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PREFACE

This bullet in contains instructions to program seven types of SUE processors:

Number of Instructions

SUE 1110 (basic) 108

SUE I I I O A  109

SUE 1I IOB 111

SUE I111A , Decimal Arithmetic 118

SUE h u B , Decimal Arithmetic 120

SUE 1112A , Scientific Double Precision 144

SUE 1112B, Scientific Double Precision 146

SUE 1110 basic is the first  instruction set described In this bulletin. SUE 111OA

perfo rm s the basic instruction set and one additional Instruction , Store Key

(SKEY) . Both SUE 1II1A and i i l2A processors have the speed and capabilities

of SUE 111OA , and each has an extended ins truction set. De8cripttons of these

extended instructions follow the description of the SUE 111OB . Instruction

times for all instructions are summarized in Appendix A.

Processors SUE 111GB , h u B , and 1112B perform the same instructions as

the respective A—series processors, and two additional Instructions Fetch and

Clear Word (FCLW), and Fetch and Clear Byte (FCLB). These two instruc-

tions can be used in multiprocessor systems as a synchronizing mechanism.

Instructions in this bulleti n are described in machine language for the system

user possessing a background in digital computer terminology and operation.

Additional Information on the basic Instruction set is contained in the LAP—2

Assembler manual . Operation and maintenance of SUE processors Is contained

In the respective reference and maintenance bulletins designated by the processor

model number.

viii May 73 
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0
SUE 1110 INSTRUCTION SET

INTRODUCT ION

SUE 1110 Instruction set Includes 108 basic Instructions exclusive of 16 add ress-
ing modes . Many of these instructions operate on either 16-bit data or 8-bit

byte formats. Other instructions test one or more of the 16 status indicator

bits. This bulletin presents a detailed description of word formats, addressing

modes, and status indicators followed by a definition of each Instruction

operation.

The 108 instructions are divided Into eleven classes according to type of

instruction function . Seven of these classes are grouped as general register

instructions. They contain arithmetic , logical , move , compare and test func-

tions that involve the eight general registers of the processor. Two classes

represent the branch instructions. They contain unconditional and conditional

bra nch functions on the true or false condition of status indicators. The shift

class contains full 15-bit shift capabilities with eight different operation s and

two address modes. The control class contains system control functions such

as load/store of all general registers , load/store of status Indicators and

control of tnterrrupt operations.

The eleven instruction classes are:

Class Code Description

1 Accumulator to Memory with Auto Decrement
2 Accumulator to Memory with Auto Increment
3 Accumulator to Memory
4 Data to Accumula tor , Jump $o Subroutine, Jump,

and Registe r to Register
5 Memory to Accumulato r with Auto Decrement
6 Memory to Accumulato r with Auto Inc rement
7 Memory to Accumulator

May 73
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8 Branch False and No Operation
9 Branch True and Unconditional

A Shift

0 Control

Class codes are specified in the Instruction word format by the four—bit C field.

(Fields are defined later under instruction words In this bulletin) . Five class

codes are not defined for the basic instruction set. They have been reserved

for specification of additional general purpose instructions In the SUE 1111A , B

and 1 li2A , B Processors; or , for special purpose instructions in future SUE

processors with expanded ROM control memories.

SUE 1110 Processor contains eight , 16-bit general registers including the

program counter. Seven of these registers may be used as accumulators

or index registers. The arithmetic—logic unit processes 16-bit operands but

memory data may be 8-bit bytes or 16-bit words.

Memory addresses are 16—bit numbers that select up to 60k (k = 1024) bytes.
Addresses 60k to 64k are used to directl y address registers within system

modules other than program memory modules.

WORD FORMATS

Bit positions within a word are numbered right to left starting with 0. Bit 0 is

the least significant bit of the word and bit 15 is the most significant.

DATA WORDS

Two data word formats can be processed , an 8-hit byte and a 16-bit word . The

most sign ificant bit (15) represents the algebraic sign of numeric  data . A ONE

in hit posit ion 15 represents a negative number , and a ZERO represents a posi-

t ive numbe r . Negative numbers are in twos complement form.

2 May 73
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Byte Format

5 0

L ef t Byte Ri ght Byte
(eve n addr ess ~ (odd add ress ~

Word Format

El Number

S Sign
1 negative (-)
0 positive (+)

In byte operations , the entire selected 16—hit register is used in the operation

with the byte operand . En register-to-memory instructions (byte mode), the

right byte of the register operates on the designated byte in memory. In

memory-to-register instructions (byte mode), the designated byte in memory

operates on the full 16—bit register as though the memory operand has a left

byte equal to ZERO attached to it. In either type of operation , arithmetic oper-

ations occur in a 16-bit register and carry and overflow are detected out of a

16—bit register.

ADDRESS WORDS

The 16—bit address represents a byte address. Bit zero selects the left or right

byte of a 16-bit word. On word addresses , hit zero is used to specify more than

one level of Indirect addressing.

I
May 73
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Byte Address

13 0

Value B

Bit 0 -
0 left
1 right

Word Address

1
15 ‘i ~Bit 0 — Addressing

0 address direct
1 indirect

INSTRUCTION WORDS

instruction words are constructed to facilitate encoding and decoding of the

machine language code. The words are defined so that the fields of the instruc-

tion do not overlap the four hexadecimal digits represented by Hi , H2 , H3 , and

114. Those fields tha t are subsets of a hexadecimal digit are right—justified ,

with the high—order bit used to indicate the less common condition.

[ HI H2 H3 H4

Digit

Hi Class Designation 0 through 15

H2 Operation Designator (usually)

113 Accumulator Designator (usually)

114 Index Designator (usually)

4 May 73
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FIELDS . — A variety of word formats are interpreted b y the processor. All of

the fields used , and their  positions , are defined below in a composite drawing.

Functions of a given field may vary according to the instruction .

15 14 0 12 I I  II) S ~ 7 ft 5 4 l~ 
2 I (I

I)

8 01’ 
AR 

K

_______  
1. 1 XR

NOTE: Several fields have more than one function depending on the instruction
tha t contains them. In the field definitions below , any function common
to several instructions is defined. For descriptions of other functions ,
refer to corresponding instruction descriptions .

Field Definitions

Symbol i)escription

C ( ‘lass Indicator  (4 hit s ) — Specifies 1 of 16 rlasses or div i s ion s  of the
in s t ruction set . (‘lasses indicate the type of function.

i 1’est Operation (4 hIts) — I)efines operation codes for the Control and
branch classes.

I) i)isldacement Address (M bitS)  - Direct address (4 or -) to words
relative to the address of th~ instruction . May he expressed as P
(Program Counter) +1) , where I ) is the range . —1 2R through ~ 127 . An
exception , if the abso lute-address mode oi a Control instruction is
specified , then 1) d i r e ’t iy  addresst s the f i r s t  256 words in memory.

It Byt e I ndIcator  ( 1 l i l t )  — Specifi es whether  the memory operand is a
wo rd (II (I) or  a byte (I i  1~ . F ie ld  of a ( ‘ontro l instruction
s(s ( ’ i f teS the Rela t ive  ( II  1) or Ab s o lu t e  (II 0) address mode.

(I I’ o pe ration indk ’ator (3 hit s~ — Defines 1 of R operations available to
ce r ta in  t i a s s e s. Several classes use the same set of operations , as
exp lai ned in greater  deta i l  under ins t ruct ion l)escription s .

I I nd irect Address ing  I n d i c a t o r  (1 I ) i t )  — Specifies f i r s t  level of indirect
addr es s ing  i i i  I .

Al l  Acc umula to r  i l eg i s t e r  l ios ignator  (3 h i t s )  — I)esign ate s I of ft general
reg istei s  is  a n A— l ( e g is l t ’ r i lu r ing  i n s t r u c t i o n  execution.

F; Extended—Add ress indica tor  II  1) 11) — Indicates (when 1) that  the word
fol lowing  the in s t r u c l i on  w i l l  l~ a c c i s s e d  as an extended—addre ss part
of the i n st r uc t io n .

X II Index ilegi ster i l i s i g n a t o r  (3 bits) - Designates 1 of 7 general registers
as an X— H eg i s in r  d u r i n g  ins t ruct ion execution .

K Constant (4 t i l ts)  — 1)esignatcs length of a Shift command , or an im-
mediate constant . Alao uaed to enable Interrupts .

F St&tu s i l i t — I ’ att e rn (7 t i l t s )  — (‘omprises the lilt pattern for changing
control states for ce r ta in  (‘ontrol instructions .

May 73 5
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A DI)R ESSING

SIJE 1110 Processor develops a 16-bit operand address based on the mode that

Is selected by the instruction class code and other fields of the inBtruct ion word

format .

I IY T E —W ORI )  AI)DHESS IN G

A hit (B) In the instruction word specifies if the operand is to be a byte (8 hits)

or a word (16 bits) in general register Instructions. If B = 1 and bit zert of

the effective operand address is ZER O , the left byte (hits 15 through 8) is used;

the right byte (bits 7 through 0) is used If bit zero is ONE . If B = 0, a word

operand is requested and the address of the word is treated as an even-numbered

byte address .

ABSOI IJ TE AND R E L A T I V E  ADDRESSING

Branch instructions use the relative displacement method to develop the branch

address . The D field of the instruction is an 8—bit (7 bits plus sign ) number

that specifies a branch within  +127 or -128 words (riot bytes) from the current

location. Negative numbers are represented in twos complement form.

Control instructions use the relative disp lacement as well as the absolute

addressing modes . Bit 13 of the Instruction word , when set to a ONE , selects

the relative mode and , when ZERO , selects the absolute mode. In the absolute

address mode the D field of the instruction is an 8 hit number that specifies

direct address of the f i rs t  256 word s (not bytes) of memory.

EXTENDED A E)DRESS ING

When the E hit of the instruction is a ONE , the word following the instruction

becomes the base address and is used to develop the operand address . When

E = 0 the base address Is ZERO .

,
‘

‘-

~~ ~~

.
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INDEXING

Content of one of the seven general registers may be selected as an index register.

The XR field of the instruction selects the register. When the XR field is all
zeros, no index ing is spec if ied. If neither extended addressing nor indexing is
called for (I.e. bits 3—0 all ZEROs)  then no address is specified and an unimple-

mented instruction trap is generated.

Two types of indexing are used:

Base Relative Indexing (indexing relative to the base address of the
computer or user pr~,~ ram). — In this type of indexing, the index
register contains the complete address of the desired memory
location . Base relative indexing together with autoincrement or
autodecrement provide generalized push down and pop up stack
processing capabilities.

Table Indexing (Indexing relative to the base address of a table).
— In th is type of Indexing the index register contains the variable
n to fetch the quantity located at TABLE + n.

A UTO INCREMENTING AND DEC REMENTING

Within the general registe r instructions, separate class codes are used to provide

the option for automatic increment or decrement of the index register selected

by the XR field of the instruction. When autodecrement is specified , the con-

tent of the index register Is decremented before the operand address is generated.

When au toincrement is specified , the content of the selected index register is

incremented after the operand address is generated.

(‘)NE Es subtracted or added to the content of the index register when the instruc-

t ion specifies a byte operand with autodecrement or autoincrement. TWO is

subtracted or added when the instruction specifies a word operand with auto —

decrement or autoincrement.

INDIRECT ADDA ESSING

If indirect bit I of the instruction Is set to a ONE , the address de~reloped by the

processor points to the address of the operand.

May 73 7
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M ulti—level indirect addressing is provid ed in the word mode only. The processor

tests the least significant bit of the indirect address. If this bit Es a ONE , and

the word mod e Is specified , the word pointed-to is also treated as an indirect

address. If the least significant bit of the address Is a ZERO , the processor

stops the multi—level indirect addressing for this instruction. If the processor

counts up to 16 levels of indirect addressing, an unimplemented instruction

self-interrupt is generated and the instruction is trapped.

Only single level indirect addressing is available in the byte mode because the

least signif Leant bit of the operand address specifies left or right byte.

REGISTER , IMM EDIATE AND LITERAL OPERAND S

The data—to—accumulator (class code 4) general instruction provides for selec-

tion of register , literal or immediate operands. The r egister operand is the

register specified by the XR field , and can be the program counter if XR =0.

The literal operand may be the 16—bit word following the instruction or the

16—bit word following the Instruction plus the contents of XR. An Immediate

operand is the 4—bit value in the instruction ’s K field .

COM BINATION ADDRESSING MODES

In most general register Instructions , combinations of addressing modes may

be specified to yield fourteen useful fu nctions for memory operand selection.

The processor develops addresses in combinations of the following in the

sequence shown:

Extended Address
Autodecrement the Index
Indexed
Indirect
Autoincrement the Ind ex

Autodecrement and autotncrement functions appl y to the conte nts of the general

regi ster selected by the XR field of the I nstruction. 
— ‘
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On autodecrement the content of the index register is decremented by one for
byte addresses or by two for word addresses before the index register contents
is used as an index value. On auto i nc rement the content of the index register Is
incremented by one or two after it is used as an index value .

If the XR field of an instructions is all ZERO s , no indexing is specified . However ,
auto—inc rement or auto— decr~ mcnt specified with a Z E R O  XR field affects the
program counter .

‘Fable I contains a summary of the fourteen combinational addressing modes.

Table 1. Combination Address ing M odes

M XH
AssemblerAddress Mod e Effect ive  Index
MnemonicAddress I( eg i s ter

Extended A - A

Extended , indexed A • X -

Extended , indexed , Autoinc rement A X X

Extended , Autodecrement, indexed A • X - e x - e A (-R~

Indexed X — (H)

Indexed , A uto increment  X X o ( I t . )

Autodecrement , Indexed X - e X - e (-H)

Extended , Ind i rect [A] —

Extended , Indexed , ind i r ec t  [A i x~ —

Extended , Indexed , A u t o in cr e n ie n t , Ind i rec t  [A 4 X] X 4 e ‘A ( H l )

Ext end ed~ Autodecrement , Indexed , In d i r e c t  [A X — X — e ‘A ( — H )

indexed , Indirect  [x] —

indexed , A u t o i n c r e m en t , ind i r ec t  [x] X 4

Autodecrement , Indexed , Indi r e c t  [x - x -

NOTES: A — 16—hit  word fol lowing in s t ruc t ion

X — Content of General reg i s ter  selected hv XI t f ie ld

e — A ((NE If byte address , a TWO if word adoiross

( )  — 16—hit word at address specified In brackets .

~~~~~~~

-— -

~~~~~~

-_______________
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SPECIA L ADDRESSES

Even addresses 61, 440 to 65 , 534 (hexadecimal F000 to FFFE) are reserved for

addressing of system hardware registers wi th in  SUE system modules . The

odd numbered addresses in this range are not used . Each system module is

assigned a set of even (word) addresses as shown in table 2.

Addressing a system register for either a read or write function is allowed by

master modules . The slave module always transmits or receives 16 data bits .

If the selected register is less than 16 bits in length , the data is transmitted in

the least significant bit positions and the most significant ,- unused , bit positions

are ZEROs.
Table 2. Special Addresses

Addresses
Module AssIgnment(HexadecImal)

F000-F7FE Reserved for spe~ Ial memory assignments

F800 I/O Device Controller *1. Status Register
F802 I/O Device Controller .41 , BTA Address Register
F804 I/O Device Controller 111, BTA Block Lengt h Register
FRC6 I/O Device Controller ~ 1, Control Reg~ster
F8OR I/O Device Controller ‘*1 , Data Register
F 80A-F~ 0E Reserved for I/O Device Controller #1
F8 10—F SIE I/O Device Controller *2 as in ~l
F 820—FAFE Reserved for I/O Device Controllers as in #1.

(see A ppendix C)

FB0 0-FBFE Auto Load Memory
FCOO-FEFE Reserved for Auto l oad

FF00 Central Processor (*0) RegIster 0 , (Program
Counter)

FF O2-FF OE Central Processor pc 0) , General Registers 1-7
FF10 C entral Processor (*0) , Status Indicators
FF12 Central Processor ( sO),  ins t ruct ion Register
FF 14-FFIC Reserved for Central Processor #0
FF1E Central Processor (‘0~, Control Flip—F lops
FF2 O—FF3E Processor ~l , same set as #0
FF4 O—FF 5E Processor *2 , same set as *0
FF60—F F’ZE Processor 13 , same set as ~0

FF80 Control Panel #1 Address Register-Attention interrupt
FF82 Control Panel si Data Regis ter
FFR4—FF86 Control Panel #2 as in *1
F F 8 B — F F R A  Control Panel *3 as in ~ l
F F R C — F F R E  Control Panel .44 as in *1

FF9O-FFFF Reserved for other System Modules to be assigned .

10 May 73
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STATUS INDICATORS

SUE 1110 Processor has a 16-bit status Indicator register. Status indicators

may he affected by execution of general register and shif t  Instruct ions.  This is

Indicated b y their symbol in I N S T R I ’ ( ” l I O N  I)ES CRIP TIONS . The status indica-

tors may also be set or reset with special control ins t ruct ion s .

ihe  status bit position w ith in  the status register , symbol , name , and descrip-

tion are as follows:
.

Bit Sym bol Name and Description

0 EQ Equal — In a compare operation , the source operand
equals the target operand.

1 GT Greater-Than — In a compare operation , the source
operand ta greater than the target operand .

2 OV Overflow — Set dur ing  Add , Su btr act , or Ar ithmetic
Left ShIf t If the Carry out of bIt 15 is different tha n
the Carry In to bit  15. If the set condition is not
caused , V remain s unchanged.

3 CY Carry — Receives the Carry out of h It  15 during an
Add , Subtract , A r i t h m e t i c  Left Shift , or Left Linked
ShIft. Reset dur ing an Ar i thmet ic  RLgh t  Shift.
Receives bit 0 shifted out f r o m  a Right  Linked Shift .

4 Fl

5 F2 Flags 1, 2, or 3 — Programmable flag bits.
6 F3

7 LP Loop Complete — Set Il content of register selected
by XR field equals ZERO at the comp let io n of an
Auto increment  or Autodecrement Ins t ruc t ion .  Reset
if content of XII is NOT Z E R O .

8 OD Odd — Fo r all  general  register Instruct ion s except
Compare , the Odd i ndicator receives the least signi-
f icant  bit of the re sul t .

9 ZE Zero — For all general register ins t ru ct ions  except
Com pa re, set If the re sult  Is ZEI I O  and reset if

• NOT ZF,R(, .

10 NG Negat ive  — I t e,c Iv e i~ the most s ignif i cant  hit  of the
result  of a n y  general regIster ins t ru ct i on  except
Co mpare.

11 A Act iv e  Indicates  tha t  the processor Is executing
i ns t r u c t ions .  A is set unless the processor Is
quiesce nt .

12 Ml  i n te r rup t  Mask — Bi t s  M l  through M4 correspond to

18 M2 5 W t t m in t e r rup t s  I throug h 4 . When a n y hi t is set
or reset , r cspeet i~ c lv , th e Bus (‘ont rol ler  is request e d

C 14 M3 to ignore or allow in t e r r u p t  requests for  the corres-

15 M 4 
pondin g vector.
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INSTRUCTION DESCRIPTIONS

GENERAL REGISTER INSTRUCTIONS

Class codes 1 through 7 specify the general register instructions. They are
all two-operand instructions with one set of eight general operations. In the
defin itions of these operations , the terms target (T) and source (5) are used.
The target is the register or memory cell to be mod ified , the source is the
register or memory cell used as an operand that is to remain unchanged.

GENERAL OPERATIONS . — The OP field of the instruction selects the operat ion
for each class of general register instruction as follows:

Status
OP Code Indicators

(Hexadecimal Operation Description Affected

0 MOVe Transfer the source operand to NG, ZE , OD
the target op

4
erand.

(S) - (T)

1 SUBtract Subtract the source operand from CY,OV, NG , ZE ,
the target operand and store the OD
result in the target operand .
—( S) + (T) - (T)

2 ADD Form the sum of the source (5) CY , OV , NG , ZE ,
and target (T) operands and OD
store in (T) .
(5) + (T) — (T)

3 AND Form the logical product of the NG , ZE , OD
source and target operands and
store the result in the target
operand.
(S) .AND . (T) -‘(T)

4 Inclusive Form the logical sum of the NG , ZE , OD
OR source and target operands and

store in the target operand.
(S) .OR . (T) -‘(T)

1 -
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5 Exclusive Form the logical differenct . the NG , ZE , OD
OR source and target operands and

store in the target operand .
(S). EOR . ( T) -‘(T)

6 CoMPare Compare logical , the source GT , EQ
operand to the target operand .
Register contents and memory
contents are not affected .

21 ~~~~

If (S) < (T) 0 0

If (S) = (T) 0 1

If (S) > ( T)  1 0

NOTE

Bit 15 of each word is considered a magnitude
bit , not a sign bit. The compare result is
unsigned based on the 16-bit magnitude.

7 TeST Form the logical product of the NG , ZE , OlD
source and target operands .
Register and memory contents
are not affected.

If (5) . AND . (T) = 0, SET ZE , RESET NG, OD

If (S) . AND . (T) ~ 0, RESET ZE

H If (S) .AND . (T) is odd , SET OD (odd implies
bit 0 is set)

If (S) .AND . (T) Is negative , SET NG (negative
I mplies bit 15 is set)

GENE RAL REGISTER INSTRUCTIO N WORD FORMATS. — The Instruction word
formats us€d for the general register instructions is shown in table 3.

May 73 - 1 ~’
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Table 3. General Register Instruction Word Formats

H H H HGene ral Regi ste r Classes * 1 2 3 4
15 14 13 12 11 1 0 9 8  7 6 5 4  3 2 1 0

Accumulator Auto I)ecrement C=1 B OP I AR E XE
To Auto Increment C=2 B OP ! AR E XE
Memory C=3 B OP I AR E XE
Jump to Subroutine C=4 0 0 I AR E XE
Jump C 4  0 0 I 0 E XR
l)ata to JLiteral/Register C=4 1 OP 0 AR E XR
Accumulator k lmmediate l)ata C r 4  1 OP 1 AR 

- 
K

Memory Auto 1)ecrement (‘~ 5 B OP I AR E XR
To Auto increment (~ 6 B OP I AR E XE
Accumulator C 7 B OP I AR E XE

N( ~i’KS:

C Class Codes 1—7

OP Operation Code: 0 MOV Move
1 SUB Subtraction
2 ADD Addition
3 AND Logical Product
4 fOR Logical Inclusive OR
5 EOR Logical Exclusive OR
6 CMP Compare
7 TST Test

B Word when 0 , Byte when 1

Indirect when 1

A R Accumulator Register desIgnator (0—7)

E Extended or two-word Instructi on when 1

XE Index Register designator (0-7), no indexing when 0

K 4-bit Immediate data constant

For E O and X H / 0 , KR provides the enti rv operand address. If no index
register is selected (XE =0), and K 0, an Instruction trap occurs , except
for class 4, RegIster , where the PC is the source operand .

For E=1 , XR=0 , the next word provides the entire operand address . If E=1
and XE ~0, indexing operation is specified, in th is  case , the content of (XE )
is added to the next word to produce the effective address of the memory
operand or an Indirect address .

p
•SUF 1112 Instruction Set contains more instructions in class code 4.

14 May 73
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The following additional symbols are used in the instruction definitions:

( )  Contents of

M effective operand address

PC Program Counter , general register 0.

P Current instruction address

General Register Instruction Definitions

ACCUMU LATOR TO MEMORY , AUTO DECREMENT

r 

OP ri AR 

r 

XR

I S  i i  10 7 6 3 2 0

Extended Address

(AR) operates on (M). (XR) is decremented before use.

ACCUMULATOR TO MEMORY , AUTO INCREMENT

lO

~~~~~ 

L 

AR 

2 

XR

Extended Address

(A R) operates on (M). (XE) is incremented after use.
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ACCUMULATO R TO MEMORY

~ 

OP ~ I AR 

r 
XR

I S  I I  t O  7 6 3 2 0

Extended Address

( A R )  operates on (M). (XE) is not affected.

JUMP TO SUBROUTINE JSBR

~~ 

OP AR XR

I S  I I  10 7 6 3 2 0

Extended Address

P + 2 replaces (AR) for E = 0 and p -l-4 replaces (AR) for E = 1.
(M) operates on PC (conte nt of general register 0). Thus, the retu rn
address is stored in AR and 1t is set to the Jump—location address.

JUMP JUMP

i~ L 6 3 2 0

Extend ed Address I
(M) operates on PC, setting it to the Jump—locat ion address. The
jump function is the same as a MOV (M) to PC , but does not affect
status indicators.
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DATA TO ACCUMULATOR, INDEX REGISTER

: 

~ 

OP AR XR

A register-to-register instruction. (XE) operates on (AR).

l) ATA TO ACC UM ULA TOR, LITE RAL

: L 1 10 

AR 

1
Literal (Source)

The word following the instruction is the literal source operand. It
operates on (AR) . If XE is not 0, then (XE ) is added to the literal
before operating on (AR).

DATA TO ACCUMULATOR, IMMEDIATE

LL °~ L 6 

AR K

K operates on (AR).  K is the 4-bit immediate constant operand .

M E M O RY  TO ACCUMU LA TOR , AUTO DEC REMENT

L 
~ 

OP 

I I I 
AR XK

i s  i i  tO  1 6 3 2 0

Extended Address 1 j
( (M) operates on (AR) .  (XE) is decremented before nse.

May 73 17
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MEMORY TO ACCUMU LA TOR, AUTO INCREMENT

F : 
~B O P  ~ I A R  ~ E

11 10 7 6 ~ 2 0

Extended Address

(M) operates on (AR). (XR) is incremented after use.

MEMORY TO ACCUMU LATOR

c~ ~~~ OP AR XR

I S II 10 7 6 3 2 0

Extended Address

(M) operates on (AR). (XE) Is not affected,

GENERA L REGISTER INSTRUCTION TIMES. - Instruction execution times

depend on:

Operand addressing modes
General operation code
Program memory access and cycles
INFIBUS availability

Table 4 contaIns a summary of typical geneta l register instruction times assum-

ing the INFIBUS is available to the processor and a SUE 3311 Core Memory is

used for Instruction and data storage. A memory cycle time of 850 nanoseconds,

read access time of 750 nanoseconds, and a write access time of 550 nanosec-

onds Is used. Access is the total time to access both the bus scheduler and

memory. Microprogram steps of 160 nanoseconds are used for arithmetic

operations and 130 nanoseconds for non—arithmetic operations.
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Table 4. SUE 1110 (Basic) Gene ral Register Instruction Times

___________ T ime (MIcrosec~’.~ds)
Genera l Inetru ct ion Auto— Auto—indexe d

__________________________________________________ __________ Increment Decrement
A(’(’ ( Mt LATOR TO M E M O R Y  I Class Codes 3 2 1

Logical: MO~~, AN [) , JOB , LOR
Op Codes: 0 3 4 5 3 .94 4 .81 4 .81

Ar Ithmet ic: SUB , ADD
Op Codes: 1 2 4.03 4.90 4 9 0
Compare: (‘MP
Op Code: 6 3.70 4 ,57 4,57

Test: TST
Op Code: 7 3 .35 4 .22 4 .22

Addr ess Modes: ‘

For Extende d , add 0. 13
Eor indire ct , add 1.14 for first level , add 1.01

for each additional level
For Extended , Lndtr ect , add 1.40 for f i rst level ,

add 1.01 for each addit ional level

J U M P , J U M P  TO SUBROUTINE I Class Code 4 — -

Instruction: J UM P , JSBR
Op Code: 0, A R O , AR ~~~0 2.79 - -

Address Modes:
For Extended, add 0.06 2.85 - -

For lndtrect , add 1.14 for first level , add 1.01 3 .93 — —
for each add Itional level

For Extended, Indirect add 1.33 for fir s t level , 4 .12 — -

add 1.01 for each add ition al level

DATA TO ~iC C UM U L A T OR I Cla ss Code 4 - -

Logical: MOV , AND , b R , EOR
Op Codes: 0 3 4 5 Register to 2.50 - —

Arithmet I c: SUB , ADD Regist er or
Op Codes: 1 2 ImmedIate 2.79 - -

Compare: CM P
Op Code: 6 2 .69 - -

Test: TST
Op Code: 7 2 .50 — —

Address Modes:
For Literal add 0,68
For Literal Indexed add 0,84

MEMORY TO ACCUMULATO R [ Class Codes 7 6 5

Logica l: MOV , AND , fOR , EO R
Op Codes: 0 3 4 5 3 35 4 .09 4 .09

Arithmetic : SUB , ADD
Op Codes: 1 2 3.64 4 .38 4 .38
Compare: CMP
Op Code: 6 3.67 4 .41 4.41

Test: ThT
Op Code: 7 3.35 4 .09 4 .09

Add ress Modes:
For Extended add 0,13
For Ind i rect add 1.14 for fir st level , add 1.01 for

each additional level
For Ex tended, Indirect add 1.40 for first leve l ,

1.01 for each additi onal level

NOTE: A ll time , are In microsecon ds .(
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To compute the actual instruction execution Ume , it is necessary to add the

time increments shown in Table 4 for each selected addressing mode. The

minimum times shown in the table assume an indexed addressing mode. A

more complete table of general instruction times is given in Appendix A .

For example , an ADD register-to-registe r instruction require s 2.79 micro-

seconds with the SUE core memory . An ADD memory-to-accumulator instruc-

tion require s 3. 64 microseconds when the operand address is held In an Index

register . li the address is located in the next word location (extended instruc-

tion mode), the time is 3. 77 microseconds. Indexing the extended address

does not add time to the instruction. Indirect addressing adds 1.14 mIcro-

seconds for the first level and 1.01 for each subsequent level.

BRANCH CONDITIONAL INSTRUCTIONS

Thirteen conditions can be tested by branch conditional (TRUE or FALSE)

instructions. Eac h condition can be tested to produce a branch or a fall-

through to the next instruction for either state (TRUE for class code 9 and

FA LSE for class code 8). The condition status is determined by testing the

status indicators and programmable flags affected by the last operation.
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BRANCH CONDITIONS . — Following is a l ist  of the 13 branch condItions and
their meaning when TRUE .

T Field Condition Symbol Meaning (TRUE Condit ion)

0 Unconditional UN The branch is made unconditionall y.

1 Equal EQ The latest Compare operation found the
two operands to he equal to each other.

2 Greater-Than GT The latest compare operation found the
source operand to he greater than the
target operand .

3 Overflow OV An add , subtract , or shift operation
produced a result outside of the range
_ 2 15 I H ~~ 4 (2 15_  1) since overfl ow
was last reset,

4 Carry CY The latest add , subtract, or shift opera-
tion produced a carry out of the most
significant end of the arithmetic unit.

5 Flag 1 Fl These three programmable flags can he
6 Flag 2 F2 set or reset by a set or reset status
7 Flag 3 F3 indicator instruction .

8 Loop Complete LP This indicator is set if the result of the
latest autoincrement or autodecrernent
of any index register equals zero; other-
wise it is reset .

9 Odd 01) The result of the latest general operation
(except compare), or shift  operation is
an odd number (Bit 0 = 1).

A Zero ZE The latest general operation (except
compare), or shift operation results in
all zeros.

B Negative NG Result of the latest general operation
(except compare), or shift  operation is
a negative numbe r (Bit 15 = 1).

C Less—Than LT In the latest compare operation , the
source operand was less than the target
operand .

D, E , F Cause an unimplemented instruction
trap.
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BRANCH INSTRUCTION WORD FORMATS. -

H1 112 113 114
15 14 13 12 11 10 9 8 7 6 5 4  3 2 1 0

No Operation C= 8 o
Branch Unconditional C= 9 a D
Branch False C= 8 T D
Branch True C= 9 T D

D Displacement word address in twos complement form.

T The T-Field specifies each Branch test. That Is, which processor
status indicator (if any) is to be tested. A list of each indicator , the
corresponding value for T, and the ope rator assembler-mnemonics
follows (z T for true and F for false) :

T , AssemblerIndicator(hexadecimal) 
________ 

Mnemonic

1 Equal BEQz
2 Greater Than BGTz
3 Overflow BOVz
4 Carry BCYz
5 Flag 1 BFIz
6 Flag 2 BF2z
7 Flag 3 BF3z
8 Loop Complete B LPz
9 Odd BODz
A Zero BZEz
B Negative BNGz
C Less Than BLTz
D, E , F, (Instruction is trapped)

Branch Instruction Definitions

NO OPERATION NOPR

(5 

; 
[I 

‘

~~ 
_ _ _ _ _

A one-word NO-OP which ‘loes not affect statu:i indicators.
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BRANCH UNCONDITIONA L BRUN

I 
-

~~ L
An unconditional (no testing) branch is made to the relative address
specified by D. PC 2 x D replaces l’C. I) is in twos complement
form with sign extended to represent a 16 bit number .

.

B RAN ( ’ I I  l ALS E Bxxi”

~
‘ 

L 
T 

L
A Branch is made to the relative address specified by D if the indicato r
specified by T is false , or 0; otherwise, the next instruction in sequence
is accessed.

BRANCH TRUE Bxx T

~
‘ 

L T L
A Branch is made to the relative address specified by D if the indicator
specified by T is true, or 1; otherwise, the next instruction in sequence
is accessed.

BRANC H INSTRUCTION ‘I’IMES. - Branch instruction execution times depend

on whether or not the branch occurs , or the next instruction in sequence is

executed. The branch-on-less-than operation (‘F = C) has different t iming

than the branch on other status hits.  The branch instruction t imes are shown

in Table 5.
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Table 5. Branch Instruction Times

Time (microseconds)

Assembler Next Word BranchInstruction ______ _________ ______ _________Mnemonic 1110 All 1110 All
Basic Others** Basic Others **

No Operation NOPR 1.78 1. 75 - -
Branch Unconditional BRUN - - 2.72 2. 82

Branch True BxxT* 1.78 1. 75 2.72 2.82

Branch False BxxF* 1.78 1.Th 2.72 2.82

Branch Less Than True BLTT 1.75 1. 75 3. 08 3. 21

Branch Less Than False BLTF 1.88 1. 88 3. 08 3.21

*where xx = EQ, GT, OV, CY , Fl, F2 , F3, LP, OD, ZE , NG.
**includeg Processors 111OA and B, 1111A and B, and 1112A and B.

SHIFT INSTRUCTIONS

Class code A (hexadecimal) specifies a shift instruction. Up to 15 bit—position

shifts may be specified In a single shift instruction. Two formats are provided to

allow an option on the location of the shift count. When bit 7 of the instruction

is a ZERO, the least significant four bits of the general register selected by XR,

contains the shift count. When bit 7 is a ONE, the K field of the instruction word

specifies the shift count.

F
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SHIFT INSTRUCTION WORD FORMATS. -

Two single—word formats are used. The formats illustrated are for the shift

count defined by (XR) or K, respectively.

II~ H~ 113 H4

[~T~4 I l 3 J l 2  H 10J 9 I 7 6 
~

5 J 4  3 2 J 1  J o
Shift Indexed A 16 0 OP 0 AR 0 XR

Shift Immediate A 16 0 OP I AR K

.

Alt Accumula tor  Register designator (to be shifted).
K Shift Count
Xli Shift Count Source Register.
OP Shift Operation Code :

op -~~~~-~~~~ Ope ration

0 0 0 0 Single Left Arithmetic Open

1 0 ~) I Single Left Logical Linked

2 0 1 0 Single Left  Logical Open

3 0 1 1 Single Left Logical Closed

4 1 0 0 Single Right Arithmetic Open

5 1 0 1 Single Right Logical Linked

6 1 1 0 Single Right Logical Open

7 1 1 1 Single Right Logical Closed

NOTE

SUE 1112 Processor provides double lengt h
shif ts  and also normalize instructions in
addition to these basic single shifts,

(
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Shift Instruction Definitions

SINGLE LEFT ARI THMETIC OPEN SLAO

= 0 1~1 4 —I~I I  AR J -
~ 

0

(AR) bits are shifted left out of (AR)15 to the carry (CY) and zeros are
- shifted to (AR)0. If any (AR) 14 bit is different than (AR)15 preceding a

shift , then the overflow indicator, OV , is set. Operation affects status
indicators: CY , OV, NG, ZE , OD.

SINGLE LEFT LOGICAL LINKED SLLL

op = 1 1~I r 1~—Ts j AR
° I

Carry (CY) is shifted into (AR)0 and (AR) 15 is shifted into CY. If any
(AR) 14 bit is different than 15 preceding a shift , then the overflow
indicator, OV, is set. Operation affects status indicators: CY, OV, NG,
ZE , OD.

SING LE LEFT LOGICAL OPEN SLLO

O P = 2  H~I AR _uI,u.__ 0

(AR) is shifted left. For each bit shifted, (AR)15 is lost and (AR)0 equals
0. Operation affects status indicators: NG , ZE , OD.

SING LE LEFT LOGICAL C LOSED SLLC

O P = 3  

- 

AR i—i
(AR) is shifted left. (AR)15 is shifted into (AR)0. Operation affects
status indicators; NO, ZE , OD.

26 May 73

L 
_ _ _  ___  _ _ _ _ _ _ _ _ _



SUE 03 GB13020009103

SINGLE RIGHT ARITHMETIC OPEN SRAO

O P = 4  
- 

0— •.I~~~ d~+i AR 01~
(AR) is shifted right. (AR)15, the sign bit , remains the same and is
shift ed into (AR) 14. (AR)0 bits shifted out are lost. Carry (CY) is
reset. Operation affects status indicators: CY , NG, ZE , OD.

H SING LE RIG HT LOGICAL LiNKED SRLL

O P = 5  ~HIEI—’t~ 
AR

Carry (CY) is shifted into (AR) 15, and (AR) 0 is shifted into CY. Operation
affects status indicators: CY , NG, ZE , OD.

SING LE RIGHT LOGICAL OPEN SRLO

O P = 6  O __*IS
~ AR

(AR) is shifted right. For each bit shifted , (AR)0 is lost and (AR)15
equals 0. Operation affects sta~us indicators: NG , ZE , OD.

SINGLE RIGHT LOGICAL C LOSED SRLC

O P = 7  AR

(AR) is shifted right. (AR)0 is shifted into (AR)15. Operation affects
status indicators: NG, ZE , OD.

SHIFT INSTRUCTION TIMING . - Shift instruction execution times depend on

the number of single bit shift s (N) specified in either the K field (immediate) or

the selected register, XR. The time is calculated by the fo rmula:

T = 2. 76 + (0. 26)N

where N = 0 , 1, . . .,  15.

(
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CONTRO L INSTRUCTIONS

Class code 01 specIfies a group of Instructions that provide control of processor

operation in a system. The instructions provide control of system Interrupts ,

and storing and restoring status indicators and general registers.

CONTRO L INSTRUCTIO N WORD FORMATSO -

Assembler
Formats Instruct ionsMnemonic

H 1 H 2 H3 H4
15 14 13 12 I I  10 9 8 7 6 5 4 3 2 I 0

C~~0 0 
_____  

HALT Hal t
(~~ 0 2 0 F RSTS Reset Programmable Status Indica t ors
( =  0 2 I I- SETS Set Programmable Status Indicators
C~ (1 8 0 K ENBL Enable Interrupts
(‘= 0 8 4 K ENBW Enable and Wait
C- 0 8 8 K DSBL Disable Int er r upt
C- 0 8 C K DSBW Disable and Wal t
C 0 8 4/C 0 WAIT Wait
C ~ I 0 STSM Status to Memory
(‘

~ 0 B j  3 0 REGM Registers to Memory
(~~ 0 B 4 D REIN Re turn from In terrupt
U~ 0 s MSTS Memory to Status
(~~ 0 0 

- MREG Memor y to Registers

Notes:

Shaded areas are ignored.

F - Programmable status bits to be reset (RST) or set (SET) (bit positions
correspond with status register) .

K - Interrupt mask bits to be reset (ENBL) or set (DSBL) (corresponding
mask bits in status register) .

B - Address mode, absolute when 0 or relative when 1.

D - Address field (words) , twos complement form for relative .

1More instructions in class code 0 are described under SUE 1110A and B, and
l l l 2 A  and B Instruction Sets.

‘
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Control Instruction Definitions

HALT HALT

~

Further instruction execution ceases . Execution resumes if the RUN
switch on the control panel is pressed or if RUN is enabled by another
processor. Return from a HALT is to the next instruction in sequence .
Interrupts cause no resumption .

RESET PROGRAMMA BLE STATUS INDICATORS RSTS

: L6 M ask

F is a mask for resetting status indicators . For each corresponding
bit of F and the least sign ificant seven bits of the status indicator word ,
if F Is ONE , the indicator is reset to ZERO .

SET PROGRAMMABLE STATUS INDICATORS SE TS

~ 

: 
LI 

~ Mask

F is a mask for setting status indicators . For each corresponding bit
of F , and the least sign ificant seven bits of the status indicator word ,
if F is ONE , the indicator is set to ONE .

F Bits for RSTS and SETS

F bits set Status Indicators

0 EQ EQUAL
I GT GREATER THAN
2 OV OVERFLOW
3 CY CARRY
4 Fl FLAG 1
5 F2 F LAG 2
6 F3 FLAG 3(
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NOTE

In the following five interrupt control Instruc—
tions , the K field (bits 3 through 0) correspond s
to status register bits 15 through 12 that enable
or disable interrupts 4 through 1, respectively.

ENABLE INTERRUPTS ENBL

K

Each ZERO in the K field is ignored , each ONE in the K field
enables the corresponding interrupt.

ENABLE and WAIT ENBW

I L K

Each ZERO in the K field is ignored , each ONE In the K field
enables the corresponding Interrupt. The processor enters
the WAIT state until an enabled interrrupt occurs . If the
enabled interrupt is 4, the interr upt is processed in the
normal manner . If the enabled interrupt is 1, 2 , or 3,
execution continues at the next Instruction In sequence.
If no interrupts are enabled an Instruction trap occurs.

30 May 73
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DISABLE INTERRUPTS DSBL

L 
I K

Each ZERO in the K field is Ignored , each ONE causes an interrupt
disable for the corresponding interrupt.

S

DISABLE and WAIT DSBW

~ 
: II ~ L K

Each ZERO in the K field Is ignored, each ONE in the K field
disables the corresponding Interrupt. The processor enters
the WAIT state until  a non-disabled interrupt occurs . If the
enabled interrupt is 4 , the Interrupt will be processed in the
normal manner. If the Interrupt is 1, 2 , or 3, executIon
continues at the next Instruction in sequence. If no interrupts
are enabled , an Instruction trap occurs .

WAIT WAIT

[ : 4/C :
When the K—field is zero, no interrupt masking takes place, and the
processor enters the WAIT state until an Interrup t occurs. If the
interrup t is level 4, it will he taken. The normal return after a
level 4 Interrup t is to the WAIT instruction.

If the Interrup t level is 1, 2, or 3, execution continues at the
next Instruction in sequence. If no Interrupts are enabled , an
instruction trap occurs.

S
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STATUS TO MEMORY STSM
D

The content of the status IndIcator register replaces M. Relative
(B = 1) or absolute (B = 0) addressing Is used to determine M .

REGISTERS TO MEMORY REGM

15 ~~ 

OP

The general registers 1, 2 , 3, 4 , 5, 6 , and 7 are stored Into memory
in words M , M + 2 , . . . ,  M + 12. RelatIve (B = 1) or absolute (B = 0)
addressing is used to determine M.

RETURN FROM INTERRUPT RETN

D

(M) replaces the status indicator register , and M 2 replaces the Pro-
gram Counter, PC. Relative (B = 1) or Absolute (B 0) addressing is
used to determine M.

MEMORY TO STATUS MSTS

I S  11 10 

D

(M) replaces the content of the status indicator register. Relative
(B = 1) or absolute (B = 0) addressing is used to determine M.

H
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MEMORY TO REGISTERS MREG

~ D

General registers 1, 2, 3, 4, 5, 6, and 7 are loaded from memory, from
words M, M ~ 2 , . . . , M 4 12. Relative (B = 1) or absolute (B = 0)
addressing is used to determine M.

.

CONTRO L INSTRUCTION TIMES. — Table 6 contains a list of the instruction

execution times for control Instructions.

Table 6. SUE 1110 (basic) Control Inst ruction Times

AssemblerInstruction Time (microseconds)
Mnemonic

Halt HALT 1.01 4- time to restart

Reset Programmable RSTS 1.59
Status Indicators

Set Programmable Status SETS 1. 72
Indicators

E nable Interrupts ENBL 1. 85

Enable and Wait ENBW 2. 80 + time to interrupt

Disable Interrupts DSBL 1. 98

Disable and Walt DSBW 2. 80 + time to Interrupt

Walt WAIT 2. 80 + time to Interrup t

Status to Memory STSM 2. 14 Absolute, 2.46 Relative

Registers to Memory REGM 7. 24 Absolute, 7.56 Relative

Return from Interrupt HETN 4. 26 Absolute, 4. 58 Relative

Memory to Status MSTS 2. 47 Absolute , 2.79 Relative

Memory to Registers MR EG 7. 93 Absolute, 8.25 Relative

S
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UNIMPLEMENTED INS TRUCTIONS

Instruction class codes B16 to F 16 (11—15) have not been implemented for

SUE 1110 Processors. They are reserved for Instruction set expansion, and

some have been expand ed to accommodate Processors SUE 1111A and B, and

1112A and B, as described in the last fou r sections of this bulletin. Use of these

class codes for SUE 1110 causes the instruction to be trapped for software

interpretation of the instruction. Trapping an instruction refers to the action

taken on unimplemented instructions. When an unimplemented bit combination

is detected, a transfer is made to an interpretive subroutine that can either

simulate the instruction execution or perform some specialized system functions.

INPUT/OUTPUT INSTRUCTIONS

There are no dedicated input—output instructions. The upper 4K addresses

(out of a total 64K) are reserved for device addresses, control words, status

word s, etc. Input/output functions may be accomplished by ordinary general

instructions, and status checking by test instructions.
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SI T E I I  IOA INST IU cT!ON SF:i’

INTRODUCTION

Processor SUE I11OA , an improved design of S t E  1110 , p rovides the capability
to set the key bits of the address bus. The SI’ E 11 IOA instruction set includes
all of the instructions for SUE 1110 (basic) plus the Store K ey, SKE~~,
instruct ion .

STORE KEY INSTRUCTIO N

A su bclas~ of class code 0, the Store Key instruction has the following f ormat :

L [ 1  ~f~~
j

K — A two bit value to be stored into the key bits .

Refe r to Appendix A for instruction times.

(
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I
SUE 111OB INSTRUCTION SET

INTRODUCTION

SUE 111013 InstructIon Set includes all of the Instructions performed by Processors

SUE 1110 (basic), aod l l lOA , and the two Fetc h and Clear (word or byte)

instructions described below. Refer to Appendix A for instruction times.

F1-:TCH AND C LEAR INSTRUCTIONS

A subclass of class code 0, Fetch and Clear allows implementation of multi-

processor system s with shared resources.

FETCH AND CLEAR INSTRUCTIO N WORD FORMAT

C B OP I AR E XR
FCLW 

0 6 1
FCLB j

IS II 10 7 6 3 2 0 

1 Exteriled Address ——— — — — -- - . ~

B - Word when 0 (FCLW), byte when 1 (FCLB)

I — Indirect when 1

AR - Accumulator register designator (0—7)

E - Extended or two-word instruction when 1

XR - Index register designator (0-7), no indexing when 0

t

May 73 37

- -- ---- - - -~~~~~ - - -~~-- - - ~~~~~ —- - - -  ---~~ --— -- - -  .~~~~~~



G1313020009103 SUE G3

FETCH AND CLEAR OPERATION

This instruction reads and clears the designated memory word or byte and
places the previous contents into the designated register. In particular, It
allows a processor to read a memory operand without allowing another pro-
cessor to read the same memory operand before it has been cleared by the
first processor.

NOTE

Both the memory cell and the desIgnated
register are cleared by these instructions
when performed by SUE 111OA , 1111A and
1112A processors. SUE 1110 (basIc) pro-
cessor traps on this instruction.
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SUE 1111A INSTRUCTION SET

INTRODUCTION

The SUE 1111A Instruction Set includes all instructions described for processors

SUE 1110 (basic), SUE 111OA , and instructions described in this section under

SUE II11A. Processor SUE 1111A can perform the fol lowing decimal arithmetic

instructions:

Operation -

Instruction Mnemonic Code Description

Zero and Add ZADD 2 Move decimal field

Add Decimal ADDD 3 Add decimal fields

Subtract Decimal SUBD 4 Subtract decimal fields

Compare Decimal CMPD 5 Compare decimal field s

Shift Right SFTR 8 Shift decimal field right

Move Right MOV R 9 Move field right to left

Shift Left SFTL A Shift decimal field left

Move Left MOVL B Move field left to right

Compare Field COM P C Compare field s

T F M P ( ) R A R Y  STORAGE

The decimal  i nstructLns implemented in SUE 1111 use the storage locations

:lssociated with  the unimplemented instruction trap as temporary storage.

For  example, locations 20, 22 , and 24 for the CPU have the contents of regis-

te r s .
~~ . 6, and 7 during and after completion of a decimal instruction. If an

un impl em en t e d  instruction routine is to use a decimal instruction , it must save
m l  r ( -s to r e  these locations .

c
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INSTRUCTION FORMA T 
-

All decimal instructions except Shift Righ t (SFTR) and Shift Left (SFTL) are

accommodated by one standard format as follows:

Hi H2 H3 H4
15J 14 J 13 J 12 1 1 1 1 0 19 18  7 6 1 5 1 4  3 2 (  i t o

Word O C OP 0 Ri  0 R2

Word l Li L2 0 Xl 0 X2

A modification of this format accommodates SFTII and SFTL instructIons:

Hi H2 H3 H4
15J i4 J 13112 i ij i oj  9 j  8 7 6 1 5 1 4  ~ J 2 11 J o

Word O C OP 0 R i  0
Word i Li S 0 Xi o j  X2

C Class Code — All instructions use class code C16
OP Operation Codes 216 through 5~~ and 816 through C 16

(see instruction description)

Hi Register designator (1—7) for address of the most significant byte
of the source field

R2 Register designator (i-7 ) for the address of the most signifIcant
byte of the destination field

LI Source field length , minus 1 (bytes)

L2 Destination field length , minu s 1 (bytes)

S Number of decimal digit positions to be shift ed.

Xl Index register , content of which is appended to the Li fi eld,
(only if Xl is non—zero) . Length is then Li -4- (Xl) + 1.

X2 Index register, content of which is appended to the L2 or S field ,
(onl y if X2 is non—zero). Length is then L2 + (X2) + 1. For Shift
Instructions the content of X2 is appended to the S field. The
total digit positions shifted is then S + (X2).

I
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NOTES

All seven general registers may be used as
the source for parameters. If zero is specified
as the register for Xl or X2 , then only the L
or S field is used. EU and R2 cannot be zero.

The target field must be large enough to hold
each operation result, else the result is trun-
cated without overflow status being set.

DECIMAL DATA FORMAT

Decimal data is formatted with two digits (4 bit field s or nibbles) per byte with

the right-most nibble taken as a sign. The valid decImal digits are 0 to 9i6
with A 16 to F 16 giving invalid results. Valid signs are C for plus and D for

minus.

Two examples of decimal data form at required for operation codes 2 , 3, 4, 5,

~~, and A follow:

Example l 0 1 8 5 C

Byte l Byte 2 Byte 3

Example i represents the number 1385.

Example 2 
( 

3 5 
I ~ ~ f 3 D 1

Example 2 represents the number -35573.

CHARACTER DATA FORMAT

The characte r data format used ~ it h  operation codes 9, B, and C follow:

[ A [  B !  c J
Byte l Byte 2 Byte 3

(
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SYM BOLIC CODING FOR OPERANDS

Symbolic coding of the operand field for all instructions except Shift is: (Ri) ,

Ll(Xl), (R2), L2 (X2). For Shift instructions , SFTR and SFTL, the coding is:

(Ri),  L(Xi), S(X2).

INSTRUCTIONS

ZERO AND ADD ZADD

O P = 2

Zero And Add moves the source field to the destination fi eld. If the destination

field is longer than the source field , the excess high—order bytes are filled with

zeros. If the destination field is shorter than the source field , the excess data

is truncated. The mov e takes place from the right end first so that truncated

data is in the most significant portion of the fi eld.

ADD ADDD

OP = 3

Add Decimal numerically adds the signed source field to the signed destination

field with the sum placed into the destination field . If the sum is larger than the

destination field , the excess high—order bytes are truncated. If the sum is

smaller than the destination field , the excess high-order destination field bytes

are filled with zeros.

Addition occurs from right to left one byte at a timc. The sum contains the

correct sign following the normal rules of algebra. If the result of the addition

is zero, the result has the sam e sign as the original destination field.

SUBTRACT SUBD

OP = 4

Subtract Decimal numerically subtracts the signed source field from the

destination field with the difference placed into the destination field . If the

difference is larger than the destination field , the excess high—order bytes are

truncated. If the difference is smaller than the destination field , the excess

high—order destination field bytes are filled with zeros.
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Subtraction occurs from right to left one byte at a time. The difference conta ins
the correct sign following the normal rules of algebra. If zero, the difference
has the same sign as the ori ginal destination fi eld .

COMPARE DECIMAL CMPD

OP = 5

Compare Decimal numerically compares the signed source field with the signed
destination field . Status bits EQ (bIt 0) and GT (bit 1) indicate the results of the
compare. The status bits are affected as follows:

21
Source Destination 0

Source > Destination 1 0

Source < Destination 0 0

(‘~ mmensurate with the rules of order , positive and negative zeros are equal by
the Decimal Compare instruction , and large negative numbers are smaller than
small negative numbers.

The source and destination fields need not be the same length. The numeric values
of the two fields are compared and leading zeros are ignored . Neither the source
nor the destination field is altered by thi s Instruction. To provide a faster decision
algorithm, comparison is made first on the sign and units digits , then on digits
in order of most significance.

SHIFT RIGHT SFTH

OP = 8

Shi ft Right performs a decimal digit shift to the right. Digit positions on the left

end of the- field are filled with zeros as shifting proceeds. Digits on the righ t end

are shifted out around the sign and lost , leaving the sign unchanged. Note that

the number of shift s refers to the digit positions shifted and not the number of

bytes. Also note that the true number of shift s is given and not the number

mInus 1. Therefore, zero shifts can he specified causing no operation to be

perfo rm ed. Shift Right provides a fast way to divide by a power of ten , and can

be used for decimal point alignment, etc.
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MOVE RIGHT MOVR

O P = 9

Move Right transfers the source field to the destination field. The right—most

byte (units/sign byte in decimal field ) is moved fi:st. Then, the move proceeds

to the left one byte at a time.

if the source field is smaller than the destination field , the remaining left end

of the destination field is unchanged. If the destination field is smaller than the

source field , the move proceeds to the left until the destination field is full; then

the move aborts so that all right—end bytes are transferred correctly. The

source field Is left unchanged unless it overlaps the destination field.

SHIFT LEFT SFTL

OP = A

Shift Left performs a decimal digit shift to the left. Digit positions on the right

end of the field, except the sign position, are filled with zeros as shifting pro-

ceeds. The sign is not shifted and left unaltered. Digits on the left end are

shifted out and lost.

Note that the number of shifts refers to the digit positions shifted and not the

number of bytes. Also note that the true number of shifts is given and not the

number minus 1. Therefore, zero shifts can be specified causing no operation

to be performed. Shift Left provides a fast way to multiply by a power of ten,

and can be used for decimal point alignment, etc.

MOVE LEFT MOVL

OP = B

Move Left transfers the source field to the destination field. The left-most byte

is moved first , then the move proceeds to the right one byte at a time.

If the source field Is smaller than the destination field , the remaining right end

of the destination field Is left unchanged. If the destination field is smaller than
the source field , the move proceeds to the right until the destination field is
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full; then the move aborts so that all left—end bytes are transferred correctly.

The source field Is left unchanged unless It overl aps the destination field.

COM PARE FIELD COM P

OP = C

Compare Field compares the source field with the destination field . The compare

operates from left to right. If either fIeld is shorter than the other , the shorter

field is considered to be extended to the right with ASCII blanks (A0) during the

compare operation. Status bits EQ (bit 0) and GT (bit 1) indicate the compare

results and are affected as follows:

21
Source = Destination 0 1

Source > I)estinatlon 1 0

Source < DestinatIon 0 0

The compare assumes the collating sequence of ASCII (i. e. binary values of

8—hit characters as stored internally in core).

C H
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sui• ; I l l i B  INSTRU CTIO N SET

INTRODUCTION

The SUE i ll i B  Instruction Set includes all Instructions performed by processors

SUE 1110 (basic), 1I IO A , and 1111A , and the two Fetch and Clear instructions

described below. (Fetch and Clea r , descri bed for SUE 11IOB and 1112B

processors , is repeated here for programmer convenience. )

Refe r to Appendix A for instruction times.

FETCH AND CLEAR INSTRUCTIONS

A subclass of class code 0, Fetch and Clear allows implementation of multi-

processor systems with shared resources.

FETCH AND CLEAR INSTRUCTION WORD FORMAT

~~~ L 
C AR 

r 
~~~~~~~~~

IS II 10 7 6 3 2 0 
--I

Extend ed Address 

B - Word when 0 (FCLW), byte when 1 (FCLB)

I — Indirect when I

AR - Accumulator registe r designator (0-7)

E - Extended or two—word instruction when I

XR - Index register designator (0-7), no indexing when 0

FETCH AND CLEAR OPERA TIONS

This instruction reads and clears the designated memory word or byte and

places the previous contents into the designated register. In particula r it ( ‘

~

46 May 7~



GB13020009103 SUE G3

allows a processor to read a memory operand without allowing another proces-

sor to i~ead the same memory operand before it has been cleared by the first

processor.

NOTE

Both the memory cell and the designated
register are cleared by this instruction when
performed with SUE 111OA , ili lA , and 1112A
processors. SUE 1110 (basIc) processor
traps on this Instruction.

I

t
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I
SUE lil2A INSTRUCTION SET

INTRODUCTION

The SUE iil2A Double Precision Processor performs all Instructions described

In this bulletin for SUE 1110 (basic), 111OA , and the extended instructions

described in this section under SUE 1112A . Following is a list of the 1112A

extended Instructions and their class codes:

Class Codes
Instruction fHexadecimal)

Bit Manipulation 4

Move 4

Normalize and Count A

P Double-Length Shift A

Single Precision Fixed Point B

Double Precision Fixed Point B

Control 0

DOUBLE PRECISION DATA FORMAT

Double-precision data operations are accommodated by the following format:

Word 0 IS Data (AR, even)

Word 1 [S’ Data (AR+i , odd)
15 14

Word 0 - Most significant fifteen bits of the fixed—point number

Word 1 - Least significant fifteen bits of the fixed-point number

Range - — (230) � Number < + (2~~ )

S - Sign bit of the 32-bit twos complement fixed —point number
S, — Sign bit extension in the least significant word

~~~~
_ _ _ _ _  

‘3 ,

k -
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Upon termination of all

double—length ar i thmet ic  normalize,

double—length ar i thmetic  shift , and

double—precision add , subtract , and multiply

instructions, sign S’ is adjusted to reflect sign S unless bits 14 through 0 of

word 1 are all zeros. In that event , sign S’ also is zero. Also, on these

double-length instructions, and double—length Load And Store: the zero indi-

cator (ZE) reflects the condition of both words , the sign indicato r (NG) reflects

the sign of the most significant word , and the odd indicator (OD) reflects the

value of the least significant bit of the least significant word.

NOTE

To take the two’s complement of a double
precision number , use the following proce-
dure: If the least significant word is not
zero , take the two’s complement of the least
significant word and the one ’s complement of
the most significant word . If the least signifi-
cant word is zero , take the two’s complement
of the most significant word .

INSTRUCTIO N TIMES

Refer to Appendix A for t iming of SUE l l l2A arithmetic instructions.

BIT MANIPULATIO N INSTRUCTIONS

Bit M anipulation Instructioi.s use a subclass of class code 4. Each of six

operations in the bit manipulation Instructions may alter status indicators NG,

ZE , OD, and CY , for subsequent testing by Branch Conditional Instructions.

OV is unaffected . CY= 0 IndIcates the designated bit or bits are all ZEROs.

H. .
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BIT MANIPULATIO N INSTRUCTIO N FORMATS

Three instruction word formats are used by bit manipulation instructions:

Singl e Bit Addressed by (XR)

: L1 : ~; L 
XR

OP - Operation code 1—6

AR - Accumulator register (0-7) that contains the operation result

XR - Index register of which the least signi ficant fou r bits contain the
bit number to be tested and modified.

Single Bit Explicitly Designated by K

‘ L ~ 

~ ~ 
AR L K

OP - Operation code 1-6

AR — Designator (0—7) for the accumulator register that contains the
operation result

K — A four—bit value that specifies the bit number to be tested.

Multiple Bits Selected by the Mask and (XR)

L I~ L 
AR XR

I Mask 1
OP - Operation code 1-6

All - DesIgnator (0-.?) for the accumulator register that contains the
operation result

Mask - Second word of extended Instruction to select the bits for testing
and modification.

O XR - If 0, onl y the mask field Is used to determine the bits to be tested;
If 1-7, the mask is ANDSd with the content of XR to select the
bits to be tested and modified.
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BIT MANIPULATION OPERATIONS

Following are bit manipulation operations. Each of the operations (OP codes 1—6)

tests the designated bit or hits and sets CY if any are not zero; resets CY if all

are zero .

Operation
Code Mnemonic Description

I RBIT M ake the designated bit or bits a 0 ,
all others unchanged

2 SBIT M ake the designated bit or bits a 1,
all others unchanged

3 CBIT Change the designated bit or bits ,
all others unchanged

4 IBIT Isolate the designated bit or bits ,
all others reset to 0

5 TSBT Test the designa ted bit or bits and
shift (AR) left one. The bit shifted
out of (AR ) 15 is lost and a zero is
shifted into (AR)0

6 TBIT Onl y test the designated bit or bits

MOVE INSTRUCTIONS

Another subclass of class code 4 is used by the Move instructions. There are

fou r operations , each of which may alter statu s indicators NG , ZE , and OD for

subsequent testing by Branch Conditional instructions. CY and OV are unaffected.

MOVE INS TRI ( ‘TION FORMAT

:

11 1 h L ~~~~ XR

A ll  — l )v st inat ion registe r designator

XU — Source registe r designator
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MOVE OPERA TIONS

Following are Move instruction operations:

I —J
Codes Mnemonic Description

1=0 , J=0 NEGT Move the twos complement value of register
XH to registe r AR. The content of XR is
unchanged unless XR~~AR .

10 , J=l CPLM Move the ones complement value of register XR
to register All .  The content of KR is unchanged .

1 1 , .J () MOVP Move the positive magnitude of reg ister KR to
register AR. The content of XII is unchanged .

1 1 , J=1 MOVM Move the negative magnitude of register XR to
register AR. The content of XII is unchanged.

NORMALIZ E AND COUNT INSTRUCTIONS

A subclass of class A (Shift) instructions Is used by the Normalize And Count

instructions . There are 8 instructions , 4 sIngle- , and 4 double-length.

NORMALIZ E AN D COUNT INSTRUCTION FORMA T

r A 1~ 

AR 

N 
XR 

1
IS I I  10 7 6 3 2 0

B — 0 - single length shift , 1 double length shift

A ll  — Desi gnator of register to be shifted

XII — 1)esignator of register to he incremented by shift count

NO RMA LIZ F~ AND ( ‘OI’NT OPERATIONS

Following are Normaliz e And Count operations:

Operation Cod e Mnemonic Description

Single Length
0 SLAN Single left arithmetic normalize
2 SLLN Single left logical normalize

q 4 SRAN Single right arithmetic norm alize
6 SRLN Single right logical normalize
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Operation Code Mnemonic Description

Double Lengt h
0 DLA N Double left arithmetic normalize
2 DLLN Double left logical normalize
4 DRAN Double righ t arithmetic normalize
6 DRLN Double right logical normalize

The register (AR), or pair of registers, (AR and AB+ 1, where AR is even) is

shifted in the direction indicated until the requested condition is met. The count

of positions shi fted is added to (XII). A maximum shift of 15 (31 for double) may

occu r . If the register or registers indicated for normalize contain zero, the

instruction sets only the status bits; AR and XII are not altered. Also, on

double arithmetic norm alize, the sign position of the odd register is ignored by

the zero test; but the position is set to the sign of the even register , or it is

cleared if the odd register bits 14 to 0 are all ZERO. Double—length arithmeti c

format is described under INTRODUCTION at the beginning of this section.

SINGLE LEFT ARITHMETIC NORMALIZ E SLA N

15 14 
AR j }u— o

[Shift stops when bits (AR) 15 and (AR) 14 are diffe rent]
If any (AR) 14 is the same as (AR) 15, shift until these bits differ. Then add the

shift count to (KR) . ZEROs are shifted into (AR)0 and bits shift ed out of (AR)15
are lost. Status bits NG, ZE , OD are affected accordingly. CY and OV are

unaffected .

SINGLE LEFT LOGICA L NORMA LIZ E SLLN

OP 2 ~.-._fs AR o

[~hift stops when (AR)15 = 
i]

(A ll)15 is tested for a set condition ; if not set, (AR) is shifted left . Zero is

shifted into (AR) 0 . ~\‘hen (AR) 15 is set, the operation terminate s and the shift

count is added to (XR) . Status bits NO, ZE , and OD reflect the shift result.

CY and OV are unaffected.
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SINGLE RIGH T ARITHMETIC N ORMALIZE SHAN

O P = 4  ~ -J;i AR

[Shift stops when (AR) 0 = i]
(AR) 0 is tested for a set condition. If not set , (AR) is shifted right. (AR) 15,
the sign bit , remains the same and is shifted into (AR) 14. When (AR)0 is set,
the operation terminates and the shift count is added to (XII) . Status bits NG,
ZE , 01) reflect the shift  result. CY and OV are unaffected.

SINGLE RIGH T LOGICA L NORMALIZE SRLN

OP = 6 0~
__

~S~ AR

[shift stops when (AR)0 = i]
(AR) 0 is tested for a set condition. If not set , (AR) is shifted right. Zero bits
are shifted into (AR) 15. When (AR)0 Is set, the operation terminates and the
shift count is added to (XII). Status bits NG, ZE , and OD reflect the shift
result. CY and OV are unaffected.

DOUBLE LEFT ARITHMETIC NORMA LIZE DLA N 

O P = 2  —f~jj  AR Jf ~ I I  AR+1

[Shift stops when bits (AR) 15 and (AR) 14 are different]
If any (AR) 14 is the same as (AR) 15, shift  until  these bits differ.  Then add the
shift count to (XII) . ZEROs are shifted into (AR+ 1) 0 and (AR+l ) 14 is shifted into
(AR) 0. When shift stops: (AR+1) 15 = 0 if (AR+1)14 ...0 0; If not , (AR+1) 15 =

(A R) 15. Status bits NG, ZE , and OD are affected accordingly. CY and OV are

unaffected.

I
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DOUBl E LEFT LOGICAL N O RM A l . ! ? .  I: I) LLN
OP 2 ____________________________ ____________________________

Al l II~ -H Al l ; I ~~~~~~~
—- —  °

~Shift stops Wh en AR ~ i]

(A R )  1 ~ is tested for a set cond ition ; if not Set, (A ll) is shifted left . Z F H( )s are

shifted Into (A R - - I ) o~ 
(All + 1) 1  ~ is shifted in t o  (A 11)0. When ( A l l )  1 ~ Is set , the

operation terminate s  and the shi f t  count is added to (XII) . Status bits NG , ZE ,

and 01) reflect the shif t  result. (‘Y and OV are unaffected .

l)( ) t I  RLE RI Gh T A R IT I I M F.TI C NORM A lAZE DR AN
OP 4

A R AR~~1

{shift stops when (All 1)0 - III
(AR ~~l)0 Is tested for a set condition . If not set , (Al l )  and (A 11+1) are shifted

ri ght. (All) 15, the sign bit , remains the same and is shifted into (AR) 14.

( A l l ) 0  is  shifted Into (AR -
~ ) I 4  When (Al l ; 1)o is set , th e ope ration te rminates.

I pot ; t e rmina t i on , ( A l l  
~~ 

is adjus t ed  to ,‘;‘fIc ’et the sign of the even register.

DOlT HLE IIIGII T LOGICA I N OJI MA LIZF: 1)11 LN

OP - B _________________________ _________________________

0 —
~~~j 

AR ____ J

~

j 41j Al l ; I

[Shift stops when (AR l - I ) ~ - 11
Zero  is shifted into (A Il) 1 ~ (Al l  - )~ is tested for a set condition. If not- set ,

(A ll) and (All + 1) are shifted right and (A R) () is shifted i n t o (Al l  1 ) 1 ,
. When

(A ll  ‘1 )~ is set the ope rat ion term Ina t ’s and t h e  shi f t  count is ndded to X II.

Status h i t s  N (; , Z F;, and UI )  refl ect  t h ; sh i f t  r esul t .  ( ‘
~~~ a rid ( )V are  unaffect ed .

DOUI3LI ; LE N ( ;TH Sill FT INS TRIJ (  ‘Tl( )N S

A subclass of class A (Shift ) i n st ru c t ions  I s used by the Doubl e—Lengt h Shif t

Inst ru ct ions .  There are ~ in s t ruc t  ion s , corresponding to the S s ingle—length

shifts .
(1
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‘ 
DOUBLE-LENGTH SHIFT INSTRUCTION FORMAT

Two formats are shown below. The shift count is contained either in the

register designated bs’ XII (bit 7 = 0), or in instruction bits 4 through 0,

designated by K (bit 7 = 1).

I 15I 1~~1~ 12 h 1 1€~9j8 7 61 5 4 3 2 1 1 1 0
Shift Indexed Aj 6  1 OP 0 AR 0 XR

Shift Immediate1 A 16 1 OP 1 AR K 
-

AR — Designates the register pair (2, 3; 4, 5; or 6, 7) to be shifted

XII — Designates register containing the shift count

K — Shift count for immediate. Note that the field contains 5 bits ,
extending into bit position 4 (which is not used by A R).

OP - Shift operation code

DOUBLE-LENGTH SHIFT OPERATIONS

The double—length shift operations are similar to the single—length shift subclass,

and are defined as follows:

Operation
Code Mnemonic Operation

0 DLA O Double Left Arithmetic Open

1 DLLL Double Left Logical Linked

2 DLLO Double Left Logical Open

3 DLLC Double Left Logical Closed

4 DRAO Double Righ t Arithmetic Open

• 5 DRLL Double Right Logical Linked

6 DRLO Double Right Logical Open

7 DRLC Double Righ t Logical Closed

On arithmetic shifts, the inter—register shift coupling is between bit 0 of the

even register and bit 14 of the odd register.

I
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I )( )l ilLE LEFT A RITI I M ETI( ’ U PEN H LAO
UP 1) 

~~~~~
— —  — 

~~~~— — — — — — — —  — — — 0

All A HI 1 u.— ~

( A l l )  an; ! (A ll I )  a r ; sh i l tcd  le f t .  (A l l )  
~~~, 

is shifted to carry  (CY), and zeros are

shifted in to  (A ll I 
~~~ 

I f  a n y  ( A l l )  
~ i h i t  sh i f t ed  is dIf ferent  than (A ll) 15, overflow

indica tor , ( v , i s  s ;t . When sh i f t  stop s:  (All  ; 1) 1~ = 0 If (All ~1 
~14—0 = 0; if not ,

( Al l  ) i  :, ( A l l y  i —
,. 

( Ip e r a t ion  aI f ; ’t ’ts  statu s ind icators CV , OV , NG, ZE , OH.

l) OUlH.E LEFT LOGI CAl ,  LINK K I )  1)LLL

OP I

AU 
~ 1R~

I

Carry ((Y is shifted into (All 1 
~~~~ 

( A l l ) 15 is shifted Into ( ‘Y. o peration

affects status indicators: (y , NG, ZF ; , 01) . (OV cannot set as In SLLL. )

DOC IILF ; L E F T  LOGICAL OPEN DLLO
( I I’ ~

Al l  J~ —~J A l l ’ l

(All)  and (A ll 1) are shifted left. For each bit shifted , (Al l) 15 Is lost and

(AU ~ l)~ ~ iu als  0. Operation affects statu s indicators: NG, ZE , 01).

L X I I  f ILE LEFT LOGU ‘AL (~ LOSE!) 1) LLC
op

All jJ~ j~ A ll+1 

~~~ --~~~~~~_~~~~~~~~~~~~~~~ - - - - ---

(A ll) and (A ll I )  c; shifted left. (Al l ) 1 ~ is shIfted Into (All + 1)o. Operation

affects status Indicators: NG , ZE , OH .
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DOUBLE RIGH T ARITHMETIC OPEN DRAO
OP = 4 

~j~j - — — - 
R 

- - 

AR+ 1

(AR+1)  and (AR) are shifted right. Sign bit (A R) 15 remains the same and is
shifted into (AR) 14. (AR ÷ 1)~ bits shifted out are lost. When shift stops:
(AR + 1)15 = 0 if (AR + l) 14_0 = 0; if not, (AR + 1)15 = (AR)15. Operation affects

status indicators: NG, ZE , OD.

DOUBLE RIGH T LOGICAL LINKED DRLL
OP = 5

r~
_1.lsI AR II Hs1 AR+1 fl—1

Carry (CY) is shifted into (AR)15. (AR + l) o  is shifted into CY. Operation
affects status indicators CY, NG, ZE , OD.

DOUBLE RIGH T LOGICAL OPEN DRLO
OP = 6

AR U ~—41 AR+1

(AR) and (AR +1) are shifted right. For each bit shifted , (AR + l)o is lost, and
(AR) 15 equals 0. Operation affects status indicators: NG, ZE , OD.

DOUBLE RIGHT LOGICAL CLOSED DRLC
OP = 7  

1_
~
•
~ 

AR 11 ..i~ AR+l

(AR) and (AR + 1) are shifted right. (AR + l) o is shifted Int o (AR) 15. Operation
affects status indicators: NG, ZE , OD.

(
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CLASS B INSTRUCTIO N SET

The (‘lass 13 instruction set contains two sets of arithmetic Instructions: single-

precision fixed point and double-precision fixed point.

(‘LASS B INST IIUCTK)N F ORMAT

r B16 ~0 

~~~ 

~I 

AR 

~E 

XR

M 

~‘

OP - Operation cod e

I — Indirect address indicato r

All - Accumulator register pair for fixed point Instructions (See
definition below)

F; - Extend ed address ind icator

XII — Index register designator

M - Extended address (if required)

A C C U M I LA 1DII REGISTERS

A register pair  beginning with an even—numbe red register , such as (R2 , R3),

(114, U S) or (llB , 117) are defIned as one accumulator for some single—precision

and all double—precision fixed poInt instructions. An attempt to use HO or Ri

as an accumulato r causes a level-S interrupt .

SINGLE-PRECISION FIXED POINT INSTRUCTIONS

Three single—precision fixed point instructions supplement the basic Instruction

set. These extended instructions have a one-word memory operand and a two—

register accumulator operand.

ADDRESSING MODES. - Stand a rd memory-to-register addrcissing is permitted

wIthI n this subclass. The accumulato r regi sters are deslgaated as a pa~ of

registers addressed by the even—numbered register of the pair. The even— ‘)

numbered register contains the most significant data.
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ONE-WORD OPERAND FORMAT. - Following is the one-word operand format:

J s J
15 14 1)

S - Sign bit of the 16-bit twos complement fixed point number
M - Remaining 15 bIts of the fixed point number

_(2 15) � NUMBER < +(2 15)

Format for double-length word is described under INTRODUCTION to this section.

SINGLE-PRECISION FIXED-POINT OPERA TIONS

Three single—precision operations are desc ribed as follows:

Opera- Mnemonic Status
tion Indicators
Code AR Operation Description Affected

3 2 , 4, 6 MLTA Multipl y the data In the odd- NG, ZE ,OD, CY
(Multiply, numbered register by the
Add) effective operand , and add

the contents of the even-
numbered register. A two-V
word product is formed In
the combined registers.

3 3, 5, 7 MULT Multipl y the data In the odd- NG, ZE ,OD
(Multip ly) numbered register by the

effective operand to form a
two-word product In the
even-odd register pair.

4 2—3 , DIV I) Divide the data in the two— OV, NG, Z E, OD
4— 5 , (DivIde) register accumulator by the
6—7 effective operand . A pro—

perly—sign ed quotient
results in the odd-num bered
register, with the remainder
(in the even—numbered regis-
ter) havIng the same sign as
the original dividend.

V
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NOTES

a. If register 0 or 1 is specified as AR , the instruc-
tion traps as an unimplemented instruction.

b. A multiplier or divisor of 8000 (i. e., — 65, 536,
the most negative number) has the same effect as
if zero; results in setting OV on divide.

c. A multiplicand or addend of 8000 is treated as
—65 , 536.

d. A dividend of 8000 0000 (i. e., most negative
double-precision number) causes a divide check
result.

DOUBLE PRECISION FIXED-POINT INS TRUCTIONS

Four double—precision, fixed-point instructions are provided in the extended

instructions. Each has a two—word memory operand and a two—register

accumulator operand. Format for double precision fixed point words is

described under INTRODUCTIO N to this instruction set.

ADDRESSING MODES. - Standard memory-to-register addressing is permitted

within the extended class. No other addressing modes are permitted. The

effective memory address is the address of two consecutive memory words,

the first containing the most significant data. The accumulator registers are

designated as a pair of registers, addressed by the even—numbered register of

the pair (e. g. R2 of the R2 , R3 pair). The even-numbered register contains

the most significant data.
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DOUBLE PRECISION FIXED POINT OPERA TIONS

Four operations are described as follows:

Opera- Mnemoni c
tion and Status Indicators
Code AR Operation Description Affected

5 2, 4 , 6 DLOD Move the contents of the NG, ZE ,OD
(Doubl e two consecutive words
Load ) located at the effective

address to the combined
registers.

0 2 , 4, 6 DSTA Move the contents of the NG, ZE ,OD
(Double two registers to the two
Store) consecutive word s located

at the effective address.

2 2 , 4, 6 DADD Add the contents of the CY ,OV , NG, ZE ,OD
(Doubl e consecutive word s located
Add) at the effective address to

the two registers.

1 2,4, 6 DSUB Subtract the contents of CY , OV , NG, ZE ,OD
(Double the two consecutive words
Subtract) located at the effective

address from the two
registers.

NOTE

If register 0 Is specifi ed as AR , the instruc-
tion traps as an unimplemented Instruction.

CONTROL INSTRUCTIONS

Four control Instructions (mnemonics SKEY , JKEY , LCPU , LKEY) are in-

cluded In the SUE 1112A Instruction Set. Instruction Store Key (SKEY),

described In the SUE 111OA InstructIon Set, Is repeated here for programming

convenience.
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CONTROL INSTRUCTIO N FO RMATS

A subclass of class code 0, the control instructions use the following format:

C T E K
SK EY
JKEY 0 8 1 0 0

IS I I  7 3 2 1  0

Jump Address

E — See description below

K — A two—bit value to be stored into the key bits of the address bus

Mnemonic E Description

SKEY 0 Store the value K into the key bits

JKEY 1 Store the value K Into the key bits
and the jump address into the
program counter (i.e. jump)

C T OP XR
LC PU
LKEY 0 8 2—3 0

IS I I  7 3 2 0

OP — Operation code 2—3

XII - Index registe r designator

Operation
Code Mnemonic Description

2 LCPU Load the processor number into (XR) 5, 6;
all other bits in (XR) are cleared.

3 LKEY Load the Lkey value into (XII ) right justified.
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I
SUE 1112 B INSTRUCTIO N SET

INTRODUCTION

SUE 1112B InstructIon Set includes all of the instructions performed by processors

SUE 1110 (basIc) , 1i10A , 1112A and the two Fetch and Clear (word or byte)

Instructions described below. The Fetch and Clear Instru ctions , described

also in the SUE 111OB and h u B  Instruction Sets, are repeated here for pro-

grammer convenience.

FETCH AND CLEAR INSTRUCTIO NS

A subclass of class code 0, Fetch and Clear allows implementation of multi-

processor systems with shared resources.

FETCH AND CLEAR INSTRUCTIO N WORD FORMAT

C B OP ~I AR E XR
FC LW 0 6
FC LB ________________________________

I S  I I  10 7 6 3 2 0

— — —  1

L - - — — 

Extend ed Address

B - Word when 0 (FC LW), byte when 1 (FCLB)

I - Indirect when 1

AR - Accumulator register designator (0—7)

E - Extended or two-word instruction when 1

Xli - Index register designator (0—7), no indexing when 0

I
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FETCH AND CLEAR OPERATIO N

This instruction reads and clears the designated memory word or byte and

places the previous contents into the designated register. In particular it

allows a processor to read a memory operand without allowing another proces-

sor to read the sam e memory operand before it has been cleared by the first

processor.

NOTE

Both the memory cell and the designated
register are cleared by this instruction when
performed with SUE 111OA , 1111A and 1112A
processors. SUE 1110 (basic) processor
traps on this instruction.
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APPENDIX A
INSTRUCTION TIMES
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Table A—3 . SUE 1110 (Basic), I 11OA/B, 1111A/B and 1112A/B
Control Instruction Times

AssemblerInstruction . Time (microseconds)Mnemonic

Halt HA LT 1.01 4- time to restart

Reset Programmable lISTS 1.59
Status Indicators

Set Programmable Status SETS 1.72
Iiilicators

Enable Inte r rupts ENBL 1.85

Enabl e and Wait ENBW 2. 80 + time to interrupt

I)isab le Interrupts I) SBL 1.98

I)isahle and Wait I)SBW 2.80 I - time to interrupt

Wa it WAIT 2.80 + time to interrup t

Status to Memory STSM 2. 14 Absolute, 2. 46 Relative
Registers to Memory HEGM 7. 24 Absolute, 7. 56 Relative

Return from Interrupt  lIE TN 4.26 Absolute , 4. 58 Relative

Memory to Status MSTS 2.47 Absolute, 2. 79 Relative

Memory to Registers M I I E G  7.93 Absolute , 8. 25 [Iclative

Store Key SKEY * 2.6

*Not available in SUE 1110 (Basic) Processor

SINGLE SHIFT INSTRUCTIO N T UVI ING FOR SUE 1110 (Basic), I 11OA/B,
II1 1A/B , 1112A/B

Shift instruction execution times depend on the number of single bit shifts

specified in either the K field ( immediate)  or the selected register, XII. The

time is calculated by the formula:

T = 2. 76 4 (0. 26)N
S

where N = 0 , 1, ..., 15 .
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Table A—4. SUE 1110 (Basic) Branch Instruction Times

Time (microseconds)AssemblerInstruction
M nemonic 

Next Word Branch

No Operation NOPR 1.78 -

Branch Unconditional BRUN — 2. 72

Branch True BXXT* 1.78 2. 72

Branch False BxxF* 1.78 2. 72

Branch Less Than True BLTT 1. 75 3. 08

Branch Less Than False BLTF 1. 88 3. 08

*where xx = EQ, GT , OV , CY , Fl , F2 , F3 , LP, OD, ZE , NG.

Table A-5. SUE 11IOA/B , 1111A/B and 1112A/B
Branch Instruction Times

Time (microseconds)AssemblerInstruction Mnemonic Next Word Branch

No Operation NOPR 1. 75 -

Branch Unconditional BRUN - 2. 82

Branch l’rue BxxT* 1.75 2. 82

Branch False BxxF* 1.75 2.82

Pr: ,rie h Less Than True BLTT 1.75 3.21

•~~s Uh an False BLTF 1.88 3.21

- 
. .  ‘-u.  ( ;T , ov , CY , Fl , F2 , F3, LP , OD, ZE , NG. v)
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SUE 1111A/B CLASS C INSTRUCTION TIMES

DECIMAL AND CHARACTER INSTRUCTIONS

DECIMA L ADD AND SUBTRACT TIMING

Both the decimal add and subtract operations are started with a sign analysis to
determine whether true addition (ADDD with like signs or SUBD with unlike
signs), or true subtraction (ADDD with unlike signs or SUBD with like signs)

is to occur. Timing for both situations can be calculated using the following

case formats and procedures:

TRUE ADDITION CASE FORMATS

L

I ~~IXXk99k9k9 I DL
a. Propagate 

P >0  SL¶ if final carry —

out of L D L > S L = L

L
b. Propagate and 

L9~—99 I~99l DLoverflow if -1
final carry i— P —•I SL
out of L D L - S L = P > 0  D L > S L = L

L H
c. No propagate and DL

overflow, if 
Lfinal carry S

out of L p = O  D L = S L = L

L

d. No propagate and I DL
overfl ow, if 

SLfinal carry
out of L p = o  S L > D L = L

‘ I
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TRUE ADDITION TIMING PROCEDURES

For Case Conditions Times
§
~~ 

Formats (Times in Microseconds) (Microsecond!)

1 a, b, c, d Start with the basic time of 10.70 and 10.70
go to Step 2.

2 a, b, c, d For each digit pair to be added (in- 3. 21L
cluding units and signs) add in 3. 21
and go to Step 3.

3 a, b, c, d STOP if no final carry from the sum— + 0
mation; otherwise take Step 4.

4 c, d Add in 0. 26 and STOP if SL � DL; + 0.26
otherwise take Step 5.

5 a, b For each digit pair in the extension 2. 70P
field (i. e. where DL > SL or P > 0) that
equals 99 , add in 2. 7 until a non—99
pair is encountered (take Step 6), or the
extension field runs out (take Step 8).

6 a Add in 2.30 and STOP if the LsD of an +2.30
extension pair is not 9; otherwise take
Step 7.

7 a Add in 2.33 and STOP when the MSD of +2.33
an extension pair is not 9.

8 b Add in 026 and STOP when the exten- + 0.26
sion field runs out (I. e. only 99 is
encountered).

Example

J 07 99 74 I ~ minus L42 I 6—~ equals 08 00 I 16 9+

k ~~ P=l , ~~ L~~~ L=2 , Case format: a
time = 10. 70 basic

3 x 3. 21 summation
2. 70 propagate carry

+ 2. 30 terminate carry

22. 12 microseconds total
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TRUE SUBTRACTION CASE FORMATS

L
e. Propagate 

Jxx lxxi >0 00 100 DLif final borrow __________________________________________
out of L t-’—~--’4 SL

P �o D L > S L = L

f. Propagate and 
I 00 I o~ 100

H L~~~~~~~~~~~~~~~~

recomplement
If final borrow 

DL

SL
out of L

L

D L - S L=~P 0 D L > S L = L

g. No propagate and 
DLrecomplement
SLif final borrow ______________________________________________

out of L p = o  D L = S L = L

L
h. No propagate and I DL

recomplement 
SLif final borrow _____________________________________________

out of L
P = 0  S L> D L = L

RECOMPLEMENT CASE FORMATS

DL
j. Units digit ~ 0,

start nine ’s complement

N =DL-1

DL
k. Short ten ’s 

xxi xx lxx lxx ixx lxx lxx ixxlxx l>o I o+]complement

N = D L - 2

DL
1. Extended ten ’s 

l xx i xx lxx Ixx lxx lxx lxx l >o
~ ~

ø I oo I o~complement 
N= DL-2-T T

I

A-7May 73 

- _ .~~~—- _~~~~~~~~ -~~-~~~~~~~~~~ -~~~~~~~



GB13020009103 
- 

SUE G3

TRUE SUBTRACTIO N TIMING PROCEDURE

For Case Conditions Times
§~~2. Formats (Times in Microseconds) (Microseconds)

1 e, f , g, h Start with the basic time of 10. 99 and 10. 99
go to Step 2.

2 e, f ,g, h Add in 3.21 for each digit pair to be 3.21L
subtracted (including units and signs)
and go to Step 3.

3 e, f,g, h STOP if there is no final borrow from +0
the subtraction process; otherwise
take Step 4.

4 g, h Go to Step 7 if SL �DL; otherwise
take Step 5.

5 e, f Add in 2. 01 for each digit pair in the 2. O1P
extension fi eld (I . e. where DL > SL or
P ~ 0) until a non—zero is encountered
(tak e Step 6), or the extension field runs
out (take Step 7) .

6 e Add 2.01 and STOP when a non-zero - +2.0 1
digit is encountered in the extension
field .

7 j, k, 1 Add 2. 43 (for first step of recomple— 2.43
ment); go to Step 10 if the units digit
is not zero; otherwise go to Step 8.

8 1 Add 1. 33 for each digit pair in the + 1. 33T
destination field that is zero until a
non-zero pair is encountered , then go
to Step 9.

9 k, 1 Add 2. 14 if the LSD of a digit pair is 2. 14
not zero; add 2.40 if the LSD is zero 2 .40
and the MSD of a di git pair is not zero.
Go to Step 10.

10 j, k, 1 Add 1.75 for each remaining digit pair + 1. 75N
in the destination field and STOP.

0 L
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Four Examples of Subtract Timing.

No Borrow:

I 78 29 4— I plus 1 18 I 2+ 1 equals [28 I i i  I 2— f
L. L —.J L = 2

Case format: e, f, g, or h
time = 10. 99 basic

2 x 3. 21 subtraction
+ 0. 00 no borrow

17.41 microseconds total
.

2. Borrow Without Recomp 1ement~

102  100 122 1 64 1 5~I minus [72 ]  70 1 ~~ 
equals I 011 99 1 99 1 94 1 0+ 1

—~~P l—- P = 1  k — L  -‘I L= 3

Case format: etime = 10. 99 basic
3 x 3.21 subtraction

2.01 propagate borrow
+ 2 0 1  te rminate borrow

24. 64 microseconds total

3. Recomplement:

01 07 J 23 ~~
— minu s f 00 01 J 09 23 5— equals 00 02 00 [ö~]I— L L= 4  N = 1, T=1~~~~ N~~~~..1 T~~

._
Case format: g or h

time = 10. 99 basic
4 x 3. 21 subtraction

2. 43 tens complement units and sign
1.33 tens complement zero
2. 14 tens complement

+ 1.75 nines complement
31. 48 microseconds total

4. Borrow and Recomplement:

Loo I 00 ~ 1 72 I 9÷ 1 plus Loo I 73 8— I equals L~c l 00 00 1 00 9— I
~ —P--i.j P= 2 L an I-’ N

L = 3 , N = 4 , T = 0
time = 10. 99 basic Case format: f

3 x 3.21 subtractIon
2 x 2. 01 propagate borrow

2. 43 tens complement units and sign
+ 4 x 1.75 nines complem ent - -( 34. 07 microseconds total

c.

I -~~~~~

May 73 A-9
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DECIMAL SHIFT TIMING

Tabl e A— 6 lists times for Shift Left (SFTL) and Shift Right (SFTR) instructions.

Table A—fl . Decimal Shift Timing Chart

Shift Left Ti me in Microseconds Shift Right Time in Microsecond s

ShIft 
Field Length Sh ift Field Length

Count 1 2 3 4 5 6 7 Count 1 2 3 4 5 6 7
— I I I I I I

0 11. 14 S 0 11.64

1 16.51 18.27 20.03 21.79 23.55 25.31 1 17.06 19.17 21.28 23.39 25.50 27.61

2 15.30 19.34 21.10 22.86 24.62 26.38 2 16.38 18.37 20. 13 21.89 23.65 25.41

3 17.36 19.12 20.88 22.64 24.40 3 17.91 20.02 22.13 24.24 26.35

4 16.15 20.19 21.95 23.71 25.47 4 17.23 19. 22 20.98 22.74 24.50

5 18.21 19.97 21.73 23.49 5 18.76 20.87 22.98 25.09

17.00 21.04 22.80 24.56 6 18.08 20.07 21.83 23.59

7 19.06 20.82 22.58 7 19.61 21.72 23.83
13.43 13.14

17.85 21.89 23.65 8 18.93 20.92 22.68
14.28 13.99

9 , 19.91 21.67 9 20. 46 22. 57
15.13 14.84

10 18.70 22.74 10 19. 78 21.77
15.98 -

~~~~~~~~ 15.69
it  • 20.76 11 • 21.31

16.83 16.54
12 19.55 12 I i 20.63

17.68 I I 17.39
13 I I I
14 18. 53 14 18.24

Extrapolation Formulae:

Add 0.85 fo r each additional shift in zero charactor.

Add 1.76 for each additional left—shifted character .
Add 1.76 for each additional right—shifted character when shift count is even.

Add 2.11 for each additional right-shifted character when shift count is odd.

Now : Field length (SL) is in actual number of characters (i.e. digit pairs) and will  be 1 greater than the lengt h specified
value in the instruction.

C LASS C NON-IMPLEMENTED OP-CODES

All SUE 1111A and h u B , class C instructions (Operation Codes 0, 1, 6, 7, D,
E and F) trap . Time to trap takes 16.28 microseconds.

3
A-b  May 73
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MOVE TIMIN G

Time (T) for MOV R , MOV L, and ZADD is calculated using the following

formulae:

Mnemonic Formula

MOVR or MOVL T = 11.36 + 1.76N

ZADD T = 11.36 + 1.76N + 0.85Z

where:

N is the number of characters (i. e. DL or SL, whichever is smaller) •

Z is the number of zeros ( Z= D L - S L if DL>SL ) .

COM PARE-FIELD TIMING

The following general format applies to Compare-Field timing calculations.

B ~4.s x

SL or DL

DL or SL 1
k— BK—.1

where:

SL = Source Length

DL = Destination Length

X = Difference in Length in characters, SL— DL

B = Length of the shorter field , SL or DL

XK = Number of leading blank characters (r)  in the extension field (X)
before a non—b lank character is encountered.

BK = Number of character pairs in the two body fields that are in
corresponding positions, before a non-equal pair Is encountered.

1.L - - 

May 73 
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COMPARE FIELD TIME CALCULATIONS

Time (T) in microseconds can be calculated for the six distinct cases as follows:

Body Field s Equal, SL = DL

B

A B C x = x K = o  T=1 1.35+2.4B
A B C B = B K > 0

Unequal Pair In Body Scan

B
f-~ 

BK -~~~~

Z Y x w_~~~~, B > B K � 0  T= 13.72+2 .4BK
Z ‘V A B

Body Fields Equal, SL >DL ,  or SL< DL, Extension Field Blank

- B —.-i SL > DL:
T=11. 6 4 +2 . 4 B ÷ 1.2x

Z ‘V X~~~~~X~~~ B = B K > 0
z y x 1 x f ~] 

X X K > 0  S L < D L :

Body Field s Equal, SL >DL or SL< DL , Non—blank in Extension Field

S L > D L :
~.m,__ B ..

~

.. x_ 1 T= 13.39~~2.4B +1 .2XK

A B ~~~~~~~~~ I B B K > 0  SL < DL:
A B lb D I  X > X K ? 0  T= 13 . 2 6+2 . 4 B ~~1.2XK

A—12 May 73 
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DECIMAL COMPARE TIM IN G

Decimal comparison is done in a manner to provide the fastest comparison

result. The fields are scanned in the following order of significance: signs and

units digits , extension field s, body fields . The extension field (of length x) is

the most significant portion of the longer comparand and includes all digits of

more significance than the most significant digit of the shorte r comparand. The

body fields (of length B) are those portions of the comparands remaining (1. e.

not units or signs, or extension). Comparison may take one of four basic

formats based on the relative lengths of the fields:

1. Source length = destination length = 1
(both fields are units digits and signs).

U S

U S

2. Source lengt h � destination length , but one field = 1
(one comparand is units and sign).

__________________ U S

________ _ _ _ _ _ _ _ _  

U S
x ~•1

3. Source length = destination length > 1
(both fields are equal length and more than units and sign).

U~~~ J
____________________ U

L. B
4. Source lengt h ~é destination length; both field s > 1

(not equal length but both field s are more than units and sign).

L° ° i  ~ x x I Y Y I [  U S
X X X YJj U ~I 

_ _ _ _ _ _ _ _  _ _ _ _ _ _X B -1
where:

X is the difference in field lengths in characters (digit pairs).
B is the length of the shorter field minus one.

XK is the number of leading zero characters in the extension field .
BK is the number of leading characters In the body fields which are

equal in corresponding positions (or are both zero in the case of
Zero Scan), before non-equal (or non—zero) pair is encountered.

May 73 A- 13
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DECIMA L COMPARE TIME CALCULATIONS

Time (T) in microseconds can be calculated for three cases as follows:

Case 1 — The signs are not equal and the units digits are not both zero.

i
~~~~ IL~ D l  

T = 13 . 08

Case 2 - The signs are not alike and both units digits are zero. A zero
scan is evoked.

Case 2 Formats:

a. x = x K = B = B K = o
L2~

b I 00 I 00 I 0 0 i 0 C I  x = x i~> o
I [

~J B = B K = 0
I- x -‘

c. E~ 
00100 OD x = xc ? 0

I oo j 00 00 OC

I B

100 1 00 1 05

I. XK
~

J OD B = B K = 0

e. l~i~ 
00 00 

.~!. OD X = XK � 0
00 02 00 OC B >BK �0

I .-X .4BKI--
B

A 1 4  May 73
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DECIMAL COMPARE TIMING PROCEDURE FOR CASE 2

For Case Conditi ons Times
~~~~ Formats (Times in Microseconds) (Microseconds)

1 a, b, c, d, e Start with basic time of 14. 40 and go 14.40
to Step 2.

2 a, b, c, d, e Add 0. 13 ii destination comparand sign 0. 13
is posItive, and go to Step 3.

3 b, c,d,e Add 0. 03 if S L> D L , and go to Step 4. 0.03

4 b, c, d, e Add 1. 17 for each leading zero char— 1. 17 XK
acter in the extension field and go to
Step 5.

5 d Add 1. 69 and STOP (Note 1) if there + 1. 69
is a non—zero character in the exten-
sion field ; otherwise go to Step 6.

6 a, b Add 0. 42 and STOP (Note 2) if B = 0  +0. 42
(i. e. no body) and if either the exten-
sion field Is all zero ([XI =0) or there
Is no extension field (X= 0); otherwise
go to Step 7.

7 c, e Add 2. 53 for each pair of leading zero 2. 53BK
characters In the body field. Go to
Step 8.

8 e Add 3. 18 and STOP (Note 1) for the +3. 18
first non—zero character encountered
in either body field; otherwise go to
Step 9.

9 C Add 0. 81 and STOP (Note 2) if both body +0.81
fields are all zero (i. e. + 0 and — 0).

Note 1 - The result is Greater-Than or Less-Than depending upon
the signs.

Note 2 - The result is Equal (and specifically a positive zero equals
a negative zero).

- 4 ’

May 73 A-15
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Case 3 - The signs are alike. A compare scan is evoked .

Case 3 Formats:

X = X K = B = B K = 0

100 1 00 100 ~~E

I-s x 9C X = X K > B = B K = 0

h. 
00 02 37 SC X = XK � 0

02 
3L)

4C] B B K > 0

B

00 1 90 1 73
_ _ _ _ _ _  — X > X K � B = B K = 0

8D

k. ________ 7D X = XK � 0

I 
02 j 30 2D B > B K � 0

0
A 1 6  May 73



SUE G3 GB13020009103

DECIMAL COMPARE TIM IN G PROCEDURE FOR CASE 3

For Case Conditions Times
§
~ 2. Formats (Times In Microseconds) (Microsecond!)

1 f, g, h , j ,  k Start with basic time of 14. 01 and go 14.01
to Step 2.

2 f , g, h , j , k Add 0. 13 if the destination comparand 0. 13
sign 1~ positive and go to Step 3.

3 g, h,j,k Add 0.03 if SL >DL and go to Step 4. 0.03

4 g, h, j , k Add 1. 17 for each leading zero char— 1. 17XK
acter In the extension field and go to
Step 5.

5 j Add 1.98 and STOP (Note 3) if there Is ±1.98
a non-zero character in the extension
field; otherwise go to Step 6.

6 f ,g Add 0. 42 and STOP (Note 4) If B = 0  +0.42
(i. e. no body) and if either the exten-
sion field Is all zero (IX) = 0) or there
Is no extension field (X= 0); otherwise,
go to Step 7.

7 h, k Add 2. 40 for each corresponding equal 2. 4OBK
pai r of leading characters In the body
field and go to Step 8.

8 k Add 4. 34 and STOP (Note 5) for the +4.34
first corresponding un—equal character
pair in the body field ; otherwise go to
Step 9.

9 h Add 0. 81 and STOP (Note 4) If all +0.81
correspond ing characters in the body
fields are equal.

Note 3 — Not equal: compare based on sign and which fi eld is longer.
Note 4 - Compare based on units and signs only
Note 5 - Not equal: compare based on sign and un-equal body characters.

May 73 A-17
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Table A-7. SUE 1112A/B Instruction Times

Execution TimeInstruction
in Microseconds

Selected byBit Manipulation
XR or K Mask w/wo XJi

RBIT Make the designated bit a zero 3.24 3.30

SBIT Mak e the designated hit a one 3.24 3.30

CBI T Chang e (complement) the designated bit 3.24 3. 30

IBIT Isolate (extract) the designated bit 3. 24 3.30

TSBT Test the designated bit and shift left 3.27 3.33

TBI T Onl y test the designated hit 3.24 3. 30

Operand_ValueMove
Positive Negative

NEGT Move the twos complement value 2. 49 2.49

CPLM Move the ones complement value 2.49 2.49

MOVP Move the positi ve magnitude 2.75 2.88

MOVN Move the negative magnitud e 2 .75 2.88

Normalize and Count

SxxN Single Normalize , AC = 0 2. 82
SLA N Single Left Arithmetic Normalize 3.24 + 0. 32 per shift
SLLN Single Left Logical Normalize 2. 95 + 0. 29 per shift
SRAN Single fl ight Ar i thmet ic  Normalize 2.95 + 0. 29 per shift
SflLN Sing le Right Logical Normalize 2.95 + 0. 29 per shift

Dxx N Double Normalize , both AC ’ s = 0 3.89
DLA N I)ouhlc Left Ari thmetic  Normalize 5.21 0. 61 per shift
DLLN L~uuble Left Logical Normalize 4 .89 + 0. 48 per shift
DRAN Double Right Ari thmetic  No rmalize 5. 18 + 0. 97 per shift
DRLN Double flight Logical Normalize 4.31 ~ 0.81 per shift

A— 18 May 73
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Table A-7. SUE 1112A/B instruction Times (continued )

Execution TimeInstruction in M1cro~ econd s

Dcuble-Length Shift

DLAO Double Left Arithmetic Open 5. 08 + 0. 61 per shift
With Zero Count 3.95

DLLL Double Left Logical Linked 4. 50 + 0. 32 per shift
With Zero Count 3.89

DLLO Double Left Logical Open 3.95 + 0. 48 per shift

DLLC Double Left Logical Closed 4. 11 + 0. 64 per shift

DRAO Double Right Arithmetic Open 4. 11 + 0. 97 per shift

DF~LL Double Right Logical Linked 3.89 + 0. 81 per shift

DII LO Double Right Logical Open 3. 50 + 0. 81 per shift

DF.LC Double Righ t Logical Closed 3. 76 + 1. 07 per shift

(

May 73 A—1 9
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Table A— 8. SUE 1112A/B Single- and Double-Precision
Fixed—Point Instruction Times

Store Load Add Sub Multiply Divide
_______ ~See note~~ (See notes)

DSTA DLO D DAI)l) I)SUB M LTA M U L T  DIVD

Register Address
(Indexed ) 5.06 4 .44 5.96 5.96 ~ 16. 87 ~ i5. 35 ~ 15.29

Extend ed
(w/wo Indexing) 5. 13 4. 54 6.06 6. 06 ~ 16. 97 ~ 15.45 ~ 15.39

Reg ister Address,
Indirect* 7.04 6.45 7.97 7.97 ~18.88 ~ 17.36 ~17.30

Extended ,
Indirect* 6. 72 6. 13 7.65 7.65 ~ 18.56 ~ 17.O4 ~ 16.98

Notes:

*Add 1. 01 for each additional level of indirect

DIVIDE

1. Assumes divisor is positive and quotient is positive and even

2. ‘l’i me is 4. 10 if divide check occurs

:i . Add 0.29 if divisor is negative

4. Subtract 0. 06 if quotient is negative

5. Subtract 0. 13 if quotient is odd

6. Total rang e (except divide check) for extended direct  divide is 15.68
to 15 .20

MULTIPLY

7. Assumes typically seven ‘one ’ h i t s  in the absolute value of the
multiplier; if more (or less) add (or subtract) N x O . 03 to the t ime ,
where N is th additional numbe r of significan t multiplier bits.

8. Add 0. 19 if the product is negative

9. Total rang e for extend ed direct mult iply (w/o accumulate) is 15. 24
to 15.88

.D 
~~~
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APPENDIX B

INSTRUCTION SUMMARY AND INDEX

SUE 1110 (BASIC) INSTRUCTIONS SUMMARY

Otut us N.~l.t.f BranCh In trucUoni — Cissans 0-9
15 14 13 12 1 10 9 6 1  6 5 tO t4 t 3 t 2  1 1 0 9 9  1 6 9 1  3 2 1  01

j L 4  3 (.2 ~ j A N 2 0 IF 10 F2 Fl . C V C E No Operat io n 8 0
- — -___________ — - Branch Unconditional 9 0 0

Control InstructIons — CIa.. 0 B,anc h False 8 0 0

1 5 1 4 1 3 1 2  1 1 1 5 9 $  7 9 5 4 3 2 I MNEMONIC Branch Tt ~ e 9 0 0

— — — 
5_ * HALT 0 — - Displ acem.nr word addre ss in two s comp lement Form
2 0 F3 P2 Ft C V 0 E 9815— — 2 I F3 F2 Ft C V 0 8 SETS 

INDICAT OR MNEMONIC

: ~~~ 
0 14 13 (.2 Li ENSI 2 G,e:ie, Ths n BGT,

~~~6 4 (.4 13 12 It ENBW 3 Onetll ow BOV,
B 0 14 13 (.2 LI 0501 4 Carry 8Cr’ .

— 
0 C 14 13 12 11 088W 5 Fl ag I 811.

— — — 6 F1a9 2 812.
— 

0 57864 7 Flag 3 813.

— — 
Bj . L. 0 P8GM B Loop Cutnp l.te BLP.
8 F 4  D RErN 9 Odd BOO,

A Zero
0 ~- 5 0 MSTS B t9sga t iue Bt90,
o p~ 0 MBEG C 1e~sTt,.n BIT,

B - — 0 it Ab .’iluls I t  K,tuti-,,, 0 E. F . Uflonptutnenled

o — Address f ie ld 1*01411 Iw o , ,  ‘,mpierrier ‘OlIn ci Pe lalive 0 = T ot F

G.n.qal Righ t.. InstructIons — CIa.... 1-7 ShIft InstructIons — CIa.. A

A~~Io ~~~~~~~~~~ fl I 

2 E r Q 9 8 7 b 5 4
~~~~~~~~~

O 4Th~~~~~~~~~~~~~~~~~~~~~~~~ 6 S 4fl
Me,no,F •t I AR

Jum p 
~~~~~~~~ ~II,__ 2-_ -~ —.2-.... ~I~III~I B Q w  si ngle l.ngth I w double leng in Inst implem ented 0011101

JumP 0 SubrOutitrn 4 °L °  ±~ ~~~~~ AR Acc umulato r Regi st er designato r It o b. .619141
0.1. 10 4 I OP 0 AR K ShIft Count
Accumulator t 1 op t AR K ~~ ~~~ Count Source R.geler

b ill, Decremenl 
- et~~ 

—
~i ir’i~

- I/P ( ott Ill whelm 0 Right 191*610 1

M~ morm 
Aut o lnct.m.nt 6 B OP AR 8 SR OP Shill Operation Code ~~ e Arithmetic

Accumul:tor 
F SR I 

j_~~~ 
E SR O~ :Logic& Unhsd

ii = Logical Closed
OP - Opet aoon Code 0 MOV Mouc

I SUIt Subtl ecti o r,
7 A DD Add i t i on
3 ANt ) I “5” 1,1 Product
4 1,0 Logi c a l  InClu siv e 0,
S [ ( iS Lo g i c a l  E,c lusi ueOr
6 CUP Compa re
7 TOT To l l

B Wordi’odoito b5lernodn i t t
I Inditer’ W000 I
AR Accumul ator Register designator 10 - 11
F E.tond,d om two word instruction it 1
Ill Inde, F’eg inter desi gnator II Ti  no inde r ing I S
ii 4 bit lit tr al co nstant data

May 73 B-i

— - . 
~~_ . ~• - .. . .

~~~~~~~~~ 
—- — -— —



SUE G3 GB13020009 103

APPENDIX B

INSTRUCTION SUMMARY AND INDEX

SUE 1110 (BASIC) INSTRUCTIONS SUMMARY

.
StetII5 NaglalBe Branch Instructions — CI..... 9-0
‘S (4 l3~~~2 (1 ( 5 9 6 7 6 0 4 3 2 ~~~~~ 1514 i312 i1  1 0 9  8 7 8 5 4 3 2 I 0

L d 1 3 1 2 _I A N 2 0 (P F3 12 Ft ,~ C V G E  No Operation 8 0 , ,
Control Instructions — Class 0 :::~ ~~~ 

0 0 0

IS 14 l 3 t 2 ~t l  1 0 9 9  7 8 5 4 3 2 I 0 MNEMONIC Bre nchT rue 9 T 0
a a u e ,~ 

a x a u HALT 0—  Displacement word address in two s complement form
2 0 F3 F2 Ft I C V 0 p RSTS

— — 
2 I [3 12 FI ’IC V 0 8 sirs 

T INDICATOR MNEMONIC

8 0 j~ t 13 12 II ENBI 2 Gre: iem Than BGT~
— — 

8 4 ~4 13 12 LI ENBW 3 Ov ert lon , BOy,
5 0 14 13 12 II 0881 4 Cat ty BCY,

2 C 14 13 12 II 088W
t~~~ j 0 STSM 7 Fl ag 3 SF3.
ul 3 0 REGM B Loop Complete SIP,

— — s1”~” 0 REIN 9 Odd BOO,
- — , “ “ A Zero SZEe

- 
~~I.  —— 0 MSTS B 619.110, SNOt

1~~2- ~~~ 0 MPEG C Less Then SIT,

B 0 1 Abs Olut e. I it 9.1.11,1 0. 8, F. Unilflpierrlarmted

o — Add ,.,, field words), tw o scom plemel ” !otm tar Relative 5*  T o ,  F

0.nsm.I Rsglst .e Instruction. — Ci..... I-i Shift Instructions — Cu .. A

Ar,cumulat ni AuloDecrernent 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 

14 13 12 

l~
0
:~ ~~~~~~~~~~~~~~~~~ 

10 1
Memory ~ ~~~~~~~ ~~~~~~~ 

— 
£ 29

lump 
~~j ,, 

0 I 5 8 119 B 0 = single length , I w double length Inot imp lemented on 11101
iolnp c-i ‘i,il l ulint’ 

— — 
4 Oj, 0 I AR 8 AR Accumulator Register deecgnstor Ito be ahittedl
4 I OP 0 AR E OR K Shill Count

A r, ufltuialom ~1—’~5~” 
‘~ 

~ tt K SR 56W Covet Source Register

A ll, Decremen, 5 II t’~ ’~ j’ ~f 
j ”  ~~~~~~~~~ 1/P (Itt Ill w het . 0. RIght 191 when I

Aut o lnrr err .ent LII.i~iiII ~1tii~ F A F 09 OP Shift Op.rat to n Cod. 00 = Ar ithmetic

E VP I o - 
L___?__ ~ L_2~_ J AR F 

~: ~II = Log.cal Closed
liP OPC IO ,i,, i , ,il, 0 MOV MSue

I SUB Su bl recl io r ’
2 A DI, Addition
3 A lit, logi c al Prod ucm
4 ii ill logic al in ii,nivn ‘i,

S I i,li logical E,cl u s i ue Or
6 i M[i Co mpat e

I,I Test

B W nr d i ”o d e i t t  t,y t emode if t
I 10419*1 ’ *0.0 I
AR A,,q.icr’ i i i atOr Rsgi,Ier deo ignatot ID C
F F a lenit’ .,t ii, tw o word in s truc r i an 1 1
AR lrid*a f igu rer designator I t  li no inde,iuig ,Iii

4 bit flI -ral cti n,t anl data

(.
~ H’ -
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SUE 1110 (BASIC) INSTRUCTION INDEX

Page

A. GENERA L REGISTER INSTRUCTIONS

ADDB Add byte • . a e . e a e e e . . a e a a e e . a a . a e . . e  12
SUBB Subtract byte a . e . e . a . e e . a e e . a e . e o n e e a  12
CMPB Compare byte e e e a . e e e . a a e e a . e e a . e e e  13
ANDB Logical Product byte (and) a . e . a a e . . a . . e a a e  12
IORB Logical sum byte (inclusive or) e e a . a e . . a . e  12
EORB Logical diffe rence byte (exclusive or) • . a . a a . a  13
TSTB Test byte • . e e . . a e e a a . e e o . o . . e u e . e o a o  13
MOVB Move byte a e • a e ~~~~ a . a e a o a . e e . . e e a . . e e e a  12
ADDW Add word a e e e . a e e . . . . 0 0 0 . e . e . s e a . e e  12
SUBW Subtract wo rd • a e e e o o . a a . a e a . a a   12
CMPW Compare word a e . a e a . .a e e a . e e . s . e . . a e  13
ANDW Logical produc t word (and) • . . a a . e eo a e e . . e  12
IORW Logical sum word (inclusive or) • a a e e e e e . e a e  12
EORW Logical diffe rence word (exclusive or) 13
TSTW Test word 13
MOVW Move word a a • . e a e e e . . a e e a e a a a o a a e e a  12

B. JUMP INSTRUCTIONS

JSBR Jump to subroutine ~~~ . e e e e a e e a . . . a e a a a e . e  16
JUMP Jump to location • a a . a e . a e . a e e e e . a . . e e a  16

C. BRANC H CONDITIONAL INSTRUCTIONS

NOPR No operation a a a e e . a a . e . a e a a . . . . e e a . a e  22
BRUN Branch unconditional e e e a e e a a e . . . e e o e . a e  23
BEQT Branch if equal true e e o o . a e e . a a . . e . e o . . a  21
BGTT Branch if greater than true 21
BLTT Branch If less than true 21
BZET Branch if zero true 0 0 0 s 0 0 0 0 a . a e a e e . e e a o  21
BNGT Branch if negative true 21
BLPT Branch [f looI. r rue 21
BODT Branch if odd true 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 21
BOVT Branch lf overflow true 21
BCYT Branch If carry true . . . e e . . . o . e . . . a . . e . e  21
BFIT Branch if flag 1 true 21
BF2T Branch If flag 2 true 21
BF3T Branch lf tlag 3 true 21

lv
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BEQF Branch if equal false 21
BGTF Branch Lf greater than false o a o . e e . a o . a a a  21
BL’r F Branch If less than false 21
BZEF Branch if zero false e . e e a e e e a e e e e e . . . a  21
BNGF Branch if negative false 21
BLPF Branch If loop false . a e . e . . aa . e . . a . . . a  21
BODF Branch if odd false 21
BOVF Branch if overflow false . . a a o e a . e o e a . e  2].
BCYF Branch If carry false a e a a e a a a a a a a a e a a e e  21
BF 1F Branch If flag 1 false a a e . e a a a . e e e e e a a . a  21
BF2F Branch If flag 2 false e o a . . e a a e e e e . . e e e  21 a

BF3F Branch If flag 3 false 21

D. SHIFT INSTRUCTIONS

SLAO Single left arithmetic open 26
SLLO Single left logical open 26
SLLC Single left logical closed 26
SLLL Single left logical linked • e . a a . e a a e a . . . a e  26
SRAO Single right arithmetic open 27
SRLO Single right logical open 27
SRLC Single right logical closed 27
SELL Single right logical linked .....~~~~~~~~~~~~~~~~~~~~~~~~~ 27

E. CONTRO L INSTRUCTIONS

RETN Return f rom interrupt ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~32
STSM Status to memory a e . a . u a . e . a a a a u a e  32
REGM Registers to me mory e e . a . . . a a e . . o e a e e e  32
MSTS Memory to status 32
MREG Memory to registers a . . ..  a e  a a e . a a a . o o  33
HALT llalt the computer ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 29
WAIT Wa i t f or interrupt ‘31
DSBI, I)Isahle interrupts ‘31
I)SBW Disable interrupts and wait :31
ENBL Enable interrupts 30
ENBW Enable interrupts and wait ‘30
SETS Set programmable status indicators 29
ROSTS Reset programmable status indicators 29

(
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SUE 111OA INSTRUCTIONS 
Page

Includes all instructions listed under SUE 1110 ( BasIc) and the
following:

SKEY Store Key 35

SUE 11IOB INSTRUCTIONS

Includes all instructions listed under SUE 1110 (BasIc), 11I1A , and
the following:

FCLW Fetch and Clear Wo rd 37
FCLB Fetch and Clear Byte 37

SUE 111IA INSTRUCTIONS

includes all instructions listed under SUE 1110 (Basic), 111OA , and
the following:

ZADD Zero and Add 42
ADDD Add 42
SUBD Subtract 42
Clvi P1) Compare Decimal 43
SFTR Shift Right 43
MOV E Move Righ t 44
SFTL Shift Left 44
MOV L Move Left 44
COM P Compare Field 45

SUE h u B  INSTRUCTIONS

Includes all instructions listed under SUE 1110 (Basic), 111OA ,
1111A and the following:

FCLW Fetch and Clear Wo rd 46
FCLB Fetch and Clear Byte 46

11-4 May 73
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SUE 1112A INSTRUCTIONS

Includes all instructions listed under SUE 1110 (BasIc), I11OA ,
and the following:

A. BIT MANIPULATION INSTRU TIONS

RBI T Mak e the Designated Bit a Zero 52
SBIT Mak e the Designated Bit a One 52
CBIT Change (Complement) the Designated Bit 52
IBIT Isolate (Extract) the Designated Bit 52 a

TSBT Test the Designated Bit and Shift Left 52
TBIT Only Test the Designated Bit 52

13. MOVE INSTRUCTIONS

NEGT Move the Twos Complement Value 53
CPLM Move the Ones Complement Value 53
MOV P Move the Positive Magnitud e 53
MOVN Move the Negative Magnitude 53

C. NORMA LIZ E AND COUNT INSTRUCTIONS

SLAN Single Left Arithmetic Normalize 54
SLLN Single Left Logical Normalize 54
SEAN Single Eight Arithmetic Normalize 55
SRLN Single Right Logical Normalize 55
DLAN l)ouble Left Arithmetic Normalize a a a . e . e e . e  55
DLLN Double Left Logical Norm alize 56
DEAN Double Ri ght Arithmetic Normalize 56
DRLN Double Ei ght Logical Normalize 56

D. DOUBLE LENGTH SHIFT

DLAO Double Left Arithmetic Open 
E ) LLL Double Left Logical Linked 58
DLLCu Double Left Logical Open 58
DLLC Double Left Logical Closed 58
DHAO I)ouble Eight Arithmetic Open 59
I)RLL I)ouble Ri ght Logical Link ed 59
DRLO Double Right Logical open 59
DRLC Double Right Logical Closed 59

May 73
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P~g~
E. SINGLE PRECISION FIXED POINT

M LTA Multiply and Add 61
MU LT Multip ly (no add) 61
DIVD Divid e 61

F. 1)OUBLE PRECISION FIXED POINT

DLOD Double Load Accumulator 63
DSTA Double Store Accumulator 63
1)ADD Double Add 63
DSU B Double Subtract 63

G. CONTROL INSTRUCTIONS

SKEY Store Value (K) in Key Bits 64
JKEY Store Value (K) In Key Bits and Address M

into Program Counter 64
LCPU Load processor ‘Number into (XR) Bits 5 and 6 .   64
LKEY Load Key Bits Into (XE ) 64

SUE 1112B INSTRUCTIONS

Includes all instructions listed under SUE 1110 (BasIc), J11OA ,
1112A , and the following:

FCLW Fetch and Clear Word 
FCLB Fetch and Clear Byte 65
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A I~PEN [)IX (‘

IN P 1 ~‘1’/( )l TPI - T ADJ)RESSES

Table ( ‘ —1 .  I nput—Output l)evlce Addresses~

Address (Hex) Input/O utput Device Controller

F800 Teletypewriter No. 1
F810 Teletypewriter No. 2
F820 High Speed Paper Tape Reader No. 1
F830 High Speed Paper Tape Punch No. 1
F840 High Speed Paper Tape Reade r No. 2
F850 High Speed Paper Tape Punch No. 2
F860 Card Reader No. 1
F870 Card Reade r No. 2
F880 Card Punch No. 1
F890 Card Punch No. 2
FRA O Line Printer No. 1
FRB O Line Printer  No. 2
FACO Magnetic Tape No. I (handles 4 Drives)
FBDO Magnetic Tape No. 2 (handles 4 Drives)
F~ E0 Bulk File No. 1 (Fixed Head)
FRFO Bulk 1”ile No. 2 (Fixed Head)
F900 Disk File Uni t No. I (Fixed and Removable)
F’910 Disk File Unit No. 2 (Fixed and Removable)
F920 Cassette No. I
F930 Cassette No. 2
FAOO CRT Display, Alphanumeric No. I
F ’AlO CR’!’ Display , Alphanumeric No. 2

CET Display, Alphanumeric No. 16
FF90 Input Keyboard No. I , Business System
F FAO CET Display No. 1, Business System

Note: Device address assignment is variable by jum pe r wires
connected on each controller. The addresses ‘4bown are

______ — 

recommended and are subject to change.
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APPENDIX D

SELF-INTERRUPT AND SYSTEM INTERRUPT
EXE CUTIV E SPACE

A D D R E S S  THAT A B O R T E D  S E R V  ICE R O U T I N E
I N S T R U C T I O N  V E C T O R6 C A U S E D  A B O R T  S T A T U S  

A D D R E S S
~ DOR00) oo~jo ~ rj fl~~j~ 0046 ADDROO 002A ADOR 1 O 000 A ADDROO (102C AD 0610 Dow ADDROO 002! AD O RIO 004!
A DDI6OI 0,36 ADDIIII  0000 ADDRO 0036 ADD RII 000* ADDROI oO3C ADDRIl ~~~~ ADOROI 003! *001111 006!

UNIMPUMthT~O UNIM P LEMENTED S E R V I C E  R O U T I N E
S T A T U S  I N S T R U C T I O N  V E C T O RI ~ I N S T R U C T I O N  A D D RE SS

*1 )600 0020 *001110 004 0 ADOROO 0002 A DORlO 0042 A DDROO 0024 A O O R I O  0044 *001100 0020 *1051110 004 6
ADDMOI 0030 AODR II  0000 £001101 0032 ADORII 0052 ADDH~~I 0034 ADORn 0004 *001101 0030 AD ORI l 0064

MODULE P R O G R A M  S E RV ICE
S T A T U S

A D D R E S S  COUNTER R O U T I N E
V E C T O R

0014 001* OQIC 001!

S E R V I C EMODULE P R O G R A M— S T A T U S  ROUTINE‘3 A D D R E S S  C O U N T E R V E C T O R
____________________________ _____________________________ 00 14 0010

MODULE P R O G R A M  S E R V I C E
S T A T U S  ROUT1N E2 A D D R E S S  CO UNTER

V E C T O R0000 000A 00% 000y

MODULE P R O G R A M  S E R V I C E
S T A T U S  R O U T I N EA D D R E S S  COUNTER

V E C T O R0000 0002 0004 0006

III0- R0.1-?2

1
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APPENDI X E

USASCII CHARACTER SET AND HEXADECIMA L CODES

HEX CHARACTER HEX CHARACTER

A0 space Cl A
Al C2 B
A2 ‘I C3 C
A3 C4 D
A4 $ C5 E
A5 % C6 F
AG & C7 G
A7 ‘ (apostrophe) C8 H
A8 ( C9 I
A9 ) CA J
AA * CB K
AB + CC L
AC , (comma) CD M
AD - CE N
AE . (period) CF 0
AF / DO P
BO 0 Dl Q

Bi 1 D2 R
B2 2 D3 S
113 3 D4 T
114 4 D5 U
B5 5 D6 V
B6 6 D7 W
B7 7 D8 X
118 8 D9 Y
B9 9 DA Z
BA : DB { left bracket
BB DC \ back slash
BC < less than DD ] right bracket
BD = DE ~up arrow
BE > greater than DF ~~

— left arrow
BF ?
CO 87 bell

8A line feed *

8D carriage return

(
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INTRODU CTION TO ASSEMBLY LANGUAG E

1.0 Introduction

The assem bler used to translate sour ce code for the Plu rib us
mult iprocessor into execu tab le mach ine code is ca l led  P L U R I B U S
and runs on any TENEX system . This paper is not intended to be
the defin itive referen ce on this assem bler , but  r ather  to impar t
a general familiarity to the extent that a program listing could
be examined and mostly understood . While familiarity with the
PLURIBUS assem bler is not assumed , it will be helpful if the
rea der has know ledg e of some assem b ler , or at least the
concepts of one . A lso , some knowledge of the SUE instruction set
is assumed (see the G3 Reference Manual ). The interested reader
is referre d to the assembler Referen ce Manua l in Plur ibus
Document 5 for more detailed in format ion than that presen ted
here , especiall y for the mo re un commo n comman d s wh ich are not
discussed here at all.

S

2.0 Instruction Sets

2.1 Memory Referen ce Instru ct ions

2 .1 .1 Word Mode

By far the most  common ty pes of in s t r u ct ions a re those t hat
reference memory locations. There are six classes (1 ,2,3,5,6,7)
distinguished by the left four bits of the instruction. Each of
the six has one of eight possible operation codes —— Move ,
Su b t r act , Add , Logical And , Logi cal Inclus ive Or , Lo gi cal
Exclusive Or , Compare , and Test.

For instance , an instruction to add the 16— bit contents of
location 100 to Register 1 would appe ar :

ADD R 1 ,100

The machine language product would be: 0111001000011000 in the
first word (of 2) in memory , and the address (the 100) in the
second. For convenience , the binary machine language is hardly
eve r referred to , an d the more conven ien t num er ical
representation is used. The PLURIBUS assembler normally outputs
listings in octal , where the 7218 would instead appe a~’ as 071030 ,
but there is a command option to select hex listings. As to what
actual add ress the num ber 100 in the above ex am ple refers , t h a t
is more variable than you would expect , an d w i ll be covere d

(
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S
later. It is not important usually, s ince mo st p rograms use
symbolic addresses.

If the programmer , by methods which will be covered later ,
caused the symbol XYZ to have the value 100 , he would probably
write the above example as:

ADD R 1 ,XYZ

If he wanted instead to add the 16—bit contents of Register
1 to the 16—bit contents of XYZ , with the new answer replacing
the old value in XYZ , he would have:

ADDM R 1 ,XYZ

The above instruction would assemble as 3218 (hex) in the first
word , and 100 in the second . Note that the direction of data
m o v e m e n t  is g i v e n  by the  p r e s e n c e  or absence  of an “M” .

The above  c o n v e n t i o n  is t r u e  for six of the other seven op
codes.  For SUB , AND , b R , EOR , CM? , and TST , the “M ” is made
part of the op code. For the Move operation it is still
t e c h n i c a l l y  poss ib le  to have  MOV and MOVM , bu t  most o f t e n  the
mn e m o n i c  LDA is used for the memory—to— register direction , and
E TA f o r  the r e g i s t e r — t o — m e m o r y  d i r e c t i o n .

2.1.2 Byte Mode

If , instead of adding 16—bit wo rd s, we wish to subtract an
8 — b i t  d a t a  b y t e  found  in memory l o c a t i o n  XYZ f rom Reg i s t e r  1 , we
h a v e :

SUBE R 1 , XYZ

This instruction would be assembled as 7918 (hex) in the  f i r s t
word and the address in the second. An interesting thing to note
is that now XYZ could be 101 or any other odd location , whereas
f o r  word o p e r a t i o n s  t he  a d d r e s s  m u s t  a l w a y s  be e v e n .

I f  we w i s h  to s u b t r a c t  the  low o r d e r  8 — b i t  d a t a  b y t e  in
Reg ister 1 from the 8—bit contents at location XYZ , we h a v e :

SUBBM R 1 , XYZ

The i n s t r u c t i o n  w o u l d  be a s sembled  as 3918 (h e x ) i n  the  f i r s t
wor d , an d the  a d d r e s s  in the second .

./
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Al l  of the  f o l l o w i n g  a d d r e s s i n g  modes h a v e  t h e i r  b y t e  mode
c o u n t e r p a r t s  in the  above m a n n e r , t h e r e f o r e , we w i l l  not m e n t i o n
eac h one expl icitly.

2 . 1 . 3  I n d e x e d  Mode

I t  is not n e c e s s a r y  to have  an e x p l i c i t  add re s s  (t h e  XYZ in
the  above  e x a m p l e s) .  You cou ld  h a v e  the  add res s  in an i n d e x
r e g i s t e r ;  t h i s  has t he  a d v a n t a g e s  of less r e q u i r e d  p r o g r a m
~.torage and faster execution time. The index register is any
une  of the  seven  g e n e r a l  r e g i s t e r s  t h a t  has  b een loaded
p r e v i o u s l y  w i t h  the  n u m b e r  of the  d e s i r e d  a d d r e s s  l o c a t i o n .  If
we wan t  to A N D  t h e c o n t e n t s of memor y l o c a t i o n  100 i n t o  R e g i s t e r
3, and R e g i s t e r  2 has  the  n u m b e r  100 in it , we can  w r i t e :

AND R 3 , ( R 2 )

T h i s  i n s t r u c t i o n  w o u l d  be a s sembled  as 7332 ( h e x )

If we w a n t  to AND t h e  c o n t e n t s  of R e g i s t e r  3 i n t o  m e m o r y
l o c a t i o n  100 , and R e g i s t e r  2 has  the  n u m b e r  100 in i t , we can
w r i t e :

AND M R 3 , (R2)

T h i s  i n s t r u c t i o n  w o u l d  be as sembled  as 3 33 2 ( h e x ) .  N o t e  t h a t  in
e i t h e r  case the w h o l e  i n s tr u c t i o n  w o u l d  t a k e  up o n l y  one word of
m e m o r y ,  as  t he  second word  fo r  t h e  e x p l i c i t  a d d r e s s  is not
needed .

2 . 1 . 4  I n d e x e d — E x t e n d e d  Mode

It is possible to combine the basic mode (with the explicit
add re s s)  and the i n d e x e d  mode ( w i t h  the  address  in an i n d e x
reg i s t e r ) . In  t h i s  case , t he c o n t e n t s  of the  i n d e x  r e g i s t er  a re
added to the  e x p l i c i t  address  to o b t a i n  the effective address.
If  X Y Z  has a v a l u e  of 100 , R e g i s t e r  ~4 ha s a 42 in  it , and we w i sh
to EOR the  c o n t e n t s  of l o c a t i o n  114 2 i n t o  R e g i s t e r  5 , we can
wr i te:

EOR R 5 , X Y Z ( R L I )

T h i s  wou ld  be assembled  as 755C ( h e x )  w i t h  a 100 in  t he  n e x t
word .

~~~~~~~~~~~~3 ~~~~~~~~~~~
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I f  we w i s h  the  r e s u l t s  of t he  EOR to end up  In  m e m o r y ,  we
have:

EORM R5 ,XYZ (R4 )

This would be assembled as 355C (hex) with a 100 In the second
wo rd , and would EOR into location 142.

2.1 .5 In direct Mode

I t  is p o s s i b l e  to a d d r e s s  the  m e m o r y  l o c a t i o n s  i n d i r e c t l y .
I f  we wish to IOR the contents of 150 into Register 6, location
100 has a 150 in it , and the symbol XYZ has a value of 100 , we
can write :

IOR R6 ,~~ XYZ

T h i s  w o u l d  be a s semb led  as 7L 1E8 (h e x )  w i t h  a 100 in  the  n e x t
word .

I f  we w i sh to I OR to memor y , it looks like this:

I O R M  R6 ,€ X Y Z

and is assembled as 34E8 (hex) with the 100 in the next word . It
would IOR into location 150.

2.1.6 Indexed—Indi rect Mode

It is possible to combine the indexed mode with the indirect
mode .  I f  we want to load the  c o n t e n t s  of 200 into Register 7,
location 300 has a 200 in it , and Register 3 has a 300 in it , we
can wr i te:

LDA R7 ,~~(R3)

T h i s  wou ld  be a s semb led  as 70F3 ( h e x ) .  N o t e  the o r d e r :  the
i n d e x i n g  h a p p e n s  f i r s t , t h e n  the i n d ir e c t i n g .

I f  we wan t  to go the o ther way ,  it is:

STA R7 ,€ (R3)

This would be assembled as 30F3 ( h e x ) .

14
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2.1.7 Extended—Indexed — Indirect Mode

It is possible to combine the explicit address mode with the
indexed —ind irect mode. If we wish to CMP the contents of
R e g i s t e r  LI with the contents of location 3~4 0 , location 2140 has a
3140 in it , Register 2 has a 111 0 in it , and the symbol XYZ has a
value of 100 , we wr i te:

CMP R LI ,€XYZ (R2)

This would be assembled as 76CA (hex) , with a 100 in the second
word . Note that , as always , the indexing happens first , then the
indirecting.

I f  we wish to compare in the other order we write :

CMPM R LI ,€ X Y Z ( R 2 )

T h i s  w o u l d  be a s semb’~~d as 3 6CA ( h e x ) , w i t h  100 in the second . . .

word . Note that the only difference , in the case of the CMP , is
which flags get set if they are unequal. Similarly, there is no
difference between a TST register— to—memory , an d a TST
m e m o r y — t o — r e g i s t e r .

2.1.8 Auto — Increment Mode

In all the above cases where an index register is used , it
is possible to automatically increment the contents of the index
reg i ster a f t e r  t h e y  a r e  used  in t he  a d d r e s s  c a l c u l a t i o n .  I t  w i l l
be incremented by one if in byte mode , and by two if in word
mode . If the example in Section 2.1.3 w er e  done in
auto—inc rement mode it would look like this:

A N D  R 3 , (R2)+

and would be assembled as 6332 (hex). Register 2 , which started
t he  i n s t r u c t i o n  w i t h  100 in  i t , w o u l d  end up  w i t h  102 in  i t .  The
content .~ of 100 would still be AND—ed into Register 3 ,  since the
incrementation happens after the effective address calculation is
d o n e .

The o ther  d i r e c t i o n  of m o v e m e n t  w o u l d  look l i k e :

A N D M  R3, (R2)+

5
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and would be assembled as 2332 (hex). Register 3 would be AND—ed
into 100 , and Register 2 would still end up with a 102 in it.

2.1.9 Auto— Decrement Mode

Similar to the auto— increment mode , in all cases where an
index register is used , it is possible to have the contents of
the index register automatically decremented before they are used
in the effective address calculation. They will be decremented
by one if in byte mode , and by two if in word mode. I f  the
e x a m p l e  i n  S e c t i o n  2 . 1 . 11 w e r e  d o n e  in a u t o — d e c r e m e n t  mod e  i t
would look like this:

EOR R5 , X Y Z ( _ R L I )

This would be assembled as 555C (hex) , with a 100 in the next
wo rd . But note that a different memory word would be EOR— ed into
Register 5 than was the case in Section 2.1 .4.  I f  XYZ ha s a
value of 100 , and Register 14 has a 42 in it before the
instruction is executed , after the instruction is executed
Register 14 would have a 110 in it , and we would have EOR—ed into
Register 5 the contents of’ the memory word 111 0, because the
auto— decrement happens before the address calculation.

If we want to EOR to memory, we write :

EORM R5 ,XYZ(_RLI )

This is assembled as a 155C ( h e x ) , w i t h  a 100 in  t he  n e x t  wo rd .
We would EOR the contents of Register 5 into location 1110 , and
Register 4 would have 40 in it after the instruction.

2 . 1 . 1 0  Com pl e x  E x a m p l e

I f  we wish to have the maximum number of addressing modes
present at once we can write :

ADDBM R 1 ,~~XYZ(R2)+

This is assembled as 2A9A (hex) , with a 100 in the second word ,
assuming XYZ has a value of 100. If Register 2 had a 40 in it
b e f o r e  the  i n s t r u c t i o n  was  e x e c u t e d , i t  w o u l d  h a v e  a 41 i n  i t
after the instruction was executed . If address 140 had a 201 in
it , the right byte of Register 1 would be added to the data b yte
at  l o c a t ion  201 .

6
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2.1.11 Multilevel Indirect Mode

One addressing mode you will hardl y ever see is that of the
multilevel indirect address. This mode is available only in wo rd
mode , not byte mode , and is available in every mode that uses
indirect addressing. It causes the processor to continue to
indirect down an address chain if the low—o rder bit of the wo rd
fetched is on. If  we wish to store the contents of Register LI
i n t o  l o c a t i o n  350 , location 100 contains 150+1 or 151 , location
150 contains 250+1 or 251 , location 250 contains a 350 , and XYZ
has a value of 100 , we can write:

STA R14,€XYZ

This would be assembled as 3OCB (hex) , with a 100 in the
following wo rd .

2.2 Program Transfers
S S

2.2.1 The Jump Instruction • .

.2.1.1 Jump Direct

In  norm al program flow the instruction immediately after the
one currently being executed will be executed next. It is
possible to alter this normal flow , however , such that the next
instruction is somewhere else; and one way is by use of the Jump
instruction. If we wish to have the next instruction executed
be the one at location 100 , and XYZ has a value of ’ 100 , we
wr i te:

JMP XYZ

This is assembled as 14008 (hex) in the first word , with a 100 in
the second word .

2.2.1.2 Jump Indirect

I f  we wi sh to Jump to location 1~40, location 100 has a 1140
in it , and XYZ has a value of 100 , we write:

JMP € X Y Z

This is assembled as 4088 (hex) in the first word , with 100 in
the second word . It is also possible to have a multileve l
indirect Jump.

7
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2.2.1.3 Jump I n d e x e d

If we wish to Jump to location 2140, and Register 2 has a 2140
in it , we write:

JMP (R2)

This is assembled as 11002 (hex).

2.2.1.11 ExotIc Jumps

As in the case of the memory reference instructions , we can
combine the indexed mode with either direct or indirect
addressing. For instance , if we want to Jump to location 250 ,
Register 3 has a 50 in it , location 150 a 250, and XYZ has a
value of 100 , we write:

JM P ~XYZ(R3)

This is assembled as ‘408B (hex) in the first word , with a 100 in
the second word .

2.2.2 The Jump—to—Subroutine Instruction

Frequently it is desirable to be able to return to the
instruction after a Jump and continue the normal program flow .
The Jump—to—Sub routine instruct ion al~~ ws this by loading a
specified Register with the address of the next instruction , and
then jumping to the desired address. It has all the same
addressing modes as the ~ j~ p instruction , the only difference
being that now a Registe specified . The example in Section
2 . 2 . 1 . 1  a ppe ar s as f o l low s , if we want to load Register 7 wIth
the  “ r e t u r n  a dd r ess ” f ir s t : ’

JSB R7,XYZ

I t  is assembled as ‘4048 (hex) in the first word , with the 100 in
the second wo rd . The address of the wo rd after the second word
of the instruction would be in Register 7 after the instruction
is executed.

* By c o n v e n t i o n , most  s u b r o u t i n e s  w r i t t e n  for  the  F ’ l u r i b u s  make
use of R7 as a l i n k a g e  r e g i s t e r .

I
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I

The example in Section 2.2.1.2 would appear:

JSB R 7 ,€ X Y Z

I t  would be assembled as ‘40C8 (hex ) in the first word , with the
100 in the next word .

The example in Section 2.2.1.3 would appear:

JSB R 7 ,(R2)

and would be assembled as ~40 1I 2 (hex).

The complex example in Section 2.2.1.14 would appear:

JSB R 7 ,€XYZ (R3)

This would be assembled as ‘4OCB (hex) in the first word , with 100
in the second word .

In all the above cases the instructions jump to exactly the
same addresses as their Jump counterparts. The only difference
is that first Register 7 is loaded with the address of the next
instruction. Note that the address will be the address
immediately after the JSB if there is no extended address word
(e.g., no XYZ ). Multilevel indirect Jump_ to_ Sub routine
instructions also work.

2.2.3 Branches

The Jump and the Jump—to— Subroutine instructions are both
unconditional program transfers in that they always will transfer
program control to their target address. It is possible to
conditionally transfe r control to the target address based on the
state of several internal flags. These flags are bits in the
Status Register , and are set or cleared by various instructions ,
under various circumstances ; all of which are described
explicitly in the aforementioned G3 Reference Manual . The
instructions which conditionally transfer , depending on the
current state of these flags , are called Branches , and there are
twenty—six diffe rent types , each branching under different
conditions. A constraint on Branches is that the target address
must be near the Branch. It must be no more than — 128 (—80 hex )
or +127 (+7F hex ) words away. This is equivalent to —256 (—100
hex) or +25’4 (+FE hex) bytes away, but you can onl y transfer to a
word , or ev e n  by te , address. Two of the twenty—six are

9
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a

de genera te  cases , one of whi ch alwa ys b ranc hes , the other  of
w h i c h  n e v e r  b r a n c h e s .

BR XYZ

will always branch to XYZ . The following one will never branch

N OP

The assembled value of all Branches has three parts. The
left—most four bits will be either a 1000 if it is going to
branch if the tested condition is true , or a 1001 if it is going
to branch if the tested condition is false. The next four bits
sel ect which condition will be tested . The right byte contains
the tar get add ress in fo r m a t i o n , in t he fo rm of an add ress
displacement from the address of the Branch. That displacement ,
t r e a t e d  as a signed number , is a word displacement (since
ins t ru ct ion add resses are alwa ys wor d add resses), and is
multiplied by two to turn it into a byte displacement , whereu pon
it is added to the (in effect , byte) add ress of t he Branch to
d eterm ine the tar get a dd res s.

If ’  our always—Branch instruction is located at 100 , an d XYZ
has a v a l u e  of 1 40, it is assembled as 9020 (hex ) and w i l l  b ranch
to 1 .140. If t he Bran ch is locate d at 1 110, an d XYZ has a va lue  of
100 , it will be assembled as 90A0 (h e x )  and w i l l  B r a n c h  to 100.

If we wan t to Br anc h to XYZ , assuming it is within range of
the Branch , i f t he last CMP com pare d tw o equal  th in gs , we can
write :

BE XYZ

I f we w a n t  to B ranc h an d t hey are not eq ua l , we can wr i t e :

BNE XYZ

For more detail and a complete list of all branch instructions
see the assembler  r e f e r e n c e  m a n u a l  in P l u r i b u s  Document  5.

• 
10
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2.3 Register -to—Register Instructions

The e igh t genera l  re gi ster opera t ions tha t  may b e d one in a
memor y r e f e r ence  ins truc tion ma y also be done w i t h o u t  r e f e r e n c i n g
m e m o r y .  In th is case , ra t her t han one operan d be in g in a m emor y
locat ion , it is in a Register. If  we wish to subtract the
contents of Register 1 from Register 2 , we wr ite :

SUB R2 ,R 1

I t  is assembled as 14921 (hex).

2. 4 Imme di ate Operan d s

Rather than taking the second operand of a general register
instruction from memory (see Section 2.1) or from another
Register (see Section 2.3), it is possible to take it from part
of the instruction itself. This is known as an immediate
in s t r u ct ion , or a literal instruction.

If  t he num ber is less than  sixteen , the instruction is
norma l ly wr it ten to take u p onl y one wor d . If we wish to CMP the
con ten t s  of Re gi ster 5 w it h 7, for  in s t a n c e , it looks like this:

CMP R5 ,=7

I t  is assembled as 4ED7 (hex).

If ’ the number is sixteen or greater , t he in s t r u c t ion has to
take up two words. If  we wish to ADD the number 1234 to the
con ten t s  of Re gi ster 3, we wr ite:

ADD R 3 , #12311

It is assembled as 4A38 (hex) in the first word , and 1234 in the
secon d . Note  t hat , as in the case of’ our first example (in
Section 2.1.1) , the 12314 might not mean the same thing in each
case. Also , the  “#“ coul d have  been an “

~~~
“; in that case the

a s s e m b l e r  wou ld  check  the  o p e ra n d  to see if i t  wou ld  f i t  in a
o n e — w o r d  i n s t r u c t i o n, and if so , d o so; t he “#“ says put it in
the second word no matter how big or small it is.

A va r i ant  of the two—word type is one which also uses an
index  r e g i s t e r .  In t hi s  case the number  in the second word is
added , no ma t t e r  what  the  i n s t r u c ti o n  o p e r a t i o n  is , to the
contents of the index register , an d the r esu l t  is th e secon d
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operand of the i n s t”u c t i o n .  If  we w i s h  to s u b t r a c t  the  n u m b e r
140 f rom the  c o n t e n t s  of R e g i s t e r  2, an d Re gi ster 6 conta ins a
140 , we write:

SUB R2 ,#100(R6)

This is assembled as 1492E (hex ) in the first word , and 100 in the
second.

2.5 Shift Instructions

There are various instructions which cause the word in a
register to be moved around . It is possible to shift the word
left or right , paying attention to the carry bit or not , losing
bits or not , wrapp ing around or not , etc . See the P lur ibus
manual for full information. For example , if we wish to shift
the contents of Register 2 left six bits , with the carry bit
shifted in on the right , we write :

RLA R2,6

This will be assembled as A1A6 (hex).

I f , instead , we want to shift it , ignoring the carry bit and
lost data bits , the number of bits that are indicated by the low
order four bits of the contents of Register 3,  we wr i te:

SLL R2 ,R 3

This is assembled as A223 (hex).

These two examples are typical of the two main types of
shifts. For the others the only difference is the mnemonics.

2.6 Control Instructions

2.6.1 Halt

This instruction halts the processor. It is indicated by a
left byt e of 0; the right byte may have anything in it , and is
e s s e n t i a l l y  ignored . I t  looks like this:

H LT

12 1
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2.6.2 Immediate Operand Control Instructions

This sub—class takes the operand that tells it on what bits
to perfo rm its operation from the instruction itself. For
e x a m p l e , the r i g h t  seven b i t s  in i n s t r u c t i o n s  w h i c h  set or reset
t he S t a t u s  R e g i s t e r  b i t s  (t h e  ones the  B r a n c h  i n s t r u c t i o n s  t e s t)
or the right four bits of instructions that enable or disable
interrupts. If we wish to enable the computer for interrupt s on
leve ls one an d th ree , we wr ite:

ENB 5

This is assembled as 0805 (hex).

2.6.3 Address Operand Control Instructions

Th is sub—class , which does housekeeping tasks that are
useful in servicing interrupts , r e f e r ences  at least one memor y
loca t ion  in the process .  Th i s  ( f i r s t)  memory l oca t i on  is
determ ine d by t he r ight  by te of the in s t r u c t ion , which is
i n t e r p r e t e d  in e i t h e r  of two ways . If the fi fth bit from the
l e f t  in the whole in s t r u c t ion is on , t he byte  is inter pre te d as
a r e l a t ive wor d di spl acement , exa ct ly the  same as in t he Bran ch
instructions. If that fifth bit is off , the byte is inter prete d
as an a b s o l u t e  word address  in low memory.

I f , fo r  i n s t a n c e , we w i s h  to move the Status Register to the
memory word at 1000 , and the instruction is located at 1002 , we
write :

STM 1000

It  will, be assembled at 09FF (hex).

I f  we are still located at 1000 , but wi sh to loa d t he S ta tus
Re gi ster from t he wor d at loca tion 2, we w r i t e :

MTS 2

It will be assembled as 0501 (hex).

13
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3 . 0  A s se m b l e r  Commands

Section 2 c o n c e r n s  i t s e l f  w i t h  the a c t u a l  i n s t ru c t i o n s
executed by the processing unit in a running Pluribus computer .
This section , on the other hand , d ea ls w i th the assem b ler an d
assembly process itself , especially the assembly language
conventions and assembler pseudo—operations (or directives) .

3. 1 Numbers

As mentioned earlier , num bers are inter pre te d by the
assembler as having different values , depending on two things.
One is the prevailing radix , an d the other is aux il iar y
information with the number proper .

3 .1.1 Radix

Pluribus is initialized to have a radix of 8(octal). You
can change to radix n (1<n<37) by a

.RADIX n

command . In  the  a s s e m b l e r  a n u m b e r  w i t h  no aux il i ar y info rmat ion
is interpreted according to the prevailing radix. Note that with
a radix greater t h a n  10 , all numbers must begin with 0—9 in order
to be noticed as numbers (assuming no auxiliary info rmation).
Af t er a

.RADIX 20

instruction , the radix would be 16 (~~~~r 20 octal) and OABCD would
be a number , whereas ABCD would be a symbol.

3.1.2 Auxiliary Info rmation

I n  the  P l u r i b u s  a s s e m b l e r , no m a t t e r  w h a t  the  p r e v a i l i n g
r a d i x , i t  is p o s s i b l e  to o v e r r i d e  t h i s  a s s u m e d  r a d i x  w i t h
auxiliary info rmation that explicitly gives the radix for that
num ber .

The  two c h a r a c t e r s  ~O preced i ng a n u m b e r  e x p l i c i t l y  d e c l a r e
i t  as octal , the two characters ~D d e c l a r e  it to be dec imal , and
t h e two c h a r a c t e r s  ~H d e c l a r e  it to be h e x a d e c i m a l .

p.

- 
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For example , the decimal number 2514 could be written as:

~D2511376
~0376
~HFE

assuming , that the assembler ’s radix is in its initial state.

3 .2  N u m e r i c  O p e r a t i o n s

I n  t h e  P l u r i b u s  a s s e m b l e r , t h e r e  a re  v a r i o u s  o p er a t i o n s  t h a t
c~ n be done to numbers and their equivalents. They are
summa rized here ; if more informat ion is needed , the Pluribus
manual in Document 5 should be consulted .

These are the more common operators and operations:

OP E R A T OR OP E R A T I ON

+ arithmetic addition . S

— arithmetic subtraction
‘ arithmetic multiplication
/ arithmetic division
? logical exclusive Oh

logical inclusive OR
& logical AND

operator precedence begin
operator precedence end

Note that PLURIBUS treats all operators equally and does them
from left to right (unless grouped).

3.3 Prog r am Locations

Most programs want to be assembled to reside in specific
memory locations , rather than wherever the assembler would put
them . Sometimes data tables mu st be in particular locations so
t h a t  a l l  p r o g r a m s  u s i n g  them know where  t h e y  w i l l  be.  For these
and s i m i l a r  r e a s o n s , i t  is p o s s i b l e  to direct the assembler to
as semb le  the  n e x t  s t a t e m e n t  i nt o  a p a r t i c u l a r  p l a c e .

T h i s  Is  done by p r e c e d i n g  the  n u m b e r  or n u m e r i c  e x p r e s s i o n
w i t h  the  two c h a r a c t e r s  p e r i o d — e q u a l s .

( 15
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For e x a m p l e , i f  we w a n t e d  the  next wo rd to be assembled at
hexadecimal 200, we m i g h t  s a y :

~H20O

There are also two pseudo—ops available which effect a
l o c a t i o n  c h a n g e :

.OD D

w i l l  cause the n e x t  by te  (n o t  w o r d )  to be p laced in the n e x t  odd
byte address location if the current byte address is not odd.
Si m i l a r l y ,  the  pseudo—op

. E V E N

will cause the next word or byte to be assembled into the next
even byt e address if the current one is not .

3.11 Current Location

It is often handy to be able to conveniently refer to the
l o c a t i o n  of the  c u r r e n t  word , or perhaps the following word ,
w i t h o u t  k n o w i n g  the exact  l o c a t i on .  T h i s  “ l o c a t i o n  c o u n t e r ” or
“ s e l f — r e f e r e n c e  i n d i c a t o r ” is a p e r i o d .  If  we , f o r  instance ,
w a n t  to k i l l  some t i m e  by s u b t ra c t i n g  1 f rom the n u m b e r  in
R e g i s t e r  3 until it is 0 we might write:

SUB A 3 ,~~1
BNZ .—2

I f  we w i sh  the  n e x t  word to a l w a y s  have  an address that is
evenly divisible by 16 , we might write:

.~~.— 1&~HFFF0÷~ H10

3 .5 G en e r a l  Lo cat io n

3.5.1 Imp licit

For m a n y  reasons i t is de si ra b le to be ab le to re fer to a
l o c a t i o n  s y m b o l i c a l l y ,  w i t h o u t  n e e d i n g  to know wha t  t he
l o c a t i o n ’ s address  r e a l l y  is .  Th i s  is done by p u t t i n g  n o t h i n g
b e f o r e  the symbol  on a l i n e , and f o l l o w i n g  it w i t h  a colon.  T h i s
symbol  fo r  a l o c a t i o n  is c a l l e d  a l abe l  or a t a g .

16



Re port  No.  3001 Bolt  Beranek  and N e w m a n  I n c .

3 .5 .2  E x p l i c i t

Besides such implicit tag definitions , it is also possible
to explicitly define a tag. This is done by putting the symbol
to the left of an equals—point. For example:

H E R E  =

3 .6  G e n e r a l  A s s i g n m e n t

A general assignment statement associates a symbol with a
value. The general format for a general assignment statement is:

Symbol Expression

This will cause the value of the “Expression ” to be assigned to
the “Symbol” . Examples are:

A =  1000

3.7 Data

3.7.1 General Data

Tf an address should be initialized to a certain constant ,
the data expression ca n  be written just as any other statement .
An explicit pseudo— op, .WORD , is provided which does the same
thing. Also , .WORD ca n h ave more  th an one o per an d :

.WORD 1 ,2 ,3 ,4

with each separated by commas. This will put 1 ,2 , 3 , 4 in
succeeding words. Or the .WORD pseudo— op might be implied :

1 ,2 , 3 , 11

17
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3.7.2 Byte Data

Pluribus can generate byte data with its .BYTE. Operation
is exactly like the word pseudo—op s .

3 .7 . 3  Character Data

Arbitrary strings of character s are converted to their ASCII
equivalent by the ASCII pseudo—op , which may have any delimiter
not in the string itself. The pseudo’-ops .ASCIZ will always pad
with a zero byte. Strings may be multi — line. Note also that
t he re  are  two spec i a l  o p e r a t o r s  for  one— and t w o_ c h ar a c t e r
s t r i n g s ;  the  apos t rophe  ( f o r  one c h a r a c t e r)  and the  quo te  m a r k
(for two characters) . Thus , the following are identical:

“x y

.AS CII /XY/

as far as the data that they generate .

3.8 Program Termination

The end of the source program is signal led by a .END
pseudo—op. An optional argument may be given which is where the
program will be started when it is loaded .

3.9 Macros

A d i s c u s s i o n  of w h a t  m a c r o s  are , and how t h e y  are used , i s
beyond the scope of this document , but let it be said that if
you see what looks like an unfamiliar Instruction or pseudo-.op,
it may be a macro “call” . To check this , look previously in the
pro gr am for  a ma cro “definition ” wh ic h will app ear in these
fo rms:

.MACR O MNAME

.ENDM

w i t h  the  MNAME be ing  the “ name ” of’ the  n e w l y — d e f i n e d  mac ro .

18 
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3 . 1 0  Macro  P a c k a g e s

In the process of programming the Pluribus IMP , the PTIP  an d
r e l a t e d  sys tems , a n u m b e r  of s o f t w a r e  m e c h a n i s m s  h a v e  been
developed which are adaptable to more general applications. Many
of these tools take the form of macro definitions for the
PLURIBUS assembler that provide a convenient syntactic form for
some common operation. Larger subroutines and run— time support
packages  h a v e  also been d e s i g n e d  w h i c h  can  serve  as a f o u n d a t i o n
for user code. A brief description of each of the packages is
given below as an overview.

RATMAC The RATMAC package defines several higher— level
language forms (such as IF/THtN/ELS E and REPEAT/UNTIL)
to encourage structured programming in the assembler
language environment.

PAGE The PAGE macros allow the definition of logically
distinct program pages and control the assembly on each S

page. The PAGE macros allow logically connected code
and data to be assembled into different memory regi~ ns.

STRUCT The STRUCT macro package allows the definition of data
structure formats in a highly readable , easily modified
f o r m .

TRANSFER The transfer macros are defined in a number of systems
and provide a conditional control transfe r facility
which does not have the branch range limitation.

Q U T P A T  The  Q U T P A T  m a c r o , t o g e t h er  w i t h  the  p a t t e r n e d  q u i t
ha n d l e r , a l l o w s  the  user  to s p e c i f y  the  a p p r o p r i a t e
action in the case of failed bus access operations
(QUITs).

3 .11 Format

PLURIBUS expects that its source programs will consist of
rigidly _ defined “statements ” , one per line . A statement can have
u p  t o fo u r “ f i e l d s” , each in o rde r , and each w i t h  I t s  s p e c i f i c
d e f i n i t i o n s :

label: operator operands ;comments

19
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The label is mentioned in Section 3.5; t he  ope ra to r  is s epa ra t ed
from its operands by at least one space or tab , while the comment
f i e l d  s t a r t s  w i t h  a s e m i c o l o n .  T h u s , o n l y  r e l a t i v e  p o s i t i o n  is
important , with the colon and semicolon removing any ambiguity.

20
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D DT

DDT is a program which basically provides a mechanism for
inspecting and changing reg isters of the machine. In a broader
sense , however , i t  can be v iewed as a s imple  o p e r a t i n g  sys tem
which controls the s t a r t i n g  and s topp ing  of processors  and
handles extraordinary conditions (QUIT and ILLOP). This manual
is not  i n t e n d e d  as a t u t o r i a l ;  some knowl edge of how o ther  DDT s
wor k (see , for exam ple , the PDP— 10 DDT manual) may be helpful.

P lu r i b u s  DDT comes in m a n y  f l a v o r s  and shapes  fo r  d i f f e r e n t
configurations and applications , which will be discussed later.
Reg ardl ess of the in t e r n al s t ru c t u r e , al l v ers ions a ppear
basically the same to the user. DDT requires a controlling
device , like a Teletype or VISTA R , which we will call the TTY .
In  its simplest  form , a ~in gle processor runs DDT , e ither
“stand— alone ” or in conjunction with a user program . These and
other control structures are described below.

We begin by describing the various commands the user may
t ype . A number  is r e p r e s e n t e d  by “nn ” , and <aitmode> (or
< e s c a p e > )  is r ep resen ted  b y “$“ . A d o l l a r — s i g n  c h a r a c t e r  is
in d i c a t e d  by “<do l l a r >” . A caret  or u pa r r o w  “~~~“ followed by a
le t ter  i n d i c a t e s  a con trol chara cter . The char acter  caret  (or
uparrow ) is indicated “<uparr> ” . Th e un d ers core or ba ck a r row
character is indicated by “< backarr> ”. The carriage return
character is denoted “<Cr> ” , and linefeed “<if> ” . The word
“register ” generally means a location in address space; a
“processor re gi ster ” is just that. Numbers are followed by “!“

to indicate that they are hexadecimal (base 16).

Addresses ,  o p e n i n g  and c los ing

Whenever  a r eg i s t e r  is “ opened” , i t s  c o n t e n t s  are typed out
in the current mode (except as noted for certain commands). When
a reg ister is “closed” , the last value typed in while open , if
a n y ,  w ill be wr it ten to that  r eg i s t e r .  If  n o t h i n g  or < d e l e t e >  is
typed in , nothing is written.

nfl opens register nn.

<C r >  closes c u r r e n t  r eg i s t e r , if any open.

<if> closes current register , i f any open , and
opens next “instruction ” , tha t  is , if type
out mode is s y m b o l i c  (see  be low )  and the

1
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current register is a double—word
i n s t r u c t i o n , skip one register .

same as < i f >  bu t  a l w a y s  opens  the  n e x t
r e g i s t e r , t h a t  is , a r e g i s t e r  is n e v e r
sk ipped .

<uparr> closes current register , If any open , and
opens the previous one.

$<uparr> like <uparr> but goes up two registers , not
on e.

by i t s e l f , is  t h e  v a l u e  of the  address  of the
cu r r e n t  re gi ster , if any open; if none , the n
the last currc’nt register.

types out the contents of the register
addressed by the current register but does
not open it or change ‘ . “ . The addr es s  used
is t h e  second word ope rand  a d dr e s s  i f  in
symbolic mode or the second word register
contents otherwise .

$1 c loses  the  c u r r e n t  register and opens the
register addressed by the current register ,
as i n “I”.

Type out modes

There are two orthogonal type out modes. One control s the
radix of type out :

numbers are typed out in hex (base 16) — t he
def a u l t .

number s  a re  typed  out  in oc ta l  (ba se  8) .

The other controls how register contents are interpreted:

t y p e  out  s y m b o l i c a l l y ,  t h a t  is , tr y to
interpret as an instruction , including next
wo rd If a two—word instruction code.

( K o n s t a n t )  t ype  out  as a n u m b e r .

-I
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type out as two ASCII characters.

O t h e r  t ype  out  commands

r e t y pes ou t t he c u r r e n t  r egi ster in t he
al t e r n a t e  mo de as follows:

c u r r e n t  a l t e r n a te
symbolic constant
constant symbolic
ASC II cons tan t

retypes out the current register in the
al ternate  mo de , as in “~~~“ , and changes the
current mode to the alternate mode.

nn= Wh en preceded by a number or an expression ,
types out the value of that expression. The
resul t  of su ch ex press ion ar ithme tic is not
considered a value to be written to an open
register when closed .

> retypes out the current register as two ASCII
chara ct e r s , but does not change the mode.

nn ” opens locat ion nn , but does not  t ype out
contents; rema ins in this mode until / or \
is typed . a

S

ana logous to $1

“ analogous to /

nn\ opens location nfl , but the add ress t ype out
is suppressed on succeeding lines until / or
“ is typed .

$\ an alogous to $1

\ analogous to /

nn [ opens locat ion nn , but t ypes out conten ts  in
the a l t e r n a t e  mode (see  = , a b o v e ) ;  does not
change  c u r r e n t  mode .

• 
3
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I
$1 ana logous  to $1

ana logous  to /

Type in

symbols DDT contains symbols with predefined values
to facilitate type in of symbolic data . All
of the op codes and o ther  i n s t r u c t i o n
components  of the P l u r i b us  assembler  are
a p p r o p r i a t e ly  de f ined . By u s ing  <space>
and /o r  < t a b > , i n s t r u c t i o n s  may be entered  in
v i r t u a l l y  the same fo rmat  as the assembler
expec t s .  Type in  r o u t i n e s  co r rec t ly
in t e rp r et d i sp l acemen t s  in b r a n c h
i n s t r u c t i o n s .  Mal fo rmed i n s t r u c t i o n s  r e su l t
in t he ty pe out “ “ , an d all cur ren t  ty pe in
is cance l led . There is p resen t ly  no f a c i l i t y
for  user d e f i n e d  symbols .

NOTE: The characters <comma> , “= “ , “ “ , “+“ ,
“ — “ , “(“ , and “ ) “  have  special  m e a n i n g  w i t h i n
an i n s t r u c t i o n  type in , as do the symbols  RO ,
R i , ... R 7 .  R e f e r to BBN Repor t  No.  3001 ,
P lur ibus Document  11 , Bas ic So f t w a r e , Part  2 ,
for  a d e s c r i p t i o n  of the  P l u r i b u s  assembler
f o r m a t .

nn  Typed in n u m b e r s  are gene ra l l y  i n t e r p r eted
accord ing  to the c u r r e n t  t ype  out r a d i x ,
except t h a t  num bers c o n t a i n i n g  l e t t e r s  A—F
are a lways  h e x a d e c i m a l .  No te  t ha t  some
numbers  look j u s t  l ike  symbols;  e . g . ,  ADD ,
ADDB , BC , BE , BF1 , BF2 , and BF3 . These are
t reated as symbols un less  they  are  e x p l i c i t l y
denoted as numbers  by a l ead ing  zero or by an
“ I ”  a f t e r  the n u m b e r .  It is a good h a b i t  to
prec ede all  h e x a d e c i m a l  number s  b e g i n n i n g
with the letters A—F by a leading 0.

nn. a decimal number

nn ’ an octal number

4
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nn ! a hex num ber

< d e l e t e >  echoes as “U ” and cancels current input , t h a t
is , i t  is as if  w h a t e v e r  is be ing  typed in
was never typed .

+ addition

< s p a c e> a d d i t i o n

— sub t r a c t i o n

when  preceded by an e x p r e s s i o n , t y p e s  out  the
value of that expression. The result of such
expression arithmetic is not considered a
value to be written to a register when
closed .

<backarr> has the value of the last quantity typed out
as a result of examining a register. This
would be the value of second word of a
two—word instruction when in symbolic mode .
If the value of the first word is desired ,
use “ z ” followed by <backarr> .

<comma> is used to input two word s at a time as in an
instruction. Typing <comma> after the first
v a lu e saves t ha t v al ue un t il t he term ina to r  5
is typed  a f t e r  the  second v a l u e , t h e n  both a

valu es are written to memory. The value of
“ . “ is not changed . A < d e l e t e >  typed  a f t e r
the <comma> abo r t s  the  e n t i r e  i n p u t . If
noth ing is typed before the <comma> , on ly the
second word w i l l  be changed .

Address  Spaces

n n :  sets t he num ber of the c u r r e n t  proce sso r
add re s s  space .  The processor n u m b e r  is
s p e c i f i e d  a c c o r d i n g  to the  P l u r i b u s
c o n v e n t i o n  t h a t  a s s i g n s  coupler  addresses  to
i n d i c a t e  the p h y s i c a l  processor  pos i t i on  in
the  m a c h i n e .  I f  set to o ther  t h a n  the
pro cessor c u r r e n t ly r u n n i n g  DDT (t h e  “ loca l”
p rocesso r) , a l l  r e f e r e n c e s  w i l l  be
t r a n s f o r m e d into accesses in tha t  processor ’s

(
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addres s  space ( o n  i t s  bus  and w i t h  the
appropriate key bits). If on another bus ,
BBC will be used; i f  the  o ther  processor on
the same bus (the “buddy ” processor) , the
local processor will run in the buddy ’s
r e g i s t e r s  to e x a m i n e  or change  the  l o c a t i o n .
I f  the buddy is r u n n i n g ,  he w i l l  be stopped ,
c o n t e x t  saved and res tored , and r e s t a r t e d .  A
ne gat ive ar gument  to “ : “ implies the local
processor; zero means the buddy. Specifying
a non—existent processor (really the control
r eg i s t e r  of the  bus coup le r  f rom t h a t  bus  to
the  ~V I /O  bus  — see be low )  causes  a “ U ”  t ype
out. Note that when a processor on another
bus is selected , attempting to reference a
reg ister on the bus being used for BBC (the
~V bus )  w i l l  r e su l t  in a Q U I T .  Use  “ nn ~ V ” to
ch oose another bus for BBC.

n n~V sets the base address of the I/O bus to be
used for BBC to nn. The default is E000!. A
nul l argument resets to the default.

nn~ F sets t he ma p va lue of t he memo ry page to be
re f e r enced  when  e x a m i n i n g  addresses  in the
f i r s t  m a p p a b l e  segment  (4 000!  — 6000!)  to nn ,
regardless of current map values. This
f e a t u r e  is enab led  o n l y  when  the  “loca l”
processor is selected . The p rocedure  used is
to transform an access in the 4000! — 6000!
window to one in the 8000! - A000! window .
The third map (FCOLII ) is set to the current

~F value and the access performed. The map
is then restored per the contents of location
F4! in which the user program should keep a
copy of’ t he  des i red  m a p  v a l u e .  An a r g u m e n t
of —1 w i l l  d i s a b l e  t h i s  f e a t u r e :  no address
transfo rmat ion nor map changing will occur .
Note  t h a t  when  u s i n g  a commo n memory  DOT and
~F is d i sab led , r e f e rences  in the  4000! —

6000! range will access the DDT code page
i t s e l f , s i nce  the  code is execu ted  th rough
the f i r s t  w i n d o w .

6
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Control

n n~G starts the selected processor at nn .

starts the selected processor at the address
last  s p e c i f i e d  by a ~G command . DOT
remembers two independent “last
addresses ” : one for the local processor and
one for all others. If no argument is g i v e n
and no address has been specified previously,
a “U” will print and nothing else will
happen.

stops the selected processor if running and
types out the contents of the program
counter. If not running, types out “HALTED” .
For the  local processor , “ stops ” means  s top
executing the user program and return control
to stand—a lone DDT . For processors on other
busses , repeatedly tries to stop processor if
QUITs occur (usually due to the BBC reference
being aborted in favor of a forward access)
and r e p o r t s  “FAILED” after 100 unsuccessful
tries.

if the local processor is selected , it causes
it to “proceed” from where it was last A Xed
(per RO). For other processors , start
running without changing the current value of
their program counter .

steps the  selected processor  one i n s t r u c t i o n
and types that instruction ; the local
processor cannot be stepped .

like ~Z but does not type the instruction.

nn ~ Z l i k e  ~Z bu t  f i r s t  sets the  p r o g r a m  coun te r  to
nfl.

7
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M i s c e l l a n e o u s  commands

R n n  re feren ces re gi ster nn of t he selecte d
processor. For the local processor , the
v a l u e s  of r e g i s t e r s  0—8 are saved whenever
control  is r e t u r n e d to DDT an d R n n  r e f e r s  to
the memo ry  l oca t ions  where  t hey  a re  saved .
Fo r ot her processors , refers directly to the
registers themselves; the processor must be
ha l t ed  be fore  r e g i s t e r s  can be examined. The
processor n u m b e r  w i l l  be echoed .

nn , n n ~ B copies c o n t e n t s  of the local processor ’ s
p r i v a t e  memory  to the  c o r r e s p o n d i n g  l o c a t i o n s
of the pri vate  memor y o f the  c u r r e n t ly
selected processor. The two arguments give
the i n c l u s i v e  bounds  on the addresses  to be
copied . O m i t t i n g  a r g u m e n t s  w i l l  reuse the
last  v a l u e  p r e v i o u s l y  s p e c i f i e d  fo r  t h a t
f i e l d ;  i f  none e x i s t s , a “ U ”  w i l l  be echoed
and no copy takes place.

~pecIal locations

DDT maintains several fixed locations in the private memory
of the  local processor  to c o m m u n i c a t e  w i t h  user  programs:

FO! F41 Map 0 and Map 2 respectively, are the values
to which the maps will be restored when DDT
finishes using them. Map 0 is used by commo n
memory DDTs to execute code. Map 2 is used
to e x a m i n e  commo n m e m o r y .

F8 ! the ma p va lue  of the page in wh ic h a common
memory  DDT res ides  ( s h o u l d  be set up by the
user  be fo re  a common memory  DDT is l o a d e d ) .

F A t  DDT o pti on vers ion (see sect ion on Assem b ly ,
be low ) .

FC! location of TTY interface.

FE I  the n u m b e r  of the  c u r r e n t l y  selected
processor .

I
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Control structure of DOT

DDT either runs “stan d—alone ” or In con junct ion w ith a user
program . When stand—alone , DDT Is the only program running and
t hus  m o s t l y  i d l e s , w a i t i n g  for  a command  from the TTY . When  DOT
starts up a program (e.g., via ~G) It transfers control to that
program and expects to have control periodically returned to it
so that it can sample the TTY for input , perfo rm any command s
requested , and continue any output in progress. This return of
control can be accompl i shed in several different ways :

1. By at i explicit call of DOT from the user prog ram . A
call to the polling entry (see below ) should be executed
p er iod i c a l  l y .

JSB R7 ,OR IGIN+ 15

Control will be returned to the address contained in R7
at the time of the call.

2. By using the line frequency interrupt to call DOT . This
requires such interrupts to be enabled for the processor
which is to run DDT .

3. By using the TTY interrupt to wake up DDT on ly wh en
there is actual data flowing to and from the TTY . This
requires the TTY to be on the same bus as the processor.

.
S

Specification of these options is done when the particular
version of DDT is assembled . DDT preserves the contents of
registers 1—7 , the programmable flag s, and enabled interrupt
leve ls across an invocation.

Debuggi ng Env ironmen t of DDT

DDT attem pts to maintain a “logical” debugging environment
simila r to the environment the programmer is coding in when
he/she is writing the program. In particular , DOT ass ig ns
specia l meanin gs to such har d ware featur es as the memor y ma p
r e g i s t e r s  ( a n d  t h e ir  e f f e c t s)  and the  processor  r e g i s t e r s .  The
debugger can thus simulate step—by—step the action of a
p a r t i c u l a r  r o u t i n e  by c h a n g i n g  the  c o n t e n t s  of these  h a r d w a r e
r e g i s t e r s  in DDT . DOT , of course , does not change the actual
regi s ters , since it is using the registers for its own purposes.
In s t ead , the r e g i s t e r s  and ( i n  the  case of the m a p s )  t h e i r
s i d e — e f f e c t s  are  s i m u l a t e d  by DOT .

(

9
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E x c e p t i o n a l  C o n d i t i o n s

As pa rt of its ro le  as “mini—operating system ” , DDT ma kes
p r o v i s i o n  for  h a n d l i n g  Q U I T s  and I L L O P s .  DDT a s sembly  p a r a m e t e r s
spec i fy  whe the r  the user  or DOT will Initially handle these
events. DDT assumes (and uses) the standard “ex pected QUIT”
f o r m a t :  a “password ” (8OFE!) two words after the beginning of
the  i n s t r u c t i o n  w h i c h  may cause  a QUIT and the addres s  where
control  should  be t r a n s f e r r e d  a f t e r  a QUIT f o u r  wor a f t e r  the
instruction. Any “unex pected QUITs” (i.e., those without a
passwo rd ), which DDT ’s QUIT handler intercepts , will print “QUIT
€ < p r o g r a m  c o u n t e r > ”  on the TTY and en t e r  s t a n d — a l o n e  mode .
S i m i l a r l y ,  ILLOPs will print “ILLOP €<program counter> ” an d also
ente r  s t a n d — a l o n e .  DDT does no i n t e r p r e t a t i o n  of ILLOPs .  I f  the
user program f i e l d s  these  e v e n t s , i t  can  h a v e  DDT g i v e  these type
outs via the appropriate entry points (see below). When DDT gets
a QUIT as a result of inspecting or changing reg isters , it will
type  out “QUIT ” . QUITs w h i l e  e x e c u t i n g  other  DOT f u n c t i o n s  may
r e su l t  in “FAI LED ” , “ R U N N I N G ” , or “ WHO? ”  messages , as
appropr iate.

User  Te l e type  I/O

In normal operation DOT owns the teletype . It is possible -
~~

for a user program to use DOT to do teletype I/O. The functions
a re  as fo l lows :

— Pol l  j u s t  TTY h a n d l e r

— In Character Sub rou tine

— Out Character Subrouti ne

The user program can ca l l  these r o u t i n e s  by u s i n g  DDT E n t r y
p o i n t s .  These are desc r ibed  in the n e x t  sec t ion .

E n t r y  po in t s

G i v e n  here are some of the addresses  to w h i c h  con t ro l  may be
passed to cause v a r i o u s  DDT f u n c t i o n s .  O R I G I N  is a pa rame te r  set
at assembly  t ime  to show where  the DOT cod e beg ins .

O R I G I N  no rmal  r e s t a r t  — DDT enters stand—a lone mode.

O R I G I N  + 4 ILLOP e n t r y  — prints “ILLOP €FOO” and enters
s t a n d — a l o n e .

10
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ORIGIN + 8 QUIT e n t r y  — p r i n t s  “QUIT ~FOO” an d en te r s
s t a n d — a l o n e .

O R I G I N  + C! cold start — c lea rs  ou tpu t b u f f e r s  and en te r s
stand—alone —— DDT starts here when the paper
tape is loaded.

O R I G I N  + 10! polling entry — checks for and performs any
work for DDT to do , then returns via R7.

ORIGIN + 14 ! poll  t e l e t y p e  h a n d l e r  o n l y  (if user program
wants character I/O ) .

O R I G I N  + 18! subroutine to get next input character.

ORIGIN + 3C ! subroutine to send next output character .

When DDT is initialized , either by a “cold start” or a
“normal restart” , all bus coup ler con trol regi sters  on the ~V bus
are set to the default state of forward enable and backward
d i s a b l e.

A s s e m b l y
4,

DDT has several parameters set at assembl y time to specify
such t h i n g s  as the  addresses  of the  v a r i o u s  pieces of cod e and
variables , the mac hi ne env ironm ent , the type and location of TTY ,
method of con t ro l  t r a n s f e r , spec ia l  f e a t u r e s  ( e . g . ,  111 2
processor  se t) , and so f o r t h .  The re  are  severa l  c o l l e c t i o n s  of ’
these  p a r a m e t e r s  w h i c h  c o n t a i n  a p p r o p r i a t e  s e t t i n g s  for  some
c o n f i g u r a t i o n s  of i n t e r e s t . The n u m b e r  of t he  des i red  co l l ec t ion
is specified at assembly time. More information is given in the
source f i l e s .  The v a l u e s  used for  these p a r a m e t e r s  are  p r i n t e d
at the b e g i n n i n g  of the DDT l i s t i n g .  The selected o p t i o n  ve r s ion
is stored in  l oca t ion  F A t  by DDT .
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