
· i. Q ... 41 4 t .e;:;c:;p; 

SOFTWARE 

601 ASSEMBLER MANUAL 

,/', 



SYSTEM 2400 

601 ASSEMBLER MA.NUAL 

EDITIOfJ 1 

... 

;ORPORATE HEADQUARTERS· UTICA, NE\N YORK 13503 

-Trademark of Mohawk Data Sciences Corp., Utica, N.Y., Mohawk Data Sciences--Canada, Ltd. RegIstered User. 

Form No. PM-2625-1073 © 1973 Mohawk Data SCIences Corp. Pnnted In U.S.A. 



REVISION PAGE . 

EDITION/ NUMBER FORH NU~1BER SOFTWARE LEVEL ADDENDUM OF PAGES AND DATE SUPPORTED NUMBER AFFECTED 

EDITION 1 Pf4-2625-1073 

-
, 

.. 

ii 



FOREHJRD 

This manual describes the basic instruction repertoire, format, and detailed 
information for programming the 601 r1icroprocessor in machine code and assembly 
languagec 

Section I describes the I, S, and R registers and.the paging system. Section 
. II discusses the three different language levels: machine code, symbolic notation 9 

and assembly ·language. Section III explains each assembly language statement, its 
machine code equivalent, and other information necessary for using the particular 
statement. Section IV contains the operating procedure. 
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REGISTERS 

The 601 f1icroprocess<?r is a functionally complete, high-performance module 
of the r·1DS 600 Series. This microprocessor uses the following registers: 

• 16-bit instruction (I) register 
• 16 eight-bit scratch (S) registers 

'. 16 ei ght-bi t R regi s ters 

The 16-bit instruction (I) register holds the microinstruction during the 
instruction execution time. The least significant bits of the register contain the 
literal operands for instructions that use literal operands. 

The 16 eight-bit scratch (S) registers (labeled SO through SI78~ __ may con.tain 
the operands for the arithmetic and logical operations. The 5 registers may be 
referenced both as a source and as a destination. The SO register becomes a 
dedicated register during the execution of a G statement. At all other times, the 
SO register is not dedicatedo 

The 16 eight-bit R registers (labeled RO through R17a) also may contain the 
operands for the arithmetic and logical operations. In addition, the R registers 
have the following individual functions and limitations: 

RO (A Regi s ter) 

Rl (C Register) 

A general-purpose register that can be referenced both 
as a source and as a destination. As a secondary 
function, its contents are used in a G statement to 
jump across a page boundary. 

A condition register used for sensing conditions 
during execution of certain instructions. In addition, 
certain bits can signal the occurrence of certain ex­
ternal events, as shown below: 

Bit Bit 
Po s ; t ion r ~ a me 

o LINK 

1-1 

Use 

The L rr~ K bi t ; s set by a ca rryout 
of the adder from a previous 
arithmetic operation. 



Bit Bit 
Position liame 

1 S IGfJ 

2 POS 

3 ZERO 

Use 

The SIGfJ bit is generally used to 
store the sign of one of the oper­

ands of a .previ ous a ri thmeti c 
operation. 

, The POSITIVE bit is set when bit 

7 of the result of ·an arithmetic 
or logical operation is ~. 

The ZERO bit is set when the result 
of an arithmetic operation ;s ~. 

4 OVRFLW The OVERFLOW bit is set when an 
arithmetic operation which could 
conceivably generate an overflow 
condition is performed. 

5 PARITY The PARITY ERROR bit is set when 

6 

7 

EXTI 
EXT2 

the R-register selected to the R 

bus appears to have erroneous 
par;ty~ The parity may be odd 

or even .. 

The EXTERiJAL CorJDITIOrJ #1 and 
EXTERNAL CONDITIOrJ #2 bits are set 
by logic outside the microprocessor; 
their meaning and use are determined 
by the nature of their source. If 
these bits are not in use, they are 
set to l~ 

Note that the C register has two types of inputs. It 
can be u~ed as a normal destination \-Jhen referenced by 
its R name, Rl. Or the bits can be set by the condi­
tions listed above. If both situations occur simul­
taneously, the C regist~~ is used as a destination and 
the condition bits are suppressed. 

The C register ~an also be referenced as a normal source, 
in \·JhlCh case the value of tl1e C register (used as an 
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R2 (X Register) 

R3 (Y Register) 

R4 (PU Register) 

R5 (PL Register) 

R6 th rough R17 
(External Registers) 

operand) is the value before any bits are changed due 
to condition inputs from the current operation. 

A general-purpose register that can be referenced 
both as a source and as a destination. The X register 
bits are brought off of the microprocessor and can be 
used as output di screte bi ts to contro 1 other modul es -
of the system .. 

A general-purpose register that can be referenced 
both as a source and as a destination. As a secondary 
function, its bits are available to modules outside 
the microprocessor and they can be used as output 
discrete bits to control other system components. 

The four most significant bits of the P register. Can 
be referenced both as a source and as a destination. 
If it is referenced as a source, the actual reference 
is a value of zero .. 

The eight least significant bits of the P register. 
Can be referenced both as a source and as a destinationo 
If it is referenced as a source, the actual reference 
is' a value of zero. 

The P register (R4 and R5) holds the address of a 
microinstruction during its access from program memory_ 
Before each instruction access, the P register is 
incremented by 10 

These regis ters a·re externa 1 to the mi croprocessor and 
reside in the adaptors of those modules that must com­
municate with the microprocessor. The R6 through R17 
external registers are enabled by the data contained in 
the X and Y registers. Register numbers R6 through R17 
may be duplicated within the same system, but each 
register that is enabled will have a unique number in 
the X and Y register. For example, a system may have 
three Rl~ registers on three different modules, but 
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PAG Ii'JG 

only one R13 register can be enabled at one time to 
communicate with the processor. The functional 
characteristics of these R registers depend on the 
nature of the modules or devices of which they are 
a part. Each portion of a module or assembly that 
must be able to communicate directly with the micro­
processor is assigned an R-register address from 6 
through 178" 

The 601 r1icroprocessor divides its memory into pages. Each page has 3778 
bytes of memory, as follo'tls: 

Page Bi:tes 

1 000-000 through 000-377 
2 001-000 through 001-377 

3 002-000 through 002-377 

The .G statement can jump across a page boundary. The GO and GND statements 
must remain within their orlginal boundaries. 
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SEeTIO:; I I 

LAi~GUAGE LEVELS 

The three levels at \~hich a user can interface with the 601 r1icroprocessor are: 

• f1achine Code 
• 5ymbo 1 i c r~otat i on 
• Assembly Language 

An example of the same instruction in the three language levels is: 

230042 
52 + R3 -+ R 
LABEL ADD S2,R3,R 

Machine Code: Tri-octal 
Symbol ic iiotation 
Assembly Language 

In m-achine code, the 16-bit instructions (may be \'Jritten as 6 tri-octal digits) 
~an be divided into two major divisions: 
/these instructions is: 

literal and non-literal 0 

15 -14 11 10 9 8 7 a 
I f~ : c : L 

Literal Instruction 

15 14 11 10 9 8 7 6 5 4 3 a 
I 1 I 

, I f~ I I 
, 

I i I R aC e fc 0 S 
I 

, 
lS::' \ ~\ 

I~on-L i tera 1 Instruction 

The 'symbols used in these instructions are explained below: 

Bit 15 0 = Literal Instruction 
1 = Non-Literal Instruction 

R = number of R register (Bi~s 11-14) 

The format of 

5 = number of S register (Bit 11-14 of Literal, Bits 0-3 of IJon-L iteral) 
L = Literal value (Bits 0-7 of Literal) 
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D = .destination (Bits 4-5 of IJon-L iteral): Specifies the location where 
the result of the operation is to be stored: 

00 resul t to PU, A (RO) to PL 
01 result to specified S register 
10 resul t to specified R register 
11 result to both the specified Sand R reg; sters 

c = Setting of C register (Bit 8 in arith~etic and logical statements): 
Determines whether this statement will affect the C register. 

c = 0 Execution of this statement will set the bits of the 
C register. 

c = 1 C register is not affected. 

fc = function code (Bits 8-10 of Litera 1, Bits 6-10 of r~on-L iteral, except 
for bit 8 of arithmetic and logical statements, as described above): 
Specifies the operation of the statemento 

The second level, symbolic notation, uses the following symbols: 

+ plus 
minus 

~ result stored at 
v Logical OR 
(D Logical Exclusive OR 

" Logical AND 
SN number of S register 
Rr~ number of R regi s ter 
D destination 
-a lis complement of a 
CN bit number of the C register 

Inh C inhibit C register 
RS right shift 
LS left shift 
LK link bit 

The highest level, the assembly language, is a symbolic programming language 
that makes programming easier and faste.r by allo\'Iing the programmer to use mnemonic 
represerrtation for function codes~ registers" and addresses. 
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The basic Jnit of a source program coded in the asse~bly language is th~ 
~taternent. ,:... statement occupies one line on the programl~ir.g coding fonn and, in 

most cases, represents one instruction. Each statement consists of a string of 
characters, grouped into fields: 

• label field (usually optional) 
.; operator fi el d (op code) 

• operand fi e 1 d 
• comment fiel d (optional) 

Statements are entered on the coding form in a relatively fixed format, with· 
certain fields required to start ;n specific column positions: 

Column 1 16 

! ! 
LABEL OP CODE OPERAND ,OPERAND, ~ 9 " 0 COr1fT1Ei~TS 

The~label field must start in column 1, the op code field ;n column 10, and 
the operand field in column 16e Comments, if any, must be separated from the last 
?erand by at least one spaceo Operands within the operand field are separated 

·oy a corrma. 

LABEL FIELD 

A label uniquely ~dentifies a statement or value so that it can be referenced 
by other statements. The label is optional; except for the EQU statement which 
requir~s a label, and the END statement which cannot have a labelo 

The label contains from two to six alphanumeric characters, the first of which 
must be an alphabetic character. The assembler automatically defines certain 
labels, such as the S.and R register names, destination codes, designator names, and 
commonly used literals. The following labels are defined by the assembler and must 
not be redefined by the user. i!ote that assembler-defined labels may be only one 

character, but user-defined labels must be 2-6 characters. 

Assembler-Defined Label 

RO through R178 
SO through S 178 

A 

C 

X 

2-3 

Octal value of label 

a th ro ugh 17 8 
a through 178 

a 
1 

2 



Assembler-Defined Label Octal value of label 

Y 3 

PU 4 

PL 5 

LINK a 
SIGN 1 

POS 2 

ZERO 3 

OVRFL~~ 4 

PARITY 5 

EXTl 6 

EXT2 7 
p 00 
R 10 
S 01 

RS 11 

SPACE 100 
NULL 000 

A label on an assembly language statement has the value of the memory address 
at which the statement is stored. The programmer may also define a label with the 
EQU statement. 

OPERATOR FIELD 

The operator field may contain one of the 24 mnemonics or one of the six 
assembler directive mnemonics. The operator field defines how the other fields are 
to be inter-preted and what absolute coding (if any) ;s to result. The individual 
mnemonics are explained in Section III. 

OPERAiJD FI ELD 

The operand field has from 0 through 4 operands separated by commas. Spaces 
are not allowed in the operand field. See Section III for the correct order and 
type of operand for each statement. The follm·ling symbols may be used in the 
operand field: 

Sr~ = number of S register, \'Jhere [J is an octal digit from 0 through 17, 
or a label that has been EQUated to an S register nane. 
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RiJ = number of R register, \oJhere ;~. is an octal digit frocl 0 thr'ough 17, 
or a label that has been EQUated to an R register hameo 

D = destination: location where the result of the operation is to be 
stored: 

P result to PU, A (RO) to PL 

S result to specified S register 
R result to specified R regist~r 
RS resul t to specified Sand R registers 

L = literal value: An 8-bit value that is to be defined as part of the 
instruction~ A literal may be coded as an octal 
value (000 through 377) or as a label that has been 
EQUated to an octal value. If a label is EQUated 
to a 16-bit value, an asterisk indicates whether the 
1 i tera 1 value is to be taken from the high -0 rder or 
low-order 8 bits of the label's 16-bit value. 

An asterisk preceding the label indicates that the 
high-order bits of the literal are to be used; a 
label without an asterisk indicates the low-order 
bitso 

SC = Statement will not affect the S register. 

il = number or t~ame of C-registar designator bit: 

I~ame Humber 

LINK a 
SIGN 1 

POS 2 
ZERO 3 

OVRFLW 4 

PARITY 5 

EXTl 6 

EXT2 7 

{Or·1r·1Ei~T FI EL 0 

The Comment field must be separated from the last operand by one or more spaces. 
The field may extend to column 7l~ This field is included for documentation only 
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and is ignored by the assembler. A comment s.tatement, identified by an asterisk (*) 

)
, column 1, can be used to insert longer corrunents into a program. In a comment 
atement, all characters in positions 2 through 71 are treated as comments. 

Coding. of Assembly Language Statements 

Creating a program requires three steps: 

• coding the instructions on a standard coding form, 

• transferring the instructions to punched cards or tape for input to 
the assembler, and 

• entering the program into the assembler for translation into machine 
code. 

The assembler produces the object code on magnetic tape or punched cards and 
also generates an assembly listing showing the source language input, and the 
generated machine language code {in tri-octal}. The assembler also prints one of 
the following error flags beside each statement in which a syntax error is found: 

r·' . r~ultiple labels: two labels have the same spell ing. 

o Operand error: illegal character in the operand field. 

U Undefined label: label in an operand has not been defined. 

L Label error: label in an operand has not been defined as an S or R 
register, although the statement format requires an S 
or R register. 

I Illegal instruction: instruction mnemonic is spelled incorrectly. 

F Format error: format of the statement is in error. 

P Jump error: short jump (GO or GND) crosses a page boundary. 

The assembly program itself is coded in 2400 Assembly Language. 
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SECTIOiJ. I I I 

ASSEf1BL Y LAIJGUAGE STATEnEIJTS 

This section explains each assembly language statement, including the 
following information: 

Purpose: 

Fonnat: 

What the statement is intended to accomplish. The symbolic 
notation is also includede 

The format of the machine code and assembly language, including 
a brief description of the operands. 

i~otes: Any additional information pertaining to the statement. 

C Register: How the statement affects the C register. 

AND/OR Operation: A simple table illustrating the AriD or OP operation. 

Example: A typical example that illustrates the statement's use. 

The statements are presented in two groups: Assembler Directive statements 
and Assembler statements. Each group is in alphabetical order. 
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Purpose: 

Format: 

Note: 

Example: 

EJECT Statement 

To start a ne~J page on the assembly listingG This statement 
may precede the START statemento 

f1achine Code: None 

Assembly Language: EJECT 

1. This statement has no label and no operando 

2. This statement will not appear in the listing. 

. 
EJECT 
START 4000 .. . 
EJECT 
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Purpose: 

Format: 

Note: 

Example: 

END Statement 

To specify the end of the source program. 

f1achine Code: r~one 

Assembly Language: END 

The END statement must be the last statement in a source programo 
Only one END statement can appear in each source program.. The 
END statement does not require a label or an operand. If either 
is specified, the Assembler ignores it. 

.. 
END 
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Purpose: 

Fonnat: 

Exampl e: .. 

EQU Statement 

To equate a label to a numeric value or to another label. 

t·1achi ne Code: r~one 

Assembly Language: label 

label (in name field) 

value 

label (in operand field) 

VALl EQU 10 
· · ADORA EQU 5377 
· 

QUOT EQU 51 
DIVISR EQU S2 
DIVDND EQU S3 
ANSvJ EQU DIVDND 

3-4 

EQU 

= 

= 

= 

value 
label 

required label 

tri-octal value 

Assembler-assigned label, such 
as an R or S register, or a 
user-assigned label that was 
previously defined 



Purpose: 

Format: 

G Statement (Go) 

To perform an unconditional long jump, that is, across a page 
boundary. 

Machine Code: (Generates three machine code words, described 
in the note belowe) 

Assembly Language: label G label 

label (in name fie.ld) = optional label 

label (in operand field) = value of the loca­
tion to which the 
program jumps. 
This label is used 
in the three state­
ments explained in 
the note below .. 

II'Jote: The G statement ;s a macro instruction that generates the follow-
/-

ing three aSSj~g~l-~~e~L f~ R~,; (). 
IV1

()v
P

(" __ .. -~abel,RO '-

.'~.;;: . c ML *label,SOI::::::- ?c..cl.<.---; /~-: 
'--e . . LC-c.. 
'-~ • J1~. f-r::;:n.. -/, t~ SO P ',,-

·s, --, --,,- ~ 
~. 

The M and ML statements are explained on pages 3-19 and 3-27. 

Example: LOGS2 EQU 200100 .. 

BRAN G LOGS2 
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Purpose: 

Format: 

Notes: 

C"Register: 

Example: 

NOP Statement (No Operation) 

To create a memory gap of two bytes with zero fill. 

r1achine Code: IoU 0 • 0 » 0 u 0 u 0 • 0 u 0 u 0 ' 0 u 0 ' 0 u 0 u a • 0 • 0 I 
Assembly Language: NOP 

1. This statement has no label and no operandG 

2. In effect, this statement is equivalent to an ORL statement 
with a literal zero and the RO register as operandsG At 
execution time, an inclusive OR of the literal zero and the 
contents of the RO register is performed and the result is 
stored at RO. 

The C register ;s not affected by this statemente 

. 
NOP . 
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Purpose: 

Format: 

r~ote : 

)Exampl e: 

START Statement 

To specify the starting address in core memory for the instruc­
tions which follow. 

f1achine Code: I~one 

Assembly Language: label START address 

. label = optional label 

address = core memory address in tri -octa 1 , 

or a previously defined label. 

The first statement of a source program must be a START state­
ment. r1ultiple START statements are allo\-Jed in a program. A 

START statement resets the program counter to the va 1 ue of the 
address operand, therefore allowing the programmer to start 
routines at particular locations within program memory. 

RTEI START -3251 

. 
START 4000 
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Purpose: 

Format: 

Note: 

Example: 

TITLE Statement 

To set up a descriptive title which will be printed as the first 
line of each page of the listing. 

Machine Code: None 

. Assembly Language: TITLE 'text· 

text = 1-40 characters, enclosed in apostrophes s 

printed as the first line of each page. 

The TITLE statement is printed on the source code listing as a 
comment record (an asterisk followed by the text). 

TITLE '601 ASSEf·1BLER PROGRAt1' . 
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Purpose: 

Format: 

~~ Register: 

ADC Sta teli1ent (Add Bina ry plus Ca rry) 

To add (in binary) the ~alues of the specified Sand R registers 
plus any carry from a previous operation, and to store the 
result in the location specified by D. Sr~+RN+Lrr~K -+ D 

f1achine Code: ~I 1~1 ~_R_i ~~I O~i o~l~c~l_o~i_1_I~cl~~_s~~~ 
Assembly Language: 1 abel ADC SrpRrp D,SC 

label = optional label 

SN = number of S register 

RN = number of R regi ster 

D. = des tin a t ion: S, R, RS, 0 r P 

SC = optional: if used, C register not 
affected by this operation 

If the destination (D) ;s not the C register and the SC operand 
is omitted, the designator bits in the C register are set as 
follows: 

• LIHK: set only if this instruction generated a carry-out 
from the adder" 

• SIGN: Set only the initial contents of the R register 
were pos it i ve •. 

• PO S : set 0 n 1 y i fbi t 7 0 f the re s u 1 tis 0 a 

• ZERO: set only if the result is 0 .. 

• OVRFLW: set only if the signs of the initial contents of 
the Sand R registers were alike and the signs of 
the result and the initial contents of R are unlike. 

• PARITY: The nine bits (8 data and 1 parity) from the 
specified R register are checked for parity (the 
parity bit is 0 if it is not implemented on an ad­
dressed register, such as RO, Rl, R2, R3, R4, and R5): 

• If 9 bits have even number of 1'5, PARITY 
bit is sete 
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Example: 

• If 9 bi ts have odd number of l' 5, PARITY 
b; tis c 1 e are d . 

• EXTl and EXT2: set only if a related external condition is 

present in the ~nterfacing hardware. 

LAB! ADC S2,R7,S 
. 
ADe S7,X,R,SC . 
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Purpose: 

Format: 

C Register: 

ADD Statement (Add Binary) 

To add (in binary) the values of the specified Sand R registers 
and to store the result in the location specified by Do Sr~+RN -+' 0 

• 
R loiol c 10'010'· Machine Code: S 

Assembly Language: label ADD S[pRU'O,SC 

label = optional label 

SN = number of S register 

RN = number of R register 

o = destination: R, 5, RS, or P 

SC = optional: C register not affected 
by this operation 

If the destination (0) is not the C register and the SC operand 
;s omitted, the designator. bits in the C register are set as 
follows: 

• LINK: set only if this instruction generated a carry-out 
from the addero • 

• SIGN: set only if·the initial contents of the R register 
were positiveo 

• pas: set only .:.c L..': ~ "7 of the rc5ul t is 
,. 

I I L..I " •• 'Po 

• ZERO: set only if the result is ~. 

• OVRFLW: set only if the signs of the initial contents of 
Sand R registers were alike and the signs of the 
result and the initial contents of R are unlike. 

• PARITY: The nine bi ts {8 da ta and 1 pari ty} from the 
specified R register are checked for parity (the 
parity bit is 0 if it is not implemented on an 
addressed register, such as RO, Rl, R2, R3, R4, 
and R5): 

• If 9 bits have even number of l's, PARITY 

bit is se~. 
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Example: 

• If 9 bits have odd number of lis, PARITY 
bit is c 1 ea re d • 

• EXTl and EXT2: set only if a related external condition ;s 
present in the interfacing hardware. 

RTE3 ADD Sl,R3,S,SC 

ADD SS,Rl,R 
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Purpose: 

Format: 

.. C Reg is te r : 

Ar~D Statement (Logical AUD) 

To perform a logical AND on the contents of the specified Rand 
S registers and to store the result in the location specified 

by D. SNr\RN " 0 

Machine Code: ~ll~l~c~~~~~lo~'_l~l_c~l_l~O~_D_i ~~~i_S~i~ 
Assembly Language: label AND SU,RN,D,SC 

label = optional label 

SN = number of S register 

RN = number of R register 

D = destination: R, ,S, RS, or P 

SC = optional: C register not affected 
by this operation 

If the destination (D) is not the C register and the SC operand 
is omitted, the designator bits in the C register are set as 
follows: 

• LIr4K: unaffected. 

• SIGN: unaffected. 

• POS: set only if bit 7 of the result is 0. 

• ZERO: set only if the result is ~. 

• OVRFLW: always cleared .. 

• PARITY: The nine bi ts (8 data and 1 pari ty) from the 
specified R register are checked for parity (the 
parity bit is 0 if it is not implemented on an 
addressed register, such as RO, Rl, R2. R3~ R4, 
and R5):, 

• If 9 bits have even number of lis, PARITY 
bit is set. 

• If 9 bits have odd number of lis, PARITY 

bit is cleared. 
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. 
• EXTI and EXT2: set only if a related external condition 

is present in the interfacing hardware. 

Logical AND Operation: 1 100 
101 a 
100 a 

Example: LOGI AND S3,R2,RS . 
" 

STATUS EQU S2 . 
AND STATUS,R2,S,SC 
e . 

AND S3,R2,P,SC 
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Purpose: 

Fonnat: 

Note: 

GO Statement (GOTO on Designator) 

To test a designator bit in the C register to determine whether 
the program ;s to branch to another address within the same 
memory page. The branch is made if the bit is set. L ~ RS CN 

Machine Code: I a ' a I iN i I 0 iI' 1 I . I 
Assembly Language: label GO N,L 

label = optional label 

_ N = number or name of C register desig-
nator bit to be tested: 

Bit Name 

0 LINK 
1 SIGN 
2 POS 
3 ZERO 
4 OVRFLW 
5 PARITY· 
6 EXTl 
7 EXT2 

L = literal value or label equated to 
literal value: placed in PI if N 
is set. An asterisk preceding the 
label indicates that the high-order 
eight bits of the literal are to be 
used; a label without an asterisk 
indicates the low-order bits. 

If the specified designator bit is set (=l), the literal value 
replaces the contents of the lower eight bits of the P register, 
and the next instruction executed is taken from this revised 
address. 

If the specified designator bit is not set (=0), the next 
instruction executed is the one following the GD statement. 
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C Register: 

\ample: 

The C register is not affected-by this statemente 

BALRTE GO 
· 

AOORl EQU 

GO 

· GO 
- C> 

C> 

· 

OVRFLW,127 

143265 [3 = ZERO designator 
~ *ADORI = high-order 

3,*AOORl ~ bits: 143 

1,AOORl f=.,.~- [1 = SIGN designator 
-- AODRI = low-order 

bits: 265 
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Purpose: 

Fonnat: 

Note: 

GrJD., Statement (.GOTO·on iJo Designator) 

To test a designator bit in the C register to determine whether 
t~e program is to branch .to another address within the same 
memory page. The branch' is made if the bit is not set. 

L .. RS CN 

r~achine Code: I 0 ' 1 I 'IJ' I 0 ' 1 ill 
Assembl y Language: 1 abel GND N ,L 

label = optional label 

N = number or name of C-register desig-
nator bit to be tested. 

Bit Name 

0 LIUK 

1 SIGN 
2 POS 

3 ZERO 

4 OVRFL\~ 

5 PARITY 
6 EXTl 
7 EXT2 

l = literal value or label equated to 
1; tera 1 value: placed in PI if H ; s 
not set. An asterisk preceding the 
label indicates that the high-order 

. eight bits of the literal are to be 
used; a label without an asterisk 
indicates the low-order bitse 

If the specified designator bit is not set (=0), the literal value 
replaces the contents of the lower eight bits of the P register, 
and the next instruction executed is taken from this revised 
address .. 

If the specified designator bit is set (=1), the next instruction 
executed is the one following the GND statement. 
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C Register: The C register is not affected by this statemento 

\xample: LAB! GND 5,245 

VAL EQU 132015 .. 

GND SIGN, *VAL ( [ *VAL = high-order 
bi ts: 132 
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Purpose: 

Format: 

C Register: 

f1 Statement (r·1ove Regi ster) 

To move the contents of the specified R or S register to the 
location specified by D. SN ~ D RN -+ D 

f1achine Code: 11 I R' I 1 i 0 i 0 i 0 i 0 I i S' D 
SH -+ D 

11 I i 11 '0'1'0 '0 I i i i 
R D S 

Assembly Language: label t·1 SN ,RN ,0 SN -+ 0 
RN -+ D 

label t1 ~ ,SN ,0 RN -+ 0 

Label = optional 1 abel 

SN = number of S register 

RN = number of R register 

o = destination: R, S, RS, or P 

1" Operand 1 (SN or RN) is moved to D. 

2~ Operand 2 (SN or RN) is required if: 

e 0 = RS, or 

e 0 is not the same type of register (S or R) as operand 1 .. 

3. Operand 2 (SN or RN) is optional if: 

e 0 = P, or 

e 0 is the same type of register (S or R) as operand 1. 

4: Operand 2, when used, must not be the same type (S or R) as 
operand 1. 

If the destination (0) ;s not the C register, the designator 
bits in the C register are set as follows: 

e. LINK: unchangede 
• SIGf~: always set. 

• POS: set only if bit 7 of the result is 0 .. 
• ZERO: set only if the resul t ;s 0. 
• OVRFLt~: ah-lays cleared .. 
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Example: 

'. PARITY: The nine bits (8 data and 1 parity) from the 
specified R register are checked for parity 
(the parity bit is 0 if it is not implemented 
on an addressed register, such as RO, Rl, R2, 
R3, R4', and R5): 

• If 9 bits have even number of lIs, PARITY 
bit is set . 

• If 9 bits have odd number of l's, PARITY 
bit is cleared . 

• EXTl and EXT2: set only if a related external condition 
is present in the interfacing hardware. 

Valid Statements: 

NAMI r1 S3,R2,R .. <------S3 ~ R2 

r·' R5"P ~(------R5 -+> Pu R0 -+> PL 

f1 R7 ,53', R ~<----- R7 -+- R7 
53 ;s ignored 

Invali~ Statements: 

t·1 51,55,S ~+ ____ _ 
. 
r··, 
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Purpose: 

Format: 

r~otes : 

C Register: 

rfC Sta temen t (r10 ve On es Complement) 

To take the ones complement of the specified R register and to 
move the result to t~e location specified by O. RU -+- 0 InhC 

Machine Code: r~i~I~'_·_~~~I~o_i_l~l_c~l~l_·_l~l~0_' ~~S~~~ 
Assembly Language: label = optional label 

Rr~ = number of R regi ster 

Sr~ = number of S register 

O· = destination: R, S, RS, or P 

SC = optional: If used, C register not· 
affected by this operation 

1. SN is requ; red ; f 0 = S or RS. 

2. SN is optional if 0 = P or R. 

3. The r·1C statement can move values only from an R register; 
other move statements can move values from either an R or 
S register. 

~ 

If the destination (0) is not the C register and the SC operand 
is omitted, the designator bits in the C register are set as 
follows: 

• LINK: unchanged. 
• SIGN: unchanged. 
• POS: set only if bit 7 of the result ;s ~. 
• ZERO: set only if the resul t is 0. 
• OVRFLW: set only if the initial contents of the R 

register are positiveo 
• PARITY: The nine bits (8 data and 1 parity) from the 

specified R register are checked for parity (the 
parity bit is 0 if it is not implemented on an 
addressed register, such as RO, Rl, R2, R3, R4, 
and R5): 

• If 9 bits have even number of l's, PARITY 
bit ;s seto 
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Example: 

• If 9 bits have odd number of lIs. PARITY 
bit ;s cleared .. 

o EXTl and EXT2: set only if a related external condition 
is present in the interfacing hardwareo 

cor~PU·1 MC R6,S6,RS 

.. 
r··1C R6., R,SC 
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Purpose: 

Format: 

i~otes : 

C Register: 

-
r10 Statement (f1ove and Decrement Register) 

To move the contents of the specified S or R register minus a 
binary 1 to the location specified 'by O. SU-1 .... 0 

Rr~-l .... 0 

Code: 11 I , 
11 1 0'0'0'11 • r1achine R 0 S 

Sr~ -1 .... 0 

11 I R 11'0 1 1'0'11 D s 
Rr~-l .... 0 

Assembly Language: 1 abel r1D SrJ ' Rr~' 0 SN-1 .... 0 

label flD RN ,SN ,0 RN-1 + 0 

1 abel = optional label 

SN = number of S register 

RN = number of R register 

o =~destina~ion: S, R, RS, or P 

1. Operand 1 (5N or RN) is moved to Do 

2 .. Operand 2 is required if: 

• 0 = RS, or 

I 

I 

• 0 is not the same type of regi ster (S or R) as operand 10 

3. Operand 2 is optional if: 

• 0 = P, or 

• 0 is the same type of register (5 or R) as operand 1. 

4. Operand 2, when used, must not be the same type (S or R) 
as operan d 1. 

If the destination (0) is not the C register, the designator bits 
in the C register are set as follows: 

• LIl~K: set only if this instruction generated a carry-out 
from the adder 0 

• SIGH: ah'/ays cleared. 
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Example: 

• POS: set only if bit 7 of the result is 00 
• ZERO: set only if the result is 0 • 
• OVRFLW: set only if the initial contents of the register 

name in operand 1 are negative and the sign of 
the result is positive . 

• PARITY: The nine bits (8 data and 1 parity) from the 
specified R register are checked for parity 
(the parity bit is a if it is not implemented 
on an 'addressed register, such as RO, Rl, R2, 
R3, R4, and R5): 

• If 9 bits have even number of l's, PARITY 
bit is set . 

• If 9 bits have odd number of lis, PARITY 
bit ; s c 1 e are d & 

• EXTI and EXT2: set only if a related external condition 
the interfacing hardwareo is present in 

SEC r·1D Sl,Rl,R 

REG! EQU S3 
REG2 EQU R3 

r·10 REGl, ,S 
r1D REG2, ,R 
e 
e 
e 
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Purpose: 

Format: 

i~otes : 

C Regis ter: 
III 

r·11 Statement (f1ove and Increment Register) 

To move the contents of the specified S or R t"egister plus a 

binary 1 to the location specified by D. SrJ+1 -+ D 

RN+ 1 -+ D 

Code: I 1 I i 1 i 0 i 0 i 1 i 0 I i 
r·1achi ne R D is i i I 

Sr~+ 1 -+ D 

I 1 I i 
11'0'1'1'01 

, 
R 0 S I 

RN+1 -+ D 

Assembly Language: 1 abel flI Srp Rrp D D 

1 abel rlI RN ,SN \I 0 

label = optional label 

SN = number of S register 

RN = number of R register 

D = destination: S, R, RS, or P 

1. Operand 1 (Su or RN) is moved to D. 

2. Operand 2 is required if: 

• D = RS, or 

• D';s not the same type of register (S or R) as operand l~ 

3. Operand 2 is optional if: 

•. D = P, or 

• D ;s the same type of register (S or R) as operand 1. 

4. Operand' 2, when used, must not be the same type (S or R) as 

operand 1. 

If the destination (D) is not the C register, the designator bits 

in the C register are set as follows: 

• LINK: set only if thi s instruction generated a carry-out 
from the adder. 

• SIGN: always cleared. 
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Example: 

• POS: set only if bit 7 of the result is 0. 

• ZERO: set on 1 y i f th e re s u 1 tis 0 . 
• OVRFLW: set only if the initial contents of the register 

name in operand 1 are positive and the sign of 

the result is positive. 
• PARITY: The nine bi ts (8 data and 1 pari ty) from the 

specified R register are checked for parity (the 
parity bit.is 0 if it is not implemented on an 
addressed register, such as RO, Rl, R2, R3, 
R4, and RS): 

• If 9 bits have even number of l's, PARITY 

bit is set. 

• If 9 bi ts ha ve odd number of 11 s, PARITY 

bit is clearedo 

• EXTI and EXT2: set only if a related external condition 
the interfacing hardwareo is present ;n 

SECl rlI Sl,Rl,R 
.. 

REGI EQU S3 
REG2 EQU R3 

. 
r·lI REGI, ,S 
r·l1 REG2, ,R 
.. .. 
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Purpose: 

Format: 

C Register: 

Example: 

11L Statement (f1ove Literal to Register) 

To move a literal value to the specified S or R registero 

L ... Sl~ L ... RI~ 

r·1achine Code: I a I $ I a I 0 I 1 I IL 
L ... SN 

I a I ~ 10 1

1
1 01 i I i 

L 
. L ... RN 

Assembly Language: label f1L L,SU 

1 abe 1 J1L L ,RN 

label = optional label 

Si~ = number of S register 

Rr~ = number of R reg; ster 

D· = des tin a t ion: S, R , RS, 0 r P 

L = literal value or label equated to 
literal value. An asterisk preceding 
the label indicates that the high­
order bits of the literal are to be 
used; a label without an asterisk 
indicates the low-order bits. 

The C register is not affected by this statement. 

f10Vl 
RES! 

f1L 
EQU 

377,RS 
342173 

I1L *RES1,53 
J1L RES 1 ,Rl 
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Purpose: 

Format: 

c Register: 

AND Operation: 

Example: 

NDL Statement (Logical AND Literal to R register) 

To logically AND q literal value and the contents of the specified 
R register, and to store the result in the specified R register. 

LIlRN -+ RN 

Machine Code: ~1_o~l~i_R_i~~~l_i~l~l~o~I~~~~_i~L~~~~ 

Assembly Language: label HDL L,RN 
label = optional label 

L = literal value or label equated to 
literal value. An asterisk preceding 
the label indicates that the high­
order eight bits of the literal are 
to be used; a label without an 
asterisk indicates the low-order bitsc 

RN = number of the R register 

The C re~ister is not affected by this statement. 

LABL 

110 a 
1 0 1 0 
100 a 

EQU 
· · 

152311 

NDl LABL,R7 
r~ DL *LABL , R1 · · 
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Purpose: 

Format: 

t Register: 

. OR Statement (Inclusive OR) 

. To perfonn an inclusive OR on the contents of the specified S 
and R registers s and to store the tesult in the location specified 

by D. SN V RN -+ 0 

Machine Code: l~l~I~_R_i~~I~o_i~l~l~c~l~o_i~O~I~D~~~S_i ~~ 

Assembly Language: label OR SN,RN,D,SC 

label = optional label 

SN = number of S register· 

RN = number of R register 
• 

0 = destination: R, S, RS, or P 

SC = optional: If used, C register not 
affected by this operationo 

If the destination (0) is not the C register and the SC operand 
is omitted, the designator bits in the C register are set as 
follows: 

• LINK: 
• SIGN: 
• pos: 

unchanged. 
unchanged. 
set only if bit 7 of the result is 0. 

• ZE RO : set on 1 y ; f th e res u 1 t ; s ". 
• OVRFLW: set only if the arithmetic sum of the contents of 

the specified 5 and R registers would cause an 
overflow. 

• PARITY: The nine bits (8 data and 1 parity) from the 
specified R register are checked for parity (the 
parity bit is a if it is not implemented on an 
addressed register, such as RO s Rl, R2, R3, R4, 
and R5): 

• If 9 bits have even number of lis, PARITY bit 
is set . 

• - If 9 bits have odd number of l's, PARITY bit 
;s clear.ed. 
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• EXTl and EXT2: set only if a related external condition 
is present in the interfacing hardware. 

Inclusive OR Operation: 1 100 

1 0 1 0 

1 1 1 0 

Example: NAr·1 OR S2,R2,R . 
OR S4,R4,RS,SC .. 
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Purpose: , 

Fonnat: 

C Register: 

ORL Statement (Logical OR Literal to R Register) 

To perform an inclusive OR of a literal value and contents of 
the specified R register; and to store the resul~ in the speci­

fied R register. L'vRr~" RN 

r1achi ne Code: I 0 I 

Assenibly Language: 

I R' o I 0 I 01 L i 

label ORL L,~ 

label = optional 1 abel ... 

L = literal value or label equated to 
literal value. An asterisk preceding 
the label indicates that the high­
order eight bits of the literal are 
to be used; a label without an as­
terisk indicates the lew-order bitse 

\\ 

RN = number of the R register 

The C register ;s not affected by this statement. 

Inclusive OR Operation: 1 100 

1 0 1 0 
1 -1 1 0 

Example: LIT 

NAf.1 
HIJ 

EQU .. 
o .. 
ORL 
ORL 

013225 

*LIT, R4 
LIT,Rl 
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Purpose: 

Format: 

;Jotes: 

PC Statement (Propagate Carry) 

To propagate the carry from a previous operation (as stored in 
the LINK and SIGN designators) into the location specified by D. 
SH ± LINK -+ 0 Rr~ ± LINK -+ 0 

r·1achine Code: I 1 I R 11'0'0'1
1 liD' S 

I 1 I i R i 1'0 1 1'1' 1 I 0 i is I i I 

Assembly Language: 1 abel PC SU,RN,D 

RN=input 

S(~ = input 

RN= input label PC Rr~' Sr~' D 

label = optional label 

SN = number of S register 

RN = number of R register 

0 = destination: R, S, RS, or P 

Ie Operand 1 (Su or RN) specifies the input register. 

2. The PC statement permits the sign and carry out from a pre­
vious operation to be carried forward (to the left) in a 
multibyte increment or decrement operatione The operation 
performed is: 

(operand 1) - 1 + LIHK -+ D 

or 

(operand 1) + LIUK -+ 0 

3. Operand 2 (SIJ or RN) is required if: 

• 0 = RS, or 

(if SIGN bit = 0) 

(if SIGU bit = 1) 

• 

• ° ;s not the same type of register (S or R) as operand 1. 

4. Operand 2 (Sl~ or RN) ;s optional if: 

• 0 = P, or 

• 0 ;s the same type of r~g;ster (S or R) as operand 1. 

3- 32 



C Register: 

Example: 

5. Operand 2, when used, must not be the same type (S or 2; "as 

operand 1. 

If the destination (0) is not the C register, the designator bits 
in th~ C register are set as fol10w~: 

• LIr~K: set only if this instruction generated a carry-out 
from the adder. 

• SIGN: unchangedo 

• POS: set only if bit 7 of the resul t is ~L 

• ZERO: set only if the resul t is 9L 

• OVRFLW: set only under the two following conditions: 

1. The SIGr~ designator was set, operand 1 is 
positive, and the result is negative. 

2e The SIGN designator was not set, operand 1 ;s 
negative, and the result is positive. 

• PARITY: The nine bits (8 data and 1 parity) from the specified 
R register are checked for parity (the parity bit 
;s 0 if it is not implemented on an addressed regis­
ter, such as RO, Rl, R2, R3, R4, and RS): 

• If 9 bits have even number of l's, PARITY bit 
;s seta 

• If 9 bits have odd number of l's, PARITY bit is 
cleared • 

• EXTl and EXT2: set only if a related external condition is 
present in the interfacing hardware. 

RGSI PC Sl,Rl,R 
. 
PC R5"R 
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Purpose: 

Format: 

(; Regi s ter: 

sse Statement (Binary Subtract Plus 'Carry) 

To subtract (in binary) the contents of the specified R register 
from the value of the specified S register, to add to this re­
sult the carry from a previous operation, and to store the final 
result in the location specified by D. Sr~-RN+LI!~K -+- 0 

11 I I 
lolalcll 

i 

Machine Code: R 1 0 S 

Assembly Language: 1 abel SSC SfpRN ,D,SC 

1 abel = optional label 

Sl~ = number of S register 

RN = number of R register 

D = destination: R, S, RS, or P 

SC = optional: If used, C register not 
affected by this operation. 

If the destination (D) is not the C register and the SC operand is 
omitted, the designator bits in the C register are set as follows: 

• LIUK: set only if this instruction generated a carry-out 
from the adder. 

• SIGN: set only if the initial contents of the R register 
are nega ti veo 

• pas: set only if bit 7 of the resu1 t is 0. 

• ZERO: set only if the result ;s 0. 

• OVRFLW: set only if the signs of the initial contents of 
the Sand R registers are alike, and the signs of 
the result and the initial contents of the R regis­
ter are not alike . 

• PARITY: The nine bits (8 data and 1 parity) frolil the speci­
fied R reg·ister are checked for parity (the parity 
bit is 0 if it is not implemented on an addressed 
register, such.as RO, Rl, R2, R3, R4, and R5): 



Example: 

• If~ bits have even number of l's, PARITY bit 

; s set • 

• If 9 bits have odd number of lis, PARITY bit 

is cleared . 

• EXTl.and EXT2: set only if a related external condition ;s 
present in the interfacing hardwaree 

SAVI EQU 53 
· · II 

ssc 5AVl,R2,R,5C 
· · i~ur4 ssc 54 ,R2 ,R5 
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Purpose: 

Format: 

iJotes: 

C Regi s ter': 

SL Statement (Shift Left Uith Zero Fill) 

To shift the contents of the specified S or R register one bit 

position to the left and to store the resul t in the location 

specified by D. The vacated position on the right is set to 

binary zero. S~I LS -+ D Fill ~IS R. LS" D Fill ~s 
U I. 

Machine Code: ~I _1~1~~~~~I~I~i_l~I_O~i ~I~1~I~ci~~~5~~~ 
i 

Assembly La~guage: label 5L 5iPRi~ to 

label SL Ri~,SiPD 

label = optional label 

Su LS" D 

i 5 i • I 
RI~ LS .. D 

... Si~ LS -+ 0 

R(~ LS .. D 

Su = number of S regis ter 

Ri~ = number of R reg; s ter 

D = destination: R, S, RS, or P 

1. Operand 1 is 1 eft shi fted to Do 

2. Operand 2 is required if: 

• D = RS, or 

• 0 is not the same type of r.egister (S or R) as operand 1" 

3. Operand 2 is optional if: 

• D = P, or 

• D is the same type of register (5 or R) as operand I. 

4. Operand 2, when used, must not be the same type (S or R) as 

operand 10 

If the destination (0) is not the C register, the designator bits 

in the C register are set as follows: 

• L IrJK: unchanged . 

• SIGrJ: set only if the leftmos: bit 07 the initial value of 

the shifted register is 0. 
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Example: 

• PO S : set on 1 y i fbi t 7 a f til e re s u 1 t ; s. (lL 

• ZERO: set only if the res'ult is 0 . 

• OVRFLW: always cleared. 

• PARITY: The nine.bits· (8 data and 1 par.ity) from the speci.­
fied R register are checked for parity (the parity 
bit is 0 if it is not implemented on an addressed 
register, such as RQ"R1, R2, R3, R4, and R5); 

• If 9 bits have even number of l's, PARITY bit 
; s set . 

• If 9 bits have odd number of lis, PARITY bit is 
cleared. 

• EXT1 and EXT2: set only if a related external condition is 
present in the interfacing hardware. 

iJAf'1 SL Sl,Rl,R 

. 
5L Rl" R 

. 
5L 51" P 
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Purpose: 

Fonnat: 

Hates: 

C Register: 

SLS Statement (Shift Left with SIGH Fill) 

To shift the contents of the specified S or R register one bit 
position to the left and to store the result in the location 
specified by D. The vacated position on the right is filled 
with the complement of the SIG!~ bit (SIGN=0,Fill=1; SIG!J=l, 
Fill =0 ) 8 Sr ~ L S .. 0 F; 11 S I GIJ RN L S .. D F; 11 SIGN 

I 1 I ~ 111'0 1 1 1 01 
, i 

Machine Code: D S I 
Si~ LS .. D 

( 1 I i 
11'1'1

1

1'01 
, i I R 0 S 

RU LS .. 0 

Assembly Language: _ 1 abel SLS Srp Rr~' 0 SI~ LS .. D 

1 abel SLS RN,SlpD Rr~ LS .. 0 

label = optional label 

Sl~ = number of S register 

RN = number of R register 

0 = destination: R, S, RS, or P 

1. Operand 1 -;s left shifted to Do 

2. Operand 2 is required if: 

• 0 = RS, or 

• 0 is not the same type of register (S or R) as operand 1. 

3. Operand 2 is optional if: 

• 0 = P, or 

• 0 is. the same type of register (S or R) as operand 1. 

4. Operand 2, when used, must not be the same type (5 or R) as 
operand 1. 

If the destination (D) is not the C register, the designator bits 
in the C register are set as follows: 

• LlfJK: unchanged .. 
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(xample: 

• SI(;;l: set only if the leftmost bit of the initial value 0': 

shifted register is 0e 

~. POS: set only if bit 7 of the result is 0. 

• ZERO: set only if the result ;s'00 

• OVRFl\~: always cleared. 

• PARITY: The nine bits (8 data and 1 parity) from the speci­
fied R register are checked. for parity (the parity 
bit is a if it is not implemented on an addressed 
register t such as RO, R1, R2, R3, R4, and R5): 

• If 9 bits have even number of list PARITY bit 
;s set . 

• If 9 bits have odd number of lis, PARITY bit is 
c1 eared. 

• EXTI and EXT2: set only if a related external condition is 
present in the interfacing hardwareo 

START SlS SI,Rl t R 

SLS Rl" R . 
SLS SI"S 
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Purpose: 

Forma t: 

Notes: 

C Regi ster: 

SRF Statement (Shift Rig~t With 1 Fill) 

To shift the contents of the specified S or R register one bit 
position to the right and ~o store the result in the location 
specified by D •. The vacated position on the left is set to 
bi na ry 1 e Sr~ RS -+ D F i 11 11 s RN RS -+ D F i 11 11 s 

11 I i 11 ,11 10 10 11 I j i 
r4achine Code: R 0 S 

Sr~ RS -+ 0 

11 I RI I 1 
i i i I i i i ] 1 1 0 1 0 S 

Ra RS -+ D 

Assembly Language: 1 abel SRF SrpRN ,D SN RS -+ D 

label SRF ~~ ,Sr~' D RN RS -+ D 

label = optional label 

Sr~ = number of S register 

Ri~ = number of R r~gister 

0 = destination: R, S, RS, or P 

1. Operand 1 is right shifted to D. 

2G Operand 2 is requ~red if: 

• D = RS, or 

• D is not the same type of register (S or R) as operand 1. 

30 Operand 2 is optional if: 

• D = P, or 

• 0 is the same type of register (S or R) as operand 1. 

4. Operand 2, when used, must not be the same type (S or R) as 
operand 1. 

If the destination (0) is not the C register~ the designator 
bits in the C register are set as follows: 

• LINK: unchanred . 

• SIGrJ: set only if the rightmost bit of the initial value of 
the shifted register ;s 00 
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Exampl e:~ 

• PO S : set 0 n 1 y i fbi t 7 0 f the res u 1 t ; s 0 .. 

• ZERO: set only if tile resul t is 0. 

• OVRFLvJ: a 1 ways c 1 ea red. 

• PARITY: The nine bit~ (8 data and 1 parity) from the speci­
fied R register are checked for parity (the parity 
bit is a if it ;s not implemented on an addressed 
register, such as RO, R1, R2, R3, R4, and R5): 

• If 9 bits have even number of lis, PARITY bit 
;s setc 

• If 9 bits have odd number of lis, PARITY bit is 
cl eared. 

• EXTl and EXT2: set only if a related external condition is 
present in the interfacing hardware 0 

TEST EQU 53 

I~Af.1 SRF Rl" R 
. 
SRF TEST t ,S 
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Purpose: 

Format: 

i~otes : 

C Register: 

SRS Statement (Shift Right With SIGr~ Fill) 

To shift the contents of the specified S or R register one bit 
position to the right and to store the result in the location 
specified by D. The vacated position on the left is filled with 
the complement of the SIGN bit (SIGiJ=0,Fil1=1; SIGN=I,F;ll=0)e 
SN RS -+ 0 Fill SIGN RN RS -+ 0 F i 11 S I Gf ~ 

r·1achine Code: 11 I I 11 i i i i 01 i 
R 1 0 0 0 

11 I i i i i 

01 R 1 1 1 0 0 

Assembly Language: 1 abel SRS Su' RU'O Su RS -+ 0 

1 abel SR5 ~~ ,SN ,0 Rr~ RS -+ 0 

1 abel = optional label 

Si~ = number of S register 

RN = numbe~ of R register 
\ 

0 = destination: R, S, RS, 

Ie Operand 1 is right shifted to D. 

20 Operand 2 is required if: 

• 0 = RS, or 

S 
Sr~ RS-+ D 
i i i 

S 
RN RS -+ D 

or P 

• 0 ;s not the same type of register (5 or R) as operand 1 .. 

3. Operand 2 is optional if: 

• 0 = P, or 

• 0 ;s the same type or register (5 or R) as operand 10 

4. Operand 2, when used, must not be the same type (S or R) as 
operand 1. 

If the destination (D) is not the C register, the designator bits 
;n the C register are set as follows: 

• L n~ K: unchanged. 
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... lample: 

• SIm~: set only if the rightmost bit of the initial value of 
the shifted register ;s ~e 

• POS: ·set only if bit 7 of the result is 9L. 

• ZERO: set only if the resul t is ~. 

• OVRFLW: always cleared. 

• PARITY: The nine bits (8 data and 1 parity) from the speci­
fied R register are checked for parity (the parity 
bit ;s 0 if it is not implemented on an addressed 
register, such as RO, R1, R2, R3, R4, and R5): 

• If 9 bits have even number of l's, PARITY bit 
is set. 

• If 9 bits have odd number of I' s, ·PARITY bit 
is cleared. 

• EXT1 and EXT2: set only if a related external condition is 
present in the interfacing hardware. 

HERE SRS Sl,R1,R · .. · SRS Rl, ,R 
.. 
SRS Sl,R2,RS · · 
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Purpose: 

Fonnat: 

} Register: 

SUB Statement (Binary Subtract) 

To subtract (in binary) the contents of the specified R register 
from the value of the specified S register, and to store the 

-result in the location specified by D. SN-RN + 0 

Machine Code: ~I _l~I~~a~~I_o_i_o~l_c~l_l_i_o~l~d~~_~~~~ 

Assembly Language: Label SUB Srp~'O,SC 

label = optional label 

SN = number of S register 

RN = number of R register 

o = destination: R, S, ~S, or P 

SC = optional: If used, C register not 
affected by this operation. 

If the destination (0) is not the C register and the SC operand 
is omitted, the designator bits in the C register are set as 
follows: 

• LINK: set only if the operation generates a carry-out from 
the adder. 

• SIGN: set only if the initial contents of the R register 
are negative. 

• POS: set only if bit 7 of the resul t is ~. 

• ZERO: set only if the result is 0. 

• OVRFLW: set only if the signs of the initial contents of 
the Sand R registers are not alike, and the signs 
of the result and the initial contents of the R 
register are alike. 

• PARITY: The nine bits (8 data and 1 parity) from the speci­
fied R.register are checked for parity (the parity 
bit is 0 if it is not implemented on an addressed 
register, such as RO, Rl, R2, R3, R4, and R5): 
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Example: 

• If 9 bits have even number of lIs, PARITY bit 
is set . 

• If 9 btts have odd number of 1'5, PARITY bit is 
cleared . 

.• EXTl and EXT2: set only if a related external condition ;s 
present in the interfacing hardwareo 

LBll 
lBl2 
lBL3 

ARIT 

EQU 
EQU 
EQU 
· · SUB 

· SUB 

S5 
S6 
R2 

a 

S4,LBl3, R5 

S6,R3,RS,SC 
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Purpose: 

Fonnat: 

~~ote : 

C Register: 

TL Statement (Test Liter~l and Set C Register) 

To perform an exclusive OR of a literal value and the contents 
of the specified R register, and to use the result to set the C 
regi ster. L G> RN 

Machine Code: ~lo_I~~R_'~~I_l_i_O_I~l~I~~~~L~i~~~~ 

Assembly Language: label TL L,RN 

label = optional label 

L = literal value or label equated to 
"literal value. An asterisk preceding 
the label indicates that the high­
order eight bits of the literal are to 
be used; a label without an asterisk 
indicates the low-order bits. 

"RN = number of the R register 

The contents of the R register are unchanged by this statemente 

The designator bits in the C register are set as follows: 

• LINK: unchangede 

• SIGN: unchangedo 

• PO S : set on 1 y i f b; t 7 0 f th e re s u 1 tis 0 . 

• ZERO: set only if the result is 0 • 

• OVRFLW: unchangedo 

• PARITY: The nine bits (8 data and 1 parity) from the speci­
fied R register are checked for parity (the parity 
bit is 0 if it is not implemented on an addressed 
register, such as RO, Rl, R2, R3, R4, and R5): 

• If 9 bits have even number of 115, PARITY bit 
is set • 

• If 9 bits have odd number of 115, PARITY bit is 
cl ea red. 
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• EXT! and EXT2: set only if a related external condition ;s 
present in the interfacing hardware~ 

Exclusive OR Operation: 11 0 0 
1 0 1 0 

o 110 

Example: VALUE EQU 102304 
o 

TL *VALUE,R7 
. 
TL 277,R3 .. 
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Purpose: 

Format: 

aote: 

C Register: 

Tt-' Statement (Test r·1ask and set. C Register) 

To perform a logical AND on a literal value and the contents of 
the specified R register, and to use the result to set the C 
regi ster. L n RN 

Machine Code: ~1_o~I~~~~~~I_l~l~l~~~~_L_i~~~~ 

Assembly Language: label Tt·1 L'Rr~ 

label = optional label 

L = literal value or label equated to 
literal value. An asterisk preceding 
the label indicates that the high­
order eight bits of the literal are 
to be used; a label without an aster­
isk indicates the low-order bits. 

RN = number of the R register 

The contents of the R register are unchanged by this statement. 

The designator bits in the C register are set as follows: 

• LIiJK: unchanged .. 

• SIGN: unchanged. 

• POS: set only if bit 7 of the resul t is 0" 

• ZERO: set only if the resul t is 0. 

• OVRFLW: always cleared ... 

• PARITY: The nine bits (8 data and 1 parity) from the speci­
fied R register are checked for parity (the parity 
bit ;s 0 if it ;s not implemented on an addressed 
register, such as RO, Rl, R2, R3, R4, and R5): 

• If 9 bits have even number of lis, PARITY bit 
is set • 

• If 9 bits have odd number of lis, PARITY bit 
is cleared .. 
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AND Operati on: 

Example: 

• EXTl and EXT2: set only if a related external condition is 
present in the interfacing hardwareo 

1 1 0 0 
1 0 1 0 
100 0 

LIT EQU 000020 
0 . 

CHKBIT Tt·' 004,RS 

n·1 LIT,Rl 
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Purpose: 

Format: 

IRegi ster: 
! 

XOR Sta tement (Excl us i ve --OR) 

To perform an exclusive OR on the contents of the specified Sand 
R registers, and to store the result in the location specified by 

D. SN e RN -+- 0 

Ma~hine Code: ~I _1~1 ~_R_i ~~I _0_' _1~1 c~1 O~i _l~I_D_i ~~~~~~ 

Assembly Language: label XOR SN,RN,O,SC 

label = optional label 

SN = number of the S register 

Rr~ = number of· the R regi ster 

o = destination: R, S, RS, or P 

SC = optional: If used, C register not 
affected by this operation. 

If the ~estination (0) is not the C register and the SC operand 
is omitted, the designator bits in" the C register are set as 
follows: 

• L INK: unchanged. 

• SIGN: unchanged. 

• POS: set only if bit 7 of the resul t is 0. 

• ZERO: "set only if the resul t ; s 0 • 

• OVRFLW: set only if the initial contents of the S register 
are negative, and the initial contents of the R 
register are positive. 

• PARITY: The nine bits (8 data and 1 parity) from the speci­
fied R register are checked for parity (the parity 
bit is 0 if it is not implemented on an addressed 
register, such as RO, Rl, R2, R3, R4, and RS): 

• If 9 bits have even number of lis, PARITY bit 
is set . 

• If 9 bits have odd number of lis, PARITY bit is 
cleared. 
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• EXTI and EXT2: set only if a related external condition ;s 
present in the interfacing hardware. 

Exclusive OR Operation: 1 100 

101 0 

o 1 1 0 

Example: START XOR S2,Rl,S 

· XOR S3,R2,RS,SC 
· · o 
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OPERATING PROCEDURE 

SECTION IV 
OPERATING PROCEDURE 

1. Load the Assembler program with the Software Loader (see Section I of 
Util ities Manual, Fonn No. r~-2601) or the Tape r~onitor System (see the TMS 
Manual, Fonn r~o., r~-2606). Program name is IIASM601 1l

• 

2. Set the sense switches according to Table 4-1. The valid input and output 
devi ces are: 

Source InEut: 

• Tape (Log;ca 1 Unit 1) 

• Card Reader 
• Reader/Punch 

Object OutEut: 

• Tape (Log; ca 1 Unit 2) 

• Card Punch 
• Reader/Punch 

List OutEut: 

• Tape (Logi ca 1 Unit 3) 

• Printer 

Table 4-1. Sense Switch Settings 

Switch Meaning 

A Source Input: 

ON Tape (Logical Unit 1) 
OFF Card (set swi tch E as desired) 

B Object Output: 

ON Tape (Logical Unit 2) 
OFF Card (set switch 0 as desired) 

C List Output: 

ON Tape (Logical Unit 3) 
OFF Line Printer 
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Table 4-1. Sense Switch Settings (Continued) 

Swi tch ~1eaning 

D Card unit for Object Output (if B is ON, switch D 
is ignored) : 

ON Reader/Punch 
OFF Card Punch 

" 
E Card unit for Source Input (if A ;s ON, switch E 

is ignored) : 

ON Card Reader 
OFF Reader/Punch 

F Not used. 

G Not used. 

H Object Output: .. 

ON Suppress output 
OFF Output to selected deviceG 

3. Press RUN. 

4. At completion of first pass, reload card input if used. If input is from 
tape unit, tape automatically rewinds. 

5. The indicator lights are explained in Table 4-2. If an error occurs, two 
options are available: 

• Press RUN and ignore the error, or 
• Restart the job. 

Table 4-2. Indicator Lights 

Lights r·1ean i ng 

A Processing second pass. 
F Error on List device. 
G Error on Object Output device. 
H Error on Source Input device. 

ABCDEFGH End of assembly. 
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Both the list and object output tapes contain double tape marks for denoting 
en~ of tape. Multi-file output tapes have a single tape mark between each file 
and two tape marks at the end of the last file. 
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READER'S COMMENT FORM 

Software Reference Manual 
601 Assembler, Form rio. pr1-2625-1073 

Please restrict remarks to the publication itself, gIVing specific page and line references with your comments 
when appropriate. This form will be sent to the publication's author for appropriate action. All comments and 
suggestions become the property of MOS. 

Requests for system assistance or publications should be directed to your MDS representative or to the MDS 
Branch Office serving your area. 

ER RORS NOTED: 

SUGGESTIONS FOR IMPROVEMENT: 

How do you use this document? 

DAs an operator's Reference Manual 

DAs an introduction to the subject 

DAs an aid to inst~uction in a class 

o As a student text book 

o For advanced knowledge of subject 

Your Name 

Occupation 

Company 

Address 
Street 

Form No. M·1459~873 

City State 

Do you wish a reply? 

DYes 

DNa 

Date _________ _ 

Zip Code 

Printed in U.S.A. 
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