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Preface 

This manual contains a description of all the software ne­

cessary to use the p8QOM Cassette Operating System, a cassette 

tape-oriented system which includes cassette file management 

according to ECMA standards. 

Other books to be used in conjunction with this manual are: 

P800M Programmer's Guide 1 & 2, Vol. II (Instruction Set) 

P800M Software Reference Data 

P800M Full FORTRAN Reference Manual 

P800M Operator's Guide 

P800M Interface and Installation Manual 

Great care has been taken to ensure that the information in this 

manual is accurate and complete. However, should any errors or 

omissions be discovered, or should any user wish to make a sug­

gestion for improving this book, he is invited to send his 

comments, written on the sheet provided at the end of this 

book, to: 

Manual Writing Small Computers 

at the address on the opposite page. 
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Introduction 

The Cassette Operating System is a cassette oriented software 

system .on which programs, written in assembly language or 

FORTRAN, can be developed and executed. 

The Cassette Operating System is stored entirely on magnetic 

tape cassettes, and it uses cassette tapes as its main input/ 

output medium. The cassette tapes used by the Cassette Operating 

system have two tracks, with a capacity of 338,000 characters 

each, on which data are recorded serially with a density of 

800 bits per inch. For read and write operations, the cas-

sette drive unit moves the tape at a speed of 7.5 inches 

per second. 

The main feature of the Cassette Operating System is the 

Cassette File Management Package, which is part of the monitor. 

The Cas~ette File Management Package handles files (i.e. 

source, object or load modules or sets of data) on cassette 

tapes according to the three labelling systems recommended 

in the ECMA standards: basic, compact and extended. In the 

basic labelling system one or more files can be recorded on 

one volume, the compact and the extended labelling system 

can handle multi-volume files and multi-file volumes. 

The Cassette Operating System consists of the following 

components: 

- Cassette Operating Monitor 

- Assembler 

- Linkage Editor 

- FORTRAN Compiler, Transcoder and Library 

- Cassette Update Package 

- Debugging Package 

- utility programs 
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Cassette Operating Monitor 

The Cassette Operating Monitor supervises loading and exe­

cution of prucessors and user programs, It consists of 

several modules, which are defined at system generation 

time and include facilities for communication with the user, 

cassette file management and r/o drivers. 

Assembler 

The Assembler converts source modules written in assembly 

language into object modules suitable for linking to other 

modules or for loading and execution. 

Linkage Editor 

The Linkage Editor links separate object modules, either for 

direct loading and execution or for output, to be loaded 

later or used in a further linkage process. 

FORTRAN Compiler, Transcoder and Library 

The FORTRAN Compiler translates source modules written in 

FORTRAN into object modules to be processed by the Linkage 

Editor. 

The FORTRAN Transcoder translates FORTRAN object modules 

into machine code instruction modules, which also must be 

processed by the Linkage Editor. 

The FORTRAN Library contains routines which must be linked 

to FORTRAN object modules or transcoded FORTRAN modules, 

to produce an executable FORTRAN program. 

Cassette Update Processor 

The Cassette Update Processor enables the user to copy, 

delete, insert and list files and modules, and to insert 

or delete lines in files and modules. 
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Debugging Package 

The Debugging Package enables the user to stop the execution 

of a program at specific points, so that the contents of 

memory locations and/or registers can be checked or changed, 

Utility Program ~ 

The utility programs available in the Cassette Operating 

System are the Initial Program Loader (IPL), which can load 

programs independently, a dump program which produces an 

ASCII memory dump on the line printer or the operator's 

typewriter, and a premark program, which premarks cassette 

tapes to be used with the Cassette File Management Package. 

The Cassette Operating System is delivered on two generation 

cassettes, which contain a set of system generation programs, 

a library of monitor modules, and the software processors. 

The user creates his own system, ~Y selecting and linking 

the required monitor modules and copying the required 

processors. 

The minimum configuration required for the Cassette Operating 

System is a CPU with 16k words of memory , an ASR type­

writer, and two cassette drive units ; 

This configuration can be extended with other peripherals, 

such as additional cassette drive units, a high speed 

punched tape reader, a line p~inter, etc. 
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1 Principles of Operation 

The Cassette Operating Monitor (COM) is a monitor handling 

one program at a time, to be applied basically as a cassette 

tape oriented program development tool. 

Its structure is modular, to allow the user to select, at 

system generation time, those monitor parts which he will need 

for his a pp 1 i c at ion , so as to increase e ff i c i ency a.n d minim i z e 

memory occupation. 

At system generation time, the user creates his own system 

cassette, on which the monitor is the first program, preceded 

by an Initial Program Loader (IPL). The monitor is loaded by 

this IPL, which is loaded by bootstrap according to the data 

switches on the CPU control panel. Details on this procedure 

can be found in the chapter on Operation. 

Then the user program or a processor is loaded. If the opera-

tor communication package is used for this purpose, 

separate commands must be given to load and start. If the 

cassette file management package is included, one single command 

will be enough to seek, load and start a program. 

The cassette file management package is used to handle I/0 

operations on cassette tapes according to ECMA Standard 

41, which relates to the type of labelling of the tape. The 

CFM will accept three types of increasing complexity: Basic, 

Standard and Extended. The system software is given in Com­

pact type of labelling, which allows the handling by the COM 

of single-track, multi-track and multi-volume files as well 

as multi-file tracks and volumes. Files are preceded by 

headers and followed by EOF records; in case of file continuation 

tracks end with End-Of-Track records, volumes (i.e. one complete 

cassette) with End-Of-Volume records. This is all handled auto­

matically by the cassette file management package; related to it 

are a number of operator commands by means of which the user 

can write or . search headers, run a program, etc. 

The monitor itself handles the standard interrupt signals and 

I/0 operations and executes functions requested by the user in 

his program by means of monitor requests, e.g. requesting and 

releasing temporary buffer space in memory, waiting for 
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events, making exits, etc. 

The monitor modules are centered around a dispatcher, which 

determines on the basis of interrupt signals and priority 

levels which routine or program must be executed. 

Although the COM is designed to handle one program at a time, 

a form of multi-tasking can be achieved by using scheduled 

label routines. These routines are attached to the specifi-

cation of a monitor request and enable a program to run con­

currently with, for example, an I/O operation. 

Although the COM is cassette tape or.iented, other peripherals 

can be handled as well. This can all be determined by the user 

at system generation time, as explained in the chapter on 

System Generation. 
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2 Memory Organization 

The memory layout is as follows: 

System 

Area 

l 
~ 

. 
~ 

,_ 

f 

.... 
"" 

Hardware Interrupt 

Locations 

Trap -- Location 

0-----------------------------0 
Communication vector Taol e -- Add r. 

System Tables 

Overflow Area 

System Stack 

Monitor 

48-word Communication Area 

16-word Save Area 

User Program 

r 
I\ 

/7 

/7 

/8 

/8 

/8 
.... 

C 

E 

0 

2 

4 

/DE 

/100 

.... 

. ._ 
. ,.._ 

User 

Area -+ End of User Program ..... ----------------------+-'-

Initial Program Loader 

,,overwritten by Dynamic Alloca­

tion Area) 
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- Locations /0 to /7C are hardware_interrupt_locations. They 

are hard-~ired to internal and external interrupt lines. 

Each location contains the address of the interrupt routine 

required to service the interrupt connected to that location. 

The interrupt connected to location /0 has the highest p~i­

ority, i.e. level 0. 

Location /7E contains the address of the ga~Pi.Il:..&. E.9u_£i~e 

which handles simulation of certain instructions not inclu-

ded in the hardware (e.g. double add, double subtract, multiply, 

divide, multiple store, multiple load and double shift). 

Location /82 points to the Communication Vector Table. 

is a system table which contains information which might 

This 

be of use to the user program. The table has the following 

layout: 

/82 I 

where: 

I 
I .... - CVTMSZ 

CVTSTB 

CVTSBA 

CVTBBA 

CVTBKA 
. . 

CVTDSP 

CVTLDR 

CVTPLS 

CVTMSZ contains the machine memory size in characters. If 

the memory size is 32k words, the value is 0. 

CVTSTB contains the system stack base address as defined at 

system generation time. 

CVTSBA contains the address of the first free location fol­

lowing the user program. 

CVTBBA contains the address of the last location in the user 

area. 

CVTBKA contains the beginning address of the user area. 

CVTDSP contains the address of the dispatcher (M:DISP). 

CVTLDR contains the option load flag: 

if the loader was included in the monitor at sysgen 

0 if it was not 

CVTPLS contains the clock pulse which is normally 1 (20msec. 

clock). 
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- Locations /84 to /DE are used for other ~ys~e~ ~a~l~s~ 

The area occupied by the ~t~c~ is defined at system generation 

time. When an interrupt occurs, PSW and P-register are stored 

here by hardware and a number of registers by software. The number' 

of registers depends on whether the interrupt routine servicing the 

interrupt runs in inhibit mode (anywhere from Oto 15 registers) or 

in enable mode or branches to the dispatcher (always 8 registers). 

The AIS register always points to the next free location in the 

stack (where all information is sLored towards the lower memory 

addresses). When AIS reaches the value /100 or becomes lower, 

a stack overflow interrupt is given. 

The area remaining after the user_program_area is reserved for 

dynamic memory_allocation after termination of all loading pro­

cedures. From this area, blocks of memory space may be requested 

by the system or by the user. The user must send a 'Get Buffer' 

monitor request for this purpose. When he does no longer need 

the buffer, he must send a 'Release Buffer' monitor request. 
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3 INTERRUPT SYSTEM 

Programs and routines under the Cassette Operating Monitor 

run on the basis of an interrupt and priority system which 

consists of up to 64 levels. These are subdivided as follows: 

0 - 47: 

48 

49 

6 l 

62 

63 

levels for interrupt routines connected to the 

hardware interrupt lines 

interruptable monitor 

operator routines 

abort module 

user program 

idle task 

service routines 
. 

software 
!l,. 

levels 

Level O has the highest priority, 63 the lowest, so all hard­

ware interrupts always have priority over the software levels. 

HARDWARE INTERRUPT LINES 

The interrupt lines are connected to memory locations /0 to /7C. 

These locations contain the addresses of the interrupt routines 

which service the internal and external interrupts. 

For the interrupts, the user can define the priority level at s y stem 

generation time. 

The follow~ng priorities are strongly recommended for the 

various interrupt lines, because at system generation they 

are assumed to be standard. The user can define the levels 

differently during the COMGEN phase of sysgen, if he wishes: 
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/0 

/ 1 

/2 

power failure 

LKM/stack overflow 

real time clock 

/3 not used 

/4 punched tape reader 

/5 tape punch 

/6 operator's typewriter 

/7 control panel 

/8 - /F: free 

/ 1 0 : 

/ 1 1 : 

/ l 2 : 

/ 1 3 : 

/ 1 4 : 

/ 1 5 : 

/ 1 6 : 

disc 

disc 

disc 

magnetic tape 

cassette tape 

card reader 

plotter 

/17: line printer 

/18 - /lF: free 

DISPATCHER 

(interrupt location /00) 

- (interrupt location /02) 

- (interrupt location /04 

etc. 

The dispatcher is a monitor module (M:DISP) running on l~vel 

48 with the other interruptable monitor service routines, which 

divides central processor time by starting programs according 

to their priority. 

The dispatcher can be entered only from an interrupt routine, 

i.e. from a level below or equal to 48, such as the I/0 inter­

rupt or monitor request handlers. 

SOFTWARE PRIORITY LEVELS 

The user program is connected to priority level 62. It is 

activated after loading, by the operator command ST or auto­

matically ifit was loaded by the cassette control command RN . 

The operator communication package, handling the operator com­

mands and the abort module and idle task also operate on soft­

ware priority levels. 
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SYSTEM INTERRUPT STACK 

When an interrupt occurs, certain information about the inter­

rupted program or routine must be saved before the interrupt 

can be serviced. 

For user programs, this is done in the system stack pointed 

to by register AJS or, when there is a priority change from 

one program to another, in a 16-word save area reserved in 

front of each program, where P-register, PSW and registers 

Al to Al4 are stored. 

For interrupt routines it is done in the system stack. 

The start address of this stack is defined at system genera­

tion time and it is built in a downward direction in memory, 

i . e. towards the lower memory addresses. The Al5 register 

always points to the first free location in the stack, 

Upon interrupt, PSW and P-register are always saved in this 

stack and moreover a number of registers: 

- any number if the routine runs in inhibit mode and takes 

care of restoring the registers · itself; 

registers Al to A8 if the interrupt routine runs in enable 

mode or ends with a branch to the dispatcher, because the 

dispatcher always handles the stack on this basis: 

stored by 

software 

stored by { 

hardware 

A8 

A7 

A6 

AS 

A4 

A3 

A2 

Al 

PROGRAM STATUS 

P-register 

~ontents of AIS 

saved registers of 

the interrupted routine 

WORD 

(AO) 
} interrupted PSW 

When the stack pointer (AlS) reaches the value /100 or when it 

becomes lower, an interrupt will be given, for /100 is the last 

location before the stack overflow area • 
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The Program Status Word (PSW), stored in the stack upon inter­

rupt, contains the following information: 

bits O - 5: priority level 

6 + 7: condition register 

8: run 

9: interrupt enabled~-----i• 

10: control panel interrupt 

11: power failure 

12: real time cl ,ck 

13: LKM/stack overflow 

14: mem. protect (+MMU P857) 

This information can be 

modified by the user 

This information can 

be displayed, but 

not modified by the 

user 

15: system/user mode (P856/7)----------------

The PSW can be displayed on the c~ntrol panel. 
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4 Programming 

There are three types of user-written programs: 

- programs (user-written coding sequ e nces), connected to 

software level 62 

- subroutines, called through a CF (Call Function) instruction 

and running on the level of the calling program 

interrupt routines, servicing one of the 63 possible hard­

ware interrupts and connected to any of the ~a£d~a£e_l~v~l~ 

0 to 47. 

SOFTWARE LEVEL PROGRAMS 

These are the user programs, connected to level 62. They 

are loaded in the user area, behind the monitor in memory. 

When such a program is loaded into memory, the system reser­

ves a communication area of 48 words ·and a save area of 16 

words in front of the user program. The communication area 

can be used by the user to store information and the save 

area is used by the system to store the program's register 

contents in case of a scheduled label interrupt in the main 

program. 

At the start of the user program, register Al contains the 

address of the first location of the user program area and 

register A2 contains the first free location following the 

user program. 

Monitor requests allow the user program to request certain 

functions from the monitor by means of an LKM instruction 

followed by a DATA directive with a number to specify the 

function . . Certain parameters may have to be loaded into the 

A7 and/or AS registers first. Monitor requests may be combined 

with scheduled labels (see below). 

SCHEDULED LABELS 

The scheduled label is a feature which allows the user to do 

a sort of multi-tasking by attaching a routine to a monitor 

request. 
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To this end, the user specifies the monitor request as having 

the two's complement of the DATA number indicating the monitor 

function which is to be executed, followed by the label of the 

routine which is to be executed upon completion of the request. 

For example: 

normal I/0 request : LDK A7,CODE 

LDKL A8,ECBADR 

LKM 

DATA l 

with sched. label: LDK A7,CODE 

LDKL A8,ECBADR 

LKM 

DATA -1 ,SCDLAB 

In this case, the routine SCDLAB is to obtain control on com-

pletion of the I/0 monitor request specified. When a scheduled 

label is attachedto an I/0 request, one should not set the wait 

bit, so that the program can continue concurrently with the 

I/0 operation requested. When that operation is finished, con-

trol is passed to the SCDLAB routine, and the P-register, PSW 

and registers Al to A14 of the main program are stored in the 

16-word save area in front of the user program. 

When entering the SCDLAB routine, no register value is signi­

ficant, so it is not possible to pass parameters to the sched-

uled label sequence. When the routine is finished and exits, 

control is returned to the monitor, which passes control to a 

possible following scheduled label routine, or back to the 

main program by restoring the registers and PSW from the save 

area. This can be illustrated as follows: 

MAINPROG 

I 
LKM 

DATA - 1. SCDLAB 

I Lo taking place. while MA INPROG continues. 

L 1/0 rea dy------- SCDLAB (P. PSW + A 1 to A 14 - Save Area) 

I 
EXIT 

+ 

/

Monllor, 

\ Sa"° A,ea \ , Ned'°'''"''° ,ao,, if any. 
(resto re registers) 
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Any number of scheduled labels may be given in a program. 

However, it is possible that one scheduled label is blocking 

execution of another one, because it is active, i.e. using 

central processor time. In such cases, the address(es) of 

the queued scheduled label routines are temporarily stored 

in a table called FILLAB. The maximum number of scheduled 

label addresses which may be stored in this table at any one 

time is defined at system generation time. 

Queued scheduled labels are treated on a first-in-first-out 

basis. 

Note: Although it is possible to give a Wait monitor request 

within a scheduled label routine, this is not normally 

recommended, for it blocks the whole system. 

INTERRUPT ROUTINES 

User interrupt routines must have been connected to one of the 

interrupt locations in memory (locations /0 to /7C). That is, 

the address of the interrupt routine must be placed in one 

of these locations, which at the same time determines the 

priority level of the interrupt routine, i.e. the interrupt 

routine whose address is loaded in location /0 has the highest 

priority (0). 

The interrupt routine address may be loaded into this location 

in several ways. One of them is to link-edit and include the 

routine with the rest of the system modules at system genera­

tion time . Another method, providing a relocatable routine, 

is shown in the following example: 

A routine, labeled INTRO is to be connected to interrupt level 

10, so the starting address of the routine has to be loaded 

into memory location /20: 

ROUT 

IDENT 
I 
I 

LDKL 

ST 
I 
I 
I 
I 
I 

END 

INTRO 
I 
I 

A 1 , ROUT 

Al,/20 

-1. 15 
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When an interrupt occurs, the P-register and PSW of the inter­

rupted program are stored by hardware in the system stack 

pointed to by the AlS register and the system is put in inhibit 

mode. 

Then the interrupt routine receives control and from within 

the routine the user may store any other registers by software, 

if he wishes. The interrupt routine may now continue in in­

hibit mode or if the user decides that other interrupts must 

be able to overrule the current one, he may set the system to 

enable mode by giving an ENB instruction. (Note: If an INH 

instruction immediately follows the ENB instruction, a dummy 

instruction must be inserted, because external interrupts are 

scanned every two instructions. This dummy instruction may, 

for example, be another ENB, so that the correct sequence be­

comes: ENB - ENB - INH.) This, however, entails a substantial 

difference in the handling of the system stack. If the routine 

runs in inhibit mode from beginning to end, any of the registers 

Al to Al4 can be used, provided the user first takes care of 

storing their old contents in the system stack and restoring 

them at the end of the routine. This may, for example, be done 

as follows: 

STR 

STR 

I 
I 

STR 
I 
I 

coding 
I 
I 

LDR 

LDR 
I 
I 

LDR 

RTN 

Al,AlS 

A2, A 15 

I 
I 

A8,Al5 

A8,Al5 

A7,Al5 

I 
I 

Al ,A 15 

AlS 

(On P856/7 and when the simulation rou­

tine for multiple load/store has been 

selected at sysgen for P852, the sequence 

MSR 8,Al5 

coding 

l 
MLR 8,AJS 

RTN AIS ) 

This is the case of an interrupt routine in inhibit mode with 

a normal return via the AlS stack. The RTN via AIS results in 

an automatic enable. 

However, if other interr~pts are to be enabled during a routine 

or the user makes an absolute branch from the interrupt rou­

tine to the dispatcher (ABL M:DISP, for dispatcher address, see 

1 • I 6 
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Communication Vector Table), he must take care that before 

the ENB or ABL instruction is given, the AlS stack contains 

only P, PSW and registers Al to AB inclusive, because on this 

basis the A15 stack is handled by the dispatchei, 

Conventions: 

Interrupt routines must start by saving the old contents of 

the registers to be used in the routine. 

- Before returning via AIS, the old register contents must 

be restored. 

If a branch is made to the dispatcher, the stack must contain 

P, PSW and registers Al to AB, so any other registers used 

must have been restored before making the branch. 

- In case of an interrupt routine for an internal interrupt 

(LKM/stack overflow, real time clock, power failure, control 

panel), an RIT instruction must be giveri at the beginning 

of the routine to reset the interrupt. 

DYNAMIC MEMORY ALLOCATION 

The user can make temporary use of the dynamic allocation area 

of memory if his monitor contains the modules handling the 

following two monitor requests: 

- Get Buffer, to reserve a user buffer in the dynamic allo­

cation area; 

- Release Buffer, to release the area created by the Get Buf­

fer request. 

Memory allocation 1.s done in blocks, the block ,length being 

specified by the user. Preceding each block is a control 

block containing links and other parameters which must not be 

destroyed. 

For further details, see the chapter on Monitor Requests. 
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5 Input/Output 

All 1/0 operations initiated by the user program are the result 

of giving an 1/0 monitor request (LKM DATA 1). Other I/0 

operations may be the result of operator commands or cassette 

file management control commands. 

At system generation time, the necessary modules and tables 

must have been requested and built to enable the use of the 

I/0 monitor request. 

When the request is given, with an LKM instruction, register 

A7 must have been loaded with parameters about the particular 

type of I/0 function, while register A8 must contain the address 

of an Event Control Block which holds the necessary informa­

tion about the data to be transferred. 

There are three types of I/0 request as specified in register 

A7: 

Basic I/0 Requests: for these requests the monitor will not 

do any character checking or data conversion, so they are 

used in the case of binary I/0. The monitor handles only 

the control command initialization and signals the end of 

the I/0 operation. 

- Standard ASCII_I/O_R~q~e!.t!.: tltese request_s provide more 

monitor facilities, such as error control characters, data 

conversion from external code to internal ASCII code and 

vice versa, character checking for end of data. Characters 

are stored 8 by 8 bits, two to a word. 

- Standard_Object I/0 Requests: by means of standard conven­

tions facilities are provided for error control characters, 

checksum and data conversion from external format to inter­

nal 16-bit format. 

Moreover a number of control functions can be performed through 

a monitor request, such as writing EOS or EOF records, skipping 

forward or backwards, rewinding, etc. Depending on the type 

of labelling used for the cassette tape, the number of facilities 

offered in this respect varies for each type of labelling, basic, 

compact or extended. See also the chapter on Cassette File Mana­

gement and the description of the I/0 monitor request. 
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In the Event Control Block, pointed to by register AS, the user 

specifies the file code (logical address) of the device con­

cerned with the I/0 operation and additional parameters such 

as buffer address and buffer length. At the end of the I/0 

operation, the monitor places information concerning the re­

sult of the operation in this ECB, so that it may be verified 

by the user program. 

In the Appendix Peripheral I/0, details are given about the 

different types of I/0 for different devices. 

The file codes are a means of giving a logical address to a 

file or a peripheral unit. They are defined with the physical 

device addresses at system generation time. 

The device addresses consist of two letters followed by two 

digits. The standard device addresses are: 

operator's typewriter: 

- punched tape reader: 

- tape punch: 

line printer: 

- card reader: 

- magnetic tape cassettes: 

- magnetic tape: 

TY10 

PR20 

PP30 

LP07 

CR06 

TLOS 

TLIS 

TL25 

MT04 

MT14 

MT24 

MT34 

(TL means I/0 via the 

CFM package. If stan­

dard I/0: TKOS,etc.) 

The file codes consist of 2 hexadecimal digits from /01 to 

/FF. The following are standard file codes: 

- s o u r c e in p u t ( T LO 5 ) : / 0 I 

- listing output (LP07): /02 

- punch output (TLIS): /03 

- o b j e c t in p u t ( T 12 5 ) : 

- typewriter I/0 (TYIO) 

/04 

/05 

These file codes are the default values in the operator con­

trol commands (see chapter 7) and are used by COM as follows: 
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file code /01 is used by the COM and the processors. 

em-1 uses it in the following Operator Control Commands: 

SH (Search Header) and CL (Clear Filaj. 

file code /02 is used by the processors. The COM uses it 

for dump memory. 

- file code /03 is the standard output file for the proces­

sors and the COM. The COM uses it in the Operator Control 

Commands WR (Write Header), WF (Write First Header). 

- file code /04 is used by the COM to load programs. This 

file code is normally assigned to a cassette tape. The 

COM uses this file code for the Operator Control Command 

RN (Run Program) and the operator command LD (Load Program). 

- file code /05 is used by the COM and the processors. The 

COM uses it for the input of commands and the output of 

system messages. 

The remaining file codes, up to /FF (or the maximum declared 

at system generation time) can be assigned by the user to 

any other files or devices, either at system generation time 

or later on by means of the operator command AS, by means of 

which the file codes can be reassigned as well. 

The file codes are contained in a system table, the File Code 

Table (T:FCT), containing the addresses of the Device ' Work Tables 

(DWTs) of the peripheral devices. File codes assigned to TL 

devices are contained in the Logical File Table (LFT) ,. The place 

in the table determines the file code, i.e. the first address in 

the table gets file code /01, the second /02, etc. 

ECMA Standard Access 

I/0 operations are performed through the standard I/0 package 

of the monitor or through the Cassette File Management Package 

(CFM). If it is done through the CFM package, the cassette 

tape units used must have been declared as TL (device name} 

units at system genration time. If they have been declared 

as TK units, an AS cassette control command must first be given 

to allow ECMA standard access. Then the cassettes can be ac­

cessed as labelled according to the Basic, Compact or Extended 

system of labelling. For each of these labelling systems, there 

are different access possiblities, which are described under 

the I/0 monitor request (LKM DATA 1), where the standard I/0 

facilities are also described. To enable ECMA standard ' access 

the cassette tape must also have been premarked for one of the 

three systems of labelling. 
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6 Cassette. File Management Package 

The Cassette File Management Package handles input/output 

operations on cassette tapes according to the ECMA standards. 

The package uses the three systems for da t a recording recom­

mended in the ECMA standards:the basic, the compact and the 

extended labelling system. 

The basic labelling system uses tape marks (i.e. blocks 

containing two characters . of 8 zero bits) to de ] nit _files, 

tracks and volumes. 

The compact and the extended labelling system use labels to 

identify, characterize and delimit files, tracks and volumes. 

For the compact labelling system a label is a 32-character 

block, for the extended labelling system the label length 

is 80 characters. 

In all three systems , files may be recorded on a single 

track, or split up in file sections recorded on consecutive 

tracks. In the basic labelling system files must be recorded 

on one or two tracks of one volume, in the compac~ and the 

extended labelling system files may be recorded on one or 

more volumes. 

The input/output operations of the Cassette File Management 

Package are initiated by I/0 requests to the monitor for 

the basic labelling system, and by I/0 requests or operator 

control commands for the compact and the extended labelling 

system. The I/0 requests are described in detail in chapter 

8, the operator control commands ii chapter 7. 

The Cassette File Management Package can only be used for 

those cassette drive units which have been specified as 

'CFM units' during system generation. Cassettes which are 

to be used with the Cassette File Management Package must 

have been premarked previously for one of the three label­

ling systems by means of the premark program. The premarking 

procedure is described in part 9. 
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BASIC LABELLING SYSTEM 

The basic labelling system can handle one or more files on 

one volume.The system uses single tape marks to separate 

files, and to indicate start of track and end of track, and ' 

a double tape mark to indicate · end of file. When a new file ­

is written after a file closed previously with ' a double tape 

mark, the second of the two tape marks is erased, so the e~d 

of file mark changes into a file separator. 

The tape mark at the st,rt of a track is written when the 

cassette is premarkeft for the basic labelling system, all 

other tape marks must be written by the user program. 

File structure 

In the examples of file structuring shown below, a tape mark 

is indicated by*, and a double tape mark by**· Each box 

represents one track of a volume. 

One file on one track 

* File A 

The file starts with a single tape mark indicating start of 

track, and ends with a double tape mark, which indicates 

end of file. 

One file on two tracks 

File A * File A ** 

When a file extends over the end of the first track of a 

volume, the status 'end of tape' is sent to the user program 

when the end of tape marker at the end of the track is detected. 

The track must be closed with a single tape mark for intermediate 

end of track. When track B has been loaded, the read/write 

head is positioned after the first tape mark, and the read 

or write operation can continue. The file must be closed 

with a double tape mark, specifying end of file. 
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More than one file on nne track - - - - -

File A File B 

If one track contains more than one file, the files are 

separated by a single tape mark. The track ' starts with a 

single tape mark, and ends with a double tape mark, as in 

the case of a single file on one track. 

More than one file on two tracks 

* File A * File B *' .-l* __ F_i_l_e __ B __ * __ F_i_l_e __ c __ *_*_./ 

On a volume with more than one file on two tracks, the files 

are separated by single tape marks. Track A must be terminated 

with a single tape mark after the end of tape marker has been 

dete c ted. Track B starts with a single tape mark, and the 

last file is closed with a double tape mark to indicate end 

of file. 

On each track, an end of tape marker indicates the end of the 

track. If the end of tape marker is detected when the last 

block of a file is wr i tten, the track must be terminated with 

a single tape mark. After the tape mark already present at 

the start of the next track, a double tape mark must be written 

to indicate end of file. The resulting file structure is shown 

below. 

File A 
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If a new file 1s written on the second track, the last of 

the three tape marks must be erased, so the second track will 

start with one tape mark for intermediate s tart of track and 

one file separator, as shown below. 

File A File B 

COMPACT LABELLING SYSTEM 

The compact labelling system can handle one or more files 

on one or more volume s . Th e system uses labels to identify 

and recognize files, and to indicate end of track, end of 

volume and end of file. Tape marks are used to separate 

labels from file data and from other labels. 

Label types 

In the compact labelling system four label types are used: 

- file header label (HDR) 

- end of track label (ETR) 

- end of volume label (EOV) 

- end of file label (EOF) 

The general layouc of the four label types is shown 1n the 

table on the next page. 

In each label type, the label iden t ifier is filled 1n by 

the system. The volume identifier is copied from the first 

file header label, written by ~he premark program. The user 

has to specify the file identifier for the file header label, 

for the other labels the file identifier is copied from the 

file header label of the current file. 

The system only recognizes the first 13 characters of the 

label, the other fields must be handled by the user program. 

The layout of the fields 14-32 as shown 1n the table is the 

layout recommended in the ECMA standards. 
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File header label 

The file header label is used at the beginning of a file, 

and at the beginning of a file section if the file is recorded 

on more than one track. 

A file header label can be written by means of the operator 

control command WH (write file header label), or through an 

I/0 request with order /23 (write header). The label identi­

fier is filled in by the system, the volume identifier is 

copied from the fir s t file header label of the volume, and 

the file identifier field is filled with the file name 

specified by the user in the control command or in a buffer 

of which the address · is specified in the I/0 request. 

~or files split up in a number of file section, the user 

only has to specify the file identifier for the file header 

label of the first file section. The file identifier for the 

file header labels of the following file sections is copied 

from the label at the beginning of the first file section. 

To search a file header label,either the operator control 

command SH (search file header label) or an I/0 reque s t 

with order /27 (search .header) can be used.If the system 

has been put in 'enable access for labels'mode by a previ9us­

ly issued I/0 request with order /29 (enable access for 

labels), the contents of the file header label are read into 

the label buffer specified in that request. 

End of track label 

The end of track label indicates that the current file extends 

over the end of track A of a volume. When during a write 

operation the system recognizes the end of tape marker of 

track A, the write operation is stopped temporarily, and the 

system writes an end of track label. The label is filled by 

the system with the proper label identifier, all other fields 

are copied from the file header label of the current file. 
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character field length i 
position name contents I 

1 label 1 I l I (/ 31) for HDR 
identifier 

I 3 I (/ 3 3) for ETR 

f 7 I ( / 3 7) for EOV 
I 

! 9 ' (/ 39) for EOF l ~ .. ·- ··· ····-•· ....... ..... . ---· ··-··-- ·--····-· 
2,.. 5 volume 4 volume name 

identifier ~----
6-13 file 8 file name 

identifier 
-••-•-~•• • • ••• ·•-•••-• •••---~•-- •• •-• •••• • --No•• - -• ,M, ONO - • •• - • - - •• ••• • ••••- •• - •- • --- •-

14-15 file section 2 two-digit number,speci-
number i fying the number 

I 
sequence 

l of the file section 

16-20 creation date 5 i two-d•igi t number speci-I 

I 
I fying the y ear , followed I 

by a three-digit number 

for the day of the year 

i 21-23 retention 3 three-digit number for the 
I period number of days the file 

' 
must be kept 

24-27 b loc'k count 4 0000 for HDR 

four-digit number for 

ETR,EOV and EOF, equal to 

the number of blocks in 

the preceding file or 

file section 
·•---- -•H ·•·------·--·- -·-··--------·-·-- -·-·---·-··-- ~----

28 data code ] ] 

indicator 
.. ------ ·----------·--------···•-· f.-• - •- ••-••• ••w .. •• •-• • •• ••••• •••·•• - --------· 

29 -32 reserved 4 reserved for user appl i-

cations 

---
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After the end of track label has been written, the system 

sends the message xx END, in which xx is the device address 

of the cassette drive unit on which end of tape has been 

detected, to the operator's typewriter, The write operation 

of the user program continues when track B ' has been loaded, 

If during a read operation the system detects an end of track 

label, the message xx END is printed, The read operation 

continues after track B has been loaded. 

End of file label 

The end of file label indicates end of data in a file. 

An end of file label is written by means of an I/0 request 

with order /22 (write end of file label). The label identi­

fier is filled in by the system, the volu•e identifier is 

copied from the first file header label of the volume, and 

the file identifier is copied from the file header label of 

the current file. If the system runs in 'enable access for 

labels' mode, the other fields of the end of file label are 

filled with the contents of the label buffer. 

The end of file label is preceded by a single tape mark,and 

followed by a double tape mark. If a new file is added after 

the end of file label, the second of the two tape marks is 

erased. 

When an end of file label i s read, bit 15 of the software 

status is set to l. In 'enable access for labels' mode, the 

contents of the label are copied into the label buffer. 

End of volume label 

The end of volume label indicates that a file extends over 

the end of track B of a volume. 

An end of volume label is written when the system detects the 

end of tape marker on track B during a write operation. 

The write operation is stopped temporarily, the system writes 

the end of volume label, and the message xx END is written on the 

operator's typewriter. The system writes the proper label 

identiefier, the other label fields are copied from the file 
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header label of th e current file. The label is preceded by 

a single tape mark, and followed by a double tape mark. 

Control is given back to the user program when a new volume 

has been loaded and is r e ady to receive data. 

When an end of volume label is read, cnly the message 

xx END is ' printed. Reading of data continues when a new 

volume has been loaded, 

Fi.le structure 

The struc t uring of the files is handled by the Ca s sette 

File Man~gement Package, but the user must write the file 

header label at the beginning of a file, and the e nd of file 

label at the end. 

In the examples of file structuring shown below, a tape mark 

is indicated by*, each box represents one track of a volume, 

and the labels are represented by the following mnemonics: 

HDR ~ file header label 

EOF - end of file label 

ETR - end of tr a ck label 

EOV - end of volume label 

One file on one track 

..... / H_D_R_* __ F_i_l..;_e_A _____ *_·_E_. o_F --~~ 

The file s t arts with a file header label, f o llowed by a 

single tape mark. The file is closed by an end of file label, 

preced e d by a single tape mark, and followed by a double tape 

mark indicating end of data. 

One file on two tracks 

When a file extends over the end of a tr a ck, the file secti o n 

on the first track is closed with an end of track label. The 

second file section starts with a copy of th e file header 

label, in which the file section number field can ~e used to 

specify the sequence number of the file section. 
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More than one file on one track -----------
I HDR * File A * EOF 1t HDR * File B 1t EOF ** 

When one track contains more than one file, each file starts 

with a file header label and ends with an end of file label. 

Only the last end of file label is followed by a double tape 

mark. 

More than one file on two tracks 

HDR * File A :It EOF :H: HDR * File B * ETR * 

HDR * File B :H: EOF * HDR :H: File C :It EOF 

The first file, which is completely on track A, starts with 

a file header label, and ends with an end of file label. 

The first file section of the second file ends with an end 

of track label, the second file section on track B starts 

with a file header label, and it is closed with an end of 

file label. The last file of the volume ends with an end of 

file label followed by a double tape mark. 

One file on more than one volume - - - - -- - - - -

[m)R HDR * File A * F.TR * * File A * EOV ** ·--•- -·----
HDR * File A * ETR * [HDR * File A * EOF ** 

When one file is recorded on more than one volume, each 

track starts with a file he a der label. Track A of e s. c h 

volume ends with an end of track label, track B of t he first 

volume ends with an end of volume label, and track B o f the 

second volume ends with an end of file label . 
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More than one file on more than one volume ------ - - - - - -

!HDR1LFile 
j 

A 1tETRJf: IHDRH File A HEOFH:HDRH: File B *EOVH*I 

IHDR* File B *ETR* lHDRJt File B 1EEOF*HDR* File C 1tEOF*~ I 

When several files are recorded on more than one volume, each 

file and each file section starts with a file header label. 

Track A of each volume ends with an end of track label, track 

B of the first volume with an end of volume label, and ~he 

last file on the last volume is closed with an end of file 

label, followed by a double tape mark. 

If the end of tape marker is detected when the system is 

writing the last block of a file,the track will be closed in 

the normal way with an end of track label if it 1s track A, 

or an end of volume label if it is track B. The me s sage 

xx END, in which xx is the device 2ddress of the cassette 

drive unit, is printed on the operator's typewriter. 

When the next track or volume has been loaded, the system 

writes the fil~ header label of the current file, followed 

by a tape mark, and an end of file label preceded by a single 

tape mark and followed by a double tape mark. 

The resulting file structure for a single volume file will 

be as shown below, for a multi-volume file the last data 

block will be followed by an end of volume label and · a double 

tape mark . 

....._H_D_R_* ___ F_i_l_e_A __ *_E_T_R_*_l I HD R ** E OF ** 

If the end of tape marker is detected when the system is 

writing the end of file label after a file, the label will 

be written completely, and the file will be closed with a 

double tape mark. 
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If the end of tape marker is detected when the system is 

writing a file header label, or if a new file header label 

is written on a track on which the end of tape marker was 

detected when the end of file label of the ' preceding file 

was written, the file header label will be followed by an 

end of track label or an end of volume label. The file header 

label and the end of track or end of volume label will be 

separated by a double tape mark, indicating a file section 

in which no data blocks are present. 

with a copy of the file header label. 

The next track starts 

The resulting file structure for the coincidence of beginning 

of file and end of tape on track A and track Bare shown below. 

I HDR~ Fi 1 e A ltE OFltHDR**E TR*/ IHDRlt Fi 1 e .B *EOF*HDR**EOV1Bfl 

I _H_D_R_* ____ F_i_l_e __ c ___ * __ ET_R_*I i.;;.IH;;.;;D;..:R:..;.;*~~-...;:F;_:1'"-· -=-1..:.e--"c ____ *_E_O_F_*_*~ 

EXTENDED LABELLING SYSTEM 

The extended labelling system can handle one or more files 

on one or more volumes, in the same way as the compact 

label1ing system. The extensions to the compact labelling 

system are the greater label length ( 80 characters instead 

of 32 ), and two additional labels, the volume header label 

and the start of track label. 

Label types 

In the extended labelling system six label types are used: 

- file header label (HDR) 

- end of track label (ETR} 

- end of volume label (EOV) 

- end of file label (EOF) 

- volume header label (VOL) 

- start of track label (STR) 
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The layouts ~f the file header label, the end of track label, 

the end of volume label and the end of file label are identical, 

except for the label identifier. The general layout of these 

labels is shown below. 

character 
field length contents position name 

1-3 label 3 HDR for file header label 
identifier 

ETR for end of track label 

EOF for end of fil~ label 

EOV for end of volume label 
1---------l------ ------+------+-------·--·----··-- ··--- -

4 

5-21 

22-27 

28-31 

label number 1 

file identifier 1 7 file name 
------------- -1----- - ---- - - - - - - --·----· .. ····-·---I file set name ! file set 6 
identifier 
--------- --+-----+--------------- -----... - _J 

I file section 
number 

4 four-digit number, giving 

the sequence number of 

the file section 

i 
I 
i 

-+-------1------------,1--- - ---t-- --- - -------·--•·-·-·--··- -·-·-·'"""'"---
32-35 file sequence 

number 
4 four-digit number speci-

fying the sequence number 

of the file in a file set 

' ! 
! 
I 

------------·-··-····--·-·-·-·--·-··-----. -·--··-- .. --,- -----·---··""·-----··- --·-·----- ··--···-----··---···- · .. -----···-··-······--·····-·········--
... , __ J 

i 
! 3 6 - 3.9 generation 

number 
4 four-digit number speci­

fying the number of times 

the file has been created • 
---------l,------ -- ······-··- ·••·••--·-· ··---·······•···•···· ···-··-· ··•·••--···-····-···-- ······--·••-·-··--··•··•-·····-··- ·--- ··-······ ···-- --·· ··-· -··· ···· ....... ·····--+ 

40-41 generation 
version number 

2 two-digit number distin­

guishing between file 

versions within one 

I 

! 

--------+--- - -·-·------··-----··••·-· -·- _ ........ ·-·····-·-·-· _ c.r eat.ion ---· .. ·······--············ ·····---·· --·· .. -·.··--····-· -···· ..... _ : 
42-47 creation date 

expiration date 

accessibility 

6 

6 

1 

I • 34 

one space character,a two­

digit number for the year, 

and a three-digit number 

I 
i 
! 
I 

for th e._._d.a y . of t h_e _. Ye a r ___ ·· ··- ----~' 
same as above 

alphanumeric character, 

indicating restrictions 

on file access, space 

I 
! : 

I 
character if no restrictions J 

I 

_ j 



character 
position field name length contents 

t---------+---------·--lf------- ·-----------------·--·---

55-60 block count 6 000000 for HDR 

six-digit number for 

ETR,EOF and EOV, speci­

fying the number of 

blocks in the preceding 

file or file section ! 
+--------t----- --------······-- --·······--··------ i ···--------- --···--·----····--··-· i. 

system code i 13 ! alphanumeric cha.ra-cters ,i 61-73 

i specifying the system 
! 

that recorded the file i 
l---------lf--- - -------+-----+-------------------- - - 1 

I 
74-80 reserved for 

future standa-

rization 

7 

I 
l 

space characters 

i l ________ ..__ __________ _.._ ____ ...L-_. ___________ . _____ __,_ 

The layouts of the volume header label and the start of 

track label are identical, except for the label identifier 

and the track number. The general layout of these labels is 

shown below. 

character 
position 

1-3 

field name 

label 
identifier 

length 

3 

contents 

VOL for volume header 

STR for start of track 

4 label number 1 1 
-+-------- ·- ·----··--·----·-·•····-··---·-····· ..... ........... ·•· ····-· .. .. ·••·'-····· ···•-· ····- " .. ······- ---··· ····-·-······-·--··-··· ·····•··-········ ··-··· -·- · 

5-10 volume identi- 6 ! volume name ! 
___________ fier ·········--·······-······· ···· l · ........... ··-·· •·· ·-·······-- ·· -~ 

11 accesibility 1 ! same as in HDR,etc. 1 
. :. -··-l 

12-37 reserved 26 

- -1---- ~-L-
! space characters for VOL, ! 
! ' 
i in STR cp.12=2 (track 
! 

i number _) _________ ·-··--···-·-··- --····~ 

5 2-79 

• • ! 
or 1.dent1.- ! owner i 14 ! owner name 

' ' . d t. f. I I 
1. en 1. 1.er ! I fication 

t------- --+------··-·--··-··-·-·-·--l--····--··--·-••···· ·t-···- ··--·----··---·--·--··--··-··--- - --, 
reserved for j 28 j space characters 

38-51 

l I 
. I future stan-

darization 

80 label standard 1 , 1 or 2, indicating the 

version ! version number of the 
I I ' 

! j ECMA standard. : 
-------------··-·--··--•··-·•---·-- ---·-.l- ... -........... _ .. _ .. -··•·--·-··-···--···--·------·-··- ··---------·---...l -
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In all the labels, only the fields containing the label 

identifier, the label number , and the file or volume iden­

tifier are recognized by the system. The other fields must 

be handled by the user program. 

Volume header label 

The volume header label is used at the beginning of track A . 

of a volume. The label is written by means of the premark 

program, when a tape is premarked for the extended labelling 

system. The label identifier field, the label number field 

and the volume identifier field are filled with the data 

specified during the premarking, all other fields are filled 

with zeroes. 

The label is read by the system when the cassette is loaded 

into the cassette drive unit. 

The volume header label must be followed immediately by a 

file header label, without a tape mark separating the two 

labels. 

Start of track label -----------
The start of track label is used at the beginning of track 

B of a volume. The label is written by the premark program. 

The label identifier, the label number and the volume iden­

tifier are filled with the data specified during the premar­

king, the other fields are filled with zeroes. The start of 

track label is read and checked by the system when track 

B of a volume is loaded. 

The start of track label must be followed immediately by the 

file header label of the next file section, without a tape 

mark separating the labels. 

File header label 

The file header label is used at the beginning of a file or 

file section. The label identifier field and the label number 

field are handled by the system, the user has to supply only 

the file identifierT The file header label is managed by the 

system in the same way as for the compact labelling system. 
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End of track label -------

The end of track label indicates that the curr~nt file 

extends over the end of track A of a v~lume. The label is 

read and written in the same way as the end of track label 

for the compact labelling Bystem. 

End of file label 

The end of file label indicates the end of data in a file. 

The end of file label is read and written in the same way 

as described in the section on the c~mpact labelling system. 

End of volume label 

The end of volume label indicates that a file extends over 

th~ end of a volume. The label is handled in the same way 

as described in the section on the compact labelling system. 

File structure 

The file structure for the extended labelling system is 

identical to the file structure for the compact labelling 

system, except that track A of each volume starts with a 

volume header label, and track B with a start of track label. 

DYNAMIC CATALOGUE 

For the compact and the extended labelling system the Cassette 

File Management Package creates a dynamic catalogue, in which 

the names of the files recorded on a single volume are stored. 

The sequence of the file names in the dynamic catalogue 

corresponds to the sequence of the files on the volume for 

which the catalogue was created. 

The file sequence stored in the dynamic catalogue enables the 

monitor to search forward or backward for a file header label, 

depending on the position of the tape at the read/write head, 

and the position of the file on the tape. 
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, The dynamic catalogue is updated each time a search or write 

header request or command is issued, Only the first six 

characters of the file identifier are kept in the catalogue, 

The file identifiers for a specific volume are erased when 

the volume is reinitialized through a Write First Header 

command. 
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7 Operator Control 1Commands 

If the operator communication package has not been included 

in the monitor at system generation time, processing is car­

ried out according to the instructions in the program. 

If it has been included, the operator has additional control 

over program execution by means of a set of operator control 

commands which are described in this and the following chap­

ter. 

Control commands are entered via the operator's typewriter. 

The operator initiates communication with the system by pres-

sing the INT button on the CPU control panel. This causes the 

monitor to type out M: to which the operator replies with a 

control command, followed by @@. 
Each command consists of two characters to identify it, fol­

lowed by a space which is possibly followed by a number of 

parameters. These parameters may be separated by spaces or 

commas. Some parameters are optional. 

Notes: 

- The operator communication (OCOM) package is an optional 

module. If this module is not included in the monitor, 

the operator must take care not to press the INT button 

on the CPU control pand, because then then the system will 

issue a Halt instruction. 

- Every numerical value in an operator control command is as­

sumed to be hexadecimal, whether it is preceded by a slash 

(/) or not. 

If a message contains an error, the system types out the 

message ER. In that case the operator may press the INT 

button and try to enter the message again. 

In the following paragraphs, the syntax and use of the avail­

able control commands are described, where Backus Normal Form 

is used as the notation for the syntax description: 

means: or 
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means: 

L J means: 

< ) means: 

w means: 

optional component; any or all items within these 

brackets may be omitted, e.g. r+l=J<integer) could 

be +<integer), -(integer), or (integer) 

alternative components; one of the items within these 

brackets must be selected, e, g, t:I :J 426 must be 

eithet' +426 or -426 

these brackets contain a syntactical item 

space, 
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The first five of the following control commands provide for 

management of the cassette tapes according to ECMA standards. 

They are part of the Operator Communication Package, but are 

directly related with Cassette File Management(CFM), and there-

fore selected at sysgen only when CFM is selcted as well. They are: 

WF (Write First Header) 

WH (Write Header) 

RN (Run Program) 

SH (Search Header) 

CF (Clear File Code), 

Syntax: 

Use: 

WRITE FIRST HEADER ca 
WFwr</ f i 1 e code) J f<f i 1 e identifier) r,< opt ion>ll 

where: 

</file code)consists of a slash (/) followed by 2 

hexadecimal digits specifying the file code of the 

cassette magnetic tape onto which the first header 

must be written. Default value: /03 or the file 

code used in the previous Cassette Control Command, 

if any, 

(file identifier) is a string of not more than 8 

alphanumeric characters, identifying the file which 

will follow this header. 

(option) is a string of not more than 19 alphanume­

ric characters containing information to be stored 

in the fields of the file header label (see Labelling 

System). 

If neither <file identifier) nor (option) are speci­

fied in the command, the current cassette tape will 

become a working cassette tape (see chapter l~, 

Note: Only_the_first_6_characters of_the_file id~n~i~ 

E_i~r_wil!_ E_e __ t~k~n_int.£_ ~c£_o~nE._ by_the_system. 

By means of this command, the user can 

reinitialize a cassette by writing a new fiie header 

label at the beginning of the cassette tape. The volume 

identifier .is preserved, 

The cassette_tape must fir~t_have been_premarked_for 

~o~p~cE._ ~aE_e!_l~n~ and is, after this command, recognized 

as such by the software system, 
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All the names in the dynamic catalogue corresponding 

to this cassette are erased. 

Note: It is not possible to write a first header on 

the system cassette tape. 

Error messages: 

Syntax: 

ERO 1: 

ER06: 

ER07: 

ER09: 

cassette tape not assigned as TL cassette 

I/0 error on tape 

incompatible tape system or unloaded cassette on <f,c~ 

wrong command syntax. 

WRITE HEADER 

WH'-'(</file code>--:} <file identifier>r:<option>l 

where: 

(file code) consists of a slash (/) followed by 2 

hexadecimal digits specifying the file code of the 

cassette magnetic 

must be written. 

tape onto which the file header 

Default value: the file code used 

in the previous Cassette Control Command, if any, or 

else /03. 

(file identifier> is a string of alphanumeric charac­

ters identifying the file which will follow this 

header. In the compact system of labelling, this string 

may not be longer than 8 characters, in the extended 

system of labelling this string may not be longer than 

17 characters . 

<option) is a string of alphanumeric characters con­

taining information to be stored in the fields of the 

file header label block (see Labelling System). In 

the compact system of labelling this string may not 

be longer than 19 characters, in the extended system 

of labelling this string may not be longer than 33 

characters. 

Default value: the fields of the file header label 

are filled with zeros, except for the label, volume and 

file identifier fields. 

In the extended system of labelling <option> repre­

sents the fields of the file header label starting 
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Use: 

from character position 22 up to and including char­

acter position 54 (see layout of file header label 

for extended system under Labelling System). 

!o!e~ _Only the first 6 £h~r~c!e~s_o£ !h~ £ile_i~e~tl­

£i~w~ll ~e_t~k~n_i~t~ ~c~o~n~ by_the_system. 

By means of thi~ command the user can write a file 

header lahel onto the cassette tape identified by 

(file code), to identify a file which will be writ-

ten onto this cassette behind . this file header label. 

The system will look for the last file on this cassette 

tape and write the file header label after its EOF. 

This command can be given only for cassettes which 

have been premarked for the compact or extended sys­

tems of labelling. 

After the command WR the system is ready to accept the 

write orders for the file opened by the new header. 

All other orders compatible with the tape labelling 

system will be accepted, except another WR command, 

which will not be accepted until the file just opened 

is closed with an EOF. 

Note: If an end-of-tape marker is encountered while 

the system is writing the file header label, the label 

will be written, but the system will close the file as 

an empty file and write an ETR (end-of-track) or EOV 

(end-of-volume) label. A me~sage END is then output 

on the operator's typewriter and the user must change 

the track or volume. The system will then execute 

a new WR command and the correct status will be re­

turned to the user program or control command. 

When the header is written, the dynamic catalogue is 

updated with the new file identifier. 

Error messages: 

ERO l : 

ER04: 

EROS: 

ER06: 

cassette not assigned as TL cassette 

incorrect labelling 

file already catalogued or previous file not 

yet closed with a write EOF 

I/0 error on tape 



Syntax: 

Use: 

ER07: 

ER09: 

END 

incompatible tape system 

wrong command syntax 

ETR or EOV encountered on the tape: 

- if current track is side A: change to side B 

-if current track is side B: load new cassette. 

RUN PROGRAM 

RN'-' ,</file code>lh<name;I 

where: 

(file code> consists of a slash(/) followed by 2 

hexadecimal characters specifying the file code of 

the cassette tape containing the program which must 

be executed. Default value: the file code used in 

the previous Cassette Control Command, if any, or 

else /04. 

<name) is a string of not more than 6 alphanumeric 

characters identifying the program which must be 

executed. Default value: the first file on the tape . 

By means of this command the operator may start the 

execution of the program specified in the command. 

The system will search the file header containing 

the program name specified, load the program and start 

it. If the file header containing the name is not 

found, an error message is sent. 

The file code must have been assigned to a cassette 

tape. 

This command performs the function 'inhibit access for labels'. 

Error messages: 

ERO 1: 

ER06: 

ER07: 

ER08: 

cassette not assigned as TL cassette 

I/0 error on tape 

incompatible tape system or unloaded cassette on <f.c.) 

unknown name 

ER loading impossible. 

EC erroneous cluster. 
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Syntax: 

Use: 

SEARCH HEADER 

SH u [< I f i 1 e c o d e >1r, <. f i 1 e id en t i f i e r >l 
where: 

<file code> consists of a slash (/) followed by 2 

hexadecimal digits specifying the file code of the 

cassette tape on which the file header label must be 

searched. Default value: the file code used in the 

previous cassette control command, if any, or else /01 

(file identifier) is a string of not more than 6 

alphanumeric characters matching the first 6 charac­

thers of the file identifier in the file header label 

which must be found. Default value: first file on the tape. 

By means of this command the user can find a file cata­

logued on a cassette tape and pieceded by the file 

header label specified in the command, 

When the system has found the file header, via the 

dynamic catalogue, the tape is positioned after the 

tape mark following the file header label and the 

file will be accessible to the user. 

After the SH command, the system is ready for a read 

operation on the file. Attempts to write on the file 

are rejected, unless this is the last file on which 

a write operation had not yet been performed after it 

had been opened by means of a WH command. 

The SH command can be executed only for ta~es labelled 

in compact or extended mode. 

Note: This command performs the Inhibit Access for 

Label function (see I/0 monitor request). 

Error messages: 

ERO I: 

ER06: 

ER07: 

EROS: 

ER09: 

cassette not assigned 

I/0 error on tape 

as TL cassette 

incompatible tape system or unloaded cassette on <f,c; 

unknown name 

wrong command syntax. 
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Syntax: 

Use: 

CF u[</file code>l 

where: 

CLEAR FILE lliJ 

(file code) consists of a slash (/) followed by 2 

hexadecimal characters specifying the file code of 

the cassette on which this command must be executed. 

Default value: the file code used in the previous 

Cassette Control Command, if any, or else /01. 

When, during a search, an End-Of-Volume or End-Of­

Track is encountered, this condition will be set in 

the status in ECB word 4 and the user will be re-

quested to change track or volume. If this is not 

wanted, i.e. if the search is to be abandoned, this 

command can be used to erase this request and enable 

the user to load a new cassette. 

The logical file code tables related to the cleared 

cassette will be erased and the status End-Of-File 

Set will be returned in ECB4. 

The command is therefore comparable to a Release 

Device command. 

A CF command implicitly performs an unlnck function. 

Error Messages: 

ERO 1 : 

ER07: 

ER09: 

cassette not assigned as TL cassette 

incompatible tape system or unloaded cassette on 

wrong command syntax. 
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Syntax: 

Use: 

ASSIGN FILE CODE 

ASu(/file code) ,<dev.name)<dev,address> 

where: 

[ii] 

</file code.> consists of a slash (/) followed by 2 

hexadecimal digits specifying the file code assigned 

to the device specified by 

<dev. name)( dev. address). 

By means of this command a file code can be assigned 

to a device, or a previously assigned file code can 

be modified. 

Note for cassettes: 

During the COMGEN phase of system generation the user 

can specify, under the question CFM UNITS, the 

cassette units on which he wants to do I/O operations 

according to the ECMA standards, by specifying them 

with the device name TL. If he has not given a file code 

to these units under the question SPECIFY FILE CODES or 

wants to modify them, he can use this AS command. 

If no CFM UNITS were specified, TK must be used as the 

device name in the AS command. It is not possible to 

give both device names (TL and TK) to the same unit. 

If the user wants to change the access mode on a CFM 

unit from ECMA to standard I/O access or vice versa, 

he can do this by AS command also. 

If an assignment is given as TL for a previous TK unit, 

or vice versa, an unlock function is performed. 

The assign function must be performed before the cas-

sette tape is loaded into the drive. If the assignment 

is done after the cassette has been loaded, the user 

must push the (black) load button on the drive, take out 

the cassette, push the load button again and put the 

cassette back in; the cassette will then be rewound and 

the new identification sequence will be started. 
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Syntax: 

Use: 

Syntax: 

Use: 

Ex4mple: 

ABORT A PROGRAM [ill 

AB 

This message can be given to terminate a program 

before its normal end. 

All buffers are deallocated. 

DUMP MEMORY 

DMu<address l)w<address2> 

This message produces a hexade ! imal dump on the 

standard listing output device · in full lines, so 

that (address!) and (address2) are included. 

Each address conjists of up to 4 hexadecimal charac­

ters. 

DM 0002 0004 

causes a full line to be listed of the values 

contained at addresses 0000 to 000E inclusive. 

HALT DUMP 

Syntax: HD 

Use: 

Syntax: 

Use: 

This message is used to terminate a memory dump 

before it reaches its specified end. This can be 

useful, for example, if the dump is being output on 

the typewriter, a slow device for large scale output, 

and continuation of the dump becomes unnecessary. 

LOAD A PROGRAM 

LDuk value)] 

This message is used to load a program into memory. 

It is luaded from the standard object input device. 

displacement value (in hexadecimal) rela­

tive to the beginning address of the user area. If 

specified, the program is loaded (value) characters 

after the beginn i ng of the user area. 

When a program is loaded, its identification, loa~ing 

address and length are printed on the typewriter. 

l . 4 8 



I MC I 
Syntax: 

Use: 

Example: 

[ii] 

Syntax: 

Use: 

Syntax: 

Use: 

MANUAL DEVICE CONTROL 

MCw(file code)u<software order.>fu<repeat factor>} 

This message is given when the operator wishes to 

perform a manual operation on a magnetic tape de­

vice. 

<file code) ~ s the file code assigned to the de­

vice, consisting of 2 hexadecimal characters. 

(software order) consists of 2 hexadecimal charac­

ters with the following significance: 

16: s~ip forward to EOF mark 

22: wr ite EOF mark 

24: write EOV mark 

26: write EOS mark 

31: rewind to load point 

33: backspace one block 

34: space one block forward (not allowed for 

cassette) 

36: skip backwards to EOF 

38: unlock 

<repeat factor) allows to have the required function 

performed as many times as specified here, with only 

one MC message. 

MC 15 33 

The device with file code 15 is to backspace one 

block. 

PAUSE [ill 

PS 

To temporarily stop the processing of the program. 

To restart it the operator must type RS. 

RELEASE DEVICE 

RDL.l<device address) 

Following an unsuccessful I/O operation, the monitor 

may type out a PU error message. 

In that case the operator may give the RD command 
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Syntax: 

Use: 

Example: 

Syntax: 

Use: 

Example: 

if he wishes to release the operation from the device on 

which the error occurred. 

<address) is the physical address of the device to 

be released, in 2 hexadecimal characters. 

Control is returned to the user with the status in 

the ECB. 

RESTART A PROGRAM wJ 
RSC <new A7>1 

To restart a program stopped temporarily by a PS 

command or a Pause monitor request, 

If the program has been stopped by a monitor re­

quest, it can be restarted wiih a new value in regis­

ter A7. 

RS 81E 

The program ·which was stopped by a Pause monitor re­

quest, is to be restarted with the value /081E in 

register A7. 

RETRY I/0 OPERATION 

RYL.l<device address> 

Following an unsuccessful I/0 operation, the moni­

tor may type a PU error message. 

The operator may then type the RY command to retry 

the operation after taking any necessary steps. 

<address): the physical device address (2 hexade-

cimal characters) where the operation has to be retried. 

If the operation is now successful, control is returned 

to the user with the status in the ECB, otherwise the 

monitor will type out a new error message if another 

retry is possible. 

RY 02 

Retry the last I/0 operation on the device with phy­

sical address 02. 
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Syntax: 

Use: 

Syntax: 

Use: 

Example: 

START A PROGRAM 

ST 

To activate the last loaded program. 

WRITE INTO MEMORY 

WM._. <address)~<.value1)ru<value2> .... &..1<valuen;i 

This message can be used to correct one or more memo­

ry locations. 

<address) is the first address to be altered (up to 

4 hexadecimal characters). 

(value!) to <valuen) are values to be entered in the 

memory locations starting at <address), i.e. 

<value]) is placed in <address> 

(value2) is placed in <address) plus 2. 

WM 4FE 44F 3FE4 

The value /44F is placed in memory location /4FE 

The value /3FE4 is placed in memory location /500. 
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8 Monitor Requests 

The user program can request the monitor to execute certain 

functions. A request takes the form of an .LKM (Link to Monitorj 

instruction followed by a DATA directive. 

The directive has a number as operand which specifies the func-

tion to be executed. If this number is negative, the user is schedu-

ling a label on completion of the request. 

Preceding a request, certain parameters may need to be loaded 

into the A7 and A8 registers. 

After the monitor has processed the request it loads a return code 

in the A7 register. If the requested module is not available, A7 

is always -1. 

The following requests are available: 

DATA 

operand 

2 

3 

4 

5 

6 

7 

Note: 

Request 

Input/Output 

Wait for an Event 

Exit 

Get Buffer 

Release Buffer 

Pause 

Keep Control on Abort Condition 

Page 
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1 • 64 

1. 65 
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It is possible to attach a scheduled label to a monitor 

request. For details, see chapter 4, Programming. 
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I/0 REQUEST 

Calling Sequence 

LDK A7,CODE 

LDKL AS,ECBADR 

LKM 

DATA 1 

lli 
The user can ask the system to start a particular 1/0 operation 

on a peripheral device. 

Register A7 is loaded with a CODE specifying the detaiis of the 

1/0 function, as follows: 

bit 7 8 9 10 15 

I W I R I ORDER I A 7 

Wand R specify the mode of operation: 

W = 1: the requesting program wants to wait for the completion of 

the requested 1/0 operation. Only after completion of the 

requested function, will the return to the calling program 

take place . 

W 0: a return to the calling program will be made as soon as the 

transfer has been initiated. The program will give a Wait 

request later on for synchronization. 

R 1: the program itself will process any abnormal condition con­

cerning the requested operation (possible only with Basic 

Read/Write). The system will return the hardware status in 

ECB word 4. No retry is possible. 

R 0: any abnormal conditions will be processed by the system. 

The software status is returned in ECB word 4. 

ORDER specifies which I/0 function is required, by giving one of 

the following hexadecimal values: 
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There are a number of I/0 orders. For devices other than cas­

sette, they are handled by the Standard I/0 Package. For cas­

settes, they are handled either by the Standard I/0 Package or 

by the Cassette File Management Package, depending on whether 

the cassette drive used has been declared as CFM UNIT (TL) or 

not , i.e. TL: Cassette File Management Package 

Standard I/0 Package. TK: 

(See also the AS control command,) 

The following orders are handled by the Standard I/0 Package: 

-For cassettes and other devices: 

/0 I : Basic Read 

/05: 

Io 2: 

/06: 

/08: 

/ I 6 : 

/22: 

/24: 

/26: 

I 3 1 : 

/33: 

/36: 

/38: 

Basic Write 

For Basic I/0 requests the system does not provide for 

character checking or data conversion, only for control 

command initialization and end of operation sig n als. 

St,s.ndard Read 

Standard Write 

Standard (ASCII) I/0 requests provide, by means of stan­

dard conversions, for special features such as error 

control characters, conversion from external code to 

internal ASCII and vice versa. 

Object Write 8+8 

Object Write requests provide, by means of standard con­

versions, f e r special features such as error control 

characters, checksum and data conversion from 8+8 punched 

tape format to internal format. 

Skip forward up to tape mark 

Write tape mark/ Write EOF 

Write EOV (End-Of-Volume) Label 

Write EOS block 

Rewind to load point 

Skip backward one block 

Search backward for tape mark 

Unlock 

-For devices other than cassette: 

I 14: 

/34: 

Read up to EOS 

Space one block forward 
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The following orders for cassette are accepted by the Cassette 

File Management Package_, where a difference exists for the dif­

ferent types of ECMA standard labelling used: 

BASIC COMPACT or EXTENDED 

LABELLING SYSTEM LABELLING SYSTEM 

Io 1 : Basic Read Io 1 : Basic Read 

/02: Standard ASCII Read /02: Standard ASCII Read 

/05: Basic Write /05: Basic Write 

/06: Standard ASCII Write /06: Standard ASCII Write 

/08: Object Write 8+8 /08: Object Write 8+8 

/ 1 6 : Skip forward to tape 

mark 

I 2 1 : Get type of Labelling 

I 2 2: Write tape mark I 2 2: Write EOF label 

I 2 3: Write File Header 

label 

/26: Write EOS block /26: Write EOS block 

I 2 7 : Search File Header 

label 

/29: Enable access for 

labels 

/2A: Inhibit access for 

labels 

I 3 1 : Rewind to load point I 3 1 : Rewind file 

/33: Skip backward one block /33: Skip back\o.·ard one biock 

/ 3 6: Search backward for I 3 6: Search for first file 

tape mark 

/37: Search for next File 

Header label 

/38: Unlock /38: Unlock 

Details on the functions of these I/0 orders, relative to the 

various devices on which they can be used, are given in 

Appendix B. 
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The Event Control Block, of which the address must have been loaded 

into the A8 register, has the following format: 

Y/X 

X 

X 

y 

y 

X 

0 

EVENT 

1 8 

CHARACTER I FILE CODE 

BUFFER ADDRESS 

REQUIRED LENGTH 

EFFECTIVE LENGTH 

STATUS WORD 
TABULATION TABLE .f..D_DRE S S 

X: these words must be filled by the user 

Y: these words are filled by the monitor 

where: 

WORD 0: event character: 

15 

WORD 0 

WORD 1 

WORD 2 

WORD 3 

WORD 4 

WORD 5 

bit O = 1: end of operation has occurred for the ECB. 

The other bits remain unused. 

WORD 1: address of the user buffer 

WORD 2: requested length to be read or written, in words (basic 

read on card reader) or characters (other devices). The 

first character is always the character given by the buffer 

address. For standard write on typewr i ter or line printer, 

two characters must be added, at the beginning of the 

buffer. 

Note: .I f magnetic tape or casset te tape hand ling o rde rs arc given in thi s mo n­
itor request (/ 16 and / 31 to /38), it may be useful to make a sc para tc 
E~B fo r these orders, as in these cases on ly ECB word O is importa nt 
(hie code). The contents of ECB 1 and 2 are then irrelevant. but must be 
unequal to zero. 

WORD 3: effective length which has been transmitted, in words 

(basic read on card reader) or characters (others). Stored 

here by the monitor upon completion of the I/0 operation. 

WORD 4: status word, stored here by the monitor upon completion of 

the requested I/0 operation. 

There are three types of Status word: 

- hardware status (see Appendix E) 

- software status for suc c essfully completed I/0 operations 

(see Software Status A below) 

- soft ware status for unsuccessful I/0 operations due to an 

error in the calling sequence (see Software Status B below). 
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For Basic orders, the status is given as follows: 

- operation successful: bit O = O, the other bits contain the 

hardware status. 

- operation not successful, due to error in calling sequence: 

bit O = I, the other bits contain Software Status B. 

For the other orders, the status is given as follows: 

- operation successful: bit O = 0, the other bits contain 

Software Status A. 

- operation not successful, retry impossible: 

bit O = I, bit = 0, bits 2 to 15 contain the hardware status. 

- error detected in calling sequence: 

bit O = I, bit = I, the other bits contain Soft ware Status B. 

SOFTWARE STATUS A (operation successful, bit O = 0) 

bit 6 = 1: 

bit 7 = I: 

bit 8 = I: 

bit 9 = I: 

bit 10= I: 

bit 11 = 1 : 

bit 1 2 = I : 

bit 13= 1: 

bit 14= I : 

bit 15= 1: 

CFM: 

CFM: 

unknown fi 1 e header label 

no data on cassette 

CFM: wrong labelling 

Standard I/0: End - Of-Volume 

CFM: end of file set 

Standard I/0: End-Of-Tape 

Standard I/0: beginning of tape 

Standard I/0: end of input medium 

Standard I/0: incorrect length requested 

or checksum error 

Standard I/0: illegal character code 

an EOS mark has been read 

an EOF mark has been read 

SOTWARE STATUS B (error in calling sequence, bit O=bit I= 1) 

bit 8 = 1: 

bit 11 = 1 : 

bit 12 = 1 : 

bit 13 = 1 : 

bit 14 = 1 : 

bit 15 = 1 : 

I/0 request incompatible with file statu s 

(for a read request this means that the file 

has not been opened by a search header or­

der, for a write request it means that the 

file has not been opened by a write header 

order). 

function is unknown or not compatible with 

the device 

illegal buffer size 

illegal buffer address 

device is attached to another program. 

an illegal file code has been used. 
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WORD 5: this word is used by the user to store 

the tabulation table address in the case of a standard 

read operation on ASR or punched tape equipment. Thie 

tabulation table has the following format. 

Number of Tackets First Tacket 

Second Tacket Third Tacket 

The tackets indicate an absolute position in the print 

line. Characters up to the following tacket are filled 

with blanks. 

Example: 

I 
Input line: LABEL \ OPER \OPERAND\ COMMENT 

Line in buffer: 

LABELu u1..1J>PERuuwuuuOPERAN~u wCOMMENT 

1 10 20 30 

At completion of the input, the buffer is filled with 

spaces, but the returned length is the length effectively 

entered and stored, including the spaces replacing the 

tabulation codes(\). 

Note: If word 5 is used for tabulation, the required 

length in word 2 must contain both the characters and 

the blanks in the tackets, i.e. for the above example 

word 2 must be filled with 36. 
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WAIT FOR AN EVENT 

Calling Sequence 

LDKL AB,ECBADR 

LKM 

DATA 2 

where: 

EC~ADR gives the address of the Event Control Block (see I/0 re­

quests). The first character of the ECB is the event character. 

If the first bit of this character is set to 1, the event has been 

completed. 

Use 

Thia request causes a program to atop and wait for the completion 

of an event which has to take place in another program (user or 

system). If the event has occurred, the dispatcher returns control 

to the requesting program. If the event has not occurred, the pro­

gram is put in wait state, to be restarted when the event has 

occurred. 

Note: 

It is recommended not to use a Wait request inside a scheduled 

label routine, as this causes the whole program to be blocked tem­

porarily. 
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EXIT 

Calling Sequence 

Thie request is used to specify the end of a program. The program 

exit ie effected after completion of all I/0 operations and after 

all labels, if any, have been scheduled. A scheduled label exit 

passes control to the next scheduled label, if one is present, 

otherwise control passes to the main program. 
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GET BUFFER REQUEST 

Qalling Sequence 

LDK A7, LENGTH 

LKM 

DATA 4 

where: 

LENGTH is the length, in characters, to be allocated to the buffer 

area (maximum 32k characters): 

0 1 

I X 

Bit O is not taken into account. 
If O is loaded into A7, the monitor will return 

the highest memory address in A7. 

15 

If the memory size is 32k, 0 will be returned in A7. 

By means of this request, the user can allocate a memory area for 

temporary use, in the dynamic memory allocation area. 

When the allocation is made, a control block is created by the 

system at the beginning of the allocated area. This block will 

contain a chaining link and the old contents of the A14 register: 

Chaining Link } Control I 
I 

Old A14 Contents block i > Allocated 

} Required , Buffer New A14 
► ! 

contents length i 
I 

etc. I 
) 

The user must not destroy this control block 

Upon completion of the request, the system responds as follows: 
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A7 = Os 
= 1: 

A14z 

the buffer ie allocated 

there ie no memory apace available (bit O in LENGTH= 0) 

contains the address of the fourth word of the allocated 

buffer, eo that,• ae soon as the buffer is allocated, the 

user may give a Call Function instruction with the A14 

register without having to update the A14 register first. 

However, the user must then provide for stack handling. 
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RELEASE BUFFER REQUEST 

Calling Sequence 

LDKL A14, BUFADR 
LICM 

DATA 5 

where: 

BUFADR points to the second word in the buffer as given in register 

A14 after the Get Buffer request. 

JI!!.! 

To release the memory space previously reserved by a Get Buffer re­

quest. The A14 register is reloaded with the value it contained 

before the Get Buffer request was made. 

The system responds as follows: 

A7 = Oi the memory space is released. 

If the A14 pointer is incorrect, or if the buffer area has been de­

stroyed, the system issues a Halt. 
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PAUSE 

Calling Sequence 

LDK A7,MESLGT 

LDKL A8,MESBLK 

LKM 

DATA 6 

where: 

MESLGT is a constant, specifying the length of a message which the 

program may output on being put in Pause state (in characters). 

MESBLK is the address of a message block containing the message to 

be output. 

Use 

This request causes a temporary halt of ·the running program. It is 

put in wait state and, if specified, a message is pri~ted out on 

the operator's typewriter. The program can be restarted only by an 

operator control message RS. When the program is restarted, it may 

be given an additional parameter in register A7 (see RS operator 

control message). 

Notes: 

It is very useful if the user mentions, in the output message, 

that the program now is in pause state. 

The message must start with a control character. 
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KEEP CONTROL ON ABORT CONDITION 

Calling Sequence: 

LDKL A7,PARAM 

LDKL A8,LABADR 

LKM 

DATA 7 

where: 

LAI3ADR is the address of a user label to be scheduled on abort. 

PARAM is the address of a 3-word block which will receive the par­

ameters of the abort condition. It has the following formats 

Aborted PSW 

Aborted Address (AO) 

where: 

0 

1 

2 

- the abort code has the same meaning as in the regular AB abor~ 

message. 

- word 1 gives the PSW of the aborted program. 

- word 2 gives the address where the abort took place (register 

AO contents). 

ill 

By means of this request the user can himself handle abort con­

ditions, i.e. hie own routine replaces the abort handling of the 

monitor. Thus, the program will not be declared aborted by the 

monitor, but control will be transferred normally to the user 

routine attached to this request (register A8). The parameter of 

the abort condition will be placed in a 3-word block and, accord­

ing to the returned parameters, the user routine can take action. 

This request is to be given once in a program, at the point from 

where the user wants control over any abort conditions, so mostly 

at the beginning of the user program. It is usable only once, so 
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if an abort takes place and the program is restarted, the request 

has to be given again. When a user decides that, at a certain 

point in his program, he wants to return to regular abort handl­

ing by the monitor, he may do so by provoking an 'artificial' 

abort. 

The abort code returned in the PARAM block may be one of the 

following: 

01: simulated routine save area overflow 

02: non-available instruction used 

04: buffer area destroyed or block was bigger than 16k words 

05: labtl could not be scheduled ... 

!ili= 
An operator abort (AB) can never be blocked. 
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.. 

9 System, Messages 

System messages are printed by the monitor on the operator's 

typewriter. For monitors in which the operator communication 

package has not been included, no messages are printed, but 

when abort and exit conditions arise, the P-register halts 

at a specific address. 

!r£O£ in_O£e£a~o£ ~o~m~n~ 

format: ER 

meaning: the operator command contains an error. The ope-

rator must push the INT button and retype the mes­

sage. 

Errors in Cassette Control. Commands 

ER: loading impossible (RN command) 

ERO] cassette tape not assigned (WF, WH, RN, SH and CF commands) 

ER04: 

EROS: 

ER06: 

ER07: 

EROS: 

ER09: 

XX END: 

Abort 

format: 

incorrect labelling (WR command) 

file already catalogued/ previous file has not yet been 

closed with an EOF (WR command) 

I/0 error on tape (WF, WR, RN and SH commands) 

incompatible tape system (WF, RN, SH and CF commands) 

unknown name (RN, SH commands) 

wrong command syntax (WF, SH and CF commands) 
END ETR or EOV detected on tape XX (WH comman~ 

' 

AB ORT &..J < c o d e .>....,(ad d r e s s > 
meaning: an error has been encountered and the program has 

been aborted. 

(code) may be 0 1 simulation routine save area 

overflow 

02: illegal instruction 

04: buffer area destroyed or block 

was bigger than 32k 

05: label could not be scheduled 

06: operator abort 

<address) is the address at which the abort occurred . 
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Erroneous Cluster 

format: 

meaning: 

EC 

an erroneous cluster has been encountered on punched 
' 

tape. Program loading stops. 

End of File 

format: 

meaning: 

:EOF 

the loader has read the en-of-file record and stops 

loading. 

!n~ ~f_S~g~eE_t 

format: :EOSu< address> 

meaning: the loader has read the end-of-segment record. 

<address) is the address of the first free location 

after the loaded program. 

!r~g_E_a~ Te.E_mi_n~tion 

format: EXIT 

meaning: This message is printed when execution of a program 

is completed. 

~r~g.E_a~ Id~n!i!i~a!i~n 

format: IDENTu..(program name)...J(address) 

me~ning: the loader has read the program identification 

(program name> is the name given in the IDENT instruc­

tion. 

(address> is the start address of the loaded program. 

No Start Address 

format: NS 

meaning: 

Overflow 

no start address was specified in the END/START clus-

ter (record type 7. See Appendix). 

not be executed. 

The program can 

format: OV 

meaning: Insufficient memory available. Program loading stops. 
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Peripheral_Device Error 

format: 

meaning: 

PUu(Device name and address)w(hardware status>jwRYl 

a failure has been detected on a peripheral device. 

RY is printed if a retry is possible. 

tor command~). 

( See opera-

If the operator releases the operation on the device 

(RD operator command), the system will consider the 

I/0 operation completed and control will be returned 

to the user. 

The <hardware status) can be found in Appendix E. 

Input/Output_Error 

format: 

meaning: 

I/0 ERROR~<device name and address)~<hardware status> 

an error has occurred during an I/0 operation on the 

device specified (e.g. throughput error, data fault), 

in connection with an MC operator commana. 

The hardware status can be found in the Appendix. 

Errors_during Cassette_Loading 

XX E OA: unknown type of labelling 

xx E 06: I/0 error on tape 

xx E 03: bad volume or track loaded 

xx E OB: impossible to load cassette because a 

has been given for it. The user must! 

- release the device: M: RD TKXX 

- and reload the 

xx l. s the device address of 

Qy~a~i~ ~a~a!o£U~ Qv~r!l~w 

E 02 

cassette. 

the drive containing 
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10 Operation 

THE CASSETTE TAPE DkIVE UNIT 

The cassette tape drive units are mounted in an equipment shelf 

together with a control unit. The shelf may contain up to 

three drives, all of which are controlled by the same control 

unit which may be connected to the Programmed Channel or to 

the I/0 Processor. 

Controls and Indicators 

0 • 0 • 

4 

3 

@ I ~ D II ~ D I-----~ 
2 

For each cassette drive the following controls and indicators 

exist on the front panel of the cassette drive and on the 

panel of the equipment shelf: 

- 'lock' lamp (l) a white light which goes on when a cas­

sette is inserted and locked into posi-

tion inside the unit. This light remains 

on as long as the drive is locked. 

- retrieval knob (2}: this is a cassette release knob which must 

be pressed to retrieve a cassette from the 

- load button ( 3) 

drive unit. The retrieval knob is locked 

during the time a lock signal is fed to 

the unit from the external equipment and 

also during a rewind operation to prevent 

che cassette from being removed. 

this is a black button located above the 

right hand corner of the drive unit. It 

must be pushed before a cassette is inserted. 

When the cassette is locked into position, 

the lock lamp goes on and th e retrieval 

knob is locked. 

If a cassette must be removed, the load . 

button must first be pushed, extinguishing 

the lock lamp and releasing the retrieval 

knob. 
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- orange lamp 

The Cassette 

( 4) this light is always on when a cassette 

drive is empty. When a cassette has been 

inserted into a drive unit, it goes on 

during rewind, read and write operations, 

The cassette has an A-side and a B-side corresponding to the 

tape A-track or B-track. The side inserted uppermost in the 

tirive unit is the side in use. It is usual to start with the 

A-side first. In either case however, the unit detects which 

side of the cassette is uppermost by means of an asymmetricall y 

positioned cut-out in the back of the cassette. 

In the back edge of the cassette are two symmetrical cut-outs 

into which (re~ write-enable plugs are normally fitted. The 

cut-out which is furthest away from the 'A' or 'H' marked on 

the cassette corresponds to the relevant track or side (see 

figure below). If a write-enable plug is not fitted to a cut-out, 

then the information contained on the corresponding track of the 

tape can not be accidentally erased. 

fluence on the read process. 

The plugs have no in-

WRITE ENABLE PLUG A-TRACK 

Loading~ Cassette 

With the unit switched on, load a cassette as follows: 

- if required, fit a write-enable plug in the cut-out on t~e 

cassette, corresponding to the side to be used. 

- push the black load button; the orange light now goes out . 

- with the side to be used uppermost, load the cassette int o 

the cassette slot with the thickest part of the cassette cor­

responding to the widest part of the slot. 
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·· when the cassett e has been inserted sufficiently far, the 

cassette holder will automatically bring the cassette into 

the corr~ct position. The white lock lamp now goes on and 

the retrieval knob is locked. 

- tte unit will now operate automatically under the control 

of the computer. When it is in operation, the orang~ lamp 

will be on. 

Removing a Cassette 

A cassette can be removed oLly when the lock lamp is extinguished 

and the retrieval button unlocked. This can be done either 

by pushing the black load button or by operator command via 

t he t y p e w r i t er (MC c o mm an d w i th o rd e r 3 8) . A f t er th i s , the 

retrieval knob must be pressed, which will cause the cassette 

to be ejected from the cassette slot under spring action suf­

ficiently far for the final removal to be accomplished by 

hand, When the cassette has been removed, the orange light 

will gc on again. 

Types of cassette 

~y~t~m_C~s~e.E_t~ 

The cassette tape which contains, as its first file, the IPL 

+ Monitor is called the system cassette. 

The data on tne system cassette are always recorded with the 

Compact system of labelling (see chapter 6). 

The system cassette is the only cassette handled by the Cassette 

File Management Package which does not have a File Header Label 

(HDR) or Volume Header Label (VOL) at its beginning. 

The system cassette is created during system generation, when 

the IPL and monitor are recorded on it. (It is also possible 

to premark a cassette as system cassette and copy a monitor on 

it by means of the Update Package.) 

When the monitor has been loaded from the tape into memory, the 

cassette can be removed and another one put in its place, unless 

the system tape also contains the system processors and these are 

going to be used, in which case the cassette must be taken out after 

monitor loading and put back into the drive, after which the pro­

cessors can be searched. 
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Us!:_ r _ T ~p !:_ 

All cassette tapes onto which data are recorded according to 

ECMA standards are called user tapes. 

When a cassette is loaded, the system immediately checks it 

to see according to which ECMA standard the tape must be used. 

This information has been put on the tape by the Premark pro-

gram. All I/O operations for that tape will then be done ac-

cording to the standard specified for it. 

~O£kin~ ~a~s!:_t~e 

The working cassette is a cassette using the compact system 

of labelling and capable of storing only one single file: a 

working file. 

A working cassette is declared as such when the cassette is 

premarked or by means of the cassette control command Write 

First Header (WF). 

For Read operations it is not necessary to give a Search Header 

command before starting the read, because the system automatically 

rewinds the cassette tape when it is loaded or when an EOF 

label is read . 

For Write operations it is not necessary to give a Write Header 

command before starting to write, because the write operation 

is automatically started at the beginning of the file. When 

the cassette is loaded, the tape is implicitly rewound; this 

is also done when an EOF is written. 

LOADING PROCEDURES 

Three types of cassette can be loaded: 

- system cassette 

- user cassettes 

- working cassettes 

When a cassette is loaded, a ready interrupt starts the identifi­

cation routine which reads the first block recorded on the tape. 

This blo ck contains information about the type of labelling used 

for the cassette, which is printed out on the typewriter, along 

with the device address of the drive into which the cassette has 

been loaded. For a cassette on which the compact labelling 
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system is used, for example, it may print: 15 C::VOL9, indicating 

that a cassette with compact labelling has been loaded into drive 

15 and that its volume name, given during Premark, is VOL9. 

For Basic Labelling a Bis printed and for Extended Labelling 

an Eis printed, e.g. 15 E::CAND, where CAND is the volume identi­

fier. 

Note: When the system cassette is loaded, C::SYST is printed 

out on the typewriter. 

Loading Bootstrap, IPL and Monitor 

The bootstrap can be loaded in one of two ways, depending on 

whether the optional ROM bootstrap is included in the system 

or not. 

If the ROM bootstrap is included, which is highly recommended, 

the procedure is as follows: 

- switch on the CPU 

- push the system cassette into the drive with file code OJ 

with side A up, after having pushed the black load button 

- wait until the cassette has been rewound 

- set up the device parameters on the toggle switches on the 

CPU control panel, as follows: 

0 ?. 3 4 ------- 7 1 81 s 11 o 

where: 

bit 0 =O: no punched tape used or, if used format is 8+8 

=) : punched tape format is 4 X 4 

bit =O: the device used is not a disc 

= I the device used is a disc 

bit 2 used only if bit "" 1 

=O: the disc used is a fixed-head disc 

= 1 : the disc used is a moving-head disc 

bit 3 =O: the device is connected to the I/0 processor 

m] : the device is connected to the programmed -channe 1 

bits 4 to 7 are used to qualify the CIO Start command sent by 

the bootstrap and are transf~rred to the addressed 

control unit on lines BIO 12 to 15 when required 
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bit 8 :a0: the control unit involved is a single device control 

unit 

.. ] the control unit involved is a multiple device 
control unit 

bit 9 =] : the disc used is an Xl215 disc (P8 2 4) 
bits 10 to ] 5 contain the device address 

0 0 0 0 0 

(hexadecimal 078~ 

This indicates that the IPL must be loaded from 

the device with address 05: a cassette tape drive 

(on multiple device control unit) connected to the 

I/0 processor. 

- then push the MC button on the CPU control panel 

- push the IPL button 

- the bootstrap is now loaded into memory which immediately 

starts reading and loading the IPL from the device specified 

on the toggle switches, i,e, a cassette drive 

- when the IPL has been loaded into memory, it outputs the message: 

OBJECT TAPE ON READER. THINK OF BASE! 
if the IPL contains a Halt. 

If it does not contain a Halt, it continues automaticRlly antl 

loads the monitor. If it has stopped after output of the 

message, and the monitor is to be loaded, which is on the cassette 

immediately following the IPL, the user must push the RUN button 

to have the monitor loaded into memory: 

- the monitor name and start address are output as follows: 

IDENT XXXX 

When loading is terminated, 

:EOS XXXX 

:EOF 

is output, XXXX being the first free address after the 

monitor in memory. 

- the monitor is now ready for use and when the INT button 

on the control panel is pushed, it types out 

M: 

and waits for the user to type in a command, 
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When the ROM bootstrap is not included in the system, the pro­

cedure is as follows: 

- switch on the CPU 

load the bootstrap into the first 64 memory locations manually, 

by means of the toggle switches and the ~oad ~emory button 

on the control panel. The 64 bootstrap values can be found 

in Appendix F. 

- check by reading these locations out 

- put the system tape cassette in the drive with file code 01 

and wait until it has been rewound 

- push the MC button 

- push the RUN button 

- now the IPL is loaded, which will then load the monitor. 

Loading and Running Programs 

When the monitor has been loaded, including the operator com­

munication,package, the user may type in commands after he 

has pushed the INT button on the CPU panel. 

the system types out 

M: 

When this is done 

and waits for the user to type in a command. 

To load and start an object program, for example a processor, 

the user can type in the command RN. If the program is on the 

device assigned to file code 04 (standard load file codaj it 

suffices to type RN <program name) , unless an other file code 

was used in a previous cassette control command, in which case 

that file code becomes the default value. In any case, it is 

possible to load the program from any cassette unit, as long as the 

file code is specified. The RN command performs a search header, 

load and start function. This implies that the user may also 

give an SH, LD and ST command successively, for programs in 

load module format on cassette tape. 

For programs on other devices, the user must position the pro­

gram to be loaded correctly on the reading device, e.g. tape 

reader, magnetic tape, and then give LD and ST commands sue-

cessively to load and start the program. 
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PART 2 ASSEMBLY LANGUAGE 
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Introduction 

This part contains a description of the Assembly Language. In this description 
it is made clear how the programmer can write his programs using the 
ins tructions of the P852M Instruction Set as well as the directives which guid_e 
the assembly process when the program is input to the Assembler. 

Programs for the P852M computers are written in a symbolic language closely 
related to the machine code. Each sta tement (or line) of the program relates to 
a single machine instruction or to a data item to be taken into account by an 
inst ructio n. 

To write programs in the Assembly Language, the user should be familiar with 
the syntax of the instructions, which are devided in the following ma in groups: 

Load and Store instructions 
Arithmetic instructions 
Logical instructions 

- Character handling instructions 
- Branch instructions 
- Shift instructions 
- Control instructions 
- Input / Output instructions 

... 

Programming in Assembly Language requires certain rules to be acceptable to 
the Assembler. 
A source program may consist of one or more modules each of which s tarts 
with an identification I DENT and termin ates with an END (see directives). The 
whole source program must be termin a ted by an "End Of File" mark ( :EOF). 

NOTE: If a source program consists of several modules the modules need not 
be separated by :EOF marks but by :EOS marks (End Of Segment). 

Each module of a program consists of a number of characters grouped into 
lines and each statement in a module is made up of the following characters: 

Letters: 

Digits: 

A to Z inclusive 

0 to 9 inclusive 

Delimiters: + plus 
minus 

* asterisk 
equal 
apostrophe 
comma 
blank 

/ slash 
( left parenthesis 
) right parenthesis 

period 
colon 
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Location counter 
The Assembler maintains a location counter which is a software counter used 
to assign a relative or absolute memory address to program elements. The 
location counter starts with a relative value equal to zero, or it starts at an 
absolute address defined by the AORG directive, at the beginning of an 
assembly. The value of the counter is incremented by 2 or a multiple of 2 
depending on the kind of instruction given. 
The current value of the location counter is referred to by an * in the operand 
field (see below). In absolute program sections* has an absolute value. In that 
case the value is incremented in the normal way and the value may be changed 
by a RES or RORG directive. 
The location counter may take neither a negative relative value nor an odd 
value. 

Symbols 
A symbol is a character or a string of characters used to represent addresses or 
values. Symbols may appear in the label field as well as in the operand field of 
a statement. 
Their syntax is the same as for the label (see under label field). Some symbols 
are predefined and have a special meaning for the Assembler e.g. * indicates 
the current value of the location counter, P is the instruction counter etc. 
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Syntax description 

The follO\r,ing symbol s are used to define the syntax o f the P852M Asse mbly 
Language. 

< > to enclose syntactic items 
I the vertical stroke has the meaning of or 
:: = is composed of 
r l the syntactic items between these brackets may be omitted 
L J select one of the items between these brackets 
....... space 

The following list contains the definition of all items used. 

< statement > 

< label > 
< operation code > 

< operand > 

< comments > 
< identifier > 

< mnemonic > 
< S > 
( < end > ) 

< numerical 
condition value > 
< condition 
mnemonic > 

< L > 

* 
< directive > 

< DATA defined 
hexa constant > 
< module name > 
< symbol > 

< predefined expression > 
< entry point name > 
< external > 
< common-field 
definition list > 

< common field definition > 

< common field name > 
< common field length > 
< internal symbol list > 

< internal symbol > 
< field definition > 

:: = r < label > 1 ....... < operation 
code > r < operand > l r < com­
ments > l r * < comments > l 

·· = < identifier > 
:: = < mnemonic > rSl( < cnd > )ILl 

r * l < directive > 
:: = r + 1-l < term > r + 1-l < -term > 

r + ! - l < term > 
:: = < characters > I* < characters > 
:: = < letter > I< identifier > < let-

ter > I< identifier > < digit > I< identifier > 
.. < letters representing operation code > 
:: = < store indicator > 
:: = < numerical condition value > I< condit ion 

mnemonic > 

:: = 011121314151617 

:: = ZIPINIOIEIGILIAIUINAI 
NRINZINPINEINGINLINN 

:: = < load indicator > 
:: = indirection 
:: = < IDENT, END etc.> see chapter on 

directives 

:: = < see DATA directive > 
:: = < symbol > 
:: = < characters representing address or 

value > 
< max. of two defined symbols > 
< identifier within reference module > 
< identifier defined in other module > 

< com men field definition >,< common field 
definition > 

:: = < common field name > r < common field 
length > l 

:: = < identifier > 
:: = predefined (absolute) expression 
:: = < internal symbol > , < internal symbol > 

:: = < identifier > 
:: = < field length definition > I L = I :J < field value 

definition > 
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< field length definition> 
< = field value definition > 
< :field value definition> 
< field number> 
<term> 
<constant> 

< decimal constant> · 
< hexadecimal constant> 
< character constant > 
<letter> 

<digit> 
<delimiter> 
< integer> 

:: = < number of bits> 
:: = < value to be placed in field> 
:: = < address of word> 
:: = < decimal integer> 
:: = <constant> I < symbol > 
:: = < decimal constant> I < hexadecimal 

constant> I < character constant> 
:: = <digit> I< integer> 
:: = < hexadecimal integer> 
:: = <letter> I <digit> I < delimeter > 
:: = AIBICIDIEIFIGIHIIIJIKILIMI-

NIOIPIQIRISITIUIVIWIXIYIZ 
:: = Olll21314l5l617l8l9 
:: = +l-1•1=1'1,l ...... 111<1>1-I = 
:: = <number> 
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1 Format of source statements 

A source module consists o f a seque nce o f sta te me nts. The Asse mble r 
inte rprets each line as it is presented. 
Sta te me nts ca n be di vided in the fol lo wing fi e lds: 

label fi e ld 
o pe ra tio n fi e ld 
o perand fi e ld 
comme nts fie ld 

< sta te ment > :: = r < la be l > 1 ....... < o pera tio n code > ....... r < o pe rand > l.___, 
r < comme nts > l 

*r < comme nts > l 

Each fi e ld has to be separa ted fro m the o the r by o ne (o r mo re) bl a nk 
c ha racter( s). Bla nks may no t a ppea r in the fi e lds the mse lves exce pt w he n 
spec ifi ed in a cha racter cons ta nt o r in a comme nts fi e ld . Ins tead o f bla nks a 
backslas h may be used for sepa rati o n (see page 2.-12.J. One o r mo re b la nk s a t 
the beginning o f a sta te me nt ind ica te tha t there is no labe l fi e ld. 

If there are mo re th a n te n bla nks afte r the o pe ra ti o n fie ld a ll followin g 
cha racte rs a re conside red to be belong ing to the comme nts fi e ld . 
An * (asterisk) a t the beginning o f a state me nt ide ntifies tha t line as a 
comments line. 

S ta te me nts punched o n ta pe which a re to be read by the ASR punched ta pe 
reade r have to be te rmin a ted by LF XO FF C R, w hich sw itches the reade r o ff , 
fo llowed by a Null c ha racter, e.g. Rub-out , to a llow for a prope r readin g a nd 
process ing o f the next usable cha rac te r. 

=>HILIPS e data systems 

E x:AfYIP L~ 0 />'";, o 0 r,qHM11vq /JAJ,er PAOGRAMMER-------- -------ROBLEM --='--"-'2..:...!.J._=...__:.=._ ~L_c__Lt:..~ :;=J-~==-'--'-.:_:_,;_;_L-/','-,,"-"'-C....--------------- ----- --

DATA ___________ PAGE-OF_ 

label I operation opera nd I iden tificat ion 
1 6 10 _l 18 19 20 1 I 30 1 I 40 1 50 60 70 72 73 80 

1 1010 1 I ,F, : 1 1 
I 

/i1q1U1 I 1 1 1 I ,..., I I I I I I I I I 

I 
l 1D1i<1l_1 _l _l _l 1 ,+ , I , 0 1, 1 /l IvI f- I r 610 'iv 0 /1. K /i {) p Y c · S" S 1 l 

I I 
I I I I lip! <1l i J -1 _I I A 1l 1t 1, ,01 1 1 I I I I I 1 1 1 I 1 1 I I I I I J J 1 J _l_l_l _l I I I .., ,o O, i i'1i l L D KL A It , {Ju "O LJ~ 

I 
I I I 

I 
A DY', I I I I I A I 1 11 1A / 11 

I 
I I I I I I I I I I 

I L D Y ,4 ,'l, " A1 i I 11 I I I I I 
I 

I I I I I I I I 1 1 I J _I _I _I J I I I I I I 
I 

L /Jl(t., I ,f I > , f'iC '.l e 
I 

I I I ' I I 
I I I I I I I _I J _I I I I I ' I I 

I ' 1 ' I I I I I _l 
I I 

I I I I I I I I I I I I I I I I I I _l[ _l_l_l l I I I I I I I I I 
I I 

I I I I I I I I I l l J J I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I 11_11111 I I I I I I I I I I I I I I I I I I I I I I I 

I 

I I I I I I I lllJ_l_l I I I I I: I I I I I I I I I IJ_l l I I I 11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
I I 

I I I I I I I I I I I I J J I I I I I I I I I I I I I I I I I l I I I I I I I I I l I I l J I I I I I I I I I I I I I I I I I ' I I I I 

I I 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

I I 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I l_l I I I I I I I I 

I I 

' I I I I I I I I I I I I I I _I I I I I I I I 
I I 

I I I I I I I I I I I I I I I I I _I I I I I I I I 

I I 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

I I 
I I I I I I I I I I I I J _l l I I I I I I I I I I I I_IJ_[ JJ I I I I I I I I I I I I I I I I I JI I I I I I I I I I I I I I I J J I I I I I I I 

I I 
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LABEL FIELD 

< label >: : = < identifier > 
< identifier > :: = 
< letter > I< identifier > < letter > I< identifier > < digit > I< identifier > 

Labels (or identifiers) in a module are used for reference purpose to other 
statements in a module. 
The Assembler assigns. in most cases, to each label a word address value which 
is the numerical equivalent (absolute or relocatable) of the label. 

The maximum number of characters in a label recognised by the Assembler is 
six. The first of those must always be a letter. A label , however, may contain 
more than six characters but the additional characters will not be taken into 
account. If the label has already been allocated to another statement an error 
message is output. 
Period signs in a label are not significant, e.g. 

L.A .B.E.L. has the same meaning as LABEL 

The value of a label is normally regarded as relocatable, except when: 

- an absolute address is equated by an EQU directive 
- the label appears in an absolute program section (defined by the AORG 

directive and which is not equated by an EQU directive to a label previously 
defined as relocatable). 

OPERATION FIELD 

< operation code > :: = < mnemonic > rSI( < end > )ILH * l < assembly 
directive > 

where : 

< mnemonic > 

The operation field normall y contains the mnemonic of a standard instruction . 
It is possible, however, to genera te one's own instruction mnemonic by means 
of the FORM . XFORM and GEN directives (only with the Extended 
Assembler). 

s 
Allowed afte r the mnemonic of certain register to register and memory 
reference instructions. It indicates that the result of the operation must be 
stored in a memory word (bit 15 of the instruction is set to 1). In fact, S had to 
be considered as a part of the instruction mnemonic. 
e.g. Cl R and Cl RS instructions are to be considered as two different 

instructions. 

NOTE: It is allowed to have the S preceded by a period sign though the 
Assembler does not take this sign into account. 
e.g. AD.S._. = ADS._. 
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( < end > ):: = < numerica l condition val ue > I < condition mnemon ic > 
< numerical condition va lue > :: = 0/ 1 I . . ... I 7 
< condi tion 
mnemonic >::= ZIPIN \OIEIGILIAIRIU \N AI NR\NZINPI N EINGINLINN 

This indicator specifies the condition under which a condit iona l branch 
instruction is to be performed. The table below shows how in the Extended 
Assembler the conditional mnemonics and numerical condition values may be 
used. On the Basic vers ions only numeric notation can be used. , 

~ eats CR CR= O C R =1 

Condition Numerical Condition Numerical 
Instruction mnemonic condition mnemonic condition 

type "' va lue va lue 

arithmetic Z (zero) P (positive) 
compare E (equal to) 0 G (grea ter than) 1 

1/ 0 A (accepted) R (refused) 

C R # 0 CR # l 

NZ (not zero) NP(no t positive) 
Compare N E (not equal) 4 NG (not greater) 5 

1/0 NA (not accepted) N R (not refused) 

CR= 2 C R= 3 

Condition Numerical Condition Numerical 
mnemonic condition mnemonic condition 

value va lue 

N (negative) 0 (overflow) 
L (less than) 2 - 3 

- ........ (address 
unknown) 

C R # 2 CR# 3 

NN (not nega ti ve) 
-

NL (not less) 6 - 7 

.L 
Allowed after the instruction mnemonic of a constant instruction. It specifies 
that the operand is contained in 16 bits i.e. that the instruction must be 
assembled as a " long" instruction. 

* Indicates the indirect addressing mode in a register to register or a memory 
reference instruction. 
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OPERAND FIELD 

The operand field may contain an address expression, a register expression or 
constants associated with the current machine instruction or assembly directive 

· or a combination of those. 
The structure and mean ing of the operand depends on the type of instruction 
and directive and is explained below. 
All operand expressions must be separated by a comma. 

Expression 

<expression >:: = r + I - l <term > rL + I - J < term > rL + I - J < term > ll 
< term >:: = < constant > I< symbol > 

NOTE: * is considered to be a symbol. 

An expression may not refer to more than 2 symbols and may not refer to 
more than one register name. In the latter case it may not contain any other 
term. 

Address expression 
The address specified in a memory reference instruction can be either absolute 
or relocatable. 
An absolute address is the actual address in memory where the information the 
user-needs can be found. 
A relocatable address is relative to the beginning of the program in which it 
appears. 

The address expression may contain any of the following terms or a 
combination of them: 

* 

symbol 

asterisk, which is a predefined expression representing the 
current value of the location counter. This counter is 
incremented by two or a multiple of two depending on 
the length of the instruction. 

used to refer to an instruction or data word with the 
same identifier in its label field. The Assembler will 
convert the symbol to a relative address. 

displacement value which can be attached to * or < symbol > to indicate a 
word not labeled by an identifier. 

Predefined expression 
A predefined expression 1s an expression consisting of not more than two 
symbols, each of which is defined i.e. has been assigned a value. Some symbol s 
are implicitely predefined in the Assembler (see page 2..32). 

An expression may contain only one external reference. The remainder, if any, 
of such an expression must have a predefined absolute value. The combination 
of an external reference and a predefined absolute value may only be used for 
specifying the value of a 16-bit field . The table below shows the result of a 
combination of positive and negative absolute or relocatable values: 
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A m 

where : 

+R 

-R 

+A 

-A 

R = relocatable 
A= absolute 
E = erroneous 

Register expression 

+R 

E 

A 

R 

R 

-R +A -A 

A R R 

E E E 

E A A 

E A A 

Register expressions are regarded as predefined expressions and consist of one 
or two characters. The register expressions recognised by the Assembler are : 

P P-register or instruction counter 
A 1 ... A 14 Registers 1 to 14 (general purpose registers) 
A 15 Register 15 (stack pointer) 

Constants 
A variety of constant types may be specified in the operand of an instruction 
or directive. 

< constant > :: = < decimal constant > I < hexadecimal constant > I < character 
constant > 

Decimal constants 
< decimal constant >: : = < digit > I< integer > 

The decimal constant is a digit or integer contained in a n 8-bit character or 16-
bit word whose value may range from Oto 32767. 

Hexadecimal constants 
< hexadecimal constant > :: = /< hex a integer > IX ' < hexa integer > 

The hexadecimal constant is considered to be hexadecimal va lue or bit st ring in . 
the range from O to / FFFF. 

Character constants 
< character constant > :: = ' < character > r < character > T 

A character constant is composed of a character string enclosed in single 
quotation marks. The string is composed of the characters described in the 
character set on page :l."3 . 

A character constant can be used with a machine instruction o nly if the 
constant consists of either one character (short constant) or two characters 
(long constant). Longer strings can be specified in a DAT A directive . A single 
quote mark( ' ) used as a character is specified by two consecutive single quote 
marks. 
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COMMENT FIELD 

Comments are only for the programmer's benefit. They are included in the 
assembly listing but not in the generated object program. 
A line is considered to be a comment line when the first 10 characters of that 
line are blanks or when the line starts with an asterisk. 

INPUT OF SOURCE STATEMENTS AND CORRECTIONS 

The user may type in the statements and corrections from the operator's 
typewriter. He may do so by counting the number of characters to obtain a 
neat output on the listing device. 

Example: 
1st col 
label 

10th col 
opcode 

may be typed as follows : 

label \ opcode \operand \comments 

19th col 
operand 

40th col 
comments 

without having to count for the first column of each field . 

Example: 
DATAF\LDK \ A4,4 
\ABL(7)\HAL T 
DEVUN\LDK \A4,5 
\ABL(7)\HAL T 
ADDIT\LDK\Al.0\SET INDEX REGISTER FOR BUFFER. 
\LDK\A3,00FF\LOGICAL CONSTANT INTO A3 
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ADDRESSING MODES 

In-H,e !t1Jfr..Sd ,.,,A.,11,t/ we see how add ressing takes place from a hardware point of 
view. The condition an instruction must fullfill to meet the requirements of 
ihe Assembler is explained o n the preceding pages. Specific examples, with 
source sta tements a nd explanatio n concerning the arithmetic instruct ions AD 
and ADR are given to show the operation within the CPU. 
See for the hardwa re operation of those instructions tltat 1nantn:? f The ~rcr'er 111 
which the examples are given is in accordance with the description on those 
pages. 

Direct addressing 

AD A 1.LABEL 

ADS Al.LABEL 

Indexed addressing 

AD A2,LABEL,A 10 

ADS A2,LABEL,A 10 

Indirect addressing 

AD* A2,LABEL 

ADS* A2,LABEL 

The contents of the memory location with 
symbolic address LABEL are added to the 
contents of register A 1. The result is placed in A 1. 

The contents of the memory location with address 
LABEL are added to the contents of register A 1. 
The result is stored in LABEL. 

The contents of regi ste r A 10 are added to the 
address LABEL. The result gives an address 
whose contents are added to the contents of A2. 
The result of the latter operation is placed in A2. 

The contents of register A 10 are ·added to the 
address LABEL. The result gives an address 
whose contents are added to the contents of A2. 
The result of the latter operation is stored in the 
address: LABEL + contents of A 10. 

The contents of LABEL point to an address 
whose contents are added to the contents of 
register A2. The result is placed in A2. 

The contents of LABEL point to an address 
whose contents are added to the contents of 
register A2. The result is placed in the contents of 
LABEL. 

Indexed Indirect addressing 

AD* A2,LABEL,A 10 

ADS* A2,LABEL,A 10 

LABEL is added to the contents of register A 10. 
The result points to an address whose contents 
are added to the contents of register A2. The 
result hereof is pl aced in register A2. 

LABEL is added to the contents of register Al0. 
The result points to an address whose contents 
are added to the contents of register A2. The 
result hereof is placed in the address obtained of 
AlO. 

Register to Register operation 

ADR A 1.A2 

Register addressing 

ADR* A1 ,A2 

ADRS A1,A2 

The contents of A2 are added to the contents of 
A 1. The result is placed in A 1. 

The contents of the address pointed to by A2 are 
added to the contents of register Al. The result is 
placed in A 1. 

The contents of the address pointed to by A2 are 
added to the contents of A 1. The result is stored 
in the address pointed to by A2. 
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2 Functional operation of instructions 

LOAD AND STORE INSTRUCTIONS 

Load Instructions 
Before the programmer can perform an operation on the contents of a 
memory location or a register its contents must be placed m one of the 
registers A 1 thru A 15. 
Two load instructions are provided, allowing to load a 16-bit word from 
anywhere in memory or from any register into a specified register where the 
operation will take place, and one instruction to load a constant into a register. 

Store instructions 
Companion to the load instruction is the store instruction which may store the 
contents of a register, containing the result of an operation, into a memory 
location or a register. 

ARITHMETIC INSTRUCTIONS 

Arithmetic instructions perform the normal arithmetic functions such as add , 
subtract. The instruction operand operates upon the contents of the specified 
register. 

LOGICAL INSTRUCTIONS 

Instructions described under this heading are called logical instructions because 
they operate on binary information according to the rules of logic. The first 
operand which may be a memory location, a register (R 1 or R3) or a constant 
is compared with the second operand, register R2. The result is placed in a 
register or possibly in memory. In the instruction set each logical instruction is 
given a description in which way the contents of a memory location is AN Ded 
or ORed. 

CHARACTER HANDLING INSTRUCTIONS 

Character handling instructions operate on a character level. Characters may 
be exchanged, compared or 8 bits of a constant may be placed in 8 bits of a 
register. 

BRANCH INSTRUCTIONS 

These instructions cause a branch to an address in memory either when a 
certain condition is fulfilled or unconditionally. 

In branch instructions on condition the instruction mnemonic is followed by a 
number ranging from 1 thru 6, enclosed in brackets. When the number is (7) or 
omitted. the branch is unconditionally. 
These numbers are compared with the contents of the condition register set by 
the previous instruction. 
The condition number has the following meanings: 

(0) branch if CR 
(1) 
(2) 
(3) 

Example: 

LABEL 
LDK 
SUK 
RB(4) 

0 
1 
2 
3 

(4) branch if CR * 0 
(5) ic 1 
(6) ic 2 
(7) unconditional branch 

A2.4 
A2.1 
LABEL 
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The Assembler allows to use , instead of a number, a condition 
mnemonic e.g. Z, E, A (see page '.Z.9). 
Unconditional branches are made by the following instructions : 
- absolute branch instruction or relative branch instruction without a 

condition indicator or when (7) is specified. 
- CF, RTN , EX instructions. 

Long format absolute branch instructions permit to branch, forward as we ll as 
backwards, to any address in the program. Short format absolute branch 
instructions may only branch to locations 0000 to 00FE. Relative forward and 
relative backward instructions may not sk ip backwards more than 127 
locations and 128 locations forward . 
The Assembler gives an error indication if the permissible branch range 1s 
exceeded. 
The address to which control is to pass may be indicated in various ways: 

1. By means of a symbo lic address express ion: 
ABL(3) LABEL 

2. By an absolute address held in a register: 
ABR (7) AS 

3. By using a constant to indicate an absolute memory address (short 
constant): 
AB / 84 

4 . By means of a displacement va lue added to or subtracted from the 
instruction counter value (RB and RF instructions only). This 
displacement value is computed by the Assembler from an address 
expression used in the operand and may not exceed more than , 128 words 
forward or 127 backwards: 
RB(0) ZERO 

Another group of branch instructions are the Ca ll Function and Return from 
Function instructions. The Cal l Function instruction provides a link to a 
subroutine by branching to the first instruction of the sub-routine. To be able to 
resume the execution of the main program after the subroutine has been 
executed the contents of the P-register and the Program Status Word are 
stored in the stack. When the last instruction of the subrout ine (RTN) is 
executed the contents of P and PSW are restored. · 
A special group within the branch instructions is formed by the instructions 
EX , EXK and EXR. 
These instructions a ll ow to address a memory location of which the contents is 
the binary representation of another instruction. The latter instruction 1s 
e xecuted before the program continues with the next instruction in sequence. 

Example: 

LDKL A3,CIO 
LDKL A4,SST 

C IO C IO Al,1.TY 
EXR* A4 EXECUTE SST 
RB(4) *-2 

EXR* A3 EXECUTE CIO 

SST SST A7 ,TY 
RB(4) *-2 

The Execute instruction may not refer to other EX , EXK or EXR instructions 
or to Call Function, RTN or double format instructions. 
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SHIFT INSTRUCTIONS 

Shift instructions operate on a bit leve l. These instructions allow to rotate the 
contents of one of the registers A 1 thru A? n positions in the direction and 
manner specified in the instruction. 

CONTROL INSTRUCTIONS 

These instructions perform the control of the program by allowing the 
program to be interrupted or not or to rese t an internal interrupt. Except for 
the LKM instruction, control instructions should only be used in Stand Alone 
programming. 
IN H and EN B are two companion instructions. The program part between 
these instructions is not interrupted as IN H inhibits all interrupts. EN B sets the 
machine status to permit interrupts. 

Example: 

STACK 
BUF 
START 

INPUT 

IDENT 
AORG 
RES 
DATA 
RES 
INH 
LDKL 
LOK 
LDKL 
CF 
HALT 
LOR 

RTN 

TEST 
/1000 
1 
0 
2 

At4,STACK 
AS,4 
BUF 
A14,INPUT program inhibited 

At.AS 

A14 

The R IT instructio n is used to reset an internal interrupt which was previously 
set by an inte rrupt fro m the control pane l, power failure/automatic restart, 
rea l-time clock or by a program error. 
The programmer may specify a 5-bit hexadecimal value in the operand of this 
instruction to clear specific interrupts. 
INTRTC RIT /1 B Reset the real-time clock interrupt 

1/0 INSTRUCTIONS 

1/ 0 instructions handle the data transfer be twee n the cpu and peripherals, the 
operation of control units for these peripherals and status control. 
In monitor controlled prog rams the 1/0 functions, initiated by these 
instructions, a re taken over by a general 1/ 0 routine which is called each time 
a LK M instruction followed by a DAT A directive is used. 
The user need therefore not to write hi s own 1/ 0 routines . When the 
progra mmer is to write a Stand Alone program he has to write hi s own 1/0 
routines. 
Since there is no memory pro tection option the progra mmer must be careful 
not to overwri te parts of a progra m already in memory. 
Two inst ructions, RER and WER, may be used to address an external reg ister. 
The function of these instructio ns is described on page A.'35". 
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3 Assembly directives 

Directives are used to provide a framework for a program and to guide the 
assembly process. The directives are written in the program and are printed on 
the assembly li sting if the li sting option is spec ified in the Assembler option 
message (see pa ge 3.3). 

The table below gives a survey or which direc tives are accepted by which 
Assembler. 

I 

Directive Meaning page 

IDENT Program identifica tion l..18 

END End of asse mbly :ua 
ENTRY Define en try point name '2.19 

EXTRN Define ex ternal 1. .U 

references 

COMN Define common blocks 2.20 
STAB Define internal symbol 2. .23 

table 

AORG Assig n absolute orig in 2.23 
RORG Assign relative origin 2,23 
IFF If fa lse 2.2~ 
IFT If true 2.. 22 -
XIF End of condition 2 .2.L__ 
DATA Data gene rat ion 2.24' 
EQU Equate symbol to value 2 . Z5" 

RES Rese rve memory area .2. .26 

EJECT Co ntinue li sting o n new 2 .27 
page 

LIST Resume li s ting output 2 -!] _ 
NLIST Suspe nd li sting ou tput 2 .27 _ 
FORM Format definition 2.2~ - -
XFORM Extension of FOR M 1, 3/ 

directive 

GEN Generation directive .2,31 

The directives can be divided m the following groups according to their 
function : 

Program framework 
Linkage control 
Assembly control 
Value definition 
Area reservation 
Listing control 
Symbol generation 

!DENT, END 
ENTRY, EXTRN, COMN 
IFT, IFF, XIF, STAB, AORG, RORG 
EQU, DATA 
RES 
NLIST, LIST, EJECT 
FORM, XFORM, GEN 
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PROGRAM FRAMEWORK 

The directives !DENT and END form respectively the first and last statements 
in the module. They are mandatory. The module punched on tape must be 
followed by :EOS or :EOF. 
The !DENT directive is used for identification purposes and the END directive 
generates the END cluster after which the assembly process is stopped and. a 
symbol table is printed. 

IDENT program IDENTification IDENT 

The !DENT directive specifies the name to be given to the object module 
output by the Assembler. It is used for identification purposes in 3elective 
loading or updating (see parts on Linkage Editor and Update Package). 
This directive must always be present and must be the first statement in a _' 
module. .J. 

Syntax 

....,I DENT...., < module name > 

where : 

< module name > A symbol which is specified according to the rules for a 
label. 

END of assembly 

This directive must be the last statement in a module and terminates the 
assembly process by 01.1tput of an :EOS mark. 

Syntax 

r < label > l...., EN D....,r < predefined expression > l r. < symbol > l 

where : 

< label > The label is given a relocatable value equal to the 
length of the relocatable section of the generated 
object program. This length includes the length of 
the optional symbol table (see ST AB directive, page 

2. .1.3). 
The value is O if this module is absolute. 

< predefined expression > This expression. if present, gives the address of the 
first instruction to be performed in the program 
after loading. 

< symbol > This parameter gives an entry point name to the 
internal symbol table of the generated object 
program when the ST AB directive has been 
assembled. 
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LINKAGE CONTROL 

Some modules which have to be grouped into one larger program contain 
references to identifiers defined in other modules. 
By means of the directives ENTRY and EXTRN the user is able to refer to 
certain parts in other modules whereas the directive COMN allows to transfer 
data among several modules either written in Assembly Language or in 
FORTRAN. 
By using a COMN the programmer can define one or more common blocks. 
Each common block may be divided in a number of subfields of varying length. 
each having a symbolic name which can be referred to directly but only in the 
module in which they are declared. 
COMN blocks may be labeled or blank; a COMN block is labeled if a name is 
attached to it. 
The Linkage Editor allocates a space to the blank common block at the end of 
the link-load or link-edit run (see Linkage Editor). This block is placed at the 
end of the entire program. 
Labeled commons are placed at the end of the first module that refers to it. 

~ 

The ENTRY, EXTRN and COMN directives must always follow immediately 
after the IDENT directive and in this order. though it is not necessary that the 
ENTRY as well as EXTRN and COMN are specified. 

So: IDENT, ENTRY, EXTRN, COMN or 
IDENT, EXTRN, COMN or 
IDENT. ENTRY, COMN etc. 

ENTRY define ENTRY point name ENTRY 

The ENTRY directive is used to declare entry points, i. e. labels which are 
defined in the current module and used as operands of another module. 

Syntax 

....... ENTRY.___; < entry point name > f, < entry point name>, .. ,<entry ' point 
name > l 

where: 

< entry point name > Can be referred to by an operand of an instruction in 
another module. The maximum number of entry points 
which can be specified in one ENTRY directive is 
determined by the length of one line. 

Example (see also EXTRN) 

PROG !DENT 
ENTRY NUMBl. NUMB2, NUMB 3 

NUMBl LDKL A3, LABEL 

NUMB2 ST A6, REFER 

NUMB3 CF A14, EOS 

END START 
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EXTRN define EXTeRNal references EXTRN 

The EXTRN directive is used to declare externals i.e . operands which are used 
in the current module and defined as labels in another module. 

Syntax 

...... EXTRN ...... < external name > r, < external name > . .. , < external name > l 

where : 

< external name > Name of external reference (label in other module). The 
maximum number of external names which can be 
specified in one EXTRN directive is determined by the 
length of one line. 

Example (see also ENTRY) 
!DENT ASMPRO 
EXTRN NUMB2 

CF A14, NUMB2 

END START 

COMN declare COMmoN block COMN 

The COMN directive facilit ates co mmunica tio n between modules written m 
Assembl y Language o r FORTRAN. The directive is written as follows: 

Syntax 

r < label > l ...... COM N ...... < common field definition list > 

where : 

< common field definitio n list > :: = < common field definition > r. < commor-i 
field definition list > l 

where : 

< commo n field definition > :: = < common field name > r < common field 
length > l 

where: 

< common field name > :: = < identifier > 
< common field length > :: = < predefined absolute expression > 

If the parameter < common field length > is omitted the default value 
assumed by the Assembler is 1. The fi e ld length must be given in words. 
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Example 
A ...... COMN ...... FVALt (3), FVAL2 (3), INTGV (10) 

which defines a labeled common, named A, having the length 

3 + 3 + 10 = 16 words. 

A is defined as an external reference and common block name. Either the 
common block name itself or the subfield names may be referred to in the 
same module . The subfield names are then considered to b_e equivalent to: 

< common block name> + < absolute displacement > 

so, 

LD.....,Al, FVAL2 is equivalent to LD ...... Al , A + 6 

and 

T .....,A2, INTGV + 18 is equivalent to ST ...... A.2, A. + 30 

The displacements in this example are counted in characters. 
Blank commons can only be referred to by the subfield names defined in the 
operand field . 

...... COMN ...... VA.Lt (3), VAL2 (4) 

.....,COMN ...... V A.L3 (9), VAL4 (10) 

These directives define a blank common of 3 + 4 + 9 + 10 = 26 words. • 

V AL2, for instance, may be used in symbolic expressions and is equivalent to: 

< blank common "name"> + 6 
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ASSEMBLY CONTROL 

When it is neccessary to check whether a certain condition is satisfied before 
assembling a number of source lines, the user may include the directives ITT, 
IFF and XIF. The assembly of the !DENT - END - XIF directives are never 
bypassed by ITT or !FF. 

By means of the STAB directive the user may specify one or more internal 
symbols which are to be used for Debugging purposes. All these symbols must 
have been defined previously in the current module. 
Common block names are handled as externals. 

The RORG and AORG directives are used to reset the location counter to a 
relocatable or absolute value indicated in the operands of those two directives. 

IFf, IFF, XIF Conditional Assembly IFf, IFF, XIF 

Those directives are only used in combination with the directive XI F to 
indicate that a block of instructions is to be assembled only if a certain 
condition is fulfilled . The assembly of the I DENT - END - XI F directives 
are never bypassed. 

IFT (IF True) 

The IFT directive specifies that the Assembler has to assemble the next source 
lines only if the condition stated by this directive is fulfilled . 

Syntax 
....... IFT ....... < predefined absolute expression > 
expression > 

< predefined absolute 

If the first parameter # second parameter the source line(s) following I FT up 
to the next XI F directive are not assembled. 

IFF (IF False) 

Syntax 
...... !FF ....... < predefined 
expression> 

If the first parameter 
will not be assembled. 

Syntax 
....... XIF ....... 

absolute expression > < predefined absolute 

the second parameter the source lines following IFF 

This directive allows all subsequent statements to be assembled until a new I FT 
or I FF statement is encountered. 
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STAB define internal Symbol T ABie STAB 

The STAB directive outputs at the end of the relocatable program section of 
the generated module one or several internal symbols to be used for 
Debugging purposes (internal symbol is the address given to a symbol in the 
program after assembly). All symbols must have been declared previously in 
the current module. 

Syntax 

...... STAB ....... < internal symbol list > 

where : 

< internal symbol list > :: = < internal symbol > r. < internal symbol list > l 

If the STAB directive does not contain a parameter in the operand field all 
internal symbols of the module will be included. 
The programmer may not specify external reference names or commons. This 
directive is only taken into account when in the END directive the parameter 
< symbol > is specified which gives the name of the internal symbol table. 

AORG Assign absolute ORiGin AORG 

This directives assigns an even absolute value to the location counter. The 
location counter receives that value by specifying < predefined absolute 
expression >. 
From the time AORG is given and until a RORG directive is given the 
location counter is incremented in the same way as if it were relative. i.e. by 
increments of 2 and 4 depending on the length of the instruction. All labels in 
an absolute module are given an absolute value unless they are equated to a 
predefined relative value by an EQU directive. 
RB and RF instructions in an absolute program cannot refer to an address in a 
relocatable program section as the place from where this section will be loaded 
is not known. 

Syntax 

....... AORG ....... < predefined absolute expression > 

RORG assign Relative ORiGin RORG 

The RORG directive allows the user to specify the beginning of a relocatable 
module by assigning a relative value. which must always be even . to the 
location counter. Its value may never become negative . If RORG has no 
operand the location counter is given the last relocatable value it has 
previously received. This value is equal to the length of the relocatable module 
at the time this directive is assembled. 

Syntax 

....... RORG ....... r < predefined relocatable expression > l 

2.23 



VALUE DEFINITION 

The directives DATA and EQU are used to define certain values in a module. 

DATA DAT A generation DATA 

The DATA directive is used to assign a value to one or more words m the 
module , for inclusion in the object module. 

Syntax 

r < label > 1 ....... DATA ...... < data expression > 

where : 

< data expression > :: L < expression > I'< character string > l < data 
expression > J 
< label > refers to a symbol in the operand field elsewhere in the 

module. 
< data expression > the data expression may be: 

Example 

a decimal or hl!xadecimal constant 
an address expression 
a character string consisting of one to thirty-two 
ASCII characters enclosed by single quote marks. A 
series of words is generated, of two characters each , 
which are left justified. When the number of 
characters is odd the rightmost character of the last 
word is a space. 

The expression may contain a number of parameters which , in total. may 
generate no more than 16 words in memory . 

....... DATA......,'ABC',/ 0A0D, 1.1 A, 2,' DEF' 

will generate the following words : 

4142 

4320 

0AOD 

0001 

0OOA 

0002 

4445 

4620 

'AB 

c ...... 

/OA0D 

IA 

2 

'DE 

F' '-' 
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Example 
When the user wishes to make an ECB he may do so as follows: 

ECB ....... DATA ....... 1, BUF2, 6, 0, 0, 0, 

Example 
DATA ....... -0128, + 12,/3AB,-/ A, LABEL, 'TEXT:' 

will generate the following : 

FFSO 

oooc 

03AB 

FFF6 

<value > 

5445 

5954 

3A20 

EQU 

-128 

+ 12 

/3AB 

-/A 

LABEL 

'TE 

XT' 

EQUate symbol to value EQU 

Identifiers are normally defined by being assigned memory values as they 
appear in the label field of an instruction. The EQU directive may be used to 
define an indentifier in a direct manner by assigning to it the value of an 
expression in the operand field. The symbol in the label field is made equivalent 
to the value in that operand field . This value may be absolute or relocatable. 
A symbol, provided it differs from standard mnemonics and FORM-defined 
mnemonics, may be used as an operation mnemonic but may not be followed 
by an operand. The Assembler generates one code word each time this 
mnemonic appears in the operand field. 

Syntax 

< label > ....... EQU ....... < predefined expression > 

Example 
CT ....... EQU ....... /41C4 

CT 
LDKL .... ....,Al, CT 

Example 
VAL ....... EQU ....... 10 

LOK ......... Al , VAL 

Example 
LAB ....... EQU ....... * 

CT may now be used anywhere in the program 
to represent the value / 41 C4. 

LAB receives the value of the location counter. 
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AREA RESERVATION 

The directive RES can ce used to skip over an area in memory. The RES 
directive saves a memory area of a given length, specified in the operand, 
advancing the location counter by twice the number of words specified. 

RES REServe memory area 

The RES directive is used to reserve a number of memory words. The 
programmer may specify this number in the parameter. The location counter is 
incremented or decremented depending on the positive or negative value of 
that parameter. If positive, a memory area of the specified value is reserved. If 
negative, a memory area of the specified size before the . place identified by 
< label >. 
The value of the latter is not changed but the location counter is reset to a 
lower value by subtracting twice the value specified. 

r < label > l.....,RES ...... < predefined absolute expression > 

where: 

< label > receives the address of the first word of 
the reserved area. 

< predefined absolute expression > specifies the length of the area to be 
reserved. 

If < predefined absolute expression> is O the location counter is not updated 
and, if < label > is specified, the statement is equivalent to 

< label > ...... EQU '--'* 

Examples: 
RES ...... 4 

LABt....., RES.....,-2 
INS...... RES ...... O 

Reserve 4 words 
Reserve 2 words before LAB 1 
INS receives the value of the location counter. 
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LISTING CONTROL 

The Assembler normally produces an output listing for each assembly. By 
means of the directives EJECT, N LIST and LIST the programmer may 
determine which parts of the modules do not need to be listed. 

EJECT Continue listing on new page EJECT 

This directive causes the remainder of the current page of the line printer 
paper to be left blank and the listing to be continued at the top of next page. 

Syntax 
......,EJECT ....... 

NLIST Suspend listing NLIST 

The NLIST directive causes the Assembler listing to be suspended from the 
point where this directive is given until either the END directive or a LIST 
directive. 
Lines which contain errors will continue to be printed during this phase. 

Syntax 
....... NLIST......, 

LIST Resume listing LIST 

The LIST directive causes the Assembler to resume the listing after it has been 
suspended by a N LIST directive. 

Syntax 
...... LIST......, 
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SYMBOL GENERATION 

Three directives allow the user to make a number of special instructions for a 
specific purpose or program, namely FORM, XFORM and GEN . In the FORM 
directive the user may define the bit configuration and the mnemonic of the 
special instruction. 
If two FORM-defined instructions are to be specified which differ only in the 
contents of certain fields the programmer may use the XFORM directive. 
The GEN directive allows to include the instructions, defined by FORM and 
XFORM, in the existing Assembler by extending the Assembler's symbol table. 
A particular useful pseudo-instruction or system macro can be defined once for 
all times instead of having to be generated by a FORM directive in every 
program where it is used. 

FORM FORMat definition FORM I 

This directive is used to define the format of a word or a group of up to 8 
words named by an identifier which can be used as an instruction mnemonic 
later in the program. 
The directive is written as follows : 

Syntax 
< label > ._.FORM._. < field definition > r. < field definition > , < field 
definition > ... < field definition > l r / < field number list > l 

where: 

< field definition >:: = < field length definition > rL = I :Jfield value definition > l 
< field number list >:: = < field number > r. < field number list > l 

and 

< field numbe r > ::= < decimal integer > 

< field length definition > specifies the number of bits to be a ll ocated to a 
field of the word and may range from 1 through 16. If several fields are defined 
inside a word the sum of the field lengths must be 16. The max imum number of 
consecutive words defined by a single FORM directive is 8. 

< field value definition > can be used to place a va lue in the fi e ld to which it 
refers when the value is preceded by a n equal sign ( = ). 
If the value is preceded by a colon(:) the value indicates the address of a word 
in relation to the first word of the expansion defined by FORM. The value 
definition itself ma y be a predefined expression. an external reference without 
any displacement or a predefined absolute or relocatable expression. If a 
particular field has not received a value definition the field will be filled wit 
zeroes. 

< label > defines the instruct ion mnemonic. The operand field of the directi ve 
must then contain values to be pl aced in any non-predefined fields. The last 
non-predefined value is default value . 
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Example 
MNEM ....... FORM ....... 16 = /85A0, 16:14,16= /8141,16= INST, 16, 16, 16 

/85A0 -arithmetic o r logica l value 

MNEM + 14 -address of word following this block 

/ 8141 -arithmetic o r logical value 

INST -identi fie r 

0-0 

0-0 3 words containi ng zeroes 

0-0 

The parameter 16:14 indicates a word address seven words form the beginning 
of the expansion defined by FORM . The programmer has to specify this 
address as the last three words are left zero. 

Example 
This example shows how the programmer may make an ECB if not all 
parameters are known. By using the FORM directive he does not have to write 
the instruction sequence: 

LDK 
LDKL 
LKM 
DATA 

00000 
00001 
00002 
00003 

00004 

00005 
00006 
00007 

A7 , -
A8, DECB 

INOUT 
0000 BUFFER 
0014 0008 DECB 
0016 0000 R 
0018 0014 
001A 0000 
00lC 0000 
00lE 0000 
0020 0782 START 
0022 80A0 
0024 0014 R 
0026 2804 
0028 0001 
002A 2804 
002C 0003 

SYMBOL TABLE 

IDENT 
FORM 
RES 
DATA 

FORM 
8 = / 07,8, 16= / 80A0,16, 16 = / 2804, 16 = 1 
10 
8, BU FFER,20.0.0,0 

INOUT / 82, D ECB 

LKM 
DATA 3 
END STA RT 

BUFFER 0000 R DECB 0014 R START 0020 R 
ASS.ERR. 00000 
:EOF 
A ::EOF 
EXIT 

From now on the programmer may use INOUT .___. / 82. DECB instead of 
LDK ....... A7 . . . . 
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Field number li st 
If the programmer wishes to put the va lues o f the operand field of the FORM 
defined mnemon ic in an order different from that of the non-predefined field 
they are to occupy, o r if th~ user wishes to al ter the va lues held by any of the 
predefined field~. he must use the field number list parameter in the FORM 
directive. 

Each field that is generated is given a number, beginning with 0 for the first 
field, 1 for the second field. n-1 for the nth field (n may not exceed 15). 

The field number list must be preceded by a / (slash) and be placed after the 
las t field definition of the FORM directive. 
All not prede fined fields specified in the field definition list must also be 
specified in the field number list. 
A field number is represented as a decimal integer. 
If a field number list is specified after a FO RM direc ti ve, the operand 
ex press ions following the pseudo-mnemonic will occupy the fields specified in 
the field number list in the given o rder. In this way. the contents of prede fined 
fields may be altered while blank fields may be left blank . · 

Example: 
Suppose the user has specified in his program, by means of a FORM directive, 
a 16-bi t word of the following format : 

5=2 2=1 1=1 8=2 
0 0 0 1 o Io 1 I 1 10000001 01 

field no 0 2 3 

He wishes to have this word changed in : 

5=2 2=3 1 =O 8=1 
0 0 0 1 0 I 1 1 I o Io 0 0 0 0 0 0 

field no 0 2 3 

He may do so by using the following instruction sequence in his program using 
the fie ld number list in the FORM directive 

!DENT EXAM 

WORD FO RM 5=2, 2= 1, 1 = 1, 8=2 / 2,1,3 

WORD 0,3,1 

END 

The Extended Assembler will now change the fields as follows : 
field no 2 (1 = 1) will be changed to conta in the va lue 0 
field no 1 (2 = 1) will be changed to co ntain the value 3 
field no 3 (8 = 2) will be changed to contain the value 1 
field no 0 (5 = 2) will keep the va lue 2 

The operand exoressions fo llowing a pseudo-mnemonic are positional 
parameters. If one parameter is omitted (other than the rightmost one), its 
position must be indicated by a comm a. 

If a FORM defi ned mnemon ic is identical with a standard instruction 
mnemonic, the pseudo-mnemonic is g iven priority. 
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[ XFORM eXtension of a FORM directive XFORM 

Syntax 

< label > ....... XFORM,_, < FORM-defined pseudo-mnemonic > , < field list > 

The XFORM may be used each time two FORM-defined pseudo-mnemonics 
have to be defined which do not differ in the format but only in the values of 
the predefined fields. 
The field list is a series of field definitions giving the format of the new pseudo­
mnemonic and the contents of its fields . 
The field length definitions must be the same as those of the FORM-directive 
referred to and appear in the same order. 

Example 
INSTl ....... FORM ....... 8=/FF, 4, 4, 16/1 , 3, 2 
INST2 ....... FORM ....... 8 = /33,4,4, 16/1,3,2 

The XFORM directive combines the two and generates an INST2 instruction 
as follows: 

INST2 ....... XFORM ...... INST1,8= /33,4,4,16 

GENeration directive 

The GEN directive allows to extend the Assembler symbol table so that it 
recognizes and assembles a number of non-standard symbols in any program in 
which they are used. 

Syntax 

...... GEN ....... 

Restrictions 
The GEN directive may only be used in the source program in which it appears 
if it fulfills the following conditions: 

- GEN must immediately precede END 
- only the FORM, XFORM, EQU and EXTRN directives are allowed in this 

program 

The Assembler does not verify if those conditions are fulfilled . It checks only 
if: 

- object code is produced 
- assembly errors have occurred 

Example 
IDENT ....... FORM 

lNOUT ....... FORM ...... 8 = /07,8,16 = / 80A0,16,16 = / 2804,16 = 1 
GEN 
END 

The following procedure must be followed to include the features provided by 
GEN: 
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- load Assemble r 
- place o n the reader the user source module wi th GEN directive 
- assemble this module to produce object output 
- load Linkage Editor 
- place the Assembler in the reader and have it processed by the Linkage 

Editor (P) . 
- place the object user program in the reader and have it processed (P) 
- next Terminate (T). 
The punched output of this link-editing is the original Assembler extended with 
one or more new mnemonics. 

List of predefi_ned symbols 

NAME MEANING PREDEFINED INTERNAL 
VALUE VALUE 

-
p Instruction Counter 0 0 
At Register 1 1 2 
A2 Register 2 2 4 
A3 Register 3 3 6 
A4 Register 4 4 8 
A5 Register 5 5 10 
A6 Register 6 6 12 
A? Register 7 7 14 
A8 Register 8 8 1 
A9 Register 9 9 3 
AtO Register 10 10 5 
Alt Register 11 11 7 
A12 Register 12 12 9 
At3 Register 13 13 11 
At4 Register 14 14 13 
A15 stack pointer 15 15 

Note: P. A 1, A2. A3 e tc. can o nl y be used to ca ll the registers. If they are 
used for ot her purposes a n err~r message wi ll be outpu t. 
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4 Programming considerations 

Data transfers between input/output devices and the central processor are 
controlled by device control units each of which may have one or several 
devices attached to it, depending on the type of device. Control units are 
attached to the central processor by an interrupt or break line,, by address lines 
and other signal lines which are used by the computer to determine whether a 
data transfer can be performed. 
Data transfers take place through a channel, the General Purpose Bus. The 
actual programming of the data transfers may be on a character or word basis, 
where each word or character is programmed and transferred individually via 
the Programmed Channel or the user may program blocks of words or 
characters via the 1/0 Processor. In the latter case external registers may be 
addressed. 

Interrupt system 
When working in interrupt mode each interrupt program may be connected to 
an interrupt level. As the actioning of an interrupt involves the direct accessing 
of the interrupt level's start address from its hardware interrupt location, the 
contents of this location must have been previously loaded with the correct 
address. 
The start addresses loaded in these locations are not fixed and must be defined 
by the programmer. 

interrupt level 
0 to 62 

hardware interrupt location 
10000 to !007C 

where level 0 has the highest priority and 62 the lowest. The levels are defined 
at SYSGEN time (see llff.,q ). 

System stack 
To save the contents of registers when an interrupt is made into the main 
program, the hardware interrupt routine automatically uses register A 15. This 

register addresses the stack which is to hold the contents of the P-register and 
the Program Status Word at the time the program was interrupted. It is 
therefore necessary to reserve sufficient space for the stack and to load register 
A 15 with its start address. This may be done by using the appropriate assembly 
directives and by defining the start address by means of an identifier. The start 
address is the highest address reserved as the stack is filled from the high 
towards the lower addresses. 
Apart from the contents of the P-register and PSW, the stack may be used to 
save the contents of other registers as required by the program. These registers 
are saved by means of Store instructions ( 1 for each register). Before returning 
to the main program, Load instructions are required to restore the contents of 
the stack, prior to RTN. During the hardware action further interrupts are 
inhibited. If the user wishes to allow the specific routine t<; be interrupted he 
must give an EN B instruction. 
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User stack 
We have seen that with the A 15 stack the P-register, the PSW and any other 
registers are saved with Store instructions in this stack towards the lower 
addresses. Now. if a user calls a subroutine with a CF instruction the contents 
of the P-register and the PSW are automatically stored in a stack he has set up 
previously, for example as follows: 

STB 
RES 
EQU 
LOKL 

20 
*-2 
A14,STB 

C F A14,SUBR 
then the subroutine is called : 

and P and PSW are stored in the 
A 14 stack 
(other registers may also be used 
as a stackpointer) 

For example, fo r a program with two subroutines , one subroutine calling 
another one, the saving may be done as follows: 

SAREAl 
SAREA2 

IOENT 
RES 
RES 
I 

MAIN f5SUBR1 
3 ST 
4 1 ST 

ST 
A14,SUBR1 

SUBR2 
Al ,SAREAl¾ST A1,SAREA2 
A2,SAREA 1 + 2 ST A2,SAREA2 + 2 
A3,SAREA1 +4 ST A3,SAREA2+4 

CF 2 
CF A14,SUBR2 ST A4,SAREA2+6 

LD A1.SAREA1 LO A1 ,SAREA2 
LD A2,SAREA1 +2 LO A2,SA R EA2 + 2 
LD A3,SAREA 1 + 4 LO A3,SAREA2 +4 

LO A4,SA R EA2 + 6 
RTN A14 

RTN A14 

The following save operations take place in this example: 

0) 

l PSW (MAIN) 

P (MAIN) 

-A14 
SAREAl 

Al (MAIN) 

A3 (MAIN) l 
Stored automatically Stored by user-written instruction 

SAREA2 

Al (SUBRl) 

PSW (SUBRl) 

p • (SUBRl) 

PSW (MAIN) A4 (SUBRl) 

p (MAIN) 

Stored automatically Stored by user-written instruction 
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SAREA2 

-A14 

PSW (MAIN) 

P (MAIN) 

Registers restored for SUBR 1 

SAREAl 

P and PSW restored for SUBR 1 

- A14 

Registers restored for MAIN P and PSW restored for MAIN 

Note: 
It is possible to return from SUBR2 directly to the main program but in such a 
case the user must update the A 14 register content i.e. the stack pointer himself 
(with 4, in this case). 

1/0 Processor 
The 1/0 processor allows the high speed transfer of variable length or fixed 
length data blocks between a suitable control unit and the processor. 
Up to eight 1/0 processors may be connected to the General Purpose Bus 
each of which may control up to eight control units via eight subchannels. 
Each 1/0 processor has implemented two working registers which are used to 
effect register to register exchanges with the CPU internal registers. 
Before a data transfer can be realised the user has to specify two control 
words for two external registers. These external registers are addressed by 2 
WER instructions in which the address part must be composed as follows : 

0 
processor subchannel 

0/1 address address 

7 8 9 10 11 12 13 14 15 

control unit address 

where processor and subchannel address are determined at system installation 
time. Both addresses, which may range from 0 thru 7, form together the 
attached control unit address. Bit 15 determines which control word is sent: 
bit 15 = 0 1st control word 

1 2nd control word 

Format of control words 
The format of the first control word is : 

where: 
bit 0 = 1 

0 
bit 1 = 1 

0 
bit 2 = 0 
bit 3 = 0 

exchange is in word mode 
exchange is in character mode 
exchange is from memory to control unit (output) 
exchange is from control unit to memory (input) 

bits 4 thru 15 specify the number of characters or words to be transferred. 
The format of the second control word is: 

0 starting address 
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When operating in word mode the 1st word of the block is always even (bit 
15 = 0) 
In character mode, and bit 15 = 1, the right hand character is addressed (odd 
address). When bit 15 = 0 the left hand character is addressed (even address). 

Example: 

LDKL 
LDKL 
WER 
WER 

CIO 

A 1,/8032 
A2,BUF 
Al,/02 
A2,/03 

A4, 1,/01 

word mode, input, 50 words 
starting address of block 
send control words (0000010 and 0000011) 

start input (address: 000001) 

The RER instruction may now be used to read a transfer's effective length 
after termination of the 1/0 operation. 
When the exchange is completed an SST instruction should check the status of 
the control unit and set it to the inactive state. The control unit may now be re­
initialised for a new transfer. 

Trap action 
Instructions input to the P852M computer are checked ~nd decoded by the 
CPU's hardware. 
If an unexecutable instruction is encountered a trap action is started which 
consists of a hardware and software operation. The . hardware operation of the 
trap consists of the following actions: 

the CPU does not attempt to carry out the instruction 
interrupts are inhibited 
information which refers to the -instruction's address and processor status (P 
and PSW) are saved 
an indirect branch is made to location /7 E (start of trap routine). 

The software operation of the trap consists of: 
save the address in P 
save the instruction's bit pattern and its second word, if any 
activate the Simulation routine (see below). 

Simulation routine 
The simulation routine allows the P852M user to run P855M software on his 
machine by simulating the following P855M instructions: 

multiply double shift 
divide multiple load 
double add multiple store 
double subtract 

This routine, which is ac tivated each time a n illegal instruction code is met in 
the instruction sequence, consists of two parts. One part analyzing the bit 
pattern saved by the trap routine and one part executing the instruction listed 
above. 
The routine may be interrupted. 
If the instruction encountered is not one of the P855M instructions a branch is 
made to the system abort routine. 
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1 Processing 

INPUT 

The input to the Assembler consists of source modules written in the assembly 
language described in PART 2. and of control messages which are typed in 
from the operator's typewriter. 

Once the Assembler is loaded and given control it types out on the operator's 
typewriter the message: 

The operator may now decide to type in an option control message or he may 
decide to use the standard options. 

Option control message 
The syntax of this message is : 

r < 4 hexadecimal digits > HNHRHQlrxl 

where : 

r < 4 hexadecimal digits > l 

first digit 
second digit 

third digit 

fourth digit 

Each of those digits (except for the second) 
indicate a file code. The highest allowed file 
code is F. 
For the description of file codes see -Pa.rt 1 J Ch.Qf>t~ 5. 

source input file code. 
not taken into account. 
type in 0 
listing output file code. 
The operator may not type in O if this option is 
not required, because this is 
controlled by parameter N. 
object output file code. 
type in ·o if no object output is wanted. 

N specifies that no assembly listing is wanted , but the IDENT and END 
statements, the symbol table, and erroneous statements are always 
printed out. 

R specifies that the user wishes to have the possibility to correct 
recoverable errors . See also page 3.5). 

Q specifies that the object code output from the tape punch has to be in 
4 X4 format. 

X specifies eicit a.ft.er- ~t.~e...,,.,ly. 
When an error was encountered in this option control message the Assembler 
asks for a new option message by typing out again : 

after which the correct option message has to be input. 
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Operator messages 
If the operator decides not to use an option message he may type in. after the 
first time A: appeared: 

I LF CR 

which makes the Assembler choose the standard options 1 0 2 3: 
t.e. 
standard source input 
file code 1 

standard listing output 
file code 2 

standard object output 
file code 3 

When an :EOS is read on the input file, the As­
sembler does not stop processing but starts reading 
the next record and goes on until an END instruc­
tion is read, when the Assembler outputs an :EOS 
label on the output file. 
When an :EOF is detected on the input file, the 

Assembler types out the message 
:EOF 
and gives control to the operator, who may then typE 
in one of two answers: 

X 
u~on which the Assembler will exit, or: 

:EOF 
•1pon which the Assembler will write an :EOF :abel 
on the output file and then exit. 
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2 Output 

· I ne Assembler ,starts reading the input file after the correct option message is 
typed in or when LF CR is given. 

The statement lines are read one by one. Each statement line i,s evaluated on its 
separate components i.e. the label field, the operation field , the operand field 
and the comments field. 

If the user has asked for a listing each read line is output on the listing device. 

The Assembler builds clusters in order to output an objec t program consisting 
of those clusters (see Appendix C: Object code). As many object modules are 
produced as there are source modules. 

Errors during processing 
When a statement in a source module contains an error, and if the user has 
specified the error recovery option (R), the Assembler types out the control 
message 
r---, 
I R: I 
L---J 

The operator may then answer with 

r-------, 
I LF CR I L _______ .J 

if the error is not to be recovered it will become definitive. 
The error routine includes in the object code the instructions : H LT 

RB ........ *-2 

or with 

,1 new source statement line which contains the correct items or a comment 
line (it may never be :EOS or :EOF), f9llowed by LF CR. 
On page :t-1:l is described how the user may introduce his source lines from the 
operator's typewriter. 

Error recovery not wanted 
The processing is continued until :EOF and in the meantime an error counter is 
incremented by one each time an error is encountered. 
The number of errors is given after the assembly of each module on the 
assembly listing. This value is in decimal notation. 
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Handling of special errors 
Some errors are processed in a different way from the other errors whether R 
is specified or not. 

- Illegal use of forward references is only mentioned at the end of the 
assembly. 

- When the END statement is missing in the source module a standard END 
statement is built, which does not contain a label, start address or symbol 
table entry point name. 

- If the !DENT statement is missing all statements following are read and 
bypassed until the next !DENT statement or END statement. 

When core overflow occurs the assembly is stopped and an END cluster is 
output. Then all following statements are bypassed up to the next !DENT or 
END statement. 

Whe111. GM'!. TIO e-rror occurs, a..11. e-rror ,,,,,e.55,::i,~e fJ ""-vlf""1: 011 
tJ-11. tJ-(>Vtt.-lorl t,yp~e,.,riur ,::u,.cl a,sse,,.,.l,l_y is ~ton~~cf. See tU.5() 

,y~ feYl-1 messa.1es iJ? ?art 1., cl,lfl,,p-ler 3. 

Output of typewriter Answer from the operator 

A: 

R: 

:EOF 

Type in the option control message or LF 
CR or :EOF 

Type in a source correction statement or LF 
CR 

An :EOF has been read. 
Tyl"- in ; €OF or X. 

1/0 ERROR xxxx yyyy This message appears only for the monitor 
controlled versions. 

Assembly listing 

xxxx hexadecimal representation of the file 
code on which an 1/0 operation was 
executed. 
yyyy hexadecimal representation of the 
status of the 1/0 device. 

The Assembly listing may be printed on either the operator's typewriter or the 
line printer, depending on the configuration and option control message. 
Each source statement of the module is represented by all or some of the 
following components where: 

line number 

L.C. value 

code 
R 
X 

F 
source statemt:nt 
representation 

A decimal number indicating the place of the statement in 
the module. 
Location counter value (hexadecimal). This field remains 
blank for all directives except for the RES and DATA 
directives. 
Hexadecimal representation of the generated code. 
The code is relocatable. 
The code contains an external reference which has to be 
matched by the Linkage Editor. 
ihe codes makes a forward reference. 
The source statement is represented as it was written in the 
program, except when back slashes are used. 
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Symbol table 
A symbol table 1s printed after each module when the ENO statement is 
processed. Each symbol is printed together with its value and its type. The 
value is given as a four-digit hexadecimal value. The type is indicated as 
follows: 

A The symbol is absolute. 
R The symbol is relocatable. 
X The symbol is an external reference name. 
** The symbol is undefined and the value is the value of the instruction 

counter at the time the instruction, in which the symbol appeared, was 
encountered. 

The symbol table may be followed by one or more of the following messages : 

UNO.ENT 

UNO.LAB 

FOR.0/R 

ASS.ERR 

Indicating the number of undefined entry points 

References to missing labels in this particular module 

The forward reference with address - - - - - contained one 
of the following two mistakes: 
- the value > 255 for the 8 least significant bits. 
- value specified was not absolute. 
Giving the number of errors in this particular module. 

Output of error messages in the assembly listing 

Non-fatal errors 
When a non-fatal error is detected during the assembly, two lines are printed 
whether the listing option is requested or not. The items printed have the 
following meaning: 

* error code, sequence number, location counter value,/ 207F (Halt instruction) 
and the erroneous statement. 
******* location counter value representation,/ 5F04 (RB ...... *- 2) 

An * is printed under the place where the error is detected. 

Fatal error 
When a fatal error is detected the Assembler prints out an error message, on 
one line. in the following format: 

******error code (one letter). sequence number, im age of source sta tement. A 
list of all error messages is given on page 3-'3-
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3 Error messages 

The following error messages are output by the Assembler: 

CODE MEANING DESCRIPTION 

*' II legal identifier The first character of a symbol must be a 
letter. 

*c Illegal constant - "constant" overflow. 
- A constant with hexadecimal value 

must begin with X / and end with /. 
- A constant should not have been 

written here. 
- Hexadecimal constant written either 

X" or/ ". 

*x Illegal expression - More than two symbols defined . 
- More than three terms in the 

expression. 
- An external reference and a forward 

reference have been specified in the 
same expression. 

- An external reference is preceded by a 
minus sign. 

- A plus or minus sign is not followed by 
a term. 

- A forward reference or external 
reference is specified in a requested 
predefined expression. 

- A register expression may not contain 
more than one term. 

*R Illegal relocation - Either a predefined expression or 
predefined relocatable section has been 
input. 

- Too many reloca table symbols are 
added or subtracted from each other. 

- The expression is equal to the result of 
a subtraction of a relocatable part 
from an absolute part. 

- If a n ex ternal reference is specified the 
displacement value must be abso lute. 

' - The instruc tio n code opera tio n defined 
by an EQU directive must be absolute. 

*L Illegal label - The label has been defined previously 
as : 
- a symbol name 
- an external reference name 
- entry point name. 

- A labe l has been given where it was 
not allowed . 

- A label must be specified . 
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CODE I MEANING DESCRIPTION 
I 

* 
p Illegal parameter - Too many parameters specified in the 

operand of an instruction. in the 
pseudo instruction or directive . 

- Not enough parameters specified in the 
operand of an instruction. defined 
pseudo instruction or directive. 

- A parameter in the ST AB directive 
may not be an entry point name, a 
COMMON name or a forward 
reference. 

- The operand in a DATA directive may 
not give more than 16 code words. 

- " is not a character string. 
- Illegal use of a register name in a 

standard instruction operand. 

*o Overdisplacement - Displacement value of parameter too 
large. 

*E Not an even address - The specified start address is not even. 
- The specified AORG or RORG 

operand is not even. 

*M Unknown mnemonic - Unknown mnemonic. 
- Unknown condition mnemonic. 

*s Illegal statement - The ENTRY or EXTRN or COMN 
directive is no longer acceptable. 

- The directive does not need an 
operand. 

- The directive needs an operand . 
- Invalid character. 
- Invalid indirect addressing. 
- Invalid condition specification. 
- The label is not followed by an 

operation code. 
-- ' (' is not followed by ' )'. 
- The operand value of RES directive 

makes the instruction counter value 
negative. 

- GEN cannot produce any code as 
either any error occurred or the code 
word has already been produced. 

*F Illegal FORM or 
An XFORM declared symbol must be XFORM directive -
linked to a FORM defined pseudo 
whose name is the first parameter of 
the operand. 

- More than 16 fields specified. 
- Negative field length . 
- The length of this field cannot be 

contained in 16 bits. It is too long. 
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CODE MEANING DESCRIPTION 

A displacement value is not a llowed 
when the predefinition concerns an 
external reference name. 

- The : predefinition is o nl y a llowed for 
a 16-bit field . 

- In valid predefined value of a fie ld 
(ov.erdisplacement or negative va lue 
for a less than 16-bit field). 

- The division of the current word of an 
XFORM declaration is not the same as 
the corresponding word of the linked 
FORM symbol. 

- The predefinition of the fields of the 
current word of an XFORM 
declaration are not the same as the 
corresponding word of the linked 
FORM symbol. 
More than 8 words described by a 
FORM declaration. 
More than the number of words 
described by the linked FORM symbol 
described by an XFORM declaration. 

- The field number specified in the syntax 
definition line is invalid. 

- Twice the same field specified in the 
syntax definition line. 

******o Core overflow - Fatal error. Too many symbols or 
forward references used. 

******E End missing Fatal error. The END statement is 
missing. 

******' IDENT missing Fatal error. The !DENT statement is 
missing. 
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Introduction 

A source program can consist of modules which perform certain functions . 
Each module of the program is separately assembled or compiled by the 
Assembler or FORTRAN compiler. The output of those language translators is 
a collection of object modules consisting of clusters. 
Those modules cannot be loaded into memory as they are produced in an 
unexecutable machine code. 

The function of the Linkage Editor is to join those modules, which make 
external references to one another, together. The product of this linkage is 
another, larger program, which may be loaded into memory during the linkage 
process when all external references are matched (link-load) or which may be 
output on an output medium for storage, further linkage or loading by the 
program loader (link-edit). 

Link-edit mode 
In this mode the Linkage Editor joins a number of object modules coming 
from the language translators, the Linkage Editor itself or object libraries, into 
one larger object program which may still contain external references and 
outputs it onto a suitable medium. 
If all external references are satisfied the program may be loaded by the 
program loader and executed; if not, it may be stored in an object module 
library or be input to a further linkage process. 

Link-load mode 
In this mode the Linkage Editor loads a number of object modules into 
memory where all external references will be matched. The user must ensure 
that all external references can be satisfied. 
If there is insufficient space in memory for all the object modules to be loaded 
the Linkage Editor will stop processing and print an error message. 

Due to his configuration the user must take the following restrictions into 
account. 
The memory size determines the maximum size of a program which has to be 
processed in memory and its maximum number of entry points in a linkage 
operation. Moreover it determines the maximum number of unsatisfied 
external references and the maximum number of entry points during a link-edit 
process. 
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Linkage Editor Generation 
The user may generate his own Linkage Editor which has to run under monitor 
control. 
A description of how such a Linkage Edito r is generated is given ;., 4ppend.i x A~ 
.5ys-te..,., ~.e.,ua.-tion, i11 the S(C.tion CAS LOO. 
Memory layout · 
The figures below show the memory layout for the link-edit function of the 
Stand Alone Linkage Editor and the link-edit and link-load functions of the 
Linkage _Editor running under Monitor supervision. 

Monitor control 

Working area 
of the Linkage 
Editor. Its size 
depends on the 
memory size 

Routines shared{ 
by link-edit 
and link-load 
functions 

Link-edit only { 
routine 

Link-edit 

monitor 

XMDT 

STAB i 

}

External 
Modification 
Table 

Symbol 
Table 

Linkage 
Editor 
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1 Processing 

Once the processor has received control it types out onto the operator's 
typewriter: 

and waits for the operator to input the options as described m the option 
control message or for the default options. 
If an erroneous parameter was given in the option message the Linkage Editor 
types out: 

and the operator must type in the correct message. 

The processor will now start a link-edit or link-load operation. The linkage 
process is controlled by the messages typed in by the operator. 

Link-edit operation 
In case of a link-edit operation the processor punches, in ASCII, the name of 
the load module to be generated, as chosen in the option message and types 
out onto the operator's typewriter: 

The operator may now introduce a· control message or a series of control 
messages. 
The processor starts reading the input file each time a P, S or L control 
message is given and processes the records of the input stream according to 
their type. 
All entry points encountered in the modules are placed in an entry points table. 
Also the names and lengths of labeled commons are placed in this table when 
their names have not yet been encountered in the input file . When a name of a 
labeled common is met the common's length is compared with the length 
previously defined and the new size will be smaller than or equal to the old 
size. 
Relative addresses of relocatable code clusters are changed in absolute 
addresses when an A control message has been introduced, or in a partly 
relocated relative address after an R control message. 
The relocation is calculated by adding the relocation value specified in the A or 
R message to the sum of the lengths of all object modules processed from the ­
A or R message on. 
The length is zero for entirely absolute programs. 
The code words are relocated by addition of the relocation value. 

When externals are specified the code words are changed according to those 
externals when the latter are matched. Otherwise all information is kept in an 
external modification table until the externals are satisfied. 
The externals listed in an X control message remain unsatisfied but are taken 
into account when the external reference cluster is modified. 
When the external modification table is filled the processor tries to decrease 
the number of external modifications by satisfying external references each 
time an external name is defined as an entry point. Whenever this is possible an 
entry is made in an internal modification cluster and, if necessary, this cluster is 
output. 
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Absolute code clusters are processed in the same way as relocatable code 
clusters except for the address of code clusters which is never modified. 

When all records of an object input module have been read . and if the next 
record is not an End Of File mark the Linkage Editor processes the next 
object module on the input file (according to the previous command given by 
the operator). If it is an End Of File mark , the Linkage Editor will type out: 

and waits for an operator control message. When he types in T the Linkage 
Editor will build the END cluster and prints the map. 
Processing is then terminated. 

Link-load operation 
The processing of modules in link-load mode is almost similar to processing in 
link-edit mode. 
Relocatable code clusters are processed by loading sequentially into memory 
all code words of the cluster, starting at an absolute address calculated by 
adding the relative address specified in the cluster to the absolute base address 
of the currently processed module. 
The latter is computed by adding to the absolute address specified in the 
previous A control message, the sum of the lengths of all object modules 
processed since the last A control message (or since the beginning of the link­
load process when no A message has been introduced). 
The absolute code clusters are processed in the same way as the relocatable 
code clusters, except for the address of the code cluster which is never 
changed. 
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2 Input 

The input to the Linkage Edito r may consist o f : 

- object modules 
- object module libraries 
- co nt rol messages. 

Object modules 
O bject modules have the fo rmat as described in Ap pendi x C: O bject code. 
Each batch of modules is terminated by an: EOF (End O f File) mark . 

Object Module Libraries 
The diffe rence be tween the handl ing of se pa ra te o bject modules and of 
libra ries is tha t the in put modules a re all read and processed and that of a 
libra ry o nl y those modules a re linked which a re necessa ry fo r sa ti sfactio n o f 
ex terna l references. 

Control messages 
The contro l messages, used to contro l the opera tion of the Linkage Editor, 
may be divided in: 

- one option con tro l message 
- link-edit contro l messages 
- link-edit and link-load cont ro l messages. 

Option_Control Messa~e 

The options of the Linkage Editor allow the user to specify: 
- the function of the Linkage Editor he wishes to have per­

formed (link-edit or link-load). 

- the peripheral units he wishes to use as input and output 
media. 

- the name to be given to the generated object module. 
- the type of object output (cassette or 4x4 or 8+8 punched 

tape) . 
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Link-load 

IL :<number>} 
where: 
L link-load mode 

:<number> a number of three hexadecimal digits indicating 
the file codes of respectively: 
- object output file code: must be O (i.e. not used) 
- listing output file code 
- object input file code 

The defaultvalue for this option message is L:24. To get this, 
type in @ @ 

Link-edit 

EG<number'>l ,(ident>r,L4 /8]1,<start addr>l<common addr)/<.start 
addr>,(common addr>17 

where: 
E link-edit mode 
number a number of three hexadecimal numbers indicating the 

£ile codes of respectively: 
object output file code 
listing file code 
object input file code 
If either output file is not required it must be re­
placed by a zero. 

ident name, with a maximum of 6 characters, to be given 
to the load module. 

4 the load module must be punched in 4x4 tape for­
mat when the ASR tape punch is used 

8 the load module must be punched in 8+8 tape for­
mat. This is also the default value. 
When either one of the following 2 parameters (com­
on and start addres~ is used, 4 or 8 must be spe­
cified when the output is on punched tape. When 
the output is on cassette tape, 8 must be speci­
fied. 

~start addr~ start address for the new program 
c ·common addr> start address to be given to a blank common. 

If bit 15 of this address is 1, it is a relocatable 
blank common, if it is O it is an absolute blank 
common (see also T command below). 

Other control messages 
The cont ro l messages of the Linkage Editor a re used to prov ide the processo r 
with info rmatio n when it has pa rtl y executed the process ing. T wo contro l 
messages may o nl y be used in link-edit mode . The o the r messages may be used 
in bo th modes. 

A ll control messages are termina ted by LF CR 

The syntax of each cont ro l message is ex pl a ined in the sec tio n o n contro l 
messages. Since address and symbol a ppear in a lmos t a ll messages as a 
pa rameter, they are ex pl ai ned he re : 

< add ress > :: = stri ng of up to 4 hexadecima l dig its. It is a lways a wo rd 
address (eve n number) 

< symbol >:: = up to 6 a lph a nume rica l cha racte rs. 
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List of control messages 

Message Meaning 

E._, < entry points 
name list > Define entry points (link-edit only) 

X._, < external reference Define external reference names 
names list > (link-edit only) 

R._, < address > Define relative base address 

A._, < address > Define absolute base address 

p Process the input file up to EOF 

S._, < symbol > Select a module with the ident. name 
< symbol > 

L Process library to solve unsatisfied external 
references 

u List names of a ll 
references. 

T Terminate processing 

H -P-..-.e.. 

DEFINE ENTRY POINTS (link-edit mode only) 

E._, < entry points name list > 

where: 

< entry points name list > :: = < symbol > r, < symbol list > l 

undefined external 

This control message causes the Linkage Editor to save a series of symbols as 
entry points in the generated object program. All control messages of this type 
must precede all others and must be grouped. 

DEFINE EXTERNAL REFERENCE NAMES (link-edit mode only) 

X._, < external reference names list > 

where : 

< external reference names list>::= < symbol > r, < symbol list > l 

The symbols specified in this message indicate which external references must 
be left unsatisfied. The X control message may be used if the generated module 
is to be input to a further linkage process. 
All X control messages, if present, must be grouped and be either the first of 
the messages or be the first following a (series of) E message(s). 
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DEFINE RELATIVE BASE ADDRESS FOR RELOCATABLE PRO­
GRAM SECTIONS (link-edit mode only) 

R ...... r < address > l 

This control message enables the user to define a relative base address for 
relocatable program sections. Any absolute program section within a 
relocatable program section will remain absolute. 
The base address progresses from the value specified in this control message. 
When <address > is not specified the va lue is assumed to be zero. In either 
case this value is updated by the addition of the length of the modules input to 
the Linkage Editor each time such a module has been fully processed. 
Relative addresses in code words are relocated in relation to the base address. 
All relocatable program sections processed following this control message will 
result in a relocatable program section being output by the Linkage Editor. 
This does not apply to absolute program sections and this message ceases to 
operate until an A message is given. 

DEFINE ABSOLUTE BASE ADDRESS FOR RELOCATABLE PRO­
GRAM SECTIONS 

A ...... <address > 

This control message enables the user to specify an absolute base address for 
relocatable program sections. < address > must be behind the monitor. 
Relocatable addresses in code words are updated in accordance with the base 
address. As with the R message this base address is updated by addition of the 
length of the modules input to the Linkage Editor, each time such a module 
has been fully processed. The resulting program, whether output or loaded, 
will be in absolute format until an R message is given. 

PROCESS INPUT FILE UP TO END OF FILE MARK 

p 

This message causes the processor to process the whole input file up to the 
EOF mark . All modules a re link-edited o r link-loaded. After this message 
I DENT < module name > is printed. 

SELECT A SPECIFIED OBJECT MODULE IN THE INPUT FILE 

S ...... < symbol > 

This message causes the Linkage Editor to process only the object module with 
the name specified in thi s message. and which has been given in the IDENT 
directive previously. The user may specify more than one S control message. 

SATISFY EXTERNAL REFERENCES FROM AN OBJECT MODULE 
LIBRARY 

L 

This message causes the Linkage Editor to process only those modules of the 
input file whose en try points match undefined external references. External 
references listed in a previous X control message. however. will remain 
unsatisfied. The se lected module names a re printed. 
If a library is not in such an order as to enable a ll external references to be 
solved in one run, e.g. when the last module of the lib rary contains an external 
refe rence to the first module, it is necessary to present it to the Link age Editor 
a second time. The U control message ca n be used to determine whether this is 
necessary or not. 
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LIST THE NAMES OF ALL UNSATISFIED EXTERNAL REFERENCES 

u 

This message causes the Linkage Editor to list on the operator's typewriter the 
names of all undefined external references except for any which have been 
listed in an X control message. One external name is typed out per line. 

PAUSE 

H 

This command forces the Linkage Editor to give a 
Piuse monitor request to put it in pause state. 
During this pause any operator command may be 
typed in. 
To restart the Linkage Editor give the command 
RSrw<.input file code'>l 
where the Linkage Editor will then start pro­
cessing from the input file code specified here. 
If it is not specified, it will restart on the 
old input file code. 

TERMINATE PROCESSING 

T 

This message is mandatory. It terminates the processing. Optionally a listing is 
printed on the listing device. 
When this control message has been given the Linkage Editor prints out the 
following three messages which provide the user with information on the 
length, the start address and end address of the load module. 

L= **** S=**** E= **** 

where: 

L= represents the length in characters of the relocatable program section. 
The length includes the length of the blank common allocated at the end 
of the relocatable program section of the generated load module. In link­
load mode L = 0000. 

S = the relative or absolute start address (relative if the address is odd, 
absolute if even) of the generated load module. 

E = in link-edit mode the highest absolute address in the absolute program 
section of the generated object program. E = 0000 if the entire generated 
program is relocatable. 
In link-load mode the first free location after the user's program section, 
commons included. 

The Linkage Editor then outputs the END cluster (in link-edit mode only) of 
the generated program. 
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3 Output 

The output of the Linkage Editor depends on which option (link-edit or link­
load) has been chosen in the option control message. 

Link-edit 
The output of a link-edit operation consists of: 

a load module or 
an object module. 

Load module 
This module contains no external references and may serve as input to the 
Linkage Editor or to the program loader. 

Object module 
This module still contains external references as during processing an E or X 
control message has been given. This module may only be input to the Linkage 
Editor. 

Link-load 
In a link-load operation no object output is produced as. the program to be 
edited has been loaded directly into memory where an executable program is 
produced and where all relocations and linkages take place. 

Information messages 
Information messages are output by the Linkage Editor onto the operator's 
typewriter when a specific action is required or when the operator needs to be 
informed on the processing. 
It is assumed that the option message has been input. 

Message Meaning 

L: Input a control message. 

L? The control message contained an error. 
Type in the correct message. 

< symbol > .._. 
< address > The processing of an object module is started. 

< symbol > I dent. name of this module. 
< address > Load address of the module. 

S = < address > The relative or absolute start address or the 
generated load module. A relative address is 
indicated by an odd number of characters. An 
absolute address by an even number. 

L= < hexa value > This message gives the length of the relocatable 
program section. 
< hexa value > is an even number of characters. 
If it is 0000 'the program is entirely absolute. 

E = < address > < address > is the highest absolute address in 
the generated module. It is 0 when the module is 
entirely relocatable. In link-load mode the 
address may include the length of the blank 
common. if any. 
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Error messages 
All errors which have occurred during the input to the Linkage Editor are 
signalled by the printing of error messages. The processo r does not check for 
e rrors in the output. 
The error printed may be either a fatal error or a non-fatal error. 

Fatal errors 
One of the below messages is printed and processing stops. 

Message Meaning 

C.ER Error in a labeled common or e rror in base 
address of blank common. 

CORE OVERFLOW Not enough space for the user's progra m. 

D.D. Double Definition of entry points. 

EC TYPE Erroneous Cluster Type. 

1/ 0 ER 1/ 0 error. 

T.O. Table Overflow. 

XN The external named in a n X control message 
must remain unsatisfied . 

Non-fatal errors 
The error message is printed but processing continues. 

Message 

ER.MOD 

IDENT TOO LONG 

BLK. DATA ER 

Meaning 

Erroneous input module . 

The IDENT name contains more than 6 
characters. 

An error was encountered in a Block-Data. 

Map 
The map, which is printed after a T control message, consists of a list of all 
entry points names. I ts format is as follows: 

< symbol > ...... LUIXIRIA ...... < address > 1 .................. < hexadecimal value > J 

where: 

<symbol> name of the entry point. 
U undefined entry point. 
X external name. <symbol> has been declared in an X control 

R 

A 

message. 
relocatable. In this case <address> is a relative address in the 
relocatable program section of the generated object program. 
absolute. In that case < hexadecimal value> is the absolute value 
equivalent to <symbol>. 

Not~: During the processing of the P, Sand L com­
mands the contents of the IDENT record, including 
comments, is output on the print file for each se­
lected module. 
The IDENT string itself is replaced by a hexadeci­
mal value specifying the module displacement inside 
the generated program. 
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INTRODUCTION 

The Cassette Update Package is a processor which allows the 

user to update his files and libraries. 

The Update Package comprises the following functions: 

- Copy 

- Skip 

- Delete 

- Insert 

- List 

All these functions can be performed at different levels: 

for files, modules and lines. 

The input and output devices on which . these functi~ns are 

performed, may be represented as follows: 

MAIN INPUT 

(cassette only) 

PACKAGE 

MAIN OUTPUT 

(cassette only) 

5.3 

AUXILIARY INPUT 

(cassette, tape rea­

der, card reader or 

typewriter) 
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PROCESSING 

Updating is done by means of a number of control commands 

which operate on different levels. These levels i file, mo­

dule and line leve~ are structured as follows: 

- a library consists of a number of files. 

- a file consists of a number of blocks starting with a file 

header and ending with an end-of-file. 

several modules. 

It may consist of 

- a module consists of a number of blocks starting with an 

IDENT block and ending with an end-of-segment. There are 

two types of modules; 

- source modules, consisting of source li~e_§ 

- object modules, consisting of clusters (see App. cl 

At each of these levels a certain number of commands per-

taining to that level can be used. Some of the commands 

on one . level allow the user to switch to another level. The 

relationship between the commands and their levels is shown 

in a table at the beginning of the next chapter which des­

cribes the commands. 

File Codes 

The Update Package allows the use of six file codes: 

input, output, auxiliary, print, punch and command input. 

Two of these are required: input and output. 

The file code values may be any value assigned to a device 

which is recognized by the Cassette Operating System. For 

each of the file codes, there are some restrictions as to 

the type of device to which it may be ~ssigned: 

- the in£U! ~ile_c~d~ must be assigned to a compact-labelled cassette 

tape. This tape is the main input for the Update Package. If 

no other file codes are specified during a run (AS command), 

the Update Package will use file code 01 as standard. 

- the 2!1t:..£U~ fils_ S,,£>de must be assigned to a compact-labelled 

cassette tape, except for some utility commands (see end 

of chapter 2 of this part)for which 
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it may be a tape punch. This tape is the main output of 

the Update Package which uses /06 as the standard file code 

for it. 

the , ~u~ili~r~ !n~u! fi!e_~~d~ is used for reading from an 

auxiliary input unit by the commands Insert and Skip on 

Auxiliary. The Update Package has no standard file code 

for this device. 

- the £r!n! file_c~d~ is used by the Update Package to list 

files modules and file headers. It will usually be the 

line printer, the Update Package using /02 as standard file 

code for it. 

- the £U~c~ file_c~d~ may be assigned to either cassette, 

magnetic or punched tape. It is used by the Update Package 

for the commands Punch File and Punch Module, with /03 as 

the standard file code. 

- the command input file_code is assigned· to the device from 

which the control commands are read and onto which the 

error messages are output. The Update Package uses /05 

as the standard file code for this device. 

Opera ti-on 

If the Update Package is contained on system tape, it is a 

very simple matter to load and start it: 

- put the cassette in the drive with file code /04 if has not 

already been put in 

- push the INT button and on output of M: type in 

RN UPD 

and the monitor searches the header and loads and starts 

the Update Package, which types out 

CE: 

and waits for the user to type in his first command. 

(If the update package is contained on an other medium: 

prepare that medium , load the Update Package by typing LD 

and start it by typing ST), 
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2 CONTROL COMMANDS 

The available control commands can be used at different levels 

as illustrated in the follwing diagram. The arrows show from 

which set of commands it is possible to switch to another 

set of commands at another le~el, i.e. thus ~ 

• from file level to module level: CF, SF, WH 

to liae level: CF, SF, WH 

- from module level to line level: CM, SM 

to file level : EF 

- from line level to file or module level: EN. 

Operation always starts at file level. 

FILE LEVEL MODULE LEVEL 

DF SA IF 

DM SA 

lcF - SF - WH CM SM 

IL 

DL 

LINE LEVEL 

IM 

The control commands are normally entered via the typewriter, 

i.e. file code /05. 

As with the other file codes, however, other assignments can 

be made by means of the AS command, which can be used at any 

level. If this command is not given, the standard file codes 

are used. 

The notation for the syntax of the commands is Backus Normal 

Form, which is explained in ,art 1, chapter 7. 

Below, first the commands for file, module and line level are 

described, then the utility commands are given. 
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UPDATE COMMANDS 

lliJ 
Syntax: 

Use: 

Syntax: 

Define File Codes 

A Su I=<xx), O=<_xx), A=<xx), L=(xx) , P=<xx), C=<xx) 

where 

<xx) is a two-digit hexadecimal number specifying 

a file code for: 

I : input file code 

0 : output file code 

A: auxiliary file code 

L: listing file code 

p : punch file code 

C : command input file code 

This command is given when a file code different 

from the standard file code assignments must be 

used. 

The parameters may be given in any order and only 

assignments different from the standard file codes 

need be specified. They may be separated by commas or blanks. 

The standard file code assignments are: 

input: 01 

output: 06 

auxiliary: 

listing: 02 

punch: 03 

command: OS 

no standard 

Copy up to File 

CF'-"rl < f i 1 e name>\ : EorJl 
where 

<:file name> is the file header name preceding the 

file up to which a copy must be made. 

When this command is given a copy is made of one or 

more files (depending on how many precede <file name>) 

from the main input onto the main output. The copy 
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[ii] 

Syntax: 

Use: 

Syntax: 

is made up to the file named <file name>, if speci­

fied, or, if :EOLis specified, of all the files 

from the current file to the end of library. 

If no parameter is specified, only the current file 

is copied. 

If the end of library is encountered before <file 

name>, an error message isprinted, but all files 

from the current file to the end of library will 

have been copied. 

From this command it is possible to proceed to 

module or line level. 

SF1.Jj<file name>} 

where 

Skip to File 

<file name~ is the file header name of the file up 

to which must be skipped. 

This command is given to position the main input 

tape at the beginning of the file specified (i.e. 

after its file header label) , The positioning move­

ment is always forward, so if the current position 

is past the file specified, an error message is 

printed. 

If no parameter is specified, the current file is 

skipped. 

If the file specified is not found, an error message 

is output and the main input tape will be positioned 

at the end of tape. 

From this eommand it is possible to proceed to module 

or line level. 

Delete File 

DFt-Jj<file name>7 

where 

~file name> is the file header name of the file to 

be deleted. 
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Use: 

[ii] 

Syntax: 

Use: 

Syntax: 

Use: 

This command is used to delete the file specified; 

this is done by skipping the file on the input tape 

and thus not copying it onto the output tape. All 

files from the current file up to <file name) will 

be copied. 

If no parameter is specified, the current file is 

deleted, i.e. skipped and not copied. 

If Lfile name> is not encountered, an error message 

will be printed and the main input tape will be po­

sitioned at the end of tape. 

Insert File 

IF\,.J)L< file name>/ :Eoijl 
where 

<file name> is the file header name of the last file 

which must be inserted. 

When this command is given file(s) are inserted from 

the auxiliary input device onto the output device. 

If no parameter is specified, only the current file 

is inserted. 

If ~file name> is specified, all files on the aux­

iliary input up to and including <file name) are in­

serted. 

If :EOL is specified, all files from the current file 

to the end of library are inserted. 

If <file name) is not encountered an error message will 

be printed and the auxiliary input will be positioned 

at the end of library. 

Write Header ru 
WHc,..J(name) 

When this command is given a file header label is writ­

ten onto the output tape. 

<name) is a string of up to 8 characters (alphanume­

ric) of which only the first 6 are taken into account 

by the system. 

From this command it is possible to proceed to module 

or line level. 

5 . J 0 



~ 
Syntax: 

Use: 

[ii] 

Search Auxiliary File 

SAt.Jf<file name">l 

This command has the same function as the Skip to 

File (SF) command, except that it is done on the 

auxiliary input unit and that the move may be for­

ward as well as backward. 

End-Of-File [ii] 

Syntax: EF 

Use: 

Syntax: 

Use: 

When this command is given an End-Of-File block is 

written onto the output tape. 

It is used to terminate the creation of a set of 

modules (each ending with :EOS). 

When this command is given it is possible to proceed 

from module level to file level. 

Copy up to Module 

CMur[_ module name>/ :EoFj1 

where 

<module name7 is the name (IDENT) of the module up 

to which a copy must b~ made. 

When this command is given, a copy is made of one 

or more modules (depending on how many precede <mo­

dule name>) from the main input onto the main out­

put. The copy is made up to the module nameQ~module 

name>, if specified. 

If :EOF is specified, all modules from the current 

module up to EOF will be copied. 

If mo parameter is specified, the current module is 

copied onto the output tape. 

If an EOF block is found at the end of a module before an EOS 

block, Update will write EOF on the output tape. If an EOS is 

found before an EOF, Update will write an EOS and writing the 

EOF must always be done by giving the command EF. 

If the output file had not been opened, the file header of 

the input file is copi ~ o ~ to the output file. 
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Syntax: 

Use: 

Syntax: 

Use: 

If <module name~ is not encountered, an error mes­

sage is printed, but all modules from the current 

module up to the end of file will be copied. 

From this command it is possible to proceed to line 

level. 

Skip to Module 

SMw~module name'>l 

where 

WL1 

~module name) is the name (IDENT) of the module 

up to which must be skipped. 

This command is given to position the main input 

tape ~t the beginning of a module. The positioning 

movement is always forward, so if the current posi­

tion is past the module specified, the tape is read 

up to end of file and an error message is printed. 

This is also the case when ~module name> does not 

exist. 

If no parameter is specified, the current module is 

skipped. 

From this command it is possible to proceed to line 

level. 

Delete Module 

DM1.,f<.module name,l 

where 

cmodule name) is the name (IDENT) of the module to 

be deleted. 

This command is used to delete the module specified; 

if no parameter is specified, the current module is 

deleted. 

Deletion is done by skipping the module on the input 

tape and thus not copying it onto the output tape. 

All modules from the current module up to <module 

5. I 2 



Syntax: 

Use: 

wJ 
Syntax: 

name will be copied onto the output tape if a 

parameter is specified. 

If module name is not found in the current file, 

an error message is printed and thr main input will 

be positioned at the end of the file. 

If the output file had not been opened, the file 

header of the input file is copied onto the output 

file. 

Insert Module 

IMufL_<.module name')! :EoFJl 

where 

~module name) is the name of the last module which 

must be inserted. 

When this command is given, module(~ are inserted 

from the auxiliary input device onto the output de­

vice. 

If no parameter is specified, only the current mo­

dule is inserted 

If ~module name) is specified, all modules on the 

auxiliary input up to and including ~module name> 

are inserted. 

If :EOF is specified, all modules from the current 

module up to the end of file are inserted. 

If <module name~ is not encountered an error mes­

sage will be printed aru:{the auxiliary input will be 

positioned at the end-of-file. 

If an EOF block is found at the end of a module before an 

EOS block, Update will write EOF on the output tape. If an 

EOS is found before an EOF, Update will write an EOS and writing 

the EOF must always be done by givong the command EF. 

If the output file had not been opened, the file header 

of the input file is copied onto the output file. 

Delete Line 

! !DL..i(number J>G<numberZ>l 

where 

<number I) and (number2) are line numbers in a program. 
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Use: 

Syntax: 

Use: 

~ 

Syntax: 

Use: 

This command is used to delete one or more lines. 

If <number!) only is specified, the line with that 

number will be deleted. 

If <numberl>,~number2~ is specified, the lines from 

<numb e r I> t o en um b er 2> in c 1 u s iv e w i 11 b e d e 1 e t e d . 

<number 2 .> mus t b e 1 a r g er than < numb er I)> • 

Any lines following this command on the input com­

mand file and not starting with !! will be inserted 

after the last deleted line. 

! ! IL ul~n urn be r,71 
where 

Insert Line 

('.'number;> is a line number in a program. 

This command is used to insert records. 

[ii] 

If no parameter is specified, the inserion will be 

after the current line. 

If <number> is specified, the insertion will be 

after the line specified. 

Any records following this command will be inserted 

also, up to the next update control command start-

ing with I I 

End of Line Modification 

! ! EN 

This command is used to terminate line updating. 

Any remaining records on the input tape are copied 

onto the output tape. 

! !EN must always be the last command on the line 

level. 

From this command it is possible to return to either 

module or line level. 
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Exit 

Syntax:: EN 

use: This command is used to return control to the monitor. --~ 
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UTILITY COMMANDS 

~ Search Header [ii] 

_Syntax:_ SHu(header name> 

Use: 

Syntax: 

Use: 

ill] 

Syntax: 

Use: 

Syntax: 

Use: 

When this command is given, the file header specified 

is searched on the main input tape. 

be forward or backward. 

The search may 

If the header is not found, an error message is 

printed. 

List Headers 

LHw(<.heade r nameiJ 

When this command is given without parameter, all 

the file headers on the main input tape will be listed. 

If a<'header name,> is specified, all the idents under 

this file header will be listed. 

If the header is not found, an error message is 

printed. 

List File [ii] 

When this command is given without parameters, the current 

file on the main input tape is listed. If a <file name> 

is given, that file will be listed. If the specified <file 

name> is not found, an error message will be printed and 

the tape will be positioned at the end of the librar y . 

If / IDENT is specified, all IDENT records are listed. This 1s 

used for listing an object librar y . 

List Module 

LMwfcmodule name>l 

When this command is given without parameter, the 

current module on the main input tape is listed. 

If a <module name~ is specified, that module will 
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@] 

Syntax: 

Use: 

Syntax: 

Use: 

If a <module name) is specified, that module will 

be listed. 

If the specified <module name? is not found, an error 

message will be printed and the tape will be posi­

tioned at the end of file. 

Punch File 

PFuj<file name~ 

When this command is given without parameter, the 

current file is copied from the main input unit and 

punched on the punch unit. 

If ~file name) is specified, that file 1.s punched. 

The file header is never punched. 

If <file name> is not found, an error message 1.s printed 

and the tape will be positioned at the end of library. 

Punch Module 

PMwj<mod u 1 e name;J 

When this command 1.s given without parameter, the 

current module 1.s copied from the main input unit 

and punched on the punch unit. 

If <module name> 1.s specified, that module is punched. 

If <module name.> is not found, an error message 1.s 

printed and the tape will be positioned ?t the end 

of file. 
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ERROR MESSAGES 

In case of an error, one of the following error messages is 

printed, after which CE: is output and Update waits for the 

user to give a correct command: 

UNKNOWN COMMAND 

PARAM ERROR 

TOO MANY PARAM 

INVALID LEVEL 

INPUT I/0 ERROR 

OUTPUT I/0 ERROR 

UNKNOWN PARAM 

UNAVAILABLE CMD (CMD = command) 

END OF FILE SET 

NO AUXILIARY F.C. (F.C. = file code) 

PARAM MISSING 

LABEL. TYPE ERROR (LABEL. = labelling) 

INVALID !DENT 

INPUT OVERFLOW 

ITO ERROR 
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Introduction 

The Debugging Package is used to check and tes t programs writte n in Asse mb­
ly Language. 
After the user's source prog ram has been asse mbled the resulting o bject pro­
gra m must be processed by the Linkage Edito r. The Load module must be 
loaded prio r to the Debugging Package. T he la tter must be loaded w ith a di s­
pl ace me nt va lue equa l to the use r prog ra m le ngth + / 20 ( = save a rea). 

Co,.,,,.,.,.n ica:l:ion a.rt'Q. 

save area 

use r program : 

save a rea 

Debug 

O nce the Debugg ing Package is loaded a nd s ta rted (LD and ST comma nds) the 
user program's a bso lu te load address is printed a nd the Debug message D: to 
a llow commands to be input fro m the o pe ra to r's ty pewrite r. Once the Pac kage 
is ca ll ed the use r may se t brea kpo in ts w he re the Pac kage w ill suspe nd executio n 
o f the user program to be tes ted a nd awa it furth er comm ands. This a llows the 
user to check hi s progra ms section by sec tion. He may exa mine the conte nt s of 
any memory loca tion and modify those lyi ng wi thin the progra m's bo unda ries 
o r he may tes t t he conte nt s o f reg iste r A 1 thru A 14 befo re s ta rt ing the execu­
tio n or during brea kpo ints ha lts. The Debugg ing Pac kage is no t reentrant , 
the refo re it is no t poss ibl e to test a ma in progra m and its scheduled la be ls s im­
ult aneously. It is a ll o wed to de fin e brea kpo ints in scheduled labe ls. 
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1 Processing 

User progra m memory loca tions ma y be addressed in the followin g two ways: 
abso lute 

- re lative 

A location is addressed absolute as fo llows: 
1) take the abso lute load address printed on the typewriter log afte r hav ing 

ca ll ed the Debugging Package. 
2) add the re la tive address of the location as printed on the Linkage Edit map 

The relative address of a loca tio n is found by tak ing the re lative address of 
the symbol as printed o n the map. 

On-line/Off-line 

The Debuggi ng Package a llows on-li ne as we ll as o ff-line operation: 
On-line: a Debug comma nd is executed immedia tel y after hav ing terminat­

ed wit h LF C R. Al l comma nds in chapter 2, except the IF com­
mand , are accepted in thi s mode which begins immedia te ly afte r 
having ca ll ed the Package o r w he n a breakpoint te rmin a ted by a 
RT command has been executed. 

Ofl~line: mode which is ente red when a breakpo in t is defined . The user may 
now type o ne command or a number of comma nds which will be 
executed whe n the user program reaches the specifi ed breakpoint. 
The string of commands pe rtaining to a brea kpo int must be te r­
minated by e ite r a GO o r a RT comma nd. The use r progra m's ex­
ecution is suspended during processing of the com mands. 

Input/Output 

Input 
Input to the Debuggi ng Package cons ists o f either comma nds or of data . Com­
mands a re usua ll y input from the opera tor's ty pewrite r when the Package re­
quest s input after having typed D: on the typewriter log. 
One command. C l, pe rmits to read comm ands from e ither the card reader o r 
the punched tape reader. 
The comm and RE all ows to read data from a specified device. This is pa rticu­
larl y useful when the contents of buffers have to be changed or filled . The file 
code o f the respect ive devices must have been ass igned before ca lling the 
Package. 
If commands are read from a device other than the ty pewriter and the inpu t 
command is e rro neous, thi s co mmand with e rro r indicat io n and e rror message 
is printed on the typewriter log. The correct com mand may be typed in from 
the o perator's typewriter after D: has bee n printed on the log. 
The foll o wing commands are read again from the assigned input device . 

Output 
The output is normally directed to a nd printed on the typewriter log. 
However, the output may be direc ted to ano ther output devic by means of the 
C0 command provided the file code was correctl y assigned before ca lling the 
Debugg ing Package. 
Com mands typed in fro m the typewriter are copied on the line printer. 

Note: If the program to be debugged is abo rted the Debugging Package keeps 
cont ro l. The Program Status W o rd is printed o n the typewriter log and 
the line printer, fo llowed by the re la tive abort address and the print-out 
of the content s of 14 registe rs. On the line printer, or on the typewriter 
log if the o utput was directed to TY, a memory dump takes place of the 
re lat ing a rea . 
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2 Commands 

A command consists of two ASCII characters w hich may be fo ll owed by a 
blank and o ne or more parameters. Parameters are separated by a comma. If a 
command is terminated by a full stop another command (or commands) may 
fo llow on the same line but may not continue on the next line. Each command, 
or the last command of a line if more commands are specified on o ne line, 
must be terminated w ith LF CR. 

Parameter syntax: 

< memory reference > ::= 

where: 
< abso lute address > ::= 

< relative address > 

< register > 

< constant > 

< absolute address > 
< relative address > 

I < up to 4 hexa digits > 
In IF command: M ....... < hexa number > 

@ < up to 4 hex a digits > 

R < two digit decimal number > 

I < up to 4 digit hexa number > 

BREAKPOINT DEFINITION 

syntax: AT ....... < memory reference > 

The breakpoint faci lity provides a means of suspending the execution of a user 
program at any point. To set a breakpoint the user types AT fo ll owed by the 
absolute. or relative address of the word where he wants the rrogram to stop. 
O nce the breakpoint is set it sw itc hes the Package to the oil-line mode thus 
permitting to define a command or stri ng of commands wh ic h are to be execut­
ed when the runnin g user program reaches the location specified in the break­
po in t. 
The breakpoint's abso lu te address is printed when it is executed: BP : absolute 
address. 
Breakpoints are kept in a table. The maximum num ber of breakpoints allowed 
in this table is 8. Once a breakpoint is executed or when the user does not con­
sider a breakpoint necessary anymore it may be deleted from this table by the 
command DB. 
This permits to use more than 8 breakpoints in a debug run though on ly 8 
breakpoints can be present in the table at the same time. 
Addresses specified in breakpoint defi nitions need not to be in an ascending or­
der. so the user may first define an address at the end of the program a nd then 
one at the beginn ing if he wishes to do so. 

During a debug run a breakpoint may be defined on ly once, unless the break­
point is deleted. 
When a breakpoint is reached the instruction to wh ich it points is executed. 
The last command of a string of commands pertaining to a breakpoint must be 
either GO or RT. concluding this breakpoint definition. 

Restrictions 

The breakpoints defined may not: 
be modified by the program 
refer to DATA defined text (the BP is not executed) 
refer to a LKM (o r MLK) instruction 
refer to a n address defined in an EX, EXK or EXR instruction 
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DELETE A BREAKPOINT 

syntax: DB.__, < memory reference > 

This command is us~d to delete a breakpoint and the commands defined to be 
executed at this breakpoint. 
A breakpoint can be deleted from the breakpoint definition table at any time 
except when it is being executed. 

DIAT /89A8 

DIOR RI 

D1GO 

01AT /8A4C 

O:OR R2 

D:GO 

0:08 /89A8 

01// 
1210 

1283 
Bl-': 8A4C 
A2 =3833 

Example 6, 1 

DUMP MEMORY 

This is 2nd breakpoint, -The 1st 
one is deleted 

syntax: OM.__, < memory ref 1 > , < memory ref 2 > 

Through this command the user may examine the content of a memory area 
from and including < memory ref 1 > thru < memory ref 2 >. 
The dump takes place on the operator's typewriter unless otherwise specified 
by the CO command beforehand. 
The dump is presented as 8 words per line. Each line is preceded by an absol­
ute address (multiple of/ 10). The last line of the dump is filled up to the eighth 
word of that line, with words immediately following < memory ref 2 >. 

D:Df'I /6511,/6528 
6510 7084 r4A5 8822 r6DE 2020 5245 5345 5256 RESERV 
6520 4544 2020 4E55 4D42 4552 2055 4E48 4E4r ED NUM8ER UNKNO 

Example 6 ,2 
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WRITE MEMORY 

syntax: WM._. < memory ref > , < constant 1 > r, < constant 2 > , ...... , 
< constant n > l 

This command permits the use r to substitute the content of a memory location 
by an other value or, if more constants are specified, as many memory loca­
tions, from < memory ref > on, as there are constants specified. 
The locations' contents must be within the program boundaries. 

D:DM /6D08,/6D12•WM /600~,/1234,/5678.DM /6D08,/6D0A 
6D00 444F 4320 5245 5620 5041 4745 2033 3520 
6D10 OOOA 3131 3632 3320 5038 3535 4020 5359 
6D00 444F 4320 5245 5620 1234 5678 2033 3520 

Example 6 .3 

DUMP REGISTER 

syntax: DR ..... < register > r. < register n > l 

DOC REV PAGE 35 
I 1623 P855M SY 

DOC HEV 4V 35 

This command dumps, in hexadecimal format , the contents from 1 to n regi s­
ters. < register > may be any of the user registers A 1 thru A 14 (see parameter 
syntax). . 
If no parameters are specified the contents of all registers, except for the P and 
A 15 registers, are dumped. 
If only one parameter is specified the contents of that register is dumped. 
If both parameters are present the contents of those registers, both specified 
included, are dumped. 
The dump is given on the typewriter log unless otherwise specified in the CO 
command. 

D:DP RI 
Al =0000 

D:OH Rl,HS 
Al =0000 A2 =0000 A3 =0000 A4 =0000 AS =0000 

D:DR lilS 

PARAMETER ERHO H 

Example 6 .4 
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WRITE REGISTER 

syntax: WR...., < register > , < constant 1 > f, < constant 2 > ...... , 
< constant n > l 

The content of the specified register will be changed to the value of the first 
constant or, if more constants are specified, a number of consecutive registers 
is loaded with the values of the same number of consecutive constants. The 
first register of the range is the register specified in this command. 

D1DR RI ,R4 
Al •0000 A2 cOOOO A3 •0000 A4 •0000 

D1WR Rl,/0011,/0022 

DIOR Rl,R3 
Al •0011 A2 •0022 A3 •0000 

D1WR R2,/0033,/0044 

DIOR RI ,R4 
Al • 0011 · A2 '"0033 A3 •0044 A4 =0000 

Example 6.5 

D:AT /8806 

D:DR RI ,R4 

D:WR Rl,/0066,/0077,/0012 

D1DR RI , R4 

DIRT 

DI// 
1210 

BP I 8806 
Al •3132 A2 =3130 A3 =3132 A4 z3t30 
Al =0066 A2 =0077 A3 =0012 A4 =3130 

Example 6.6 
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CHANGE INPUT DEVICE 

syntax: Cl ...... / < file code > 

When this command is given all further commands are read from the device 
with the specified file code. 
Input devices other than the teletype may be the card reader or the punched 
tape reader. Their file codes must be assigned before the Package is called. In 
order to return the input of commands to the operator's typewriter the com­
mand Cl ....... /5 must be given. 

D:AT /89FE 

D: CI / I 

D:RT 

D:/1 

1383 

BPt 89FE 
Al =3133 A2 =3833 A3 =3133 A4 =3 130 A5 =0000 
Al =3133 A2 =FIFI A3 =1 234 A4 =2345 AS =6161 

Example 6. 7 

CHANGE OUTPUT DEVICE 

syntax: CO ...... /< file code > 

DR Rl,RS 
WR R2,/FIFl,/l234,/2345,/6161 
DR RI ,RS 
CI 15 

Thi s was punched on tape 

This command directs the output, from the time the command is read. to the 
output device with the specified file code. · 
This file code must have been assigned before the Package is called. 
If output is to be returned to the operator's typewriter the command CO must 
be given with the typewriter file code. 
Whether the command is given on-line or off-line does not affect its operation 
i.e. the output device remains the specified output device until a new CO com­
mand is given. 
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RETURN TO ON-LINE MODE 

syntax: RT 

This command concludes a breakpoint definition . 
When the user program runs it will stop at the address defined by the break­
point of which RT is the termination . The Debugging Package resumes control 
and types out D: on the typewriter log thus switching to on-line mode. 
The user may now type in new commands. In this way it is possible to react im­
mediately on the results of a breakpoint execution (see example 6 .8). 

CONTINUE EXECUTION 

syntax: GO.__,f < memory reference > l 

This command concludes, as RT, a breakpoint definition. The difference be­
tween both commands is clear when the user program is executed and the 
breakpoint belonging to GO is reached. 
The breakpoint's absolute address is printed or punched and commands belong­
ing to the breakpoint are executed. When the GO command is read control is 
not returned to the operator's typewriter, as with RT. The execution of the 
user program continues until a new breakpoint is encountered. 
In this case the user has not the possibility to react immediately on a break­
point's execution results. 
If < memory reference > is specified the user program will continue at the spe­
cified address which must be within the program's boundaries. 
If < memory reference > is not specified the execution resumes at the address 
following the breakpoint. 
In example 6 .8 two breakpoints are specified. One terminated by GO and the 
other one by RT. The first breakpoint is printed on the typewriter log as the 
CO command was not yet read . All other output is printed on the line printer 
log. After RT the user may input another command. 

D:AT 

D:CO 

D:DM 

D:GO 

D:AT 

D: DM 

D:RT 

D :// 
16 88 

/6CE4 

/2 

/6SlA,/6526 

/6DFl 

/651A,/6526 

BP: 6C E4 

NUMBER UNKNOWN 
I 835 

D: RX 

s: 

Examp l e 6 . 8 
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CONDITIONAL EXECUTION 

syntax: IF ....... r < memory ref > I< registerl > I= I < r < memory ref > I< regis-
ter > I< constant > l 

This command may only be used after a n AT command. It allows a conditiona l 
execution of the command string attached to this breakpoint. 
The content of an address or register is compared with the content of another 
address. register or constant. 
If the condition specified is true the command string is executed. If not the user 
program is restarted (implicit GO command). 
If < memo ry reference > is an absolute address then < memory reference > 
must be specified as M ....... < hex a number > . 

TRACE 

syntax: TR ....... < 2 ASCII char > 

This command can be used to check a condition after a branch instruction 
which may cause the use r program to enter a loop. 
The two ASC II characters specified are printed out each time the program 
reads the breakpoint to which this command is attached. 
Restriction : 
The ASCII characters ma y not be 
- a space 
- a full stop 

D:AT /6CA8 

D:TR LO 

D:GO 
D:// 
BP 6CA8 
LO 
BP: 6CA8 
LO 
BP: 6CA8 
LO 

Example 6. 9 

READ FROM EXTERNAL DEVICE 

syntax: RE.__.., /< file code > , < memory reference > .I < no of characters > 

Through this command a number of characters ma y be read in a buffer whose 
first address is < memory reference > . The data is read from the device with 
the specified file code. 
When this command is g iven a standard read is sent to the monitor with the 
specified address and number of characters. 
The numbe r of characters mus be specified hexadec imally. 
The message READ is printed on the typewriter log when the user requests a 
record to be written from the typewriter. 

START USER PROGRAM 

syntax : / / 

This command must be used to start the execution of the user program after 
hav ing defined one or more breakpoints. The user program runs until a break­
point is encountered and commands defined at that breakpoint are then execut­
ed by the Debugging Package. 
This command has the same function as GO < start address > when the latter 
command is used on-line. 

EXIT 

syntax: RX 

This command causes an exit from the Debugging Package and switches con­
trol back to the Monitor. 
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3 Error Messages 

The following messages are output when an illegal cond ition occurs. 
The messages are always printed on the typewriter log. 

MESSAGE 

UNKNOWN BP 

MEANING 

- the Package is asked to delete a break­
point which has already been deleted 

- the DB command contains an incorrect 
address. 

BP DOUBLE DEFINED - the breakpoint with the specified ad-
dress already exists in the BP table. 

REFUSED IN ON-LINE MODE - the IF command is given not imme-
diately following an AT command. 

REFUSED IN OFF-LINE MODE - an attempt is made to define a new 
breakpoint without having terminated 
the previous one by a GO or RT com­
mand. 

BP CANNOT BE DELETED - the current breakpoint ca nnot be delet-
ed 

BP TABLE OVERFLOW - the BP table may not contain more 
than 8 breakpoints. Delete from the ta­
ble some breakpoints already executed 
or considered no longer necessary. 

NO BP ON LKM/MLK - the breakpoint may not point to a 
LKM or MLK instruction . 

PARAMETER ERROR - this message is printed when an illega l 
para meter is specified 

SYNTAX ERROR - the syntax in the command is erroneous 

FILE CODE NOT ASSIGNED - the file code specified was no t assigned 
before the Debuggi ng Package was cal­
led . 

COMMAND UNKNOWN - the command g iven does not belong to 
the list of commands discussed in the 
previous chapter. 

SYMBOLIC REF. ERROR - symbolic references a re not accep ted in 
the Basic Debugging Package 

NO START ADDRESS - start address missing in the module to 
be debugged 

COMMAND TABLE OVERFLOW - not enough room to record the com­
mand string in the command table 

INVALID ADDRESS - relative address not within program 
limits 
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CASSETTE FULL FORTRAN COMPILER 

The Cassette Full FORTRAN compiler acceots Full FORTRAN source 

modules as input, and produces object modules to be processed 

by the Linkage Editor with the Full FORTRAN system library. 

The result is a self contained executable FORTRAN program 

which can run under control of the Cassette Operating Monitor. 

The compiler is self-initializing, and does not require re­

loading between succesive compilations. 

Source language 

The source language for the Cassette Full FORTRAN compiler 

is identical to the one described in the P800M Full FORTRAN 

Reference Manual (publication number 5122 991 1140X), except 

that direct access I/0 statements are not accepted. 

Operating procedures 

The compiler is loaded into memory and started by means of 

the cassette control command ~N (Run a nrogram). 

Once the compiler is started, it outputs 

F : 

which requests the I/~ options to be specified. 

If the standard I/0 options are to be used the operator 

replies by typing 

LF CR 

(standard I/0 depends upon which devices have been assigned 

the standard file codes 1,2 and 3 which specify the source 

input device, the listing output de v ice and the object code 

output device respectively). 

If other options are selected the operator _must specify the 

file codes for the source input file, the listing output 

file and the object file, plus, if required, the options 

Q and/or N, followed by LF CR. Q specifies object code output 

in 4x4 format, N indicates that the output listing is to be 

suppressed; this applies to all source modules being processed 
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and has absolute p r inrity over any OPTIONS statement in the 

source program.Error messages will always be listed. 

If object code output is not required, the code to suppress 

it is 0, If the options are incorrectly typed, the compiler 

outputs a further 

F: 

and the options can be retyped, ending with LF CR. 

The compiler then begins reading and processing the source 

program, the first line of which must be an IDENT control 

statement. If the IDENT is missing the compiler will continue 

reading the source file, without processing, until the IDENT 

is found. 

When an END statement is processed which is not followed by 

:EOS -indicating further modules are to be compiled- the 

compiler writes :EOS on the object code output file, and if 

no errors have been found in the END statement, outputs 

the message 

F/MESSAGE 

on the listing device and automatically continues reading a 

new source module ( which must begin with an IDENT statement) 

without any operator action being necessary. 

If there is not another module, the next statement read must 

be :EOF. When an :EOF is read in the input stream, the com­

piler checks that the last statement was an END statement, 

if it was not 

F/MESSAGE EM 

is printed on the listing device and an END statement is 

automatically generated and compiled. The compiler then 

types out 

F:7FOO 

indicating succesfull compilation. 
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A fresh compilation can then be started, or if no further 

processing is required, the operator types 

X 

upon which the compiler will exit, or 

:EOF 

to make the compiler write :EOF on the object code output 

file and exit. 
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CASSETTE FULL FORTRAN TRANSCODER 

The Cassette Full FORTRAN Transcoder is a one•pass processor 

that translates modules compiled by the Cassette Full FORTRAN 

Compiler from interpretive code, which is only executable 

through an object code interpreter, into direct executable 

machine code. The modules produced by the transcoder are 

ready for processing by the Linkage Editor. 

Transcoded and compiled modules can be used together in one 

FORTRAN program, if necessary the object code interpreter 

will be added by the Linkage Editor. 

Operating procedures 

Input for the transcoder is the object co<le produced by the 

Full FORTRAN compiler. The transcoder is loaded and started 

by means of the cassette control command RN. Once started 

it outputs 

T: 

and waits for a control command. 

The possible control commands are: 

C 

D 

E 

:EOF 

copy the current module untrans -

coded onto the output file 

delete the current module 

end the transcoding session 

write :EOF on the output file and 

end t he transcoding session 

T r,NLl f,NPl transcode the current module 

NL and NP are optional parameters. 

If NL is specified, no listing of 

the transcoded module will he produ­

ced ( control nessages and error 

messages are always listed on the 

operator's typewriter), if NP is 

specified, no object code will be 

produced. 

Each command must be terminated by CR LF. 
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Error messages 

IDT.MIS. 

END.MIS. 

CLS,ERR. 

!DENT statement missing or invalid 

end/start cluster missing 

erroneous cluster type 

COM.MOD. the current module is not a compiled one 

ELK.DAT. block data modules cannot be transcoded 

TBL.OVF. table overflow 

MOD.ERR. · unsuccesfully compiled module 

DYN.ALL. dynamic allocation forbidden 

IO ERROR xxxx yyyy unrecoverable I/0 error,xxxx=file code, 

yyyy• returned status 

OBJECT CODE NOT 

USABLE 

because of a fatal error the trans­

coded object code is not usable 

If an error is detected, the transcoder ends the current 

session. The transcoder can be restarted by depressing the 

INT-button on the control panel, and typing ST after the 

monitor has requested a command by the message M:. 

Control messages 

IDENT ~name) 

:EOS 

:EOF 

T: 

idnetification of the current module 

end of segment mark read 

end of file mark read 

a control command is requested 

COMPILED LENGTH=xxxx TRANSCODED LENGTH =yyyy 

length of the compiled ~nd the transcoded 

module, expressed as a hexadecimal 

number of characters 
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Listing 

The object code listing consists of: 

- the module identification 

- the names and numbers of the external references 

- the produced instructions 

Each transcoded statement is delimited by two lines of 

asterisks. Flag R indicates 'relocatable', flag X indicates 

'external reference'. Two consecutive lines of asterisks 

indicate an empty area, or an area that is to be filled later 

on. 

An example of a listing of a simple FORTRAN program and the 

instructions produced by the transcoder iR given on the next 

page. 
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IDF.·\JT ?:WG 

•••••••••••••••••••••••••••• 
$P'WG 
%P~OG 
/PROG 
F:EHl I 
F:EHlO 
FlEH04 
F1EH03 
F:ST 
:EOS 

0002 
0004 
0006 
0008 
OOOA 
oooc 
OOOE 
0010 

•••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••• 

0008 
OOOA 
oooc 
OOOE 

20?.0 
2020 
?.F45 
4E44 

•••••••••••••••••••••••••••• 
0010 
001?. 

0001 
0004 

•••••••••••••••••••••••••••• 
0014 
0016 

0018 
OOIA 
OOlC 
OOlE 

86AO 
0002 

88CO 
0010 
R8Cl 
0000 

X 

rl 

ft 

0002 

•••••••••••••••••••••••••••• 
0020.. .RRCO 
0022 0012 ,i 
0024 R8Cl 
0026 0002 ,i 

•••••••••••••••••••••••••••• 
0028 98CO 
00?.A 0000 ii 
00?.C 9140 
002E 000?. ,( 

0030 13'3?.0 
003?. 0000 .{ OOOA 
0034 R8CI 
0036 00014 !1 

•••••••••••••••••••••••••••• 
0038 8420 
003A 0000 _,( 0004 
003C F6AI 
003E 0000 .( 0010 

•••••••••••••••••••••••••••• 
0040 8420 
0042 0002 X 0004 
0044 F'6AI 
0046 0000 X 0010 

•••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••• 

0048 000!:l rl 
004A ooor, ;, 

•••••••••••••••••••••••••••• 
C0"1PILFD LF.\JGTY = 0078 T:lA\1 '3 CODF. D LEt\lGTY 
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1 Loaders 

The P852M computer permits the user to load and run an Initial Program 
Loader by simply pressing the I PL button on the front panel. 
When doing so the contents of a .64-word Read Only Memory (ROM), which 
has been preprogra mmed with a standard bootstrap, is read into the CPU's 
memory where it is execM"ted. 
Next the IPL, which may be locc:ite.d fn fro"c of a.. program or which may 
be an independent tape or may be written on cassette tape, magnetic tape or 
on di sc, is automatically loaded and run from o ne of the following devices : 
- operator's typewriter (4 X4) 
- punched tape ·reader 

fixed head disc 
- moving head disc 
- magnetic tape 
- cassette tape. 

However, before the button is pressed the user must set the following 
parameters o n the data switches: 

bit O = 1 
0 

bit 1 = 1 
0 

IPL is to be loaded from ASR (4 x 4) 
I PL is to be loaded from other device 

I PL from disc 
I PL from other device 

bit 2 = 1 moving head di sc 
0 fixed head disc 

bit 3 = 1 
0 

programmed channel transfer 
1/ 0 Processor transfer 

bit 4-7 control information for control unit during execution of C IO Start sent 
by the bootstrap. Specify the type of device : 

bit 8 = I 
0 

bit 9 = 1 

bit 10-1 5 

TY = 0001 X 1215 0011 (physical sector address) 
TK = 0111 FHD = 0011 (physical sector address) 
MT = 0010 

multiple device control unit 
single device control unit 

Xl215 disc (P824-001 COD di sc) 

device address of device from which the I PL is loaded 

When the I PL has been read it prints on the operator's typewriter : 

OB JCT TAPE ON READER. THINK OF BASE ! 

The user has now the opportunity to modify the program's base address. This 
address is displayed in register A9. If the address is not modified the base 
address is assumed to be 0. 
The CPU may be restarted by pressing the RUN button. 
If a start address has been defined for the loaded program at assembly time 
control is given to this address by the I PL. 
When the loading of the IPL and program is completed register A9 contains 
the first free location behind the loaded program. 
The loading of an absolute program section does not change the contents of 
A9. 
The bootstrap area may be overwritten by the loaded program. 
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Loading procedure 
- prepare device from which IPL is to be read and place IPL on this device. 
- set the relevant information on the data switches. 

push IPL button. The IPL is now read. 
if tht. IPL is tiof Loco.-tc.ol ;., fro.,t of the f11"D1ra."' to be.. loa.d eol a,,,d 
on th I! ':,Q.IT)4!: l'Yl e,:foo->t..) pla.u. -lhe pro1r•M -to b4i! 1.o~G(e.o( 0 II\ {~ inrL<.+ e<t..uic.~. 
push RUN button to read the program. 

Note: By means of the IPLGEN program, which is 
part of the system generation procedure 
and is contained on one of the generation 
cassettes, the user may generate IPL pro­
grams. The Initial Ptogram Loader thus 
generated can be used for any device. 
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2 Dump Program 

The ASCII dump program · allows to have an ASCII memory dump in 
hexadecimal format on the line printer or on the operator's typewriter. The 
program is delivered on paper tape in 8+8 or 4 X4 format. A separa te IPL 
must be used to load the dump program. (IPL1~nu-.fiort~ $U A-pp,.A: -Sys~e .. ~ 
The IPL is loaded by pushing the IPL button on the control panel. The use r 
may now specify in register A9 the loading address of the dump program. 
Default value = 0000. 
Next push the RUN button to load the dump program. When the reading stops 
the user must load register A8, A9 and Al0 with the following information: 
A8 to be loaded with the address of the device onto which the dump will 

take place, e.g. / 1 0 for the operator's typewriter or / 07 for the line 
printer. 
If the device is connected via the programmed channel bit 0 of register 
A8 must be set to 1. 

A9 to be loaded with the first address of the area to be dumped. 
A 10 to be loaded with the last address of this area. 

Press the RUN button to activa te the dumping. 
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3 CASSETTE PREMARK 

The cassette premark program PREMTK must be used for cassette 

tapes which are going to be used under the Cassette File Man­

agement Package. PREMTK is a program which writes informa­

tion at the beginning of the tape, so as to make it recog­

nizable to the CFM package as a tape using one of the three 

ECMA standards of labelling: Basic, Compact or Extended. 

For details on these labelling systems, see Part 1, Chapter6. 

The program is loaded from cass~tte by giving an LD command follow-

ed by an ST command and uses . the following file codes: 

file code OA is the command input file. This must be the 

operator's typewriter, through which the PREMTK prints out 

the questions to which the user must type in the answers. 

If this file code is issigned to another device, PREMTK 

does not output the questions, but only reads the answers. 

These must then be input in the cor~ect order. 

procedure description below. 

See the 

- file code 03 is the _output f i le. This must be a TK cassette 

drive. On this file code PREMT K outputs the premark blo c k . 

- file code 02 is the list file. On this file PREMTK lists 

questions and answers during the program run. Each time 

am answer is accepted, PREMTK outputs question and ans wer 

on the listing. 

For this type of labelling, a cassette is prema r ked as fol ­

lows: 

- On side A PREMTK writes one tape mark for intermediate start 

of track and two tape marks for End of Data, as follows: 

Side Bis premarked in exactly the same manner. 
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Compaet_Labelling 

For this type of labelling, a cassette is premarked as follows: 

- Side A: 

First PREMTKwrites a File Header Label (HDR) at the beginning 

of the tape, with the following information: 

- label identifier 

- volume identifier 

- file identifier 

- creation date 

All the other fields are filled with zeros ( = defa~lt value). 

The File Header L~bel is followed by one tape mark, followed 

by a PMK block, which has the same layout as the File Header 

Label, except that the label identifier has the value /3F 

( = ?) . By means of this block the CFM package recognizes 

the tape as premarked. 

The PMK block is followed by one tape mark, an EOF label 

(for compact labelling) and two tape marks, so that side 

A of a pr.emarked tape will look as follows: 

j HDR ~ PMK ~ EOF ~ ~ 

- Side B: 

PREMTK writes a File Header label with the same layout and 

data as for the HDR on side A, followed by a tape mark. 

The CFM package requires this File Header label on side B 

to recognize the same volume in a multi-track write process. 

Side B will thus look as follows: 

HDR ~ 

For this type of labelling, a cassette will be premarked as 

follows: 

- Side A: 

First PREMTK writes a Volume Header Label (VOL) at the be­

ginning of the tape, containing the following information: 
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- label identifier 

- label number 

- volume identifier 

All the other fields are filled with zeros (= default value). 

The Volume Header Label is followed by a File Header Label 

containing the following information: 

- label identifier 

- label number 

- file identifier 

- creation date 

All the other fields are filled with zeros (= default value) 

The File Header Label is followed by one tape mark, a PMK 

block (with the same layout as for Compact Labelling), one 

tape mark, an EOF label and two tape marks, so that a tape 

premarked for extended labelling will look as follows: 

lvoL HDR x PMK x EOF xx 

- Side B: 

PREMTK writes a Start of Track Label (STR, see Pait 1, 

Chapter 6), followed by the same File Header Label as on 

side A, followed by a tape mark, so that side B of the 

cassette will look as follows: 

lsTR HDR x 

Operation 

When PREMTK has been loaded and started, it prints a number 

of questions on the typewriter, to which the user must type the answers 

Each answer must be followed by @ @. 
After the first question, the procedure is different for Basic 

and 'for Compact/Extended Labelling. 

The first question printed by PREMTK is: 
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TYPE OF LABELLING 

Reply: ~le!~ 
for Basic, Compact or Extended respectively. 

When the reply for this question was!, PREMTK continues: 

CHANGE TRACK AND # RS 

The user must take out the c a ssette and put i t back in with 

side B up. When the tape has been rewound, he must restart 

PREMTK by pushing the INT button and, on output of M:, typing 

in RS. PREMTK then prints: 

RUN AGAIN? 

l!!o I o~ 
If the reply was NO, PREMTK exits. 

If the reply was OK, the procedure is repeated, 

When the reply for the first question was C or!, PREMTK 

continues: 

VOLUME IDENTIFIER 

Reply: <volume> 

where (volume) is a string of 4 characters for compact 

labelling or a string of 6 characters for extended 

labelling (maximum). 

When the character string is SYST, this means that 

this tape is being premarked to receive IPL + monitor 

and become the system tape. In this way IPL + monitor 

can be recorded on this tape with a Copy File command 

of the Update Package. When SYST is specified, the two 

following questions are skipped. 

FILE IDENTIFIER 

Reply: <file ident) 
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where <file ident) is a string of max. 8 characters for 

compact labelliftg or a string of max. 17 characters for 

extended labelling. A space is not allowed as the 

first character. 

For compact labelling, if an asterisk is typed (*), 

the cassette will be declared as a working cassette 

(see Part 1, chapter 10). In this case, the following 

question is skipped, 

CREATION DATE 

Reply: yyddd 

where yy is the year, and ddd is the day of the year. 

CHANGE TRACK AND # RS 

The user must take out the cassette and put it back in with 

side B up. When the tape has been rewound, he must restart 

PREMTK by pushing the INT button and, on output of M:, typing 

in RS. PREMTK then prints: 

RUN AGAIN? 

Reply: l_::o Io~ 
If the reply was NO, PREMTK exits. 

If the reply was OK, the procedure is repeated. 

Error Messa~es 

If an erroneous answer is given, PREMTK repeats the question. 

PREMTK may output one error message: 

OUTPUT FILE 03 NOT ASSIGNED TO "TK" - PAUSE 

Control Command 

Syntax: 

Use: This command can be used at any time during a 

premark run to exit. When this command is given, 
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PREMTK prints out the message OPERA. ABORT 

EXIT 

and exits. To restart, the user must press the INT 

button and type in the command ST. 

EXAMPLE 

IDEN 
PH EtHK 
:EOS 4F8E 
:t:oF 

5111 100 23571 COS BAS-IC P-A-CK. CAS-. - 2t2 - 4-4-CC-

N:fil 

*** PREMARK CASETTE *** 
TY PE OF LABELING: C 

','Ol..lJME IDENTIFIER :worm 

FI LE IDENTIFIER:L 
CHANGE TRACK AND #RS 

RUt,! AGA nr· 01< 

••* PREMARK CASETTE *** 
T\'P E OF Li4BEL I NG: .£_ 

'./C L U I"! E I DENT I F I ER : t11,.4::3 C 

~ILE IDE~T IFIER:AAP 

-:: t,'.Lf.'.iTIOt-J DATE:·7605~5 
CH ANCE: TR,:'.iC; f( Atm #RS 
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Appendix A System Generation 

The system generation process, which consists of three main 

steps, i.e. monitor tables generation, monitor body genera­

tion and system medium generation are handled by a number 

of generation processors which are loaded from cassette and 

started successively. 

The system generation procedure for the Cassette Operating 

System provides great flexibility in the number of possibi­

lities allowed to the user and extensive logging of the pro-

cess. 

The following processors are used to generate a Cassette 

Operating System: 

GENMON, a generation monitor used only during the system 

generation process to run the generation processors. 

- COMGEN, which generates the monitor tables from the answers 

it receives from the user in a conversational process with 

a standard list of questions. 

- IPLGEN, which generates the Initial Program Loader (IPL), 

the first mod~le to be stored on the system medium. IPLGEN 

runs under any monitor. 

- GENLKE, which runs under GENMON and scans the library of 

system modules, to select the ones requested during the 

COMGEN phase and link them with the monitor tables generated 

during COMGEN. 

- CASLOD, which, running under GENMON, is used to record the 

system processors on cassette tape in the Compact system 

of Labelling. 

In the following paragraphs, the whole set of operations ne­

cessary for generating a Cassette Operating System is descri­

bed in a number of sections corresponding to the sysgen pro-

cessors listed above. At the end of each section a number of 

notes and remarks may be given, which the user must carefully 

read before starting the operation. 

At the end of this Appendix, a sysgen example is given, followed by 

error recovery procedures for errors made during the GENLKE or 
\ 

CASLOD phases. 
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OPERATION 

The minimum configuration required for generating a Cassette 

Operating System is: 

- CPU with 16k memory 

typewriter with address 10 

- two magnetic tape _cassette drives 

The user receives 

taining: 

two so-called generation cassettes, con-

- generation cassette 1 (Gl): 

side A: 

side B: 

- generation cassette 2 (G2): 

IPL 

GENMON 

COMGEN 

IPLGEN 

GENLKE 

(these are all programs 1.n load 

module forn:.at) 

COMLIB (object library) 

CASLOD (a program in load mo­

dule format) 

side A: J;>B.EJ:1TK (cassette premark). 

UPD (cassette update package) 

ASM (assembler) 

LKEGEN (linkage editor) 

LKEGEN 

CASLOD 

DEBUG 

(these are 1.n load module format) 

side B: empty 

The user needs two cassettes of his own: 

- one system cassette, referred to in the rest of this chap­

ter as cassette S 

- one working cassette, for temporary storage, referred to 
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as cassette W. 

It may be that the user wants to generate his system on a 

medium other than cassette magnetic tape. Definition of 

the system medium is established during the GENMON phase. 

In that case the CASLOD processor is not required, because 

this processor is used exclusively to record on cassette 

tape in Compact Labelling. 

The system generation process is based, however on generation 

from cassette tape onto cassette tape and therefore a number 

of standards have been incor_porated in the process. If these 

are not acceptable to the user, he must alter them during 

the GENMON phase. 

To start the generation process: 

switch on the CPU 

load the generation cassette GI, with side A up, in cassette 

drive TK05 

load cassette W (working cassette) 1n cassette drive TK15; 

if cassette tape is not going to be the system medium, pre­

pare the paper tape punch or magnetic tape drive, whichever 

medium is chosen under GENMON 

- set the data switches on the CPU control panel to allow the 

bootstrap to load from TK05: 

I 0 I 3 I 4 

0 0 (hexa 0785) 

(for the significance of the bits, see -Part 1., 

Chapi:~r 10 s·u f f i c e i t t o men t i on her e th a t b i t 3 1 s 0 

if the cassette drives are connected to the I/0 processor 

and if they are connected to the programmed channel, and 

bits 10 to 15 contain the device address). 

- press the MC button 

- press the IPL button 

Now the bootstrap is loaded which loads the first processor 

from the cassette in TK05 into memory: 
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GENMON 

When GENMON is loaded its identification is output on the 

typewriter: 

GENMON 

When loading 1S terminated, 

:EOS 

:EOF 

is output on the typewriter, followed by the question 

STANDARD CONFIGURATION? 

The reply to this question can be YrEsl or Nrol. 

If the user replies:£ fellowed by@@, GENMON assumes the 

following standard configuration definition: 

- typewriter TYIO at level /6 

- tape reader PR2O at level /4 

- tape punch PP3O at level /5 

- line printer LPO7 at level / I 7 

- card reader CRO6 at level / I 5 

- cassette tape TKO5 at level / I 4 

TKIS at level / I 4 

TK25 at level / I 4 

- magnetic tape MTO4 at level / I 3 

MTI4 at level / I 3 

MT24 at level / I 3 

If the user replies l!_, i.e. if one or more of the device 

addresses or levels is different from the standards above, 

GENMON outputs the following list on the typewriter, there­

by allowing the user to define the configuration himself: 

TY: 

PP: 

PR: 

LP: 

TK: 

MT: 

CR: 
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DK: (answer NO, for no discs used in configuration) 

LKM LEVEL: (standard = I ) 

RTC LEVEL: (standard = 2) 

PANEL INTERRUPT LEVEL: (standard = 7) 

For each of the devices listed, the user can reply as follows: 

@ if he wants the standard address and level (see above); 

<address>,(level)if one of these 1.s different from the stan- " 

<lards, followed by @ 
- 1!_ or NO followed by @ if he wants the device 

excluded from the system. 

When the user has terminated his reply to the first ques­

tion, GENMON types out: 

STANDARD FILE CODE ASSIGNMENT? 

The procedure here is the same as for the first question: 

the rep 1 y may be e i the r Y [E ij or N r O] . 

If the user replies 1.. or YES followed by @ @ GENMON as­

sumes the following standard file cod~ assignments: 

- file code I : , TYIO (system keyboard) 

- file code 2: LP07 (listing output) 

- file code 3 : TKIS (object output) 

- file code 4: TKOS (object input) 

- file code 5: TYIO (system typewriter) 

- file code 6 : TKOS (object input) 

- file code 7 : TK25 (object input) 

- file code 8 : PR20 (object input) 

- file code A: TYIO (sysgen source input) 

- file code B: TKIS (sysgen object output)_ 

... (iie code C : T~_OS (casload abject input) 

If the user replies Nor NO to this second GENMON question, 

i.e. if one or more of his file code assignments is going to 

be different from the standard list above, GENMON outputs 

the following list on the typewriter, thereby allowing the 

user to give his own file code assignments (since the GENMON 
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processor is the same for all monitors, some of the file 

codes given in this lis~ are irrelevant to the generation of 

a COM · and the user mus t type in NO after those) : 

LOAD INPUT DEV. AND MAIN LKE INPUT DEV. F. C. / 4: (standard = 
SYSGEN INPUT DEV. F. C. /A: (standard = 
SYSGEN OUTPUT DEV. F. C. /B: (standard = 
AUX. LKE INPUT DEV F.C./6: (standard = 
AUX. LKE INPUT DEV 2 F. C. /7: (standard = 
AUX. LKE INPUT DEV 3 F. C. / 8: (standard = 

AUX. LKE INPUT DEV 4 F. C. I 9: (type in .!!Q) 

IPLGEN/LKE/CASLOAD OUTPUT DEV. F.C./3: (standard = 
LISTING OUTPUT DEV F.C./2: (standard = 

CASLOAD INPUT DEV. F. C. /C: (Standard = 

DISLOAD INPUT DEV. F.C./E2: (type in .!i.Q.) 

For each of the file codes listed, the user can reply as fol­

lows: 

@ if he wants the standard assignment (see above) 

TK05) 

TYIO) 

TK15) 

TK05) 

TK25) 

PR20) 

TKIS) 

LP07) 

TKOS) 

- <dev.name)<dev. address> if one of these is different from 

the standards, followed by @@ (or: <dev.name) @ @) 
- !, or !:'!,2 followed by @ if he does not want this file code 

taken into account. 

When the user has terminated his reply to this question, GENMON 

types out: 

END OF GENMON INITIALIZATION 

READY TO LOAD PROGRAMS 

Now the user can proceed to the next phase: COMGEN 

Notes on GENMON: 

For the question STANDARD CONFIGURATION: 

- From the time the MC button has been pushed up to the end 

of GENMON initialization, no Ready inteirupts (from cassette 

or magnetic tape especially) should occur. 
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- If the user has answered Nor NO to this question, in the 

list typed out by GENMON specification of a level is man­

datory for LKM LEVEL. ~For RTC LEVEL it is mandatory if the 

CPU key is in ON/RTC or LBCK position. For PANEL LEVEL it 

is also mandatory. 

For the question STANDARD FILE . CODE ASSIGNMENJS~ 

- The standards imply sysgen from cassette tape. Therefore, 

for BOM system generation the ' answer to this question must 

be NO and the stand~rds must be redefined. 

- file code /4: all programs will · be loaded from this file . 

code. During the syslink phas~ ii is used as GENLKE object . 

input, so it must be punched ·tape or cassette, 

- file code /A: from this file code the parameters for the 

~OM table generation (QOMGEN) will be read. This may be 

done in interactive mode (e.g. TY) or not (e.g. punched tape 

reader, cassette tape 1 ~~gnetic tafe or card reader). 

- file code /B: this may be punched tape, cassette tape or 

magnetic tape. 

AUX. INPUT DEV.: these may be assigned in advance, espe-

cially for ~yslink, i~ libiaries are to be scanned on various 

devices. 

file code /3: this is the main output device (sequen~ial), 

i.e. punched tape, cassette tape oi magnetic tape. 

file code /2: for logging of the sysgen operation: 

If no line printer is available, type in NO. 

- File codes /4, /A, /B, /3 are mandatory; 

file codes /6 up to /9 and /2 are optional. 

LP. 

- When answers to GENMON questions are given on an ASR type­

writer, they must not be typed in before the bell signal 

because of the low speed of the GENMON I/0 module. This 

is not necessary for devices on V-24 interface, such as the 

matri~ typewriter P842, ~eca~~e t~ey work in echo mode. 
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COMGEN 

When GENMON initialization is terminated and the message 

READY TO LOAD PROGRAMS has been output the user can start 

the second phase, COMGEN, the building of the co~ tables. 

This is done by typing in replies to questions output on the 

typewriter by COMgEN, From these replies COMGEN builds the 

tables and records them on the medium with file code /B, i.e. 

in standard cases cassette drive TK15. 

When the questions and answers • are handled via the typewriter, 

this phase is done in conversational mode. It is also possible 

however, to do it in non-conversational mode, for example by 

having the questions and answers pre-recorded on punched tape. 

In such a case file code /A must have been assigned to tape reader 

during the GENMON phase under th~ question STANDARD FILE CODE 

ASSIGNMENTS? 

In any case, the COMGEN phase is started as follows: 

- push the INT button on the CPU control panel 

- on output of M: type in .1.Q 

- now the following sysgen processor, i.e. COMGEN is loaded 

from the cassette tape and its identification is output: 

IDENT COMGEN 

- when loading is terminated, 

:EOS 

:EOF 

is output on the typewriter. 

(At this point, if file codes /A and/or /B have been rede­

fined - under GENMON, i.e. if they are not assigned to magnetic 

tape cassette, prepare the relevant device. Normally, cassette 

drive TK15 should contain a working cassette now and be ready 

to receive the tables output by COMGEN). 

- push the INT button 

- on output of M: type in ST 

- Now C~MGEN is started and outputs the following messages 

on the typewriter: 
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TABGEN INITIALIZATION 

!DENT SYSTEM DEFINITION 

- then, if the user works in conversational mode, a series of 

questions is output, to which the user must type in the re­

plies: 

IDENT 

Reply: Specify a character string of up to 6 alpha­

numeri c c haracters, to be punched at the 

beginning of the module. This may be followed by 

a character string of up to 73 characters, con­

taining c~mments. The comment field must be 

separated from the ident field by a blank. 

Er ru r Mes:.::a.ge: TG03: the first character is not alphabetic. 

MEMORY SIZE 

Reply: Specify, with two hexadecimal characters, the size 

of the machine memory in lk words. The number 

must be a multiple of Bk and may not exceed /20. 

Example: 10: 16k memory. 

Error Messages: TG03: the specified number is not hexadecimal. 

STA(;K SIZE 

Reply: 

TG04: the size is not a multiple of Bk 

TG05: the size exceeds 32k words. 

Note, that each device requires up to 10 words 

in the stack for each interrupt managed for that 

device. Specify up to 4 hexadecimal characters, 

giving the size in words, of the stack which is 

used by the system to save registers when an 

interrupt occurs. 

Erro l' Mes::::age: TG03: the number specified is not hexadecimal. 

USER INTERRUPT ROUTINES 

Reply: Specify all user interrupt routines (usually 

drivers for special devices) which must be link-
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edited with the monitor for inclusion in the 

system, as follows: 

<L /', <ENTRYi) 
' 

END 

L,ENTRYi specifies the name (up to 6 , characters), i.e. 
the start address of the interrupt routine connected to 
level L . . 

END indicates that all routines have been de­

clared or is used if none are entered. 

l!:rror Me usages : TGO 3: syn tax error 

POWE:H FA!LllHE 

He pl y: 

TG Gn : t11e first character of the name (ENTRYi/j) 

l s not alphabetic 

TGO· J : erro r in the level declaration. 

:,pe e i f.v the level of power failure option as 

follows: 

~- L,> g-iv ir1g the level number in 1 or 2 hexadecimal 

d i gi ts. 

Specify N if this feature is not available in the 

sys tem. 

Note: Th e standard system power failu r e routine 

performs only a HALT. 

i~rrol' Me:;;~,age : TGO:S : parameter error. 

REAL TIME CLOCK LEVEL 

Reply: 

LKM LEVEL 

Reply: 

Specify the level for the real time clock, in one 

or two hexadecimal digits. 

First :.,pec i fy the level to which the LKM inter­

rup t ls connected in the same' manner as for 
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r,o wer failure and real time clock. Then, define 

the s tandard monitor requests necessary for your 

sys tem. COMGENprints the names of these monitor 

request s one by one, and after each one the user 

can answer: 

Y if the monitor request is required 

N i f it is not wanted. 

All monitor requests are optional. 

The following list of standard monitor requests 

i s printed by CO}tGEN ·: . 

IORM 

WAIT 

EXIT 

GTBUF 

FRl3UF 

PSE 

ABRT 

" (Input/Output Requests) 

(Wait for an Event) 

(Exit) 

1 necessary for 

standard system 

required with (Get Buffer) } 

Release Buffer) FORTRAN 
(Pause) (recommended for cassette and mag-

netic tape handling) 

(Control Abort) (required for Debug) 

CFM (Cassette File Management (requirecL..L~Lr COM) 

Er ror Me ~s a~e : TG06 : the reply was neither Y nor N. The user 

mus t type the correct reply. 

IISBR LKM 

tt e [Jly: 

TG08: syntax error. 

The us er may specify his own set of . monitor 

r eque::.i t s f or inclusion in the monitor, as follows: 

(N 1 l, ~EN'l'RY1 7 
I 

(N i )',( ENTRYi/ 
I 

,Nn ),(ENTRYn.> 

END 
where Ni consits of two hexadecimal digits de-

fin ing the DATA (.number~ which ·follows the LKM 

instruction, and ENTRYi is the symbolic entry 

point of the routine processing the LKM DATA Ni 
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function. 

The system will extend the monitor request table 

in which word i contains the address of ENTRYi. 

Therefore , during GENLKE, the user must provide -

the Li n ka ge Editor with the module containing all 

entry p o i n t s ENTRYi specified here. 

END ind icateb that all user LKM functions have been 

de c lared or that none are wanted. 

No t. E: : Ni must n o t be equal to any of the standard 

LKM DATA numbers. 

Erro r Messa.rf, : 'T'G(J3 : the f .irs t parameter is not hexadecimal 

PANEL LEVEL 

Reply: 

TG()'/ : t he 1· .i rs t c haracter of the second parameter 
is nu t alphabetic 

' 
'I'G(k ,: s yntax error. 

When operator communication (OCOM) modules are 

sel ec ted, the user must specify the level to 

whi c h t h e control panel interrupt is connected. 

The level is specified as: 

<:L;,- a level number of 1 or 2 hexadecimal digits. 

Specify N if no operator communi cation feature is 

used. 

Error Mes s age : TG03: parameter error. 

OCOM OPTIONS 

Reply: Specify if the operator comAD.unication package contain­

ing the operator commands ~ust be included, by typing: 

Y if it must be included, or 

N if it must not be included. 

If the reply was Y, COMGEN will print, one by one, 

the operator commands available. By typing Y or N 

after each one, the user indicates whether he wants it to 

be included or not. 

The following list is output: 

DM (Dump Memory) 

MC (Manual Control) (required for magnetic tape 

and cassette handling) 
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USER COMMANDS 

Reply: 

CF (Clear File) 

WH (Write Header) 

SH (Search Header) 

WF (Write First Header) 

(Run Program) 

required for 

Cassette File 

Management 

RN 
HD 

WM 

LD 

ST 

RY 

RD 

AS 

AB 

PS 

(Halt Dump) (recommended if DM has been selected) 

(Write into Memory) 

(Load a Program) 

(Start a Program) 

(Retry Device) 

(Release Device) 

(Assign File Code) 

(Abort a Program) 

(Pause) 

} (required for Debug) 

} (see Note below) 

RS (Restart) .(required if PS or PSE (LKM) selected) 

Note: When the commands RY and RD are not selected, 

the system will stop when an I/0 error occurs 

which requires operator's intervention. 

In a configuration with only a typewriter 

these two commands are not needed, but if more 

devices are used, they are highly recommended. 

Specify any user-made operator commands which must 

be included in the system, as follows: 

<CM1),(ENTRY1) 

I I 
I I 

<CMn) ,(ENTRYn'> 

END 

where CMi consists of 2 characters defining the operator 

command and ENTRYi specifies the entry point of the 

module which processes command CMi. 

END indicates that all commands have been declared 

or that none are required. 

Note: CMi must not be equal to any of the standard 

operator command mnemonics. 

Error Message: TG03: syntax error. 
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DEVICES ON PROGRAMMED CHANNEL 

(Note: devices on channels must be declared according to Release 

Bulletin) 

Reply: Spe c ify, which devices are connected to the pro­

grammed channel, as follows: 

I DNDA) , {.L} 
I 

END 

where: 

DN i s the device name, jn two ASCII characters. 

DA i s the device address, i n two hexadecimal 

di g- i. t s . 

0 ,/ specifie s the level to whi c h the device is 

r~unn ec t e d. 

END in<l icu te s that all devices have been declared. 

No t e : F'ur the opertor' s typewr.i ter, three devices 

(TY, TP, TR) must be declared with the same 

address, if they will all be used. 

No check is made on device declaration. 

Error Mes s ages: TGO1: the device specified is not supported by 

the system 

TGO2: device address error 

TGO9: level error 

TG1O: device not declared. 

TGO6: missing parameter. 

TG03: parameter error. 

DEVICES ON MULTIPLEX 

Reply: Specify, which devices are connected to the multi­

plex .in the same manner as for the devices on the 

programmed channel. 

~:Forline printer there 

are additional parameters: 
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- Line printer: 

LPDA,L,LG,{number? 

where LG= LS jLJ : S = 80-column printer 

L = 132-column printer. 

(number): a hexadecimal number 

specifying the number of 

lines per page wanted. 

No check is made on the device declaration. 

Device t1ames used: 

TR ASR tape reader 

TP ASR tape punch 

PR high-speed reader 

PP high-speed punch 

TY operator's typewriter 

CR card reader 

LP line printer 

TK cassette tape unit 

MT magnetic tape unit 

HIGHEST FILE CODE NUMBER 

Reply: Specify the highest file code number (from /01 to 

/FF) used in any of the programs. This will in­

dicate how many words the system must reserve for 

the File Code Table. 

Erro r· Message: TG03: syntax error. 

CFM. UNITS 

Reply: 

(appears only if Y was answered for CFM under the 

question LKM LEVEL ) 

Specify the cassette tape drives making use of 

·Cassette File Management, as follows: 

TL(xx) 
I I 
I I 

TL(xx) 

EN 
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Example: 

where <xx> is the device address of the cas­

sette tape unit. 

If the user does not want to select CFM he 

must reply EN. The following qu~stion will 

then be skipped. 

TL05 

TLJ 5 

TL25 

EN 

NBER OF CASSETTE FILE NAMES (this question is asked only if 

Y was ans-wered to c;J!''M under LK11 LEVEL) 

Reply: The user must type in a number equal to or 

larger than 2. The number is hexadecimal. 

This number is used by COMGEN to reserve space 

for the dynamic catalogue (which keeps the file 

headers used during a run). 

SPECIFY F ILE CODES 

Reply: Specify al 1 file code s used by the programs. If 

system processors are used, their standard file 

codes must be declared. The standard file codes 

are: 01: source input, 02:listing output, 03:punch 

output, 04:object input, 0 5 :operator•s typewriter, 

Declaration is done as follows: 

( FCl ,<.DNDA) 

(FCj, \ DNDA,) 

END 

where FC l~ a flle code ( 2 hexadecimal digits) 

a: .. wi g-n e d t o the devi c e i ndicated by DN with add­

r e:.rn DA. 

At this point, a file code can be assigned to 

the cassette units specified under CFM UNITS. 
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Note: File code 05 is used by the system for 

input/output to/from the operator's type­

writer. It cannot be assigned or re­

assigned by AS operator commands. 

So, if used, it is necessary to declare at 

least this file code. All other file codes 

may be assigned at execution time by means 

of the operator command AS. 

Error Message: TG08: syntax error 

TG10: device has not been declared. 

FILE CODES ASG TO USER DEVICES 

Reply: The user may declare all .file codes assigned to 

his non-standard devices. The related I/0 drivers 

(including Device Work Tables) and the interrupt 

routines for these devices must be written by the 

user and be incorporated in the system during the 

GENLKE phase. (The entry points for the inter­

rupt routines must be declared under USER 

INTERRUPT ROUTINES). These file codes must be 

declared here, as they cannot be assigned by AS 

operator message. The reply must be as follows: 

/ FC /, (DWT :i/ 
• I 

END 

where: 

FC is a two-digit hexadecimal file code which will 

be generated in the File Code Table. 

DWTi is the entry point ( a name of up to six 

characters) of the Dev i c e Work Table (DWT) associ­

ated with this device . 

END indi cates that all file codes have been de­

clared. 

Any number of file codes can be assigned to the 

same DWTi. The system checks only if the file 

code is a two-digit hexadecimal number, but not if 
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it has already been used or is one of the standard 

file codes used by the system processors. 

E1To1· MetH;<1 g eu : TG O) : syntax error, e.g. the file code is not a 

hexadecimal number. 

ABORT MODULE 

Reply: 

TGO7: the first character of Lhe DWT is not an 

~lphabetical character. 

(This question is printed only if N was replied for AB 
under OCOM OPTIONS and ABRT under LKM LEVEL) 

If neither the monitor request 'Keep Control on Abort 1 

nor the operator command AB have been selected, the 

user may include the system abort module by typing Y. 

If the reply is N, the abort module will not be inclu-

ded. Abort of the user program will, if the module has been 

selected, result in an output message and the user may enter 

a new command to run the next job. If the module has not 

been selected, an abort will stop the machine, through a 

Halt instruction. 

Error Message: TG06: invalid reply. 

SIM iJ1, A'l1 ED INSTRUCT IONS 

Rep 1y: Y or N, depending on whether the simulation pack-

age must be included or n o t. If the reply was Y (only for PB! 

the foll owing list is output: 

MULTIPLY: 

DIVIDE: 

D .AJ)D: (= double add) 

D SUB: (= double subtract) 

D SHI F'I' : ( = double shift) 

MLR - MSR: (= multiple load/star register) 

Aft er eac h i tem, the uoer must type in Y or N to 

~n di c:ate whether he wants that instruction sirn-

1i :!..:::t i or1 routine incJudeLl or n o t. 
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:; IMlll.A'l'E:D RO[J'l'lNES SAVING AREAS NE 

Rep ly: This que s t ion is output only if the reply to the 

previous question was Y. 

The user mus t type in the number of save areas re­

quired by the simulat i on package. 

MAX NUMBER OF SCHEDULED LABELS 

Reply: 

TABGEN ENDED 

Type in a two-digit hexadecimal number, specifying 

the maximum number of scheduled labels which may 

be in queue at the same time. This will be the 

length of the FILLAB table described in the para­

graph on Scheduled Labels. 

Note: This is not · the maximum number of scheduled 

labels used in the . program, which may be a 

higher number. 

Take the working cassette out of cassette drive TK15 (file code /3). 
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IPLGEN 

During this phase an Initial Program Loader for the user's 

system will be generated. This implies, that at this point 

he must prepare his syetem medium. In standard cases, the 

output from IPLGEN will be onto cassette in drive TK15 (file 

code /3 under question STANDARD FILE CODE ASSIGNMENTS of 

GENMON phase), so the user must put his system cassette S 

into drive TK15 with side A up and wait until it has beea 

rewound. 

Now IPLGEN can be loaded and started: 

- push the INT button on the CPU control panel 

- on output of M: type in LD 

- now the next sysg~n processor is loaded from the generation 

cassette in TK05 and its identification typed out: 

IDENT IPLGEN 

when loading is terminated, 

:EOS 

:EOF 

is output 

- push the INT button 

- on output of M: type in ST 

- Now the IPLGEN processor is started and an Initial Program 

Loader (IPL) is written at the beginning of the user's 

system medium. 

Note: 

- When the IPL is generated onto cassette or magnetic tape, 

the positioning of this tape must remain stable until the 

user's monitor which must follow it is recorded omto it. 

Remember that a cassette is rewound when taken out of the 

drive and put back in again! 
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GENLKE 

During this phase the final user monitor is obtained by link­

ing the tables generated under COMGEN with the monitor modules 

required from the COM Library on side B of generation cassette# 

GI and possibly, with modules from user and/or extension libra­

ries. 

This implies some manual actions on the casettes but first 

GENLKE must be loaded into memory: 

- push the INT button on the CPU control panel 

- on output of M: type in LD 

now GENLKE is loaded from the cassette tape and its identi­

fication is output: 

IDENT GENLKE 

when loading is terminated, 

:EOS 

:EOF 

is output on the typewriter. 

On the basis of the availability of only two cassette drives, 

the cassettes are now handled as follows: 

- take generation cassette GI from TKOS after GENLKE has been 

loaded. 

- put the working cassette W with the tables generated under 

COMGEN in drive TKOS and wait for it to rewind. 

- start GENLKEas follows: 

push the INT button 

on output of M: type in ST 

- now GENLKE outputs 

L : 

and the user must type in the link-edit command as follows: 

Er:<decimal number>J ,<module name;f,L8f4Jl 

where <decimal number> consists of 3 digits: 

- the first is the file code for the object output device 

- the second is the file code for the listing device 
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- the third is the file code for the object input device, ' 

<module name> is the n~me of the user's COM; 

8 or 4 is used if the monitor is punched on paper tape to 

indicate whether it must be punched in 4-track or 8-track 

format. 

If the standard file codes are used (see under GENMON, i.e. 

/3, /2 and /4 respectively), they need not be specified and 

the command can be given as: 

E,{module name> 

- then GENLKE outputs 

L: 

to which the user must reply with: 

p 

The tables generated during 

cassette Win TK05 onto the 

COMGEN are now recorded from the 

user's system cassette in TKIS. 

- when this is finished take the working cassette W from TKOS 

- put the generation cassette Gl with ~ide B up into drive TK05 

and wait for it to rewind. It is now positioned correctly for 

the scanning of the COM Library. 

- in response to the 

L: 

output by GENLKE, now type in 

L 

upon which GENLKE will start scanning the COM Library, select 

the required modules and record them onto the user's system 

cassette in TK)S. The names of the s elected modul e s are out-
-·~------·~-- - -~ 

put on the listing device, together with their base addresses 

and any comments included in the identifiers. 

- when this is finished, GENLKE again types out 

L: 

The user must now type in 

u 
to check if there are any unsatisfied references. The last 

module to be included must be INIMON, so if GENLKE types 

INIMON 

after the user has typed his first U, it is correct. The 
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GENLKE processor then types out 

L: 

and the user can type 

L 

to solve this last unsatisfied reference. 

(If there were more unsatisfied references, the user must repeat this 

L:L process until INIMON is the last unsolved reference and then give 

his last L:L command. Ohher wise,reload the COM Library cassette, re­

wind and try ' again from L:L.) 

-Now, after all modules have been included, GENLKE again types 

L: 

The user once more types 

u 

to make sure that a 11 references have been so 1 v e d • Then, on 

the next 

L: 

the user types 

.I. 
to indicate the end of the GENLKE phase. 

GENLKE then outputs the symbol table of the generated COM 

on the listing device and on the typewriter it outputs 

monitor length (L=XXXX), the monitor start address (S=XXXX) 

and the first free location after the monitor in memory (E= 

XXXX). 

Note: 

If the user has 3 cassette drives and wants to use them all 

during this phase, the procedure is as follows: 

- take the generation cassette from d~ive TKOS and put it 

back 1n with side B up (COM Library). Wait for it to ~e ~ 

wind. 

- put the working cassette W, containing the tables generated 

under COMGEN in drive TK25 and wait for it to rewind. 

start the GENLKE processor: 

INT button 

M: ST 

and on output of 

L: 

type 1n the option message as follows: 
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E:327,(module name),8 

where 3 and 2 are the normal object output and listing file codes, 

but 7 is assigned to input file code which normally is /4 (TKOS), 

but now must be /7 (aux. LKE input dev. TK25), for TK25 contains the 

working cassette with the tables. See also GENMON for the assignments. 

- when this is accepted, GENLKE outputs 

L : 

and the user must type 

p 

Then GENLKE processes the input file (/7), i.e. the working cassette, 

up to EOF. 

L : 

On output of 

the user must type in 

H 

which puts GENLKE into Pause state. 

it must then be restarted with an RS command with a new input file code, 

switching it back from /7 to /4, the normal input file code and the one 

assigned to TKOS, which contains the COM library which is now to be 

scanned. So push the INT button and on output of M: type 

RS 04 

On output of 

L : 

type in 

L 

GENLKE now starts scanning and selecting the required modules from 

the COM library and the rest of the procedure is the . same as described 

above, starting after the user's first L command. 

Note: 

If modules from other libraries beside the COMLIB must be 

link-edited during this phase, they must be scanned in a 

defined order, which is: 

- User Libraries, if any 

- Extension Libraries 

- COMLIB 

When more references than INIMON remain unsatisfied, rescanning 

must start at the first step in this sequence. 

Now the user has generated his Cassette Operating Monitor 

on the system cassette in cassette drive TK15. He can now 

proceed to the CASLOD phase, to record the system processors 

on the same cassette. 
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CASLOD 

This processor is used, under GENMON, to record the system 

processors on the user's system cassette, in the Compact 

system of labelling. 

CASLOD uses the following file codes: 

- input file code /OC. 

This is normally the cassette in drive TKOS. It must in 

any case be assigned to a cassette drive. The input must 

consist of load modules separated by a tape mark each, i.e. 

the standard system processors. The end of the set of pro­

cessors is indicated by two consecutive tape marks. 

The value of the input file code can be changed by means 

of an RS command when the CASLOD program is in Pause state 

(see CASLOD control comm~nds below). 

- output file code /03. 

This file code must always be assigned to a cassette drive. 

Normally it is drive TK15. The cassette in this drive must 

at this point at least contain the IPL and the newly gene­

rated user monitor, on side A of the cassette. 

- operator file code /OA. 

This is the typewriter (TYlO), through which the user may 

give one of 7 control commands to CASLOD and on which CAS­

LOD will print error and information messages. 

CASLOD is loaded and started not more than two times during 

the recording of the system on the system cassette, once 

after the monitor has been generated and once after genera­

ti~n of the user's linkage editor. 

In both cases 'cASLOD writes an EOF label after the previous­

ly recorded program (monitor, linkage editor). Before each 

recorded program CASLOD writes a file header, in accordance 

with the standards for the Compact labelling system. This 

header (HDR) will get the same name as in the IDENT field of 

the recorded program. These IDENTs must all be different. 

On side B of the generated cassette CASLOD will write a First 

Header Label (see also the chapter on the Labelling System). 
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First the user must load the CASLOD program from the cassette 

in drive TKOS: 

- push the INT button on the CPU control panel 

- on output of M: type in 

LD 

- now the CASLOD processor is loaded into m~mory and its 

identification is output: 

IDENT CASLOD 

when loading is terminated, 

:EOS 

:EOF 

is output on the typewriter. 

- take the cassette GI out of cassette drive TKO5 

- put the second generation cassette G2 in drive TKOS with 

side A up and wait for it to rewind 

- to start the CASLOD program, push the INT button and, on 

output of M: type in 

ST 

- CASLOD outputs the message 

CASLOAD PROGRAM 

- after writing an EOF and 2 tape marks after the monitor 
on the user's system cassette (this takes a few minutes, so wait 

I 

until the orange light over the cassette is out), it starts reading 

from file code /OC (i.e. cassette G2 in TKOS) and prints the Ident 

of the first program it encounters, i.e. 

PREMTK 

for the Cassette Premark Program, followed by 

CASC: 

and waits for the user to type in a CASLOD Control Command~ 

unless an erroneous condition has b~en encountered, in which 

case CASLOD m~y output one of~~he following error messages: 

- INCOMPATIBLE ASSIGN . - PAUSE (load new input tape) 

- INCORRECT LABELLING (reload CASLOD program) 

- FATAL ERROR ON OUTPUT (reload CASLOD program) 

- FATAL ERROR ON iNPUT (reload CASLOD program) 

The CASLOD Control Commands which the user may type in after 

CASLOD has typed out CASC: are the following: 
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@ @ copy current module 

NX go to next module 

HT 

EN 

PS 

y: 

N: 

write header and exit 

end of process 

premark side B of the generated cassette and exit 

do not premark but exit 

pause. 

Copy Current Module 

Syntax: @ @ 
Use: When this command is given, CASLOD writes a file 

header label on the system cassette with volume 

identifier (system cassette), file identifier (file 

name as in Ident field) and ASCII zeros in tbe other 

fields. 

Then it copies the input file onto the system cassette 

until an EOF is read. CASLOD writes an EOF label 

on the system cassette after the newly loaded pro­

gram and prints the message END OF INPUT: XXXXXX 

Then it reads the next Ident cluster on the input 

file, prints the program name found on the type­

writer, followed by CASC: and waits for the next 

command. 

Error Messages: 

- ERROR ON TAPE OUTPUT (CASLOD rewinds input file 

and output file and waits for next command) 

- ERROR ON TAPE INPUT (same as previous error) 

- END OF PROGRAM SET (CASLOD waits for next command) 

- UNKNOWN COMMAND (CASLOD waits for next command) 

- FATAL ERROR - OUTPUT (CASLOD exits) 

- FATAL ERROR - INPUT (CASLOD exits) 

- NO IDENT NAME IN THE FIRST BLOCK (CASLOD exits) 

Get Next Module 

Syntax: 

Use: 

NX 

This means that the current module must not be copied 

onto the system cassette. CASLOD scans the input file 

for the next program, prints its _name on the type­

writer, followed by CASC: and waits for the next 

command. 

Error Messages: 
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- ERROR ON ·TAPE OUTPUT or INPUT (CASLOD rewinds in-

put file and output file and waits for next command) 

- END OF PROGRAM SET (CASLOD waits for next command) 

- UNKNOWN COMMAND (CASLOD waits for next command) 

- FATAL ERROR - INPUT (CASLOD ·exits) 

Write Header and Exit 

_Syntax: HT 

Use .: When this command is given, CASLOD writes a file 

header label with volume identifier (system tape) 

and file identifier (Ident of current program). 

The layout of the header must correspond with the 

specifications of Compact Labelling. 

Having written the HDR label, CASLOD exits. 

This command is used to write the header label for 

the user Linkage Editor, before it is generated. 

CASLOD rewinds the input file to the first tape 

mark before it exits. 

Error Messages: 

- ERROR ON TAPE OUTPUT or INPUT (CASLOD rewinds in-

put file and output file and waits for next command) 

- UNKNOWN COMMAND (CASLOD waits for next command) 

End Of Process 

_Syntax: 

Use: 

EN 

When this command is given, CASLOD exits. Because 

the generated cassette is not a premarked cassette, 

the user must ensure that the first block on its 

side Bis an HDR label with the same volume identi­

fier as on side A of the cassette. 

When this command is given, CASLOD types out a message 

asking whether side B must be premarked: 

PREMARK FACE B? 

followed by CASC:. The user must type in YErs7or NO: 

- NO: CASLOD exits 

- YES: CASLOD types out CHANGE TRACK AND #RS, and 

goes into Pause state. The user must reload the 

cassette with side B up, push the INT button, type 

in RS after which CASLOD is restarted and writes a 

header label with the same volume identifier on side 
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B of the cassette. Then it exits. 

Error Messages: 

Pause 

Syntax: 

Use: 

PS 

UNKNOWN COMMAND (CASLOD waits for next command) 

- ERROR ON ,TAPE INPUT or OUTPUT (CASLOD rewinds in­

put and output file and waits for next command) 

- PREMARK FACE B 

When this command is given, CASLOD goes into Pause 

state. It can be restarted by an RS operator com-

mand, which may be followed by a parameter speci­

fying a new input file code. CASLOD checks the 

validity of this file code: 

- if it is valid, it will start reading the new 

input file and print the first !dent name en­

countered on the typewriter, followed by CASC: 

if it is not valid, CASLOD goes into Pause state 

if no new file code was specified in the RS com­

mand, CASLOD prints out CASC: and waits for the 

next command. 

Error Messages: 

BAD FILE CODE (CASLOD goes into Pause state) 

- normally then, after CASLOD has typed out PREMTK (first !dent 

encountered), followed by CASC: the user types 

@@ 
to indicate that the Cassette Premark program must be recorded on 

the system cassette 

- the CASLOD processor writes the file header label for the 

Cassette Premark and records it on the system tape. 

Then it types END OF INPUT: PREMTK and the name of the 

next program it encounters on the input file, i.e. 

UPD 

followed by 

CASC: 

and waits for the next command from the user. 

- the user may type 

@@ 
and CASLOD will then record it as the next program on the 

system tape. (For the other possible commands, see aboveJ 
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- then CASLOD types 

END OF INPUT: UPD 

scans the input file and types out the name of the next program, 

ASM 

followed by 

CASC: 

To include it in his system, the user must type 

@@ 
- then CASLOD types 

END OF INPUT: ASM 

scans the input file and types out the name of the next program, 

LKE 

followed by 

CASC: 

the user must type in 

!!1 
after which CASLOD writes the file header label for the LKE and 

then exits. 

- now the user must load the next program from the input file, 

i.e. the first LKE, by pushing the INT button and on output of 

M: typing in 

LD 

- LKE is loaded into memory. When its ;EOS and :EOF have been typed 

out, push the INT button and on output of M: type in 

ST 

- LKE then types out 

L: 

after which the user must 

E r<number~l, <. name)r,l_:il 8Jl 
type the LKE option message: 

(this will normally be E,LKE) 

as under GENLKE (see section GENLKE) 

- when this is accepted, LKE types out 

L: 

after which the user must type in 

Ru<number> 

where <number> is the memory area which must be reserved 

for the generation of the user's Linkage Editor. This is 

calculated as follows: 
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<number>= memory size -(monitor size T LKE size T /8~ 

where: 

- memory size is known 

- monitor size= !NIMON start address (typed out during GENLKE) 

- LKE size= ending address (typed after :EOS when loaded) -

start address (typed when loaded) 

- /80 = communication area+ save area. 

<number) must be in hexadecimal. 

- after this has been accepted, LKE outputs 

L: 

on the typewriter and the user must type 

p 

- the system types out LKE <number - I) and the second LKE is loaded 

from cassette. The user's Link~ge Editor is generated and re­

corded on his system tape, <LKE) being the name of the file on 

which the Linkage Editor is recorded. · 

- when LKE types out 

L: 

the user must type 

T 

to terminate the process. 

and outputs the message 

LKE exits 

L = XXXXXX S = XXXXXX E = XXXXXX 

where L= length of the relocatable program section 

S= relative or absolute star~ address 

E= highest absolute address (0000 if the whole 

module is relocatable). 

Linkage Editor generation being completed, the user must 

load the next program from the input file in TK05: 

push the INT button and on output of M: type 

LD 

the CASLOD program is reloaded and its identification output: 

IDENT CASLOD 

- when loading is terminated, 

:EOS 

:EOF 

is output on the typewriter and the user must start CASLOD 
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by pushing the INT button and on output of M: typing in 

ST 

- CASLOD first writes an EOF label after the tape mark fol­

lowing the newly generated user's Linkage Editor on the 

system tape. This takes a while; wait till the orange light goes out. 

- then CASLOD reads the next program from the input file , 

(normally still /OC) and prints out its identification: 

DEBUG 

for the Debugging Package, followed by 

CASC: 

and waits for the user to type in a CASLOD Control Command. 

If the user types 

@@ 
the debugging package is recorded onto his , system tape. (For 

the other possible commands, see above.) 

- after this CASLOD types out 

END OF INPUT: DEBUG 

followed by 

END OF PROG. SET 

and 

PREMARK FACE B? 

CASC: 

- if the user wants to premark side B of the cassette, the procedure 

is as under Premark (see Part 9, chapter 3), otherwise he types 

NO 

upo~ which CASLOD outputs the message 

CASLOD ENDED 

This also terminates the system generation process, for the 

user now has a complete Cassette Operating System on the 

magnetic tape cassette in file code /03 (normally TKIS). 

The FORTRAN processor and Library can be recorded on side B 

of the system cassette by means of the Cassette Update (see 

Chapter on Cassette Update). 
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SYSGEN EXAMPLE 

Below, an example is given of the generation of a COS system, as des­

cribed in the preceding pages. 

The system is generated using two cassette drives, TKOS - (file code 4) 

and TK25 (non-standard drive for file code 4; see GENMON). The generation 

is started by setting up /0785 or /1785 on the data switches and with gen~ 

ration cassette Gl, side A in TKOS and a working cassette Win TK25. The 

user needs a cassette S for the generated system. 

The example shows the typewriter output as well as the line printer 

listing, which is shown indented to the right. 

--- -•-•-- ---- --·- . 
- ·-·-·· ·- ·--- - - --- -·-- --- -- ·-------- ------ - --

-~--?'A~IYA~ e --~_oN"F~~VR~r IJR-r __ 7=--:_j&__~=--~--.r-u.nierk e:a~ if,_eEib_i:Hse:r:J . _. 
~;~®---~ ~-~=~f~ti? ;_~~ ~--=- :_:~- --~~~ -=---::~- -: : __ · -.. -=-~-~-: ~ --~-: ~ -_ -~----- . ··-: -

PR: - ------
··· - -u.:. --- -.- __ ..:... . ...::... .::...·....:c__:: -~---- ~ ·-·-- ·-- - - _ _:_ - ----- - - - . -- --··· -

____ _I 1-( _: _ - - ---- - - . - . - -· . .. . ... ·--·.-. -· ·-- ···: -·:··- ·:-=-:::-. - -- . 
:.:-· Jri:::::·._tr -_· __ ._ , ____ ___ ___ -___ . ___ ______ _____ _ 
-- s~; .ll ____ - - ------- --- - -- --- _... --- --------- -- -- ---------- ---
. _ DK: . .tL _ _ _ -- -

_ !-K M .L.,_E V ~ L : _ _ ____ . _ 
_ __ JU.-C -. LE:YE:L! _ _ _ __ _ 

_ p_ AN E_ L I ~{TE R R IJ p T LEVEL : 
-- . ·-· - . 

STAffDARD FILE CODE ASSIGNEMENT ·7 t--1 

_ l.6~1)-~_a, ~:uT_ ·e..(1i ~ _ Af1iJ MAIN- (Kt_~_i: Nf?UT-:QE.v_. 
SYSGEN INPUT DE V . 

·s 'fs-G.t~r our,=; tJr_ --oEv . . 
- · 7H.iY. --ck E r t-1 r tJ T -o Ev -- •!I: 1 * 
---·AvY:· LKE - I ~JPVT ·D-E: 11. i2*-

-AFf.-- C-1-<t · HJPDT- DE\T -*3* 
.Atf{"_:.--:_fJ{ [ H-f P U-T · -0ttf -'lf 4-* 

--- °fPLGEfil LKE /cAsUYAIY OlfTPtIT DE \/. 
- -_=t._I sr·:rr-lG ~ JJT·P~_Vf ~D=t.\t. - ---
---- CASLOAD I NP UT DE \/ . 

--n=t ST=tiA1f :t::flP trr Dt V .: _. . - ·=--- -- ,·- _ 

.. --- - ----,.---------------------
__ . ------ . ~*•;ENMO.f-.J-11-+05.** 
•· · -- . 

----- ---- - ---- - --- -- - --
-cc----:--:.~ - -.:~m AJW -G_ 0 NF--I G-U RA-"f: I ON 7 N 
~~=-:>_· ~.ry~--J;:(l~-/ -06-
--::.-:----:-:. :-=P-f½=- 3.9-d. El& . -- .. · ... ~- --: : = .:::..P-,"R.--=:-. - ?. 0-;::./ g. 4 
-::.: ::-=·=-- - t:.P. :-:--{l7-,-l-1 7- -··-::- · -
==:.::::::. -- ~--TJ{_::: - 0.5 .• .::; 1~ -
=--=-=- --T-K_: -.-1-~-l 1-4 . ·· · · ···­
::-: .. -:__ :: TK.: _:_·2-.ti~ / .1.4 

~ b. KM- · b,-E-V-E: t :----.1 0-1, 
. -__ - ·- RT-:C.. L ~V-E:L : / 02 

R.flNEI . -I 1-HFRRI __ IPT J _, ~ l)f::J . : / fF 
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F. C_. /'t 
F.C .. / A • 
F. C. / B : Tf-<'.2~3 
FnC .. / 6 
F.C. /7 : 
F·:ic= ,/,~.: 
F=C. / 9 ! 

F =- C -= / :3 
F :-·c = ? 2 : 
F.C. / C : 



_:-T-AN!l-f+R-ft-:.-F I:1::£--£~-B:E--- -A-5-S-l GNEMENT ?--- N ·-· -- - - -
_-_ -- i.._ -OAlf IN:p_lJ:T- l).fA! .• ---AND --MAIM l KE I NPUT D-E--V. - F:-.--e . / 4 -: - 1--KB= 
---_-- __ S¥-5-G-~.!-N:P:-lLT -.0E-V-:. --- ---F-.-6 . /A- -'!- T-Y-10 . 

-.::. - -___ :...SY.5r:,::EN= OOT-~J+-_·--.o.E.Q. - -. ....:..._ - - - --r -• .C ~ -l -B:- -: - TK2-5-. 
UX::-.:..-:-±-KE-::-.3~Pfil=DEi..,t-_-~ 1-1!: ·. -· · - .:- · -:. - - - --- - :----:- f -.-£- . i 6 -:--! --"f-K 8 5 : 

-=:.-~:- -- ·· ATJ5C .-:.f::Kf:-=I NP1J.1==--!}E:t.,t. -= -h'-~ - -- --- -----=r: .::,-=£ ;- /7--~ --if<25 . 
--=.-:- -:: f±.IJ.X,,-:L-¥-E; _1-~-:Y 1 ---t)...e..V ---11,_-6* --- -- -- --- - ---f • .£-. -::--1-8--i-- P-R-2 0 . 

- -~:...- - -_::-__ :A-U=X-.=-t,;:K-E -=-.I:-NP-lfT-=-O-E·t;;t- .. ... 4* -- .. : ~- · - = f -. c-. -=~"./-9 + -"N~ - , 
·---::- __ --lP-L--G-EN+lKE I-C-:A5t:-Ott D--: -Ol:H ·.PU-r -- {}E_V. -- - - --F ~C- - f 3 t- TK2-5 , 

--- .. :=_ -~::=tS:T:f"f.l ~ --oll+P-lLT- -Df:J.J .:__ - ·-. -· ·- - -· - - . - r ~-t- . ,~-1 2- - -~ t.:PO 7 -, 
-·· -:--· - CA:SL O BD-:---1-N P Y--T-- !t-E-V • - - - -. - - - - - F- -. -( -.-- -1-f - : - -m-8-5:-:- '. 
· - :-_- ·:_ ..P-J-SL -'iA-D- -- J:NP-UT -DEI..J. F. C. · / E-2-:-NO- --

· -:_ ~ ~* _..END_ O"f._ -G.£N..lj_f)N.:...1.NillALlZATil'.N ** 
_ l!: *- _RE AD. Y _ .J.O LO .AD . PR O G RC\ M 5 _ * * 

*·*· END OF GENMON IN LT fAL I ZlnTON- i°:* ·-------· - .. . - --
tH, P[AD Y To LOAD Pl~<5<~-r Affs -i* --- - - ---- - -- -- - - .. - - - - - -· -· - -

M:L)J 

-- - -- ----------- - -- ------
.- ---- -- - - --­- -- ·--- ------- -· ---

- -- - ---·· ----- -- ------ --- ------ -·-- ----- --- - ---- - . . - -- -
IDENT COMGEN -5-1:1:-1- :1- 0-G---23'56f- C-0S B-flSie : f-f-lC*; - CAS -;·--'t7-z=--~ 

~EOS 
~EOF 
M : in 

6 7BE 

SYSGE N P852 / P856 / P857 
TA8GEN I NITIALISATION 
SYS TEM DEFI NITION 
TDENT 

MEMOR Y SIZE 
•~-'llJ 
srncff :; rzE: 
x,AIJ 

cos 

USEP INTERRU PT ROU T·HffS i 

POI..-JER FAIL.URE 

PE A!_ TIM E CUJCH I_E1/ EL. 

-¥- t () FM 
f lA i; IT 
~c··-- i:r 

\/ 
i 

V ; 

V 
i 

·:t-(~T 8U F' 
)!-FPPU F ~ .._,. 

\ .i 
' 

OC OM OPT IO NS :y 
''.-I)/71 ~ y 
*1'1C ~ Y 
~e r :: v 

lf!,JH ~ --Y 

>::·'.:H : y 

#G S 

----- --·-· ----------- . --:-------- - -

- .. llt-EN"'F----£ 0MG-EN --------- - ·· - -5111- 1-81 
·--~-E-OS -=---- 6-7-SE -·.:. __ -··---- _ _:.:_ -- .·: -

-:-£-Of- - -- ------- -- --
:. -s=r~s-s-EN -P852 f P 856I P 8-57- · C-0-S:.- tt05 

rABGEN INITi: ALiSATi-0-N --:_-: ·· ' 
-S-Y-S-i-F-M DEF I l'<fi "f I-<JN 

- -:I -!7€:NT -

- MA-N-C 0S 
- #EMO~Y ·SI Z.E -

. -t-0 
-5-1= A CK S- l-:t-E 

-- - . - -- -- -- - - .. - . 

- -AO- -- -- . --- --- - --- -- ----
...: l.}-S-E~- -I M-'r: E-R ~F-1'. "-R 0-ttT!N ES -=--~ ·· --
·-- ._ ____ ... - ·- --- - - -- -

--- :E N-tL : _-_-___ - -- -____ - --- ·-- - - ___ :... -
P-OW-ER F+H !:.-URE - --- -
"T: .. ·--· ___ ··- .. --··- - -=- ~-- · - -··- -

--- 0-- ----- - .. -- -- - - -- -- -
.... RJ:~ '=. -+I-11:f --CtO-CK- -hEV-EL -

-* - --· -_:: -a.---_ -- --... __ -_ . . . - -- . 
- l.-E~lE-L -- - -· --- --- - - - - -

·- J--0-R~ • ----- -- --- --- - - - --
-::::. ¥..:.. -------- -_::_- _ __ -. -· -·-_· ·::. - -- ._·· _ __:: ___ . 

--1--W-Mc+:f--::.._- ::-. __ :- ::.: ___ - __ - · - _--_::- _.__- _: ·-

--· ---- -- ·- -· -- -- - - -- - -· 

.-.-~ -:&ia..oL r--- -- . -. -- ---· --_ -_- --
_x ___ .. 
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1!-HD~ .i. 
\/ 

*~~T ~ l. 
-~HY: \{ 

USER COMMAND 
*END 
DEVICES ON PROG CHAN~EL 
* TY 10 ?/:, 
*PR:20 1 -'t 
)-!-PP'.50? 5 
* TK(YS 1 l -4 
ii-Tl{l51 ·1-4 
*TW2~.'5 1 1~ 
*El'I 
DEVICES ON MULTIPLEX 
*LPIJ71'171L1 :J2 
1-~E: I\J 
HIGHEST FILE CODE NUtlBER 
*20 
CFM. UNITS 
!.i-TL0'.5 
,.c TL 1J.5 --
)t Tl_ :2'5 
~n, 
NBER OF C10tSSETTE FI-LE · NAMES 

SPECirY FILE CODES 
; J-t i~ 1\-0 ~ D ~5 

~2 :1 Tl_ l'.'.'i 
!Ht ·' Tl__:2'5 
~-5 :, TY 10 
11)3 1 PH:20 
If'? ,, Pr1 :JO 
:'f [l'l 
FITE CODE ASG TO USER .DE\/ICES 
H::l'{O 
Sir-1U LATED INSTRUCTTONS :N 
MA X NUt'iBER OF SCHE-DUL-ED- LABELS 

TABGPJ nlDED 

'It_-~ . 

- -f_R-Bl% --

- :{__ 

-'1L-
ABRI _; __ 
1' . 

* 
f+t! -----} - -

- _y_ 

.. ± ___ --~-.-:·.----- -
--- -* .:.::- - . · .. - ·-- -_ .:._ -.:.--=-~ -= 
.. =g : -:-:- -_ ~- -- : -". - --

¥ <. - -- -- - .... ::__. -
- _,. ___________ - ·-··- ·-·· 

- # -=~- :~ --- : --
:--:- ¥--:- - - ---- - -

·SH-: 
¥ -- - ----. 

-- · HF ::- - · ---
: -- . Y. . __ ___ -_: 

.. -+----- - . - - - - - . -

- . -lt .. - . - . - - -

-- Y.1'1 :. 
y 

LD: 
'( _ 

T ~-- -:_::_ - --
y - -- - . -

-Ry_: - - - -- - . 
y _: . - :. -

-RD: -·· -
y ___ _ 
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- -- -···· ·-• . I+-+-- ----- - -

-- -
- -~ ----- - - .. _- _- - - -- _- _____ - - --- . 

~ -- - --- - -- ---- -- --- -- -- -
-L:P:-D7+:17 ... L. ,-3'2 -- - -- -- -

*- --- - ----- -- - ---- - -- -
E~:~- _-_-:::-~ --- -- - -- -- -

_ ¥-IJ;;~~$L-_:f----1LE-£0-D-E ~HJMB-ER 

:!!:_ ______ - -- -- - --- -

- ILO:.S __ - ---- -
* -- -------- --- - ------

TL25 

:E~ --------- - -
j _M.BER_OF __ CASSETTE F lLE .. MAMES 
,_:-~ .:_ __ :: --- -- -
i_ _2_0_ __ - - . - . - . -

1-- ~ E_C IF 'C_E.1 LE CODE 5 __ 
):-_ -~ --- -:· - ---

1_ • .!Jr TT.OS 
- --- !': __ --- - ---

i::- -: - - 2 -;: E-:P-.O: 7_ ::.__ 
- ------ * -- - --- -- -

- --- --- .,.,_ --- -- -
1_:_::_--~i ~N-:- __ ;- __ _ 
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-- - -·---- ·- ·------ - -- -·----- -·-- · 

. - ---- - - - -.. ·- . -- . . . - - - - .. -- - - - -- ... ------ ------ --- - - - - --- ------- -- - · --· - -- - - · --- . -

~D-- __ - -- _-· ________ -_- __ -----·_ - ---· -__ ---· ---
-_: U:L~'f:.g:O :_ -!-NSTR-tlC+-lO:N-8 - -: : __ - _:: . 

- ------·--- --- ----------- -----·- - ·- ·-- . --- . ---
_: 2--- .. __ --- __ --___ - __ __ -__ .- __ ·---- - ·--- -- ··------------. 

-::: ffi-8-G-E:N-----EN&-ED -.----:- ~: _-_._._-

Take cassette W out of TK25. 

tPut cassette __ ~~~!K2~-2 

•M:LD 
--- nrtfft Ip LG Efl" - 1 / 2 - 353-,g-

: tO"S 4366 -·- ·•·--•- ----- - - -·· ·- ·- -----·-----
-

H::(ff"" -- . .. ---·-· ·-• ·-. ····-· - ---------------- - -------·--------··--· -------------

•H: S~T . - - ---- - --- -----•-- ---- - -------· ---···· 

--- ·-· -· -- - . --------- ·- - - -- - - - ·- ·-·--· -- -

- --=-:-I--0-EN:T- --!-P-l::b:EN--:- -- -- -- --- - - 5111 -100- 2 35-M--C---05- 8-A5-! E-- P-A£~ 
-::---E:Q.S-----1.fu-e ~-- ______ ....:. ____ --- ------ - - -- -- - --- --
= E OF - --- - ---

iM: LD 
!DENT GENU{ E 

: E'. o s --7 sl· t --
5111 100 

f E OF ---- -- - ... ----- -·-· . ---- --- --- -·-------·---- -

_:_-:::.I-P.:e-N-+--GEN-tk-€ -- -· ---
_ · £0 5.. __ "2.8.fL ---- __ ___ --
: 1'£G.E:. ::...=-::___: - -- - --- -- -- . --

~ake cassette GI out of TKOS. 

'ut cassette W in TKOS.) 

·-
-M :s°f 
t.:tt , Mi;NC0'.3 
.,_-,;; .E 
- MANCOS 0000 

~ake cassette W out of TK05. 

, u t c as s e t t e G l , s i de B in TKO s) 

iJOQD _ MANCQS _________ . . _ .. __ . __ - . -- __ --- -- -
- ----- QA2._~--~=~---~-- _ -- __ -r_ ;-_p_f A~ -5111 1DO _23_5.6_1 cos 8Jl5.lC... _ _FACK ~ _ c~-s ~=-1/:.2. 
_ __ _ _ - .A2A__ __ ____ _ _ _ ____ _ l;_TRAe _ 5.1.11 _ 1DQ_ 2356.1 . C.OS RA.5_1.L . PACK. _c_A_s_4 ___ 1.L2-

_:~-~ :.__ :._:__- BA5.2 - ; _- _ - . _ - ___ J.-..:.L.K-M _-5111 - 100 2.35-61- COS . B'.A5-IC- P-A.£1<. CAS ~ -~2-
0J1.C1L _ --- _ ·--- l _;_RI_L ___ 51-1.1 100_ 2356J. _co_s _BASl_C__ f>A._CK~ _ci:ts_. __ ]./2 _ 
flAfl) ___ -__ .:. __ ~: __ ___ ___ _ NStHLB. 5111 100 2356:"1 COS _ MSI .C -.f?_ACK-: Cc-AS _ _ ~lii2 = 
DCB6 _ WAIT_ . __ 5-.11-1 100 23561. _ COS .B.a5.1C P.ftCK. __ CftS ._ 1./2 _ 

:__ _::-__ ____ -n_r-CB _ ~---~ ~ _ -: :.__: _[Xl r-__ .51_11 _1_ou_: 2.3.56:1- _e__o__s___._na:s.1-ct_E:ALi{ ~ :f..AS---:.Jil'-2: 
_______ .OD06 _____________ GEIB.UL 5.111 100 2.3..561 _CQ_S SASI_C_P.AC.1<. LAS~--112 _ 

__:_ --- -~--- _Q_Q_EA~--- _ --~- _ -- -_ [:R BUFL 51-11 1DD. ~3561 cos BA_Sl .-C .P.ACKA _:. CA:S.~-- 1.12 
_____ OE.6(-l ___ _____ _________ LQRM 5.111. 100 2356-1 . CQS __ aA.SIC P_AC.K. ___ CA..5_~ _1.L2. 
'=· :-~- -~ _1QC2t : :. ___ : __ ~ --_ ~ __ : _b_Rl'H11 _5111- 1DO 235-6.1 ~t◊S · BAS:Lt PACK~---·tA£. :=1 /2-
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L : .!d. 

,_____ _ .1ZB_8___ __ __ _ _ _ . ___ _ D..R P _D.1_8 _-5..111-100 __ 215.6.lL __ c _o_s_B.flS_lL-2 -A.ClL- -CA5.. - L 
:~~-= :_-:-~ : ,~~~-: :_ __ ~: - -:_ ~ -=-----::_~ :0:1H!.R3.a ~5.1.1:.1_ .:ioo __ 235.51. £os.:.:__s-A-S 1 t _: £a-Ctt:__::.::tas -~:~~ 
__ _____ _ --~ __ _ --=:-- ~ - ---- µJ.-1,-..1DD. 2~6.1.-:L-0:S--l3A;ilC F>_A_C_K __ Cj~~-=----~ 
----+-~ ...... - J-.\.,..Jo. __ --- __:_--=:, __ ::_--=- -- -~:._:_ .JL: .. :.:.TfL__:_: .::.5.1ll_ :::kOU _2.J-S-6:I: CD:S -- BA5.I:.C::Sa'.. Ee----:li: 
-:-_::_--=-=-- ~----- _ -:--------:--_--_--::- - -END-L0 -----= µ11= -l0-0--23~-- ~_Q.S - ij~S-I-'=--~--~K.., -~~ 
-· ::_:::~~~- 3i£2:6::._ -:::.:.:_:::..._=·:-=-:-~=--- -.:::_ : _r_0111n:--- ,1111 JJlO - 235..6.1 __ ca.s.::...rnL:: P-AX:K -: : e.&s-;= ~ 

1.0-6-C------------- - -l.11.P--LJ.-L---- 5ll.J.__1-0.Q _2.3.5-6-1---C-O-S-.B-AS~. CAS .. -J... 
:-::- --, - --_ -:.--: -~ ~=-:c .::..::.-=-:C~ ~ ~:.::.- -_ru:tr-£fil _ _S1 n :_Jroo---2:15..6.1 _ _::c_as_ _: Msfc: l>::Aft:=-=cas ::_~ 
_____ _ ;:03~ --- ---------- -- --- ---- llLTJ:f? __ - 5111-- -10D-2:l5.6.1--COS--B~ll- -P~~S-. -1-, 
--- . - : -~ __ _: ------=-- ~-=--M:-! RE -T-R-- 5111 1-00- -~3.S-~i:.-~ -- ftt\S=t:e -~AfK--w ·-eft5-;----ii:; 

........-~ ~ - - ___ _::::_ _:::_ -_:_:=-- ~T - 5-U.1- -1-0-0- 23.5a1-- COS--- B~cC::-=P-A=Cl<~--=-t:AS:-;:_:J,.; 
- : ---= __ aE.O _ :--- ---::-- ----,-_--- - - A-8--0-R-T- -51-1-1 -MO -235-e-:1 -- COS- -BA~IC- ~~-<:K:-..-- ~ -~ : :-lt-, 
-- --- - ·· -: . -=--__::_ ...:.=..'::.::.:.__ ~ -----; A -11 ·,1.fl-0- --= 2-~S-6-1-:- f4s -@S-i-G=-M-G~ e-A=s -~=- j;; 

-=--=-- -_-:-::- __ 211 f Q _ ·-=----= --,-------- -- ----:--R:5:J-ARf- -51-11 1-0G- -2--3561- --€-'1S --BA-Sl~-- -:€:ftS::.: --:1: 
:__:_:_ =--'.::. -=-- -- ,:_ __ -~---=-_::.:.___ __ :: - - :i::-<Y~e -s11Ji liOB a-s-&-1r ...:c~--'B-As-i-€ -rtKk ; ~-w§:;-1i~ 
..:::-· -- --- 2--:r-E:2: ::·_- --- -::-:_-=- - ·t.!M:-=-- ----· -&-111 -1 -06-- 2 3 5 61 -c e-s--B A-S=f-€-_: P~-€..lf;--:-€-AS-,;--=k 
. ·---- .. - ~ - ~- ~.:._::_ ___ ::_::_·= - =---- -:·-&NH- -- - 5-1-11 -1€}0- --23-56--1,---- (-05- -BAfiI=(- -p-Afi(~.:._::cfA-s~-~ ~ .: 
-:--:-___ __::_ -_ 9 ~ -::-:-·---:-- - --:- -----~ Btt- ------ -- -Si,-i. 1-- We rs 5--6-J. --C-OS--~-AS--ic€:---~ .: ~ AS~=.-1t­
=-=-~-=-- L9 sn=----_ - -- -- - · · --- --- --S +~·fff-=-- :. --53.:h-1 - 10:8- 2-3'5 6--3:. -- -E-fr5= -B-Fl-5-f--(___:_:_p-Af-R-;-'~ S ~- =r 
:---=:-- ---='= ·: _...._ _::~ _;_ --~---:-=---=-~-;:-:-~ ~~-~ ~Mf)-l)_-::51111 -·10-0 ·s-~Sfy5--o5 :·ftASf-t-=P::_~~CI:( ~=~--~~-!?-~--,-3£ 
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2-3 -561- """'- - - ·"'" -. -- -- " ..... ' ' 'C.,V ;;, · O"n-::J i "~ - r ·t-n:; !'\ • - -

(Take cassette GI out of TKOS. 

Put cassette G2, side A in TKOSJ 

M; ~}T 
cr:;sL.oP1D PROG. 

1 

(At this point CASLOD must write an EOF . This takes a 

few minutes. Wait for the orange light over TK25 to ex­

tinguish.) 

UP D 

UPD 

CASC: 

'' Ei'JD o~- INPUT: ASM 

LI< E 
C!;(; c: HT 

t"1~L:O 

•: PS-!-0-ftP P~ ,'.)J; . 
~.RE' .t:TTfC -·· 

· -- - ----~~ - -'-7}~-S-C : -- -
_ -~ :::.: ~::;: _ ::- -"°Tliµ.::JJ~- --1-ri?J !_T - • _J:·-R-S !1'.f !<---

. -- ---- _!JP _[; - - -- --- - -- --
- - · , -:)c i- • 

. --· ' ·- -·. . - -

_____ __ ~fNJ, f1E _ T l',IEJ LT : . UPD- -
_ _AS t'! _ __ _ __ 

-. -- -. - ·=B sr : -- - - -
_ ... tftrrL _•)F - 11:-.fp 1_11 ;_ :-- AS!"t :_ __ 
_ J KE ______ . __ 
CASC: ~-!._T 

- --- --·--- - -- -· -·· - - - - - - ----- -----------
f.D[NT L.!•'.C 

~EOS 58FE 

i : p 

U'.E 1F ,:SE 
l. • T 
L "· :?.:3 --'t S = 3 2B8 

:·1 : ·: : I 
C i)'.::::L G,:;D 

5111 100 2:3571 cos BA S IC PACK. _CAS. __ 2 / 2 _ 3_D_~_f _ 

Lr.-_pn . LYE 

: -- 1, :: 6E l Y..E . 

I 
E = □ ooo · 

5111 100 235 7 1 COS BASIC PACK . 

__ I. D.E~ T C flS L (·J:· 
:EQS l!9 l! C 

_: E_l)F 

_ -~'ASI OA[~ .. Pl?.0G ~ 

.::111 1cc -. - - -C:..~::: l 

E:111 100 2-i571 

CAS . .,., i .-, 
.:...• ... 3 D3.8 -- -- ·-- . 

::111 100 2:5~ 

(At this point CASLOD must write an EOF. This takes a 

few minutes. Wait for the orange light over TK25 to extinguish.) 

D[S UC 

\t [i-~D \jl .. 1,·:1;: oc " SET 
~P RE MAR~ FACE B ~ 

>C ASLOD D iD ED 

. __ !l_E BI_I G_ 
-~:- .f_AS_C ~ __ _____ __ _ 

_ _ .:!EMIL DE _l~F?UT: _ DERUG _ 
~PRE MARK FA CE P. ? __ 

_ __ _ __ . Cf~S C : NO 
--~-:_. ___ -~tA:S.LO [l _E ~D ED 
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ERROR RECOVERY PROCEDURES 

GENLKE ·Error Recovery 

If the user has made one o--r more errors during the .GENLKE phase, 

e.g. with the Unsatisfied References, it is not necessary to com­

pletely retry the . COS generation process. One possible way to 

recover the error more quickly is as follows: 

- reload generation cassette Gl, ~ side A and wait until it haa been 

rewound. Load the GENMON monitor into memory and answer its 

questions as during normal generation. 

reload the user's system cassette .Sin drive TKIS (file code /3) 

and wait until it has been rewound. 

- give load . commands successively as follows: 

M:1.Q 

!DENT COMGEN 

:EOS 

:EOF 

M:LD 

IDENT IPLGEN 

:EOS 

:EOF 

- start IPLGEN: 

M: ST 

and wait for the end of IPLGEN execution. 

- Carry on as normal from the GENLKE phase. 

CASLOD Error Recovery 

One possible way of recovering from a fatal error made during the 

CASLOD phase is as follows: 

- if CASLOD has already written the EOF block behind the generated 

monitor on the user's system cassette S, the user must: 

- reload this cassette into drive TKIS (file code /3) and wait 

until it has been rewound 

- give the following Manual Control operator command: 

M:MC 03,16 

which will cause the cassette to unwind up to the EOF block, 

which is the case when the orange light over TKIS goes out. 
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- then reload generation cassette GI, side A into drive TKOS, 

wait until it has been rewound and go through the GENMDN phase 

as normal. 

- remove cassette GI from drive TKOS and put it back in with side 

B up. 

- type in the Manual Control operator command 

M:MC 04,16,2 

to unwind the generation cassette up to the CASLDD program 

- while waiting for the orange light over TKOS to go out, type 

M:LD 

to load CASLDD into memory. 

- after loading has been completed and 

:EDS 

:EDF 

has been typed out, the user may carry on generating his system 

as normal from the CASLOD phase. 

LKEGEN Error Recovery 

When a fatal error occurs during the generation of the user's 

Linkage Editor, e.g. when the COS LKEGEN program cannot be executed 

because the parameter 'memory size reserved for LKE' has been cal­

culated erroneously, a possible way of recovery is the following: 

- as the user must know, the part of the system which he has already 

generated on his cassette is the following: 

I IPL COM WEOF«HDRPREMTK--------EOF~HDR UPD*-----EOF.HDR ASM~--­

----•EOF.HDR LKE*----etc. 

t 
- therefore the following actions must be taken: 

put generation cassette G2, side A in drive TKOS and the user 

system cassette Sin drive TKIS and wait until they have been 

rewound 

- give successive load operator commands (LD) up to LKE -- position the user's system cassette correctly by means of the 

Manual Control operator command 

M:MC 03,16,0C 

i.e. make it skip forward over 12 tape marks, so that it . will be 

after the tape mark following the LKE Header 

- start LKE by means of the command §.I 

- resume generation as normal from the LKEGEN phase. 
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Appendix B Peripheral Input/Output 

This appendix refers to the 1/0 order which the user must specify in register 
A7. when he gives an 1/0 monitor request (LKMl). 

BASIC READ (/01) (.:St-<L,,efa.rd I/0 a.,,,cf C:fM) 

Operator's Typewriter: 
All characters are entered on 8 bits until the requested length is reached. 

ASR Tape Reader: 
All characters :;ire entered on 8 bits. The reader stops one character after an 
Xoff code has been read. 

High-speed Tape Reader: 
All characters are entered on 8 bits, without checking o r special features. until 
the requested length is reached. 

Card Reader: 
All the words are entered and stored in Hollerith code on 12 bits (4 to 15). In 
each word the column image is right-justified. The words are stor~d until the 
requested length is reached. The length is given in words. 

Magnetic Tape Cassette: 
All Read / Write operations (Basic, Standard, Object) are the same, with the 
following characteristics: 
- maximum record length: 256 characters. 
- required len~th: block length. 

- effective length: block length (without controi character). 

- all read / write operations are aone on the requesle0 length 
- incorrect length after read operation: no error, if requested length is greater 

than block length and the returned status is correct. 
- throughput error or data fault: retry is made automatically, up to five times. 

after read backspace - read 
- after write : backspace - erase - write. 

Magnetic Tape: 
Same as for cassette tape , with the following differences: 
- maximum record length: 4095 characters; minimum 12 characters. 

required length: block length (2 dummy characters must be reserved behind 
the buffer). 
physical block length : required length + 2. 
effective length: block length. 
12 characters are always transferred, in any case . 
incorrect length: see cassette tape above. 
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STANDARD READ (/02) (Sto.,,,olQl'd. I/0 4nd CfM) 

Operator's Typewriter: 
ASCII characters are entered on 8 bits, with the following special features : 

- the special characters, coded from /0 to / 1 F, are ignored. 
- code 17 F ( Rub-out or Delete character) is ignored. 
- code / SF ( - ) can be used to delete the preceding character. If several - arc 

used consecutively. an equal number of preceding characters will be deleted . 
- code /SE ( 1) is used to delete the line preceding it, up to the next carriage 

return . 
- code /OD (carriage return) indicates end of block. It is the last character to 

be entered. It is not transmitted to the user's buffe r. 
- code /0A means "line feed". It is ignored and not transmitted to the buffer. 
- code / SC(\) is used as a tabulation symbol (sec FCB word 5). If the address 

of the tabulation table is zero, or if the number of tackets is zero, or if the 
storage address is greater than the last tackct, the code / SC is stored in the 
buffer. In other cases, /SC is not stored and replaced by spaces, as indicated 
by the tackets in the tabulation table . 

ASR Tape Reader: 
For ASCII characters, the same features apply as for the keyboard: the code 
for carriage return must be preceded by the code for Xof-T. 
For object code in 4 + 4 + 4 + 4 tape format, the first character identifies the ob­
ject format. It must be in the range from / 18 to / 1 F and is converted to a num­
ber from /0 to /7 and stored on one character. The second character contains 
the word-count of the input block, excluding the first word and the checksum. 
Each punched row (4 bits) entered after this identifier is stored on one half­
character up t~ the checksum. When the checksum has been read, input is stop­
ped. The 8 + 8 tape format cannot be read on the ASR tape reader. To start 
the reader, an Xon code is sent by the system before entering the characters. 

High-speed Tape Reader: 
Same as for the ASR tape reader. In addition: for object code in 8+8 format, 
the first character, identifying the object code format, must have one of the fol­
lowing values: /10, / 1 to /4 or /15 to /17 . It is converteato a number from /0 
to /7 . Each punched row (8 bits) entered after this identifier is stored on one 
character up to the checksum. The second character is the length of the block, 
in words, excluding the first word and the checksum. 

Card Reader: 
All words are read in Hollerith code, on 12 bits, converted and stored in ASCII 
code, on 7 bits, until the requested length is reached. Words which are not in 
Hollerith are converted into the ASCII code for /20 and a "data fault" status is 
returned in the software status (ECB word 4 : bit 13 is 1 ). There is no special 
code. However, EOS and EOF marks are detected (bits 14 and 15 in the soft­
ware status). 
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BASIC WRITE (/05) (Stc.11Gta.rd. I/0 eu.d CFM) 

Operator's Typewriter: 
All characters are output without checking or special features . This order can 
be used to print something and have the answer on the same line. 

ASR Tape Punch: 
All characters are output without checking or special features. 

Line Printer: 
All characters are output without checking. There is no control character. 

High-speed Tape Punch: 
All characters are output without checking or special features. 

Cassette and Magnetic Tape: 
See under Basic Read (/01). 
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STANDARD WRITE (/06) (Sta..,da.rd I/0 a..,id CFM) 

Operator's Typewriter: 
All characters, except /0 to / 1 F (special code characters). are output without 
checking. At the end of a line, a carriage return and line feed are output. The 
first word in the buffer contains a control character (second character). as for 
the line printer (see below). If it equals /30 or /31 , it is output as line feed: if it 
is different, it is not output. 

ASR Tape Punch: 
Sarne features as for the keyboard. At the end of a line, the following charac­
ter sequence is output : LF - Xoff - CR - Rubout 

High-speed Tape Punch: 
Sarne as for ASR tape punch. 

Line Printer: 
All characters are output without checking, except for the control code. It 
must be stored in the r,,ht-hanct c.hara.cter of tht fir$t kiord of-LJ-i~ bl4.{ft.r, Tlifs ccnlrol cod<- l'YI~ 

have one of the following three values: 

+ (12B): print the line without advancing the paper (superposition). 
0 (/30): . advance two lines before printing. 
1 (/31): skip to top of page before printing. 

All other control codes are used as normally : advance one line and print. A+ il,e e,rl( 
oft1..t.- /Juffer; 4/fer fire re9He.sfe,:f (en9t1,, ""e ch,u-a.c~ m'<sl f'ol/t>w to f>e. 
usu{ 6y ~e ..sy$km for a prinf-coet'e . 
If the requested length is more than one line. the system puts a print code after 
the maximum length and the buffer will be printed on two or more lines. 

Cassette and Magnetic Tape: 
See under Basic Read (/01). 
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OBJECT WRITE 8+8 TAPE FORMAT (/08) (Sf-41,d,.arcil 'I/0 ,:u,,d CfM) 

High-speed Tape Punch: 

The standard object code is output in 8 + 8 format. where the first character is 
a format character and is output on one row. converted a\ follows : · 

/0 - /10 
/ 1 to /4 - /01 to /04 
/ 5 to 17 - / 15 to / 17 

The secol}d character contains the length in words. excluding: the fir\t word 
and checksum. An 8-bit checksum is performed and 1n,mchcd . 

Cassette and Magnetic Tape: 
See under Basic Read (/01). 
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GET TYPE OF LABELLING (/21) 

CFM (Compact and Extended) only: 

the CFM package returns in ECB3 the information on the type 

of labelling used on the cassette with the file code specified 

in ECBO, as follows: 

bit 2 = 1 : tape premarked 

3 = I: unknown type of labelling 

4 = I : basic labelling 

5 = I : compact labelling 

6 = I : extended labelling 

7 = 1: working cassette with compact 
-

8 = I: system cassette with compact 

9== I : file open for read 

10= I : file open for write. 

WRITE TAPE MARK/WRITE EOF (/22) 

Standard I/O: 

Operator's_Typewriter: 

An end-of-file mark is output as follows: 

:EOF LF Xoff CR Rub-Out 

~S! .'.!_aE_e_P~n£h..:. 

labelling 

labelling 

An end-of-file mark is output as for the typewriter. 

High-Speed_Tape Punch:_ 

An end-of-file mark is output as for the typewriter. 

Line Printer: 

An end-of-file mark is output as :EOF 

~a~ s !::. t _£ e _ T ~p !::. : 

An end-of-file mark is output as :EOF 

CFM Package: 

For basic labelling: 

a tape mark is written 

For compact and extended labelling: 

an EOF label is written according to the specifications for these 

1 ab e 11 in g sys t ems. 
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If order /29 has previously been given, the CFM package will write 

the EOF label with the field identifiers given in the user's 

buffer label. The system will write correctly only: 

- for compact: label identifier field 

- for extended: 

volume identifier field 

file identifier field 

label identifier field 

label number field 

file identifier field 

If the returned status is: 

bit O = I and bit 1 = I and bit 8 = I, 

an error has been detected in the calling sequence: the file 

is not open. 

WRITE FILE HEADER LABEL (/23) 

CFM (Compact and Extended) only: 

For this command the user program must give in the ECB the 

length of the label and the address of the block containing 

the layout of the file header label. 

For compact labelling: 

- length of the label is 32 characters. 

- the CFM package writes label identifier field and volume 

identifier field. Any other fields will be filled according 

to the fields in the user's label of which the address is 

given in the ECB. 

For extended labelling: 

- length of the label is 80 characters 

- the CFM package writes label identifier field and label 

number field. Any other fields will be filled according 

to the fields in the user's label of which the address is 

given in the ECB. 

This order also opens a file. 

After this order all other orders compatible with the labelling 

system used will be accepted except another order /23. This 

order will be accpted only after the now opened file has been 

closed with a 'Write EOF'. 
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If the returned status is: 

bit O =I and bit I= I and bit 8 = 1, 

an error has been detected in the calling sequence: the pre-

vious file has not been closed with an EOF or the header name 

has already been catalogued. 

WRITE EOV (/24) 

Standard I/O only: 

End-of-tape management for magnetic and cassette tapes under 

the standard I/O package is a user program responsibility. 

When the physical end of a tape is encountered during a write 

operation, a status is returned in ECB4 with the EOT bit set. 

The user may then issue a Write EOV request before requesting 

the operator to mount a new tape. When a new tape is mounted, 

for magnetic tape the unit must first be switched off by pressing 

the OFF LINE button, while for cassette tape a Manual Control 

(MC) operator command 'Unlock' must be given to enable the 

operator to remove the cassette. 

Then the operator can mount a new reel or cassette and restart 

the program. To ensure that all records will be retrieved 

when this file is read, the EOT status also returned in ECB4 

should be ignored and only the EOV status must be taken into 

account. 

Note: In case the EQT is detected when reading an EOV, only the 

EOV status is returned. 

WRITE EOS (/26) 

Standard I/O: 

Operator's_Typewriter : 

An end-of-segment mark is output as follows: 

:EOS LF Xoff CR Rub-Out 

~S! !a£e_P~n~h~ 

An end-of-segment mark is output as for the typewriter. 

High-Speed_Tape Punch: 

An end-of-segment mark is output as for the typewriter. 
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Line Printer: -------
An end-of-segment mark is output as :EOS 

!!a£n~ ti:_ c _ T ~p ~: 

An end-of-segment mark is written as :EOS + 8 blank characters . 

fa~s~t!_e_T~p~: 

An end-of-segment mark is written as :EOS 

CFM Package: 

An end-of-segment mark is written on the cassette tape as :EOS. 

SEARCH FILE HEADER LABEL (/27) 

CFM (Compact and Extended) only: 

the CFM package searches the file header with the name spe­

cified in the user's buffer, of which the first 6 characters 

are accepted as the name. 

If previously the order /29 has been given, the file header label 

will be written into the user's label buffer specified under 

that order. 

After this order the system is ready for read operations on the 

file. Write operations are rejected, except for a last file 

for which an incorrect labelling status was returned, in which 

case the user may give a 'Write EOF' order to close it. 

If the returned status in the ECB is: 

bit O = 0 and bit 6 = I: 

an unknown file header label name has been specified. 

ENABLE ACCESS FOR LABELS (/29) 

CFM (Compact and Extended) only: 

with this order the user program gives the address of a 

'label buffer' into and from which the labels will be written 

and read. If the program operates in this mode, the CFM package 
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will fetch the data to be written in the different fields of 

the label from this buffer label. The layout of these fields 

must be according to the specifications for the labelling 

systems. 

The buffer address must be given in ECBI, the length is 32 

characters for compact labelling and 80 for extended. 

The order is always accepted. 

Into the label buffer are written the file header label and 

the EOF label. 

INHIBIT ACCESS FOR LABELS (/2A) 

CFM (Compact and Extended) only: 

' when this order is given, the CFM package will stop reading 

and writing labels from and into the label buffer. 

The order is always accepted. 

RETURN INFORMATION ABOUT A FILE CODE (/30): 

Standard I/0 Package only: 

By means of this order it is possible to find out the assign-

rnent of a file code. 

Event Control Block: 

The information will be returned in the 

ECBO: 

ECB I: 

ECB2: 

File Code 

Device Name (2 ASCII characters): 

TY= operator's typewriter 

TR= ASR tape reader 

TP = ASR tape punch 

PR= tape reader 

PP= tape punch 

LP= line printer 

CR= card reader 

MT= magnetic tape 

TK = cassette tape 

maximum record size 
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ECB3: left character: unused 

right character: device address 

ECB4: status= 0. For line printer, this word contains the 

number of lines specified for this printer at system 

generation time. 

If the file ~ode in ECBO is set to zero, the other words of 

the ECB will also contain zeros. 

assigned to this file code. 

This means no device jas been 

REWIND TO LOAD POINT/ REWIND FILE (31) 

Standard I/0: 

when this order is given , a tape is positioned at the be­

g inning. 

SFM Package: 

-basic labelling: 

the tape is positioned after the first tape mark on the 

tape, at the very beginning. 

- compact and extended labelling: 

the current file is rewound to the beginning of the file, 

i.e. after the tape mark which follows its file header. 

If the program operates in Enable Access for Labels mode, 

i.e. if previously the order /29 has been given, the file 

header label of the current file is written into the label 

buffer. 

SEARCH BACKWARD FOR TAPE MARK/ SEARCH FOR FIRST FILE (/36) 

Standard I/0: 

The tape is rewound until a tape mark is encountered. 

then positioned after this after this tape mark. 
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CFM Package: 

- basic labelling: 

the tape is rewound until a tape mark is encountered. The 

tape is then positioned after this tape mark. 

- compact and extended labelling: 

the tape is rewound until the first file header on the tape 

is found. The tape is then positioned after this header, 

i.e. the same position as when the tape is loaded. 

If an order /29 has previously been given, the first file 

header is written into the user's label buffer. 

SEARCH FOR NEXT FILE HEADER LABEL (/37) 

CFM (Compact and Extended) only: 

the file header label of the next file on the tape is searched 

If order /29 has previously been given, the label is written 

into the user's label buffer. 

This order is always accepted. 

When no next file header is found on the tape, the status 

returned in ECB4 is: 

bit O = O and bit 9 = 1, i.e. end of file set, no data follow. 

UNLOCK (/38) 

~a£n~tic_T~p~ 

This order switches the tape drive off-line. 

~a~s~t~e_T~p~: 

This order unlocks the cassette from the drive unit. 
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Appendix C Object code record types 

The object format as described below is the output of the Assembler. 
FORTRAN compiler and the non-disc Linkage Editor. 
This type of object may also be the input of the Linkage Editor and of the non­
disc loaders . 
The object input or output consists of clusters , which are object code records 
of specific types and formats . Those records vary in length and are sepa rated 
from each other by a gap (punched tape only). 
Object modules a re separated by an End Of Segment mark ( :EOS LF XOFF 
CR) while the last module is followed by EOS EOF. 

The object code is punched in two formats : 

- 8 + 8 format where the information contained in 16-bit words. is punched 
over two rows of 8 bi ts. This format can be read from the high speed 
punched tape reader. 
The first character of each record is a record identification (X ' 1 0 ', X ' 1' to 
X' 4' ,X'15' toX ' 17 ' ). 
The second character specifies the number of 16-bit words in the remainder 
of the record, the checksum excluded. This character is not punched. 
The remainder consists of 16-bit words punched over two rows. The last 
word of each record is the checksum and is followed by an XOFF character 
+ Tape Off character. 

- 4 x 4 format where the informatio n contained in 16 bits is punched over 
four rows of four bits. This format can be read from the high speed 
punched tape reader and from the reader attached to the operator's 
typewriter. 
The first character of each record is a record identification (X'l 8' to 
X' l F' ) 
The second character specifies the number of 16-bit words in the remainder 
of the record , the checksum excluded. 
The remainder of the record consists of n 16-bit words punched over four 
rows. 
The last word of the record is a checksum and is followed by an XOFF 
character and Tape Off character. 

The characters in object code records are modified in the following way: 

- add X' 10' to zero characters and to binary characters X ' 5' to X ' 7' . 

Other characters remain unchanged. 

Cluster identification 

Cluster type 
0 
1 
2 
3 
4 
5 
6 
7 

8 +8 format 
/ 10 

1 
2 
3 
4 

/ 15 
/ 16 
/ 17 

4+4+4+4 format 
+8 = / 18 
+8+ / 10= / 19 
+8+ / 10= / lA 
+8+ / 10 =/ 1B 
+8+ / 10= / lC 
+8 = / 1D 
+8 =/ I E 
+8 =/ IF 

If the first character is # / 07 (Bell)./ 0A (Linc Feed). / OD (CR). / 11 (Xon). / 13 
(Tape Off))./ 7F (Rub Out).1 12 (Xon punch). / 14 (Xoff punch) and < 20 then it 
is objec t code. 
Only the last four bits arc kept ( /\ / F). Ir the va lue is < 8 then the object code 
is of format 8+8 and if ;;;. 8 then 4+4+4+4. To find the cluster type 8 must 
be subtracted. 
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In P852M Object Code there are 8 types of clusters, namely 

BLOCK DATA CLUSTERS 
- ENTRY POINT NAMES CLUSTER 
- EXTERNAL REFERENCE NAME CLUSTER 
- CODE CLUSTER 
- INTERNAL MODIFICATION CLUSTER 
- ENTRY POINT DEFINITION CLUSTER 
- COMMON LENGTH DEFINITION CLUSTER 
- END CLUSTER 

type 0 
type 1 
type 2 
type 3 
type 4 
type 5 
type 6 
type 7 

The first record of any object module is a program identification record in 
ASCII format and consists of an I DENT statement which is the same as the 
source statement from which it originated, followed by LF XOFF CR. 

The eight types of clusters do not have the same length. 

BLOCK DAT A CLUSTER (0) 

This cluster is only generated by the FORTRAN compiler when a Block Data 
subroutine is processed. It permits the initialization of a COMMON block. 

-
0 word count 

El. n.s. character 1 
name of labelled COMMON 
block (up to 6 characters) 

~~ 0 2 ~ i:, 

ADDR I 
f:::, 

0 
-- -

ft:, 

absolute data words to be 
loaded, starting at ADDR in 
named COMMON block 

Max. 34 words are allowed. 

where: 

- the first character of the first word indicates the type number of the cluster 
(0). 

- the second character of the first word contains the number of words in the 
remainder of the cluster. excluding the checksum. 
bits 0, 1 and 2 of the second word contain the number of characters (max 6) 
specifying the name of the labeled COMMON block. Bits 3 to 7 are not 
relevant. 
ADDR, bit 15 = 0 indicates the relative address of the first data word to be 
loaded in the named COM MON block . 
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ENTRY POINT NAMES CLUSTER (I) 

This cluster contains a list of entry point names. Entries in this cluster have no 
fixed length. 
All clusters of this type are grouped and follow the IDENT. 
Each entry point name is given a value in the ENTRY POINT DEFINITION 
CLUSTER. 

I 1 word count 

i NC(=4) n.s . N 

0 2 3 7 M 
A - -
E 0 0 

0 

NC(=1) n.s. E 
---

NC(=3) n.s . E 
---

0 2 3 7 
N T 

where : 

the first character of the first word indicates the type number of this cluster 
the second character of the first word indicates the number or words in this 
cluster 
NC gives the number of characters in the name 
A maximum of six characters is allowed 
n.s. = not significant. 

EXTERNAL REFERENCE NAME CLUSTER (2) 

This cluster contains a list of external reference names. These names arc 
referred to in the code cluster by a number; the first external reference name 
encountered in the module has received number 2. the second one number 4 
etc. In the remainder or the object program the externals ma y be referred to 
by their number. 
The format or this cluster is the same as for the type 1 cluster. 
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CODE CLUSTER (3) 

This cluster contains the code words (e.g. instructions) generated by the 
Assembler and Linkage Editor and the addresses from which · the code words 
have to be loaded into memory. Each cluster may contain a maximum of 16 
code words. 

3 word count 

ABK: relocation bits key 

l 
! _ _ . ADDA: address A 

I 

t 

EMBK: external modification bit key 

code word 

code word 

I 

code word 

where : 

- the first character of the first word indicates the type number of this cluster. 
- the second character of the first wordt indicates the number of words in this 

cluster. 
RBK is a Relocation Bit Key. Bit O of this word is related to the first code 
word in this cluster, bit 1 to the second word etc. 
If a code word has its RBK bit set (to 1) this code word is relocatable i.e. at 
load time or link-load time the absolute load address of the object module 
will be added to the address of this word. At link edit time the relative 
address of the object module will be added to the address of this word 
ADDR contains the address from which the list of code words in this 
cluster must be loaded into memory. 
If bit 15 (R) = 0, ADDR is the absolute address of the first code word of 
this list (absolute program section). In that case the RBK bit is reset except 
when there is a reference from an absolute program section to a relocatable 
program section. 
If bit 15 = 1. ADDR is the relative address. i.e. the address of the first 
code word of the list relative to the load address of the module (relocatable 
programm section). 

EMBK is an External Modification Bit Key. As for RBK, bit O is related to 
the first code word, bit 1 to the second etc. 
If a code word has its EMBK bit set the next word in the list i:, not a code 
word but a word that contains the number of external reference . 

The purpose hereof is that the previous code word has to be modified by 
the Linkage Editor by adding the numerical equivalent of the external 
reference to the code word. 
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INTERNAL MODIFICATION CLUSTER (4) 

Code words generated by the Assembler and Linkage Editor arc listed in this 
cluster each time a forward reference is satisfied. 
Each code word in this cluster is associated with a relocation bit of a R BK as 
described in cluster type 3, and an absolute or relocatable word address. 
Bit O of RBK is related to code word 0, bit I to code word I etc. 

4 I word count I 
! 

RBK: relocation bits key I 

ADDR: address 0 ! R : 
-·· 

code word 0 
·--

ADDR: address 1 I R 
: 
: 

·- · .... 

code word 1 

11:, ' ~1:: I 
I 

ADDR: address i I R ! 

code word i 

I ~ 
I ~1:: I 
I 

where: 

- the first character of the first word indica tcs the typcnumbcr. 
- the second character of the first word indicates the number of words in this 

cluster, checksum excluded. 
R. if O the address is absolute 

if I the address is relocatable 
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ENTRY POINT DEFINITION CLUSTER (5) 

This cl us ter contains a list of entry point names and the number they have been 
given for reference purposes, 

5 word count 

NC(=4) s N 

I 

0 7 M 

E 0 oi 
VALUE 

NC ( = 1) , s N 

0 2 3 4 5 6 7 
VALUE 
-- -7 -

w here: 

NC is the number of characters in the ent ry po in t 
R if 1. the entry point name is reloca tabl e 

if 0, the name is absolute 
S if 1, the name is the name o f an intern al symbo l table 

if O. if no t 
N A M E the name o f the entry po int 
VA L UE va lue o f the entry po int 

COMMON LENGTH DEFINITION CLUSTER (6) 

This cluster is output by the Assembler o f 8k and up and by the FO RTR A N 
co mpiler . 
Those two ca n make use o f a co mmo n bl ock in which memo ry loca tio ns arc 
shared between su bprogram and mai n program va ri ab les. 
References to a common area are considered to be ex ternal references to that 
common with a displ acement va lue represe nt ing a relati ve address in the 
commo n. 
Since the Link age Edito r has to know the length o f the commo n bl ocks the 
length of all blocks are give n in thi s cluster . 

T he fo rm at o f thi s cluster is the sa me as fo r the Ent ry Point Defi nit ion cluster. 
except that R and S are no t significa nt. and 

NAME = the name o f the commo n block . I f ,it is a bl ank commo n the name 
is one bl ank . 

VA L UE = length in charac ters o f the commo n block. 
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END CLUSTER (7) 

·· -- - " I 
I 7 I word count 

I 

ST ART (address) I RI 

0 

LENGTH of object module 

ERROR FLAG 

This cluster is always the last cluster of a module. Its format is as follows: 

where: 

- the first character of the first word indicates the typenumber of this cluster 
- the second character indicates the number of words in this cluster. 

checksum excluded. 
START is the start address of the object module. If R (bit 15) = 0 the 
address is absolute. if I it is the relative starting address. If START and R 
are 0, there is no start address. · 
LENGTH contains the length of the object module given as an even 
number of characters. 
ERFLAG is a flag indicating whether any errors have occurred during the 
assembly or link-editing of the module. 
If so. the number of errors is given in binary. If no errors have occurred this 
word is 0. 
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Appendix D File codes and device names 

File codes enable files to be identified and addressed. The file codes are as­
signed to devices at SYSGEN. The device addresses are fixed by hardware. 
The size of the file code table is also established at SYSGEN so that dummy 
file codes should be included if future expansion is envisaged. 

Standard File Codes 
01 
02 
03 
04 
05 

Device Names 
TR 
TP 
PR 
pp 
TY 
CR 
LP 
TK 

. MT 

NO 

File 
Source input 
Listing output 
Punch output 
Object input 
Operator's typewriter (input and output) 

Device 
ASR tape reader 
ASR tape punch 
High speed tape reader 
High speed tape punch 
Operator's typewriter 
Card reader 
Line printer 
Magnetic tape cassette 
Magnetic tape 

No device: an operation on this file will have no 
effect. 
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Appendix E\ Control Unit Status Word Configuratj91) 

This is the hardware status as returned m ECB word 4. See 1/0 monitor 
request. 

Bit Description Control Unit 

ASR CR LP PTP PTR TK MT 

0 

has become ready X X 

2 rewinding X 

3 tape mark read X X 

4 no dai'a. X 

5 
Loa..el por,,t X 
be!J!nn!n2._ olt..Ae_t! X I 

6 write unable X X 

7 A or 5 shit!. (/1•(, s-o) X 

8 device address X X 

9 device address X X 

10 EOT X X X 

tape low X 

11 program error X X 

12 incorrect length X X X 

13 parity error X X 

14 throughput error X X X X X 

15 not operable (only sig- X X X X X X X 

nificant bit for TST) 
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Appendix F 

00000 
00001 * ooooz * 00005 * 
0000'1 * 0000, * 00000 * 
00007 * 
00008 * 00009 * 110010 * 00011 * 
00012 * ooou * V 0014 * 001) 1 ~ * 0001b * 00017 * 00018 * 00019 * 00020 * 
00021 * oooa * 00 023 * 0002'1 * 0 001!!5 * 00020 * 00Uc7 * 0002tl * 00029 * 00050 * 00031 * 00032 * OOOB * 0003'1 * 
00(.d> * OCU.>b * 00037 * oo v 3tl * oouH * 0 0 0 llO * 
000 1'1 * 
UOU42 * \/0043 * 
Ii CU 4'1 * 00045 * 
0 0 V 4c, * 
00047 * 
01/048 * 
001/49 • 
Coo '5"0 .. 
00 0ft .. 
000~2 
00(;~3 
OOU~4 * uovss * oousc BUOT 
u ov ~ / * 0 0 0 ~ll 0000 ozoo F 
00()59 0002 0300 f. 
OOObO 0004 Oil O O F 
OOObl • 
0 0(16.2 0006 8t>1E 
o o on:; 0008 2b3F 
00Ub4 OOOA 9629 
OOOb!> oooc 9620 
OOUbo ooot:. 9641 

OUIO 0000 f 
OOUbT * OOObtl 0 u 1.2 871E 

PS00M Bootstrap 

IDt:.NT St.BOOT 

DISPLAY THE KEYS AS fOLLOWSI 

HITS 
0::1 
1=1 

· 2=1 
2=0 
3=1 
3=o 
'I TO 1 
8::1 
e=o 
9::1 
10 TO 

ME.ANING 
I~L LOAuEO FROM ASR, FORMAT 4*U 
DlSK,TH::.N 
MU-V!Nli HEADS 
F lXt:D HE.ADS 
PKQGRAMMED CHANNEL 
l/0 PROCESSOR 
BOU LlNtS C 4 RIGHTMOST BITS) 
MULTI DtVICl:. CONTROLLE.R 
SINGLE DEVICE CONTROLLER 
Xl215 DlSK 

15 DE.VICE ADORtSS 

OESCHIPTION 

8E~OOT LOADS ONE RECORD ONTO LOCATION /80 THEN START AT /84 
THt RECOKD IS THE SECTUR P 1 IF O!SK,OH 2511 CHARACTERS OF THE 
INPUT DEVICE,LEAOING NULL CHARACTERS IGNORED 

ust:.D REGlSTERS I 

Al BUU LlNES,NOT TO ~E DESTROYaD IF ~~OT IS CALLED AGAIN 
A2 ADD~ OF INR INSTRUCTION 
Al AUDR OF ClO INSTRUCTIUN(WHICH IS DESTROYED AND NEEDS TO BE 

RESTORED lF BOOT IS CALLEO AGAIN) 
AU AODR OF SST INSTRUCTION 
AS MULlIPLEX : CONTENT~ OF 1ST WORD TO Be SENT TO EXT REGIST[R 

ID oUS I CHARACTER COUNT,lNliIALIZED AT 2S4 AND DECREMENT~D 
Ab MULT!PLEX I CONTE~TS OF 2N~ WORD TO Bt SENT TO EXT REGISTER 

(LOADlNG ,\OC,RJ 
IU oUS I ADDR OF ~EXT CHAR TO BE LOAOE.O,INIT AT /80 AND 

INCREMENUO 
A7,A8 NORK REGlSTERS 
A9 WORK KE~IST[R 
A10 ro Al~ NOT USED 
A1S CONTAINS THE KEYS 1 VALUE 

E.CU it 

lN!TlALIZE Rt:GISTERS 
LDK A2,1NK 
L.DK A3,CIO 
LOK A4,SST 

LOK 
ANK 
AOKS 
ADRS 
/.OS 

Ab,A1S 
Ab,/3F 
Ao,A2 
Ab,Al 
At>,HIO 

ADDR Of !NR INSTRUCTION 
ADDR OF CIO INSTRUCTION 
ADDR OF SST INSTRUCTICN 
EXTRACT D[VICE ADDR AND INIT l/0 

DEVlCt. ADDR 
lNITIALIZt. 1/0 INSTRUCTIONS 

C011HANOS 

EXTRACT CONTROLLER ADOR AND INIT ~ER lNST 
L.DR A7,A1S 
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UOU69 0014 3FC6 SLC A7,b ~ULTI OR SINGLE DEVlCE CONTROLLER 
OOulo 0016 5600 F RF(b) INIT20 SINGLE ONI::. 
il OO'fl 0018 260F ANK Ab,/F MULTIPLE. UNE 
U0u7, INIT20 f.QU • INITIALIZE. MULTIPLEX DBL.E WOROI 
000/.) 00 1A 9631 ADRS Ab,A4 SST I NSTRUCTION 
oovr:i OUlC 3E4l :>LI. Ab,1 
00 07~ oc1c: 9641 ADS Ao,~ER1 SET UP WER INSTIWCTION.S, -

0020 0 0 0 I) F 
OOu7o 0022 9641 ADS Ao,kER2 

00,4 ouoo F 
0001/ * LOAD Al liilTH SOU CONTENTS 
0 0 U 7 tl 002b &llC LDR A1,A7 
UOU79 0028 OSSO I.DK A5,80 ~U LTIPL£X DOUBLEWOROI LOAD 80 CHAR INTO 
oouso * LOCATlON /80 
OOURl 002A 0680 L.DK Ab 1 /BO 
ooue.: * CHECK IF DISK 
oo ua 5 002c 3FE7 SRC A'/, 7 
o o otl ,i 002[ 5600 f RF Co) NODISK NO 
0 0 Oil~ * flXt::O HEADS 1 
OOOllb 0030 3F C 1 SLC A7,1 
00007 00}, 5600 F lff ( 6) NOSl:.EK Yt.S 
UOOtlo 00.$4 0103 LOK Al,3 SEE~ ZERO 
OOutl9 Oll3o ~lCO CIO CIO Al,l, 0 CIO SEEK .ZERO 
00 010 NUSHK l;.QU * OOU91 00 .Hi S11E LD~ A!,,'15 
OOu9, 003A 3966 SRL A 1, 6 S!:.CTOR NUMBER 
000~5 005C 213C ANK Al,/3C 
00 094 0031:. 8520 LOI\L A5,180CO 1ST WORO Or MULTIP~l:X FOR DlSK DEVICE 

0040 80CD 
0009'j NUOISK EQU * 
V009b * EXECUTE ~ER,WHATEVER THE CHANN~L lS 
0009/ Wf.R1 EQIJ * 
00098 00/Jl 1so·o WER A5,0 
0009'i Wt,Rl E,(W * 
00100 00/JIJ 7601 l'iER Ao,1 
00101 0046 F031 EXR• A4 SST 
0010, OOIJ8 F02D EXR* A3 
0 0 l O .$ 004A 5C06 RB(4) ••ll 
0010~ 004C 871E LDR A7, ,41S 
00105 00/JE. '3F43 SLL A 7,5 
00100 0050 5600 I F RF(b) SST MUL TIPLl:.X · 
00107 I * 0 0 l O ti * IO BUS 
0 0 l 0'i I 

* 
00110 0052 8194 LOR A9,AS If A9.:AS IGNORE L.EAOIN'- CHAR, 
0 0 11 l %NR l::.GU • 
0 0 l 1 l 0054 ljfOO I NR A7,0,0 READ . ONE CHAR 
00 l l3 00':>b sco~ RB(4) ... z 
00114 00~8 E99'f CWR A9,~5 LEADING CHAR? 
0011c:, OOSA 5400 F Hf(4l 1NR10 NO 
00110 005C 27FF I ANK A7,/ff CHECK IF NULL 
0011 / 0051:. 580C 1 RBCO) INR YES, l!iNORE. 
0 0 l 18 * NO, CHE.CK IF ll*4 
00119 * 00120 lNR10 £QU * 
00121 00b0 879E LDR A15,A15 4•1l 
00 122 00b2 5600 F RF(bl STOkE NO 8 ♦ 6 
00125 0064 3F4'1 SLl. A7,4 YES, 4•4 
0 0 124 0Ubb 809C L.Orl Atl,A7 SAVE LE.FT BITS 
00125 0 068 F029 t.XR* A2 Rf.AO NEXT CHARACTf,R 
00120 OObA SC04 RB(4) ••2 
00l27 OObC 270F ANK A 7,/F GC:T 4 RlGliT MOST ans 
001,ll OOH 9702 AOH A7,A8 
00 129 SlORE f:.QU * 
()0 13 0 0070 f739 SCH /..7,A6, STORE CHAR 
0 0 l 31 OOU, 1601 ADI< Ab1l N:XT CHAR ACOR 
0013~ 00 "/lj 1001 SUK A~,1 COUNT DONE 1 
00 133 007b 5924 RB(1) INR NO 
00 !34 * Yf.S 
0 0 13':> * 
l' 0 l Sb 007!) 4160 HlO CIO A1,0,0 
00137 * 00 13d STATUS EQU " 001H 007A 4fCO S~T SST A7,0 
0014u 007C SC04 HB(4) ••2 
0011+1 007E OF81J AB /84 
0014, • 
0 0 l 4 .> * 
001 4~ * 0 0 ~ ij'j END ijOOT 
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Y OLOO 
Y l'lt,00 
Y YLOO 

3~01S 
28'3"4 

.LSS 

Y oqoo 
Y 21700 
, qroo 

CL-V 

•soq-H09•M~2 '3Wil 

•SWOOO•SOO•MOO•HOO 

00000 

OtHNI y 8{00 'il::PSON 
tM~M y YlOO 021INI 
or:, y 17~00 !iNt 

I I 'UYO 
szc;idt nR 

IJWil Cl3SdY13 ~O>!tf 
.-4031 

'MH3•ssv 
y 'HOO sn1Y1s 
'( ?1700 ~SIOON 
y RLOO OJH 
"I 0000 1009 
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Appendix G A_SCII code 

char. ASCII Intern char. set char. ASCII Intern char. set 
octal Hexa punch comb. octal Hexa punch comb. 

space 240 20 on punch D 304 44 12,4 
! 241 21 11 ,8,2 E 305 45 12,5 

242 22 8,7 F 306 46 12,6 
# 243 23 8,3 G 307 47 12,7 
$ 244 24 11 ,8,3 H 310 48 12,8 
% 245 25 0,8,4 I 311 49 12,9 
&. 246 26 12 J 312 4A 11 , 1 

247 27 8,5 K 313 48 11,2 
250 28 12,8,5 L 314 4C 11 ,3 
251 29 11 ,8,5 M 315 4D 11,4 

* 252 2A 11,8,4 N 316 4E 11 ,5 
+ 253 28 12,8,6 0 317 4F 11 ,6 

254 2C 0,8,3 p 320 50 11 ,7 
255 2D 11 Q 321 51 11 ,8 
256 2E 12,8,3 R 322 52 11,9 

I 257 2F 0, 1 s 323 53 0,2 
0 260 30 0 T 324 54 0,3 
1 261 31 1 u 325 55 0,4 
2 262 32 2 V 326 56 0,5 
3 263 33 3 w 327 57 0,6 
4 264 34 4 X 330 58 0,7 
5 265 35 5 y 331 59 0,8 
6 266 36 6 z 332 SA 0,9 
7 267 37 7 [ 333 58 
8 270 38 8 \ 334 SC 
9 271 39 9 I 335 5D 

272 3A 8,2 t 336 SE 
273 38 11 ,8,6 .... 337 SF 

< 274 3C 12,8,4 
275 3D 8,6 Bell 207 07 

> 276 3E 0,8,6 Linefeed 212 OA 
? 277 3F 0,8,7 Car.Ret. 215 OD 
@ 300 40 8,4 X on reader 221 11 
A 301 41 12, 1 X off reader 223 13 
B 302 42 12,2 Rubout 377 7F 
C 303 43 12,3 X on punch 222 12 

X off punch 224 14 
FF oc 
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Index 

A 

AB ....•..•.•...............•.. 1.48 

Abort • . ....................... 1.48,1.66,1.69,A-20 

Abort Code .................... 1.66 

Address Expression ............ 2.10 

Addressing .................•.. 2.13 

AORG ••••.•.••.•.•.••••••••...• 2.23 

Appendices .................... A-1 

Arithemic Instructions ........ 2.14 

AS ••••••••••••••••••••••• • •••• J.47,5.8 

ASCII Code .................... A-75 

Ass em b 1 er. . . . . . . . . . . . . . . . . . . . . 3 . l 

Assembly ...................... 3.1,2.1 

Assembly Directives ........... 2,17 

AORG 2.23 

COMN 2.20 

DATA 2.24 

EJECT 2. 2 7 

END 2. l 8 

ENTRY 2. l 9 

EQU 2. 25 

EXTRN 2.20 

FORM 2. 28 

GEN 2 . 3 I 

IDENT 2. I 8 

IFF 2. 22 

IFT 2. 22 

LIST 2. 27 

NLIST 2.27 

RES · 2. 26 

RORG 2.23 

STAB 2. 23 

XFORM 2. 31 

XIF 2. 22 

Assembly Errors ........... . ... 3.9 



Assembly Language ............. 2.1 

Assembly Listing .......... · .... 3.6 

Assign File Code .............. 1.47 

Assignment .................... 1.47,A-7 

AT ............................ 6. 7 

B 

Basic Labelling System ..•..... 1.24 

Basic Read .................... A-35 

Basic Write ................... A-37 

Blank Common .................. 2.20,4.8 

BlOck Data Cluster .... ·•• .. ··• A-60 

Bootstrap ..................... A-7.t,l.77 

Branch Instructions ........... 2.14 

Breakpoint .................... 6. 7 

C 

CASLOD ..............•......... A-27 

CASPRE ........................ 9.7 

Cassette Controls and Indica-
tors .......................... 1.73 

Cassette File Management Pack-
age ...................•....... J.23,1.41 

Cassette Full FORTRAN Compiler 7.1 

Cassette Full FORTRAN Transco-
der ........................... 8. l 

Cassette Premark .............. 9.7 

Gasset te Tape. . . . . . . . . . . . . . . . . 1 . 7 4 

Cassette Tape Drive ........... 1.73 

Cassette Types ................ 1.75 

CF ............................ 1.46,5.8 

C FM. . . . . . . . . . . . . . . . • . . . . . . . . . . I • 2 3 , I • 4 1 , l . 5 6 

CFM Units ..................... A-17 

Character Handling Instructi-
ans ........................... 2.14 



CI •••••••••••••••.•••••••••••• 

C 1 ear Fi 1 e Code ...•... , .....•. 

Clusters ............ . ........ . 

CM ••........•....••••.•...•... 

co •...•.... .................. 
Code Clusters . ............... . 

COMGEN •..•.•.••.•..••••••••• 11 . 

Comment Field ................ . 

Common Block ....•.....•....... 

Common Length Definition Clus-
t er . ......................... . 

Communication Vector Table ...• 

C OMN • .•..•.••••.•.••..•..•...• 

Compact Labelling System .•.... 

Condition Register ....•....... 

Constants .................... . 

Control Abort ................ . 

Control Commands ............. . 

Control Instructions ......... . 

Control Unit · Status Word •..... 

6 • I 1 

l • 4 6 
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A-62 

A-10 
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A-64 
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2.20 

I • 2 6 

2. 9 

2 . 1 l 

1 • 6 6 

I • 3 9 

2. 1 6 
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Co PY . ........................ . 5 . 8 , 5 . I 1 

CVT ....•....• .••.•••.•......•. I • 6 

D 

DATA ..........•.....•......... 2.24 

Data Switches ................. l.77,9.3 

DB ..........•................. 6.8 

Debug Command. i. •••••••••••••••• 6. 7 

Debug Errors .......•.......... 6.15 

Debugging Package ............. 6.1 

Delimiters ........ . ...•....... 2.3 

Delete. . . . . . . . • . . . . . . . . . . . . . . . 5. 9, 5. I 2, 5. l 3 

Device Addresses ...•.......... l .20 



Device Names ••.••...••..•••.•• A-67,1.20 

DF.. • . • • • • • • . • . • • • • • . • . • • • • • • • 5. 9 

Directives •..•.•.••..•••.••••. 2.17 

Dispatcher .•..•.•.•.•••••••••. 1.10 

DL ............................ 5.13 

DM. . . . . . . • . . . • . . • • • • . • • . • • . • . • 1 . 4 8 , 5 • 1 2 , 6 • 8 

DR •••••••••••••••••••••••••••• 6. 9 

Dump. . . • . • . . • . . . . . . • • . . . • • • • • • 9 • 5, 1 • 4 8 

Dump Memory ..•....••.•....••.• 1.48,6.8 

Dynamic Catalogue ••••••••.••.• 1 .37 

Dynamic Memory Allocation .••.• 1.17,1.62,1.64 

E 

EC ••••••••••••.•••••• • •••••••• 1.70 

ECB •...• ...•...••....•.••.•.•. 1.57 

ECMA S t anc'l.ards ....•.•.•••.••.• I. 23 

EC MA S t and a rd Ac c es s . . . • • . • • . . I . 2 I , 1 . 2 3 

EF ......••..•.•..•.....• • ..•.. 5.11 

EJECT ........•••...• • .....••.. 2.27 

EN .•..•.••.....•.••...••..•••• 5.14,5.15 

END. . . • . . . • . • . . . . . . . . • • . . • . • . . 2. 1 8 

End Clusters ••....••••...•.•.• A-65 

ENTRY ...........•........•.•.. 2.19 

Entry Point ....••..•........•. 2.19 

Entry Point Definition Cluster A-6J 

Entry Point Names Cluster •... A-61 

E0F ..........••..•..••....•... I.26,1.33, A-52 

:E0F ••.. . . • .....•...••...•••... 1_.70 

E0S .•...•.•...••......••••...• A-54 

:E0S ....•..••.•.•.•••.. • ..•..•. 1.70 

E O V • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 • 2 6 , J • 3 3 ,A - 5 4 

EQU ••••••••••••••••••••••••••• 2.25 

ER ..........•.......•.•....... 1.69,1.71 

Error Messages .••....••.....•. 1.69 

ETR . . .............•• • •........ 1.26,1;.33 

Event Control Block .••...•.... 1.57 



Exit .......................... 1.61,1.70 

Extended Labelling System •••.• I. 33 

External Reference .•..•..•••.• 2.20 

External Reference Name ClusterA-64 . 

EXTRN. . . . . . . . • . . • . . • • . . . . • . . • • 2. 20 

F 

Field number list •..••••.... . • 2.30 

File Codes •••.•.••.•••.••..•.. l _.20,A-67,1.47,A-7,A-17,A-18, 

A-56 
File Header Label ...••••.••••• 1.27,1.41 ,l.42,1.36,A-53,A-55, 

A-58 
File Identifier ............... 9.10 

File Structure ................ l. 24 

Format definition •.•••••••.••• 2.28 

FORM •...•••••..•••.•••..•.•••• 2. 28 

FORTRAN Compiler ••••••.•••••.• 7.1 

FORTRAN Transcoder .••••••.•••• 8.1 

G 

GEN ....•••••••.••.•.•••••..•.• 2.31 

Generation Cassette •••••..••.. A-4 

GENLKE .......•••••.••.••.••.•. A-23 

GENMON.. . . . . • . • . • . • • • • . . . . • • • • A-6 

Get Buffer ••...••••.•..•.•.••• 1. 62 

Get Type of Labelling •.•.•...• A-52 

GO .......•..•..••••••••••••.•. 6.12 

H 

Halt Dump ..••...••.•.•..••.•.. J.48 

Hardware Ic'iterrupt Lines ..•••• l. 9 

Hardware Interrupt Locations .. 1.6 

HD ........•..•...•...•.......• . 1.48 

HDR ....•................•..... 1.26,1.,33 



I 

IDENT ......................... 2.18,1.70 

IF ..................... · ....... 5.10,6.13 

IFF ........................... 2.22 

IFT ................ . ........•. 2.22 

IL ............................ 5.14 

IM .. . . . ....................... 5.13 

Inhibit Access for Labels ..... A-56 

Initial Program Loader ....•... 1.77,9.3 

Input/O u tput ..............•... 1.19,2.16,2.35,A-47,1.54 

Insert ...•.................... 5.10,5.13,5.14 

Instructions •.............•... 2.14 

Internal Modification Cluster. A-63 

Interrupt Levels .............. 1.9,A-6 

Interrupt Locations ........... 1.6,1.10 

Interrupt Routines .•.......... 1 .]5 

Interrupt System, .. . ........ . . 1.9,2 . 33 

I/0 ••.•••.•....... • ........... 1 . 19,2.16,?..35,A-47,1,54 

I IO Error. . . . . . . . . . . . . . . . . . . . . l . 7 l 

I/0 Instructions .............. 2.16 

I/0 Order ............. . ....... 1,55,A-47 

Basic Read 

Basic Write 

Write EOF 

Write EOS 

Write EOV 

A-52 

A-54 

A-54 Enable Access for labels 

Get Type of Labelling 

Inhibit Access for Labels 

Object Write 

A-47 

A-49 

A-55 

A-52 

A-56 

A-51 

A-56 

A-57 

A-57 

A-57 

A-55 

A-57 

A-58 

~-48 

A-50 

A-58 

Write File Header LabelA-53 

Return Info on File Code 

Rewind File 

Rewind to Load Point 

Search Back for Tape Mark 

Search File Header 

Search for first File 

Search next File Header 

Stand. Read 

Stand. Write 

Unlock 

Write Tape Mark A- 52 



I/O Processor ................ 2.35,A-16 

I/O Requests .•............... 1.19,1.54 

IPL .•.....................•.. 1.77,9.3 

IPLGEN ...........•........•.. 9.4,A-22 

L 

Labe 1 Field. . . . . . . . • . . . • . . . . . 2. 8 

Labelling System, .......•.... 1 .23,A-52 

Labe1s ...•..........•.•...•.. 3.1,A-55 

LD ...................•........ 1.48 

LF. . . . . . . . . . . . . . . . . . . . . . . . . . . 5. 1 6 

LH. . . . . . . . . . . . • . . . . • . . . . . . . . . 5 . l 6 

Linkage Editor •...........•.. 4.1 

Linkage Editor Generation ..•. 4.4,A-32 

Link-edit Operation .......... 4.5 

Link-Load Operation .......... 4.6 

LIST ......................... 2.27 

L KM. • • • • • • • • • • • • . • • • . • • • • • • • • 1 • 5 3 , A- 1 2 , A - 1 '3 

LM •....•..................... 5 .. 16 

Load a Program ............... 1.48,1.79 

Load Instructions ............ 2.14 

Load Module .................. 4.13 

Loaders. . . . . . . . . . . . . . . . . . . . . . 9. 3 

Loading Procedures .•...••.•.. I .76 

Location Counter ....•.••.•..• 2.4 

Logical Instructions ......... 2.14 

M 

Manual Device Control ........ 1 .49 

Map •• • ••• , ..••.•••••••••••••• 4.14 

MC. • • • • • • • • • • • • • • • • • • • • • • • • .. • J ! 4 Y 

Memory Organisation .......... I .5 

Monitor .....•................ 1.J 



Monitor Requests, •••••••••••• 1,53 

Control Abort I • 6 6 

Exit I • 6 I 

Get Buffer I • 6 2 

I/0 I • 5 4 

Pause I • 6 5 

Release Buffer I • 6 4 

Wait for a Event I • 6 0 

N 

NLIST ........................ 2.27 

NS .........•.•..•.••..•..•.•. 1.70 

0 

Object Code Record Types ••••• A-59 

Object Modules ............... 4.7,4.13 

Object Write ••••••••••••••••• A-51 

OCOM ..•.....•.•.•..•.•••.•.•• A-14 

Operand Field •••••••••••••••• 2.8 

Operation .................... 1,73 

Operation Field •••••••••••••• 2.8 

Operator Control Commands •••• 1,39 

AB I • 4 8 ST I • 5 I 

AS I • 4 7 WF I • 41 

CF I • 4 6 WH I. 42 

DM 1 • 4 8 WM 1 • 5 I 

HD 1 • 4 8 

LD I • 48 

MC 1 • 4 9 

PS 1 • 4 9 

RD I • 4 9 

RN I • 44 

RS 1 • 5 0 

RY 1 • 5 0 

SH I . 4 5 

OVL .... ...•.•..•••.•••.••••.• 1,70 
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Pause ........................ 1.49,1.65 

Peripheral I/0 •.............. A-47 

PF. . . . . . . . . . . . . . . . . . . . . . . . . . . 5. l 7 

PM. . . . . • • . . . • • • • • • . . . . . • • • . • • 5 • 1 7 

Power Failure ................ A-12 

Predefined Symbols .........•. 2.32 

Premark ...................... 9.7 

Principles of Operation ...... J.3 

Program Identification ....... 2.18 

Program Status word .......... 1.12 

Programmed Channel ........... A-16 

Programming. ................. 
p s ......... . . . . . . . . . . . . . . . . . . 
PSW ........ . 

1.13,2.33 

1. 49 

J. 12 

PU........ . . . . . . . . . . . . . . . . . . . 1. 71 

R 

RD . ....•.............•.... 

RE ....................... . 

Register ...... . 

Release Buffer. 

Release Device ....•.......... 

RES .•...••..•••.•••.• , , •• • • • · 

Restart ·.Program ............. . 

Retry I/0 Operation ......... . 

I. 49 

6. 1 3 

2 • 1 1 

I. 64 

I. 49 

2. 26 

1. 50 

1 • 5 0 

Return Info on File Code .•... A-56 

Rewind File .................. A-57 

Rewind to Load Point ......... A-57 

RN ••••••••••••••••••••••••••• 1.44 

RORG ......................... 2.23 

RS •••.•• I. 

RT •••••••• 

Run Program ..... . 

1. 50 

6. I 2 

I. 44 

RX. • • • • • • • • • • • • • • • • • • • • • • • • • • 6 • 1 3 

RY ••••••••••••••••••••••••••• 1.50 
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SA. . . . . . . . . . . • . . . . . . . . . . . . . . . 5. 1 1 

Scheduled Labels .•.•...•...•. I .13,A-21 

Search Back for Tap-e Mark .... A-57 

Search File Header ....•. , .... A-55 

Search for First File .••.... , A-57 

Search Header ........•..•...• 1. 45 

Search next File Header ..•... A-58 

SF ........................ .... 5.9 

SH ........•...........•...•.. 1.45 

Shift Instructions ...••...••. 2.16 

Simulated Instructions .•.•.•. A-20 

Simulation Routine ..•••..••.• 2,36,I.6,A-21 

SM .................•......••. 5.12 

Software Level Programs •.••.• 

Software Priority Levels .••.• 

Source Statements .••...••..•• 

ST . ......................... . 

s TAB . ........•.....•.. I •••••• 

Stack ....................... . 

Stack Overflow Area .........• 

Standard Read .•...........••• 

I • I 3 

1 • 1 0 

2. 7 

I • 5 I 

2. 23 

1. I I , 2. 3 3, 2. 34, I . 7 

I • 7 

A-48 

Standard Write .. , .. , ...•••... A-SO 

Start a Program .............. 1. 5 I 

Start-of-Track Label ......•.. I .36 

S t a t u s . . . • . . • • , , • . . • • • . • • , • • • A - 6 .9, .I • 5 8 

Status Word .................. A-69,1.58 

Store Instructions ........•.. 2. 14 

STR ....•.•..•.......•.••..•.. 1.33 

Symbol ....•••••..........•..• 2.4,2.32 

Symbol Table ................. 2.23,3,7 

Syntax Notation •..••..•••.•.. I .39 

Sysgen .....•.........•...•..• A-3 

System Cassette ••........••.. I. 75 

System Generation .••......•.. A-3 

System Messages .............. I. 69 

System Stack •........•.•.•••. 2.33 
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Tacket •••••••••••••••••.•••• 1.59 

Tape Mark •.••••••••••••••••• 1.24,A-52 

TR .••.•••••...••••.•.••••••• 6.13 

Trace ....................... 6.13 

Transcoder •.•••••••••••••••• 8.1 

Trap Action ••••••••••••••••• 2.36,1.6 
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Unlock., ................. , .. A-58 

Update Commands ••••.•••••.•• 5.7 

AS 5.8 

CF 5.8 

CM 5. 1 1 

DF 5.9 

DL 5.13 

DM 5. 1 2 

EF 5.11 

EN 5 • 1 4 , 5 • 1 5 

IF 5. l 0 

IL 5,14 

IM. 5. I 3 

LH 5. 1 6 

LF 5.16 

LM 5.16 

PF 5.17 

PM 5.17 

SA 5. 1 1 

SM 5.12 

WH 5.10 

Update Package •••••••••••••• 5.1 

User Cassette ••••••••••••••• 1.76 

User Stack •••••.•••••••••••• 2.34 

Utility Commands ••••.••••.•• 5.16 

Utility Programs ••••••••••.• 9.1 
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VOL .... 

Volume 

Volume 

Identifier. 

Header· Label 

w 

Wait for an Event. 

WF, 

WH. 

WM •. 

Working Cassette. 

WR •••••• ,. 

Write EOF .• 

Write EOS .. 

Write EOV .. 

Write First Header .. 
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Write 

Write 

Header ...... . 

X 

into 

Tape 

X IF .... 

XFORM .. 

Memory .. 

Mark .... 
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