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PREF,~CE 

This publication is a reference manual for the programmer using the HP 2116A Basic 
Control System. It includes the necessary programming and operating information for 
making use of the System. 

The reader is assumed to be familiar with the HP 2116A Computer and the Hewlett­
Packard standard software systems. Completion of the Hewlett-Packard programming 
training courses or equivalent experience in programming is a prerequisite to the use 
of this manual. 

Other computer publications provided by Hewlett-Packard include: 

ALGOL Programmer's Reference Manual 

Assembler /BCS Programmer's Training Manual 

Assembler Programmer's Reference Manual 

FORTRAN Programmer's Reference Manual 

Program Library Routines Manual 

Specifications and Basic Operation Manual 

Standard Software Systems General Information Manual 

Standard Software Systems Operating Manual 

Symbolic Editor Programmer's Reference Manual 
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INTRODUCTION 

The Basic Control System (BCS) provides an efficient loading and input/output control 
capability for reloctable programs produced by the HP Assembler, HP FORTRAN, or 
HP ALGOL. The system is modular in design and maybe constructed to fit each user's 
hardware configuration. 

The Basic Control System performs the following functions: 

Loads and links reloct~ble programs 

Creates indirect and base page addressing when necessary 

Selects and loads referenced library routines 

Processes 1/0 requests and services 1/0 interrupts 

Routines associated with the Basic Control System, though not physically part of it, 
include 

Prepare Control System - establishes BCS configuration 

Debugging System - loaded with user program to aid in program testing. 

The minimum equipment configuration required for the Basic Control System (and Pre­
pare Control System) is as follows: 

2116A or 2115A Computer with 4K memory 

27 52 Teleprinter 
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1o1 
INPUT/OUTPUT 
IUIROUTINES 

GENERAL DESCRIPTION 1 

The Basic Control System is comprised of two distinct parts; 
associated with the Basic Control System are two other sys­
tems. They are as follows: 

Input/output subroutines 

Relocating Loader 

Prepare Control System 

Debugging System 

The Relocating Loader loads and links relocatable object pro­
grams generated by the Assembler, FORTRAN, and ALGOL. It 
also links the object programs with the input/output subroutines 
and any library subroutines referred to in the programs. The 
Prepare Control System is used to adapt the Basic Control Sys­
tem program to a particular hardware configuration. The De­
bugging System is a relocatable program that BCS loads after 
the object program(s); with the debugging program the program­
mer can find errors in his program. 

The input/output package consists of an Input/Output Control 
subroutine and driver subroutines for the peripheral devices. 
Input/output operations are specified as symbolic calling se­
quences in Assembler language. These requests are translated 
into object code calls to the 1/0 Control subroutine. The sub­
routine interprets the call and directs the request to the proper 
driver. The driver initiates the operation and returns control 
to the calling program. Whenever interrupt occurs, the driver 
temporarily resumes control to transfer the next element of 
data. When the operation is completed, the 1/0 Control sub­
routine makes the status of the operation available for checking 
by the program. 

The input/output package allows device independent program­
ming; a device is specified in terms of a unit-reference number 
rather than a channel number or select code. Furthermore, the 
user need not be concerned about how data is transmitted (by 
bit, by character, etc. ) , he need only specify the number of 
words or characters and the location in memory where the data 
is stored. 
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1.2 
RELOCATING 

LOADER 

1.3 
PREPARE 
CONTROL 
SYSTEM 

1-2 

The Relocating Loader loads object code programs produced by 
the Assembler, FORTRAN and ALGOL. The linking capability 
of the Loader allows the user to divide a program into several 
subprograms, to assemble and test each separabely, and finally 
to execute all as one program. Object subprograms produced 
by the Assembler may be combined with object subprograms 
produced by FORTRAN and ALGOL. The subprograms are 
linked through symbolic entry points and external references. 

The loader also provides indirect addressing whenever an 
operand of an instruction does not fall in the same page as that 
into which the instruction is being loaded. This allows a pro­
gram to be designed without concern for page boundarys. 

An optional feature of the Loader allows the user to obtain an 
absolute version of a relocatable program which may include 
library subroutines and segments of the Basic Control System 
that were referenced by the program. The process of generat­
ing the absolute program is such that instructions (not just 
common storage) may be allocated to the area normally occu­
pied by the Loader. This feature may also be utilized for a 
program which has reached "production" status; absolute for­
mat requires less loading time because an absolute program is 
loaded by the Basic Binary Loader. 

Prepare Control System is a special purpose program which 
produces an absolute version of the Basic Control System from 
relocatable BCS subprograms. During the construction of the 
absolute BCS, the user also establishes the relationships among 
1/0 channel numbers, drivers, interrupt entry points in the 
drivers, and unit-reference numbers. Prepare Control Sys­
tem is used when the configuration of the hardware is defined 
initially or whenever there is a modification or expansion to 
the configuration. 



1 .. 4 
DEBUGGING 
SYSTEM The debugging routine provides aids in program testing. Options 

provided by the routine will print selected areas of memory, 
trace portions of the program during execution, modify the con­
tents of selected areas in memory, modify simulated computer 
registers, halt execution of the program at specified break­
points, and initiate execution at any point in the program. 
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2.1 GENERAL 

INPUT/OUTPIUT REQUESTS 2 

The Basic Control System provides the facility to request in­
put/ output operations in the form of five-word calling sequences 
in assembly language. The Basic Control System interprets 
the call, initiates the operation, and returns control to the 
calling program. When the data transfer is complete, the Sys­
tem provides status information which may be checked by the 
program. Interrupts which occur during or on termination of 
the transfer are processed entirely by the System; interrupt 
handling subroutines are not required in the user's program. 

CALLING SEQUENCE The general form o:f the input/ output request is: 

2.1.1 
.IOC. 

JSB .IOC. 

OCT <:function> < subfunction > <unit-reference> 

{ JSB} 
JMP reject address 

DEF buffer address 

{DEC} 
OCT buff er length 

<normal return> 

EXT • ][QC~ 

. IOC., is the symbolic entry point name of the input/output con­
trol subroutine within the Basic Control System. All input/ 
output operations are requested by performing a JSB to this 
entry point. The input/output control subroutine returns con­
trol to the calling program at the first location following the 
last word of the calling sequence. Programs referring to 
. IOC . must declare it as an external symbol. 
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2. 1. 2 
FUNCTION, 
SUBFUNCTION, 
AND UNIT­
REFERENCE 

Function 

Subfunction 

2-2 

The second word of the request determines the function to be 
performed and the unit of equipment for which the action is to 
be taken. In assembly language, this information may be sup­
plied in the form of an octal constant. The bit combinations 
that comprise the constant are as follows: 

15 12 11 9 8 7 6 5 

I function ~ P I v I m I 
subfunction 

0 

unit - referen~ 

The function (bits 15-12) is the basic input/output operation; it 
may be either of the following: 

Function Name 

Read 

Write 

Code (octal) 

01 

02 

The subfunction (bits 11-6) defines the options for certain in­
put/ output operations: 

p = 1 Print input: The ASCII data read from the 2752A 
Teleprinter is to be printed as it is received. 

v = 1 Variable length binary input: The value in bits 
15-8 of the first word on an input paper tape in­
dicates the length of the record (including the 
first word). If the value exceeds the length of 
the buffer, only the number of words specified 
as the buffer length are read. If v =: 0, the buf­
fer length field always determines the length of 
record to be transmitted. If the device does not 
read paper tape, the parameter is ignored. 



Unit-Reference 

m = 1 Mode: The data is transmitted in binary form ex­
actly as it appears in memory or on the 
external device. If m = O, the data is 
transmitted in ASCII or BCD format. 

The value specified. for the unit-reference field indicates the 
unit of equipment on which the operation is to be performed. 
The number may represent a standard unit assignment or an 
installation unit assignment. Standard unit numbers are as 
follows: 

Number Name Usual Equipment Type 

1 Keyboard Input Teleprinter 

2 Tele:printer Output Teleprinter 

3 Program Library Punched Tape Reader 

4 Punch Output Tape Punch 

5 Input: Punched Tape Reader 

6 List Output Teleprinter 

Installation unit numbers may be in the range 7s-74s with the 
largest value being determined by the number of units of equip­
ment available at the installation. The particular physical unit 
that is referenced depends on the manner in which equipment 
is defined within the Basic Control System by the installation. 
When the Basic Control System configuration is established, an 
equipment table (EqT) is created. This table defines the type 
of equipment (Teleprinter, magnetic tape, etc.), the channel 
on which each unit is connected, and other related details. The 
ordinal of the unit's entry in this table is the value specified as 
a unit-reference number for an installation unit. Since num­
bers 1-6 are reserved as standard unit numbers, the first unit 
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:2.1.3 
REJECT POINT 

2-4 

described in the table is referred to by the number 7a; the sec­
ond, 108 ; the third, lla; and so forth. The entries for one 
possible equipment table might establish the following relation­
ships: 

Installation unit number 
(ordinal) 

7 

10 

11 

Device 

Teleprinter 

Punched Tape 
Reader 

Tape Punch 

I/O Channel 

12 or 12 and 13 

10 

11 

The standard unit numbers are associated with physical equip­
ment via a standard equipment table (SQT) and E~!T. The SQT 
is a list of references to the EQT. SQT is also created by the 
installation when the BCS configuration is established. Each 
standard unit may be a separate device, or a single device may 
be accessed by several standard unit numbers as well as an 
installation unit number. (For complete details on the SQT and 
EQT, see Appendix B. ) 

The Basic Control System transfers control to the third word 
of the calling sequence if the input/ output operation can not be 
performed. On transfer, the System provides status informa­
tion which may be checked by the user's program. 

15 14 13 8 7 1 0 

A-Register = I a I equipment type I status ~ 

8-Register = Id G 

The contents of the A-Register indicate the physical status of 
the equipment (see Status Request). The contents of the B­
Register indicate the cause of the reject (bits 14-1 are zeros): 



2.,1.4 BUFFER 
STORAGE AREA 

2,.2 CALLING 
SIEQUENCE: PAPER 
TilPE SYSTEM 

d = 1 The device or driver subroutine is busy and 
therefore unavailable, or, for Kennedy 1406 
Tape unit, a broken tape condition encoun­
tered.. 

c = 1 A Direct Memory Access channel is not avail­
able to operate the device. 

d -· c = 0 The function or subfunction selected is not 
legal for the device. 

The content of the third word of the calling sequence is nor­
mally a JSB or a JMP to a reject address which is the start of 
a user subroutine designed to determine the cause of a reject 
and take appropriate action. 

The buffer address is the location of the first word of data to 
be written on an output device or the first word of a block re­
served for storage of data read from an input device. The 
length of the buffer ariea may be specified in terms of words or 
characters. If the length is given as words, the value in the 
buffer length field must be a positive integer; if given as char­
acters, a negative integer. 

In addition to describing the buffer area in the calling sequence, 
the area must also be specifically defined in the assembly lan­
guage program, usually with a BSS or COM pseudo instruction. 

JSB 

OCT 

{ ~~1i.} 
DEF 

{ DEC} 
OCT 

. IOC. 

<function> < subfunction> <unit-reference> 

reject address 

buff er address 

buffer length 

<normal return> 

EXT . IOC. 
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Record Formats 

2-6 

Allowable combinations of function and subfunction codes are 
as follows: 

Operation 

Read ASCII record 

Read ASCII record 
and print 

Read binary record 

Read variable length 
binary record 

Write ASCII or BCD 
record 

Write binary record 

Octal value of 
Bits 15-6 

0100 

01.04 

0101 

0103 

0200 

0201 

An illegal combination of codes is rejected. 

ASCII Records (Paper Tape) 

An ASCII record is a group of characters terminated bHn end­
of-record marHhich consists of a carriage return, ~ , and 
a line feed, ~ . 

For an input operation, the length of the record transmitted to 
the buffer is the number of characters or words designated in 
the request, or less if an end-of-record mark is encountered 
beforHhe char~er or word count is exhausted. The codes 
for ~ and ~ are not transmitted to the buffer. An end­
of-record mark preceding the first data character is ignored. 

For an output operation, the length of the record is determined 
by the number of characters or words designated in the request. 
An end-of-record mark is supplied at the endl of each output 
record by the input/ output system. 



If the last character of an output record is - , however, the 
end-of-statement mark is omitted. This allows control of 
Teleprinter line spacing. The user may write a message (the 
- is not printed) and expect the reply to be typ~ on~ same 
line. The reply must be terminated with the ~ ~ . 

If a @B OUT) code followed by a @ 0 is encounter­
ed on mput from the Teleprinter or Punched ¥ape Reader, the 
current record is ignored (deleted) and the next record trans­
mitted.t 

. If less than ten feed frames (all zeros) are encountered before 
the first data character from a paper tape input device, they 
are ignored. Ten feed frames are interpreted as an end-of­
tape condition (see STATUS REQUEST). 

Binary Records 

A binary record is transmitted exactly as it appears in memory 
or an 8-level paper tape. The record length is specified by 
the number of charac1ters or words designated in the request. 
The first character of a binary record must be non-zero. On 
input operations, less than ten feed frames preceding the first 
data character are ignored. Ten feed frames are interpreted 
as an end-of-tape condition (see STATUS REQUEST). On out­
put, the system writes four feed frames to serve as a physical 
record separator. 

Binary input records may be variable in length. The first word 
of the record contains a number in bits 15-8 specifying the 
length of the record (including the first word). The entire 
record including the word count is transmitted to the buffer. 
If the actual length exce1~ds the size of the buffer, only the num­
ber of words equivalent to the buffer length is transmitted. 

t (Rua OUT) which appears on the Qele)inter keyboard is 
synonymous with the ASCII symbol DEL . 
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2.2.2 
BUFFER 
LENGTH 

2-8 

Character or word transmission maybe specified for any paper 
tape device. The buffer length for data that may be printed on 
the teleprinter should be no more than 72 characters (36 words). 

Examples: 

o,.ronct 
II 40 45 

I 
I +-+-- -.__._.__._._._.__,_+-t-t--+-- -··-t--·t--+-+-t--t--r·-:-t-

f-+---1-+-+++-++-+--+-+-+4-HH-f-+--+--+--+-+-+-+++-+-+--+~-+--t~f-+--t-+ 

I 
I 

-- t-t- -··+--t-t-+--11-t--r I 
f-+---1--i-.+-+-++++++·+-+-+-f-H--+-f-+--t--+-+-+-++++--1-+-+-+--+;-H-+-1-t-1-H-+--1-r+-t-+-i-+-+~-~ 

I 

t The leading 0 of the second word of the calling sequence need 
not be written in the source language since it is supplied in 
the object code as a result of using the OCT pseudo instruc­
tion. 



2.3 CALLING 
SEQUENCE: KENNEDY 
INCREMENTAL 
TRANSPORT JSB . IOC. 

Record Formats 

{

OCT} 
JSB 
JMP 

<function>< subfunction> <unit-reference> 

reject address 

{ ~=~1 OCT 

buffer address 

buffer length 

EXT . IOC. 

Function and Subfunc ti on 

Allowable function codes for the 1406 Kennedy Incremental Tape 
Transport are as follows: 

WRITE (ASCII Mode only) 

WRITE End-of-file 

CLEAR 

0200 

0301 

0000 

Binary Coded Decimal Records (Magnetic Tape) 

A BCD record is a group of BCD characters terminated (on 
magnetic tape) by a record gap. A request to write a BCD rec­
ord results in the translation of each 7 -level ASCII character 
in the buffer area into a 6-level BCD character on magnetic 
tape. The translation process does not alter the original con­
tents of the buffer. 

The length of the record is determined by the number of char­
acters or words designated in the request. A record gap is sup­
plied at the end of each record by the input/output system. 

If the last character in the buffer area is - , however, the 
record gap is omitted. The - is not written on tape. 

A WRITE request specifying a buffer length of zero causes a 
record gap only to be written. 
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15 

2.4 CALLING 
SEQUENCE: 
MAGNETIC TAPE 
SYSTEM 

2.4.1 

I I 

2020A Magnetic 
Tape Unit 

2-10 

8 7 0 

I I 
2nd ASCII character 1st ASCII character 

+ 
TRANSLATION: from 7-level ASCII to 6-level BCD 

l 
1st Tape character x x x x x x 
2nd Tape character x x x x x x 

JSB . IOC. 

OCT <function>< subfunction> <unit-reference> 

{ JSB } reject address JMP 

DEF buffer address 

{ DEC } buffer length OCT 

EXT . IOC. 

All allowable combinations of function and subfunction codes 
are as follows: 

Operation 

Read BCD record and convert to ASCII 

Read binary record 

Write BCD record after converting from 
ASCII 

Write binary record 

Octal value of 
Bit 15-6 

0100 

0101 

0200 

0201 



RECORD FORMATS 

BINARY RECORDS 
(MAGNETIC TAPE) 

15 14 

I I 

BINARY CODED 
DECIMAL RECORDS 

A binary record on magnetic tape is a group of 6-level tape 
"characters" recorded in odd parity and terminated by a rec­
ord gap. t The record length is determined by the number of 
characters or words in the buffer as designated in the request. 

Each computer word is translated into three tape "characters" 
(and vice versa) as follows: · 

10 9 

1st tape character 
2nd tape character 
3rd tape character 

54 0 

For output operations, the minimum buffer length is 3 com­
puter words. 

A BCD record on magnetic tape is a group of BCD characters 
recorded in even parity and terminated by a record gap. (See 
Appendix A for BCD character set. ) A request to write a BCD 
record results in the translation of each 7 -level ASCII charac­
ter in the buffer area into a 6-level BCD character on magnetic 
tape. A request to read a BCD record results in the transla­
tion of each BCD character into an ASCII character after the 
block has been read. 

The length of the record may not be more than 120 characters. 
A record gap is supplied at the end of each record. 

t Odd parity: a seventh bit is recorded on tape if the total of 
the bits in the six levels is an even number. 

Even parity: a si:~venth bit is recorded on tape if the total of 
the bits in the six levels is an odd number. 
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2.4.2 
3030 MAGNETIC 
TAPE UNIT 

FUNCTION AND 
SUBFUNCTION 

Buffer Length 

2.5 
MAGNETIC TAPE 

A WRITE request for the HP 2020A Magnetic Tape Unit must 
have a minimum buffer length of seven ASCII characters (four 
words). If less than seven characters are specified, spaces 
will be added to fill the seven characters. 

All allowable combinations of function and subfunction codes 
are as follows: 

READ 

WRITE 

WRITE FILE 
MARK 

SPACE 

REWIND 

0101 

0201 

0301 

0302 

0303 

0304 

0305 

Binary only 

Binary only 

Backspace one r~ecord 

Forward space one record 

Rewind to load point - Ready 

Rewind to load point - Standby 

Character transmission is not applicable since the transmis­
sion is via a DMA channel. The minimum data block is twelve 
tape characters. Output blocks with a block length less than 
twelve characters are padded with zeroes. 

CONTROL REQUESTS A request directed to .IOC. may also control the positioning of 
a reel on a magnetic tape device. The calling sequence is sim­
ilar to the input/output request, but consists of only three words: 

EXT . IOC. 

JSB . IOC. 

OCT <function> <subfunction> <unit-reference> 

{ ~~P} reject address 

<normal return> 
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2.6 
CLEAR REQUEST 

The second word of the request has the following composition: 

15 12 11 9 e 6 5 0 

I function ~~ subfunction I unit - reference 

The function defines the calling sequence as a tape positioning 
request: 

Function Narne 

Position Tape 

Code (octal) 

03 

The subfunction defin~~s the type of positioning: 

Subfunction (octal) 

0 
1 
2 
3 
4 
5 

Operation 

Dynamic tape status 
Write End-of-File 
Backspace one record 
Forward space one record 
Rewind 
Rewind and Standby 

As soon as tape movement operations (Rewind, and Standby) 
are initiated, the device is considered to be available; the "a" 
field of a status reply (0400 code) is set to 00. The input/output 
driver is thus free to process requests for other devices. To 
obtain the actual status of the device when one of these com­
mands has been issued, the Dynamic tape status request is 
used. If the tape movement operation is still in progress the 
"a" field is set to 10. 

The clear request terminates a previously issued input or out­
put operation before all data is transmitted. It has the follow­
ing form: 

EXT 

JSB 

OCT 

.JOC. 

.JOC. 

<jfunction> <unit-reference> 

<normal return> 
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2-14 

Lab.I 

The second word consists of the following: 

15 12 11 6 5 0 

function ~ unit-referen~ 

The function has the following value: 

Function Name 

Clear 

Code (octal) 

00 

The only other parameter required is the unit-reference num­
ber. If the unit-reference number is specified as 00 (i.e. , the 
second word of the calling sequence is OCT O), all previous in­
put and output operations are terminated. This request, the 
system clear request, makes all devices available for the ini­
tiation of a new operation. On return from a system clear re­
quest, the contents of the A- and B-Registers are meaningless. 

Example: 

Opuation Opirond Commenh 

~--'-~~-~'o~~~'s~~~~~'~o~~~''~-.-~~3·0~~~~35~~~·0~~.,-,-~"-.-r--r-r-r'~o-.--.~ 

~R~E~A~DM-l-+J-+S+B-+.+r+o+c+.+++++-+-R+-E+-A+-D+-+~-+-N+-D+-+-P~~~I~N-~T+--+-A~Mr-HEf-+-SS~~~G~E+--1--~~F~P~N~Ef--+-'1 
t-+--+-+-< ·---1--1-=IO+::K;+=T.i....--i.:-I +-=-0+-=-4+.=lo·+-=-, -1--+-l-l--~Ll=rl--N~Ef--+F-<HRl-IOIM--+--ll-IT-+H-+E -4-4T-+E -+L E-+P-+IR-+I-+. N-+T-+E-+R-+-+. -+~-+H-f-E-+IN-+-+-: 
i--+-+- -+· -+--1-J-c+N-+-P-+-+R-+E-+J-+-+-+-+-+-+-+--1-C--+O-+N-+-+T--1Rl6--+-L, __ -tR E TU R N S AF TE f;I I N IT I AT I NG: 

DEF NSG THE REQUEST, THE JSf8 jijIGHT I 
D E c 3 6 +-+-+-+-+-+-+-!r+-R+-A+-N+-S+-F+-E+-R+-+-T~fot-'-\-At-+-S-1-Ul-Bf-:::-Rlt-=-'O~f-t:::UT~ =lr -+N =+E --1~-+H--t=+I c-=+H--+--t--t---': 

,___.__...--+-+·-~J.._.SB_~ ITI~ER CPULD CHECK THE TIIN(E /ALLOWED : 
FOR A MESSAGE TIO BE CIQMPLETED. : 

~:LR RIC J s s - . ~+o-+-c+-.+-+--+-+-+-+-I-l-F-l--l-T-1-H-+-E M E s sJA G E 1 s Nie T F u R N r s HiE 10 : 
IOIC T I MI TH I N IA s p E c I F I c TI ~~ E L I~ I T , T HE: 

REQUEST IS CLE]ARED BY THE SECONDI 
REQUEST TO .I~C. : 



_2.7 
:STATUS REQUEST A request may be directed to .IOC. to determine the status of 

a previous input/output request or to determine the physical 
status of one or all units of equipment. The request has the 
following form: 

JSB . IOC. 

OCT <function> <unit-reference> 

<normal return> 

The second word of the request has the following form: 

15 12 11 6 5 0 

I function ~~ unit - reference 

The function has the following value: 

Function Name Code (octal) 

Status 04 

The calling sequence requires no other parameters. A reject 
location is not necessary since the status information is always 
available. If the unit-reference number is specified as 00 (i.e., 
the second word on the calling sequence is OCT 40000), the 
request is interpreted as a system request. 

If information is requested for a single unit, the Basic Control 
System returns to the location immediately following the re­
quest with the status information in the A and B registers: 

15 14 13 8 7 0 

A-Register = [a I equipment type status 

8-Register = ~ ... I _____ tr_a_ns_m_iss_lo_n_lo_g ____ --J 
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a 

0 

1 

2 

equipment type 

status 

2-16 

Availability of device: 

The device is available; the previous op­
eration is complete. 

The device is available; thE~ previous op­
eration is complete but a transmission 
error has been detected. 

The device is not available for another 
request; the operation is in progress. 

This field contains a 6-bit code that iden­
tifies the device referenced: 

00-07 - Paper Tape devices 
00 2752A Teleprinter 
01 2737A Punched Tape Reader 
02 27 53A Tape Punch 

10-17 - Unit Record devices 

20- 3 7 - Magnetic Tape and Mass Storage 
devices 
20 Kennedy 1406 Incremental 

Tape Transport 
21 HP 2020AMagnetic Tape Unit 
22 HP 3030A Magnetic Tape Unit 

40-77 - Instrumentation devices 
40 Data Source Interface 
41 DVM Programmer 
42 Scanner Programmer 
43 Time Base Generator 

The status field indicates the actual status 
of the device when the data transmission 
is complete. The contents depend on the 
type of device referenced: 



Teleprinter r e ad e r or Punched Tape 
Reader: 

Bits 7-0 Condition 

xxlxxxxx End-of-Tape (10 Feed Frames) 

Tape Punch: 

Bits 7-0 Condition 

xxlxxxxx Tape supply low 

Kennedy 1406 Incremental Tape Transport: 

Bits 7 -0 Condition 

xxlxxxxx End-of-Tape mark sensed 
xxxxlxxx Broken tape; no tape on write 

head 
xxxxxxxl Device busy 

HP 2020A and 3030A Magnetic Tape Units: 

Bits 7 -0 Condition 

lxxxxxxx end-of-file record (17 8) 

encountered while reading, for­
ward spacing, or b a c; kw a rd 
spacing. 

xlxxxxxx start-of-tape marker sensed 
xxlxxxxx end-of-tape marker sensed 
xxxlxxxx timing error on read/write 
xxxxlxxx I/O request rejected: 

a. tape motion required but 
controller busy 

b. backward tape motion re­
quired but tape at load point 

c. write request given but reel 
does not have write enable 
ring. 

xxxxxlxx Reel does not have write enable 
ring or tape unit is rewinding. 

xxxxxxlx Parity error on read/write 
xxxxxxxl Tape in motion 
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2.8 CALLING 
SEQUENCE: 
INSTRUMENTS 

2.8.1 
DATA SOURCE 
INTERFACE 

2-18 

m This bit defines the mode of the data 
transmission: 

0 ASCII or BCD 

1 Binary 

transmission log This field is a log of the number of char­
acters or words transmitted. The value 
is given as a positive integer and indi­
cates characters or words as specified in 
calling sequence. The value is stored in 
this field only when the request is com­
pleted, therefore, when all data is trans­
mitted or when a transmissl.on error .is 
detected. 

If a system status request is made, the information in the A and 
B registers is as follows: 

15 14 0 
A-Register = I b I !ZZZZZZZZZZZZZZZZZ!ZlZJ 
8-Regi ster = fl ~ 

b 
0 
1 

System Status 
No device is busy 
At least one device is busy 

A binary output operation causes the removal of "hold-off. " The 
calling influence is as below: 

JSB 

OCT 

v~p} 
OCT 

OCT 

. IOC. 

<function>< subfunction> <unit-reference> 

reject address 

0 dummy buffer 

0 buffer length 



Example: 

Label Operation 
1 s 10 

Operand 

15 

t-+--+-+-+-+-+-J-+S:+B=+-._· +-I+O:+C-=+-~+-+· -+--hT+--+-+-+-~-i-+·--+,-.+---+- r-i _ -1- 1-- __ --1-. 1---t--1 

t-+--+-+-+-+-+-0-+C--+T-+-._2+-0-1-1-+1-+-5~-I--+· -+--t--+fll H 0 L D 0 F F II 0 N c H~ t-! Nt~-~~ 
J IMP RE J AD 
OCT ~ DUMMY BUFFER 

t--+--+--+--+-t--+-1 Q ... _C-+-T--+--<WJl-'-+-+-+--+--<t--+-· ·-- _ -1---r-; t---t---r-; ·-- 1---t--

t--t--

1--+-i 

I 
I 

t--t--t----+-
1 
I 

t--- - -+ 
I 
I 

t-- t-
i 

-t-+ t 
I 
I 

t---" -t-+. 
I 
I 

t-+--+--+--+-1>-+--+-+--+-+-+->--+--->--+---+--1-~-t---+->--+--+--+-+--+--+--+-+-+--+--+--+-~-+~+-<>-+-+--+--+---t~+---+--i---i~--+-+--+-+-
I 
I 

t---11---1- t-

i 
t--+--+-+--+--f--+--i-+--1--+--+---1-+--+-+---+-+ -+-+--+-t--+---l--+--t--1---t-+-+--f-t--+--+-t--+--+--~- --+-+--+-·- +---+--+--+ -+--+-+ -- -+- t--

1 
I 

t--+--+-+--+-<-+--•--+--+-+-+--<>-+--+-+---+-+·--t -+---+-•--+--+--+--t-+--+--1---+--t--+--+-~-+-+-t--t--+--+-+-+--+--+-+-+--+-+- t--+--t-· t·-
1 

t--+--+-+--+--f--t--i-+--t-+-+-i-+--+--+--+--t·--t· --t--t- -- +-+---+-+-<--+--t---+-·I --, - t---+- -- --t- -- +-+-+-+- -+---+---+---+--+--+ t---+--i-t 
I 

1-+--1--+-+-t--t--l-+-+-t-+--+--+-+--t-+--+-+-+-ll---l--+--t-·-+-+-+-l---t-+--+-+--t--+-- !--- . t- ·- I ·-+-+- - t--t---+--- !--+- - - t- t·-

buff er address 

A binary input operation must have a 2-word buffer. Thirty-two 
bits (8 BCD characters) are read directly into the 2-word buffer . 

JSB 

OCT 

{~~B} 
DEF 

DEC 

BSS 

• IOC. 

<function>< subfunction><unit-reference> 

reject address 

buffer address 

-32 

2 
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Example: 

Lobel Operation Operand 

15 25 

t--+-+-+--+-+--+-J ........ S ........ B---t-+-+. -+I __.O ,__C ,__· ~+--+-..,__._-+-+--+-+-.--t--+--1--+-+-+-·+-+-+-+--+---+---+-·-t---+--+-+·- t-·-1- ·-··· __ t- . _ 1-- i.-
0 CT 10115 INPUT ON CHANNEL 15 I 

1-+-+-+--+-t---+--+--+-+t---t-+-+-+-+--+--+-+--+-+--lf--+-+-+-+--+-+--+--+-+--+-+- t--++--i - -t--1 - . -- t-·- ··- t-+·- -- t- . -1-

J~P REJAD I 
l-+--+-+--1--1--+--l--l-+-l--+--t---lf-+--t--+--+-+-+-+--+-+--+-+--t--+--l-+--+-I-- -- H-1 - -+-+-·+--!--+ -t--

D E F BUFF I 
l--+--+-+--+-t---+--+-+-lt---t-+-+-+-+--+--+-+--+-+--lf--+-+-+--+-+-+--+·-1--1-+-+- --+---+--f-+--+--+-~·--+- - +-·+-~---+-· + - t-+·--t--1 ·-+ 

l--+-+-+--+---+--+-D_,_E-+--C-+-+---+-3-+-2-+-1--1-+---t-+-t---+--+--+- -+---+---~>-+--+--+--+--+---+--+---1~,__-+--t--+-•-+-- ·+---+---+-+-- +--+-· t--t--i -~-
1 
I 

1-+--+-+--+--t--+-+--+--it---t-+-+-+-+---t-+-+--+--t--lt--+--t---·+-+--+··-+-+--+-+-+-+--+---+---+---+--+-+--+-+__,__,-+-- t---t--+-+-+-· -· - ~- ·1 ·--+ 
I 
I 

1--+-+--+--+--+--+-+-+--t~+---+--+---+---+--+--+-+--+--<I--+-+--+---+---+-+-+--+-+--+--+ --..;--1- -+--+--+--+---+---+--+--+-+-- t-+-- - +-+···-+----+---ii-···+·-+· 
I 
I 

l-+---f-+-+-+--+--+--+-+-t--+--t---lf-+--1--+--+-+-+-+--+--+- +-+--it---+--+-t--+-t-t--1--t-+-+--+-t--+-t-+-I·-+-· -·-I--+--+--+--+--+---+---+--+-
I BUFF BSS 2 I 

1--+-+--+--+-+--+--+-+--t~+---+--+---+---+--+--+-+--+--<l--+--+--+-t-+---+---+---+-+---+-+--+--t--+-+--+--+-+--t---+·--+-+- +-+---+--+-- +-·· --~ -·t-+ 
I 
I 

1-+-+-+--+--t--+-+--+---1t---t-+-+-+-+--+--+-+--+-+--1f--+-+-+-+--+--+-+--t--t- -+--+--+---+--+---+--·-+-- >--+--+-+--+--+- t--+-r-1·- t-+- t--lt-- -+ 
I 
I 

1-+-+-+--t-t--+-+--+--it---t-+-+-+-+--+--+--+-+-+--lf--+--t---+-+--+--+--+--+-+-+--t +-;--+-+-+--+--+-+--+-+-+--11--+--t--t-+--t-··t--lt- .. T 

buffer address 

An ASCII input operation must have an 8 word buffer. 8 BCD 
characters are converted into 16 ASCII characters in the fol­
lowing format: 

r 

/\/\ 

gg 

JSB 

OCT 

JMP 
JSB 

DEF 

DEC 

BSS 

rf0 d5d4d3d2d1d~E - ss/\/\gg 

range - a negative power of 10 

function 

six digit data value 

range expressed as an exponent of two digits 

two blanks 

function expressed as a two-digit number 

• IOC. 

<function>< subfunction> <unit-reference> 

reject address 

buff er address 

-16 

8 



!2.8.2 
IHGITAL 
VOLTMETER 
l»ROGRAMMER 

Example: 

Label Operation 
1 5 10 

Operand 

15 

JSB ·IOC· 
25 

OCT 10015 READ ON CHANNEL 15 
t-t-+-+-+-+-+-+--+-r-t-+--+-+-+-+-+-+-t-+-

Ji MP RE J AD 
DEF BUFF 

Commenh 
40 4.5 

_J_ 

+-+-+-+--+-+-++1-+--+--+-+-+-+-+-+--+-+-+-+-+-+-+-+-+-+-+-+-+-+-+--+-+-~+-+-+-+--+-

1-+-+-+-+-+-~D~E~~.~-~1 ~6+-+-+-+-+~- r- +-~,-+-+--+-+--+-t--+-+--+-+-~-+-

BUFF BSS 8 
i---i--1-+-11-+-t--+-+-+-+-+-+-+-+-+--+-+-- +--·r ·1-+-+-+-~-+-+-+-+·-+-+-f--+-+-1-+-11-+-+-t-t--+-+-+-+-t-+--+-+-t--+-+-

t-+-+-+-+-+-+-+-+-+-+-+- t-+-t-- - - t-+1 -·1--f--+--+-+-+-+-+-+-+ -+-+-+-+-++--+-+-+-+-++-++--+-+--+-+-+-+--+-+-+-

A write request for the Digital Voltmeter Programmer requires 
that a one-word buffer be specified. This word contains the 
voltmeter program: sample period (bit 7-6), function (bits 5-3), 
and range (bits 2-0). If bit 15 contains a 1, encode command is 
sent to the Voltmeter (bit 15 always be 0 if the configuration in­
cludes a Scanner). 

JSB 

OCT 

JSB 
JMP 

DEF 

OCT 

. IOC. 

<function>< subfunction> <unit-reference> 

reject a.ddress 

buffer a.ddress 

1 

buffer address OCT voltmeter program 
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2.8.3 
SCANNER 
PROGRAMMER 

Example: 

Labtl Optiratlon Opuand 
1 ' 10 15 20 

I JSB . I OC· I 
f-+-+-+-+-4--+-'+~-+-+=+-'-lf-'+-t-+-+-+--1-+--t--t--l-+-+--+-+--t-t-I---+-+-+--+-+--+-+-+-+-+-+-~· ·-- --·+--<--+-t--+-+--t--t--+-

1WR1 TE ON CHANNEL 16 I OCT 1 1 6 20 
JlMP 

t-t-+-+-+-4--+-+-+--+-+-+~-t-1---+-+-+-+-+--+-+-l-+-+--+-+--1-t-1---+-+-+--+-+--+-+-+-+-t--t--+--1--+-- t---1 --+--- I --+-
1 RE JAD I 

1-t-+-+-+-4--+-+-+--+-+-+--t--!-t-t-+-+-+--1-+--t--t--l-+-+--+-+--t-t-t-+-+-+-+-+--t--t--+-+-+-+- -- -- -- t--+----· - -------- -- t­
i DEF BU FF I 

f-+-+-+--+-+--+-+-+--+-+-+--t--!-t-t-+-+-+--1-+--t--t--l-+-+--+-+--t-t-t-+-+-+--+-+--t--t--+-+-+-+-- --+-+--+-+- ---+ ----1-+---- - ----+­
OCT 1 I 

I 

I 
I 

+--t-+ +-t--H -- - rt--++-t-
1 

1-1-+-+-+-+--+-+-+--+-+-+--t--!-t-t-+-+-+-+-+--+-+--+-+-t--+--+--1r-+-t-+--+-+--+-+--+-+--+-+--t--t-+-1----+--1--+ -+-- r+--1 - j --+-
1 
I 

f-+-+-+-+-+-1-+--+-+-+-+-+--t~f-+-+-+-+-.-+-+--+-+--+-+-+--t--t-f-+-+-+--1-+--t--t--+-+-t--t-+-+---;---,1--+-+-+-r-+T 

r-B r-U+-F+-F+-+-+-O+-C+-T+-+-1-r-0-+"-0-+-2-+-4-+4-+-+-+-+-+E--tN--t--!C --;0---10 r-E t-t--T+-O+-+-D+-V+-M+--+-P-t-R-t-0-+-G-+-R-+-A-rM-r:-t--t--t--i--+--- __ 1-- --+---i _J_ 
• 01 SEC DE LAY _I_+ DC VOL T,~-t-+-+-++- ++-
1 0 V 0 L T RA NG E . __ 1-+-~-

1 
I 

f-+-+-+--1-+--1-+--+-+-+-+-+--t~f-+-+-+-+-.-+-t--+--t--+-+-+--t-t-1-t-+-+--1-+--t--t--+-+-t-+-+-+--+---t--t-+-+-+-+-+-+­
I 
I 

f-+-+-+--i--1--1-+--+-+-+-+-+--1~1--+--+-+-+-.-+-t--+--t--+-+--l--l--+--t-+-+-+--l--l--t--t--l-+-+-+-+-+--l--l-+-+-+-+--I- - --t-
i 

A write request for the Scanner Programmer requires a 2-word 
buffer. The first word contains the scanner program: the func­
tion (bits 4-3) and the delay (bits 2-0). The second word con­
tains the channel number for the start of the scan. The driver 
subroutine converts the binary channel number value produced 
by the Assembler to the BCD format required by the device. 

JSB • IOC. 

OCT <function> <subfunction> <unit-reference> 

JSB <reject address> JMP 

DEF buff er address 

DEC 2 

OCT xx scanner program 

buffer address OCT 
DEC xxx starting channel numb er 
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~2.8.4 
llNSTRUMENT 
CLEAR REQUEST: 

Example: 

Loh.I Operation Operand Commenh 
I s 10 IS lO 25 30 35 45 

JSB . I OC· I 
I 

i.....+--1---+--1-J-t-=...~=+---1--+-=-1-=+=-1---+---1--+-..j...-1..-l--+-l-~++-+-+--+-t---+-+-1--+-+-+- I-· +-- . -- --1-- - +--+-+- +-f -- . I- -+ 

i.....+--1---+--+-+-1-1--+-+---1--1-+-+-1---+--+-+--l--l-·-+lw.-.f.--1R1-1 +-T+--E++O-+N-+-l_c1-H+--A+N+N E !- 1 .~ +- H-· _ -t OCT 20 1 1 8 
JIMP RE JAD 

i.....+--1----+--1-J-t.-=-l=-4.:....+--.+-4=+::..+-:!.::.+--+-+-l--l-·-l--+--+-~++-+-+--+-t---+-+-1--+-+-+ I-· ·-- ...... +--+- +-- ·+-4--+ +--t-

DEF BU FF 
DEC 2 

-1-··· - -

--- . -1--

i.....+--1---+--1-J-l-l---l-+---l--l-+-+-l---+--+-+-l--l---l--+--+-l--+-·++-+-+--+-t---+-+-+-+-1-- +· ~-- 1-+-- ··- .. ··- - +-· 
j.=:B.j..:U+F+F~-i-:-Oi-:-C+-T+--+2=!-3:+--+--+-t---+-++-+-+·p-+ _,Rl-0+-G+--R+A-+M-+''-+. --+-01-tH ~+-~ l 2 ~Im s lo~~~+--'<+-+- +-- -

I 
t--·-+ 

I 

i+t 
I - --+ 
I 
I 

-+­
I 
I 

t---t-
1 
I 

-t­
i 
I 

t--· --t-
1 

i.....+--1---+-~-i-:-oi-:-c+.:....T+---1-1+4-+4-+-l-+-+-+--l--l--l-c~_,Hl-A+-N+--N+E=i-L=+-+-11r0~0+-+-+-+-t-+I-+- 1--· 
I 

+-- - - t- -t­
i 

~+-+--+-+-+--+--+--lf--+-t-+-+--t---+--+--+---t-i --+--+-+-+-+-+-+-+--+-t--+-+-+-+ +·--- - I·-·+--. - - +--l- +-++ ! 

A clear request on one of the instrument drivers follows the 
standard form: 

JSB • IOC. 

OCT <function> <unit-reference> 

<normal return> 

where the function code = 00. 

The request will result in the following conditions: 

Data Source Interfac1e - A clear request causes no action. It 
is Included for compatibility only. 

Digital Voltmeter 
Programmer 

A clear request to this driver will 
remove the present program from 
the DVM but the program will not be 
destroyed. 
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INSTRUMENT 
STATUS REQUEST: 

2.9 
ERROR 
CONDITIONS 
DURING 
EXECUTION 

2-24 

Crossbar Scanner A clear request will inhibit the STEP 
or RESET command on the Scanner 
programmer driver. 

No status information is available from the instrument drivers. 

Illegal conditions encountered during . IOC. request process­
ing are termed irrecoverable and cause a halt. t Diagnostic 
information is displayed in the A- and B-Registers at the time 
of the halt. 

The B-Register contains the absolute location of the JSB in­
struction of the request call containing the illegal condition. 

The A-Register contains a code defining the illegal condition: 

A-Register 

000000 

000001 

000002 

Explanation 

Illegal request code. 

Illegal unit-reference number in 
request. 

The Standard unit requested is not 
defined as a particular device in 
the Equipment Table. 

t The halt is at the absolute location assigned to the symbol 
IOERR during Prepare Control System processing. 



Examples: 

Lobel Operation Operand 

1 5 10 15 
Commenh 

20 25 30 35 "40 45 

EXT . l OC. DECL~ RE . IlQC. JAS · EXIT EjRNAL 
+--+-+---+-+--+-+--+-+---1---+--+-+-

l NA RIA SSS 10 SY~BOL. RESERVE STO!RjAGE 
r+-t-+-t-+-l-H~~~+-~-+--l-+4-+~-+-f--+-1-+-4--+-1-4-+ +-+---+-+---+-+--+-+----+-1---+--+--+---+-

A RE A. 
l--+-1--+--11----1--1--1-----1--.J.--l---I- ·+--+-+-+-+-+-t--+--t--+--+-+-+-+-+-+--t-·+--t-+--+--t-t-t-+--~-

READM JSB .roe. READ ~N ~sc11 RECORID FROM 
O/C T I 0 Q 1-+-5 . ....--.--........... -+-+U-+-N+-l+-T+--+-R+-E+-F+-E+-R-+-E+-N+-C+-Et--1--N+-U+--+M B+-~t-J}-+--+-IA-+-IN-+--ID-+--+--+-+--+-
J MP RJCT STORE A!T LOCATION I!NARI~. 

-+-+--+->-->--+-++-+~-+-+-+--+-+-+-+1-+-+--+-1=t--1-+--lf-+--l-+--l-+--l-+--~+-1-+--1-+-+ 

DEF !NARA : 
1-+-+-+-+-+-+-+---+-~r+-+-+-+-+-+-+-~+--+-t--+--+--+--+--+-+-~~-+-+--+-1--+-+--+-+---+-+--+-+-+-+-+-+-+-+-+-+-+-t--+ 

DEC 10 

STATM J!SB . roe. ·CHECK STATUS OF REAID REQUEST. 
i--+-1-+-i---+--,~o~cHTH~l-+o~HoH1~5c....+-;-+-1-rF INITIAL BI~ 15 SET~ UNIT 15 

SSA IS BUSY~ LOOP ON ST~TUS REQUEST 
JMP sTATM UNTIL OPERATIOIN rs ico~PLETE. 
RIAL CHECK fNITIAL BIT 1\4 IF SET~ 

JNP PROCS END!NG PROCESS ~T EINDPR 

SSA TRANSFER Tp EN!O-OF-ITAPE CHECK. t+ 
JMP EOT IF INITIAL BIT 5 SEIT~ PERFOR~ -

EOT ~LF~l~LF IF NOT SET~ TRIANSFE\~ TPI TERMlNJ~:i 
RAL ~ION PROCEDURE ~T ~IBORT. IF 
SSIA REQUEST COMPLETED~ CONl~lNUE 
J~P ENDJ~R PROCESSING AT PROCS. 

1--+-1-+-+-+--1-+-t--+--1---t--+-+-+--+-+-+-+-+--r-+-+-+-+-+-+-+--+- !-+- -- f-1-+--+--+-+-->--+--t--+--+-+-~-+--+-

J\IV P !ABORT 
r+--1-+-+-+-t-+-t--+-+-+-+-+-+-+-+-+--+-+-~+4-·--+-+--~-t-+-~-+-+--+---+-+--+-t--+-+-+-+-+-+-+-+-t-+-+-+-+--+-+--t--

JR JCT SSB DETER~1NE CAUSE OF !REJECT 
JMP REAIDN CON~ITION. lF THE DEVI~E OR 

DRI~ER IS BUSY~ LqOP pN REQUEST Jl\'llP ~SORT 
UNTIL AVAILABLE. IF REJECTED F~~ 

H-+-+-+-+-+-+-+-+-+-+-+-+-+-+-~~+-+-~IA~N~Y+-+-O+T+H...µER REASONb T\ERl™lNA E THE I 
PROGRA~ ~T ABOR~. I 

15 30 
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3.1 
EXTERNAL FORM 
OF LOADER 

3.2 
INTERNAL FORM 

OF LOADER 

3.3 
RELOCATABLE 
PROGRAMS 

RELOCATINtG LOADER 3 

The Loader is the module of the Basic Control System that pro­
vides the capability' of loading, linking, and initiating the exe­
cution of relocatable object programs produced by the Assem­
bler, FORTRAN, and ALGOL. It is available in4K and 8Kver­
sions. ALGOL programs and the Program Library stored on 
magnetic tape require the SK loader. 

The Loader is stored in an absolute record format on an exter­
nal medium with thie Input/Output Control subroutine, . IOC., 
and the equipment dri.ver subroutines. It is loaded by the Basic 
Binary Loader. The external medium is determined by the 
type of device assigned as the Standard Input unit. For the 
Punched Tape Reader or the Teleprinter, the medium is 8-level 
paper tape. 

The Loader is located in high-numbered memory along with the 
Input/Output Control subroutine and the equipment driver sub­
routines. The Loader uses . IOC. for input/output operations; 
it refers to the Standard input and output units. The binary ob­
ject program is read from the Standard Input unit; comments 
to the user (e.g. , Loader diagnostics) are written on the Tele­
printer Output unit; and library routines referenced by the ob­
ject program are assumed to be on the Program Library unit. 

The process of assembling or compiling a set of symbolic 
source program statements may be specified to result in the 
generation of a relocatable object program. A relocatable pro­
gram assumes a starting location of 00000. Location 00000 is 
termed the relative, or relocatable origin. The absolute origin 
(also termed the relocation base) of a relocatable program is 
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3.4 
RECORD TYPES 

3-2 

determined by the Loader. The value of the absolute origin is 
added to the zero-relative value of each operand address to ob­
tain the absolute operand address. The absolute origin, and 
thus the values of every operand address, may vary each time 
the program is loaded. 

A relocatable program may be made up of several independent­
ly assembled or compiled subprograms. Each of the subpro­
grams would have a relative origin of 00000. Each subprogram 
is then assigned a unique absolute origin upon being loaded. 
Subprograms executed as a single program may be loaded in 
any order. The absolute origins will differ whenever the order 
of loading differs. 

The operand values produced by the Assembler, FORTRAN, or 
ALGOL maybe program relocatable, base page relocatable, or 
common relocatable. Each of these segments of the program has 
a separate relocation base or origin. Operands that are refer­
ences to locations in the main portion of the program are in­
cremented by the program relocation base; those referring to 
the base page, by the base page relocation base; and those re­
ferring to common storage, by the common re location base. 

If the Loader encounters an operand that is a reference to a 
location in a page other than the "current" page l' a link is es­
tablished through the base page. A word in the base page is 
allocated to contain the full 15-bit address of the referenced 
location. The address of the word in the basE~ page is then 
substituted as an indirect address in the instruction in the "cur­
rent" page. If other similar references are made to the same 
location, they are linked through the same word in the base 
page. 

The Loader processes three to five record types for a program. 
These record types are produced by the Assembler, FORTRAN, 
or ALGOL in the following sequence: 

NAM 
ENT 
EXT 
DBL 
END 

Name record 
Entry point record 
External name record 
Data block record 
End record 



NAM 

EIMT 

UCT 

DBL 

The NAM, DBL, and END records exist for every object pro­
gram; ENT and EXT appear only if the corresponding pseudo 
instructions are used in the source program. 

The NAM record contains the name of the program and the 
length of the main, base page, and common segments. The 
NAM record signifies the beginning of the object program. 

TheENT record defines the names of 1to14 entry points with­
in this program. Each of the four-word entries in the record 
contains the name, the relocatable address of the name; and 
an indicator which specifies whether the address is program or 
base page relocatable. 

The EXT record contains from 1 to 19 three-word entries which 
specify the external references defined in the program. The 
three words allow a maximum of five ASCII characters for the 
symbol and a number used by the Loader to identify the symbol. 

A DBL record contains 1 to 45 words of the object program. 
It indicates the relative starting address for the string of words 
and whether this portion of the object code is part of the main 
program or base page segment. For each of the words there 
is also a relocation indicator which defines the relocation base 
to be applied to each operand value. Possible relocation fac­
tors are: 

Absolute 

15-bit Program 
Relocatable 

15-bit Base Page 
Relocatable 

Operand is an absolute expression or 
constant. There is no relocation base. 

Operand is a 15-bit value to which is 
added the program relocation base. 

Operand is a 15-bit value to which is 
added the base page re lo cation base . 
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15-bit Common 
Relocatable 

External Symbol 
Reference 

Memory Reference 
Instruction 

Operand is a 15-bit value to which is 
added the common relocation base. 

Operand is a reference to an external 
symbol. Value is supplied when the 
Loader determines the absolute loca­
tion of the linkage word in the Base Page 
which contains the 15-·bit address of 
the related entry point. 

A memory reference instruction in the 
form of a two-word group which con­
sists of the instruction code, a full 15-
bit operand address, and a relocation 
indicator for the operand address. 
The relocation indicator can define the 
operand address to be program, base 
page, or common relocatable. 

The END record terminates the block of records in an object 
program. The END record may contain a 15-bit address which 
is the location to which control is transferred by the Loader 
to begin program execution. 

The Loader loads the object program into available memory. 
Available memory is defined as that area of memory not allo­
cated for hardware and system usage. Available memory is 
divided into two segments: 

Available Memory in Base Page - used for the operand 
linkage area, program blocks origined into the Base Page 
by the Assembler pseudo instruction ORB, and for pro­
gram blocks assigned to the Base Page by the Loader when 
the amount of program available memory is insufficient. 

Program Available Memory - used for the main body of 
the program and may be used by the common block should 
the area used by the Loader be insufficient. 



Prior to loading the object program, memory is allocated as 
follows: 

07777 OR 1m7 
07700 OR 17700 

02000 

00000 

s==:===========::::f"t- BASIC 
INPUT/OUTPUT CONTROL 

AND 
EQUIPMENT DRIVER 

SUBROUTINES 

RELOCATING LOADER 

BINARY 
LOADER 

BASIC 
CONTROL 
SYSTEM 

SYSTEM 
LINKAGE 

RESERVED 
LOCATIONS 

Assuming Program Z is to be loaded and executed - after load­
ing, the memory might be allocated as follows: 

07777 OR 17777 
07700 OR 17700 

NON-RELEASABLE 
PORTION OF 
LOADER 

PROGRAM 
RELOCATION 
BASE 

02000 

BASE PAGE 
RELOCATION 
BASE 

00000 

INPUT/OUTPUT CONTROL 
AND 

EQUIPMENT DRIVER 
SUBROUTINES 

LINKAGE AREA 

SYSTEM 
LINKAGE 

RESERVED 
LOCATIONS 
AND 
INTERRUPT 
PROCESSING 
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Options selected during PCS processing can define the equip­
ment driver subroutines and other system routines as relo­
catable programs. If selected, these routines would be allo­
cated to the available memory areas, and thE~ length of the 
absolute segment of BCS reduced accordingly. 

If several programs are to be loaded and executed together, 
the following might occur: 

Assume three programs, A, B, and C, comprise a run­
ning program. Programs A and B share a common block, 
a portion of which is also shared by C. Programs B and 
C contain segments which are designated to be allocated 
to the Base Page. Allocation is as follows: 

07777 OR 17777 
07700 OR 17700 

COMMON 
RELOCATION 
BASE 

02000 

00000 

BASIC 
r---------------,L---· BINARY 

PROGRAM B 

PROGRAM A 

BASE PAGE PROGRAM C SEGMENT 

BASE PAGE PROGRAM B SEGMENT 

LOADER 

BASIC 
CONTROL 
SYSTEM 

COMMON 
BLOCK 

PROGRAM 
'AVAILABLE 

MEMORY 

BASE PAGE 
AVAILABLE 
MEMORY 

SYSTEM 
'LINKAGE 

RESERVED 
LOCATIONS 
AND 
INTERRUPT 
PROCESSING 

The first common length declaration (i.e. , the first program 
containing a common segment) processed by the Loader estab­
lishes the total common storage allocation in high memory 
overlaying the major portion of the area occupied by the Loader. 
Subsequent programs must contain common length declarations 



Program Storage 

which are less than or equal to the length of the first declara­
tion. 

To allocate the common area, the Loader subtracts the total 
length of the block from the address of the last releasable word 
in the Loader. The resulting memory address +1 is the origin 
of the common block. This value is used throughout the entire 
loading process as the common relocation base. 

The program length is compared with the amount of available 
memory. If sufficient space is available, the program is 
loaded and the upp1~r and lower bounds recorded. If the pro­
gram has a Base Page segment, or if the program consists 
entirely of coding to be stored in the Base Page, the length of 
the segment is compared to the amount of available base page 
memory. If there is enough space in this area, the segment 
is loaded and the bounds recorded. The initial main program 
segment is usually origined at absolute location 02000 (page 1, 
Module 0). The inUial Base Page segment is usually origined 
immediately following the area set aside for Reserved Loca­
tions, Interrupt Processing, and System Linkage. Subsequent 
main program and Base Page segments are loaded into the next 
available higher nUlmbered areas contiguous to the previously 
loaded segments. 

Providing the Memory Allocation List option is selected (see 
Operating Procedures) the name of each program, its upper 
and lower bounds, and its Base Page upper and lower bounds 
are printed after the program is loaded. The format is as 
follows: 

<program name > 

lllll uuuuu (main program bounds) 

lllll uuuuu (Base Page bounds) 

If the Loader finds that the main program segment about to be 
loaded can not fit in the memory area available for the main 
segment, it compares the segment's length to the length of 
available memory in the Base Page. If there is sufficient space, 
the main segment will be loaded in the Base Page. The next 
segment will be loaded in the main program area if it will fit, 
or in the Base Page if not (providing there is sufficient space 
in the Base Page). 
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OBJECT PROGRAM 

RECORD 
PROCESSING 

ENT/EXT Record 
Proceaalng 
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For example, assume that several programs to be loaded in 
sequence A, B, C, D, E, andhave sizes such that they can not 
all fit in the main program available memory. 

~------ - --- - ----
COMMON BLOCK 

~~.:!ii.~~~~~ ""'"~~~~~ 

PROGRAM D 

PROGRAM B 

PROGRAM A 

LINKAGE AREA 
~~~~~~~ 

,PROGRAM E 

PROGRAM C 

~ 

} 

~ 

BASIC 
BINARY 
LOADER 

BASIC 
CONTROIL 
SYSTEM 

PROGRAM 
AVAILABLE 
MEMORY 

BASE PAGE 
AVAILABLE 
MEMORY 
SYSTEM 
LINKAGE 
RESERVED 
LOCATIONS 
AND 
INTERRUPT 
PROCESSING 

The Loader constructs and maintains a Loader Symbol Table 
which contains entry points and external symbols which are de­
clared in the programs and entry point names of any BCS sys­
tem subroutines that have been defined as relocatable. As each 
entry point is encountered its relocated (absolute) address is 
recorded in the table. As each external reference is proc­
essed, a link word is established in the Base Page. The gen-



DBL Record 
ProceHing 

eral processing of the entries in an ENT and EXT record 
involves searching the Table to locate a match between the 
symbols. When a match is found, the absolute entry point ad­
dress is stored in the Base Page link word. 

The Loader assumes that there is a user program, BCS system 
routine, or Program Library routine entry point for every ex­
ternal reference. If none exists, the external reference is un­
defined and considered to be in error. A list of undefined ex­
ternal symbols is printed at the end of the loading operation. 
If duplicate entry points are detected, a diagnostic is issued. 
A user entry point duplicated by a Program Library routine 
results in the library routine being ignored. 

Each entry in the Loader Symbol Table occupies five words. 
The Table is positioned before the beginning of the Loader and 
extends backwards toward low-numbered memory. If suffi­
cient space is not available in the main program portion of 
memory to store a five-word entry, a diagnostic message is 
issued and the loading operation is terminated. 

A load address for the data or instruction words in a DBL rec­
ord is relocated by adding either the program relocation base 
or the base page relocation base. The resulting value is the 
absolute address fo:r storing the first word. The second word 
is stored at address +1, the third at address +2 and so forth. 
A relocation base is added to each operand address as speci­
fied by the relocation indicator. 

The processing for an external reference word involves a 
search of the Loader Symbol Table for the related entry. When 
found, the address of the link location in the Base Page is ex­
tracted and stored as an indirect address in the instruction. 

When a memory reference instruction is processed, the Load­
er first applies the proper relocation base, (program, base 
page, or common) to the 15-bit operand address. If the re­
sulting absolute operand address references the Base Page, 
the address (bits 09-00) is set into the operand field and the 
instruction is stor,ed in memory at the current load address. 
When the absolute operand address and the current load ad­
dress are in the same page, the operand address is truncated 
to bits 09- 00 and set as the instruction operand address. If 
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END Record 
ProceHing 

Program Library 
Loading 

End Condition 
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the operand address is in a page other than the current load 
address page, the operand address is stored in the Linkage 
area of the Base Page and a reference to this location set as 
an indirect address in the operand field of the instruction. 

A memory overflow condition can occur when insufficient space 
is available in the base page to allocate a linkage word. A 
diagnostic message is issued and the loading operation is ter­
minated. 

When an END record is encountered, the Loader determines if 
it contains a transfer of control address. If it does, the ad­
dress is saved. 

If loading is from the Program Library and therE~ exist no un­
defined external references, the End-Of-Loadin~~ operation is 
performed. 

If loading is from the Standard Input unit or Program Library 
unit and if undefined external references exist, the Loader re­
quests the next record. If the next record is a NAM record, 
processing of the next program begins. If the result of the re­
quest is an End-of-Information indication, an End Condition 
exists. 

Loading from the Program Library differs from loading of 
user programs in that only those programs in the Library 
which contain entry points matching undefined external symbols 
in the Loader Symbol Table will be loaded. After each pro­
gram is loaded from the Library, the Loader Symbol Table is 
checked for undefined symbols. If none exist, th«~ loading op­
eration is complete and the.program is ready to be executed. 

When the Loader requests input and no data is available on the 
input device an End Condition exists. The Loader acknowledges 
this condition by writing the message "LOAD" on the Tele­
printer Output device. The user responds to this message by 



End-of-Loading 
C•peration 

setting switches 2-0 of the Switch Register (see Operating Pro­
cedures). Four rep Hes are available: 

a. Load next progra.m from Standard Input unit. Relocatable 
BCS system subroutines are considered to be part of the 
program and must be loaded from the Standard Input unit 
(unless they are made part of Program Library tape). 

b. All programs are loaded; proceed to the end-of-loading 
operation. 

c. Terminate loading operation. This forces program execu­
tion even though there may be undefined external refer­
ences. 

d. Load from Program Library unit; all user programs are 
loaded. 

The end of loading is signaled by the second or fourth response 
to an End Condition. The Loader then searches the Loader 
Symbol Table for any undefined external references. Any such 
undefined external symbols are written on the Teleprinter Out­
put unit and the "LOAD" message is repeated. 

When the loading operation is completed, or when the user has 
requested termination of the Loading process, the Loader pro­
duces a memory allocation list. (This list may be omitted; see 
Operating Procedures.) The format of the list is as follows: 

<symbol 1 > aaaaa 

<symbol 2> aaaaa 

<symbol n > aaaaa 

The symbols are the entry points in the user's program, the 
Basic Control System, or the Program library and the a' s are 
their absolute addresses; 

If a common block was allocated, the lower and upper bounds 
of the block are listed as follows: 

*COM 11111 uuuuu 
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3.7 
PROGRAMMING 

The bounds of the Linkage Area are listed as follows: 

*LINKS 11111 uuuuu 

The l's are the absolute lower bounds and the u' s are the abso­
lute upper bounds. 

CON SID ERA TIONS When a program has been completely loaded, its execution is 
initiated by performing a Jump Subroutine to the transfer ad­
dress (from the last END record containing an address). The 
initial contents of the transfer address should be a NOP, OCT O, 
etc., not the first executable instruction of the program. 

3.8 
LOADER 
OPERATING 

PROCEDURES 
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The exact operating procedures for the loader depend on the 
available hardware configuration and the construction of the 
Basic Control System through use of the Prepare Control Sys­
tem routine. The user should know the assignment of input/ 
output equipment and memory size before using the Loader .t 

t As established when configuring BCS. 



Loading Options The Basic Control System Loader is designed to load one or 
more tapes containing relocatable programs. The message 
"LOAD" is typed when an end-of-tape condition is encountered. 
The user then loads the next tape; indicates loading from the 
program library, specifies that loading is complete, etc. When 
all programs are loaded and no undefined external references 
remain, the Loader types the message "LST" allowing the user 
to bypass part of thE~ Memory Allocation List. Following the 
response, the Load1er types the message "RUN". The user 
then initiates program execution. 

Memory Allocation List 

A memory Allocation List may be obtained for the programs 
being loaded. The list may include the name, main program 
bounds, and Base Page bounds for each of the programs. This 
portion of the List may be followed (at the completion of the 
loading operation) by a list of all entry points and their abso­
lute addresses, the bounds of the common block, and the bounds 
of the linkage area. The setting of Switch 15 determines the 
contents of the List. 

To obtain the bounds for each program on a tape, Switch 15 
must be set to 0 before the tape is loaded (in response to the 
"LOAD" message). To bypass the program bounds listing, set 
Switch 15 to 1 before loading the tape. The switch setting may 
be altered whenever the "LOAD" message is typed. 

To obtain the entry point list, the common bounds, and the link­
age area bounds, set Switch 15 to 0 in response to the message 
"LIST", which is printed after all programs are loaded. To 
bypass this portion of the list, set Switch 15 to 1. 

Absolute Binary Output 

The user may specify that an absolute binary tape be punched. 
This option may be selected when it is necessary to utilize the 
area occupied by the Loader or when an absolute version is 
desired for "production stage" programs. The process involves 
a simulated loading operation, however, the absolute program 
is punched on tape rather than being loaded. 

The absolute records produced consist of the relocated pro­
grams (including alJl programs loaded from the Program Li­
brary), the Linkage area, all referenced segments of the Basic 
Control System. These might include: 
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Input/Output control subroutine (.IOC.) 
All input/ output equipment drivers 
Other BCS system subroutines 
Memory Table (.MEM.) 
System Linkage Area 
Interrupt Processing area 
Absolute location 2 and 3 

In addition, the Loader Symbol Table, the common and linkage 
area bounds are punched in ASCII format on the end of the bi­
nary tape. Ten inches of feed frames separate the binary in­
structions and the ASCII data. This feature provides a record 
of the memory allocation for the absolute program. 

At the completion of the "loading" process the Loader types the 
message "END". 

To execute the program, it must be loaded using· the Basic Bi­
nary Loader. To initiate execution, set 000002 into the P­
Register and press RUN. The Loader has storE~d the transfer 
address of the program in locations 2 and 3 as follows: 

2 contains JMP 3, I 
3 contains <transfer address> 

Separation of List and Binary Output 

If the absolute binary output option is selected and the Tele­
printer is used as both a list and punch device, the Loader halts 
before and after each line is printed to avoid punching the line 
and altering the binary output. 

The halts and related procedures are as follows: 

T-Register 
Contents 

102055 

102056 

Explanation 

A line is about to be 
printed. 

A line has been printed. 

Action 

Turn punch unit OFF. 
Press RUN. 

Turn punch unit ON. 
Press HUN. 



Operating 

ln1tructlon1 The following procedures indicate the sequence of steps for 
loading and execution of the Basic Control System Loader: 

A. Set Teleprinter to LINE and check that all equipment to be 
used is operable. 

B. Load the Basic Control System tape using the Basic Binary 
Loader: 

1. Place the Basic Control System tape in the device 
serving as the Standard Input unit (e.g., Punched Tape 
Reader). 

2. Set Switch Register to starting address of Basic Bi­
nary Loader (e.g. , 007700 for 4K memory, 017700 
for 8K memory). 

3. Press LOAD ADDRESS. 

4. Set LOADER switch to ENABLED. 

5. Press PRESET. 

6. Press RUN. 

7. When the computer halts and indicates that the BCS 
tape is loaded (T-Register contains 102077), set the 
LOADER switch to PROTECTED. 

C. Set Switch Register to 000002, press LOAD ADDRESS, and 
set Switch Register to 000000. 

D. Establish Loader parameters: 

L Set Switch 15 to 1 if !1Q.. Memory Allocation Listing is 
desired during first load operation. 

2. Set Switch 14 to 1 if an absolute binary tape of the pro­
grams is to be punched. (Turn on punch device if this 
option is SE,lected.) 
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E. Place relocatable object tape in device serving as Stand­
ard Input unit. 

F. Press RUN. 

During the operation of the Basic Control System Loader, the 
following halts may occur: 

Teleprinter 
Message 

LOAD 
(T-Register 
contains 
102001.) 

Explanation 

End-of-tape condition 
on Standard Input de­
vice. 

Action 

1. To load next tape, 
set Switches 2-0 to 
Os. If no Memory 
Allocation Listing 
of ne)tt tape is de­
sired :1 set Switch 
15 to 1. Press RUN 
to continue loading. 

2. To indicate that all 
programs are load­
ed and to proceed to 
the end-of-loading 
phase, set Switches 
2-0 to ls. Press 
RUN.'t 

3. To terminate load­
ing operation, set 
Switches 2-0 to 2s. 
Press RUN. (This 
force:s execution 
even though unde­
fined external ref­
erences have not 
been matched. ) 

t A list of any undefined external symbols is typed following a 
Switch Register reply of ls or 4s to the "LOAD" message. 
The message "LOAD" is then repeated. The programs con­
taining the matching entry po in ts should be loaded. Loading 
of user programs from Standard Input must be completed be­
fore loading of routines from Program Library. 



Teleprinter 
Message 

*LST 

*RUN 

*END 

*LOl 

Explanation 

The Loader is ready to 
print the LST, com­
mon bounds, and link­
age area bounds. 

All pro1;rams are load­
ed and ready for exe­
cution. 

The absolute binary 
output has been se­
lected and the punched 
tape is complete. 

Checksum error: The 
checksum read on the 
last record does not 
agree with the check­
sum calculated by the 
Loader. 

Action 

4. To load from Pro­
gram Library, set 
Switches 2-0 to 48. 

·If no Memory Allo­
cation Listing of 
library routines is 
de sired, set Switch 
15 to 1. Press RUN 
to continue loading. 
When all library 
routines are loaded, 
the Loader pro­
ceeds directly to 
the end-of-loading 
phase. 

If a list of these items 
is not desired, set 
Switch 15 to 1. Press 
RUN. 

Check that all 1/0 de­
vices are ready for 
operation. Press RUN. 

To execute the pro­
gram: 

1) Load binary tape 
using Basic Binary 
Loader as in B. 

2) Set Switch Register 
, to 000002. Press 
LOAD ADDRESS. 

3) Press RUN. 

To re-read record, 
reposition tape to be­
ginning of record and 
press RUN. 
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Teleprinter 
Message 

*L02 

*L03 

*L04 

*L05 

*L06 

*L07 

Explanation 

Illegal record: The 
last record read was 
not recognized as one 
of the five types ac­
cepted by the Loader. 

Memory overflow: The 
length of the main or 
Base Page portion of 
the program or the 
common block exceeds 
the bounds of available 
memory. 

Linkage area overflow: 
Linkage words sup­
plied by the Loader for 
references between 
pages exceed the size 
of available base page 
memory. 

Loader symbol table 
overflow: The number 
of EXT /ENT symbols 
exceed available mem­
ory. 

Common block error: 
The length of the com­
mon block in the cur­
rent program is great­
er than the length of the 
first common block al­
located. 

Duplicate entry points: 
An entry point in 
the current program 
matches a previously 
declared entry point. 

Action 

To re-read record, 
reposition tape to be­
ginning of record and 
press RUN. 

Irrecoverable error, 
program must be re­
vised. 

If program consists of 
several subprograms, 
altering the sequence 
in which the subpro­
grams are loaded may 
reduce the number of 
linkage words. Other­
wise, i.rrecoverable 
error, program must 
be revised. 

Irrecoverable error, 
program must be re­
vised. 

Revise sequence in 
which subprograms 
are loaded and reload 
program. Otherwise, 
revise program. 

Irrecoverable error, 
program must be re­
vised. 



Teleprinter 
Message 

*LOS 

*L09 

Explanation 

No transfer address: 
The initial starting lo­
cation (e.g. , END 
statement operand) 
was not present in any 
of the programs which 
were loaded. 

Record out of se­
quence: ANAM record 
was encountered be­
fore the previous pro­
gram was terminated 
with an END record. 

Action 

To enter the starting 
address, set the abso­
lute value in the Switch 
Register, press LOAD 
A, and press RUN. 

Irrecoverable error, 
program must be re­
vised. 

If the absolute binary output option is selected, the following 
halts may occur: 

T-Register 
Contents 

102066 

102055 

102056 

Explanation 

Tape supply low on 
2753A Tape Punc'h 
which is producing ab­
solute binary output. 
Traile:r follows last 
valid output. 

A line is about to be 
printed on Teleprinter 
output device. (See 
Separation of List and 
Binary Output.) 

A line has been printed 
while Teleprinter 
punch unit off. (See 
Separa.tion of List and 
Binary Output.) 

Action 

Place new reel of tape 
in unit. Press RUN. 
Leader is produced. 

Turn punch unit off. 
Press RUN. 

Turn punch unit on. 
Press RUN. 
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4.1 
GENERAL 
DESCRIPTION 

4.2 
STRUCTURE 

INPUT/OUTPUT DRIVERS 

An 1/0 driver, operating in the BCS environment, is respon­
sible for controlling all data transfer between an 1/0 device 
and the cpu. It operates under control from the program IOC. 
Its operating paramceters are the user 1/0 request and the in­
formation contained in the device associated Equipment Table 
entry. 

An 1/0 driver is a relocatable program segmented into two 
closed subroutines, termed the "initiator" and "continuator" 
sections. The entry point names for these two sections must 
be "D. nn" and ''I. nn", respectively. The numeric value "nn" 
in the names is the Equipment Type Code assigned to the de­
vice. For example, D. f1f1 and I. f1f1 are the entry points for the 
Teletype driver; "f1W' is the Equipment Type Code assigned to 
a Teletype. 

NAM DRIVER D. nn 

D.nn 

Initiator Section 

Lnn 

Continuator Section-----------
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4.2.1 
Initiator 
Section 
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This section is called directly from IOC with calling param­
eters including the address of the second word of the user 1/0 
request and the address of the EQT entry for the referenced 
device. IOC sets these parameters in A and B and performs a 
JSB to the entry point "D. nn ". Return to IOC from this section 
must be indirectly through D. nn. 

On entry to D. nn, 

(A) =Address of word 1 of 4-word EQT entry 
(B) = Address of word 2 of 1/0 request 

The initiator section of any driver must perform the functions 
described below. 

1) Reject the IOC request and return to IOC (see step 6) if 
any of the following conditions exist: 

a. the driver is busy operating another device 

b. the referenced device is busy or inoperable 

c. the user request code or other parameters illegal 
for the device 

d. a DMA channel is not available and DMA is re­
quired for data transfer. 

2) Extract the parameters from the user 1/0 request and 
save them within the driver storage. 

3) Configure all 1/0 instructions in the driver to include 
the channel number for the reference device. 

4) Indicate equipment in operation: 

a. set the "a" field in the EQT entry to 2 (busy) for 
the device called 

b. set an internal driver 'fbusy" flag :for the driver 

c. set a 'fbusy" flag in IOC if a DMA channel is used 



4.2.2 
~Conti nuator 
:Section 

(To set a DMA flag in IOC: 

Within the IOC program the two entry points 
DMAC 1, DMAC 2 contain the DMA channel loca­
tions (6 and 7 or 7 and 6). The sign bit of the chan­
nel used must be set to 1 to indicate that the chan­
nel is busy. ) 

5) Initialize operating conditions and activate the device. 

6) Return to IOC with the A and B registers set to indi­
cate initiation or rejection and the cause of the reject: 

(A) = f1, operation initiated 
= 1, operation rejected - reason in B-register 

(B) = 1~~·~~~' the device is busy or inoperable, or 
the driver is busy 

= ~~~r~~l, a DMA channel is required but no 
channel is available 

= ~~~r~~~' the request code or sub-function is 
not legal for the device 

This section is entered by device interrupt to continue or com­
plete an operation. It may also be called from the Initiator 
Section to begin an operation. The entry point to this section 
is I. nn. There are no parameters on entry. 

The continuator section of any driver must perform the func­
tions described below. 

1) Save all registers which will be used by the continuator 
section. 

2) Perform the input or output of the next data item. If the 
transfer is not completed, restore the "saved" register 
and return control to the program (see steps 5 and 6). 

NOTE: A driver for a device which inputs or outputs 
data independent of program control such as 
DMA would not include step 2. The device is 
turned "on" by the initiator section (step 5) and 
the data transfer is immediately accomplished. 
The continuator section for such drivers merely 
completes the input or output operation. 

4-3 



4-4 

3) When data transfer is completed (end-of-operation) or if 
a device malfunction is detected, set the following in­
formation in the EQT entry: 

The number of words or characters trans­
ferred (corresponding to the request) is set as 
a positive value in word 3. Bit 15 of word 3 
is set to J1' or 1 to indicate the mode of transfer. 

The device status, actual or simulated, is set 
in bits 07-00 of word 2 and the "'a" field (bits 
15-14) in word 2 set to: 

0 - device available (not busy) 
1 - device available; the operation is com­

plete but an error has been detected 

Bits 13-08 of word 2 must not be altered. 

4) Clear all "busy" indicators. Clear the driver busy flag. 
If a DMA channel was used clear the flag :in IOC. 

5) Restore all registers saved at the entry. 

6) Return indirectly through the entry point I. nn, with the 
following exception: 

If end-of-opera~ion and the operation completed was an 
output or Function request, return must be made to the 
entry point ".BUFR" in IOC. This enables the Buffered 
version of IOC to perform the automatic output buffering 
function. The standard version of IOC at thlls entry point 
just performs a normal return to the point of interrup­
tion. The calling sequence to .BUFR is: 

EXT .BUFR 

(P) JSB .BUFR 

(P+l) NOP (holds return address from I. rm) 

(P+2) NOP (holds EQT entry ad.dress) 



5.1 

INITIALIZATION 
PHASE 

PREPARE CONTROL SYSTEM 5 

The Prepare Control System (PCS) program processes relo­
catable modules of the Basic Control System and produces an 
absolute version designed to work on a specific hardware con­
figuration. It creates operating units of the Input/Output Con­
trol subroutine (. IOC. ) , the equipment driver subroutines, and 
the Relocating Loader. It also establishes the contents of cer­
tain locations used :ln interrupt handling. Options are available 
to define the equipment driver modules and other BCS system 
subroutines as relocatable programs to be loaded with the 
user's object program. 

The Prepare Control System is an absolute program which is 
loaded by the Basic Binary Loader. It operates on a minimum 
configuration of 4K memory and a 27 52A Teleprinter. However, 
if a 2737A Punched Tape Reader and a 2753A Tape Punch are 
available, the Prepare Control System will utilize these de­
vices; PCS requests their assignment during the Initialization 
phase. 

After the Initialization phase is completed, each module of BCS 
is loaded and processed by PCS. The order in which the mod­
ules are processed is not significant except that the BCS Loader 
must be the last module loaded. Two modules, the Input/Out­
put Control subroutine and the Loader, require that parameters 
be entered via the Keyboard Input unit after being loaded. 

During the Initialization phase, the System requests that the 
operator provide the channel assignments of the Punched Tape 
Reader and the Tape Punch if available. This is followed by a 
request for the first and last words of available memory. The 
first word is the location in the Base Page following the loca­
tions required for interrupt processing (the interrupt locations 
and the locations containing the addresses of the Interrupt Proc­
essors). This location defines the start of the BCS System 
Linkage area. The last word of available memory is usually 
the location prior to the protected area (e.g., 7677 for 4K 
memory, 17677 for 8K memory). 
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5.2 
LOADING OF 
BCS MODULES 
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Example: 

HS INP? message 

18 reply 

HS PIM? message 

11 reply 

FWA MEM? message 

30 reply 

LWA ME:M? message 

17677 reply 

After the Initialization phase is completed, the System types the 
message "LOAD". The modules of BCS are then loaded using 
the Punched Tape Reader, if available, or the Teleprinter read­
er. The modules may include .IOC. , the equipment drivers, 
and the Relocating Loader. They may be loaded in any order 
provided that the Relocating Loader is last. The! message is 
repeated after each module is loaded until the Loader has been 
processed. Diagnostics are printed if certain error conditions 
occur during the loading. The absolute lower and upper bounds 
of each program within BCS are listed after the program is 
loaded. 

The format is as follows: 

<program name> 

11111 uuuuu 

Equipment driver subroutines and interrupt processing sections 
which are to be used in relocatable form are identified during 
PCS processing but are not loaded. At the completion of the 
processing, PCS requests the missing subroutines. The prop­
er response identifies each as relocatable. 



5.3 
INPUT/OUTPUT 
EQUIPMENT 
PARAMnETERS 

Equipment Table 
Statements 

After the Input/Output Control module is loaded, PCS requests 
the information needed to construct the Equipment Table (EQT) 
and Standard Equipment Table (SQT).t 

PCS first types the messages "TABLE ENTRY" and "EQT". 
The operator responds by supplying the Equipment Table en­
tries in the following format: 

nn, D. ee [,D] [, Uu] 

nn The channel number (select code) for the device. For 
a device connected to two or more channels, nn is the 
lower numbered channel. 

D. ee The Basic Control System symbolic name for the re­
lated equipment driver subroutine. ee is the equipment 
type code used by BCS. Driver names are as follows: 

D. 00 - 2752.A Teleprinter 
D. 01 - 2737.A Punched Tape Reader 
D. 02 - 2753.A Tape Punch 
D. 20 - Kennedy 1406 Incremental Tape Transport 
D. 21 - 2020.A Magnetic Tape Unit 
D. 22 - 3030.A Magnetic Tape Unit 
D. 40 - Data Source Interface 
D. 41 - Integrating Digital Voltmeter 
D. 42 - Guarded Crossbar Scanner 
D. 43 - Time Base Generator 

D A Direct Memory Access channel is required to oper­
ate the device. 

Uu The physical unit number u (0-7) for addressing the de­
vice if it is attached to a multi-unit controller. 

The same response is used regardless of whether the related 
subroutine driver is to be relocatable or absolute (part of BCS). 
If the driver is not encountered during processing, PCS prints 
the following: 

11'0 ORI VER? 
D·EE 

tsee Appendices B :md C for description of EQT and SQT. 
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A response of "!" indicates that the driver is to be in relo­
catable form. (Any other response at this time :is an error.) 

The order in which the EQT statements are submitted defines 
the position of the entry in the Equipment Table. It also es­
tablishes the unit-reference number that the programmer uses 
in writing input/output requests to . IOC. The first statement 
entered describes the unit which is to be referenced as number 
7s; the second statement, number lOs; the third statement, 
number Us; etc. Numbers 1 through 6 are reserved for Stand­
ard unit definition in the Standard Equipment Table. 

The staternent "/E" is entered to terminate the EQT input. 

Example: 

Unit-Reference Number 

•TABLE ENTRY Message 

E9T1' Message 

11 .. a.11 Statement 7 

11..1).82 Statement 10 

1a,&.1•. Statement 11 

IE Terminator 

In constructing the Standard Equipment Table, PCS types a 
mnemonic for the Standard unit and waits for the reply. The 
reply consists of the unit-reference number for a device pre­
viously described in the Equipment Table. 

Example: 

SQT? 

•KYBBT 

11 
-TTYT 

ll 
•LIB? 

message 

message to assign Keyboard Input 

reply: unit-reference number fo:r Teleprinter 
message to assign Teleprinter Output 

reply: unit-reference number for Teleprinter 
message to assign Prog:ram Library 



!Direct Memory 
Acceaa Statement 

1 

-PlllCH? 

11 

-INPUT? 

7 

-LIST1 

11 

reply: unit- reference number for Punched Tape 
Reader 

message to assign Punch Output 

reply: unit-reference number for Tape Punch 

message to assign Input 

reply: unit-reference number for Punched Tape 
Reader 

message to assign List Output 

reply: unit-reference number for Teleprinter 

After the equipment tables are completed, PCS requests infor­
mation about the availability of DMA channels to be controlled 
by the Input/Output Control and equipment driver subroutines. 
PCS types the message ''DMA ?" and the operator responds with 
the available DMA channel numbers. The format of the reply 
is: 

c 1 is 6 if one channel is available 

c2 is 7 if the SE!COnd channel is available 

If no DMA channel is available, the reply is 0 (zero). 

Example: 

Dlll"t message 

6a 1 reply for two channels 

If the reply contains any characters other than 6 or 7 it is con­
sidered to be in error and a diagnostic is issued. 
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After the Relocating Loader is loaded, PCS requests the param­
eters needed to set the Interrupt Linkage for Input/Output proc­
essing. The information required for each device includes: 

The interrupt location within the Reserved Location area 
in low core. 

The entry point name of the interrupt processing section 
in the equipment driver subroutine for the device. 

The address of the word in the Base Page which is to con­
tain the 15-bit absolute address of this entry point name. 

The same response is used regardless of whether the subrou­
tine driver is to be relocatable or absolute (part of BCS). If 
the entry point was not encountered during processing, PCS 
prints the following: 

•UN MME 

A response of "!" indicates that the driver is to be in relo­
catable form. (Any other response at this time redefines the 
linkage.) 

Given this information, PCS sets in the interrupt location a 
Jump Subroutine (Indirect) to the word holding thE~ absolute ad­
dress for the entry point of the Interrupt Processor. 

Location Content 

10 JSB 20B, I 

20 DEF I. 01 

10 is the interrupt location 

20 holds the address of the entry point, I. 01, of the Inter­
rupt Processor. 



PCS types the message "INTERRUPT LINKAGE?" The oper­
ator responds with a message in the following format: 

I. ee 

The address in low core of the interrupt location for the 
device (channel). 

The address in the Base Page of the word to contain the 
absolute address of the Interrupt Processor entry point. 

The entry point name of the Interrupt Processor section 
of the equipment driver subroutine. ee is the equipment 
type code used by BCS. Entry point names are as fol­
lows: 

I. 00 - 2752A Teleprinter 
I. 01 - 2737A Punched Tape Reader 
I. 02 - 2753A Tape Punch 
I. 20 - Kennedy 1406 Incremental Tape Transport 
I. 21 and C. 21 t - 2020A Magnetic Tape Unit 
I. 22 and C. 22t - 3030A Magnetic Tape Unit 
I. 43 - Time Base Generator 

The statement "/E" :is entered to terminate the Interrupt Link­
age parameter input. 

Example: 

INTERRUPT LJNi<AtH? message 

reply: The Punched Tape Reader 
uses interrupt location 10. 
The absolute address for en­
try point I. 01 is location 20 
in the Base Page. 

reply: The Tape Punch uses inter­
rupt location 11. The ad­
dress of I. 02 is at location 
21. 

t Both the magnetic tape systems are connected to two chan­
nels; the lower numbered channel transfers data (D. 21, 
D. 22); the higher nu m b e r e d channel transfers commands 
(C. 21, C. 22). 
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12.22.1.ee 
u .. 22 .. 1.01 reply: The Teleprinter, which re­

quires two channels, uses 
interrupt locations 12 and 13. 
The Interrupt Processor en­
try point address is stored 
at location 22. 

Terminates linkage param­
eters. 

The response to the "INTERRUPT LINKAGE?" message may 
have the following form if a constant, for example a halt, is to 
be set in the interrupt location. 

a,c 

a The address in low core of the interrupt location for the 
device (channel). 

c The constant in octal form that is to be stored at location a. 

Example: 

INTERRtPT LIMCA8E? 

•1· •••••1 .... 
message 

reply: A halt executE~d when inter­
rupt occurs on channel 27 . 

reply: A NOP is exeeuted when in­
terrupt occurs on channel 
26; the program resumes 
normal execution. 

When the Interrupt Linkage parameters have been supplied, PCS 
performs the following functions: 

1. Prints the message "*UNDEFINED SYMBOL" followed by 
the entry point names of all system subroutines which have 
been referenced as externals but not loaded. At this point, 
PCS may be rerun and the missing subroutines loaded or, 
the symbols may be added to the Relocating Loader's Load­
er Symbol Table. Undefined symbols are assigned a value 
of 77777 for an absolute address. 



2. Completes the construction of the Loader Symbol Table. 

3. Sets the Memory Table (symbolic location • MEM. ) in the 
Relocating Loader to reflect the final bounds of available 
memory. 

Following this, PCS p:rints a list of all Basic Control System 
entry points and the bounds of the System Linkage area in the 
Base Page. 

Example: 
.ser. 17472 
.&:QT. 17509 
.1oc. 17515 
DMACl 17676 
DMAC2 17677 
IO ERR 17656 
XSQT 17674 
XEQT 17675 

o. "" 16745 
1.19 11un 
D.et 16-416 
1.ei 16521 
0.92 1611 s 
1.02 16226 
•LDR. 15413 
HALT 16118 
·M&:M. 16118 
LST 14112 

•SYSTEM LINK 
18838 fHll7 l 

The final step in PCS processing is the punching of an absolute 
binary tape of the configured Basic Control System. This tape 
can be loaded by the Basic Binary Loader. When the tape has 
beenpunched, BCStypes the message "*BCS ABSOLUTE OUT­
PUT". At the completion of the PCS run, the message "*END" 
is typed. The tape is punched using the Tape Punch unit if avail­
able, or the Teleprinter punch. 
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The following procedures indicate the sequence of steps for 
loading and execution of the Prepare Control System. 

A. Set Teleprinter to LINE and check that all equipment to be 
used is operable. 

B. Load the Prepare Control System tape using the Basic 
Binary Loader. 

1. Place the Prepare Control System tape in the device 
serving as the Standard Input unit (e.g., Punched Tape 
Reader). 

2. Set Switch Register to starting addres8 of Basic Bi­
nary Loader (e.g., 007700 for 4K memory, 017700 
for BK memory). 

3. Press LOAD ADDRESS. 

4. Set LOADER switch to ENABLED. 

5. Press PRESET. 

6. Press RUN. 

7. When the computer halts and indicates that the PCS 
tape is loaded (T-Register contains 102077) set the 
Loader Switch to Protected. 

C. Set Switch Register to 002000, press LOAD ADDRESS. 

D. Set Switches 5-0 to the value of the channel number of the 
Teleprinter. (On a two channel teleprinter use the lower 
numbered channel. ) 

E. Press RUN. 

The initialization Phase is executed. During this phase the 
following messages may occur: 



Teleprinter 
Message 

HS INP? 

HS PUN? 

FWAMEM? 

LWAMEM? 

*ERROR 

!~xplanation 

Request for Punched 
Tape Reader channel 
assignment. 

Request for Tape 
Punch channel assign­
ment. 

Request for first word 
of ava,ilable memory. 

Request for last word 
of available memory. 

Action 

Type channel number. 
If Punched Tape Read­
er not available, type 
o.t 

Type channel numb er. 
If Tape Punch not 
available, type 0. 

Type address of word 
in Base Page following 
the locations required 
for interrupt process­
ing. 

Type address of word 
preceding protected 
area. 

A non-· numeric or ille- Type the correct value. 
gal character has been 
entered as a reply. 

Following the completion of the Initialization Phase the relo­
catable object tapes of the Basic Control System are to be 
loaded. Only those modules which are to be included in the 
absolute tape are loaded; modules which are to be loaded with 
the user's object program are not submitted. The modules 
may include . IOC., the equipment drivers, and the Relocating 
Loader; they may be loaded in any order provided that the Re­
locating Loader is la:3t. During this phase, the following halts 
may occur: 

t All replies from the keyboard must be terminated by an end­
of-statement mark which consists of a carriage return, (CJD, 
andalinefeed, ~~ If anerror is made in typing a reply, 
type (RUBOUT) @) (@) and repeat the reply. 
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Teleprinter 
Message 

*LOAD 

*LOl 

*L02 

Explanation 

PCS is requesting the 
first or the next BCS 
module. 

Check sum error 

Illegal record: the last 
record read was not 
recognized as a valid 
relocatable record 
type. 

Action 

Place BCS tape in 
Punched Tape Reader 
if available, or Tele­
printer reader. Press 
RUN. 

To re-·read record, 
reposition tape to be­
ginning of record and 
press RUN. 

To re-·read record, 
reposition tape to be­
ginning of record and 
press RUN. 

* L03 Memory overflow: the Irrecoverable error. 
length of BCS exceeds 
available memory. 

* L04 System linkage area Irrecoverable error. 
overflow in Base Page. 

*L05 Symbol table for BCS Irrecoverable error. 
symbols exceeds 
available memory. 

*L06 PCS interprets the Irrecoverable error. 
program length of BC S 
to be zero. 

* L07 Duplicate entry points Irrecoverable error. 
within BCS. 

*EOT End-of-Tape Place next tape in read 
unit andl press RUN to 
continue loading. 

When the . IOC. module is loaded, PCS requests the EQT and 
SQT parameters. PCS halts after typing the messages "*TA­
BLE ENTRY? EQT?". If the Teleprinter serves both as the 
reader and keyboard unit, turn reader off, pre·ss RUN. Begin 
typing response to message. (Turn reader on after all replies 
have been typed.) 



Teleprinter 
Message 

*TABLE 

*ERROR 

SQT? 
-KYBD? 

-TTY? 

Explanation 

Request for EQT entry 
information. 

A non-numeric value 
has been typed for nn, 
ee, or u. 

Action 

Press Run and for each 1/0 
device, type: 

nn, D. ee, [ , D] [ , Uu] 

nn ....... channel number 
D. ee - driver name: 

ee = 00 Teleprinter 
= 01 Punched Tape Reader 
= 02 Tape Punch 
= 20 Kennedy 1406 Incre­

mental Tape Trans­
port 

= 21 2020A Magnetic Tape 
Unit 

= 22 3030 Magnetic Tape 
Unit 

= 40 Data Source Interface 
= 41 Integrating Digital 

Voltmeter 
= 42 Guarded Crossbar 

Scanner 
= 43 Time Base Generator 

D - device uses DMA channel 
Uu - physical unit number 

(0-7) if attached to multi­
unit controller 

To terminate EQT input, type 
/E. 

Retype the entire correct 
entry. 

Request for EQT unit- Type number. 
reference number of 
unit serving as Key-
board Input. 

Request for EQT unit- Type number. 
reference number of 
unit serving as Tele-
printer Output. 
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Teleprinter 
Message 

-LIB? 

-PUNCH? 

-INPUT? 

-LIST? 

DMA? 

*ERROR 

Explanation 

Request for EQT unit­
referenc e number of 
unit serving as Pro­
gram Library. 

Request for EQT unit­
referenc e number of 
unit serving as Punch 
Output. 

Request for EQT unit­
reference number of 
unit serving as Input. 

Request for EQT unit­
referenc e number of 
unit serving as List 
Output. 

Request for DMA chan­
nel numbers. 

A non-numeric param­
eter or a parameter not 
equal to 6 or 7 has been 
entered. 

Action 

Type number. 

Type number. 

Type number. 

Type number. 

If one DMA channel, type 6 .. If 
two DMA channels, type 6, 7. 
If no DMA channels, type 0. 

Re-type correct parameter. 

After the Relocating Loader is loaded, PCS requests thie information 
needed to set the interrupt linkage for input/output processing. PCS 
halts after typing the message ''INTERRUPT LINKAGE?". If the Tele­
printer is serving both as the reader and the keyboard unit, turn reader 
off and press Run. Begin typing response to message. 



Teleprinter 
Message Explanation 

INTERRUPT Request for interrupt 
LINKAGE? information. 

Action 

Press Run and for each I/O 
device, type: 

a1, a2, I. ee 

a 1 -interrupt location address 

a2-location containing abso­
lute address of Interrupt 
Processor entry point 

I. ee entry point name: 

ee = 00 Teleprinter 
= 01 Punched Tape Reader 
= 02 Tape Punch 
= 20 Kennedy 1406 Incre­

mental Tape Trans­
port 

= 21 (and C.21) 2020A Mag­
netic Tape System 

= 22 (and C.22) 3030A Mag­
netic Tape System 

= 43 Time Base Generator 

If a constant is to be set into 
the interrupt location, type: 

a,c 

a - interrupt location address 
c - 1 to 6 digit octal constant 

to be stored at a. 

Constants should be entered 
for the following instrument 
drivers: 

Data Source Interface (D. 40): 
1067 SC (CLC sc, 4) 

Integrating Digital Voltmeter 
(D. 40): f1' (NOP) 

Guarded Crossbar Scanner 
(D. 42): f1' (NOP) 

To terminate linkage input, 
type /E. 
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Teleprinter 
Message 

*ERROR 

*UN NAME 

Explanation 

A non-numeric value 
has been typed for a1, 
a2 , a or c. 

The name I. ee is not 
defined as an entry 
point in any I/O driver 
previously loaded. 

Action 

Retype the entire correct en­
try. 

1) If the driver name was typed 
incorrectly, retype the en­
tire correct entry. 

2) If related dr]lver is to be 
loaded with user's program 
at object program load 
time, type an exclamation 
mark ( ! ) . The name is 
added to the Loader's LST. 

3) If the driver should have 
been loaded, rerun PCS. 

When the Interrupt Linkage parameters have been suppliied, PCS per­
forms the following functions: 

1. Prints the message "*UNDEFINED SYMBOL" followed by the entry 
point names of all system subroutines which have been referenced 
as externals but not loaded. At this point, PCS may be rerun and 
the missing subroutines loaded or, the symbols may be added to 
the Relocating Loader's Loader Symbol Table. Undefined symbols 
are assigned a value of 77777 for an absolute address. 

2. Completes the construction of the Loader Symbol Table. 

3. Sets the Memory Table (symbolic location . MEM. ) in the Reloca­
ting Loader to reflect the final bounds of available memory. 

Following this, PCS prints a list of all Basic Control System entry 
points and the bounds of the System Linkage area in the Base Page. 



Teleprinter 
Message 

*UNDE­
FINED 
SYMBOL 
<symbol> 

Explanation 

An entry point in aBCS 
module cannot be lo­
cated. 

1/0 DRIVER? A driver has been 
D. ee named in the EQT pa­

rameter entry, but has 
not been loaded. 

*BCS 
ABSOLUTE 

PCS is ready to punch 
absolute output tape. 

Action 

1) To enter the symbol in the 
Loader Symbol Table, 
press RUN. 

2) If the subroutine should 
have been loaded, rerun 
PCS. 

1) If the driver is to be loaded 
with user's program at ob­
ject program load time, 
type an exclamation mark 
( ! ). The name is added to 
the Loader's LST. 

2) If the driver should have 
been loaded (or if a charac­
ter other than ! is typed), 
rerun PCS. 

Turn on punch unit and press 
RUN. 

When the binary tape is punched the following halts may occur: 

T-Register 
Contents 

102077 

102066 

Explanation 

BCS tape is punched. 

Tape supply low on 
27 53A Tapia Punch. 

Action 

To produce additional copies, 
set Switch 15 to 1 and press 
RUN. 

Place a new reel of tape in 
Tape Punch and press RUN to 
continue. 
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The teleprinter listing shown below was output from a Prepare 
Control System operation that configured a BC S tape for an 
HP 2116 system which included a Teleprinter, a Tape Punch, 
a Punched Tape Reader, and a 2020A Magnetic Tape Unit. 

The PCS tape was loaded; 2000 was set in the P-Register; the 
Switch Register was set to the cRannel number of the teleprinter, 
in this case the lower channel number (138). The RUN button 
was pressed and the Teleprinter printed: 

HS INP? 
1 0 
HS PUN? 
1 1 

Initialization Phase 

Fli-JA MEM? 
23 
LWA MEM? 
17677 

* LOAD 

0.21 
16231 17677 Magnetic Tape 

* LOAD 

0.01 
15672 16230 Punch Tape Reader 

* LOAD :Load the BC S 
Drivers 

0.02 
15362 15671 Tape Punch 

* LOAD 

D • ~)0 Teleprinter 
14606 15361 



* LOAD 

IOC 
Load IOC }L1;367 1LJ605 

* TABLE ENTRY 

EC-JT? 
10,0.21 
12,[J.01 Enter the EQT Table 13,D.Qi2 
14,0.00 
/E 

SCH? 
-KYBD? 
12 
-TTY? 
12 
-LIB? 
7 Enter the SQT Table 
-PUNCH? 
1 l 
- INPUT? 
10 
-LIST? 
1 2 

DMA? 
0 

* LOAD 

l LOADR Load the Reloctable Loader 
12170 14337 
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INTERRUPT LINKAGE ? 

10,16,1·21 
11,11,c.21 
12,20,1.01 
13,21,1.02 
14,22, I .(i.)0 

1 s,22, I ·00 
/E 

.SQT• 14340 
• ECH • 14346 
0.21 16231 
I • 2 1 1 7216 
c.21 17130 
D. Vi 1 1 5672 
I • '2:11 16007 
0.02 15362 
1·02 15476 
·BUFR 14535 
0·00 14606 
I •vH1 14755 
• IOC • 14367 
DMACl 14604 
OMAC2 14605 
IOERR 14563 

'XSQT 14602 
XEQT 14603 
.LOR· 13624 
HALT 14333 
·MEM· 14333 
LST 12214 

*SYSTEM LINK 
00023 00166 

*BCS ABSOLUTE OUTPUT 
*END 

Enter the Interrupt Linkage 

BCS entry points 

Call to turn on the tape punch for ab­
solute binary tape of the configured 
BCS. 



6.1 
OPERATOR 
COMMUNICATION 

DEBUGGIN4G SYSTEM 6 

The Debugging routine for the HP 2116A provides the following 
facilities to aid in program testing: 

Print (dump) selected areas of memory in octal or ASCII 
format 

Trace portions of the program during execution 
Modi.fy the contents of selected areas in memory 
Modify simulated computer registers 
Instruction and operand breakpoint halts 
Initiate executioltl at any point in program 
Debugging routine restart 
Specifying relocatable program base 

The Debugging routine supervises the operation of a program 
in the check-out (debugging) phase through the use of an inter­
pretive mode of execution with simulated A, B, E overflow and 
P registers. 

The Debugging routine is a relocatable program. It is loaded 
into memory after the user's relocatable programs and before 
the library subrouUnes are loaded. The Debugging routine 
makes use of the input/output control subroutine, IOC. 

All communication between the Debugging routine and the user 
formed by the Standard Keyboard Input and Standard Teleprinter 
Output units which are normally assigned to a Teleprinter. 

After the program is loaded, the Debugging routine pauses to 
allow the first type-in. The operator then types one or more 
control statements to direct the operation of the Debugging 
routine. Each statement must be terminated by an end-of­
statement mark which consists of a carriage return, CR , and 
a line feed LF . The last statement of the set must be a Run 
statement. 

When an operation requested by a control statement is com­
pleted, a pause occurs (except for the Trace operation). The 
operator may then continue by typing a Run statement, or he 
may enter new control statements. To regain control at any 
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6.2 
CONTROL 
STATEMENTS 

Program 
Relocation Base 

Set Memory 

6-2 

other time, the operator must use Switch 15. Caution must be 
used, however, when input/ output operations are in progress; 
setting the switch causes a message to be typed. This action 
may disrupt any incomplete 1/0 operation. 

The basic format of the control statement is a single alpha­
betic character representing the requested operation followed 
by a parameter list containing the arguments for the operation 
separated by commas. The statement is of variable length and 
is terminated by @ @. The numeric fields in the param­
eter list must be in octal; leading zeros may be omitted. 

M,a 
This statement defines the program relocation base, a, as the 
absolute origin in memory of the user's relocatable program. 
This address may be obtained from the listing produced by the 
Relocating Loader during loading. If not specified, a value of 
zero is assumed. The value is added to all address parameters 
entered by the operator. 

Specification of this value allows subsequent reference in the 
control statements to addresses as shown on the program list­
ing produced by the Assembler or the FORTRAN compiler. If 
this control statement is not used, program address param­
eters for other control statements must be absolute. 

Example: 

M, 2j1j1j1 

S, a, v1, v2, ... , vn 
The above statement allows the user to set one or more values 
into locations defined by the first address, a. The value speci­
fied for v1 is stored in location a; the value for v2, in location 
a+ 1; and so forth. To specify that an existing value in memory 
is to remain unchanged, two consecutive commas are used in 
the control statement. Any number of values may be entered 
via one control statement provided the length of the statement 
does not exceed 72 characters. 



Set Register 

Dump Memory 

Example: 

S,5,062006 
S,30,136100,026040 
S,40,136101,026050 

w,.t, v 

This statement sets the value, v, into register, r, where the 
register is defined :as follows: 

r = A, A-Register 
= B, B-Register 
= E, E -Register 
= 0, Overflow 

Since the Debugging routine simulates the register, the results 
of a Set Register operation are not reflected on the computer 
front panel. 

Examples: 

W,B, 2 
W,A, 102000 
W, E, 1 

D, A, a1, a2 
D, B, a1, a2 

The second parameter indicates the format of the print-out: A 
specifies ASCII, B specifies octal (See Output Formats). The 
address a 1 designates the location of the word or the first of a 
series of words that is to be dumped. If the second address, 
a2, is greater than a1, a block of memory, a1 through a2, is 
printed. If a2 is the same as a1, only one location is printed. 

After the data is printed, the Debugging routine waits for the 
operator to enter an.other control statement. 

Example: 

D, A, 430, 477 
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Breakpoint Halt 

Trace 

fi-4 

B, I, a 
B,O, a 

The fir st form specifies the address, a, of an instruction break­
point. Before the instruction at address a is executed, the De­
bugging routine writes a standard breakpoint message (See Out­
put Formats). 

The second form specifies the address, a, of an operand break­
point. When the Debugging routine detects an effective operand 
address equal to the value of a, it writes a standard breakpoint 
message. The operand breakpoint occurs before the memory 
reference is completed and the register contents in the message 
are the contents during the instruction execution and not at 
completion. 

After the breakpoint message is transmitted, the Debugging 
routine waits for the user to enter another control statement. 

One or both types of breakpoint halts may be selected. Once 
selected, a breakpoint address remains in effect until a new 
address is selected, until a Restart statement is entered, or 
until the selection is terminated by the statements: 

B, I, ~ or B, 0, ~ 

When the Trace operation is specified, the execution of the in­
struction located at address Al, or the execution of every in­
struction within the area al through a2, causes the printing of 
a standard breakpoint message (See Output Formats). The 
printing occurs before each instruction is execut(3d. Each ti.me 
the al - a2 area is reached, the printing resumes; no pause 
occurs on completion as in the other Debugging routine opera­
tions. 

The area to be traced must not contain calls to the input/output 
control routine, IOC. The Trace operation uses IOC to print 
the breakpoint message. An attempt to trace I/O operations 
will result in I/O errors. 

The trace of the area remains in effect until a new area is se­
lected or until the selection is terminated by the statement:: 

T,~ 



Run 

Restart 

~&.3 
CONTROL 
~STATEMENT 
IERROR 

~&.4 
IHALT 

To enter a new Trace control statement while the program is in 
operation, Switch 15 must be used. 

R [,a] 

This statement is used to initiate or continue the execution of 
the program being debugged. As a result of using Switch 15, or 
following the printing of a standard breakpoint message (with 
the exception of those produced by Trace), the Debugging pro­
gram pauses. The operator may then type a Run statement, or 
one or more control statements followed by a Run statement to 
resume program execution. If the letter "R" only is entered, 
execution starts with the next s e q u en ti a 1 instruction in the 
user's program. To start at another location, the operator 
enters the address, a. 

A 

This statement, consisting of the letter "A" is used to abort 
the current operation and restart. This results in all debugging 
routine and input/output operations in progress being cleared. 

If an incorrect control statement is entered, the following mes­
sage is typed: 

"ENTRY ERROH" 

This indicates that the character representing the operation is 
invalid, or that an illegal parameter has been typed. To re­
cover, type in the correct control statement. 

Any Halt operations coded within the user's program are inter­
preted by the Debugging routine and result in a typeout consis­
ting of the letter "H'" followed by the standard breakpoint mes­
sage. The operator may then type in one or more control state­
ments or may reinitiate program execution (with the R control 
statement). 
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Standard Break­
point Message 
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The Debugging routine maintains a count of levels when indirect 
addressing is detected. When ten consecutive levels of indirect 
addressing have occurred, an indirect address loop is assumed 
and the following is typed out: 

''INDIRECT LOOP'' 

L <standard breakpoint message> 

The Debugging routine operations may produce either of two 
printed outputs: the standard breakpoint message and the mem­
ory dump. 

Each output line from operations which produce the standard 
breakpoint message has the following format: 

<id>P = v1 I= v2 A = v3 B = v4 E = v5o = v6 MA := v7 MC= v8 

The <id> is a letter identifying the operation producing the out­
put: 

id = I, Instruction breakpoint 
= O, Operand breakpoint 
= T, Trace 
= S, Switch 15 set up 
= L, Indirect Loop 
= H, Halt in object program 

The v's are octal values of registers and memory locations as 
follows: 

P - P-Register (instruction address) 
I - Instruction (contents) 
A - A-Register 
B - B-Register 
E - E-Register 
0 - Overflow 

MA - Effective operand address of a memory reference in­
struction 

MC - Contents of effective address of a memory reference 
instruction 



ID ump 

6.7 
OPERATING 
PROCEDURES 

The Dump output record format consists of the contents up to 
8 consecutive words preceded by the address of the first word: 

addr. word1 word2 . . . word8 

Octal: aaaaa 000000 000000 .•• 000000 

ASCil: aaaaa cc cc cc 

Octal words consist of 6 octal digits; ASCII words are listed as 
two ASCII characters. The contents of eight or more consecu­
tive words are not written or they are the same as the last 
word of the previous record. Instead, a record containing only 
an asterisk is produced. 

The following procedures indicate the sequence of steps for use 
of the Debugging routine. 

A. Set the Teleprinter to LINE and check that all equipment to 
be used is operable. 

B. Load Basic Control System using the Basic Binary Loader. 

C. Set Switch Register to 000002, press LOAD ADDRESS, and 
set Switch Register to 000000. 

D. Establish Relocating Loader parameters. (If relocation 
base is to be entered during operation of the Debugging 
routine, the address must be obtained during loading by 
setting Switch 15 to 0 (down).) 

E. Load reloctable object programs. 

F. Load Debugging program (treated as a relocatable pro­
gram). T 

G. Load Program Library routines. 

t The Debugging routine need not be loaded as the last reloca­
table program. If loaded in any other order, however, the ab­
solute address assigned to the symbolic location DEBUG must 
be entered manually as the starting address for the program. 
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PAGE 

0001 
0082 
0003 
0004 
0005 
1806 
8807 
8088 
0009 

"" 10 BB l I 

0012 
0813 
8114 
8115 

"" 16 0817 

H. Press RUN. 

I. The program pauses to allow the operator to type in the 
control statements. 

J. The program may be restarted at any point by entering the 
absolute address assigned to the symbolic lote~ation DEBRS 
into the P-Register, and pressing RUN. 

The routine employed in this example is a simple loop which 
totals the contents of a block of data. In order to imbue it with 
a practical aspect, assume that program "TOTAL" computes 
personal expenses for a 31-day month. Data (each day's ex­
penses) is read in from the Punched Tape Reader. The sum is 
printed out on the Teleprinter. 

The program is written and assembled as below. To check it 
out a data tape, consisting of a series of 10 's is prepared: 

1112 

10100 
00018 
88881 
00002 

10 ( @D(q) ) 
10 ( (~) (LF) ) 

10 ( @(~~) ) 

181 

NAM 
188880 START NOP 
fH2162R lDA 
072156R STA 

TOTAL 

•D-31 
CTR 

00003 062163R lDA •BS 
lHJ084 00648~ ClB.1INB 
0000 s 8 I 6804X JSB .010. 
IH006 '"'"'"" ABS 0 
'"'""7 000814R DEF" •+5 
'"'010 016006X JSB elOR. 
800 l l 016001X DST INPUT., I 
00012 1100 SSR 
08013 8 l 60BSX JSB eRAR· 
0081~ 06605SR LOB INPUT 
"'"'IS 846 I 64R ADB •82 
80016 1760SSR STB INPUT 
08017 036156R ISZ CTR 
00828 026013R JMP START+3 

INF·UT THE DATA 



"" 19 
fHl21 162l62R Ll1>A •0•31 

8129 08822 172 I 56R s·rA CTR INITIALIZE 
0021 01823 016882X Dl .. D ., .. , 

88124 11016 SR 
8822 88825 816111X DST ANSW 

18826 808154R 

fll24 88027 ll6812X Dl .. D .MON,, I 
18838 llH054R 

8025 fH83 l I l6083X FAD ANSW 
88132 '"!J81 S4R 

1026 08833 8168fJl x D!)T ANSW 
8883~ 088 l 54R 

1027 18835 866054R StlM LDB .MON 
8128 10036 84616 4R Al>B •92 ABDITION LOOP 
8829 10137 876054R s~re .MON 
0038 88841 036 l 56R l!)Z CTR 
8831 88141 826035R JMP SUM 

1133 00·042 9621.64R Ll>A •B2 
8034 10143 086 A\80 Cl.B 
8135 80844 016004X JSB .010. 
0036 01045 000157R omr o·aTPT 
1837 80046 108053R Dl~F' •+S 
8838 80047 8 l6882X Dl.D ANSW OUTPUT THE RESULT 

00058 880154R 
8839 80051 116086 x J~iB el OR• 
8840 0fH52 116007 x J~)B eDTA. 
8841 lfHS3 102077 HL.T 778 

9043 81854 818956R eMON DE:F MONTH 
0144 00055 980056 R INPUT 1n:rr MONTH 
1145 81856 fH8800 MONTH BSS 62 
8146 88154 000010 ANSW BSS e 
8047 00156 888080 CTR BSS I 
8848 E>~T .a10.,,.RAR ••• 10R.,,.nTA· 
fH49 00157 124106 OUT PT ASC 3,,0-s.2> 

fH161 834856 
8816 l 931051 

8116 2 l 777 41 
88163 888fHS 
89164 lHJ9802 
8816 5 800081 
88166 880108 

ease UH> START 

•• NO ERRC!>RS• 
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M,2000 

10.00 
H P=00053 

The "TOTAL" object tape is loaded by the Basic Control Sys­
tem. The debugging system is loaded next and then the library 
tape. The program is executed using the Debugging System by 
the following instructions: 

Set program relocation base 

Breakpoint instruction is 53, the location of the terminating 
halt in the program. 

Initiate execution at statement 1 

1=102077 A=177777 8=006115 E=0 0=1 

The correct answer for the test data would be "SL 00", not the 
10. 00 that was output. 

The procedure below illustrates one method for detecting errors 
in the program. 

Set program relocation base 

Dump a portion of the storage area MONTH 
o .. s .. 56 .. 70 
DUMP--BASE = 02000 

00056 050503 000333 
00060 001253 000000 000000 004267 017700 000000 053070 011770 
00070 002256 

B, I, 21 
R, 1 

Read in the data: 

I P= 00021 1=062162 A=000000 8=002154 E=0 0=0 MA= 00162 MC=177741 

Check to see that the data has been stored in memory: 

D,B,56,70 
DUMP--BASE = 02000 

00056 050000 000010 

00060 050000 000010 050000 000010 050000 000010 050000 000010 

00070 050000 



8, I, 35 
R,21 
I P= 00035 

Knowing that the data has been stored in MONTH, perform the 
first addition: 

1=066054 A=050000 
E=0 0=0 MA= 00054 MC=002056 

Check to see that the first day's expenses have been stored at 
ANSW: 

o, s., 154.1 1 55 
DUMP--BASE = 02000 

00154 050000 000010 

The first addition was executed. Perform the remaining addi­
tions by looping: 

8, I, 42 
R,35 
I P= 00042 1=062164 A=050000 8=002154 E=0 0=0 MA= 00164 MC=000002 

Check final total in ANSW. 

o, 8.1 1 54, 1 5 5 
DUMP--BASE = 02000 

00154 050000 000010 

Here, if not previously, the error should be detected; the pro­
gram does not perform more than the first addition. The label 
sum has been placed in the wrong instruction. It should be in 
location 27 preceding the "DLD . MON, I" instruction. 
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0001 00000 NAM TOTAL. 
0002 00000 000000 START NOP 
0003 00001 062162R l..DA =D-31 
0004 00002 072156R STA CTR 
0005 00003 062163R l..DA =BS 
0006 00004 006404 CLB,,INB 
0007 00005 016004X JSB .010. 
0008 00006 000000 ABS 0 
0009 00007 000014R DEF" •+S 
0010 00010 016006X JSB .IOR· 
0011 00011 016001X DST INPUT,, I 

00012 100055R 
0012 0~013 01600SX JSB .RAR· 
0013 00014" CJ660SSR LOB INPUT INPUT THE DATA 
0014 000 l 5 0 46 l 64R ADB =82 
0015 00016 07605SR STB INPUT 
0016 00017 036156R ISZ CTR 
0017 00020 026003R JMP START+3 

0019 00021 062162R LOA =D-31 
0020 00022 0721 S6R STA CTR INI TH~L.I ZE 
0021 00023 016002X 01..D •F"0·0 

00024 00016SR 
0022 00025 016001X DST ANSW 

00026 000·1 54R 

0024 00027 016002X 01..D .MQN,,I 
00030 100054R 

0025 00031 016003X F"AD ANSW 
00032 000154R 

0026 00033 016001X DST ANSW 
00034 000154R 

0027 00035 066054 l..DB .MON 
0028 00036 046 l 64R ADB =82 ADDITION l..OOP 
0029 00037 076054R STB .MON 
0030 00040 036156R ISZ CTR 
0031 00041 02603SR JMP SUM 

0033 00042 062164R LOA •82 
0034 00043 006400 CLB 
0035 00044 016004X JSB .010. 
0036 00045 000157R DEF" OUTPT 
0037 00046 000053R DEF" •+S 
0038 00047 016002X Dl..D ANSW OUTPUT THE RESULT 

00050 000154R 
0039 00051 016006X JSB eIOR. 
0040 00052 016007X JSB .OTA• 
0041 00053 102077 Hl..T 778 
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HP CHARA~CTER SET A 

ASC II CHARACTER FORMAT 

b_i_ 0 0 0 0 I I I I 

b1 0 0 I I 0 0 I I 

b!I 0 I 0 I 0 I 0 .____!., 
b4 

j r bz 

~ \1 
0 0 ·:> 0 NULL DCo 'b 0 @ p ~ :J, -
0 0 ·0 I SOM oc, ! I A Q - -~ 
0 0 I 0 EOA OC2 II 2 B R __ u _ 
0 0 I I EOM DCs .... 3 c s N 

LJ>fo1.L $ 
- -- --A - -I 

0 I 0 0 EOT 4 D T 
-U- --S-

0 I 0 I WRU ERR O/o !5 E u N s 
0 I I 0 RU SYNC a 6 F v -A- --,-

-S- --G -
0 I I I BELL LEM lAPOSJ_ 7 G w s N - - --E -
I 0 0 0 FEo So ( 8 H x I 

·~ 
-G-

fr I 0 0 s, ) 9 I y -~-~ 
I 0 I 0 LF S2 * : J z 

VTAI ' Ss t 
-D- -

I 0 I I + i K 

I I 0 0 FF S4 ltcoM•I < L \ ACK -
=~ I I 0 I CR 1 S!I - . M J 

so i ' 
-

I I I 0 s, > N ESC 

SI i S1 
- - I---

I I I I I ? 0 - _t DEL 

Standard 7-bit set code positional order and notation are shown below with b, the high-order 
and b1 the low-order, bit position. 

EXAMPLE: The code for "R" is: 
b1 
1 

LEGEND 

NULL Null/Idle DC,-DCs 
SOM Start of message DC4(Stop) 
EOA End of address ERR 
ECM End of message SYNC 
EOT End of transmission LEM 
WRU "Who are you? 11 So-Sr 
RU "Are you ••• ? 11 

ti 
BELL Audible signal 
FEo Format effector < 
HT Horizontal tabulati.on > 
SK Skip (punched card) + LF Line feed ... 
VrAB Vertical tabulation \ 

FF Form feed ACK 

CR Carriage return ' <D 
so Shift out ESC 

SI Shift in DEL 

DCo Device control rese1rved for 
data I ink escape 

b!I 
1 

Device Control 

bs 
0 

Device control (stop) 
Error 
Synchronous idle 
Logical end of media 
Separator (information) 
Word separator (space, normally 

non-printing) 
Less than 
Greater than 
Up arrow (Exponentiation) 
Left arrow (lmpl ies/Replaced by) 
Reverse slant 
Acknowledge 
Unassigned control 
Escape 
Delete/Idle 
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BINARY CODED DECIMAL FORMAT 

Kennedy 1406/1506 ASCII-BCD Conversion 

Symbol 
BCD ASCII Equivalent 

Symbol 
BCD ASCII Equivalent 

(octal code) (octal code) (octal code) (octa I code) 

i(Space) 2¢ ¢4¢ A 61 1¢1 

! 52 ¢41 B 62 1¢2 

# 13 ¢43 c 63 1¢3 

$ 53 ¢44 D 64 1¢4 
% 34 ¢45 E 65 1¢5 
& 6¢ ¢46 F 66 1¢6 
I 14 ¢47 G 67 lJV 
( 34 ¢50 H 7¢ 11¢ 
) 74 ¢51 I 71 111 

* 54 ¢52 J 41 112 

+ 6¢ ¢53 K 42 113 

I 33 ¢54 L 43 114 

- 4¢ ¢55 M 44 115 

. 73 ¢56 N 45 116 

I 21 ¢57 0 46 117 
p 47 12¢ 

¢ 12 ¢6¢ Q 50 121 

l (il ¢61 R 51 122 
2 92 ¢62 s 22 123 

3 ¢3 ¢63 T 23 124 

4 f14 ¢64 u 24 125 
5 ¢5 ¢65 v 25 126 

6 ¢6 ¢66 w 26 127 
7 ftl ¢67 x 27 13¢ 
8 1¢ ¢7¢ y 30 131 
9 11 $Pl z 31 132 

: 15 ¢72 [ 75 133 

; 56 ¢73 \ 36 134 

< 76 ¢74 ] 55 135 

= 13 ¢75 
> 16 ¢76 
? 72 ¢77 
@ 14 1¢¢ 

Other symbols which may be represented in ASCII are converted to spaces in BCD (20) 
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Symbol 

(Space) 

" 
# 
$ 
% 
& 

* 
+ 

. 
I 

,0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

< 

> 
? 
@ 

HP 2020A/B ASCII - BCD Conversion 

ASCII BCD Symbol ASCII BCD 
(Octal code) (Octal code) (Octal code) (Octal code) 

4,0 2,0 A 1,01 61 
41 52 B 1,02 62 
42 37 c 1,03 63 
43 13 D 1,04 64 
44 53 E 1,05 65 
45 34 F 1,06 66 
46 60t G 1,07 67 
47 36 H 11,0 70 
5,0 75 I 111 71 
51 55 J 112 41 
52 54 K 113 42 
53 6,0 L 114 43 
54 33 M 115 44 
55 4,0 N 116 45 
56 73 0 117 46 
57 21 p 12,0 47 

Q 121 50 

6,0 12 R 122 51 

61 ,01 s 123 22 

62 ,02 T 124 23 

63 ,03 u 125 24 

64 ,04 v 126 25 

65 ,05 w 127 26 

66 ,06 x 13,0 27 

67 ,07 
y 131 30 

7,0 1,0 z 132 31 

71 11 
[ 133 75 t 

72 15 J 135 55 t 
73 56 136 77 

74 76 137 32 

75 35 
76 16 
77 72 

1,0,0 14 

t BCD code of 60 always converted to ASCII code 53 ( +). 

~: BCD code of 75 always converted to ASCII code 50 (()and 

BCD code of 55 always conve~rted to ASCII code 51 () ). 
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EQUIPME~IT TABLE B 

The Equipment Table (EQT) provides information for the input/ 
output control routine, . IOC. , and the equipment driver sub­
routines. The table contains an entry for each peripheral de­
vice attached to an HJE> 2116A Computer configuration. 

The table is constructed as a block of entries assembled by the 
Prepare Control System routine. The first word of the table, 
at the symbolic entry point . EQT., contains the number of en­
tries in the table. An entry in the table is referenced accord­
ing to its position. '!'he numbers 1 through 6 are reserved for 
Standard units (see Standard Equipment Table). The number 
79 appearing in a program refers to the 1st table entry; the 
number 108, the second, and so forth. The numbers may be 
in the range 79-748 with the largest value being determined by 
the number of units of equipment available at the installation. 

The 4-word entry for each device contains the following inf or­
mation: 

The channel number of the device (109-769) 

A Direct Memory Access channel indicator if pertinent 

Absolute address of equipment driver subroutine 

Equipment type identification code. 

The above information is static for each installation; it is not 
altered by • IOC. The entry also contains dynamic information 
which is supplied by the equipment driver subroutine. This in­
formation includes: 

Status of operation (i.e., in progress or complete) 

Status of equipment 

Number of characters or words transmitted when the oper­
ation is completed. 
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The format of the entry is as follows: 

d 

unit 

channel 

a 

15 14 9 8 6 5 0 

Id~ unit I channel 

15 14 8 7 0 

a I equipment type I status 

15 14 

15 

0 

transmission log 

driver address 

Direct Memory Access channel indicator 

1 DMA channel is to be used for each data 
transmission operation 

0 DMA channel not required 

Physical unit number (0-7) used to address 
the device if it is attached to a multi-unit 
controller. 

The channel number (select code) for the 
physical device (also the low core location 
containing a JSB to the related interrupt 
subroutine. ) 

Availability of device: 

0 The device is available; the previous 
operation is complete. 

1 The device is available; the previous 
operation is complete but a transmis­
sion error has been detected. 

2 The device is not available for another 
request; the operation is in progress. 

equipment type This field contains a 6-bit code that identi­
fies the device: 

00-07 - Paper Tape devices 
00 2752A Teleprinter 
01 2737A Punched Tape Reader 
02 27 53A Tape Punch 



status 

m 

l0-17 - Unit Record devices 
2:0-37 - Magnetic Tape and Mass Storage 

devices 
20 Kennedy 1406 Incremental Tape 

Transport 
21 2020A Magnetic Tape Unit 
22 3030 Magnetic Tape Unit 

4:0-77 - Instrumentation devices 
40 Data Source Interface 
41 Integrating Digital Voltmeter 
42 Guarded Crossbar Scanner 
43 Time Base Generator 

The status field indicates the actual status 
of the device when the data transmission is 
complete. The contents depend on the type 
of device (see Status Table). 

This bit defines the mode of the data trans­
mission: 

0 ASCII or BCD 

l · Binary 

transmission log ~rhis field is alog of the number of charac­
ters or words transmitted. The value is 
given as a positive integer and indicates 
characters or words as specified in the 
calling sequence. The value is stored in 
this field only when the input/ output request 
has been completed, therefore, when all 
data is transmitted or when a transmission 
error is detected . 

driver address .Absolute address of the entry point for the 
associated driver subroutine for the device. 
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~ e 

2752A Teleprinter 

2737 A Punched Tape 
Reader 

2753A Tape Punch 

Kennedy 1406 Incre-
mental Tape Transport 

2020A Magnetic Tape 
Unit 

3030 Magnetic Tape 
Unit 

BT 

DB 

EOF 

ST 

TE 

I/OR 

= 

= 

= 

= 

= 

= 

Broken Tape 

Device Busy 

End of File 

Start of Tape 

Timing Error 

1/0 Reject 

STATUS TABLE 

7 6 5 4 3 2 1 0 

End of 
Input 
Tape 

End of 
Tape 

Tape 
Supply 
Low 

End of BT DB Tape 

EOF ST End of TE 1/0 NW PA DB Tape R 

EOF ST End of TE 1/0 NW PA DB Tape R 

NW = No Write (write enable ring missing or tape unit i.s rewinding) 

PA = Parity Error 



STANDARD UNIT EQUIPMENT TABLE c 

The Standard Unit Equipment Table (SQT) allows reference to 
input/output devices designated as Standard units. The Table 
contains six 1-word entries. Each entry corresponds to a par­
ticular Standard unit and contains a pointer to the Equipment 
Table. The Standard units are as follows: 

Number Name 

1 Keyboard Input 

2 Teleprinter Output 

3 Program Library 

4 Punch Output 

5 Input 

6 List Output 

The number defines the position in the SQT at which the device 
is listed. Each Standard unit may be a different device, or a 
single physical device may represent several Standard units. 
The value of the pol.nter in the SQT is the position of the physi­
cal unit's entry in the EQT, with the lowest value being 7 8 (see 
EQT). 
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PRIORITY 
OUTPUT 

IOC WITH OUTPUT BUFFERING D 

IOC with Output Buffering is an extension of the standard ver­
sion and provides for automatic stacking and buffering of all 
output and function requests. This involves moving an output 
request and associated buffer into available memory and adding 
the request location into a thread of stacked requests for the 
referenced unit. At the completion of an output operation, the 
next entry in the stack for the unit is initiated by IOC. The 
processing of output/function requests for a particular unit is 
according to the order of the requests (first in/first out). This 
version of IOC requires the use of the program MEMRY to per­
form the allocation and release of blocks of available memory. 
If available memory is exhausted when an allocation is at­
tempted, IOC repeats the call until space is made available, 
i. e. , previous blocks are released. 

A "Priority" write or function request has been added for use 
with the Buffered viersion of IOC. A "Priority" request is 
processed immediately without the request and buffer being 
moved to available memory. The current operation in the stack 
for the referenced unit is suspended, the "Priority" request 
processed, and the suspended operation re-initiated. The 
"Priority" feature is useful for writing messages or diagnostics 
for immediate action or for performing output without reserving 
a segment of available memory for request/buffer storage. (All 
output performed by the BCS Relocating Loader is done as Pri­
ority requests because of the latter reason.) (NOTE: If two (2) 
or more Priority requests are called in immediate succession 
(without intervening status checks), the last requested operation 
is performed with the previous ones being "lost". ) 

A "Priority" request (i.e., Write function) is indicated by set­
ting bit ~9 of Word ~: of the request call = 1. Bit ~9 = 0 means 
normal operation with the Standard IOC and means the request 
will be stacked and buffered with the extended version. 
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OPERATING 
ENVIRONMENT 

RESTRICTIONS 

HALT 
CONDITIONS 

D-2 

Example: "Priority" Write to Teleprinte](' 

JSB • IOC. 

OCT 21~~2 

JMP REJ 

DEF BUFFR 

DEC -37 

IOC with Output Buffering provides for writing a data block on 
more than one output device in parallel and does not restrict 
output rates to the lowest speed device. Because all requests 
and buffers are moved into available memory for subsequent 
processing, peak load output processing is not delayed due to 
device speed or saturated buffer storage within the bounds of 
user programs. System I/O saturation occurs when available 
memory is exhausted. 

The routines used to allocate/release blocks in available mem­
ory and to initiate stacked output requests operate with the In­
terrupt System disabled. Therefore, the use of medium/high 
speed synchronous I/O devices under program control is not 
recommended because of possible data loss (e.g., HP 2020 A/B 
Magnetic Tape). 

An I/O driver routine operating under the extended version of 
IOC may not be used to control more than one like device. This 
is because the buffering control routine in IOC only checks for 
stacked requests referencing the unit on which an operation was 
just completed. 

Irrecoverable error conditions are identical to the Standard 
version of IOC. The location of the halt is at the entry point 
"IOERR". These conditions are: 



1/0 ERROR 
CONDITIONS 

A-Register !l-Register 

Location at Request 

Locaition at Request 

~ 

Meaning 

Request Code Illegal 

Unit Reference Illegal 

Write request for an 
input only device. 

The routine .BUFR in the version of IOC with Output Buffering 
checks for error conditions of the end of each output operation. 
If any error conditions and End-of-Tape or Tape Supply Low, 
etc. conditions are present, IOC halts to allow the condition to 
be corrected. Processing is continued by pressing RUN, 

Halt: (T) = 1~2~7~ 
(A) = Word 2 of EQT entry (Status word) 

(B) = Hardware I/O address of unit 
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NAM RECORD 

15 

15 

RECORD 
LENGTH 

8 7 

WORD 1 t 

8 7 

s y 

WORD 4 

1514 

LENGTH OF 
MAIN PROGRAM 

SEGMENT 
i(OR ZERO) 

A/C 
WORD 7 

RELOCATABLI: TAPE FORMAT E 

CONTENT 

0151312 0 15 

WORD 2 

015 8 7 0 15 

M B L 

WORD 5 

0 15 015 

LENGTH OF 
BASE PAGE 
SEGMENT 
(OR ZERO) 

WORD 8 

0 

CHECKSUM 

WORD 3 

8 7 0 

WORD 6 

0 

LENGTH OF 
COMMON 
SEGMENT 
(OR ZERO} 

WORD 9 

EXPLANATION 

RECORD LENGTH = 9 WORDS 

IDENT = 001 

CHECKSUM: ARITHMETIC 
TOTAL OF ALL WORDS 
IN RECORD EXCLUDING 
WORDS 1 AND 3. 

SYMBL: FIVE CHARACTER 
NAME OF PROGRAM 

A/C: BINARY TAPE PROCESSOR 
= 0 IF ASSEMBLER 

PRODUCED 

= 1 IF COMPILER 
PRODUCED 

tEach word represents two frames arranged as follows: 

Bit 8 -

Bit 15-
E-1 
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ENT RECORD 

15 

15 

15 

15 

87 

RECORD 
LENGTH 

WORD 1 

87 

s 

WORD 4 

RELOCATABLE 
ADDRESS 

FOR 
SYMBL 

WORD 7 

87 

L 

WORD 10 

CONTENT 

0151312 

015 

y M 

015 

s 

R 

WORD 2 

87 

WORD 5 

8 7 

WORD 8 

4 3 015 

B 

y 

I 
E 
N 
T 
R 
I 

E 
s 

015 

015 

015 

CHECKSUM 

WORD 3 

L 

87 

M B 

WORD 9 

RELOCATABLE 
ADDRESS 

WORD 59 

0 

0 

0 

EXPLAt~A TION 

RECORD LENGTIH == 7-59 WORDS 

IDENT = 010 

ENTRIES: 1 to 14· ENTRIES PER 
PROGRAM; EACH ENTRY 
IS FOUR WORDS LONG. 

SYMBL: 5 CHARACTER ENTRY 
POINT SYMBOL 

R: RELOCATION INDICATOR 
= 0 IF PROGIRAM RELOCATABLE 
= 1 IF BASE PAGE 

RELOCATABLE 

WORDS 4 THROUGH 7 ARE 
REPEATED FOR EACH 
ENTRY POINT SYMBOL. 



EXT RECORD 

15 

15 

15 

87 

RECORD 
LENGTH 

WORD 1 

87 

s 

WORD 4 

87 

s 

WORD 7 

CONTENT 

0151312 

WORD 2 

015 87 

y M 

WORD 5 

015 
I 

~ 
y ~ 

l 
< 

54 0 15 

B 

II 
E 
N 
T 
R 
I 
E 
s 

015 

015 

CHECKSUM 

L 

L 

WORD 3 

87 

SYMBOL 
ID 
NO. 

WORD 6 

87 

SYMBOL 
ID 

NO. 

WORD 60 

0 

0 

0 

EXPLANATION 

RECORD LENGTH= 6-60 WORDS 

IDENT = 100 

ENTRIES: 1 TO 19 PER 
RECORD; EACH ENTRY 
IS THREE WORDS LONG 

SYMBL: 5 CHARACTER 
EXTERNAL SYMBOL 

SYMBOL ID. NO.: NUMBER 
ASSIGNED TO SYMBL FOR 
USE IN LOCATING 
REFERENCE IN BODY 
OF PROGRAM. 

WORDS 4 THROUGH 6 REPEATED 
FOR EACH EXTERNAL 
SYMBOL (MAXIMUM OF 
19 PER RECORD). 
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DBL RECORD 

15 8 7 

RECORD 
LENGTH 

WORD 1 

1514 

~ 
[I 
II 
~ 
~ 
~ 

RELOCATABLE 
LOAD 

ADDRESS 

WORD 4 

15-BIT PROGRAM 
RELOCATABLE 

VALUE 

INSTRUCTION WORD 
R = 001 

CONTENT 

0151312 765 015 

WORD 2 

0151312109 76 43 1015 

~ 
~ 

R ~ R R R R 

~ 

WORD 5 

15-BIT BASE PAGE 
RELOCATABLE 

VALUE 

INSTRUCTION WORD 
R = 010 

V1 

CHECKSUM 

WORD 3 

ABSOLUTE 
VALUE 

INSTRUCTION WORD 
R::: 000 

15-BIT COMMON 
RELOCATABLE 

VALUE 

INSTRUCTION WORD 
R = 011 

1,...5 ... 14_1 .... 1,...10 ______ 0 1514 1110 9 2101514 

I 
N 
s c 
T 0 
R 0 
U E 
c 
T 

D/I 

EXTERNAL 
SYMBOL 
l.D.NO. 

D/I 

INSTRUCTION WORD 
R = 100 

RELOCATABLE 
VALUE 

INSTRUCTION WORDS 
R::: 101 

0 

0 

EXPLANATION 

RECORD LENGTIH == 5-60 WORDS 
IDENT = 011 
Z/C: BASE/CURRENT PAGE LOADING 

= 0 FOR BASE PAGE 
= 1 FOR CURRENT PAGE 

NO. OF INST. WORDS: 1 TO 45 
LOADABLE INSTRUCTION 
WORDS PER RECORD 

RELOCATABLE LOAD ADDRESS: 
STARTING ADDRESS FOR 
LOADING THE INSTRUCTIONS 
WHICH FOLLOW. 

R's: RELOCATION INDICATORS: 
000 = ABSOLUTE 
001 = 15-BIT PROGRAM 

RELOO>.TABLE 
010 = 15-BIT BASE PAGE 

RELOCATABLE 
011 = 15-BIT COMMON 

RELOC.t>. TABLE 
100 =EXTERNAL REFERENCE 
101 =MEMORY REFERENCE 

O Rl IS RELOCATION INDICATOR FOR 
INSTRUCTION WORD1; R2, FOR 
INSTRUCTION WORD2; ETC-MEMORY 
REFERENCE INSTRUCTIONS USE 

0 

TWO WORDS, WITHIN THE TWO­
WORD GROUP, "MR" INDICATES 
RELOCATABILITY OF OPERAND 
SPECIFIED IN SECOND WORD: 

00 = PROGR.A.M RELOCATABLE 
01 =BASE PAGE RELOCATABLE 
10 =COMMON RELOCATABLE 

D/1: INDIRECT ADDRESSING 

0 =DIRECT 
1 =INDIRECT 

Z/C: BASE/CURRENT PAGE LOCA­
TION OF OPERAND AD DRESS 
AS DETERMINED BY LOADER. 

0 =BASE PAGE 
1 - CURRENT PAGE 



END RECORD 

15 

RECORD 
LENGTH 

87 

WORD 1 

1514 

II 
II 

RELOCATABLE 
II TRANSFER 
II ADDRESS 
II 

·~ 
WORD 4 

CONTENT 

0151312 

0 

21015 0 

CHECKSUM 

T 
WORD 2 WORD 3 

EXPLANATION 

RECORD LENGTH = 4 WORDS 

IDENT = 101 

R: RELOCATION INDICATOR 
FOR TRANSFER ADDRESS 

= O IF PROGRAM RELOCATABLE 
= 1 IF BASE PAGE 

RELOCATABLE 

T: TRANSFER ADDRESS 
INDICATOR 

= 0 IF NO TRANSFER 
ADDRESS IN RECORD 

= 1 IF TRANSFER ADDRESS 
PRESENT 
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ABSOLUTE TAltE FORMAT F 

............................................................. 

15 

15 

RECORD 
LENGTH 

87 

WORD 1 t 

CONTENT 

01514 

015 

ABSOLUTE 
LOAD 

ADDRESS 

WORD 2 

INSTRUCTION 
WORD. 

I 

WORD n-1 

015 

0 15 

INSTRUCTION 
WORD1 

WORD 3 

CHECKSUM 

WORD n 

tEach word represents two frames arranged as follows: 

Bit 8 - Bit 0 

Feed Holes 

Bit 15 ·- Bit 7 

0 

0 

EXPLANATION 

RECORD LENGTH = NUMBER OF 
WORDS IN RECORD EXCLUDING 
WORDS 1 AND 2 AND THE 
LAST WORD. 

ABSOLUTE LOAD ADDRESS: 
STARTING ADDRESS FOR 
LOADING THE INSTRUCTIONS 
WHICH FOLLOW 

INSTRUCTION WORDS: 
ABSOLUTE INSTRUCTIONS 
OR DATA 

CHECKSUM: ARITHMETIC 
TOTAL OF ALL WORDS 
EXCEPT FIRST AND LAST 
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INl»EX 

Absolute 
Expression 3-3 
Origin 3-1, 3-2 
Output 3-13,3-17,5-17 
Program 1-2 
Record 3-1,3-13,E-1 
Tape 3-14,3-17,5-1,5-9,5-17,E-1 

ALGOL 1-1, 1-2 
ASCII 

Character Set A-1 
Characters 2-9 
Data 2-2,2-3,2-18,3-14 
Symbols 3-3 

Assembler 1-1, 1-2, 3-2 
Available memory 5-1, 5-11 

Base Page 3-4 
Program 3-4 

Availability of device 2-16, B-2 

Base Page relocatable 3-2, 3-3, D-2, D-4, D-5 
Basic Bina-ry Loader 1-2, 3-1, 3-14, 3-15, 5-9 
Binary 

Data 2-3, 2-13 
Input 2-2 
Program 3-1 
Record 2-7 

Binary Coded Decimal (BCS) 2-6, 2-11, 2-18, A-2 
Bounds 3-7,3-11,3-12,3-13,3-14,5-2,5-8 
Breakpoint 6-3, 6-4 
BSS pseudo instruction 2-5 
Buffer 2-6 

Address 2-1,2-5 
Length 2-1,2-2,2-5,2-7,2-8,2-12 
Storage Area 2-5, 2-7 

Calling sequence 
Data Source Interface 2-18 
Digital Voltmeter 2-21 
General 2-1 
Instruments 2-18 
Kennedy Incremental Transport 2-11 
Magnetic Tape System 2-10 
Paper Tape System 2-5 
Scanner Programmer 2-22 

Channel 1-1, 1-2, 2-3, 5-1, 5-3, 5-10, 5-11, B-1, B-2 
Checksum 3-17, 5-11, D-1, D-2, D-3, D-4, D-5, E-1 
Clear request 2-13, 2-23 
COM pseudo instruction 2-5 
Common 

Block allocation 3-6, 3-11, 3-18 
Bounds 3-13,3-17 
Reloctable 3-2, 3-4, D-4 
Storage 1-2 

Configuration 1-1, 1-2, 2-4, 3-12, 5-1 
Constant 2-2 
Continuator Sector 4-1, 4-3 
Current Page 3-2 

Data Source Interface 2-18 
DBL record 3-2, 3-3, 3-9, D-4 
Debugging 1-3, 6-1 

2-21 Digital Voltmeter Programmer 
Direct Memory Access (DMA) 2-5, 4-3, 5-3, 5-5, 

5-13, 5-14, B-1 
1-1,1-2,2-5,5-1,5-3,5-6,5-7, 
5-16, B-1, B-3 

Driver Subroutine 

END condition 3-10, 3-11 
END record 3-2, 3-4, 3-10, 3-12, 3-19, D-5 
END-of-loading phase 3-10, 3-11, 3-16, 3-17 
End-of-record (statement) mark 2-6, 2-7 
End-of-tape condition 2-7, 2-17, 3-13, 3-16, 5-12, 

B-3 
End-of-tape mark 2-17 
ENT record 3-2, 3-3, 3-8, 3-9, D-2 
Entry point 1-2, 2-1, 3-8, 3-9, 3-13, 5-6, 5-7, 5-12, 

5-13, 5-16 
Equipment Table (EQT) 2-3, 2-24, 5-3, 5-4, 5-12, 

5-16, B-1, C-1 
Equipment Driver 1-1, 1-2, 3-6, 3-14, 4-1, 4-2, 4-3, 

4-4,5-1,5-2,5-3,5-6,5-7,5-11, 
5-16, B-1, B-3 

Equipment Type 2-16, 4-1, B-2 
Error conditions 2-24,3-17,3-18,6-5 
EXT 

Pseudo instruction 2-1, 2-5 
Record 3-2,3-3,3-8,3-9,D-3 

External 
Reference 1-2, 3-4, 3-8, 3-9, D-4 
Symbol 2-1, 3-11, D-3 

Feed frame 2-7, 3-14 
FORTRAN 1-1, 1-2, 3-2 
Function 2-1,2-2,2-6,2-9,2-10,2-12,2-13,2-14, 

2-15,2-19,2-20,2-21,2-22,2-23 

Indirect address 3-2, 3-9, D-4 
Initiator section 4-1, 4-2 
Input/Output 

Channel 1-2 
Control Subroutine (. IOC. ) 1-1,2-1,2-5,2-9, 

2-10,2-12,2-13, 
2-15, 2-18, 2-19, 
2-21,2-22,2-23 

Drivers 1-1,1-2,3-1,3-14,4-1,4-2,4-3,4-4, 
5-1,5-6 

Index 1 



Error conditions 2-24 
Operations 2-1, 2-13 

Installation unit numbers 2-3, 2-4 
Interrupt 1-1,1-2,2-1,5-1 
Interruptlinkage 5-6,5-7,5-8,5-14,5-16 
Interrupt processing locations 3-7, 3-14, 5-1, 5-2, 

5-5, 5-6, 5-7' 5-8, 
5-14 

JMP instruction 2-1, 2-5, 2-9, 2-10, 2-12, 2-13, 2-15, 
2-18,2-19,2-21,2-22,2-23 

JSB instruction 2-1, 2-5, 2-9, 2-10, 2-12, 2-13, 2-15, 
2-18,2-19,2-21,2-22,2-23 

Library subroutines 1-2, 3-1 
Linkage area 3-10,3-12,3-13,3-14,3-17,3-18 
Load address 3-9, E-1 
Loader Symbol Table (LST) 3-8, 3-9, 3-10, 3-13, 

3-14,3-17,3-18,5-8, 
5-12,5-16 

Manuals i 
Magnetic Tape 2-9, 2-10, 2-11, 2-12, 2-13 
Memory 

Allocation 3 -4 
Overflow 3-10,3-18,5-11 

Memory Allocation List 3-7, 3-13, 3-15, 3-17 
Memory Reference Instructions 3-4, 3-9, D-4 
Memory Table (. MEM.) 3-14, 5-8 
Mode 2-3, 2-16, B-3 

NAM record 3-2, 3-3, 3-19, D-1 
NOP instruction 3-12 

Object 
Code 1-1,1-2 
Program 3-3,5-1,5-11,5-15 

OCT pseudo instruction 2-1, 2-5, 2-9, 2-10, 2-12, 
2-13,2-15,2-18,2-19, 
2-21,2-22,2-23 

Ordinal 2-3 

Physical unit number 5-3, 5-13, B-2 
Prepare Control System (PCS) 1-1, 1-2, 2-14, 3-12, 

5-1 
Production status 1-2, 3-13 
Program 1-2,3-4,3-7,3-10,3-11 
Program Library 2-3,3-1,3-10,3-11,3-13,3-16, 

3-17, 5-12, C-1 
Program relocatable 3-2, 3-3, D-2, D-4, D-5 
Program relocation base 6-2 

Index 2 

Record 
ASCII 2-6 
BCD 2-11 
Binary 2-7 
Gap 2-11 
Input 2-2 
Separator 2-7 
Types 3-2 

Record Formats 
Paper Tape 2-6, 2-7 
Magnetic Tape 2-9, 2-10, 2-11 

Reject Address 2-1, 2-5, 2-9, 2-10, ~t-12, 2-13, 2-15, 
2-18,2-19,2-21,2-22,2-23 

Relative origin 3-1, 3-2 
Relocating Loader 1-1, 1-2, B-1, 5-l, 5-2, 5-6, 5-8, 

5-11 
Relocatable Origin 3 -1 
Relocation 

Base 3-1,3-2,3-3,3-4,3-7,3-9 
Indicator 3-4, 3-9, D-2, D-4, D-~i 

Reserved Locations 3-7 

Scanner Programmer 2-22 
Select Code 1-1, 5-3 
Source Program 3-3 
Standard Equipment Table (SQT) 2-4,5-3,5-4,5-12, 

B-l, C-1 
2-3,3-1,3-10,3-11,3-15,3-16, 5-9, 
5-14,C-1 
2-3,2-16,3-1,5-3,5-4,5-13,5-14, 
C-1 

Standard Input 

Standard Units 

Status 
Field 2-16 
Information 1-1, 2-4, 2-15, B-1, B-3 
Request 2-15 
System 2-15 

Subfu.nction 2-1,2-5,2-9,2-10,2-12,2-13,2-15, 
2-18,2-19,2-21,2-22,2-23 

Subprogram 1-2, 3-2, 3-18 
Subroutine, driver 1-1, 1-2, 3-1, 3-H,4-1, 4-2, 4-3, 

4-4,5-1 
System Status request 2-15, 2-18 

Tape supply low condition 2-15, 3-19, 5·-17, B-3 
Trace 6-4 
Transfer Address 3-4,3-10,3-12,3-14?3-19,D-5 
Transmission log 2-15, 2-18, B-3 

Unit Reference 2-1, 2-5, 2-9, 2-10, 2-12, 2-13, 2-15, 
2-1~,2-19,2-21,2-22,2-23 

Variable length record 2-2, 2-6, 2-7, 2-9 
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