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SDS 9300 BASIC INSTRUCTIONS 
(Centrol Processor) 

~l~,nemonic Code t'~ame Page ~'I'A\nemonic Code f'~ame Page 

LOAD/S TORE SKQ M, T 56 Skip if Masked Quantity in A 
Greater than M 2-16 

LDA M, T 16 Load A 2-1 S KF M, T 50 Skip if Floating Exponent in 
) fA M, T 76 )tore A L-2 B is Greater than or Eq uo I 
LDB M, T 14 Load B 2-2 to Exponent in Memory 2-17 
S TB M, T 74 Store B 2-2 S K,6 10, T 54 Skip if A and Memery de ~e' 
LDP M, T 26 Load Double Precision 2-2 Compare Ones Anyplace 2-17 
STD M, T 75 Store Double Precision 2-2 SKB M, T 52 Skip if B and Memory do 
LDS M, T 06 Load Selective 2-2 Compare Ones Anyplace 2-17 
S TS M, T 70 Store Selective 2-2 SKN M, T 53 Skip if Memory is Negative 2-18 
LDX M, T X-17 Load Index X 2-2 SKR M, T 73 Reduce M, Skip if Negative 2-18 
STX M, T X-77 Store Index X 2-3 SKP M, T 51 Skip if Bit Sum Even 2-18 
EAX M, T 15 Copy Effective Address into SKS M, T 20 Skip if Signal Not Set 4-6 

Index Register 1 2-3 
REGISTER SHIFT 

STZ M 0-77 Store Zero 2-3 
XMA M, T 36 Exchange Memory and A 2-3 SHIFT M, T 60 Shift 2-19 
XMB M, T 34 Exchange Memory and B 2-3 ARSA N, T 60-20 Arithmetic Right Shift A 2-20 
XMX M, T X-37 Exchange Memory and Index ARSB N, T 60-10 Arithmetic Right Shift B 2-20 

Register 2-3 ARSD N, T 60-00 Arithmetic Right Shift Double 2-20 

ARITHMETIC, BINARY 
ARST N, T 60-30 Arithmetic Right Shift Twin 2-20 
LRSA t-.I T 60=21 Logical Right Shift A 2-20 I." I 

ADD M, T 05 Add 2-3 LRSB N, T 60-11 Logical Right Shift B 2-21 
DPA M, T 25 Double Precisian Add 2-4 LRSD N, T 60-01 Logical Right Shift Double 2-21 
SUB M, T 04 Subtract 2-4 LRST N, T 60-31 Logical Right Shift Twin 2-21 
DPS M, T 24 Double Precision Subtract 2-4 CRSA N, T 60-22 Circular Right Shift A 2-21 
MPO M, T 71 Memory Plus One 2-4 CRSB N, T 60-12 Circular Right Shift B 2-21 
MPT M, T 72 Memory Plus Two 2-4 CRSD N, T 60-02 Circular Right Shift Double 2-21 
ADM M, T 35 Add to Memory 2-4 CRST N, T 60-32 Circular Right Shift Twin 2-21 
MUL M, T 63 Multiply 2-5 ALSA N, T 60-24 Arithmetic Left Shift A 2-22 
DIV M, T 62 Divide 2-5 ALSB N, T 60-14 Arithmetic Left Shift B 2-22 
TMU M, T 61 Twin Multiply 2-5 ALSD N, T 60-04 Arithmetic Left Shift Double 2-22 
DPN M, T 27 Double Precision Negate 2-5 ALST N, T 60-34 Ari thmetic Left Shift T wi n 2-22 

ARITHMETIC, FLOATING POINT (OPTIONAL) 
LLSA N, T 60-25 Logical Left Shift A 2-22 
LLSB N, T 60-15 Logical Left Shift B 2-22 

FLA M, T 65 Floating Add 2-6 LLSD N, T 60-05 Logical Left Shift Double 2-22 
FLS M, T 64 Floating Subtract 2-7 LLST N, T 60-35 Logical Left Shift Twin 2-23 
FLM M, T 67 Floating Multiply 2-7 CLSA N, T 60-26 Circular Left Shift A 2-23 
FLD M, T 66 Floating Divide 2-7 CLSB t-J, T 60-16 Circular Left Shift B 2-23 

LOGICAL 
CLSD N, T 60-06 Circular Left Shift Double 2-23 
CLST N, T 60-36 Circular Left Shift Twin 2-23 

ETR M, T 11 Extract 2-7 NORA N, T 60-64 Normalize A 2-24 
MRG M, T 13 Merge 2-7 NORD N, T 60-44 Normalize Double 2-24 
EOR M, T 12 Exc lusive OR 2-8 

CONTROL 
REGISTER CHANGE 

HLT 00 Halt 2-24 
RCH M, T 40 Register Change 2-9 NOP M, T 10 No Operation 2-24 
AXB *M, T 4X-40 Address to Index Base 2-14 EXU M, T 21 Execute 2-24 
COPY 40 Copy 2-11 INT M, T 07 Interpret 2-25 

BRANCH 
REP M, T 23 Repeat 2-25 

BRU M, T 01 Branch Unconditionally 2-14 
FLAG REGISTER 

BRX M, T X-57 Increase Index and Branch 2-14 FLAG M 22 Flag 2-27 
BRC M, T 0-57 Branch and C lear Interrupt 2-14 FIRS M 22-0 Flag Indicator Reset/Set 2-27 
BRM M, T 03 Mark Place and Branch 2-15 FSTR M 22-1 Flag Indicator Set Test/Reset 2-27 
BMA M, T 43 Branch and Mark Place or FRTS M 22-2 Flag Indicator Reset Test/Set 2-28 

Argument Address 2-15 FRST M 22-3 Flag Indicator Reset/Set Test 2-28 
BRR M, T 41 Return Branch 2-15 SWT M 22-4 SENSE Swi tch Test 2-28 

TEST/SKIP INTERRUPTS 

SKE M, T 45 Skip if A Equals Memory 2-16 EIR 002 20002 Enable Interrupts 3-4 
SKG M, T 46 Skip if A Greater than Memory 2-16 DIR 002 20004 Disable Interrupts 3-4 
SKL M, T 44 Skip if A Less than Memory 2-16 lET 01020004 Interrupt Enabled Test 3-4 
SKM M, T 55 Skip if A Equals M on B Mask 2-16 !DT o 20 20002 Interrupt Disabled Test 3-4 
SKU M, T 47 Skip if A Unequal to Memory 2-16 AIR 002 20020 Arm Interrupts 3-5 

Legend: M = add ress fi e Id; *M = i nd i rec todd ress; T tag field; N = number of shifts. 
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1. GENERAL DESCRIPTION 

INTRODUCTION • Repeat instruction operating with variable size incre-

The SDS 9300, Figure 1-1, is a high-speed, general
purpose, digital computer designed for rapid, scientific 
computation and soph isticated, real-time control. SDS 
9300 characteristics are: 

• 24-bit word plus parity bit 

• 48-bit word for floating-point arithmetic 

• 3 index registers and indirect addressing with unlim
ited address cascading 

• Basic 4096-word core memory, expandable to 32,768 
words, 8192 and 16,384-word memory modules avail
able 

• Memory is nonvolatile in event of power fai lure (op
tional power fai lure feature permits saving contents 
of programmable registers); each memory module is 
functionally independent and directly addressable, 
with: 

0.7 microsecond time 
1.75 microseconds cycle time 

• FORTRAN IV Compiler, META-SYMBOL Symbolic 
Assembler, and a monitor system as part of a complete 
software package 

• Extensive repertoire of more than 110 instructions 

• Execution times, including all accesses and indexing 
(using overlapped memories), in microseconds 

Fixed-Point 

Add 
Double Precision Add 
Multiply 
Shift (24 positions) 

1.75 
3.5 
7.0 
5.25 

Floating-Point (39-bit fraction, 9-bit exponent) 

Add 
Multiply 

14.0 
12.25 

• Byte operations permit manipulation of 3-, 6-, 9-, 
12-, 15-, 18-, or 21-bit bytes. Byte multiply in
struction multiplies two 12-bit bytes in 7.0 micro
seconds. 

• 6-bit flag register with set/reset/test instructions pro
vides fast, easy-to-use program switches for logical 
decision making. Each position may be set or reset 
under program control and the status may be used to 
control program flow. 

• 15 high-speed search operations operate at 1.75 m i
croseconds per item. 

• Multi level indexing and indirect addressing, index 
registers contain a base and increment or decrement 

ments or decrements 

• Extensive sh ift and inter-register instructions for data 
manipulation 

• Flexible and easily programmed subroutine execution 

• One to four I/O communication channels (with inter
lacing capability), time-multiplexed with computer 
operation, providing input/output rates of over 
288,000 words per second. Time-multiplexed input/ 
output channels operate upon either words or charac
ters. A 6-bit character is the standard character size; 
6- and 12-bit characters, or 6-, 12-, and 24-bit 
characters can be specified as desired. 

• A direct memory access system that allows input/ 
output transfer to occur simultaneously with computer 
memory access, providing input/output rates of over 
570,000 words per second 

• Up to four direct access communication channels that 
incorporate the direct memory access system. Direct 
access channels operate upon words and characters. 
These channels accept 6-, 8-, 12-, and 24-bit char
acters. The number of characters per word is speci
fied by the external device. 

• Data multiplex channel that uses direct memory access 
connection and accepts/transmits information from ex
ternal devices, or subchannels, which may operate 
simultaneously; thus, externally controlled and se
quenced equipment may perform input/output buffering 
and control operations rather than the computer. 

• Parity checking of memory input/output operations 

• Input/output with scatter-write and gather-read 

• Searching of magnetic tapes and discs can be accom
plished independently of other computer operations, 
thereby requ iring no computer time. 

• A parallel word input/output system in addition to the 
channels to faci I itate operating asynchronously on 
certain types of information under program control. 

• Parallel word input/output in conjunction with repeat 
instruction yields high-speed input/output with a trans
fer rate of over 570,000 words per second. 

• Up to 32,000 output control and input test signals 

• Priori ty Interrupt System 

SDS optional hardware interrupts, 4 levels standard, 
28 optional 

Special system interrupts, up to 992 optional 
levels 

• Automati c program loadi ng from cards, paper tape, 
or magnetic tape 
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• Standard i nput/ output 

Time-multiplexed communication channel A 
Control console 
Automatic typewriter 

• Complete display of all programmable registers with 
extensive manual controls 

• Six SENSE switches, two manual interrupt switches 
and a selective halt provide complete capability for 
console control during execution 

• No air conditioning required for central processor -
Operating temperature range 100C to 400C 

• All si I icon semiconductors 

• Power requirement of 8 KVA 

• Optiona I input/output devices 

Photoelectric paper-tape reader and paper-tape 
punch I and spooler mounted on cart 

MAGPAK magnetic tape system 

Magnetic-tape units (IBM-compatible; binary and 
BC D), punched-card equipment, I ine printers, 
graph plotters 

Typewriter with electromechanical paper-tape 
reader and punch, auxiliary disc files 

Communications equipment, teletype consoles, 
display osci lIoscopes 

A-D converters, digital multiplexer equipment, 
and other special system equipment 

Instruction/operand access 

Single-bit I/O 
Control and Sense .. ... 

--
24-bit I/O .. 

Up to 1024 Priority 
1~ " Interrupts , 

~ 
COMPUTER 

Arithmetic 
and Control 

Input/Output Control 

~ ... 

1 11r 

'"' /"', r 
A (B) lC) \D) ,./ ....... ./ ....... / 

Time-Mu Itiplexed Communication Channels 
(Up to 30 devices/channel) 

IS overlapped when separate Core Memory 
memory modules are accessed Expandable to 32,768 words 

... 

Instructions 

Operands and 
Time-Multiplexed 

I/O 

1 
24-bit 

Word Parallel' 
I/O 
I 

r==========--=I~-------------------------------'J 
.. I Basic 4096-word Memory 

1!==1==~====t'_1- - - - - - - - - - - - -, 
... - .... --I:~I Optiona I 4096-word Memory I 

~--I--...~ ___________ .....J 

r------------, 
1'===I===~== ... =i:: Optional 8192-word Memory : 

... L.. ___________ --1 

.-------------, 
I I 

~=*==~===dl I 
... ....... - .. ~~": Optional 16, 384-word Memory I 

~--~-~.. I --'-1 

I I L ____________ J 

.. 
r----'t---, r-------, 
I Multiple Access L .: Data Multiplex : 

---------.....--------~-------___,r--------------------~.: to Memory "i~--"""I System* I 

J~ /l J~ rl L ____ --~ -------~ 
(EJ (F) (G) ~H) 
'- ./ '- ./ '- / '-/ 

Direct Access Communication Channels 
(Up to 30 devices/channel) 

r----- -----, 
4-__ T_o...:../_f_ro_m_S...:..p_e_c_ia_I_D_e_v_ic_e_s_....,.~1 Memory Interface I 
~ I Connections* I L __________ ...J 

Note: Broken lines indicate optional hardware. 

Figure 1-1. SDS 9300 Computer Configuration 
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Up to 128 Data 
Subchannels 

* See Append ix B 



CENTRAL PROCESSOR REGISTERS 

The SDS 9300 contains 11 arithmetic and control regis
ters and two optional arithmetic reg isters. 

REGISTERS AVAILABLE TO THE PROGRAMMER (See 
Figure 1-2, dark lines). 

The 24-bit accumulator (A register) is the main accumu
lator of the 9300. 

The extended accumulator (B register) is a 24-bit exten
sion of the A register. The B register contai ns the least 
significant portion of the double-length numbers. 

There are three 24-bit index (X) registers, named Xl, 
X2, and X3, to be used in address modification. Each 
index register is composed of a base address of 15 bits 
and a signed increment of 9 bits. 

The program counter (P) register is a 15-bit register that 
contains the memory address of the current instruction. 
Unless modified by the program, the program counter is 
increased by one at the completion of each instruction. 

The flag (F) reg ister is a 6-bi t reg ister that may be set 
and/or sensed by the program. The first bit position of 
this register is the OVERFLOW indicator. 

REGISTERS NOT AVAILABLE TO THE PROGRAMMER 
(See Figure 1-2, I ight lines). 

The C register holds the 24-bit operand word as it is 
transmitted to, or received from, memory. 

The D register holds the 24-bit instruction word as it is 
received from memory. 

The 15-bit S register contains the address of the memory 
location to be accessed for either instruction or operand. 

The 6-bit 0 register contains the instruction code of the 
instruction being executed. 

The A' register is an optional, 15-bit register which 
temporarily extends the A register during the execution 
of floating-point instructions. 

The B'register is an optional, 15-bit register which tem
porarily extends the B register during the execution of 
floating-point instructions. 

r---------..., 
I I 
I M Registers I 

,--------, 
I I 

I I 
I M Registers I 
I I 

L .J --------- L .J ---------

t f l f t l l t ! (Program 
P 

~ Counter) 

C (Operands) - D (Instructions) - I Memory I 
~ t t t t 

'--r (Instruction) Control 
I o Register J-I 

\ ) (Operand y S 
Direct Parallel I/O Address) H Parity Check I H ParIty I Parity r 

Generation Check I ADDER I 
I I 

, 
X 1 (Index) B ~ ~ 

I ADDER r A {Extended Incr. Base 
(Accumu I ator) 

r------
Accumu lator) 

t X2 (Index) 

Incr. Base 

I I E (~Iagi I I 
t --.. X3 (Index) -

Overflow Incr. Base 

Figure 1-2. Basic Reg ister Flow Diagram 

1-3 



SDS 9300 MEMORY 

The basic 9300 memory consists of one random access, 
magnetic core, 4096-word module, with a word size of 
24 bits plus parity. Additional 4096-, 8192-, 16,384-
word modules are also available. All memory isdirectly 
addressable by the 9300 Central Processor and the com
munication channels. Memory words are addressed in 
octal notation as locations 00000 through 77777. When 
a system has 32,768 (32K) words of memory, the mem
ory is a "wrap-around II or circular one where the next 
location after 77777 is 00000. If a system has less than 
32K words, an access from an address larger than avail
able in memory causes zeros to be accessed. An attempt 
to store into such a location essentially results in a "no
Opll operation with the next instruction in sequence be
ing executed. 

Each module contains its own memory address register 
and read/write electronics. Each module operates in
dependently of the other modules. When instructions 
and operands are held in different modules, memory 
accesses are automatically overlapped. In other words, 
if an instruction required two memory cycles for execu
tion when both instruction and operand are in the same 
module, only one cycle is required if the instruction 
and data operand are in different modules. 

Even parity is automatically generated for words stored 
in memory. All words are checked for even parity when 
they are brought from memory. 

9300 MEMORY WORD FORMATS 

A computer word is 24 binary digits (bits) long. 

00 01 02 03 04 05 06 07 

U U3 11sU Ijl UJ U) 117U U) U 
These bits are numbered (as shown above) from the left, 
or most significant end of the word, to the right, or 
least significant end of the word. All references to bit 
positions or bit numbers use this numbering format (e. g., 
bit 9 refers to bit position 9). 

For simpl ic ity of description, computer words are written 
in octal notation. Since one octal digit represents the 
absolute value of three binary digits, the 24-bit num
ber, 000001 010011 100 101 110 111, is equivalent 
to the 8-digit octal number 01234567. The octal digits 
are also numbered (as shown above) and all references 
to octal positions for octal "lumbers use this numbering 
format (e.g., octal 03 refers to bits 9, 10, and 11). 

INSTRUCTION WORD FORMAT 

The instruction word format in the Central Processor is: 

: Ad~ress Field: I I I I I I I I I I 

o 1 2 3 8 9 23 

1-4 

Bit position 0 contains the indirect address bit. 

Bit positions 1 and 2 contain the index register bits. 

Bit positions 3 through 8 contain the instruction 
code; the contents of this field determine the oper
ation to be performed. 

Bit positions 9 through 23 contain the address; the 
contents of th is field usually represent the memory 
location of the operand called for by the instruc
tion code. 

It is convenient to use octal notation when referring to 
the "tag", instruction, and address fields. The tag 
field is a 1-digit octal field consisting of bit position 0, 
the indirect address bit, and bit positions 1 and 2, the 
index register bits. The instruction field is a 2-digit 
octal field consisting of bit positions 3 through 8; and 
the address field is a 5-digit octal field consisting of 
bit positions 9 through 23. Therefore, the form of the 
instruction is 0 00 00000. 

In the instruction descriptions, instruction words are 
written as: 

IC M 

where "1" and "X" are the tag field, as defined pre
viously; "1('· represents the 2-digit octal instruction 
code; II Mil represents a general ized memory address. 

J 

For expressing instructions in examples to follow, stand
ard META-SYMBOL assembler format is used. This for
mat is: 

LOC LDA M, T 

where LOC is the memory location of the instruction 
written in symbolic or numerical form, LDA is a repre
sentative mnemonic instruction code, M is a representa
tive address written in symbo I ic or numerical notation, 
and T is a 1-dig it octal integer (or a symbol ic expression) 
that represents the index tag field. To express indirect 
addressing (a 1-bit in the indirect address bit position), 
an asterisk is prefixed to the address field: 

LDA *01000, T 
LDA *M, T 

See Appendix B for a I isting of META-SYMBOL mne
monics and expressions. 

FIXED-POINT FORMAT 

Fixed-point data words have the format: 

1~lll IIIIII II IIIIIIIIIIIIIJ 



These words are written as 8-digit octal numbers, with 
the sign being incorporated as the "leading bit" in the 
most significant octal digit. 

Fixed-point numbers are held in memory as 23-bit frac
tions with an assumed binary point to the left of bit 
position one. Numbers held in one word have the equiv
alent prec ision of over 6 dec imal dig its. In double
prec ision, (where one number is held in two words), 
numbers of over 13 dec imal digits may be represented. 
The range of values of the fixed-point format is from 
greater than or equal to minus one to strictly less than 
plus one (-1 ~ X < 1). This inherently impl ies the use 
of scal ing. 

Fixed-point negative numbers are held in memory in two's 
complement form; they are operated on arithmetically in 
a two's complement number system. See Appendix A for 
a discussion of two's complement arithmetic. 

FLOATING-POINT FORMAT 

Floating-point data words have the format: 

Most Sign ificant Word 

H Fraction (Most significant) 

o 1 23 

Least Significant Word 

Fraction (Least significant) Exponent 

o 14 15 16 23 

The fractional portion of a floating-point number is a 
39-bit proper fraction, with the leading bit being the 
sign bit, and with the assumed binary point just to the 
left of the most significant magnitude bit. The floating
point exponent is a 9-bit integer, with the leading bit 
being the sign bit. Both fraction and exponent are held 
in memory and operated on in two's complement form. 
If F represents the contents of the fractional field and 
E represents the contents of the exponent field, the 
number has the form F x 2E. 

Floating-point numbers have over 11 decimal digits of 
precision and a decimally equivalent exponent range 
of 10-77 to 10+77. 

Floating-point numbers are operated on by optional 
floating-point instructions or by standard subroutines 
that are automatically called by the use of floating
point operation codes. 

SPECIAL CHARACTERISTICS 

Certain features in the 5DS 9300 simp! ify progrcmm ing 
and provide significant economies in memory and in 
program runn ing time. 

ADDRESS MODIFICATION 

In the 9300, address modification is accompl ished through 
indexing and indirect addressing, used singly or in com
bination. In both, the address is modified after the in
struction has been called from memory. The instruction 
is preserved in memory in its original form. 

INDEXING 

The computer contains three index registers for address 
modification. The use of an index register to modify the 
location of an operand does not increase instruc tion exe
cution time. The relationship between the index regis
ters and the index bits (tag field of the instruction) is: 

Index Index Bits 1 and 2 
Register Designation (Tag field) 

1 Xl 01 
2 X2 10 
3 X3 11 

If the contents of the index bits in an instruction are 
nonzero, the contents of bits 9 through 23 of the desig
nated index reg ister are added to the contents of the 
address field of the instruction prior to execution. 

Each index register contains an unsigned base address 
of 15 magnitude bits and a signed increment of 9 bits. 
The increment contains 8 magnitude bits and a sign bit 
and is held in two's complement form. 

H infrimrnr I I II I : I ~s:e t1dr~ssl I : I I I 
o 1 8 9 Z3 
Index registers are modified by adding the signed incre
ment value to the base address using two's complement 
arithmetic. Since the increment and base address fields 
are of unequal lengths, the sign bit (bit 0) of the incre
ment field is extended six positions to the left prior to 
the addition. The resultant 15-bit sum is then stored 
in the base address field of the index register. The in
dex register may be incremented by any value from 
-25610 to 255 10 using a single instruction. Increment
ing and testing for a "terminal condition" is done by 
the instruction, INCREASE INDEX AND BRANCH (BRX), 
as follows: 

If the index register has been negatively incre
mented, a terminal condition exists when the base 
address has been reduced below the zero val ue. 

If the index regi ster has been posi ti vel y i ncrement
ed, a terminal condition exists when the resultant 
base address has been increased beyond the maxi
mum address val ue (077777). 

If the terminal condition exists, the next instruction is 
taken in seyuence. If the terrnlnal condition does nor 
exist, program contro I is transferred to the location 

specified. 
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Index instructions are available to set an index to any 
value, to transfer the contents of an index to memory, 
and to set the index base independent of its increment 
value. Register change instructions are provided for 
transferring index reg ister values from one index regis
ter to another, clearing selected portions of the index 
register, transferring index register values to and from 
the A and B reg isters, and loading the index reg ister 
with the address of a program-selected location. 

INDIRECT ADDRESSING 

The indirect address bit is located in bit position zero 
of the instruction. This bit determines whether indirect 
addressing will be used with the instruction being exe
cuted. 

If a zero is placed in the indirect address bit, the con
tents of the address field, bit positions 9 through 23, of 
the instruction are used as the 5-digit octal address of 
the operand called for by the instruction. If an index 
register is indicated, its contents are added to this 
address before the operand is accessed. 

Access location L 

C Is an index to no 
be added? (X =0) 

yes (X/O) 

Add index to M 

Address Does indirect ad- no 
ca Icu lation dressing apply? (I =0) 
complete 

yes (I = 1) 

- Access location M (plus 
index, if indexed) 

Figure 1-3. Address Calculation 

If a one is placed in the indirect address bit, the oper
and, accessed as described above, is decoded as if it 
were an instruction without an instruction code. 
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IC M 

o 1 2 3 8 9 23 

That is, address decoding is reinitiated on the contents 
of location M. The process is iterative and multilevel 
indirect addressing is possible. Instruction execution 
time is increased one cycle time for each level of ad
dressing. The process is outlined in Figure 1-3. The 
instruction to be executed is in location L. 

The following examples illustrate the use of indexing 
and indirect addressing. Octal notation is used. The 
octal instruction code for LOAD A (LDA), used in the 
example, is 016. 

Location Contents 

Xl 00000001 

01000 00001001 

01001 40001002 

01002 00001003 

01003 00000002 

02000 o 16 01000 

02001 1 16 01000 

02002 4 16 01000 

02003 5 16 01000 

SUBROUTINE EXECUTION 

Effect 

(01000) = 00001001 ~ A 

(01000 + 1) = (01001) 
40001002~ A 

«01000)) = (01001) 
40001002 ~A 

«01000 + 1)) = «01001)) 
(40001002) = «01 002)) = 
(01003) = 00000002 ~ A 

Three distinct methods of subroutine execution are pro
vided. These are: 

The normal closed subroutine where the input pa
rameters are specified in appropriate registers such 
as the A register. 

The addressed argument, closed subroutine where 
additional input parameters are found in a table 
whose location is spec ified by a memory address, 
and 

The interrupt subroutine. 

Normal closed subroutines are entered using a MARK 
PLACE AND BRANCH (BRM) which automatically stores 
the contents of the program counter (P) reg ister and the 
flag register. The stored P register value is the address 
of the BRM instruction. Return to the main program is 
accomplished using a RETURN BRANCH (BRR) instruc
tion, which adds one to the stored P register value and 
transfers control to that memory location. Automatic 
updating of the flag register, which contains various 
program indicators as well as the OVERFLOW indicator, 



is provided with the execution of the BRR instruction. 
See Section 2, Branch Group, for a description of the 
branch instructions. 

Interrupt subroutines are closed subroutines that are ini
tiated by the detection of program-controll ing interrupts 
wh ich automatically cause the spec ified spec ial inter
rupted subroutine to be entered. (See Interrupt, Section 
3.) Interrupt subroutines are entered using a BRM in
struction wh ich automatically stores the contents of the 
P register and the Flag register. The value stored from 
the P register contains the address of the instruction to 
wh ich program control should return after the interrupt 
has been serviced by the interrupt subroutine. A BRANCH 
AND CLEAR INTERRUPT (BRC) instruction is used to re
turn control to the main program at the completion of 
the subroutine and simul taneously to inform the interrupt 
system that the interrupt has been completely processed. 

Addressed argument subroutines provide a memory ad
dress to identify input parameters to the subroutine 
without affecting the machine registers. This process is 
accompl ished by entering the subroutine using a BRANCH 
AND MARK PLACE OF ARGUMENT ADDRESS (BMA) 
instruction which stores the contents plus one of the P 
register with an indirect address bit of 1 in the effective 
memory location. The contents of the flag register are 
also stored in bits 3 through 8 of that location; the index 
b its are cleared. The flag register is then cleared. 
The subroutine, using indirect addressing, can acquire 
the input parameter address and/or the contents deter
mined by that address. Since the flag register is clear
ed, no housekeeping of the OVERFLOW indicator or 
other flag reg ister indicators is necessary. Return to the 
main program is accompl ished using a BRR as in a normal 
closed subroutine. 

Addressed argument subroutine fac il ities provide a con
ven ient method for adding to the SDS 9300 instruction 
set using two-word macro instructions. 

OVERFLOW 

An overflow detector in the computer permits detection 
of erroneous arithmetic operations which occur during 
execution of a program. The OVERFLOW indicator 
(Of) is in bit position zero of the flag register. Of is 
turned on if any of the following occur: 

A sum or difference resulting from an addition, sub
traction, or negation that cannot be contained 
within the A register, or within the A and B regis
ters in a double-prec ision operation. 

Multiplication of N by N where N is 40000000, 
the largest negative number that can be represented 
in an SDS 9300 word. This product cannot be con
tained within the A and B registers. 

A division operation where the absolute value of 
the numerator is equal to, or larger than, the abso
lute value of the denominator. The quotient can
not be contained within the A register. 

An arithmetic left-shift operation which changes 
the sign bit (bit position 0) of the A register. 

The status of Of can be tested and/or reset by the use 
of flag reg ister control instructions inc luded in the 9300 
instruction set. 

Overflow indication is cumulative. If Of is turned on, it 
remainson until turned off by the appropriate instruction. 

The status of the flag register, including Of, is auto
matically preserved when closed or interrupt subroutines 
are executed. When a MARK PLACE AND BRANCH 
(BRM) instruction is executed, the contents of the flag 
register are preserved in bits 3 through 80f the effective 
memory location. When a BRANCH AND MARK PLACE 
OF ARGUMENT ADDRESS (BMA) instruction is execut
ed, the identical storage takes place and the flag re-
g ister is cleared. 

A RETURN BRANCH (BRR) instruction automatically 
merges the contents of the flag reg ister with the con
tents of bit positions 3 through 8 of the effective mem
ory and places the result back into the flag register. 

These branch instructions are described in detail in 
Section 2, Branch Group. 

REPEAT OPERATION 

The instruction, REPEAT INSTRUCTION IN M (REP), 
provides automatic search capabil ity. Fifteen search 
operations plus a number of high-speed repetitive oper
ations are automatically performed using th is instruction. 
REP uses index registers Xl and X2 for address and count 
control. Since the signed increment of index register 
X 1 is used for address incrementing, repetitive operations 
may be performed on every Nth word in a I ist where N 
is greater than, or equal to, -256 and less than, or 
equal to, +255. Automatic searching is performed by 
repeating skip class instructions; an exit to the memory 
location following RE P indicates that the condition was 
not found. Any 9300 instruction that accesses memory 
may be repeated. Each repeated operation is perform
ed, typically, in one-third the time required for an 
equivalent program loop. 

BYTE AN D REGISTER MANIPULA nON 

A II by te" is defined as a group of bits smaller in length 
than a machine word. The SDS 9300 provides the pro
Qrammer with the facilitv to manioulate bvtec; of ~_ f'L 
- I I , - -- -, -, 
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9, 12, 15, 18, or 21 bits in length. A set of register 
change instructions enables the programmer to perform 
clear, exc hange, or one's complement operations on 
any single byte or combination of bytes in the A and B 
registers. Bytes in combinations may be contiguous or 
not, as desired by the user. 

For example, a 6-bit byte located in Ao-5 can be 
transferred into the B reg ister and the contents of Ao-5 
cleared to zero in a single instruction without affecting 
the remainder of the A and B reg isters. 

In addition to register change byte operations, the com
puter provides an instruction, TWIN MULTIPLY (TMU), 
that simultaneously multiplies two 12-bit bytes in the A 
reg ister by two 12-bit bytes in memory, and produces 
two 24-bit products in the A and B registers. 

The reg ister change set inc ludes instructions for the 
rapid and simultaneous transfer of information among 
the A, B, and index registers, either as full words or by 
selected fields. These instructions also provide the ca
pabil ity to set the base address of any index reg ister 
with the address portion of the instruction. 

FLOATING-POINT OPERATIONS 

The use of floating-point numbers relieves the program
mer of the burden of maintaining the binary point while 
arithmetic operations are being performed. The 9300 
offers the user two methods for operating on f1oating
point numbers. Both methods use the previously defined 
floating-point format. 

Optional floating-point instructions can be used to add, 
subtract, multiply, and divide floating-point numbers. 
These instructions automatically maintain the correct 
fraction and exponent relationship from execution to 
execution, as well as maintaining the numbers being 
operated on in proper floating-point form. 

The same floating-point instruction codes can be used 
when the floating-point hardware option is not present 
in the computer. However, an automatic trap to mem
ory location 030 results whenever such an instruction 
code is executed. (See Trap Locations, Section 3. ) 
Control is transferred to memory location 030 without 
affecting the program counter. A standard SDS Floating
Point Package is provided which decodes and executes 
the proper floating-point instruction in a manner iden
tical to the optional hardware, but at a slower speed. 
Thus, identical programs can be executed on computers 
with or without built-in floating-point hardware. 

See Section 2 for a complete discussion of floating
point instructions as they are used in SDS Floating
Point Subroutines or in the built-in hardware form. 
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MEMORY OVERLAP TIM INC 

The execution time of an SDS 9300 program is affected 
by the optimum use of memory, input/output interface, 
and interrupt processing. These factors are discussed in 
th is sec tion. 

INSTRUCTION OVERLAP 

Instruction timing given in Sections 2, 3, and 4 assumes 
one memory cyc Ie to obtain and interpret the instruc tion 
itself and, if necessary, one more cyc Ie to obtain the 
operand and execute the instruction. If the central pro
cessor contains more than one memory module, the func
tions of obtaining the operand for one instruction and 
obtaining the next instruction might be performed in the 
same cyc Ie. When th is occurs, the instruc tions are said 
to overlap. Whenever overlap occurs, one cyc Ie can 
be subtracted from the total number of cyc les normally 
required to complete a given sequence of instructions. 

Figure 1-4 shows two instructions in overlapped and 
non-overlapped execution. 

NON-OVERLAPPED 

.... I·--ADD -I· 
Obtain 

Obtain 

instruction 
operand and 
execute 

'----y-----J Obtain 
Obtain 1 cyc Ie 
instruction 

operand and 
execute 

4 cycles total 

OVERLAPPED 

I .... ·---Add 

Obtain 
Obtain 

instruction 
operand and 
execute 

Obtain 
Obtain 

instruction 
operand and 
execute 

I. SUB :1 3 c cles total y 

Figure 1-4. Non-Overlapped and Overlapped 
Execution of Instructions 
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Two contiguous instructions, J and K, overlap if the 
operand for J is in a memory module other than one 
which contains J and K. If the operand and instructions 
are contained in the same module, no overlap occurs. 
Also, no overlap occurs if: 

Instruction J is: 

EOM 
LDX 
XMX 
EAX 
NOP 
INT 
REP 
FLA 
FLS 
BRU 
BRR 
BRX 
BRC 
Any Register Change 
Any Sh ift 
Any Flag Test or Set 
Any Skip 

INTERRUPT TIMING 

or Instruction K is: 

EOM 
SKS 
NOP 
Any Register Change 
Any Shift 
Any Flag Test or Set 

The occurrence of an interrupt may affect the timing of 
a sequence of normally overlapping instructions. If 
overlapping can occur in the sequence, then one or more 

of the overlapped cyc les may be performed sequentially 
without overlap, depending upon the point at which the 
interrupt occurs. 

An overlapped cycle is lost if an interrupt occurs during 
the execution of the first of two instructions wh ich nor
mally overlap. Wh ile executing the first instruction, 
the central processor obtains the next instruction word. 
Due to the presence of an interrupt, the instruction just 
obtained is not executed and, at the conclusion of the 
instruction currently being executed, the central pro
cessor obeys the interrupt. When the interrupt has been 
processed, a normal return to the main program causes 
the execution of the same instruction previously obtai n
ed but not used. 

MUL Obtain Obtain 
Instruction operand and Execute 

execute 

INPUT/OUTPUT TIMING 

When a communication channel requires access to a 
memory module, it assumes control for the next memory 
cycle regardless of central processor requests. The 
channel has priority over the central processor. 

If a channel needs access to the same memory module at 
the same time as the central processor, the channel takes 
its access first; the central processor waits one or two 
cyc les. Th is priority procedure occurs even if the cen
tral processor is in the middle of executing an instruc
tion. Total timing of the sequence being executed is 
thus increased by one (or two) memory cycle(s). 

If the central processor is not using the same mem
ory module as a direct access channel, then no time 
is lost. Both operations proceed in parallel without 
interference. 

The priority for memory access is (1) direct access chan
nels, (2) time-multiplexed channels, (3) operands to the 
centra I processor, and (4) instructions to the central 
processor. 

Some instructions require several memory cyclesfortheir 
execution, but do not access memoryduring every cycle. 
During the cycles when the central processor is execut
ing these instructions, but not accessing memory, direct 
access channel access to memory may occur without 
affecting computation. The following instructions have 
such "free" cycles: 

DPN FLS 
TMU FLM 
DIY FLD 
MUL All Shifts 
F LA All Skips if the Skip Occurs 

Figure 1-5 illustrates the free cyc les ina mu Itipl y in
struction with an overlapped add instruction following. 
If the next instruction could not be overlapped, there 
would be one additional free cycle. 

Execute Execute 

'---y--J Obtain Obtain 

1 cycle Instruction operand and 
execute Lfree cycles -~·I 

ADD 

Figure 1-5. Example of Free Cyc les 
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OPTIONAL MEMORY PROTECTION FEATURE 

A single memory module (4K, 8K, or 16K) for the 9300 
computer can be equipped with either a manual or a 
programmed memory protection feature (but not with 
both). If a computer has more than one memory module, 
individual modules can use either method; i. e., the 
manual or programmed feature can be intermixed among 
separate modules. 

The memory protection feature equips a 9300 computer 
memory module with a write lock-out that protects the 
contents of selected areas of memory from being inad
vertently destroyed or changed. (The memory protection 
feature is logically and electrically a part of the mem
ory modu Ie, and, therefore, must be ordered for each 
module for which protection is desired.) 

In the manual option, memory protection is controlled 
manually by switches. The manual method is important 
in real-time and on-line systems where an executive or 
master control program, or a system start-up/shut-down 
routine must be given permanent protection. 

The programm~d memory protection feature allows the 
computer to be time-shared in a multiprogrammed man
ner by several independent programs, supervised by a 
monitor that controls the memory lock-out system and 
guarantees that none of these programs or their data will 
be inadvertently destroyed by another. 

Once a memory block has been protec ted, any reference 
to any of the protected addresses that would require a 
"write into memory" results in the following: 

1. The offending instruction is completed normally, 
except that the "alter memory" portion of the stor
age cycle is inhibited; i. e., memory remains un-
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changed. "Write-requests" from the input/output 
channels wi II be sim i larly ignored. Memory wi II 
never be changed, thus preventing inadvertent 
destruction of data and instructions. All memory 
locations can always be read. 

2. An internal interrupt (trap) wi II occur to a fixed 
location associated with the memory protection 
system. Location 04 is used in the SDS 9300 Com
puter. The interrupt routine may then determine 
the cause of the error and take appropriate remedial 
action. 

PROGRAMMING CONSIDERATIONS 

When the programmed memory protection feature is em
ployed, memory modules are locked-out by an EOM/ 
POT sequence. The program executes an EOM 020040 
(ALMP: ALERT TO LOAD MEMORY PROTECT REGIS
TER) followed by a PARALLEL OUTPUT instruction. Var
ious memory segments are controlled by bits in the output 
word: a 0 bit allows writing; a 1 bit sets the lock-out. 
Bit assignments depend on the address of the first word 
of the memory module to which the protection feature 
is attached, as shown in the following table: 

Bit Addresses Bit Addresses 
Number Locked-Out Number Locked-Out 

23 00000 - 00777 13 34000 - 37777 

22 01000 - 01777 12 40000 - 43777 

21 02000 - 02777 11 44000 - 47777 
20 03000 - 03777 10 50000 - 53777 
19 04000 - 07777 9 54000 - 57777 
18 1 0000 - 1 3777 8 60000 - 63777 
17 14000 - 1 7777 7 64000 - 67777 
16 20000 - 23777 6 70000 - 73777 
15 24000 - 27777 5 74000 - 77777 
14 30000 - 33777 



2. MACHINE INSTRUCTIONS 

INTRODUCTION 

This section contains a description of SDS 9300 instruc
tions. They are grouped by functional category. Lists 
of instructions in functional, numerical, and alphabet
ical order are given in Appendix B, pages B-13, B-23, 
and 8-29, respectively. 

The following statements apply to the instruction 
descriptions: 

All instruction times are in memory cycles, each 
cycle being 1.75 microseconds, include accessing 
the instruction, and are shown without overlap. 
Memory overlapping decreases by one machine 
cyc Ie the execution of most instructions of two or 
more memory cycles where a memory access of an 
operand is required. (See Memory Overlap Timing, 
Section 1.) 

Parentheses are used to denote II contents of. II For 
example, II (A)" denotes II contents of the A reg ister.1I 
The contents of registers and memory locations are 
expressed, in this manual, as octal numbers pre
ceded by a signed (or unsigned) zero. 

Subscripted numbers identify inc lusive bit positions. 
For example, !! (A)O- '11!! ina icates the contents ot 
II bit positions 0 through 11 of the A reg ister. II (All 
numbers not preceded by a zero are decimal base, 
except for instructions, memory locations, the 
contents of memory locations, and the contents of 
registers. ) 

Indexing and indirect addressing apply to all in
structions except as noted. Indexing does not 
change the instruction execution time. One 
additional memory cycle is required for each level 
of indirect addressing used. 

The interrupt system can interrupt the program 
sequence at the end of any instruction except as 
noted. 

Registers or memory locations affected by each 
instruction are specified. 

Any instruction can be repeated by REPEAT 
INSTRUCTION IN M (REP), except as noted. 
(See Control Group, REP.) 

A diagram representing the instruction format is given 
for each instruction. The name of the instruction and 
its mnemonic code precede this diagram. 

Example: 

ADD ADD MEMORY TO A 

00 01 02 03 04 05 06 07 

+ l: M 

The letter IIMII represents the address part of the in
struction. Some instructions wi II have octal numbers 
in this field, as denoted by the letter "C... These 
instructions do not refer to memory. If the letter 11111 
appears in bit position 0, the instruction operand can 
be indirectly addressed. The letter IIX II in the index 
field (bit positions 1 and 2) denotes that the instruc
tion may refer to an index register. 

When discussing properties of the various instructions, 
including the indirect addressing facil ity, several terms 
have evolved to describe specific locations or addresses. 

The term, effective memory location (EM), is used to 
identify the location in memory from which the final 
operand istobe taken atthe conciusion of all indirect 
addressing and indexing. This term is sometimes short
ened to "effective location. II 

The term, effective address, means the 5-digit octal 
address of the effective memory location. 

The term, effective operand, means the contents of the 
effective memory location, or (EM). 

LOAD/STORE GROUP 

LDA LOAD A 

16 M 

o 1 2 3 8 9 23 

The contents of the effective memory location are loaded 
into the A register. 

Affected: (A) Timing: 2 

2-1 



STA STORE A 

Id xl 76 M 

o 1 2 3 8 9 23 

The contents of the A register are stored in the effective 
memory location. 

Affected: (EM) Timing: 3 

LOB LOAD B 

14 M 

o 1 2 3 8 9 23 

The contents of the effective memory location are loaded 
into the B register. 

Affected: (B) Timing: 2 

STB STORE B 

M 

o 1 2 3 8 9 23 

The contents of the B register are stored in the effective 
memory location. 

Affected: (EM) Timing: 3 

LOP LOAD DOUBLE PRECISION 

M 

o 1 2 3 8 9 

The collective contents of the effective memory loca
tion and the effective memory location plus one are 
loaded into the A and B registers. For example, if the 
effective memory location is EM, then (EM) are loaded 
into the A register and (EM + 1) are loaded into the B 
register. 

23 

Affected: (A, B) Timing: 3 

STO STORE DOUBLE PRECISION 

M 

o 1 2 3 8 9 23 

The contents of the A and B reg isters are stored, re
spectively, into the effective memory location and the 
effective memory location plus one. For example, if 

2-2 

the effective memory location is EM, the contents of 
the A register are stored in EM and the contents of the 
B register are stored in EM + 1. 

Affected: (EM), (EM + 1) Timing: 4 

LOS LOAD SE LECTIVE 

06 M 

o 1 2 3 8 9 23 

The contents of the effective memory location are 
selectively loaded through a mask into the A register. 
The B register contains the selection mask. For each 
l-bit in the B register the corresponding bit in the 
effective location is loaded into the A register. For 
each O-bit in the B register the corresponding bit of 
the A register is unaffected. 

Affected: (A) Timing: 2 

STS STORE SELECTIVE 

70 M 

o 1 2 3 8 9 23 

The contents of the A register are selectively stored 
through a mask into the effective memory location. The 
B register contains the selection mask. Foreach l-bit 
in the B register, the corresponding bit in the A reg
ister is stored in the effective location. Foreach O-bit, 
the contents of the correspond ing bit in the location is 
unaffected. 

Affected: (EM) Timing: 3 

LOX LOAD INDEX 

M 

o 1 2 3 8 9 23 

The entire 24-bitcontents of the effective memory loca
tion are loaded into the index register specified by the 
contentsof the index field. This procedure simu Itaneously 
sets both the base address and the increment value into 
the index register. This instruction cannot use an index 
register to modify the effective memory location. If 
indi rect addressing is used, an index register cannot be 
used to modify the effective memory location at any 
level. 

Affected: (X) Timing: 2 



STX STORE INDEX 

M 

o 1 2 3 8 9 23 

The contents of the index register specified in the index 
field of the instruction are stored in the effective memory 
location. All 24 bits of the index register are stored. 
This instruction cannot use an index register to modify 
the effective memory location. If indirect addressing 
is used, an index register cannot be used to modify the 
effective memory location at any level. 

Affected: (EM) Timing: 3 

EAX COpy EFFECTIVE ADDRESS INTO 
INDEX REGISTER 1 

15 I M 

o 1 2 3 8 9 23 

The address of the effective memory location is copied 
into the address portion of index register 1 • 

The addressing process for this instruction operates as in 
a LOAD A (LDA) instruction, except that instead of ob
taining the contents of the effective memory location, 
the effective memory add ress itsel f is used as the operand. 
For example, if this instruction is executed with a zero 
indirect address bit and zeros in the index bit positions, 
the actual bit configuration in the address field of this 
instruction is copied into index register 1. Bit positions 
o through 8 of Xl are unchanged. 

Th is instruction cannot be repeated with REP. 

Affected: (Xl) Timing: 2 

STZ STORE ZERO 

77 M 

o 1 2 3 8 9 23 

A zero word is stored in the effective memory location. 
This instruction cannot use an index register to modify 
the effective memory location. This instruction can
not be repeated with REP. 

Affected: (EN\) Timing: 3 

XMA EXCHANGE MEMORY AND A 

36 M 

o 1 2 3 8 9 23 

The contentsofthe effective memory location are loaded 
into the A register and the contents of the A register 
are stored in the effective memory location. 

Affected: (A), (EM) Timing: 3 

XMB EXCHANGE MEMORY AND B 

34 M 

o 1 2 3 8 9 23 

The contentsof the effective memory location are loaded 
into the B register and the contents of the B register 
are stored in the effective memory location. 

Affected: (B), (EM) Timing: 3 

XMX EXCHANGE MEMORY AND INDEX 

37 M 

o 1 2 3 8 9 23 

The contents of the effective memory location are loaded 
into the index register specified in the index field of 
the instruction, and the index register contents are 
stored in the same memory location. Th is instruction 
cannot use an index register to modify the effective 
memory location. If indirect addressing is used, an 
index register cannot be used to modify the effective 
memory location at any level. 

Affected: (X), (EM) Timing: 3 

BINARY ARITHMETIC GROUP 

ADD ADD MEMORY TO A 

Id X I 05 M 

o 1 2 3 8 9 23 

The contentsof the effective memory location are added 
to the A register and the result is placed in A. If both 
numbers have the same sign but the sign of the result is 
opposite, an overflow occurs and the OVERFLOW indi
cator is set. In th is case, the sum is incorrect. 

Affected: (A), Of Timing: 2 
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ADM ADD A TO MEMORY 

o 1 2 3 8 9 23 

The contents of the A register are added to the contents 
of the effective memory location. The resu It is stored 
in the same location. 

If both numbers have the same sign but the sign of the 
resu It is opposite, an overflow occu rs and the OVERFLOW 
indicator is set. In this case, the sum is incorrect. 

Affected: (EM), Of Timing: 3 

DPA DOUBLE PRECISION ADD 

M 

o 1 2 3 8 9 23 

The collective contents of the effective memory location 
and the effective location plus- one are added to the 
collective contents of the A and B registers. The resu It 
is placed in the A and B registers. 

If both numbers have the same sign but the sign of the 
result is opposite, an overflow occurs and the OVER
FLOW indicator is set. In this case, the sum is 
incorrect. 

Affected: (A, B), Of Timing: 3 

Example: 

Assume locations EM and EM + 1 contain 01234567 and 
07654321, respectively. Assume registers A and B con
tain 01233210 and 43211234, respectively. The DPA 
instruction performs the addition: 

A 

01233210 
+ 01234567 

02467777 

B 

43211234 
07654321 

53065555 

from locations EM and 
EM + 1 results in A 
and B, respectively 

SUB SUBTRACT MEMORY FROM A 

04 M 

o 1 2 3 8 9 23 

The contents of the effective memory location are sub
tracted from the A register and the result is placed in 
the A register. 

2-4 

If both numbers have the same sign after the subtrahend 
has been complemented for addition, but the sign of 
the resu It is opposite, an overflow occu rs and the 
OVERFLOW indicator is set. In this case, the dif
ference is incorrect. 

Affected: (A), Of Timing: 2 

DPS DOUBLE PRECISION SUBTRACT 

24 M 

o 1 2 3 8 9 23 

The collective contents of the effective memory location 
and the effective location plus one are subtracted from 
the collective contents of the A and B registers. The 
result is placed in the A and B registers. 

If both numbers have the same sign after the subtrahend 
has been complemented for addition, but the sign of the 
result is opposite, an overflow occurs and the OVER
FLOW indicator is set. In this case, the difference is 
incorrect. 

Affected: (A, B), Of Timing: 3 

MPO MEMORY PLUS ONE 

71 M 

o 1 2 3 8 9 23 

The contents of the effective memory location are in
creased by one. The resu It is placed in the same 
location. 

Overflow does not cause the OVERFLOW indicator to 
be set. 

Affected: (EM) Timing: 3 

MPT MEMORY PLU S TWO 

72 M 

o 1 2 3 8 9 23 

The contents of the effective memory location are 
increased by two. The resu It is placed in the same 
location. 

Overflow does not cause the OVERFLOW indicator to 
be set. 

Affected: (EM) Timing: 3 



MUL MULTIPLY 

63 M 

o 1 2 3 8 9 23 

The A register is mu Itipl ied by the contents of the 
effective memory location. The product is left in the 
A and B registers, with the more significant portion 
in A. The sign of the product is in AO; the bit in BO is 
part of the product and is not treated as a sign bit. 
Since the product contains at most 46 significant bits, 
the content of B23 is not significant and is zero. The 
original contents of B do not affect the operation and 
aredestroyed. If the product isgreater than 246, over
flow occursand the OVERFLOW indicator is turned on. 

This instruction cannot be repeated with REP. 

Affected: (A, B), Of 

Example: MU L M 

The multiplication of 3 by 3 is represented: 

Before execution: 
After execution: 

(A) 

00000003 
00000000 

(B) 

Irrelevant 
00000022 

Timing: 5 

(M) 

00000003 
00000003 

Note that 022 scaled at 46 is equal to 011 scaled at 47. 

DIV DIVIDE 

62 M 

o 1 2 3 8 9 23 

The contents of the A and B registers treated as a double 
precision number are divided by the contents of the 
effective memory location. The quotient is placed in 
the A register, the remainder in the B register. 

No overflow occurs if -1 ~ [(A, B)/(M) ] < 1 (that is, if 
the contents of A and B divided by the contents of the 
effective location are greater than or equal to minus one 
but strictly less than plus one). If the quotient exceeds 
these boundaries, overflow occurs and the OVERFLOW 
indicator is set. In this latter case, the results are not 
arithmetically correct. 

When dividing N, with scal ing at 01, by D, with 
scalingat02, thequotientO isscaledat 01-02. This 
instruction cannot be repeated with REP. See Appendix 
B-9 for a detailed description of this instruction. 

Affected: (A, B), Of Timing: 10 

Example: DIV M 

Dividing 7 scaled at binary 46 by 3 at binary 23 is 
represented: 

Before execution: 
After execution: 

(A) 

00000000 
00000002 

TMU TWIN MULTIPLY 

61 

o 1 2 3 8 9 

(B) 

00000016 
00000001 

M 

(M) 

00000003 
00000003 

23 

The contents of the A register and the contents of the 
effective memory location are each treated as a pair of 
12-bit arithmetic quantities; bit positions 0 through 11 
represent one unsigned quantity and bit positions 12 
through 23 represent a second unsigned quantity. Bit 
positions 0 through 11 of the effective memory location 
are multipl ied by bit positions 0 through 11 of the A 
register and the resu It is placed in the A register; simu 1-
taneously, bit positions 12 through 23 of the effective 
memory location are multiplied by bit positions 12 
through 23 of the A register and the result is placed in 
the B register. The original contents of the B register 
are lost. No overflow can occur. 

This instruction cannot be repeated with REP. 

Twin Mu Itiply (TMU) is usefu I in performing arithmetic 
operation on 12-bit input quantities where these quan
tities are packed two to a word. Also, logical integer 
multiplication can be performed on either single or 
double quantities. 

Affected: (A, B) 

Example: TMU M 

Before execution: 
After execution: 

(A) 

40070003 
20070061 

(B) 

Immaterial 
00000011 

Timing: 5 

(M) 

40070003 
40070003 

DPN DOUBLE-PRECISION NEGATE 

27 

o 2 3 8 9 23 

The double-precision fixed-point number contained in 
the A and B registers is replaced by the negative of 
that number. 
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Overflow occurs if the initial collective contents of A 
and B are the largest representable negat ive number 
[(A) = 40000000; (B) = OOOOOOOOJ. In this case, the 
number remains unchanged. 

This instruction cannot be repeated with REP. 

Affected: (A, B), Of Timing: 3 

FLOATING·POINT GROUP (Optional) 

The following four instructions are optional floati ng-point 
instructions. They operate on normalized numbers in the 
floating-pointformat, and automatically leaveall quanti
ties normalized after execution. 

All floating-point arithmetic operations assume that non
zero quantities are normalized prior to instruction execu
tion. An attempt to perform a floatingt>oint multiplication 
ordivision on an unnormalized number produces the identi
cal result as using zero. An attempt to perform a floating
point addition or subtraction on an unnormalized number 
may produce erroneous resul ts. 

If a negative number is right-shifted in the process of 
equalizing exponents, the sign bit is propagated even if 
the shift exceeds 38 bit positions. 

Example (Addition): 

2020315205765 x 2
150 

54321 00000000 x 2
0 

Example (Subtraction): 

2020315205765 x 2 150 

2234567012345 x 2
0 

2020315205765 x 2
150 

7777777777777 x 2 150 

2020315205764 x 2 150 

2020315205765 x 2
150 

7777777777777 x 2 150 

2020315205764 x 2 150 

Floating-point operations with a zero result produce a 
fraction and an exponent of a II zeros. 

Overflow occurs in floating-point operations when the 
resultant positive exponent exceeds the 9-bit exponent 
field. Underflow occurs when the resultant negative 
exponent exceeds the 9-bit exponent field. Both over
flow and underflow can occur in all floating-point 
operations and are automatically detected. These con
ditions cause the computer to execute the instruction 
in location 031 (see Trap Locations, Section 3). This 
location normally contains the entry to a corrective 
subroutine. Flag indicator 1 (the OVERFLOW indica
tor) is unaffected by a floating underflow or overflow. 

In multiplication there is no overflow or underflow indi
cation, regard less of exponents, if zero (or an unnorm
alized fraction) is used as a multiplier or multiplicand. 

In division there is no overflow or underflow indication, 
if the numerator is zero (or an unnormalized fraction) 
and the denom inator is a norma I ized non-zero number. 
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In division there is overflow indication regardless of 
exponents. if the denominator is zero (or an unnormal
ized fraction.) A quotient of zero fraction and zero 
exponent is produced as a result of these conditions. 

FLA FLOATING ADD 

65 M 

o 1 2 3 8 9 

The floating-point number contained in the effective 
memory location and the effective location plus one is 
added to the floating-point number in the A and B 
registers. The normalized floating-point sum is left in 
the A and B registers. 

23 

An attempt to use an unnorma I ized non-zero produces an 
erroneous resu It with the following exception. If zero is 
added to an unnorma lized non-zero number in A, B, the 
numberinA, B will become normalized and its exponent 
wi II be ad justed. 

Exponent overflow or underflow can occur with this 
instruction. If either occurs, the computer executes 
the contents of location 031 as an instruction. 

Th is instruction cannot be repeated with REP. 

By using a spec ial case of FLA, the floating-po int num
ber contained in the A and B registers can be normalized, 
with the contents of the exponent field of the number 
being decremented for each position of shift. To per
form the normalize operation, the contents of the effect
ive memory location and the effective memory location 
plus one must be all zeros. If the fractional portion of 
the number in the A and B registers is zero, the contents 
of the exponent field are set to zero. 

Affected: (A, B) Timing: 6-11 

Example: FLA M 

Assume the floating-point binary number 0.101 x 2
10 

is stored in location M and M + 1 in floating-point 
format. This is written in octal form as 0.5 x 22 and 
stored in memory as "24000000" since the high-order bit 
is the sign bit. 

(M) = 24000000 (M + 1) = 00000002 

Add to it the same number in the A and B registers: 

(A) = 24000000 (B) = 00000002 

FLA M yields: 

(A) = 24000000 (B) 00000003 



FLS FLOATING SUBTRACT 

I I I X I 64 M 

o 1 2 3 8 9 

The floating-point number contained in the effective 
memory location and the effective location plusone is 
subtracted from the floating-point number contained in 
the A and B registers. The normalized floating-point 
difference is left in the A and B registers. 

23 

An attempt to perform a subtraction withan unnormalized 
number wi II produce an erroneous resu It. 

Exponent overflow or underflow can occur with this in
struction. If either occurs, the computer executes the 
contents of location 031 as an instruct ion. 

This instruction cannot be repeated with REP. 

Affected: (A, B) Timing: 6-11 

FLM FLOATING MULTIPLY 

67 M 

o 1 2 3 8 9 23 

The floating-point number contained in the effective 
memory location and the effective location plus one is 
multiplied by the floating-point numbercontained in the 
A and B reg isters. The norma lized floating-point product 
is left in the A and B registers. The floating-point 
product is truncated at the right end to 39 bits. 

Exponent overflow or underflow can occur with this in
struction. If either occu rs, the compu ter executes the 
contents of location 031 as an instruction. 

If either A and B registers or the two effective memory 
locations, or both, contain a floating-point zero, the 
contents of the A and B registers are made identically 
zero by clearing them. 

This instruction cannot be repeated with REP. 

Affected: (A, B) Timing: 8 cycles 
if (A, B) 0, 3 cycles 

if (M, M + 1) = 0, 4 cycles 

FLO FLOATING DIVIDE 

66 M 

o 1 2 3 8 9 23 

The floating-point number contained in the A and B 
registers is divided by the floating-point number con
tained in the effective memory location and the effective 
location plus one. The n~rmalized floating-point 

quotient is left in the Aane' B registers. The floating-point 
quotient is truncated to 39 bits at the right end. 

Exponent overflow or underflow can occur with this in
struction. If either occu rs, the computer executes the 
contents of location 031 as an instruction. 

If the contents of the A, B registers are a floating-point 
zero but the contents of the two effect ive memory loca
tions are not a floating-point zero, the contents of the 
A: B registers are made identically zero by clearing them. 

If the contents of the two effective memory locations are 
a floating-point zero, and the contents of the A, B 
registers any number, the contents of the A, B reg isters 
are made identically zero by clearing them. The over
flow trap istaken inthiscase. Thisoverflow isdistinguish
able since it is the only case where the A, B reg isters 
are identically zero during a floating-point operation 
when the overflow exit is taken. 

This instruction cannot be repeated with REP. 

Affected: (A, B) Timing: 17 cycles 
if (A, B) = 0, (M, M+ 1) l' 0,3 cycles 

if (M, M + 1) = 0,4 cycles 

LOGICAL GROUP 

ETR EXTRACT 

11 M 

o 1 2 3 8 9 23 

A logical AND is performed between corresponding bits 
of the A register and the effective memory location. The 
result is placed in A. The operation is performed bit by 
corresponding bit as follows: 

~ 
o 
o 
1 

Affected: (A) 

Example: ETR M 

Before execution: 
After execution: 

MRG MERGE 

13 

o 1 2 3 8 9 

(EM) 

o 
1 
o 

~ 
64231567 
00231500 

Result in A 

o 
o 
o 

Timing: 2 

M 

(M) 

00777700 
00777700 

23 

A logical inclusive OR is performed between corres
ponding bits of the A register and the effective memory 
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location. The resu It is left in A. The operation is perfonned 
bit by correspond ing bit as follows: 

(A) (EM) Resu It in A 

o 0 o 
o 1 
1 0 

Affected: (A) Timing: 2 

Example: MRG M 

Before execution: 
After execution: 

tA) 

06446254 
06746756 

EOR EXCLUSIVE OR 

Id X I 12 M 

(M) 

02340712 
02340712 

o 1 2 3 8 9 23 

A logical exclusive OR is performed between corres
ponding bits of the A register and the effective memory 
location. The result is left in A. The operation is 
performed bit by corresponding bit according to the 
following: 

(A) 

0 
0 
1 
1 

Affected: (A) 

Example: EOR M 

Before execution: 
After execution: 

(EM) 

0 
1 
O' 

(A) 

34165031 
44112010 

Result in A 

0 
1 
1 
0 

Timing: 

(M) 

70077021 
70077021 

2 

Selected bit positions of theA register may be logically 
inverted by proper configu ration of the memory word. 
If every bit in the memory word is set to 1, a "one's 
complement" of A results. 

Example: EOR M 

Before execution: 
After execution: 
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(A) 

10357211 
67420566 

(M) 

77777777 
77777777 

REGISTER CHANGE GROUP 

The facil ity to operate on and/or exchange data between 
the A, B, and the three index registers is provided 
within the set of micro-instructions in the Register 
Change group. The micro-instructions also prov ide the 
capabi I ity to perform all but two of these operations 
using only selected bytes of the registers involved in 
the operation. (The except ions are COpy NEGATIVE 
OF A INTO A and ADDRESS TO INDEX BASE.) 
Generally, only those bytes designated by a 1-bit in 
the appropriate bit position of the instruction can be 
disturbed in any way. 

All register change instructions use the same instruction 
code (040), and the address field of the instruction 
specifies the function to be performed. Three distinct 
modes are specified by the contents of the tag field 
(bits 0-2 of the instruction). The functions of the three 
modes are as follows: 

Mode 

2 

3 

Function 

Interchange and/or mod ify information be
tween selected bytes of registers A and B. 

Interchange and/or modify information 
among selected bytes of registers A and B 
and the three index registers. 

Load the address portion of a selected index 
register from the address field of the 
instruction. 

In modes 1 and 2, the address portion of the instruction 
serves to extend the operation code (i.e., each of the 
address bits hasa particu lar significance during instruc
tion decoding and execution). In mode 3, the 15-bit 
address field is interpreted as an immediate operand, to 
be loaded into the address field of the designated index 
register. 

When programmed in mode 1 or 2, the instruction may 
be given one of two mnemonics which are RCH or 
COPY. The assembler processes the address field and 
tag field of RCH instructions in the conventional manner, 
inserting the evaluated address field into bit positions 
9-23 of the instruction and inserting the tag field into 
bit positions 0-2 of the instruction. In general, the 
address field is an octal number, representing the bit 
pattern that specifies the function to be performed. 

The address field of COpy is interpreted differently. 
The field consists of a byte selection "mask" followed 
by one or more grouped expression I ists that describe 
the desi red operation(s). In the instruction examples to 
follow, a COpy instruction is also given, based on the 
information presented in Appendix B. 

These instructions cannot be repeated with REP. 



MODE 1: A AND B REGISTER CHANGE 

The micro-instructions in this mode interchange and 
modify information between the A and B registers. From 
3 to 24 bits may be operated upon in 3-bit bytes. The 
tag field must always be zero in this mode. 

RCH REGISTER CHANGE 

The function control bits are interpreted as follows: 

Bit Address Field 
Position Value Function 

9 040000 Copy negative of (A) into A 

18 040 Merge inverse of (A) into B 
19 020 Merge (A) into B 
20 010 Clear B 

21 04 Merge inverse of (B) into A 
22 02 Merge (B) into A 
23 01 Clear A 

Note: If bit position 9 is 1, bit positions 21 and 22 must 
both be 0, but bit position 23 has no effect; however bit 
positions 18, 19, and 20 do operate, and with byte control. 

Unless either bit 20or23 in the instruction isset to 1 (to 
clear the appropriate destination register), any of the op
erationsotherthan COpy NEGATIVE OF AINTO Acauses 
a merge into the selected bytes of the destination register. 

The byte-control bits are interpreted as follows: 

Instruction Word (RCH) Affected Registers 

Bit Address Field Bit Positions Mask for 
Position Value Selected COpy 

10 020000 0-2 070000000 

11 010000 3-5 07000000 

12 04000 6-8 0700000 

13 02000 9-11 070000 

14 01000 12-14 07000 

15 0400 15-17 0700 

16 0200 18-20 070 

17 0100 21-23 07 

At least one byte-control bit must be present in all 
mode 1 RCH instructions (except COpy NEGATIVE OF 
A INTO A). If the mask (M) is omitted in a COpy 
instruction, the assembler automatically generates a 
mask of 077777777. 

In the instruction examples to follow, the RCH instruc
tion given is coded for all 1-bits in bit positions 10-17 
of all instructions (except for COpy NEGATIVE OF A 
INTO A). A COpy example is also given, where M 
represents a byte sel ection mask and A, B, and X rep
resent the A, B, and index registers (see Appendix B). 

Affected: See examples Timing: 1 

COpy NEGATIVE OF A I NTO A 

RCH 040000 COpy (-A, A) (0 40 40000) 

The two's complement of the contents of A replaces the 
contents of A. This instruction does not operate under 
byte control; the contents of bit positions 10 - 17 of 
this instruction are ignored. 

If the A register contains the number 40000000, 
the same number is left as the result of the execution of 
this instruction and the OVERFLOW indicator is set. 

Affected: (A), Of 

CLEAR A 

RCH 037701 COpy (0, A) o 40 37701 

The contents of the selected bytes of A are set to zero; 
the rest of the contents of A is undisturbed. 

Affected: (A) 

Example: RCH 023101 COpy 070077007, (0,5) 

Bits 0 through 2, bits 9 through 14, and bits 21 through 
23 of the A register are cleared by setting the appropri
ate II byte select ll bits: 

Before execution: 
After execution: 

CLEAR B 

RCH 037710 

04023101 

(A) 

77777777 
07700770 

COpy (0, B) 04037710 

The contents of the selected bytes of B are set to zero; 
the rest of the contents of B is undisturbed. 

Affected: (B) 
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CLEAR A AND B 

RCH 037711 COpy (0, (A, B)) 040 37711 

The contents of the se lected bytes of A and of B are set 
to zero; the remaining bits of the contents of A and B 
are undisturbed. 

Affected: (A), (B) 

COPY A INTO B 

RCH 037730 COPY (A, B) 040 37730 

The contents of the selected bytes of A replace the con
tents of the same bytes of B. The contents of A and the 
rest of the contents of B are undisturbed. 

Affected: (B) 

COpy INVERSE OF A INTO B 

RCH 037750 COpy (l-A, B) 04037750 

The logical inverse (one's complement) of the contents 
of the selected bytes of A replaces the contents of the 
same bytes of B. The contents of A and the rest of the 
contents of B are undisturbed. 

Affected: (B) 

COpy INVERSE OF A INTO B AND CLEAR A 

RCH 037751 COpy (l-A, B), (0, A) 0 40 37751 

The logical inverse (one's complement) of the contents 
of the selected bytes of A replaces the contents of the 
same bytes of B. The same bytes of A are then cleared. 
The rest of the contents of B and A is undisturbed. 

Affected: (A), (B) 

COpy B INTO A 

RCH 037703 COpy (B, A) 040 37703 

The contents of the selected bytes of B replace the con
tents of the same bytes of A. The contents of B and the 
rest of the contents of A are undisturbed. 

Affected: (A) 
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EXCHANGE A AND B 

RCH 037733 COpy (A, B), (B, A) o 40 37733 

The contents of the selected bytes of A are exchanged 
with the contents of the same bytes of B. The remaining 
bits of the contents of A and B are undisturbed. 

Affected: (A), (B) 

EXCHANGE INVERSE OF A WITH B 

RCH 037753 COPY (l-A, B), (B, A) o 40 37753 

The logical inverse (one's complement) of the contents 
of the selected bytes of A are exchanged with the con
tents of the selected bytes of B. The remaining bits of 
the contents of A and B are undisturbed. 

Affected: (A), (B) 

EXCHAN GE INVERSE OF B WITH A 

RCH 037735 COpy (l-B, A), (A, B) 040 37735 

The logica I inverse of the contents of the se lected bytes 
of B are exchanged with the contents of the selected 
bytes of A. The remaining bits of the contents of A and 
B are undisturbed. 

Affected: (A), (B) 

EXCHANGE INVERSE OF A WITH INVERSE OF B 

RCH 037755 COpy (l-A,B), (l-B,A) 040 37755 

The logical inverse of the contents of the selected bytes 
of A are exchanged with the inverse of the contents of 
the selected bytes of B. The remaining bits of the con
tents of A and B are undisturbed. 

Affected: (A), (B) 

COPY INVERSE OF B INTO A 

RCH 037705 COpy (l-B, A) 04037705 

The logical inverse of the contents of the selected bytes of 
B replaces the contents of the same bytes of A. The contents 
of B and the rest of the contents of A are undisturbed. 

Affected: (A), (B) 



COpy INVERSE OF B INTO A AND CLEAR B 

RCH 037715 COPY(l-B, A), (0, B) 040 37715 

The logical inverse of the contents of the selected bytes 
of B replaces the contents of the same bytes of A. The 
contents of the same bytes of B are set to zero. The rest 
of the contents of A and B is undi sturbed. 

Affected: (A), (B) 

COpy A INTO BAND C LEAR A 

RCH 037731 COpy (A, B), (0, A) 040 37731 

The contents of the selected bytes of A replace the con
tents of the same bytes of B and the contents of the same 
bytes of A are set to zero. The remaining bits of the 
contents of A and Bare und i sturbed. 

Affected: (A), (B) 

COpy B INTO A AND CLEAR B 

RCH 037713 COpy (B, A), (0, B) 040 37713 

The contents of the selected bytes of B replace the con
tents of the same bytes of A and the contents of the same 
bytes of B are set to zero. The remaining bits of the con
tents of A and B are undisturbed. 

Affected: (A), (B) 

MERGE A INTO B 

RCH 037720 COpy (A, B, B) 04037720 

A logical inclusive OR is performed between the con
tents of the selected bytes of A and B, with the result 
left in the same bytes of B. The contents of A and the 
rest of the contents of B are undisturbed. 

Affected: (B) 

MERGE B INTO A 

RCH 037702 COpy (B, A, A) 040 37702 

A logical inclusive OR is performed between the con
tents of the selected bytes of B and A with the result 
left in the same bytes of A. The contents of B and the 
rest of the contents of A are undisturbed. 

Affected: (A) 

MERGE A INTO B AND CLEAR A 

RCH 037721 COpy (A,B,B), (O,A) o 40 37721 

A logical inclusive OR is performed between the con
tents of the se I ected bytes of A and B wi th the resu It 
left in the same bytes of B. The same bytes of the A 
register are then cleared. The rest of the contents of B 
and A is undisturbed. 

Affected: (A), (B) 

MERGE B INTO A AND CLEAR B 

RCH 037712 COpy (B, A, A), (0, B) o 40 37712 

A logical inclusive OR is performed between the con
tents of the selected bytes of B and A, with the result 
left in the same bytes of A. The same bytes of the B 
register are then cleared. The rest of the contents of A 
and B is undisturbed. 

Affected: (A), (B) 

MERGE INVERSE OF A INTO B 

RCH 037740 COpy (l-A, B, B) 040 37740 

A logical inclusive OR is performed between the inverse 
of the contents of the selected bytes of A and the con
tents of the same bytes of B. The result is left in B. The 
contents of A and the rest of the contents of Bare 
undisturbed. 

Affected: (B) 

MERGE INVERSE OF B INTO A 

RCH 037704 COpy (l-B, A, A) 040 37704 

A logical inclusive OR is performed between the inverse 
of the contents of the selected bytes of B and the con
tents of the same bytes of A. The result is left in A. The 
contents of B and the rest of the contents of A are 
undisturbed. 

Affected: (A) 

MERGE INVERSE OF A INTO B AND CLEAR A 

RCH 037741 COpy (1 -A, B, B), (0, A) 040 37741 

A logical inclusive OR is performed between the inverse 
of the contents of the selected bytes of A and the contents 
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of the same bytes of B. The result is left in B. The same 
bytes of the A register are then cleared. The rest of the 
contents of B and A is undisturbed. 

Affected: (A, B) Timing: 1 

MERGE INVERSE OF B INTO A AND CLEAR B 

RCH 037714 COpy (1-B, A, A), (0, B) o 40 37714 

A logical inclusive OR is performed between the inverse 
of the contents of the selected bytes of B and the con
tents of the same bytes of A. The result is left in A. 
The same bytes of the B register are then cleared. The 
rest of the contents of A and B is undisturbed. 

Affected: (A), (B) Timing: 1 

FORM MASK IN B 

RCH 037770 COPYM, (-l,B) 04037770 

The contents of the selected bytes of B are replaced by 
ones. The contents of A and the rest of the contents of 
B are unchanged. 

Affected: (B) Timing: 1 

FORM MAS K IN A 

RCH 037707 COpy M, (- 1, A) 04037707 

The contents of the selected bytes of A are replaced by 
ones. The contents of B and the rest of the contents of 
A are unchanged. 

Affected: (A) Timing: 1 

FORM MASK IN B AND CLEAR A 

RCH 037771 COPY M, (-1, B), (0, A) 04037771 

The contents of the selected bytes of B are replaced by 
ones. The same bytes of the A register are cleared. 
The rest of the contents of B and A is unchanged. 

Affected: (A), (B) Timing: 1 

FORM MASK IN A AND CLEAR B 

RCH 037717 COpy M, (-1, A), (0, B) 04037717 

The contents of the selected bytes of A are replaced by 
ones. The same bytes of the B register are cleared. 
The rest of the contents of A and B is unchanged. 

Affected: (A), (B) Timing: 
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MODE 2: A/B/X REGISTER CHANGE 

Thismode allows interchange or modification of informa
tion in the A, B, and/or index registers. Byte groups 1, 
2, and 3 which may be operated upon in this mode are, 
respectively, bits 0 through 8, bits 9 through 14, and 
bits 15 through 23. The tag field normally contains the 
number of the index reg ister to be operated upon, de
pend ing on the setting of the function bits. Bit position 
o must c.ontain a zero and bit positions 1 and 2 must not 
both be zero. The instruction format for th is operation 

05 06 07 

: I 
23 

The function control bits are interpreted as follows: 

Bit Address Field 
Position Value 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

04000 

02000 

01000 

0200 

0100 

040 

020 

010 

04 

02 

01 

Function 

Merge (Xl) into index reg
ister designated by bits 1 
and 2 

Merge (X2) into index reg
ister designated by bits 1 
and 2 

Merge (X3) into index reg
ister desi gnated by bits 1 
and 2 

Ignored 

Merge (B) into index register 
designated by bits 1 and 2 

Merge (A) into index register 
designated by bits 1 and 2 

Merge contents of index reg
ister designated by bits 1 and 
2 into B 

Merge (A) into B 

Clear B 

Merge contents of index reg
ister designated by bits 1 and 
2 into A 

Merge (B) into A 

Clear A 



The byte-control bits are interpreted as follows: 

Instruction Word (RCH) Affected Registers 

Bit Address Field Bit Positions Mask for 
Position Value Selected COpy 

9 040000 0-8 077700000 

10 020000 9-14 077000 

11 010000 15-23 0777 

At least one byte-control bit must be present in all 
mode 2 RCH instructions. If the mask (M) is om itted 
in a COpy instruction, the assembler automatically 
generates a mask of 077777777. 

In the instruction examples to follow, the RCH instruc
tions given are coded for l-bits in bit positions 9-11 
of a" instructions. 

The index register designated by bits 1 and 2 of a mode 
2 RCH instruction is always cleared in the bytes speci
fied. However, an index register designated by bits 
12 through 14 is not cleared. Thus, if the index register 
designated by bits 1 and 2 is the same register as that 
designated by bits 12 through 14, the designated index 
register is merged back into itself. It they are not the 
same, the index register designated by bits 12 through 14 
is not affected, but its contents are copied into the index 
register designated by bits 1 and 2. 

Affected: See examples Timing: 1 

COpy INDEX INTO A 

RCH 07R005, X COpy (X, A) X 40 7R005 

The contents of the se lected bytes in index X replace the 
contents of the same bytes in Ai the rest of the contents of 
A are undisturbed. The contents of the selected bytes 
in index R replace the contents of the same bytes in in
dex Xi the contents of index R are undisturbed. The 
COpy instruction above automatically produces a 1 in 
bit 12 if X is 1, a 1 in bit 13 if X is 2, and a 1 in bit 
14ifXis3. 

Affected: (A), (X) if R does not correspond Timing: 1 
to X 

COpy INDEX INTO B 

RCH 07R050, X COpy (X, B) X 407R050 

The contents of the selected bytes in index X replace the 
contents of the same bytes in Bi the rest of the contents of 
B are undisturbed. The contents of the selected bytes 
in index R replace the contents of the same bytes in in
dex Xi the contents of index R are undisturbed. The 
COpy instruction above automaticai iy produces a 1 in 

bit 12 if X is 1, a 1 in bit 13 if X is 2, and a 1 in bit 14 
if X is 3. 

Affected: (B), (X) if R does not correspond Timing: 1 
to X 

COpy A INTO INDEX 

RCH 070100 COpy (A, X) X 4070100 

The contents of the selected bytes of A replace the con
tents of the same bytes in index X. The contents of A 
and the rest of the contents of X are undisturbed. 

Affected: (X) Timing: 

COpy B INTO INDEX 

RCH 070200, X COpy (B, X) X 4070200 

The contents of the selected bytesof B replace the con
tents of the same bytes in index X. The contents of B 
and the rest of the contents of X are undisturbed. 

Affected: (X) Timing: 

COpy INDEX 1 INTO SPECIFIED INDEX 

RCH 074000, X COpy (Xl, X) X 4074000 

The contents of the selected bytes of index 1 replace the 
contents of the same bytes in index X. The con tents of index 
1 and the rest of the contents of index X are undisturbed. 

Affected: (X) Timing: 1 

COPY INDEX 2 INTO SPECIFIED INDEX 

RCH 072000, X COpy (X2, X) X 4072000 

The contents of the selected bytes of index 2 replace the 
contents of the same bytes in index X. The contents of index 
2 and the rest of the contents of index X are und istu rbed. 

Affected: (X) Timing: 1 

COpy INDEX 3 INTO SPECIFIED INDEX 

RCH 071000, X COPY(X3, X) X 4071000 

The contents of the selected bytes of index 3 replace the 
contents of the same bytes in index X. The contents of index 
3 and the restofthe contents of index X are undisturbed. 

Affected: (X) Timing: 1 
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EXCHANGE INDEX AND A 

RCH 070105, X COpy (X, A), (A, X) X 4070105 

The contents of the selected bytes of index X and of A 
are interchanged. The remaining bits in the contents 
of each register are undisturbed. 

Affected: (X), (A) Timing: 1 

EXCHANGE INDEX AND B 

RCH 070250, X COpy (X, B), (B, X) X 4070250 

The contents of the selected bytes of index X and of 8 
are interchanged. The remaining bits in the contents 
of each register are undisturbed. 

Affected: (X), (B) 

CLEAR INDEX 

RCH 070000, X COpy (0, X) 

Timing: 1 

X 40 70000 

The contents of the selected bytes of index X are set to 
zero. The rest of index X is und istu rbed. 

Affected: (X) Timing: 1 

MODE 3: ADDRESS TO INDEX BASE 

AXB ADDRESS TO INDEX BASE 

40 M 

o 1 2 3 8 9 23 

The execution of this instruction in mode 3 places bits 
9 through 23 of the instruction field into bits 9 through 
23 of the designated index register, X. The rest of 
index X is undisturbed. The contents of bit position 0 
of the instruction must be equal to one. 

Affected: (X) Timing: 1 

BRANCH GROUP 

Branch instructions alter the course of the program by 
changing the program counter, either conditionally or 
unconditionally. Branch instructions cannot be repeated 
'.vith REP. 
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BRU BRANCH UNCONDITIONALLY 

01 M 

o 1 2 3 8 9 23 

The next instruction is taken from the location deter
mined by the effective address. 

Affected: (P) Timing: 

BRX INCREASE INDEX AND BRANCH 

57 M 

o 1 2 3 8 9 

The increment value of the index register specified by 
the index field of instruction BRX is added to the base 
value of that index register and the result is placed in 
the index register. The next instruction is taken from 
the location determ ined by the effective address unless: 

or 

the increment is negative and the resu Itant base 
value is less than zero, that is, <00000 

the increment is positive and the resultant base 
value is beyond the maximum address, that is, 
>077777. 

23 

Then, the next instruction is taken in sequence. There
fore, when the base value crosses the point between the 
highest address (077777) and lowest address (00000), or 
vice-versa, no branch occurs. 

Indirect addressing may be used to determine the effec
tive address, but indexing cannot be used on any level. 

Affected: (P) Tim ing: 2 if branch 
3 if no branch 

BRC BRANCH AND CLEAR INTERRUPT 

57 M 

o 1 2 3 8 9 23 

The next instruction is taken from the effective location 
and, at the same time, the highest priority interrupt 
channel that is set and has been recogn ized is cleared. 
Indirect addressing can be used to determine the effec
tive address, but indexing cannot be used on any level. 
If the BRC instruction is indirectly addressed, bits 3 
through 8 of the word containing the effective address 
are logically merged with the current contents of the 



flag register and the result restored in the flag register; 
otherwise, the flag register is unchanged. 

Affected: (P), (F) Timing: 2 

Example: BRC *03000 

Location 

02000 
03000 

Contents 

457 03000 
053 04120 

If the BRC instruction in location 02000 is executed and 
the flag register contains 021 before execution, the 
next instruction will be taken from location 04120, the 
highest priority interrupt channel in the active state 
wi II be returned to the inactive state, and the flag 
register will contain 073. 

BRM MARK PLACE AND BRANCH 

03 M 

o 1 2 3 8 9 23 

The contents of the program counter (P register) are 
stored in bit positions 9 through 23 of the effective 
memory location and control is transferred to the 
effective location plus one. The status of the flag reg
ister indicators are stored in positions 3 through 8 of the 
effective location and bit positions 0 through 2 are set 
to zero. An interrupt can occu rfollowing th is instruction. 

Affected: (P), (EM) Timing; 3 

Example: BRM 02500, {P register} = 01517 

Before execution: 
After execution: 

(F) 

46 
46 

(Location 
02500) 

032 07621 
04601517 

(P) 

01517 
02501 

This instruction is normally used to enter subroutines 
where a return to the main program will occurafterthe 
subroutine has been completed. BRR is used to return 
to the main program. BRC, indirectly addressed, is 
used to return to the main program from an interrupt
servicing routine. 

BMA BRANCH AND MARK PLACE OF 
ARGUME NT ADDRESS 

43 M 

o 1 2 3 8 9 23 

The contents of the piogram counter register plus one are 

stored in bit positions 9 through 23 of the effective 
memory location and control is transferred to the effective 

memory location plus one. Also occurring in the effec
tive memory location are the following: 

1. A one is stored in the indirect address bit 

2. The contents of the flag register are stored in bit 
positions 3 through 8 

3. Bit positions 1 and 2 are cleared to zero 

4. The flag register is cleared. 

Affected: (F), {P}, (EM) Timing: 3 

Example: BMA 04030, (P register) 02000 

Before execution: 
After execution: 

(F) 

35 
00 

(Location 
04030) 

427 05301 
435 02001 

{P} 

02000 
04031 

The BMA instruction is normally used to enter a sub
routine which requires one or more arguments for its 
operation. In normal use, these arguments can be 
placed in an "argument I ist" in memory, with the ad
dressofthe initial entryofthis list placed in the loca
tion immediately following the BMA instruction. The 
subroutine can obtain thisentry by indirectly addressing 
the subroutine entrance location. This procedure will 
access the contents of the location following the BMA 
since the BMA placed an indirect address bit in the 
subroutine entrance a long with the address. RETURN 
BRANCH (BRR) is normally used to return to the main 
program at one location past the location of the argu
ment address. 

BRR RETURN BRANCH 

I I I X I 41 M 

o 1 2 3 8 9 

The contents of the effective memory location are in
cremented by one and the least significant 15 bits are 
then stored in the program counter (P register). The 
contents of bit positions 3 through 8 of the effective 
location and the contents of the flag register are merged, 
with the resu I t left in the flag register. The next 
instruction is taken from the address stored in the 
P register. 

23 

Affected: (F), (P) Timing: 3 

Example: BRR 014200, (P register) = 03000 

(Location 
(F) 014200) (P) 

Before execution: ')') (\ i.. J;. (\ (\ A (\(\ 03000 L-.J v U,J V V'''tuu 

Afte r execu tion: 67 o 65 0 0400 00401 
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TEST AND SKIP GROUP 

SKE SKIP IF A EQUALS MEMORY 

45 M 

o 1 2 3 8 9 23 

The contents of the A register are compared with the 
contents of the effective memory location. If the con
tents of A are equal to the contents of the effective lo
cation, the next instruction in sequence is skipped and 
the followi ng instruction is executed. If the contents of 
A are not equal to the contents of the effective location, 
the next instruction in sequence is executed. 

Affected: (P) Timing: 2 if no skip 
3 if skip 

SKG SKIP IF A GREATER THAN MEMORY 

46 M 

o 1 2 3 8 9 23 

The contents of the A register are algebraically com
pared with the contents of the effective memory loca
tion. If the contents of Aare greater than the contents 
of the effective location, the next instruction in 
sequence is skipped and the following instruction is 
executed. If the contents of A are less than or equal 
to the contents of the effective location, the next 
instruction in sequence is executed. 

Affected: (P) Timing: 2 if no skip 
3 if skip 

SKL 

o 1 2 3 

SKIP IF A LESS THAN OR EQUAL TO 
MEMORY 

44 M 

8 9 23 

The contents of the A registerare algebraically compared 
with the contents of the effective memory location. If 
the contents of A are less than or equal to the contents 
of the effective location, the next instruction in se
quence is sk ipped and the following instruction is exe
cuted. If the contents of A are greater than the contents 
of the effective location, the next instruction in se
quence is executed. 

Affected: (P) 
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Timing: 2 if no skip 
3 if skip 

SKM SKIP IF A EQUALS MEMORY ON 
B MASK 

55 I M 

o 1 2 3 8 9 23 

Selected bits of the contents of the A register are com
pared with the corresponding bits in the contents of the 
effective memory location. If the selected bits in the 
contents of A are identica I to the selected bits in the 
contents of the effective memory location, the next 
instruction in sequence is skipped and the follow ing in
struction is executed. If the selected bits in the con
tents of the A register are not identical to the selected 
bits of the contents of the effective location, the next 
instruction in sequence is executed. 

The bits in A to be compared are selected by placing 
one-bits in the corresponding bit positions of the B 
register and zero-bits in the remaining bits of B. 

The contents of A, B, and the effective location ar'e con
sidered to be unsigned, 24-bit, non-numeric quantities. 

Affected: (P) Timing: 2 if no skip 
3 if skip 

Example: SKM M 

(A) (B) (M) 

00043007 00177000 57643200 

Since a comparison is made in bit positions 8 through 14 
only (asdetermined by B), and (A) = (M), askipwill occur. 

SKU SKIP IF A UNEQUAL TO MEMORY 

47 M 

o 1 2 3 8 9 

The contents of the A register are compared with the 
contents of the effective memory location. If the con
tents of A are unequal to the contents of the effective 
location, the next instruction in sequence is skipped 
and the following instruction is executed. If the con
tents of A are equal to the contents of the effective 
location, the next instruction in sequence is executed. 

23 

Affected: (P) Timing: 2 if no skip 
3 if skip 

SKQ SKIP IF MASKED QUANTITY IN A IS 
GREATER THAN MEMORY 

56 M 

o 1 2 3 8 9 23 

Se lected bits of the contents of the A register are com
pared with the corresponding bits in the contents of the 



effective memory location. If the selected bits in the 
contents of A are greater than the selected bits in the 
contents of the effective location, the next instruction 
in sequence is skipped and the following instruction in 
sequence is executed. If the selected bits in the con
tents of A are less than or equal to the selected bits in 
the contentsof the effective location, the next instruc
tion in sequence is executed. 

The bits in A to be compared are selected by placing 
one-bits in the corresponding bit positions of the B 
register and zero bits in the remaining bits of B. 

The contents, orany selected subset of the contents, of 
A and the effective memory location are considered to 
be 24-bit, or fewer, positive integers. The contents 
of the B register are considered to be an unsigned, 24-
bit, non-numeric quantity. 

Affected: (P) Timing: 2 if no skip 
3 if skip 

Example: SKQ M 

(A) 

04703621 

(B) 

00077777 

(M) 

00010413 

The mask in B will compare bit positions 9 through 23. 
Since those positions of memory are greater than those 
positions of A, no skip will occur. 

SKF SKIP IF FLOATING EXPONENT IN 
B GREATER THAN OR EQUAL TO 
EXPO NENT IN MEMORY 

50 M ] 
o 1 2 3 8 9 23 

Bits 15 through 23 in the contents of the B register are 
compared with bits 15 through 23 in the contents of the 
effective memory location. If the contents of the 9-bit 
field of the B register are algebraically greater than or 
equal to the contents of the 9-bit field of the effective 
location, the next instruction in sequence is skipped 
and the following instruction is executed. If the con
tents of the 9-bit field of the B reg ister are algebrai
cally less than the contents of the 9-bit field of the 
effective location, the next instruction in sequence is 
executed. 

The contents of the 9-bit field, bits 15 through 23, of 
the B register and the effective location are considered 
to be 8-bit numeric quantities (bits 16-23) with a sign 
in bit 9. All negative numbers are considered to be in 
two's complement form. 

Affected: (P) Timing: 2 if no skip 
3 if skip 

Example: SKF M 

(B) (M) 

34761204 05637763 

Since the exponent in B is positive and therefore alge
braically greater than the negative exponent in memory, 
a skip will occur. 

SKA 

o 1 2 3 

SKIP IF A AND MEMORY DO NOT 
COMPARE ONES ANYPLACE 

54 M 

8 9 23 

The contents of the A register are compared, bit by bit, 
with the contents of the effective memory location. If 
the contents of the A register and the contents of the 
effective location do have dt least one pair of 1-bits 
in correspond ing bit positions, the next instruction in 
sequence is executed. 

The instruction logically ANDs corresponding bits in A 
and memory, based on the following table: 

(A) (Memory) Resu It ----
0 0 0 
0 1 0 

0 0 
1 1 

If the resultproducesa 1 inanybitposition, askipwill 
not occu r. Different configurationsof the memory word 
result in a wide variety of conditional instructions for 
use by the programmer. Some examples are: 

Memory Configuration 

40000000 
77777777 
00000001 

Effect 

Skip if A is positive 
Skip if A = 0 
Skip if A is even 

Affected: (P) Tim ing: 2 if no skip 
3 if skip 

SKB SKIP IF MEMORY AND B COMPARE 
ONES ANYPLACE 

52 M 

o 1 2 3 8 9 

The contents of the B register are compared, bit by bit, 
with the contents of the effective memory location. If 
the contents of the B reg iste r and the contents of the 
effective location do have at least one pai r of 1-bits 
in corresponding bit positions, the next instruction in 
sequence is skipped and the following instruction is 

23 
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executed. If the contents of the B register and the 
contents of the effective location do not have at least 
one pair of 1-bits in corresponding bit positions, the 
next instruction in sequence is executed. 

The instruction logically ANDs corresponding bits in 
B and memory, based on the following table. 

(B) 

o 
o 

(Memory) 

o 
1 
o 

Result 

o 
o 
o 

If the result produces a in any bit position,. a skip will 
occur. Different configurations of the memory word re
sult in a wide variety of conditional instructions for use 
by the programmer. 

Some representative ones are: 

Memory Configuration 

40000000 
77777777 
00000001 

Effect 

Skip if B is negative 
Skip if B 10 
Skip if B is odd 

Affected: (P) Timing: 2 if no skip 
3 if skip 

SKN SKIP IF MEMORY NEGATIVE 

53 M 

o 1 2 3 8 9 

If the contents of the effective memory location are 
negative, the next instruction in sequence is skipped 
and the following instruction is executed. If the con
tentsofthe effective location are positive or zero, the 
next instruction in sequence is executed. 

23 

Affected: (P) Timing: 2 if no skip 
3 if skip 

SKR REDUCE MEMORY, SKIP IF NEGATIVE 

73 M 

o 1 2 3 8 9 

The contents of the effective memory location are re
duced by one and the resu It replaced into the same 
location and then tested. If the contents of the effec
tive memory location are then negative, the next 
instruction in sequence is skipped and the following 
instruction isexecuted. If the contentsofthe effective 
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23 

location are positive or zero, the next instruction in 
sequence is executed. 

Overflow will not set the OVERFLOW indicator. 

Affected: (EM)! (P) Timing: 

SKP SKIP IF BIT SUM EVEN, PARITY TEST 

1,1 X I 51 M 

o 1 2 3 8 9 

3 

23 

Selected bits in the contents of the effective memory 
location are summed and the resulting sum is tested for 
be ing odd or even. If the selected-bit sum is even, the 
next instruction in sequence is skipped and the following 
instruction is executed. If the selected-bit sum is odd, 
the next instruction in sequence is executed. 

The bits to be summed are selected by plac ing 1-bits 
in the corresponding bit positions of the I:S register and 
O-bits in the remaining bits of B. 

The contents of B and the effective location are con
sidered to be unsigned! 24-bit, non-numeric quantities. 

Due to the bit selection process, the roles of the B 
register and the effective location can be reversed, 
forming a test on the contents of the B register. 

Affected: (P) 

Example: SKP M 

(B) 

04003777 

Tim ing: 2 if no skip 
3 if skip 

(M) 

61473556 

The bits to be summed are 3 and 13-23. Since memory 
has an even number of one-bits in these positions, a 
skip will occur. 

Logically this instruction sums the ones in the logical 
product (AND) of memory and B. Therefore, the "mask" 
could be in either memory or B. 

Th is instruction can be used for internal parity checking 
of data received from some input source. 

SHIFTING OPERATIONS 

The shift instructions operate on the contents of the A 
and B registers and offer complete facility for right 
shifting, left shifting, cycling, and normalizing the 
contents of these two reg isters. Each register may be 
shifted independently and both may be independently 
shifted simultaneously. The A and B registers may be 



combined to form a double-length register whose double
length contents can also be shifted, cycled or normal
ized. This double-length register is referred to by the 
D in shift instruction mnemonics. When the contents 
of the A and B reg isters are sh if ted right together, bits 
from bit position 23 of the A reg ister are sh if ted into bit 
position 0 of the B register. When the dou ble register 
is sh if ted left, bits from bit position 0 of the B register 
are sh if ted into bit position 23 of the A register. 

The instruction format for shifting, cycling, and 
norma I iz ing is: 

SHIFT SHIFT REGISTER 

00 01 02 03 04 05 06 07 

A 1 in bit position 9 is used to indicate a normalize 
instruction (see Norma lize Instructions). All other 
shifts have a 0 in this position. 

Bit positions 10-11 determine the combination of 
registers for a shift in the following manner: 

(10) (11 ) Registers Shifted 

0 0 A and B together as a double register 
0 1 B only 
1 0 A only 
1 1 A and B independently 

The type of shift is specified in positions i2- i4 as shown 
below: 

Bit 
Position Type 

12 0 right 
1 left 

13 0 shift 
cycle 

14 0 arithmetic 
1 logical 

SHIFT/CYCLE INSTRUCTIONS 

The contents of the A, B, or double register may be 
sh if ted both logically and arithmetically. In an arith
metic right shift, with either the A, B, or the double 
register, the sign bit of the contents of the register 
does not shift right but the sign bit value 0 or 1 is 
copied into the next bit position as it is vacated for 
each bit shifted. Hence, in a right arithmetic shift, 
the sign bit is said to be extended to the right. In an 
arithmetic left shift; with either the A or the double 
register, the sign bits of the contents of the A register 
shift, but if during the shift a bit value different from 

the sign is shifted into the sign bit position of A, the 
OVERFLOW indicator is set. The B register is shifted 
left arithmetically in the same manner except that no 
test is made for 0 sign change and the OVERFLOW 
indicator is not set. 

The contents of the A, B, or double register can be 
shifted logically, that is, the entire 24 or 48 bits of the 
contents of the register are considered as a unit. The 
vacated bit positions of a register during a left or right 
shift are set to zero. 

The two registers, A and B, can be shifted at the same 
time, but independently in both the arithmetic and 
logical modes. 

The contents of the A, B, or double registers may be 
cycled using the shift instructions. When the contents 
of a register are cycled, the bits which are shifted from 
one end of the register are copied into the other end of 
the register. The contents of registers A and B can a Iso 
be independently cycled, but at the same time. 

Examples: 

(A) before execution 
(A) after execution 

ARSA 8 

40372461 
77700765 

LRSA 8 

40372461 
00100765 

CRSA 8 

40372461 
14300765 

Shift instructions cannot be repeated with REP. 

When a shift instruction is executed, the amount of the 
shift is determined by bit positions 15 through 23 of the 
effective addressof the instruction. These nine bits are 
treated as an unsigned count. If the initial count is 
equal to zero, no shifting occurs. If the initial count 
is greater than 48, it is set equal to 48 before shifting 
begins. Once the shift begins, the count is reduced by 
one for each position shifted until it reaches zero. The 
times in memory cyc les for both left and right sh ifts 
with a count of Care: 

Left Shift Time Right Shift 

C~ 6 2 C~ 3 
6 < C < 28 3 3 < C < 14 

28 < C ~ 48 4 14 < C :s.25 
5 25 < C < 36 
6 36 < C < 47 
7 C~48 

Since the type of shift and number of shifts are determined 
by bits 9 through 23 of the effective address, indirect 
addressing and/or indexing drastically alter the action 
specified in a shift instruction. When procuring the 
effective location for a shift instruction, 

15-bit indexing is performed with all indirectly 
addressed operands, and 

9-bit indexing is performed with all directly 
add ressed operands. 
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That is, indexing with a direct address can affect only 
the 9-bit sh ift count. 

The following examplesofcoding an ARITHMETIC RIGHT 
SHIFT A (ARSA) instruction give an idea of the variable 
facility offered in the shift instruction through the use 
of indexing and indirect addressing. 

Examples: 

The following sample instructions indicate three differ
ent ways that the sh ift instruction can be written to 
shift a number contained in register A four places to 
the right. 

The shift instruction: 

ARSA 04 (0 60 20004) 

is a right shift instruction that causes the contents of 
register A to be shifted right four places. The index 
and indirect address fields are zero, so the instruction 
type and shift count are found in the instruction word 
itself. 

The shift instruction: 

ARSA 0, 1 (1 60 20000) 

has an effective operand of 020000 + (index register 1). 
Assuming the contents of (index register 1) to be 00004, 
the effective operand is 020004. Therefore, the above 
instruction is again a right shift instruction with a count 
of four. 

The shift instruction: 

SHIFT *01000 (460 01000) 

has an effective operand which is the contents of mem
ory location 01000. Assum ing the contents of location 
01000 to be 00020004, the effective operand is 020004. 
Therefore, the above instruction is an arithmetic right 
shift instruction with a count of four. 

ARSA ARITHMETIC RIGHT SHIFT A 

60 20 C 

o 1 2 3 8 9 14 15 23 

The contents of the A register are shifted right the 
number of places specified in bits 15 through 23 of the 
effective operand. The bit in the sign position of A 
does not shift, but its value is copied into the vacated 
bit positions of the shifted number. Bits shifted past bit 
position 23 in A are lost. 

Affected: (A) Timing: 2-7 
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ARSB ARITHMETIC RIGHT SHIFT B 

60 10 C 

o 1 2 3 8 9 14 15 23 

The contents of the B register are shifted right the 
number of places specified in bits 15 through 23 of the 
effective operand. The bit in the sign position of B 
does not shift, but its value is copied into the vacated 
bit positions of the sh if ted number. Bits sh if ted past bit 
position 23 in B are lost. 

Affected: (B) Timing: 2-7 

ARSD ARITHMETIC RIGHT SHIFT DOUBLE 

60 00 I C 

o 1 2 3 8 9 14 15 23 

The contents of the double register (that is, A and B 
registers) are shifted right the number of places speci
fied in bits 15 through 23 of the effective operand. The 
bit in the sign position of Adoes not shift, but its value 
is copied into the vacated bit positions of the shifted 
number. The bit in the sign position of B is shifted as 
any other bit in B. Bits sh if ted out of A23 are sh if ted 
into BO. Bi ts shifted past position 23 in B are lost. 

Affected: (A, B) Timing: 2-7 

ARST ARITHMETIC RIGHT SHIFT TWIN 
(A AND B) 

I II X I 60 30 I C 

01 2 3 8 9 14 15 23 

The contents of the A register and the contents of the B 
register are shifted right the number of places specified 
in bits 15 through 23 of the effective operand. The bit 
in the sign position of A does not shift, but its value is 
copied into the vacated bit positions of the shifted num
ber in A. The bit in the sign position of B does not shift, 
but its value is copied into the vacated bit positions of 
the shifted number in B. Bits shifted past position 23 
in both A and B are lost. No bits sh if ted out of A23 are 
shifted into BO. 

Affected: (A), (B) Timing: 2-7 

LRSA LOGICAL RIGHT SHIFT A 

60 21 C 

I 

o 1 2 3 8 9 14 15 23 

The contents of the A register are shifted right the 
number of places specified in bits 15 through 23 of the 



effective operand. The bit in the sign position of A 
shifts along with the rest of the number and the vacated 
bit positions of the shifted number are filled with zeros. 
Bits shifted past position 23 in A are lost. 

Affected: (A) Timing: 2-7 

LRSB LOGICAL RIGHT SHIFT B 

60 11 C 

o 1 2 3 8 9 14 15 23 

The contents of the B register are shifted right the 
number of places specified in bits 15 through 23 of the 
effective operand. The bit in the sign position of B 
sh ifts along with the rest of the number and the vacated 
bit positions of the sh if ted number are fi lied with zeros. 
Bits shifted past position 23 in B are lost. 

Affected: (B) Timing: 2-7 

LRSD LOGICAL RIGHT SHIFT DOUBLE 

60 01 C 

o 1 2 3 8 9 14 15 23 

The contents of the double register (that is, A and B 
together) are shifted right the number of places specified 
in bits 15 through 23 of the effective operand. The bit in 
the sign position of A and the bit in the sign position of 
B are shifted as any other bits in A and B. The vacated 
bit positions of the shifted number in A are filled with 
zeros. Bits shifted out of A23 are shifted into BO' Bits 
sh if ted past position 23 in B are lost. 

Affected: (A, B) Timing: 2-7 

LRST LOGICAL RIGHT SHIFT TWIN (A AND B) 

60 31 C 

o 12 3 8 9 14 15 23 

The contents of the A register and the contents of the B 
register are shifted right the number of places specified 
in bits 15 through 23 of the effective operand. The bit 
in the sign position of A and the bit in the sign position 
of Bare shifted asany other bits in Aand B. The vacated 
bit positions of the shifted number in A and the vacated 
bit positions of the shifted number in B are filled with 
zeros. Bits shifted past position 23 in both A and Bare 
lost. Bits shifted out of A23 are not shifted into BO, but 
are lost. 

Affected: (A), (B) Timing: 2-7 

CRSA CIRCULAR RIGHT SHIFT A 

60 22 C 

o 1 2 3 8 9 14 15 23 

The contents of the A register are shifted right the 
number of places specified in bits 15 through 23 of the 
effective operand. Bits which are shifted out of bit 
position 23 are copied into bit position O. The register 
is treated as if it were circular and is cycled onto 
itsel f. No bits are lost. 

Affected: (A) Timing: 2-7 

CRSB CIRCU LAR RIGHT SHIFT B 

60 12 C 

o 1 2 3 8 9 14 15 23 

The contents of the B register are shifted right the 
number of places specified in bits 15 through 23 of the 
effective operand. Bits which are shifted out of bit 
position 23 are copied into bit position O. The register 
is treated as if it were circular and is cycled onto 
itself. No bits are lost. 

Affected: (B) Timing: 2-7 

CRSD CIRCU LAR RIGHT SHIFT DOUBLE 

60 02 C 

o 1 2 3 8 9 14 15 23 

The contents of the double register are shifted right the 
number of places specified in bits 15 through 23 of the 
effective operand. The bit in the sign position of B is 
sh if ted as any other bit in B. Bits shifted out of A23 
are shifted into BO. Bits which are shifted from bit 
position 23 of Bare copied into bit position 0 of A. The 
double-length register is treated as if it were circular 
and is cycled onto itself. No bits are lost. 

Affected: (A, B) Timing: 2-7 

CRST CIRCU LAR RIGHT SHIFT TWIN (A AND B) 

60 32 C 

o 1 2 3 8 9 14 15 23 

The contents of the A register and the contents of the B 
register are shifted right the number of places specified 
in bits 15 through 23 of the effective operand, Bits 
shifted from bit position 23 of A are copied into position 
o of A. Bits shifted from bit position 23 of B are copied 
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into position 0 of B. The bit in the sign position of A 
and the bit in the sign position of B are shifted as any 
other bits in A and B. No bits are transferred from one 
register to the other. Both registers are treated as if 
they were circular and are cycled onto themselves. No 
bits are lost. 

Affected: (A), (B) Timing: 2-7 

ALSA ARITHMETIC LEFT SHIFT A 

60 24 C 

o 1 2 3 8 9 14 15 23 

The contents of the A register are shifted left the 
number of places specified in bits 15 through 23 of the 
effective operand. Bits are shifted left through the sign 
position of A but when a bit which is different in value 
from the original sign is shifted into the sign position, 
the OVERFLOW indicator is set. Bits shifted past posi
tion 0 in A are lost. The vacated bit positions on the 
right end of the register are filled with zeros. 

Affected: (A), Of Timing: 2-5 

ALSB ARITHMETIC LEFT SHIFT B 

I I I X I 60 I 14 I C I 
0 1 2 3 8 9 14 15 23 

The contents of the B register are sh if ted left the number 
of places specified in bits 15 through 23 of the effective 
operand. Bits are shifted left through the sign position 
of B but when a bit which is different in value from the 
original sign is shifted into the sign position, the 
OVERFLOW indicator is set. Bits sh if ted past position 
o in B are lost. The vacated bit positions on the right 
end of the register are filled with zeros. 

Affected: (B), Of Timing: 2-5 

ALSD ARITHMETIC LEFT SHIFT DOUBLE 

III X I 60 04 C 

o 1 2 3 8 9 14 15 23 

The contents of the double register are shifted left the 
number of places specified in bits 15 through 23 of the 
effective operand. Bits are shifted left through the sign 
position of A, but when a bit is sh if ted into the sign 
position which is different in value from the original 
sign, the OVERFLOW indicator is set. Bits shifted out 
of BO are shifted into A23. Bits shifted past position 0 
in A are lost. The vacated bit positions on the right 
end of the B reg ister are fi lied with zeros. 

Affected: (A, B), Of Timing: 2-5 
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ALST ARITHMETIC LEFT SHIFT TWIN (A AND B) 

60 34 C 

o 1 2 3 8 9 14 15 23 

The contents of the A register and the contents of the B 
register are shifted left the number of places specified 
in bits 15 through 23 of the effective operand. Bits are 
shifted left through the sign position of A, but when a 
bit which is different in value from the original sign is 
shifted into the sign position, the OVERFLOW indicator 
is set. Bits are shifted left through the sign position of 
B but changes in value of this bit do not cause the 
OVERFLOW indicator to be set. Bits shifted past posi
tion 0 in both A and B are lost. No bits shifted out of 
BO are shifted into A23. The vacated bit positions on 
the right end of the A and B registers are filled with zeros. 

Affected: (A), (B), Of Timing: 2-5 

LLSA LOGICAL LEFT SHIFT A ' 

60 25 C 

o 1 2 3 8 9 14 15 23 

The contents of the A register are shifted left the 
number of places specified in bits 15 through 23 of the 
effective operand. The bit in the sign position of A 
shifts along with the rest of the number. The vacated 
bit positions in the right end of the register are filled 
with zeros. Bits shifted past position 0 in A are lost. 

Affected: (A) Timing: 2-5 

LLSB LOGICAL LEFT SHIFT B 

60 15 C 

o 1 2 3 8 9 14 15 23 

The contents of the B register are shifted left the number 
of places specified in bits 15 through 23 of the effective 
operand. The bit in the sign position of B shifts along 
with the rest of the number. The vacated bit positions 
in the right end of the registerare filled with zeros. Bits 
shifted past position 0 in B are lost. 

Affected: (B) Timing: 2-5 

LLSD LOGICAL LEFT SHIFT DOUBLE 

60 05 C 

o 1 2 3 8 9 14 15 23 

The contents of the double register are sh if ted left the 
number of places specified in bits 15 through 23 of the 
effective operand. The bits in the sign positions of the 



A and B registers shift along with the rest of the number. 
The vacated bit positions in B of the shifted number are 
filled with zeros. Bits shifted out of BO are shifted into 
A23. Bits shifted past position 0 in A are lost. 

Affected: (A, B) Timing: 2-5 

llST LOGICAL LEFT SHIFT TWI N (A AND B) 

60 35 C 

o 1 2 3 8 9 14 15 23 

The contents of the A register and the contents of the B 
register are shifted left the number of places specified 
in bits 15 through 23 of the effective operand. The bit 
in the sign position of A and the bit in the sign position 
of Bare shifted as any other bits in A and B. The 
vacated bit positions of the sh if ted number in A and the 
vacated bit positions of the shifted number in Bare 
filled with zeros. Bits shifted past position 0 in A and 
B are lost. BitsshiftedoutofBOare not shifted intoA23' 

Affected: (A), (B) Timing: 2-5 

ClSA CIRCULAR LEFT SHIFT A 

60 26 C 

o 1 2 3 8 9 14 15 23 

The contents of the A register are shifted left the number 
of places specified in bits 15 through 23 of the effective 
operand. Bits which are shifted out of bit position 0 are 
copied into bit position 23. The sign bit shifts I ike any 
other bit. The register is treated as if it were circular 
and is cycled onto itself. No bits are lost. 

Affected: (A) Timing: 2-5 

ClSB CIRCU LAR LEFT SHIFT B 

60 16 C 

o 1 2 3 8 9 14 15 23 

The contents of the B register are shifted left the number 
of places specified in bits 15 through 23 of the effective 
operand. Bits which are shifted out of bit position 0 are 
copied into bit position 23. The sign bit shifts I ike any 
other bit. The register is treated as if it were circular 
and is cycled onto itse!f. !'.b bits are !ost. 

Affected: (B) Timing: 2-5 

ClSD CIRCU LAR LEFT SHIFT DOU BLE 

60 06 C 

o 1 2 3 8 9 14 15 

The contents of the double register are shifted left the 
number of places specified in bits 15 through 23 of the 
p.ffective operand. The bits in the sign positions of A 
and B are shifted as in any other bit in the number. 
Bits shifted out of BO are shifted into A23. Bits which 
are shifted from bit position 0 of A are copied into bit 
position 23 of B. The double-length register is treated 
as if it were circular and is cycled onto itself. No bits 
are lost. 
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Affected: (A, B) Timing: 2-5 

ClST CIRCU LAR LEFT SHIFT TWIN (A AND B) 

60 36 C 

o 1 2 3 8 9 14 15 23 

The contents of the A register and the contents of the B 
register are shifted left the number of places specified 
in bits 15 through 23 of the effective operand. Bits 
shifted from bit position 0 of A are copied into position 
23 of A. Bits shifted from bit position 0 of B are copied 
into position 23 of B. The bit in the sign position of A 
and the bit in the sign position of B are shifted as any 
other bits in A and B. No bits are transferred from one 
register to the other. Both registers are treated as if 
they were circular and cycled onto themselves. No bits 
are lost. 

Affected: (A), (B) 

NORMALIZE INSTRUCTIONS: 

Timing: 2-5 

In the norma I ize instructions, the count (bits 15 through 
23 of the instruction) is not inspected. Instead, the 
contents of the A (or double register) are shifted left 
unti I the contents of the sign bit of A and the contents 
of bit position one of A are not equal, and vacated bit 
positions are filled with zeros. 

A count is kept of the number of sh ifts made, and when 
the norma I ize operation is complete, th is cou nt is sub
tracted from the contents of index reg ister 1. If the 
count should exceed 48 (060), the indication is that the 
contents of the A (or double register) were initially equal 
to zero. In th is case, 48 (060) is su btracted from index 
register 1. If index register 1 overflows negatively into 
bit position 15, the OVERFLOW indicator is set. 

The timing for a normalize instruction is the same as for 
a left shift. The maximum time is five cycles. 
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It is important to note the overflow condition. The 
normalize count is subtracted from the five low-order 
octals, address portion, of Xl but overflow is deter
mined on the basis of the low three octals, i.e., as 
though these octals contained a floating-point exponent. 
Therefore, a shift count of 20 subtracted from an Xl of 
1010410 results in an Xl of 1010370 with overflow set, 
i.e., 01370 would be a valid address but 370 would 
not be a va I id exponent. 

NORA NORMALIZE A 

60 64 000 

o 1 2 3 8 9 14 15 23 

The contents of the A register are shifted left until a bit 
which is not equal to the bit in the sign position of A, 
position 0, appears in position 1 of A. 

Affected: (A), (X 1), Of Timing: 2-5 

NORD NORMALIZE DOUBLE 

60 I 44 I 000 

o 1 2 3 8 9 14 15 23 

The contents of the double register (that is, A and B 
together) are shifted left until a bit which is not equal 
to the bit in the sign position of A, position 0, appears 
in position 1 of A. . 

Affected: (A), (B), (X 1), Of Timing: 2-5 

Example: 

NORD (A) (B) (Xl) Of 

Before execution: 
After execution: 

00004632 76124035 00000000 0 
23153705 20164000 00077765 

CONTROL GROUP 

HLT HALT 

00 M 

o 1 2 3 8 9 23 

When this instruction is executed, the computer halts 
computation, sets the HALT flip-flop, and turns on the 
HALT I ight on the conso Ie . To resume computat ion, 
the operator must first press the IDLE switch. The in
struction whose address is contained in the P register 
wi II be executed when the operator presses either the 
RU N or STEP switch. 
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Th is instruction cannot be repeated with REP, and indirect 
addressing and indexing do not apply. 

When HALT (HLT) is executed, all internal computation 
within the central processor will cease at the end of the 
present instruction be ing executed. If a data channel 
operation is in progress, it will continue until completed. 

If an interrupt occurs while the computer is halted 
due to the execution of HALT (H LT), the interrupt is ac
knowledged as usual. The execution of BRANCH AND 
CLEAR INTERRUPT (BRC) to clear the interrupt and 
return to the main program causes the next instruction 
following H LT to be executed and the program to 
continue. 

Affected: HALT (fl ip-flop and indicator) Timing: 1 

NOP NO OPERATION 

10 I M 

o 1 2 3 8 9 23 

The execution of this instruction has no effect on any 
register, indicator, or memory. This instruction can be 
repeated with REP, indirect addressing and indexing do 
apply, and address calculation proceeds in a manner 
identical to a load instruction. However, when the effec
tiveoperand is accessed from memory, no furtheroperation 
is performed. 

Affected: None Timing: 2 

EXU EXECUTE 

21 M 

o 1 2 3 8 9 23 

The execution of this instruction causes the contents of 
the effective memory location to be executed as an in
struction without altering the contents of the program 
counter. If the effective locat ion is not a branch, 
skip, or another EXU instruction, the next instruction 
in sequence after the EXU is executed following the 
execution of the contents of the effective location. 

If the contents of the effective memory location are a 
branch instruction, program control will go to the 
effective location of the branch and not to the next 
instruction in sequence following EXU. 

If the contents of the effective memory location are a 
skip instruction, then, depending on the skip decision, 
program control will go to the next instruction or the 
next instruction plus one following the EXU. 



If the contents of the effective memory location are an
other EXU, the above process is continued identically, 
with the normal return being the initial EXU instruction 
location plus one. This process can be cascaded in
definitely. 

This instruction cannot be repeated with REP. 

Affected: None Timing: 

Example: 

The SUBTRACT (SUB) instruction is executed in sequence 
using EXU: 

Location 

0200 
0201 
0202 

01000 

01500 

02000 

03000 

Instruction 

LDA 01000 
EXU 02000 
STA 01500 

00000005 

00000000 

SUB 03000 

00000004 

After execution of STORE A (STA), the contents of loca
tion 01500 are 00000001. 

INT INTERPRET 

07 M 

o 1 2 3 8 9 23 

INT loads the contents of bit positions 3 through 8 of the ef
fective memory location into bit positions 18 through 23 of 
index register 2 and sets bit positions 9 through 17 of index 
register 2 to zero; INT leaves bit positions 0 through 8 of 
index register 2 unaffected. This instruction can use an in
dex register to modify the effective memory location at any 
leve I. 

If bit posi tion 1 of the effective location contai ns a 1, the 
computer skips the next instruction after INT and executes 
the following instruction. Ifbitposition 1 containsaO, the 
computer executes the next instruction after INT. 

Affected: (X2) Timing: 2 if no skip 
3 if skip 

REP REPEAT INSTRUCTION IN M 

23 M 

o 1 2 3 8 9 23 

This instruction provides the faci lity to execute an in
struction repeated I y using these additiona I features: 

1. The number of instruction executions desired can be 
given. 

2. Skip class instructions can be used to make a re
peated test on a sequence of data. 

3. Between each data word operated upon, the ad
dresses of the data words may be incremented or 
decremented by a 3-digit octal number. This facil
ity allows repeated instructions to jump through a 
table and operate on selected data. 

The instruction contained in the effective location is 
executed repeatedly until the specified number of data 
operands have been operated upon. Then the next in
struction in sequence after the REP is executed. If the 
instruction in the effective location is a skip class test 
instruction, the instruction is executed repeatedly until 
the number of data operands have been operated upon or 
until a skip occurs. If no skip occurs, the next instruc
tion in sequence after REP is executed. If a skip occurs, 
the next instruction in sequence after REP is skipped and 
the following instruction is executed. 

Index registers X 1 and X2 are used with REP. 

Prior to execution, 

1. Index register X2 must be loaded with the "negative 
repeatcount,"which is the two's complement of the 
maximum number of successive instruction execu
tions desired, 

2. Bits 9 through 23 of index register Xl must be load
ed with the effective address to be used by the re
peated instruction, 

3. Bits 0 through 8 of index register Xl mustbe loaded 
with the desired increment value. 

When REP is executed, the instruction code only of the 
effective memory location of the instruction to be re
peated is used since the data addresses are taken from 
index regi ster X 1. Each ti me the repeated instruction 
is executed, index register X2 is counted up by one 
and the effective address in index register X 1 is modi
fied by adding the signed increment to the base address. 
When index register X2 equals zero, the instruction be
ina reoeated is terminated and the instruction seauence 

...., I I 

after REP is executed. If index register X2 is not 
equal to zero, the instruction is again repeated, using 
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the modified contents of index register Xl as the effec
tive address. No other indirectaddressing or indexing 
can occu r in the repeated instruction except as described 
above. When the repeat sequence is terminated, index 
register Xl contains the last address referred to plus the 
increment. If X2 is initially zero, the instruction in 
M is repeated 32,768 times unless otherwise terminated. 
The repeat count counts upward and overflows into the 
increment field. 

Double-precision instructions may be repeated by means 
of the following procedure. The starting address must 
be the location of the least significant half of the first 
operand. In other words, if the first double-precision 
operand of a group that is to be operated on in the 
repeat mode is in location M, then the address M + 1 is 
loaded into index register Xl before starting the repeat 
operation. For double-precision, the increment in 
index register 1 shou Id be equal to or greater than two. 

The user can use the complete indexing and indirect ad
dressing fac iI ity to find the repeated instruction (noting, 
of course, that Xl and X2 must additionally correspond 
to the count increment and data address). 

This instruction can effectively provide search capa
bilities when used with the indicated Skip Class 
Instruction: 

1. Search for equality (SKE) 

2. Search for inequal ity (SKU) 

3. Search for selective equality (SKM) 

4. Search for number larger than or equal to A (SKL) 

5. Search for number strictly less than A (SKG) 

6. Search for negative number (SKN) 

7. Search for zero number (SKE, (A) = 0) 

8. Search for non-zero number (SKU, (A) = 0) 

9. Search for odd number (SKB, (B) = 00000001) 

10. Search for even number (SKA, (A) = 00000001) 

11. Search for number having ones in bit positions 
specified by B (SKM, (A) = 77777777, (B) = MASK) 

12. Search for number having zeros in bit positions 
specified by B (SKM, (A) = 00000000, (B) = MASK) 

In addition to search capabil ity, the instruction provides 
these high-speed operations: 

1. High-speed parallel input/output when the instruc
tion to be repeated is either a PARALLEL INPUT 
(PIN) or PARALLEL OUTPUT (POT). 
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2. Selective memory clear when the instruction to be 

repeated is STORE A (ST A) and the A register con
tains zero. 

3. High-speed addition of successive numbers when the 
instruction to be repeated is ADD M TO A (ADD). 

4. High-speed addition of a single constant to a group 
of successive memory locations if the instruction to 
be repeated is ADD A TO M (ADM). 

5. Moving all words in a table to the following memory 
location if the instruction to be repeated is EX
CHANGE M AND A (XMA). 

Affected: (X 1), (X2), and other 
registers as determined 
by the instruction to 
be repeated 

Example: Repeat Searches 

Timing: 3+N(T-1) 
N = Repeat cou nt 
T= Execution time 

of repeated 
instruction 

Assume these in itia I conditions for the follow ing examples 
of search operations using REPEAT INSTRUCTION IN 
M (REP). 

Register/Location 

Index Xl 
Index X2 
Locat ion AAA 
01000 
01001 
01002 
01003 

1. SKIP IF A EQUALS M (SKE) 

Contents 

00101000 
00077774 
32000000 
10000000 
20000001 
32000000 
04000000 

Assume bits 3 through 8 of location M contain 45, the 
instruction code for SKIP IF A EQUAL M (SKE). 

When this sequence of coding: 

NOS KIP 
SKIP 

LOA 
REP 
BRU 
BRU 

AAA 
M 
NOTEQ 
EQUL 

(M) X 45 XXXXX 

is executed, the instruction in location SKIP is executed 
next after the execution of REP. At th is time, X 1 contains 
00101003 (the address plus one of the equal operand). 

2. SKIP IF A LESS THAN OR EQUAL TO M (SKL) 

Assume bits 3 through 8 of location M contain 44, the 
instruction code for SKIP IF A LESS THAN OR EQUAL 
TO M (SKL). Let the contents of location CCC be 
02400000. 



When this sequence of coding: 

NOSKIP 
SKIP 

LDA 
REP 
BRU 
BRU 

CCC 
M 
NLTE 
LESEQ 

(M) X 44 XXXXX 

is execu ted, a search is made for a number to wh ich 
024000000 is less than or equal. In this case., it is not 
found. Therefore, instruction BRU NLTE is executed 
after REP. At this time, Xl contains 00101004. 

3. SEARCH FOR ODD NUMBER IN T .A.BLE 

Assume bits 3 through 8 of location CCC contain 52 
(octal for SKIP IF M AND B DO COMPARE ONES). 

Let location BBB contain 00000001 
and location CCC contain 05200000 

When this coding: 

NOSKIP 
SKIP 

LDB 
REP 
BRU 
BRU 

BBB 
CCC 
EVEN 
ODD 

is executed, a search occu rs for a number with a in 
its least significant bit. 

FLAG 

00 01 

FLAG REGISTER CONTROL AND 
SENSE SWITCH TESTS 

02 03 04 05 06 07 

~2 
This instruction sets, resets, and/or tests selected bit 
positions in the flag register. One mode of its opera
tion also selectively tests the condition of the SENSE 
switches on the 9300 console. This instruction sets 
flag bits to one; it resets them to zero. 

The flag register is a 6-bit register whic h is displayed 
on the control console (see Figure 5-1) as six indicators, 
one of wh ich is the OVERFLOW indicator (bit one). The 
other five indicators are used by the programmer as he 
desi res. 

When instruction bit number 9 is made zero, the instruc
tion refers only to the flag register. Bits 12 through 17 
refer to reset operations; bits 18 through 23 refer to set 

operations. In this mode, bits 12 and 18 refer to flag 
indicator 1, bits 13 and 19 refer to flag indicator,'2, and 
so on, with bits 17 and 23 referring to flag indicator 6. 
To reset or reset test an indicator, a one is placed in 
the corresponding bii position in bits 12 through 17. To 

set or set test an ind icator, a one is placed in the cor
responding bit position in bits 18 through 23. 

This instruction requires one cycle if no skip occurs, two 
cycles if a skip occurs. 

When instruction control bit 9 is set to one, the instruc
tion refers only to the SENSE switches. The six SENSE 
switches are referred to by the bits in 12 through 17 and 
18 through 23 exactly as the flag indicators above. 

Bits 10 and/or 11 can also be used when bit 9 is set to 
one. This producesa test which is the logical merge of 
the SWT with the test portion of FRTS and/or FSTR, i.e., 
no skipoccurs ifany test ismet. No setting or resetting 
of the flags occurs in any case. Therefore, with bits 
10 and 11 both set, a test is produced wh ich does not 
skip if any SENSE switch or flag specified by bits 12 
through 17 is reset or if anySENSEswitchorflagspeci
fied by bits 18 through 23 is set. 

Th is instruction cannot be repeated with REP. 

FIRS FLAG INDICATORS RESET AND SET 

o 22 o RESET SET 

023 8 9 11 12 17 18 23 

For each 1-bit in bit positions 12 through 17 the corres
ponding flag indicator is reset. For each 1-bit in bit 
positions 18 through 23 the corresponding flag indicator 
is set. If a flag is designated in both the reset and set 
fields, its state is unconditionally changed. 

Affected: (F) Timing: 

FSTR FLAG INDICATOR SET TEST/RESET 

o 22 RESET SET TEST 

o 2 3 8 9 11 12 17 18 23 

If any of the flag indicators specified in bit positions 
18 through 23 is set, the next instruction in sequence 
is executed. If none of the spec ified flags is set, the 
next instruction in sequence is skipped and the follow
ing instruction is executed. 

After testing, any flag specified by bit positions 12 
through 17 is unconditionally reset to O. 

Affected: (F), (P) Timing: 1 if no skip 
2 if skip 
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FRTS FLAG INDICATOR RESET TEST/SET 

o 22 2 I RESET TEST I SET 

023 8 9 11 12 

If any of the flag indicators specified in bit positions 12 
through 17 is reset (equal to 0), the next instruction in 
sequence is executed. If none of the specified flags is 
reset, the next instruction in sequence is skipped and 
the following instruction is executed. 

After testing, any flag specified in bit positions 18 
through 23 is unconditionally set to 1. 

Affected: (F), (P) Timing: 1 if no skip 
2 if skip 

FRST FLAG INDICATOR RESET/SET TEST 

o 22 3 I RESET TEST I SET TEST 

o 2 3 8 9 11 12 17 18 23 

If any of the flag indicators specified in bit positions 12 
through 17 is reset or if any of the flag indicators speci
fied in bit positions 18 through 23 is set, the next instruc
tion in sequence is executed. 

If none of the flag indicators specified in bit positions 
12 through 17 is reset and if none of the flag indicators 
specified in bit positions 18 through 23 is set, the next 
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instruction in sequence is skipped and the following 
instruction is executed. 

If a flag is specified in both the reset and set fields, its 
status is ignored, and the instruction does not sk ip. 

This instruction does not alter the condition of the flag 
register. 

Affected: (P) 

SWT 

o 22 

o 2 3 

Timing: 1 if no skip 
2 if skip 

SE NSE SWITCH TEST 

4 I RESET TEST I SET TEST I 
8 9 11 12 17 18 23 

If any of the SENSE switches specified in b it positions 
12 through 17 is reset, or any of the SENSE switches 
specified in bit positions 18 through 23 is set, the next 
instruction in sequence is executed; otherwise, the 
next instruction in sequence is skipped and the follow
ing instruction is executed. 

If a SENSE switch is specified in both the set and reset 
fields, its status is ignored and the instruction does not 
skip. 

A SENSE switch is said to be set when it is on, or lit. 

Affected: (P) Timing: 1 if no skip 
2 if skip 



3. INTERRUPT SYSTEM 

The SDS 9300 Computer contains a Priority Interrupt 
System that provides added program control of input/ 
output and compute operations, and allows immediate 
recognition of special external conditions on the basis 
of predetermined priority. The Priority Interrupt 
System is essentially a combination of hardware pro
visions and programming techniques. Various devices 
(such as the communication channels, interrupt buttons 
on the console, power fai I-safe, real-time clock) can 
cause interruption of the program being executed by 
the computer by transmitting interrupt pulses to inter
rupt levels in the computer. 

Location 
and Level 

00 
01 

02 
03 

04 

05 

06 
07 

010 

011 

012 

013 

014 

015 

016 

Oi7 

Name 

Power On 
Power Off 

Table 3-1. 

Centra I Processor Pari ty 
Input/Output Channel Parity 

Memory Protection 

Unassigned 

Clock Sync 
Clock Pulse 

Channel A Zero Word Count 
(End -of -Word) 

Channel A End-of-Record 
(End-of-Transmission) 

Channel B Zero Word Count 
(End -of -Word) 

Channel B End-of-Record 
(End-of -Transmission) 

Channel C Zero Word Count 
(End-of-Word) 

Channel C End-of-Record 
(End-of - Transm ission) 

Channel D Zero Word Count 
(End-of-Word) 

Channei D End-of-I<ecord 
Ir I r.,.. •• \ \cna -or -I ransmlSSlon) 

PRIORITY ASSIGNMENT 

All interrupt devices used with a special computer in
stallation are assigned unique, numbered priority levels 
(see Table 3-1) identified by octal numbers 00 through 
01777, with the higher priority levels having a smaller 
number. Interrupt levels 00-037 are SDS optional hard
ware interrupt levels, are normally reserved for up to 32 
special-purpose interrupt devices, and are normally add
ed in pairs. Interrupt levels 040-01777 are special sys
tems interrupt levels which can be added in any number 
up to 992 for genera I-purpose interrupts. 

Interrupt Locati ons 

Description 

These two optional interrupts are always armed, always 
enabled, and are used with the power fai I-safe system. 
When the power drops below safe I imits, an interrupt 
occurs on 01. When power returns to a normal level, an 
interrupt occurs on 00. 

These two optional interrupts are armed or disarmed at 
the maintenance panel. When armed and a memory 
parity occurs, an interrupt is generated to the appropri
ate level depending on whether the parity was detected 
in the central processor or within a channel. 

This optional interrupt level is activated if an instruction 
attempts to alter the contents of II protected" memory. 

The program uses these optional interrupts for implement
ing a continuous or elapsed time clock (see Real-Time 
C lock Interrupts). 

These standard interrupts are used by channel A to signal 
the program when various events have occurred. 

Supplied with the optional channel 

Supplied with the optional channel 

Supplied with the optional channel 
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Location 
and Level 

020 
021 

022 
023 

024 
025 

026 
027 

030 
031 

032 
033 

034 
035 
036 
037 

040 

057 

060 

077 

01760 

01777 

Table 3-1. Interrupt Locations (cont.) 

Name 

Channel E Zero Word Count 
Channel E End-of-Record 

Channel F Zero Word Count 
Channel F End-of-Record 

Channel G Zero Word Count 
Channel G End-of-Record 

Channel H Zero Word Count 
Channel H End-of-Record 

Floating-Point Instruction Trap 
Floating-Point Overflow
Underflow Trap 

Console Button INTER 32 
Console Button INTER 33 

Unassigned 

Group 1 Optional Special 
Systems Interrupts (address 
code 00) 

Group 2 Optional Special 
Systems Interrupts (address 
code 01) 

Group 62 Optional Special 
Systems Interrupts (address 
code 076) 

Description 

I Supplied with the optional channel 

I Supplied with the optional channel 

I Supplied with the optional channel 

I Supplied with the optional channel 

I See Trap Locations 

The two standard interrupt buttons on the console wi II 
cause interrupts to these locations. These are single
instruction interrupts, are always armed, always enabled, 
and need not be c I eared by program. 

All special systems interrupts are general-purpose, can 
be added in any number, and can be single-instruction 
or subroutine interrupts in any desired combination. If 
the optional Arm Interrupts Control Unit is not present, 
these interrupts are always armed. However, if the con
trol unit is present, these interrupts are armed by EOM, 
POT. These interrupts are enabled if the interrupt sys
tem is enabled and are disabled if the interrupt system 
is disabled. 



INTERRUPT LEVEL OPERATION 

As shown in Figure 3-1, each interrupt level has three 
distinct operating states. In the inactive state, the 
level has not received a pulse from its assigned inter
rupt device. When the pulse is received, the level is 
unconditionally set to the waiting state. If no higher
priority level is in the waiting or active states, the 
interrupt level causes the computer to execute the in
struction stored in the memory location corresponding to 
the priority number of the interrupt level as the next in
struction. This recognition of an interrupt signal by the 
computer is accompl ished at the end of the execution 
cycle of the instruction currently being executed, and 
advances the interrupt level to the active state. The 
instruction in the interrupt location is executed without 
incrementing the program counter (P register), and all 
lower-priority interrupt levels are inhibited until the 
interrupt level is cleared. The instruction placed in the 
interrupt location can be either a single instruction or a 
subroutine entry, depending on the type of interrupt level. 

INACTIVE 

Proceed if ARME D 

WAITING 

Proceed if ENABLED 

t 
Proceed if Proper Priority 

• ACTIVE 

Figure 3-1. Interrupt Arm/Enable Response 

SINGLE-INSTRUCTION INTERRUPT 

If the interrupt level is a "single-instruction" interrupt 
leve I, the computer executes the instruction in the 
interrupt location, clears the interrupt level back to 

the inactive state, and executes the next instruction in 
sequence after the instruction at which the interrupt 
signal was acknowledged. For example, if a clock is 
connec ted to the computer so that it pu I ses an interrupt 
line at specified intervals, the program can maintain a 
real-time clock. If the clock is connected to interrupt 
level 07 (and location 07 contains the instruction 
MPO 02050), the computer adds 1 to location 02050 
each time the clock pulse causes an interrupt. The 
main program can examine location 02050, whenever 
necessary, to determine how many time increments 
have elapsed since the clock was started. 

Some of the optional interrupt levels 00-037 and any of 
the interrupt levels 040-01777 may be single-i nstruction 
interrupts, as required. Single-instruction interrupt 
levels require that the instruction have a timing of 2 or 
more cycles; otherwise, the interrupt level isnotcleared 
after the single instruction is executed. Also, if the 
instruction in the interrupt location is a branch (and the 
branch should occur), the interrupt is cleared but there 
is no automatic return to the interrupted program. 

SUBROUTINE INTERRUPT 

If the interrupt level is a "subroutine" interrupt, the in
struction in the interrupt location is normally a MARK 
PLACE AND BRANCH (BRM) instruction to a servicing 
subroutine which ends in a BRANCH AND CLEAR IN
TERRUPT (BRC) instruction, addressed to the first loca
tion of the subroutine. The BRM instruction places the 
current contents of the program counter (address of the 
next instruction in sequence after the interrupted in
struction) in the first location of the servicing subroutine. 
During execution of the instructions within the servicing 
subroutine, a higher-priority interrupt can be acknowl
edged by the computer and the servici ng subroutine is 
interrupted unti I the higher-priority interrupt has been 
processed. This allows interrupt levels to be arranged 
in the order of their importance and/or need for servic
ing. The BRC instruction at the end of the servicing 
subroutine clears the interrupt level back to the inactive 
state and returns program control to the next instruction 
in sequence in the interrupted program • 

NON·INTERRUPTABLE INSTRUCTIONS 

If an INCREASE INDEX AND BRANCH (BRX) instruc
tion is being executed and the branch should occur, 
the computer does not acknowledge an interrupt sig
nal until the instruction to which BRX branches is 
executed. Also, if an ENERGIZE OUTPUT M (EOM) 
or ENERGIZE OUTPUT TO DIRECT ACCESS CHAN
NEL (EOD) instruction is being executed, the com
puter does not acknowledge the interrupt signal until 
the instruction following the EOM or EOD is exe
cuted. 
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INTERRUPT ARM/ENABLE RESPONSE 

Two control features are avai lable to the programmer 
concerning the interrupt system. These features are 
arm/disarm and enable/disable. As shown in Figure 3-1, 
an interrupt level can proceed from the inactive to the 
waiting state only if it is lIarmed. II If the level is 
IIdisarmed, II the pulse is not II remembered ll by the level. 
Once in the waiting state, the interrupt level remains 
in the waiting state until it has the highest priority of 
waiting interrupts. However, an interrupt level can pro
ceed from the waiting to the active state only if the 
interrupt system is lIenabled. II If the interrupt system is 
disabled, the interrupt level remains in the waiting state 
until the interrupt system is enabled. Pressing the 
RESET button on the control console disarms, disables 
and clears all interrupt levels. 

Some computer appl icat ions requ ire that certa in cond i
tionsalways be immediately recognized and acted upon by 
the computer. For this reason, certain interrupt levels 
are subject only to priority considerations, and always 
cause an interrupt if an interrupt device pulses its inter
rupt line. This type of an interrupt is considered always 
ar.med and always enabled, and cannot be disarmed or 
disabled, except by rewiring the computer. For example, 
the standard interrupt buttons (INTER 32 and INTER 33 
on the control panel) are of th is type, as well as some 
optiona I interrupts (see Table 3-2). All commun ication 
channel interrupt levels are armed, disarmed, enabled, 
and disabled by means of the program. 

ENABLE/DISABLE 

The enable/disable feature is standard with the 9300 
computer, and operates on the entire interrupt system 
(with the exception of power fai I-safe and the console 
interrupt buttons). The interrupt system is enabled by 
execution of ENABLE INTERRUPTS (EIR) and is disabled 
by execution of DISABLE INTERRUPTS (DIR). 

EIR ENABLE INTERRUPTS 
EOM 020002 o 02 20002 

Th is instruction is an EOM in the internal control mode 
(see Section 4, Primary Input/Output Instructions) which 
turns on the INTERRUPT ENABLE indicator on the com
puter control panel and unconditionally enables the 
entire interrupt system. If any interrupt levels are in 
the waiting state when EIR is executed, the one with 
the highest priority proceeds to the active state. 

Affected: INTERRUPT ENABLE Timing: 

OIR DISABLE INTERRUPTS 
EOM 020004 002 20004 

This instruction turns off the INTERRUPT ENABLE indi
cator and unconditionally disables the entire interrupt 
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system {with the exception of power fai I-safe and the 
console interrupt buttons}. If any interrupt levels are 
in the active state when DIR is executed, they are a II 
processed in the order of their priority. If any interrupts 
are in the waiting state when DIR is executed, they will 
remain in the waiting state until EIR is executed. 

Affected: INTERRUPT ENABLE Timing: 1 

lET INTERRUPT ENABLED TEST 
(Skip if Interrupt System Enabled) 

S KS 020004 0 20 20004 

If the interrupt system is enabled when lET is executed, 
the computer skips the next instruction in sequence and 
executes the following instruction. If the interrupt sys
tem is disabled, the computer executes the next instruc
tion in sequence (does not skip). 

Affected: {P} Timing: 1 if no skip 
2 if skip 

lOT INTERRUPT DISAB LED TEST 
(Skip if Interrupt System Disabled) 

S KS 020002 0 20 20002 

If the interrupt system is disabled when IDT is executed, 
the computer skips the next instruction in sequence and 
executes the following instruction. If the interrupt sys
tem is enabled, the computer executes the next instruc
tion in sequence (does not skip). 

Affected: (P) Tim i ng: 1 if no sk i p 
2 if skip 

Table 3-2 summarizes how the various interrupt levels are 
affected by EIR/DIR instructions. Interrupt levels iden
tified as Iialways enabled ll are not affected by EIR/DIR. 

Table 3-2. Int~rrupt Enable/Disable Conditions 

Location 

00, 01 
02, 03 
04 
06, 07 

010 

027 

032, 033 

040 

01777 

Function 

Power Fai I-Safe 
Parity Error 
Memory Protection 
Real-Time Clock 

Communication 
Channels 

Console Interrupt 
Buttons 

Specia I Systems 
Interrupt levels 

Enable/Disable 

Always enabled 

Enabled by EIR 
Disabled by DIR 
or RESET 

Always enabled 

Enabled by EIR 
Disabled by DIR 
or RESET 



ARM/DISARM 

The arm/disarm feature is optional with the 9300 com
puter, although some interrupt levels are always armed 
and some are individually armed by EOM instructions. 
If the optiona I Arm Interrupt Control Unit is present as 
a partof the computer, all interrupt levels from 040 to 
01777 are armed and/or disarmed in groups (i .e., 040-057, 
060-077, etc.), and only bya specific combination of the 
instructions ARM INTERRUPTS (AIR) and PARALLEL OUT
PUT (POT) and a control word. If the Arm Interrupt Con
trol Unit is not present, these interrupt levels are considered 
to be a Iways armed, but are sti II subject to control with 
enable/disable. Table 3-3 summarizes the arm/disarm 
feature for the various interrupts levels: 

Table 3-3. Interrupt Arming Criteria 

Location Function Arm ing Criteria 

00, 01 Power Fail-Safe Always armed 

02, 03 Parity Error Armed at maintenance 
panel 

04 Memory Protect ion Always armed 

06 Clock Sync Always armed 

07 Clock Pulse Arm with EOM 020100 

010-017 TMCC Arm with EIR (compat-
ible mode) 

or 

Arm with EOM (ex--
tended mode) 

020-027 DACC Arm with EOM (ex-
tended mode only) 

032, 033 Consol e Interrupts Always armed 

040- Special System Always armed (or arm 
01777 Interrupt levels with AIR) 

AIR ARM INTERRUPTS 002 20020 
EOM 020020 

AIR is an internal control EOM that prepares the Arm 
Interrupt Control Unit to receive a control word. The 
control word is transmitted to the control unit by a POT 
instruction {see Section 4, Primary Input/Output Instruc
tions}. The instruction sequence AIR, POT must be used 

Example: 

for each group of 16 interrupt levels; otherwise, an un
predictable operation occurs. These instructions have 
no effect on the INTERRUPT ENABLE indicator, and the 
Control Unit is not affected by the indicator. 

Affected: Arm Interrupt Control Unit Timing: 

CONTROL WORD 

The control word which the instruction POT addresses 
has the following format: 

o 5 6 7 .8 23 

The address code {bits 0 through 5} identifies which 
group of interrupts is being addressed {e.g., an address 
code of octal 00 identifies interrupt levels 040-057. 
The C field (bits 6 and 7) specifies whether the interrupt 
levels selected by bits 8 through 23 of the control word 
are to be armed and/or disarmed. Bit position .a of the 
control word represents the lowest-numbered (highest 
priority) interrupt within the group identified by the 
address code {e.g., 040, 060, etc.}. Bit position 23 
represents the highest-numbered (lowest-priority) level 
within the group. 

The C field control functions are: 

Bit Positions 

6 7 

o 0 

o 

o 

Function 

Not used 

Arm only those interrupt levels that are 
selected by a 1 in bit positions 8-23. 
(Interrupt levels represented by a zero 
in bit positions 8-23 are not affected.) 

Disarm only those interrupt levels that are 
selected by a zero in bit positions 8-23. 
{Interrupt levels represented bya 1 in bit 
positions 8-23 are not affected.} 

Arm all interrupt levels selected by a 
1 and disarm those levels selected by 
a zero. 

The following partial program arms interrupt levels 050-067 and disarms levels 070-077. 

Location Instruction Address 

EIR 

AIR 

POT CW1 

Comments 

Enable entire interrupt system {turns INTERRUPT ENABLE indicator on} 

Prepare the Arm Interrupt Control Unit to receive a control word 

Transmit the control word in location CW1 to the Arm Interrupt Control 
Unit 
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Location Instruction Address Comments 

AIR 

POT 

An AIR must precede each POT 

CW2 Transmit the control word in location CW2 to the Arm Interrupt Control 
Unit 

Other instructions in program 

CW1 00200377 This control word only arms levels 050-057. If any of levels 040-047 
are already armed or disarmed, they remain so. 

CW2 01777400 This control word arms levels 060-067 and disarms levels 070-077, 
regard less of their previous state 

CHANNEL INTERRUPT DESIGNATIONS 

As shown in Table 3-1, each I/O channel has two 
interrupt levels. These reflect in two distinct uses 
of interrupts during channel input and output. Also, 
each A, B, C, and D channel I evel has two names that 
reflect their use in the extended or compatible I/O 
modes (see Section 4, Compatible/Extended Input/ 
Output Modes). 

END-OF-WORD/END-OF-TRANSMISSION 
INTERRUPT OPERATIONS; COMPATIBLE MODE 

A program can use channel A as a single-word, di
rect, program-controlled, input/output buffer. Spe
cial I/O instructions applicable to channel A control 
this type of operation (see Section 4). In this mode, 
the program can speci fy that interrupts occur as each 
word is transferred from the channel buffer to the peri
phera� device on output, or as soon as the channel 
buffer is filled from the peripheral device on input. This 
is the End-of-Word (EOW) interrupt. The program can 
specify that an End-of-Transmission (EOT) interrupt oc
curs when the buffer detects a signal such as end-of
record from magnetic tape. During both input and 
output operations, this interrupt occurs when the peri
pheral device used in the transmission disconnects 
and the channel buffer becomes ready for another 
input/output operation. 

These two interrupts also can control input/output ter
mination for any time-multiplexed channel when the 
program is operating the channel buffers in the block 
transmission or "interlaced" compatible mode. In this 
mode, the End-of-Transmission interrupt also occurs 
when the channel buffer has sent a specified number of 
words from memory to a peri pheral device as well as 
when the channel detects an end-of-record signal. How
ever, the End-of-Word interrupt can occur on input only 
after a spec i fi ed number of words have been read from a 
peripheral device, and then only if the channel buffer 
assembles another word. Thus, if the last specified 
word is read into memory before an end-of-record 

3-6 

condition exists, the channel buffer reverts to the singl e-word 
mode of operation, in wh i ch case the End-of-T ransmissi on i n
terrupt occurs when the channel buffer receives the end
of-record signal. If channel A is being used, the 
remainder of the record can be stored in memory without 
th e use of the interlace. However, channels B, C, and 
D operate with interlace only, and a character rate er-
ror may occur if the channel is neglected in this mode 
of transmission. If an end-of-record condition occurs 
first, only the End-of-Transmission interrupt occurs. 
No End-of-Word interrupt occurs during output. 

The enable/disable instructions "enable and arm" or 
"disable and disarm" the End-of-Word and End-of
Transmission interrupts when the channel is not opera
ting in the extended interlace mode. When the EIR 
instruction is executed, the interrupt system is enabled 
and these interrupts are also armed; when DIR is execut
ed, the system is disabled and these interrupts are also 
disarmed. 

ZERO WORD COUNT!END-OF-RECORD; 
EXTENDED MODE 

When the SDS 9300 Input/Output System uses channels 
within its full capabi lities, SDS 9300 input/output func
tions control interlaced block transmission operations 
(see Input/Output Functions, Section 4). The interrupts 
used wi th the extended input/output function control 
are Zero Word Count and End-of-Record. The Zero 
Word Count interrupt occurs when the last of the number 
of words specified is placed into or brought from mem
ory. The End-of-Record interrupt occurs when the chan
nel receives an end-of-record signal (gap). Input/ 
output terminal functions can alter this latter occur
rence for use with magnetic tapes. 

EFFECTS OF THE ENABLE/DISABLE FEATURE 
ON ARMABLE INTERRUPTS 

When operating an input/output channel in the extend
ed mode, the interrupt enable feature controls the 
armable interrupts (Zero Word Count and End-of-Record). 
If a channe I generates an extended mode I/O interrupt 



while the system is disabled, the designated interrupt 
level goes to the waiting state. When the program 
again enables the interrupt system, the interrupt goes 
to the active state when its priority allows. 

This feature greatly simplifies the programmers handling 
of multiple channel operations. The interrupt process
ing subroutine for one channel can disable the interrupt 
system whi Ie it processes the interrupt. During this time, 
the system receives all other interrupts in their respec
tive levels and goes to the waiting state unti I the system 
is again enabled. 

REAL·TIME CLOCK INTERRUPTS 

When present in the system, interrupt levels 06 and 07 
can function as a real-time clock. Interrupt 07 is a 
single-instruction interrupt. As a clock, interrupt 07 is 
designed to contain a skip-class instruction such that if 
a skip occurs (when 07 is activated), interrupt 06 is 
initiated. If the 07-level instruction is not a skip or if 
no skip occurs, interrupt 07 performs as any other 
single-instruction interrupt. 

If SKR C is introduced as the single instruction associ
ated with interrupt 07, the interrupt pair 06 and 07 
constitute a special event counter. This is described in 
the following example: 

If 10 is stored in location C and SKR C is in location 07, 
then interrupt 06 wi II occur after 11 occurrences of 07. 
When the inputs to interrupt 07 come from a rea I-ti me 
c lock, the event counter becomes an interval timer with 
the remaining counts in the interval available internally 
at any time. 

Two instructions arm and disarm these interrupts: 

EOM 020100 
EOM 020200 

Arms interrupt 07 
Disarms interrupt 07 

TRAP LOCATIONS 

Memory locations 030 and 031 are reserved as transfer 
locations in much the same way as the interrupt loca
tions. The locations normally contain MARK PLACE 
AND BRANCH (BRM) instructions. The instruction in 
location 030 is executed when any of the four floating
point instructions is executed in a central processor that 
does not have optional floating-point hardware. This 
condition is called entering a "trap" location. The trap 
location is entered without altering the program counter 
so that the MARK PLACE AND BRANCH (BRM) marks 
the location in the main program that contains the 
floating-point instruction. This facility provides an 
automatic entry to floating-point subroutines via the 
use of floating-point instruction codes. 

The instruction in location 031 is executed as a trap 
whenever an overflow occurs during the execution of a 
hardware floating-point instruction. The MARK PLACE 
AND BRANCH (BRM) in location 031 is normally used 
as an entry to a corrective subroutine. Such an over
flow does not set the OVERFLOW indicator in the flag 
register. 

Traps require no clearing as interrupts do. 

When an interrupt and a trap occur simultaneously, the 
interrupt is delayed until the trap branch instruction is 
executed. 
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4. INPUT/OUTPUT SYSTEM 

INTRODUCTION 

The SDS 9300 has a flexible input/output system to 
complement its high internal processing speed and ver
satile instruction repertoire. The system can transmit 
data in word, character, or single-bit form to and from 
the computer at the speed of internal computation. The 
input/output system assumes control of conditions im
posed by individual characteristics of a wide variety of 
devices, yet it leaves a high degree of input/output 
control to the programmer. 

The I/O system provides for the following kinds of input 
and output: 

1. Input/output of data words, each one of which is 
under direct control of the program 

2. Communication channel input/output of characters 
or words, time-shared with normal accesses to mem
ory and multiplexed with computation 

3. Communication channel input/output of characters 
or words, fully buffered and simultaneous with 
computation 

4. Direct parallel input/output of up to 24 bits of 
information to and from external equipment, com
pletely controlled and sequenced externally from 
the central processor 

5. Direct parallel input/output of up to 24 bits of 
information to and from external registers under 
program control 

6. Single-bit input/output, such as equipment on/off 
status, sense switches, and pulsing and sensing of 
spec ial devices 

TIME-MULTIPLEXED COMMUNICATION CHANNELS 

The SDS 9300 includes as standard equipment one time
multiplexed communication channel (TMCC), with pro
vision for addition of three additional channels. These 
ch annels are capable of automatically contro II i ng the 
flow of data to and from memory at rates up to one word 
every 3.5 microseconds. These channels run independ
ently of the central processor and only interfere with it 
to transfer data to or from memory. 

The time-multiplexed channels use the memory logic of 
the central processor to facilitate input and output of 
data words. The transfer of each word between a time
multiplexed channel buffer and memory requires two 
memory cycles. During this time, computation is de
layed in the central processor. Priority for the use of 
the word input/output iogic is in the order: channei 

D, C, B, A, with channel D having the highest priority. 
Any time-multiplexed channel operating with automatic 
interlace has priority over the central processor for mem
ory access. 

DIRECT MEMORY ACCESS SYSTEM 

In addition to the time-multiplexed channels, a direct 
memory access system is included in the 9300. This 
system uses a separate path to memory from those used 
by the central processor. The separate path to memory 
allows data transfer through the direct access system 
without interfering with the central processor if the mem
ory access is to a module which is not being addressed 
by the central processor. Up to four direct access com
munication channels (DACC), can be attached to the 
direct access system. These channels operate like time
multiplexed channels, except that they are faster and 
provide for a true overlap of input/output with processing. 

Each direct access channel has its own independent 
memory logic. When a memory access is required to 
obtain or store a data word, computation is delayed one 
cycle if the access is in the same memory module being 
addressed by the central processor; if the module is not 
being addressed by the central processor, no time is lost 
and computation is unaffected. When two or more di
rect access channels require memory access simultane
ously, priority is determined as described in Channel 
Memorl Access Priority at the end of this section. 

When a time-multiplexed channel and a direct access 
channel are accessing different modu les, memory access 
overlap occurs as it does in central processor accesses. 

Transmissions between direct access channels and core 
memory are under the control of the channel. At the 
onset of each memory cycle, the control unit interro
gates all direct access channels to determine if one of 
them requi res a transfer to or from computer memory. If 
such is the case, the computer connects the specified 
memory module to the selected direct access channel. 
If, simultaneously, the computer requires access to the 
same memory module, the channel requirement takes 
precedence and computation is delayed one memory 
cycle. If the computer and a direct access channel are 
not accessing the same memory module, the transfer 
takes pi ace wi thout affecti ng computation speed. Thus, 
internal computation and direct access channel trans
missions occur simu I taneousl yond independently when the 
computer and the channel are accessing different 
memory modules. Channel control logic permits the 
transfer of on Iy one word per memory eye I e to and from 
the computer memory independent of the number of 
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operating channels connected to the computer. Thus 
the maximum transfer rate for direct access is one word 
every memory cycle (approximately equal to 571,000 
words per second, or in excess of two million characters 
per second). 

Communication channels E, F, G, and H, if present in 
a system, are attached to the direct memory access sys
tem, and are therefore designated as direct access com
munication channels. Operation of these channels is 
discussed in Communication Channel Input/Output. 

A data multiplex system, which uses the direct access 
memory connection, is also avai lable as an option. 
This system consists of a data multiplex channel that 
accepts/transmits data words and memory addresses from 
many external devices or subchannels, all of which may 
be in operation at the same time. The system is capable 
of transmitting up to 571,000 words per second simulta
neous with computation (see Appendix B). 

In summary, considerable input/output flexibi I ity and 
convenience is afforded the 9300 user. For example, 
the external equipment may inc lude an interlace regis
ter which allows entire blocks of data to be entered into 
or read from memory. Telemetry data may be automati
cally multiplexed or decommutated, obviating sorting 
and sequencing within the computer. 

COMMUNICATION CHANNEL DESCRIPTION 

Up to 30 peripheral devices may be attached to one 
channel. Each of these devi ces has a unique two-digit, 
octal address by which it is selected foran input/output 
operation. To select the peripheral device, the pro
gram loads the proper unit address into the 6-bit unit 
address register (UAR) in the channel buffer. This ad
dress selects both the device and, if appropriate, the 
function to be performed. When any non-zero unit ad
dress is placed in the UAR, the peripheral unit addressed 
is said to be "connected" to the channel and it is said to 
be in the "active" state. When the UAR is loaded with 
a zero address, or any time that a terminal or initial 
condition causes the contents of UAR to be zero, the 
channel is "inactive". The zero in UAR also means that 
no periphera I unit is connected. 

When the channel and the peripheral unit to be used 
have been connected, the channel must have informa
tion pertaining to the location in memory of the data to 
be transmitted or received and pertaining to the number 
or data words in the transfer. 

The number of data words to be in a data transfer is 
loaded into the word count register (WCR). This 15-bit 
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register contains the data word count during the trans
mission. This count is decremented and replaced in the 
WCR for each word transmitted. When the word count 
is equal to zero, the transmission is complete. 

The starting destin('tion or source address in memory of 
the transmitted data is contained in the memory address 
register (MAR). The memory location to or from which 
data words are to be transmitted is loaded into the MAR 
at the same time the word count is entered. During 
transmission of the data, the contents of the MAR are 
incremented after each word just as the contents of WCR 
are decremented. 

TIME-MULTIPLEXED CHANNEL REGISTERS 

In the time-multiplexed channels A through D (see Fig
ure 4-1), there are two other registers besides UAR, 
WCR, and MAR just discussed that are important to the 
programmer; these are the word assemb Iy register (WAR) 
and the single-character register (SCR). The WAR, a 
24-bit, word-sized buffer, contains the word of data 
actively being received or transmitted during an input 
or output operation. During input, 6-bit characters are 
received into the SCR and assembled one at a time into 
the WAR. Then the completed word is placed in memory. 
Depending on the number of characters per word speci
fied' the word placed in memory during input has the 
form: 

One character per word 

Unpredictable Data 1 st 

0 17 18 23 

Two characters per word 

Unpredictable 1 st 2nd 

0 11 12 17 18 23 

Three characters per word 

Unpred. 1 st 2nd 3rd I 
0 5 6 11 12 17 18 23 

Four characters per word 

1 st 2nd 3rd I 4th I 
0 5 6 11 12 17 18 23 
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Figure 4-1. Typical SDS 9300 Time-Multiplexed Communication Channel, Block Diagram 

When the end of an information record is detected by a 
channel buffer, the buffer automatically disengages 
from the device and is then "ready" for another opera
tion. The buffer logic is reset, except that the state of 
the error indicator is maintained and the last word of 
the input is still in the word register. If the number of 
characters in the input record was not a multiple of the 
number of characters assembled into each computer word, 
then zeros are automatically forced into the least sig
nificant positions of the last word. This last word can 
then be stored in memory by a CHANNEL A INTO M 
WHEN READY (AIM) instruction after the buffer has 
disengaged. If the number of characters in the input 
record was a multiple of the number of characters 
assembled into each computer word, then the word 
remaining in the channel buffer is either the last group 
of charac ters from the input device, if they were not 
previously transferred to memory, or zeros if the last 
group of characters had been transferred to memory. In 
either case, it is safe to issue one such AIM instruction 
after the channel has disengaged without II hanging up" 
the computer. 

During output, words are brought from memory into the 
WAR and disassembled into the SCR, one 6-bit character 
at a time. Depending on the characters per word format 
specified, the 6-bit characters within the word are out
put as follows: 

Function 

Output one character from 
bits 0 through 5 

Output two characters from 
bits 0 through 5, 6 through 11 

Output three characters from 
bits 0-5, 6-11, 12-17 

Output four characters from 
bits 0-5,6-11, 12-17, 18-23 

Format 

One character per 
word 

Two charac ters per 
word 

Three characters 
per word 

Four characters per 
word 

As required, the characters are transferred into the 
single-character register and output. After each char
acter transfer, the word in the WAR is shifted left 6 bits 
to be ready for the next transfer. Only those charac
ters needed from each word are used; when required, a 
new word is brought to the WAR for the next character. 
For special applications, a time-multiplexed channel 
may be equipped with a 12- or 24-bit single-character 
register. The external device which has a character 
size greater than 6 bits specifies to the channel what its 
size is, 12 or 24 bits. Standard 6-bit devices are un
affected by the installation of a wider SCR. 

DIRECT ACCESS CHANNEL REGISTERS 

In the direct access channels, E through H, the two 
other registers of importance are the word assembly 
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register (WAR) and input/output register (lOR). The 
WAR, as above, is a 24-bit word-sized buffer which, 
during a transmission, contains the information actively 
being transmitted to, or received from, the external 
device. Information is assembled into, or disassembled 
from, the WAR in either character or word format. The 
format is programmer-selectable. In word format, a 
data word of up to 24 bits received from a peripheral 
unit is placed directly into the WAR and then delivered 
directly to the lOR. When transmitting in the word 
format mode, words are del ivered directly into the WAR 
from the lOR and from the WAR to the peripheral unit. 
When transmitting or receiving words, any size from one 
bit to 24 bits is acceptable. (See Figure 4-2. ) 

When operating in the character mode, one to four 
characters are packed into a word. These will normally 
be the standard 6-bit input/output character size. 
Characters of less than 6 bits can be handled in char
acter format as defined by a particular installation's 
need. For character formats that use characters of less 
than 6 bits, the data transmission is actuall'y in 6-
bit character form with zeros filling out the remainder 
of the 6 bits. When operating in character format mode, 
the number of characters to be packed into, or unpacked 
from, eac h data word can be spec ified by prog ram con
trol. Under th is format, one, two, three, or four char
acters may be packed into, or unpacked from, all words 
in a particular data transmission. This is true for all 
channels. 

When receiving character data from a peripheral device, 
The first character of a word is received into bit positions 
18 through 23 of the WAR. When the next character is 

WAR 

Character Input ... Parity 
~ 6-Bit + Parity Check I 

(8-, 12-, 24-BitOptional) f , 
~ 

Error Signal I - Error 1 

I 
- , 

I 
Character Output Parity 

~ 

, 
- 6-Bit + Parity Gen. 

(8-, 12-, 24-BitOptional) 

I 
Uf>_ to 30 I/O 

~ 
... UAR - Devices 

t t I 
_ Device 

Control Logic 
Control 

received, the first 6 bits in bit positions 18 through 23 
are shifted into bit positions 12 through 17 and the in
coming character is placed into bit positions 18 through 
23. The next incoming character causes the two 6-bit 
characters in bit positions 12 through 23 to be shifted to 
bit positions 6 through 17 and the incoming charac ter is 
placed into bit positions 18 through 23. The next char
acter causes another 6-bit left shift and then the char
acter is placed in the vacated bit positions 18 through 
23. At this point the WAR is filled completely with 24 
bits. This information is now copied into the lOR to be 
placed into the proper memory location. 

The above procedure would be followed when four char
acters per data word were specified for the data trans
mission. If three has been spec ified, the data word 
containing three 6-bit characters in bit positions 6 
through 23 and zeros in bit positions 0 through 5 would 
be delivered to the lOR. The next incoming character 
would be accepted as the first of another set of three 
characters. If two characters had been spec ified, the 
data word containing two 6-bit characters in bit posi
tions 12 through 23 and zeros in positions 0 through 
11 would be del ivered to the lOR. If one had been 
specified, the data word delivered to lOR would con
tain zero in bit positions 0 through 17 and one char
acter in positions 18 through 23. When transmitting 
dota using the character format mode, characters are 
taken from the most significant end of the WAR. If one 
character per word is specified, the 6-bit character in 
bit positions 0 through 5 is transmitted to the external 
device and then another fu II word of information is re
ceived from the lOR. If two characters per word are 
specified, the 6-bit character in positions 0 through 5 

lOR 

Data 
- lines 

Address 
MAR lines -

, 
, 

Request 
Line 

DACC 
Control 

Unit 

Address __ -
Data ... -

SDS 9300 
Memory 
Modules 

Figure 4-2. Typical SDS 9300 Direct Access Communication Channel, Block Diagram 
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is transmitted. Then the contents of bit positions 6 
through 23 are shifted left into positions 0 through 17, 
the new 6-bit character in positions 0 through 5 is 
transmitted and another word is accepted from the lOR 
to be processed. If three characters are specified, the 
6-bit character in bit positions 0 through 5 is transmitted. 
The contents are left-sh ifted 6 bits and the new con
tents of bit positions 0 through 5 are transmitted. The 
contents are left-sh if ted 6 bits again and the th ird char
acter from positions 0 through 5 is transmitted. Then 
another word is received from the lOR to be processed. 
If four characters are specified, the above process is 
extended to one more 6-bit left sh ift and the final 6 bits 
of the word are transmitted before the next word is ac
cepted from the lOR. 

The lOR is a 24-bit register which is a full word buffer 
between the WAR and memory. The direct access chan
nel control unit places words into the lOR, awaiting 
their transfer to WAR to be output. During input, the 
lOR receives full words from the WAR and places them 
into memory under control of the word count and mem
ory address being used in the transmission. During 
mu I tiple data word transfers, the WAR and the lOR si
mu�taneous�y contain data information. 

COMMUNICATION CHANNEL INPUT/OUTPUT 

SDS 9300 communication channels provide fully buffer
ed input/output control and transmission, multiplexed or 
simultaneous with computation. Up to eight data chan
nels can be connected to the SDS 9300, all operating 
independently of each other. 

Each channel can control as many as 30 input/output 
devices and automatically handles character/word as
sembly and disassembly, input/output parity detec tion 
and generation, data transmission to and from memory, 
and end-of-transmission detection. 

All channels are bidirectional and can communicate 
with 6-bit character devices or word devices of up to 
24 bits. In the case of character-oriented devices, the 
number of characters to be contained in each word dur
ing the transmission is specified by program when the 
channel operation is initiated. 

Each channel consists of a channel buffer and a channel 
interlace. A channel buffer assembles and disassembles 
data words as they are transmitted between core memory 
and the peripheral equipment. Control of operations 
such as characters per word transmitted and direction of 
peripheral operation (as in magnetic tape forward/ 
reverse) is maintained within the buffer. 

Channel buffers are set up by a" channel EOM or EOD. 
The execution of the channel EOM sets the operation 
controls as mentioned above, places the unit address in 
the buffer, and initiates data assembly/disassembly. 
The presence of the unit address activates the buffer, 
causing it to look for data coming from the peripheral 
device or from memory, as determined by the unit address. 

A channel interlace controls the transfer of the data 
words going through the associated channel buffer. It 
supplies the memory address of data coming from or go
ing to memory and maintains the word count determining 
the number of words transferred. The terminal interrupts, 
End-of-Record (EOR) and Zero Word Count (ZWC) come 
from the interlace and are under its control. Input/output 
termination functions are controlled by the interlace. 

Transmission of data through a channel is initiated by two 
EOM instructions and a POT instruction. The first EOM 
alerts the interlace; that is, the interlace is activated and 
is instructed to expect a word count and starting address 
to be sent to it by the POT. The second EOM is an 
input/output mode EOM that specifies the interrupt and 
the terminal function to be used. It also can specify a 
15th address bit and five more high-order word count 
bits; these expand the starting address to a maximum of 
32,767 and the word count from 10 bits to 15 bits. This 
sequence is written: EOM (buffer control), EOM (input/ 
outputcontrol) and POT. When the channel buffer isbeing 
set up at the same time, the interlace can be alerted with 
the buffer set-up EOM. When the buffer is already set 
up, the channel EOM, ALERT CHANNEL (ALC) may be 
used to alert the channel interlace. 

When using channel A through D where the input/output 
terminal functions, interrupts, and additional count or ad
dress are not desi red, only the EOM (Alert) and the POT are 
needed to set up the channel; the End-of-Record interrupt 
for the selected channel occurs if the Interrupt System is 
enabled. When using terminal function control, the eight 
channels are programmed in the same way. However, there 
is a distinction between channels A through D and channels 
E through H. Channels Athrough Dare time-multiplexed 
channels; channels E through H are direct access channe Is. 

PRIMARY INPUT/OUTPUT INSTRUCTIONS 

EOM ENERGIZE OUTPUT M 

02 

023 8 9 23 
The major instruction for preparing channel A, S, C, or 
D and an attached peripheral device to perform a data 
transmission or other peripheral activity is ENERGIZE 
OUTPUT M (EOM). This instruction operates in four 
distinct modes. These are buffer control (mode 0), input/ 
output control (mode 1), internal control (mode 2), and 
system control (mode 3). In modes 2 and 3, EOM is 
used in non-communication channel operations such as 
spec ial systems transm ission. The different modes of op
eration are program selectable by the setting of two bits 
(10, 11) within the EOM instruction format as follows: 

10 11 Mode Area 

0 0 a Buffer Control 

0 1 1 Input/Output Control 
a 2 Internal Control 

3 System Control 
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EOM in the buffer control mode (0) operates essentially 
as a set-up or preparation facility for data transmissions 
or other peripheral activities using the channel. The 
channel to be used, the peripheral unit on that channel, 
the operation to be performed, and the type of character 
format to be used are all detailed within the EOM in 
this mode. The use of BCD or binary transmission, the 
allowance or not of a leader (as in paper tape), and the 
direction of operation (as in forward direction for mag
neti c tape) are all detai led to the channel and its 
II connected ll peripheral unit. Execution of such an 
EOM connects the specified peripheral unit to the chan
nel buffer, starts the device (if it is in a ready con
dition), and alerts the channel interlace, if desired. 

The EOM in the input/output control mode (1) is used 
to direct peripheral devices to perform non-transmitting 
operations such as rewind magnetic tape and upspace 
the printer. Selection of certain channel operations 
such as interrupt response and input/output terminal 
function desired is made with this EOM. It is also used 
to alert peripheral devices that a PARALLEL INPUT 
(PIN) or PARALLEL OUTPUT (POT) instruction is to 
follow. An extension of the word count to 15 bits for 
the number of words to be transmitted and an extension 
of the address specification to 15 bits can be given in 
this EOM. 

The EOM in the internal control mode (2) is used to 
enable and disable the interrupt system. EOM in this 
mode is also used to prepare the system for the selective 
arming and disarming of the system interrupt levels. 

EOM operating in the system control mode (3) is used to 
transmit information which is specifically coded for a 
given installation and system. Address capability is 
expanded for special system designations. 

If an interrupt occurs during the execution of an EOM 
in any mode, it will not be acknowledged until the 
execution of the instruction following the EOM is 
completed. 

EOD 

023 

ENERGIZE OUTPUT TO DIRECT ACCESS 
CHANNEL 

42 

8 9 23 

The EOD instruction operates in buffer control (0) and 
input/output control (1) modes. It refers to channels E, 
F, G, and H and performs the same functions and opera
tions as an EOM on channels A through D. The internal 
control (2) and system control (3) modes are available, 
as special systems require expanded capabilities. 

Affected: DACC Timing: 
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SKS SKIP IF SIGNAL NOT SET 

20 

023 8 9 23 
rhe principal instruction for testing the states and re
sponses of a channel and its attached peripheral devices 
is the SKIP IF SIGNAL NOT SET (SKS) instruction. 
SKS is a skip class instruction yielding a decision and 
transfer capability to the input/output system. This in
struction also operates in four distinct modes. These are 
special internal test (mode 0), channel and device test 
(mode 1), internal test (mode 2), and special system 
test (mode 3). In modes 2 and 3, the SKS is used to 
test non-channel-oriented functions. These different 
modes of operation are program selectable by the setting 
of two bits (10, 11) within the SKS instruction format: 

10 11 Mode Area 

0 0 0 Special Internal Test 
0 1 1 Channel and Device Test 
1 0 2 Interna I Test 
1 1 3 Special System Test 

In the channel and device test mode (1), SKS can be 
programmed to test a channel for channel active, word 
count equals zero, channel inter-record condition, and 
channel-error-indicator-shows-no-error. This mode 
also tests peripheral devices directly. These include 
testing indicators in a magnetic tape unit such as begin
ning of tape, end of tape, file protect ringpresent, and 
end-of-file. For example, an indicator within the 
printer might be addressed by an SKS to determine 
whether the paper is at the end-of-form. 

In the internal test mode (2) SKS tests whether or not 
the interrupt system is enabled. 

In the special internal test (0) and special system test 
(3) modes, SKS tests signals of special configurations as 
the specific systems require. 

Affec ted: (P) 

Modes 0 & 2 Modes 1 & 3 

Timing: 1 if no skip 
2 if skip 

2 if no skip 
3 if skip 

DIRECT PARALLEL INSTRUCTIONS 

Two instructions, PARALLEL OUTPUT (POT) and PARAL
LEL INPUT (PIN), permitanyword incorememory to be 
presented in parallel at a peripheral connector; or, in
versely, permit signals sent to a connector to be stored 
in any core memory location. The execution of a POT 
or PIN instruction causes a signal to be sent to the ex
ternal device involved in the input/output operation. 
Th is signal alerts the device to send its data word as 
soon as it is operational. When it becomes operational 



during a read or PIN operation, it transmits a ready 
signal to the central processor wh i Ie at the same time 
presenting its data word. The computer places the re
ceived data word into a specified memory location. The 
computer "hangs Up" during the execution of PIN unti I 
it receives the ready signal from the external device. 

During the execution of a POT instruction, the central 
processor transmits a signal to the external device 
alerting it to receive a data word. When the device 
becomes operational, it transmits a ready signal to the 
central processor which releases the data word to the 
external device. The computer "hangs up" during the 
execution of POT until it receives the ready signal 
from the externa I devi ce. 

POT and PIN can be used effectively with other 9300 
instructions to produce high-speed, synchronized, data 
transfers without the use of a communication channel. 
Selective input or output from and to a number of ex
ternal holding devices is accomplished by preceding 
POT and PIN with an EOM to select the desired de
vice. By preceding the POT or PIN with an SKS, the 
ready signal can be tested prior to execution of the 
parallel transfer instruction and the "hang-up" of the 
computer can be avoided. If the ready signal from the 
external device is used to initiate one of the priority 
interrupts, parallel input/output operation can occur as 
soon as the external device is able to transmit or re
ceive. Since the ready signal initiating the interrupt is 
sti II present when the POT or PIN is executed, no 
"hang-up" will occur. These features allow the com
puter to execute parallel input/output operations at 
rates up to 70,000 words per second. 

If POT and PIN are used in con junction with the 
REPEAT INSTRUCTION IN M (REP), higher transmission 
rates of up to 190,000 words per second are possible. 
During transmissions of this type, no other computation 
can be performed. Direct access channel transfers can 
occur simultaneously and at their usual rates, provided 
that memory modules associated with the channels are 
different from memory modules associated with the par
allel input/output transmissions. 

PIN PARALLEL INPUT 

33 M 

o 1 2 3 8 9 

PIN stores the contents of 24 input lines in parallel in 
the effective memory location. 

23 

Affected: (EM) Timing: 4 + wait 

POT PARALLEL OUTPUT 

31 M 

o 1 2 3 8 9 23 

POT transmits the contents of the effective memory loca
tion in parallel to 24 output I ines of an external device. 

Affected: Output Device Timing: 3 + wait 

COMMUNICATION CHANNEL EOM/EOD 
(BUFFER CONTROL MODE) 

The ENERGIZE OUTPUT M (EOM) used in the buffer 
control mode is described in detail below. EOM in this 
mode alertsand connects the specified channel A, B, C, 
or D and selects the desired unit address. The detailed 
instruction format is: 

00 01 02 03 04 05 06 07 

Bit 
Position Designation Function 

0, 2 0 Bit positions 0 and 2 are not 
used with EOM. 

1, 17 B1 B2 Bit positions 1 and 17 specify 
the channel to be activated. 

3-8 02 

9 

10, 11 00 

12 F/R 

Channel A is numbered 00, 
Channel B is 01, Channel C is 
10, and Channel D is 11. 

Bit positions 3 through 8 con
tain 02, the instruction code 
for EOM. 

Bit position 9 alerts the buffer 
interlace. A O-bit specifies 
non-interlace operation. A 
1-bit specifies interlace opera
tion. If a previous EOM has 
alerted the interlace, this bit 
is ignored. 

Bit positions 10 and 11 contain 
the EOM mode indicator for the 
buffer control mode (mode 0). 

Bit position 12 spec ifies the di
rection in which the peripheral 
device will operate. A 0 spec
ifies the forward direction. A 
i specifies the reverse direction. 
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Bit 
Position Designation Function 

13 LIN 

14 DIB 

15, 16 c/w 

Bit position 13 specifies whether 
the device should be started with 
a leader as in paper tape. A 0 
spec ifies a start with leader. A 
1 specifies a start without leader. 

Bit position 14 specifies the 
mode of character format. A 
o specifies BCD format. A 1 
specifies Binary format. 

Bit positions 15 and 16 specify 
the number of characters to be 
assembled into, or disassembled 
from, each transmitted word. 
One character per word is spec
ified by 00, two by 01, three 
by 10, and four by 11. 

Bit 
Position Designation Function 

18-23 UNIT Bi t posi tions 18 through 23 spec
ify the unit and the func tion to 
be performed with that unit. 
(See Table 4-1. ) 

EOD ENERGIZE OUTPUT ON DIRECT 
ACCESS CHANNEL 

This instruction is used in the buffer control mode as de
scribed below. EOD in this mode alerts and connects 
the specified direct access channel (E, F, G, H) and 
the desired unit address. 

23 

Table 4-1. Unit Address Codes 

00 
01 
02 
03 
04 
05 
06 
07 

10 
11 
12 
13 
14 
15 
16 
17 

20 
21 
22 
23 
24 
25 
26 
27 

30 
31 
32 
33 
34 
35 
36 
37 
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Disconnect 
Type Input No. 1 
Type Input No. 2 
Type Input No. 3 
Paper Tape Input No. 1 
Paper Tape Input No. 2 
Card Reader Input No. 1 
Card Reader Input No. 2 

Magnetic Tape Input No. 0 
Magnetic Tape Input No. 1 
Magnetic Tape Input No. 2 
Magnetic Tape Input No. 3 
Magnetic Tape Input No. 4 
Magnetic Tape Input No. 5 
Magnetic Tape Input No.6 
Magnetic Tape Input No. 7 

Disc File or Auxiliary Drum Input No.1 
Disc File or Auxiliary Drum Input No.2 

Scan Magnetic Tape No. 0 
Scan Magnetic Tape No. 1 
Scan Magnetic Tape No. 2 
Scan Magnetic Tape No. 3 
Scan Magnetic Tape No. 4 
Scan Magnetic Tape No.5 
Scan Magnetic Tape No. 6 
Scan Magnetic Tape No. 7 

40 
41 
42 
43 
44 
45 
46 
47 

50 
51 
52 
53 
54 
55 
56 
57 

60 
61 
62 
63 
64 
65 
66 
67 

70 
71 
72 
73 
74 
75 
76 
77 

Not Used 
Type Output No. 1 
Type Output No. 2 
Type Output No. 3 
Paper Tape Punch Output No. 1 
Paper Tape Punch Output No. 2 
Card Punch Output No. 1 
Card Punch Output No. 2 

Magnetic Tape Output No. 0 
Magnetic Tape Output No. 1 
Magnetic Tape Output No.2 
Magnetic Tape Output No. 3 
Magnetic Tape Output No. 4 
Magnetic Tape Output No. 5 
Magnetic Tape Output No. 6 
Magnetic Tape Output No. 7 

High-Speed Printer Output No. 1 
High-Speed Printer Output No. 2 

Incremental Plotter Output No. 1 
Incremental Plotter Output No. 2 
Disc File or Auxiliary Drum Output No. 1 
Disc File or Auxiliary Drum Output No.2 

Magnetic Tape Erase No. 0 
Magnetic Tape Erase No. 1 
Magnetic Tape Erase No. 2 
Magnetic Tape Erase No. 3 
Magnetic Tape Erase No.4 
Magnetic Tape Erase No.5 
Magnetic Tape Erase No.6 
Magnetic Tape Erase No. 7 



Bit 
Position Designation Function 

1, 17 B 1 B2 Bit positions 1 and 17 specify 
the channel to be activated. 
Channel E is numbered 00, chan
nel F is 01, channel G is 10, 
and channel H is 11. 

All other indicators in the EOD are identical to EOM 
and function in the same way. 

STANDARD EOM AND EOD CHANNEL INSTRUCTIONS 

Several EOM and EOD function configurations have 
standard uses. These are given standard META-SYMBOL 
assembler-type mnemonics and are set aside as separate 
instructions. 

ALC ALERT CHANNEL 

The channel is alerted; however, the channel buffer is 
not affected in any way. 

Octal 
Channel Mnemonic EOM/EOD Configuration 

A ALC 0 EOM 050000 o 0250000 
B ALC 1 EOM 050100 00250100 
C ALC 2 EOM 050000,2 2 0250000 
D ALC 3 EOM 050100,2 2 0250100 
E ALC 4 EOD 050000 04250000 
F ALC 5 EOD 050100 04250100 
G ALC 6 EOD 050000,2 24250000 
H ALC 7 EOD 050100,2 24250100 

DSC DISCONNECT CHANNEL 

The channel is disconnected. Its unit address register is 
unconditionally set to 00 regardless of whether a device 
iscurrently being addressed by the channel. Any device 
which is connected to the channel is disconnected from 
the channel. 

Octal 
Channel Mnemonic EOM/EOD Configuration 

A DSC 0 EOMO o 02 00000 
B DSC 1 EOM 0100 o 02 00100 
C DSC 2 EOM 0,2 2 02 00000 
D DSC 3 EOM 0100,2 2 02 00100 
E DSC 4 EOD 0 o 42 00000 
F DSC 5 EOD 0100 042 00100 
G DSC 6 EOD 0,2 2 42 00000 
H DSC 7 EOD 0100,2 2 42 00100 

ASC ALERT TO STORE ADDRESS FROM 
CHANNEL 

The channel isalerted fora PIN instruction to follow. This 
instruction does not affect the operation of the channel. See 
Direct Parallel Instruction for a uetai led discussion of PIN. 

ASC is always used in conjunction with PIN to determine 
the current completion status of an I/O operation being per
formed by the selected channel. The two instructions 
should be written in the order ASC (EOM/EOD), PIN. 
When these two instructions have been executed, the 
contents of the effective memory location from the PIN 
instruction are as follows: 

Bit positions 0 through 8 contain zero. 

Bit positions 9 through 23 contain the contents of 
the memory address register of the channel. 

Channel Mnemonic EOM/EOD 
Octal 
Configuration 

A 
B 
C 
D 
E 
F 
G 
H 

ASC 0 
ASC 1 
ASC 2 
ASC 3 
ASC 4 
ASC 5 
ASC 6 
ASC 7 

EOM 012000 
EOM 012100 
EOM 012000,2 
EOM 012100,2 
EOD 012000 
EOD 012100 
EOD 012000,2 
EOD 012100,2 

o 02 12000 
o 02 12100 
2 02 12000 
2 02 12100 
042 12000 
o 42 12100 
2 42 12000 
242 '12100 

TOP TERMINATE OUTPUT ON CHANNEL 

When the last word of a block has been del ivered to the 
channel, this instruction is used to terminate channel 
output. After the execution of this instruction, the fol
lowing occurs. After the last character in the channel 
buffer is del ivered to the peripheral device, the channel 
is disconnec ted. 

This instruction is always used to terminate a channel 
A, non-interlaced, output operation. It may be used 
with all communication channels if the particular func
tion selected is terminal function 11 (IOSP) but no fur
ther data output is required (see Terminal Functions). 

Octal 
Channel Mnemonic EOM/EOD Configuration 

A TOP 0 EOM 014000 o 02 14000 
B TOP 1 EOM 014100 o 02 14100 
C TOP 2 EOM 014000,2 2 02 14000 
D TOP 3 EOM 014100,2 2 02 14100 
E TOP 4 EOD 014000 o 42 14000 
F TOP 5 EOD 014100 o 42 14100 
G TOP 6 EOD .014000,2 2 42 14000 
H TOP 7 EOD 014100,2 2 42 14100 

COMPATIBLE/EXTENDED INPUT/OUTPUT MODES 

The termination of an I/O operation and the interrupts 
that may be associated with that termination fall into 
two classes: compatible and extended. The choice of 
one of these two modes of input/output operation de
termines how the system behaves when the termination 
of an I/O operation occurs. 
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As mentioned in Section 3, Interrupt System, interrupts 
occurri ng at a single level (e. g., location 010, 012, 
etc.) can have different names (e. g., Zero Word Count 
and End-of-Word). These names reflect the different 
I/O mode in operation when the interrupt occurs. The 
differences include the timing of interrupt occurrence 
relative to the I/O operation and type of interrupt 
requested. 

The compatible mode of operation for channels A, B, C, 
and D is directly compatible with the SDS 900 Series 
mode of I/O (interlaced) operation. The types of inter
rupts that can be requested are the End-of-Word and 
End-of-Transmission interrupts. 

The extended mode for all channels expands the I/O capa-
bi lities to inc lude the termina I and arming functions dis
cussed be low. The types of interrupts that can be requested 
are the Zero Word Count and End-of-Record interrupts. 

The I/O mode is selected in the input/output EOM (EO D) 
via bit 12, the interrupt arm bit. A O-bit makes the 
system operate in the compatible mode; a 1-bit sets the 
system in the extended mode. 

In particular, the interrupt arm (IA) bit determines 
whether any of the extended functions operate; that is, 
a 0 in IA means that the other extended mode controls, 
bits 13, 14, 15, and 16,have no effect. 

IN PUT/OUTPUT CONTROL MODE EOM / EOD 
The input/output EOM{EOD) selects the I/O operation 
.mode. When the extended mode is selected, this EOM 
a Iso se lects (arms) interrupts that are to be made oper
ational and selects the desired terminal function. EOM 
applies to channels A, B, C, and D; EOD applies to 
channels E, F, G, and H. 

EOM ENERGIZE OUTPUT M 

Bit 
Position Designation Function 

0, 2 

1, 17 

3-8 

9 

4-10 

o 
B1, B2 

02 

Bit positions 0 and 2 are ignored. 

Bit positions 1 and 17 specify 
the channel. 

Bit positions 3 through 8 con
tain 02, the instruction code for 
EOM 

Bit position 9 alerts the interlace. 
If the interlace has been alerted by 
a previous EOM, this bit is ignored. 

Bit 
Position Designation Function 

10, 11 01 Bit positions 10 and 11 contain 
the EOM indicator for the input/ 
output control mode (mode 1). 

12 IA Bit position 12 selects the mode 

13 ER 

of I/O operation. A 0 specifies 
the compatible mode. The oper
ation of bits 13,14,15, and 16 
are disallowed. Channels A, B, 
C, and D only can operate in this 
mode, which is completely 900 
Series-compatible; if interrupts 
are required, the user enables 
the interrupt system (EIR), thus ena
b ling and arm i ng the End-of
Word and End-of-Transm ission 
interrupts. 

A 1 spec ifies the extended mode. 
All channels can operate in this 
mode. This allows the use of 
bits 13, 14, 15, and 16. If in
terrupts are required, the user 
arms the associated ones by plac
ing 1-bits in bit 13 and/or 14. 
The terminal function to be used 
is selected via bits 15 and 16. 
Note that a 1-bit in 13 and/or 
14 does the following: 

1. Arms that interrupt during 
this complete I/O operation; 
disconnecting this channel 
disarms the interrupt. 

2. Once armed by bits 13 and/or 
14, the interrupt can be en
abled by the enable/disable 
feature of the interrupt system. 
If a channe I generates an ex
tended mode I/O interrupt 
while the system is disabled, 
the designated interrupt level 
goes to the waiting state. 
When the program again en
ables the interrupt system, 
the interrupt goes to the ac
tive state when its priority 
allows. 

Bi t posi tion 13 controls the arm
ing of the End-of-Record (EOR) 
interrupt. A 1-bit arms the 
interrupt. A O-bit disarms the 
interrupt. 



Bit 
Position Designation Function 

14 ZC Bit position 14 controls the arm
i ng of the Zero Word Count 
(ZWC) interrupt. A 1-bit arms 
the interrupt. A O-bit disarms 
the inte.rrupt. 

lS, 16 FC Bit positions lS and 16 specify 

18 A 

19-23 Hi Count 

the term inal condition function 
to be performed with the trans
mission. These are defined in 
Extended Mode Terminal Functions. 

Bit position 18 is the high-order 
address bit. 

Bit positions 19 through 23 con
tain the most significant five 
bits of the lS-bit word count. 
These positions specify a word 
count greater than 1023. 

EOD ENERGIZE OUTPUT ON DIRECT ACCESS 
CHANNEL 

This instruction, used in the input/output control mode 
(mode 1), is described be low. 

00 01 02 03 04 OS 06 07 

H flo! ~2 111+ III ~I~I ~ I~H Hi fount I 
o 1 2 3 8 9 10 11 12 13 14 lS 16 17 18 19 23 

The functions of EOD are identical to EOM in this mode 
and operate on channels E, F, G, and H. Direct ac
cess communication channels operate only in the extend
ed interlace mode; therefore, a DACC does not examine 
bit 12, but assumes it to be a 1. Note that with the 
complete omission of this second EOD, a DACC oper
ates in the terminal function 00 (lORD) mode. 

COMPATIBLE MODE TERMINAL FUNCTIONS 

The following description and diagram illustrates the 
automatic termi nal functions of a time-mul tiplexed com
munication channel when operating in the compatible 
interlace mode of data transmission. 

INPUT 

Read C words. If C equal s zero before the end-of
record is detected, the interlace is disengaged and 
the End-of-Word (EOW) interrupt signal is generated 
when the next word fi II s the word assembl y register. 
Since the channel buffer continues to input charac
ters, a character rate error occurs if the record is 
longer than C+1 words, unless the peripheral de
vice is disconnected from the buffer or the remainder 

of the record is otherwise disposed of. At the end-of
record, the peripheral device is disconnected, the chan
nel becomes inactive, and the channel generates an 
EOT interrupt. 

OUTPUT 

Write C words. When C equals zero, output is termi
nated' the channel is disconnected and the EOT inter
rupt is generated. 

Input characters 
from SC R to WAR, 
or output characters 
from WAR to SCR 

C equal s zero? 

yes 

input 

Disengage interlace, 
send E OW i nterru pt 
wh en n ext word fi II s 
buffer 

yes Send EOT interrupt. 
Clear UAR 

output 

Terminate output, 
send EOT interrupt, 
clear UAR 

EXTENDED MODE TERMINAL FUNCTIONS 
A 2-bit function code in bit positions lS and 16 of the 
input/output EOM/EOD controls the termination of 
input/output operations in the extended mode as follows: 

Bit 
Position 
lS 16 

o o 

o 

o 

Terminal Function 

Input/Output of a Record and Discon
nect (lORD) 

Input/Output until Signal then Discon
nect (IOSD) 

Input/Output of a Record and Proceed 
(IORP) 

Input/Output unti I Signal then Proceed 
(IOSP) 
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These functions are described below with the letter C 
representing the specified word count of the transmission. 
Following each of the discussions is a diagram represent
ing the automatic terminal actions of the channel while 
under control of the specified terminal function in the 
extended interlace mode of data transmission. 

The following table summarizes the terminal functions 
that should be used with various devices. The IOSPcan 
always be used with any device; however, it causes a 
disconnect only when an end-of-record signal is re
ceived by the channel from a peripheral device on input. 

Device Input Output 

Typewriter IOSD IOSD 

Paper Tape lORD, IOSD (IORP IOSD 
can be used but there 
is no advantage to 
doing so) 

Cards lORD, IOSD (this IOSD, lORD 
should not normally 
be used to discon-
nect in the middle of 
a half-read card) 

Printer IOSD, lORD 

Magnetic Tape lORD, IORP lORD, IORP 

INPUT/OUTPUT OF A RECORD AND DISCONNECT 
(lORD) 

A program should not use lORD with devices that do not 
have end-of-record conditions on output (e. g., devices 
such as the paper tape punch and typewriter). These 
devices do terminate output but give the program no 
indication when they receive the last characters. 

INPUT 

Read C words. If C equals zero before the end-of
record is detected, the rest of the record is ignored. 
At the end-of-record, the peripheral device is discon
nected and the channel becomes inactive. 

OUTPUT 

Write C words. When C equals zero, output is termi
nated (i. e., the device is signaled that the last charac
ters have been transmitted). When the peripheral device 
has generated the end-of-record and, if necessary, 
checked the val idity of the record, it sends an end-of
record response to the ch anne I buffer. When rece i ved 
by the buffer, the end-of-record signal generates an 
End-of-Record (EOR) interrupt (if armed) and discon
nects the channel. 
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The line pri nter generates the end -of-record response 
when it completes the printing of a line. If the printer 
encounters any print error or faults, it sends a signal to 
the channel that sets the channel error indicator; this 
can occur since the printer has not disconnected from 
the channel. The lORD is useful when the program is 
to print several I ines and the program is not otherwise 
to use the channel between I ines. When the printer 
completes each line, it causes an EOR interrupt (as
sumed to be armed), notifying the program that it can 
immediately transmit the next paper control instruction 
and the next line image. 

The unbuffered card punch operates similarly. It gener
ates the end-of-record response after punching each row 
If any faults occur during the punching of the entire 
card, the card punch sends a signal to the channel that 
sets the channel error indicator; this occurs after punch
ing the last row (row 9). 

Input characters 
from SCR to WAR, 
or output characters 
from WAR to SCR 

Term inate output, 
or ignore remainder 
of input record. 

Send EOR inter
rupt, clear UAR 

INPUT/OUTPUT UNTIL SIGNAL THEN DISCONNECT 
(lOSD) 

The IOSD is designed for use on devices which are nor
mally operated on the basis of the word count only. 
Typewriters and paper-tape devices are of this type, as 
are the printer and card punch when the user does not 
wish to stay connected until the operation is complete. 



INPUT 

Read C words. When C equals zero or when the end
of-record is encountered, the device is disconnected 
and the channel become inactive. If the channel dis
connects because of zero count, an EOR interrupt (if 
armed) wi II be generated in addition to the Zero Word 
Count (ZWC) interrupt; if both are armed, C = 0 will 
occur first. 

OUTPUT 

Write C words. When C equals zero and when the last 
character has been transmitted, the channel disconnects 
the device and becomes inactive. If an end-of-record 
signal is received before the count reaches zero, the 
channel will disconnect immediately. 

Input characters 
from SCR to WAR, 
or output characters 
from WAR to SCR 

Send EOR interrupt, 
clear UAR 

INPUT/OUTPUT OF A RECORD AND PROCEED (IORP) 

A program should not use IORP with devices that do not 
generate end-of-record responses upon output termina
tion; such devices are paper tape and typewriter. These 
devices do terminate output but give the program no in
dication when they receive the last character. 

The IORP should also not be used with the printer and 
card punch since these devices expect the channel to 
disconnec t after they send EOR. 

INPUT 

Read C words. If the channel counts C down to 
zero before the peripheral device encounters the 

end-of-record, the channel ignores the rest of the re
cord (to the end-of-record). When the peripheral de
vice sends the end-of-record signal to the channel, the 
channel sets its end-of-record indicator; this signal sets 
the End-of-Record (EOR) interrupt (if armed). The chan
nel does not disconnect. The channel is now in an 
"inter-record" condition. 

When the peripheral is magnetic tape, the tape contin
ues to move when the tape hand ler encounters the end
of-record. The end-of-record occurs when the tape 
read-heads encounter tape gap; th is also causes a tape 
signal to "come high ". If the program executes a new 
read-tape or scan-tape EOM during the intra-gap time 
(approximately one millisecond while the tape gap sig
nal is high), the tape remains in motion and proceeds 
to read or scan the next record. If the program executes 
no such EOM before the tape gap signal drops, the chan
nel disconnects and the tape comes to a stop. No addi
tional interrupt occurs. This is the only condition that 
causes a channel to disconnect automatically. 

All other input devices remain connec ted unti I the pro
gram takes further action. The paper tape reader re
mains in motion; the program should issue a DISCONNECT 
CHANNEL instruction if the program is not reading any 
more tape. To proceed after the end-of-record occurs, 
the program first executes a buffer control mode EOM 
to re-initialize the channel and then reloads the inter
lace portion of the channel (the program can alert the 
Interlace via the buffer control EOM). Otherwise, the 
channel immediately terminates any attempt to use its 
interlace portion since the channel is aware that it is 
still active and in the end-of-record condition. When 
the program continues from an inter-record condition, 
the program should use an extended-mode terminal func
tion. An IORP should not be used to read devices which 
do not have EOR signals (e. g., the typewriter and paper 
tape punch). 

OUTPUT 

Write C words. When the channel interlace counts C 
down to zero, the interlace notifies the channel buffer 
that it has received the last word that is to be output; 
when the buffer outputs this last word, it sends a signal 
to the connected peripheral device indicating that the 
device has the last word now. When the peripheral 
device receives, outputs,and checks the val idity of th is 
last word, it sends an end-of-record response to the 
channel buffer.. When received by the buffer, the 
end-of-record signal generates an EOR interrupt (if 
armed) and sets the inter-record indicator; the channel 
does not disconnect. 

When the peripheral device is magnetic tape, the tape 
continues to move after it signals end-of-record. As in 
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reading tape, the signal causes the tape gap signal to 
come high. If the program executes a new write-tape 
or erase-tape EOM during the intra-gap time (approxi
mately one millisecond), the tape remains in motion and 
proceeds to write or erase a new record. If the program 
executes no such EOM before the tape gap signal drops, 
the channel disconnects and the tape comes to a stop. 
No interrupt occurs at this time. This is the only condi
tion which causes a channel to disconnect automatically. 

To proceed after the end-of-record occurs, the program 
first executes a buffer control mode EOM to re-initial ize 
the channel UAR and then reloads the interlace portion 
of the channel (the program can alert the interlace via 
the buffer control EOM). Otherwise, the channel im
mediately terminates any attempt to use its interlace 
portion, since the channel is aware that it is still ac
tive and in the end-of-record condition. When the 
program continues from an inter-record condition, the 
program should use an extended-mode terminal function. 

Input characters 
from SCR to WAR, 
or output characters 
from WAR to SCR 

Send ZWC interrupt. 
'------I Terminate output, or 

ignore remainder of 
input record. 

Send EOR interrupt. 
If magnetic tape, 
tape gap signal is 
true for 1 ms. If no 
new E OM in this 
time, clear UAR. 

INPUT/OUTPUT UNTIL SIGNAL THEN PROCEED (IOSP) 

INPUT 

Read C words. If the channel counts C down to zero be
fore the peripheral device encounters the end-of-record 
the channel generates a Zero Word Count (ZWC) inter
rupt (if armed). The program should reload the interlace 
portion of the channel to continue reading the record. 
As far as the peripheral device knows, nothing happens 
a.t this time. Failure to reload the interlace before the 
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peripheral device sends enough characters to overfill 
the channel buffer causes a rate error; this sets the chan
nel error indicator. 

When the peripheral device encounters the end-of
record, 10 SP operates identically I ike the 10RP function. 

OUTPUT 

Write C words. When the channel counts C down to 
zero, the channel generates a ZWC interrupt (if armed); 
the channel does not terminate output. The program 
should reload the interlace portion of the channel to 
continue writing in the same record. Failure to reload 
the interlace before the buffer transmits all of the char
acters in its registers and before the peripheral device 
requests the next character from the buffer is a rate 
error; this sets the channel error indicator. 

If the program executes a TERMINATE OUTPUT (TOP) 
instruction after the channel has counted C down to 
zero, the channel terminates the output and operates 
as an IORP from this point on. 

Input characters 
from SC R to WAR, 
or output characters 
from WAR to SCR 

Send ZWC i nterru pt. 
Character rate error 
if i nterl ace not re
loaded or TOP not 
given. 

yes 

Send EOR interrupt. 
If magnetic tape, 
tape gap signal is 
true for 1 ms. If no 
new EOM in this 
time, clear UAR 

CHANNEL AND DEVICE SKS 

The SKIP IF SIGNAL NOT SET (SKS) is used in the 
channel and device test mode (mode 1) as described 



below. The SKS tests the indicators in a channel as 
well as devices attached to it. To test the channel, 
unit address 00 is used. Instruction format is: 

CHAN NEL TESTS 

H~lol 01 

o 1 2 3 

~o 
02 

8 9 10 11 12 13 14 15 16 17 18 23 

Bit 
Position Designation Function 

3-8 20 

10, 11 01 

9, 1, 17 C1 C2 C3 

12 R 

13 C 

14 E 

15 

18-23 00 

Affected: (P) 

Bit positions 3 through 8 con
tain 20, the instruction code 
for SKS. 

Bit positions 10 and 11 contain 
the mode selection for mode 1. 

Bit positions 9, 1, and 17 are 
used as an octal digit to speci
fy the channel to be tested. 

Channel A is 0, channel B is 1, 
and so on, channel H being 7. 

Test for ready. A 1-bit selects 
the test. 

Test if indicator for word count 
equal to zero is set. A 1-bit 
selects the test. 

Test for error indicator reset. 
.A. I-bit selects the test. 

Test for inter-record condition. 
A 1-bit selects the test. 

Bit positions 18 through 23 are 
zero to specify a data channel 
test. 

Timing: 2 if no skip 
3 if skip 

STANDARD SKS INSTRUCTIONS 

Several SKS function configurations have standard uses. 
These are given standard assembler-type mnemonics and 
are always used as shown. 

CAT CHANNEL ACTIVE TEST 
(Skip if Channel Not Active) 

If the channel is ready to accept a new input/output 
instruction, the next instruction in sequence is skipped 
and the following instruction is executed. If the chan
nel is active, busy servicing a command, or in the 

process of disconnecting a peripheral unit, the next 
instruction in sequence is executed. 

Channel 

A 
B 
C 
D 
E 
F 
G 
H 

CET 

Mnemonic 

CAT 0 
CAT 1 
CAT 2 
CAT 3 
CAT 4 
CAT 5 
CAT 6 
CAT 7 

SKS 

SKS 014000 
SKS 014100 
SKS 014000,2 
SK S 014100,2 
SKS 054000 
SKS054100 
SKS 054000,2 
SK S 054100,2 

Octal 
Configuration 

o 20 14000 
o 20 14100 
2 20 14000 
2 20 14100 
o 2054000 
o 2054100 
2 2054000 
2 2054100 

CHANNEL ERROR TEST 
(Skip if no Error on Channel) 

The error indicator in the channel is tested for being in 
the set cond ition. If the error indicator has not been 
set, the next instruction in sequence is skipped and the 
following instruction is executed. If the error indicator 
has been set, the next instruction in sequence is exe
cuted. 

Channel 

A 
B 
C 
D 
E 
F 
G 
H 

Mnemonic 

CET 0 
CET 1 
CET 2 
CET 3 
CET 4 
CET 5 
CET 6 
CET 7 

SKS 

SKS 011000 
SKS 011100 
SKS 011000,2 
SKS 011100,2 
SKS 051000 
SKS 051100 
SK S 051000,2 
S K S 0511 00,2 

Octal 
Configuration 

o 20 11000 
o 20 11100 
2 20 11000 
2 20 11100 
o 2051000 
o 20 51100 
2 2051000 
2 20 51100 

CIT CHANNEL ZERO COUNT TEST 
(Skip if Channel Word Count is Zero) 

A test is made on whether the contents of the word count 
reg ister in the channel have been reduced to zero. If 
the contents of WCR are zero, the next instruction in se
quence is skipped and the following instruction is exe
cuted. If the contents of WCR are non-zero, the next 
instruction in sequence is executed. 

Octal 
Channel Mnemonic SKS Configuration 

A CZT 0 SKS 012000 o 20 12000 
B CZT 1 SKS 012100 o 20 12100 
C CZT 2 SK S 012000,2 2 20 12000 
D CZT 3 S K S 01 21 00,2 2 20 12100 
E CZT 4 SKS 052000 o 2052000 
F CZT 5 SKS 052100 o 2052100 
G CZT 6 SKS 052000,2 2 20 52000 
H CZT 7 SKS 052100,2 2 2052100 

4-15 



CIT CHANNEL INTER-RECORD TEST 
(Skip if Inter-record Condition Present) 

A test is made to determine if the channel is in the 
inter-record condition. This condition is present or true 
only after an IOSP or IORP instruction has encountered 
an end-of-record on input or output, and remains true 
as long as the channel is active (i. e., unti I the device 
is disconnected), or until a continuing EOM followed 
by the loading of a new instruction occurs. If the inter
record condition is true, the next instruction in sequence 
is skipped and the following instruction is executed. If 
the inter-record condition is not true, the next instruc
tion in sequence is executed. 

Octal 
Channel Mnemonic SKS Configuration 

A CIT 0 SKS 010400 o 20 10400 
B CIT 1 SKS 010500 o 20 10500 
C CIT 2 SKS 010400,2 2 20 10400 
D CIT 3 SKS 010500,2 2 20 10500 
E CIT 4 SKS 050400 o 2050400 
F CIT 5 SKS 050500 o 2050500 
G CIT 6 SK S 050400,2 2 2050400 
H CIT 7 SKS 050500,2 2 2050500 

DEVICE TESTS 

The SKIP IF SIGNAL NOT SET (SKS) below is used in 
the channel and device test mode (mode 1) to test the 
condition of the peripheral devices in the system di
rectly. The individual instructions are described in 
Section 6, Peripheral Equipment. 

Bit 
Position Desi~nation Function 

0, 2 0 Bit posi tions 0 and 2 are set to 
zero; they are not used in this 
mode. 

9, 1, 17 C1 C2 C3 Bit positions 9, 1 and 17 are 
used as an octal digit to speci-
fy the channel. Channel A is 
0, channel B is 1, and so on. 

3-8 20 Bit positions 3 through 8 con-
tain the instruction code for 
SKS. 

10, 11 01 Bit positions 10 and 11 contain 
the mode selection for mode 1. 

12-16 Unit Tests Bit positions 12 through 16 
select the particular test and 
are system dependent. 
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SINGLE WORD TRANSFER VIA CHANNEL A 

INSTRUCTIONS 

Channel A can be programmed as a single-word input/ 
output buffer. Data transfer is performed under di rect 
program control or with the aid of the interrupt system. 
Interlace is not used with these instructions. The fol
lowing two instructions perform the transfer. 

MIA MEMORY INTO CHANNEL A WHEN 
EMPTY 

30 M 

o 1 2 3 8 9 23 

The contents of the effective memory location are trans
ferred into the channel A word buffer. The central pro
cessor "hangs Up" until the buffer is empty and ready to 
accept the data word. 

Affected: Channel A buffer Timing: 2 + wait 

AIM CHANNEL AINTO MEMORY WHEN FULL 

32 M 

o 1 2 3 8 9 23 

The contents of the channel A word buffer are transferred 
into the effective memory location. The central pro
cessor IIhangs Up" until the buffer is full and ready to 
deliver the data word. 

Affected: (EM) Timing: 3 + wait 

SINGLE-WORD OPERATIONS 

The single-word buffer operation of channel A. is used in 
two ways. Data word transfers between channel A and 
memory can be performed under direct program control. 
The connect EOMand the AIMor MIA are given in se
quence and the computer "hangs up·· unti I the buffer is 
ready to perform the transfer. This delay is usually due 
to buffer tie-up while the buffer is actively transferring 
the previously requested data word. 

The tie-up of the central processor is eliminated if the 
Priority Interrupt System is used with AIM and MIA. 
Using the Interrupt System allows the program to con
nect the device to be used in the transfer, to enable 
the interrupt, and to continue processing in the main 
program. When the buffer is ready to receive from, 
or transfer to, memory, the End-of-Word interrupt to 
location 010 notifies the program that the buffer is 
ready. A service routine is entered via a BRANCH 
AND MARK PLACE (BRM) instruction in location 010. 
This routine contains the MIA or AIM which can 
execute immediately without computer tie-up. 



During single-word operations, the buffer error indica
tor is set if a parity error or incorrect timing error is 
detected. The incorrect timing error occurs when char
acters enter the buffer: during input, before the previ
ous word is removed; during output, if characters are 
needed for output before a word is supplied to the buff
er. The transmission is not terminated upon detection 
of any of these errors. 

An end-of-record termination can be detected using the 
interrupt system. During output, use of the TERMINATE 
OUTPUT (TOP) after the final MIA or AIM causes an 
interrupt to location 011 when that final data word has 
been processed by the buffer. This interrupt inhibits the 
End-of-Word interrupt. During input, the End-of
Transmission interrupt is sent to location 011 when the 
end-of-record is detected. During input from devices 
which do not generate an end-of-record signal, the 
transmission is terminated using a DSC to disconnect 
the channel. No End-of-Transmission interrupt is re
ceived when terminating in this way. 

SINGLE·BIT INPUT/OUTPUT 

Operating in the system mode (mode 3), the two in
structions, ENERGIZE OUTPUT M (EOM) and SKIP IF 
SIGNAL NOT SET (SKS), are used to provide single
bit input/output transmissions. 

Execution of an EOM operating in the system mode 
causes a 2-microsecond signal to be transmitted to one 
of a possible 65,536 signal destinations. The system 
mode EOM format is: 

EOM ENERGIZE OUTPUT M 

* * 
o 2 3 8 9 10 1112 23 

Bit positions 0, 1, and 2 are additional special system 
address bits. 

Bit positions 3 through 8 contain the EOM instruction 
code, 02. 

Bit position 9 is reserved for use with the Data Multi
plex option. 

Bit positions 10 and 11 contain the system mode indi
cator (mode 3). 

Bit positions 12 through 23 contain the 12-bit address 
field which spec ifies the spec i al system destinations. 

Affected: Spec i al System Device Timing: 

The SKS system test format is as follows with each cor-
_ __ .- I -, I I. • I ,- 1 •• 1 • r-,....,., ..... 
r~sponamg OIT-SeT oemg laenTiCOl TO Tne sYSTem cU/V\ 

format. 

SKS SKIP IF SIGNAL NOT SET 

I · 20 * 
023 8 9 10 11 12 23 

Execution of an SK S in the system test mode causes a 
16-bit address to be presented to the collection of 
special system devices. If the external device whose 
address is presented is supplying a set signal to the cen
tral processor, the next instruction in sequence from the 
SKS is executed. If no signal is set, the next instruc
tion in sequence is skipped and the following instruction 
is executed. 

Affec ted: (P) Timing: 2 if no skip 
3 if skip 

PROGRAMMING THE INTERLACE REGISTER 

Programming a block transmission of data using the 
full facility of the 9300 Input/Output System includes 
an "alert" EOM, an interlace set-up EOM, a POT 
instruction, and a buffer set-up EOM. The primary 
restri cti on on the use of these instructions is that the 
POT instruction be preceded by an interlace alert 
EOM. The alert EOM can be a separate instruction 
(ALC), or it can be included in a buffer set-up EOM. 
Thus, any of the following sequences can be used 
for block transmission programming: 

1. ALe A lert interlace (mode 1) 
EOM Set up buffer (mode 0) 
EOM Set up interlace (mode 1) 
POT Word count and starting address 

2. EOM A lert interlace and set up buffer (mode 0) 
EOM Set up interlace (mode 1) 
POT Word count and starti ng address 

3. ALC A lert interlace (mode 1) 
EOM Set up interlace (mode 1) 
POT Word count and starting address 
EOM Set up buffer (mode 0) 

In sequences 1 and 2, the peripheral device is started 
before the interlace is engaged; in sequence 3, the 
peripheral device is started after the interlace is en
gaged. Thus, sequence 3 permits the computer oper
ator to "step" through this sequence of instructions. 
It is important to note that a II EOM/EOD instructions 
for a communication channel must have the appropri
ate setting of bit positions 1 and 17. In particular, 
this applies to the input/output control mode EOM/ 
EOD which has no channei mnemonic. 
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The data word transmitted to the interlace register by 
the POT instruction has the following format: 

Word Count Starting Address 

o 9 10 23 

The word count is right-justified in bit positions 0 
through 9 of the word, providing for input/output of up 
to 1023 words. The starting address of the input/output 
operation is right-justified in bit positions 1 o through 23 
of the word. The input/output control EOM/EOD pre
ceding the POT instruction provides 5 more word-count 
bits (extending the word count up to 32,767) and a high
order starting address bit (for starting addresses above 
037777). 

A sample sequence from a magnetic tape read operation 
is given below. 

Location Instruction 

01000 RTD *0, 1, 4 
(00242611) 

01001 EOM 015001 
(0 02 15001) 

01002 POT 01020 
(0 31 01020) 

01020 00313500 

Comments 

Th is EOM spec ifies channel 
A, activates the interlace, is 
in the Buffer Control mode, 
spec ifies forward direction of 
tape motion with no leader 
and BCD character format, 
selec ts four characters per 
word assembly mode, and con-
nects the unit to read tape 
number 1. 

This EOM is in the I/O con-
trol mode (1), selects the 
channel interrupt mode, dis-
arms the End -of-Record i n-
terrupt, arms the Zero Word 
Count interrupt, selects ter-
minal function OOand specifies 
high order word count of 01. 

This POT transmits to the 
channel the contents of loca-
tion 01020. The location con-
tains the word count and the 
starting location fordata input. 

This location contains the low 
order 10 bitsof the word count 
and the low order 14 bits of 
the starting address. 

The channel assembles the starting address from the EOM, 
bit 18, and from the word transmitted by the POT. Inthis 
sample, the starting address for the read operation is 
013500. The word count is assembled from the same 
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EOM, bits 19-23, and from the word transmitted by the 
POT. In this sample, the word count is 02006. This is 
assembled as follows. Bits 19 through 23 of the EOM 
are 00001; bits 0 through 9 of the transmitted word are 
0000000 110. Assembling these bits into one 15-bit 
count, 000010 000 000 110, the word count becomes 
02006. 

These three instructions read one magnetic tape record 
of 02006 word length into memory starting at location 
013500. When the word count equals zero during the 
transmission, an interrupt is sent to channel A interrupt 
level 011. Any further information is ignored and when 
the tape reaches the end-of-record it is stopped, dis
connected, and the channel becomes inactive. 

In another mode (compatible mode) of channel operation, 
the second EOM may be omitted. This mode allows a 
word count of up to 1023 (01777) words and starting ad
dresses up to 16,383 (037777). The End-of-Word and 
End-of-Transmission interrupts are used when interrupts 
are desired. They can be armed and enabled or disarmed 
and disabled by the enable/disable instructions. Since 
the extended mode input/output functions that are spec
ified in the second EOM cannot be used, the latter two 
interrupts are used along with SKS tests to determine the 
terminal conditions of input/output transmissions. (This 
I/O mode operates only for TMC channels A, B, C, and 
D. ) 

A sample line print sequence programmed in this mode 
follows: 

Location Instruction 

01 000 . PL P *0, 1, 4 
(002 42660) 

01001 POT 01030 
(0 31 01030) 

01030 02042000 

Comments 

This EOM specifies channel 
A, activates the interlace, 
spec ifies four characters 
per word, and connects the 
unit address for Printer 1. 

This POT transmits to the 
channel the contents of 
location 01030. 

The location contains the 
word count (0401) and the 
starting address (02000) 
for output. 

Since the input/output fac i I ity is less comprehensive in 
this mode, the user must be aware of the terminal con
ditions that wi II occur. For output, the mode is equiv
alent to function 00; that is when C words have been 



transmitted, the output is terminated, and when the 
character has been sent, the device is disconnected. 

If the interrupt system is enabled, an End-of-Record 
interrupt to location 011 occurs when the device dis
connects. No interrupt occurs on level 010. See the 
Terminal Functions discussion for details. 

For input, this mode is equivalent to functions 00 (lORD) 
and 01 (IOSD) if the end-of-record is encountered be
fore the word count is reduced to zero. If the word 
count is reduced to zero before the end-of-record is 
encountered, the interlace portion of the channel dis
engages all its control of the channel buffer. The buff
er continues to assemble characters until a word is 
completed. If the interrupt system is enabled, the buff
er then generates an End-of-Word interrupt on level 010. 
The program has approximately 1.5 character times to 
reload the interlace if reading is to continue; otherwise, 
a character rate error occurs. On channel A, the con
tents of the buffer can be stored with the AIM instruc
tion. This mode of channel operation should generally 
not be used for input, unless the length of the input re
cord is fixed and known. 

CHANNEL MEMORY ACCESS PRIORITY 

During each memory cyc Ie the control unit interrogates 
each channel to determine if it needs access to memory. 
If only one channel requires memory access, the chan
nel is allowed to proceed immediately. If more than 
one channel requires memory access, the one that is 

allowed to proceed isdetermi ned on the basis of a fixed and 
a variable priority. The fixed priority is in the order (high
est to lowest): direct access channel, time-multiplexed 
channel, and central processor. Time-multiplexed chan
nels have fixed priority in the order (highest to lowest): 
D, C, S, A. Direct access channels have variable pri
ori ty that is norma II y determi ned by a compari son of the 
word assembly register in each channel. The channel whose 
word assembly register has the fewest numberof characters 
remaining to be fi lied is selected for memory access. For 
example, if the word assembly register in channel E has one 
character position unfi lied and the word assembly register 
in channel F has three character positions unfi lied, chan
nel E is selected. Thus, each channel increases its 
priority level as each character is read into the word 
assembly register. If the contents of the register in 
two or more channels are equal in characters to be 
filled and no other channel in the set has fewer char
acters to be filled, priority is determined in sequence, 
with channel H having top priority. 

Note that the number of characters to be placed in the 
word assembly register at any time is dependent on the 
characters per word count specified for the transm ission. 
Assume, for example, that in channel E the character 
count is three characters per word and in channel F the 
character count is four characters per word. If both 
channel F and channel E need access to memory simul
taneously, and if both have two characters fi lied in 
their respective word assembly registers, then channel 
E gets first memory access since it has only one character 
place to be fi lied. 
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5. CONTROL CONSOLE 

The basic 9300 computer system' inc ludes a console for 
operator control of the computer. This console is con
nected directly to the central processor and contains a 
control panel (see Figure 5-1), with switches for oper
ating the system and for displaying the contents of oper
ational registers. The console also contains an input/ 
output typewriter (connected to channel A) for control. 

SWITCHES 
POWER 

The POWER switch turns the computer system power on or 
off. When power is on, the switch is lighted. 

LOAD 

The four LOAD switches, DRUM, MAG TAPE, CARDS, 
and PAPER TAPE are used for initial program loading. 
Th is fi II procedure is: 

1. With the computer in IDLE, press RESET. This 
clears the D register (INSTRUCTION REGISTER) 
and the program counter (PROGRAM LOCATIO N). 

2. Press RUN. The computer now executes the instruc
tion in the D register (which is a HALT). The pro
gram counter advances to 00001. 

3. Press one of the four LOAD switches. Each of these 
switches causes an AIM 2 (0 32 00002) instruction 
to be inserted into the D register and the HALT to 

be cleared. Index 1 is loaded with 001 77771. 
Depending on which switch is pressed, one of the 
following four devices on channel A will be acti
vated. 

Paper Tape Reader No. 1 (unit address 04) 
Card Reader No. 1 (unit address 06) 
Disc Fi Ie No. 1 (un it address 26) 
Magnetic Tape No. 0 (un it address 10) 

The LOAD switch also prepares the channel to op
erate in the forward, binary, four character per 
word mode. 

A "bootstrap" program contained on one of the above I/O 
devices must be in position to be read as the first input from 
the device. A typical bootstrap program is: 

Location Contents Instruc t ion 

00002 13200012 AIM 012, 1 
00003 1 5700002 BRX 02, 1 
00004 1 1700011 LDX 011, 1 
00005 1 3200000 AIM 0, 1 
00006 020 14000 CATO 
00007 1 5700005 BRX 05, 1 
00010 00000000 HLT 
00011 001 02000 BRU 02000 

The AIM 00002 instruction that is forced into the D re
gister stores the first word of the bootstrap program in 
location 2. The contentsof location 2 are then executed. 

1 ••.••••• 1 

.. " • ri '" • • 

I .I:Z][]I:Z][]CDCCDCCIXlI:ZI]~ca:J rmc[IlD[]II]CIIJI]CEDralCrDCrDC . 

-~-,-- -

.::J::J..:J.;:j.::J:.:J 

.:J..:JZJ..:J..:J .1J 

:::: ' . " I· I .. 1-
~ _____ L..-., L..-., L-

. ...:::.... .2'.... '--=- L=-~ L:... 

Figure 5-1. SDS 9300 Control Panel 
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The AIM in 2 is indexed with index Xl which contains 
-7. The effective address of the AIM is then 00003 so that 
the second word is stored in 3. Th is word is a BRX back 
to the AIM. These two instructions then load the re
mainder of the bootstrap program. The remaining six 
words can be those needed for the spec ific loading that 
is to be done. The program shown loads one record of any 
length into memory beginning with location 02000, and 
causes a halt when the record is read into memory. 

The channel active test in location 6 skips when the 
end-of-record has been reached. In a bootstrap from 
paper tape or magnet ic tape the record may be of 
any length. From cards the record is 40 words. 

CLEAR, CLEAR FLAGS 

The two switches, CLEAR and CLEAR FLAGS, are used 
together to c lear all of memory. Pressing the CLEAR 
FLAGS switch aloneclears the FLAG REGISTER to zero. 
If the computer is in IDLE and both clear switches are 
pressed concurrently, they I ight and memory is cleared. 
They must be held down for approximately 60 mill isec
onds to c lear all of memory. If the computer is in RUN, 
or if only one clear switch is pressed, memory does not 
clear. The contents of the A, B, and index registers 
are not disturbed. 

DISPLAY 

The four DISPLAY switches, B, Xl, X2, and X3, are 
used to select the register to be displayed in SELECTED 
REGISTER DISPLAY I ights when the computer is in IDLE. 
The switches are interlocked and only one can be press
ed at a time. The switch last pressed remains I it to in
dicate which of the registers, B, Xl, X2, or X3, is 
displayed. During RUN, the B register is displayed 
regardless of wh ich switch is pressed. 

RESET 

When the computer IS In IDLE, this switch resets all 
interrupts and cOll)munication channels, clears the D 
register (INSTRUCTION REGISTER), the program count
er (PROGRAM LOCATION), and all logical indicators 
in the computer. 

ADDRESS STOP 

The ADDRESS STOP switch, when on, will cause the 
computer to halt if the program counter should ever 
equal the address in the ADDRESS STO P dials. Th is 
switch is I it when on. 

The ADDRESS STOP dials are five, 8-position, thumb
nai I wheel switches that can be set to octal addresses 
00000 to 77777 and are used to select a program loca
tion at wh ich to stop computation. 
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SENSE 

The six SE NSE switches give the operator manual control 
of the program wh i Ie it is be ing executed. The program 
can test the statusof these switches with the SWT instruc
tion. The switches are of the'''push-push'' type and are 
I ighted when on, or set, and not I ighted when off, or 
reset. 

INTER 32, INTER 33 

The two interrupt switches, INTER 32 and INTER 33, 
are used to generate interrupts to either location 032 or 
033. The program can place BRM instructions in these 
locations and allow the operator to directl y execute 
desired programs. 

HOLD 

When the HOLD switch is I it, the current contents of 
the program counter (PROGRAM LOCATION) is inhi
bited from counting. Instructions inserted into the D 
register (INSTRUCTION REGISTER) and executed will 
not step the program counter. 

RUN 

When the computer is in I DLE and th is switch is pressed, 
the computer begins to execute instructions starting with 
the one in the D register (INSTRUCTION REGISTER). 
If a HALT (HL T) instruction is executed, the computer 
stops and turns on the HALT light. To restart, the oper
ator must press IDLE and then RUN. The RUN switch is 
lit when pressed. 

IDLE 

When the computer IS In RUN, depressing this switch 
changes the computer to the IDLE state after it has com
pleted execution of the instruction being processed. 
When the computer is in IDLE, SELECTED REGISTER 
DISPLAY lights display the selected register and infor
mation may be inserted in all reg isters. 

STEP 

The STEP switch is only operative when the computer is 
in I DLE. Pressing it wi II cause one instruction to be 
executed. Pressing repeatedly will cause additional 
instructions to be executed. 

DISPLAYS 

The registers displayed on the console directly reflect 
the contents of the hardware reg isters. If a display is 
cleared or changed by the operator, the contents of the 
actual register are identically changed. 



INTERRUPT ENABLE 

The INTERRUPT ENABLE indicator is on whenever the 
interrupt system is enabled. Pressing the RESET switch 
disables the interrupt system and turns the indicator off. 

HALT 

The HALT indicator is on whenever the computer is in 
RUN and is executing a HALT (HL T) instruction. It is 
cleared by pressing the IDLE or STEP switch. 

MEMORY PARITY 

If an operand access from memory encounters a parity 
error, this indicator is turned on. The computer goes 
to the Parity Error interrupt, if present. Pressing the 
RESET switch resets the parity detec tor and turns the 
indicator off. 

MARGINS NORMAL 

When the computer is in the normal operating mode, th is 
indicator is I ighted. If a test condition has been set on 
the maintenance console, the indicator is off. 

FLOATING POINT (OPTIONAL) 

When the floating point option is installed and the com
puter is operating in the floating point mode, this indi
cator is lighted. 

FLAG REGISTER 

This display consists of six indicators which display the 
state of the six program flags. Flag 1 is the OVERFLOW 
indicator. Pressing the CLEAR FLAGS switch clears 
FLAG REGISTER and the six program flags. 

PRO GRAM LOCATIO N 

The program counter (P register) is a l5-bit register that 
contains the location of the next instruction to be exe
cuted. The program counter may be changed by insert
ing a BRU instruction into the D register (INSTRUCTION 
REGISTER) and executing it. When the computer is in 
IDLE, PROGRAM LOCATION displays the location of 
the instruction to be executed next. 

INSTRUCTION REGISTER 

This display consists of 24 indicator buttons, which are 
I ighted, or not, depending on the contents of the D 
register. The 24-bit D register holds each instruction 

before, and possibly during, the time it is executed. 
When the computer is in IDLE, INSTRUCTION REGIS
TER displays the instruction to be executed next. A 
clear button is on the right of the display. When the 
computer is in IDLE, a new instruction may be inserted 
in the D register by pressing these indicator buttons, and 
may then be executed by pressing RUN or STEP. The 
RESET switch clears the register and the display. 

A REGISTER 

This display consists of 24 indicator buttons, which are 
lighted, or not, depending on the contents of the A re
gister. The A register is a 24-bit register which is used 
for most arithmetic operations. A clear button is on the 
left of the A REGISTER display. When the computer is 
in IDLE, the contents of the A register may be set to 
any desired configuration by pressing the appropriate 
indicator buttons. 

SELECTED REGISTER DISPLAY 

This display consists of 24 binary indicator buttons with 
a c lear button to the right of the display. When the 
computer is in RUN, SELECTED REGISTER DISPLAY 
always displays B. When the computer is in IDLE, the 
reg ister selec ted by one of the DISPLAY switches on the 
switch panel is displayed. Any of the three index re
gisters, Xl, X2, X3, or the B register may be selected, 
and the contents of the selected register can be cleared 
and set to any desired configuration by pressing the ap
propriate indicator buttons. 

COMMUNICATION CHANNEL ACTIVE 

These eight indicators, one for each channel, reflect 
the operating conditions of all communication channels. 
The corresponding indicators are I ighted as the channels 
become ACTIVE and are turned off as the channels leave 
the ACTIVE state. 

COMMUNICATION CHANNEL ERROR 

These indicators, one for each channel, indicate an 
I/O error on that channel. The indicators are turned 
off by a device select EOM to the channel. The RESET 
switch also clears these lights. 

COMMUNICATION CHANNEL UNIT ADDRESS 

The contents of the un it address reg ister of the channel 
selected by the channel select switch are displayed in 
these six indicators. 
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6. PERIPHERAL EQUIPMENT 

Th is section describes some of the input/output devices 
that can be attached to a channel, spec ifies the EOM 
and SKS instructions for each device, and provides 
standard programming approaches for hardware condi
tions peculiar to each device. In the programming ex
amples, all octal integers are preceded by a zero unless 
otherwise spec ified, dec imal integers are not preceded 
by a zero, and all instructions are coded for channel A 
without interlace. 

INPUT/OUTPUT TYPEWRITER 

The electric input/output typewriter is used for operator 
control, error or status messages, and similar functions. 
The typewriter has no ready test and is considered al
ways ready. 

TYPEWRITER INSTRUCTIONS 

The typewriter instructions to follow are coded without 
interlace, using channel A at 4 characters/word, on 
unit number 1. 

RKB 0,1,4 READKEYBOARD 
EOM 02601 o 02 02601 

This instruction connects the typewriter to the channel, 
turns on the typewriter (lights the input light), and ini
tial izes the channel to assemble 4 characters/word. 

When a typewriter input operation immediately follows 
typewriter output, the program must allow 40 mill isec
onds (22,840 computer cyc les) after the channel 

Example: Typewriter Output 

The message: 

disconnects before executing RKB. Otherwise, the last 
character transmitted to the typewriter may reappear as 
the first character read back into the channel. 

TYP 0, 1,4 TYPE TYPEWRITER 
EOM 02641 o 02 02641 

This instruction connects the typewriter to the channel, 
turns on the typewriter, and initializes the buffer to 
output 4 characters/word. 

TERMINATING TYPEWRITER INPUT/OUTPUT 

Since the typewriter is not a record-oriented device, it 
provides no term inating signals. Thus, the program must 
disconnect the typewriter at the end of an input with a 
DISCONNECT CHANNEL (DSC) instruction. If type
writer output is accompl ished using interlace, the inter
I ace control automatically term inates output (c lears the 
unit address register in the channel). If single-word 
transmission is used for typewriter output, the program 
must term inate the output operation wi th a TERMINATE 
OUTPUT (TO P) instruc tion. If the channel un it address 
register is not cleared after a typewriter input or output, 
the CHAN NE L ACTIVE TES T (CAT) wi II not cause the 
computer to skip an instruction. 

ERROR CONDITIONS 

The typewriter does not generate error signals, but if an 
input or output parity error or character rate error is de
tec ted by the channel, the error fl ip-flop in the channel 
is set and the DATA CHANNEL ERROR indicator on the 
control panel is turned on. 

ASSEMBLY DONE 
ENTER NEW PROGRAM 

is typed out under program control. The SDS 9300 internal codes for these characters are stored beginning in 
location 02000. The carriage return code, 052, and the space code, 012, are inserted where needed. The 
End-of-Record interrupt is requested. The routine is written as a closed subroutine wh ich uses interrupts. 
Channel A and Typewriter Number 1 are used. 

Location Instruction Address 

01000 PZE 

STZ SWICH 

Comments 

This instruction is an assembler instruction, used here as a conven
ient way to reserve the entry location for subroutine use. 

Th is clears the location called SWIC H. SWIC H is I ater used to 
indicate to the main program that output is compiete. 
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Location 

WRITE 

Instruction Address 

TYP 

EXU 

POT 

BRR 

EOM 
00403720 

*0, 1,4 

WRITE 

WRITE + 1 

01000 

016200 

Comments 

This instruction connects Typewriter Number 1 to channel A for 
output, specifies four characters per word mode, and alerts channel 
A interlace. The instruction is an EOM with octal configuration, 
o 02 42641. 

This instruction causes the Input/Output Control EOM in location 
WRITE to be executed. 

This instruction sends the word count and starting address in WRITE+ 1 
to the channel. 

This instruction branches back to the main program. 

Th is EOM spec ifies output function code 01 (IOSD) and the End-of
Record interrupt. The word in WRITE + 1 spec ifies that eight words 
will be output from memory beginning in location 03720. According 
to output function 01 (IOSD) when the word count equals zero during 
the transmission, the device is disconnected when the last character 
is out; at this time, the interrupt occurs. 

The main program is processed while the output operation is being performed by the channel. When finished 
with the output, an interrupt will be transmitted to interrupt level 011. 

011 

OKAY 

BRM 

PZE 

MPO 

BRC 

OKAY 

SWICH 

*OKAY 

Th is instruction, placed in location 011, branches and marks to 
location OKAY elsewhere in memory. 

This instruction saves the entry location 

Th is instruction increments location SWICH as an indicator for the 
main program. 

Th is instruction branches to the main program and clears the active 
interrupt, level 011. 

Th is is the internal code for the output message: 

A 5 5 E M B L Y 0 a N E C/R E N 

2000 21 62 62 25 44 22 43 70 12 24 46 45 25 52 25 45 

T E R N E W P R a G R A M 

2004 63 25 51 12 45 25 66 12 47 51 46 27 51 21 44 12 

Example: Typewriter Input 

Control is requested by the operator to input four control charac terse Control is obtained by pressing INTER 
32 which will transmit an interrupt to interrupt level 032. The terminal interrupts are not requested in this 
example. 

Location 

032 

INPUT 

Instruction Address 

BRM INPUT 

PZE 

RKB *0, 1,4 

Comments 

This instruction in interrupt location 032 branches to the input 
subroutine. 

This instruction saves the entry location. 

Th is instruc tion connects channel A to Typewriter 1, spec ifies the 
four characters per word format, and alerts the interlace. 

The input request light on the typewriter is lit. 



Location 

CHARS 

Instruc tion 

EXU 

POT 

CAT 

BRU 

BRU 

EOM 
00047640 

Address 

CHARS 

CHARS+ 1 

o 

$ -1 

CHECK 

014200 

PAPER TAPE INPUT/OUTPUT 

PAPER TAPE FORMAT 

Comments 

The octal configuration of the instruction is 0 02 42601. The asterisk 
prefixed to the address fie Id of read and write controll ing EOM in
structions indicates the setting of the interlace alert bit (9). 

This instruction executes the instruction at location CHARS. 

This instruction transmits to the channel the word count and starting 
address. 

This instruction tests for channel not active. If the channel is active 
when CAT is executed, the next instruction in sequence is executed. 
If the channel is inactive, the next instruction is skipped and the 
following one is executed. 

This instruction branches to the CAT instruction. The dollar sign 
and accompanying signed integer in the address field is an assembler 
dec laration for the indicated number of locations prior to or follow
ing the current one. Plus indicates following. 

This instruction branches to an assumed routine to determine what 
characters were typed in. 

This EOM specifies input function 01 (IOSD) and no interrupt at the 
end of transm ission. The word in CHARS+ 1 spec ifies that one word 
can be input into location 07640. Only one word will be accepted 
before the channel disconnects and goes inactive. The count equal
ing zero causes channel disconnect. 

ready for operation and no ready test is required. Be
fore executing the EOM instruction to read a tape, the tape 
must be loaded into the reader. The loading procedure 
is: 

The paper tape uses six hole positions for information 
and one for odd parity check in each frame. The paper 
tape is one inch wide, with ten frames of information 
per inch in the direction of travel. 

1. Place the tape actuator into the LOAD position. 

2. Insert the tape (from left to right) into the tape 
guide, with channel P toward the operator. (If a 
spool of tape is used, mount the spool on the spooler 
and thread the tape into the take-up spool.) 

1 
2 .. 
8 

~ 
p 

t 

Direction of travel 

frame of information 

o 000 o 000 
0000 0 .................................. . 

..... gOO 0 0 0 0 0 
00 000 0 00 o 00 00 0000 

~ ~~-------------v----------------~)~ 
Gap block of information Leader 

Channel 
designation 

Information is organized on the tape in blocks. A block 
is any number of information frames, set off by a gap 
(in which only the sprocket hole is punched) at either 
end. Gap in front of a block is called II leader. II 

PAPER TAPE READER 

The paper tape reader is primmi Iy used for loading pro
grams and/or data into memory. The reader is always 

3. Place the tape actuator into the RUN position. 

RPT 0,1,4 READ PAPER TAPE 
EOM 02604 o 02 02604 

This instruction connects paper tape reader number 1 to 
channel A, starts the tape moving, and transmits a block 
of information (1 character at a time) to the buffer. The 
reader ignores leader and, unless otherwise instructed 
by another EOM, stops with in one frame of gap, gen
erates on end-of-record signal, and disconnects from 
the channel buffer (clears the unit address register). 

In some operations, a tape may consist of only one block, 
such as a source language tape prepared off-line. In 
this case, the program need not read the entire block at 
one time, but may stop the reader between frames wi th 
a DSC instruction, and then start again to read the re-
mcinder or another portion of the block. 
paper tape reader must not be restarted unti I at least 30 
mill iseconds (approximately 17,130 computer cyc les) 
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have elapsed following the previous read operation. 
Since the paper tape reader stops between frames, no 
frame is missed between subsequent read operations. 

characters continue to enter the channel and a charac
ter rate error occurs. (The program may also store the 
unwanted remainder of the record into an unused portion 
of memory. When the reader disconnec ts, after reading 
the last character, an End-of-Record interrupt occurs if 
the interrupt is armed and enabled. ) 

TERMINATING PAPER TAPE INPUT 

Once a paper tape read operation is started, the paper 
tape reader shou Id not be disconnec ted (by DSC) unti I at 
least 4 characters have been read, to prevent damaging 
the read mechanism. Also, if only a portion of a block 
is to be read in the compatible mode, DSC must be exe
cuted within 0.3 mi II isecond (approximately 171 comput
er cyc les) after the last character is read. Otherwise, 

ERROR CONDITIONS 

If a parity or character rate error occurs during a paper 
tape read operation, the channel error fl ip-flop is set 
and the DATA CHANNEL ERROR indicator on the com
puter control panel is turned ON. 
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Example: Read Paper Tape 

Th is program wi II read a b lock of 64 characters from paper tape. The four characters per word format makes 
the input 16 words. The tape station is turned on. Zero Word Count, interrrupt level 010, is requested for 
the operation on channel A. The routine is written as a closed subroutine wh ich uses interrupts. 

Location 

01000 

REED 

010 

FNISH 

Instruction 

PZE 

STZ 

RPT 

EXU 

POT 

BRR 

EOM 
01003720 

BRM 

PZE 

MPO 

BRC 

Address 

SWICH 

*0, 1,4 

REED 

REED+ 1 

01000 

015200 

FNISH 

SWICH 

*FNISH 

Comments 

This assembler instruction saves a place for the entry location. 

Th is instruction clears location SWICH wh ich wi II be used as an 
input-finished indicator. 

This instruction connects Paper Tape Reader 1 to channel A, speci
fies the four characters per word format, and alerts the interlace. 
The octal configuration of this EOM instruction is 0 02 42604. 

This instruction executes the instruction at location REED. 

This instruction transmits to the channel the word count and starting 
address. 

This instruction branches back to the main program for processing 
while the input operation is in progress. 

Th is EOM spec ifies input func tion 01 (10 SD), and the Zero Word 
Count interrupt. The word in REE D+ 1 spec ifies that input into mem-
0ry beg ins in location 03720 and that 16 words wi II be read before 
the operation is completed. When the word count equals zero, the 
interrupt occurs. Then the channel disconnects. When the tape read 
operation is complete, the Zero Word Count interrupt occurs at level 
010. 

This instruction, in location 010 for this example, branches and 
marks to location FNISH. 

Th is instruc tion saves the entry location. 

This instruction sets an input-finished switch for use by the main 
program. 

This instruction branches back to the main program and clears 
interrupt leve I 010 from the ac tive state. 

A test to the channel, CET, fOI parity error during the read operation can be made before the BRC instruction. 



PAPER TAPE PUNCH 

The paper tape punch is primarily used for punching pro
grams and/or data to be later loaded back into memory. 
The punch is always ready for operation and no ready 
test is required. Before executing the EOM to punch a 
tape, the operator should determine if there is enough 
tape on the supply reel for the punching operation and 
that the tape is properly threaded. For extensive punch
ing operations, the tape shou Id be threaded onto a take
up reel. After each roll of tape has been punched, the 
operator must empty the chad box and brush all loose 
chad from the tape guide. Otherwise, the punch may 
jam during a punching operation. 

If the togg Ie switch on the punch panel is placed in the 
RUN position, the punch motor runs continuously. If 
the switch is in the AUTO position, the punch motor is 
turned on on Iy when the punch is addressed by the buffer 
(with an automatic delay to allow the motor to reach 
punching speed) or when the FEED button on the punch 
panel is pressed. Tape leader may be manually punched 
by pressing the FEE D button unti I the desired amount of 
leader is produced. The following punch tape instruc
tions are coded for channel A, using unit number 1 at 4 
characters/word, without interlace. 

PPT 0,1,4 
EOM 02644 

PUNCH PAPER TAPE WITHOUT LEADER 
002 02644 

This instruction connects the paper tape punch to the 
channel, starts the punch motor (if not already on), and 
initializes the buffer to output 4 characters per word. 
Since bit position 13 contains a 1, no leader is generated 
before punch ing the first frame. 

PTL 0, 1,4 
EOM 0644 

PUNCH PAPER TAPE WITH LEADER 
002 00644 

Example: Punch Paper Tape 

This instruction is identical to PPT, except that bit po
sition 13 contains a 0, to spec ify that the punch gener
ate approximately 1 inch of leader preceding the first 
frame. PTL may be used to form separate blocks of in
formation on a single tape, when successive punching 
operations are executed. 

TERMINATING PAPER TAPE OUTPUT 

The paper tape punch continues to punch as long as it 
receives characters from the channel, regardless of the 
infrequency of transm ission. The punch operates at 60 
characters per second, asynchronously. If the channel 
does not supply characters to the punch fast enough for 
operation at 60 cps, the punch waits for each character, 
losing no data and creating no blank frames, unless so 
instruc ted by a PTL instruction. Thus, the program must 
d isconnec t the tape punch at the end of the output op
eration. Otherwise, the channel unit address register 
is not cleared, and the computer will not sk ip the next 
instruction when CAT is subsequently executed. If the 
punch operation is accompl ished under interlace control, 
a TERMINATE OUTPUT (TOP) instruction is automatically 
generated. If single-word transmission is used, the pro
gram must contain the TOP instruction. 

The paper tape punch does not automatically produce 
gap after punching a block of information. If gap is 
desired, the operator may depress the FEE D button to 
produce the desired gap. Also, the program may in
struct the punch to produce a 1-inch gap by executing 
PTL followed immediately by a TOP instruction. 

ERROR CONDITIONS 

If a parity error occurs during a paper tape punch oper
ation, the channel error fI ip-flop is set and the DATA 
CHANNEL ERROR indicator on the computer control 
panel is turned on. 

This program will punch one block ot 20 words beginning in location 02000. A 1-inch leader precedes the 
block. The routine is a closed subroutine which uses interrupts. 

Location Instruction 

01000 PZE 

STZ 

PTL 

EXU 

Address 

WHERE 

*0, 1,4 

PUN20 

Comments 

Th is assembler instruction saves a place for the entry location. 

This instruction clears a switch location used as an indicator to the 
main program for completion of the punch operation. 

This instruction connects channel A to Paper Tape Punch 1, specifies 
four characters per word mode, and alerts the interlace. The instruction 
spec ifies that leader is to be punched, and if not already on, the punch 
motor is turned on. The octal configuration of this EOM is 0 02 40644. 

This instruction executes the I/O control EOM that sets the interrupt 
and selects output function 00 (lORD). 
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Location Instruction Address Comments 

POT PUN20+ 1 This instruction transmits to the channel the word count and starting 
address of the transm ission. 

BRR 01000 

015000 

This instruction branches back to the main program. 

PUN20 EOM 
01202000 

The EOM spec ifies output function 00 (lORD) and the Zero Word 
Count interrupt. The word in PUN20 spec ifies that 20 words will 
be output from memory to the punch beginning at location 02000. 
According to output function 00, when the word count equals zero 
during the transm ission, the interrupt occurs. The word has not been 
fully transmitted at this time. When it is and the output is complete, 
the channel disconnects. 

When the Zero Word Count interrupt occurs: 

010 BRM END 

END PZE 

MPO WHERE 

BRC *END 

CARD INPUT/OUTPUT 

CARD FORMAT 

Two formats are available for reading and punch ing 80-
column cards: Hollerith and binary. Hollerith format, 
as shown in Figure 6-1, consists of up to 80 Hollerith
coded characters per card, with each character repre
sented by a single column. Thus, a card may represent 
up to 80 characters (20 words at 4 characters/word) in 
Hollerith format .. 

Binary format consists of two 6-bit characters per col
umn. The top 6 rows (12-3) of column 1 form the first 
character (with the most significant bit in row 12), the 
bottom 6 rows (4-9) form the next character (with the 
most significant bit in row 4). Thus, a single card may 
represent up to 160 characters (40 words at 4 characters/ 
word) in binary format. 

CARD READER 

Before initiation of a card read operation, the card 
reader should be loaded and tested as follows: 

1. Loading procedure: 

a. Press POWER ON switch. 

b. Place cards into hopper (face down with row 
12 towards the operator) and place plastic 
we ight on the cards. 

c. Press START switch. 

2. Testing procedure: 

a. 

b. 
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Test channel (CAT) 

Test card reader (CRT) 

CARD READER INSTRUCTIONS 

If the card reader is in a ready condition when the read 
card EOM is executed, the reader reads 1 card (column 
by column, starting with column 1), transmits 80 Hol
lerith (or 160 BCI) characters to the channel, generates 
an end-of-record signal, and waits for the next EOM. 
The card reader instructions to follow are coded without 
interlace, using channel A at 4 characters/word, for 
unit number 1. 

ReD 0,1,4 
EOM 02606 

READ CARD DECIMAL (Hollerith) 
002 02606 

This instruction alerts the card reader, causes a card to 
feed from the hopper, and spec ifies the Hollerith format. 
As each column is read, it is translated to SDS internal 
code. 

ReB 0, 1,4 READ CARD BINARY 
EOM 03606 o 02 03606 

This instruction alerts the card reader, causes a card to 
feed from the hopper, and spec ifies the binary format. 
As each column is read, it is transmitted as two 6-bit 
binary-coded characters. 

The reading mode may be changed between card columns 
by executing EOM instructions with the appropriate for
mat code. This provides a means of reading cards that 
have some fields punched in Hollerith and others in bi
nary. At times, only the first portion of a card has in
formation required by the program. In order to save the 
computer time requ ired to process the unwanted infor
mation, the reader may be instructed to skip the remain
der of the card. 

SRe 0,1 
EOM 012006 

SKIP REMAINDER OF CARD BEING READ 
o 02 12006 
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Figure 6-1. Card Read Into Memory in Hollerith 

This instruction causes the reader to stop transmission of 
characters to the channel. The remaining characters 
are not checked for val id ity, but a read check, feed 
check, or end-of-record condition sti II cause an End
of-Record interrupt and disconnect the card reader from 
the channel. 

CARD READER TESTS 

The card reader tests to follow are coded for channel 
A, using unit number 1. 

CRT 0,1 

SKS 012006 

CARD READER READY TEST 
(Skip if Card Reader Ready) 

o 20 12006 

The card reader is ready to feed and read when all of 
the following conditions exist: 

1. POWER ON switch is on 

2. Hopper is not empty 

3. Stacker is not full 

4. Feed mechanism is operating properly 

5. Read mechanism is operating properly 

6. START switch has been pressed 

7. No feed or read cycle is in process 

If the card reader is ready when CRT is executed, the 
computer skips the next instruction in sequence and ex
ecutes the following instruction. If the card reader is 
not ready, the computer executes the next instruction 
in sequence (does not skip). This ready test should be 
made before each EOM instruction that initiates a read 
cycle. 

FCT 0, 1 

SKS 014006 

FIRST COLUMN TEST 
(Skip if Not First Column) 

o 20 14006 

This test determines if the first column is about to be 
read by the card reader. Since the time elapsing 
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between the execution of a card reader EOM and the 
reading of the first column is approximately 85 milli
seconds (48,450 computer cycles), this test allows the 
computer to perform other operations during this time. 
If FCT is executed less than 1.2 mill iseconds (approxi
mate�y 685 computer cycles) before the first column is 
due to be read, the computer sk ips the next instruc tion 
in sequence and executes the following instruction. If 
FCT is executed 1.2 mill iseconds (or more) before the 
first column is due to be read, the computer executes 
the next instruction in sequence (does not skip). 

eFT 0, 1 CARD READER END-OF-FILE TEST 
(Skip if Not End of File) 

SKS 011006 0 20 11006 

This test determines if an end-of-file (EOF) condition 
exists for the card reader. The EOF condition exists 
when the hopper is empty and the EOF ON indicator 
switch is I ighted. (The END OF FILE ind icator is also 
lighted when an EOF condition exists.) If the EOF con
dition exists, the computer executes the next instruction 
in sequence (does not skip), and the EOF condition con
tinues until the operator adds cards to the hopper or 
resets the EOF ON switch. If the EOF condition does 
not exist, the computer skips the next instruction in se
quence and executes the following instruction. 

ERROR AND DISCONNECT CONDITIONS 

If the card reader has been instructed to read a card, 
the card reader response to error and disconnect condi
tions is as follows: 

Condition 

1. Feed malfunction 

2. Read malfunction 

3. Validity error 

4. End of card (end 
of read cyc Ie) 
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Card Reader Response 

Disengage card reader motor 

Turn on FEED CHECK indicator 

Turn on NOT READY indicator 

Set error flip-flop in channel 
(test with CET) 

Disconnect card reader from 
buffer (c lear un it address 
register) 

Generate End -of-Record inter
rupt signal 

Turn on READ CHECK indica
tor (other responses are identi
cal to Feed check) 

Turn on VALIDITY CHECK 
indicator 

Set error fI ip-flop in buffer 

Disconnect card reader from 
buffer 

Generate End-of-Record inter
rupt signal 

Disengage card reader motor 

Wait for new EOM 

When reading cards in the single-word mode of trans
mission, a CHANNE L ACTIVE TEST (CAT) should be 
issued before each AIM to ensure that the card read
er has not become disconnected (read or feed check). 
Otherwise, the computer wi II "hang up" on the AIM 
should the buffer become disconnected before the de
sired number of columns has been read. 

CONTROLS AND INDICATORS 

The card reader control panel provides the following 
controls and indicators: 

POWER ON 

NOT READY 

START 

EOF ON 

END OF FILE 

FEED CHECK 

READ CHECK 

VALIDITY CHECK 

RESET 

STOP 

POWER OFF 

Pressing this switch causes the 
POWER ON and NOT READY 
ind icator to be lighted. 

Th is indicator is I ighted whenever 
the card reader is in a not ready 
condition (and POWER ON has 
been pressed). 

Pressing this switch (after POWER 
ON has been pressed) puts the 
reader in a ready condition (turns 
off the NOT READY indicator). 

If this switch is on (lighted) and 
the card hopper is empty, the 
end-of-file condition is satisfied. 
If the switch is off (not lighted), 
the end-of-Hie condition is in-
h ib ited - whether the hopper is 
empty or not. 

This indicator turns on (lights) 
whenever the end-of-file condi
tion is satisfied. 

This indicator turns on whenever 
an improper feed cyc Ie occurs. 

Th is indicator turns on whenever 
a malfunc tion occurs in the read 
station during a read cyc Ie. 

This indicator turns on whenever 
an invalid character is read during 
a Hollerith read (RC D) operation. 

This switch is used to clear (turn 
off) the FEED CHECK, READ 
CHECK, and VALIDITY CHECK 
indicators. 

Pressing this switch causes a not 
ready condition, turns on the NOT 
READY indicator, and stops the 
card reader after the card current
ly being read. 

Pressing th is switch removes power 
from the card reader and turns off all 
indicators, except for EOF ON 
and END OF FILE. 



Example: Read Card 

This program reads one card in Hollerith mode. It is written as a closed subroutine that uses interrupts. 

Location 

01000 

READ 

Instruction Address 

PZE 

CRT 

BRU 

RCD 

EXU 

POT 

BRR 

EOM 
01203720 

0, 1 

$ -1 

*0, 1,4 

READ 

READ+ 1 

01000 

015200 

Comments 

This assembler instruction saves a location for the subroutine entry. 

This instruction is the card reader ready test for Card Reader 1 on 
channel A. 

If not ready, the next instruction is executed. If ready, the next 
one is skipped and the following instruction is executed. The octal 
configuration is 0 20 12006. 

This instruction branches back to the test on not ready. An exit to 
a not-ready corrective routine can be put here. 

This instruction connects Card Reader 1 to channel A, alerts the 
interlace, and starts a card moving toward the read station. Hol
lerith mode is specified. The octal configuration for this instruction 
is 0 02 42606. 

This instruction executes the I/O control EOM at location READ. 

This instruction transmits to the channel the word count and starting 
address. 

This instruction branches back to the main program. 

This EOM spec ifies input function 01 (IOSD) and the Zero Word 
Count interrupt. The word in READ+ 1 spec ifies that a record wi II 
be read into memory beginning at location 03720. A 20-word limit 
is spec if i ed • 

The main program is processed while the card read operation is being performed by the channel. When fin
ished with the input, an interrupt wi II be transm itted to interrupt level 010, the Zero Word Count interrupt 
location for channel A. 

010 

TEST 

CARD PUNCH 

BRM 

PZE 

CET 

BRM 

BRC 

TEST 

o 

ERR 

*TEST 

This instruction, placed in location 010 for this example, branches 
and marks to location TEST. 

This instruction saves a location for the routine entry. 

This instruction tests for an error on channel A. Its octal configura
tion is 0 20 11000. 

Th is instruction is executed if there is an error on channel A. It is 
assumed that ERR is the entry to a corrective subroutine. 

This instruction returns control to the main program and clears inter
rupt level 010. This instruction is executed if no error is detected. 

2. Testing procedure: 

Before initiation of a card punch operation, the card 
punch should be loaded and tested as follows: 

a. Test channel (CAT) 

1. Loading procedure: 
b. Test card punch (CPT) 

a. Turn the POWER switch ON CARD PUNCH INSTRUCTIONS 

b. Load the hopper with blank cards 

c. Press the START pushbutton on the control pan
el. (Th is procedure in itial izes the coupler and 
estabiishes the ready condition for feeding and 
punch ing the cards. ) 

If the card punch is ready when the punc h card EOM is 
executed, the punch punches one 80-digit row in a card 
(starting with row 12) and then waits for a new EOM. 
Since the card punch operates by rows, the card punch 
program must present the entire card image to the 
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coupler 12 times for each card. The coupler exam ines 
the card image, and loads the punch buffer with the 
appropriate row image before each row is punched. After 
each row is punched, the punch buffer is cleared and 
the coupler waits for the next EOM. The card punch 
instructions to follow are coded without interlace, using 
channel A at 4 characters/word, for unit number 1. 

PCD 0,1,4 
EOM 02646 

PUNCH CARD DECIMAL (Hollerith) 
002 02646 

This instruction alerts the punch, causes a card to feed 
past the punch station, and spec ifies the Hollerith for
mat. A transmission of 80 characters (20 words at 4 
characters per word) must follow this instruction. The 
EOM and transm ission of charac ters must be executed 
12 times for each card to be punched. 

PCB 0,1,4 PUNCH CARD BINARY 
EOM 03646 002 03646 

This instruction is identical to PCD, except that the 
binary format is spec ified. 

The EOM must be followed each time by a transmission 
of 160 c harac ters (40 words at 4 c harac ters/word). When 
the single-word mode of transmission is used for punch
ing a card, each character transmission for a row must 

be followed by a TERMINATE OUTPUT (TOP) instruction. 
TOP is automatically generated with interlaced outputs. 

CARD PUNCH TESTS 

The card punch tests to follow are coded for channel A, 
using unit number 1. 

PBT 0, 1 PUNCH BUFFER TEST 
(Skip if Punch Buffer Ready) 

SKS 012046 0 20 12046 

Th is instruction is used to test the status of the punch 
buffer. If the punch buffer is clear (empty) and ready 

Example: Punch Card 

for loading when PBT is executed, the computer skips 
the next instruction in sequence and executes the fol
lowing instruc tion. If the punch buffer is not c I ear when 
PBT is executed, the computer executes the next instruc
tion in sequence (does not skip). The punch buffer is 
always clear if the punch is reaQy to feed and punch. 

CPT 0, 1 CARD PUNCH READY TEST 
(Skip if Card Punch Ready) 

SKS 014046 o 20 14046 

The card punch is ready to feed and punch a card when 
all of the following conditions exist: 

1. POWER switch is ON 

2. Hopper is not empty 

3. Stacker is not fu II 

4. Chip box is not full 

5. Feed mechanism is operating properly 

6. START pushbutton has been pressed 

7. No feed or punch cyc Ie is in process 

If the card punch is ready when CPT is executed, the 
computer skips the next instruction in sequence and ex
ecutes the following instruction. If the card punch is 
not ready, the computer executes the next instruction 
in sequence (does not skip). This ready test should be 
made before each EOM instruction that initiates a punch 
cycle. 

ERROR CONDITIONS 

If the card punch has been instructed to feed and punch 
a card and the card does not feed properly (or the punch 
buffer is not loaded at punch time), the error fl ip-flop 
in the channel is set. 

Th is program punches one card in Hollerith mode. It is written as a closed subroutine wh ich uses interrupts. 
Index reg ister X3 is used to count the 12 times the card image is presented to the punch. 

Location 

01000 

MCRDS 
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Instruction 

PZE 

STZ 

LDA 
STA 

MPO 

LDX 

Address 

SWICH 

01000 
ENTR2 

ENTR2 

ROWS, 3 

Comments 

Th is assembler instruction saves the location for the subroutine entry. 

This instruction clears a switch to be used later. 

Th is pair of LDA and STA place the main program mark address in 
location ENTR2. 

MPO adds one to the stored contents. 

This LDX instruction initializes index register X3 with 077700013, 
wh ich is a hase of 11 dec imal and an increment of -1. 



Location 

GETRW 

PNCH 

ROWS 

Instruction 

CPT 

BRU 

PCD 

EXU 

POT 

BRU 

EOM 
01202000 

77700013 

Address 

0, 1 

$ - 1 

*0, 1,4 

PNCH 

PNCH+l 

*ENTR2 

015000 

Comments 

This instruction tests the card punch for a ready condition. The card 
punch is number 1 on channel A. 

This instruction is executed if the punch is not ready. It branches 
back to the test, CPT. An exit to a time loop with the facil ity to 
tell th_e operator that the card punch wi II not become ready can be 
placed here. 

This instruction is executed if the punch is ready. It alerts channel 
A with interlace, connects Card Punch 1 to channel A, and starts a 
card moving toward the punch station. Four characters per word 
and Hollerith format are spec ified. 

This instruction executes the EOM located in PNCH. 

This instruction transmits to the channel the word count and starting 
address. 

Th is instruc tion branches back to the main program. 

This EOM spec ifies output function 00 (lORD) and the Zero Word 
Count interrupt. The word in PNCH + 1 spec ifies that 20 words wi II 
be output from memory beg inn ing in location 02000. Note that the 
card image must be sent to the channel 12 times to punch a card 

The main program is processed while the output is being performed by the channel. When finished with the 
output, an interrupt will be transmitted to interrupt level 011, the End-of-Record location for channel A. 

011 

ENTR2 

BRM 

PZE 

BRC 

BRX 

MPO 

BRC 

ENTR2 

$+ 1 

GETRW, 3 

SWICH 

*ENTR2 

LINE PRINTER 

This instruction branches and marks to location ENTR2. 

This assembler instruction saves a location for routine entry. 

This instruction is used.to clear the interrupt. It is cleared here to 
allow other types of return later in the program. It branches to the 
next location. 

Th is instruc tion adds the increment in index X3 to the base in index 
X3. If the base has not been reduced below zero, the next instruc
tion executed at location GETRW. When the base is reduced to zero, 
the next instruction in sequence is executed. This index counts " row 
times II on each card. 

This instruction sets a switch to indicate to the main program that 
the punch operation is compl ete. 

This instruction returns control to the main program. 

SDS buffered line printers are capable of printing up to 
1000 I ines per minute at 132 characters per I ine, with a 
standard set of 56 characters. Printing is accompl ished 
by means of a rotating character drum and a bank of 
132 print hammers. The drum passes 56 different 
characters, in I ines of 132 each, past the hammer 
bank. Upon command from the computer, the selected 
print hammers drive the paper against the ribbon and 
onto the appropriate character typeface as it passes the 

preselected) space control. Upspacing of 1 to 7 lines, 
as well as page control, may be accompl ished by pro
gram instructions. 

An optional, off-I ine fac i I ity allows the program or the 
operator to initiate card-to-printer or magnetic tape
to-pri nter operations simu I taneous wi th computation (see 
Off-Line Printing). 

PRINTER CONTROLS 

The printer controls, Figure 6-2, for SDS I ine printers 
consist of eight switches and indicators. orint oosition Thp. c:hnrnc:tp.rc; nrp. trnnc;mittpr/ c::pnIIPn-

I I" - - - -..."" -" - " - - - -" - - "- -" - -" "" - " - - - - - ,- _ •• 

tially for storage in the printer buffer before printing. 
A programmable format tape loop provides fixed (or 

The POWER/ON switch is an alternate action switch. 
The computer must be turned on for this switch to be 

6-11 



f POWER 
ON 

( READY 

rro;oFl 
~ 

MANUAL 
OFFUNE 

] 
] 

SINGLE 
SPACE 

FORMAT 
SPACE 

~r-:=:I 
~~ 

Figure 6-2. Printer Control Indicator 
Lights and Switches 

activated. Pressing POWER/ON I ights the top half of 
the indicator, turns on the motors and hammer driver 
power supply, and starts a timer that allows the motors 
to reach proper speed. ..6.fter 20 seconds the bottom 
half I ights, indicating that the printer is operable. 

When the printer is initially turned on, the READY 
indicator is off. When pressed, it is turned on if: 

1 . paper is loaded in the I ine printer, 

2. the lower hal f of the POWER/ON switch is 
I ighted, and 

3. the hammer power supply is on. 

This indicator automatically goes off when the above 
conditions are not real ized. The printer is ready for 
either on-line or off-I ine operation when READY is 
turned on. READY is reset to prec lude computer inter
vention while changing paper or ribbon, or operating 
the TOP OF FORM or SINGLE SPACE switches. 

Pressing TOP OF FORM causes the printer to position 
paper according to format tape channell. This indicator 
is I ighted only when the format tape is positioned at 
channell, that is, top-of-form on a standard tape loop. 
This switch is operative when there is paper in the printer 
and the READY indicator is off. 

Pressing SINGLE SPACE causes the printer to upspace 
paper one single space, independently of the vertical 
format tape. This switch is operative when there is 
paper in the mach ine and READY is off. 
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The FAULT indicator lights when the printer detects a 
parity error as information transfers from the buffer to 
the print hammers, or when it detects a parity error in 
incoming data from magnetic tape or cards during an 
off-I ine operation. It remains lighted unti I the next 
EOM addresses the printer. The cond ition of the light 
corresponds to the status of a program-testable fault 
indicator in the printer. 

MANUAL/OFF LINEt is a combination of a switch and 
two independent indicators. The program or the operator 
may initiate off-I ine operation, which is indicated by 
the illumination of the bottom half of this switch (OFF 
LINE). If the operator presses thisswitch to initiate off 
I ine operation, the top half (MANUAL) is also lighted, 
and remains lighted until the operator presses the switch 
again. OFF LINE is normally resetwhentheend-of-file 
is detected from the input unit. Pressing READY (when 
READY is I ighted) also resets OFF LINE, that is, by switch
i ng the pr inter from the II ready II to the II not ready II state. 

The FORMAT/SPACE
t 

switch is used in off-I ine operation. 
The operator may use either mode, spacing a single space 
after each line of print, or using the first character 
stored on tape or cards as a vertical format character. 

The TAPE/CARD
t 

switch selects the desired input device. 

PAPER TAPE FORMAT LOOP 

A paper tape format loop; placed in the printer, allows 
upspacing to proceed to prespecified vertical positions on 
the print page. The format loop is an eight-channel 
paper tape. Putting a punch in the specified channel at 
the desired vertical spacing selects the channel upspace. 
Channell is the top of form channel, channel 7 is the 
bottom of form channel, and channel 0 is the single 
upspace channel. In the off-I ine mode with SPACE 
control, channel 0 controlssinglespacing. When print
ing with no format loop inserted in the printer, single 
upspacing occurs regardless of the channel specified. 

LINE PRINTER INSTRUCTIONS 

PLP 0, 1,4 PRINT LINE PRINTER 
EOM 02660 00202660 

This instruction connects the line printer to channel A 
and spec ifies a character transm ission of 4 characters 
per word. 

This instruction is followed by the transm ission of up to 
132 characters. If the character count is less than 132, 
the characters are printed left- justified on the page. If 
the character count is more than 132, the printer pro
duces an undetectable error. 

t If an off-I ine coupler is not attached to the printer, the 
MANUAL/OFF LINE, FORMAT/SPACE, and rAPE/CARD 
indicators neither I ight nor affect printer operation. 



The following control instructions are coded for channel 
A using un it number 1 : 

POL 0, 1 PRINTER OFF-LINE 
EOM 012060 002 12060 

This instruction places the printer off-line and initiates 
an off-I ine print operation. The selected input device 
(card reader 1 or magnetic tape un it 7) also goes off
line. (See Off- Line Printing.) 

PSC 0,1, n PRINTER SKIP TO FORMAT CHANNEL n 
EOM 01n460 0 02 1n460 

This instruction causes the printer to eject paper until the 
paper tape format loop detects the first punched hole in 
the channel specified by the number n (0 to 7). (See PSP 
for tim ing.) 

PSP 0,1, n PRINTER UPSPACE n LINES 
EOM 01n660 0 02 1n660 

This instruction causes the printer to upspace n (0 to 7) 
I ines. Consecutive upspace instructions must be sepa
rated by a sufficient time delay. Otherwise, the two 
PSP instructions may be merged by the printer. 

Approximate completion times for PSP (from initiation 
of instruction to paper stop) are: 

Upspace 1 line: 25 mi" iseconds (14,275 cyc les) 

Upspace more than 1 I ine: add 10 mi II iseconds 
(5,690 cycles) for each additional line. 

LINE PRINTER TESTS 

The line printer tests to follow are coded for channel A, 
using unit number 1: 

PFT 0, 1 

SKS 011060 

PRINTER FAULT TEST 
(Skip if no Printer Fault) 

o 20 11060 

Th is test determ ines if the printer has detected a parity 
error during a transfer of information from the printer 
buffer to the print hammers. If such an error occurs, a 
fault detector is set and the FAULT indicator is lighted. 
If the fau I t detector is set when PFT is executed, the 
computer executes the next instruction in sequence (does 
not skip). If the fault detector is not set, the computer 
skips the next instruction in sequence and executes the 
follow ing instruction. 

PRT 0,1 

SKS 012060 

PRINTER READY TEST 
(Skip if Printer Ready) 

o 20 12060 

This instruction tests the printer for a II ready II condition. 

The criteria for CJ printer "ready" condition are: 

1 . Paper is loaded in the mach ine, 

2. The lower half of the POWER ON switch is 
I ighted, and 

3. The hammer power supply is on. 

If the printer is ready when PRT is executed, the com
puter skips the next instruction in sequence and executes 
the following instruction. If the printer is not ready, 
the computer executes the next instruction in sequence 
(does not skip). Since the printer tests ready while 
ejecting paper, the program should allow a definite time 
interval to pass (see PSP) after a PSC or PSP instruction 
before executing a new PSC or PSP. A dummy 
PLP instruction may be issued between two space instruc:'" 
tions (PSC or PSP). This instruction will provide the 
timing required. A Ready test may be used to deter
mine when the second paper space instruction may be 
sent. 

EPT 0, 1 

SKS 014060 

END OF PAGE TEST 
(Skip if Not End of Page 

o 20 14060 

Th is instruction tests the printer for paper position. If 
the paper is positioned at the end of page (specified by 
format channel 7), the computer executes the next in
struction in sequence (does not skip). If the paper is 
not positioned at the specified end of page, the com
puter skips the next instruction in sequence and executes 
the following instruction. 

TERMINATING LINE PRINTER OUTPUT 

When the single-word mode of transmission is used for 
printing on the I ine printer, each character transmission 
fora I ine must be followed by a TERMINATE OUTPUT (TOP: 
instruction. TOP is automatically generated with inter
laced outputs. 

ERROR CONDITIONS 

1 . Print fau It - parity error during transfer of 
character information from print buffer to print 
hammers. 

2. Buffer error - parity or character rate error during 
transfer of information through buffer. 

3. Input fau It - parity error in incom ing data from 
cards or magnetic tape (during off-I ine operation 
only) . 
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Example: Print Two Lines 

Th is program will print two I ines with a single upspace between them. The paper will be positioned at the 
top of the page. It is assumed that the printer is ready to print or is becoming ready after a print operation. 
This program, written as a closed subroutine, uses channel A, line printer 1, and the Zero Word Count interrupt. 

Location Instruction 

01200 PZE 

STZ 

PRT 

BRU 

PSC 

PLP 

EXU 

POT 

BRR 

PRINT EOM 
02043720 

Address 

SWICH 

0, 1 

$ -1 

0,1, 1 

*0, 1,4 

PRINT 

PRINT+ 1 

01200 

015000 

Comments 

This assembler instruction reserves a location for subroutine entry. 

This instruction initializes a location, SWICH, which is used to 
indicate printing completed. 

This instruction tests for printer ready. The octal configuration for 
th is instruc tion is 0 20 12060. 

This instruction returns control to the ready test. It is executed if 
the printer is not ready. 

This instruction instructs the printer to move paper to the top of the 
page. The octal configuration for this instruction is 0 02 11460. 

This instruction connects printer 1 to channel A and specifies four 
characters per word transfer mode. The interlace is also alerted. 
The octal configuration for th is instruction is 0 02 42660. 

This instruction executes the EOM at location PRINT. 

This instruction transmits the word count and starting address. 

This instruction branches back to the main program while the line 
is being printed. 

Th is EOM spec ifies output function 00 (lORD) and the Zero Word 
Count interrupt. The word in PRINT + 1 specifies that 33 words will 
be output from memory beginning in location 03720. 

The main program is processed while the data transfer is being completed. When completed, the Zero Word 
Count interrupt will be transmitted to interrupt level 010. This indicates that all the data from memory has 
been obtained, not that the printing of the I ine is complete. The latter will be determined by testing. 

010 

UPSPC 

HEAR 

PRNT 

BRM 

PZE 

RCH 
SKE 
BRC 

PRT 

BRU 

PSP 

PLP 

EXU 

POT 

MPO 

BRC 

EOM 
02042041 

UPSPC 

037701 
SWICH 
*UPSPC 

0, 1 

$ -1 

0, 1, 1 

*0, 1,4 

PRNT 

PRNT + 1 

SWICH 

*UPSPC 

015000 

This branches and marks to location UPSPC elsewhere in memory. 

Th is instruction reserves a location for an entry . 

These instructions determine if the two I ines have been printed. If 
so, the BRC branches and clears the interrupt to the main program. 
This is the final exit. 

This instruction tests for printer ready. As soon as the current line 
is printed, the printer will be ready. 

This instruction is executed if the printer is not ready. 

This instruction (octal 0 02 11660) upspaces the printer one line. 

This instruction sets up the printer with interlace. 

This instruction executes the EOM instruction in location PRNT. 

This instruction transmits the word count and starting address. 

This instruction flags the printing of the second line. 

This instruction branches and clears the interrupt to the main program 
to await completion of the data transfer. 

This EOM specifies output function 00 (lORD) and the Zero Word 
Count interrupt. The word in PRNT + 1 specifies that 33 words will 
be output from memory beginning in location 02041. The channel 
disconnects at the end of the output. 

Note that the print and control instructions starting at location HEAR are executed before the printer has had 
time to completely upspace the paper as requested. These instructions cause an immediate transfer of data 
into the print buffer, and printing begins immediately after upspacing is completed. 
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OFF-LINE PRINTING 

The optional, off-line facility allows the line printer to 
produce printed records from card or magnetic tape 
sources without computer attention. The character 
transmission proceeds directly from the source to the printer 
and the channel may still be used by the computer forother 
input/output operations (e.g., card reading on card reader 
2, card punch, paper tape read/punch, disk read/write, 
etc.). Once in itiated, the printing operation is controlled 
by the source and proceeds until the source generates an 
end-of-file signal (see card input and magnetic tape in
put for appropriate end-of-file cond itions) . 

The FAULT indicator I ightswhen a parity error is detected 
during the reading of a tape record; the off-line printer 
rereads the record in an attempt to read good data. If 
this reread record contains an error, FAULT I ights, the 
off-line operation terminates, and the printer goes back 
on-I ine if physically connected to the computer and the 
MANUAL ind icator is off. When a val idity check occurs 
during a card read, FAULT lights, the operation termi
nates, and the printer goes back on-line if the MANUAL 
indicator is off. The next EOM addressing the printer 
resets FAULT if the printer is on-I ine. If the MANUAL 
indicator is on, the error condition may be cleared by 
pressing READY off and then on again. If a fau It occurs 
in an off-line operation initiated by the computer, the 
usual method for clearing the error is: 

1 . Press MANUAL on. 

2. Press READY off. 

3" Press "READY on. 

4. Press MANUAL off. 

In a manually-in itiated off-I ine operation, steps 1 and 
4 are not requ ired. 

Off-I ine printing can be formatted as desired through 
the use of a single upspace or the format control mode 
(see Table 6-1). Off-I ine printing term inates by an 
end-of-fi Ie ind icator from either device. Upon term i
nation of an off-I ine operation, a physically connected 
off-line printer system returnson-line, provided the 
MANUAL indicator is off. 

Code 

00 
01 
02 
03 
04 
05 
06 
07 

Table 6-1. Format Control Characters 

Character 

o 
1 
2 
3 
4 
5 
6 
7 

Function 

Skip to format channel 0 
Skip to format channell 
Skip to format channel 2 
Skip to format channel 3 
Skip to format channel 4 
Skip to format channel 5 
Skip to format channel 6 
Skip to format channel 7 

Code 

40 
41 
42 
43 
44 
45 
46 
47 

Table 6-1. Format Control Characters (Cont.) 

Character 

-(hyphen) 
J 
K 
L 
M 
N 
o 
P 

Function 

Do not space 
Upspace 1 line 
Upspace 2 lines 
Upspace 3 lines 
Upspace 4 lines 
Upspace 5 lines 
Upspace 6 lines 
Upspace 7 lines 

PRINTING OFF-LINE UNDER OPERATOR CONTROL 

The procedure for operator control of off-line printing 
is: 

1. Switch on the desired input device. (Magnetic 
tape is selected by dialing it to logical tape 
number 7.) 

2. Place paper at top of form, as desired, by means 
of the TOP OF FORM switch. 

3. Select desired input device by means of the T APE/ 
CARD switch. 

4. Select either the FORMAT or SPACE mode as 
required. 

5. Press MANUAL/OFF LINE switch. 

6. Press READY switch on, which initiates actual 
data transfer. 

PRINTING OFF-LINE UNDER COMPUTER CONTROL 

The procedure for computer control of off-I ine printing 
is: 

1. Turn the equipment on. 

2. Prepare the desired input device for operation. 

3. Select desired input device by means of the T APE/ 
CARD switch. 

4. Setect either the FORMAT or SPACE mode as 
required. 

5. Press the READY switch on. 

6. Under program control, test the tape or card unit 
and the I ine printer for" ready" cond ition. 

7. Then, to start transfer of data, give the POL 
instruction to print off-I ine. 
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OFF-LINE PRINT TERMINATION 

Off-I ine printing term inates when an end-of-fi Ie ind i
cator from the magnetic tape un it or card reader occurs. 
When printing from magnetic tape, the print operation 
term inates when the first character read from a record 
is the end-of-file code, octal 17. 

When printing from cards, the print operation terminates 
when the end-of-fi Ie signal comes from the reader. This 
occu rs when the card hopper becomes empty and the 
EOF ON switch on the reader is on (END OF FILE in
dicator lights). If the hopper becomes empty when EOF 
ON is not I ighted, the printer waits for more cards to 
be placed in the hopper and the reader to become ready. 
When the reader is again ready, printing resumes. 

MAGNETIC TAPE INPUT/OUTPUT 

MAGNETIC TAPE FORMAT 

All magnetic tape units used by the SDS 9300 System 
are IBM-compat ible. The tape is one-hal f inch wide 
Mylar base material, 1.5 mils thick. Tape reels 
(l0.5-inch, plastic) can contain up to 2400 feet of 
tape. A reflective marker is placed on the back of the 
tape, approximately ten feet from its beginning, to in
dicate the load point. The leading ten feet are used 
for threading tape through the guides on the unit. The 
load-point marker ison the Mylar side of the tape along 
the edge nearest the operator when the tape is mounted. 
A similar marker is placed along the other edge of the 
tape to mark the end-of-reel. About 14 feet of tape 
are reserved between the end-of-ree I marker and the 
end of the tape. This space includes at least ten 
feet of leader and enough tape to hold a record of 9600 
characters in 200 bpi density after the end-of-reel 
marker is sensed. 

Characters are recorded on tape in seven parallel tracks. 
A change in the magnetic flux in a track is used to 
record a l-bit for a given character position. No change 
in magnetic flux indicates <:I O-bit. Six of the tracks 
are used for information; the seventh track is a parity 
check. Both even and odd parity are used. Tape can 
be recorded in binary mode using odd parity. In this 
mode the six-bit characters from the channel are 
recorded without alteration. Data also can be recorded 
in binary-coded decimal (BCD) mode using even parity. 
In this mode, characters from the channel are trans
formed to IBM standard BCD interchange code (see 
Append ix A). 

Information on tape is arranged in blocks that may con
tain one or more records. A record may be any length 
within the capacity of available core storage in the 
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computer. Records or blocks of records are separated 
on tape by a record gap (sec tion of blank tape) about 
3/4-inch long. In writing, the gap is automatically 
produced at the end of a record or block. Reading be
gins with the first character sensed after the gap and 
continues until the next gap is encountered. 

An inter-record gap, followed by a spec ial, single
character record, is used to mark the end of a file of 
information. The character is a tape mark (0001111) 
and is recorded by writing a one-word record in BC D 
with one-character-per-word format. One or more files 
may be written on a reel of tape. On reading an end
of-file record, the tape control un it stops the tape and 
sets its end-of-fi Ie indicator, wh ich may be tested by 
the program. 

The tape control unit wi II consider any record wh ich 
contains only tape mark (0001111) characters an end
of-fi Ie. All such characters wi II be read into memory 
as requested. 

As information is written, an odd-even count is made of 
the number of l-bits in each channel. At the end of each 
record a bit is written for each channel so that the total 
number of l-bits in each track wi II be even. This check 
is always even whether the character parity is even or 
odd. The character containing these check bits is call
ed the longitudinal parity character and is written slight
ly past the end of recorded information in the block. 

Since the longitudina I check character a Iways reflects an 
even parity check for each channel, in the BCD mode, 
the check character itse If wi II a Iways have an even 
number of 1-bits. In the binary mode, however, the 
check character may have either an even or an odd 
number of l-bits. This means that a reverse scan over 
a binary record may result in turning on the error indi
cator in the channel even though the record itself is 
correct. As a general rule, the error indicator should 
be ignored after a reverse read or reverse scan operation. 

It is possibJe to write tape in a one-, two-, or three
character-per-word mode provided characters can be 
suppl ied at a sufficient rate. On reading, however, 
the tape unit uses the character count to ascertain when 
it has read two characters and can look for gap. If a 
one-charac ter-per-word read were started, a single 
noise character would stop the tape. In reverse scan a 
one-character-per-word operation would cause the tape 
to stop after detecting the longitudinal check character 
at the end of the record with the tape positioned in the 
area of recorded information. 

All scan operations must be in three- or four-charac ter
per-word mode or the tape will not stop when it reaches 
gap. 

As a general rule, tape units should be programmed for 
three or four characters per word if possible. The write
tape-mark operation is an exception to th i5 ru Ie. 



The TAPE READY TEST (TRT) should be used between tape 
operations of opposite direction to ensure that the tape 
unit stops and reverses. It is advisable to terminate tape 
writing by erasing several inches of tape whenever sub
sequent resumption of recording is anticipated. Thiswill 
eliminate the effects of a possible extraneous character 
which might arise through subsequent tape repositioning. 

MAGNETIC TAPE UNIT TESTS 

The magnetic tape unit tests to follow are coded for 
channel A, with n being the number (0-7) of the mag
netic tape unit. 

TRT 0, n TAPE READY TEST 
(Skip if Tape Not Ready) 

5 KS 01041 n 0 20 1 041 n 

Tape unit n is tested for not ready. If the tape is not 
ready, the next instruction in sequence is skipped and 
the following instruction is executed. If the tape is 
ready, the next instruction in sequence is executed. 

A tape is not ready: 

1. If there is no physical unit set to the logical unit 
number being tested. 

2. If the selected unit is not in the automatic mode, or 

3. If the tape is in motion for any operation. 

FPT 0, n FILE PROTECT TEST 
(Skip if Tape Not File Protected) 

SKS 01401n 020 1401n 

Tape unit n is tested for fi Ie protect ring. If the fi Ie pro
tect ring is inserted, the next instruction in sequence is 
skipped and the following instruction is executed. If 
not inserted, the next instruction in sequence is exe
cuted. The skip wi II not occur if there is no logica I 
unit n on the channel. This instruction shou Id be used 
before any write operation to determine whether it is 
possible to perform the write operation. 

Bn O,n BEGINNING OF TAPE TEST 
(Skip if Not Beginning of Tape) 

5 KS 01201 n 0 20 1 201 n 

Tape unit n is tested at the beginning of the tape. If 
it is not positioned on the load-point marker, the next 
instruction in sequence is skipped and the following in
struction is executed. If positioned at the load-point 
marker, the next instruction in sequence is executed. 
The skip will not occur if there is no logical unit n on 
the channel. 

En O,n END OF TAPE TEST 
(Skip if Not End of Tape) 

5 KS 01101 n 020 1101 n 

Tape unit n is tested to see if ithassensedtheendofthe 
tape. If the tape unit has not sensed the end-of-reel 

marker, the next instruction in sequence is skipped and 
the following instruction is executed. If the end-of-reel 
marker has been sensed, the next instruction in sequence 
is executed. The end-of-reel condition is reset when 
the tape is moved backwards over the end-of-reel marker. 
The skip will not occur if there is no logical unit n on 
the channel. 

DT20,n 

SKS 01621 n 

DENSITY TEST, 200 BPI
t 

(Skip if Not 200 BPI) 
o 20 1621 n 

Tape unit n is tested for being set at 200 bpi density. 
If not, the next instruction in sequence is skipped and 
the following instruction is executed. If so, the next 
instruction is executed. 

DTS O,n DENSITY TEST, 556 BPI
t 

(5 kip if Not 556 BPI) 
5 KS 01661 n 0 20 1661 n 

T ape unit n is tested for bei ng set at 556 bpi density. 
If not, the next instruction in sequence is skipped and 
the following instruction is executed. If so, the next 
instruction in sequence is executed. 

DT80,n 

SKS 01721 n 

DENSITY TEST, 800 BPI
t 

(5 ki p if Not 800 BPI) 

o 20 1721 n 

Tape unit n is tested for being set at SOO bpi density. 
If not, the next instruction in sequence is skipped and 
the following instruction is executed. If so, the next 
instruction in sequence is executed. 

TFT 0 TAPE END-OF-FILE TEST
t 

(Skip if Not End of File) 
5 KS 01 361 0 0 20 1 361 0 

The tape control unit is tested to determine if a tape 
under its control encountered an end-of-fi Ie during the 
last read or scan operation. If not, the next instruction 
in sequence is skipped and the following instruction is 
executed. If end-of-file was encountered, the next in
struction in sequence is executed. 

The end-of-fi Ie indicator remains set unti I another tape 
operation is called for. 

TGT 0 TAPE GAP TEST
t 

(Skip if Tape Not in Gap) 
5 KS 012610 0 20 12610 

The tape control unit is tested to see if a tape under its 
control is in motion in the gap following a record; if 
not, the computer ski ps the next i nstructi on in sequence 
and executes the following instruction; if so, the com
puter executes the next instruction in sequence. 

t 
Note: These instructions apply only to 41.7-kc and 

96-kc magnetic tape systems. 
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When the tape unit detects the gap at the end of a rec
ord and has checked the longitudinal parity character, 
it generates the gap signal. This signal remains true for 
approximately one mi Ilisecond (approximately 571 com
puter cycles). During this time, the test instruction 
does not skip, and the tape may be given a command to 
continue in the direction it is going. If so programmed, 
the tape continues without stopping. If the record en
countered should be an end-of-file, the gap signal does 
not become true, the tape always stops, and the test in
struction skips. 

MAGPAK TEST 
(Skip if Not MAGPAK) 

SKS 01021 n 0.20 1021 n 

Tape unit n is tested for being a MAGPAK. If the tape 
unit is not a MAGPAK, the computer skips the next in
struction in sequence and executes the following in
struction. If the tape unit is a MAGPAK, the computer 
executes the next instruction in sequence. 

READING MAG NETIC TAPE 

Once a tape is started with a read binary or read BCD 
EOM/EOD, it continues until an end-of-record gap is 
detected. If the computer does not instruct it to con
tinue, it will then stop in the middle of that gap. When 
the tape stops, the tape unit disconnects from the chan
nel. If an end-of-fi Ie is encountered, the tape control 
unit sets its EOF indicator. This indicator can be tested 
by the centra I processor and wi II remain set unti I a new 
EOM/EOD is given to a tape unit on that channel. The 
tape a Iways stops after the tape mark. 

The EOF character (0001111) is read into memory along 
with its check character. In a four-character-per-word 
read, this wi II appear in the first word of the input area 
as a 17170000 word. 

Once a record has been written on tape, it cannot be 
certain that any subsequent record previously written 
can be read. This means that a record in the middle of 
a fi Ie cannot be updated or rewritten if followi ng rec
ords need to be read. 

Any errors detected, either by the channel (in the char
acter parity) or by the control unit (with longitudinal 
parity), sets the error indicator in the channel. When 
an error is detected in reading, the tape should be back
spaced over the erroneous record and a reread attempted. 

If the end-of-reel marker is encountered wh i Ie readi ng, 
the end-of-reel indicator in the tape unit is set and may 
be interrogated by the program at any time. An end-of
file is normally used to indicate the end-of-record in
formation on tape. It is possible, however, to use the 
end-of-reel indicator to mark the last record on the reel. 

BACKSPACE 

A backspace record is implemented using the scan fea
ture. A scan reverse EOM/EOD is used to start the 
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tape in reverse. The channel is then loaded with a 00 
function (lORD) with a 0 count. and the EOR interrupt 
armed. When the channel signals that the operation is 
complete, the tape is situated with the read-write head 
in front of the last record scanned. 

SCAN 

A scan operation is similar to a read operation except 
that the channel shifts the characters read through its 
word assembly register, but does not consider a word 
complete unti I a tape gap is encountered. When the gap 
is reached, the channe I uses the last four characters in the 
word assemb Iy reg i ster as the on Iy word read from the record. 
When scanning in reverse at 4 characters/word, the word 
consists of the last four characters scanned, which are 
the first four logical characters of the record. These 
characters wi II be assembled in reverse. For example, 
if the first four characters of the record were 1234 and 
the record was scanned in reverse, these would appear 
as 4321 in the word stored for that record. 

The same operation occurs in the forward scan with the 
last four characters of the record formi ng the word stored. 
The scan is useful for reverse searching on the first word 
of the records in the file being searched. In this case, 
the tape is started in a reverse scan at 4 characters/word 
and the channel interlace loaded with a terminal function 
with a word count of 1, and the Zero Word Count inter
rupt is armed. When the beginning of the record is 
reached, the channel interrupts the piOgiOm. The pro
gram checks the first word in the record against a search 
key. If they agree, then the program need only wait for 
the channel to become inactive and the record may be 
read forward. If the record is not the desired one, the 
program gives another scan reverse without waiting for 
the channel to become inactive, and reloads the channel 
interlace to scan the next record. 

NOTE: The reverse scan must be performed at 4 
characters/word only; otherwise, an undefined 
operation occurs when the scan is attempted. 

RTB 0, n, 4 READ TAPE IN BI NARY 
EOM 0361n 

Tape unit n is started in a Binary read mode. 

o 02 0361n 

RTD 0,n,4 
EOM 0261n 

READ TAPE IN DECIMAL (BCD) 
0020261n 

Tape unit n is started in a BCD read mode. 

SFB 0, n, 4 SCAN FORWARD IN BINARY 
EOM 0363n 0 02 0363n 

T ape un it n is started forward in a Binary scan mode. 

SFD 0,n,4 
EOM 0263n 

SCAN FORWARD IN DECIMAL (BCD) 
o 02 0263n 

Tape unit n is started forward in a BCD scan mode. 



SRB 0, n, 4 SCAN REVERSE IN BINARY 
EOM 0763n o 02 0763n 

SRD 0,n,4 
EOM 0663n 

SCAN REVERSE IN DECIMAL (BCD) 
o 02 0663n 

Tape unit n is started in reverse in a Binary scan mode. Tape un it n is started in reverse in a BCD scan mode. 

Example: Read Magnetic Tape 

This program reads one record from Magnetic Tape Unit 1 on channel A. The program is written as a 
subroutine that uses the End-of-Record interrupt. It is assumed that the tape is not at the beginning 
or the end of tape. 

Location Instruction 

01000 PZE 

TRT 

BRU 

BRU 

RTD 

EXU 

POT 

BRR 

REDTP EOM 
06202000 

Address 

0, 1 

$+2 

$ -2 

*0, 1,4 

REDTP 

REDTP+ 1 

01000 

016000 

Comments 

This assembler instruction saves a location for the subroutine entry. 

This instruction tests for ready on Magnetic Tape 1, channel A. If 
Magnetic Tape 1 is ready to perform an input/output operation, the 
next instruction in sequence is executed; if not, the next instruc
tion is skipped and the following one is executed. The octal con
figuration for the command is 0 20 1041l. 

This instruction skips one instruction. 

This instruction branches back to TRT. An exit to a routine that 
determines reasons for the non-ready condition can be placed here. 

This instruction alerts channel A, activates interlace, connects it 
to Magnetic Tape 1, and starts tape motion. The four characters 
per word and BCD format are specified. 

This instruction executes the EOM located in location REDTP. 

This instruction transmits to the channel the word count and starting 
address. 

This instruction branches back to the main program. 

This EOM specifies input function 00 (lORD) and the End-of-Record 
interrupt. The word in RE DTP+ 1 specifies that one record or 100 
words, whichever is smaller, wi II be read into memory beginning in 
location 02000. Any remaining words in the record after the first 
100 will be ignored. 

The main program is processed while the input operation is being performed by the channel. When finished, 
the End-of-Record interrupt wi II be transmitted to location 011. 

011 

COMPL 

BRM 

PZE 

CET 

BRM 

BRC 

COMPL 

o 

ERTST 

*COMPL 

MAGNETIC TAPE UNIT CONTROLS 

This instruction in interrupt location 011 branches and marks to 
COMPL to finish the read operation. 

This instruction saves a location for the routine entry. 

This instruction tests for error in channel A. If an error is detected, 
the next instruction in sequence is executed; if not, the next one 
is skipped and the following instruction is executed. The octal 
configuration is 0 20 22000. 

This instruction branches to an assumed routine to reread the block 
a few times and, if the error continues, informs the operator. 

This instruction returns control to the main program and clears inter
rupt level 011. 

REW 0, n REWI ND 
EOM 01401n o 02 1401n 

The followina instructions are used for control of mnn-_ - - - - - --_·v 

netic tape units. These instructions are EOMl s in the 
input/output control mode (1). 

Tape unit n is started in a rewind. Once started; the 
tape continues in rewind until the beginning of tape is 
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sensed; it then stops, and after 1 second (to allow the 
drive capstans to return to normal speed) generates a 
ready signal. 

RTS 0 CONVERT READ TO SCAN 
EOM 014000 o 02 14000 

The tape unit currently in a read mode on the channel 
is instructed to convert from the read mode of operation 
to the scan mode of operation. 

SRR 0 SKIP REMAINDER OF RECORD
t 

EOM 013610 o 02 13610 

The tape unit currently on the channel is instructed to 
sk ip the rema i nder of the record be ing read. 

WRITING MAGNETIC TAPE 

Once a tape unit is ready and the file protect ring is on 
the tape reel, that is, the file protect test is false, a 
write operation can be initiated. The tape will start 
and remain in motion until the termination signal from 
the buffer is received. The tape control unit will then 
write the remaining characters of the record and the 
longitudinal check character. When the check charac
ter is read by the read-qfter-write head, the tape wi II 
signal the channel that gap has been reached. If no 
further write instruction is rece ived with in one mill i
second, the tape is stopped and disconnected. 

An end-of-fi Ie character shou Id be written (or a seg
ment of tape erased) after a seriesofrecords have been 
written, if the user wishes to backspace or rewind and 
then expects to return at some later time to record ad
ditional information at the end of the previous series of 
records. This practice provides positive identification 
oftheendofa record and facilitates return toa specific 
location on the tape. If this method is not used, there 
is a possibil ity that the tape will not subsequently stop 
in the same location at the end of the series of records 
as it did when the last record was written. This would 
leave a segment of tape in the gap which has not been 
written and may cause erroneous operation when the 
tape is read. 

In addition to writing under program control, magnetic 
tape can also be erased under program control . Tape 
may be erased by addressing it with an erase unit ad
dress. When a tape is addressed with an erase unit ad
dress, it operates as though it were in a write mode, 

t Note : This instruction applies only to 41.7-kc and 
96-kc magnetic tape systems. 
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except that no information is recorded. The program or 
interlace suppl ies the count of the number of words to 
be erased. 

This type of erase is useful for the correction of a write 
error. When a write error occurs, an ERASE TAPE 
REVERSE (ERT) is given to start the tape in reverse. Then 
the same count, used to write the record originally, is 
loaded to control the erase. This procedure ensures that 
the tape always returns to the beginning of the errone
ous record, even if a bad spot on the tape might appear 
as a gap. The record may now be rewritten. If the 
write still produces an error, the record is erased back
wards and then an erase forward, using the same count, 
bypasses the section of tape where the difficulty 
occurred. The record may now be rewritten on a new 
section of tape. 

The erase procedure is used to produce 3.75 inches of 
blank tape between the load point and the first record. 
This is accompl ished by erasing 150 words at 200 bpi 
density, 417 words at 556 bpi density, or 600 words at 
800 bpi density. 

Writing an end-of-file record is accomplished using a 
one-character-per-word, BCD, write instruction. Then 
the channel interlace is loaded with a count of 1 and 
the address of a word containing the tape mark charac
ter (17) in the left-most position. EOM or EOD instruc
tions to the tape un its spec ify start-without-Ieader since 
the tape unit generates gap on all write operations auto"" 
matically. Thus, it is not necessary for the starting EOM 
to call for leader. A leader instruction shou Id never be 
included in a magnetic tape program, because an 
attempt to generate leader may cause an erroneous 
operation. 

WTB 0,n,4 WRITE TAPE IN BINARY 
EOM 0365n 

Tape unit n is started in a Binary write mode. 

o 02 0365n 

WTO 0,n,4 WRITE TAPE IN DECIMAL (BCD) 
EOM 0265n 0 02 0265n 

Tape unit n is started in a BCD write mode. 

EFT 0,n,4 ERASE TAPE FORWARD 
EOM 0367n 

Tape unit n is started in an erase mode. 

ERT 0, n, 4 ERASE TAPE IN REVERSE 
EOM 0767n 

o 02 0367n 

o 02 0767n 

Tape unit n is started in reverse in an erase mode. 



Example: Gather-Write Magnetic Tape 

This program writes one record on magnetic tape. The data written in the record are gathered from three 
non-contiguous areas of memory. The program is written as a closed subroutine that uses the Zero Word 
Count interrupt. Channel A and Magnetic Tape 1 on channel A with interlace are used. 

This program is written to clarify programming for magnetic tapes. Extra programming is not included 
to save the contents of the A or index registers for the main program. 

A scatter-read operation can be performed with an almost identical program. The difference is the exchange 
of the read instruction (RTD) with the write instruction (WTD) and the de letion of the fi Ie-protect testing 
instruction. 

Location 

1000 

FAST 

Instruction Address Comments 

PZE 

STZ 

TRT 

BRU 

BRU 

FPT 

BRM 

LOA 
STA 
MPO 

WTD 

BRU 

PZE 

LOX 

LOA 
SKU 
BRC 

ALC 

EXU 

POT 

MPT 

BRC 

COUNT 

0, 1 

$ + 2 

$ - 2 

0, 1 

OPER 

01000 
FAST 
FAST 

*0, 1,4 

FAST + 1 

This assembler instruction saves a location for the subroutine entry. 

This instruction clears location COUNT for use later as a switch. 

This instruction tests Magnetic Tape 1 on channel A for being ready. 

This instruction branches two locations ahead. This instruction 
is executed if the magnetic tape is ready. 

Th is instruction branches back to the Tape Ready Test. 

This instruction tests whether the fi Ie protect ring is present on the 
tape reel. If so, the next instruction is skipped and the following 
one is executed. The octa I configuration of the instruction is 
o 20 14011. 

This instruction branches and marks to an assumed routine to ca II the 
operator and instruct him to insert fi Ie protect ring on Magnetic Tape 1. 

These three instructions place the marked subroutine entry location 
plus one into location FAST. 

This instruction connects Magnetic Tape 1 to channel A, specifies 
BCD transfer mode, and starts the tape moving. Four characters per 
word mode is specified. The octal configuration of the instruction 
is 0 02 42651. 

This instruction branches around location FAST. 

This instruction saves a location for entry to the multiple write area 
of the subroutine. 

COUNT,l This instruction loads index X 1 with the contents of COUNT. This 
is used in picking up the proper input/output control instructions. 

OKAY 
COUNT 
*FAST 

o 

A,l 

A + 1, 1 

COUNT 

*FAST 

These three instructions determine when the write operation is com
plete. When it is, location COUNT wi II contain the number 6 and 
the active interrupt, level 010, is cleared. 

This instruction alerts the interlace in channel A for subsequent 
loading. 

This instruction executes the EOM located in address A modified by 
index Xl. 

This instruction transmits to the channel the word count and starting 
address. 

This instruction adds 2 to the contents of COUNT. 

This instruction branches back to the main program. 
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The main program is processed while the output is being performed by the channel. When output is com
pleted, the channel transmits the Zero Word Count signal to interrupt location 010. 

location Instruction Address Comments 

010 BRM FAST This instruction branches and marks at location FAST. 

Th is is repeated for the output words in A+ 2 and in A+ 4. Then the test in location FAST + 3 causes a final 
BRANCH AND CLEAR interrupt back to the main program. 

A EOM 
06202000 

A+2 EOM 
14402500 

A+4 EOM 
06203000 

OKAY 00000006 

6-22 

015600 

015600 

015000 

This EOM spec ifies output function 11 (10 SP) and the Zero Word 
Count interrupt. The word in A+ 1 specifies that 100 words will be 
output from memory beginning in location 02000. 

This EOM specifies output function 11 (lOSP) and the Zero Word 
Count interrupt. The word in A+ 3 specifies 200 words from mem
ory beginning in location 02500. 

This EOM specifies output function 00 (lORD) and the Zero Word 
Count interrupt. The word in A+ 5 spec ifies 100 words from mem
ory beginning in location 03000. Upon completion of the output 
of this sub-record, the channel disconnects. 

This is the stored number 6 used in the completion tests. 
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2 

3 

4 

5 

6 

7 

8 

9 

Space 

/I or = 

@' or I 

> 
J 

& or + 

A 

B 

c 
o 
E 

F 

G 

H 

Characters 

Printer 

o 

2 

3 

4 

5 

6 

7 

8 

9 

Blank 

> 
J 

+ 

A 

B 

c 
o 
E' 

F 

G 

H 

I I 

SDS 
Internal 

Code 

00 

01 

02 

03 

04 

05 

06 

07 

10 

11 

12 

13 

14 

15 

16 

17 

20 

21 

22 

23 

24 

25 

26 

27 

30 

31 

Card 
Code 

o 

2 

3 

4 

5 

6 

7 

8 

9 

8-2 

8-3 

8-4 

8-5 

8-6 

8-7 

12 

12-1 

12-2 

12-3 

SDS CHARACTER CODES 

Magnetic Tape 
BCD Code 
on Tape 

12 

01 

02 

03 

04 

05 

06 

07 

10 

11 

120 
13 

14 

15 

16 

17 

60 

61 

62 

63 

Characters 

Typewriter 

K 

L 

M 

N 

o 
P 

Q 

R 

Car. Ret. !CD 
$ 

6 

/ 

s 
T 

U 

V 

W 

X 

Y 

Z 

Printer 

K 

L 

M 

N 

o 
P 

Q 

R 

!0 

Blank 

/ 
s 
T 

U 

V 

W 

X 

Y 

Z 

SDS 
Internal 

Code 

40 

41 

42 

43 

44 

45 

46 

47 

~50 

51 

52 

53 

54 

55 

56 

57 

Card 
Code 

Magnetic Tape 
BCD Code 
on Tape 

11 

11-1 

11-2 

11-3 

11-4 

11-5 

11-6 

11-7 

11-8 

11-9 

11-00 
11-8-3 

11-8-4 

11-8-5 

11-8-6 

11-8-7 

Blank 

0-1 

0-2 

0-3 

0-4 

0-5 

0-6 

0-7 

0-8 

0-9 

40 

41 

42 

43 

44 

45 

46 

47 

50 

51 

52 

53 

54 

55 

56 

57 

Backspace?0 10 32 

12-4 

12-5 

12-6 

12-7 

12-8 

12-9 

12-00 

12-8-3 

12-8-4 

12-8-5 

12-8-6 

12-8-7 

64 

65 

66 

67 

70 

71 

72 

73 

74 

75 

76 

77 

Tab .0 .0 

60 

61 

62 

63 

64 

65 

66 

67 

70 

71 

72 

73 

74 

75 

76 

J-8-2 

0-8-3 

0-8-4 

0-8-5 

0-8-6 

0-8-7 

20 

21 

22 

23 

24 

25 

26 

27 

30 

31 

32 

33 

34 

35 

36 

37 

Jl or) 

< 
• Stop 

NOTES: 

33 

34 

35 

36 

370 

%or ( 

\ 

• Delete 770 

The characters? ! and * are for input only. The functions Backspace, Carriage Return, or Tab always occur on output. 

On the off-I ine paper tape preparation unit, 37 serves as a stop code and 77 as a code delete. 

The internal code 12 is written on tape as a 12 in BCD. When read, this code is always converted to 00. 

The codes 12-0 and 11-0 are generated by the card punch; however, the card reader will also accept 12-8-2 
for 32 and 11-8-2 for 52 to maintain compatibility with earlier systems. 

For the 64-character printers only. 
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21\ 

1 

2 
4 
8 

16 
32 
64 

128 

256 
512 

1 024 
2 048 

4 096 
8 192 

16 384 
32 768 

65 536 
131 072 
262 144 

,524 288 

1 048 576 
2 097 152 
4 194 304 
8 388 608 

16 777 216 
33 554 432 
67 108 864 

134 217 728 

268 435 456 
536 870 912 

1 073 741 824 
2 147 483 648 

4 294 967 296 
8 589 934 592 

1 7 1 79 869 184 
34 359 738 368 

68 719 476 736 
137 438 953 472 
274 877 906 944 
549 755 813 888 

1 099 511 627 776 
2 199 023 255 552 
4 398 046 511 104 
8 796 093 022 208 

17 592186 044416 
35 184 372 088 832 
70 368 744 177 664 

140 737 488 355 328 

281 474 976 710 656 

A-2 

n 

0 
1 
2 
3 

4 
5 
6 
7 

8 
9 

10 
11 

12 
13 
14 
15 

16 
17 
18 
19 

20 
21 
22 
23 

24 
25 
26 
27 

28 
29 
30 
31 

32 
33 
34 
35 

36 
37 
38 
39 

40 
41 
42 
43 

44 
45 
46 
47 

48 

TABLE OF POWERS OF TWO 

1.0 
O. 5 
0.25 
0.125 

O. 062 5 
O. 031 25 
0.015625 
0.0078125 

O. 003 906 25 
0.001 953 125 
O. 000 976 562 5 
O. 000 488 281 25 

O. 000 244 140 625 
O. 000 122 070 312 5 
O. 000 061 035 156 25 
O. 000 030 517 578 125 

O. 000 015 258 789 062 5 
O. 000 007 629 394 531 25 
O. a a a a a 3 81 4 697 26 5 6 25 
O. 000 001 907 348 632 812 5 

O. 000 000 953 674 316 406 25 
O. 000 000 476 837 158 203 125 
O. 000 000 238 418 579 101 562 5 
0.000 000 119 209 289 550 781 25 

O. 000 000 059 604 644 775 390 625 
o. 000 000 029 802 322 387 695 312 5 
O. 000 000 014 901 161 193 847 656 25 
O. 000 000 007 450 580 596 923 828 125 

O. 000 000 003 725 290 298 461 914 062 5 
O. 000 000 001 862 645 149 230 957 031 25 
0.000 000 000 931322574615478 515625 
O. 000 000 000 465 661 287 307 739 257 812 5 

O. 000 000 000 232 830 643 653 869 628 906 25 
O. a a a a a a a a a 1 1 6 41 5 3 21 8 26 934 81 4 453 1 25 
O. 000 000 000 058 207 660 913 467 407 226 562 5 
O. 000 000 000 029 103 830 456 733 703 613 281 25 

O. 000 000 000 014 551 915 228 366 851 806 640 625 
O. 000 000 000 007 275 957 614 183 425 903 320 312 5 
O. 000 000 000 003 637 978 807 091 712 951 660 156 25 
O. 000 000 000 001 818 989 403 545 856 475 830 078 125 

O. 000 000 000 000 909 494 701 772 928 237 915 039 062 5 
O. 000 030 000 000 454 747 350 886 464 118 957 519 531 25 
O. 000 000 000 000 227 373 675 443 232 059 478 759 765 625 
O. 000 000 000 000 113 686 837 721 616 029 739 379 882 812 5 

O. 000 000 000 000 056 843 418 860 808 014 869 689 941 406 25 
O. 000 000 000 000 028 421 709 430 404 007 434 844 970 703 125 
O. 000 000 000 000 014 210 854 715 202 003 717 422485 351 562 5 
O. 000 000 000 000 007 105 427 357 601 001 858 711 242675 781 25 

O. 000 000 000 000 003 552 713 678 800 500 929 355 621 337 890 625 



0000 
to 

0777 
lOctol) 

0000 
to 

0.511 
(Decimo/) 

Octal Decimal 
10000· 4096 
20000· 8192 
30000· 12288 
.40000 - 16384 
50000 • 20480 
60000 • 24576 
70000 • 28672 

1Il00 I 0512 
to to 

1777 1023 
(Octol) (Decimol) 

OCTAL • DECIMAL INTEGER CONVERSION TABLE 

0 1 2 3 4 5 6 7 0 1 

0000 0000 OO~)l 0002 000, 0004 0005 0006 0007 0400 0256 0257 
0010 0008 0009 0010 0011 0012 0013 0014 0015 0410 0264 0265 
0020 0016 OQ17 0018 0019 0020 0021 0022 0023 0420 0272 0273 
0030 0024 0025 0026 0027 0028 0029 0030 0031 0430 0280 0281 
0040 0032 0033 0034 0035 0036 0037 0038 0039 0440 0288 0289 
0050 0040 0041 0042 0043 0044 0045 0046 0047 0450 0296 0297 
0060 10048 0049 0050 0051 0052 0053 0054 0055 
0070 0056 0057 0058 0059 0060 0061 0062 0063 

0460 0304 0305 
0470 0312 0313 

0100 0064 0065 0066 0067 0068 0069 0070 0071 0500 0320 0321 
0110 0072 0073 0074 0075 0076 0077 0078 0079 0510 0328 0329 
0120 0080 0081 0082 0083 0084 0085 0086 0087 05~0 0336 0337 
0130 0088 0089 0090 0091 0092 0093 0094 0095 0530 0344 0345 
0140 0096 0097 0098 0099 0100 0101 0102 01~ 0540 0352 0353 
0150 0104 0105 0106 0107 0108 0109 0110 0111 0550 0360 0361 
0160 0112 0113 0114 0115 0116 0117 0118 0119 0560 0368 0369 
0170 0120 0121 0122 0123 0124 0125 0126 0127 0570 0376 0377 

0200 0128 0129 0130 0131 0132 0133 0134 0135 0600 0384 0385 
0210 0136 0137 0138 0139 0140 0141 0142 0143 0610 0392 0393 
0220 0144 0145 0146 0147 0148 0149 0150 0151 0620 0400 0401 
0230 0152 0153 0154 0155 0156 0157 0158 01~9 0630 0408 0409 
0240 0160 0161 0162 0163 0164 0165 0166 0167 0640 0416 0417 
0250 0168 0169 0170 0171 0172 0173 0174 0175 0650 0424 0425 
0260 0176 0177 0178 0179 0180 0181 0182 0183 0660 0432 0433 
0270 0184 0185 0186 0187 0188 0189 0190 0191 0670 0440 0441 

0300 0192 0193 0194 0195 0196 01~7 0198 0199 0700 0448 0449 
0310 0200 0201 0202 0203 0204 0205 0206 0207 0710 0456 0457 
0320 0208 0209 0210 0211 0212 0213 0214 0215 0720 0464 0465 
0330 0216 0217 0218 0219 0220 0221 0222 0223 0730 0472 0473 
0340 0224 0225 0226 0227 0228 0229 0230 0231 0740 0480 0481 
0350 0232 0233 0234 0235 0236 0237 0238 0239 0750 0488 0489 
0360 0240 0241 0242 0243 0244 0245 0246 0247 0760 0496 0497 
0370 0248 0249 0250 0251 0252 0253 0254 0255 0770 0504 0505 

0 2 3 4 5 6 7 0 

1000 0512 0513 0514 0515 0516 0517 0518 0519 1400 0768 0769 
1010 0520 0521 0522 0523 0524 0525 0526 0527 1410 0776 0777 
1020 0528 0529 0530 0531 0532 0533 0534 0535 1420 0784 0785 
1030 0536 0537 0538 0539 0540 0541 0542 0543 1430 0792 0793 
1040 0544 0545 0546 0547 0548 0549 0550 0551 1440 0800 0801 
1050 0552 0553 0554 0555 0556 0557 0558 0559 1450 0808 080!# 
1060 0560 0561 0562 0563 0564 0565 0566 0567 1460 0816 0817 
1070 0568 0569 0570 0571 0572 0573 0574 0575 1470 0824 0825 

1100 0576 0577 0578 0579 0580 0581 0582 0583 1500 0832 0833 
1110 0584 0585 0586 0587 0588 Oi89 0590 0591 1510 0840 0841 
1120 0592 0593 0594 0595 0596 0597 0598 0599 1520 0848 0849 
1130 0600 0601 0602 0603 0604 0605 0606 0607 1530 0856 0857 
1140 0608 0609 0610 0611 0612 0613 0614 0615 1540 0864 0865 
1150 0616 0617 0618 0619 0620 0621 0622 0623 1550 0872 0873 
1160 0624 0625 0626 0627 0628 0629 0630 0631 1560 0880 0881 
1170 0632 0633 0634 0635 0636 0637 0638 0639 1570 0888 0889 

1200 0640 0641 0642 0643 0644 0645 0646 0647 1600 0896 0897 
1210 0648 0649 0650 0651 0652 0653 0654 0655 1610 0904 0905 
1220 0656 0657 0658 0659 0660 0661 0662 0663 1620 0912 0913 
1230 0664 0665 0666 0667 0668 0669 0670 0671 1630 0920 0921 
1240 0672 0673 0674 0675 0676 0677 0678 0679 1640 0928 0929 
1250 0680 0681 0682 0683 0684 0685 0686 0687 1650 0936 0937 
1260 0688 0689 0690 0691 0692 0693 0694 0695 1660 0944 0945 
1270 0696 0697 0698 0699 0700 0701 0702 0703 1670 0952 0953 

1300 0704 0705 0706 0707 0708 0709 0710 0711 1700 0960 0961 
131Q 0712 0713 0714 0715 0716 0717 0718 0719 1710 0968 0969 
1320 0720 0721 0722 0723 0724 0725 0726 0727 1720 0976 0977 
1330 0728 0729 0730 0731 0732 0733 0734 0735 1730 0984 0985 
1340 0736 0737 0738 0739 0740 0741 0742 0743 1740

1

0992 0993 
1350 0744 0745 0746 0747 0748 0749 0750 0751 1750 1000 1001 
1360 0752 0753 0754 0755 0756 0757 0758 0759 1760 1008 1009 

I i3'10, 0'160 076i 0762 0763 0764 0765 0766 0767, .. _-- ---- iOn 11T1U IIUlb 

2 3 4 5 6 7 

0258 0259 0260 0261 0262 0263 
0266 0267 0268 0269 0270 0271 
0274 0275 0276 0277 0278 0279 
0282 0283 0284 0285 0286 0287 
0290 0291 0292 0293 0294 0295 
0298 0299 0300 0301 0302 0303 
0306 0307 0308 0309 0310 0311 
0314 0315 0316 0317 0318 0319 

0322 0323 0324 0325 0326 0327 
0330 0331 0332 0333 0334 0335 
0338 0339 0340 0341 0342 0343 
0346 0347 0348 0349 0350 0351 
0354 0355 0356 0357 0358 0359 
0362 0363 0364 0365 0366 0367 
0370 0371 0372 0373 0374 0375 
0378 0379 0380 0381 0382 0383 

0386 0387 0388 0389 0390 0391 
0394 0395 0396 0397 0398 0399 
0402 0403 0404 0405 0406 0407 
0410 0411 0412 0413 0414 0415 
0418 0419 0420 0421 0422 0423 
0426 0427 0428 0429 0430 0431 
0434 0435 0436 0437 0438 0439 
0442 0443 0444 0445 0446 0447 

0450 0451 0452 0453 0454 0455 
0458 0459 0460 0461 0462 0463 
0466 0467 0468 0469 0470 0471 
0474 0475 0476 0477 0478 0479 
0482 0483 0484 0485 0486 0487 
0490 0491 0492 0493 0494 0495 
0498 0499 0500 0501 0502 0503 
0506 0507 0508 0509 0510 0511 

2 3 4 5 6 7 

077Q 0771 0772 0773 0774 0775 
0778 0779 0780 0781 0782 0783 
0786 0787 0788 0789 0790 0791 
0794 0795 0796 0797 0798 0799 
0802 0803 0804 0805 0806 0807 
0810 0811 0812 0813 0814 0815 
0818 0819 0820 0821 0822 0823 
0826 0827 0828 0829 0830 0831 

0834 0835 0836 0837 0838 0839 
0842 0843 0844 0845 0846 0847 
0850 0851 0852 0853 0854 0855 
0858 0859 0860 0861 0862 0863 
0866 0867 0868 0869 0870 0871 
0874 0875 0876 0877 0878 0879 
0882 0883 0884 0885 0886 0887 
0890 0891 0892 0893 089~ 0895 

0898 0899 0900 0901 0!W2 0903 
0906 0907 0908 0909 0910 0911 
0914 0915 0916 0917 0918 0919 
0922 0923 0924 0925 0926 0927 
0930 0931 0932 0933 0934 0935 
0938 0939 0940 0941 0942 0943 
0946 0947 0948 0949 0950 0951 
0954 0955 0956 0957 0958 0959 

0962 0963 0964 0965 0966 0967 
0970 0971 0972 0973 0974 0975

1 

0978 0979 0980 0981 0982 0983 
0986 0987 0988 0989 0990 0991 
0994 0995 0996 0997 0998 0999

1 

1002 1003 1004 1005 1006 1007 
1010 1011 1012 1013 1014 1015 
iOtS 1019 10:,) 10Zl 1022 1~ 

A-3 



Octal-Decimal Integer Conversion Table 

0 1 2 3 4 5 6 7 0 1 

2000 1024 1025 1026 1027 1028 1029 1030 1031 2400 1280 1281 
2010 1032 1033 1034 1035 1036 1037 1038 1039 2410 1288 1289 
2020 1040 1041 1042 1043 1044 1045 1046 1047 2420 1296 1297 
2030 1048 1049 1050 1051 1052 1053 1054 1055 2430 1304 1305 
2040 1056 1057 1058 1059 1060 1061 1062 1063 2440 1312 1313 
2050 1064 1065 1066 1067 1068 l069 1070 1071 2450 1320 1321 
2060 1072 1073 1074 1075 1076 1077 1078 1079 2460 1328 1329 
2070 1080 1081 1082 1083 1084 1085 1086 1087 2470 1336 1337 

2100 1088 1089 1090 1091 1092 1093 1094 1095 2500 1344 1345 
2110 1096 1097 1098 1099 1100 1101 1102 1103 2510 1352 1353 
2120 1104 1105 1106 1107 1108 1109 1110 1111 2520 1360 1361 
2130 1112 1113 1114 1115 1116 1117 1118 1119 2530 1368 1369 
2140 1120 1121 1122 1123 1124 1125 1126 1127 2540 1376 1377 
2150 1128 1129 1130 1131 1132 1133 1134 1135 2550 1384 1385 
2160 1136 1137 1138 1139 1140 1141 1142 1143 2560 1392 1393 
2170 1144 1145 1146 1147 1148 1149 1150 1151 2570 1400 1401 

2200 1152 1153 1154 1155 1156 1157 1158 1159 2600 1408 1409 
2210 1160 1161 1162 1163 1164 1165 1166 1167 2610 1416 1417 
2220 1168 1169 1170 1171 1172 1173 1174 1175 2620 1424 1425 
2231) 1176 1177 1178 1179 1180 1181 1182 1183 2630 1432 1433 
2240 1184 1185 1186 1187 1188 1189 1190 1191 2640 1440 1441 
2250 1192 1193 1194 1195 1196 1197 1198 1199 2650 1448 1449 
2260 1200 1201 1202 1203 1204 1205 1206 1207 2660 1456 1457 
2270 1208 1209 1210 1211 1212 1213 1214 1215 2670 1464 1465 

2300 1216 1217 1218 1219 1220 1221 1222 1223 2700 1472 1473 
2310 1224 1225 1226 1227 1228 1229 1230 1231 2710 1480 1481 
2320 1232 1233 1234 1235 1236 1237 1238 1239 2720 1488 1489 
2330 1240 1241 1242 1243 1244 1245 1246 1247 2730 1496 1497 
2340 1248 1249 1250 1251 1252 1253 1254 1255 2740 1504 1505 
2350 1256 1257 1258 1259 1260 1261 1262 1263 2750 1512 1513 
2360 1264 1265 1266 1267 1268 1269 1270 1271 2760 1520 1521 .. .. . . .. ..... . .." . .... ..~.,'" ..... . .. "..,..,,,.. .~" .f!"'" 

0 1 2 3 4 5 6 7 0 I 

3000 1536 1537 1538 1539 1540 1541 1542 1543 3400 1792 1793 
3010 1544 1545 1546 1547 1548 1549 1550 1551 3410 1800 1801 
3020 1552 1553 1554 1555 1556 1557 1558 1559 3420 1808 1809 
3030 1560 1561 1562 1563 1564 1565 1566 1567 3430 1816 1817 
3040 1568 1569 1570 1571 1572 1573 1574 1575 3440 1824 1825 
3050 1576 1577 1578 1579 1580 1581 1582 1583 3450 1832 1833 
3060 1584 1585 1586 1587 1588 1589 1590 1591 3460 1840 1841 
3070 1592 1593 1594 1595 1596 1597 1598 1599 3470 1848 1849 

3100 1600 1601 1602 1603 1604 1605 1606 1607 3500 1856 1857 
3110 1608 1609 1610 1611 1612 1613 1614 1615 3510 1864 1865 
3120 1616 1617 1618 1619 1620 1621 1622 1623 3520 1872 1873 
3130 1624 1625 1626 1627 1628 1629 1630 1631 3530 1880 1881 
3140 1632 1633 1634 1635 1636 1637 1638 1639 3540 1888 1889 
3150 1640 1641 1642 1643 1644 1645 1646 1647 3550 1896 1897 
3160 1648 1649 1650 1651 1652 1653 16'>4 1655 3560 1904 1905 
3170 1656 1657 1658 1659 1660 1661 1662 1663 3570 1912 1913 

3200 1664 1665 1666 1667 1668 1669 1670 1671 3600 1920 1921 
3210 1672 1673 1674 1675 1676 1677 1678 1679 3610 1928 1929 
3220 1680 1681 1682 1683 1684 1685 1686 1687 3620 1936 1937 
3230 1688 1689 1690 1691 1692 1693 1694 1695 3630 1944 1945 
3240 1696 1697 1698 1699 1700 1701 1702 1703 3640 1952 1953 
3250 1704 1705 1706 1707 1708 1709 1710 1711 3650 1960 1961 
3260 1712 1713 1714 1715 1716 1717 1718 1719 3660 1968 1969 
3270 1720 1721 1722 1723 1724 1725 1726 1727 3670 1976 1977 

3300 1728 1729 1730 1731 1732 1733 1734 1735 3700 1984 1985 
3310 1736 1737 1738 1739 1740 1741 1742 1743 3710 1992 1993 
3320 1744 1745 1746 1747 1748 1749 1750 1751 3720 2000 2001 
3330 1752 1753 1754 1755 1756 1757 1758 1759 3730 2008 2009 
3340 1760 1761 1762 176-3 1764 1765 1766 1767 3740 2016 2017 
3350 1768 1769 1'170 1771 1772 1773 1774 1775 3750 2024 2025 
336U 1776 1777 1778 1779 1780 1781 1782 1783 3760 2032 2033 
3370 1784 1785 1786 1787 1788 1789 1790 1791 3770 2040 2041 

A-4 

2 3 4 

1282 1283 1284 
i290 1291 1292 
1298 1299 1300 
1306 1307 1308 
1314 1315 1316 
1322 1323 1324 
1330 1331 1332 
1338 1339 1340 

1346 1347 1348 
1354 1355 1356 
1362 1363 1364 
1370 1371 1372 
1378 1379 1380 
1386 1387 1388 
1394 1395 1396 
1402 1403 1404 

1410 1411 1412 
1418 1419 1420 
1426 1427 1428 
1434 1435 1436 
1442 1443 1444 
1450 1451 1452 
1458 1459 1460 
1466 1467 1468 

1474 1475 1476 
1482 1483 1484 
1490 1491 1492 
1498 1499 1500 
1506 1507 1508 
1514 1515 1516 
1522 1523 1524 

p .. " p .P .. 

2 3 4 

1794 1795 1796 
1802 1803 1804 
1810 1811 1812 
1818 1819 1820 
1826 1827 1828 
1834 1835 1836 
1842 1843 1844 
1850 1851 1852 

1858 1859 1860 
1866 1867 1868 
1874 1875 1876 
1882 1883 1884 
1890 1891 1892 
1898 1899 1900 
1906 '907 1908 
1914 1915 1916 

1922 1923 1924 
1930 1931 1932 
1938 1939 1940 
1946 1947 1948 
1954 1955 1956 
1962 1963 1964 
1970 1971 1972 
1978 1979 1980 

1986 1987 1988 
1994 1995 1996 
2002 2003 2004 
2010 2011 2012 
2018 2019 2020 
2026 2027 2028 
2034 2035 2036 
2042 2043 2044 

5 6 

1285 1286 
1293 1294 
1301 1302 
1309 1310 
1317 1318 
1325 1326 
1333 1334 
1341 1342 

1349 1350 
1357 1358 
1365 1366 
1373 1374 
1381 1382 
1389 1390 
1397 1398 
1405 1406 

1413 1414 
1421 1422 
1429 1430 
1437 1438 
1445 1446 
1453 1454 
1461 1462 
1469 1470 

1417 1478 
1485 1486 
1493 149~ 
1501 1502 
1509 1510 
1517 1518 
1525 1526 
.ro""" ..... 

5 6 

1797 1798 
1805 1806 
1813 1814 
1821 1822 
)829 1830 
1837 1838 
1845 1846 
1853 1854 

1861 1862 
1869 1870 
1877 1878 
1885 1886 
1893 1894 
1901 1902 
1909 1910 
1917 1918 

1925 1926 
1933 1934 
1941 1942 
1949 1950 
1957 1958 
1965 1966 
1973 1974 
1981 1982 

1989 1990 
1997 1998 
2005 2006 
2013 2014 
2021 2022 
2029 2030 
2037 2038 
2045 2046 

7 

1287 
1295 
1303 
1311 
1319 
1327 
1335 
1343 

1351 
1359 
1367 
1375 
1383 
1391 
1399 
1407 

1415 
1423 
1431 
1439 
1447 
1455 
1463 
1471 

1479 
1487 
1495 
1503 
1511 
1519 
1527 
.. PAP 

7 

1799 
1807 
1815 
1823 
1831 
1839 
1847 
1855 

1883 
1871 
1879 
1887 
1895 
1903 
1911 
1919 

1927 
1935 
1943 
1951 
1959 
1967 
1975 
1983 

1991 
1999 
2007 
2015 
20:23 
2031 
2039 
2047 

2000 1024 
to to 

2777 1.535 
(Octal) (Decimal) 

Octal Decimal 
10000 - 4096 
20000 - 8192 
30000 - 12288 
40000 - 16384 
50000 - 20480 
60000 - 24576 
70000 - 28672 

3000 1536 
to to 

3777 2047 
COdal) (Decimal) 



Oct .. I-Decimal Integer Conversion Table 

.000 2048 
to to 

.777 2559 
(Octon IO.cimol' 

Octol Decimol 
10000· 4096 
20000· 8192 
30000· 12288 
40000 • 16384 
50000 • 20480 
60000·24576 
70000 . 28672 

5000 I 2560 

to 1 to 
5777 3071 

(Octal) (Oecimal) 

0 

4000 2048 
4010 2056 
4020 2064 
4030 2072 
4040 2080 
4050 2088 
4060 2096 
4070 2104 

4100 2112 
4110 2120 
4120 2128 
4130 2136 
4140 2144 
4150 2152 
4160 2160 
4170 2168 

4200 2176 
4210 2184 
4220 2192 
4230 2200 
4240 2208 
4250 2216 
4260 2224 
4270 2232 

4300 2240 
4310 2248 
4320 2256 
4330 2264 
4340 2272 
4350 2280 
4360 2288 
4370 2296 

0 

500012560 
5010 2568 
5020 2576 
5030 2584 
5040 2592 
5050 2600 
5060 2608 
5070 2616 

5100 2624 
5110 2632 
5120 2640 
5130 2648 
5140 2656 
5150 2664 
5160 2672 
5170 2680 

5200 2688 
5210 2696 
522012704 
5230

1
2712 

5240,2720 
5250! 2728 
5260 2736 
5270 2744 

5300 2752 
5310 2760 
5320 2768 
5330 2776 
5340 2784 
5350 2792 
5360 2800 
5370 2808 

I 2 3 

2049 2050 2051 
2057 2058 2059 
2065 2066 2067 
2073 2074 2075 
2081 2082 2083 
2089 2090 2091 
2097 2098 2099 
2105 2106 2107 

2113 2114 2115 
2121 2122 2123 
2129 2130 2131 
2137 2138 2139 
2145 2146 2147 
2153 2154 2155 
2161 2162 2163 
2169 2170 2171 

2177 2178 2179 
2185 2186 2187 
2193 2194 2195 
2201 2202 2203 
2209 2210 2211 
2217 2218 2219 
2225 2226 2227 
2233 2234 2235 

2241 2242 2243 
2249 2250 2251 
2257 2258 2259 
2265 2266 2267 
2273 2274 2275 
2281 2282 2283 
2289 2290 2291 
2297 2298 2299 

2 3 

2561 2562 2563 
2569 2570 2571 
2577 2578 2579 
2585 2586 2587 
2593 2594 2595 
2601 2602 2603 
2609 2610 2611 
2617 2618 2619 

2625 2626 2627 
2633 2634 2635 
2641 2642 2643 
2649 2650 2651 
2657 2658 2659 
2665 2666 2667 
2673 2674 2675 
2681 2682 2683 

2689 2690 2691 
2697 2698 2699 
2705 2706 2707 
2713 2714 2715 
2721 2722 2723 
2729 2730 2731 
2737 2738 2739 
2745 2746 2747 

2753 2754 2755 
2761 2762 2763 
2769 2770 2771 
2777 2778 2779 
2785 2786 2787 
2793 2794 2795 
2801 2802 2803 
2809 2810 2811 

4 5 6 7 

2052 2053 2054 2055 
2060 2061 2062 2063 
2068 2069 2070 2071 
2076 2077 2078 2079 
2084 2085 2086 2087 
2092 2093 2094 2095 
2100 2101 2102 2103 
2108 2109 2110 2111 

2116 2117 2118 2119 
2124 2125 2126 2127 
2132 2133 2134 2135 
2140 2141 2142 2143 
2148 2149 2150 2151 
2156 2157 2158 2159 
2164 2165 2166 2167 
2172 2173 2174 2175 

2180 2181 2182 2183 
2188 2189 2190 2191 
2196 219': 2198 2199 
2204 2205 2206 2207 
2212 2213 2214 2215 
2220 2221 2222 2223 
2228 2229 2230 2231 
2236 2237 2238 2239 

2244 2245 2246 2247 
2252 2253 2254 22S5 
2260 2261 2262 2263 
2268 2269 2270 2271 
2276 2277 2278 2279 
2284 2285. 2286 2287 
2292 2293 2294 2295 
2300 2301 2302 2303j 

-

----, 
4 5 6 7 I 

2564 2565 2566 25671 
2572 2573 2574 2575, 
2580 2581 ~5~2 2583

1 

2588 258Y 2590 2591 
2596 2597 2598 2599 
2604 2605 2606 2607 
2612 2613 2614 2615 
2620 2621 2622 2623 

2628 2629 2630 2631 
2636 2637 2638 2639 
2644 2645 2646 2647 
2652 2653 2654 2655 
2660 2661 2662 2663 
2668 2669 2670 2671 
2676 2677 2678 2679 
2684 2685 2686 2687 

2692 2693 2694 2695 
2700 2701 2702 2703 
2708 2709 2710 2711 
2716 2717 2718 2719 
2724 2725 2726 2727 
2732 2733 2734 2735 
2740 2741 2742 2743 
2748 2749 2750 2751 

2756 2757 2758 2759 
2764 2765 2766 2767 
2772 2773 2774 2775 
2780 2781 2782 2783 
2788 2789 2790 2791 
2796 2797 2798 2799 
2804 2805 2806 2807 
2812 2813 2814 2815 

0 1 2 3 4 5 6 7 

4400 2304 2305 2306 2307 2308 2309 2310 2311 
4410 2312 2313 2314 2315 2316 2317 2318 2319 
4420 2320 2321 2322 2323 2324 2325 2326 2327 
4430 2328 2329 2330 2331 2332 2333 2334 2335 
4440 2336 2337 2338 2339 2340 2341 2342 2343 
445012344 2345 2346 2347 2348 2349 2350 2351 
4460 2352 2353 2354 2355 2356 2357 2358 2359 
4470 2360 2361 2362 2363 2364 2365 2366 2367 

4500 2368 2369 2370 2371 2372 2373 2374 2375 
4510 2376 2377 2378 2379 2380 2381 2382 2383 
4520 2384 2385 2386 2387 2388 2389 2390 2391 
4~30 2392 2393 2394 2395 2396 2397 2398 2399 
4540 2400 2401 2402 2403 2404 2405 2406 2407 
4550 2408 2409 2410 2411 2412 2413 2414 2415 
4560 2416 2417 2418 2419 2420 2421 2422 2423 
4570 2424 2425 2426 2427 2428 2429 2430 2431 

4600 2432 2433 2434 2435 2436 2437 2438 2439 
4610 2440 2441 2442 2443 2444 2445 2446 2447 
4620 2448 2449 2450 2451 2452 2453 2454 2455 
4630 2456 2457 2458 2459 2460 2461 2462 24~3 
4640 2464 2465 2466 2467 2468 2469 2470 2471 
4650 2472 2473 2474 2475 2476 2477 2478 2479 
4660 2480 2481 2482 2483 2i84 2485 2486 2487 
4670 2488 2489 2490 2491 2492 2493 2494 2495 

4700 2496 2497 2498 2499 2500 2501 2502 2503 
4710 2504 2505 2506 2507 2508 2509 2510 2511 
4720 2512 2513 2514 2515 2516 2517 2518 2519 
4730 2520 2521 2522 2523 2524 2525 2526 2527 
474012528 2529 2530 2531 2532 2533 2534 2535 
4750 2536 2537 2538 2539 2540 2541 2542 2543 
4760 ,2544 2545 2546 2547 2548 2549 2550 2551 

t4770! 2552 2553 2554 2555 2556 2557 2558 2559 

0 1 2 3 4 5 6 7 

~5400 12816 2817 2818 2819 2820 281.1 2822 2823 
,54101282' 2825 2826 2827 2828 2829 2830 2831 
5420 2832 2833 2834 2835 2836 2837 2838 2838 
5430 2840 2841 2842 2843 2844 2845 2846 :847 
5440 2848 2849 2850 2851 2852 2853 2854 2855 
5450 2856 2857 2858 2859 2860 2861 2862 2863 
5460 2864 2865 2866 2867 2868 2869 2870 2871 
5470 2872 2873 2874 2875 2876 2877 2878 287U 

5500 2880 2881 2882 2883 2884 2885 2886 2887 
5510 2888 2889 2890 2891 2892 2893 2894 2895 
5520 2896 2897 2898 2899 2900 2901 2902 2903 
5530 2904 2905 2906 2907 2908 2909 2910 2911 
5540 2912 2913 2914 2915 2916 2917 2918 2919 
5550 2920 2921 2922 2923 2924 2925 2926 2927 
5560 2928 2929 2930 2931 2932 2933 2934 2935 
5570 2936 2937 2938 2939 2940 2941 2942 2943 

5600 2944 2945 2946 2947 2948 2949 2950 2951 
5610/2952 2953 2954 2955 2956 2957 2958 2959 
5620 2960 2961 2962 2963 2964 2965 2966 2967 
5630 2968 2969 2970 2971 2972 2973 2974 2975 
5640 '2976 2977 2978 2979 2980 2981 2982 2983 
5650 2984 2985 2986 2987 2988 2989 2990 2991 
5660 2992 2993 2994 2995 2996 2997 2998 2999 
5670 3000 3001 3002 3003 3004 3005 3006 3007 

:>700 3008 3009 3010 3011 3012 3013 3014 3015 
5710 3016 3017 3018 3019 3020 3021 3022 3023 
5720 3024 3025 3026 3027 3028 3029 3030 3031 
5730 3032 3033 3034 3035 3036 3037 3038 3039 
5740 3040 3041 3042 3043 3044 3045 3046 3047 
5750 3048 3049 3050 3051 3052 3053 3054 3055 
5760 3056 3057 3058 3059 3060 3061 3062 3063 
5770 3064 3065 3066 3067 3068 3069 3070 3071 

A-5 



A-6 

Octal-Decimal Integer Conversion Table 

0 1 2 3 4 5 6 7 

&000 3072 3073 3074 3075 3076 3077 3078 3079 
&010 3080 3081 3082 3083 3084 3085 3086 3087 
6020 3088 3089 3090 3091 3092 3093 3094 3095 
6030 3096 3097 3098 3099 3100 3101 3102 3103 
6040 3104 3105 3106 3107 3108 3109 3110 3111 
6050 3112 3113 3114 3115 3116 3117 3118 3119 
6060 3120 3121 3122 3123 3124 3125 3126 3127 
6070 3128 3129 3130 3131 3132 3133 3134 3135 

6100 3136 3137 3138 3139 3140 3141 3142 3143 
6110 i 3144 3145 3146 3147 3148 3149 3150 3151 
612013152 3153 3154 3155 3156 3157 3158 3159 
6130,3160 3161 3162 3163 3164 3165 3166 3167 
6140 3168 3169 3170 3171 3172 3173 3174 3175 
6150 3176 3177 3178 3179 3180 3181 3182 3183 
6160 3184 3185 3186 3187 3188 3189 3190 3191 
6170 3192 3193 3194 3195 3196 3197 3198 3199 

16200 3200 3201 3202 3203 3204 3205 3206 3207 
6210 3208 3209 3210 3211 3212 3213 3214 3215 
6220 3216 3217 3218 3219 3220 3221 3222 3223 
6230 3224 3225 3226 3227 3228 3229 3230 3231 
6240 3232 3233 3234 3235 3236 3237 3238 3239 
6250 3240 3241 3242 3243 3244 3245 3246 3247 
6260 3248 3249 3250 3251 3252 3253 3254 3255 
6270 3256 3257 3258 3259 3260 3261 3262 3263 

6300 3264 3265 3266 3267 3268 3269 3270 3271 
6310 3272 3273 3274 3275 3276 3277 3278 3279 
6320 3280 3281 3282 3283 3284 3285 3286 3287 
6330 3288 3289 3290 3291 3292 3293 3294 3295 
6340 3296 3297 3298 3299 3300 3301 3302 3303 

3307 3308 3309 3310 3311 6350 3304 3305 3306 
636013312 3313 3314 3315 3316 3317 3318 3319/ 
6370 .3320 3321 3322 3323 3324 3325 3326 3327 

0 1 2 3 4 5 6 7 

'7000 3584 3585 3586 3587 3588 3589 3590 3591 

7010 3592 3593 3594 3595 3596 3597 3598 3599 

7020 3600 3601 3602 3603 3604 3605 3606 3607 

7030 3608 3609 3610 3611 3612 3613 3614 3615 

7040 3616 3617 3618 3619 3620 3621 3622 3623 

7050 3624 3625 3626 3627 3628 3629 3630 3631 

7060 3632 3633 3634 3635 3636 3637 3638 3639 

7070 3640 3641 3642 3643 3644 3645 3646 3647 

7100 3648 3649 3650 3651 3652 3653 3654 3655 
7110 3656 3657 3658 3659 3660 3661 3662 3663 
7120 3664 3665 3666 3667 3668 3669 3670 3671 
7130 3672 3673 3674 3675 3676 3677 3678 3679 
7140 3680 3681 3682 3683 3684 3685 3686 3687 
7150 3688 3689 3690 3691 3692 3693 3694 3695 
7160 3696 3697 3698 3699 3700 3701 3702 3703 
7170 3704 3705 3706 3707 3708 3709 3710 3711 

7200 3712 3713 3714 3715 3716 3717 3718 3719 
7210 3720 3721 3722 3723 3724 3725 3726 3727 
7220 3728 31129 3730 3731 3732 3733 3734 3735 
7230 3736 3737 3738 3139 3740 3741 3742 3743 
7240 3744 3745 3746 3741 3748 3749 3750 3751 
7250 3752 3753 3754 3755 3756 3757 3758 3759 
7260 3750 3761 3762 3763 3764 3765 3766 3767 
7270 3168 3769 3770 3771 3772 3773 3774 3775 

7300 3776 3777 3778 3779 3780 3781 3782 3783 
7310 3784 3785 3786 3787 3788 3789 3790 3791 
7320 3792 3793 3794 3795 3796 3797 3798 3799 
7330 2800 3801 3802 3803 3804 3805 3806 3807 
73-40 3808 3809 3810 3811 3812 3813 3814 3815 
7350 3816 3817 3818 3819 3820 3821 3822 3823 
7360 3824 3825 3826 3827 3828 3829 3830 3831 
'7370 3832 3833 3834 3835 3836 3837 3838 3839 

0 I 

6400 3328 3329 
6410 3336 3337 
6420 3344 3345 
6430 3352 3353 
6440 3360 3361 
6450 3368 3369 
6460 3376 3377 
6470 3384 3385 

6500 3392 3393 
6510 3400 3401 
652013408 3409 
6530 3416 3417 
6540 3424 3425 
6550 3432 3433 
6560 3440 3441 
6570 3448 3449 

6600,3456 3457 
6610 3464 3465 
6620 3472 3473 
6630 3480 3481 
6640 3488 3489 
6650 3496 3497 
6660 3504 3505 
6670 3512 3513 

6700 3520 3521 
6710 3528 3529 
6720 3536 3537 
6730 3544 3545 
6740 3552 3553 
6750 3560 3561 
6760 3568 3569 
6770 3576 3577 

0 1 

7400 3840 3841 
7410 3848 3,849 
7420 3856 3857 
7430 3864 3865 
7440 3872 3873 
7450 3880 3881 
7460 3888 3889 
7470 3896 3897 

7500 3904 3905 
7510 3912 3913 
7520 3920 3921 
7530 3928 3929 
7540 3936 3937 
7550 3944 3945 
7560 3952 3953 
7570 3960 3961 

7600 3968 3969 
7610 3976 3977 
7620 3984 3985 
7630 3992 3993 
7640 4000 4001 
7650 4008 4009 
7660 4016 4017 
7670 4024 4025 

7700 4032 4033 
7710 4040 4041 
77:!0 4048 4049 
7730 4056 4057 
7740 4064 4065 
7750 4072 4073 
7760 4080 4081 
7770 4088 4089 

2 3 4 

3330 3331 3332 
3338 3339 3340 
3346 3347 3348 
3354 3355 3356 
3362 3363 3364 
3370 3371 3372 
3378 3379 3380 
3386 3387 3388 

3394 3395 3396 
3402 3403 3404 
3410 3411 3412 
3418 3419 3420 
3426 3427 3428 
3434 3435 34Z6 
3442 3443 3444 
3450 3451 3452 

3458 3459 3460 
3466 3467 3468 
3474 3475 3476 
3482 3483 3484 
3490 3491 3492 
3498 3499 3500 
3506 3507 3508 
3514 35J5 3516 

3522 3523 3524 
3530 3531 3532 
3538 3539 3540 
3546 3547 3548 
3554 3555 3556 
3562 3563 3564 
3570 3571 3572 
3578 3579 3580 

2 3 4 

3842 3843 3844 
3850 3851 3852 
3858 3859 3860 
3866 3867 3868 
3874 3875 3876 
3882 3883 3884 
3890 3891 3892 
3898 38:)9 3900 

3906 3907 3908 
3914 3915 3916 
3922 3923 3924 
3930 3931 3932 
3938 3939 3940 
3946 3947 3948 
3954 3955 3956 
3962 3963 3964 

3970 3971 3972 
3978 3979 3980 
3986 3987 3988 
3994 3995 3996 
4002 4003 4004 
4010 4011 4012 
4018 4019 4020 
4026 4027 4028 

4034 4035 4036 
4042 4043 4044 
4050 4051 4052 
4058 4059 4060 
4066 4067 4068 
4074 4075 4076 
4082 4083 4084 
4090 4091 4092 

5 6 

3333 3334 
3341 3342 
3349 3350 
3357 3358 
3365 3366 
3373 3374 
3381 3382 
3389 3390 

3397 3398 
3405 3406 
3413 3414 
3421 3422 
3429 3430 
3437 3438 
3445 3446 
3453 3454 

3461 3462 
3469 3470 
3477 3478 
3485 3486 
3493 3494 
3501 3502 
3509 3510 
3517 3518 

3525 3526 
3533 3534 
3541 3542 
3549 3550 
3557 3558 
3565 3566 
3573 3574 
3581 3582 

5 6 

3845 3846 
3853 3854 
3861 3862 
3869 3870 
3877 3878 
3885 3886 
3893 3894 
3901 3902 

3909 3910 
3917 3918 
3925 3926 
3933 3934 
3941 3942 
3949 3950 
3957 3958 
3965 3966 

3973 3974 
3981 3982 
3989 3990 
3997 3998 
4005 4006 
4013 4014 
4021 1022 
4029 4030 

4037 4038 
4045 4046 
4053 4054 
4061 4062 
4069 4070 
4077 4078 
4085 4086 
4093 4094 

7 

3335 
3343 
3351 
3359 
3367 
3375 
3383 
3391 

3399 
3407 
3415 
3423 
3431 
3439 
3447 
3455 

3463 
3471 
3479 
3487 
3495 
3503 
3511 
3519 

3527 
3535 
3543 
3551 
3559 
3567 
3575 
3583 

7 

3847 
3855 
3863 
3871 
3879 
3887 
3895 
3903 

3911 
3919 
3927 
3935 
3943 
3951 
3959 
3967 

3975 
3983 
3991 
3999 
4007 
4015 
4023 
4031 

4039 
4047 
4055 
4063 
4071 
4079 
4087 
4095 

6000 I 3072 
to to 

6777 3583 
(Octol) I (Decimol) 

Octal Decimal 
10000 - 4096 
20000 - 8192 
30000 - 12288 
40000 . 16384 
50000 - 20480 
60000 - 24576 
70000· 28672 

7000 358" 
to 10 

7777 "095 
(Oclol) (Decimol) 



OCTAL· DECItAt FRACTION CONVERSION TABLE 

OCTAL DEC. OCTAL DEC. OCTAL DEC. OCTAL m:c. 

.000 .000000 .100 .125000 .200 .250000 .300 .375000 

.001 .001953 .101 .126953 .201 .251953 .301 • 37G953 

.002 .cto3906 .102 .128906 .202 .253906 .302 .378906 

.003 .005859 .103 .130859 .203 .255859 .303 .380859 

.004 .007812 ~ 104 .132812 .204 .257812 .304 .382812 

.005 .009765 .105 .134765 .205 .259765 .305 .384785 

.006 .011718 .10. .136718 .206 .261718 .306 .386718 

.007 .013671 .107 .138671 .207 .263671 .307 .388671 

.010 .015625 .110 .140625 .210 .265625 .310 .390625 

.011 .017578 .111 .142578 .211 .267578 .311 .392578 

.012 .019531 .112 .144531 .212 .269531 .312 .394531 

.013 .021484 .113 .146484 .213 .271484 .313 .396484 

.014 .02343'1 .114 .148437 .214 .273437 .314 .398437 

.015 .025390 .115 .150390 .215 .275390 .315 .400390 

.016 .027343 .116 .152343 .216 .277343 .316 .402343 

.01'1 .029296 .11'1 .154296 .21'1 .279296 .317 .404296 

.020 .031250 .120 .156250 .220 .281250 .320 .406250 

.021 .033203 .121 .158203 .221 .283203 .321 .408203 

.022 .035156 .122 .160156 .222 .285156 .322 .410156 

.023 .037109 .123 .162109 .223 .287109 .323 .412109 

.024 .039062 .124 .164062 .224 .289062 .324 .414062 

.025 .041015 .125 .166015 .225 .291015 .~25 .416015 

.026 .042968 .126 ;167968 .226 .2,2968 .326 .417968 

.02'1 .044921 .12'1 .169921 .227 .294921 .327 .419921 

.03D .046875 .130 .171875 .230 .296875 .330 .421875 

.031 .048828 .131 .173828 .231 .298828 .331 .423828 

.032 .050781 .132 .175781 .232 .300781 .332 .426781 

.033 .052734 .133 .1'17734 .233 .302734 .333 .427734 

.034 .05468'1 .134 .17968'1 .234 .30468'1 .334 .. 429687 

.035 .056640 .135 .181640 .235 .306640 .335 .431640 

.036 .058593 .136 .183593 .236 .308593 .336 .433593 

.037 .060546 .137 .185546 .237 .310546 .337 .435546 

.040 .062500 .140 .187500 .240 .312500 .340 .437500 

.041 .064453 .141 .189453 .241 .314453 .341 .439453 

.042 .066406 .142 .191406 .242 .316406 .342 .441406 

.043 .068359 .143 .193359 .243 .318359 .343 .443359 

.044 .010312 .144 .195312 .244 .320312 .344 .445312 

.045 .072265 .145 .197265 .245 .322265 .345 .447265 

.046 .074218 .146 .199218 .246 .324218 .346 .449218 

.047 .076171 .141 .201171 .247 .326171 .347 .451171 

.050 .078125 .150 .203125 .250 .328125 .350 .453125 

.051 .080018 .151 .205078 .251 .330078 .351 .455078 

.052 .082031 .152 .207031 .252 .332031 .352 .457031 

.053 .083984 .153 .208984 .253 .333984 .353 .458984 

.054 .085937 .154 .210937 .254 .335937 .354 .460937 

.055 .087890 .155 .212890 .255 .337890 .355 .462890 

.056 .089843 .156 .214843 .256 .339843 .356 .464843 

.057 .091796 .157 .216796 .257 .341796 .357 .466"196 

.060 .093750 .160 .218750 .260 .343750 .360 .468750 

.061 .095703 .161 .220703 .261 .345703 .361 .470703 

.062 .097656 .162 .222656 .262 .347656 .362 .472656 

.063 .099609 .163 .224609 .263 .349609 .363 .414609 

.064 .101562 .164 .226562 .264 .351562 .364 .476562 

.065 .103515 .165 .228515 .265 .353515 .365 .478515 

.066 .105468 .166 .230468 .266 .355468 .366 .460468 

.067 .107421 .167 .232421 .267 .357421 .367 .482421 

.070 .109375 .170 .234375 .270 .359375 .370 .484375 

.011 .111328 .171 .236328 .211 .361328 .371 .486328 

.072 .113281 .172 .238281 .272 .363281 .372 .488211 

.073 .115234 .1'13 .240234 .273 .365234 .373 .490234 

.074 .111187 .174 .242187 .274 .367187 .374 .492187 

.075 .119140 .175 .244140 .275 .369140 .375 .494140 

.076 .121093 .176 .246093 .276 .371093 .376 .496093 

.077 .123046 .177 .248046 .277 .373046 .377 .4'8046 
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Octal-Decimal Fradion Conversion Table 

OCTAL DEC. OCTAL DEC. OCTAL DEC. OCTAL DEC • 

.000000 • 000000 .000100 .000244 .000200 .000488 .000300 .000732 

.000001 .000003 .000101 .000247 .000201 .000492 .000301 .000736 

.000002 .000007 .000102 .000251 .000202 .000495 .000302 .000740 

.000003 .000011 .000103 .000255 .000203 .000499 .000303 .000743 

.000004 .000015 .000104 .000259 .000204 .000503 .000304 .000747 

.000005 .000019 .000105 .000263 .000205 .000507 .000305 .000751 

.000006 .000022 .000106 .000267 .000206 .000511 .000306 .000755 

.000007 .000026 .000107 .000270 .000207 .000514 .000307 .000759 

.000010 .000030 ,000110 .000274 .000210 .000518 .000310 .000762 

.000011 .000034 .000111 .000278 .000211 .000522 .000311 .000766 

.000012 .000038 .000112 .000282 .000212 .000526 .000312 .000770 

.000013 .000041 .000113 .000286 .000213 .000530 .000313 .000774 

.000014 ,000045 .000114 .000289 .000214 .000534 .000314 .000778 

.000015 .000049 .000115 .000293 .000215 .000537 .000315 .000782 

.000016 .000053 .000116 .000297 .000216 .000541 .000316 .000785 

.000017 .000057 .000117 .000301 .000217 .000545 .000311 .000789 

.000020 .000061 .000120 .000305 .000220 .000549 .000320 .00079'3 

.000021 .000064 .000121 .000308 .000221 .000553 .000321 .000797 

.000022 .000068 .000122 .000312 .000222 .000556 .000322 .000801 

.000023 .000072 .000123 .000316 .000223 .000560 .000323 .000805 

.000024 .000016 .000124 .000320 .000224 .000564 .000324 .000808 

.000025 .000080 .000125 .000324 .000225 .000568 .000325 .000812 

.000026 .000083 .000126 .000328 .000226 .000572 .000326 .000816 

.000027 .000087 .000121 .000331 .000227 .000576 .000321 .000820 

.000030 .000091 .000130 .000335 .000230 .000579 .000330 .000823 

.000031 .000095 .000131 .000339 .000231 .000583 .000331 .000827 

.000032 .000099 .000132 .000343 .000232 .000587 .000332 .000831 

.000033 .000102 .000133 .000347 .000233 .000591 .000333 .000835 

.000034 .000106 .000134 .000350 .000234 .000595 .000334 .000839 

.000035 .000110 .000135 .000354 .000235 .000598 .000335 .000843 

.000036 .000114 .000136 .000358 .000236 .000602 .000336 .000846 

.000031 .000118 .000137 .000362 .000237 .000606 .000331 .000850 

.000040 .000122 .000140 .000366 .000240 .000610 .000340 .000854 

.000041 .000125 .000141 .000370 .000241 .000614 .000341 .000858 

.000042 .000129 .000142 .000313 .000242 .000617 .000342 .000862 

.000043 .000133 .000143 .00037T .000243 .000621 .000343 .000865 

.000044 .000137 .000144 .000381 .000244 .000625 .000344 .000869 

.000045 .000141 .000145 .000385 .000245 .000629 .000345 .000873 

.000046 .000144 .000146 .000389 .000246 .000633 .000346 .000877 

.000047 .000148 .000147 .000392 .000241 .000637 .000347 .000881 

.000050 .000152 .000150 .000396 .000250 .000640 .000350 .000885 
,000051 .000156 .000151 .000400 .000251 .000644 .000351 .000888 
,000052 .000160 .000152 .000404 .000252 .000648 ,000352 .000892 
,000053 .000164 .000153 .000408 .000253 .000652 .000353 .000896 
.000054 .000167 .000154 .000411 ,000254 ,000656 .000354 .000900 
.000055 .000171 .000155 .000415 .000255 .000659 .000355 .000904 
.000056 .000175 .000156 .000419 ,000256 .000663 .000356 .000907 
.000051 .000119 .000157 .000423 .000257 .000661 .000357 .000911 

.000060 .000183 .000160 .000427 .000260 .000671 .000360 .000915 

.000061 .000186 .000161 .000431 .000261 .000615 .000361 .000919 

.000062 • QOO190 .000162 .000434 .000262 .000679 .000362 .000923 

.000063 .000194 .000163 .000438 .000263 .000682 .000363 .000926 

.000064 .000198 .000164 .000442 .000264 ,000686 .000364 .000930 

.000065 .000202 .000165 .000446 .000265 .000690 .000365 .000934 

.000066 .000205 .000166 .000450 .000266 .000694 .000366 .000938 

.000061 .000209 .000167 .000453 .000261 .000698 .000367 .000942 

.000010 .000213 .000110 .000457 .000210 .000701 .000370 .000946 

.000071 .000217 .000171 .000461 ,000271 .000705 .000371 .000949 

.000012 .000221 ,000112 .000465 .000212 .000709 .000372 .000953 

.000073 .000225 ,000173 .000469 .000273 .000713 .000373 .000957 

.000014 .000228 .000174 .000473 .000214 .000711 .000314 .000961 

.000015 .000232 .000115 .000416 .000275 .000720 .000315 .000965 

.000076 .000236 .000176 .000480 .000276 .000724 .000376 .000968 

.000077 .000240 .000177 .000484 .000271 .000728 .000377 .000972 

A-a 



Odal-Decimal Fradion Conversion Tabl. 

OCTAL DEC. OCTAL DEC. OCTAL DEC. OCTAL DEC. 

.000400 .000976 .000500 .001220 .000600 .001464 .000700 .001708 

.000401 .000980 .000501 .001224 .000601 .001468 .000701 .001712 

.000402 .000984 .000502 .001228 .000602 .001472 .000702 .001716 

.000403 .000988 .000503 .001232 .000603 .001476 .000703 .001720 

.000404 .000991 .000504 .001235 .000604 .001480 .000704 .001724 

.000405 .000995 .000505 .001239 .000605 .001483 .000705 .001728 

.000406 .000999 .000506 .001243 .000606 .001487 .000706 .001731 

.000407 .001003 .000507 .001247 .000607 .001491 .000707 .001735 

.000410 .001007 .000510 .001251 .000610 .001495 .000710 .001739 

.000411 .001010 .000511 .001255 .000611 .001499 .000711 .001743 

.000412 .001014 .000512 .001258 .000612 .001502 .000712 .001747 

.000413 .001018 .000513 .001262 .000613 .001506 .000713 .001750 

.000414 .001022 .000514 .001266 .000614 .001510 .000714 .001754 

.000415 .001026 .000515 .001270 .000615 .001514 .000715 .001758 

.000416 .001029 .000516 .001274 .000616 .001518 .000716 .001762 

.000417 .001033 .000517 .001277 .000617 .001522 .00071'1 .001766 

.000420 .00103'1 .000520 .001281 .000620 .001525 .000720 .001770 

.000421 .001041 .000521 .001285 .000621 .001529 .000721 .001773 

.000422 .001045 .000522 .001289 .000622 .001533 .000722 .001777 

.000423 .001049 .000523 .001293 .000623 .001537 .000723 .001781 

.000424 .001052 .000524 .001296 .000624 .001541 .000724 .001785 

.000425 .001056 .000525 .001300 .000625 .001544 .000725 .0017H9 

.000426 .001060 .000526 .001304 .000626 .001548 .000726 .001792 

.000427 .001064 .000527 .001308 .000627 .001552 .000727 .001796 

.000430 .001068 .000530 .001312 .000630 .001556 .000730 .001800 

.000431 .001071 .000531 .001316 .000631 .001560 .000731 .001804 

.000432 .0010'15 .000532 .001319 .000632 .001564 .000732 .001808 

.000433 .001079 .000533 .001323 .000633 .001567 .000733 .001811 

.000434 .001083 .000534 .001327 .000634 .001571 .000734 .001815 

.000435 .00108'1 .000535 .001331 .000635 .001575 .000735 .001819 

.000436 .001091 .000536 .001335 .000636 .001579 .000736 .001823 

.000437 .0010N .000537 .001338 .000637 .001583 .000737 .001827 

.000«0 .001098 .000540 .001342 .000640 .001586 .000740 .001831 

.000441 .001102 .000541 .001346 .000641 .001590 .000741 .001834 

.000442 .001106 .000542 .001350 .000642 .001594 .000742 .001838 

.000443 .001110 .000543 .0'01354 .000643 .001598 .000743 .001842 

.000444 .001113 .000544 .001358 .000644 .001602 .000744 .001846 

.000446 .001117 .000545 .001361 .000645 .001605 .000745 .001850 

.000446 .001121 .000546 .001365 .000646 .001609 .000746 .001853 

.00044'1 .001125 .000547 .001369 .000647 .001613 .000747 .001857 

.000450 .001129 .000550 .001313 .000650 .00161'1 .000150 .001861 

.000451 .001132 .000551 .001317 .000651 .001621 .000151 .001865 

.000452 .001136 .000552 .001380 .000652 .001625 .000152 .001869 

.000453 .001140 .000553 .001384 • Q00653 .001628 .000753 .001813 

.000454 .001144 .000554 .001388 .000654 .001632 .000754 .001876 

.000455 .001148 .000555 .001392 .000655 .001636 .000155 .001880 

.000456 .001152 .000556 .001396 .000656 .001640 .000156 .001884 

.00045'1 .001155 .000557 .001399 .000657 .001644 .00075'1 .001888 

.000460 .001159 .000560 .001403 .000660 .00164'1 .000760 .001892 

.000461 .001163 .000561 .00140'1 .000661 .001651 .000761 .001895 

.000461 .001167 .000562 .001411 .000662 .001655 .000762 .001899 

.000463 .001171 .000563 .001415 .000663 .001659 .000163 .001903 

.000484 .001174 .000564 .001419 .000664 .001663 .000764 .001907 

.000465 .001178 .000565 .001422 .000665 .001667 .000785 .001911 

.000466 .001182 .000566 .001426 .000666 .001670 .000'166 .001914 

.000467 .00118S .000567 .001430 .000661 .001674 .000767 .001918 

.000470 .001190 .000570 .001434 .000670 .001678 .000770 .001922 

.000471 .001194 .000571 .001438 .0006'll .001682 .00.0771 .001926 

.000472 .001197 .000572 .001441 .000612 .001686 .000772 .001930 

.000413 .001201 .0005'13 .001445 .000613 .001689 .000773 .001934 

.000474 .001205 .000574 .001449 .000614 .001693 .000774 .001937 

.000475 .001209 .000575 .001453 .000675 .001697 .000775 .001941 

.000476 .001213 .000576 .001457 .000676 • 00 1'1.D 1 .000778 .001945 

.000·6'17 .001216 .000577 .001461 .000611 .001705 .000771 .001.49 
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TWO'S COMPLEMENT ARITHMETIC 

SDS computer systems hold negative numbers in memory in 
binary two's complement form. The two's complement of a bi
nary number is formed by addi ng one to the one's comp I ement 
(logical inverse) of the number. This convention allows the 
sign of a number to be used as an integral part of the number 
in all arithmetic operations and obviates the need for keeping 
track of a detached sign with computer logic. 

In SDS systems, thesignbitisinthe first bit position to the left 
of the most significant magnitude bit. Thus, if an SDS computer 
word was only 6 bits long instead of 24, some common decimal 
values would be represented in binary format as follows: 

Decimal 
Number 

3 
2 
1 
a 

-1 
-2 
-3 
31 

-31 

Octal Complement 
Equivalent Plus 1 -----

03 
02 
01 
00 

(-)01 77 
(-)02 76 
(-)03 75 

37 
(-)37 41 

This tabie suggests the foiiowing aigorithms: 

Binary 
Equivalent 

000 all 
000 010 
000 001 
000 000 
111 111 
111 110 
111 101 
all 111 
100 001 

1. To find the binary, two's complement of a negative deci
mal number: 

a. Find the octal equivalent of the absolute of the 
number 

b. Form the complement and add one 

c. Express as a binary number. 

The result is the binary, two's complement equivalent. 

A-lO 

2. To find the decimal equivalent of a binary two's comple
ment number: 

a. Express as an octal number 

b. Subtract one and form the complement 

c. Find the decimal equivalent. 

The negative of the result is the decimal equivalent. 

The following examples show how two's complement numbers 
automatically yield the correct result when used arithmetically 
in the computer. 

Decimal 
Number 

+ 20 
-=-.QL 

+17 

Binary 
Equivalent 

010 100 
+ 111101 

1010 all = 21 8 = 17
10 

Wost carry 

Note that the carry out of the most si gnificant (sign bi t) position is 
lost. Nevertheless, the value remaining is the correct answer. 

Decimal 
Number 

- 32 
+ 24 

-8 

Binary 
Equivalent 

100 000 
all 000 
111 000 = (-)10 =-8 

8 10 

When performing additions or subtractions in the computer, car
ries out of the sign bit do not always signify a true overflow 
condition or cause the OVERFLOW indicator to be set. In an 
addition, it is impossible to produce an overflow if the signs of 
the operands are unlike. The computer sets the OVERFLOW in
dicator in an addition only when the signs of the two operands 
are the same, but the sign of the result is opposite. In a sub
traction, which in the computer is accomplished by forming the 
two's complement of the subtrahend and then adding to the 
minuend, the test for overflow is simi lar to that for addition. 
That is, overflow occurs when both numbers have the same sign 
after the subtrahend has been complemented but the sign of the 
result is opposite. 



APPENDIX B 



OPTIONAL EQUIPMENT 

DATA MULTIPLEXING SYSTEM 

The standard I/O systems provided with the SDS 9300 
computer provide for operation with all standard SDS 
peripheral equ ipments and for high-performance 
special devices. The Data Mu Itiplexing System (DMS) 
provides an alternate I/O system that is of particular 
use in dealing with multiple sources of data and for 
systems which may have very high data rates (see 
Figure B-1). 

The SDS 9300 computer has essentially two major paths 
along which I/O data can flow to and from memory. 
The first path is the same that is used by the main frame 
itself. The PIN/POT operations use the first path. In 
addition to this path, which is primarily under the con
trol of the main frame, there is a second path that is 
completely under the control of the un its attached to it. 
The second path has priority over the fi rst for access to 
memory. This path is made available with the multiple 
access to memory featu re. 

MULTIPLE ACCESS TO MEMORY FEATURE 

The multiple access to memory (MAM) feature provides 
the necessary moduleson both main frame and memory to 
perm it memories to be accessed via the second path. A 
word can be transferred over the oath in eitherdirection 
in one cycle. If the computer i~ equ ipped with two or 
more memories and the main frame is communicating with 
one memory while sOme other device is using the second 
path to another memory, then there is no interference 
with computation. If both the main frame and an I/O 
device using the second path simultaneously address the 
same memory, the second path has priority; the program 
loses one cycle while the second path transmits. 

The multiple access feature is required for the attach
ment of four direct access communication channels 
(DACC), data multiplex channels (DMC), or memory 
interface connections (MIC). These devices all incor
porate a priority scheme for determ in ing the assignment 
of the second path. 

A practically unlimited number of MICs in addition to 
the four DACCs and the Data Multiplexing System 
can be attached to a computer system. Each MIC has 
the necessary priority control to operate with other 
MICs and the DACCs and the DMS. Both MICs and 
DACCs can be arranged so as to produce any required 
configu ration of priorities. 

DATA MULTIPLEXING BASIC ELEMENTS 

A Data Multiplexing System consists of two basic 
elements: 

1. The data multiplex channel for communicating with 
several data sou rces/destinations and for synchro
nizing I/O operations with memory, MICs, DACCs, 
and other DMCs. 

2. One or more data subchannels (DSC) for interfacing 
between peripheral and systems devicesand the DMC. 

DATA MULTIPLEX CHANNEL 

The data multiplex channel (DMC) is the basic unit for 
the data multiplexing system. It connects to the second 
path to memory via the multiple access to memory (MAM) 
feature. A DMC consists of a 24-bit register and control 
logic to enable the DMS to perform a variety of functions. 
All addresses and data are transmitted between the DMC 
and subchannels via a bus system. The data and address 
are connected to memory via the MAM only when a 
transfer is to be made. All program control required for 
a given I/O operation operates directly on the individ
ual subchannel, not the DMC. 

The DMC is equ ipped with an interna I interlace featu re . 
This feature allows a subchannel to specify the address 
of a word in memory where the data address and count 
are to be found. When operating with internal inter
lace, the subchannel suppl ies the address of its inter
lace word instead of the actual data address. The DMC 
reads out the interlace word, increments the address 
portion, decrements the count, restores the word and 
then accepts the data from or transm its the data to the 
subchannel. The DMC also supplies a signal to the 
subchannel if the decremented count is zero. 

The format of the internal interlace word or word pair is 
as shown: 

Word Count Data Address 

o 89 23 

The 9-bit word count allows for block lengths to 512 
words. With the 9300, transmissions using internaJ inter
lace require 3 cycles per word. 

The DMC also provides for automatic memory incre
menting. The counting capability of the DMC register 
permits the entire 24-bit register or either the upper or 
lower 12 bits to be incremented. When such a memory 
increment operation is to be performed, the subchcnne! 

B-1 



I 

8-2 

Additional 
Optional 
Memories 

PIN -
__ POT 
-

SDS 9300 
Main Frame 

1--- First Path ------,~ 

(Optional) 
Memory 

Multiple Access 
to Memory 

Feature 

Memory 

Multiple Access 
to Memory 

Feature 

--- Second Path ---

- ... - -
-- TMCC 

B 

__ _ TMCC 
t-._~-----~_-t C 

TMCC - - D 

-- ~----------~--~------~--------~-r----------~----------~----------~---
,~ , 
'f , ' 

MIC I-- MIC -

r----: ~----., r I I 
I I 

DMC 
I -

I I 
I I 

, Priority ,~ 

" Control 'f 
DACC 

E 
DACC 

F 
I_l 

--------~ ~------~ r - - - - -- - - - - - __ J L.------------- 1 

Data Multiplexing System 

- - - - ~---"""'----r-----------""l - - --
h 
U 

, 
1 

Priority 
Control 

I 
I 
I 
I 
I 
I 
I 
I 

h , 

DACC I 
L--G----'-~ 

------~ DSC --~ DSC _1~ DSC ----~_ Optional _ _ Io-------+--I_~ Priority Interrupts 
EIN I 

Figure B-1. SDS 9300 Overa II Computer Configuration 



signals the DMC with a special increment I ine and 
suppl ies the address. The DMC reads out the word, 
increments it and then restores it. If the word was zero 
after the incrementing, the DMC signals the subchannel 
wh ich may then interrupt the program. The maximum 
incrementing rate is 1 count every 2 cycles. Parity is 
always checked or generated by the DMC. 

DATA SUBCHANNELS (DSC-N) 

There are a number of subchannels wh ich can be attached 
to the DMC. The two described below are standard sub
channels. They are distinguished primarily by the size 
of the data unit. Full word is 24 bits plus parity for 
9300. However, 12-bit information (half words) is 
transmitted to the 9300 by the DSC-I. Subchannels can 
arm and generate program interrupts but do not include 
the interrupt levels themselves. The signals must be 
routed to optional interrupt levels if the interrupt fea
tures are to be used. 

The subchannels use a priority scheme to determ ine 
which may transmit to the DMC at any given time. 
This is similar to the scheme used by the MICs, DMCs 
and in transmitting to memory. Up to 128 DSCs can be 
connected to a DMC. A DSC can use the internal inter
lace feature of the DMC to control its transm iss ion or 
it can be equipped with an external interlace (EIN). 

A DSC using internal interlace has two words assigned 
to it. These two words are adjacent even/odd locations 
and are fixed for a given subchannel. The program can 
select either the even or odd location. If the even 
location is selected, the subchannel will automatically 
switch to the odd location when the count field of the 
even word is zero. The program can also select whether 
or not the subchannel will switch back to the even word 
when the count field of the odd word is zero. The sub
channel wi II generate an interrupt signal when the count 
field of either word reacheszero. Transmission termina
tion occurs when the odd word'scount equals zero if the 
subchannel does not switch back to the even word. 

The two-word internal interlace allows a subchannel to 
handle continuous data by alternately working from one 
memory area or another. By allowing the subchannel to 
switch automatically from one interlace word to the 
other, the program is rei ieved of the necessity for making 
real-time responses to the zero count condition. Using 
first the even then the odd interlace word allows max·i
mum word count of 1024 for a pair of interlace words. 

CHARACTER SUBCHANNEL (DSC-I) 

The DSC-I contains a 12-bit data register that can 
assemble and disassemble two 6-bit characters! and trans
mit one or two 6-bit characters or one 12-bit character. 
It checks and generates the parity of characters to 

enable it to couple with standard SDS peripherals. The 
DSC-I has a unit address register. For the 9300, it can 
be used for multiple typewriters or other character
oriented devices. However, it only uses 12 bits of the 
fu II 24-bit word. 

The subchannel can operate with either internal or 
external interlace. It has one mode of output and two 
modes of input. During output, it transmits until the 
odd internal interlace word count is zero and then 
terminates if interlace cycling is not requested. The 
output can also be terminated if the device sends an END 
signal to the channel. This END signal may cause the 
DSC-I to generate an interrupt to the program. 

Input, like output, can always be terminated due to an 
external END signal. The program can also specify if 
the DSC is to terminate and disconnect on zero count 
or disconnect only on the END signal. In either case, 
however, all transmission to memory is terminated after 
theodd interlace count reaches zero if interlace cycling 
is not requested. 

FULL-WORD SUBCHANNEL (DSC-II) 

The DSC-II is a general purpose subchannel designed to 
allow communication with word-oriented input/output 
un its such as analog-d igital and dig ita I-analog converters. 
It contains no storage for data. The external device 
must be capable of holding the data during the transmis
sion to/from the DMC. (An A-to-D converter would 
have such capabil ity). Like the DSC-I, the DSC-II can 
operate with either internal or external interlace. 
Its operation in this respect is identicai to that of the DSC-I. 
The DSC-II also contains control logic to facilitate 
memory increment operations in conjunction with the 
DMC. 

EXTERNAL INTERLACE 

The external interlace (EIN) can be attached to the DSC 
to control the transm ission of its data to/from memory. 
The EIN consists of a 15-bit address register and a 9-bit 
count register. These registers are loaded automatically 
when the subchannel is activated, the information coming 
from the internal interlace memory locations. Once the 
EIN is set up, it will control the transmissions of the 
DSC at a maximum rate of 1 word per memory cycle. 
After each word is transmitted, the EIN increments its 
address reg ister and decrements its count. When the 
count equals zero, the EIN signals the DSC, which can 
then generate a program interrupt and/or notify the ex
ternal device. Transmission normally terminates on zero 
count. Sequencing of interlace words is identical to the 
sequence of operation performed for internal interlace, 
except that only two memory cycles are used for inter
lace word processing. The first is to access the interlace 
word initially; the second is to restore the interlace word 
when the count reaches zero. 
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PROGRAM CONTROL OF DATA SUBCHANNELS 

Transmission of data between a DSC and computer mem
ory is controlled by two 24-bit interlace control words 
unique to the DSC and wired into fixed adjacent 
locations in memory. During a transmission the DMC/ 
DSC uses the two interlace control words fordeterm ination 
of transm ission address and record length. 

The DSCs are numbered from 0 to 0376 in even octal 
numbers; this permits a maximum of 128 subchannels. 
The memory locations of the interlace control word 
pairs associated with the DSCs are numbered XOOOO, 
X0001 for DSC-O, X0002, X0003 for DSC-2 ... X0376, 
X0377 for DSC-0376. DSC-I numbering need not be 
contiguous, but DSC-II's are configured one or two 
in a module and are numbered with adjacent numbers. 
If 'a system contains multiple DSC-II modules (each 
with 1 or 2 subchannels), the module numbering need 
not be contiguous; 4, 0 and 0224, 0220 and 0314 is a 
typical possibility for five DSC-II subchannels. Trans
missions to and from the DSC and memory may be under 
internal interlace control or, when so equ ipped, under 
external interlace control. 

INTERNAL INTERLACE 

Du ring an internal interlace transm ission, the DMC 
controls the interlacing operation in the following order: 

1 . Access Interlace Word 

The DMC accesses the interlace word assigned to 
the requesting subchannel. 

2. Process Interlace Word 

The DMC increments the 15-bit address portion of 
the word and decrements the 9-bit word count. 

3. Test for Zero and Set Indicator 

Next, the DMC tests the word count for zero and 
if it is zero, set an ind icator in the pertinent DSC. 

4. Restore 

The DMC then places the new word count/address 
values back into memory using the assigned address 
of requesting subchannel. 

5. Access/Store as Requested 

The DMC accesses or stores the transm itted word as 
requested using the incremental address (see above). 

6. Stop or Continue 
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The DSC checks its zero count ind icator and 

a. if zero and working on the even interlace 
word, the DSC continues operation using 
the odd interlace word, 

b. if zero, working on the odd interlace word 
and the cycle bit is set, the DSC continues 
using the even interlace word, 

c. if zero, working on the odd interlace word 
and the cycle bit is reset, the DSC term i
nates the operation on a DSC-II or responds 
as required by the function control on a DSC-I. 

d. if not zero, the DSC returns operation to 
the DMC to continue at 1 (above). 

Note that the first address used is the II address specified 
plus oneil and the first word count is the "word count 
specified minus oneil. In particular, an initial word 
count of zero causes a 512-word block to be transm itted . 

EXTERNAL INTERLACE 

Du ring transmissions uti I izing externa I interlace control, 
the interlac ing operation proceeds as described above 
except that'when the DSC is activated, the DSC with 
external interlace (EIN) requests the DMC to access 
the desired interlace control word. The interlace 
control word is sent to the EIN. Thereafter, data 
transmissions to and from the DSCtomemoryutilizethe 
interlace address and word count suppl ied by the EIN. 

Data transmissions using the EIN require only one cycle 
whi Ie those data transmissions using internal interlace 
require three cycles. Should a transmission result in 
the EIN detecting a zero word count condition, the 
DSC-EIN will restore the external interlace word and 
wi II proceed accord ing to 6 (above). Any term ination 
of a DSC operation prior to zero word count due to any 
externally derived halt signal also causes a restoring of 
the EIN interlace control word. 

DSC PROGRAMMING 

An EOM, POT sequence selects, alerts, and controls 
the subchannel; an EOM, SKS sequence selects and 
tests the status and conditions of the subchannel. 

The EOM has the form: 

110
11 

EOM 

o 1 2 3 89 1112 13 14 15 16 23 

and is referred to as the "select EOM". 

Bit positions 16-23 contain the DSC number being alerted; 
these numbers are the even numbers from 0 to 0376 for the 
DSC and the C field (bits 13, 14) specifies one of three 
modes to which the DSC is alerted. VVhen followed by 
a POT instruction, the modes have the following meaning: 



C 

00 

01 

10 

Bit 

Effect 

The subchanne I decodes the lower 12 bits 
(12-23) of the "POTted ll word as the lower 
12 bits of a buffer control mode EOM. 

For DSC-I, thiswi II select a device with the 
unit address field, set the character/word 
count, specify binary or BCD format, for
ward or reverse, and leader or no leader. 

For DSC-II, the 12 bits activate the sub
channel and select the proper un it (if 
more than one is attached to the DSC). 

The subchannel decodes the lower 12 bitsof 
the II POtted II word as the lower 12 bitsof an 
input/output control mode EOM. If bits 
18 through 23 are zero, the IIPOTted ll word 
addresses the se lected DSC. 

For DSC-I, these bits perform such func
tions as rewind tape, space paper, etc. 

For DSC-II, these bits perform such func
tions as required by the selected device 
attached to the DSC. 

The subchanne I decodes the lower 12 bits of 
the IIPOTted ll word for controlling the inter
lace and interrupts. The control type EOM 
shou Id precede the buffer contro I E OM. 

For DSC-I the form is: 

12 1718 Z3 

FC is a 2-bit function code similar to the 
TMCC/DACC terminal function codes. The 
remaining bits function as described below 
for DSC-II. 

For DSC-II, the form is: 

E Z 
C 

E 
0 0 o 0 0 W / 

R C 
y 

10 
12 1718 23 

Position Function 

20 A 1 in the EOR bit arms the End-of-Record 
interrupt for this channel. 

21 A 1 in the ZWC bit arms the Zero Word Count 
interrupt. 

Bit 
Position Function 

22 A 1 in the CY bit (cycle) sets the cycle mode 
such that the interlace wi II switch from the 
odd word back to the even word at the 
zero ing of the odd word count. If ZWC and 
CY are set, a zero count interrupt is gener
ated each time the interlace switche-s (to 
either word - even or odd). If CY is set 
to 0, the interlace will not proceed after 
the count of the odd word is zero; and a 
zero count interrupt occurs only when the 
count of the odd word is zero. 

23 A 0 in the E/O bit selects the even interlace 
word as the first interlace word in a trans
mission; note that when starting on the even 
word, the interlace aways switches to the 
odd word for further control when the even 
word count goes to zero. A 1 in E/O sets 
the odd interlace word as the fi rst interlace 
word in a transm ission; the inte dace ceases 
control when the odd word count reaches 
zero unless the C bit is set to cycle. 

TERMINATING DSC INPUT/OUTPUT 

Once the cycle bit has been set, the interlace contin
ues to cycle back and forth between" the even/odd 
interlace words. An EOM, POT sequence is used to 
term inate the cycle. The EOM is: 

o EOM 7 DSC 

o 2 3 89 1112 14 1516 23 

The lower 12 bits of the "POtted" word must be: 

o 2 o o 
12 23 

The interlace terminates the next time the count reaches 
zero in the odd interlace word. 

For example, to terminate the cycle on DSC 4, use the 
following sequence: 

EOM 071004 

POT 010000 

010000 00000200 
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The SKS to test subchanne Is has the form: 

o SKS 7 TEST UNIT 

o 23 89 1112 161718 23 

A se lect EOM with C equa I to zero (C=O) permits the 
SKS to be directed to the subchannel or to the device 
attached to it. The UNIT field specifies the device to 
be tested; the TEST field is defined for the particular 
device. 

When testing the subchannel, the UNIT field is set to 
00. The TEST field contains the same testing format as 
S KS for testing a TMCC. For example, to test DSC 4 
for error, use the following sequence: 

EOM 070004 
SKS 071000 

MEMORY INTERFACE CONNECTION 

Once a computer is equipped with a multiple access 
to memory feature, oneormore memory interface con
nections (MIC) can be attached. The MIC is a general 
interface between the computer and the outside world 
that allows special devices to be connected to the com
puter. TheMICconvertsbetween the4-voltlogic levels 
used in the computer and the 8 volts used outside. It 
preserves the integrity of the memory by generating the 
parity of incoming data words. It will also check the 
parity of words read from memory to ind icate memory 
failures. If incoming data is supplied with parity, the 
MIC wi II check for odd parity as it generates the 
internal memory parity and respond with a signal that 
indicates if the transmission was correct. The device 
that is connected to the MIC must store both the data 
and the address unti I the transm ission to/from memory 
is completed. 

The memory interface connection is useful in many sys
tems applications where the fully extended capabilities 
of the Data Mu Itiplex ing System are not requ ired. 

AUTOMATIC POWER FAIL-SAFE SYSTEM 

The computer core memory holds its information with 
a II power removed, but information in the computer 
registers is destroyed by loss of power. Upon fai lure 
of main power to the computer, this system provides 
that the contents of a II registers and other volati Ie 
information are automatically stored in core memory; 
also, further writing into core storage is inhibited 
during the decay period of the computer dc power 
supply outputs. Erroneous memory control is prevented 
during power-off and power-on operations. Power
off/-on interrupt routines permit proper resumption of 
a program, automatically, after power is restored. 
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This solid-state system consists of ac power-sensing and 
memory-sequencing circuitry, two high-priority inter
rupt channels, and a II shut-down/start-upll programming 
sequence. 

The SKIP IF SIGNAL NOT SET (SKS) instruction is 
an aid in programming this option. Its address is 024000. 
If the OFF interrupt (01) has just occurred, the com
puter executes the next instruction in sequence (does 
not skip). 

MEMORY PARITY INTERRUPTS 

SDS computers incorporate an extensive memory parity 
checking system. The inc lusion of pari ty generation 
and checking circuitry assures the integrity of all data 
and instructions transferred among the memory, the 
centra I processing unit, and input/output channe Is. 

In normal operation a switch on the computer console 
specifies the action to be performed by the computer 
when a memory parity error is detected. Two actions 
are available: the computer halts with the parity 
indicator lighted; or the computer ignores the parity 
error and proceeds with the program. 

In many real-time applications it is desirable to keep 
the computer running when a parity error is detected. 
Also, the program must be notified of the error without 
stopping computation. 

An optiona I feature provides this capabi lity by means 
of two levels of armed interrupts. One interrupt level 
is associated with the central processor and the Time
Multiplexed Communication Channels; the other inter
rupt level with the Direct Access Communication 
Channels and the Data Multiplexing System. Memory 
parity errors detected from these two sources produce 
a priority interrupt associated with the cause, The 
processing routine associated with the interrupt can 
then take appropriate action, such as re-initiate the 
fai led operation, notify the operator, or enter a diag
nostic routine. Such action a I lows memory parity 
errors to be recognized and hand led proper Iy wi thout 
hindering the computer's performance of real-time or 
on-line calculations. 

REAL-TIME CLOCK 
The Rea I-Time Clock (RTC) provides a flexible time
orientation system for the SDS 9300 Computer. It 
derives time pu Ises from the 60-cyc Ie computer power 
supply. These pulses are then used to produce a timing 
mark every 16.67 milliseconds, or optionally every 
8.33 mi Iliseconds. The Rea I-Time C lock can a Iso 
accept timing marks from a customer-supplied input, 
thereby allowing time measurement to any required 
resolution for special app'lications. These timing 
marks are supplied at standard SDS logic levels to the 
computer's RTC circuitry. 



The timing marks are then used by the computer and 
its interrupt system to provide either an elapsed-time 
counter or a continuously incrementing time counter 
depending on the needs of the customer. The RTC 
operates in either mode depending only on the com
puter IS stored program. 

Location Type Computer Description 

06 

07 

Normal 9300 

Single Instruction 9300 

CLOCK SYNC 

CLOCK PULSE 

The Clock Pulse and Clock Sync interrupts function 
together to provide elapsed-time, event counter, or 
time-of-day clocks. 

The Clock Pu Ise interrupt is a single-instruction inter
rupt. (Note: See Single Instruction Interrupts in 
Section 3.) An MPO instruction is usua IIy placed in 
the Clock Pulse interrupt location. When MPO is used 
as a single-instruction interrupt subroutine, it causes 
the contents of the effective address to be incremented 
by one. Furthermore, if the new (incremented) con
tents of the effective address is 0000, a C lock Sync 
interrupt is generated. The C lock Sync interrupt can 
be generated in no other way. 

ELAPSED-TIME CLOCK 

The elapsed-time clock times the length of a program 
or subroutine, or initiates or discontinues processing 
at program-determined time intervals. An arbitrary 
memory location is reserved as a counter. When 

initialized, this cell contains the 2 1s complement of 
the number of time intervals to be counted. The Clock 
Pulse interrupt location contains an SKR instruction. 

Each Clock Pulse interrupt results in decrementing the 
clock count by one. When the count is finished, an 
interrupt to the Clock Sync location occurs. A super
visory or other appropriate control program can then be 
entered to perform the customer-desired operation. 

CONTINUOUSLY INCREMENTING CLOCK 

The continuously incrementing clock maintains "time
of-dai' for the computer. One memory location serves 
to count the timing marks. In this case, the Clock 
Pulse is used to increment this location. (The Clock 
Pulse interrupt location contains an MPO instruction.) 
A simple, straightforward subroutine can be entered to 
reconstruct the exact time-of-day from this twenty-four 
bit count. 

ARM/DISARM 

The Clock Pulse interrupt can be armed and disarmed 
with these instructions. 

EOM Effective Address 

20200 

20100 

Action 

Disarm Clock Pulse 
Interrupt 

Arm Clock Pulse Interrupt 

The Clock Sync interrupt is always armed. 
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Reset holt rr 

Set highest-priority waiting interrupt 
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Interrupt address _ S 

«S»- 0 
(O)3-S - 0 
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Figure 8-2. 9300 Computer Instruction Execution Cycle 



INSTRUCTION EXECUTION CYCLE 

A symbolic diagram of the SDS 9300 instruction execu
tion cycle is shown in Figure B-2. The diagram illus
trates the major operations involved during execution of 
instructions by the 9300 Computer, including the effects 
of the RU N-IDLE-STE P switch, normal interrupt process
ing, effective address calculation, and the REPEAT in
struction. The diagram does not in all cases precisely 
depict actual computer operations; however, insofar as 
the programmer is concerned, the diagram is a valid rep
resentation of the instruction execution process. 

The symbolic notation used in the diagram is consistent 
with that used in other portions of this reference manual. 
The symbolic terms are defined as follows: 

Term 

D 

Definition 

The register that holds an instruction while it 
is bei ng decoded 

Indirect address bit 

(D) 1-2 Index register designator 

(D)3-8 Operation code field 

(D)9-23 Address fi eld 

Halt ff An internal flip-flop that causes the computer 
to cease executing instructions as long as the 
flip-flop is set 

o Operation code register 

(0) Contents of the operation code register 

P Program counter 

(P) Contents of the program counter 

REP ff An imaginary indicator for the purpose of dia-
gramming the action of the REPEAT instruction 

S Memory address register 

(S) Contents of the memory address register 

((S)) Contents of the location whose address is in the 
memory address register 

(Xi) Contents of the index register designated by 

(D) 1-2 

X 1 Index register 1 

(Xl) Contents of index register 1 

X2 Index register 2 

(X2) Contents of index regi ster 2 

At the top of the diagram, reference point "A", assume 
that the program counter (P) contains the address of the 
next instruction to be executed, the D register contains 
the next instruction, the 0 register contains the opera
tion code of the next instruction, and the computer is in 
the IDLE mode. 

If the RUN switch is pressed, the computer proceeds 
to decode the instruction in the D register. Since 
this is the first instruction to be executed in the RUN 
mode, no interrupt acknowledgement can occur at 
this time. The Halt flip-flop (ff) was reset in the 
IDLE mode. 

If the instruction references memory (i. e., is not a 
HALT (HLT), ENERGIZE OUTPUT M (EOM), ENERGIZE 
OUTPUT D (EOD), FLAG, or REGISTER CHANGE (RCH) 
instruction), the computer performs indexing and/or in
direct addressing, as specified by the indirect address 
bit, the index register designation, and the operation 
code of the instruction. 

Note that for the instructions LOAD INDEX (LDX), 
EXCHANGE MEMORY AND INDEX (XMX), INCREASE 
INDEX AND BRANCH (BRX), and STORE INDEX 
(STX), the address field is not modified by an index 
register. Also, note that indirectly addressed shift 
instructions are indexed as normal instructions until 
the last level of indirect addressing is completed, at 
which time indexing applies only to the 9 low-order 
bits of the address field. 

If the instruction is a REPEAT (REP) instruction or is the 
instruction operand of the REP instruction, the diagram 
illustrates the action taken by the computer with each 
iteration of the subject instruction, including the termi
nation of the REP instruction itself. 

After the instruction is executed, the computer deter
mines whether an interrupt condition is present. If all 
of the conditions are satisfied for acknowledging an in
terrupt condition, the computer sets the highest priority 
waiting interrupt to the active state and then accesses 
the instruction in the location assigned to the acknowl
edged interrupt level. 

If no interrupt condition is present, the computer accesses 
the next instruction from the location whose address is the 
new contents of the P register, loads the instruction into 
the D register, and loads the operation code of the new 
instruction into the 0 register. 
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DIVISION INSTRUCTION 

During execution of the DIYIDE (DIY) instruction, the 
contents of the A,B registers taken as a double-precision 
number are divided by the single-precision contents of 
the effective address. If the numerator is a single
precision number, the program should clear the B Regis
ter prior to executing the DIY, or erroneous results may 
occur. Although a double-length numerator is used, 
DIY is a single-precision operation; it should not be 
confused with a double-precision divide operation that 
uses a double-length denominator and produces a double
length quotient. 

After the execution of DIY, the single-precision quotient 
replaces the contents of the A Register, and the remain
ing portion of the numerator that has not been divided (un
divided remainder) replaces the contents of the B register. 
The quotient is signed in accordance with algebraic con
vention, that is, positive if numerator and denominator 
signs are alike, but negative otherwise. However, DIY 
generates only 23 magnitude bits and, if the magnitude 
of the quotient is so small as to require more than 23 bits 
to resolve, DIY may produce a zero quoti ent regardl ess 
of the required sign; but the remainder reflects the undi
vided portion of the original numerator. The binary scal
ing of the quotient is equal to the numerator scale factor 
minus the denominator scale factor. 

The undivided remainder replaces the contents of the B 
Register and has the same sign as the original numerator. 
It is scaled, in B, at numerator scaling minus 23. By 
definition, the undivided remainder is that quantity 
which must be added to the product of the denominator 
and the quotient to produce the original numerator. The 
results of the DIY instruction are consistent with defini
tion. It should be noted that the program must shift the 
remainder right 23 places before adding it to the product 
of denominator and quotient to maintain proper scaling. 
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Overflow is possible and the computer sets the Overflow 
indicator if: 

a. (A, B)/(M} L 1, or 

b. (A, B)/(M} < -1 

Example: 

Let 

(A, B) = 58.75B30 

(M) = 10B8 

Binary scaling of the quotient = 30 - 8 = 22 

Binary scaling of the remainder = 30 - 23 = 7 

Complete quotient should be 5.875 

With the binary point at 22 and only 23 bits gener
ated in the quotient, the contents of A will be 5.5. 
In other words, onl y 55 of the original 58.75 units in 
the numerator are divided, leaving 3.75 units undi
vided. The undivided remainder is thus 3.75B7 in B. 

Example: 

Let 

(A, B) = 44.625B28 

(M) = 7B7 

Quotient scaling = 28 - 7 = 21 

Remainder scaling = 28 - 23 = 5 

Complete quotient should be 44.625/7 = 6.375 

With the binary scale point at 21, only 6.25 will be 
generated in A. Thus, only 7 x 6.25 = 43.75 units are 
divided leaving 44.625 - 43.75 = .875 undivided. 
Therefore, the undivided remainder is .875B5 in B. 



META-SYMBOL COPY INSTRUCTION 

The operand field of COPY consists of a byte selection "mask" followed by one or more grouped ex
pression lists that describe the desired operation(s). The programmer need be concerned only with op
erational legitimacy and not with its specification via bit patterns. 

Examples.: 

Label Operation Operand Effect 

COpy 
COpy 
COpy 
COpy 

(0, (A, B)) 
(A, B) 
(A,B), (B,A) 
077, (A, B, B) 

Clear A and B 
Copy A into B 
Exchange A and B 
Merge the low-order 6 bits of A and B in B. 

Unless a merge is specified, the assembler automatically sets the "clear" bit. Thus, the second line 
causes the generation of 0 40 37703. 

Format: 

Label Operation Operand 

LABEL COpy E, (Ell, •.. ,E1N), (E21,E2N), ... , (EM1, ... ,EMN) 

Since parenthetical notation is used in the operand field, parentheses have not been used to denote 
"optional. II As usual, the label is optional and mayor may not be external. The first operand and 
all successive operand lists are also optional. 

Rules: 

1. The byte selection mask, if present, is the first expression to appear in the operand field. It 
is not enc losed within parentheses. In the absence of this expression, the assemb ler assumes 
the mask 077777777 to be implicitly specified. Actually, the assembler cannot insert the 
mask directly into the byte-selection position of the instruction, since the 24-bit value must 
be mapped into 3 or 8 bits. However, it is convenient to think of the mask in this manner. 
Since the mask may be an expression, it need not always be written as an octal number. Un
less the programmer indicates that the specified index register be cleared (in a mode 2 regis
ter change), the assembler automatically sets one of the bits 12, 13, or 14 to prevent the 
register from being cleared. 

Examples: 

Label Operation Operand Effect 

EXP EQU 0777 

HI3 EQU 070000000 

COpy EXP, (B, 1), 
(0, B) 

COpy HI3, (A, B) 

2. Following the mask, one or more parenthetical expression lists appear, separated by commas. 
Within a list, two or more expressions (or expression groups) appear. The first of these speci
fies the source of information flow, and the last specifies the destination. In the case of three 
or more successive expressions; logicol OR is implied. Thus, COpy operations are specified 
by ordered groupings of val ues. 
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The following definitions relate the value of an expression to the 24-bit source va lue/register or desti
nation register. Where actual registers are not involved (0 and -1), it is convenient to imagine the 
existence of two fictitious registers always containing all zeros and all ones, respectively. 

Value 

-5 
-4 
-3 
-1 

° 1 
2 
3 
4 
5 

-(A) 
(A) 
(8) 
-1 
o 
(X 1) 
(X2) 
(X3) 
(8) 
(A) 

Meaning 

The negative (two1s complement) of (A) 
The inverse (one's complement) of (A) 
The inverse (one1s complement) of (8) 

To refer to the registers mnemonically, the programmer must precede his program by equality directives 
such as: 

A 
8 
X2 
IA 
18 
ONES 

EQU 
EQU 
EQU 
EQU 
EQU 
EQU 

5 
4 
2 

-4 
-3 
-1 

Thus, the programmer can specify any legitimate register change without having to write the necessary 
bit pattern explicitly, and without being restricted to a preselected set of mnemonic codes. Also the 
assembler diagnoses the variable field for legitimacy. 

Examples: 

Mnemonic Notation 

COpy (A,8), (8, A) 

COPY (lA,8), (0, A) 
COpy (l-A, 8), (0, A) 

COpy 070, (ONES, 8) 
COpy 070, (-1,8) 

Absolute 

COpy (5,4), (4,5) 

COPY (-4,4), (0,5) 

COpy 070, (- 1 , 4) 

Interpretation 

Exchange A and 8 

Copy inverse of A into 8 and c lear A 

Form mask in 818-20 



SDS 9300 INSTRUCTION LIST - FUNalONAL CATEGORIES 

Instruction 
Des i gnat i on Code Name Function Timing 

LOAD-STORE 

LOA 16 Load A (M) --.. A 2 

STA 76 Store A (A) --.. M 3 

LOB 14 Load B (M) --.. B 2 

STB 74 Store B (B) --.. M 3 

EAX 15 Copy Effective Address M ---. Xl 2 
into Index Register 1 

LOX X - 17 Load Index (M) --.. X 2 

STX X - 77 Store Index (X) ~M 3 

STZ o - 77 Store Zero 0 ~M 3 

LOP 26 Load Double Precision (M,M+1)~ A,B 3 

STD 75 Store Double Precision (A, B)~ M, M+ 1 4 

XMA 36 Exchange M and A (M)~ (A) 3 

XMB 34 Exchange M and B (M) ~ (B) 3 

XMX X - 37 Exchange Memory and Index (M) ~ (X) 3 

LOS 06 Load Selective (M) (B)+(A) (8) --.. A 2 

STS 70 Store Selective (A) (B)+(M) (8) ---. M 3 

ARITHMETIC 

ADD 05 Add M to A (A)+(M) --.. A 2 

DPA 25 Double Precision Add (A, B)+(M, M+ l) .... A, B 3 

SUB 04 Subtract (A) - (M)-.A 2 

DPS 24 Double Precision Subtract (A, B) -(M, M+ 1)-. A, B 3 

MPO 71 Memory Plus One (M)+l~ M 3 

MPT 72 Memory Plus Two (M)+2--..M 3 

MUL 63 Multiply (A)x(M) ~ A, B 5 

DIV 62 Divide (A, B).;.(M)~A, Rem-. B 10 

ADM 35 Add A to M (A)+ (M) --.. M 3 

TMU 61 Twin Multiply (A)O-ll x (M)O_ll)~A; 5 

(A) 12-23 x (M) 12-23-'B 

DPN 27 Double Precision Negate -(A, B) --. A, B 3 
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Instruction 
Designation Code Name Function Timing 

FLOATING 
POINT 

FLA 65 Floating Add (A, B) + (M, M+ l~A, B Floating 6-11 

FLS 64 Floating Subtract (A, B) - (M, M+ l~A, B Floating 6-11 

FLM 67 Floating Multiply (A, B) x (M, M+ l)-.A, B Floating 8 

FLO 66 Floating Divide (A, B) ~ (M, M+ l) ...... A, B Floating 17 

LOGICAL 

ETR 11 Extract (A)(M)~ A 2 

MRG 13 Merge (A) OR (M~A 2 

EOR 12 Exclusive OR (A) (M) 0 R (A) (M)----. Z 2 

REGISTER CHANGE 

Mode 1 

RCH, COpy 40 

04040000 Copy Negative of A -(A)~A 
into A 

040 XXX01 Clear A 0---.... A 

040 XXX10 Clear B O---+-B 

040 XXX 11 Clear AB o ---+- A, B 

040 XXX30 Copy A into B (A) ---+- B 

040 XXX50 Copy Inverse of A (A) ---+- B 
into B 

040 XXX51 Copy Inverse of A (A)---"" B, 0---. A 
into B, Clear A 

040 XXX03 Copy B into A (B)--.. A 

040 XXX33 Exchange A and B (A)~ (B) 

040 XXX53 Exchange Inverse (A)....-. (B) 
of A with B 

040 XXX35 Exchange Inverse (B)~ (A) 
of B with A 

040 XXX55 Exhange Inverse of (A)~ (8) 
A with Inverse of B 

040 XXX05 Copy Inverse of B (8)~A 

into A 

040 XXX15 Copy Inverse of B (8)----. A, 0----. B 
into A, Clear B 

040 XXX31 Copy A into B, (A)~B,O~A 

Clear A 

040 XXX13 Copy B into A, 
(B)~A,O----'B 

Clear B 
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Instruction 
Designation Code Name Function Timing 

REGISTER 
CHANGE (Cont.) 

Mode 1 (Cont.) 

040 XXX20 Merge A into B (A) OR (B) ----.. B 

040 XXX02 Merge B into A (B) OR(A) ----.. A 

040 XXX21 Merge A into B, (A) OR (B) ----.. B, O~A 
Clear A 

040 XXX12 Merge B into A, (B) OR(A) ----.. A, O~ B 
Clear B 

040 XXX40 Merge Inverse of (A) OR (B) ----.. B 
A into B 

040 XXX04 Merge Inverse of (8) OR(A)~A 
B into A 

040 XXX41 Merge Inverse of (A) OR (B)~ B, O-----..A 
A into B, C lear A 

040 XXX14 Merge Inverse of B (a) OR(A)-----" A, O~ B 
into A, Clear B 

040 XXX70 Form Mask in B (A)OR(A)~B 

040 XXX07 Form Mask in A (B) OR (S)'----" A 

040 XXX71 Form Mask in B, (A)OR(A)~B,O~A 
Clear A 

040 XXX17 Form Mask in A, (B) OR(B)-----.. A, O--.-...B 
Clear B 

Mode 2 

RCH, COpy 40 

X 40 XX005 Copy Index into A (X)~A 

X 40 XX050 Copy Index into B (X)~B 

X 40 X0100 Copy A into Index (A)----..X 

X 40 X0200 Copy B into Index (B)~X 

X 40 X4000 Copy Index 1 into (X1)~X 

Index 

X 40 X2000 Copy Index 2 into (X2)~X 

Index 

X 40 X1000 Copy Index 3 into (X3)~X 

Index 

X 40 X0105 Exchange Index (X)...-. (A) 
and A 

X 40 X0250 Exchange Index (X)~(B) 

and B 

X 40 XOOOO Clear Index O~X 
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Instruction 
Designation Code Name Function Timing 

Mode 3 

AXB 4X 40 XXXXX Address to Index Base (P)9-23 ~ X9-23 

BRANCH 

BRU 01 Branch Unconditionally M~P 

BRX X-57 Increase Index and (X)0_8 + (X)9-23---" X9- 23 2,3 
Branch If no overflow M ~ P 

BRC 0-57 Branch and Clear M ~ P, C I ear Interrupt 
Interrupt If Indirect (M)3_8 + (F) ~ F 2 

BRM 03 Mark Place and (P).-. M9-23, (F) ~.M3_8 3 
Branch 

0~MO_2 M+1~P , 

BMA 43 Branch and Mark Place (P)+ 1 ~ M
9

_
23

,(F) ~ M
3

_
8 3 

of Argument Address 
0~Ml_2 l-..MO' O~F , 
M+ l-..P 

BRR 41 Return Branch (M)9-23 + 1 ~ P 2 

(M)3_8 + (F) ~ F 

TESTiSKIP 

SKE 45 Skip if A Equals M If (A) = (M), Skip 2,3 

SKU 47 Skip if A Unequal to M If (A) I (M), Skip 2,3 

SKG 46 Skip if A Greater If (A) > (M), Skip 2,3 
than M 

SKL 44 Skip if A Less than If (A) ~ (M), Skip 2,3 
or Equal to M 

SKR 73 Reduce M, Skip if (M) - 1 ~ M; if (M) <0, Skip 3 
Negative 

SKM 55 Skip if A = M on B If (A)(B) = (M)(B), Skip 2,3 
Mask 

SKN 53 Skip if M Negative If (M) <0, Skip 2,3 

SKA 54 Skip if M and A Do If (A)(M) = 0, Skip 2,3 
Not Compare Ones 

SKB 52 Skip if M and B Do If (B)(M) I 0, Skip 2,3 
Compare Ones 

SKP 51 Skip if Bit Sum Even If sum of (B)(M) Even, Skip 2,3 

SKS 20 Skip if Signal Not Set mode ° & 2; 1, 2 
mode 1 &3; 2,3 
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Instruction 
Designation Code Name Function Timing 

TEST[SKIP 
(Cont. ) 

SKF 50 Skip if Floating If (B) 15-23 2: (M) 15-23 Skip 2,3 
Exponent in B ~ M 

, 

SKQ 56 Skip if Masked If (A)(B) > (M)(B), Skip 2,3 
Quantity in A 
Greater than M 

SHIFT 

SHIFT 60 Shift (used with 2-7 
indirect addressing) 

ARSA 60-20 Arithmetic Right (A)1-23 --.. 2-7 
Shift A 

ARSB 60-10 Arithmetic Right (B)1-23 --.. 2-7 
Shift B 

ARSD 60-00 Arithmetic Right (A) 1-23(B)--" 2-7 
Shift Double 

ARST 60-30 Arithmetic Right Shift (A)1-23 --.. 2-7 
(Twin A and B) 

(B) 1-23---" 

LRSA 60-21 Logical Right Shift A (A)--.. 2-7 

LRSB 60-11 Logical Right Shift B (B)--. 2-7 

LRSD 60-01 Logical Right Sh ift (A)-' (B)-' 2-7 
Double 

LRST 60-31 Logical Right Shift (A)--' 2-7 
Twin (A and B) (B)-' 

CRSA 60-22 Circular Right Shift A (A)-. (A) 2-7 

CRSB 60-12 Circular Right Shift B (B) ---.. (B) 2-7 

CRSD 60-02 Circular Right Shift (A)-. (B)~ (A) 2-7 
Double 

CRST 60-32 Circular Right Shift (A)~ (A) 2-7 
Twin (A and B) (B) ~(B) 

ALSA 60-24 Arithmetic Left ..- (±A) 2-5 
Shift A 

ALSB 60-14 Arithmetic Left ..- (±B) 2-5 
Shift B 

ALSD 60-04 Arithmeti cLeft ..- (±A) ..- (±B) 2-5 
Shift Double 

LSAB 60-34 Arithmeti cLeft Sh ift ..- (±A) 2-5 
Twin (A and B) ..- (±B) 

LLSA 60-25 Logical Left Shift A ..-(A) 2-5 

LLSB 60-15 Logical Left Shift B ..-(B) 2-5 

I I ('1"'\ Lf\ f\r:: I ___ ! ___ I I _ £1- C""L !£. I A \ In\ '"' L 
L.L...JV UV-V..J LU81CUI Lt::11 ')IIIIT ....-~,.,..)..-~D) L-J 

Double 
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Instruction 
Designation Code Name Function Timing 

SHIFT (Cont.) 

LLST 60-35 Logical Left Shift Twin ~(A) 2-5 
(A and B) ...-(B) 

CLSA 60-26 Circular Left Shift A (A) "'-(A) 2-5 

CLSB 60-16 Circular Left Sh ift B (B) ...-(B) 2-5 

CLSD 60-06 Circular Left Shift Double (A) "'-(B) ~(A) 2-5 

CLST 60-36 Circular Left Shift Twin (A) "'-(A) 2-5 
(A and B) (B) "'-(B) 

NORA 60-64 Normalize A _(±A), (Xl) -N~X1 2-5 

NORD 60-44 Normalize Double ....- (±A)...- (B), (X 1)- 2-5 
N~X1 

FLAG REGISTER 

FLAG 22 Flag (Single operand 1,2 
expression) 

FIRS 22-0 Flag Indicator Reset/Set R(F) M 12 - 17 

S(F) M 18- 23 

FSTR 22-1 Flag Indi cator If (F)M
18

_
23

Not Set, Skip 1,2 
Set Test/Reset 

FRTS 22-2 Flag Indicator Reset If (F)M
12

_
17

NotReset, Skip 1,2 
Test/Set 

S(F)M
18

_
23 

FRST 22-3 Flag Indicator Reset/ If (F)M
12

_
17

Not Reset and 1,2 
Set Test 

If (F)M
18

_
23

Not Set, Skip 

SWT 22-4 SENSE Switch Test If (S. S. )M
12

_
17

Not Reset, 1,2 

and If (S. S.)M
18

_
23

Not 

Set, Skip 

CONTROL 

HLT 00 Halt Ha Its Computation 

NOP 10 No Operation 2 

EXU 21 Execute Execute the instruction M 

INT 07 Interpret (M)3_8 ~ X2 18 _23 2,3 

If (M) 1 = I, Skip 

REP 23 Repeat Instruction in M Repeat instruction in M 3+N(T-1) 
until X2 = 0 
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Instruction 
Designation Code Name Function Timing 

INTERRUPTS 

EIR 002 20002 Enable Interrupt System 

DIR o 02 20004 Disable Interrupt System 

AIR o 02 20020 Arm Interrupts 

lET o 20 20004 Interrupt Enab I ed Test Skip if Interrupt System 1,2 
Enabled 

IDT o 20 20002 Interrupt Disabled lest Skip if Interrupt System 1,2 
Disabled 

INPUT/OUTPUT 

EOM 02 Energize Output M 1.75 ,",sec pulse to device M 

EOD 42 Energize Output to 
Direct Access Channel 

PIN 33 Parallel Input External Lines--.. M 4 

POT 31 Parallel Output (M)---.External Lines 3 

MIA 30 Memory into Channel (M)--.. A 2 
A buffer 

AIM 32 Channel A buffer into (A)--..M 3 
Memory 

CHANNEL CONTROL 

DSC 0 002 00000 Disconnect Channel A 

DSC o 02 00100 Disconnect Channel B 

DSC 2 2 02 00000 Disconnect Channel C 

DSC 3 2 02 00100 Disconnect Channel D 

DSC 4 o 42 00000 Disconnect Channel E 

DSC 5 o 42 00100 Disconnect Channel F 

DSC 6 2 42 00000 Disconnect Channel G 

DSC 7 2 42 00100 Disconnect Channel H 

ALC 0 o 02 50000 Alert Channel A 

ALC o 02 50100 Alert Channel B 

ALC 2 2 02 50000 Alert Channel C 

ALC 3 2 02 50100 Alert Channel D 

ALC 4 o 42 50000 Alert Channel E 

ALC 5 o 42 50100 Alert Channel F 

ALC 6 2 42 50000 Alert Channel G 

ALC 7 2 42 50100 Alert Channel H 
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Instruction 
Designation Code Name Function Timing 

CHANNEL CONTROL 
(Cont. ) 

ASC 0 o 02 12000 AI ert to Store Address in Channe I A 

ASC 1 o 02 12100 Alert to Store Address in Channel B 

ASC 2 2 02 12000 Alert to Store Address in Channel C 

ASC 3 2 02 12100 Alert to Store Address in Channel D 

ASC 4 o 42 12000 Alert to Store Address in Channel E 

ASC 5 o 42 12100 Alert to Store Address in Channel F 

ASC 6 2 42 12000 Alert to Store Address in Channel G 

ASC 7 2 42 12100 Alert to Store Address in Channel H 

TOP 0 o 02 14000 Terminate Output on Channel A 

TOP o 02 14100 Terminate Output on Channel B 

TOP 2 2 02 14000 Terminate Output on Channel C 

TOP 3 2 02 14100 Terminate Output on Channel D 

TOP 4 o 42 14000 Terminate Output on Channel E 

TOP 5 o 42 14100 Terminate Output on Channel F 

TOP 6 2 42 14000 Terminate Output on Channel G 

TOP 7 2 42 14100 Terminate Output on Channel H 

CAT 0 o 20 14000 Channel A Active Test 2,3 

CAT o 20 14100 Channel B Active Test 2,3 

CAT 2 2 20 14000 Channel C Active Test 2,3 

CAT 3 2 20 14100 Channel D Active Test 2,3 

CAT 4 02054000 Channel E Active Test 2,3 

CAT 5 o 20 54100 Channel F Active Test 2,3 

CAT 6 2 2054000 Channel G Active Test 2,3 

CAT 7 2 20 54100 Channel H Active Test 2,3 

CET 0 o 20 11000 Channel A Error Test 2,3 

CET o 20 11100 Channel B Error Test 2,3 

CET 2 2 20 11000 Channel C Error Test 2,3 

CET 3 2 20 11100 Channel D Error Test 2,3 

CET 4 o 20 51000 Channel E Error Test 2,3 

CET 5 o 20 51100 Channel F Error Test 2,3 

CET 6 2 2051000 Channel G Error Test 2,3 

CET 7 2 20 51100 Channel H Error Test 2,3 
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Instruction 
Designation Code Name Function Timing 

CHANNEL CONTROL 
(Cont. ) 

CIT 0 o 20 10400 Channel A Inter-record Test 2,3 

CIT o 20 10500 Channel B Inter-record Test 2,3 

CIT 2 2 20 10400 Channel C Inter-record Test 2,3 

CIT 3 2 20 10500 Channel D Inter-record Test 2,3 

CIT 4 02050400 Channel E Inter-record Test 2,3 

CIT 5 02050500 Channel F Inter-record Test 2,3 

CIT 6 2 2050400 Channel G Inter-record Test 2,3 

CIT 7 2 2050500 Channel H Inter-record Test 2,3 

CZT 0 o 20 12000 Channel A Zero Count Test 2,3 

CZT o 20 12100 Channel B Zero Count Test 2,3 

CZT 2 2 20 12000 Channel C Zero Count Test 2,3 

CZT 3 2 20 12100 Channel D Zero Count Test 2,3 

CZT 4 020 52000 Channel E Zero Count Test 2,3 

CZT 5 o 20 52100 Channe I F Zero Count Test 2,3 

CZT 6 2 2052000 Channel G Zero Count Test 2,3 

CZT 7 2 20 52100 Channel H Zero Count Test 2,3 
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SDS 9300 INSTRUCTION LIST - NUMERICAL ORDER 

Instruction Code Designation Name Page 

00 HLT Halt 2-24 

01 BRU Branch Unconditionally 2-14 

02 EOM Energize Output M 4-5 

002 00000 DSC 0 Disconnect Channel A 4-9 

o 02 00100 DSC 1 Disconnect Channel B 4-9 

202 00000 DSC 2 Disconnect Channe I C 4-9 

2 02 00100 DSC 3 Disconnect Channel D 4-9 

o 02 12000 ASC 0 Alert to Store Address in Channel A 4-9 

o 02 12100 ASC 1 Alert to Store Address in Channel B 4-9 

2 02 12000 ASC 2 Alert to Store Address in Channel C 4-9 

2 02 12100 ASC 3 Alert to Store Address in Channel D 4-9 

o 02 14000 TOPO Terminate Output on Channel A 4-9 

o 02 14100 TOP 1 Terminate Output on Channel B 4-9 

2 02 14000 TOP 2 Terminate Output on Channel C 4-9 

2 02 14100 TOP3 Terminate Output on Channel D 4-9 

002 20002 EIR Enable Interrupt System 3-4 

002 20004 DIR Disable Interrupt System 3-4 

002 20020 AIR Arm Interrupts 3-5 

002 50000 ALC 0 Alert Channel A 4-9 

o 02 50100 ALC 1 Alert Channel B 4-9 

2 02 50000 ALC 2 Alert Channel C 4-9 

2 02 50100 ALC 3 Alert Channel D 4-9 

03 BRM Mark Place and Branch 2-15 

04 SUB Subtract 2-4 

05 ADD Add M to A 2-3 

06 LDS Load Selective 2-2 

07 INT Interpret 2-25 

10 NOP No Operation 2-24 

11 ETR Extract 2-7 

12 EOR Exclusive OR 2-8 

13 MRG Merge 2-7 

14 LDB Load B 2-2 
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Instruction Code Designation Name Page 

15 EAX Copy Effective Address into Index Register 1 2-3 

16 lDA load A 2-1 

X-17 lDX load Index 2-2 

20 SKS Skip if Signal Not Set 4-6 

o 20 10400 CIT 0 Channel A Inter-record Test 4-16 

o 20 10500 CIT 1 Channe I B Inter-record Test 4-16 

2 20 10400 CIT 2 Channe I C Inter-record Test 4-16 

2 20 10500 CIT 3 Channe I D Inter-record Test 4-16 

o 20 11000 CET 0 Channe I A Error Test 4-15 

o 20 11100 CET 1 Channel B Error Test 4-15 

2 20 11000 CET 2 Channel C Error Test 4-15 

2 20 11100 CET 3 Channe I D Error Test 4-15 

o 20 12000 CZT 0 Channe I A Zero Count Test 4-15 

o 20 12100 CZT 1 Channe I B Zero Count Test 4-15 

2 20 12000 CZT 2 Channe I C Zero Count Test 4-15 

2 20 12100 CZT 3 Channe I D Zero Count Test 4-15 

o 20 14000 CAT 0 Channel A Active Test 4-15 

o 20 14100 CAT 1 Channel B Active Test 4-15 

2 20 14000 CAT 2 Channe I C Active Test 4-15 

2 20 14100 CAT 3 Channel D Active Test 4-15 

02020002 IDT Interrupt Disabled Test 3-4 

02020004 lET Interrupt Enabled Test 3-4 

020 50400 CIT 4 Channel E Inter-record Test 4-16 

o 20 50500 CIT 5 Channel F Inter-record Test 4-16 

2 20 50400 CIT 6 Channe I GInter-record Test 4-16 

2 20 50500 CIT 7 Channe I H Inter-record Test 4-16 

o 20 51000 CET 4 Channel E Error Tes~ 4-15 

o 20 51100 CET 5 Channe I F Error Test 4-15 

2 20 51000 CET 6 Channel G Error Test 4-15 

2 20 51100 CET 7 Channe I H Error Test 4-15 

o 20 52000 CZT 4 Channel E Zero Count Test 4-15 

o 20 52100 CZT 5 Channe I F Zero Count Test 4-15 

2 2052000 CZT 6 Channe I G Zero Count Test 4-15 

2 20 52100 CZT 7 Channe I H Zero Count Test 4-15 
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o 20 54000 CAT 4 Channel E Active Test 4-15 

o 20 54100 CAT 5 Channel F Active Test 4-15 

2 20 54000 CAT 6 Channel G Active Test 4-15 

2 20 54100 CAT 7 Channel H Active Test 4-15 

21 EXU Execute 2-24 

22 FLAG Flag 2-24 

22-0 FIRS Flag Indicator Reset/Set 2-27 

22-1 FSTR Flag Indicator Set Test/Reset 2-27 

22-2 FRTS Flag Indicator Reset Test/Set 2-28 

22-3 FRST Flag Indicator Reset/Set Test 2-28 

22-4 SWT SENSE Switch Test 2-28 

23 REP Repeat Instruction in M 2-25 

24 DPS Double Precision Subtract 2-4 

25 DPA Double Precision Add 2-4 

26 LDP Load Double Precision 2-2 

27 DPN Double Precision Negate 2-5 

30 MIA Memory into A 4-16 

31 POT Para Ilel Output 4-7 

32 AIM A into Memory 4-16 

33 PIN Parallel Input 4-7 

34 XMB Exchange M and B 2-3 

35 ADM Add A to M 2-4 

36 XMA Exchange M and A 2-3 

X-37 XMX Exchange Memory and Index 2-3 

40 RCH,COPY Register Change (Modes 1 and 2) 2-9 

040 XXX01 Clear A 2-9 

040 XXX02 Merge B into A 2-11 

040 XXX03 Copy B into A 2-10 

040 XXX04 Merge Inverse of B into A 2-11 

040 XXX05 Copy Inverse of B into A 2-10 

040 XXX07 Form Mask in A 2-12 

040 XXX10 Clear B 2-9 

040 XXX 11 Clear AB 2-10 

040 XXX12 Merge B into A, Clear B 2-11 

040 XXX13 Copy B into A, Clear B 2-11 

040 XXX14 Merge Inverse of B into A, Clear B 2-12 
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040 XXX15 Copy Inverse of B into A, Clear B 2-11 

040 XXX17 Form Mask in A, Clear B 2-12 

040 XXX20 Merge A into B 2-11 

040 XXX21 Merge A into B, Clear A 2-11 

040 XXX30 Copy A into B 2-10 

040 XXX31 Copy A into B, Clear A 2-11 

040 XXX33 Exchange A and B 2-10 

040 XXX35 Exchange Inverse of B with A 2-10 

040 XXX40 Merge Inverse of A into B 2-11 

040 XXX41 Merge Inverse of A into B, Clear A 2-11 

040 XXX50 Copy Inverse of A into B 2-10 

040 XXX51 Copy Inverse of A into B, Clear A 2-10 

040 XXX53 Exchange Inverse of A with B 2-10 

040 XXX55 Exchange Inverse of A with Inverse of B 2-10 

040 XXX70 Form Mask in B 2-12 

040 XXX71 Form Mask in B, Clear A 2-12 

04040000 Copy Negative of A into A 2-9 

X 40 XX005 Copy Index into A 2-13 

X 40 XX050 Copy Index into B 2-13 

X 40 XOOOO Clear Index 2-14 

X 40 X0100 Copy A into Index 2-13 

X 40 X0105 Exchange Index and A 2-14 

X 40 X0200 Copy B into Index 2-13 

X 40 X0250 Exchange Index and B 2-14 

X 40 X1000 Copy Index 3 into Index 2-13 

X 40 X2000 Copy Index 2 into Index 2-13 

X 40 X4000 Copy Index 1 into Index 2-13 

4X 40 XXXXX AXB Address to Index Base 2-14 

41 BRR Return Branch 2-15 

42 EOD Energize Output Direct Access Channel 4-6 

042 00000 DSC 4 Disconnect Channel E 4-9 

o 42 00100 DSC 5 Disconnect Channel F 4-9 

242 00000 DSC 6 Disconnect Channel G 4-9 

2 42 00100 DSC 7 Disconnect Channel H 4-9 

042 12000 ASC 4 Alert to Store Address in Channel E 4-9 

o 42 12100 ASC 5 Alert to Store Address in Channel F 4-9 

2 42 12000 ASC 6 Alert to Store Address in Channel G 4-9 

242 12100 ASC 7 Alert to Store Address in Channel H 4-9 
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042 14000 TOPE Terminate Output on Channel E 4-9 

042 14100 TOPF Terminate Output on Channel F 4-9 

2 42 14000 TOP G Terminate Output on Channel G 4-9 

2 42 14100 TOP H Terminate Output on Channel H 4-9 

042 50000 ALC 4 Alert Channel E 4-9 

o 42 50100 ALC 5 Alert Channel F 4-9 

242 50000 ALC 6 Alert Channel G 4-9 

242 50100 ALC 7 Alert Channel H 4-9 

43 BMA Branch and Mark Place of Argument Address 2-15 

44 SKL Skip if A Less than M 2-16 

45 SKE Skip if A Equals M 2-16 

46 SKG Skip if A Greater than M 2-16 

47 SKU Skip if A Unequal to M 2-16 

50 SKF Skip if Floating Exponent in B L M 2-17 

51 SKP Skip if Bit Sum Even 2-18 

52 SKB Skip if M and B Do Compare Ones 2-17 

53 SKN Skip if M Negative 2-18 

54 SKA Skip if M and A Do Not Compare Ones 2-17 

55 SKM Skip if A = M on B Mask 2-16 

56 SKQ Skip if Masked Quantity in A Greater 
than M 2-16 

0-57 BRC Branch and Clear Interrupt 2-14 

X-57 BRX Increase Index and Branch 2-14 

60 SHIFT Shift 2-19 

60-00 ARSD Arithmetic Right Shift Double 2-20 

60-01 LRSD Logical Right Shift Double 2-21 

60-02 CRSD Circular Right Shift Double 2-21 

60-04 ALSD Arithmetic Left Shift Double 2-22 

60-05 LlSD logical left Shift Double 2-22 

60-06 CLSD Circular Left Shift Double 2-23 

60-10 ARSB Arithmetic Right Shift B 2-20 

60-11 LRSB logical Right Shift B 2-21 

60-12 CRSB Circular Right Sh ift B 2-21 

60-14 ALSB Arithmetic Left Shift B 2-22 

60-15 lLSB logical Left Shift B 2-22 

60-16 ClSB Circular Left Sh ift B 2-23 

60-20 ARSA Arithmetic Right Shift A 2-20 

60-21 LRSA Logical Right Shift A 2-20 
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60-22 CRSA Circular Right Shift A 2-21 

60-24 AlSA Arithmetic left Shift A 2-22 

60-25 llSA logical left Shift A 2-22 

60-26 ClSA Circular left Shift A 2-23 

60-30 ARST Arithmetic Right Shift Twin (A and B) 2-20 

60-31 lRST logical Right Shift Twin (A and B) 2-21 

60-32 CRST Circular Right Shift Twin (A and B) 2-21 

60-34 ALST Arithmetic Left Shift Twin (A and B) 2-22 

60-35 LLST Logical Left Shift Twin (A and B) 2-23 

60-36 CLST Circular Left Shift Twin (A and B) 2-23 

60-44 NORD Normalize Double 2-24 

60-64 NORA Normalize A 2-24 

61 TMU Twin Multiply 2-5 

62 DIY Divide 2-5 

63 MUL Multiply 2-5 

64 FLS Floating Subtract 2-7 

65 FLA Floating Add 2-6 

66 FLD Floating Divide 2-7 

67 FLM Floating Multiply 2-7 

70 STS Store Selective 2-2 

71 MPO Memory Plus One 2-4 

72 MPT Memory PI us Two 2-4 

73 SKR Reduce M, Skip if Negative 2-18 

74 STB Store B 2-2 

75 STD Store Double Precision 2-2 

76 STA Store A 2-2 

0-77 STZ Store Zero 2-3 

X-77 STX Store Index 2-3 
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SDS 9300 INSTRUCTION LIST - ALPHABETICAL ORDER 

Designation Instruction Code Name Page 

ADD 05 Add M to A 2-3 

ADM 35 Add A to M 2-4 

AIM 32 A into Memory 4-16 

AIR 002 20020 Arm Interrupts 3-5 

ALC 0 002 50000 AI ert Channe I A 4-9 

ALC 1 o 02 50100 Alert Channel B 4-9 

ALC 2 2 02 50000 Alert Channel C 4-9 

ALC 3 2 02 50100 Alert Channel D 4-9 

ALC 4 042 50000 Alert Channel E 4-9 

ALC 5 o 42 50100 Alert Channel F 4-9 

ALC 6 2 42 50000 Alert Channel G 4-9 

ALC 7 2 42 50100 Alert Channel H 4-9 

ALSA 60-24 Arithmetic Left Shift A 2-22 

ALSB 60-14 Arithmetic Left Shift B 2-22 

ALSD 60-04 Arithmetic Left Shift Double 2-22 

ALST 60-34 Arithmetic Left Shift Twin (A and B) 2-22 

ARSA 60-20 Arithmetic Right Shift A 2-20 

ARSB 60-10 Arithmetic Right Shift B 2-20 

ARSD 60-00 Arithmetic Right Shift Double 2-20 

ARST 60-30 Arithmetic Right Shift Twin (A and B) 2-20 

ASC 0 o 02 12000 Alert to Store Address in Channel A 4-9 

ASC 1 o 02 12100 Alert to Store Address in Channel B 4-9 

ASC 2 2 02 12000 Alert to Store Address in Channel C 4-9 

ASC 3 2 02 12100 Alert to Store Address in Channel D 4-9 

ASC 4 o 42 12000 Alert to Store Address in Channel E 4-9 

ASC 5 o 42 12100 Alert to Store Address in Channel F 4-9 

ASC 6 2 42 12000 Alert to Store Address in Channel G 4-9 

ASC 7 2 42 12100 Alert to Store Address in Channel H 4-9 

AXB 4X 40 XXXXX Address to Index Base 2-14 

BMA 43 Branch and Mark Place of Argument Address 2-15 

BRC 0-57 Branch and Clear Interrupt 2-14 

BRM 03 Mark Place and Branch 2-15 

BRR 41 Return Branch 2-15 
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BRU 01 Branch Unconditionally 2-14 

BRX X-57 Increase Index and Branch 2-14 

CAT 0 o 20 14000 Channel A Active Test 4-15 

CAT 1 020 14100 Channel B Active Test 4-15 

CAT 2 2 20 14000 Channel C Active Test 4-15 

CAT 3 2 20 14100 Channel D Active Test 4-15 

CAT 4 02054000 Channel E Active Test 4-15 

CAT 5 o 20 54100 Channel F Active Test 4-15 

CAT 6 2 2054000 Channel G Active Test 4-15 

CAT 7 2 2054100 Channe I H Act i ve Test 4-15 

CET 0 o 20 11000 Channel A Error Test 4-15 

CET 1 o 20 11100 Channel B Error Test 4-15 

CET 2 2 20 11000 Channel C Error Test 4-15 

CET 3 2 20 11100 Channel D Error Test 4-15 

CET 4 o 20 51000 Channel E Error Test 4-15 

CET 5 02051100 Channel F Error Test 4-15 

CET 6 2 2051000 Channel G Error Test 4-15 

CET 7 2 2051100 Channel H Error Test 4-15 

CIT 0 020 10400 Channel A Inter-record Test 4-16 

CIT 1 o 20 10500 Channel B Inter-record Test 4-16 

CIT 2 2 20 10400 Channel C Inter-record Test 4-16 

CIT 3 2 20 10500 Channel D Inter-record Test 4-16 

CIT 4 02050400 Channel E Inter-record Test 4-16 

CIT 5 02050500 Channe I F Inter-record Test 4-16 

CIT 6 2 2050400 Channel G Inter-record Test 4-16 

CIT 7 2 2050500 Channel H Inter-record Test 4-16 

CLSA 60-26 Circular Left Shift A 2-23 

CLSB 60-16 Circular Left Shift B 2-23 

CLSD 60-06 Circular Left Shift Double 2-23 

CLST 60-36 Circular Left Shift Twin (A and B) 2-23 

COpy 40 Copy 2-9 

CRSA 60-22 Circular Right Shift A 2-21 

CRSB 60-12 Circular Right Shift B 2-21 

CRSD 60-02 Circular Right Shift Double 2-21 

CRST 60-32 Circular Right Shift Twin (A and B) 2-21 
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CZT 0 o 20 12000 Channel A Zero Count Test 4-15 

CZT 1 020 12100 Channel B Zero Count Test 4-15 

CZT 2 2 20 12000 Channel C Zero Count Test 4-15 

CZT 3 2 20 12100 Channel D Zero Count Test 4-15 

CZT 4 02052000 Channel E Zero Count Test 4-15 

CZT 5 o 20 52100 Channel F Zero Count Test 4-15 

CZT 6 2 2052000 Channel G Zero Count Test 4-15 

CZT 7 2 20 52100 Channel H Zero Count Test 4-15 

DIR 002 00004 Disable Interrupt System 3-4 

DIY 62 Divide 2-5 

DPA 25 Double Precision Add 2-4 

DPN 27 Double Precision Negate 2-5 

DPS 24 Double Precision Subtract 2-4 

DSC 0 002 00000 Disconnect Channel A 4-9 

DSC 1 002 00100 Disconnect Channel B 4-9 

DSC 2 2 02 00000 Disconnect Channel C 4-9 

DSC 3 2 02 00100 Disconnect Channel D 4-9 

DSC 4 042 00000 Disconnect Channel E 4-9 

DSC 5 o 42 00100 Disconnect Channel F 4-9 

DSC 6 2 42 00000 Disconnect Channel G 4-9 

DSC 7 2 42 00100 Disconnect Channel H 4-9 

EAX 15 Copy Effective Address into Index Register 1 2-3 

EIR 002 20002 Enable Interrupt System 3-4 

EOD 42 Energize Output Direct Access Channel 4-6 

EOM 02 Energize Output M 4-5 

EOR 12 Exclusive OR 2-8 

ETR 11 Extract 2-7 

EXU 21 Execute 2-24 

FIRS 22-0 Flag Indicator Reset/Set 2-27 

FLA 65 Floating Add 2-6 

FLAG 22 Flag 2-27 

FLD 66 Floating Divide 2-7 

FLM 67 Floating Multiply 2-7 

FLS 64 Floating Subtract 2-7 

FRST 22-3 Flag Indicator Reset/Set Test 2-28 

FRTS 22-3 Flag Indicator Reset Test/Set 2-28 
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FSTR 22-1 Flag Indicator Set Test/Reset 2-27 

HLT 00 Halt 2-24 

lOT o 20 20002 Interrupt Disabled Test 3-4 

lET 02020004 Interrupt Enabled Test 3-4 

INT 07 Interpret 2-25 

LOA 16 Load A 2-1 

LOB 14 Load B 2-2 

LOP 26 Load Double Precision 2-2 

LOS 06 Load Selective 2-2 

LOX X-17 Load Index 2-2 

LLSA 60-25 Logical Left Shift A 2-22 

LLSB 60-15 Logical Left Shift B 2-22 

LLSD 60-05 Logical Left Shift Double 2-22 

LLST 60-35 Logical Left Shift Twin (A and B) 2-23 

LRSA 60-21 Logical Right Sh ift A 2-20 

LRSB 60-11 Logical Right Shift B 2-21 

LRSD 60-01 Logical Right Shift Double 2-21 

LRST 60-31 Logical Right Shift Twin (A and B) 2-21 

MIA 30 Memory into A 4-16 

MPO 71 Memory PI us One 2-4 

MPT 72 Memory Plus Two 2-4 

MRG 13 Merge 2-7 

MUL 63 Multiply 2-5 

NOP 10 No Operation 2-24 

NORA 60-64 Normalize A 2-24 

NORD 60-44 Normalize Double 2-24 

PIN 33 Parallel Input 4-7 

POT 31 Parallel Output 4-7 

RCH 40 Register Change 2-9 

REP 23 Repeat Instruction in M 2-25 

SHIFT 60 Shift 2-19 

SKA 54 Skip if M and A Do Not Compare Ones 2-17 

SKB 52 Skip if M and B Do Compare Ones 2-17 

SKE 45 Skip if A Equals M 2-16 

SKF 50 Skip if Floating Exponent in B ~ M 2-17 

SKG 46 Skip if A Greater than M 2-16 

SKL 44 Skip if A Less than or Equal to M 2-16 
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SKM 55 Skip if A = M on B Mask 2-16 

SKN 53 Skip if M Negative 2-18 

SKP 51 Skip if Bit Sum Even 2-18 

SKQ 56 Skip if Masked Quantity in A Greater than M 2-16 

SKR 73 Reduce M, Skip if Negative 2-18 

SKS 20 Skip if Signal Not Set 4-6 

SKU 47 Skip if A Unequal to M 2-16 

STA 76 Store A 2-2 

STB 74 Store B 2-2 

STD 75 Store Double Precision 2-2 

STS 70 Store Selective 2-2 

STX X-77 Store Index 2-3 

STZ 0-77 Store Zero 2-3 

SUB 04 Subtract 2-4 

SWT 22-4 Sense Switch Test 

TMU 61 Twin Multiply 2-5 

TOP 0 002 14000 Terminate Output on Channel A 4-9 

TOP 1 o 02 14100 Terminate Output on Channel B 4-9 

TOP2 2 02 14000 Terminate Output on Channel C 4-9 

TOP3 2 02 14100 Terminate Output on Channel D 4-9 

TOP 4 o 42 14000 Terminate Output on Channel E 4-9 

TOPS o 42 14100 Terminate Output on Channel F 4-9 

TOP6 2 42 14000 Terminate Output on Channel G 4-9 

TOP7 2 42 14100 Terminate Output on Channel H 4-9 

XMA 36 Exchange M and A 2-3 

XMB 34 Exchange M and B 2-3 

XMX X-37 Exchange Memory and Index 2-3 
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-A-

Address Modification, 1-5 
Arithmetic Group, Binary, 2-3 
Arm/Disarm, 3-5 

- B -

Backspace, 6-18 
Binary Arithmetic Group, 2-3 
Branch Group, 2-14 
Byte and Register Manipulation, 1-7 

Card 
Format, 6-6 
Input/Output, 6-6 

Card Punch 
Instruc tions, 6-9 
Tests, 6-10 

Card Reader 
Instruc tions, 6-6 
Tests, 6-7 

-C-

Central Processor Reg isters, 1-3 
Channel, Communication, 4-2 
Character Codes, A-1 
Clock Interrupts, Real-time, 3-
Compatible Mode 

Input/Output, 4-9 
Terminal Functions, 4-11 

Communication Channel 
Direct Access, 4-1 
Description, 4-2 
EOD, 4-7 
EOM, 4-5 
Input/Output, 4-5 
Instruc tions, 4-5 
Interrupt Designations, 3-6 
Memory Access Priority, 4-19 
Registers, 4-2, 4-3 

Control 
Console, 5-1 
Group, 2-24 
Word 

COPY, B-11 

-D-

Data Multiplexing System, B-1 
Direct Memory Access System, 4-1 
Direct Parallel Instructions, 4-6 
Disable, 3-4 

INDEX 

Disarm, 3-5 
Displays, 5-2 

- E -

Extended Mode 
Input/Output, 4-9 
Terminal Functions, 4-11 

- F -

Flag Register Control, 2-27 
Floating-point 

Format, 1-5 
Group, 2-3 
Operations, 1-8 

Format 
Card, 6-6 
Floating-point, 1-5 
Loop, Paper Tape, 6-12 
Magnetic Tape, 6-16 
Paper Tape, 6-3 
Word, 1-4 

General Description, 1-1 
Group, Instruction 

Binary Arithmetic, 2-3 
Branch, 2-14 
Control, 2-24 
Floating-point, 2-6 
Load/Store, 2-1 
Logical, 2-7 
Register Change, 2-8 
Shift, 2-18 
Test and Skip, 2-16 

Indexing, 1-5 
Indirect Addressing, 1-6 
Input/Output 

Card, 6-6 

- G -

- I -

Communication Channel, 4-5 
EOM/EOD, 4-10 
Instructions, 4-9 
Magnetic Tape, 6-16 
Modes, 4-9 

of a Record and Disconnect, 4-12 
of a Record and Proceed, 4-13 

Paper Tape, 6-3 
Sin g Ie Bit, 4- 17 

Index-l 



Timing, 1-9 
Typewriter, 6-1 

until Signal then Disconnect, 4-12 
until Signal then Proceed, 4-14 

Interrupt 
Arm/Enable Response, 3-4 
Count Equals Zero, 3-6 
End-of-Record, 3-6 
End-of-Transmission, 3-6 
End-of-Word, 3-6 
Priority, 3-1 
Real-time Clock, 3-7, a Iso B-6 
Single Instruction, 3-3 
Subroutine, 3-3 
Timing, 1-9 

Line Printer, 6-11 
Load/Store Group, 2-1 
Locations, Trap, 3-7 
Logical Group, 2-7 

Magnetic Tape 
Format, 6- 16 
Input/Output, 6-16 
Reading, 6-18 
Scan, 6-18 
Unit Controls, 6-19 
Unit Tests, 6-17 
Writing, 6-20 

Memory 

- L -

-M-

Direct Access, 4-1 
Overlap Timing, 1-8 
Protection, 1-10 
SDS 9300, 1-4 
Word Formats, 1-4 

Modification, Address, 1-5 

- N -

Non-interruptable Instructions, 3-3 
Normalize Instructions, 2-23 

-0-

Off-line Printing, 6-15 
Output (see Input/Output) 

- P -

Parallel, Direct, 4-6 
Peripheral Equipment, 6-1 
Protection, Memory, 1-4 
Printer, Line, 6-11 

Index-2 

Printing, Off-line, 6-15 
Priority Assignment, Interrupt, 3-1 
Priority, Channel Memory Access, 4-19 
Punch, Card, 6-9 
Punch, Paper Tape, 6-5 

- R -

Reader, Card, 6-6 
Reader, Paper Tape, 6-3 
Reading Magnetic Tape, 6-18 
Real-time Clock Interrupts, 3-7, a Iso B-6 
Reg ister Change Group, 2-8 
Reg ister, Flag, 2-27 
Reg isters, 

Central Processor, 1-3 
Direct Access Channel, 4-3 
Time-multiplexed Channel, 4-2 

- S -

Sense Switch Tests, 2-28 
Sing le- Instr uction Interrupt, 3-3 
Sing Ie Word Transfer, 4-16 
Special Characteristics, 1-5 
Standard SKS Instructions, 4-15 
Store, 2-1 
Switches, 5-1 

Tape 
Magnetic, 6-16 
Paper, 6-3 

Tests 
Card Reader, 6-7 
Card Punch, 6-10 
Channel, 4-15 
Device, 4-16 
F lag Register, 2-27 
Line Printer, 6-12 
Magnetic Tape, 6-16 
Sense Switch, 2-28 

Time-multiplexed 

- T -

Channel Registers, 4-2 
Communication Channel, 4-1 

Timing 
Input/Output, 1-9 
Interrupt, 1-9 
Memory Overlap, 1-8 

-W-

Writing Magnetic Tape, 6-20 

- Z -

Zero Word Count Interrupt, 3-7 



SDS 9300 INPUT/OUTPUT INSTRUCTIONS 

Channel Instructions and Tests 

Mnemonic Code Name Page Mnemonic Code Name Page 

PRIMARY I/O CHANNEL t 

EOM M, T 02 Energize Ouput M 4-5 
DSC 0 00200000 Disconnect Channel 4-9 
ALC 0 o 02 50000 Alert Channel 4-9 

EOD M, T 42 Energize Output to DAC 4-6 
ASC 0 002 12000 Alert to Store Address 4-9 

SKS M, T 20 Skip if Signal not Set 4-6 TOP 0 002 14000 Terminate Output 4-9 
POT M, T 31 Parallel Output 4-7 

CAT 0 020 14000 Channel Active Test 4-15 
PIN M, T 33 Parallel Input 4-7 CET 0 020 11000 Channel Error Test 4-15 
MIA M, T 30 Memory into Channel A 4-16 CZT 0 o 20 12000 Channe I Zero Count Test 4-15 
AIM M, T 32 Channel A into Memory 4-16 CIT 0 o 20 10400 Channel Inter-Record Test 4-16 

Peripheral Device Instructions and Tests 

PAPER TAPE t TYPEWRITER t 

RPT 0, 1,4 00202604 Read Paper Tape 6-3 RKB 0, 1,4 00202601 Read Keyboard 6-1 
PH 0, 1,4 00200644 Punch Paper Tape, Leader 6-5 TYP 0,1,4 00202641 Writer Typewriter 6-1 
PPT 0, 1,4 00202644 Punch Paper Tape, No Leader 6-5 

MAGNETIC TAPE t 

CARD t TRT 0,1 020 10411 Tape Ready Test 6-17 
FPT 0, 1 o 20 14011 Fi Ie Protec t Test 6-17 

RCD 0, 1,4 00202606 Read Card Decimal (Hollerith) 6-6 BTT 0,1 020 12011 Beginning of Tape Test 6-17 
RCB 0,1,4 o 02 03606 Read Card Binary 6-6 TGT 0 o 20 12610 T ape Gap Test 6-17 
SRC 0, 1 002 12006 Skip Remainder of Card 6-6 ETT 0,1 020 11011 End of Tape Test 6-17 
CRT 0, 1 020 12006 Card Reader Ready Test 6-7 DT2 0, I o 20 16211 Density Test, 200 BPI 6-17 
FCT 0, 1 o 20 14006 First Column Test 6-7 DT5 0, 1 o 20 16611 Density Test, 556 BPI 6-17 
CFT 0, 1 020 11006 Card Reader EOF Test 6-8 DT8 0,1 020 17211 Densi ty Test, 800 BPI 6-17 
PCD 0, 1,4 00202646 Punch Card Decimal (Hollerith) 6-10 TFT 0 020 13610 Tape EOF Test 6-17 
PCB 0,1,4 00203646 Punch Card Binary 6-10 SKS 10211 020 10211 MAGPAK Test 6-18 
CPT 0, 1 020 14046 Card Punch Ready Test 6-10 RTD 0, 1,4 00202611 Read Tape Decimal (BCD) 6-18 
PBT 1; 1 020 12046 Punch Buffer Test 6-10 RTB 0; 1;4 00203611 Read Tape Bi nary 6-18 

SFD 0, 1,4 00202631 Scan Forward Decimal (BCD) 6-18 
SFB 0, 1,4 00203631 Scan Forward Binary 6-18 

LINE PRINTER t SRD 0, 1,4 00206631 Scan Reverse Decimal (BCD) 6-19 
SRB 0, 1,4 00207631 Scan Reverse Binary 6-19 

PLP 0, 1,4 00202660 Print Line Printer 6-12 REW 0, 1 002 14011 Rewind Tape 6-19 
PRT 0, 1 020 12060 Printer Ready Test 6-13 WTD 0, 1,4 00202651 Write Tape Decimal (BCD) 6-20 
EPT 0, 1 020 14060 End of Page Test 6-13 WTB 0, 1,4 00203651 Write Tape Binary 6-20 
PFT 0,1 020 11060 Printer Fault Test 6-13 EFT 0, 1,4 00203671 E rase Forward Tape 6-20 
PSC 0, 1, n 002 ln460 Printer Skip to Format n 6-13 ERT 0, 1,4 o 02 07671 Erase Reverse Tape 6-20 
PSP 0, 1, n 002 ln660 Printer Upspace n Lines 6-13 RTS 0 o 02 14000 Convert Read to Scan 6-20 
POL 0,1 002 12060 Print Off-Line 6-13 SRR 0 002 13610 Skip Remainder of Record 6-20 

Legend: M = address field; * M = indirect address; T = tag field; n = number (0-7) 

tMnemonics and octal codes given are for channel A, device number 1, and 4 characters/word format 
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