are lrademarks 01 Tandem Compulers 11"ICOfJlOr81ad. 



Versatile Operating Environment 
TANDEM MUMPS runs under the GUARDIAN Operatmg 
System wIth lull system resources al its disposal. TANDEM 
MUMPS users are able 10 cOf"ICurrentty execute COBOL, 
FORTRAN and TAL programs, as well as take advantage 01 the 
unique features available with a NonStop System. Including a 
lault-tolerant mode. With TANDEM MUMPS you have 
• The capability of Inltlalmg any system or user process 

directly from MUMPS. 
• The ability 10 communtcate WIth COBOL. FORTRAN and 

TAL programs through the ENSCAIBE Data Base Manager 
for Increased effIciency and optimum utIlization 01 system 
resources. Through this facility users can read and wnte diSC 
hies created by any 01 these high-level languages. as well as 
other MUMPS processes 

• Access 10 the GUARDIAN Operatmg System facilities and 
resources, Including the versatile TANDEM·supplled 
Spooler. 

• The ability to utilize the ENFORM Query Report Wnter lor 
fast and easy r8JX)rt generallon. 

• Access to the EXPAND Fault-Tolerant Communication 
Network capabilities lor full utilization 01 distnbuted data 
bases. 

• Access to the ImpreSSIve text editing facility for program 
entry and mamtenance. 

Reliability 
The reliability 01 a TANDEM MUMPS application IS Inherent In 
the baSIC architecture of the TANDEM t6 itself: 
• TANDEM NonStop Computers are the only commerCIally 

available systems that are able to contmue to operate 
despite the failure 01 a mater component (ie .. CPU, 
controller, diSC). 

• AUlomahc NonStop operallOn 01 MUMPS routmes can be 
selected With lhe use of the ZNONSTOP command. 

Expandabi/ity 
TANDEM provides systems that can grow with you. Modular 
expansion is easy with TANDEM Computers: there is no need 
for costly reprogramming. TANDEM provides the capability of 
dynamically expanding your system from 2 to 16 processors. 
Upt0255 system nodes can be joined Inan EXPAND Network 
- all without addilional costs for appl1cahons software repro· 
grammlng. With proper security, data can be accessed from 
any node In a network Without special programming. 

TANDEM MUMPS Applications 
MUMPS IS a specialized computer language thaI IS mtended 
lor applications that emphasize Interactive data entry and In· 
spectlon, mampulatlon 01 text and encoded dala, and data 
shanng. MUMPS IS most useful and efficient when used forthe 
Iollow1I1g appllcallons and conditions: 

• WIlen raptd program development IS a reqUIrement; 

• For dynamic. evolVing appllcallons; 

• For applications handling data that map into hierarchical. 
sparse data structures; 

• For text mampulation: 

• For applications Involving Interactive data base query and 
update operallons: 

• For applications Involving extensIVe error checlong 01 
user-entered data_ 

TANDEM COMPUTERS INCORPORATED, t9333 Vallco Parkway, CUpertino. CA 95Ot4 Toll Free (800) 538-9360 or 
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TANDEM MUMPS 

MUMPS. an acronym for Massachusetts General 
Hospital Utility Mutti-Programming System, is a 
high-level, interpreted computer language designed for 
easy manipulation of string data and of 
hierarchically-structured data bases. 

MUMPS is used extensively in commercial and medical 
applications because of its richness of features, ease of 
learnh')~J, ease of use, and superior string manipulation 
capabilities. 

Tandem MUMPS differs 'rom most current 
implementations in that it is not running under its own 
operating system. rather it runs under the Tandem 
Guardian operating system. As a result, users are able to 
execute COBOL, FOATRAN or TAL programs 
concurrenlt~ And of course MUMPS has the benefits of 
running on the Tandem NonStop'" system so that 
applk:ations can stay up and running even if a processor, 
disc. disc controller or 110 channel should fail during 
operation, 

Standard MUMPS 

Tandem Standard MUMPS supports all features of the 
ANSI 1977 MUMPS language standard, 

Tandem MUMPS Extensions 
Tandem supplies an interface 10 COBOL. FORTRAN, 
and TfTAl programs, the reliability of NonStop 
computing, and the following extensions: 

• String subscripting, which lets you give variables 
meaningful names such as NAME(~LAST") rather than 
the cryptic numeric names such as NAME(4). String 
subscripts can be up to 254 characters long. 

• Negative and decimal oomber subscripting, which lets 
you subscript variables with negative numbers 
(PERS(-12)) and non-in1eger numbers (MATR(23.7S), 
MATR(-2S.67)). 

• The $ORDER function proposed by the MUMPS 
Development CommiHee, which returns all subscript 
values includin~ non-numeric strings. $ORDER is 
supplied in addItion to the $NEXT function. 

• The SZINSPECT and SZRINSPECT functions. which 
perform a "scan until" capability from the front and 
back, respectivel).', of a string. These capabilities 
speed and simplify the stripping of leading zeros and 
trailing blanks. 

• The SZFINFO function, which returns inf0fTTl8tion on 
aU Tandem files, alt of which can be accessed from 
MUMPS. 

• The ZTRAP command, the SZTRAP function, and 
SZTRAP special variable, which provide a complete 
error trapping facility that can be tailored to individual 
applications. 

• Commands and utilities that create, edit. and delete 
application and library routines. 

• Commands that give access to Tandem environmental 
InfOfTTlation. 

• READ and WRITE commands which provide the 
capability of accessing sequential and key-sequenced 
files with record sizes up to 4KB. 

• Extensions to the MUMPS READ and WRITE 
commands, which provide interprocess 
communication between MUMPS, COBOL, 
FORTRAN, TAL and other MUMPS processes. 

\ 



The System MUMPS 

Tandem MUMPS runs under the Tandem GUARDIAN 
operating system with full system resources at its 
disposal. With Tandem MUMPS you have: 

• Access to the power of the Tandem Text Editor for 
code entry and maintenance. 

• The capability of initiating any system or user process 
directly 'rom MUMPS. 

• The capability of communicating with COBOL. 
FORTRAN, and T{TAL as well as with other MUMPS 
processes. 

• The capability of reading and writing disc files created 
by COBOL, FORTRAN and TfTAL programs through 
Tandem's ENSCRIBE data base manager. 

• Access to the Tandem GUARDIAN/EXPAND 
communications network capabilities. 

• Access to the GUARDIAN operating system facilrties 
and resources, including the versatile Tandem spooler. 

Rellobility 

The reliability of a Tandem MUMPS applicaltOn is derived 
'rom the architecture of the Tandem 16 itself: 

• The Tandem 16 Is immune to the failure of any single 
componenl 

• The Tandem software, Including the MUMPS 
interpreter, complements the NonStop'" environment 

• The hardware and software NonStop'" functions are 
transparent to the MUMPS application programmer 
and user. 

Expandabillty 

The Tandem system provkles the capability of 
dynamically expanding ~r system from 2 to 16 
processors. It also provides the capability of dynamically 
expanding into a Tandem network. 

MUMPS Appl lcaUons 

MUMPS is a specialized computer language that is most 
useful and efficient when used 'or the following 
applications and conditions: 

• When rapid program development is a requirement. 

• For dynamic. evolving applications. 

• For applications handling data that map into 
hierarchical, sparse files. 

• For text manipulation. 

• For applications invotving interactrve dala base query 
and update operations. 

• For applications involving extensive error checking of 
user-entered data. 

TANDEM COMPUTERS. 19333 Vallco Parkwa~ Cupertino. CA 95014 
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TANDEM 
COBOL 

FEATURES 

• Confo rms to ANSI COBOL X3.23-1974 

• Full com pati bility with eNSeRI BE fi le structures 

• Runs in mixed language envi ron ment with T/TAl 

• Includes Tandem Extension for No nStop (TM) 
Programming 

INTROO UCTION 

Tandem/COBOL runs on the Tandem T16 
Computer System - the only multi-processor 
system designed for NonStop, tr~nsactjon
oriented, data base applications. Tandem/ 
COBOL utilizes al l the capabi lities of 
Tandem's GUARDIAN Operating System and 
ENSCRIBE Data Base Record Manager -
software designed to keep the system up and 
running while maintaining the integrity of the 
on-t ine data base. Thus Tandem/COBOL is 
compatible with programs wrinen in TITAL, 
Tandem's high level language for transaction 
processing, and is capable of running in a 
multi-language environment. 

GUARD IAN features hand led by Tandeml 
COBOL include; 

• NonStop Operation 
• Shared, Re-entrant Code 
• Virtual Memory System 
• Geographic Independence of 110 Devices 
• Checkpointl Checkmonitor Facilities 

ENSCR IBE features handled by Tandeml 
C080L include; 

• Key·sequenced, Entry-sequenced and 
Relative file structures 

• Logical file size to 4 81 LUON bytes 
• One primary and up to 31 alternate keys 
• Optional mirror data base recording 

LEVEL OF SUPPORT 

NUCLEUS - Le",1 Z 

The nucleus gives a basic language for the 
internal processing of data within the four 
divisions of a program. Qualification, punc
tuation characters, data-name formation, 
connectives, and figurative constants are 
supported as well as ACCE PT, ADD, AL TEA, 
COMPUTE, DISPLAY, DIVIDE, EXIT, GO, 
IF, INSPECT, MOVE, MULTIPLY, PER
FORM, STOP, STR ING, SUBTRACT, and 
UNSTRING statements. 

Extensions to the language include the 
ability to call TfTA L procedures via the 
ENTER verb. 

TABLE HANOLING - Lev~ Z 

Table Handling lets you define th ree 
dimensional fixed length tables of contiguous 
data items. Each item is accessed relative to 
its position in the table. Each item may be 
identified through use of a subscript or an 
index. This level also provides series options 
and the ability to vary the contents of indices 
by an increment or decrement. Table handling 
includes the use of the SET and SEARCH 
statements. 

SEQUENTIAL 1-0 - Level Z 

Sequential 1·0 reads records of a file one 
after the other, in the order they were 
written. Memory areas among files are shared, 
and the full facilities for the F I LE
CONTROL, I·O-CONTROL, and FD entries 
are included. Within the Procedure Division, 
CLOSE, OPEN, READ, REWRITE, USE, and 
WRITE are recognized. 

RELATIVE 1-0 - Level Z 

Relative 1·0 accesses records in either 
random or sequential manner. Each record in 
a relative file is uniquely identified by an 
integer value greater than zero which specifies 
the record's logical position in a file. It 
provides full facilities for the F ILE
CONTROL, I-O-CONTRO L and FD entries. 
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Within the Procedure Division it provides full 
capabilities for the CLOSE, DELETE, OPEN, 
REWRITE, START, USE, and WRITE 
statements. 

INDEXED 1·0 - l evel 2 

Indexed 1-0 accesses records in either 
random or sequential manner. Each record in 
an indexed file is identified by the value of 
one or more keys within that record. It 
provides full facilities for the FI LE· 
CONTROL, I·D·CONTROL and FD entries. 
Within the Procedure Division it provides full 
capabilities for the CLOSE, DELETE. OPEN, 
READ, REWR ITE, START, USE, and 
WRITE statements. 

SORT·M ERGE - l evel 2 

Sort·Merge orders one or more files of 
records, or combines two or more identically 
ordered files of records, according to a set of 
keys within each record. Optionally. you may 
apply some special processing to each of the 
individual records by input or output proce
dures using RELEASE and RETURN. This 
special processing may be applied before 
and/or aher the records are ordered by SORT 
or after the records have been combined by 
MERGE. Also, you may sort one or more 
files, or combine two or more files, one or 
more times within a given execution of a 
COBOL program. 

REPORT·WRITER - Null l evel 

SEGMENTATION - Null l evel 

Segmentation is automatic via Tandem's 
GUARDIAN Operating System. 

LIBRARY - level 1 

Text from a library is copied into the 
source program using COPY. The copied text 
is not changed. 

DEBUG - l evell 

Debug provides a basic debugging capabil· 
ity, including the ability to specify (11 selec· 
tive or full procedure monitoring, and (2) 
optionally compiled debugging statements.. 

INTER·PROGRAM COMMUNICATION - l evel I 

I nter-program Communication means a 
program can communicate with one or more 
programs using CA LL and CANCE L. This 

communication is done by (1) transferring 
control from one program to another within a 
run unit. and (2) letting both programs have 
access to the same data items.. 

COMMUNICATION - Null l evel 

TANDEM COBOL EXTENSIONS 

Several extensions have been added to 
Tandem/COBO L to permit use of Tandem's 
GUARDIAN Operating System. 

1. Nonstop Extensions 

For Nonstop programming in COBO L, you 
include a "?NONSTOP" line in your source 
program. STARTBACKUP and CHECK· 
PO I NT are . the verbs that make the pro
gram nonstop. Normally STARTBACKUP 
is called once at the beginning of the 
program to set the nonstop mode. There
aher the CHECKPOINT verb is used to 
pass information to the backup process at 
critical points in the processing. In a 
nonstop program, checkpoints will also 
occur automatically upon any OPEN or 
CLOSE executed after the backup is estab
I ished. Both of these verbs will set the 
special register, PROGRAM-STATUS, to 
indicate the outcome of the checkpointing 
operation. 

2. Extensions to the standard COBOL I/O 
facility 

Three new verbs, LOCKFILE, UNLOCK· 
FILE, and UNLOCKRECDRD, have been 
introduced to allow the use of the corre
sponding system file and record locking 
routines.. This addition allows separate 
processes to share a common data base. 
READ and REWRITE verbs have been 
extended to allow the specification of a 
LOCK or UNLOCK operation. The OPEN 
syntax has been extended to specify the 
file access, EXCLUSIVE, SHARED or 
PROTECTED, and to permit the 
SYNCDEPTH for files opened in the OUT· 
PUT, 1·0 or EXTEND mode. 

3. Calling TAL procedures 

The ENTE R verb has been modified to call 
TAL procedures. This lets you access any 
TAL system external or your object library 
routines.. These object library routines are 
assigned to the COBO L run unit at compile 
time. 
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DIMENSION M (10,20) 
READ 100, I, J , K 
DO 200, IS = I, 10 
DO 200, JS = J , 20 

200 M (IS, JS) = K 
IF (I .EO. J) GO TO 300 

• Conforms to full language specifications of ANSI 
FORTRAN, X3.9·19n 

• Full use of all ENSCR IBE facilities including 
multi-key access and locking 

• RECORD Structures for OOL compatibility 

• Extensions for NonStop(tm) Programming 

• Facilities for Interprocess Communications 

• Support of Floating Point Arithmetic 

INTROOUCTION 

Tandem FORTRAN runs on the Tandem T16 
Computer System - the only multi-processor 
architecture designed for NonStop, transaction
oriented, data base applications. Tandem FORTRAN 
utilizes all the facilities of the GUARDIAN Operating 
System including Non-Stop operation, re-entrant 
code, interprocess communications, virtual memory, 
and ENSCR IBE data base facilities for keyed, rel& 
tive, and sequential access, mu lti-key data paths. and 
concurrent record access. Tandem FORTRAN is 
capable of running in a multi·language environment. 

LEVEL OF SUPPORT 

Tandem FORTRAN conforms to the specifica
tions described in the American National Standards 
Institute for Programming Languages - FORTRAN, 
X3.9-1977. 

Data Types 

Six data types are supported; INTEGER, REAL, 
DOUBLE PRECISION, COMPLEX, LOGICAL and 
CHARACTER. In addition data may be arranged as 
arrays or substrings. Dimensioned arrays can have up 
to seven subscripts. 

TANDEM 
FORTRAN 

Expressions 

Expression types can be arithmetic, character, 
relational or logical. Operators allowed in expressions 
include: 

Arithmetic ' . (Exponentiation) 

I (Division) 

• (Multiplication) 
(Subtraction) 

+ (Addition) 

Character /I (Concatenation) 

Relational . LT. (less Than) 
.LE. (less Than or Equal) 
.EQ (Equal) 
.NE. (Not Equal) 
.GT. (Greater Than) 
.GE. (Greater Than or Equal) 

Logical .NOT. 
.AND. 
.OR. 
.EQV. 
.NEQV. 

Specification Statements 

Supper! is included for DIMENSION, COMMON. 
EQUIVALENCE, IMPLICIT, PARAMETER, 
EXTERNAL. INTRINSIC, and SAVE statements. In 
addition, type statements are allowed for INTEGER, 
REAL, DOUBLE PREC IS ION, COMPLEX, 
LOGICAL, and CHARACTER. 

DATA Statement 

DATA Statements can be used for initialization of 
variables. arrays, array elements, and substrin!}S. 

Assignment Statements 

There are four kinds of Assignment statements: 
Arithmetic. Logical, Statement label (ASSIGN), and 
Character. 
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Control Statements 

Sixteen Control statements are used to control the 
execution of a program. 

Unconditional GO TO 
Computed GO TO 
Assigned GO TO 
Arithmetic IF 
Logical IF 
Block IF 
ELSE IF 
ELSE 
END IF 

Input/Output Statements 

DO 
CONTINUE 
STOP 
PAUSE 
END 
CAll 
RETURN 

Nine Input/Output statements are supported. 

READ 
WRITE 
PRINT 

OPEN 
CLOSE 
INQUIRE 

BACKSPACE 
ENDFILE 
REW IND 

Tandem FO RTRAN utilizes the UNIT, FMT, 
REC, IOSTAT, ERR, and END control parameters 
for READ and WR ITE. 

For OPEN the UNI T, IOSTAT. ERR, FILE. 
STATUS, ACCESS, FORM, RECL, and BLANK open 
parameters can be used. For CLOSE the UNIT, 
IOSTAT, ERR, and STATUS parameters can be used. 

For INQUIRE specifiers may be used for IOSTAT, 
ERR, EX IST. OPENED, NUMBER, NAMED, NAME, 
ACCESS, SEOUENTIAL, DIRECT, FORM, FOR· 
MAnED, UN FORMATTED, RECL, NEXTREC, 
and BLANK. 

For BACKSPACE, REW IND, and ENDFILE the 
UNIT, IOSTAT, and ERR specifiers can be used. 

FORMAT Specification 

A complete range of FORMAT specifiers is avail· 
able. Both explicit and list·directed editing are 
allowed. Editing descriptors allowed are: 

Apostrophe 
H 
Positional 
T, TL, and TR 
X 
51"h 
Colon 

P 
BN and BZ 
Numeric II, F, E, 0, G) 
L 
A 
list·Directed 
S, SP, and SS 

Functions and Subroutines 

Four categories of procedures are supported: 

Intrinsic Functions 
Statement Functions 
External Functions 
Subroutines 

External functions and subroutines may be speci
fied in either FORTRAN or other programming 
language subprograms. 

An ENTRY statement may be used to permit 
specification of the entry point into a subprogram. 

BLOCK DATA Subprogram 

Block Data subprograms are allowed for initializ
ing variables and array elements in named common 
blocks. 

TANDEM FORTRAN EXTENSIONS 

Several extensions have been made to FORTRAN 
77 to enhance its operation on Tandem systems. 

1. NonStop Extensio ns 

STAAT8ACKUP and CHECKPOINT furn:tions 
allow a FORTRAN program to utilize the Non
Stop capabilities of GUARDIAN. STARTBACK
UP is called once at the beginning of a program to 
establish the nonstop mode. Thereafter CHECK
POINT is used to pass critical information to the 
backup process. Oleckpoints will automatically 
occur upon any OPEN or CLOSE after the backup 
has been created. 

2. Structures 

Structurn provide the ability to define records in 
FORTRAN. The constructs RECORD and END 
RECORD are used to define record structures. The 
Data Definition Language may also be used to 
transcribe a schema into FORTRAN RECORD 
structures. 

3. ENSCRIBE Extensions 

Extensions have been made to the FORTRAN 
READ and WRITE statements to permit the full 
use of ENSCRIBE facilities. Thus it is possible 
with FORTRAN statements to access key· 
sequenced, relative, and entry-sequenced files by 

primary or up to 255 alternate keys. Provision has 
been made to allow exact, approximate or generic 
positioning into an ENSCR IBE file structure using 
FORTRAN. Concurrent record access is supported 
with LOCK mechanisms al either the record or file 
level. 

4. Interprocess Communications 

FORTRAN processes can communicate with one 
another or with processes written in other 
languages through the standard FORTRAN READ 
and WRITE statements. Communication to other 
processes is implemented using the interprocess 
communication facilities of the GUARD IAN 
Operating System. 
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TAL 
• HIGH lEVEL LANGUAGE FOR APPLI CATIONS AND 

SYSTEMS PROGRAMMING 

• PROCEDURE·ORIENTED LANGUAGE FOR TRANS
ACTION PROCESSING 

• EXTENSIVE DATA TYPES FOR ARITHMETIC AND 
STRING DATA TYPES 

• SPECIAL STRING AND BIT MANIPULATION 
FUNCTIONS 

• OBJECT CODE OPTIMIZATION COMPARAB LE TO 
ASSEMBLER CODING 

• FAEE·fORMSTRUCTURE 

• CONSTRUCTS AMENABLE TO STRUCTURED 
PROGRAMMING 

TRANSACTION APPLICATION LANGUAGE 
IT!TAL) 

The Tandem Transaction AppliC'llion Languaga is II high 
18YeI, block lI!uc;turl'd langus\III designed lor the essy 
implernetllatlon 01 Il'8nsactioo-o4'iented applieelions. T/TAL 
i50slm,lar to ALGOL, PUI or COBOL in providing procedure 
blocks and high ,_I conSlrUC11 such as IF . . . THEN . .. 
ELSE, 00 . .. UNTI L, WH I LE . .. 00. FOR, and CASE . 
Programmers can '0'lIl';11 sell documenting programs with 
object code generation as efficient as assembler coda. 

PROCEDURES 

The procedureoOrlen t9d, blockoJitructured approach allows 
a programmer 10 design procedure blocks for functional 
simplicity. Da" can be assigned globally fOf' all proceduras to 
acces.s Of' can be "signed Ioc.lly - known only to the 
procedure in which it is declared. Local dati Is essigned 
dynamicil ily and initialized each time the procedure Is 
inlloked. The loeal da1l:1 feeture also allows Ihe use o f 
recursl .... procedurn. 

One procedure can calt another and past paramatMS by 
value Of' by reference. The called procedure can optionally 
retu rn a \/lI lue through its nama. 

All procedure code is compiled as re-entrant end, the,.· 
fOf'e, non-modifiable. This pet'miu code to be .tIared by 
many different users thereby minimizing tha amount of 
memory requir&d for multiple applications. 

DATA DECLARATIONS 

T/TA L provides data types fOf' arithmelic, string and 
logical operatIons. Signed integer date can be specified with 
15 bill or 31 bill of precision. Fixed data is e scaled decimal 
wi lh up 10 18 digiti of precision. Siring data consists of one 
Of' more 8-bit bytes. Logical 0011 consists of 16-bit words. 

Dall can be dlclared U$ simple, single element items Of' 8S 
array. (multiple elttmentsl. In addition 8 lIariable can be 
declared as a pointSt' variable to facilitate indirect addre5$ing. 

Type functions are an integral part of TAL and provide 
the ability to convert from one data type to another. Type 
functions are also available to determine If nrir'lg data 
represents ASCI I NUMERI C, ALPHA or SPECIAL lIa lues. 

TANDEM 
APPLICATION 
LANGUAGE 

SPECIAL FEATURES 

Spechtl Siring manipulation CQnstruclS are llvailable to 
facilitate afficient processi~ of trensaction data. Included 
afe SCAN, MOVE and COMPARE string operations. 

Data c:en be IIddressed at the bit level. if dll$irable. 
Operallons axis I in TAL to perform bit deposit. bit extrac
tion, arithmatic shifting and logical shifting. 

I/O 

All 1/0 Is perfOf'med Ilia calls to operating system 
procedures. Procadures axiu to open and close lites, read and 
WTlte datil , perform contrOl functions, create and purge files, 
lock end unlock files, and perlOf'm "wait" Of' "nOWllit" 1/0. 
Extensive 8frOf' checking is provided by the Fil. Syllem and 
error codes ara returned to the ceiling procedure for 
inspection. 

TAL CONSTRUCTS 
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TANDEM 
ENSCRIBE™ 

FEATURES 

• Fail Safe Fi le and Record Management for Non
Stop TM Transaction-Oriented Applications 

• Multiple Disc File Organizations (Key-Sequenced, 
Relative and Entry-Sequenced) with Exact, 
Generic or Approximate Multi·Key Access to All 
Records 

• Automatic Management and Maintenance of Multi
Volume Files 

• Mirror Volumes to Provide Fail-Safe Data Base 
Protection 

• Data an d Index Compression for Key-Sequenced 
Files to Optimize Disc Storage Space 

• Main Memory Cache Buffering to Increase and 
Enhance Throughput 

• Separate or Simultaneous Record and/or File lock 
to Facilitate an d Expedite Concurrent Record 
Access an d Provide System Sec urity 
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• Full Complement of Interactive High-l evel 
Uti li ties to Reduce Applications Programming 
Overhead and Costs Figure 1. Multi·Volu me File Configu ration 
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INTRODUCTION TO ENSCRIBE 
The unique and evolutionary ENSCRIBE 

software package extends Tandem's Non-Stop 
concept of hardware and operating system 
failure immunity to fail-safe file and record 
management, Since ENSCRIBE operates as an 
integral part of the GUARDIAN Operating 
System across multiple processors, data base 
integrity is ensured in the event of a Proces
sor, I/O Controller or Disc Drive failure. 
ENSCRIBE brings many advanced features 
not found even in traditional midi- and 
large-scale computer systems into the mini
computer price range. 

DATA BASE INTEGRITY 

When a conventional processor or disc drive 
fails, it is most often necessary to reconstruct 
the data base from archival tapes or manual 
records to ensure the integrity of the data 
base. Conversely, in a Tandem T16 system, 
when a processor fails, all file management 
functions are automatically transferred to an 
alternate processor. Optionally, ENSCRIBE 
manages a data base using the mirror principle 
illustrated in Figure 1. In this mode, data is 
written onto two disc volumes 
simultaneously. When a disc fails, all file 
management functions are automatically 
transferred to the mirror disc volume. Upon 
restoration of the failed disc, ENSCRIBE 
copies the data back onto the failed disc. This 
copying operation is done concurrent with 
requests to read or update data and is entirely 
transparent to both the application 
programmer and user. 

MUL TI ·VOLUME fiLES 

A file may reside entirely on a single 
volume or may be partitioned to reside on 
several volumes. With system expansion to 
sixteen processors, and assuming that each 
volume is mirrored, the maximum size for 
each multi-volume file is nearly four billion 
bytes. And each partition of a multi·volume 
file is under the control of a separate 
processor. 

fiLE ORGANIZATIONS 

ENSCRIBE provides a variety of file organ
izations for the applications programmer: 

• Key-Sequenced (I ndexed) 

• Relative 

• Entry-Sequenced 

The programmer need not be burdened with 
structuring the file. He simply chooses the file 
organization best suited to a particular appli· 
cation and ENSCRIBE automatically struc· 
tures the file. This allows a programmer to 
create, access and maintain data files with 
efficiency and economy. Moreover, since 
records are logically positioned, random 
records may be accessed sequentially. 
ENSCAIBE also provides Multi·Key Access to 
data records. Location of records in a Key· 
Sequenced file may be by approximate, 
generic or exact key value. ENSCAIBE main
tains an index of key values which provides 
rapid access to data records. When a new 
record is added to a file, or when a key value 
has been changed, ENSCRIBE automatically 
updates the index including all secondary 
keys. This operation is entirely transparent to 
the application program. 

DATA AND INDEX COMPRESSION 
For key·sequenced files, an optional data 

compression technique may be used to pack 
more data into a particular disc area. 
Similarly, an optional index compression is 
provided for key indices. 

MAIN MEMORY CACHE BUffER 

ENSCAJBE provides a Cache Buffer which 
resides in main memory. The purpose of the 
cache is, whenever possible, to keep the most 
recently accessed blocks in main memory 
speeding up access. System transaction rates 
may, therefore, be increased by simply allo
cating more memory to the cache. The cache 
resides in a separate area from the operating 
system and application programs. 

RECORD AND fiLE LOCKING 

ENSCRIBE provides both record and file 
locking for system security. Record locking 
provides a greater degree of concurrent access 
to a file. A file lock request must wait for the 
record to be unlocked before it is granted. 

SUMMARY 

ENSCRIBE is complemented by Tandem's 
Data Definition Language (DOL) for data 
base management. ENSCRIBE may be used 
alone for those applications which do not 
require centralized data base administration, 
or in conjunction with DOL to provide full 
data base access. Thus, the user is provided 
with an economical growth path from file 
management to NonStop data base access. 
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ENSCRIBE FACILITIES 
GENERAL SERVICES 

ENSCRIBE provides file and record 
management services for the Tandem 
GUARDIAN Operating System. These ser· 
vices are interfaced to the application 
program via TITAL or COBOl. 

ENSCAIBE facilities may be used sepa
rately for handling file and record manage
ment tasks, or alternatively. may be used as 
an extension to Tandem's Data Definition 
Language (DOL); a schema for centralized 
data base management. Once a file organiza
tion has been established, programs may 
store, retrieve andlor modify logical data 
records without concern for file structure. 
ENSCRIBE facilities provide all necessary 
access control, data buffering, blocking! 
deblocking and file structure maintenance. 

FILE AND RECORD STRUCTURE SERVICES 

ENSCAIBE offers the application pro
grammer a choice of three file organizations: 
Key-Sequenced (Indexed), Relative, or Entry· 
Sequenced. I n addition, both fixed-length and 
variable-length record formats are supported 
under ENSCRIBE. A major advantage of 
fixed-length records is high performance 
during data access. Variable-length records 
optimize storage space on the disc. Both the 
file organization and record format must be 
specified at file definition time. 

Key·Sequenced (Indexed) Fi les - In key
sequenced file organizations, records are 
stored in ascending order according to the 
value assigned a primary key field within the 
record. The primary key fie ld may be defined 
as any contiguous set of bytes within the 
record. For example, a customer's name in an 
invoice file may be defined as the primary 
key. All records in an indexed file are 
variable-length. Primary keys must be unique. 
Up to 255 secondary keys can be specified. 

Relative Files - Records are stored in a 
relative file according to their relative position 
within the file. The primary key for a relative 
file is the record number. These record 
numbers are ordinal values. Each record in a 
relative file is a fixed-length record. Aelative 
files can have secondary keys. 

Entry-Sequenced Files - I n an entry
sequenced file, records are stored according to 
the sequential order in which they are pre
sented to the system. These records may be 
either fixed or variable length - but once 
entered, the record's size may not be changed. 
The primary key for an entry-sequenced file is 
the record's logical address. Entry-sequenced 
files can have alternate keys. 

Multi-Keyed Records - Under ENSCRIBE, 
a single file may have up to 255 alternate key 
fields, and the values contained in these 
alternate keys need not be unique. Thus, each 
file may have a primary key and alternate 
keys. These key fields are used to construct a 
secondary key index. This scheme is 
commonly called Multi-Indexing. The user 
need only specify the key values to access 
records. Moreover, ENSCRIBE automatically 
keeps all indices up-to-date during record 
updates and record insertions. 

Mu lti- Indexing - Indexing provides the 
greatest flexibi lity in accessing records. 
Records may be accessed randomly by speci
fying a key or keys, or sequentially by 
consecutively accessing the records in the 
collated order of an index. Since multiple key 
fields can be defined, multiple indices allows 
an indexed file to appear as sequential. 
Moreover, ENSCRIBE provides three indexing 
options: 

• Exact Key Match 

• Approximate Key Match 

• Generic Key Match 

Exact key match means that the record's key 
field must exactly match the specified key. 
Approximate match means that the record 
key may be equal or greater than the search 
key. This allows a user program to access 
records without knowing the exact key. 
Generic key match means that only the initial 
portion (partial key) of a key need be 
specified (such as the prefix to a part number 
in a vendor's record). 

Cache Buffering - Transparent to the 
application program, ENSCA IBE transfers 
one or more physical data blocks to main 
memory. Records within these blocks are 
then made available to the program. The 
purpose of this cache buffering is to keep the 
most recently accessed blocks in main 
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memory. Thus, index blocks for a Key
Sequenced File are likely to remain in the 
cache. ENSCRIB E automatically ensures that 
enough buffer space is available via overlaying 
the least recently accessed blocks, and also 
ensures that extraneous physical accesses are 
avoided. 

FILE AND RECO RD OPERATIONS 

At program execution time, the user pro
gram may issue requests for various 
ENSCRIBE services. These services fall into 
two categories: file operations and record 
operations. Figure 2 illustrates a few of the 
available operations. 

Fi le Operations - File operations may be 
categorized as follows: 

• Definition of an ENSCRIBE file 
organization. 

• Opening of an existing ENSCAIBE file for 
processing. 

• Closing of an ENSCAIBE file and termina
tion of processing on that file . 

• Examination of the attribute information 
stored within an ENSCRI8E file. 

• Extension of the allocated space in an 
ENSCR I BE file. 

Record Operations - Record operations 
may be summarized as follows: 

• Read a record. 

• Find a record. 

• I nsert a record. 
• Update an existing record. 

• Delete a record . 
• Lock/Unlock a record. 

tNT .(11en .. e[Ollll I- ·SSYSTEM USER PILE 
.pd."keyI0121 :- [5 , 0,10241, 
. burterIO:4911 

INT fUe"nu.ber. read-cnt. wrt."cnt, cnt"read. cnt"wr tl 

STRING key[0:5J r 

LITERAL pri.-e~t - 5. 
flle"code ••••• 
• ec-ell;t • 2. 
flle"type ,. l. 
rec-len • 100. 
blk"1en • 1000, 

I Create a new keyed file 
CALL CREATE!flle-n"e. 

prj."ext •• 
fUe"code • 
• ec'ext. 
rile'type. 
rec"len , 
blk'len, 
pd.'key) I 

I In.ert. a new r.cord into a keyed rile 
CALL WRITE (fi le-nu.ber.buffer.wrt -cnt .cnt-wrtil 

I rind a record by ker value 
CALL KEYPOSITI ON!file nUMber,key) I 

I Ilead a record fro. a fUe 
CALL READ(file'nu.ber,buffer,re.d'cnt,cnt'read ); 

I Update a record 
CALL REAnUPDATE lfi le'nu.ber,buffer,read-cnt,cnt'readll 

Update the record In bUffer 

CALL WRITEUPOATE l file-nu.ber.buffer,wrt-cnt,cnt'wrt ) ; 

I Delete a record fro. a file 
CALL WRITEUPDATE(file-nu.ber.buffer,O.cnt-wft l r 

I Lock ill record 
CALL LOCKREClfile'nu.ber); 

Nellt Record Re~ wHI be I.oc:kecl 

Figure 2. File and Record Management Examples 
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TANDEM 

Enform -Query/Report 
Writing Language 

Features 
Query 
• Powerful English-like relational query language easily 

used by non-programming personnel 

• Retrieves data from multiple files which may be related 
in ways not anticipated during database design 

• Used with Expand, allows queries on a distributed 
database 

• Automatically develops the most efficient strategy to 
extract data from your database 

• Keywords may be easily redefined to a different language, 
such as German, Spanish or French 

• Uses Tandem's DOL statements to define database 

Report 
• Produces reports at a fraction of the programming cost 

and t ime of conventional languages. such liS COBOL 

• Reporting options allow sorting and summarizing of 
retrieved data 8S well as evaluation of built-in or user
defined functions 

• Automatically spaces information on a page and 
supplies headings 

• Accumulates information with your own formula, such 
as calculating commissions for sales people 

• Formats numbers wi th commas, decimal point, currency 
sign 

• Can be used from T AL, COBO L or FORTRAN programs 
to replace tedious report-formatting coding 

EN FORM wi ll make a difference in the time and energy 
required to extract a report from your database because 
you don't have to write a program, or be a programmer, 
to use it. EN FOAM automatically writes the information 
gathered in to rows and columns wi th headings and page 
numbers. If you want something different from the auto
matic settings, you may override them. 

Enform Queries 
Gathering the data from your database is done with the 
query portion of ENFORM . If your database was designed 
with specific relationships in mind, then you can take full 
advantage of them with ENFORM. However, what if you 
want the liles related in a different manner, a manner not 
originally planned into the database? ENFORM handles 
this with no trouble; just tell it how you want the files 
related through a LINK statement. 

Furthermore, ENFORM automatically selects an 
efficient method of searching for the data you requested . 
It uses existing keys and alternate keys to speed up the 
search (and cut down the cost of producing the report). 

Defining the Database 
The only task you must do before using ENFORM is 
define the database records with Tandem's Data Definition 
language (DO L): 

RECORD order. 
OS order-f'lumber; 
OS customer; 
OS part-f'lumber; 
OS quantity; 

RECDRDpam. 
05 part-f'lumber; 
OS cost; 
OS part-name; 
OS .Iock-emounl; 

PIC "9141". 
PIC "XI3S'''. 
PIC "9IS)". 
PIC "999". 

PIC "915'''. 
PIC "9151 Vgg". 
PIC "XI30I". 
PIC "9141". 



Ease of Use 
ENFO AM's statements and commands look like English 
words. For example: 

OPEN order, parU 
LINK order to parts VIA part·number; 
LI ST BY order-number, 

customer, part-number, quantity, 
(quantity ' cost) HEADING "TOTAL COST", 
subtotal; 

Keywords don't have to look like English - they may 
resemble any language you prefer, such as German or 
Spanish, by redefining them. 

Entering the Statements 
You can use ENFORM interactively by typing in the 
statements, one at a time, or put the commands into 
a file for later execution. You can save the "compiled" 
output from an EN FOAM session so the ENFORM 
statements don't have to be checked and processed each 
time the report is created. 

Choosing the Report Data 
Crit'eria for selecting the data you want is defined with 
a WHERE statement: 

OPEN parts 
LIST part-number, part-name 

WHERE stock-amount LESS THAN 5 
AND part-number GREATER THAN 250; 

Enform Reports 
ENFORM's report phase automates many of the formatting 
detaits most reports require, such as centering titles and 
headings, spacing columns of data, underlining headings, 
skipping to a new page, writing headings. Special keywords 
further enhance these report duties, such as totaling, sub
totaling, centering data, overriding headings, formatting 
numbers with commas, periods or currency sign. 

Accumulation Operation1 
Common accumulation operations - percentage, cumulative 

TANDEM 

sum, sum, average, count, maximum, minimum - are built 
into ENFORM: 

LIST BY part-number 
MIN (cost) 
MAX (cost) 

WHERE part.number EQUAL TO 5000 THRU 5999; 

If you have an accumulation scheme not satisfied by these 
operations. you can build an expression to meet your needs. 

$ample Report 

10/04(78 - 10:39:35 AM 
ORDER DETAI L REPORT OCT 04TH 1978 

ORDER
NUM8ER 

35 

PART
NUMBER ,.. 
200' 
2403 
3103 
3302 
4103 
630' 
6302 

COST 

87,000.00 
1.600.00 
9,600.00 

to,6OO.oo 
2.800.00 

24.500.00 
2,900.00 
4,300.00 

QUANTITY , 
2 

• 2 , 
2 , 
2 

TOTA L-COST 

87,000.00 
3,000.00 

38,400.00 
2 1,000.00 

2.800.00 
49,000.00 

2.900.00 
8,600.00 

212,700.00 

TO: FRESNO STATE BANK FRESNO, CALIFORNIA 
ORDER·DATE : OJ/03/78 DELIVERY·DATE: 08/10/78 

38 ". 
2402 
3102 
4102 
5002 
620' 
6302 
6402 

87,000.00 
7.500.00 
4,800.00 

14.500.00 
11.500.00 
5,800.00 
4,300.00 
1,500.00 

, 
3 , , , , , 
2 

87,000.00 
22,500.00 

4,800.00 
'4.500.00 
11,500.00 
5,800.00 
4,300.00 
3,000.00 

153,400.00 

TO: BROWN MEDICAL CO., SAN FRANCISCO, CA 
ORDER·DATE: 03119178 DELIVERY·DATE: 08/20(78 

TANDEM COMPUTERS INC., 19333 V.llto Park-V. OJpenioo, California 95014 • ToU free 800-538-9360 0,(41)8)99&6000 In California. 
Branch offICeS throughout 1M United SWIM. Forei!jll Offices in F,..nkfurt. Duueldorf and Munich; Welt GerlT'lllny . Uxbridge, 
Middlesex ; England · ZUrich ; Switzerland · Toronto; Canede. 
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TANDEM 
ENVOyTM 

DATA COMMUNICATIONS MANAGER 
FEATURES 
• Fail-Safe Data Communications Manager for 

Non-Stop TM Transaction-Q riented Applications 

• Multiple Communications Protocols 

• IBM Binary Synchronous (SSC) 
• ADM-2 Asynchronous 
• TINET Asynchronous 
• Burroughs Synchronous 

• Multiple line Types (Data links) 

• Point-to-Point (SSe only) 
• Centralized MUltipoint Supervisor 
• Centralized Multipoint Tributary 

• Trace Facility, line Usage & Error Statistics, 
On-line Testing 

• Support for Auto Call Facility 

• Support for Multiple Modem Types 

• Bell type 103,202 Asynchronous 
• Bell type 201, 208 Synchronous 

• Simplified Applications Programming with CaUs to 
GUARDIAN Operating System Procedures 

INTROOUCTION 

The ENVOY Data Communications Mana
ger provides an efficient, easy-t~use interface 
between transaction·oriented application pr~ 
grams and the telecommunications network. 
And since ENVOY is under control of the 
GUARDIAN Operating System, it has the 
same inherent fail·safe features of all other 
Tandem systems software. As such, ENVOY 
ensures that data communications are main· 
tained even in the event of a processor or I/O 
channel failure. ENVOY provides all the 
control necessary for switched or leased 
poinH~point and leased multi·point telecom
munication networks. An automatic calling 
option allows unattended stations on 
switched networks to communicate and 
exchange data without operator intervention. 
The ENVOY Data Communications Manager 
supports Synchronous transmission at speeds 
up to 56K Bps and Asynchronous transmi s
sion at speeds up to 19.2K Bps. 

PO INT-TO-POINT OATA LINK 

ENVOY supports a Binary Synchronous 
poinH~point data link over either a switched 

or leased (non·switched) lines. In the switched 
network mode, each of two stations has a 
unique telephone number. The originating 
station dials the answering (remote) station 
and establishes a connection. After the con
nection has been established, system security 
messages may be interchanged to ensure the 
integrity of the two stations. Information 
interchange may then proceed. Once the 
interchange has been completed, the calling 
station automatically disconnects. The 
answering station detects the disconnection 
and then it also automatically di sconnects. In 
the leased (non-switched) mode, the two 
stations are permanently connected (no 
number is requ ired). but the data exchange 
sequence is the same as that described above 
for switched lines. 

MULTIPOINT DATA LINK 

A multipoint data link consists of two or 
more stations communicating over a leased 
(non-switched) line. With this type of data 
link, one station is designated the supervisor 
and controls all communications over the 
link. All other stations are designated tribu· 
taries. In a centralized multipoint link, com· 
munications can occur only between the 
supervisor and a tributary (tributary·to
tributary communication is not allowed). 
Each tributary station in a multipoint link is 
identified by a polling address and a selection 
address. 

To solicit data transfers from the tributary 
stations, the supervisor station periodically 
polls each tributary station in the multipoint 
link by transmitting each tributary's polling 
address. When a tributary that has data to 
send is polled, further polling of the data link 
stops. At this point, the tributary responds by 
transmitting its data to the supervising 
station. 

To transfer data to a tributary station, the 
supervisor station first selects the desired 
tributary station by transmitting the tribu. 
tary's selection address. For selection to 
occur, the tributary station must be monitor· 
ing the line and be willing to accept the 
forthcoming data. Following selection, the 
supervisor station transmits the data to the 
tributary station. 
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ENVOY PROCEOURES 

ENVOY functions are implemented via 
making calls to the GUARDIAN Operating 
System's File Management Procedures. These 
procedures are as follows: 

• The OPEN Procedure is used to gain access 
to a data communications line. 

• The DEFINELIST Procedure is used by 
application processes operating as a multi
point supervisory or tributary station. For 
a supervisory station, DEFINELIST speci
fies the polling address and selection 
address of each station. For a tributary 
station, DEFINELIST specifies the polling 
add ress(s) and selection address(s) that 
identify the tributary when the multi-point 
line is polled. 

• The WRITE Procedure is used to transmit 
data to a remote station. 

• The READ Procedure is used to accept 
data from a remote station. 

• The WRITE READ Procedure is used to 
transmit data to a remote station and then 
await a reply. 

• The HAL TPOll Procedure is used by a 
sta t ion operating as a multipoin t supervisor 
to stop continuous polling of all stations on 
a line. 

• The CHANGE LIST Procedure is used by 
application processes operating as a 
multipoint supervisory or tributary station. 
For a supervisory station, CHANGELIST is 
used to enable/d isable polling of a 
particular statior1 . Additionally, 
CHANGE LIST is used to restore polHng of 
non-responding units. 

• T he CLOSE Procedure is used to terminate 
access to a line. 

TRACE FACILITY 

ENVOY provides an aid in checkout of 
communications applications with the Trace 
Facility. The Trace Facility works with al l 
line types except au to call units. 

Trace Facility records tine "even ts" in a 
Trace Table. Each Trace Table entry provides; 

• Sequence Number 

• Controller and line Number 

• Line State 

• Event 

• Miscellaneous Information 

• Timestamp 

LINE STATISTICS 

Line statistics are maintained by ENVOY 
for each line from the time a line is opened until 
the tine is closed. The statistics are printed on 
the operator console when a predetermined 
error threshold is exce~, when a path 
switch occurs, or when the line is closed. 

ON·lINE TESTING 

ENVOYTST (Envoy Test) is used to veri fy 
the operation of t he data communications 
process and the synchronous controller 
operating as the following line types: 

• PoinHo-point non-switched primary 

• Point-to-po int non-switched secondary 

• Point-te-point switched primary 

• Point-to-point switched secondary 

• Multipoint supervisor 

• Multipoint tributary 
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