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I N T R O D U C T I O N  

The UNIVAC 494 Assembler  i s  an  in tegra ted  program which  conver t s  source  code  programs 
(UNIVAC 494 Assembler  (ASM) language)  to  re loca tab le  b inary  (RB)  e lements  for  use  by  
the  UNIVAC 494 Opera t ing  Sys tem.  The  opera t ing  sys tem co l lec t s  a l l  the  independent  
RB e lements  requi red  to  produce  an  abso lu te  ob jec t  code  program for  execut ion .  This  manual  
descr ibes  use  of  the  assembly  language .  (For  re fe rences  in  th i s  manual  to  SPURT assembly  
language ,  see  "UNIVAC 494 SPURT Reference  Manual , "  UP-4090 (cur ren t  vers ion) . )  

The  assembly  language  i s  a  se t  of  mnemonic  s ta tements  which  a re  d i rec t ly  conver ted  to  
re loca tab le  b inary  (RB)  code  which  i s  accepted  as  ins t ruc t ion  input  by  the  UNIVAC 494 
Opera t ing  Sys tem.  Also  conta ined  in  assembly  language  a re  d i rec t ives  which  ac tua l ly  a re  
ins t ruc t ions  to  the  assembler  to  permi t  the  user  to  def ine  symbols  for  complex  opera t ions  
and  grea t ly  expand  the  power  of  the  assembler .  The  te rm " re loca tab le  b inary"  re fe rs  to  the  
va lues  ass igned  by  the  assembler  to  symbols  represen t ing  s torage  a reas ,  ins t ruc t ions ,  and  
cons tan ts .  These  va lues  wi l l  l a te r  be  changed  by  the  opera t ing  sys tem to  provide  the  ab­
so lu te  machine  addresses  requi red  for  execut ion .  Thus , the  re la t ive  address ing  fea ture  of  
the  cen t ra l  p rocessor  which  op t imizes  use  of  core  s torage  in  conformance  wi th  the  requi re ­
ments  of  a  rea l - t ime  sys tem i s  fu l ly  u t i l i zed .  

A s ide-by-s ide  l i s t ing  of  bas ic  source  language  ins t ruc t ions  and  machine  ins t ruc t ions  i s  
provided .  Di rec t ives  may not  requi re  code  genera t ion .  Er rors  de tec ted  by  the  assembler  in  
the  use  of  source  language  a re  f lagged .  
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2. COMPUTER FORMATS 

2.1. GENERAL 

This section describes the computer data and instruction formats of interest to the 
programmer. (See "UNIVAC 494 Central Processor General Reference Manual," 
UP-4049 (current version) for a more detailed discussion of central processor hardware.) 

2.2. DATA FORMATS 

Data (operand) formats are of four distinct types: (1) single precision integer, (2) 
double precision integer, (3) Fieldata or decimal, and (4) exponential or floating 
point. 

2.2.1. Single Precision Integer Word 

The fundamental level of storage is the single precision (30-bit) integer word. This 
word contains 30 binary bit positions as shown in Figure 2 — 1. Each of these bit 
positions represents a binary value of 1 or 0. The highest order bit (bit 29) uses a 
0 bit to represent a positive value; a 1 bit for a negative value. 

H I G H E S T  
O R D E R  
B I T  

L O W E S T  
O R D E R  
B I T  

2 9  2 8  2 7  2 6  2 5  2 4  2 3  2 2  2 1  2 0  1 9  1 8  1 7  1 6  1 5  1 4  1 3  1 2  1 1  1 0  9  8  7  6  5  4  3  2  1  0  

S I G N  
B I T  

F i g u r e  2 — 7 .  S i n g l e  P r e c i s i o n  I n t e g e r  W o r d  F o r m a t  

Values may be expressed in binary notation for which the base is 2 instead of 10. 
The following equivalence exists: 

BINARY DECIMAL 

1 1 

10 2 

11 3 

100 4 

101 5 

110 6 

111 7 

1000 8 

1001 9 

1010 10 

1011 11 

10110101 181 
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The use of binary digits to represent large values is cumbersome. The use of octal 
notation for which the base is 8 is used for convenience. The following equivalence 
exists: 

B I N A R Y  O C T A L  

1 1 

10 2 

11 3 

100 4 

101 5 

110 6 

111 7 

1000 10 

111111 77 

1100101 145 

Binary values may be converted to octal notation by starting from the least significant 
(rightmost) digit. Each group of three binary digits is expressed as a digit from 0 to 7. 
By this method: 

1 100 101 = 145 (octal) 

111 101 000 = 750 (octal) 

A computer word containing 30 binary bits could be expressed in octal notation as: 

Negative integer numbers are represented as the ones complement of positive numbers. 
A value of —3 is represented as: 

7 7 7 7 7 7 7 7 7 4  

The assembler will accept both octal and decimal numbers. To indicate a decimal 
number, a "D" is placed at the right end of the number; otherwise, it is assumed 
to be octal. Thus, 11D and 13 are equal. When the contents of a computer word are 
displayed, or if reference is made to a computer instruction word, octal notation will 
be assumed. 

Most arithmetic instructions permit use of a half-word (15-bit) operand. If the lower 
half is specified, then bits 14 through 0 make up the operand with bit 14 used as a 
sign indicator. If the upper half is specified in the instruction, bits 29 through 15 
make up the operand with bit 29 used as the sign indicator. 
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• 2.2 .2 .  Double  Precis ion Integer  Word 

The double  precis ion in teger  word requires  two success ive  memory addresses  for  
s torage  or  two 30-bi t  a r i thmet ic  regis ters  combined for  the  60 bi t  pos i t ions  required .  
The format  of  th is  operand i s  shown in  Figure  2—2.  

S  

5 9  5 8  

A  R E G I S T E R  O R  A D D R E S S  M  

3 0  

<  2 9  
Q  R E G I S T E R  O R  A D D R E S S  M  +  

0  

Figure 2—2. Double Precision Integer Word Format 

The double  precis ion format  permits  ar i thmet ic  opera t ions  upon operands  having 59 
s igni f icant  b i t s  where  the  s ingle  precis ion format  permits  opera t ions  upon operands  
having 29 s igni f icant  b i t s .  

2 .2 .3 .  Decimal  (BCD) Word 

The decimal  or  b inary  coded decimal  (BCD) format  permits  ar i thmet ic  opera t ions  upon 
d ig i ts  which are  BCD encoded wi thin  a  s ix-bi t  character  code such as  Fie ldata  code.  
The decimal  word requires  two success ive  memory addresses  for  s torage  or  two 
ar i thmet ic  regis ters  combined for  the  60 bi t  pos i t ions  required .  The format  of  the  
decimal  word (Figure  2—3) permits  use  of  ten  decimal  d ig i ts ,  each of  which represents  
a  decimal  d ig i t  0  through 9 .  This  format ,  jus t  as  the  two preceding word formats ,  
represents  a  f ixed point  number  — no provis ion i s  made for  a  decimal  point .  

A  R E G I S T E R  O R  A D D R E S S  M  

Z 9  C 9  Z 8  C 8  Z 7  C 7  Z 6  C 6  Z 5  C 5  

5 9  5 8  5 7  5 4  5 3  5 2  5 1  4 8  4 7  4 6  4 5  4 2  4 1  4 0  3 9  3 6  3 5  3 4  3 3  3 0  

Q  R E G I S T E R  O R  A D D R E S S  M  +  1  

\ Z 4  0 4  Z 3  C 3  Z 2  C 2  Z 1  C I  Z  S  C O  

oo 
C

M
 

o~> 
C

M
 2 7  2 4  2 3  2 2  2 1  1 8  1 7  1 6  1 5  1 2  1 1  1 0  9  6  5  4  3  0  

Figure 2-3. Decimal Word Format 

Decimal  operands  are  used when inputs  ar r ive  as  a  success ion of  10  s ix-bi t  char­
ac ters  in  conformance wi th  a  code s imi lar  to  the  Fie ldata  code.  The "Z"  (zone)  
b i t s  shown in  the  format  a re  arbi t rary  and are  determined by the  code i t se l f ,  p laying 
no par t  in  the  ar i thmet ic  opera t ion.  They are  unchanged by the  ar i thmet ic  opera t ion.  
However ,  the  lowest -order  d ig i t  must  indica te  the  s ign in  i t s  f i f th  b i t :  a  1  for  pos i t ive ,  
a  0  for  negat ive .  The "C" (character )  f ie lds ,  which ac tual ly  represent  the  binary-
coded decimal  (BCD) digi t ,  must  be  encoded as  shown in  Table  2—1.  No other  en­
coding i s  acceptable  for  the  BCD ar i thmet ic  ins t ruct ions  in  the  ins t ruct ion reper to i re .  
A posi t ive  decimal  operand i s  exact ly  the  same as  the  negat ive  decimal  operand 
(having the  same absolute  value) ,  except  for  the  s ign bi t .  
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D I G I T  C O D I N G  D I G I T  C O D I N G  

0 0000 5 0101 
1 0001 6 0110 
2 0010 7 0111 
3 0011 8 1000 
4 0100 9 1001 

Table 2—1, BCD Coding 

2.2 .4 .  Exponent ia l  (Float ing Point )  Word 

The exponent ia l  format  (Figure  2—4) i s  used i f  the  computer  must  " remember"  where  
the  decimal  point  i s  located  in  a  ser ies  of  operands ,  when each of  the  operands  may 
have the  decimal  point  in  a  d i f ferent  pos i t ion .  This  format  permits  s torage  of  numbers  
of  h igh magni tude .  The operand i s  expressed as  a  f rac t ion ( f ixed point  par t )  mul t i ­
p l ied  by 2 n ,  where  n  i s  the  exponent  shown in  the  format .  This  exponent  i s  a lways  
an  in teger .  

A  R E G I S T E R  O R  A D D R E S S  M  

s E X P O N E N T  F I X E D  P O I N T  P A R T  

59 58 
( C H A R A C T E R I S T I C )  ( M A N T I S S A )  

59 58 48 47 
( M A N T I S S A )  

3 0  

Q  R E G I S T E R  O R  A D D R E S S  M  +  1  

2 9  

F I X E D  P O I N T  P A R T  ( c o n t i n u e d )  
( M A N T I S S A )  ( c o n t i n u e d )  

Figure 2—4, Exponential (Floating Point) Word Format 

Two success ive  memory addresses  and/or  the  AQ regis ter  a re  required  for  f loa t ing 
point  opera t ions .  The s ign bi t  represents  the  s ign of  the  f ixed point  par t  and i s  a  0  
for  pos i t ive ,  a  1  for  negat ive .  A 1  bi t  i s  ar i thmet ica l ly  added to  the  h ighes t  order  b i t  
of  the  11-bi t  exponent ,  thereby bias ing the  exponent  by 2*®.  This  b ias  e l iminates  the  
need for  a  s ign but  l imi ts  the  exponent  to  a  value  less  than + 1 0 2 4 ^ g  and greater  than 
— 1025io-  The f ixed point  par t  i s  usual ly  "normal ized"  (shif ted  lef t  unt i l  i t s  h ighes t  
order  b i t  i s  d i f ferent  f rom the  s ign bi t ,  wi th  the  exponent  adjus ted  accordingly)  so  
that  i t  represents  a  f rac t ion between 0 .5  and 1 .0 .  The number  zero  i s  represented as  
a l l  zeros  in  both  character is t ic  and mant issa .  

2 .3 .  ADDRESSING 

Each word wi th in  the  computer  has  a  unique address .  I f  i t  i s  a  word tha t  requires  
success ive  30-bi t  words  in  s torage , i t  i s  addressed by the  f i rs t  of  the  consecut ive  
addresses .  Addresses  avai lable  to  worker  programs range f rom 00000 to  77777g.  
This  leaves  a  maximum of  15  bi ts  for  worker  program address ing.  However ,  the  re l ­
a t ive  address ing fea ture  of  the  cent ra l  processor  adds  an  increment  — making for  a  
17-bi t  address  — so  that  a  program or  par ts  of  a  program can be  a l lo t ted  to  d i f ferent  
memory areas  for  opt imum use  of  core  memory.  This  re la t ive  address ing i s  under  
execut ive  control  and in  no way a l ters  the  program as  wri t ten  by the  programmer .  
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2.3.1. Data Addressing 

Data is addressed by instructions that are themselves contained in the memory of 
the computer. When it is required to access data to complete an instruction, the 
instruction will contain an address portion capable of containing a maximum value 
of 77777. 

2.3.2. Instruction Addressing 

A basic computer instruction is contained in one computer word. An instruction is 
accessed from memory, analyzed by the computer,and then executed. The next in­
struction is then accessed at the next sequential location unless a new sequence 
is specified. 

2.3.3. Standard (Fixed) Locations 

Some memory locations serve as entrances to input/output control, fault procedures, 
and executive routines not available to worker programs. Access to these addresses 
is gained by interrupts. The contents of these addresses are loaded at computer 
initialization time and supervised by the operating system. 

2.4. INSTRUCTION FORMATS 

Three different instruction formats are used for worker programs. The normal instruction 
format and the 77 (extended repertoire) instruction format are shown in Figure 2—5. 
Discussion of the third type — the I/O instruction — is beyond the scope of this 
manual. 

N O R M A L  I N S T R U C T I O N  W O R D  

f j k b y 
29 24 23 21 20 18 17 15 14 0 

( E X T E N D E D  R E P E R T O I R E )  
7 7  I N S T R U C T I O N  W O R D  

f 6 b y 
1 1 1 1 1 1  CNI 

<T> 
OJ 

CO
 

C
O

 
CN

I 17 15 14 0 

Figure 2—5. Instruction Word Formats 

2.4.1. Normal Instruction Word 

The normal instruction word is applicable to all instructions of the machine instruc­
tion repertoire except the 77 instructions. The term "normal" has no particular 
significance except to indicate that its f designator (described in the next paragraph) 
may be any octal number between (but not including) 0 and 77. These instructions 
are further subdivided into three classes: 1) read class instruction, which transfers 
data from core storage to an appropriate register, 2) store class instruction, which 
transfers data between registers or stores the contents of a register in core storage, 
and 3) replace class instruction, which replaces the data from core storage with the 
result of an operation performed upon the data. A replace class instruction is actually 
a combination of read class and store class instruction. The class of an instruction 
conditions interpretation of its designators, as shown in Table 2—2. 
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N O R M A L  Y  O P E R A N D  M O D I F I C A T I O N S  

R E A D  S T O R E  R E P L A C E  

L(«) 

ZERO 
FILL 

L ( x )  L ( x )  |  1 
U ( x )  U ( x )  U(«) 

ZERO 
FILL 

L X { x )  

SIGN 
FILL 

C P L ( x )  lx(.) i y™ 

COMPLEMENT 

Lu SIGN ON 
..LiLjBBm 

U X ( x )  C P U ( x )  

SIGN 
FILL 

COMPLEMENT 

W ( * )  W ( K )  W ( K )  

b ccccc 

(Bh) • ccccc 
• 

ZERO 
FILL 

(B„)I 

SIGN 
FILL 

L E G E N D :  

R = ARITHMETIC REGISTER 
M =MEMORY LOCATION 
X = OPERAND SPECIFICATION 
W = WHOLE WORD 
L = LOWER HALF 
U = UPPER HALF 
X = SIGN EXTENSION 
CP = COMPLEMENT 
A = A REGISTER 
Q = Q REGISTER 
B = B REGISTER 

C P W ( x )  

COMFLEMENT 

Table 2—2. Designator Interpretation 



UP-4133 
Rev.  1  UNIVAC 494  ASSEMBLER S E C T I O N S  

The di f ferent  des ignators  of  the  ins t ruct ion word are :  

f  A s ix-bi t  code ( two octa l  d ig i ts )  tha t  speci f ies  the  bas ic  opera t ion to  be  
performed.  

j  A three-bi t  code (one octa l  d ig i t )  which fur ther  def ines  the  opera t ion to  be  
performed,  thus  extending the  power  of  the  par t icular  opera t ion.  Depending 
on the  bas ic  opera t ion to  be  performed,  the  j  des ignator  i s  in terpre ted  as  a  
skip  des ignator ,  regis ter  des ignator ,  or  repeat  modif ica t ion des ignator .  I t s  
most  common in terpre ta t ion i s  as  a  skip  des ignator .  For  example ,  an  add to  
A (20)  wi th  the  inclus ion of  a  j  des ignator  becomes an  add to  A wi th  a  tes t  
for  the  condi t ion  indicated  by the  j  and a  poss ib le  skip  of  the  next  ins t ruc­
t ion i f  the  condi t ion  speci f ied  i s  met .  

k  A three-bi t  code (one octa l  d ig i t )  tha t  fur ther  def ines ,  together  wi th  the  c lass  
of  ins t ruct ion,  the  source ,  form,  s ize ,  and des t inat ion of  the  operand used by 
the  ins t ruct ion.  The in terpre ta t ion of  the  k  des ignator  i s  d i f ferent  for  the  read,  
s tore ,  and replace  c lass  ca tegor ies  of  ins t ruct ions .  The k  des ignator  speci f ies  
an  operand to  be  in  the  upper  or  lower  15  bi t  pos i t ions  of  a  computer  word,  the  
ent i re  30 b i t  pos i t ions  of  a  computer  word wi th  or  wi thout  addi t ional  modif ica­
t ion ,  or  lower  15  b i ts  of  the  ins t ruct ion word i t se l f .  As  an  example:  a  read 
c lass  ins t ruct ion wi th  a  k  des ignator  of  0  or  4  uses  the  ef fec t ive  operand 
(see  y",  fo l lowing)  in  the  ins t ruct ion;  a  read c lass  ins t ruct ion wi th  k  des ignator  
of  1 ,2 ,  or  3  uses ,  respect ively ,  the  lower  15  bi ts ,  the  upper  15  b i ts ,  or  the  
ent i re  30 b i ts  of  the  word (or  ins t ruct ion)  a t  an  address ;  a  read c lass  in­
s t ruct ion wi th  k  des ignator  of  7  uses  the  word in  the  A regis ter  (accumulator)  
as  the  operand.  

b  A three-bi t  code (one octa l  d ig i t )  in  the  range of  0  thru  7  which speci f ies  the  
B ( index)  regis ter  conta in ing the  value  tha t  i s  added to  y  to  form the  ef fec t ive  
operand or  operand address .  I t  i s  a  nondest ruct ive  modif ica t ion of  the  y  por­
t ion  of  an  ins t ruct ion forming an  ef fec t ive  address  but  the  y  of  the  ins t ruct ion 
remains  unchanged.  Four teen addressable  B regis ters  ( index regis ters)  are  
included in  the  hardware  for  operand address  modif ica t ion,  index code,  and 
modif ier  incrementa t ion.  Of  these ,  seven are  avai lable  to  worker  programs 
and seven are  reserved for  exclus ive  use  by execut ive  control .  The B regis ters  
can opera te  in  one  of  two modes  as  des ignated by the  in ternal  funct ion regis­
ter  ( IFR) .  B regis ters  are  genera l ly  used in  the  15-bi t  opera t ional  mode by 
worker  programs.  An addi t ional  17-bi t  opera t ional  mode i s  avai lable  for  B 
regis ters  4 ,5 ,6 ,  and 7  of  each group,  speci f ied  under  execut ive  control ,  but  
most  worker  programs wi l l  only  be  a l lowed the  15-bi t  opera t ional  mode;  the  
17-bi t  opera t ional  mode being reserved for  rea l - t ime programs and common 
subrout ine  communicat ions .  

In  genera l  usage ,  B regis ters  1  thru  7  are  15-bi t  regis ters  tha t  can be  incre­
mented or  decremented under  program control .  Regis ter  B7 has  the  addi t ional  
funct ion of  holding the  repeat  count  dur ing execut ion of  the  repeated  ins t ruc­
t ion.  Regis ter  B6 has  the  addi t ional  funct ion of  modif ica t ion of  the  y  por t ion 
of  the  repeated  ins t ruct ion when the  ins t ruct ion i s  a  replace  c lass  ins t ruct ion.  



BO is not a hardware register but functions as a B register containing the 
number +0. It can never be entered with a value but can be used in store 
and compare operations. 

y A fifteen-bit value (five octal digits) used to form the effective operand or 
operand address of the instruction. It can also be used to form the shift 
count, repeat count, and compare value. It is the portion of the instruction 
modified when B register modification is specified. 

y The relative address (relative to an RIR of zero) or effective operand, formed 
by the addition of y to the contents of the B register specified by the b 
designator. Both numbers are treated as unsigned positive numbers. The 
addition is always performed in the end-around-carry mode: any carry generated 
at the highest order bit position is carried around for addition at the lowest 
order bit position. This addition is normally a 15-bit addition but may, under 
executive control, be a 17-bit addition. It is not possible to generate an 
effective address or operand of all binary zeros unless y is zero and the con­
tents of the referenced B register is zero (or BO is referenced). The following 
examples illustrate operation of this addition (using octal notation): 

15-BIT ADDITION 17-BIT ADDITION 

y 77777 77777 
(Bb) 00001 300001 

00000 000000 
1 1 

y 00001 000001 

Table 2—2 presents a general summary of the uses of the k designators; 
Table 4-2, the j designators. Designators are shown together with their 
corresponding mnemonics in source code. (A more detailed description of 
designator application is presented in Section 4.) 

2.4.2. 77 (Extended Repertoire) Instruction Word 

In the format for the "77" instruction word, the f designator is 77g. Following the 77 
is a two-digit (octal) g designator, which, together with the f designator, actually 
defines the function to be performed. The b and y designators are similar to their 
counterparts in the normal instruction word. No j and k designators can be used in 
the 77 instruction word. 
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3 .  S O U R C E  L A N G U A G E  
F O R M A T  R E Q U I R E M E N T S  

3.1. GENERAL 

This section describes assembly language elements and format requirements for coding 
program lines on the standard coding form (see Figure 3—1). The symbolic language 
fields are described in 3.2; line control and comments in 3.3; data word generation 
in 3.4; and basic elements, expressions, and operators in 3.5. 

3.2. SYMBOLIC LANGUAGE FIELDS 

The basic line of coding is made up of three or fewer fields. These are the label field 
(not always required and sometimes prohibited), the operation field (always required), 
and the operand field (not always required). Fields are separated from each other by at 
least one space. Each field may be subdivided into subfields. A subfield is an expres­
sion which is terminated by a comma (followed by one or more spaces), except if it is 
the last subfield. In this case, a space terminates both the subfield and field. 

Columns 1 — 4 represent the card number and provide an external sequencing criterion. 
Columns 5—6 represent the insertion number and are treated as the low order digits of the 
card number to enable sequential insertion. Normally these are not initially assigned. 
Column 7 contains a minus (—) to indicate that this line represents a continuation of the 
preceding line of coding. If not a continuation, column 7 of the line is usually left blank. 
Column 8 is the start of the label field. From this point on, the assembly language uses 
a free field format for operation and operand field(s). A space followed by a period 
(before column 80) after the last subfield terminates the scan of the line or column 80 
terminates the scan of line (except if it is continued to the next line). Notes may be 
printed between the period and column 80. These notes will be presented on a printout 
of the program and in no way affect execution of the program. Notes may be used at 
significant points in the program as an aid to debugging. Additional notes may be 
written after column 80 for aid to the programmer but these will not be printed out. 
Notes may be continued to the next line if a period and blank are placed in columns 8 
and 9, respectively,of the next line. 

For the basic instructions which are described in Section 4, the correspondence of the 
subfield information with the designator information required in machine code (Figure 
2—5) is shown in the following table. 

O P E R A T I O N  
F I E L D  

O P E R A N D  
F I E L D  

General Instruction f,k t y.b.j 

B Register Instruction f,k t j.y.b 

77 Instruction fg t y.b 

N O T E :  B o t h  G e n e r a l  a n d  B  R e g i s t e r  i n s t r u c t i o n s  u s e  N o r m a l  m a c h i n e  i n s t r u c t i o n  

f o r m a t  ( F i g u r e  2 — 5 ) .  
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The  f  (or  fg )  des ignator  must  a lways  be  wr i t ten  as  the  mnemonic  representat ion  o f  the  
operat ion  to  be  per formed (Sec t ion  4 ) .  

The  j  des ignator  can  be  wr i t ten  a s  a  number  0  through  7 ,  a  va l id  mnemonic  representa­
t ion  (Sec t ion  4 ) ,  an  express ion  which  wi l l  be  eva luated  as  a  number  0  through  7  (Sec t ion  
3.5), or (for B register instructions only) as BO through B7(Bj ). 

The  k  des ignator  can  be  wr i t ten  as  a  number  0  through  7 ,  an  express ion  which  wi l l  be  
eva luated  as  0  through  7 ,  or  a s  the  mnemonic  W,  X ,  A ,  L ,  U ,  LX,  Q,  CPW,  CPL,  or  CPU.  

The  b  des ignator  may  be  wr i t ten  as  a  number  0  through  7  or  a s  BO through  B7  (B^) .  

The  y  des ignator  i s  an  i t em or  express ion  ( see  3 .5 )  represent ing  a  15-b i t  number .  
Thi s  y  des ignator  va lue  i s  added  to  the  contents  o f  B^  to  form e i ther  the  e f fec t ive  
operand or  re la t ive  operand address ,  y~ .  Thus ,  t f i e  B  reg i s ters  can  be  used  for  
index ing .  The  operat ing  sys tem wi l l  then  add  a  re la t ive  index  to  a l l  re la t ive  
operand addresses  o f  a  program to  form the  abso lute  operand addresses  for  the  
program.  

The  f  des ignator  mnemonic  i s  the  on ly  des ignator  required  o f  a l l  ins truct ions .  When 
o ther  des ignators  are  not  exp l i c i t ly  de f ined  by  the  programmer  or  are  b lank ,  they  are  
eva luated  as  numer ica l  zeros .  The  fo l lowing  are  examples  o f  the  three  genera l  types  
o f  ins truct ions ,  where  the  f i r s t  co lumn i s  co lumn 8 .  

1  i* - A  |  Q, ,  |  L,  T i  A ,G |  ,  B ,  3 | ,  ,  A ,  P |0 ,  S ,  ,  |  ,  |  ,  |  

2  |L  B | ,  |  U  i i  B  2  i ,  i  T |  A  G | ,  i  B |  0 |  |  |  i  i  |  i  i  i  i  

3  |D  P ,S ,  i  T ,  A  G,  ,  iB  10  i  i  i  i  i  i  i  i  1  i  i  I  i  

4  I L  _>
 

o
 

'  i  '  i 3  1 '  A P i  ° i S  i  i  i  i  i  1  i  i  i  i  

L ine  1  i s  an  example  o f  a  genera l  type  ins truct ion .  The  ins truct ion  i s^  add  the  number  
in  the  lower  ha l f  o f  the  memory  word  a t  locat ion  TAG + contents  o f  B3  (where ,  for  pur­
poses  o f  descr ipt ion ,  TAG i s  12345)  to  the  number  in  the  Q reg i s ter  and  re ta in  th i s  
sum in  the  A reg i s ter ;  then  sk ip  the  next  sequent ia l  ins truct ion  i f  th i s  sum i s  pos i t ive .  
In  machine  code  th i s  ins truct ion  would  appear  a s  3061312345 .  The  second  l ine  i s  an  
example  o f  a  B  reg i s ter  ins truct ion .  The  ins truct ion  i s :  load  index  reg i s ter  2  wi th  the  
number  conta ined  in  the  upper  ha l f  o f  the  memory  word  a t  locat ion  TAG.  The  machine  
code  for  th i s  ins truct ion  i s  1222012345 .  The  th ird  l ine  i s  an  example  o f  a  77  ins truct ion .  
The  ins truct ion  i s :  s tore  the  contents  o f  the  AQ reg i s ter  a t  locat ions  TAG and TAG 
+ 1 ;  the  A port ion  a t  TAG,  the  Q port ion  a t  TAG + 1 .  In  machine  code ,  th i s  ins truct ion  
would  appear  as  7725012345 .  In  a l l  o f  these  ins truct ions ,  i t  must  be  remembered  that  the  
ac tua l  operand addresses  would  be  b iased  by  the  re la t ive  index  by  the  operat ing  sys tem.  
The  ins truct ion  in  l ine  4 ,  s imi lar  to  that  o f  l ine  1 ,  i s :  add  the  contents  o f  B3  to  the  
number  in  the  Q reg i s ter  and  sk ip  i f  sum i s  pos i t ive .  This  would  be  machine  coded  as  
3060300000  and  the  operands  would  not  be  a f fec ted  by  the  re la t ive  index  o f  the  operat ­
ing  sys tem (except ,  poss ib ly ,  the  contents  o f  B3 ,  from some pr ior  ins truct ion) .  
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3.2 .1 .  Label  Fie ld  

The label  f ie ld  may conta in  two subf ie lds ,  separa ted  by a  comma.  The f i rs t  subf ie ld  
i s  used for  locat ion counter  declara t ion.  The second subf ie ld  i s  used as  ident i f ica­
t ion  ( for  reference  purposes)  of  a  symbol ic  l ine  of  coding represent ing data  or  an  
ins t ruct ion.  This  second subf ie ld  i s  commonly ca l led  the  label  of  an  ins t ruct ion (as  
dis t inc t  f rom " label  f ie ld") .  I f  e i ther  subf ie ld  i s  not  entered,  no comma should  be  
present  in  the  label  f ie ld .  I f  the  label  f ie ld  i s  not  entered in  a  l ine  of  coding,  column 
8  must  be  blank unless  a  previous  l ine  i s  being cont inued on th is  l ine .  The label  
f ie ld  must  s tar t  in  column 8 .  

3 .2 .1 .1 .  Locat ion Counters  

There  are  64 locat ion counters ,  numbered 0  through 77g.  They are  used to  control  
assembly sequence of  the  l ines  of  coding by ass igning sequent ia l  re la t ive  
addresses  (s tar t ing  f rom 00000)  under  each locat ion counter .  Thus ,a t  assembly 
t ime,  a l l  l ines  of  coding control led  by locat ion counter  0  are  ass igned in  sequence.  
The same is  done for  those  l ines  control led  by locat ion counter  1 ,  e tc .  In  the  
source  coding,  the  locat ion counters  may be  used in  any sequence and th is  enables  
regrouping and segmenta t ion of  programs as  des i red .  I f  there  i s  no locat ion 
counter  declara t ion in  a  program,  a l l  l ines  are  assumed to  be  under  control  of  
locat ion counter  0 .  

Locat ion counter  declara t ion has  the  form $(e  )  where  e  i s  any val id  ent ry  wi th  a  
value  of  0  through 31.  A speci f ied  locat ion counter  wi l l  control  i t s  l ine  of  coding 
and a l l  succeeding l ines  unt i l  a  new locat ion counter  i s  declared.  Each in i t ia l  
locat ion counter  declara t ion begins  coding from zero  for  tha t  locat ion counter .  
Coding under  a  previously  speci f ied  locat ion counter  wi l l  s tar t  f rom the  las t  value  
used plus  one  for  tha t  locat ion counter .  The fol lowing i l lus t ra t ion  depic ts  use  of  the  
locat ion counter .  

1  $ ( 1 |  )  i  L i  Bi  .  Ui  B|  2 i .  1T1A1G1 i ,  ,  1 

2  * ( 2 | >  i L ,  A |  Q , | L  Ti  A|G, ,  i ,  !  A |  P,  0 ,  S |  

3  i i  L |  B , ,  U |  B |  2 | ,  |T  |  A|  G|  + |  2 ,  ,  I 

4  $ { h )  i  L |  B i ,  u .  B|  1  i ,  i  T i  A i  G |+  i  1 ,  .  1 

5  5  ( V 3,  |L  i i  i  

6 G| 4  • L  i  ® i»  u ,  1 B  4 ,  , ,  T ,  A , G ,  i  i  i  

L ines  1  and 4  wi l l  be  given sequent ia l  addresses  under  locat ion counter  1 .  

Lines  2  and 3  are  given sequent ia l  addresses  under  locat ion counter  2 .  

Reference  to  the  current  locat ion counter  in  a  l ine  of  coding requires  only  the  $  
symbol .  Reference  to  any o ther  locat ion counter  requires  $(e)  where  e  i s  a  val id  
express ion wi th  a  value  of  0  through 31.  The fol lowing i l lus t ra t ion  shows use  of  
the  value  in  a  locat ion counter .  
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SEC TION:  
5  

PAGE:  

1  $  i (  | 2  i )  i  i  J  i  i $  |  + |  3  |  |  |  |  , |  |  i i  i  1  i  i  i  i  

2  i  L |  B , ,  |  U,  |B |2  | ,  ,  T |  A |G |  |  , |  |  I i  i  1  i  i  i  i  

3  i  L i  A |Q | ,  |  L,  |  T,  A,  G |  ,  , ,  ,  A ,  P ,  0 ,  S  ,  i  i  i  1  i  i  i  i  

4  i D ,  P ,  S  |  i T i  A,  G |  |  |  , ,  ,  ,  ,  ,  i  i  i  1  i  i  i  i  

5  i  J  i  i  ( i 1  i  )  I - I 1  i  i  i  i  1  i  i  i  i  

When  l ine  1  i s  executed ,  i t  wi l l  cause  a  jump to  l ine  4 .  When l ine  5  i s  executed ,  
i t  wi l l  cause  a  jump to  the  l as t  l ine  (up  to  th i s  po in t )  cont ro l led  by  loca t ion  counter  
1 .  I t  i s  dangerous  to  use  such  jumps  ( involv ing  the  $  in  the  operand) ,  because  such  
a  jump may cause  a  jump in to  par t  o f  a  procedure  or  func t ion  (Sec t ion  6) ,  o r  cause  
e r roneous  sk ipping  where  any  d i rec t ive  which  genera tes  more  than  one  l ine  of  code  
may appear  be tween  the  jump ins t ruc t ion  and  i t s  in tended  operand .  

3 .2 .1 .2 .  Labe l  

The  labe l  i s  the  second  subf ie ld  of  a  labe l  f ie ld .  I t  iden t i f ies  e i ther  a  symbol ic  
l ine  of  ins t ruc t ion  or  da ta .  Any name made  up  of  no  more  than  ten  a lphanumer ic  
charac te rs  may be  used  in  a  labe l ,  and  i t  mus t  s ta r t  wi th  an  a lphabe t ic  charac te r .  
A l abe l  may be  subscr ip ted  (up  to  two d imens ions)  to  ind ica te  tha t  i t  i s  a  un ique  
e lement  of  the  a r ray  bear ing  the  same name,  bu t  the  subscr ip t  i s  not  counted  as  
one  of  the  ten  (max. )  charac te rs  permi t ted .  Subscr ip t s  wi th in  subscr ip t s  ( see  
las t  l ine  of  example  fo l lowing)  a re  permi t ted  provided  tha t  the  subscr ip ted  i tem 
or  express ion  i s  eva lua ted  by  execut ion  t ime.  A labe l  i s  usua l ly  g iven  a  va lue  
de te rmined  by  the  cur ren t  loca t ion  counter  and  the  number  of  the  loca t ion  counter .  

A labe l  in  one  program uni t  can  be  re fe renced  by  another  separa te ly  assembled  
program uni t  on ly  i f  the  labe l  has  an  as te r i sk  immedia te ly  a f te r  i t s  l as t  charac te r .  
In  th i s  case ,  the  labe l  i s  "ex te rna l ly  def ined ."  To  avoid  ambigui ty ,  the  programmer  
should  avoid  te rms  as  A,  Q,  BO through B7,  and  labe ls  beginning  wi th  the  a lphabe t ic  
charac te rs  0  or  X.  Labe ls  a re  shown in  the  fo l lowing:  

C,  A,  Mi  P ,  i  J  t B  i D ,  i B16  ,T , I  ,  N,  Y,  ,  ,  i  1  i  I  i  i  i  

$ i  ( |2 , )  |  ,  |A,  2 j$  ,  E |  |  L,A| ,  ,0 ,5 ,  , ,6 ,  ,  i  1  i  I  I  i  i  

$  i  (  i  1  i  )  i •  i  C ,  A,  M,  P ,  (  |  1 , )  ,  *  |  ,  S  i A i ,  ,  W i  |  Ci  Ai  Mi  P i  i  i  i  i  

I ® I A I  V  1 ^  1 '  | 2 | )  | )  1  1  1  v ,  A  L  ,  1  I D ,  ,  L  ,  A  ,  B  i  E , L ,  .  
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3.2.2. Operation Field 

The operation field is the first field following the label field. If no label field is 
used or there is no continuation of the preceding line, the first non-blank character 
(except period or apostrophe) is considered the start of the operation field. 
The operation field may be: 

• an instruction mnemonic possibly followed by a k designator as a subfield 

m + or — to indicate a data word of octal, decimal, or alphabetic designation. In this 
case, a space is not necessary to terminate the operation field. The operand may 
immediately follow the + or - . As an example, +2 and +t>2 are identical. If the 
operation field is a number, the + may be omitted for positive numbers. 

• an assembly directive (Sections 5 and 6) 

• a label previously defined as an entry point into a procedure or function (Section 

6) 

In all of these cases, except the second, a space following any character except a 
comma ends the operation field. If the operation field contains a directive (other than 
RES or DO), the location counter is not affected. In all other cases (other than the 
RES or DO directives) the location counter is incremented after the line has been 
generated. The following shows examples of valid operation fields. 

Pi 1 i i J i i Hi 01 Ri S i E| 

, R  ,  E  , S  i  , 0 , 1 , 0 , 0 , 0 1  i  

H |  0 1  R  i  S  ,  E ,  !  R 1 1  i  !  1 1  i  5  

i L, A i, ! U i i T ,A , B ,L | E , 1 

B  i  E  i  T  i  A  i  , 1 ,  2 , 3 , 4 , 5 1 1  , 2  

N i Ui i —11 i 21 3i41 5| 11 2|3 

I +1 ' . A! Bl ' I I I L_ 

J L 

J L 

P . . . B  

• i 01 » 

lilii 

4 , 5  I 31 

J 1 L 

J I L 

J I L 

B, Z , E, R 

I I I 

J I L 

J L_JL 

OL 

Line 2 increments the location counter by 512D. Line 5 contains a data word. At compila­
tion time the octal 1234512345 will be generated at address BETA. Line 6 indicates 
that the octal 6543265432 will be generated at address NU (due to the ones complement 
representation of negative numbers). Line 7 indicates that the alphabetic characters 
AB will be generated, right justified, in their Fieldata code (Appendix B) representa­
tion. The apostrophes indicate that the characters are alphabetic. At compilation time, 
the address following NU will contain 0000000607. Data generation is more fully de­
scribed in 3.4 and 3.5.1.5. 
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3.2 .3 .  Operand  F ie ld  

The  operand  f ie ld  fo l lows  the  opera t ion  f ie ld  and  mus t  be  separa ted  f rom i t  by  a t  l eas t  
one  space  not  fo l lowing  a  comma.  An unl imi ted  number  of  b lanks  may be  used  to  
separa te  f ie lds .  The  subf ie lds  of  the  operand  f ie ld  represen t  in format ion  necessary  
to  genera te  the  type  of  l ine  ind ica ted  by  the  opera t ion  f ie ld .  The  maximum number  of  
subf ie lds  i s  de te rmined  by  the  opera t ion  en t ry .  

The  subf ie lds  (except  for  the  f i r s t  and  las t )  a re  enc losed  wi th in  commas .  A comma a t  
the  end  of  a  subf ie ld  ind ica tes  tha t  more  subf ie lds  a re  presen t  and  scanning  of  the  l ine  
wi l l  cont inue .  Any number  of  spaces  (or  none  a t  a l l )  may precede  the  f i r s t  charac te r  of  
the  next  subf ie ld .  I f  the  f i r s t  subf ie ld  i s  to  be  omi t ted ,a  zero  fo l lowed by  a  comma must  
ind ica te  th i s  or ,  a l te rna t ive ly ,  th i s  zero  may be  rep laced  by  a  space .  I f  the  las t  sub-
f ie ld  or  subf ie lds  a re  omi t ted ,  they  a re  s imply  le f t  b lank  but  the  f ie ld  mus t  no t  end  wi th  
a  comma.  I f  any  subf ie ld  o ther  than  the  f i r s t  o r  l as t  i s  to  be  omi t ted ,  two cont iguous  
commas  or  comma zero  comma must  ind ica te  th i s .  When subf ie ld  in format ion  i s  no t  ex­
p l ic i t ly  def ined  by  the  programmer ,  the  parameter  represen ted  by  th i s  subf ie ld  i s  as ­
sumed to  be  zero .  Format  requi rements  demand only  tha t  subf ie lds  or  the  lack  of  a  sub-
f ie ld  def in i t ion  be  ind ica ted  as  descr ibed  in  th i s  paragraph .  The  fo l lowing  l ines  a re  ap­
p l ica t ions  of  these  ru les .  

1  B i 0  Bi  L  A |  ,  |W,  •  N |  U,M|  B , i ,  i  A |  Z  i  E |  R 1 0  |  i  i  i  i  i  i  i  ,  |  

2 C , L  E ,  A,  R |S  l B l  i  B |  0 , ,  , T  A . G . ,  , B  I G  i  i  1  I I  I I  I I  I I  i 1 

3  C ,  L ,  E  i  A ,  R |S  B i i  1  » i T i A |  G i  i  i  i  i  i  1  i  i  i  i  i  i  i  i  •  1 

4  C,  L |  E |  A,  R i  |S  B |  ,  1 0 , ,  , T ,  A | G , ,  , 0  " "  '  1 i  

In  l ine  1 ,  the  b  des igna tor  i s  zero .  L ines  2 ,  3 ,  and  4  a re  B reg is te r  ins t ruc t ions  and  
a re  equiva len t  to  each  o ther .  Any one  of  these  has  the  e f fec t  of  c lear ing  the  30-b i t  
word  a t  address  TAG.  

3 .3 .  LINE CONTROL AND COMMENTS 

A l ine  may conta in  an  ins t ruc t ion ,  da ta  word ,  o r  assembler  d i rec t ive ,  fo l lowed by  com­
ments  o r  the  l ine  may conta in  on ly  comments .  Fur ther  operand  informat ion  i s  not  in te r ­
pre ted  a f te r  the  maximum number  of  subf ie lds  requi red  by  the  opera t ion  has  been  
scanned  or  by  the  recogni t ion  of  80  charac te rs ,  whichever  occurs  f i r s t .  However ,  a  
l ine  may be  cont inued  and  comments  may be  provided  by  the  programmer  for  p r in tou t  
as  des i red .  

3 .3 .1 .  Cont inua t ion  

A l ine  i s  cont inued  by  the  inser t ion  of  a  minus  ( .—) charac te r  in  co lumn 7  of  the  con­
t inua t ion ,  so  long  as  the  l ine  has  not  been  te rmina ted  by  a  per iod .  I f  a  l ine  i s  broken  
wi th  a  subf ie ld ,  the  next  charac te r  should  begin  in  co lumn 8  of  the  next  l ine .  The  
fo l lowing  i l lus t ra tes  use  of  the  cont inua t ion  fea ture .  
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$ i (  i3  i )  i ,  i  Mi  A11 iNi  |  |  |  L 

*-1 ^1  > i  i  i  i  i  i  i  J I  I  L  

f l  I I  I  L  I I  I  I  I  I  I  

T ,  A |  B,  L ,  E 11 ,  ,  | ,  ,  A,  Z |  E,  R,  0 ,  

$  i (  i 3  i )  i  ,  i  Mi  A |  I  i  Ni  |  Li A .  i U 

J  I I  L  J  L 

l i  I  I  l  I  I  I  

I  I  I  I  L  I I  

J  I I  L  J_L J L 

i  T  i A,  B i L  i E  |  11,  i .  

i  i  i  i  

J  I—I—L 

J  I I  L  

J  I I  L  

A i Z  i E  i R  i 0  All 

Lines  1 ,  2 ,  3 ,  and 4  conta in  the  same ins t ruct ion shown wi thout  cont inuat ions  on 
l ine  5 .  

3 .3 .2 .  Comments  

Comments  may be  f ree ly  wri t ten  by the  programmer  to  a id  in  programming and debugging.  
A comment  i s  separa ted  f rom the  las t  f ie ld  on the  l ine  by space ,  per iod,  and space .  
The comment  may be  cont inued to  the  next  l ine ,  or  a  comment  may be  s tar ted  on the  
next  l ine  i f  a  per iod i s  p laced in  column 8  fol lowed by a  space .  I f  addi t ional  sub-
f ie lds  are  required  by the  opera t ion,  they are  assumed to  be  zero .  The fol lowing i s  
an  example .  

.A,Q, ,  ,U •  L,  A {  B, E |  L , ,  | ,  Q,N 0 |Ti  i*I  1 A,  D D,  J ,  H , E ,  ,  N , U |  M i B  E | R i  i  i  i  

•  i  i  '  i N |  T , H ,  E ,  ,  ( J |  P |  P ,  E  |  R| H ,  A ,  L ,  F ,  1 0 ,  F  | T,  H,  E ,  !W101R |D ,  i  T ,  i  i  i  

•  i  i  A |  T,  L,  A,  B,  E |  L|  |  T|  0 ,  |N U , M ,  B ,  E , R  |  , 1  N|  i Q i  i  A  i  N i  D  •  | S , K  1 i  P i  i  i  i  

•  .  . N , l ,  I  , F ,  , S  , U |  M )  ,  1  ,  s, N, 0 ,  T,  i  Z j  E ,  R o, •  i  i  i  i  i  i  1  i  i  i  i  i  i  

3 .4 .  DATA WORD GENERATION 

Data  words  may be  e i ther  30 b i ts  in  length  (s ingle  word)  or  60  bi ts  in  length  (double  
word) ,  and are  genera ted  as  depic ted  below.  

3 .4 .1 .  Single  Word (30 Bi ts )  

A l i s t  of  one ,  two,  three ,  or  f ive  express ions  (see  3 .5)  may be  used as  arguments  to  
genera te  one  computer  word,  as  fol lows:  

SOURCE CODE 

iexpj  
iexpj ,exp 2  

iexp 1 , exp 2 , exp 3  

±exp 1 , exp 2 , exp 3 , exp 4 , exp 5  

GENERATED CODE 

30 bi ts  
15  b i ts  15  b i ts  

10  b i ts  10 b i ts  10 b i t s  
6  bi ts  6  b i ts  6  bi ts  6  b i ts  6  b i ts  

Note  tha t  the  f i rs t  express ion must  be  s igned for  th is  appl ica t ion.  

Examples :  

LABEL t  OPERATION t  OPERAND 
-2  7777777775 
+ 10D,  1=1 00012 00001 
— 1  + 1  ,—4,0 0000 1773 0000 
+ 'A\ 'B\  1,2 ,3  06 07 01 02 03 
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• 3.4 .2 .  Double  Word (60 Bi ts )  • Sixty-bi t  constants  may be  speci f ied  by the  use  of  the  DLD di rec t ive  (Sect ion 5) .  
These  constants  may be:  

•  Octa l  

•  Decimal  

•  Float ing Point  

•  Internal  Decimal  

3 .4 .3 .  Var iable  Length  Word 

A s t r ing  of  characters  enclosed by apost rophes  can be  inser ted  in to  the  genera ted  
code as  a  s t r ing  of  6-bi t  F ie ldata  characters  (Appendix  B) .  S ince  the  apost rophe 
i s  a  control  character  in  th is  case ,  the  apost rophe cannot  be  one  of  the  characters  
in  the  s t r ing .  The number  of  computer  words  occupied by the  s t r ing  depends  upon 
the  number  of  characters .  The characters  are  lef t  jus t i f ied  in to  consecut ive  computer  
words ,  f ive  characters  to  a  word.  Any remaining areas  in  the  las t  word wi l l  be  f i l led  
wi th  Fie ldata  spaces  (05g) .  (This  fea ture  should  not  be  confused wi th  the  one  des­
cr ibed in  3 .5 .1 .5 ,  which refers  to  character  s t r ings  in  an express ion and uses  only  
one  word of  computer  s torage . )  

Examples :  

# LABEL "b OPERATION 13 OPERAND 

*ABC'  
'ABCDE'  
'  —123ABCD'  

0  607100505 
0607101112 
41616263060710110505 

3 .5 .  EXPRESSIONS 

An express ion i s  the  combinat ion of  i tems or  express ions  by a  logical ,  re la t ional ,  or  
ar i thmet ic  opera tor .  I t  most  commonly appears  in  the  operand f ie ld  of  a  symbol ic  l ine  
as  an ent ry  in  a  subf ie ld .  Blanks  are  not  permit ted  wi th in  an  express ion.  Double  word 
i tems may not  be  used to  form express ions  except  wi th  double  word opera t ions  or ,  in  
the  opera t ion f ie ld ,  as  l i te ra ls  preceded by DLD.  

3 .5 .1 .  I tems 

This  sec t ion descr ibes  the  var ious  i tems which may appear  in  an  express ion.  

3 .5 .1 .1 .  Label  

Any label  may be  used as  an i tem.  Whenever  a  label  i s  encountered wi th in  an  ex­
press ion,  the  value  equated to  the  label  i s  subst i tu ted  for  the  label  wi th in  the  
express ion.  

Example:  

LABEL t  OPERATION t  OPERAND 

• VARI EQU 01000 
LB Bl ,  VARI.B2 12 1  0 2 01000 
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3.5.1.2. Location 

A location may be used as an item by reflexive addressing. Reflexive addressing 
may be achieved by referencing the current location counter, or a specific location 
counter, within a symbolic line. This feature has already been described in 
3.2.1.1. 

Example: 

LABEL t OPERATION * OPERAND 

BOB J $+2 61 0 0 0 00502 
LA BOB,6 11 0 0 6 00500 
SA 0,B2 15 0 0 2 00000 

The first line transfers control to the third line. 

3.5.1.3. Octal Values 

Octal digits (0—7) may appear as an item within an expression. The assembler 
will create a binary equivalent of the item value. The binary representation of 
the value will be right justified in a signed field. 

Examples: 

LABEL tOPERATION t OPERAND 

+17 
-074 

0000000017 
7777777703 

3.5.1.4. Decimal Values 

Decimal values may be represented as an item by following the desired digits 
with an alphabetic D. A decimal value, containing the characters 0—9 will be 
represented by a right justified and signed binary equivalent within the object 
field, sign filled. 

Examples: 

LABEL 1 OPERATION t OPERAND 

6D 
+6D 
+8D 
—6D 

0000000006 
0000000006 
0000000010 
7777777771 

3.5.1.5. Character Strings in Expression 

An item within an expression can be source coded by up to five 6-bit Fieldata 
characters (Appendix B). The desired characters are enclosed with apostrophes. 
The leftmost apostrophe may be preceded by a plus or minus sign. Since the 
apostrophe is a control character in this case, it may not be one of the characters 
in the string. Because this item is an expression, it will be treated as an arith­
metic or logical value. 
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I f  the  lef tmost  apost rophe i s  preceded by a  plus  s ign (or  no s ign a t  a l l ) ,  the  
characters  wi l l  be  r ight  jus t i f ied  in  the  computer  word and empty spaces  wi l l  
be  f i l led  wi th  0  b i t s ;  i f  preceded by a  minus  s ign,  the  ones  complement  (of  the  
s t r ing  preceded by a  plus  s ign)  wi l l  be  the  resul tant  va lue .  Any characters  to  the  
lef t  of  the  r ightmost  f ive  characters  in  the  s t r ing  wi l l  be  d is regarded.  

Examples :  

LABEL "6 OPERATION 15 OPERAND 

+ '00CAT'  
'CAT'  
- 'CAT'  
' -CAT'  

6060100631 
0000100631 
7777677146 
0041100631 

3 .5 .1 .6 .  Double  Word Constants  (60 Bi ts )  

Double  length  constants  may be  f loa t ing point ,  oc ta l ,  decimal ,  and in ternal  decimal  
(Fie ldata) .  Only  symbols  which reference  DLD constants  are  a l lowed in  the  operand 
f ie ld .  

Examples :  

LABEL t  OPERATION t  OPERAND 

DPL BOB,6 
FA BOB,6 

BOB DLD 16384.0  

77 21 6  03000 
77 01 6  03000 

2017400000 
0000000000 

In  th is  example ,  the  contents  of  BOB are  loaded in to  the  A and Q regis ters  and then 
(v ia  the  Float ing Point  Add ins t ruct ion)  added to  i t se l f .  

• 

A f loat ing point  number  i s  a  number  wi th  a  decimal  point .  The number  i s  s tored 
wi th  a  normal ized mant issa  and b iased character is t ic  to  conform to  the  format  
shown in  Figure  2—4.  For  example:  the  number  16384.0  i s  a  f loat ing point  number  
and,  in  oc ta l  form,  corresponds  to  40000.  A shi f t  of  15D or  17g i s  required  to  
normal ize  th is  mant issa ,  so  that  the  unbiased character is t ic  i s  0017g.  The biased 
character is t ic  i s  then 2017g and the  complete  f loa t ing point  number  i s  s tored as  
2017400000 OOOOOOOOOOg in  two consecut ive  words .  S ince  two words  are  required ,  
the  DLD direc t ive  i s  used (see  5—8).  

An in ternal  decimal  number  i s  an  in teger  appended wi th  the  a lphabet ic  character  
I .  I t  i s  s tored as  i t s  Fie ldata  coded equivalent ,  r ight  jus t i f ied  in to  the  second 
word wi th  Fie ldata  coded zero  f i l l  ( see  5 .8) ,  requir ing two words .  The 
number  6661 i s  s tored as  6060606060 6060666666.  The label  refers  to  the  f i rs t  
por t ion  (6060606060) .  
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3.5.1.7. Literals 

A literal is a device for indicating operand constants requiring up to 30 bits with just 
one line of coding. For example, if it is desired to load the A register with the 
octal value 1234512345, the programmer could do this in two lines of coding with­
out the use of a literal. The first line of the following example would load the A 
register with the entire word in location X. The second line of the figure is needed 
to store the data word 1234512345 at location X. Instead, with the aid of a literal, 
only one line of coding would be required. The load A instruction would have as the 
operand, the literal 1234512345. When this instruction is scanned, the literal 
1234512345 is automatically assigned a 15-bit address in the literal pool for the 
location counter and it is this address that is automatically inserted into the operand 
portion of this instruction. Thus, one line of coding serves the purpose of two lines. 
All literals are placed in the literal table under control of location counter zero un­
less inserted under a LIT directive (see 5.4). Since most instructions enable 
coding of operand constants requiring 15 bits or less, it is not necessary to 
use literals for such constants. 

A literal may be represented on an instruction line by immediately preceding the 
constant with a colon (:) and immediately ending the constant with a semicolon (;) 
in the y subfield to generate a word containing the constant. Literals are assigned 
addresses at the end of the program, and duplicates will be eliminated. When 
location counters are employed, these literals will be assigned to the end of the 
coding associated with a particular counter (see 5.4. LIT). In this case, duplicates 
are only eliminated for the counter itself. 

In addition to a constant data word, the line item may be an instruction word (line 
4 in the example). This will be assembled in the constant area at the end of 
the coding. Line items within line items, e.g., cascaded addresses, are permitted. 

In the case of an instruction word line item, a label is not permitted. The first char­
acter following the colon must be the start of the operation field. 

If a literal is split by a comma (see line 7 following) the two portions will constitute 
the upper and lower halves, right justified with sign fill, of the literal. Line 8 shows 
nested literals. Line 9 shows use of a double length literal (see Section 5 for DLD 
directive). 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1-1*1 ' lWl L * J  I  I  1  I  I  I  I  I  I  I  I  L  J I I L. 

J I 1 | 2 | 3 | 4 , 5 | 1 | 2 | 3 | 4 | 5 |  ,  L  j l J l L J I L 
L A i '  1 ^ 1  | : | 1 | 2 | 3 | 4 | 5 | 1 | 2 | 3 | 4 , 5 | ; |  j  | _  J l I L j L 

i  L I a I  '  I wl | :  i N101 P| > | [_jj LJi H! E| L_AJ [_ I  I  I  I  I  I  I  J I L 

• i  i R  | E  i G  1 1  |  S , T  ) E  |  R |  i  W ,  0 ,  U |  L ,  P ,  ,  ,  ,  |  J I L J I L I I I 

I  , C ,  0 ,  N  ,  T , A 1 1  ,  N ,  I  1 , 2 , 0 , 0 , 0 , 0 , 0 , 0 ,  0 , 0 |  i i i i i i i i i 

i  L  i  A  i ,  i  W |  i  :  1 1  i  2 !  3 1  ,  I - I  4 1  5  i  ;  i  i  •  |  | L | I  |  T  I i S i 10 10 11 i 2 3 1 7  7 , 7 , 3 , 2  

<  L i  A i  , i  W ,  i  :  i  L i  B  i ,  1  U i  i  B ,  3  i  .  i :  i  7 |  3 1  2 | ;  |  ;  J I I I I I L I  L  I  

i D i P i L ,  , D , L | D |  |  :  |  7 | 3  !  1 ,  8  ,  7 ,  6 ,  D |  ;  i  ,  | _  J l l I I L J l L 
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3.5 .1 .8 .  Parameters  

A PROC or  FUNC parameter  may a lso  be  an  i tem.  Parameters  wi l l  be  d iscussed in  
deta i l  in  the  sect ion per ta in ing to  PROC's  and FUNC's  (Sect ion 6) .  

3 .5 .2 .  Operators  

An opera tor  i s  a  mathemat ica l ,  logica l ,  or  re la t ional  symbol  represent ing an  opera t ion 
to  be  performed.  

I tems may be  combined in to  express ions  by means  of  opera tors .  

There  are  15 opera tors  which des ignate  the  method and,  impl ic i t ly ,  the  sequence to  
be  employed in  combining i tems or  express ions  wi th in  a  subf ie ld .  Blanks  are  not  
permit ted  wi th in  an  express ion.  Evaluat ion of  an  express ion begins  wi th  subst i tu t ion 
of  va lues  for  each e lement .  The opera t ions  are  then performed from lef t  to  r ight  in  
order  of  h ierarchy (see  Table  3—1).  No two opera tors  may appear  in  immedia te  
success ion,  but  parentheses  may be  used for  separa t ion.  

Each opera tor  has  a  posi t ion  in  the  precedence hierarchy which determines  the  se­
quence (h ighes t  precedence f i rs t )  of  evaluat ion of  an  express ion:  consecut ive  opera­
t ions  wi th  the  same precedence are  executed f rom lef t  to  r ight .  In ter rupt ion of  the  
normal  precedence i s  accompl ished by us ing parentheses .  I f  an  i tem or  an  express ion 
i s  enclosed in  parentheses  and an  opera tor  appears  adjacent  to  the  parentheses ,  the  
funct ion of  the  parentheses  in  th is  ins tance  i s  that  of  a lgebra ic  grouping.  The value  
of  th is  quant i ty  i s  the  a lgebra ic  solut ion of  the  i tems or  express ion enclosed in  
parentheses .  There  i s  no res t r ic t ion  on the  number  of  nes ted  parentheses  wi th in  an  
express ion.  (See  5 .2  for  a  descr ip t ion of  the  EQU direc t ive  used in  the  fo l lowing 
examples . )  

3 .5 .2 .1 .  Ar i thmet ic  Product  *  

The value  of  the  f i rs t  i tem is  used as  the  mul t ip l icand,  the  value  of  the  second i s  
used as  the  mul t ip l ier ;  the  value  of  the  express ion i s  the  product  obta ined by the  
mul t ip l ica t ion of  the  two i tems or  express ions .  

Example:  

N EQU 17D 
N*010 

The value  of  the  express ion i s  136jq .  
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P R E C E D E N C E  O P E R A T O R  D E S C R I P T I O N  

6 *  /  a*/b  i s  equivalent  to  a*2^(see  text )  

5  *  ar i thmet ic  product  

5  /  ar i thmet ic  quot ient  

5  / /  covered quot ient  (a / /b)  i s  equivalent  
to  (a+b—l) /b  

4  +  ar i thmet ic  sum 

4 - ar i thmet ic  d i f ference  

3  * *  logica l  product  

2  + +  logica l  sum 

2  — logica l  d i f ference  

1  = a=b has  the  value  1  if  t rue ,  0  otherwise  

1  > a>b has  the  value  1  if  t rue ,  0  o therwise  

1  < a<b has  the  value  1  i f  t rue ,  0  otherwise  

1  <= a<b has  the  value  1  if  t rue  in  e i ther  
case ,  o therwise  0  

1  >= a> b  has  the  value  1  if  t rue  in  e i ther  
case ,  o therwise  0  

1  / =  a^b has  value  1  i f  t rue  and 0  otherwise  

N O T E :  O p e r a t i o n s  w i t h  t h e  h i g h e s t  p r e c e d e n c e  a r e  e x e c u t e d  f i r s t .  

Table 3—1. Operator Priority Within Expressions 

3.5 .2 .2 .  Equal  = 

The "equal"  opera tor  compares  the  value  of  two i tems or  express ions .  I f  the  two 
values  are  equal ,  the  assembler  wi l l  ass ign a  value  of  1  to  the  combined express ion.  
I f  the  values  are  not  equal ,  the  value  of  the  combined express ion i s  0 .  

A = 1  

If  A i s  equal  to  1 ,  the  value  of  the  express ion i s  1  ( t rue) .  I f  A i s  unequal  to  1 ,  
the  value  of  the  express ion i s  0  ( fa lse) .  

Example:  

DO A = 3  ,  RES 3  

If  A i s  equal  to  3 ,  the  control l ing  locat ion counter  wi l l  be  incremented by 3 ;  i f  
not ,  the  l ine  wi l l  be  skipped.  
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3.5 .2 .3 .  Grea te r  Than  >  

The  "grea te r  than"  opera tor  compares  two i tems  or  express ions .  I f  the  va lue  of  
the  f i r s t  operand  i s  grea te r  than  the  va lue  of  the  second  operand ,  the  combined  
express ion  i s  ass igned  the  va lue  1  ( t rue) .  I f  the  va lue  of  the  f i r s t  i s  equa l  to  or  
l ess  than  tha t  of  the  second ,  a  va lue  of  0  ( fa l se )  i s  ass igned .  

B  >  2  

I f  B  i s  grea te r  than  2 ,  the  express ion  va lue  i s  1 .  I f  B  i s  no t  g rea te r  than  2 ,  the  
express ion  va lue  i s  0 .  

Example :  

(A>2)*5  

I f  A i s  grea te r  than  2 ,  the  va lue  of  the  express ion  i s  5 ,  o therwise  the  express ion  
i s  0 .  Note  tha t  the  paren theses  in te r rup t  the  normal  order  of  p recedence .  I f  the  
paren theses  a re  omi t ted ,  the  resu l t  i s  a  1  ( i f  A i s  grea te r  than  10 jq)  or  a  0  ( i f  A 
i s  not  g rea te r  than  IO J Q ) .  

3 .5 .2 .4 .  Less  Than  <  

The  " less  than"  opera tor  compares  the  va lues  of  two i tems  or  express ions .  I f  
the  f i r s t  i s  l ess  than  the  second ,  the  combined  express ion  i s  ass igned  the  va lue  
1  ( t rue) ;  o therwise ,  a  va lue  of  0  ( fa l se )  i s  ass igned .  

C<1 

I f  C  i s  l ess  than  1 ,  the  express ion  va lue  i s  1 .  I f  C  i s  not  l ess  than  1 ,  the  express ion  
va lue  i s  0 .  

Example :  

(A<2)  *2  

I f  A i s  l ess  than  2 ,  the  express ion  va lue  i s  2 ,  o therwise  the  va lue  i s  0  

3 .5 .2 .5 .  Less  Than  or  Equal  <= 

The  " less  than  or  equa l"  opera tor  compares  two i tems  or  express ions .  I f  the  va lue  
of  the  f i r s t  operand  i s  l ess  than  or  equa l  to  the  va lue  of  the  second  operand ,  the  
combined  express ion  i s  ass igned  the  va lue  1  ( t rue) ;  o therwise ,  a  va lue  of  0  ( fa l se )  
i s  ass igned .  

D <= 2  

I f  D i s  l ess  than  or  equa l  to  2 ,  the  express ion  va lue  i s  1 .  I f  D  i s  not  l ess  than  or  
equa l  to  2 ,  the  va lue  of  the  express ion  i s  0 .  
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(B <= 2)  *2  

I f  B  <  2 ,  the  combined  express ion  va lue  i s  2 ,  o therwise  the  express ion  va lue  i s  0 .  

3 .5 .2 .6 .  Grea te r  Than  or  Equal  >  =  

The  "grea te r  than  or  equa l"  opera tor  compares  two i tems  or  express ions .  I f  the  
va lue  of  the  f i r s t  operand  i s  grea te r  than  or  equa l  to  the  va lue  of  the  second  
operand ,  the  combined  express ion  i s  ass igned  the  va lue  1  ( t rue) ;  o therwise ,a  
va lue  of  0  ( fa l se )  i s  ass igned  

E  >= 4  

I f E  i s  g r e a t e r  t h a n  o r  e q u a l  t o  4 ,  t h e  e x p r e s s i o n  v a l u e  i s  1 .  I f  E  i s  n o t  g r e a t e r  
than  or  equa l  to  4 ,  the  va lue  of  the  express ion  i s  0 .  

Example :  

(F  >= 5)  *3  

I f  F  >  5 ,  the  combined  express ion  va lue  i s  3 ,  o therwise  the  express ion  va lue  i s  zero .  

3 .5 .2 .7 .  Not  Equal  To  /=  

The  "not  equa l  to"  opera tor  compares  two i tems  or  express ions .  I f  the  two va lues  
a re  no t  equa l ,  the  assembler  wi l l  ass ign  a  va lue  of  1  ( t rue)  to  the  combined  ex­
press ion .  I f  the  va lues  a re  equa l ,  the  va lue  of  the  express ion  i s  0  ( fa l se ) .  

A /=  2  

I f  A i s  no t  2 ,  the  va lue  of  the  express ion  i s  1 ,  i f  A i s  2 ,  the  va lue  of  the  express ion  
i s  0 .  

Example :  

(C/=  D)  *4  

I f  C  i s  no t  equa l  to  D,  the  va lue  of  the  express ion  i s  4 .  I f  C  i s  equa l  to  D,  the  
va lue  of  the  express ion  i s  zero .  

3 .5 .2 .8 .  Logica l  Sum ++ 

The  " log ica l  sum" opera tor  p rovides  the  log ica l  sum of  va lues  of  two i tems  or  
express ions .  The  assembler  wi l l  p roduce  the  log ica l  sum and  use  i t  a s  the  va lue  
of  the  combined  express ion .  The  opera t ion  tes t s  the  b i t s  in  cor responding  b i t  
pos i t ions  of  bo th  operands .  The  resu l t  wi l l  conta in  a  1  bi t  where  e i ther ,  o r  bo th ,  
b i t s  i s  a  1  b i t .  Thus ,  the  log ica l  sum cor responds  to  a  b i t -by-b i t  OR opera t ion .  
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• Example:  

A EQU 3  
A + + 5  

The value  of  the  express ion i s  7 .  

3 .5 .2 .9 .  Logical  Dif ference  — 

The " logical  d i f ference"  opera tor  produces  the  logical  d i f ference  between the  
values  of  two express ions  or  i tems.  The opera t ion compares  the  b i ts  in  corre­
sponding bi t  pos i t ions  of  the  two express ions  or  i tems.  Where  the  b i ts  are  unl ike ,  
the  logical  d i f ference  wi l l  conta in  a  1  bi t ;  i f  a l ike ,  a  0  b i t .  Thus ,  the  logical  
d i f ference  corresponds  to  a  bi t -by-bi t  Exclus ive  OR opera t ion.  

Example:  

A EQU 6  
A-5 

The value  of  the  express ion i s  3 .  

3 .5 .2 .10.  Logical  Product  **  

The " logical  product"  opera tor  produces  the  logical  product  of  the  values  of  two 
express ions  or  i tems.  The two operands  are  compared,  b i t -by-bi t .  Where  both  are  
1  bi ts ,  the  logical  product  wi l l  have  a  1  bi t ;  o therwise ,  a  0  b i t .  Thus ,  the  logical  
product  corresponds  to  a  bi t -by-bi t  AND opera t ion.  

Example:  

N EQU 17D 
N**3D 

The value  of  the  combined express ion i s  1 .  

3 .5 .2 .11.  Ari thmet ic  Sum + 

The "ar i thmet ic  sum" opera tor  produces  the  a lgebra ic  sum of  the  values  of  two 
i tems or  express ions .  The value  of  the  combined express ion wi l l  be  the  sum of  
the  value  of  the  i tems or  express ions .  

Example:  

A EQU 74D 
A + (A**061)  

The value  of  the  combined express ion i s  74D.  
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3.5.2.12. Arithmetic Difference — 

The "arithmetic difference" operator produces the algebraic difference between 
the values of two items or expressions. The assembler will subtract the value of 
the second operand from the value of the first, and the difference is the value of 
the combined expression. 

Example: 

B EQU 0662 
(B—0511)-B 

The value of the combined expression is -0267. 

3.5.2.13. Arithmetic Division / 

The value of the first item or expression is the dividend, the value of the second 
item or expression is the divisor; the result of the operation is the quotient. The 
remainder is discarded by the assembler. 

Example: 

B EQU 17D 
(B**3 = l)*B/4 

The value of the combined expression is 4. Note that the remainder is discarded. 

3.5.2.14. Covered Quotient // 

The covered quotient operates in the same fashion as the arithmetic quotient with 
this modification: if a remainder greater than 0 is created during the division, the 
quotient is increased by 1. 

Example: 

A EQU 3 
(A--3 = 0)*A//2 

The value of the combined expression is 2. 

3.5.2.15. Shift Exponent */ 

The shift exponent indicates that the operand (preceding the shift exponent) shall 
be shifted by the number of positions denoted by the value immediately after the 
shift exponent. The shift is left or right according to the sign of the exponent 
(negative will produce a right shift). a*/b is equivalent to a*2b, where b must be 
an integer and no sign or significant bits are shifted out. 
though it were a binary quantity, with zero fill. 

Examples: 

A EQU 2 
A*/3 (Result is 2x2 ^ or 16D) 

B EQU 16D 
B*/(-3) (Result is 16D x 2 or 2) 
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3 .5 .2 .16.  Comments  Within  Express ions  / .  . /  

Comments  can be  inser ted  wi th in  express ions  by means  of  the  two del imi ters  
/ .  and . /  as  shown in  the  examples .  Insofar  as  process ing i s  concerned,  
these  comments  wi l l  be  ignored.  

Examples :  

+  TAPE=5/ .TAPE = 5  IS SYSTEM./- I  
+ TAPE=5—1 

The same data  wi l l  be  s tored for  the  two examples .  

3 .5 .3 .  Absolute  and Relocatable  Labels  and Express ions  

The value  ass igned to  a  label  i s  e i ther  re locatable  or  absolute .  I f  the  values  
ass igned to  label  ent r ies  in  the  source  s ta tement  are  la ter  d isplaced by a  constant  
number  f rom thei r  or ig inal ly  ass igned re la t ive  addresses ,  the  labels  are  termed 
" re locatable"  i tems.  (This  d isplacement  normal ly  occurs  when the  object  program 
i s  loaded in to  s torage  locat ions  o ther  than those  or ig inal ly  ass igned by the  assembler  
program.)  I f  the  values  ass igned to  labels  are  unaffec ted  by re locat ion procedures  
and remain  se t  equal  to  a  constant  absolute  value ,  the  labels  are  termed "absolute"  
i tems.  As examples ,  a  label  may be  se t  absolute  by an  EQU or  a  LET direc t ive  
(see  Sect ions  5  and 6  for  descr ip t ions  of  these  d i rec t ives) .  

When p lus  (+)  or  minus  (—) opera tors  a lone  are  used to  form an express ion,  the  
express ion i s  absolute  i f :  1)  i t  has  an  even number  of  re locatable  i tems (zero  i s  
considered an  even number) ,  and 2)  each re locatable  i tem is  pai red  wi th  a  re locatable  
i tem of  opposi te  s ign (not  necessar i ly  cont iguous) ,  control led  by the  same locat ion 
counter .  An express ion i s  re locatable  i f :  1)  i t  has  a  posi t ive  value ,  and 2)  i t  has  an  
odd number  of  re locatable  i tems,  and 3)  the  re locatable  i tems (except  one)  are  
pai red  under  the  same locat ion counter ,  wi th  opposi te  s igns .  

When the  o ther  opera tors  (a l l  but  p lus  and minus)  are  used to  form an express ion,  
the  immedia te  resul t  i s  an  absolute  i tem.  (This  absolute  i tem can be  used to  form 
a  re locatable  i tem in  the  same l ine  of  coding. )  I f  e i ther ,  or  both ,  of  the  i tems used 
in  forming th is  absolute  i tem are  re locatable ,  the  resul t  wi l l  be  f lagged wi th  a  
re locat ion error .  

A l i te ra l  i s  a lso  a  re locatable  i tem s ince ,  in  the  source  coding,  i t  i s  represented by 
an  assembler-ass igned address .  However ,  l i te ra ls  cannot  be  combined,  by means  of  
opera tors ,  to  form express ions .  A reference  to  a  locat ion counter  wi th  the  symbol  $  
i s  a lso  a  re locatable  i tem.  
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Examples  of  abso lu te  and  re loca tab le  express ions  a re  shown in  Table  3 -2 .  

E X P R E S S I O N  T Y P E  R E L O C A T I O N  E R R O R  F L A G ?  

A+B absolu te  no  

A+B-3  abso lu te  no  

A+R12 re loca tab le  no  

A+R12 —R23-R22+R13 abso lu te  no  

B+R12+R13—R22 re loca tab le  no  

A / / B  absolu te  no  

R12-A/ /B re loca tab le  no  

R22*A abso lu te  yes  

R12—R22*A re loca tab le  yes  

R22*l  re loca tab le  no  

(R12—R22)*A abso lu te  no  

R12—R22*A re loca tab le  yes  

R12/R22 abso lu te  yes  

NOTE: A and B are absolute i t e m s  (unequal to I J. 
R12 and R22 are relocatable items under location counter 2. 
R13 and R23 are relocatable items under location counter 3. 

Table 3-2. Absolute and Relocatable Expressions 
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4 .  B A S I C  A S S E M B L E R  
L A N G U A G E  I N S T R U C T I O N S  

4 . 1 .  G E N E R A L  

The  bas ic  ins t ruc t ions  a re  those  ins t ruc t ions  used  by  "worker"  programs.  Where  the  
same ins t ruc t ion  may opera te  d i f fe ren t ly  under  execut ive  cont ro l ,  ind ica t ion  i s  provided  
in  t ex t .  Bas ic  assembler  ins t ruc t ions  cons is t  o f :  

• Transfer instructions, to  move  da ta  be tween  memory  s torage  and  reg is te rs .  

• Shift instructions, to  move  the  conten ts  of  a  se lec ted  reg is te r  to  the  r igh t  o r  l e f t  a s  
many b i t  pos i t ions  as  spec i f ied .  

• Comparison instructions, to  compare  two operands  e i ther  a r i thmet ica l ly  or  a lpha-
numer ica l ly  and  sk ip  (as  de te rmined  by  the  compar i son)  the  next  ins t ruc t ion .  

• Jump instructions, to  t ransfer  cont ro l  of  the  program to  another  a rea  wi th in  memory  
s torage .  

• Special sequence-modifying instructions, to  enable  repe t i t ions ,  condi t iona l  sk ips ,  
programmed in te r rup ts ,  o r  use  of  programmed "e lec t ron ic  swi tches" .  

• Arithmetic instructions, to  per form ar i thmet ic  opera t ions  in  f ixed  po in t ,  f loa t ing  poin t ,  
o r  b inary  coded  dec imal  (BCD) mode .  

• Logical instructions, to  opera te  upon  and  ed i t  se lec ted  por t ions  of  a  word .  

In  some cases , the  c lass i f ica t ion  may seem arb i t ra ry ,  s ince  an  ins t ruc t ion  may per form 
more  than  one  func t ion .  For  example :  the  RANQ (Replace  Y—Q) incorpora tes  bo th  an  
a r i thmet ic  and  a  t ransfer  func t ion  bu t ,  s ince  i t s  g rea tes t  u t i l i ty  l i es  in  the  a r i thmet ic  
func t ion ,  i t  i s  l i s ted  on ly  under  a r i thmet ic  ins t ruc t ions .  

The  format  of  each  ins t ruc t ion  i s  fo l lowed by  an  example  wr i t ten  in  assembly  language .  
The  executab le  ins t ruc t ion  tha t  i s  genera ted  f rom the  assembler  mnemonics  i s  shown a t  
the  r igh t .  

When the  labe l  i s  used  in  the  examples ,  i t  i s  wr i t ten  as  LABEL.  The  assembler -ass igned  
computer  address  represen ted  by  LABEL wi l l  be  01234.  This  wi l l  main ta in  a  cons is ten t  
re fe rence  in  the  examples .  For  ac tua l  coding ,  any  va l id  labe l  could  be  used .  

4 .2 .  DESIGNATOR INTERPRETATION 

This  subsec t ion  conta ins  a  de ta i led  descr ip t ion  of  the  k  and  j  des igna tors  used  in  the  
ins t ruc t ions  and  i s  to  se rve  as  a  re fe rence  in  the  descr ip t ions  of  the  ins t ruc t ions  which  
fo l low:  

4 .2 .1 .  In te rpre ta t ion  of  k  Des igna tors  

The  f i r s t  th ree  subsec t ions  which  fo l low dea l  wi th  s tandard  k  des igna tor  in te rpre ta ­
t ion  for  read  c lass ,  s to re  c lass ,  and  rep lace  c lass  ins t ruc t ions ,  in  tha t  o rder .  The  
four th  subsec t ion  presen ts  a  tab le  showing  the  devia t ions  f rom s tandard  in te rpre ta t ion .  
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4.2.1.1. Standard Read Class k Designators 

k = 1 indicates that the value is obtained from the lower 15 bits of the memory 
L location specified by the operand and is transferred into the lower 15 bits 

of an arithmetic register. The remaining bits, i.e., the upper 15 bits, are 
filled with zeros. 

ZERO 
FILL MM 

Memory 

Arithmetic 
Register 

In the 17-bit B register operational mode, bits 15 and 16 of the value are lost. 

U 

k = 2 indicates the value is obtained from the upper 15 bits of the memory 
location specified by the operand and placed in the lower 15 bits of the 
register. 

Note: The transfer is to the lower 15 bits of the arithmetic register. The 
upper 15 bits are zero filled. 

Memory 

k = 3 

W 

specifies that the entire 30 bits of the value at the memory location indicated 
by the operand are to be transferred to an arithmetic register. 

Memory 

Arithmetic 
Register 

k = 5 

LX 

indicates transfer of the lower 15 bits of the value in the memory location 
specified by the operand to the lower 15 bits of an arithmetic register. The 
difference between L and LX is that with an LX specification, a sign ex­
tension is obtained in the arithmetic register, i.e., the highest order bit 
(the sign bit) of the 15-bit value is extended through the upper 15 bit posi­
tions of the register. 
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Memory 

SIGN Arithmetic 
EXT. Register 

N O T E :  An X in the alphabetic notation for the k designator always indicates 
sign extension. 

k = 6 indicates transfer of the upper 15 bits of the value at the specified memory 
location to the lower 15 bits of an arithmetic register. With X present in the 
alphabetic notation, there is a sign extension in the upper 15 bits of the 
register, otherwise it is identical to a k of 2. 

Memory 

SIGN Arithmetic 
EXT. Register 

k = 0 indicates transfer of the 15 bits of the operand portion of the instruction. 
Q The 15 bits contained in the instruction word after B register modification 
— are transferred into the low order 15 bits of an arithmetic register and the 

remainder of the register is zero filled. In this case, the operand is a datum 
rather than the address of a datum. 

b  y  

1  

ZERO 
FILL Hfl 

Memory 

Arithmetic 
Register 

indicates transfer of the 15 bits contained in the instruction word after B 
register modification into the low order 15 bits of an arithmetic register. 
The upper 15 bits of the arithmetic register are filled with the sign bits, i.e., 
sign extension occurs. 



b y 

1  ,  

S I G N  
E X T .  

Memory  

Ar i thmet ic  
Regis te r  

k  =  7  ind ica tes  t ransfer  of  the  en t i re  30  b i t s  in  the  A reg is te r  in to  the  A or  Q 
^  reg is te r .  

Ar i thmet ic  
Regis te r  

Ar i thmet ic  
Regis te r  

N O T E :  For  Load  B Regis te r  ins t ruc t ions ,  on ly  the  low order  17  b i t s  a re  
t ransfer red .  

4 .2 .1 .2 .  S tandard  S tore  Class  k  Des igna tors  

A s tore  c lass  ins t ruc t ion  involves  t ransfer  of  a  va lue  f rom an  opera t iona l  reg is te r  
to  a  reg is te r  or  memory  address .  Again  there  a re  e igh t  poss ib le  k  des igna t ions  
for  th i s  c lass .  

k  =  1  ind ica tes  tha t  the  lower  15  b i t s  f rom an  a r i thmet ic  reg is te r  a re  to  be  s tored  as  
^  the  lower  15  b i t s  of  word  a t  memory  address  y .  The  upper  15  b i t s  a t  loca t ion  
— y  a re  undis turbed .  

Ar i thmet ic  
Regis te r  

k  =  2  ind ica tes  s torage  of  the  lower  15  b i t s  f rom an  a r i thmet ic  reg is te r  as  the  
^  upper  15  b i t s  of  the  word  a t  memory  address  y .  The  lower  15  b i t s  a t  loca t ion  
— y  a re  undis turbed .  
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Ari thmet ic  
Regis te r  

Memory  

k  =  3  ind ica tes  s torage  of  the  en t i re  30  b i t s  of  the  reg is te r  as  the  word  a t  the  
^  memory  address  y .  

Ar i thmet ic  
Regis te r  

Memory  

k  =  5  ind ica tes  tha t  the  ones  complement  of  the  lower  15  b i t s  of  an  a r i thmet ic  
reg is te r  i s  to  be  s tored  as  the  lower  15  b i t s  of  the  word  a t  memory  address  
y ;  the  upper  15  b i t s  a re  no t  changed .  I t  i s  iden t ica l  to  a  k  of  1  except  tha t  
the  va lue  i s  ones  complemented .  

111 
CP 

IIS 
Ari thmet ic  
Regis te r  

Memory  

6  ind ica tes  tha t  the  ones  complement  of  the  lower  15  b i t s  of  an  a r i thmet ic  
Qpy reg is te r  i s  to  be  s tored  as  the  upper  15  b i t s  of  the  word  a t  memory  address  

y ;  the  lower  15  b i t s  of  the  word  a re  unchanged .  

-P  

Ar i thmet ic  
Regis te r  

Memory  
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k = 0  indicates  tha t  there  i s  to  be  an  ent i re  word t ransfer  f rom a  regis ter  to  the  Q 
_  regis ter .  

Regis ter  

NOTE:  Contents  of  the  B regis ter  (Bj )  are  s tored in  the  lower  17 b i ts  of  Q;  
the  upper  13  bi ts  of  Q wi l l  be  zero  f i l led .  

k  = 4  indicates  tha t  there  i s  to  be  an  ent i re  word t ransfer  f rom a  regis ter  in to  the  A 
regis ter .  

Regis ter  

NOTE:  Contents  of  the  B regis ter  (Bj )  are  s tored in  the  lower  17 bi ts  of  A; 
the  upper  13  bi ts  of  A wil l  be  zero  f i l led .  

k  -  7  indicates  t ransfer  of  the  ones  complement  of  the  ent i re  30 b i ts  of  a  regis ter  
Qpy into  the  30-bi t  word of  the  speci f ied  memory locat ion.  

Ari thmet ic  
Regis ter  

Memory  

4.2 .1 .3 .  Standard  Replace  Class  k  Designators  

A replace  c lass  ins t ruct ion involves  t ransfer  of  a  value  f rom the  address  in  
memory speci f ied  by the  operand in  the  ins t ruct ion to  an  ar i thmet ic  regis ter  where  
the  opera t ion des ignated by the  opera tor  f ie ld  takes  p lace .  The resul t  then replaces  
the  in i t ia l  contents  of  the  memory locat ion.  The k des ignators  of  0 ,  4 ,  and 7  are  in­
val id  for  use  wi th  replace  c lass  ins t ruct ions .  
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indicates transfer of the lower 15 bits of the word at the specified memory address 
to the lower 15 bits of the arithmetic register where the operation takes place. 
The result is then transferred from the lower 15 bits of the arithmetic register 
into the lower 15 bits of the memory location, i.e., the original contents of the 
memory location are destroyed and the value obtained as a result of the com­
putation replaces the original value in the memory address. 

Memory 

Arithmetic 
Register 

Memory 

= 2 indicates transfer of the upper 15 bits of the word at the specified memory 
y address into the lower 15 bits of the arithmetic register where computation 

specified by the operation field of the instruction takes place. After compu­
tation, the result then replaces the original 15 bits of the memory location. 
The lower 15 bits of the memory location remain unchanged. 

Memory 

Arithmetic 
Register 

Memory 
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k = 3  

W 

ind ica tes  t ransfer  of  the  en t i re  30  b i t s  of  the  word  in  the  spec i f ied  memory  
loca t ion  in to  the  en t i re  30  b i t s  of  the  a r i thmet ic  reg is te r ,  where  the  oper ­
a t ion  i s  per formed.  The  en t i re  30  b i t s  of  the  resu l t  wi l l  rep lace  the  prev ious  
conten ts  of  the  memory  address .  

Memory  

Ar i thmet ic  
Regis te r  

Memory  

k  =  6  

UX 

ind ica tes  t ransfer  of  the  upper  15  b i t s  of  the  word  in  the  spec i f ied  memory  
address  to  the  lower  15  b i t s  of  the  a r i thmet ic  reg is te r ,  wi th  s ign  ex tens ion .  
When the  log ica l  o r  a r i thmet ic  opera t ion  i s  comple ted ,  the  resu l t ,  i . e . ,  the  
lower  15  b i t s  of  the  a r i thmet ic  reg is te r ,  rep laces  the  upper  15  b i t s  of  the  
memory  address .  

k  =  5  ind ica tes  t ransfer  of  the  lower  15  b i t s  of  the  word  in  the  spec i f ied  memory  
address  in to  the  lower  15  b i t s  of  the  a r i thmet ic  reg is te r ,  wi th  s ign  ex tens ion ,  
where  the  opera t ion  takes  p lace .  The  resu l t  rep laces  the  lower  15  b i t s  of  the  
memory  loca t ion .  
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- ill 
SIGN 
EXT.  

WM 

Memory  

Ar i thmet ic  
Regis te r  

Memory  

4.2 .1 .4 .  Except ions  to  S tandard  k  Des igna tor  In te rpre ta t ion  

Table  4—1 l i s t s  devia t ions  f rom s tandard  k  des igna tor  in te rpre ta t ion ,  
p rev ious ly  descr ibed ,  for  par t icu la r  ins t ruc t ions .  These  ins t ruc t ions  a re  grouped  
by  func t ions  wi th  func t ion  code  and  mnemonic  code  re fe rence .  

4 .2 .2 .  In te rpre ta t ion  of  j  Des igna tors  

The  most  common use  of  the  j  por t ion  of  the  ins t ruc t ion  word  i s  to  spec i fy  a  sk ip  
condi t ion .  I f  the  spec i f ied  condi t ion  ( such  as  a  nega t ive  va lue  or  a  va lue  of  ze ro)  
in  an  a r i thmet ic  reg is te r  i s  presen t ,  the  next  ins t ruc t ion  wi l l  be  sk ipped .  This  
permi ts  the  user  to  cont ro l  program sequence  based  on  the  resu l t  o f  an  opera t ion .  
For  those  ins t ruc t ions  tha t  do  not  have  sk ip  condi t ions ,  th i s  por t ion  of  the  in ­
s t ruc t ion  word  may have  o ther  uses .  

In  the  major i ty  of  ins t ruc t ions ,  the  normal  j  des igna tor  i s  used ,  i . e . ,  the  resu l t  in  
a  par t icu la r  reg is te r ,  the  A or  Q,  i s  tes ted  and  a  t ransfer  of  cont ro l  t akes  p lace  i f  the  
tes ted  condi t ion  ex is t s .  

The  fo l lowing  f igures  l i s t  the  in te rpre ta t ion  of  the  j  des igna tor  for  var ious  ins t ruc­
t ions .  Table  4—2 shows the  "normal"  j  des igna tor  in te rpre ta t ion ;  Table  4  — 3 ,  
dev ia t ions  f rom the  normal  in te rpre ta t ion  for  t es t  (compare)  ins t ruc t ions ;  Table  
4—4,  dev ia t ions  for  jump ins t ruc t ions ;  Table  4—5,  the  repea t  ins t ruc t ions ;  Table  
4—6,  a r i thmet ic  and  log ica l  ins t ruc t ions .  Abbrevia t ions  and  spec ia l  symbols  used  
in  these  tab les  a re  expla ined  in  Appendix  A.  
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TYPE FUNCTION 
CODE MNEMONIC DESIGNATOR 

DEVIATION 

Transfer 

14 

15 

16 

LB 

j = 4. 5. 6. 
or 7 

J  =  1 . 2 .  
or 3 

17-bit y—• B 

15-bit (y)L-*-Bj with zero fill 
at high end of B 

at high end of B 
J 

17-bit (y>0.i6-^Bj 

15-bit y-^Bj with sign extension 

15-bit (y)|^-*-B^ with sign extension 

15-bit (y)y-»-Bj with sign extension 

17-bit J 

15-bit y-*-B 

15-bit 

15-bit (y)y -fr-Bj 

15-bit (y)0_14-^Bj 

15-bit y-^-Bj 

1 5 - b i t  ( y B j  

15-bit (yly-^-Bj 

15-bit (A)0,14-^Bj 

NO OPERATION 

SQ 

SB 

CP(Q)-

CP(A)-

(B) -

(B) (y)L 

(B) » Al with zero fill. 

CP(B) » (y)L with sign extension. 

Shift 01. 
02. 
03. 
05. 
06. and 
07 

RSQ, 
RSA. 
RSAQ, 
LSQ. 
LSA, and 
LSAQ 

1. 3. 5 

2. 6 

0. 4 

7 

Shift count is (y)os-OO * 

Shift count is (F^o-lS* 

Shift count is y qs-OO-

Shift count is (A)q5.oo-

Jump 60. 

61. 

64. and 

65 

JT, 

J. 

SLJT, and 

SLJ 

1. 3. 5 

2. 6 

0. 4 

7 

Address of next instruction is (9)|_. 

Address of next instruction is (y)y. 

Address of next instruction is y. 

Address of next instruction is (A)L. 

Seq.-mod. 70 

72 

0 

1.4. or5 

2 or 6 
3 
7 

Repeat count is 17-bit y. 

Repeat count is 15-bit (y)|_. 

Repeat count is 15-bit (y)y. 
Repeat count is 17-bit (y")00-16-
Repeat count is 17-bit AQO-16-

JBD 1. 3. 5 

2, 6 

0, 4 

7 

Jump to (y)^for next instruction. 

Jump to (y)y for next instruction. 

Jump to y for next instruction. 

Jump to (A)l for next instruction. 

Logical 47 SAND LP -

LPL-
LPL-
LP -
LP -
CP(LP)L 

CP(LPIL 

-Q 

-(?>!_-

-<y>u-

-(?)• 

- A. 

- (y> L -

N O T E :  F o r  a b b r e v i a t i o n s  a n d  s y m b o l s ,  s e e  A p p e n d i x  A .  

Table 4 — 7 .  Exceptions from Standard k Designator Interpretation 
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MACHINE 
CODE (OCTAL)  
j  DESIGNATOR 

MNEMONIC 
j  DESIGNATOR 

RESULT 

0  E X E C U T E  N 1  

1  S K I P  S K I P  N 1  

2  Q P O S  S K I P  N 1  I F  ( Q )  P O S .  

3  Q N  E G  S K I P  N l  I F  ( Q )  N E G .  

4  A Z E R O  S K I P  N l  I F  ( A ) =  0  

5  A N O T  S K I P  N l  I F  ( A )  i  0  

6  A P O S  S K I P  N l  I F  ( A )  P O S .  

7  A N E G  S K I P  N l  I F  ( A )  N E G .  

Table 4—2. Normal j  Designator Interpretation 

MACHINE 
CODE (OCTAL)  
j  DESIGNATOR 

TA (04)  TQ (04)  TR (04)  MACHINE 
CODE (OCTAL)  
j  DESIGNATOR J  MNEMONIC RESULT J  MNEMONIC RESULT j  MNEMONIC RESULT 

0  X X  X X  X X  X X  X X  X X  

1  S K I P  S K I P  N l  S K I P  S K I P  N l  S K I P  S K I P  N l  

2  X  X  Y L E S S  
I F  Y <  Q  
S K I P  N l  

X  X  

3  X  X  Y M O R E  I F  Y >  Q  
S K I P  N l  

X  X  

4  X  X  X  X  Y I N  I F  Q >  Y >  A  
S K I P  N l  

5  X  X  X  X  Y O U T  
I F  Q < Y < A  
S K I P  N l  

6  Y L E S S  
I F  Y < A  
S K I P  N l  X  X  X  X  

7  Y M O R E  
I F  Y  >  A  
S K I P  N l  X  X  X  X  

N O T E :  X X  i n d i c a t e s  i l l e g a l  ( i n v a l i d )  use. 

X  i n d i c a t e s  nonexistence ( n o t  u s e d ) ;  c a u s e s  i n c o r r e c t ,  b u t  v a l i d  s h i f t  

Table 4—3. Special j  Designator Interpretation for Test (Compare) Instructions 
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MACHINE 
CODE (OCTAL)  
j  DESIGNATOR 

J(61 ) /SLJ(65)  JT(60)  SLJT(6-4)  MACHINE 
CODE (OCTAL)  
j  DESIGNATOR jMNEMONIC RESULT jMNEMONIC RESULT jMNEMONIC RESULT 

0 
OR 

UNDEFINED 

ALWAYS 
JUMP 

RIL RELEASE 
INTERRUPT 
LOCKOUT 

S1L SET 
INTERRUPT 
LOCKOUT 

1 KEY 1 JUMP IF 
KEY 1 SET 

RILJP RELEASE 
INTERRUPT 
LOCKOUT 
AND JUMP 

SILJP SET 
INTERRUPT 
LOCKOUT 
AND JUMP 

2 KEY 2 JUMP IF 
KEY 2 SET 

QPOS JUMP IF 
(Q) POS. 

QPOS JUMP IF 
(Q) POS. 

3 KEY 3 JUMP IF 
KEY 3 SET 

QN EG JUMP IF 
(Q) NEG. 

QNEG JUMP IF 
(Q) NEG 

4 STOP ALWAYS 
STOP 

AZERO JUMP IF 
(A) = 0 

AZERO JUMP IF 
(A) = 0 

5 STOP 5 STOP IF 
KEY 5 SET 

ANOT JUMP IF 
(A) t- 0 

ANOT JUMP IF 
(A) t 0 

6 STOP 6 STOP IF 
KEY 6 

APOS JUMP IF 
(A) POS. 

APOS JUMP IF 
(A) POS. 

7 STOP 7 STOP IF 
KEY 7 SET 

AN EG JUMP IF 
(A) NEG. 

ANEG JUMP IF 
(A) NEG. 

Table 4—4. Special j Designator Interpretation (or Jump Instruct ions 
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MACHINE 
CODE (OCTAL)  
j  DESIGNATOR 

R (70)  MACHINE 
CODE (OCTAL)  
j  DESIGNATOR j  MNEMONIC RESULT 

0  N E : y = y  

1  A D V  N E : y = y + 1  

2  B A C K  N E : y = y  - 1  

3 *  A D D B  N E : y = y + ( B b )  

4  R  N  E : y = y  

5  A D V R  N E : y = y + l  

6  B A C K R N E  N E : y = y  - 1  

7 *  A D D B R  N E : y = y + ( B b )  

N O T E S :  

1 .  F o r  t h e  R  ( 7 0 )  i n s t r u c t i o n  j  d e s i g n a t o r s  0 ,  1 ,  2 a n d  3  a r e  e x c l u s i v e  t o  

r e a d  a n d / o r  s t o r e  c l a s s  i n s t r u c t i o n s  a n d  4 ,  5 ,  6  a n d  7  e x c  l u s  i v e  t o  

r e p l a c e  c l a s s  i n s t r u c t i o n s *  I n  r e p e a t  o f  r e p l a c e  c l a s s  i n s t r u c t i o n s ,  t h e  
r e s u l t  i s  s t o r e d  a t  y  ( o f  N E )  p l u s  ( B 6 ) .  

2. N E  r e f e r s  t o  e x e c u t i o n  o f  n e x t  r e p e t i t i o n  i n  t e r m s  o f  p r e v i o u s  y. 

•  F o r  M t h  e x e c u t i o n ;  ~ y ~ y + M x ( B ^ ) .  

Table 4 — 5 .  Special j  Designator Interpretation for Repeat Instructions 
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MACHINE 
CODE (OCTAL)  
j  DESIGNATOR 

AQ(26) /ANQ(27)  LLP(40) /RLP(44)  D(23)  MACHINE 
CODE (OCTAL)  
j  DESIGNATOR MNEMONIC RESULT MNEMONIC RESULT MNEMONIC RESULT 

0  E X E C U T E  N l  E X E C U T E  N l  E X E C U T E  N l  

1  S K I P  S K I P  N l  S K I P  S K I P  N l  S K I P  S K I P  N l  

2  A P O S  S K I P  N l  
I F  ( A )  
P O S .  

E V E N  S K I P  N l  
I F  ( A )  
E V E N  N O .  
O F  1  B I T S  

N O O F  S K I P  N l  
I F  N O  
O V E R F L O W  

3  A N E G  S K I P  N l  
I F  ( A )  
N E G .  

O D D  S K I P  N l  
I F  ( A )  
O D D  N O .  
O F  1  B I T S  

O F  S K I P  N l  
I F  O V E R F L O W  

4  Q Z E R O  S K I P  N l  
I F  
( Q ) = 0  

A Z E R O  S K I P  N l  
I F  
( A ) = 0  

A Z E R O  S K I P  N l  I F  
A = 0  

5  Q N O T  S K I P  N l  
I F  
( Q I A O  

A N O T  S K I P  N l  
I F  
( A ) * 0  

A N O T  S K I P  N l I F  
( A )  t 0 

6  Q P O S  S K I P  N l  
I F  
( Q )  P O S .  

A P O S  S K I P  N l  
I F  ( A )  
P O S .  

A P O S  S K I P  N l  I F  
( A )  P O S .  

7  Q N E G  S K I P  N l  
I F  ( Q )  
N E G .  

A N E G  S K I P  N l  
I F  ( A )  
N E G .  

A N E G  S K I P  N l I F  
( A )  N E G .  

Table 4—6. Special j Des ignator Interpretation for Arithmetic and Logical Instructions 
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4.3 .  DATA TRANSFER INSTRUCTIONS 

Transfer  ins t ruc t ions  a re  used  to  move  da ta  wi th in  the  cen t ra l  p rocessor :  core  memory  
loca t ions  to  reg is te rs ,  reg is te rs  to  core  memory  loca t ions ,  reg is te rs  to  reg is te rs .  Al l  
t ransfers  a re  nondes t ruc t ive  in  tha t  the  or ig ina l  source  of  da ta  remains  unchanged  except  
in  rep lace  c lass  ins t ruc t ions .  Transfers  may cons is t  of  15  b i t s ,  30  b i t s ,  o r  in  charac te r  
packing  and  unpacking ,  6  b i t s ,  a s  de te rmined  by  the  k  des igna tor  or  the  ins t ruc t ion  
i t se l f .  Transfers  may cons is t  of  the  or ig ina l  b i t s  or  the i r  ones  complements ,  a s  spec i f ied .  

4 .3 .1 .  L o a d  Q  ( 1 0 )  L Q  

Transfer  the  operand ,  y ,  a s  de te rmined  by  k ,  to  the  Q reg is te r .  

Opera t ion  k  Space  y b j  

LQ NORMAL READ CLASS Note  NORMAL 

Examples :  

LQ,W LABEL 
LQ,A 

10  0  3  0  01234 
10  0  7  0  00000 

N O T E :  I f  the  k  des igna tor  i s  7 ,  y  i s  e f fec t ive ly  zero  and  no  B reg is te r  modi f ica t ion  i s  
poss ib le ;  Q and  A reg is te rs  wi l l  be  the  same af te r  ins t ruc t ion  execut ion .  

4 .3 .2 .  L o a d  A  ( 1 1 )  L A  

Transfer  the  operand  ,  y  ,  as  de te rmined  by  k ,  to  the  A reg is te r .  

Opera t ion  k  Space  y b j 

LA NORMAL t  READ CLASS Note  NORMAL 

Examples :  

LA,0  
LA,U 
LA,A 

2 ,B2 
LABEL + 3 ,  B2 

11  0  0  2  00002 
11  0  2  2  01237 
11  0  7  0  00000 

N O T E :  I f  the  k  des igna tor  i s  7 ,  y  i s  e f fec t ive ly  zero  and  (Bj , )  has  no  e f fec t ;  the  A 
reg is te r  remains  unchanged .  
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P A G E :  

4.3 .3 .  L o a d  B j  ( 1 2 )  L B  

Transfer  the  operand ,  y ,  to  the  ac t ive  (execut ive  or  worker )  B  reg is te r  (1-7)  spec i f ied  
by  the  j  des igna tor .  

Opera t ion  k  Space  j  y  b 

LB See  Table  4-1  E  Bj  (Note  1)  READ CLASS B b  

Examples :  

LB,W B7,00005 
LB,L 6 ,LABEL + 1 ,B2 

12  7  3  0  00005 
12  6  1  2  01235 

N O T E  1 :  The j  des igna tor  spec i f ies  the  se lec ted  B reg is te r ;  consequent ly ,  a  sk ip  
condi t ion  cannot  be  programmed in  th i s  ins t ruc t ion .  The  j  o f  the  Bj  no ta t ion  
may be  0 ,1 ,2 ,3 ,4 ,5 ,6 ,  o r  7 ,  to  spec i fy  the  B reg is te r  of  the  opera t ion .  Wi th  
a  j  des igna tor  of  0 ,  no  opera t ion  i s  per formed;  the  program advances  to  the  NI .  

N O T E  2 :  Transfers  of  da ta  in to  and  out  of  17-b i t  B  reg is te rs  usua l ly  a re  fu l l  words  (k  
of  0 ,  3 ,  or  7 ) ,  bu t  can  be  ha l f  words  (k  of  1 ,  2 ,  4 ,  5 ,  o r  6 )  i f  des i red .  The  
lower  17-b i t  va lue  i s  s tored  in  the  lower  17  b i t s  of  a  30-b i t  loca t ion .  When 
ha l f -words  a re  t ransfer red  in to  a  B reg is te r ,  the  upper  two b i t s  of  a  17-b i t  
B  reg is te r  a re  0 ' s .  Hal f -word  t ransfers  ou t  of  a  17-b i t  B  reg is te r  resu l t  in  the  
loss  of  the  upper  two b i t s .  

N O T E  3 :  This  ins t ruc t ion  may not  be  used  immedia te ly  fo l lowing  an  Enter  IFR (7761)  
or  Enter  RIR (7766)  ins t ruc t ion ,  each  of  which  i s  used  under  execut ive  cont ro l .  

4 .3 .4 .  C l e a r  B j  ( 1 2 )  Z B  

The conten ts  of  a  spec i f ied  B reg is te r  a re  c leared  to  zero .  The  par t icu la r  B  reg is te r  
to  be  c leared  i s  spec i f ied  by  the  j  des igna tor .  This  i s  a  var ia t ion  of  the  Load  Bj  
ins t ruc t ion ,  where  Bj j  i s  B0 and  y  i s  zero .  

Opera t ion  k  j  y  b 

Z B  none  E  B i  none  none  

Example :  

LB,  0  B3 12  3  0  0  00000 
ZB B3 12  3  0  0  00000 
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4.3 .5 .  N o  Opera t ion  (12 )  NOP 

No opera t ion i s  performed and the  program advances  to  the  next  ins t ruct ion.  This  i s  
ac tual ly  a  var ia t ion  of  the  Load Bj  ins t ruct ion where  Bj  i s  BO.  

Operat ion k j  y  b 

NOP none none opt ional  none 

Example:  

LB 
NOP 

BO 12 0 0 0 00000 
12 0 0 0 00000 

See 4 .10.2 .1  for  examples  us ing y  por t ion.  

4 .3 .6 .  Double  P r ec i s i on  Load  (7721 )  DPL 

This  opera t ion loads  the  AQ regis ter .  

Opera t ion y ,  b  

DPL 6  base  address  

The double  length  regis ter  AQ wi l l  be  loaded.  The contents  of  y  are  p laced in  A and 
the  contents  ofy  + 1  are  p laced in  Q.  

Examples :  

DPL 

DPL 

4.3 .7 .  Store  Q ( 14 )  SQ  

LABEL 

LABEL,  B3  
77 21 0  01234 
77 21 3  01234 

Store  the  contents  of  the  Q regis ter  in  the  k  des ignated por t ion of  the  s torage  locat ion 
speci f ied  by y .  

Operat ion k  Space  y  b j  

SQ See  Table  4  — 1 b  ST OR E CLASS B b  NORMAL 

Examples :  

SQ,W LABEL 14 0  3  0  01234 
SQ,  1  01234,3 ,2  14 2  1  3  01234 
SQ,  1  LABEL,  B3.QPOS 14 2  1  3  01234 
SQ,1 LABEL,  B3,2  14 2  1  3  01234 
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4.3 .8 .  Clear  Q  (16 )  ZQ  

The conten ts  of  the  Q reg is te r  wi l l  be  c leared  to  zero  by  th i s  ins t ruc t ion .  This  i s  a  
var ia t ion  of  the  S tore  B j  ins t ruc t ion  where  B j  i s  B O  and  the  t ransfer  i s  to  the  Q  reg is te r  
because  the  k  des igna tor  i s  0  ( see  Table  4—2) .  

Opera t ion  k j  y  b  

ZQ none  t s  none  none  none  

Example :  

SB,  Q BO 16  0  0  0  00000 
ZQ 16  0  0  0  00000 

4 .3 .9 .  N e gat e  Q  or  Complement  Q  (14 )  NQ 

The conten ts  of  the  Q reg is te r  wi l l  be  ones  complemented  as  a  resu l t  of  th i s  opera t ion  
and  s tored  in  a  memory  loca t ion .  This  i s  a  var ia t ion  of  the  S tore  Q ins t ruc t ion  where  k  
i s  0 .  

Opera t ion  k  y  b  j  

NQ none  6  READ 
CLASS B b  NORMAL 

Example :  

SQ TAG 14  0  0  0  01234 
NQ TAG 14  0  0  0  01234 

4 .3 .10 .  Store  A  (15 )  SA 

Store  the  conten ts  of  the  A reg is te r  in  the  s torage  loca t ion  spec i f ied  

Opera t ion  k Space  y  b j  

SA See  Table  4—1 t STORE CLASS B b NORMAL 

Examples :  

SA.2  LABEL 15  0  2  0  01234 
SA,W LABEL-2 ,3  15  0  3  3  01232 
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4.3 .11.  N e g a t e  A  o r  C o m p l e m e n t  A  ( 1 5 )  N A  

The contents  of  the  A regis ter  are  ones  complemented as  a  resul t  of  th is  opera t ion and 
s tored in  a  memory locat ion.  This  i s  a  var ia t ion  of  the  Store  A ins t ruct ion where  the  
k  des ignator  i s  4 .  

Opera t ion k  y  b j  

NA 
STORE 

NA none CLASS B b  none 

Example:  

SA,  A 
NA 

TAG 
TAG 

15 0  4  0  01234 
15 0  4  0  01234 

4 .3 .12.  c l e a r  A  ( 2 1 )  Z A  

The contents  of  the  A regis ter  wi l l  be  c leared to  zero  by th is  opera t ion.  This  i s  a  
var ia t ion  of  the  Subtrac t  A ins t ruct ion where  the  A regis ter  i s  subtrac ted  from i t se l f  
due  to  a  k  des ignator  of  7  (see  4 .8 .3 .1) .  

Operat ion k  y  b j  

Z A  none none none NORMAL 

Example:  

AN,A 21 0  7  0  00000 
ZA 21 0  7  0  00000 

4 .3 .13.  S t o r e  B j  ( 1 6 )  S B  

Store  the  contents  of  a  se lec ted  B regis ter ,  indica ted  by the  j  des ignator ,  in  the  k  
des ignator-modif ied  por t ion of  the  s torage  locat ion speci f ied  by y .  

Operat ion k  Space  j  y b 

SB Note  2  Bj (Note  1)  STORE CLASS Bb 

Examples :  

SB,1  B7,LABEL 16 7  1  0  01234 
SB,  1  B7,LABEL-3,B2 16 7  1  2 01231 
SB,1 B0,LABEL 16 0  1  0  01234 

(L(LABEL) i s  c leared to  zero  by the  preceding ins t ruct ion. )  

SB.CPL B0,LABEL 16 0  5  0  01234 

(L(LABEL) i s  se t  to  a l l  ones  by the  preceding ins t ruct ion. )  



N O T E  1 :  The j designator specifies the selected B register; consequently, a skip 
condition cannot be programmed in this instruction. 

The j of the Bj notation may be 0, 1, 2, 3, 4, 5, 6, or 7 to specify the B register 
of the operation. With a j designator of 0, all zeros are stored at the y specified; 
program advances to NI. 

N O T E  2 :  It is necessary to use a full word (30-bit) transfer k of 0, 3, 4, or 7 in order to 
store the contents of an active 17-bit index register. 

4.3.14. Clea r  Y (16)  SZ  

The k determined portion of a storage location specified by y is cleared to zero. This 
i s  a  var ia t ion  of  the  Store  Bj  ins t ruct ion where  Bj  i s  BO.  

Operation k j y b 

SZ See 
4 .3 .13  15  none STORE 

CLASS B b  

Example: 

SB,  W BO,TAG 16 0 3 0 01234 
SZ,W TAG 16 0 3 0 01234 

4.3.15. Double  P rec i s ion  S to re  (7725)  DPS 

The contents of the AQ register will be stored in y and y + 1; (A) in y and (Q) in 
y+1. 

Operation y .  b  

DPS t base address 

Examples: 

DPS 
DPS 

LABEL 
LABEL, B4 

77 25 0 01234 
77 25 4 01234 
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4.3 .16 .  Charac te r  Pack  Lower  (7731)  CPL 

This  opera t ion  packs  f ive  6-b i t  charac te rs  in to  the  A reg is te r .  

Opera t ion  y .  b  

CPL t> base  address  

In i t i a te  a  t ransfer  to  A  of  f ive  6-b i t  charac te rs  loca ted  in  b i t s  5 - 0  of  the  addresses  
spec i f ied  by  y  th rough y + 4 .  ( y " )  5 . 0  w i U  enter  A 2 9 . 2 4 ;  ( y  +  l ) 5 - 0  enter  A 2 3 . I8 ;  
e tc .  

Examples :  

CPL LABEL 
CPU LABEL,  B2 

77  31  0  01234 
77  31  2  01234 

4 .3 .17 .  Charac te r  Pack  Upper  (7732)  CPU 

This  opera t ion  packs  f ive  6-b i t  charac te rs  in to  the  A reg is te r .  

Opera t ion  y .  b  

CPU base  address  

In i t i a te  a  t ransfer  to  A of  f ive  6-b i t  charac te rs  loca ted  in  b i t s  20-15  of  the  addresses  
spec i f ied  by  y  th rough y + 4 - ( y ) 2 0  15 e n t e r  A 2 9 -24J  ( y  +  l )  20-15  e n t e r  
A23-181  e tc .  

Example :  

CPU LABEL 
CPU LABEL,  B4 

77  32  0  01234 
77  32  4  01234 

4 .3 .18 .  Charac te r  Unpack  Lower  (7735)  CUL 

This  opera t ion  unpacks  the  A reg is te r  in to~y  th rough y+4.  

Opera t ion  y .  b  

CUL * base  address  

F ive  6-b i t  charac te rs  a re  taken  f rom the  A reg is te r  and  d i s t r ibu ted  in to  b i t s  00 
through 05 of the five locations, y through y+4. A24.29 's transferred to (y)()0-05' 
a 18-23  t 0  (y + 1 )00-05 ;  e t c "  

Examples :  

CUL LABEL 
CUL LABEL,  B3 

77  35  0  01234 
77  35  3  01234 
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4.3.19. Charac ter  Unpack  U p p er  (7 7 3 6 )  CUU 

This instruction unpacks the A register into the upper half of addresses y through 
y+4. 

Operation y.b 

CUU t base address 

Five 6-bit characters are taken from the A register and distributed successively 
into bits 15 through 20 of the five locations y through y+4. ^24-29 *s transferred 
to (y )„_5. A 18_23 to (y+l)0_5. • • •. A0.5 to (y+4)0_5 

Examples: 

CUU LABEL 77 36 0 01234 
CUU LABEL, B5 77 36 5 01234 

4.3.20. Load  B-Worker  ( 7771 )  LBW 

This instruction transfers the lower 15 (or 17) bits from seven successive memory 
locations to the seven worker B registers. The first transfer is from the base 
address to Bl; the second, from the next address to B2, etc. Transfers to Bl, B2, 
and B3 are 15 bits; to B4, B5, B6, and B7, 17 bits. The initial contents of the B 
registers are available for base address modification. 

Operation y .  b  

LBW t base address 

Example: 

LBW LABEL, BO 77 71 0 01234 

4.3.21. Store  B-Worker  ( 7775 )  SBW 

This instruction transfers 15 (or 17) bits from the seven worker B registers to 
seven successive memory locations. The first transfer is from Bl to the base 
address; the second, from B2 to the next address, etc. Transfers from Bl, B2, 
and B3 are 15 bits; from B4, B5, B6, and B7, 17 bits. Transfers are made to the 
lower 15 (or 17) bits of the memory word with the upper 15 (or 13) bits zero filled. 
The B registers are unchanged and are available for base address modification. 

Operation y. b 

SBW t base address 

Example: 

SBW LABEL, B2 77 75 2 01234 
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4.4 .  SHIFT INSTRUCTIONS 

Shi f t  ins t ruc t ions  move  the  conten ts  of  a  se lec ted  reg is te r  to  the  r igh t  or  l e f t  a s  many 
pos i t ions  as  ind ica ted .  In  a  r igh t  sh i f t ,  a l l  b i t s  sh i f ted  out  a t  the  r igh t  a re  los t .  In  the  
bas ic  r igh t  sh i f t ,  vaca ted  b i t  pos i t ions  a re  s ign  ex tens ions ;  in  the  log ica l  r igh t  sh i f t ,  
ze ro  f i l l ed .  Al l  l e f t  sh i f t s  a re  c i rcu la r ,  i . e . ,  b i t s  sh i f ted  out  a t  the  le f t  a re  re turned  
a t  the  r igh t .  Except  for  the  Sca le  Fac tor  Shi f t  (SFS)  ins t ruc t ion ,  the  number  of  pos i t ions  
to  be  sh i f ted  ( the  sh i f t  count )  i s  de te rmined  by  the  number  formed by  the  lowes t  order  
s ix  b i t s  of  the  operand  spec i f ied  under  y .  A sh i f t  count  grea te r  than  59  io  (73g)  wi l l  
cause  an  incor rec t  sh i f t .  In  a l l  log ica l  r igh t  sh i f t s  the  f i r s t  subf ie ld  ( i f  used)  of  the  
operand  must  be  a  number ;  the  second  subf ie ld  ( i f  used) ,  a  B reg is te r .  

The  k  des igna tors  opera te  as  fo l lows  for  a l l  sh i f t  ins t ruc t ions :  

•  k of  1 ,3 ,  o r  5  — the  sh i f t  count  i s  the  low order  s ix  b i t s  conta ined  in  the  lower  
ha l f  of  the  word  a t  address  y .  

•  k of  2  or  6  — the  sh i f t  count  i s  the  low order  s ix  b i t s  conta ined  in  the  upper  
ha l f  of  the  word  a t  address  y .  

•  k of  0  or  4  — the  sh i f t  count  i s  the  low order  s ix  b i t s  conta ined  in  the  ins t ruc t ion  
word  a f te r  B  reg is te r  modi f ica t ion  — the  number  y .  

•  k of  7  — the  sh i f t  count  i s  the  low order  s ix  b i t s  conta ined  in  the  A reg is te r .  

4 . 4 . 1 .  R i g h t  S h i f t  Q  ( 0 1 )  R S Q  

Shi f t  conten ts  of  the  Q reg is te r  to  the  r igh t  the  number  of  pos i t ions  spec i f ied  by  the  
sh i f t  count  wi th  s ign  ex tens ion .  I f  the  sh i f t  count  i s  equa l  to  29 jq  o r  ranges  be­
tween  29 iq  and  59JO a^ bi t  pos i t ions  of  the  Q reg is te r  wi l l  be  f i l l ed  wi th  the  or ig­
ina l  va lue  of  the  s ign  pos i t ion .  

Opera t ion  k  Space  y b j 

RSQ 
See  

F igure  4—1 READ CLAS S  B b NORMAL 

Examples :  

RSQ.U LABEL 01  0  1  0  01234 
In i t i a l  (Q)  =100100101111111011100001110101 
Shi f t  Count  =8  
F ina l  (Q)  =111111111001001011111110111000 

RSQ 29D 01 0  0  0  00035 
In i t i a l (Q)  =011111111111111111111111111111 
Shi f t  Count  =29JO 
Fina l  (Q)  =000000000000000000000000000000 
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4.4 .2 .  R i g h t  S h i f t  A  ( 0 2 )  R S A  

Shif t  contents  of  A regis ter  to  the  r ight  the  number  of  pos i t ions  speci f ied  by the  shi f t  
count ,  wi th  s ign extens ion.  I f  the  shi f t  count  i s  between 29 jq  a n t ^ a B bi t  
pos i t ions  of  the  A regis ter  wi l l  be  f i l led  wi th  the  or ig inal  s ign.  

Operat ion k  Space  y b j  

RSA See Table  4—1 t READ CLASS Bb NORMAL 

Examples :  

RSA,L LABEL 02 0  1  0  01234 

4 .4 .3 .  R i g h t  S h i f t  A Q  (03)  R S A Q  

Shif t  contents  of  the  AQ regis ter  to  the  r ight  the  number  of  pos i t ions  speci f ied  by the  
shi f t  count ,  wi th  s ign extens ion.  Both  A and Q may be  considered as  a  s ingle  combined 
regis ter ,  AQ,  conta in ing 60 bi t  pos i t ions .  

Bi ts  tha t  are  shi f ted  off  the  r ight  end of  the  Q regis ter  are  los t ;  b i t s  tha t  are  shi f ted  
off  the  r ight  end of  the  A regis ter  replace  the  shi f ted  high order  pos i t ions  of  the  Q 
regis ter .  The s ign value  (b i t  pos i t ion  29 of  the  A regis ter )  wi l l  be  extended through 
the  shi f ted  high order  pos i t ions  of  the  A regis ter  and in to  the  Q regis ter .  I f  the  shi f t  
count  i s  between 29 j q  and 59jq  a B bi t  pos i t ions  of  the  A regis ter  wi l l  conta in  the  
in i t ia l  s ign value .  I f  the  shi f t  count  i s  59^q a l l  b i t  pos i t ions  of  both  the  A and Q 
regis ters  wi l l  conta in  the  in i t ia l  s ign  value  of  the  A regis ter .  

Opera t ion k  Space  y b j  

RSAQ See Table  4—1 -fe READ CLASS B b NORMAL 

Examples :  

RSAQ 12D 

Ini t ia l  contents  of  AQ:  
(A)  

11101001111111111011010001100  

Final  contents  of  AQ:  

(A)  
111111111111111010011111111111  

RSAQ,2 00035,B2 

03 0  0  0  00014 

(Q) 
001110101101010010100011001001 

(Q) 
011010001100001110101101010010 

03 0  2  2  00035 
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The sh i f t  count  wi l l  be  ob ta ined  f rom the  sum of  the  va lue  in  the  upper  ha l f  
of  word  00035 modi f ied  by  B2.  A sh i f t  count  59 j q  i s  assumed.  

In i t i a l  conten ts  of  AQ:  
(A)  

101111000011101010000000000001 
Fina l  conten ts  of  AQ:  

(A)  
111111111111111111111111111111 

(Q) 
111111111100000101010101010101 

(Q) 
111111111111111111111111111111 

4 .4 .4 .  Le f t  Sh i f t  Q  (05 )  LSQ 

Shi f t  conten ts  of  the  Q reg is te r  to  the  le f t ,  c i rcu la r ly ,  the  number  of  pos i t ions  spec i f ied  
by  the  sh i f t  count .  I f  the  sh i f t  count  i s  30^q ,  the  Q reg is te r  wi l l  be  res tored  to  i t s  
in i t i a l  condi t ion .  

Opera t ion  k  Space  y b j  

LSQ See  Table  4 -1  READ CLASS B b  NORMAL 

Examples :  

LSQ.L LABEL + 1  05  0  1  0  01235 

In i t i a l (Q)  = 001110101101010010100011001001 

Shi f t  Count=  15 jg  

F ina l  (Q)  = 010100011001001001110101101010 

LSQ 30D 05  0  0  0  00036 

In i t i a l  (Q)  = 010111111100000110000010011100 

Shi f t  Count=  30  10 

Fina l  (Q)  = 010111111100000110000010011100 

4 .4 .5 .  L e f t  S h i f t  A  (06)  L S A  

Shi f t  conten ts  of  the  A reg is te r  to  the  le f t ,  c i rcu la r ly ,  the  number  of  pos i t ions  spec i f ied  
by  the  sh i f t  count .  I f  the  sh i f t  count  i s  30^q ,  the  A reg is te r  wi l l  be  res tored  to  i t s  
in i t i a l  condi t ion .  

Opera t ion  k Space  y b j 

LSA See  Table  4—1  READ CLASS B b NORMAL 
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4 .4 .6 .  Lef t  Sh i f t  AQ ( 07 )  LS A Q  

Shi f t  con ten t s  o f  t he  AQ reg i s t e r  to  the  l e f t ,  c i r cu la r ly ,  the  number  o f  pos i t ions  spec i ­
f i ed  by  the  sh i f t  coun t .  For  th i s  ins t ruc t ion ,  t he  A and  Q reg i s t e r s  func t ion  a s  a  s ing le  
60-b i t  r eg i s t e r ,  AQ,  in  which  h igh  o rde r  b i t  pos i t ions  a re  con ta ined  in  the  A reg i s t e r .  
The  b i t  pos i t ions  sh i f t ed  o f f  t he  l e f t  end  o f  the  A reg i s t e r  r ep lace  the  b i t  pos i t ions  
vaca ted  f rom the  r igh t  end  o f  t he  Q reg i s t e r .  B i t  pos i t ions  sh i f t ed  o f f  t he  l e f t  end  of  t he  
Q  reg i s t e r  r ep lace  the  b i t  pos i t ions  vaca ted  f rom the  r igh t  end  o f  t he  A r eg i s t e r .  I f  t he  
sh i f t  coun t  i s  30 1 ( )  t he  con ten t s  o f  t he  A reg i s t e r  and  the  Q reg i s t e r  wi l l  be  in te r ­
changed .  

Opera t ion  k  Space  y  b  j  

LSAQ See  Tab le  4—1 fc READ CLASS B b  NORMAL 

Examples :  

LSAQ 6D 

In i t i a l  (AQ) :  

(A)  
111010011111111111011010001100 

Fina l  (AQ) :  
(A)  

011111111111011010001100001110 

LSAQ 30D, ,  ANEG 

In i t i a l  (AQ) :  

(A)  
101111101010001100010011101101 

Fina l  (AQ) :  
(A)  

000000011111111010101010011001 

07  0  0  0  00006  

(Q) 
001110101101010010100011001001 

(Q) 
101101010010100011001001111010 

07  7  0  0  00036  

(Q) 
000000011111111010101010011001 

(Q) 
101111101010001100010011101101 

4 .4 .7 .  Log ica l  R ight  Sh i f t  Q  (7751 )  LRSQ 

This  opera t ion  sh i f t s  the  Q  reg i s t e r  r igh t  by  the  sh i f t  coun t  wi th  ze ro  f i l l .  

Opera t ion  y .  b  

LRSQ t Number  

The  sh i f t  coun t  N ,  mus t  be  a  number  and  may  be  modi f i ed  by  a  B  reg i s t e r .  I t  mus t  
no t  be  an  address .  
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Examples :  

LRSQ 
LRSQ 
LRSQ 

1  ID 
0 ,  B1 
6 ,  B4 

77  51  0  00013 
77  51  1  00000 
77  51  4  00006 

4 .4 .8 .  L o g i c a l  R i g h t  S h i f t  A  ( 7 7 5 5 )  L R S A  

This  opera t ion  sh i f t s  the  A reg is te r  r igh t  by  the  sh i f t  count  wi th  zero  f i l l .  

Opera t ion  y.  b  

LRSA Number  

Example :  

LRSA 20 77 55  0  00020 

4 .4 .9 .  L o g i c a l  R i g h t  S h i f t  A Q  ( 7 7 5 6 )  L R S A Q  

This  opera t ion  sh i f t s  the  AQ reg is te r  r igh t  by  the  sh i f t  count  wi th  zero  f i l l .  

Opera t ion  y.  b  

LRSAQ fc Number  

Example :  

LRSAQ 20 

4 . 4 . 1 0 .  S c a l e  F a c t o r  S h i f t  ( 7 7 3 0 )  S F S  

77 56  0  00020 

This  ins t ruc t ion  sh i f t s  the  conten ts  of  the  A reg is te r  to  the  le f t  un t i l  the  two h ighes t  
o rder  b i t s  a re  un l ike  and  records  the  number  of  sh i f t s  requi red  in  the  Q reg is te r  as  
the  s ix  lowes t  o rder  b i t s .  Al l  b i t s  sh i f ted  ou t  a t  the  le f t  a re  re turned ,  in  tu rn ,  a t  the  
r igh t  in  a  c i rcu la r  sh i f t .  I f  a l l  b i t s  in  the  A reg is te r  a re  a l ike ,  a  count  of  28 jq  wi l l  
be  recorded  in  the  Q reg is te r ,  the  A reg is te r  wi l l  remain  unchanged ,  and  the  program 
wi l l  p roceed  to  the  next  ins t ruc t ion .  This  ins t ruc t ion  i s  used  to  "normal ize"  the  
f ixed  poin t  par t  (mant i ssa)  of  a  number  in  the  exponent ia l  ( f loa t ing  poin t )  word  
format  (F igure  2—4) ,  and  i s  used  in  f loa t ing  poin t  a r i thmet ic  ( see  4 .8 .6) .  

Opera t ion  y.  b  

SFS none  

Example :  

SFS 77  30  0  00000 
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4.5 .  TEST (COMPARISON) INSTRUCTIONS 

The  fo l lowing  tes t  (compar i son)  ins t ruc t ions  ex tend  the  ab i l i ty  to  per form compar i sons  
over  tha t  a l ready  ava i lab le  in  mos t  ins t ruc t ions  by  use  of  the  j  des igna tor .  These  compar i ­
sons  may be  e i ther  a lphanumer ic  or  a r i thmet ic .  In  an  a r i thmet ic  compar i son ,  the  s ign  b i t  
i s  recognized  as  such ,  so  tha t  a  nega t ive  number  i s  a lways  t rea ted  as  less  than  a  pos i ­
t ive  number ,  thereby  us ing  the  fo l lowing  sca le  of  va lues :  any  nega t ive  number  <  -0  <+0< 
any  pos i t ive  number .  In  an  a lphanumer ic  compar i son ,  no  s ign  b i t  i s  recognized  as  such;  
the  ru le  i s  tha t  a  1  bi t  i s  grea te r  than  a  0  b i t .  Therefore ,  as  an  example ,  in  an  a lpha­
numer ic  compar i son ,  -0  >  +0 .  

4 .5 .1 .  Tes t  A (04)  TA 

Compare  the  s igned  va lue  of  the  operand  wi th  the  s igned  (A)  and  sk ip  the  next  ins t ruc­
t ion  as  de te rmined  by  the j  des igna tor .  This  compar i son  can  be  used  on  f ixed  poin t  o r  
f loa t ing  poin t  b inary  operands  but  may not  be  used  for  operands  in  the  zoned  BCD mode .  

Opera t ion  k Space  y  b j  

TA NORMAL 15  READ CLASS B b See  Table  4—3 

Example :  

TA,W LABEL, ,YMORE 04  7  3  0  01234 
TA,L LABEL-2 ,B3,6  04  6  1  3  01232 

4 .5 .2 .  Tes t  Q (04)  TQ 

Compare  the  s igned  va lue  of  the  operand  wi th  the  s igned  (Q)  and  sk ip  the  next  ins t ruc­
t ion  as  de te rmined  by  the  j  des igna tor .  This  compar i son  can  be  used  on  f ixed  poin t  o r  
f loa t ing  poin t  b inary  operands  but  may not  be  used  for  operands  in  the  zoned  BCD mode .  

Opera t ion  k Space  y  b j  

TQ NORMAL t  READ CLASS B b  See  Table  4—3 

Examples :  

TQ,W LABEL, ,YMORE 04  3  3  0  01234 
TQ,1  01234,3 ,YLESS 04  2  1  3  01234 

4 .5 .3 .  Tes t  Range  (04)  TR 

Compare  the  s igned  va lue  of  the  operand  wi th  the  s igned  (A)  and  (Q)  and  sk ip  the  
next  ins t ruc t ion  as  de te rmined  by  the  j  des igna tor .  I t  i s  a  range  tes t ;  the  operand  
mus t  be  wi th in  a  spec i f ied  range  in  order  to  sk ip  NI .  This  compar i son  can  be  used  
on  f ixed  poin t  o r  f loa t ing  poin t  b inary  operands  bu t  may not  be  used  for  operands  in  
the  zoned  BCD mode .  
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Operation Space 

NORMAL READ CLASS 

Example: 

TR,W LABEL,,YIN 04 4 3 0 01234 
TR, 1 LABEL-2,B3,5 04 5 1 3 01232 

4.5.4. Test  Log ica l  Product  (43 )  TLP  

Compare the contents of the A register to a masked operand. The comparison is made 
by forming the logical product (LP) of the Q register and the operand specified as y. 
(See "Logical Product" under LOGICAL INSTRUCTIONS.) The logical product is 
subtracted from the contents of the A register to form a difference. Skip the NI if 
conditions denoted by the j designator are met. The logical product is then added 
back to the A register. There is no change in the contents of any of the operational 
registers as a result of this instruction. 

Operation k Space y b j 

TLP NORMAL * READ CLASS Bb Note 

Example: 

TLP,W LABEL,,AZERO 43 4 3 0 01234 

Operand contents 
Contents of Q 

LP (Y and Q) 
Contents of A 
A-LP(Y and Q) 

100100001100111000101101110111 
000000000000000000000000111111 

000000000000000000000000110111 
000000000000000000000000111111 
000000000000000000000000001000 

The jump condition is not present, i.e., A is not zero. The result of the logical 
operation is then added back to A to return the register to the initial condition. 
Note that the difference is stored in the A register for j sensing before the A register 
is returned to its original state. 

N O T E :  The normal j designator is interpreted as follows: 

= 0: No skip. 
= 1: Skip. 
= 2: Skip if sign in (Q) is positive. 
= 3: Skip if sign in (Q) is negative. 
= 4: Skip if difference is + 0. 
= 5: Skip if difference is not + 0. 
= 6: Skip if difference has positive sign. 
= 7: Skip if difference has negative sign. 



4.5 .5  D o u b l e  P r e c i s i o n  T e s t  E q u a l  ( 7 7 2 3 )  D P T E  

Compare  the  s igned  conten ts  of  the  AQ reg is te r  wi th  the  s igned  conten ts  of  the  
des igna ted  double  word  memory  loca t ion .  (The  s ign  and  mos t  s ign i f ican t  b i t s  a re  
in  the  A reg is te r  and  in  the  f i r s t  word  of  the  double  word  loca t ion . )  I f  the  numbers  
a re  equa l ,  the  next  ins t ruc t ion  wi l l  be  sk ipped;  i f  unequal ,  the  next  ins t ruc t ion  wi l l  
be  per formed.  The  AQ reg is te r  remains  unchanged .  

Opera t ion  y.  b  

DPTE t base  address  

Examples :  

DPTE LABEL 
DPTE LABEL,  B7 

4 .5 .6 .  D o u b l e  P r e c i s i o n  T e s t  L e s s  ( 7 7 2 7 )  D P T L  

This  ins t ruc t ion  wi l l  cause  a  sk ip  i f  the  s igned  number  in  the  AQ reg is te r  i s  l ess  
than  the  s igned  number  in  the  des igna ted  double  word  memory  loca t ion .  The  AQ 
reg is te r  remains  unchanged .  

Opera t ion  y.  b  

DPTL t base  address  

Examples :  

DPTL LABEL 7 7  27 0  01234 
DPTL LABEL,  B7 77  27  7  01234 

4 .5 .7 .  M a s k e d  A l p h a n u m e r i c  T e s t  E q u a l  ( 7 7 5 3 )  M A T E  

This  ins t ruc t ion  causes  a  sk ip  i f  the  masked  A reg is te r  i s  equa l  to  the  masked  
operand ,  where  the  Q reg is te r  i s  the  mask ,  in  an  a lphanumer ic  compar i son .  (The  
masked  A reg is te r  i s  the  log ica l  product  of  A and  Q.  The  masked  operand  i s  the  
log ica l  product  of  y  and  Q. )  

Opera t ion  y ,  b 

MATE t j  address  

Example :  

77  23  0  01234 
77  23  7  01234 

MATE LABEL 
MATE LABEL,  B7 

77  53  0  01234 
77  53  7  01234 
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4.5 .8 .  M a s k e d  A l p h a n u m e r i c  T e s t  L e s s  ( 7 7 5 7 )  M A T L  

This  ins t ruct ion causes  a  skip  i f ,  in  an  a lphanumeric  compar ison,  the  masked A 
regis ter  i s  less  than the  masked operand.  

Operat ion y .  t>  

MATL t address  

Example:  

MATL 
MATL 

LABEL 
LABEL,  B6 

77 57 0  01234 
77 57 6  01234 

4 .6 .  JUMP INSTRUCTIONS 

Ins t ruct ions  are  normal ly  executed in  sequent ia l  order .  Jump ins t ruct ions  are  used 
to  depar t  f rom th is  sequent ia l  order  and may a lso  speci fy  a  point  in  the  program a t  
which the  sequent ia l  order  wi l l  again  be  resumed ( re turn  jump) .  The jump may be  un­
condi t ional  or  i t  may be  based on var ious  condi t ions .  Manual  jumps (depending on 
manual  key se t t ings)  should  be  used wi th  caut ion for  programs under  control  of  the  
Execut ive .  Table  4—1 descr ibes  in terpre ta t ion of  the  k  des ignator  for  jump in­
s t ruct ions ;  Table  4—4,  the  j  des ignator .  

A read c lass  operand may be  speci f ied  wi th  the  fo l lowing res t r ic t ions :  

•  If  the  A regis ter  i s  speci f ied ,  only  the  15 low order  b i t  pos i t ions  wi l l  be  meaningful .  

•  If  a  B regis ter  i s  speci f ied ,  no s ign extens ion i s  permit ted .  

•  If  an  ac tual  computer  address  i s  used,  i t  cannot  exceed 77776 or  the  decimal  
equivalent .  

4 .6 .1 .  J u m p  ( 6 1 )  J  

A jump ins t ruct ion may be  uncondi t ional  or  manual  (depending upon a  manual  key 
se t t ing) .  I f  the  jump condi t ion  i s  not  sa t i s f ied ,  control  proceeds  to  the  next  sequent ia l  
ins t ruct ion.  

Operat ion k  Space  y b j  

J See Table  4  — 1  b  See  4 .6 .  B b See Table  4—4 

Examples :  

J ,  U LABEL, ,KEY 1  61 1  2 0  01234 
J ,  U LABEL 61 0  2  0  01234 



4.6 .2 .  Jump on  Tes t  (60)  JT  

This  jump may be  condi t ioned  by  an  a r i thmet ic  t es t  of  the  A or  Q reg is te rs  
or  i t  may condi t ion  the  s ta te  of  in te r rup t  lockout .  

Opera t ion  k  Space  y b j  

JT See  Table  4—1 "B See  4.6  B b See  Table  4—4 

Examples :  

JT ,L  LABEL, ,Q POS 60  2  1  0  01234 
JT  LABEL, ,ANOT 60  5  0  0  01234 

4 .6 .3 .  Store  Locat ion  and  Jump (65)  SLJ  

This  re turn  jump may be  uncondi t iona l  or  manual  (depending  on  a  manual  key  se t t ing) .  
I f  an  uncondi t iona l  jump i s  spec i f ied ,  o r  i f  the  jump condi t ion  ex is t s ,  a  jump i s  
made  to  the  address  spec i f ied  in  y  incremented  by  1 ,  i . e . ,  y  +  1 .  The  address  of  
the  ins t ruc t ion  immedia te ly  fo l lowing  th i s  jump i s  s tored  in  the  lower  por t ion  of  
the  s torage  loca t ion  a t  the  address  spec i f ied  in  y .  I f  the  jump condi t ion  i s  no t  
sa t i s f ied ,  the  ins t ruc t ion  immedia te ly  fo l lowing  the  re turn  jump ins t ruc t ion  i s  
executed .  

Opera t ion  k  Space  y b j  

SLJ  See  Table  4— 1  t  See  4.6  B b See  Table  4—4 

Examples :  

SLJ  LABEL, ,KEY 65  3  0  0  01234 
SLJ  LABEL 65  0  0  0  01234 

I f  the  SLJ  ins t ruc t ion  shown above  i s  loca ted  a t  address  23344,  loca t ion  01234 
wi l l  appear  as  fo l lows:  

LABEL 00000 23345 (y)  
(y  +  D  

A jump ins t ruc t ion  could  te rmina te  the  sequence  of  ins t ruc t ions  and  br ing  the  
program back  to  the  ins t ruc t ion  fo l lowing  the  SLJ  ins t ruc t ion  as  fo l lows:  

J ,  L  LABEL 

4 .6 .4 .  Store  Locat ion  and  Jump Tes t  (64)  SLJT 

This  ins t ruc t ion  i s  a r i thmet ic ;  i . e . ,  i t  depends  upon the  conten ts  of  an  a r i thmet ic  
reg is te r .  I f  the  jump condi t ion  ex is t s ,  a  jump i s  made  to  the  address  spec i f ied  by  
y  incremented  by  1 ,  i . e . ,  y  + 1 .  The  address  of  the  ins t ruc t ion  immedia te ly  fo l lowing  
i s  s tored  in  the  lower  por t ion  of  the  s torage  loca t ion  a t  the  address  y .  I f  the  jump 
condi t ion  i s  no t  sa t i s f ied ,  the  next  sequent ia l  ins t ruc t ion  i s  executed .  
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Opera t ion  k  Space  y b j 

SLJT See  Table  4—1 t  See  4.6  B b See  Table  4—4 

Example :  

SLJT LABEL, ,ANEG 

4 .6 .5 .  Execute  Remote  ( 7737 )  ER 

64 7  0  0  01234 

Jump to  the  ins t ruc t ion  a t  loca t ion  y .  I f  tha t  ins t ruc t ion  does  not  sk ip  or  jump,  
re turn  to  the  ins t ruc t ion  fo l lowing  the  Execute  Remote  a f te r  i t s  execut ion .  

Opera t ion  Space  ,  b  

ER "b remote  address  

Examples :  

ER 
ER 

LABEL 
LABEL,  B6 

77  37  0  01234 
77  37  6  01234 

4 .6 .6 .  Enter  B x  an d  Jump (7740 -7747 )  LBPJ  

Load the  B reg is te r  spec i f ied  by  the  x  des igna tor  (where  x  =  BO through B7)  wi th  the  
cur ren t  se t t ing  of  the  P  reg is te r  (of  NI)  and  jump to  y .  I f  x  = BO,  an  uncondi t iona l  
jump occurs .  The  x  des igna tor  spec i f ies  the  B reg is te r  to  be  loaded;  the  b  des igna tor ,  
the  B reg is te r  used  for  address  modi f ica t ion .  

Opera t ion  Space  x ,  r ,  b  

LBPJ " b  B b adc  I ress  

Examples :  

LBPJ  
LBPJ  

Bl ,  LABEL 
B4,  LABEL,  B2 

77  41  0  01234 
77  44  2  01234 

4 .7 .  SEQUENCE-MODIFYING INSTRUCTIONS 

These  ins t ruc t ions  permi t  modi f ica t ion  of  the  normal  sequent ia l  execut ion  of  ins t ruc­
t ions  and  inc lude :  

•  Repea t  ins t ruc t ion  — enabl ing  repe t i t ion  of  an  ins t ruc t ion .  

•  Tes t  B and/or  Increment  ins t ruc t ion  — enabl ing  the  conten ts  of  a  spec i f ied  B 
reg is te r  to  condi t ion  a  sk ip .  

•  Jump on  B and  Decrement  ins t ruc t ion  — enabl ing  the  conten ts  of  a  spec i f ied  B 
reg is te r  to  condi t ion  a  jump to  a  spec i f ied  loca t ion .  

•  Tes t  and  Se t  ins t ruc t ion  — enabl ing  genera t ion  of  an  in te r rup t  and  a  jump to  
address  00030 as  condi t ioned  by  b i t  14  of  the  se lec ted  operand .  

•  Execut ive  Return  ins t ruc t ion  — enabl ing  genera t ion  of  an  in te r rup t  and  a  jump 
to  address  00007.  
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This  ins t ruc t ion  causes  the  ins t ruc t ion  immedia te ly  fo l lowing  i t  to  be  repea ted  
the  number  of  t imes  spec i f ied  by  a  15-b i t  o r  17-b i t  va lue  in  the  y  operand .  The  
va lue  may be  equa l  to  or  g rea te r  than  zero  but  cannot  be  grea te r  than  131 ,071 i q .  
The  va lue  de te rmined  by  y  i s  p laced  in  B7.  I f  the  va lue  i s  zero  the  ins t ruc t ion  
immedia te ly  fo l lowing  the  Repea t  ins t ruc t ion  i s  sk ipped .  I f  the  va lue  i s  no t  ze ro ,  
the  repea t  mode  which  i s  de te rmined  by  the  j  por t ion  of  the  ins t ruc t ion  i s  in i t i a ted .  
Any modi f ica t ions  to  the  in i t i a l  ins t ruc t ion  a re  per formed in  t rans ien t  reg is te rs ;  
the  ins t ruc t ion  as  i t  i s  s to red  in  the  computer  i s  no t  a l te red .  I f  a  condi t iona l  sk ip  
i s  per formed over  a  s torage  loca t ion  conta in ing  a  Repea t  ins t ruc t ion ,  the  next  in ­
s t ruc t ion  ( fo l lowing  the  Repea t  ins t ruc t ion)  wi l l  be  executed  once .  I f  the  repea ted  
ins t ruc t ion  spec i f ies  a  sk ip  condi t ion  wi th  i t s  j  des igna tor ,  th i s  des igna tor  may 
cause  te rmina t ion  of  the  repea t  mode  (a  sk ip  of  the  Repea t  ins t ruc t ion)  when  the  
sk ip  condi t ion  i s  sa t i s f ied ,  even  though the  repea t  count  i s  not  sa t i s f ied .  

Opera t ion  k  Space  y b j 

R See  Table  4 — 1  * See  
Ta b l e  4 — 1  B b See  Table  4 — 5  

Example :  

The  fo l lowing  example  shows how the  Repea t  ins t ruc t ion  can  be  used  to  c lear  
30^o  success ive  loca t ions  in  s to rage .  

ZA 21  0  7  0  00000 
R 30D, ,ADV 70  1  0  0  00036 

SA,  W BUFFER 15  0  0  3  BUFFER 

4 .7 .2 .  Tes t  Bj  ond/or  Increment  (71)  TBI  

This  opera t ion  tes t s  the  conten ts  of  a  spec i f ied  B reg is te r .  I f  the  va lue  in  the  B 
reg is te r  i s  equa l  to  the  va lue  in  a  memory  loca t ion  spec i f ied  by  y ,  the  B  reg is te r  
i s  c leared  and  the  next  opera t ion  i s  sk ipped .  I f  the  va lue  in  the  B reg is te r  i s  no t  
equa l  to  the  operand  loca t ion ,  the  va lue  in  the  B reg is te r  i s  incremented  by  1  and  the  
normal  sequence  of  opera t ions  cont inues .  

Opera t ion  k  Space  j y b 

TBI  See  Table  4  — 1  -b  Bi Note  Bb 

j  may be  0 ,  1 ,  2 ,  3 ,  4 ,  5 ,  6 ,  o r  7  to  spec i fy  the  B reg is te r  be ing  tes ted .  

N O T E :  A read  c lass  operand .  The  form TBI ,W refe rs  to  the  low order  15  b i t s  of  
the  operand  loca t ion .  



UP-4133 
Rev.  1  UNIVAC 494  ASSEMBLER 

35 
S E C T I O N :  

TBI,  L B2.LABEL+3 71 2  1  0 01237 
TBI B2, ,B2 71 2  0  2  00000 
(This  ins t ruct ion wi l l  c lear  B2 and skip . )  

Ei ther  of  the  above ins t ruct ions  wi l l  resul t  in  the  low order  15  b i ts  of  
01237 being referenced as  y .  

TBI ,  W Bl ,LABEL+3 71 1  3  0  01237 
TBI.L B2,LABEL +3 71 2  1  0  01237 

4 .7 .3 .  Jump on  B j  and  Decrement  (72)  JBD 

This  ins t ruct ion tes ts  the  content  of  a  speci f ied  B regis ter .  I f  the  value  in  the  
regis ter  i s  zero ,  the  normal  sequence of  opera t ions  cont inues .  I f  the  value  in  the  
regis ter  i s  not  zero ,  the  regis ter  i s  decremented by 1  and a  new sequence of  oper­
a t ions  begins  a t  the  address  speci f ied  by the  y  operand.  

Operat ion k Space j y b 

JBD Note  t  B i  Note  B b  

j  may be  0 ,  1 ,  2 ,  3 ,  4 ,  5 ,  6 ,  or  7  to  speci fy  the  B regis ter  being tes ted .  I f  j  i s  0 ,  
a  No Op resul ts .  

N O T E :  A read c lass  operand.  The form JBD,W refers  to  the  low order  15  b i ts  
of  the  operand locat ion.  

Examples :  

JBD,W B4,LABEL,B2 72 4  3  2  01234 
JBD.L B4,LABEL,B2 72 4  1  2  01234 

4 .7 .4 .  Tes t  and  Se t  (7752)  TSET 

Test  b i t  14  of  y .  I f  th is  b i t  i s  a 0,  se t  b i t s  0  through 14 to  1  and proceed to  the  next  
ins t ruct ion;  i f  b i t  14  i s  a l ready a  1 ,  in ter rupt  to  locat ion 30g.  

Examples :  

TSET 
TSET 

Operat ion Space  y >  b 

TSET t  address  

LABEL 
LABEL,  B4 

77 52 0  01234 
77 52 4  01234 
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4.7 .5 .  E x e c u t i v e  R e t u r n  ( 7 7 5 4 )  E X R N  

This  ins t ruc t ion  in te r rup ts  the  computer  to  a  f ixed  address  (00007)  in  memory  enabl ing  
the  execut ive  program to  cap ture  the  P  reg is te r  va lue  of  the  program which  i s  
in te r rup t ing .  

Opera t ion  Space  y .  b  

EXRN t  Note  

N O T E :  The y  por t ion  of  th i s  ins t ruc t ion  may conta in  a  cons tan t  or  an  address ,  wi th  or  
wi thout  B  reg is te r  modi f ica t ion ,  a s  needed  by  the  user .  I t  has  no  bear ing  on  the  
executab le  ins t ruc t ion .  

Examples :  

EXRN 
EXRN 
EXRN 
EXRN 

10 
LABEL 
LABEL + 10 .B5 

77  54  0  00000 
77  54  0  00010 
77  54  5  01234 
77  54  5  01244 

4 .8 .  ARITHMETIC INSTRUCTIONS 

This  sec t ion  descr ibes  the  var ious  a r i thmet ic  opera t ions  provided  by  the  ins t ruc t ion  
reper to i re  of  the  assembler  — addi t ion ,  sub t rac t ion ,  mul t ip l ica t ion ,  d iv i s ion ,  and  
( for  dec imal  ins t ruc t ions)  t es t ing  of  resu l t s .  

4 .8 .1 .  Genera l  

Ar i thmet ic  opera t ions  may be  per formed upon d i f fe ren t  types  of  operands  — f ixed  
po in t  b inary ,  f loa t ing  poin t ,  and  BCD (b inary  coded  dec imal ) .  The  fo l lowing  
paragraphs  summar ize  assembler  fea tures  for  each  of  the  d i f fe ren t  operand  modes .  

4 .8 .1 .1 .  In teger  (F ixed  Poin t )  Addi t ion  and  Subt rac t ion  

The  ac tua l  mechanics  of  the  a r i thmet ic  opera t ions  a re  beyond the  scope  of  th i s  
manual  bu t  the  fo l lowing  charac te r i s t ics  of  these  opera t ions  a re  of  in te res t  to  
the  programmer :  

•  The  programmer  mus t  guard  aga ins t  over f low condi t ions .  For  s ing le  word  
opera t ions ,  the  abso lu te  va lue  of  the  operands  and  resu l t s  should  not  exceed  
2  —1;  fo r  double  word  opera t ions ,  2^"—1.  In  the  event  of  an  over f low the  
resu l t  wi l l  be  incor rec t .  

•  A sum of  nega t ive  zero  cannot  be  genera ted  un less  both  addend  and  augend  
a re  nega t ive  zeros .  A d i f fe rence  of  nega t ive  zero  cannot  be  genera ted  un less  
the  minuend  ( the  A reg is te r )  i s  a  nega t ive  zero  and  the  subt rahend  (Y)  i s  a  
pos i t ive  zero .  In  a l l  o ther  cases  involv ing  an  operand  of  nega t ive  zero ,  the  
same resu l t  i s  ob ta ined  as  i f  a  pos i t ive  zero  were  used  in  i t s  p lace .  These  cases  
a re  shown in  the  fo l lowing:  

Genera t ion  of  nega t ive  zero :  

77777 77777 
+ 77777 -00000 

77777 77777 
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4.8 .1 .2 .  In teger  (F ixed  Poin t )  Mul t ip l ica t ion  and  Div is ion  

F ixed  poin t  mul t ip l ica t ion  and  d iv is ion  a re  per formed as  a  se r ies  of  addi t ions  
and/or  subt rac t ions .  The  fo l lowing  charac te r i s t ics  of  these  opera t ions  a re  of  
in te res t  to  the  programmer :  

•  The  resu l t  o f  mul t ip l ica t ion  wi l l  have  the  cor rec t  a lgebra ic  s ign .  Where  s igns  
of  operands  a re  a l ike ,  the  product  wi l l  be  pos i t ive ;  where  un l ike ,  nega t ive .  
In  d iv i s ion ,  the  s ign  of  the  quot ien t  (which  wi l l  be  in  the  Q reg is te r )  wi l l  have  
i t s  s ign  de te rmined  in  the  same manner .  The  remainder  (which  wi l l  be  in  the  
A reg is te r )  wi l l  have  the  same s ign  as  the  quot ien t .  

•  In  mul t ip l ica t ion ,  the  en t i re  product  wi l l  be  in  the  Q por t ion  of  the  AQ reg is te r  
i f  b i t  pos i t ion  28-n  of  the  mul t ip l ie r  conta ins  a  s ign  b i t ,  where  n  i s  the  mos t  
s ign i f ican t  b i t  pos i t ion  of  the  mul t ip l icand .  (The  most  s ign i f ican t  b i t  pos i t ion  
i s  the  h ighes t  order  b i t  pos i t ion  conta in ing  a  1  in  a  pos i t ive  number  or  a  0  in  
a  nega t ive  number . )  The  en t i re  product  may be  in  the  Q por t ion  i f  b i t  pos i t ion  
28-n  has  the  mos t  s ign i f ican t  b i t .  The  en t i re  product  wi l l  sp i l l  over  in to  the  
A por t ion  of  the  AQ reg is te r  i f  b i t  pos i t ion  29-n  does  no t  conta in  a  s ign  b i t .  
No product  can  be  genera ted  tha t  wi l l  over f low the  AQ reg is te r .  The  maximum 
pos i t ive  product  i s  17777777770000000001g;  the  maximum nega t ive  product ,  
60000000007777777776g.  

•  In  d iv i s ion ,  the  quot ien t  i s  re ta ined  in  the  Q por t ion  of  the  AQ reg is te r .  The  
d iv idend  in  the  AQ reg is te r  may have  up  to  59  s ign i f ican t  b i t s  whi le  the  
d iv i sor  may have  as  few as  1 .  In  these  cases ,  a  quot ien t  may be  genera ted  
tha t  has  as  many as  59  s ign i f ican t  b i t s .  S ince  the  Q reg is te r  has  a  30-b i t  
capac i ty ,  an  over f low s i tua t ion  wi l l  resu l t  when  a  quot ien t  i s  genera ted  tha t  
has  more  than  29  s ign i f ican t  b i t s .  An over f low wi l l  no t  occur  i f  the  d iv idend  
has  no  s ign i f ican t  b i t s  pas t  b i t  pos i t ion  n  +  28  where  n  i s  the  mos t  s ign i f ican t  
b i t  pos i t ion  of  the  d iv i sor .  An over f low wi l l  occur  i f  the  d iv idend  has  a  s ignf ican t  
b i t  pas t  b i t  pos i t ion  n  +  29 .  An over f low may occur  i f  the  mos t  s ign i f ican t  b i t  
o f  the  d iv ident  i s  in  b i t  pos i t ion  n  +  29 .  I f  over f low does  occur ,  the  quot ien t  
wi l l  appear  as  +0 o r  —0 (depending  upon the  s imi la r i ty  of  s igns  in  d iv i sor  and  
d iv idend) .  For  j  in te rpre ta t ion ,  the  Q reg is te r  wi l l  conta in  —0 i f  an  over f low 
occurs .  

A nega t ive  zero  in  the  A or  Q por t ion  of  the  AQ reg is te r  may have  an  adverse  
a f fec t  on  fur ther  ca lcu la t ions  and  wi l l  be  caused  by  the  fo l lowing  condi t ions :  

•  The  d iv idend  i s  an  in tegra l  mul t ip le  of  the  d iv i sor  (wi th in  the  l imi t s  of  reso lu t ion) ,  
the  s igns  of  bo th  a re  d i f fe ren t ,  and  both  va lues  a re  no t  0  (+  or  —).  The  quot ien t  
wi l l  be  cor rec t  bu t  (A)  wi l l  be  —0.  For  j  sens ing ,  (Q)  wi l l  appear  as  the  abso lu te  
va lue  of  the  quot ien t  and  (A)  wi l l  be  +0 .  

•  The  abso lu te  va lue  of  the  d iv i sor  i s  grea te r  than  the  abso lu te  va lue  of  the  
d iv idend ,  s igns  a re  d i f fe ren t ,  and  both  a re  nonzero .  In  th i s  case ,  (Q)  wi l l  be  
-0  and  (A)  wi l l  be  the  ones  complement  of  the  abso lu te  va lue  of  the  d iv idend .  
For  j  sens ing ,  (Q)  i s  +0 and  (A)  i s  the  abso lu te  va lue  of  the  d iv idend .  
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Divis ion by +0 or  —0 has  the  fo l lowing resul ts :  

•  If  a  posi t ive  number  i s  d iv ided by +0,  (Q)  wi l l  be  -0  and the  remainder  in  (A)  
wi l l  be  the  in i t ia l  (Q) .  For  j  sens ing,  these  f inal  (Q)  and (A)  are  used.  

•  If  a  negat ive  number  i s  d iv ided by +0,  (Q)  wi l l  be  +0 and the  remainder  in  (A)  
wi l l  be  the  in i t ia l  (Q) .  For  j  sens ing,  (Q)  wi l l  be  —0 and (A)  wi l l  be  the  com­
plement  of  the  in i t ia l  (Q) .  

•  If  a  pos i t ive  number  i s  d ivided by —0,  (Q)  wi l l  be  +0 and the  remainder  in  (A)  
wi l l  be  the  ones  complement  of  the  in i t ia l  (Q) .  For  j  sens ing,  (Q)  wi l l  be  —0,  
and (A)  wi l l  be  the  in i t ia l  (Q) .  

•  If  a  negat ive  number  i s  d ivided by —0,  (Q)  wi l l  be  —0 and the  remainder  in  (A)  
wi l l  be  the  ones  complement  of  the  in i t ia l  (Q) .  For  j  sens ing,  these  f inal  (Q)  
and (A)  are  used.  

4 .8 .1 .3 .  Float ing Point  Ari thmet ic  

In  f loa t ing point  ar i thmet ic ,  the  fo l lowing are  of  in teres t  to  the  programmer:  

•  During execut ion,  a  f loa t ing point  overf low in ter rupt  i s  genera ted  ( turning 
control  over  to  the  execut ive)  i f  an  exponent  of  an  operand i s  greater  than 
1023 j q  or  when divis ion by a  +0 ( f loa t ing point )  i s  a t tempted.  

•  During execut ion,  a  f loa t ing point  underf low in ter rupt  i s  genera ted  i f  the  
exponent  i s  less  than —1023 j o -

4 .8 .1 .4 .  Decimal  (BCD) Ari thmet ic  

BCD (binary  coded decimal)  addi t ion  and subtrac t ion can be  programmed di rec t ly ,  
where  the  BCD digi ts  are  present  in  the  form of  zoned BCD digi ts  — s ix  bi ts  per  
character  — such as  Fie ldata  code,  for  example .  The zone bi ts  are  d isregarded 
dur ing the  ar i thmet ic  opera t ion but  a re  re turned in  the  resul t .  These  decimal  
opera t ions  are  avai lable  for  s ingle  precis ion ( ten  or  less  BCD digi ts  per  operand 
and resul t )  or  for  mul t iprecis ion opera t ions .  Ins t ruct ions  are  present  to  tes t  for  
an  overf low borrow or  carry  af ter  an  opera t ion.  

4 .8 .2 .  F ixed Point  Single  Word Addi t ion  

These  ins t ruct ions  consis t  of  the  fo l lowing:  

•  Add A 
•  Add Q 

•  Load Y + Q 

•  Store  A + Q 
•  Replace  A + Y 

•  Replace  Y + Q 
•  Replace  Y + or  Increment  Y 
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4.8 .2 .1 .  Add A (20)  A 

This  ins t ruc t ion  adds  a  spec i f ied  operand  to  the  conten ts  of  the  A reg is te r  and  
re ta ins  the  sum in  the  A reg is te r .  

Opera t ion  k Space  y b j 

A NORMAL READ CLASS B b NORMAL 

Examples :  

A,LX LABEL,2  20  0  5  
A 773  20  0  0  

4 .8 .2 .2 .  Add Q (26)  AQ 

Add a  spec i f ied  operand  to  the  conten ts  of  t l  
t he  Q reg is te r .  

2  01234 
0  00773 

le  Q reg is te r  and  re ta in  the  sum in  

Opera t ion  k Space  y b j 

AQ NORMAL t> READ CLASS B b See  Table  4—6 

Example :  

AQ,U LABEL, ,QNOT 26  5  2  0  01234 

4 .8 .2 .3 .  Load  Y+Q (30)  LAQ 

Add a  spec i f ied  operand  to  the  conten ts  of  the  Q reg is te r  and  re ta in  the  sum in  
the  A reg is te r .  The  conten ts  of  the  Q reg is te r  and  operand  a re  undis turbed  by  
th i s  ins t ruc t ion .  

Opera t ion  k Space  y b j 

LAQ NORMAL t READ CLASS Bb NORMAL 

Example :  

LAQ,W LABEL 30  0  3  0  01234 

4 .8 .2 .4 .  S tore  A+ Q (32)  SAQ 

Add the  conten ts  of  the  A and  Q reg is te rs ,  re ta in  the  sum in  the  A reg is te r ,  an  
s tore  the  sum in  the  s torage  loca t ion  spec i f ied .  

d  

Opera t ion  k Space  y b j 

SAQ NORMAL t  STOR E CLASS B b NORMAL 

Example :  

SAQ,U LABEL,B3 32  0  2  3  01234 
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4.8 .2 .5 .  R e p l a c e  A  +  Y  ( 2 4 )  R A  

Add a  spec i f ied  operand  to  the  conten ts  of  the  A reg is te r .  Re ta in  th i s  sum in  the  
A reg is te r  and  rep lace  the  or ig ina l  operand  wi th  th i s  sum.  

Opera t ion  k  Space  y b j 

RA NORMAL b  REPLACE CLASS B b NORMAL 

Example :  

RA.UX LABEL + 3  24  0  6  0  01237 

4 .8 .2 .6 .  R e p l a c e  Y  +  Q  ( 3 4 )  R A Q  

Add the  spec i f ied  operand  to  the  conten ts  of  the  Q reg is te r ,  re ta in  the  sum in  the  
A reg is te r ,  and  s tore  the  sum in  the  s torage  loca t ion  f rom which  the  operand  was  
obta ined .  

Opera t ion  k Space  y b j 

RAQ NORMAL b  REPLACE CLASS B b NORMAL 

Example :  

RAQ,W 0 ,B7 34  0  3  7  00000 

4 .8 .2 .7 .  R e p l a c e  Y  +  1  o r  I n c r e m e n t  Y  (36)  R l  

Increment  the  spec i f ied  operand  by  1 ,  re ta in  the  sum in  the  A reg is te r ,  and  s tore  
th i s  sum in  the  s torage  loca t ion  f rom which  the  operand  was  obta ined .  

Opera t ion  k  Space  y b j 

RI NORMAL b  REPLACE CLASS B b NORMAL 

Example :  

RI ,UX LABEL,B3.AZERO 36 4  6  3  01234 

4 .8 .3 .  F ixed  Poin t  S ingle  Word  Subt rac t ion  

These  ins t ruc t ions  cons is t  of  the  fo l lowing:  

•  Subt rac t  A 

•  Subt rac t  Q 

•  Load Y-Q 

•  Store  A—Q 

•  Replace  A—Y 

•  Replace  Y—Q 

•  Replace  Y —1 or  Decrement  Y 
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4.8 .3 .1 .  S u b t r a c t  A  ( 2 1 )  A N  

Subt rac t  a  spec i f ied  operand  f rom the  conten ts  of  the  A reg is te r  and  re ta in  the  
d i f fe rence  in  the  A reg is te r .  

Opera t ion  k  Space  y b j  

AN NORMAL 15 READ CLASS B b NORMAL 

Examples :  

AN,W LABEL, ,ANOT 21  5  3  0  01234 
AN,3  LABEL,3 ,5  21  5  3  3  01234 

4 .8 .3 .2 .  S u b t r a c t  Q  ( 2 7 )  A N Q  

Subt rac t  a  spec i f ied  operand  f rom the  conten ts  of  the  Q reg is te r  and  re ta in  the  
d i f fe rence  in  the  Q reg is te r .  

Opera t ion  k Space  y b j 

ANQ NORMAL READ CLASS B b See  Table  4—6 

Examples :  

ANQ 12D, ,QNOT 27  5  0  0  00014 
ANQ 12D,4 ,4  27  4  0  4  00014 

4 .8 .3 .3 .  L o a d  Y - Q  ( 3 1 )  L A N Q  

Subt rac t  the  conten ts  of  the  Q reg is te r  f rom a  spec i f ied  operand  and  re ta in  the  
d i f fe rence  in  the  A reg is te r .  The  conten ts  of  the  Q reg is te r  a re  no t  d i s turbed  
by  th i s  ins t ruc t ion .  

Opera t ion  k  Space  y  b j  

LANQ NORMAL t READ CLASS B b NORMAL 

Example :  

LANQ,L 
LANQ.U 
LANQ,W 

LABEL 
LABEL,3 ,2  
LABEL,5 ,AZERO 

31  0  1  0  01234 
31  2  2  3  01234 
31  4  3  5  01234 
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4.8 .3 .4 .  Store  A-Q (33)  SANQ 

Subtract the contents of the Q register from the A register, retain the difference 
in the A register, and store this difference in the storage location specified. 

Operation k Space y b j 

SANQ NOTE STORE CLASS Bb NORMAL 

Examples: 

SANQ,6 LABEL,3 33 0 6 3 01234 
SANQ.CPL LABEL 33 0 5 0 01234 

NOTE: The k designator governs storage in both the memory and A register. 

4.8 .3 .5 .  Replace  A-Y  (25)  RAN 

Subtract a specified operand from the contents of the A register, retain the dif­
ference in the A register, and store this difference in the storage location from 
which the operand was obtained. 

Operation k Space y b j 

RAN NORMAL 15 REPLACE CLASS Bb NORMAL 

Examples: 

RAN.L LABEL 25 0 1 0 01234 
RAN,U LABEL,,AZERO 25 4 2 0 01234 

4.8 .3 .6 .  Replace  Y -Q (35)  RANQ 

Subtract the contents of the Q register from a specified operand, retain the dif­
ference in the A register, and store this difference in the storage location from 
which the operand was obtained. 

Operation k Space y b j 

RANQ NORMAL t  REPLACE CLASS Bb NORMAL 

Example: 

RANQ.L LABEL 35 0 1 0 01234 
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4.8 .3 .7 .  Replace  Y- l  o r  Decrement  Y (37)  RD 

Decrement  a spec i f ied  operand  by  1 ,  re ta in  the  d i f fe rence  in  the  A reg is te r ,  and  
s tore  th i s  d i f fe rence  in  the  s torage  loca t ion  f rom which  the  operand  was  obta ined .  

Opera t ion  k  Space  y  b j  

RD NORMAL * REPLACE CLASS B b NORMAL 

Examples :  

RD,UX LABEL, .AZERO 37  4  6  0  01234 
RD,6  LABEL+2.B3 37  0  6  3  01236 

4 .8 .4 .  F ixed  Poin t  Double  Word  Ar i thmet ic  

The  f ixed  po in t  double  word  a r i thmet ic  ins t ruc t ions  use  ones  complementa t ion  
a r i thmet ic  for  addi t ion ,  sub t rac t ion ,  and  ones  complementa t ion  (or  nega t ion)  upon  
60-b i t  operands .  In  f ixed  poin t  double  word  a r i thmet ic ,  the  s ign  and  h igh  order  
b i t s  a re  re ta ined  in  the  A reg is te r  o r  s to red  in  the  f i r s t  o f  two consecut ive  addresses  
re fe renced  by  y .  The  Q reg is te r  re ta ins  the  low order  30  b i t s ;  the  next  consecut ive  
address  s tores  the  low order  30  b i t s .  These  ins t ruc t ions  inc lude :  

•  Double  Prec is ion  Add 

•  Double  Prec is ion  Subt rac t  

•  Double  Prec is ion  Complement  

4 .8 .4 .1 .  Double  P rec i s ion  Add  (7722)  DPA 

The conten ts  of  y  and  y  +  1  are  added  to  the  conten ts  of  the  double  length  AQ 
reg is te r .  The  sum wi l l  be  in  AQ.  

Opera t ion  Space  y .  b 

DPA base  address  

Examples :  

DPA LABEL 77  22  0  01234 
DPA LABEL,  B2 77  22  2  01234 

4 .8 .4 .2 .  Double  P rec i s ion  Sub t rac t  (7726)  DPAN 

The conten ts  of  y  and  y  +  1  are  subt rac ted  f rom the  conten ts  of  the  double  length  
reg is te r  AQ.  The  d i f fe rence  wi l l  be  in  AQ.  

Opera t ion  Space  y ,  b  

DPAN * base  address  

Examples :  

DPAN LABEL 77  26  0  01234 
DPAN LABEL,  B3 77  26  3  01234 



4 .8 .4 .3 .  Double  Prec i s ion  Complement  (7724)  DPN 

The conten ts  of  the  AQ reg is te r  a re  conver ted  to  i t s  ones  complement .  

Opera t ion  Space  y .  b 

DPN "b none  

Example :  

DPN 77  24  0 00000 

4 .8 .5 .  Fixed  Poin t  Mul t ip l ica t ion  and  Div is ion  

The  f ixed  poin t  mul t ip l ica t ion  and  d iv is ion  ins t ruc t ions  use  ones  complementa t ion  
a r i thmet ic ,  and  inc lude :  

•  Mul t ip ly  
•  Divide  

4 .8 .5 .1 .  Mul t ip ly  (22)  M 

This  ins t ruc t ion  mul t ip l ies  the  conten ts  of  the  Q reg is te r  by  the  operand  spec i f ied  
in  the  ins t ruc t ion .  The  product  i s  formed in  the  60  b i t  pos i t ions  of  the  combined  
AQ reg is te r .  

Opera t ion  k  Space  y  b j  

M NORMAL READ CLASS B b  Note  

The  fo l lowing  ru les  apply  for  mul t ip l ica t ion :  

•  If  a  pos i t ive  number  i s  mul t ip l ied  by  a  pos i t ive  number  or  a  nega t ive  number  
by  a  nega t ive  number ,  the  product  wi l l  be  pos i t ive .  

•  If  a  pos i t ive  number  i s  mul t ip l ied  by  a  nega t ive  number  or  a  nega t ive  number  
by  a  pos i t ive  number ,  the  product  wi l l  be  nega t ive .  

•  If  pos i t ive  0  i s  mul t ip l ied  by  pos i t ive  0  or  nega t ive  0  by  nega t ive  0 ,  the  
product  wi l l  be  pos i t ive  0 .  

•  If  pos i t ive  0  i s  mul t ip l ied  by  nega t ive  0  or  nega t ive  0  by  pos i t ive  0 ,  the  
product  wi l l  be  nega t ive  0 .  

No product  can  be  genera ted  which  wi l l  over f low AQ.  The  maximum pos i t ive  
product  i s :  

17777 77777 00000 00001 

A Q 

The  maximum nega t ive  product  i s :  

60000 00000 77777 77776 
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Example: 

M, W LABEL 22 0 3 0 01234 

The result of operations for various values contained in the Q register and the 
A register (initially the location defined by LABEL) follows: 

A Q AQ 

00000 00012 X 00000 00010 = 00000 00000 00000 00120 

77777 77767 X 00000 00012 = 77777 77777 77777 77657 

77777 77765 X 77777 77767 = 00000 00000 00000 00120 

NOTE:  The skip condition is tested prior to any final sign conversion. The sig­
nificance of the normal skip condition for a multiple operation may be outlined 
as follows: 

j Machine 

0 

1 

2 

J MNEMONIC 

(absent) 

SKIP 

QPOS 

QNEG 

AZERO 

ANOT 

APOS 

ANEG 

SKIP CONDITION 

No skip. 

Skip next instruction. 

Skip next instruction if there is no overflow into 
the A register. If a skip does not occur, a double 
length product is indicated since there is a sig­
nificant bit in bit position 29 of the Q register. 
(The highest order bit that is different from the 
sign bit is the most significant bit.) 

Skip next instruction if there is an overflow into 
the A register. If a skip occurs, a double length 
product is indicated since there is a significant 
bit in bit position 29 of the Q register. 

Skip next instruction if the product is entirely 
within the Q register. If a skip occurs, it indicates 
that the product has 30 or less significant bits, 
and that the A register contains only sign bits. 
This does not mean the Q register contains the 
correct product, since bit position 29 of the Q 
register may contain a significant bit of the 
product, thus making bit position 0 of the A 
register the first sign bit. If a skip does not 
occur, it indicates that significant bits of the 
product are in the A register. 

Skip next instruction if product overflows. If a 
skip occurs, it indicates that significant bits of 
the product are in the A register. If a skip does 
not occur, it indicates the same condition that 
exists when a skip occurs with AZERO. 

Skip next instruction. 

Do not skip next instruction. 
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4.8.5.2. D i v i d e  ( 2 3 )  D  

This instruction divides the contents of the combined AQ register by the operand 
specified in the instruction and retains the quotient and remainder in the Q and 
A registers, respectively. 

Operation k Space y b j 

D NORMAL t READ CLASS B b  See Table 4—6 

The following rules apply for division: 

• If a positive number is divided by a positive number or a negative number by 
a negative number, the quotient and remainder will be positive numbers. 

• If a positive number is divided by a negative number or a negative number by 
a positive number, the quotient and remainder will be negative numbers. 

Negat ive  Zero  Quot ients  and Remainders  

Division, if handled improperly, may generate a negative 0 quotient or remainder 
that can have an adverse affect on further calculations. This situation can occur 
in the following four cases: 

• Remainder is zero, the dividend and divisor have unlike signs, and are 
both nonzero. 

• Absolute value of divisor is greater than the absolute value of the dividend, 
signs are unlike, and both are nonzero. 

• Division by positive or negative zero 

• Division of positive or negative zero by nonzero divisor with an unlike 
sign. 

(1) Remainder is zero, the dividend and divisor have unlike signs and are 
both nonzero: 

The result of such a division is that the correct quotient will be in the Q 
register and the remainder in the A register will be a negative 0. 

When the j designator is interpreted, the Q register will appear as the absolute 
value of the quotient and the A register will appear as a positive 0. For example: 

000000000000000000000000000000 000000000000000001010011100101 (dividend) 

111111111111111110101100011010 (divisor) 

At j 
interpretation 

Final Result 

000000000000000000000000000010 (quotient) 

000000000000000000000000000000 (remainder) 

111111111111111111111111111101 (quotient in the 
Q register) 

111111111111111111111111111111 (remainder in 
the A register) 
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(2)  Absolu te  va lue  of  the  d iv i sor  i s  grea te r  than  the  abso lu te  va lue  of  
d iv idend ,  s igns  a re  un l ike ,  and  both  a re  nonzero :  

When d iv i s ion  i s  per formed in  th i s  case ,  the  quot ien t  in  the  Q reg is te r  wi l l  
be  a  nega t ive  0  and  the  remainder  in  the  A reg is te r  wi l l  be  the  ones  comp­
lement  of  the  abso lu te  va lue  of  the  d iv idend .  When the  j  des igna tor  i s  
in te rpre ted ,  the  Q reg is te r  wi l l  appear  as  a  pos i t ive  0  and  the  A reg is te r  
wi l l  appear  as  the  abso lu te  va lue  of  the  d iv idend .  For  example :  

000000000000000000000000000000 000000000000000000000000000011 (d iv idend)  

111111111111111111111111111010 (d iv i sor )  

(quot ien t )  
At  j  

in te rp  re ta t ion  

F ina l  Resul t  

000000000000000000000000000000 

000000000000000000000000000011 ( remainder )  

111111111111111111111111111111 

111111111111111111111111111100 

(3)  Div is ion  by  pos i t ive  or  nega t ive  zero :  

(quot ien t  in  the  
Q reg is te r )  

( remainder  in  
the  Q reg is te r )  

I f  a  pos i t ive  number  i s  d iv ided  by  pos i t ive  0 ,  the  quot ien t  in  the  Q reg is te r  
wi l l  be  a  nega t ive  0  and  the  remainder  in  the  A reg is te r  wi l l  be  the  in i t i a l  
conten ts  of  the  Q reg is te r .  For  j  des igna tor  in te rpre ta t ion ,  the  f ina l  conten ts  
of  the  Q and  A reg is te rs  a re  used .  

I f  a  nega t ive  number  i s  d iv ided  by  a  pos i t ive  0 ,  the  quot ien t  in  the  Q 
reg is te r  wi l l  be  a  pos i t ive  0  and  the  remainder  in  the  A reg is te r  wi l l  be  
the  in i t i a l  conten ts  of  the  Q reg is te r .  For  j  des igna tor  in te rpre ta t ion  the  
Q reg is te r  wi l l  appear  as  nega t ive  0  and  the  A reg is te r  wi l l  appear  as  the  
ones  complement  of  the  in i t i a l  conten ts  of  the  Q reg is te r .  

I f  a  pos i t ive  number  i s  d iv ided  by  nega t ive  0 ,  the  quot ien t  in  the  Q 
reg is te r  wi l l  be  a  pos i t ive  0  and  the  remainder  in  the  A reg is te r  wi l l  
be  the  ones  complement  of  the  in i t i a l  conten ts  of  the  Q reg is te r .  For  j  
des igna tor  in te rpre ta t ion ,  the  Q reg is te r  wi l l  appear  a s  a  nega t ive  0  and  
the  A reg is te r  wi l l  appear  as  the  in i t i a l  conten ts  of  the  Q reg is te r .  

I f  a  nega t ive  number  i s  d iv ided  by  nega t ive  0 ,  the  quot ien t  in  the  Q 
reg is te r  wi l l  be  a  nega t ive  0  and  the  remainder  in  the  A reg is te r  wi l l  be  
the  ones  complement  of  the  in i t i a l  conten ts  of  the  Q reg is te r .  For  j  des ig­
na tor  in te rpre ta t ion ,  the  f ina l  conten ts  of  the  Q and  A reg is te rs  a re  used .  
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The following examples illustrate these rules: 

A positive number divided by positive 0. 

000000000000000000000000000001 000000000000000000000000000001 (dividend) 

000000000000000000000000000000 (divisor) 

111111111111111111111111111111 (quotient) 
At j 

interpretation 000000000000000000000000000001 (remainder) 

111111111111111111111111111111 (quotient in the 
Final Result Q register) 

000000000000000000000000000001 (remainder in 
the A register) 

A negative number divided by a positive 1. 

111111111111111111111111111111 111111111111111111111111111110 (dividend) 

000000000000000000000000000000 (divisor) 

111111111111111111111111111111 (quotient) 
At j 

interpretation 000000000000000000000000000001 (remainder) 

000000000000000000000000000000 (quotient in the 
Final Result Q register) 

111111111111111111111111111111 (remainder in 
the A register) 

A positive number divided by a negative 0. 

010111111111111111111111111111 110111111111111111111111111111 (dividend) 

111111111111111111111111111111 (divisor) 

111111111111111111111111111111 (quotient) 
At j 

interpretation 110111111111111111111111111111 (remainder) 

000000000000000000000000000000 (quotient in the 
Final Result Q register) 

001000000000000000000000000000 (remainder in 
the A register) 
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A negative number divided by a negative 0. 

100111111111111111111111111111 110111111111111111111111111111 (dividend) 

111111111111111111111111111111 (divisor) 

111111111111111111111111111111 (quotient) 

001000000000000000000000000000 (remainder) 
At j 

interpretation 

Final Result 
111111111111111111111111111111 

000000000000000000000000000000 

(quotient in the 
Q register) 

(remainder in 
the A register) 

(4) Division of positive or negative zero by a nonzero divisor with an unlike 
sign: 

When division is performed in this case, the quotient in the Q register and the 
remainder in the A register will be a negative 0. When the j designator is 
interpreted, both the Q and A register will appear as a positive 0. The 
following examples will illustrate this: 

000000000000000000000000000000 000000000000000000000000000000 (dividend) 

111111111111111111111111111110 (divisor) 

000000000000000000000000000000 (quotient) 

000000000000000000000000000000 (remainder) 

111111111111111111111111111111 (quotient in the 
Q register) 

111111111111111111111111111111 (remainder in 
the A register) 

At j 
interpretation 

Final Result 

111111111111111111111111111111 111111111111111111111111111111 (dividend) 

000000000000000000000000000000 (divisor) 

000000000000000000000000000000 (quotient) 

000000000000000000000000000000 (remainder) 
At j 

interpretation 

Final Result 
111111111111111111111111111111 (quotient in the 

Q register) 
111111111111111111111111111111 (remainder in 

the A register) 
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Divide  Over f low wi th  Nonzero  Div isor  and  Div idend  

In division, the dividend in the AQ register may have up to 59 significant bits 
while the divisor may have as few as 1. In these cases, a quotient may be gen­
erated that has as many as 59 significant bits. Since the Q register has a 30-bit 
capacity, an overflow situation will result when a quotient is generated that has 
more than 29 significant bits. If overflow does occur, the quotient in the Q register 
will be a positive 0 if the divisor and dividend have unlike signs, or it will be a 
negative 0 if the signs were the same. At the time the j designator is interpreted, 
the Q register will appear as a negative 0. 

The following rules govern the occurrence of a divide overflow: 

• If the most significant bit of the divisor is in bit position n, a divide overflow 
will not occur if the dividend has no significant bits beyond bit position n+28. 

• If the most significant bit of the divisor is in bit position n, a divide overflow 
will occur if the dividend has a significant bit in bit position n+30 or beyond. 

• If the most significant bit of the divisor is in bit position n, a divide overflow 
may occur if the most significant bit of the dividend is in bit position n+29. 

The following examples illustrate these rules: 

• No overflow. 

000000000000000000000000000000 000000000000000010110001011100 

000000000000000000001010011100 

At j 
interpretation 

Final Result 

000000000000000000000000010001 

000000000000000000000000000000 

000000000000000000000000010001 

000000000000000000000000000000 

(dividend) 

(divisor) 

(quotient) 

(remainder) 

(quotient in the 
Q register) 

(remainder in the 
A register) 

• Overflow occurs. 

000000000000000100011001100011 010011110111100111100110101011 (dividend) 

000000000000001000000001000000 (divisor) 

At j 
interpretation 

111111111111111111111111111111 (quotient) 

010011110111100001100111101011 (remainder) 

Final Result 
111111111111111111111111111111 

010011110111100001100111101011 

(quotient in the 
Q register) 

(remainder in the 
A register) 
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Overflow may occur. 

111111111111111011100101011100 101100001000011010001100111111 (dividend) 

000000000000000010000001000000 (divisor) 

111111111111111111111111111111 (quotient) 
At j 

interp retation 010011110111100111110011000000 (remainder) 

000000000000000000000000000000 (quotient in the 
Final Result Q register) 

101100001000011000001100111111 (remainder in the 
A register) 

(In this example, overflow occurs). 

000000000000000000000000000001 000000000000000000000000000000 (dividend) 

000000000000000000000000000011 (divisor) 

000010001000100010000111101101 (quotient) 
At j 

interpretation 000000000000000000000000000001 (remainder) 

Final Result 
000010001000100010000111101101 

000000000000000000000000000001 

(quotient in the 
Q register) 

(remainder in the 
A register) 

(In this example, overflow does not occur.) 

The remainder in overflow division is difficult to determine and the value of such 
information, when obtained, is questionable. The rules that are stated below are 
valid at least in the above examples. They should not, however, be considered 
universal rules. 

If the dividend and divisor are positive numbers, add the dividend and 
divisor. The remainder in the A register will be the low order 30 bits of 
the sum that is formed. At the time the j designator is interpreted, the final 
contents of the A register will be used. 

If the dividend and divisor are negative numbers, complement the dividend 
and divisor, and then add them. The remainder in the A register will be the 
low order 30 bits of the sum that is formed. For interpretation of the j desig­
nator, the final contents of the A register will be used. 

If the dividend is a positive number and the divisor is a negative number, 
the divisor should be ones complemented and then added to the dividend. The 
final remainder in the A register will be the ones complement of the low order 
30 bits of the sum that is formed. For interpretation of the j designator, the 
contents of the A register will appear as the low order 30 bits of the sum that 
is formed. 



— If the dividend is a negative number and the divisor is a positive number, the 
dividend should be ones complemented and then added to the divisor. The 
final remainder in the A register will be the ones complement of the low order 
30 bits of the sum that is formed. For j designator interpretation the contents 
of the A register will appear as the low order 30 bits of the sum that is formed 

Examples: 

Examples are for normal division, where all results are shown following final 
sign correction, if correction is required. 

• 00000 00000 00000 26134 * 00000 01234 

quotient in Q = 00000 00021 
remainder in A = 00000 00000 
(A) and (Q) used for j interpretation 

• 00000 00000 00000 26152 * 00000 01234 

quotient in A = 00000 00021 
remainder in A = 00000 00016 
(A) and (Q) used for j interpretation 

• 777777 777777 777777 51625 - 77777 76543 

quotient in Q = 00000 00021 
remainder in A = 00000 00016 
final (A) and (Q) used for j interpretation 

• 02400 21166 21233 52654 - 5400 16354 

quotient in Q = 67777 03046 
remainder in A = 54733 20156 
(A) and (Q) appear as their ones complements for j interpretation 

• 75377 56611 56544 25123 - 23777 61423 

quotient in Q = 67777 03046 
remainder in A = 54733 20156 
(A) and (Q) appear as their ones complements for j interpretation 

• 00000 00000 00000 12345 - 77777 65432 

quotient in Q = 77777 77776 
remainder in A = 77777 77777 (even division) 
(A) and (Q) appear as their ones complements for j interpretation 
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4.8 .6 .  F loa t ing  Poin t  Ar i thmet ic  

F loa t ing  poin t  a r i thmet ic  enables  uses  of  the  exponent ia l  ( f loa t ing  poin t )  format  
(F igure  2—4)  for  a r i thmet ic  wi th  operands  having  the  dec imal  po in t  in  d i f fe ren t  
pos i t ions .  These  ins t ruc t ions  inc lude :  

•  Floa t ing  Poin t  Add 

•  Floa t ing  Poin t  Subt rac t  

•  Floa t ing  Poin t  Mul t ip ly  

•  Floa t ing  Poin t  Div ide  

•  Floa t ing  Poin t  Pack  

•  Floa t ing  Poin t  Unpack  

in  addi t ion  to  the  Sca le  Fac tor  Shi f t  ( see  4 .4 .10) .  

4 .8 .6 .1 .  F l o a t i n g  P o i n t  A d d  ( 7 7 0 1 )  F A  

The s igned  f loa t ing  poin t  number  conta ined  in  y  and  y  +  1  i s  added  to  the  f loa t ing  
poin t  number  in  the  AQ reg is te r .  The  ad jus tment  to  AQ i s  made  by  a  compar i son  
of  the  charac te r i s t ics  involved .  The  conten ts  of  y  and  y  +  1  are  added  to  AQ af te r  
the  compar i son .  The  sum wi l l  be  conta ined  in  AQ.  

Opera t ion  Space  y .  b  

F  A t  base  address  

Examples :  

FA 
FA 

LABEL,  B1 
LABEL 

77  01  1  01234 
77  01  0  01234 

4 .8 .6 .2 .  F l o a t i n g  P o i n t  S u b t r a c t  ( 7 7 0 2 )  F A N  

The s igned  f loa t ing  poin t  number  conta ined  in  y  and  y"  +  1  i s  subt rac ted  f rom the  
f loa t ing  poin t  number  in  the  reg is te r .  The  ad jus tment  to  AQ i s  made  by  a  compar i son  
of  the  charac te r i s t ics  involved .  The  conten ts  of  y  and  y  +  1  are  subt rac ted  f rom 
AQ af te r  the  compar i son .  The  d i f fe rence  wi l l  be  conta ined  in  AQ.  

Opera t ion  Space  y .  b  

FAN b  base  address  

Example :  

FAN LABEL,  B5 77  02  5  01234 
FAN LABEL 77  02  0  01234 
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4.8 .6 .3 .  F l o a t i n g  P o i n t  M u l t i p l y  ( 7 7 0 3 )  F M  

The s igned  f loa t ing  po in t  number  conta ined  in  the  AQ reg is te r  i s  mul t ip l ied  by  
the  s igned  f loa t ing  po in t  number  in  y  and  y  +  1 .  The  product  i s  conta ined  in  AQ.  
This  product  wi l l  be  normal ized  and  cor rec t  on ly  i f  bo th  numbers  were  or ig ina l ly  
normal ized .  

Opera t ion  Space  y .  b  

FM t  base  address  

Examples :  

FM LABEL 77  03  0  01234 
FM LABEL,  B2 77  03  2  01234 

4 .8 .6 .4 .  F l o a t i n g  P o i n t  D i v i d e  (7705)  F D  

The s igned  f loa t ing  poin t  number  in  the  AQ reg is te r  i s  d iv ided  by  the  s igned  
f loa t ing  poin t  number  in  y  and  y  + 1 .  Both  numbers  mus t  be  normal ized  pr ior  to  
the  d iv ide  sequence .  The  normal ized  quot ien t  wi l l  be  in  the  AQ reg is te r ;  any  
remainder  wi l l  be  d i scarded .  

Opera t ion  Space  y .  b  

FD base  address  

Examples :  

FD LABEL 77  05  0  01234 
FD LABEL,  B1 77  05  1  01234 

4 .8 .6 .5 .  F l o a t i n g  P o i n t  P a c k  ( 7 7 0 6 )  F P  

This  opera t ion  forms  a  f loa t ing  poin t  number  in  A and  Q us ing  as  i t s  mant i ssa ,  
the  va lue  in  AQ,  and  as  i t s  charac te r i s t ic ,  the  b iased  va lue  represen ted  by  y .  

Opera t ion  Space  y .  b  

FP -b base  address  

The  mant i ssa  in  the  combined  AQ reg is te r  i s  normal ized .  A b iased  charac te r i s t ic  
i s  then  taken  f rom y  and  inser ted  in  b i t s  A29 — A18 of  the  AQ reg is te r .  

Example :  

FP  LABEL 77  06  0  01234 
FP LABEL,  B6 77  06  6  01234 
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4.8 .6 .6 .  F l o a t i n g  P o i n t  U n p a c k  ( 7 7 0 7 )  F U  

This  opera t ion  separa tes  the  charac te r i s t ic  and  mant i ssa  of  the  f loa t ing  poin t  
number  in  AQ.  

Opera t ion  Space  y .  b  

FU t  address  

A pos i t ive ,  b iased  charac te r i s t ic  i s  taken  f rom the  AQ reg is te r  and  s tored  a t  
y .  Bi t s  A29 — A18 of  the  AQ reg is te r  a re  s ign  f i l l ed .  

Examples :  

FU 
FU 

LABEL 
LABEL,  B4 

77  07  0  01234 
77  07  4  01234 

4 .8 .7 .  Dec imal  Ar i thmet ic  

These  opera t ions  expec t  f ixed  po in t ,  zoned  b inary-coded-dec imal ,  double  prec is ion  
operands  which  cons is t  of  10  s ix-b i t  charac te rs  conforming  to  a  prede te rmined  code  
s imi la r  to  the  F ie lda ta  code .  The  "Z"  (zone)  b i t s  shown in  F igure  2—3 a re  a rb i t ra ry  
and  have  no  e f fec t  on  a r i thmet ic  opera t ions .  However ,  the  f i f th  b i t  o f  the  lowes t  
o rder  d ig i t  i s  a  s ign  b i t .  A pos i t ive  zoned  BCD operand  i s  the  same as  a  nega t ive  
zoned  BCD operand  (having  the  same abso lu te  va lue) ,  except  for  the  s ign  b i t .  
(See  F igure  2—3.)  

Dec imal  a r i thmet ic  ins t ruc t ions  inc lude :  

•  Decimal  Tes t  AQ 

•  Decimal  Add 

•  Decimal  Add With  Car ry  

•  Decimal  Subt rac t  

•  Decimal  Subt rac t  Wi th  Borrow 

•  Decimal  Complement  AQ 

•  Decimal  Tes t  Less  

•  Decimal  Tes t  Equal  

•  Conver t  Lower  

•  Conver t  Upper  

4 .8 .7 .1 .  D e c i m a l  T e s t  A Q  ( 7 7 1 0 )  D T  

This  opera t ion  tes t s  the  dec imal  conten ts  of  AQ for  one  or  more  of  the  
op t ions  l i s ted  be low.  

Opera t ion  Space  y .  b  

DT t  See  l i s t  w r ich  fo l lows  
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Wherever  there  i s  a  1  b i t  in  the  operand ,  per form the  tes t  ind ica ted  in  the  fo l lowing  
tab le  for  tha t  b i t  pos i t ion .  I f  a  condi t ion  i s  sa t i s f ied  in  one  or  more  of  the  t es t s  
(more  than  one  tes t  may be  spec i f ied) ,  sk ip  the  next  sequent ia l  ins t ruc t ion .  I f  
none  of  the  condi t ions  i s  sa t i s f ied ,  or  no  t es t s  a re  ind ica ted ,  advance  to  the  
next  sequent ia l  ins t ruc t ion .  

I f  t he re  i s  a  1  
in  b i t  pos i t ion  

and  then  

0 over f low des igna tor  =  1  (on)  

1  over f low des igna tor  =  0  (of f )  

2  (AQ)  t  0  and  s ign  i s  +  

3  (AQ)  = 0  (neglec t ing  s ign)  

4  (AQ)  ^  0  and  s ign  i s  — sk ip  next  
sequent ia l  
ins t ruc t ion  5  s ix th  dec imal  d ig i t  in  AQ /  0  

sk ip  next  
sequent ia l  
ins t ruc t ion  

6  seventh  dec imal  d ig i t  in  AQ ^  0  

7  e igh th  dec imal  d ig i t  in  AQ i  0  

8  n in th  dec imal  d ig i t  in  AQ ^  0  

9  ten th  dec imal  d ig i t  in  AQ i  0  

10  (AQ)  i  0  (neglec t ing  s ign)  

N O T E S :  1.  Al l  t es t s  on  (AQ)  assume dec imal  format .  Zone  b i t s  a re  no t  t es ted .  
2 .  Bi t  pos i t ions  5  through 9  may be  used  to  de tec t  a  dec imal  number  

exceeding  one  word  in  length .  
3 .  Bi t  pos i t ions  11  through 17  of  the  ins t ruc t ion  word  have  no  

e f fec t  upon  the  ins t ruc t ion .  

Examples :  

DT 2000 77  10  0  02000 
DT 1*/11D 77  10  0  02000 

(Skip  the  next  ins t ruc t ion  i f  AQ^O)  

4 .8 .7 .2 .  Decimol  Add  (7711)  DA 

This  opera t ion  adds  two dec imal  numbers .  

Opera t ion  Space  y .  b  

DA "b base  address  

The  ten-charac te r  dec imal  conten ts  of  AQ are  added  to  the  dec imal  conten ts  of  
y  and  y  +  1 .  The  sum wi l l  be  le f t  in  the  AQ reg is te r .  The  zone  b i t s  of  AQ wi l l  
no t  be  changed .  
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Examples :  

DA 
DA 

LABEL 
LABEL,  B6 

77 11 0  01234 
77 11 6  01234 

4 .8 .7 .3 .  Dec ima l  A dd  Wi th  Ca r ry  (7715 )  DAC 

This  opera t ion adds  two decimal  numbers  and a  carry  i f  present .  

Opera t ion Space  y .  b  

DAC t  base  address  

The contents  of  y  and y  + 1  are  added to  the  AQ regis ter .  I f  the  carry  has  been 
genera ted  f rom a  previous  decimal  opera t ion,  the  carry  i s  added in to  the  leas t  
s igni f icant  pos i t ion  to  enable  mul t iprecis ion opera t ions .  

Examples :  

DAC 
DAC 

LABEL 
LABEL,  B1 

77 15 0  01234 
77 15 1  01234 

4 .8 .7 .4 .  Dec ima l  Su b t r ac t  ( 7712 )  DAN 

This  opera t ion subtrac ts  two decimal  numbers .  

Opera t ion Space  y .  b  

DAN t  base  address  

The ten-character  decimal  contents  of  y  and y + 1  are  subtrac ted  f rom the  con­
tents  of  the  AQ regis ter .  The s igned resul t  wi l l  be  in  AQ.  The zone b i ts  which 
were  in  AQ wi l l  not  be  changed.  

Example:  

DAN LABEL 
DAN LABEL,  B3 

77 12 0  01234 
77 12 3  01234 

4 .8 .7 .5 .  D ec ima l  Sub t r ac t  Wi th  Bo r row  (7716 )  DANB 

This  opera t ion subtrac ts  two decimal  numbers  and a  "borrow" i f  necessary .  

Operat ion Space  y .  b 

DANB t  base  address  

The contents  of  y  and y  + 1  are  subtrac ted  f rom the  contents  of  the  AQ regis ter .  
I f  a  borrow has  been genera ted  f rom a  previous  decimal  opera t ion,  the  borrow i s  
subtrac ted  s tar t ing  from the  leas t  s igni f icant  pos i t ion .  I f  th is  opera t ion requires  
a  borrow,  the  borrow is  s tored for  a  succeeding decimal  opera t ion to  enable  
mul t iprecis ion opera t ions .  



Examples: 

DANB LABEL 77 16 0 01234 
DANB LABEL, B1 77 16 1 01234 

4.8.7.6. Decimal  Complement  AQ (7714)  DN 

The decimal number in the AQ register is converted to its decimal complement. If 
y is odd, the nines complement results (each digit is replaced by its difference 
from 9); if even, the tens complement (the nines complement plus one). The sign 
is unchanged. 

Operation Space y. b 

DN Number 

Example: 

DN 12345 77 14 0 12345 

4.8.7.7. Decimal  Tes t  Less  (7717)  DTL 

Skip the next instruction if the decimal number in AQ is less than the decimal 
number in "y and y + 1. Zone bits are ignored. 

Operation Space y. b 

DTL "fe base address 

Examples: 

DTL LABEL 77 17 0 01234 
DTL LABEL, B5 77 17 5 01234 

4.8.7.8. Decimal  Tes t  Equal  (7713)  DTE 

Skip the next instruction if the decimal contents of AQ equals the decimal 
contents of y and y + 1. Zone bits are ignored. 

Operation Space y. b 

DTE t base address 

Example: 

DTE LABEL 77 13 0 01234 
DTE LABEL, B7 77 13 7 01234 
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4 .8 .7 .9 .  D ec i m a l  Conver t  Lower  (7733 )  D C L 

This  opera t ion conver ts  decimal  to  b inary .  

Opera t ion Space  y .  b 

DCL t basi  5  address  

In i t ia te  a  t ransfer  and convers ion of  (y) i  by  conver t ing the  decimal  numbers  
in  b i t s  3—0 of  y  through y  + 4  to  b inary  in  AQ.  The AQ regis ter  must  have been 
in i t ia l ly  c leared.  

Examples :  

DCL 
DCL 

LABEL 
LABEL,  B6 

77 33 0  01234 
77 33 6  01234 

This  opera t ion i s  a  success ive  conver t -and-shi f t - lef t  opera t ion in to  the  AQ 
regis ter .  Only  the  f i rs t  34  bi t  pos i t ions  of  the  AQ regis ter  can be  used for  th is  
ins t ruct ion.  Thus ,  i t  i s  poss ib le  to  conver t  9 ,999,999,999 to  binary  by two 
success ive  convers ions  of  99999 s ince  th is  does  not  require  more  than 34 bi t  
pos i t ions .  The resul t  of  th is  opera t ion i s  not  af fec ted  .by any s ign bi t  in  a  decimal  
number ;  only  the  absolute  decimal  d ig i ts  are  conver ted .  

4 .8 .7 .10.  D ec i m a l  C o n v er t  Upper  (7734 )  DCU 

This  opera t ion conver ts  decimal  to  b inary .  

Operat ion Space  y .  b  

D C U  15  base  address  

In i t ia te  a  t ransfer  and convers ion of  (y) i  by  conver t ing the  decimal  numbers  in  
b i t s  18—15 of  y  through y  + 4  to  b inary  in  AQ.  The AQ regis ter  must  have been 
in i t ia l ly  c leared.  As  descr ibed for  the  DCL opera t ion (see  4 .8 .7 .9)  only  34 
bi ts  are  avai lable  in  the  AQ regis ter  for  th is  conver t -and-shi f t - lef t  opera t ion.  

Examples :  

DCU 
DCU 

LABEL 
LABEL,  B1 

77 34 0  01234 
77 34 1  01234 

4 .9 .  LOGICAL OPERATIONS 

Logical  ins t ruct ions  provide  the  programmer  wi th  the  means  of  opera t ing upon speci f ic  
b i t s  of  a  word.  These  logical  opera t ions  are  the  logical  product  (LP) ,  the  OR opera t ion,  
the  NOT opera t ion,  the  Exclus ive  OR opera t ion,  and the  se lec t ive  subst i tu te .  The 
logical  opera t ion i s  performed upon the  b i t s  in  the  same corresponding bi t  pos i t ions  
of  each of  the  words  to  form the  resul t ing  word.  For  a l l  j  in terpre ta t ions  which use  the  
contents  of  a  regis ter  to  determine a  skip ,  i t  i s  a lways  the  f inal  s ta te  of  the  regis ter  
which i s  used for  j  in terpre ta t ion.  
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The logical product is generally used for "masking" (lifting the selected bits of a 
word and using 0 bits for unselected positions). This is accomplished by placing 
l's in the mask to select bits and O's for the other bits. Wherever there is a 1 in 
the mask, the corresponding bit of the operand will appear in the logical product. 
Wherever there is a 0 in the mask, a 0 will appear in the logical product. Thus,the 
logical product corresponds to the AND function — the logical product is a 1 when 
the mask and the operand are both l's; otherwise it is a 0. The following example 
illustrates the logical product: 

Mask 111 000 001 010 011 100 101 110 111 000 

Operand 010 100 110 000 001 011 110 HI 101 100 

LP 010 000 000 000 001 000 100 110 101 000 

The OR operation (selective set) is used to force l's into selected bits of the A 
register. Wherever there is a 1 in the operand a 1 is forced into the A register. If 
the A register bit is already a 1, it remains undisturbed. Wherever there is a 0 in 
the operand the A register bit remains undisturbed. Described differently, the result 
is a 1 if the A register bit is a 1 or the operand bit is a 1, or both. The following 
example illustrates operation of the selective set. 

Operand 010 100 110 000 001 011 110 111 101 100 

A register (initial) 111 000 001 101 011 100 101 110 111 000 

OR 111 100 111 101 Oil 111 111 111 111 100 

The NOT operation (selective clear) forces O's into selected bits of the A register. 
Wherever there is a 1 in the operand a 0 will be forced into the A register. If the A 
register bit is a 0 it remains undisturbed. Wherever there is a 0 in the operand the 
A register bit remains undisturbed. The selective clear can also be regarded as a 
modified masking operation. Wherever there is a 0 in the operand (mask) the cor­
responding bit of the accumulator is lifted and placed in the final result. The fol­
lowing example illustrates operation of the NOT operation: 

Operand 010 100 110 000 001 011 110 111 101 100 

A register (initial) 111 000 001 101 011 100 101 110 111 000 

A register (final) 101 000 001 101 010 100 001 000 010 000 

The Exclusive OR operation (selective complement) operates upon selected bits 
of the A register. Wherever there is a 1 in the operand, the A register bit is ones 
complemented. Described differently, if either of the two corresponding bits, but not 
both, is a 1, the result is a 1 bit. 

Operand 010 100 110 000 001 011 110 111 101 100 

A register (initial) 111 000 001 101 011 100 101 110 111 000 

Exclusive OR 101 100 111 101 010 111 011 001 010 100 
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The se lec t ive  subst i tu te  replaces  se lec ted  bi ts  in  the  A regis ter  wi th  the  corres­
ponding bi t  of  the  operand.  Selec t ion i s  performed by the  Q regis ter  — for  each 1  bi t  
in  the  Q regis ter  the  subst i tu t ion i s  made.  The fol lowing example  i l lus t ra tes  oper­
a t ion of  the  se lec t ive  subst i tu te :  

Q regis ter  

Operand 

A regis ter  ( in i t ia l )  

A regis ter  ( f ina l )  

4 .9 .1 .  Load  Log ica l  P roduc t  (40)  LLP 

101 010 000 111 100 Oi l  110 001 110 Oi l  

010 100 110 000 001 Oi l  110 111 101 100 

111 000 001 101 Oi l  100 101 110 111 000 

010 000 001 000 Oi l  111 111 111 101 000 

This  ins t ruct ion forms the  logical  product  of  the  contents  of  the  Q regis ter  and an  
operand and re ta ins  i t  in  the  A regis ter .  

Opera t ion k  Space  y b j  

LLP NORMAL READ CLASS B b 
See 

Table  4—6 

Example:  

LLP,W LABEL, ,EVEN 

4.9 .2 .  Store  Log ica l  P roduc t  (47)  SAND 

40 2  3  0  01234 

This  ins t ruct ion forms the  logical  product  of  the  contents  of  the  Q regis ter  and the  
A regis ter  and s tores  th is  product  in  a  s torage  locat ion.  

Operat ion k  Space  y b j 

SAND See Table  4—1 15 STORE CLASS B b NORMAL 

Example:  

SAND.L LABEL,B5 

4 .9 .3 .  Replace  Log ica l  P roduc t  (44)  RLP 

47 0  1  5  01234 

This  ins t ruct ion forms the  logical  product  of  the  contents  of  the  Q regis ter  and an  
operand,  re ta ins  the  logical  product  in  the  A regis ter ,  and s tores  th is  logical  pro­
duct  in  the  s torage  locat ion from which the  operand was  obta ined.  

Operat ion k  Space  y b j 

RLP NORMAL "6 REPLACE CLASS B b See 
Table 4—6 

Example:  

RLP ,W LABEL, ,ODD 44 3  3  0  01234 



4.9 .4 .  A d d  L o g i c a l  P r o d u c t  ( 4 1 )  A L P  

This  ins t ruc t ion  adds  the  conten ts  of  the  A reg is te r  to  the  log ica l  p roduct  of  the  
conten ts  of  the  Q reg is te r  and  an  operand .  The  sum i s  re ta ined  in  the  A reg is te r .  

Opera t ion  k  Space  y b j  

ALP NORMAL t READ CLASS B b NORMAL 

Example :  

ALP,X 77773 41  0  4  0  77773 

4 .9 .5 .  R e p l a c e  A  +  L o g i c a l  P r o d u c t  ( 4 5 )  R A L P  

This  ins t ruc t ion  forms  the  log ica l  p roduct  of  the  conten ts  of  the  Q reg is te r  and  an  
operand ,  then  adds  th i s  p roduct  to  the  conten ts  of  the  A reg is te r .  The  sum i s  re ­
ta ined  in  the  A reg is te r  and  i s  s tored  in  the  loca t ion  f rom which  the  operand  was  
ob ta ined .  

Opera t ion  k  Space  y b j 

RALP NORMAL "5 REPLACE CLASS B b NORMAL 

Example :  

RALP.LX LABEL,B4 45  0  5  4  01234 

4 .9 .6 .  S u b t r a c t  L o g i c a l  P r o d u c t  (42)  A N L P  

This  ins t ruc t ion  subt rac t s  the  log ica l  product  o f  the  conten ts  of  the  Q reg is te r  
and  an  operand  f rom the  conten ts  of  the  A reg is te r .  The  d i f fe rence  i s  re ta ined  in  
the  A reg is te r .  

Opera t ion  k  Space  y b j  

ANLP NORMAL 15 READ CLASS B b NORMAL 

Example :  

ANLP,  W LABEL, ,QPOS 42  2  3  0  01234 

4 .9 .7 .  R e p l a c e  A  —  L o g i c a l  P r o d u c t  ( 4 6 )  R A N L P  

This  ins t ruc t ion  forms  the  log ica l  product  of  the  conten ts  of  the  Q reg is te r  and  an  
operand ,  then  subt rac t s  th i s  product  f rom the  conten ts  of  the  A reg is te r .  The  d i f ­
fe rence  i s  re ta ined  in  the  A reg is te r  and  i s  s tored  in  the  loca t ion  f rom which  the  
operand  was  obta ined .  

Opera t ion  k Space  y b j 

RANLP NORMAL 1 REPLACE CLASS Bb NORMAL 



Example :  

RANLP.UX LABEL,  B3  46  0  6  3  01234  

4 .9 .8 .  O R  (50)  O R  

This  ins t ruc t ion  fo rces  1  b i t s  in to  se l ec ted  b i t  pos i t ions  o f  t he  A reg i s t e r .  For  
co r respond ing  b i t  pos i t ions  o f  ope rand  and  A reg i s t e r ,  a  1  b i t  w i l l  be  fo rced  in to  
the  f ina l  A  where  e i the r ,  o r  bo th ,  t he  in i t i a l  A  reg i s t e r  o r  t he  operand  has  a  1  b i t ;  
o the rwise ,  a  0  b i t  w i l l  occur  in  the  f ina l  A  reg i s t e r .  

Opera t ion  k  Space  y b  j  

OR NORMAL h  READ CLASS B b  NORMAL 

Example :  

OR,W LABEL 50  0  3  0  01234  

4 .9 .9 .  R e p l a c e  O R  ( 5 4 )  R O R  

This  ins t ruc t ion  compares  the  b i t s  o f  t he  in i t i a l  A r eg i s t e r  wi th  co r respond ing  b i t s  
o f  t he  ope rand .  Where  a t  l eas t  one  b i t  i s  a  1  b i t ,  a  1  b i t  i s  fo rced  in to  the  f ina l  A 
r eg i s t e r ;  o the rwise ,  a  0  appea r s  in  the  f ina l  A  reg i s t e r .  Af te r  the  se l ec t ive  se t  
opera t ion  i s  pe r fo rmed ,  t he  r e su l t  i s  r e t a ined  in  the  A reg i s t e r  and  i s  a l so  s to red  
in  the  loca t ion  f rom which  the  operand  was  ob ta ined .  

Opera t ion  k Space  y b  j 

ROR NORMAL t REPLACE CLASS B b  NORMAL 

Example :  

ROR.UX LABEL,1  54  0  6  1  01234  

4 .9 .10 .  E x c l u s i v e  O R  ( 5 1 )  X O R  

This  ins t ruc t ion  compares  the  b i t s  o f  t he  operand  wi th  the  co r respond ing  b i t s  o f  t he  
in i t i a l  A  r eg i s t e r  to  fo rm the  Exc lus ive  OR func t ion  in  the  f ina l  A r eg i s t e r .  Wherever  
e i the r ,  bu t  no t  bo th ,  o f  t he  co r respond ing  b i t s  i s  a  1 ,  a  1  i s  fo rced  in to  the  f ina l  A 
r eg i s t e r ;  o the rwise ,  a  0  occurs  in  the  f ina l  A  reg i s t e r .  

Opera t ion  k Space  y b  j 

XOR NORMAL •E READ CLASS B b  NORMAL 

Example :  

XOR 77777  51  0  0  0  77777  
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4 .9 .11 .  Replace  Exc lus ive  OR (55)  RXOR 

This  ins t ruc t ion  forms  the  Exclus ive  OR func t ion  of  y  and  A as  descr ibed  for  the  
prev ious  ins t ruc t ion  and  a l so  rep laces  the  or ig ina l  y  by  the  Exclus ive  OR func t ion .  

Opera t ion  k  Space  y b  j  

RXOR NORMAL t REPLACE CLASS B b NORMAL 

Example :  

RXOR,U LABEL 55  0  2  0  01234 

4 .9 .12 .  NOT (52)  NOT 

This  ins t ruc t ion  wi l l  c lear  se lec ted  b i t  pos i t ions  of  the  A reg is te r  to  zero .  A 1  
bi t  in  an  operand  b i t  pos i t ion  c lears  the  cor responding  b i t  pos i t ion  in  the  A 
reg is te r .  

Opera t ion  k  Space  y b  j 

NOT NORMAL t READ CLASS B b NORMAL 

Example :  

NOT.W LABEL,B6 52  0  3  6  01234 

4 .9 .13 .  Replace  NOT (56)  RNOT 

This  ins t ruc t ion  c lears  se lec ted  b i t  pos i t ions  of  the  A reg is te r .  The  b i t  pos i t ions  
tha t  a re  c leared  a re  de te rmined  by  the  presence  of  1  b i t s  in  the  cor responding  
b i t  pos i t ions  of  the  operand .  Af te r  the  NOT opera t ion  i s  per formed,  the  resu l t  i s  
re ta ined  in  the  A reg is te r  and  i s  a l so  s tored  in  the  s torage  loca t ion  f rom which  
the  operand  was  ob ta ined .  

Opera t ion  k  Space  y b  j 

RNOT NORMAL REPLACE CLASS B b NORMAL 

Example :  

RNOT,L LABEL, .SKIP 56  1  1  0  01234 

4 .9 .14 .  Se lec t ive  Subst i tu te  (53)  SSU 

This  ins t ruc t ion  rep laces  the  conten ts  of  se lec ted  b i t  pos i t ions  of  the  A reg is te r  
wi th  the  conten t  of  cor responding  b i t  pos i t ions  in  an  operand .  The  b i t  pos i t ions  
se lec ted  for  rep lacement  a re  de te rmined  by  the  presence  of  1  b i t s  in  the  cor res ­
ponding  b i t  pos i t ions  of  the  Q reg is te r .  
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Operat ion k  Space  y b j  

SSU NORMAL b  READ CLASS B b NORMAL 

Example:  

SSU.X 11000 

4 .9 .15.  Rep lace  Se l ec t i ve  Subs t i t u t e  (57 )  RSSU 

53 0  4  0  11000 

This  ins t ruct ion replaces  the  contents  of  se lec ted  bi t  pos i t ions  of  the  A regis ter  
wi th  the  contents  of  se lec ted  bi t  pos i t ions  of  the  operand.  The bi t  pos i t ions  that  
wi l l  be  replaced are  determined by 1  bi ts  in  the  corresponding bi t  pos i t ions  of  the  
Q regis ter .  Af ter  the  se lec t ive  subst i tu te  opera t ion i s  performed,  the  resul t  i s  
re ta ined in  the  A regis ter  and i s  a lso  s tored in  the  locat ion f rom which the  
operand was  obta ined.  

Operat ion k  Space  r  b j  

RSSU NORMAL b  R E P L A C E  CLASS B b NORMAL 

Example:  

RSSU ,LX LABEL 

4.9 .16.  Appl i ca t i on  o f  Log i ca l  I n s t ruc t i ons  

57 0  5  0  01234 

The uses  of  logica l  ins t ruct ions  are  var ied .  An individual  example  i s  meaningless  
unless  seen in  i t s  context .  The por t ion of  coding presented below is  des igned to  
add two numbers  in  Fie ldata  code to  produce a  sum in  Fie ldata  code.  

MASK 6060606060 
ADJ 5252525252 

LQ,W FD1 (1)  
ANQ.W ADJ (2)  
AQ,  W FD2 (3)  
LLP,W MASK (4)  
LSAQ 30D (5)  
LSQ 27 D (6)  
OR,  W MASK (7)  
SANQ,W FDSUM (8)  
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As an example: FD1 = 12345 and FD2 - 1234. 

The result will be 24690 (FDSUM). The following operations are performed: 

(1) The first number is entered in the Q register. 

(2) An adjusting value (ADJ) is subtracted from this number, and 

(3) the second number is added to the first number as follows: 

6162636465 (FD1, in Fieldata) 
5252525252 (ADJ) 

0710111213 
6162636465 (FD2, in Fieldata) 

7072747700 (Contents of Q register) 

(4) The logical product of the contents of the Q register and the operand MASK 
is formed and entered in the A register as follows: 

111000 111010 111100 111111 000000 (Q) 
110000 110000 110000 110000 110000 (MASK) 

110000 110000 110000 110000 000000 (A) 

(5) The contents of A and Q are interchanged by a 30-bit left shift of AQ, and 

(6) the resulting contents of Q are shifted to account for a carry from one 
Fieldata digit to the next. The result of these operations appears in Q 
as follows: 

000110 000110 000110 000110 000000 

(7) An OR operation, and 

(8) a storage of AQ results in the sum of the two Fieldata numbers as follows: 

111000 111010 111100 111111 000000 (A) 
110000 110000 110000 110000 110000 (MASK) 

111000 111010 111100 111111 110000 (A) 
000110 000110 000110 000110 000000 (Q) 

1100 10 110100 110110 111001 110 000 (FDSUM) 

62 64 66 71 60 (24690 in Fieldata) 
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4.10 .  PSEUDO-OPS 

The  te rm "pseudo-ops"  re fe rs  to  tha t  group  of  ins t ruc t ions  which  a re  ac tua l ly  
spec i f ic  var ia t ions  of  a  bas ic  ins t ruc t ion .  A pseudo-op  i s  a  fac i l i ty  of fe red  by  
the  UNIVAC 494 Assembler  to  the  programmer ,  whereby  of ten-used  ins t ruc t ions  
can  be  source  coded  wi thout  j  and  k  des igna tors  and  wi th  impl ic i t  operands .  This  
fea ture  i s  s imi la r  to  the  s ing le -ops  of  UNIVAC 494 SPURT.  Each  pseudo-op  
occupies  one  word  of  memory .  

Pseudo-ops  fa l l  in to  two c lasses  — da ta  t ransfer  and  l inkage  pseudo-ops .  Al though 
the  NOP (No Opera t ion)  pseudo-op  i s  technica l ly  a  da ta  t ransfer  pseudo-op ,  i t  
mer i t s  descr ip t ion  as  a  l inkage  pseudo-op  because  of  i t s  many appl ica t ions  in  th i s  
a rea .  

4 .10 .1 .  Data  Transfer  Pseudo-Ops  

The  pseudo-ops  of  th i s  group  have  a l ready  been  descr ibed  in  4 .3  and  a re  l i s ted  
here  (Table  4—7)  for  re fe rence  purposes  toge ther  wi th  the i r  counterpar t s  in  
UNIVAC 494 SPURT.  

494  SEE 494 
ASSEMBLER SECTION SPURT 

ZB 4 .3 .4  CL*B n  

ZQ 4 .3 .8  CL*Q 
NQ 4 .3 .9  CP*Q 
NA 4 .3 .11  CP*A 
ZA 4 .3 .12  CL*A 
SZ 4 .3 .14  CL*Y 

Table 4—7.  Data Transfer Pseudo-Ops 

4.10 .2 .  L inkage  Pseudo-Ops  

Linkage  pseudo-ops  a re  used  for  b lock  and  subrout ine  cont ro l  and  compr ise  the  
NOP,  ENTRY,  and  EXIT pseudo-ops .  

4 .10 .2 .1 .  NOP Pseudo-OP 

The  NOP pseudo-op  ( see  4 .3 .5)  cor responds  to  the  NO-OP of  UNIVAC 494 
SPURT.  Appl ica t ions  of  the  NOP in  subrout ine  l inkage  inc lude  i t s  use  as :  
(1)  a  log ica l  swi tch  to  a l te r  program f low;  (2)  a  furn isher  of  a rguments  to  
a  ca l led  subrout ine ;  (3)  an  en t ry  poin t  of  a  subrout ine .  The  fo l lowing  examples  
i l lus t ra te  these  uses .  
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Example as logical switch: 

SWITCH2 NOP 

LA,W SWITCHX 

SA,W SWITCH2 

SWITCHX J OUT 

Example as argument list: 

SLJ SUBR 
NOP 50 D 
NOP 10—A 
NOP B 

In this example, each of the NOP's contains data in the rightmost portion of the 
word which can be as an argument in subroutine SUBR. When control is returned 
to the instruction following the SLJ instruction, the NOP's act as a "fall-through 
sequence, and control will actually be returned to the first instruction following 
the last NOP. 

Example as entry point: 

SUBRN NOP A 

J,L SUBRN 

The return address is represented by A. 
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4.10.2.2. ENTRY and EXIT Pseudo-Ops 

The ENTRY and EXIT pseudo-ops are the standard entrance to, and exit from, 
a subroutine. Each of these pseudo-ops is a special form of the Jump instruction 
(see 4.6.1). The difference between the two is that a k designator of 0 is generated 
for the ENTRY and a k designator of 1 for the EXIT. 

The ENTRY mnemonic is the first line of the subroutine and, therefore, should have 
a label which is the name of the subroutine. The jump to a subroutine is the SLJ 
instruction (see 4.6.3) which places the return address in the rightmost half 
(lower half) of the computer instruction generated by ENTRY. 

An EXIT pseudo-op can appear wherever an exit from the subroutine is desired. 
More than one EXIT can be used in a subroutine if alternate paths are present. 
The computer instruction generated will refer back to the return address that was 
placed in the computer address associated with ENTRY. The use of j designators 
is permitted. 

LABEL OPERATION y j  

name ENTRY none none 

OPERATION y j  

EXIT none 
see 

4.6.1 

Example: 

CHKINPUT ENTRY 

Computer Code 

02244 6100000000 

EXIT 02277 6101002244 

SLJ CHKINPUT 
(return address) 

04322 
04323 

6500002244 
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5 .  A S S E M B L Y  D I R E C T I V E S  

5.1 .  GENERAL 

Symbol ic  assembly  d i rec t ives  d i rec t  and  cont ro l  the  assembly  processor  jus t  as  oper ­
a t ion  codes  d i rec t  and  cont ro l  the  cen t ra l  p rocessor .  Di rec t ives  a re  represen ted  by  
mnemonics  wr i t ten  in  the  opera t ion  f ie ld  of  a  l ine  of  symbol ic  coding .  The i r  uses  a re  
var ied :  to  equa te  express ions ;  to  ad jus t  the  loca t ion  counter  va lue ;  to  of fe r  the  pro­
grammer  spec ia l  cont ro ls  over  the  genera t ion  of  ob jec t  coding .  Di rec t ives  a re  pro­
cessed  as  encountered  by  the  assembler .  

Some d i rec t ives  do  not  cause  genera t ion  of  ob jec t  code  whi le  o thers  cause  genera t ion  
of  more  than  one  l ine  of  ob jec t  code .  Some d i rec t ives  may appear  anywhere  wi th in  an  
assembly  whi le  o thers  a re  l imi ted  to  PROC's  and  FUNC's .  Those  d i rec t ives  which  a re  
l imi ted  to  PROC and  FUNC di rec t ives  a re  d i scussed  in  the  next  sec t ion  (Sec t ion  6) .  

The  d i rec t ives ,  d i scussed  in  th i s  sec t ion ,  no t  l imi ted  to  PROC's  and  FUNC's  a re :  

EQU (Equate)  

RES (Reserve)  

LIT (Li te ra l )  

FORM (Format )  

START 

END 

DLD (Double  Length  Data)  

UTAG 

DO 

COMMON 

•  BLOCK-DATA 

•  XREF 

•  EDEF 

•  EXPRESSION 

•  INPUT or  INPUTFORM 

•  LET 

•  UNLIST 

•  LIST 

5 .2 .  EQU (EQUATE)  

The  EQU di rec t ive  equa tes  the  labe l  ( in  the  labe l  f ie ld)  to  the  va lue  of  the  express ion  
or  i t em in  the  operand  f ie ld .  

This  va lue  may be  re fe renced  in  any  succeeding  l ine  by  use  of  the  labe l  equa ted  to  
i t .  I f  a  l abe l  i s  to  be  ass igned  a  va lue  by  the  programmer ,  i t  mus t  appear  in  the  labe l  
f ie ld  of  an  EQU l ine  before  i t  i s  cons idered  def ined .  Only  then  may i t  be  used  or  
re fe renced  in  subsequent  l ines  of  symbol ic  coding .  I f  i t  i s  re fe renced  pr ior  to  the  
EQU l ine  in  which  i t  was  equa ted ,  the  labe l  i s  cons idered  undef ined .  
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Example:  

T3 EQU 30D 
T1 EQU 0500 

LA T1 11 0  0  0  00500 
LA,  1  T3,B2 11 0  1  2 00036 

The EQU direc t ive  does  not  permit  redef in i t ion  of  a  label .  Thus ,  

A EQU A+2 

i s  inval id  s ince  i t  involves  redef in i t ion  of  a  label .  

5 .3 .  RES (RESERVE) 

The RES direc t ive  may be  used to  crea te  work "areas  for  da ta  or  to  speci fy  absolute  
locat ion counter  pos i t ioning to  the  assembler .  I f  a  label  i s  p laced on the  coding l ine  
which conta ins  a  RES di rec t ive ,  the  label  i s  equated to  the  present  value  of  the  lo­
ca t ion counter ,  which i s  in  ef fec t  the  address  of  the  f i rs t  reserved word.  I t s  immedia te  
ef fec t  i s  to  increment  (or  decrement)  the  control l ing  locat ion counter  by the  number  
of  words  speci f ied  by an  i tem or  express ion in  the  operand.  The RES di rec t ive  may 
not  be  used as  the  f i rs t  code-genera t ing s ta tement  of  a  program.  

Example:  

TABLE RES 50D 
SA,  W TABLE + 5  

The SA ins t ruct ion wi l l  s tore  the  contents  of  the  A regis ter  in  the  s ix th  word of  the  
area  reserved for  TABLE.  

5 .4 .  LIT (LITERAL) 

The LIT di rec t ive  def ines  a  c lass  of  l i te ra ls  which are  p laced under  the  control  of  a  
speci f ic  control  counter .  Only  one  LIT di rec t ive  i s  a l lowed under  each control  counter .  
The di rec t ive  may have a  label .  

Use  of  the  label  wi th  a  l i te ra l  wi l l  p lace  the  l i te ra l  genera ted  in  the  table  of  l i te ra ls  
associa ted  wi th  the  control  counter  current  a t  the  t ime the  re la ted  LIT di rec t ive  was  
encountered.  The or ig in  of  the  l i te ra l  table  fo l lows the  las t  coding l ine  of  the  spec­
i f ied  control  counter .  Dupl ica te  l i te ra ls  are  d iscarded in  each table ,  but  may exis t  in  
separa te  l i te ra l  tables .  

Through the  use  of  LIT di rec t ives ,  a  number  of  separa te  l i te ra l  tables  can be  crea ted .  
In  the  absence  of  a  LIT di rec t ive ,  a l l  l i te ra ls  wi l l  be  p laced in  the  l i te ra l  table  under  
control  of  locat ion counter  zero .  The ent r ies  in  the  label  f ie ld  of  a  LIT di rec t ive  com­
ply  wi th  the  ru les  of  label ing.  

I f  a  l i te ra l  table  which i s  not  under  the  control  of  control  counter  zero  i s  required ,  a  
LIT di rec t ive  i s  used.  I f  a  LIT di rec t ive  has  no label ,  al l  l i te ra ls  which are  not  pre­
ceded by a  label  wi l l  be  p laced in  the  l i te ra l  table  des ignated by th is  LIT di rec t ive .  
There  may be  only  one  LIT di rec t ive  in  a  program which does  not  have a  label  asso­
c ia ted  wi th  i t .  
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If a LIT directive has a label, all literals to be placed in this literal table must be 
preceded by the label associated with this LIT directive. 

Example 1: 

LA,3 -.05; 

The octal literal 0000000005 will be placed in the literal table controlled by counter 
zero. 

Example" 2: 

$(3) LIT 
LA,W :05; 

The octal literal 0000000005 will be placed in the literal table controlled by counter 
three. 

Example 3: 

$(3),BILL LIT 
LA,3 :5D; 
LB,W 2,BILL:0100; 

The octal literal 0000000005 will be placed in the literal table controlled by counter 
zero. The octal literal 0000000100 will be placed in the literal table controlled by 
counter three. 

5.5. FORM (FORMAT) 

The FORM directive is a means of describing a special word format designed by the 
user. This word format may comprise fields of variable length (within the word). The 
length in bits of each field is defined by the user through expressions in the operand 
field of a FORM line. The value of each expression specifies the number of bits 
desired in its respective field. 

The number of bits specified by the sum of the values of the operand expressions 
cannot exceed 30 (the size of a UNIVAC 494 word). The assembler uses the values 
of the operand expressions within the FORM line to create a control pattern that 
dictates a word format. 

A reference to the word format is accomplished by writing the label of the FORM 
directive in the operation field followed by a series of expressions in the operand 
field which specify the value to be inserted in each field of a generated word. A 
reference to a specific FORM label will always create a word composed of fields in 
the same format. Of course, the contents of the fields may vary according to the 
expression values in the referencing line. 
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Example :  

1 1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1 1  1 -

l | N | S | T | R |  |  |  i i  1  F |  0 |  Ri  Mi  i  i  i  i  i  | 6  i ,  | 3  | ,  ,3  ,  ,  |  31,  |  1151 |  |  |  |  |  |  j_ 

i  i  i  i  I I I  1  l  I '  l N l S  l T  l R  1  1  L  i  i  1 °  i 1  i  4 i  » i  ° i  '  i 4 i  '  i ° i '  1 ° i  5 > ° i °  i ° i  i  1  

The  re loca tab le  ins t ruc t ion  tha t  wi l l  be  genera ted  a longs ide  the  second  l ine  wi l l  be  
14  0  4  0  05000.  

5 .6 .  START 

The  START assembly  d i rec t ive  def ines  the  s ta r t ing  l ine  en t ry  po in t  of  a  program 
por t ion .  No labe l  i s  used  wi th  th i s  d i rec t ive .  The  opera t ion  f ie ld  i s  START;  the  
operand  f ie ld  i s  the  labe l  of  a  l ine  to  which  cont ro l  wi l l  be  t ransfer red .  

Example :  

i  i  i  i  i  i  i  i  i  IS  iT ,  A,  R ,  T ,  i  i  i  i  1B i  E  i G11  i  Ni  i  i  i  i  1  i  i  i  i  i  i  i  

5 .7 .  END 

The  charac te rs  END in  the  opera t ion  f ie ld  s igna l  the  end  of  an  assembly .  This  
end-of -assembly  ind ica tor  may be  omi t ted ,  bu t  such  a  prac t ice  i s  no t  recommended .  
When th i s  d i rec t ive  i s  omi t ted ,  the  requi red  OMEGA »END wi l l  ind ica te  the  f ina l  
source  card  of  an  e lement .  
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# 5.8 .  DLD (DOUBLE LENGTH DATA) 

The  DLD assembly  d i rec t ive  permi ts  a  two-word  l i t e ra l  to  be  spec i f ied  by  one  l ine  
of  coding .  The  assembler  wi l l  genera te  the  l i t e ra l  and  ass ign  i t  to  two consecut ive  
memory  loca t ions .  A labe l  may be  used ,  i f  requi red .  The  opera t ion  f ie ld  i s  DLD.  The  
operand  i s  the  l i t e ra l  and  may be  an  oc ta l ,  dec imal ,  f loa t ing  poin t ,  o r  in te rna l  dec imal  
(F ie lda ta )  va lue ,  a s  shown in  the  fo l lowing:  

1 1 1  1  1  1  1  1  I  i  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  !  1  1  

A  A i  i  i  i  i  i  i  i  D  |L  i D ,  i  i  i  i  i  i  | 4  11  |  7  7  3  6 , 4 , 3 , 2  1  1 7 , 6 , 6 , 4 , 2 ,  1 1 

. . A . D . D . R . E . S . S ,  A I A I  i  $  i  T ,  0 ,  R ,  E  |  S  |  | 0 , 0 |  0  0  0  4 , 1 , 7 , 7  3  I i  i  i  i  i  1  1  

. .A .D.D.R.E.S  .S .  A  i  A i  + i  ^ i  i  i  i  i  i  1^  i ^ ,  3  2  1  7 , 6 , 6 , 4  2  I i  i  i  i  i  1  1  

B  i  i  i  i  i  i  i  * " i D  1^  i 6  8  7  0 , 9 , 1 , 2  i  i  i  i  i  I  1  
• i  A  i D ,  D,  R ,  E ,  S  |  Sj  B , B ,  , 5 , 1 , 0 , R , E , S ,  1 0 , 0 .  0  0  0  

o
 

o
 

o
 

o
 ®  1 i  i  i  i  i  1  1  

. | A |  D |  D |  R |  E | S  , S ,  B i B i + i ^ I  i  i  i  i  i  1 ^  i  o .  0  0  0  

o
 

o
 

o
 

o
 0  i  i i  i i  i 1 1  

C  * " I I I  i  i  i  i  i  D  i  L i D  1 1  i  6  i  3  8  4  . , 0 ,  ,  1 i  i  i  i  i  |  1 

i  A ,  D,  D |  R,  E  |  S ,  S ,  j C  i C |  |  S |  T |  0 ,  R |  E ,  S  |  |2  |  0  |  1 7  4  

o
 

o
 

o
 

o
 01  i  i  i  i  i  1  1  

, i  A i  D |  D |  R,  E  |  S  ,S  |  j I +  I  ^  I  I  I  I  I  I  1  O  I  O  |  0 0  0  

o
 

o
 

o
 

o
 ®  1 1  1  

D  D |  1 D 1 L i  D I  1  i  1  1  1  1  | 6  1 6 1  6  1 1 1  1  1  1  1  1  1  1  i  i  • , ,A  |  D,  D (  R,  E ,S  ,S  |  |  D . D ,  . S . T . O . R ,  E , S  ,  1 6 , 0 ,  6  0  6  0 , 6 , 0 , 6  0 |  i  i  i  i  i  1  1  
. M . M ,  I  D I D I  +  I 1 I  I  I  I  I  I  1 ^  I ®  I  6 0  6  6 , 6 , 6 , 6  6 1 1 1 

5 .9  .  UTAG 

The  UTAG assembly  d i rec t ive  enables  d iv i s ion  of  a  computer  word  in to  upper  and  
lower  ha lves .  Any va l id  express ion ,  cons tan t ,  o r  var iab le  can  be  suppl ied  for  the  
upper  and  lower  por t ions .  The  assembler  wi l l  eva lua te  each  and  genera te  the  resu l tan t  
va lues  as  the  upper  and  lower  por t ions  of  the  word .  This  d i rec t ive  i s  par t icu la r ly  use­
fu l  for  the  prepara t ion  of  jump tab les .  

A labe l  may be  used ,  i f  requi red .  The  opera t ion  i s  UTAG.  The  operand  cons is t s  of  two 
subf ie lds ,  each  of  which  may be  a  va l id  a r i thmet ic  express ion  or  a  cons tan t .  The  va lue  
of  the  f i r s t  subf ie ld  i s  s tored  in  the  upper  por t ion  of  the  computer  word ;  the  second ,  in  
the  lower  por t ion .  A maximum of  15  b i t s  i s  ava i lab le  for  each  por t ion .  

• 



Examples :  

T ,  A,  B  L  E | | 1 u  ,T  A G i |A  B L E i  B A Ki  E  i R l  i  i  i  i  i  

•  ,  ,  T  H E | 
C i °  M P | U , T  E R A S  s  i 1  G | N  E D A D|  D R E  S |  S  E S i  i  i  i  i  

•  i  i  A  B L  E ,  l A  N D|  |  B A K E R w  | !  L I L  B E S , U  B i  S  ,  T  |  1 T  U | T , E , D ,  ,  

1  N T ,  H E I S | U , B  F 1 E L D S  I i  .  ,  1 i  i  i  i  i  

V i L  U E s .  1 | U , T  A G i  l D  + Q u  + 1 , 0  D , . , A | 1  + C , 4 ,  i  i  i  

• l  l E  V A L ,  U | A  T  1  l ° , N  o F E A, c  H l  E  x  P R E |  S S ,  1  0  |  N W , I | L , L |  ,  

•  1  , B  E S ,  U I B  S T | 1  J  U T E D 1  i N  l S  U B F ' E,  L  D,  S  |  |  i i  i  i  i  

5.10.  DO 

The DO d i rec t ive  i s  used  wi th in  a  procedure  or  func t ion  to  genera te  a  spec i f ied  
l ine  of  coding  a  number  of  t imes .  The  opera t ion  DO i s  fo l lowed by  a t  l eas t  one  
b lank  and  then  the  express ion  which  condi t ions  the  number  of  t imes  a  l ine  of  
coding  i s  to  be  genera ted .  This  express ion  i s  fo l lowed by  one  b lank ,  a  comma,  
and  then  the  coding  which  i s  to  be  done .  I f  there  a re  no  in te rvening  b lanks  
be tween  the  comma and  the  f i r s t  charac te r  of  the  second  operand  en t ry ,  the  
symbol ic  l ine  to  be  produced  i s  assumed to  have  a  labe l .  The  l ine  of  coding  
assoc ia ted  wi th  the  DO d i rec t ive  s ta r t s  wi th  the  f i r s t  co lumn fo l lowing  the  
comma as  though th i s  f i r s t  co lumn were  the  f i r s t  co lumn of  a  separa te ly  wr i t ten  
l ine .  

I f  the  DO d i rec t ive  i s  labe led ,  the  va lue  of  the  labe l  wi l l  be  N the  Nth  t ime  the  
l ine  i s  coded .  The  labe l  se rves  as  a  counter  and  not  as  a  re fe rence  name.  A 
typ ica l  example  i s  the  fo l lowing:  

i i i i i i i i i i i i i i i i I I I 1 I—I—I—l—I—I—i—I—l—I—1—1—1—1—1—1—1—L 

I  i  |  |  i  i  i  i  i  i  I  P  i  O i  | 2 | 7 |  i , i  i  i  I L  i A i, i W [ | |—i—|—|—I I r |B |3 |—|—i—i—L 

The  " I"  i s  se t  to  one  immedia te ly  a f te r  the  f i r s t  opera t ion  DO and  i s  ava i lab le  for  
use  only  in  the  coding  l ine  to  be  done .  This  " I "  cannot  be  ob ta ined  ou ts ide  the  
coding  to  be  done  un less  the  coding  s tores  i t  ( as  in  the  example  shown)  a t  a  po in t  
where  i t  can  be  ob ta ined .  
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The  fo l lowing  i l lus t ra tes  the  use  of  a  DO d i rec t ive  wi th  an  a r i thmet ic ,  re la t iona l ,  
and/or  log ica l  condi t ion  de te rmin ing  coding  of  the  ins t ruc t ion :  

—1 1 1 1  1  1 1  1  L .  1  1  1  1  1  1  I  I  I  |  I |  |  |  |  |  |  

T l A ' G i 1 i  < '  I i  i  1  D  '  0 1  •  A -  < - 2  •  . . .  i 1L .  A,  ,  ,W ,  ,D ,  

LJ—I* i F i—LAJ—LLL S  .  |L |E |S |S ,  ,  T ,H,  A,  N,  12 , , ,  ,G ,  E ,  N,  E ,  R ,  A ,T  |  E ,  i  T  , H i  E  ,  ,  ,  ,  ,  
-  1  ' L ' ' ' N > E '  ' ° . F .  I C 0 D E  

i  i  i  i  I  i  i  i  i  1  D  i  °>  .  A,  < ,  N,  *  ,  *  ,  3 .  I , ,  , L  i B i  .  i Wi  

—1—1—LZJ—l I F i—| R| E|_L| A| T | I | 0| Ni A Li 1 i i i | | | 

'  1 l E l_ X l P l R i E l S i S i '  1°  I N I  i 1  i s .  i R ,  U,  E |  ,  , T ,  H,  E ,  ,1  ,N .  s  ,T ,  R |  U,C,  T ,  1  ,  0 ,  N,  ,  ,  ,  

•  I  I s - ,  . G , E , N .  E .R |  A ,T ,  E .D,  .  ,  F ,  0 ,  R,  ,  E |X ,  A ,  M,  P ,  L  ,  E ,  i  i  "H i  N ,  — 11  |  71 0 |  .  |  |  , 

•  ,  , F ,  , A .  =  . ° .  ,T |H,E,  .  1 .  N.S .T .R,  U.Cl  T .  I .O.N,  ,1  ,S  ,  ,G ,E |  N,E,  R,  A,  T ,  E ,  D , ,  , ,  

-—l—i 1  -1  F I  •  A .  = . 1  i  IT |H,E,  .1  ,N,S ,  T ,R,  U,  CIT ,  1  •  0 .  N .  , I ,S  

!_l_ |G ( E, N|E| R, A, T, 
' i l l ' -  i  I  .  .  .  .  .  .  

5 .11 .  COMMON 

The  COMMON di rec t ive  def ines  an  a rea  of  core  to  be  shared  by  two or  more  in ­
dependent ly  compi led  program uni t s  (main  program,  PROC's ,  and  FUNC's ) ,  
permi t t ing  these  program uni t s  to  communica te  wi th  each  o ther .  The  format  of  
th i s  d i rec t ive  i s :  

•  Label  f ie ld :  
op t iona l  

•  Opera t ion  f ie ld :  
COMMON 

•  Operand  f ie ld :  

number  of  a  loca t ion  counter  (0  through 31)  

The  COMMON di rec t ive  mus t  appear  in  each  program uni t  which  i s  to  share  a  
common a rea .  I f  the  labe l  f ie ld  conta ins  a  normal  l abe l  subf ie ld  (up  to  ten  
charac te rs ,  s ta r t ing  wi th  an  a lphabe t ic  charac te r ) ,  the  common area  so  def ined  
i s  te rmed a  labe led  common b lock;  i f  no t ,  i t  i s  a  "b lank  common b lock" .  The  
cont ro l  counter  ass igned  to  a  common b lock  by  the  COMMON di rec t ive  in  one  
program uni t  need  no t  be  the  same as  the  cont ro l  counter  ass igned  to  the  same 
b lock  in  another  program uni t .  However ,  wi th in  a  program uni t ,  once  a  cont ro l  
counter  has  been  ass igned  to  a  common b lock ,  a l l  ins t ruc t ions  and  da ta  under  
tha t  cont ro l  counter  wi l l  form par t  o f  tha t  common b lock .  S imi la r ly ,  a l l  ins t ruc t ions  
and  da ta  to  be  shared  by  tha t  common b lock  mus t  be  governed  by  tha t  cont ro l  
counter  ass igned  in  the  COMMON di rec t ive  as  shown in  the  fo l lowing  example :  
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M 

M 

M ,  0  

M O  

J  i i—u 

J  I 1 L .  

P R O G R A M  -1  I I  L  
U N I T  1  

J  I I  L  

J  I  1  L  

J  I I  L  

Li 
i i i i  
P R O G R A M  

U N I T  2  
_l  I  I  L-

_ l  I  L  

I I  I  L  

J  I 1 L  

As  can  be  seen  f rom the  example ,  a l l  re fe rences  to  a  g iven  b lock ,  wi th in  the  
same program uni t ,  use  the  name ass igned  to  tha t  b lock  by  the  RES d i rec t ive .  
Ident i f ica t ion  of  the  common b locks  among program uni t s  i s  accompl i shed  by  
the  labe l  (or  b lank)  ass igned  to  tha t  b lock  in  the  COMMON di rec t ive .  In  th i s  
example ,  i f  p rogram uni t  1  and  program uni t  2  a re  the  only  re fe rences  a f fec t ing  
the  conten ts  of  the  labe led  common b lock  BLK5,  th i s  common b lock  wi l l  
cons is t  of  12D words  — the  f i r s t  n ine  wi l l  conta in  zeros ;  the  ten th ,  1 ,  the  
e leventh ,  2 ;  the  twel f th ,  3 .  
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5.12 .  BLOCK-DATA 

This  d i rec t ive  c rea tes  an  e lement  tha t  i s  recognized  by  the  UNIVAC 494 Opera t ing  
Sys tem as  a  FORTRAN-compat ib le  e lement  ( see  "UNIVAC 490/491/492/494  FORTRAN 
IV Programmers  Reference ,"  UP-4087 (cur ren t  vers ion) ) .  This  e lement  may not  con­
ta in  EDEF/XREF references  or  a  s ta r t  address .  

OPERATION 

BLOCK-DATA 

5 .13 .  XREF (EXTERNAL REFERENCE)  

The  XREF l i s t s  those  symbols  tha t  a re  used  in  th i s  assembled  por t ion  of  the  program 
(program e lement )  bu t  a re  def ined  in  another  program e lement .  S ince  re fe rences  to  
these  symbols  cannot  be  sa t i s f ied  a t  assembly  t ime,  they  mus t  be  sa t i s f ied  ( tha t  i s ,  
the  symbols  mus t  be  def ined)  a t  co l lec t ion  t ime  by  a  cor responding  EDEF (see  5 .14) .  
No XREF may appear  as  a  program labe l  (exc luding  labe ls  for  PROC,  FUNC,  DO,  and  
FORM).  

The  number  of  symbols  in  the  l i s t  i s  l imi ted  on ly  by  card  cont inua t ion  requi rements .  
A program e lement  may conta in  more  than  one  XREF.  

Format  of  the  XREF di rec t ive  i s :  

•  Label :  
none  

•  Opera t ion :  

XREF 

•  Operand:  

l i s t  of  symbols ,  each  separa ted  f rom the  next  by  a  comma 

An a l te rna te  method  of  spec i fy ing  ex te rna l  re fe rences  i s  to  pass  on  a l l  undef ined  
unsubscr ip ted  symbols  to  OMEGA to  be  sa t i s f ied  a t  load  t ime .  However ,  the  use  of  
XREF's  i s  prefer red  because  i t  avoids  the  confus ion  caused  by  U (undef ined)  f lags  
( see  Appendix  D) .  The  use  of  the  U opt ion  on  the  #ASM card  ( see  Appendix  F)  wi l l  
insure  tha t  on ly  those  symbols  l i s ted  as  XREF's  wi l l  be  cons idered  va l id  ex te rna l  
re fe rences .  I f  a  re fe rence  in  th i s  e lement  cannot  be  sa t i s f ied  by  a  labe l  wi th in  the  
e lement  and  i s  no t  l i s ted  as  an  XREF,  the  U (undef ined)  f lag  wi l l  be  genera ted  
(when  the  U opt ion  i s  used) .  
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5.14 .  EDEF (ENTRY DEFINITION) 

This  d i rec t ive  l i s t s  a l l  l abe ls  which  a re  def ined  wi th in  th i s  program e lement  and  may 
be  used  by  o ther  program e lements .  This  d i rec t ive ,  toge ther  wi th  the  XREF di rec t ive  in  
the  o ther  program e lement (s ) ,  p rovides  l inkage  be tween  program e lements .  Dur ing  the  
co l lec t ion  process  of  the  opera t ing  sys tem,  each  XREF i s  sa t i s f ied  by  an  EDEF.  The  
number  of  symbols  in  an  EDEF di rec t ive  i s  l imi ted  on ly  by  card  cont inua t ion  requi re ­
ments .  More  than  one  EDEF di rec t ive  may be  used  in  an  assembled  program e lement .  

Format  of  the  EDEF di rec t ive  i s :  

•  Label :  
none  

•  Opera t ion :  
EDEF 

•  Operand:  
l i s t  of  l abe ls ,  each  separa ted  f rom the  next  by  a  comma 

An a l te rna te  method  of  spec i fy ing  en t ry  def in i t ions  i s  the  use  of  an  as te r i sk  
immedia te ly  a f te r  a  labe l .  This  convent ion  i s  der ived  f rom the  use  of  en t ry  po in ts  
in  PROC's  and  FUNC's  (Sec t ion  6) .  

The  er ror  f lag  was  genera ted  because ,  in  th i s  par t icu la r  example ,  TAG3 has  not  
been  used  in  a  source  s ta tement  of  th i s  program e lement .  

5 .15 .  EXPRESSION 

This  d i rec t ive  permi ts  changing  convent ions  in  source  coding  cons tan ts  used  in  
express ions .  Two d i f fe ren t  vers ions  of  th i s  d i rec t ive  a re  ava i lab le .  In  the  f i r s t ,  
the  operand  f ie ld  conta ins  the  charac te rs  SLEUTH;  in  the  o ther ,  the  charac te rs  
BITARRAY.  

Example :  

EDEF 
TAG1 NOP 
TAG2 NOP 

TAG1,TAG2,TAG3 .LINE 1  
.LINE 2  
.LINE 3  

Error  F lag  
U 
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5.15 .1 .  Express ion  SLEUTH 

This  d i rec t ive  changes  the  method  of  spec i fy ing  cons tan ts  as  fo l lows:  i f  the  cons tan t  
has  a  lead ing  0  (zero) ,  i t  i s  assumed to  be  an  oc ta l  number ;  i f  the  lead ing  d ig i t  
i s  d i f fe ren t  f rom 0 ,  the  number  i s  assumed to  be  a  dec imal  number .  I f  a  s t r ing  
of  d ig i t s  i s  preceded  by  0  and  conta ins  an  8  or  9 ,  an  er ror  f lag  wi l l  be  pr in ted  
( see  Appendix  D)  .  

Format  of  the  d i rec t ive  i s :  

•  Label :  

none  

•  Opera t ion :  
EXPRESSION 

•  Operand:  

SLEUTH 

Example :  

Source  Code  Genera ted  Code  

EXPRESSION SLEUTH 

+ 10-010 0000000002 
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5.15.2. Expression BITARRAY 

This directive permits partial word values to be used as items within assembly-
time expressions. 

Example: 

Source Code 

EXPRESSION BITARRAY 

Generated Code 

A EQU 01010 0000001010 

C EQU 1 0000000001 

LB B5,2 00000 12 5 0 0 00002 

LB B6,3 00001 12 6 0 0 00003 

+ A 00002 0000001010 

+ W(T1+B5) 00003 0000000002 

+ L(T2—(C* 1)+B6) 00004 0000000012 

+ A+W(T1+B5)—L(T2—(C*l)+B6) 00005 0000001000 

T1 + 0 00100 0000000000 

+ 1 00101 0000000001 

+ 2 00102 0000000002 

T2 + 0000,010 00200 00000 00010 

+ 0111,011 00201 00111 00011 

+ 0222,012 00202 00222 00012 

+ 0333,013 00203 00333 00013 
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5.16 .  INPUT OR INPUTFORM 

The  INPUT di rec t ive  and  the  INPUTFORM di rec t ive  a re  a l te rna te  names  for  the  
d i rec t ive  which  i s  used  to  a l te r  the  format  of  source  cards  to  be  assembled .  

Format  of  the  d i rec t ive  i s :  

LABEL "B OPERATION 15 OPERAND 

none  INPUT or  
INPUTFORM exp 1 ( exp2,exp3 ,exp 4 , exp5  

where  expj  through expg  a re  express ions  which  spec i fy  the  fo l lowing:  

Express ion  expj  spec i f ies  the  s ta r t  of  l abe l  f ie ld .  

Express ion  exp2  spec i f ies  end  of  ca rd .  

Express ion  exp3  spec i f ies  the  cont inua t ion  co lumn.  

Express ion  exp 4  spec i f ies  s ta r t  of  sequence  number .  

Express ion  expg  s ta r t  of  opera t ion  f ie ld  ( f ixed  format ) .  

Example :  

CARD COLUMNS 

1  9  
1  
0  

7  
o i :  

8  
234567890  

I  

ABCDEFGHI 

NPUTFORM 1 ,71D,72D,73D,12  

LA,W BOB 

00000001  

00000002  

-00000003  

5.17 .  LET (GENERAL)  

The  LET di rec t ive  i s  ac tua l ly  a  var ia t ion  of  the  EQU di rec t ive  ( see  5 .2)  bu t  i t s  use  
i s  conf ined  to  var iab les  which  may requi re  redef in i t ion .  I t  i s  in tended  to  avoid  the  
poss ib le  confus ion  tha t  may a r i se  when an  EQUated  var iab le  i s  redef ined ,  caus ing  
genera t ion  of  a  poss ib le  e r ror  ind ica tor .  Al though use  of  the  LET di rec t ive  i s  no t  
conf ined  to  PROC's  and  FUNC's ,  i t  i s  mos t  genera l ly  used  wi th in  a  procedure  or  
func t ion .  For  th i s  reason ,  i t  i s  descr ibed  in  de ta i l  in  6 .4 .3 .  
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5.18.  UNLIST 

This  d i rec t ive  complete ly  suppresses  output  l i s t ing  af ter  the  l ine  conta in ing the  
UNLIST di rec t ive  i s  pr in ted .  

OPERATION 

UNLIST 

5 .19.  LIST 

This  d i rec t ive  wi l l  a l low normal  pr in tout  of  the  assembly l i s t ing  from (and including)  
the  l ine  on which the  LIST di rec t ive  occurs .  

OPERATION 

LIST 
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PROC,  FUNC,  AND 
ASSOCIATED D IRECTIVES 

6.1. GENERAL 

PROC and FUNC directives are used to define often-used sequences of coding which 
are not necessarily identical but are similar enough so that repetition of the coding 
requires only the insertion of parameters or arguments when the sequence is called. 
For both directives, the lines of coding representing the definition must precede the 
reference (or references) to the sequence and this coding is saved when encountered. 
The PROC directive is different from the FUNC directive in that the PROC directive 
usually generates lines of object code at assembly time at its point of reference to 
be executed at object time. The FUNC directive is executed entirely at assembly 
time and stores its results into the program at this time. The FUNC directive cal­
culates a value when referenced and does not cause generation of object code. For 
purposes of this discussion, the PROC (procedure) directive will be described first 
and the FUNC (function) directive will be described afterwards in terms of its diff­

erences. 

The first line that defines a procedure is the PROC directive. The last line must be 
an END line to indicate its logical termination. Between the PROC directive and the 
END line, the special following directives may be used (in addition to the universal 
directives described in Section 5): 

NAME 

GO 

LET 



UP-4133 
Rev .  1  U N I V A C  4 9 4  A S S E M B L E R  6 

S E C T I O N :  
2 

P A G E :  

6.2 .  PROC (PROCEDURE)  DIRECTIVE 

The  PROC di rec t ive  i s  the  header  for  a  procedure  tha t  i s  te rmina ted  by  an  END l ine .  
The  fo l lowing  i s  a  s imple  procedure :  

L  i  D  |  Z,  E |  R [ *  i  i  i  | P  R o  C i  i  i  i  i  i  |  i i  i  i  i  i  i  i  i  1  i  i  i  i  

i  i  i  i  i  i  i  .  |L  A 
' 01 i i  i  i  i  1  i  i  i  i  i  i  i  i  i  1  i  i  i  i  

.  |E  N D l i  i  i  i  i  1  i  I  I  i  I  i  i  i  i  1  i  i  i  i  

L ines  1  and  3  are  the  l imi t s  of  the  procedure .  LDZER i s  the  labe l  by  which  th i s  
PROC may be  re fe renced .  The  as te r i sk  a f te r  the  labe l  i s  necessary ,  to  ind ica te  
tha t  the  labe l  LDZER can  be  used  to  ca l l  th i s  PROC.  Each  t ime th i s  PROC i s  
ca l led  by  a  source  l ine  conta in ing  the  word  LDZER,  the  code  provided  by  l ine  2  
wi l l  be  genera ted .  Thus ,  the  sequence :  

START 

STOP 

LDZER 
SA 
LDZER 
J 

DOG.B2 

KAT 

.CALL LINE 

.CALL LINE 

i s  equiva len t  to  (expanded  source  code) :  

START LA,0  
SA 
L  A,0  
J 

DOG,B2 

STOP J  KAT 

and  each  t ime the  PROC LDZER i s  ca l led ,  the  A reg is te r  i s  c leared .  

6 .2 .1 .  PROC Direc t ive  Format  

The  labe l ,  opera t ion ,  and  operand  of  the  PROC l ine  a re  as  fo l lows:  

•  Label :  

Any normal  unsubscr ip ted  labe l  i s  acceptab le  as  ident i f ica t ion  of  the  PROC sequence .  
Every  PROC l ine  mus t  be  labe led .  This  labe l  can  be  used  as  an  en t ry  po in t  for  the  
sequence  i f  the  l abe l  i s  conc luded  wi th  an  as te r i sk .  

•  Opera t ion :  

PROC 

•  Operand:  

Some express ion  or  i t em may be  g iven  to  ind ica te  the  number  of  l ines  of  code  tha t  
wi l l  be  genera ted  as  a  resu l t  of  a  ca l l  on  th i s  procedure .  This  va lue  may only  be  
suppl ied  i f  the  number  of  words  genera ted  wi l l  a lways  be  the  same and  only  i f  the  
PROC conta ins  no  forward  re fe rences .  (See  6 .2 .7  for  example . )  
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• 6.2 .2 .  END Direc t ive  • The END di rec t ive  s igna ls  the  log ica l  end  of  a  
i s  as  fo l lows:  

sequence .  In  a  p i  ocedure ,  i t s  format  

•  Label :  

None  requi red  s ince  i t  se rves  no  purpose .  

•  Opera t ion :  

END 

•  Operand:  

None  s ince  i t  se rves  no  purpose .  ( In  a  func t ion ,  the  operand  f i  
of  the  func t ion . )  

e ld  provides  the  va lue  

6 .2 .3 .  Symbol ic  L ines  With in  Procedure  

The  formats  of  the  l ines  wi th in  a  procedure  (except  NAME d i rec t i  ves )  a re  as  fo l lows:  

•  Label :  

• 
Any normal  l abe l  may be  employed;  however ,  i t s  def in i t ions  wi l l  be  res t r ic ted  to  the  
bounds  of  the  PROC,  un less  i t  i s  an  en t ry  po in t .  Any labe l  may be  ava i lab le  immedia te ly  
ou ts ide  the  bounds  of  the  PROC tha t  conta ins  i t  by  appending  an  as te r i sk  to  the  labe l ;  
th i s  l abe l  i s  then  re fe r red  to  as  a  re fe rence  po in t .  Mul t ip le  re fe rence  po in ts  a re  per ­
miss ib le  and  mul t i l eve ls  a re  permiss ib le .  A labe l  i s  ra i sed  one  leve l  for  each  as te r i sk  
fo l lowing  i t .  An as te r i sk  fo l lowing  the  labe l  of  a  PROC or  NAME d i rec t ive  ind ica tes  an  
en t ry  po in t .  

•  Opera t ion :  

Any mnemonic ,  meaningfu l  spec ia l  charac te r ,  l abe l  of  a  PROC,  or  d i rec t ive  i s  permiss ib le .  

•  Operand:  

Any operand  appropr ia te  to  the  opera t ion  code  i s  acceptab le .  T  
taken  f rom the  Cal l  l ine  by  means  of  a  paraform.  (Paraforms  a r t  

he  operand  may a l so  be  
descr ibed  in  6 .2 .5 . )  

• 
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The fo l lowing  example  shows nes t ing  of  PROC's  and  use  of  mul t i l eve l  re fe rence  
po in ts :  

e tc .  

A* PROC 

B* PROC 

i—c* PROC 
\y*** +  1  •CARRIES 3  LEVELS 
x**  +  2  •CARRIES 2  LEVELS 

Y* +  3  •CARRIES 1  LEVEL 
Z 

L 
+ 4  KNOWN HERE ONLY Z 

L END 

C •  

+  Z  •UNKNOWN 

+ W,X,Y •KNOWN 

END 

B-

+ Y,  Z  •UNKNOWN 
+ W,  X KNOWN 

END 

A •  

+  X,  Y,  Z  •UNKNOWN 

+ W KNOWN 

e tc .  

6 .2 .4 .  Ca l l  L ine  

A Cal l  l ine  i s  a  symbol ic  l ine  of  code  which  uses  an  ex te rna l  l abe l  of  a  procedure  
in  i t s  opera t ion  f ie ld  as  an  en t ry  po in t  in to  a  procedure .  (An ex te rna l  l abe l  of  a  
procedure  i s  an  as te r i sked  labe l  of  a  PROC or  NAME l ine .  Any o ther  as te r i sked  
labe ls  a re  " re fe rence  po in ts" . )  I t  in forms  the  assembler  tha t  genera t ion  and  
modi f ica t ion  of  a  procedure  (or  par t  o f  a  procedure  beginning  a t  an  en t ry  po in t )  
should  begin  a t  th i s  po in t .  The  Cal l  l ine  provides  any  requi red  parameters  for  use  
in  the  procedure .  A Cal l  l ine  mus t  no t  appear  in  the  program unt i l  the  procedure  
has  been  def ined  by  the  PROC and  END di rec t ives ,  inc lud ing  any  opt iona l  NAME 
d i rec t ives .  The  format  of  the  Cal l  l ine  i s  as  fo l lows:  

•  Label :  

Any normal  l abe l  i s  acceptab le .  I t  re fe rs  to  the  f i r s t  l ine  of  code  genera ted ,  un less  
an  as te r i sk  i s  loca ted  in  co lumn 1  of  some par t  o f  the  procedure .  The  as te r i sk  i s  a  
f lag  ind ica t ing  tha t  the  labe l  i s  to  be  appl ied  on  th i s  l ine  of  code .  

Opera t ion :  

An en t ry  po in t  l abe l  of  a  procedure .  (An en t ry  po in t  l abe l  of  a  procedure  i s  an  as te r i sked  
labe l  pref ix ing  a  PROC or  NAME di rec t ive  wi th in  the  procedure . )  Addi t iona l  subf ie lds  
( separa ted  by  commas)  may be  added  to  furn ish  parameters  to  the  procedure  ca l led .  
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Operand: 

Any number of fields and subfields, in any sequence, is acceptable. Fields are separated 
by one or more blanks not preceded by a comma. The use of an asterisk preceding a 
subfield is explained in the evaluation of paraforms. An example, for a hypothetical 
procedure entry point "COMPAR" is shown in Figure 6-1. 

^  I  I  I  I  I  D I  I  Y I  I A I R I E  
A. . , , . P ,  A , R ,  I X ,  .  | T ,  0 , .  ,  * , Y ,  I *  I '  ,  1  F I '  I  E I L I  " I  - , 3 ,  ,  S  |  U ,  B ,  F  , 1  |  E , L ,  D , S  I , ! , , , ,  

Figure 6 — 7 .  Typical Procedure Call Lines 

6.2.5. Paraforms 

A paraform (parameter reference form) is the means whereby an operation within 
the procedure can obtain values of parameters used in the operation from the Call 
line or entry point. This enables the same procedure to be used many times with 
the Call line or point of entry furnishing a different set of parameters each time 
the procedure is called. 

A paraform appears in the operand portion of the symbolic coding within the pro­
cedure. It consists of the name of the procedure called, followed by a set of 
parentheses. The parentheses enclose a double coordinate reference system ex­
pressed as n,e. The n refers to the nth operand field of the call line; the e, to the 
eth subfield within that field. A typical paraform, using the same hypothetical pro­
cedure COMPAR is shown in Figure 6—2, where the reference is to field 3, subfield 
1 of the operand of the Call line. This paraform can be used with the first of the 
two Call lines shown in Figure 6 — 1, since the second has only one field in its 
operand portion. 

J—I—I—I l_l I I l_l I 1 1 I I l l l J I I I I I I L J I I L 

-I I I I I I I I i J I I L J I L I C, 0, M, P , A, R, ( 13 ,, ,1| ) J I I I L 

Figure 6—2. Simple Paraform 

In addition to the simple paraform just described, paraforms may be written in dif­
ferent forms to extend their applicability. The general rules regarding their inter­
pretation are presented in Table 6—1 for a hypothetical procedure headed by a 
PROC directive with the label L. (All directives used within the procedure not 
previously described, such as the NAME directive, are described in 6.4.) 
If a paraform is not supplied, its value is zero. 
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I f  t h e  p a r a f o r m  i s  
w r i t t e n  a s ,  o r  i n  t h e  
f o r m  

i t  i s  g i v e n  t h e  n u m e r i c a l  v a l u e  e q u a l  t o  

L the  number  of  f i e lds  in  the  operand  of  the  Cal l  l ine .  
I f  en t ry  i s  by  a  NAME d i rec t ive ,  th i s  va lue  i s  in ­
c reased  by  1 .  

L(0)  the  to ta l  number  of  subf ie lds ,  minus  1 ,  in  the  
opera t ion  f ie ld  of  the  Cal l  l ine .  I f  the  en t ry  
po in t  i s  a  PROC di rec t ive ,  th i s  va lue  i s  0 .  

L(N)  the  number  of  subf ie lds  of  the  Nth  f ie ld  in  the  
operand  of  the  Cal l  l ine .  

L(0 ,0)  the  operand  of  the  NAME l ine  used  for  en t ry  in to  
the  procedure .  I f  the  en t ry  po in t  i s  a  PROC di r ­
ec t ive ,  th i s  va lue  i s  0 .  

L(0 ,C)  the  Cth  subf ie ld  a f te r  the  en t ry  po in t  l abe l  in  the  
opera t ion  f ie ld  of  the  Cal l  l ine .  

L(A,*B)  1  (on)  i f  an  as te r i sk  precedes  subf ie ld  B of  
f i e ld  A in  the  operand  of  the  Cal l  l ine ;  i f  no  
as te r i sk ,  the  va lue  0  (of f ) .  

Table 6—1.  Evaluation of PROC Paraforms. 

To i l lus t ra te  use  of  these  spec ia l  paraforms ,  two Cal l  l ines  a re  shown.  

i  i  i  I  t  i  i  i  i  1 A i  I  i  i  i  i  i  i  ^  11 |  G, |  |  , |  ,  ,  |  ,  |  i i  i  i  i  i  

i  i  1  B i  '  i  * i  1  i  4 i  i  i  i  ®  i  #  1  *  i  11  3 !  i  61  |  ,  |  |  |  |  |  ,  |  |  , 

The  procedure  to  which  these  ca l l  l ines  re fe r  i s  

i  i  i  i  i  
P  *  r i  1 1 1  1  

i  l  i  i  l  

i  i  i  i  | P  
' 

R,0  
l  i  l  i  i  

C ,  iX„  ,Y 
t l i i  

IS .E .E  ,  N ,  0 ,  T  E 
i  l  

t  B  |  E 

1 

L |  0  
i t  t  t  i  i  1  i  i  i  

" i  i  i  i  i  i  1  •  i  i  
A  i*  i  i  i  i  -  . . .  I N  A,M E ,  ,8 ,  ,  .  t l i i  1 1  1  1  I  1 i  i  i  t  i  i  1  t  i  t  
B ,* ,  ,  ,  ,  ,  .  ,  ,  IN A  |  M E ,  ,1  , 0 ,  ,  i  1  i  .  1 1 1  .  1 1  i  i  •  i  i  i  1  i  i  i  

i  i  i  i  i  i  i  i  i  1  i  i  i  i  i  i  ,E |T ,C,  ,  A,N,Y,  P  A,  R |  A F ,  0  R i M:  . I .N,  |T |H,E,  ,  

l  l  i  1  l  i  i  i  i  1  L..J-J ,  T |  A,  B,  L  E ,  i B ,  E  L  0 ,W|  M,A Y,  B  E ,  ,  U iS  IE  iDf  ,  
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The fo l lowing  tab le  shows the  va lues  ass igned  to  d i f fe ren t  paraforms  wi th in  th i s  
procedure .  

1  f  t h e  C a I I  l i n e  i s  a n d  t h e  p a r a f o r m  i s  t h e n  i t s  v a l u e  i s  

A 7 ,G P  2  
P(0)  0  
P( l )  2  
P(l.l) 7 
P( l ,2 )  G 
P( l»3)  0  
P( l ,*2)  0  (of f )  
P(0 ,0)  8  
P(o . l )  0  
P(0 ,*0)  0  (of f )  

B ,*14  8 ,*13  6  p  3  
P( l ,2 )  13  
P(2 , l )  6  
P( l .*2)  1  (on)  
P(2 ,2)  0  
P(0)  1  
P(0 ,0)  10  
P(0 ,1)  14  
P(0 ,2)  0  
P(0 ,*1)  1  (on)  

6 .2 .6 .  Expanded  Procedures  

The  fo l lowing  example  i l lus t ra tes  the  use  of  the  NAME and  GO d i rec t ives .  

J  1 L  J  I L  i i  i  

1 

2 

3  

4  

5  

6 

7  

8 

J  I L  P  i R  |  0 ,  C J L J  I L  

L  •  0 . A , P  N i A l M i E  j  l  J i i 

l  I  I  L i A I .  , W  1_L D i 01  G i  

J  I L  GiOL J  I L  F . ' i N . I  H 

S  ,T  , 01R N,  A |  M,  E  J L I I I 

J  I I  

F  11  ,  N ,  I  

I I  I  

S .AI  .  ,W 

N|  A |  Mi  E  

J L 

J L 

E ' N l p '  •  1  

Ki  A,  T ,  

J I L 

' ' ' 
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Line  1  prov ides  a  l abe l  P  which  i s  the  name  of  the  p rocedure ,  bu t  canno t  be  used  
to  ca l l  t he  p rocedure .  I t  mus t  be  used ,  however ,  when  re fe renc ing  pa ramete r s ;  t h i s  

me thod  i s  exp la ined  l a t e r .  

L ines  2  and  5  con ta in  the  NAME d i rec t ive  and  p rov ides  the  l abe l s :  LOAD and  
STORE.  S ince  each  l abe l  i s  f l agged ,  each  may  be  used  to  ca l l  t he  p rocedure .  
These  a re  ex te rna l  de f in i t ions  o r  en t ry  po in t s .  

L ine  4  con ta ins  a  GO d i rec t ive ;  t he  operand  o f  a  GO mus t  a lways  be  the  l abe l  
o f  a  NAME l ine  o r  PROC l ine .  I f  t he  l abe l  appea r s  in  the  same  procedure  a s  the  
GO,  i t  may  be  f l agged  wi th  an  a s t e r i sk .  I f  i t  appea r s  in  a  d i f f e ren t  p rocedure ,  i t  
mus t  be  f l agged .  I t  i s  no t  poss ib le  to  r e fe rence  an  en t ry  po in t  which  has  no t  ye t  
been  encoun te red  by  the  a s semble r .  The  e f fec t  o f  t he  GO d i rec t ive  i s  to  sk ip  over  

l i nes  5  and  6 .  

Assume  the  fo l lowing  ca l l s ;  

S i T i A i R i Ti i i i L i 01 A i P i i i \ i—i—i—L i i i i I I I I—L I I  1  I  

i i i  I I I  ,  S  i  T |  0 ,  R  |  E ,  I  i  i  i  

i  i  i  i  i  i  i L , 0 | A , P ,  i ,  i  i  ,  i  i  1  i  i  i  i  |  I i  I  I  1  I  I  I  

F ,  I  i  N ,  I  , S  iS  ,T  10  i R  i E |  |  |  [  |  [_  I I I L_1 I—I—L 1 I  I  I  

Th i s  would  be  equ iva len t  to  ( expanded  source  code) .  
i  •  i  i  I  •  •  i  I  I  I  I  I  I  

TLA 

F ,  I  ,  N  i I  ,  S  

• L  |  A |  ,  !  W|  ,  ]  |  D |0  |  G|— L  

i S  I  A I  < I W I  l I  I  K  I  A  I  T  I  L  

• L | A | , , W  i i  i  i  P i  0 |  G |  i  

i  S  i  A |  ,  i W i  i  i  i  K |  A ,  T | — 1 _  

J  L  

I I  

J  L  

J  L  

Not i ce  tha t  each  ca l l  genera tes  on ly  tha t  code  which  i s  encoun te red  in  the  p rocedure .  

I t  i s  poss ib le  to  p rov ide  pa ramete r s  on  the  l ine  ca l l ing  the  p rocedure ,  t hus :  

I I  I  LJ l -

T i A  

M  

LiOl  AiP i  

S  ,  T |  0 |  R i E  

•  L . o i a . P .  

|S  i  T |  0 ,  R ,  E  

JL_J  1 I—L 

S  1 T 1 A 1 R 1 T 1  

• S  i  T  i A ,  R  i T  

• S . T , A , R , T  

•  S  , T , A , R ,  T  
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I t  i s  a l so  poss ib le  to  se lec t  the  des i red  parameter  v ia  the  parameter  cons t ruc t ion :  

1 

2 

3 

4  

5  

6 

7  

8 

J L 

J L 

L  ,  0 ,  A  

J  L 

S  i  T  

B ,  E  

J L 

P.RIQ.C 

M l ,  , W  

A°L 

| N ,  A | M ,  E  

|S , A | t  , W  

N | A | M , E  

E.NIP,  

J  i i  i  i  I  

J  I I  L  

'  '  I 1  1 

M i , . M l  

Ei  N |D |  ,  |  

J  l I  L  

( | 1 , n l , ) l  

J  I I  L  

J L 

J L 

J  L 

J  L 

I I  

J L 

I  I  I  

J I L 

The cons t ruc t ion  P  (1 ,1)  on  l ine  6  i s  a  paraform.  P  i s  the  labe l  of  the  procedure  and  
i s  the  common re fe rence .  The  coord ina tes  in  paren theses  ind ica te  f ie ld  1  of  the  
operand ,  and  subf ie ld  1  of  f ie ld  1 ,  respec t ive ly .  

This  procedure  ca l l  when  expanded  wi l l  appear  as :  

S , T ,  A ,  R ,  T ,  i  ,  ,  L i  A  .  I  w ,  i  S  i  Ti  A  i  R i  T ,  |  i  i  i  i  ,  ,  

1 i  I  i  i  I  i  I s iA | ,  l W l  i  S  |  T  ,  A  |  R  |  T  |  |  ,  |  ,  ,  ,  ,  I l l l  I I  

i  i  i  i  i  i  i  i  L ,  A |  ,  W |  i  S  |  T  |  A  |  R  ,  T  !  |  |  |  ,  ,  ,  ,  

E i N  i  D |  ,  ,  i  i  , S | A |  .  W ,  | S  i T i  A i R  ,  T | . +  |  i  i  i  1  i  i  

6 .2 .7 .  Ef f ic ien t  Use  of  Procedures  

When a  procedure  i s  used  many t imes ,  e .g . ,  a s  a  code  genera t ing  method  in  compi l ­
a t ion ,  ca re  should  be  taken  in  i t s  cons t ruc t ion  to  avoid  t ime  consuming  opera t ions .  
Severa l  s imple  devices  may be  used  to  advantage  in  th i s  regard .  

•  Parameters  

I f  a  parameter  to  a  procedure  i s  re fe renced  many t imes ,  e f f ic iency  i s  increased  by  
equa t ing  the  parameter  to  a  s imple  labe l .  (This  dev ice  should  not  be  used ,  however ,  
i f  the  parameter  may be  preceded  by  an  as te r i sk  in  the  ca l l ,  a s  the  equiva lence  
wi l l  no t  re ta in  the  ind i rec t  f lag .  However ,  when  the  same parameter  p receded  by  
an  as te r i sk  i s  ca l led  ind i rec t ly  v ia  severa l  nes ted  paraforms ,  each  re fe rence  
inc ludes  the  as te r i sk . )  

•  Cal l  l ines  

Use  of  the  per iod  to  t e rmina te  each  ca l l  l ine  saves  t ime by  s topping  the  scan  
of  the  l ine  for  poss ib le  parameters .  



•  Procedure  leve ls  

Where  p rac t ica l ,  the  depth  of  nes t ing  of  p rocedures  should  be  l imi ted .  Use  of  
d i s t r ibu ted  NAME l ines  and  the  GO d i rec t ives  may be  he lpfu l  in  decreas ing  the  
depth  requi red .  

•  Spec i f ica t ion  of  the  number  of  ob jec t  l ines  to  be  genera ted  

A fea ture  has  been  inc luded  to  grea t ly  reduce  assembly  t ime for  p rocedures  
which  produce  a  prede te rmined  number  of  l ines  of  ob jec t  code .  This  number  
wi l l  be  ind ica ted  as  the  operand  f ie ld  in  a  PROC l ine ,  as  fo l lows:  

I I  I  1  I  I  I  I  I  I  I  I  1  I  I  I  I  I  I  I  1  1 — 1  1  1  l _  

C ,0 |M|P |A |R |  * ,  |  i I  P  i R101C |  i 11  i  i  i  |  i i  I  |  |  L 

Procedures  which  def ine  an  ex te rna l  l abe l ,  o r  which  make  a  forward  re fe rence  
to  a  labe l  def ined  wi th in  the  procedure ,  may not  use  th i s  fea ture .  Where  poss ib le ,  
p rocedures  should  be  cons t ruc ted  to  t ake  advantage  of  th i s  fea ture .  

•  Summary  

PROC's  may be  nes ted ,  i . e . ,  they  may be  inc luded  wi th in  each  o ther .  Nes t ing  
may be  phys ica l  o r  i t  may be  impl ied .  

-  Phys ica l  nes t ing  means  tha t  the  procedure  i s  phys ica l ly  loca ted  wi th in  the  
bounds  of  another  procedure .  

-  Impl ied  nes t ing  means  tha t  a l though a  procedure  i s  not  phys ica l ly  conta ined  
wi th in  another ,  i t  may be  temporar i ly  cons idered  so  by  impl ica t ion ,  i . e . ,  i t s  
re fe rence  l ine  i s  conta ined  wi th in  another  PROC.  

The  pr imary  purpose  of  nes t ing  procedures  i s  to  res t r ic t  l abe ls  should  they  in te r ­
fe re  wi th  l abe ls  f rom o ther  procedures ,  o r  the  main  program.  Another  purpose  i s  
to  re -equa te  l abe ls  for  homogenei ty .  Nes t ing  a l lows  s impler  b lock  bui ld ing  
techniques  but  requi res  longer  assembly  t ime.  

The  Condi t iona l  DO s ta tement  a l lows  symbol ic  l ines  to  be  c rea ted  or  nega ted .  
The  GO may a l so  be  employed  to  inc lude  or  sk ip  l ines  of  code .  

The  NAME d i rec t ive  a l lows  a l te rna te  en t rances  in to  a  procedure .  This  i s  a  method  
for  qua l i fy ing  a  procedure .  

PROC's  employ  a l l  d i rec t ives .  S ince  procedures  a l low the  presence  of  a l l  d i r ­
ec t ives  the i r  power  i s  enhanced .  Of  spec ia l  va lue  a re  the  NAME,  GO,  DO,  and  
EQU di rec t ives .  

PROC's  a re  re f lex ive  and  may re fe r  to  themselves .  
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Restrictions 

While restrictions may help develop unique situations, they may also hinder 
general methods. Therefore, careful analysis should precede their usage. 

Labels are local to procedures; they must be flagged to make them more 
universal by levels. 

Nesting further restricts the locale of labels of inner procedures, but 
enlarges the locale of labels of the outer procedures. 

The redefinition of labels is a restrictive process since it destroys pre­
vious values. It may not always be intentional. 

6.3. FUNC (FUNCTION) DIRECTIVE 

The FUNC directive enables the user to obtain a value at assembly time contingent 
upon a set of parameters. The function is a device which will cause certain prede­
termined lines of coding to be saved when encountered during assembly and, when 
referenced subsequently during the assembly, a computation will be made according 
to this coding. The evaluated quantity is then substituted for the reference call with­
in the program. 

The function is similar to the procedure in that the lines of coding representing the 
definition must precede any call (reference point) and this delineation of code is 
saved when encountered. The function is different from the procedure in that a value 
is calculated when a function is referenced and, unlike the procedure, no object lines 
of coding are ever generated. The procedure usually generates lines of object code 
at assembly time at its point of reference to be executed at object time. The function 
executes entirely at assembly time and stores its results into the program at this time. 

The general rules of definition are similar to the PROC. A FUNC directive must start 
the function area. This line must have an unsubscripted label which may be flagged. 
If this line is an entry point into the function, it must be flagged. The delineation of 
code is terminated with an END directive which must have an operand. This operand 
field will be an expression whose evaluation will result in the proper quantity being 
substituted into the reference point in the program. 

NAME lines may be alternate entry points into the function. The labels associated 
with these NAME lines must be flagged in this event. NAME lines may also be used 
as local reference points within the function. Forward references should be avoided. 

6.3.1. Function Nesting 

When a function is nested it is not necessarily assembled when the outer code is 
called; assembly occurs only if the function has been specifically called. Until 
a function has been called, no information contained in it, except the label and 
code level of its entry points, is available to the assembler. Following a call, 
information is available according to the standard code level rules. 
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6.3 .2 .  Func t ion  Cal l s  

A func t ion  i s  ca l led  by  coding  one  of  i t s  en t ry  po in ts  in  any  operand express ion .  This  
d i f fe rs  f rom a  procedure  which  i s  ca l led  f rom the  opera t ion  f ie ld .  Parameters  for  the  
func t ion  may be  spec i f ied  by  the  programmer  by  fo l lowing  the  ca l l  wi th  a  paren­
thes ized  s ing le  l i s t  of  i t ems  or  express ions .  The  i tems  may not  be  log ica l ly  forward  
re fe  renced .  

6 .3 .3 .  Func t ion  Paraforms  

Parameters  suppl ied  wi th  a  func t ion  ca l l  can  be  subs t i tu ted  in  programmer-des igna ted  
p laces  wi th in  the  func t ion  coding  through the  use  of  paraforms .  Unl ike  PROC,  how­
ever ,  FUNC paraforms  a re ,  a t  mos t ,  s ing ly  subscr ip ted  l abe ls ,  whose  pr imary  i s  the  
labe l  of  the  FUNC di rec t ive .  

The  paraforms  of  a  func t ion  a re  eva lua ted  as  shown in  Table  6—2,  where  F  i s  
the  labe l  of  the  FUNC di rec t ive .  

I f  t h e  p a r a f o r m  i s  
w r i t t e n  a s ,  o r  i n  t h e  
f o r m  

i t  i s  g i v e n  a  n u m e r i c a l  v a l u e  e q u a l  t o  

F the  number  of  parameters  ( i t ems  or  express ions)  
suppl ied  wi th  the  ca l l ,  p lus  1  i f  the  en t ry  
l ine  i s  a  NAME d i rec t ive .  

F(0)  the  va lue  of  the  express ion ,  i f  any ,  in  the  
operand  f ie ld  of  the  NAME di rec t ive  used  for  
en t ry  in to  the  func t ion .  I f  the  en t ry  l ine  i s  
the  FUNC di rec t ive ,  th i s  va lue  i s  0 .  

F(K)  the  Kth  express ion  in  the  parameter  l i s t  
suppl ied  in  the  ca l l .  I f  l e ss  than  K 
express ions  a re  suppl ied ,  th i s  va lue  i s  0 .  

T a b l e  6—2. E v a l v a t i o n  o f  F U N C  P a r a f o r m s  

Note  tha t  F  i s  a  t rue  impl ic i t ly  def ined  subscr ip ted  labe l ,  whose  va lue  i s  der ived  
f rom the  ca l l  l ine  and  the  method  of  ca l l .  Paraforms  d i f fe r  f rom t rue  subscr ip ted  
labe ls  in  one  respec t :  when  a  func t ion  i s  te rmina ted ,  a  paraform tha t  was  re fe renced ,  
bu t  no t  o therwise  def ined , i s  g iven  the  va lue  of  ze ro .  Addi t iona l  subscr ip ted  labe ls  
whose  pr imary  i s  the  labe l  of  the  FUNC di rec t ive  may be  def ined  wi th in  the  func t ion  
and  wi l l  a f fec t  the  appropr ia te  p rev ious ly  def ined  paraform,  i f  no t  ex te rna l ized .  
Paraforms  of  a  func t ion  a re  ava i lab le  to  the  func t ion  ca l led  by  the  FUNC.  

An example  of  the  func t ion  i s  the  case  where  a  cer ta in  average  ca lcu la t ion  i s  made  
throughout  the  coding .  The  programmer  should  keep  in  mind  tha t  th i s  ca lcu la t ion  could  
have  been  made  by  hand  and  i s  no t  dependent  upon  the  execut ion  of  the  ob jec t  
code. If "a" is the number of first type objects and "b" is its unit price and "c" 
i s  the  number  of  second  type  ob jec t s  and  "d"  i s  i t s  un i t  p r ice  and  i t  i s  necessary  
to  ca lcu la te  the  average  pr ice  of  the  combined  number  of  ob jec t s ,  a  mathemat ica l  
express ion  which  would  ca lcu la te  th i s  va lue  would  be :  

ab  +  cd  Average  cos t  =  
a  +  c  
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S E C T I O N !  

I f  a t  assembly  t ime,  a ,  b ,  c ,  and  d  a re  known to  have  the  va lues  1 ,  2 ,  3  ,  and  4 ,  
respec t ive ly ,  the  ca lcu la t ion  can  be  accompl i shed  by  a  FUNC di rec t ive  as  shown 
in  F igure  6—3.  

J  I I  L  J L _L 

F,  U N J L X l i l  

E iQ Mj l  ViG C O  

S , (  V,G CiO 

ViG CO 

LO u 
M, 0  

N X^P R , E  

N M 

W AiU S ,  E  

V,A,  L  U i E ,  ,  A ,  T ,  |A ,S  ,S  !  E |M|B |L ,Y|  ,T  11 ,M,E 

gure 6—3.  Simple Function 
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The next example shows a function which has a procedure embedded within it. The 
problem is to find the square root of the largest square which is less than or equal 
to a given number. Although it is not the most elegant method, it illustrates coding 
features of interest to the programmer. 

J L ± 
FJJ 

J I L E , Q  

J I L E, Q 

PR 

-l_L A , (  M 

-I—L E , Q  M 

7 

8 

9 

10  

11 

12 

13 

14  

J L 

J L N,  A M 

J L 

I I D|0 S, Q > iA 

I I I E i N B.( Q, R All 

J LLL S i Q 6 ,4  C I A  

I I +l T i ( 1 ,3  JC 

E , H  

The calculation is based upon the equation (a + 1)^ = a^ + 2a + 1. Line 6 supplies 
successive a's while line 5 contains successive a^'s. Lines 1 through 11 are the 
function with a nested procedure which, in turn, contains a nested DO. The first 
call upon the procedure, line 12, will produce the object code 0000000010. The 
second call upon the procedure, line 13, will produce the object code 0000000006. 
Line 14 terminates the assembly or program. 

6.4. DIRECTIVES ASSOCIATED WITH PROCEDURES AND FUNCTIONS 

This section describes the following directives, which are associated with procedures 
and functions: NAME, GO, and LET. 

6.4.1. NAME Directive 

The NAME directive has three functions: to act as a local reference point within 
a procedure or function, to act as an alternate entrance into a procedure or function, 
and to assign a value to a procedure. It must be located between the PROC (or FUNC) 
directive and its associated END line. Those variables in the procedure or function 
defined previous to the NAME directive are considered undefined. The operand 
portion of the NAME can be used to supply a parameter, P(0,0), to the procedure 
or function. (See Tables 6-1 and 6-2 for evaluation of paraforms, and 6.4.4 for 
an example.) 



UP-4133 
Rev.  1  UNIVAC 494 ASSEMBLER 15  

6 .4 .2 .  GO Direc t ive  

The  GO d i rec t ive  i s  used  wi th in  a  procedure  or  func t ion  to  t ransfer  cont ro l  o f  the  
assembler  to  the  l ine  whose  labe l  i s  in  the  operand  f ie ld  of  th i s  d i rec t ive .  This  
operand  f ie ld  mus t  be  one  of  the  fo l lowing:  

•  The  labe l  of  a  NAME d i rec t ive  in  the  same procedure .  I f  th i s  i s  a  forward  t ransfer ,  
the  l abe l  mus t  end  wi th  an  as te r i sk  ( in  the  NAME d i rec t ive) .  

•  An ex te rna l  l abe l  of  a  NAME d i rec t ive  of  any  procedure .  

•  The  labe l  of  a  PROC or  FUNC di rec t ive  which  mus t  be  suf f ixed  by  an  as te r i sk  
i f  in  another  program uni t .  

Examples :  

A s imple  example  i s  the  fo l lowing:  

_ J _  J  L I I  i  

I L I  A  B . E . L . 1 •  

I  I  J  I J  i I  I  

J  L  J  I  J  I  L  

J_L I I I  I  

N ,  A M,E i J  I  I  L  

Another  example  i s  shown in  6 .2 .6 .  
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6.4 .3 .  LET Direc t ive  

A LET di rec t ive  i s  genera l ly  used  wi th in  a  procedure  or  func t ion  ( see  5 .17) .  I t  i s  
used  to  ass ign  (and  reass ign ,  i f  requi red)  va lues  to  assembly  var iab les  which  may la te r  
requi re  reass ignment .  The  var iab les  upon  which  i t  may opera te  mus t  no t  have  been  
def ined  e l sewhere  (e .g . ,  by  an  EQU di rec t ive) .  The  format  of  the  LET di rec t ive  i s  
LET V = e  where  V i s  a  LET-def ined  var iab le  and  e  i s  any  express ion ,  as  in  the  
fo l lowing:  

JP j  

D  

0 ,C  

M,  E  0  , 5  

Mi E  

< i '  C,  A ,  

,W D,  0  

Mj_E 

A J f_  

Gi  Q  

• i  W P.C,  

_z_L w p , (  

A A=.  

G,  0 ,  
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A P P E N D I X  A .  A B B R E V I A T I O N S  A N D  

S P E C I A L  S Y M B O L S  

The following is an explanation of special symbols and abbreviations used in text: 

S Y M B O L  
O R  M E A N I N G  

A B B R E V I A T I O N  

- direction of data transfer. 

(a) the contents of a location or register, "a". 

(*>n the n1*1 bit of (a). 

(">L the lower 15 bits of (a). 

(a>u the upper 15 bits of (a). 

A 30-bit A register (accumulator). 

AQ 60-bit register made up of A and Q. 

ts blank. 

b designator three-bit designator in an instruction word indicating an index 
register whose contents are added to the y designator to form 
the effective address or effective operand, y, of an instruction 
(also termed "base address" or "base operand address"). 

B index register. 

Bb index register determined by b designator. 

Bi index register determined by j designator 

BCD binary coded decimal 

CP(x) ones complement of the contents of x. 

f designator six-bit function designator in instruction word. 

g designator six-bit designator in 77 instruction word which supplements the 
f designator. 

IFR internal function register 

j designator three-bit designator in instruction word which usually defines 
a condition for skipping the NI. 

k designator three-bit designator in instruction word for defining source of 
operand and/or destination of result. 

LP logical product. 

nines complement value formed by subtracting each decimal digit from the number 9. 

ones complement value formed by subtracting each bit from the number 1. 

NI next sequential instruction. 

P Program register-containing address of next instruction during 
execution of current instruction. 

Q 30-bit Q register 

RB relocatable binary. 

RIR relative index register. 

tens complement value formed by adding 1 to the nines complement (performing 
all carries). 

y designator lower 15 bits of an instruction word. 

y designator value formed by addition of contents of B^ to y to be used 
either as effective operand or relative (relative to RIR) address 
of operand. 

Y designator operand, from whatever source derived. 

Table A — l .  Symbols and Abbreviations 
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#  APPENDIX  B .  F l  ELD AT  A  AND CARD 

CODES FOR CHARACTER 

REPRESENTATION 

CODING SYMBOL 
FIELDATA 

CODE 
(OCTAL) 

HIGH 
SPEED 

PRINTER 

CARD 
CODE 

CODING SYMBOL 
FIELDATA 

CODE 
(OCTAL) 

HIGH 
SPEED 

PRINTER 

CARD 
CODE 

V (Master Space) 
[ (Left Bracket) 
] (Right Bracket) 
#(Pound) 

00 
01 
02 
03 

9  
[ 
] 
I t  

7-8 
12-5-8 
11-5-8 
12-7-8 

) (Right Parenthesis) 
- (Minus) 
+ (Plus) 
<(Less Than) 

40 
41 
42 
43 

) 

+ 
< 

12-4-8 
11 
12 

12-6-8 

A (Caret) 
(Blank) 
A 
B 

04 
05 
06 
07 

A 
(Space) 

A 
B 

11-7-8 
(Blank) 

12-1 
12-2 

= (Equal) 
> (Greater Than) 
& (Ampersand) 
$ (Dollar) 

44 
45 
46 
47 

> 

& 

$ 

3-8 
6-8 
2-8 

11-3-8 

C 
D 
E 
F 

10 
11 
12 
13 

C 
D 
E 
F 

12-3 
12-4 
12-5 
12-6 

* (Asterisk) 
( (Left Parenthesis) 
% (Per Cent) 
: (Colon) 

50 
51 
52 
53 

• 

( 
% 

11-4-8 
0-4-8 
0-5-8 
5-8 

G 
H 
1 
J 

14 
15 
16 
17 

G 
H 
1 
J 

12-7 
12-8 
12-9 
11-1 

? (Question) 
! (Exclamation) 
, (Comma) 
\ (Slant) 

54 
55 
56 
57 

7  

1 

t 
\ 

12-0 
11-0 
0-3-8 
0-6-8 

K 
L 
M 
N 

20 
21 
22 
23 

K 
L 
M 
N 

11-2 
11-3 
11-4 
11-5 

0 
1 
2 
3 

60 
61 
62 
63 

0 
1 
2 
3 

0 
1 
2 
3 

0 
P 
Q 
R 

24 
25 
26 
27 

0 
P 
Q 
R 

11-6 
11-7 
11-8 
11-9 

4 
5 
6 
7 

64 
65 
66 
67 

4 
5 
6 
7 

4 
5 
6 
7 

S 
T 
U 
V 

30 
31 
32 
33 

S 
T 
U 
V 

0-2 
0-3 
0-4 
0-5 

8 
9 
-»(End Statement) 
; (Semicolon) 

70 
71 
72 
73 

8 
9 

'(Apos.) 
» 

8 
9 

4-8 
11-6-8 

w 
X 
Y 
z 

34 
35 
36 
37 

w 
X 
Y 
z 

0-6 
0-7 
0-8 
0-9 

/ (Virgule) 
. (Period) 
H (Lozenge) 
Not Used 

74 
75 
76 
77 

/ 

• 
t 

0-1 
12-3-8 

0-7-8 
0-2-8 

N O T E :  ( N P )  S i g n i f i e s  t h a t  t h e  p r i n t e r s  w i l l  s u b s t i t u t e  a  s p a c e  f o r  t h i s  c h a r a c t e r .  

Table B—l, Fieldata and Card Codes for Character Representation 
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E C  T  I O N :  
x C 

A P P E N D I X  C  A S S E M B L E R / S P U R T  
F U N C T I O N  C O D E S  

The following table (Table C — 1) lists both Assembler and SPURT mnemonics by function 
code. 

F MNEMONIC DESCRIPTION ASSEMBLER SPURT 

01 Right Shift Q RSQ RSH*Q 

02 Right Shift A RSA RSH*A 

03 Right Shift AQ RSAQ RSH*AQ 

04 Test A, Test Q, Test R TA, TQ, TR COM*A*Q*AQ 

05 Left Shift Q LSQ LSH*Q 

06 Left Shift A LSA LSH*A 

07 Left Shift AQ LSAQ LSH+AQ 

10 Load Q LQ ENT*Q 

11 Load A LA ENT*A 

12 Load B j LB B : ENT*Bj 

14 Store Q SQ STR*Q 

15 Store A SA STR*A 

16 Store B . 
J 

Add A 

SB B . 

A 

STR*Bj 

ADD*A 20 

Store B . 
J 

Add A 

SB B . 

A 

STR*Bj 

ADD*A 

21 Subtract A AN SUB*A 

22 Multiply M MUL 

23 Divide D D1V 

24 Replace A + Y RA RPL*A+Y 

25 Replace A — Y RAN RPL*A-Y 

26 Add Q AQ ADD*Q 

27 Subtract Q ANQ SUB*Q 

30 Load Y + Q LAQ ENT*Y +Q 

31 Load Y - Q LANQ ENT*Y-Q 

32 Store A + Q SAQ STR*A +Q 

33 Store A — Q SANQ STR*A-Q 

34 Replace Y + Q RAQ RPL*Y +Q 

35 Replace Y — Q RANQ RPL*Y-Q 

36 Replace Y + 1 (Increment Y) RI RPL*Y +1 

37 Replace Y — 1 (Decrement Y) RD RPL+Y-1 

Table C—l. Assembler/SPURT Function Codes (part 1 of 3) 
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2 

P A G E :  

F MNEMONIC DESCRIPTION ASSEMBLER SPURT 

40 Load Logical Product LLP ENT*LP 

41 Add Logical Product ALP ADD*LP 

42 Subtract Logical Product ANLP SUB*LP 

43 Test Logical Product TLP COM*MASK 

44 Replace Logical Product RLP RPL*LP 

45 Replace A + Logical Product RALP RPL*A +LP 

46 Replace A — Logical Product RANLP RPL*A—LP 

47 Store Logical Product SAND STR*LP 

50 OR OR SEL*SET 

51 Exclusive OR XOR SEL*CP 

52 NOT NOT SEL*CL 

53 Selective Substitute SSU SEL*SU 

54 Replace OR ROR RSE*SET 

55 Replace XOR RXOR RSE*CP 

56 Replace NOT RNOT RSE*CL 

57 Replace Selective Substitute RSSU RSE*SU 

60 Jump on Test JT JP 
61 Jump J JP 

64 Store Location and Jump on Test SLJT RJP 

65 Store Location and Jump SLJ RJP 

70 Repeat R RPT 

71 Test B and/or Increment TBI B • BSK*Bj 
72 Jump on B and Decrement JBD B. BJP*Bj 

7701 Floating Add FA FADD 

7702 Floating Subtract FAN FSUB 

7703 Floating Multiply FM FMUL 

7705 Floating Divide FD FDIV 

7706 Floating Point Pack FP FPP 

7707 Floating Point Unpack FU FPU 

7710 Decimal Test DT DTEST 

7711 Decimal Add DA DADD 

7712 Decimal Subtract DAN DSUB 

Table C—l. Assembler/SPURT Function Codes (part 2 of 3) 
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F MNEMONIC DESCRIPTION ASSEMBLER SPURT 

7713 Decimal Test Equal DTE DCME 

7714 Decimal Complement AQ DN DCP 

7715 Decimal Add with Carry DAC DADDC 

7716 Decimal Subtract with Borrow DANB DSUBB 

7717 Decimal Test Less DTL DCML 

7721 Double Precision Load DPL DPENT 

7722 Double Precision Add DPA DPADD 

7723 Double Precision Test Equal DPTE DPCME 

7724 Double Precision Complement DPN DPCP 

7725 Double Precision Store DPS DPSTR 

7726 Double Precision Subtract DPAN DPSUB 

7727 Double Precision Test Less DPTL DPCML 

7730 Scale Factor Shift SFS SFSH 

7731 Character Pack Lower CPL CREL 

7732 Character Pack Upper CPU CREU 

7733 Convert Lower DCL DC VL 

7734 Convert Upper DCU DC VU 

7735 Character Unpack Lower CUL CRSL 

7736 Character Unpack Upper CUU CRSU 

7737 Execute Remote ER XQT 

7740 Unconditional Jump LBPJ BO EBJP*B0 

7741 Load B1 with contents P register and Jump LBPJ B1 EBJ P*Bl 

7742 Load B2 with contents P register and Jump LBPJ B2 EBJP*B2 

7743 Load B3 with contents P register and Jump LBPJ B3 EBJ P*B3 

7744 Load B4 with contents P register and Jump LBPJ B4 EBJ P*B4 

7745 Load B5 with contents P register and Jump LBPJ B5 EBJ P*B5 

7746 Load B6 with contents P register and Jump LBPJ B6 EBJ P*B6 

7747 Load B7 with contents P register and Jump LBPJ B7 EBJ P*B7 

7751 Logical Right Shift Q LRSQ LRSQ 

7752 Test and Set TSET TSET 

7753 Masked Alphanumeric Test Equal MATE MACE 

7754 Executive Return EXRN EXRN 

7755 Logical Right Shift A LRSA LRSA 

7756 Logical Right Shift AQ LRSAQ LRSAQ 

7757 Masked Alphanumeric Test Less MATL MACL 

7771 Load B-Worker Registers LBW EWB 

7775 Store B-Worker Registers SBW SWB 

Table C—l. Assembler/SPURT Function Codes (part 3 of 3) 
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APPENDIX D. ERROR FLAGS 

Dl.  GENERAL 

The  fo l lowing  e r ror  f lags  may appear  in  the  l i s t ing  a t  assembly  t ime.  

FLAG INDICATION 

u Undef ined  symbol  
D Doubly  def ined  
R Reloca t ion  
L  Level  
T  T  runca t ion  
E  Express ion  er ror  
I  I l l ega l  opera t ion  
P  Parameter  e r ror  

D2.  U (UNDEFINED) 

I f  a  symbol  has  not  been  def ined  in  i t s  own program e lement ,  the  U f lag  wi l l  resu l t ,  
even  though the  symbol  may be  l i s ted  as  an  ex te rna l  re fe rence  ( in  an  XREF di rec t ive)  
Thus ,  th i s  f lag  may not  a lways  ind ica te  a  log ica l  e r ror  ( see  5 .13) .  

D3.  D (DOUBLY DEFINED) 

The  D f lag  wi l l  resu l t  when  a  labe l  has  been  def ined  more  than  once  in  a  program 
e lement .  In  some cases ,  th i s  may be  des i red  by  the  programmer  and  the  LET di rec t ive  
avoids  any  such  confus ion  ( see  5 .17) .  

D4.  R (RELOCATION) 

The  R f lag  ind ica tes  tha t  a  re loca tab le  i tem in  an  express ion  has  los t  i t s  re loca tab i l i ty  
proper ty  due  to  an  a r i thmet ic  opera t ion .  (See  3 .5 .3  for  those  opera t ions  caus ing  the  R 
f lag . )  

D5.  L  (LEVEL)  

The  L  f lag  ind ica tes  tha t  some capac i ty  of  the  assembler  has  been  exceeded .  Poss ib le  
causes  of  the  L  f lag  a re :  

•  nes t ing  of  PROC's  and  FUNC's  beyond the  maximum of  16  

•  nes t ing  of  DO-loops  beyond the  maximum of  8  
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D6. T (TRUNCATION) 

The T flag indicates that a value is too large for its destined field. As an example, 
in the source-coded line ALPHA 

ALPHA + 'A', *B', 1, 2, 67D 

the decimal 67 is too large for the rightmost six bits of the word, and the T flag 
will be generated. 

D7. E (EXPRESSION) 

The E flag indicates an invalid expression. Possible causes are (but are not restricted 
to) the inclusion of a decimal digit in an octal number (e.g., 080) or a fractional ex­
ponent with the shift exponent operator (e.g., A*/3.5D). 

D8. I (ILLEGAL) 

The I flag indicates that the first source coded subfield does not contain the name 
of a directive, nor the name of an available procedure, nor a legitimate mnemonic. 
The one exception to this is the case where the operation field starts with a plus 
or minus sign to indicate data. 

D9. P (PARAMETER) 

The P flag indicates faulty specification of argument(s) for an operation. For example, 
the pseudo-op ZA W would result in a P flag because no operand (argument) is re­
quired for the instruction to clear the A register. 
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P  A G E :  

APPENDIX E. OPERATION FIELD 
HIERARCHY 

A symbol  in  the  opera t ion  f ie ld  may be  def ined  in  d i f fe ren t  a reas  of  the  UNIVAC 494 
Opera t ing  Sys tem.  The  fo l lowing  sources  a re  searched ,  in  the  order  shown,  un t i l  the  
symbol  i s  def ined .  As  soon  as  i t  i s  def ined ,  the  search  ends .  

The  sources  a re :  

•  FORM labe ls  ( see  5 .5)  

•  Assembler  d i rec t ives  

•  PROC ent ry  po in ts  

•  Assembler  mnemonics  

•  SPURT di rec t ives  

•  SPURT mnemonics  

•  SPURT macro  labe ls  

•  SPURT poly-ops  

•  sys tem opera tors  (OMEGA packe ts )  
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APPENDIX F. #ASM OPTIONS 

The fo l lowing  tab le  l i s t s  ava i lab le  op t ions  on  the  »ASM card  ( see  "UNIVAC 494 Opera t ing  
Sys tem Programmer  Reference  Manual , "  UP-7504 (cur ren t  vers ion) ) .  

OPTION 

B 

C 

D 

F  

G 

H 

I  

L  

M 

N 

O 

P  

Q 

R 

S  

U 

W 

X 

Y 

Z  

FUNCTION 

Inhib i t  bas ic  mnemonics  

Check  sequence  numbers  

Dele te  sequence  numbers  f rom l i s t ing  

Inhib i t  PROC's  and  FUNC's  

Al low ex tended  language  fea tures  

Reverse  normal  opera t ion  f ie ld  h ie ra rchy  

Use  s ing le  spaced  l i s t ing  

Pr in t  re loca t ion  informat ion  

Pr in t  ou t l ine  of  UNIVAC 494 Assembler  Reference  Manual  

Suppress  l i s t ing  except  for  e r rors  

Inh ib i t  OMEGA packe ts  

Punch  deck  

Absolu te  assembly  

Produce  c ross  re fe renc ing  

P lace  SDEF's  (Symbol  DEFin i t ions)  wi th  RB e lement  

Only  symbols  l i s ted  in  XREF d i rec t ives  a re  va l id  ex te rna l  re fe rences  

Suppress  e r ror  pr in tou t  

Abor t  job  on  e r rors  

Do not  ind ica te  e r rors  in  TOC 

Abor t  t ask  on  e r rors  
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