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DATA PROCESSING SET 
AN/uyK-20(V) and 
AN/uyK-20X(V) 

1. SCOPE 
1.1 Scope. - This specification establishes the require­

ments for a microprogrammed 16-bit data processing set, herein­
after referred to as the DPS. The DPS provides a standard 
processor that meets the processing requirements of various 
shipboard, land based, and submarine applications. 

2. APPLICABLE DOCUMENTS 

2.1 Government documents. - The following documents of the 
exact issue shown form a part of this specification to the extent 
specified herein. 

SPECIFICATIONS 
Military 

MIL-S-901C 

MIL-M-7793D 
with Supplement 1 
31 December 1969 

MIL-Q-9858A 
16 December 1963 
MIL-P-15024D 
with Supplement 1 
9 March ·1972 
MIL-E-15090B 
Amendment 2 
29 February 1956 
MIL-E-16400F 
Amendment 5 
28 November 1969 
MIL-E-17555G 
Amendment 2 
15. April 1970 
MIL-F-18870D 
·18 August 1967 
MIL-P-19834B 
7 November 1972 

Shock Test, H. I. (High Impact); 
Shipboard Machinery, Equipment and 
Systems Requirements for 
Meter, Time Totalizing 

Quality Program Requirements 

Plates, Tags and Bands for 
Identification of Equipment 

Enamel, Equipment, Li.ght Gray 
Formula III 

Electronic Equipment, Naval Ship 
and Shore: General Specification 

Electronic and Electrical Equipment, 
Accessories, and Repair Parts: 
Packaging and Packing of 
Fire Control Equipment, Naval Ship 
and Shore, General Specification 
Plate, Identification, Metal Foil, 
Adhesive Backed 

Naval Electronics Systems Command 
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ELEX-C-135 
No Revision 
27 November 1972 

Computer, Digital Data, 
Combat System 
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STANDARDS 
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Federal 

FED-STD-l51b 
24 Nov 1967 

Military 

MIL-STD-lOSE 
04 August 1966 

MIL-STD-130D 
with change 
Notice 1 
30 July 1971 

MIL-STD-167B 
11 August 1969 

MIL-STD-1SSC 
24 Nov 1969 

MIL-STD-1S9 
with Notice 2 
14 March 1961 

MIL-STD-454C 
15 Oct 1970 

MIL-SID-461A 
01 May 1970 

MIL-STD-462 
with Notice 3 
9 February 1971 

MIL-SID-740B 
Notice 1 
22 June 1965 

SPECIFICATION SHEET 

REVISION F 
SPECI F ICATION SYMBOL 

SB-IOl60 

Metals, Test Methods 

Definitions of the Basic Require­
ments for Enclosures for Electric 
and Electronic Equipment 

Identification Marking of U. s. 
Military Property 

Mechanical Vibrations of 
Shipboard Equipment 

Military Communication System 
Technical Standards 

Racks, Electrical Equipment, 19-
Inch and Associated Panels 

Standard General Requirements. for 
Electronic Equipment 

Electromagnetic Interference 
Characteristics, Requirements for 
Equipment . 

Electromagnetic Interference 
Characteristics, Measurement of 

Airborne and Structureborne Noise 
Measurements and Acceptance 
Criteria of Shipboard Equipment 
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MIL-STD-1399A 
20 December 1972 

MIL-STD-1472A 
15 May 1970 

HANDBOOKS 

Military 

MIL-HDBK-217A 
with Notice 2 
30 December 1972 

SPECIFICATION SHEET 

REVISION F 
SPECIFICATION SYMBOL 

S8-10160 

Interface Standard for 
Shipboard Systems 

Human Engineering Design Criteria 
for Military Systems, Equipment 
and Facilities 

Reliability Stress and Failu±e 
Rate Data for Electronic Equipment 

(Copies of specifications, standards, drawings, and publications 
required by suppliers in conriection with specific procurement 
functions should be obtained from the procuring activity or as 
directed by the contracting officer). . 

PUBLICATIONS 

Electronic Industries Association (EIA) 

RS-232-C 
August 1969 

Interface Between Data Terminal 
and Data Communication Equi~ment 
Employing Serial Binary Data 
Interchange. 

(Copies of EIA publication may be obtained from EIA Engineering 
Dept. 2001 Eye St. NW, Washington D.C. 20006) 
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2.2 Non-Government documents. - The following documents form 
a part of this specification to the extent specified herein. Un­
less otherwise indicated the latest issue in effect shall apply. 

SPECIFICATIONS 

Sperry Univac 

DS 4772 

S8-10441-100 

S8-10441-400 

S8-10592 

S8-10631 

SB-12407 

DRAWINGS 

905411 

7101943 

7126400 

7901743 

Interface Characteristics, 
Univac Defense Computer Equipment 

Data Processing Set 
AN/UYK-20(V) 
Acceptance Procedures for 

Data Processing Set 
AN/UYK-20(V) 
Test Data Record 

Microprogrammed Controller, 
AN/UYK-20(V) 

Serial Interface 
MIL-STD-1SS and EIA STD RS-232 

Serial Interface Characteristics 
Univac Defense Computer Equip~ent 

Connector,' Plug, Electrical-­
Female, 7 contact, MS 3106 

Connector Assembly, 
Electrical - 120 pin 

Data Processing Set 
AN/UYK~20(V) . 
Outline and Installation Drawing 

Connector, Plug Electrical -­
Female, 5 Contact, MS 3126F 

(Application for copies should be addressed to Univac, Division 
of Sperry Rand, P.O. Box 3525, St. Paul, MN 55165.) 
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3. REQUIREMENTS 

3.1 Design and construction. -

3.1.1 General design. - Except as specified herein, the 
DPS shall meet all requirements of MIL-E-16400. The objectives 
specified in MIL-E-16400 for reliability, simplicity, ease of 
installation and maintenance shall be considered durlng all 
phases of the equipment design. 

3.1.1.1 Modular construction. - The DPS shall employ 
modular construction in accordance with MIL-E-16400. The DPS 
shall use plug-in printed-wiring assemblies to the fullest 
extent practical. 

3.1.1.2 Interchangeability. - The DPS shall meet the 
following interchangeability requirements: 

a. The DPS shall meet the requirements of 
MIL-STD-454, Requi~ement 7, Interchangeability. 

b. All replaceable assemblies shall be physically and 
electrically interchangeable with corresponding 
parts of all DPS's covered by this specification 
without drilling, filing, or the use of undue force. 
Replacement assemblies, when installed, shall not 
cause a departure from the 'performance specified 
herein. 

c. The DPS shall be interchangeable with the same 
type of DPS when configured with the same options 
as defined in 6.1. 

3.1.1.3 Standardization. - The DPS design shall use the 
greatest practical uniformity of engineering criteria, items, 
processes, equipments, and parts to ensure the minimum variety 
of such items, and to effect optimum interchangeability of 
equipment parts and components. The DPS design shall use 
equipment and components already supported in the Naval/Defense 
Supply Agency supply system to the maximum extent possible. 

3.1.1.4 Installed options. - the DPS shall be fully wired 
to accommodate all optional features and requirements (see 6.1). 
Except that the input power option shall be specified prior to 
manufacture, all configuration options shall be installed or 
removed by the pluggable addition, removal or replacement of 
appropriate hardware modules. The removal or addition of all 
options shall be permitted within the constraints specified 
herein. 

JOI-5968 22/31-02 9/63 
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3.1.2.1 Physical size and weight. - The size and weight 
of a maximum configuration DPS shall be as specified in table I. 
The DPS shall be capable of being passed through a circular hatch 
25 inches in diameter and through an opening 20 inches wide and 
28 inches high, with 10 inch radius rounded corners. The DPS 
mounting and clearance dimensions shall be as specified on 
Drawing 7126400. 

Table I. Size and Weight 

Parameter 

Height 20 inches max. 

Width 19 inches max. 

Depth 24 inches max. 
(not including 
shock pins) 

Weight 220 pounds max. 

3.1.2.2 Mechanical configuration. - The DPS mechanical 
configuration shall be as shown in figure 1. 

3.1.2.3 Rack mounting. - The DPS shall be capable of 
being base mounted or rack mounted. Mounting in electrical 
equipment racks shall be in accordance with MIL-STD-189. 
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FIGURE 1 - DPS MECHANICAL CONFIGURATION 
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3.1.2.4 Interface connectors. - The DPS int~rface connector 
part numbers shall be as specified on Drawing 7126400. The DPS 
interfaces shall mate with the mating connect6rs specified on 
Drawing 7126400. The jack and pin assignments shall be as 
specified in Appendix 10. 

3.1.2.5 Cooling. - The DPS shall be air cooled using 
ambient air within the operating temperature range specified 
herein. The DPS shall exhaust 3420 BTU's per hour maximum into 
the ambient environment. Cooling fans shall be integral to the 
cabinet. The DPS shall be designed such that water cooling can 
be implemented through redesign of the cabinet only. 

3.1.2.6 Plug-in assembly keying. - All plug-in assemblies 
shall be mechanically keyed. 

3.1.2.7 Human engineering. - The DPS shall incorporate 
human engineering in accordance with MIL-STD-1472. 

3.1.2.8 Identification and marking. -

3.1.2.8.1 Nameplate. - The nameplate used on the DPS shall 
be in accordance with MIL-P-15024 except that it shall be bonded 
as specified in MIL-P-19834. Units with 400 Hz power shall have 
the AN!UVK-20(V) designation. Units with 60 Hz power shall have 
the AN/UVK-20X(V) deSignation. No company identification other 
than that allowed for the nameplate shall appear on the DPS. 

3.1.2.8.2 Field changeidentification¥late. - An identi­
fication plate shall be provided on the DPS or the sole purpose 
of noting field changes. 

3.1.2.8.3 Markings. - Markings used on the DPS shall be 
in accordance with MIL-STD-130 and shall include serialization 
for the DPS replpceable assemblies, sub-assembli~s, and printed 
wiring boards. 

3.1.2.8.4 Reference designations. - Parts identification 
by reference designation shall be in accordance with MIL-E-16400~ 

3.1.2.9 Finish and color. - The exterior painted surfaces 
shall be in light gray which matches the color specified in 
MIL-E-15090. 

UDI-596B 22/31-02 9/63 
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3.1.3 Electrical design. -

3.1.3.1 Overload protection. - Overload protection shall 
. be provided by the use of the circuit breakers in accordance 

with MIL-E-16400. 

3.1.3.2 Time meter. - The DPS shall have a time meter 
that shall cumulatively record the time that ac power is being 
applied and the logic power switch is activated. The range of 
the meter shall be a to 9999 hours; the meter shall not be 
capable of being reset. The meter shall be in accordance with 
MIL-M-7793. 

3.1.3.3 Grounding. - Circuit grounding shall be in accord­
ance with MIL-F-18870. The DPS enclosure shall provide a point 
for grounding, by means of a suitable ground strap, to a single 
common ground point. All grounds within a section or subassembly 
shall be connected to a common ground on the enclosure. 
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3.1.3.4 Circuits. - The DPS circuits shall be designed such 
that grounding of the output elements or partial or complete power 
failure shall not cause damage to components. The sudden applica­
tion of normal loads to output amplifiers or circuits shall not 
cause overload protection circuits to operate. Where printed 
wiring cards or modular construction are used, ground potential 
and voltages shall be assigned to pins of all plug-in assemblies 
in a uniform manner so that a given potential is applied to pins 
of the same number on all plug-in assemblies. All relay coils 
shall have diode suppression, or equivalent. 

3.1.3.5 Test points. - Test points shall be accessible 
from the front of the DPS with the access doors open. MIL-E~16400 
shall be used as a guide for selecting signals to be available at 
the test points. An adequate number of test points shall be lo­
cated within the DPS to facilitate the 'performance of trouble­
shooting. Test points on plug-in assemblies shall be accessible 
without removing the assembly from its connector. Short circuits 
from a test point to ground shall cause no circuit damage. 

3.1.3.6 Safety. - Safety requirements for the DPS shall be 
as specified in MIL-E-16400 and as specified herein. 

3.1.3.7 Overtemperature protection. - The DPS shall have 
an overtemperature indicator that shall light and an audible 
alarm that shall sound when the cabinet internal air temperature 
is within 25 0 F of the maximum temperature at which the DPS can . 
operate without component damage. The DPS shall stop operation 
when the cabinet internal air temper ature exceeds the maximum 
safe operating temperature. The DPS shall have a switch to 
disable the audible alarm and a switch to override the over'..,; 
temperature shutdown. 

3~2 Primary powe~. - The DPS shall operate as specified 
herein when supplied with one of the sources (see 6.1) specified 
in table II. Each type of primary power shall require a corre­
sponding type of power supply. Table II meets the requirements 
of Type I shipboard power of MIL-STD-1399 and conforms to the 
transient requirements of MIL-E-16400 except that steady state 
tolerance band sh~ll be as specified in MIL-STD-1399. 

UDI-596B 22/31-02 9/63 



c:: 
0 

"I 
Q\ 
°D 
0-
m 
N 
N -U> .... 
I 

0 
N 

°D 

"" a-
U> 

• 0 
Table II. Primary Power Options 

Option 
Characteristics 1 2 3 4 r::; 

.J 

Voltage (volts) 115 line- 115 line- 208 line- 208 line- 115 
to-line to-line to-line to-line 

Steady state volt- + 5% + 5% + 5% + 5°/ + 7% - - - - /0 -
age tole~ance 

Phases 3-Delta 3-Delta 3-Wye 3-Wye 1 
Power (watts maxi- 1000 1000 1000 1000 1000 
mum for maximum 
configuration) 

Phase rotation A:B:C A:B:C A:B:C A:B:C Not applicable 

Frequency 400 Hz 60 Hz 40(; Hz 60 Hz 400 Hz 
Steady state fre- + 5% + 5% + 5% + 5':;/ + 5% /0 

tolerance - - - - -quencv 
Maximum transient 
vol tage(see note 1) ±. 20% + 20% ±. 20% ±. 20% ±. 20% -
Maximum transient 
frequency 

+ 3% + 3% + 3% + 3% + 3% (see note 2) - - - - -

Note 1: Maximum transient voltage shall be in addition to 
the steady state tolerance and shall recover to 
the steady state tolerance within 2 sEconds. 

Note 2: Maximum transient frequency is 3% with 1% outside 
the steady state frequency tolerance limts. 
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3.3 General performance. - The DPS shall be a digital 
data processor which shall sequentially execute instructions 
from a program stored in memory. The DPS word length shall 
be 16-bits. The DPS shall use both single length (16-bit) 
and double length (32-bit) instructions. The DPS shall 
perform operations using literal (4-bit), byte (8-bit), 
single length (16-bit) and double lehgth (32-bit) operands. 
The DPS shall have memory for program and data storage and 
input-output channels for data transfer operations with other 
equipments. The DPS shall use a microprogrammed control 
structure. The DPS shall have relative addressing and cas­
caded indirect addressing. 

3.3.1 DPS arithmetic. - The DPS shall perform arithmetic 
operations using two's complement integer arithmetic. Arith­
metic operations shall use signed numbers. The most signifi­
cant bit of an operand shall be the sign bit: 0 shall mean a 
positive quantity, 1 shall mean a negative quantity. 

3.4 Detail performance. -

3.4.1 Instruction repertoire. - The DPS instruction 
repertoire shall be as specified in table III. The instruction 
execution time shall be as specified in table III, with a 
tolerance of ± 10%, and shall be predicated upon a single-port 
memory with no indirect addressing. If the Direct Memory Access 
(DMA) option is implemented, the execution times for each 
instruction may increase 65 ns nominal. The execution times 
shall include all the time necessary for the instruction read, 
interpret, and operand read, as well as perform the iristruction 
itself. The DPS shall perform the instruction repertoire in 
any sequence with any operand address or data word bit pattern 
without malfunction or erroneous result. When executing an 
instruction, the contents of R , R , and Y shall not be changed 
unless specified in the indiviaualminstruction. An attempt to 
execute any unassigned or unused instruction shall result in an 
instruction fault interrupt. The detailed individual instruction 
requirements shall be as specified in Appendix 30. The Condition 
Cdde usage shall be as specified in table IV. The symbols used' 
in the instruction definitions-shall be as specified in table V. 
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Table III. Instruction Repertoire 

Operation 
Code 

00 

01 

02 

03 

Format 

RR 
RI 
RK 
RX 

RR 
RI-2 
RK 
RX 

RR 
RI-2 
RK 
RX 

RR 
RI 
RK 
RX 

Instruction 

Diagnostic Return 
Unassigned 
Unassigned 
Byte Load 

Load 
Load 
Load 
Load 

Unary-Arithmetic 
Load Double 
Unassigned 
Load Double 

Unary-Control 
Unassigned 
Unassigned 
Load Multiple 

*N = Number of registers loaded. 

. Execution Time 
(Microseconds) 

0.7· 

2.25 

.75 
1.5 
1.5 
2.25 

1.0 
2.25 

3.0 

0.9 -'8.0** 

1.5 +*N times.75 

**Execution times for 03RR, Unary-Control Instruction 

m value Execution time ~microseconds} 

0 8.0 
1 0.9 
2 0.9 
3 0.9 

4 1 .2. 
5 1.65 
6 0.9 
7 0.9 

10 1.2 
11 1.2 
12 1.35 
13 0.9 

14 1.5 
15 1.5 
16 0.9 
17 0.9 
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Table III. Instruction Repertoire(continued) 

Operation Execution time 
Code Format Instruction (Micros,econds) . 

*04 RR Unary-Shift 3.3-' 8.5 
RI Unassigned 
RK Unassigned 
RX Byte Load and Index by 1 2.25 

05 RR Set Bit 1.5 
RI-2 Load and Index by 1 1.5 
RK Unassigned 
RX Load and Index by 1 2.25 

06 RR Clear Bit 1.5 
RI-2 Load Double and Index by 2 2.55 
RK Unassigned 
RX Load Double and Index by 2 3.3 

* Execution times for 04RR, Unary-Shift Instruction 

m value 

o (optional) 

1 

2 

3 

4-17 

Execution time (microseconds) 

8.5 

6.3 

7.2 

3.3 
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Table III. 

Operation 
Code Format 

07 RR 
RI-2 
RK 
RX 

10 RR 

RI 
RK 

RX 

11 RR 

RI-2 
RK 

0 RX 

12 RR 

RI-2 
RK 

RX 

13 RR 

RI 
RK 

RX 

14 RE 

RI 
RK 

RX 

* N 

• 
UDI-596B 22/31-02 9/63 
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Instruction Repertoire (continued) 

Execution Time 
Instruction (Microseconds) 

Compare Bit 1.8 
Load PSW 3.0 
Unassigned -
Load PSW 3.75 

Logical Right Single Shift 1.0 

Unassigned -. 
Logical Right Single Shift 1.7 

Byte Store 2.4 

Algebraic Right Single Shift 1.0 

Store 1.7 
Algebraic Right Single Shift 1.7 

Store 2.4 

Logical Right Double Shift 2.6 

Store Double 2.4 
Logical Right Double Shift 3.2 

Store Double 3.2 

Algebraic Right Double Shift 2.6 

Unassigned -
Algebraic Right Double Shift 3.2 

Store Multiple 1.4 + *N x 1.1 

Algebraic Left Single Shift 1.0 

Unassigned -
Algebraic Left Single Shift 1.7 

Byte Store and Index by 1 2.4 

= number of registers stored 
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Table III. Instruction Repertoire (continued) 

Operation 
Code Format Instruction 

Execution Time 
( Microseconds) 

15 RR Circular Left Single Shift 1.0 

16 

17 

20 

21 

22 

RI-2 Store and Index by 1 1.7 
RK Circular Left Single Shift 1.7 

RX Store and Index by 1 2.4 

RR Algebraic Left Double Shift 2.7 

RI-2 Store Double and Index by 2 2.6 
RK Algebraic Left Double Shift 3.3 

RX Store Double and Index by 2 3.3 

RR Circular Left Double Shift 

RI-2 Store Zeros. 
RK Circular Left Double Shift 

RX 

RR 
RI-2 
RK 
RX 

RR 
RI-2 
RK 
RX 

RR 
RI-2 
RK 
RX 

Store Zeros 

Subtract 
Subtract 

. Subtract 
Subtract 

Subtract Double 
Subtract Double 
Unassigned 
Subtract Double 

Add 
Add 
Add 
Add 

2.4 

1.7 
3.0 

2.4 

.75 
1.5 
1.5 
2.25 

1.7 
2.25 

3.0 

.75 
1.5 
1.5 
2.25 

UDI-5968 22/31-02 9/63 



. sr=E~Y=<~UNIVAC SPECIFICATION SHEET 

o 

Table III. 

o 

• 

Operatio'n 
Code 

23 

24 

25 

26 

27 

30 

31 

32 

UDI-5968 22/31-02 9/63 

Format 

RR 
RI-2 
RK 
RX 

RR 
RI-2 
RK 
RX 

RR 
RI-2 
RK 
RX 

RR 
RI-2 
RK 
RX 

RR 
RI-2 
RK 
RX 

RR 
RI-2 
RK 
RX 

RR 
RI-2 
RK 
RX 

RR 
RI-2 
RK 
RX 
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Instruction Repertoire (continued) 

lnstruction 

Add Double 
Add Double 
Unassigned 
Add Double 

Compare 
Compare 
Compare 
Compare 

Compare Double 
Compare Double 
Unassigned 
Compare Double 

Multiply 
Multiply 
Multiply 
Multiply 

Divide 
Divide 
Divide 
Divide 

AND 
AND 
AND 
AND 

OR 
OR 
OR 
OR 

Exclusive OR 
Exclusive OR 
Exclusive OR 
Exclusive OR 

Execution Time 
(Microseconds) 

1.5 
2.25 

3.0 

.90 
1.5 
1.7 
2.25 

1.7 
2.25 

3.0 

3.8 
4.0 
4.4 
4.6 

6.8 
7.0 
7.4 
7.5 

.75 
1.5 
1.5 
2.25 

.75 
1.5 
1.5 
2.25 

.75 
1.5 
1.5 
2.25 
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Operation 
Code 

33 

34 

35 

36 

37 

40 

41 

42 

Table III. 

Format 

RR 
RI-2 
RK 
RX 

RR 
RI-2 
RK 
RX 

RR 
RI-2 
RK 
RX 

RR 
RI 
RK 
RX 

RR 

RI 
RK 
RX 

RR 
RI-1 
RK 
RX 

RR 
RI-1 
RK 
RX 

RR 
RI 
RK 
RX 

* Includes the time 
** Optional. 
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Instruction Repertoire (continued) 

Instruction 

Masked Substitute 
Masked Substitute 
Masked Substitute 
Masked Substitute 

Compare Masked 
Compare Masked 
Compare Masked 
Compare Masked 

I/O Command 
Biased Fetch 
Remote Execute 
Biased Fetch 

Unassigned 
Unassigned 
Unassigned 
Unassigned 

Trigonometric 

- Hyperbolic** 

Unassigned 
Unassigned 
Unassigned 

Conditional Jump 
Local Jump 
Conditional Jump 
Conditional Jump 

Index Jump 
Local Jump Indirect 
Index Jump 
Index Jump 

J~mp and Link Register 
Unassigned 
Jump and Link Register 
Jump and Link Register 

to clear bits 14 and 15 of 

Execution Time 
(Microseconds) 

1.4 
1.5 
2.0 
2.25 

1.5 
1.7 
2.1 
2.4 

4.0* + I/O Inst 
2.25 
1.5 + Inst 
3.0 

11.8 (without 
Prescale) 

15.3 (with : 

1.1 
1.2 
1.7 
2.4 

Prescale) 

1.4 
2.0 
2.1 
2.25 

1.2 

1.2 
2.25 

memory address 000140. 
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Table III. Instruction Repertoire (continued) 

Operation 
Code 

43 

44 

45 

46 

47 

50 

51 

52 

* Optional 

Format 
RR 
RI-l 
RK 
RX 

RR 
RI-l 
RK 
RX 

RR 
RI-l 
RK 
RX 

RR 
RI-1 

RK 
RX 

RR 
RI-l 
RK 
RX 

RR 
RI 
RK 
RX 

RR 
RI 
RK 
RX 

RR 
RI 
RK 
RX 

Instruction 
Unassigned 
Local Jump and Link Memory 
Jump and Link Memory 
Jump and Link Memory 

Jump Register = 0 
Local Jump Equal 
Jump Register = 0 
Jump Register = 0 

Jump Register I 0 
Local Jump Not Equal 
Jump Register I 0 
Jump Register I 0 

Jump Register Positive 
Local Jump Greater than or 
Equal 
Jump Register Positive 
Jump Register Positive 

Jump Register Negative 
Local Jump Less Than 
Jump Register Negative 
Jump Register Negative 

Floating Point Subtract* 
Floating Point Subtract* 
Unassigned 
Floating Point Subtract* 

Floating Point Add* 
Floating Point Add* 
Unassigned 
Floating Point Add* 

Floating Point Multiply* 
Floating Point Multiply* 
Unassigned 
Floating Point Multiply* 

Execution Time 
(Microseconds) 

2.0 
2.9 
3.2 

1.4 
1.2 
2.1 
2.25 

1.4 
1.2 
2.1 

·2.25 

1.4 
1.2 

2.1 
2.25 

1.4 
1.2 
2.1 
2.25 

7.7 - 17.4** 
7.7 - 17.4** 

7. 7 - 17.4** 

7.7 - 17.4** 
7. 7 - 17.4** 

7.7 - 17.4** 

15 .2 - 18. 9** 
15.2 - 18.9** 

15 • 2 - 18. 9** 

** Execution time of this instruction is variable depending on· the 
operand. 
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Table III. 

Operation 
Code Format 

53 RR 
RI 
RK 
RX 

54 RR 

55 

56 

57 

60 

61 

62 

* Optional 

RI-2 
RK 
RX 

RR 
RI-2 
RK 
RX 

RR 
RI 
RK 
RX 

RR 
RI 
RK 
RX 

RL-l 
RL-2 
RL-3 
RL-4 

RL-l 
RL-2 
RL-3 
RL-4 

RL-l 
RL-2 
RL-3 
RL ... 4 
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Instruction Repertoire (continued) 

Instruction 

Floating Point Divide* 
Floating Point Divide* 
Unassigned 
Floating Point Divide* 

Load Page Register 
Load Page Register 
Unassigned 
Load Page Register 
Multiple 

Store Page Register 
Store Page Register 
Unassigned 
Store Page Register 
Multiple 

Double Precision Multiply* 
Double Precision Multiply* 
Unassigned 
Double Precision Multiply* 

Double Precision Divide* 
Double Precision Divide* 
Unassigned 
Double Precision Divide* 

Logical Right Single Shift 
Algebraic Right Single Shift 
Logical Right Double Shift 
Algebraic Right Double Shift 

Algebraic Left Single Shift 
Circular Left Single Shift 
Algebraic Left Double Shift 
Circular Left Double Shift 

Subtract 
Subtract Double 
Add 
Add Double 

Execution Time 
(Microseconds) 

7.7 - 17.7** 
7.7 - 17.7** 
-

7.7 - 17.7** 

1.8 
2.6 
-

3.0 + .75 x n*** 

1.8 
2.6 
-

3.0 + 1.1 x n*** 

5.5 - 15.3** 
5.5 - 15.3** 

-
5.5 - 15.3** 

17.6-· 21.0** 
17.6 - 21.0** -
17.6 .- 21.0** 

1.3 
1.3 
2.8 
2.8 

1.3 
1.3 
2.8 
2.8 

.9 
1.8 

.9 
1.8 

** Execution time of this instruction is variable depending on 
the' operand~ 

***n = Number of address registers. 
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Operation 
Code 

63 

64 

65 

66 

67 

70 
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Table III. Instruction Repertoire (continued) 

Format 

RL-1 
RL-2 
RL-3 
RL-4 

RR 
RI 
RK 
RX 

RR 
RI 
RK 
RX 

RR 
RI 
RK 
RX 

RR 

RI 

RK 

RX 

RR 

RR 
RI 
RK 
RX 

Instruction 

Load 
Compare 
Multiply 
Divide 

Unassigned 
Unassigned 
Unassigned 
Byte Subtract 

Unassigned 
Unassigned 
Unassigned 
Byte Add 

Unassigned 
Unassigned 
Unassigned 
Byte Compare 

Reserved for user growth 
otherwise unassigned 

Reserved for user growth 
otherwise unassigned 

Reserved for user growth 
otherwise unassigned 

Execution Time 
(Microseconds) 

.9 
1.2 
4.4 
7.4 

2.25 

2.25 

2.25 

Byte Compare and Index by 1 2.25 

Channel Control (Command) 

Channel Control (Chaining) 
Unassigned 

30.0 for m=O-7; 
2.0 for m=10-17 
2.25 

Unassigned 
Initiate Transfer (Chaining) 4.5 
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Table III. Instruction Repertoire (-continued) 

Operation 
Code Format Instruction 

71 RR Unassigned 
RI Unassigned 

72 

73 

74 

75 

76 

77 

RK Initiate Chain (Command) 
RK Load Control Memory 

(Chaining) 
RX Load Control Memory (Command) 
RX Load Control Memory 

(Chaining) 
RR Unassigned 
RI Unassigned 
RK Unassigned 
RX Store Control Memory (Command) 
RX Store Control Memory 

(Chaining) 
RR Halt/Interrupt (Chaining) 
RI Unassigned 
RK Unassigned 
RX Set/Clear Flag (Chaining) 
RR Unassigned 
RI Unassigned 
RK Conditional Jump (Chaining) 
RX Unassigned 
RR Search for Sync;Set Monitor/Set 

Suppress (Chaining) 
RI Unassigned 
RK Unassigned 
RX Unassigned 
RR Set/Clear Discretes (Command) 
RR Set/Clear Discretes (Chaining) 
RI Unassigned . 
RK Unassigned 
RX Store Status (Comm~nd) 
RX Store Status (Chaining) 
RR Unassigned 
RI Unassigned 
RK Unassigned 
RX Unassigned 

Execution Time 
(Microseconds) 

2.25 
2.25 

3.0 
3.0 

3.0 
3.0 

1.5 

3.0 

2.25 

1.5* 

1.5 
1.5 

3.0 
3.0 

* The time is for Set Monitor and Set Suppress. The time for Search 
for Sync depends on the modulation rate of the interface. 
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Table IV. Condition Code Designator Functions 

Combined 

Bit 9 

0 

0 

I 
I 

0 
Symbol 

a 

Ra 
m 

Rm 
y 

y 

P 
( ) 

d 

Truth 
Tables 
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Value Compare Operation 
24,25,34,63 RL-2, 

Bit 8 Arithmetic Operation 66RX, 67RX 

0 Zero (positive) (Ra)=(Rm) 
I Not zero and positive (Ra»(~) 
0 Not used Not used 

1 Not zero and negative (Ra)«Rm) 

Table V. Symbol Definitions 

Description 
The a-designator from instruction words. 

The register designated by a. 

The m-designator from instruction words. 

The register designated by m. 

The operand or memory address generated 
in the execution of an instruction. 
The contents of the second word of an 
RK or RX instruction. 

The Program Address register. 
The contents of the location specified 
within the parenthesis. 

or ( y) 

or ( y) 

or ( y) 

The deviation value in a local jump instruction. 

Exclusive 
OR 

~
l 

o 0 I 
1 10 

Logical 
OR 

rtM
l 

o 01 

ill 

Logical 
AND 

~
l 

00 0 

I 0 I 
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3.4.2 Instruction words. - The DPS shall perform 
instructions using five instruction word formats, and operations 
using 4-bit literals, 8-bit bytes, l6-bit words, and 32-bit 
double length words as specified in the following subparagraphs. 

3.4.2.1 Format RR. - The Format RR instructions shall 
use the format as specified in figure 2. The Format RR instruc­
tions shall perform operations using the general registers. 
Unless otherwise specified in an individual instruction, the 
a a~d m-designators shall be used as follows: 

a. The a-designator shall select the 
Ra register. 

b. The m-designator shall select the 
Rm register. 

3.4.2.2 Format RI. - The Format RI instructions shall be 
either Type 1 or Type 2, and shall be as specified in the 
following subparagraphs. 

3.4.2.2.1 Format RI Type 1. - The Format RI Type 1 in­
structions.shall use the format as specified in figyre 4. The 
memory address Y shall be generated by adding to (P) 
the l6-bit value specified in figure 5. 

3.4.2.2.2 format RI Type 2. - The Format RI Type 2 in­
structions shall use the format as specified in figure 2. The 
Format RI Type 2 instructions shall perform operations using the 
comput~r general registers and a memory reference. Unless other­
wise specified in an individual instruction, the a and m-desig­
nators shall be used as follows: 

UDI-596B 22/31-02 9/63 

a. The a-designators shall select the 
Ra register. . 

b. The m-designator shall select the Rm 
register whose contents shall be used 
as a memory address Y. 
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15 

1 

15 

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 I 
m-designator 

a-designator 

f = Format: 

00 ::: Format RR 

01 = Format RI 

Operation code 

Figure 2. Instruction Word Format for Formats 
RR and RI Type 2. 

Operation code 
10 ::: Format RK 

11 = Format RX 

f = Format 

a-designator 

m-designator 

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 I 
15 •• ~--------------~----------------------"~ 0 

'~----------------------_v~-----------------JI 

15 14 

y 
Figure 3. Instruction Word Format for 

Formats RK arid RX 

13 12 11 10 9 8 7 6 ·5 4 3 2 1 

d-designator 

x = Sign Bit of d 

f = 01 = Format RI 

Operation code 

Figure 4. Instruction Word Format 
for Fotmat RI Typ~ 1. 

0 I 

w ard 1 
• 

Word 2 
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1 
\. 

V 
) I \. ) 

v 

Sign 
,Sign extended bit d-designator 

Figure 5. Address Modifier in Format 
RI Type I Instructions. 

3.4.2.3 Format RK. - Each Format RK instruction shall con­
sist of two words which shall be required to be stored in two 
consecutive memory addresses. The words shall use the for-
mat as specified in figure 3. The second word shall be a 16-bit 
quantity designated y. The Format RK instructions shall perfoIm 
operations using the general registers and memory references. 
Unless otherwise specified in an individual instruction, the a, 
m , and y - des i g nat 0 r s s h a 11 he use d a s f 0 11 ow s : 

a. The a~designator shall select the Ra 
register. 

b. The m andy-designators shall be used to 
form an operand or a memory address desig­
nated Y. Y shall be used as specified in 
the individual instruction. Y shall be 
formed as follows: 

(1) When m equals zero, Y shall be equal 
to y. 

(2) When m does not equal zero, Y shall be 
the sum of the contents of Rm and y. 
The m-designator shall select the Rm 
register. 
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3.4.2.4 Format RX. - The Format RX instructions shall 
consist of two words which shall be required to be stored in 
two consecutive memory addresses. The words shall use 
the format as specified in figure 3. The second word shall 
be a 16-bit quantity designated y. The Format RX instructions 
shall perform either double-word (32-bit), whole word (16-bit) 
or byte (S-bit) operations using th~DPS general registers and 
memory references as specified in the following subparagraphs. 

3.4.2.4.1 Format RX whole word operations. - The DPS 
shall have indirect addressing for instruction format RX using 
Rm 10, 12, 14, or 16. When the format RX instruction designates 
whole word operations, the a, m, and y~designators, unless other­
wise specified in an individual in~truction, shall be used as 

_ follows: 

UDI-5968 22/31-02 9/63 

a~ The a-designator shall select the Ra register. 

b. The m and y designators shall be used to form 
the memory address Y: 

(1 ) 

(2 ) 

( 3) 

(4 ) 

(5) 

When m equals zero, Y shall be equal to y. 

When m is equal to 1 through 7S' llg, 13g , . 
158 , or 17S, Y shall be the sum of the (Rm) 
ana y. 

When m is equal to lOS, 128 , 148, 168 and the 
indirect control bits of, Status Register #2 
c6rresponding to the particular Rm register 
are equal to 002 or 012, Y shall be the sum 
of (Rm) and y. -

When m equals 1°8, 128 , 148 , or 168 , and the 
indirect control bits of Status Register #2 
corresponding to the particular Rm register 
are equal to 1°2, the -address of indirect 
word 1 shall be equal to y. The indirect 
address words shall be determined in accord­
ance with figure 6. 

When m equals 108' 128 , 14& or 168 and the 
2-bit field of Status Register #2 corres­
ponding to the particular Rm ~eg~ster are 
equal to 112' the address Of lndlrect 
word 1 shall be equal to the sum of y + (Rm). 
The indirect address words shall be deter­
mined in accordance with figure 6. 
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3.4.2.4.1.1 Indirect addressing. - Addressin~ shall be 
under control of a pair of indirect ·address words ( lAW) as 
specified in figure 6. For J equal to 0, 1, 2, or 3 the final 
address shall be as specified. 

For J equal to 4, 5, 6, or 7; lAW 2, modified as specified by J, 
shall be the address of lAW 1 of the next lAW pair. This cas­
cading shall continue until J equals 0, 1, 2, or 3 in a refer­
enced lAW. 

The pairs of lAW's shall be required to be located in sequential 
memory addresses,with lAW I at an even address. 

J 

15 ... 

J Value 

o 

1 

2 

3 

4 

5 

6 

7 

10-17 

--~---
Unassigned lAW 1 

lAW 2 

Address determination 

Final 9perand at address specified bylAW 2 and if 
byte mode, upper byte is used. 

*Final operand at address specified by lAW 2 + (Rx) 
and if byte mode, the L8B. of Rx determines the byte 
(see 3.4.2.4.2). . 

*Final operand at address specified by lAW 2 + (Rm) 
and if byte mode, the LSB of Rm determines the byte 
(3.4.2.4.2). . 

*F inal operand at address specified by lAW 2 + (Rm+l). 
and if byte mode,the LSB of Rm + I determines the 
byte (see 3.4.2.4.2). . . 
Cascaded rAW at address specified" ~y rAW 2. 
Cascaded rAW at address specified by lAW 2 + (Rx ). 

Cascaded rAW at address specified by lAW 2, + (Rm). 
Cascaded rAW at address specified by lAW 2 + (Rm+l). 
Unassigned. 

Figure 6. Indirect Address Words 

* To determine the operand address when in byte mode, the contents 
ofRx ' Rm, or Rm + 1 shall be right shifted 1 bit position and zero 
filled in the left most positio~~ 
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3.4.2.4.2 Format RX byte operations. - When the Format 
RX instruction designates byte operations, the a, m, and y­
designators, unless otherwise specified in an individual in­
struction, shall be used as follows: 

UDI-596B 22/31-02 9/63 

a. The a-designator shall select the R register. 
a 

b. When m equals 1-178, th~ m-designatox shall be 
used to select a general register designated 
Rm. The operation shall be as follows: 

(1) Unless otherwise specified under indirect 
addressing, the least significant bit (LS8) 
of the contents of Rm (bit 0) shall determine 
the byte position in the selected memory 
location: 

(a) When the LSB is 0, the byte shall be 
the eight most significant bits (bits 
8 through 15) in the memory location. 

(b) When the LSB is 1, the byte shall be 
the eight least significant bits 
(bits 0 through 7) in the memory 
location. 

(2) Unless otherwise specified under indirect 
addressing, Y shall be the sum of y and the 
contents of Rm right shifted one position and 
zero filled in the left most position. The 
original value of Rm shall remain in Rm. 

c. When m equals zero, the contents of Rm shall not 
be added to y to form the memory address Y. Y 
shall be equal to y and the byte shall be the 
eight most significant bits (bits 8 through 15) 
in the memory location. 
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3.4.2.5 Format RL. - The format RL instructions shall use 
the format as specified in figure 7. Unless otherwise specified 
in the individual instructions, the a and m designator usage 
shall be: 

a. The a-designator shall select the Ra register. 

b. The m-designator shall be a 4-bit, 
unsigned literal. 

15 10 9 8 7 6 5 4 3 2 1 01 

m-designator 

a-designator 

f = Format 
00 = RL-l 
01 = RL-2 
10 = RL-3 

11 = RL-4 

Operation code 

Figure 7. Instruction Word Format for Format RL. 

3.4.2.6 Double length operations. - The DPS. shall perform 
double length word operations when specified in an individVal 
instruction. In these instructions, the contents of two adja­
cent registers or memory Ideations shall be used as oneJ2-bit 
word. The most significant 16-bitsof the double length oper­
and shall be designated Rat Rm, or Y. The least significant 16 
bits shall be designated Ratl' Rm+l or Y t 1 respectively. Ra , 
Rm,or Y shall be required to be an even number. For double 
length (32-bit) words, the sign bit shall be bit 15 of the most 
significant 16 bit s (Ra , Rm. or Y). 
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3.4.2~7 Shift instruction execution. - Shift instructions 
shall shift the contents of a register or registers to the 
right, left, or left circular. The number of shifts executed 
(places shifted) shall be the contents of bits 0 through 5 of 
the quantity specified in the individual instructions. The 
shift operation.s shall be as follows: 

a. Right shift shall mean that the contents of the 
specified register shall be shifted right, 
toward the least significant bit position. 
Bits shifted out of the least significant bit 
position shall be lost. After each shift, the 
most significant bit position shall be filled 
with either a zero (zero extended to fill) or a 
sign bit (sign extended to fill) as specified 
in the individual instruction. 

b. Left shift (algebraic) shall mean that the con­
tents of the specified register (including sign 
bit) shall be shifted left, toward the most 
significant bit position. Bits shifted out of 
the most significant bit position shall be 
lost. After each shift, the least significant 
bit position shall be filled with a zero. When 
the value of the most significant bit changes 
during the shift operation, the overflow 
designator shall be set. 

c. Left shift circular shall mean that the con­
tents of the specified register shall be 
shifted left, and for each shift the bit 
shifted out of the most significant bit position 
shall be transferred to the least significant 
,bi t po si tion. 

3.4.3 Relative addressing. - All DPS main memory references 
(including I/O data references, ullocated memory ad?resses, P 
and Y) shall be relative to a fixed base. Generatlon of absolute 
addresses shall be as specified in figure 8. Ths fixed base 
shall be contained in a page register having the format specified 
in figure 9. The computer shall provide 64 pag~regist~rs. The 
page registers shall be under program control (lnstructlons 54 
and 55). The ·DPS shall set bit 15 of the page register when the 
contents of any of the 1024 addresses in the page (see 6.2) are 
modified. A master clear shall clear bit 15 of all page registers 
and set bits 5-0 of each page register equal to the page 
register address. 

c;}! 
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~ _______ ~i ___________ ~i~ 
Relative address 6-bits 10-bits 

Select Page 
Register 
Address 

Page 
Addr. 

Page Register 
, A 

Fixed 
Base 
(6-bits) 

5 0 

10-bits 

y 

16-bit Absolute Address 

Figure 8. Relative Addressing 

15 14 .. ~6 5- .. 0 

Not addressable Fixed 
. base 

0 = Page has not been 
modified 

1 = Page has been modified 

Figure 9. Page Register 

J 
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3.4.4.1 Main memory. - The DPS main memo~y shall be random 
access, nonvolatile magnetic core storage with allocated addresses 
as specified in table VI. Memory addresses unassigned in table VI 
may be used as required in programs. The main memory shall be 
either a single-port (Cp) memory or a two-port memory with a 
direct memory access (DMA). The Memory type, specified in the 
procurement document (see 6.1), may be modified at the installation 
site to provide DMA or DMA may be removed if it was installed in the 
factory. The two-port memory shall provide one CP port and one 
direct memory access (DMA) port (external) as specified in Appendix 
20. 

3.4.4.1.1 Word length. - The DPS main memory shall have a . 
word length of 16-bits. 

3.4.4.1.2 Cycle time. - The read-restore cycle time of the 
main memory shall be 0.75 + 10% microseconds. 

3.4.4.1.3 Capacity. - Main memory capacity shall be as follows: 

a. Word length: 16 Data Bits 

b. Size: Up to 65,536 (16-bit) addresses in 
8,192 address increments. The main memory 
size shall be specified by the procurement 
document (see 6.1). 

3.4.4.1.4 Addressingo - All words of main memoxy shall 
be contiguously addressable. The DPS addressing capability 
shall be 131,072 8-bit, 65,536 16-bit, and 32,768 32-bit words. 

3.4.4.1.5 Protection. - Main memory shall be protected 
against any loss of contents due to a power failure. 

3.4.4.1.6 Two-port priority. - Requests at the CP port 
shall have priority over requests at the DMA port. 

UDI-S968 22/31-02 9/63 



SPECIFICATION SHEET 

REVISIONH 

SPECIFICATION SYMBOL 

SB-10160 

3.4.4.2 bootstra • - The DPS shall have 'a non-
destructive readout NDRO memory. The NDRO memory shall have 192 
words at addresses 008-778 and 3008-4778. The addresses shall 
contain a sequence of instructions for program load operation (boot­
strap). Access to the NDRO shall be controlled by the condition 
of the NDRO Mode bit of Status Register 1. The contents of the 
NDRO memory shall not be altered by write references. Except that 
the entire program shall be changeable by replacing the NDRO mem­
ory assembly, the NDRO memory contents shall be programmed at time 
of manufacture and shall not be changeable. The NDRO memory con­
tents shall be required to be specified in the procurement document 
(see 6.1). Address 000 of NDRO memory is reserved for the AUTO 
START function, and 'contains a jump to the address specified by the 
contents of main memory address 1778. Address 002 is reserved for 
bootstrap start. 

3.4.4.3 Micro ro rammed read-onl mernor - The 
processor shal use a mlcroprogramme contro structure with the 
microinstructions and control data stored in a microprogrammed ROM. 
The microprogrammed control structure shall provide the full set 
of macroinstructions listed in the instruction repertoire. Micro­
prograinmed instructions shall be as specified in Specification 
SB-10592. 

3.4.4.3.1 User-defined microprogram.- 512 words of micro­
programmed ROM shall be available as an option. The optional ROM 
and microprogram shall be specified by the procurement document 
(see 6.1). ..' 

3.4.4.3~2 Diagnostic microprogram. - The DPS shall have up 
to 1024 words of 16-bit microprogrammed ROM to aid in diagnosing 
failures. 

3.4.4.3.3 Math pack. - The DPS shall have an optional 1024 
words of 16-bit microprogrammed ROM for math pack algorithms. 
Thes'e algorithms shall consist of the following functions: 

a. Square root. 

b. Trigonometric and hyperbolic (cordie). 

c. Floating point add, subtract, multiply, 
and divide. 

d. Double precision multiply and divide. 

Operation of these functions as macroinstructions shall be as 
specified in Appendix 30. When using Ra , Ra+2' RID' and Y, in any 
of the math pack operations, these parameters shall be required to 
be located in eveQ numbered general registers and an even numbered 
memory address. The math pack option shall be required to be 
specified in the procurement document (see 6.1). 
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3.4.4.3.3.1 Sguare root o~eration. - The square root 
operation shall be lmplementedy the unary-shift instruction, 
operation code 04 RR, when the mvalue is equal to 0 and shall 
perform as specified in table 30-111. 

3.4.4.3.3.2 Trigonometric and hyperbolic functions. - The 
trigonometric and hyperbolic functi9ns shall provide a coordinate 
conversion (CORDIC) capability and shall operate as specified in 
Appendix 50. The trigonometric and hyperbolic functions shall be 
implemented by operation code 37 RR as specified in Appendix 30. 

3.4.4.3.3.3 Floating point instructions. - The floating 
point instructions, subtract, add, multiply, and divide shall 
be implemented by operation codes 50, 51, 52, and 53 and shall 
perform as specified in Appendix 30. 

All floating point operations shall be capable of being performed 
with round or with residue and shall use a double length format as 
follows: 

15 14 ---- 8 7 ----- 0 

Ra, Rm, or Y-. S 

Ra+l' Rm+l'----

C 

or Y+l 

Word 1 shall contain the following fields: 

s = the 

0 = 
1 = 

sign of the fraction 
positive 
negative 

Word 1 
~ 

Word 2 
~ 

C = the biased representation of the characteristic 
F1= the two most significant digits of the fraction 

Word 2 shall contain the four least significant digits of the 
fraction (F 2) • 

The fraction of the floating point number shall be represented in 
4-bit hexadecimal digits and shall always be a magnitude number. 
The binary point shall be between the right most bit of C and the 
leftmost bit of Fl. 

C shall be a seven bit binary quantity equal to the characteristic 
plus 6410. The aPRroximate decimal range covered by the magnitude 
(M) of a normalizea floating point number shall be 

, 5.4X 10-79 ~ M ~ 7.2 X 10+75 

The exact-hexadecim?l range covered by- the magnitude (M) of a 
normalized floating point number shall be 

.10000016 X 16-64 < M < .FFFFFF16 X 16+63 
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3.4.4.3.3.3.1 Normalization. - A floating point number 
shall be normalized when the most significant hexadecimal digit 
is non-zero. The results of all floating point operations 
(excluding the residue) shall be normalized if the inputs were 
normalized. 

3.4.4.3.3.3.2 Floating point zero. - A floating point zero 
shall be represented by a zero sign, zero characteristic, and 
zero fraction. 

3.4.4.3.3.3.3 Floating point round. - Floating point rounding 
shall be performed on floating point add, subtract, multiply and 
divide operations contingent upon bit 6 of Status Register 1. If 
bit 6 is zero, rounding shall occur. When rounding is not speci­
fied (bit 6 of Status Register 1 is 1), the DPS shall form a 
floating point number of the unused digits in Ra+2 and Ra+~,as 
specified in the individual instruction. The rounding actlon 
shall add 1 to the result (RQ,Ra+1 ) if the unused digits are 
equal to or greater than halt the least-significant digit. No 
action shall occur if less than half. 

3.4.4.3.3.3.4 Floating point residue. - The floating point 
residue shall be defined as follows: 

a. As a result of the floating point add, subtract, 
and mUltiply operations; the residue shall 
represent the least significant bits of the 
result that cannot be contained within the 24 
bit (6 hexadecimal digits) fraction result." 
The residue shall have the same sign as the 
result . 

b. Asa result. of a floating point "divide operation," 
the residue shall represent the remainder and 
shall have the same sign as the dividend. 

3.4.4.3.3.3.5 Characteristic underflow and overflow. - A 
floating point operation shall cause a characteristic underflow 
condition whenever a number smaller than .10000016 X 16-64 is gener­
ated as part of a result. A floating point operation shall cause a 
characteristic overflow condition whenever a number larger than 
.FFFFFFI6 X 16+63 is generated as part of the result. No under­
flow condition shall occur in forming a residue. If a residue 
number smaller than .10000016 X 16-64 is generated, the residue 
value shall be all zeros. When a floating pOint operation causes 
a characteristic underflow or overflow, the DPS shall: 
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b. Modify the Condition Code of Status Register 1. 

c. Test bit 7 and bit 2 of Status'Register 1. 
If bit 7 is a 1, no interrupt shall occur; 
if bit 7 is a 0 and bit 2 is a 1, the 
floating point interrupt shall be set and 
processed; if bit 7 is a 0 and bit 2 is a 0, 
the interrupt is lost.. . 

The original contents ,of the general registers and memory addresses 
Y, Y+l shall remain unchanged. 

3.4.4.3.3.4 Double precision multi1ly instruction. - The 
double multiply instruction shall be imp emented by operation 
code 56 and shall perform as specified in Appendix 30. 

3.4.4.3.3.5 Double precision divide instruction. - The' 
double divide instruction shall be implemented by operation 
code 57 and shall perform as specif~ed in Appendix 30. 
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Table VI. Main Memory Address Allocation 

Relative Function 
Address 

""" 000000 

Unassigned 

000107 

"'" 
000110 CP class III interrupt address for Store P 

000111 CP class III interrupt address for Store Status "# 1 

000112 CP class III interrupt address for Store Status # 2 

000113 CP class III interrupt address for Store RIC Lower 

000114 CP class III interrupt address for Load P 

000115 " CP class III interrupt address for Load Status # 1 

000116 CP class III interrupt address for Load Status # 2 

000117 CP class III interrupt address for Store RIC Upper 

000120 CP class II interrupt address for Store P 

000121 CP class II interrupt address "for Store Status # 1 

000122 CP class II interrupt " address for Store Status # 2 

000123 CP class II interrupt address for Store RIC Lower 

000124 CP class II interrupt address for Load P 

000125 CP class II interrupt address for Load Status # 1 

000126 CP class II interrupt address for Load Status # 2 

000127 CP class II interrupt address for Store RIC Upper 

000130 CP class I interrupt address for Store P 

000131 CP class I interrupt address for Store Status # 1 

000132 CP class I interrupt address for Store Status # 2 
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Relative 
Address 

000133 

000134 

000135 

000136 

000137 

000140 

000141 

OOOlLJ 2 

000176 

000177 

000200 

000201 

000202 

000203 

000204 

000205 

000206 

000207 

000210 

000211 

000212 

000213 

000214 

000215 

000216 

000217 

000220 

177777 
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Table VI. (Continued) 

Function 

CP class I interrupt address for Store RTC Lower 
CP class I interrupt address for Load P 

CP class I interrupt address for Load Status # 1 

CP class I interrupt address for Load Status # 2 

CP class I interrupt address for Store RTC Upper 
10 Command Cell Location 1 

10 Command Cell Location 2. 

J Unassigned 

Absolute address used with Auto Start Function 

Channel 0 EI Interrupt Storage 

Channel 1 EI Interrupt Storage 

Channel 2 EI Interrupt Storage 

Channel 3 EI Interrupt Storage 

Channel 4 EI Interrupt Storage 

Channel 5 EI Interrupt Storage 
Channel 6 EI Interrupt Storage 
Chann~l 7 EI Interrupt Storage 
Channel 10 EI Interrupt Storage 

Channel 11 EI Interrupt. Storage 

Channel 12 EI Int~rrupt Storage 
Channel 13 EI Interrupt Storage 

Channel 14 EI Interrupt Storage 

Channel 15 EI Interrupt Storage 

Channel 16 EI Interrupt Storage 

Channel 17 EI Interrupt Storage 

1 Unassigned 
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3.4.5.1 I/O channel characteristics. - The DPS shall 
provide asynchronous parallel I/O channels, expandable in groups 
of four channels (0-3, 4-7, etc.), to a possible total of 16 
parallel I/O channels. Except that the NTDS serial channels shall 
be as specified in 3.4.5.4.3, the DPS shall provide serial chan­
nels, expandable in groups of two channels (0-1, 2-3, etc.), to a 
possible total of 16 channels. A mixture of both types shall be 
possible, within the constraints specified herein, to a total of 
16 channels. Channels in any incremental group, both serial and 
parallel, shall be of only one type as specified in the following 
paragraphs and in the procurement document (see 6.1). 

3.4.5.2 I/O control memory. - Each Input/Output channel 
shall have 16 words of program addressable control memory assigned 
as specified in figure 10. 

3.4.5.2.1 BCW definitition. - The contents of the fields of 
the Buffer Control Word (seW) control memory locations shall 
define the parallel and serial data transfers on the corresponding 
channel, as specified in the following subparagraphs. 

3.4.5.2.1.1 Transfer mode (TM). - These hits shall specify 
I/O channel word length for external function, input data, and 
data transfers, as specified in figure 11. 
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Location 
Within 
Channel Register 

·0 Buffer Word Control ] 1 Buffer Address Pointer 
Input BCW 

2 Input Chain Address Pointer 

3 Unassigned 

.4 Buffer Word Control ] 
5 Buffer Address Pointer 

Output BCW 

6 Output Chain Address Pointer 

7 Unassigned 

o 10 Monitor Register 

11 Suppress Register 
12 Serial Mode Information 

13-17 Unassigned 

Figure 10. I/O Control Memory Locations 
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15 14 13 12 11 ...... 1----..... oj 
Buffer Word Count 

Byte Pointer (B) 

o = Upper byte (bits 15-8) 
1 = Lower byte (bits 7-0) 

Not used 

Transfer Mode (TM) 
00 = abort transfer (input data only) 

01 = byte (8-bit) 
10 = single length (16-bit) 
11 = dual channel (32-bit) (parallel and 

NTDS serial only) 

Figure 11. Buffer Word Control Format 

15 ..... 1---....... 7 6 5 4 3 2 1 0 I 

Not used 

Character size 
00 = 5 bit character 
01 = 6 bit character 
10 = 7 bit character 
11 = 8 bit character 

Parity select 
o == odd parity 
1 == even parity 

Parity enable 
o ~ disable parity 
1 = enable parity 

Stop bits (asynchronous only) 
o = one stop bit 
1 = two stop bit 

Asynchronous clock speed select 
(00 lowest to 11 highest) 
00 
01 
10 
11 

Figure 12. Serial Mode Information 
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3.4.5.2.1.2 Byte pointer (B). - When performing 8-bit 
(byte) transfers, this bit shall specify which byte of the 
memory location specified by the BCW shall .be used f or the 
next transfer, ~s specified in figure 11. This bit shall 
change state after each data transfer, but shall only be inter­
preted for byte transfers. All bytes transferred on the I/O 
channels shall be in data bits 7-0 of the channel interface. 

3.4.5.2.1.3 Buffer word count. - These bits shall specify 
the number of bytes, single length words, or double length words 
to be transferred during the selected input data, output data, 
or output external function operations. The contents of the 
buffer word count shall be decremented by one for each transfer. 
An initial buffer word count of zero (0000) shall specify a 
maximum number of transfers (4096). An initial buffer word ~ount not 
equal to zero shall specify the number of transfers (001 = 1 
transfer). The buffer shall terminate when the buffer word 
count has been decremented to zero. 

3.4.5.2.1.4 Buffer address pointer. - This word shall 
specify the memory address for the next input d~ta, output data, 
or output external function transfer. For byte operation, the 
contents shall be incremented by one whenever the byte pointer 
bit changes from 1 to O. For single length operation, the 
contents shall be incremented by one for each transfer. For 
double length operation the contents shall be incremented by 2. 

3.4.5.2.2 Serial mode information. - The contents of the 
fields of the serial mode information control memory locations 
shall define the serial data transfers on the corresponding 
channel as specified in figure 12 for MIL-STD-188.or RS-232, 
and as specified in· figure 13 for Variable Character Length 
Synchronous (VACALES) mode. . 
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Not used 

3 2 1 01 

'Not 
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Parity select 
0 = odd parity 

1 = even parity 

Parity enable 
0 = disable pari ty 

1 = enable parity 

Character size 
0000 = 1 bit/character 

1111 = 16 bits/character 

Figure 13. VACALES Mode Format 
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3.4.5.3 Parallel I/O channels. - The parallel I/O channels 
shall be a pluggable option, and shall operate in duplex (full 
duplex) mode which shall allow transmission in both directions 
simultaneously. The parallel I/O channels shall operate in 
single (16-bit) channel or dual (32-bit) channel modes. Both 
single and dual channels shall be capable of operation in the 
intercomputer or normal modes. Dual channels shall be capable 
of operation in the Externally Specified Addressing (ESA) mode. 
Parallel I/O channel transfer operations shall be in accordance 
with the sequence specified in Specification DS 4772. Input 
data, output data, and external function transfers shall be 
specified by the currently active BCW for an I/O channel. Ex­
ternal interrupt inputs shall be stored at assigned memory . 
addresses. Each parallel I/O channel shall have the interface 
lines as specified in figure 14. The interface shall be the 
-3V, -15V, or +3.5V type in accordance with Specification DS 4772 
and as specified by the procurement document (see 6.1). The 
parallel data transfer rate shall be as specified in table VII. 
The parallel channels shall be under control of the I/O control 
memory words. 
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*13-16 (4 

** 1-4 (2 

** 5-8 (4 

group) 

groups) 

groups) 

groups) 

groups) 

groups) 

Table VII. Parallel I/O Channel Transfer Rates 

Input or Output Transfer Rates 
(16-bit wds/sec or 8-bit wds/sec 
when in byte mode) 
Normal Channel 
and IC Channel 
-3V, +3.5V (DS 
4772) Interface 

190,000 

~44,OOO Input 
33,000 Output 

570,000 

K889,OOO Input 
666,000 Output 

Normal Channel, 
IC Channel, and 
PIC -15V (DS 
4772) Interface 

41,600 

83,300 

125,000 

167,000 

I 

Input or Output Transfer 
Rates (32-bit wds/sec) 

Dual Channel, 
ESA Channel, 
and 32-bit IC 
Channel -3V, 
+3.5V (DS 
4772) Interface 

167,000 

380,000 

Dual Channel, 
ESA Channel, 
and 32-bit IC 
Channel -15V 
(DS 4772) 
Interface 

40,500 

81,000 

NOTE: The specified transfer rates are maximum with ideal conditions for the 
specified number of active input channels or output channels. With both 
input channels and output channels active, the ideal maximum would be 
1.75 x transfer rate per number of groups active for the specified 
number of channels up to a maximum limit of 1,000,000 16-bit words/second 
transferred. The 32-bit rates are slower due to an additional 750 ns 
needed for each word to transfer the additional 16-bits to and from 
memory. 
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I/O Channel 

output 
channel 

input 
channel 

UDI-596B 22/31-02 9/63 

External Function Request 
..... -

External Function Acknowledge 

_ Output Data Request -
Output Data Acknowledqe 
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Peripheral 
Equipment 

Output data (16) ... 
,~~~~--~--~~~---------------~~ 

;-' ... External Interrupt Request -
External Interrupt Enable .... ... 

_ Input Data Request -
Input Data Acknowledge .. 

__ Input data (16) -

Figure .14. Parallel I/O Channel Interface 
for Normal Mode 
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3.4.5.3.1 Dual channel operation. - The DPS shall perform 
32-bit tran~fers using two I/O channels simultaneously (n, n+4) 
when the following conditions are satisfied: 

a. A jumper plug, wired in accordance with 
table 10-VIII, Appendix 10, shall be re­
quired to be plugged into both the input 
and output connectors on channel n+4. 

b. The dual channel mode selector card shall be 
required to be wired to enable the dual channel 
mode. 

c. The two channels which shall operate as a dual 
channel shall be corresponding channels in con­
secutive 4-channel groups.* Channel n shall be 
required to be in channel group 0 or 2. The 
daul channel interface shall be the channel n 
jack and shall include all 32 data lines and all 
control signals, channel n+4 control shall be 
disabled. Both channel groups shall be required 
to have the same interface voltage. For each 
input data, output data or external function trans­
fer, data transfers at the dual channels shall use 
2 adjacent memory locations as follows: channel n 
shall use address Y+l and channel n+4 shall use 
address Y, where Y is the address as specified 
in the BCW. Y shall be required to bean even 
number and shall contain the 16 most significant 
bits of the double length word; Y+l shall contain 
the 16 least significant bits. 

d. The transfer mode, TM, designator in the BCW 
shall specify 32-bit transfeis. Channels to 
have dual channel operation shall be required 
to be specified on the procurement document 
(see 6.1). 

* Group 0 contains channels 0, 1, 2, 3 
Group 1 contains channels 4, 5, 6, 7 
Group 2 contains channels 8 f 9~ 10,11 
Group 3 contains channels 12, 13, 14, 15 
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3.4.5.3.1.1 ESA mode operation. - Dual channels shall be 
capable of operating in the ESA mode to send or receive data on a 
word-by-word basis. The peripheral device shall specify an 
address for each output requested and input word sent. 

For output, the peripheral device shall place the address on the 
lower 16 bits of the input channel and signal via the Output Data 
Request line of the output channel. The DPS shall place the 32 
bits of data from the requested memory address on the output 
channel and send an Output Acknowledge. 

For input, the peripheral device shall place the data information 
on the high-order 16 data lines and the address on the low-order 
16 data lines and signal via the Input Data Request line, respec­
tively, of the input channel. The DPS shall store the 32 data 
lines (data and address) at the requested memory address and send 
an Input Acknowledge. The transfers shall be deactivated by the 
DPS executing a 70 RR instruction with an m designator of 0 to 10 
by normal buffer termination. Channels to have ESA operation shall 
be required to have the mode selector card wired to select the 
ESA mode. ESA channels shall be required to be specified in the 
procurement document (see 6.1). . 

For External Interrupt or External Function transfers, normal dual 
channel operation shall occur. 

3.4.5.3.2 Intercomputer mode. - Parallel channels shall be 
capable of being modified to operate in the intercomputer mode 
as specified in Specification DS 4772 and figure 15. Unless 
otherwise specified in the procurement document (see 6.1), the 
DPS I/O channels shall be provided with the normal buffer mode 
of operation. 

3.4.5.3.3 Peripheral input channel. - The peripheral input 
channel (PIC) option shall enable a DPS parallel input channel 
to accept data from a normal computer output channel. The PIC 
shall accept data in two modes; input data mode, and external­
interrupt mode. In the input data mode, the PIC shall accept 
output data from an output device that meets the requirements of 
a normal computer output channel as specified in Specification 
DS 4772. The DPS shall have four PIC's maximum. The PIC shall 
be the lowest number channel of a four channel group (channel 
0, 4, 8 or 12). The PIC option and channel numbers shall be re­
quired to be specified in the procurement document (see 6.1). The 
PIC shall interface with an output device as specified in figure 
15. The PIC shall not change any other functions of the I/O 
channels specified herein. The PIC shall provide NTDS Slow (-15V) 
type interface in accordance with Specification DS 4772. The 
output channel corresponding to the PIC shall operate in the 
intercomputer or normal modes as specified by Specification 
DS 4772. 
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+ DPS External I External Computer 
Interrupt Function : 

Request Line I Acknowledge Line -- .. "", 

External I External 
Interrupt 

I 
Function 

Enable Line Request Line --
I Input Data Output Normal 

PIC < Request Line I Acknowledge Line )-Output 
(Input) - Channel - I Input Output Data 

Acknowledge Line I Request Line .. -I Input Data Output Data 
Lines (16) I Lines (19) ~ -- .L 

External T 
*External 

Function I Interrupt 

-- Request Line I Enable Line 
",.. - """I 

External Function I External Interrupt 
Acknowledge Line t Request Line .. - Normal 

IC I Input Data Input 
Channel Ready Line I Request Line Channel 

. -< ..... 
>-(Output) -

I Input 
Resume Line I Acknowledge Line --
Output t Input 

"-
Data Lines (16) , Data Lines (16) .. -I 

* Not all computers have an External Interrupt Enable Line. 

Figure 15. Peripheral Input Channel Interface and· 
IC Channel Interface 

SYMBOL 
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3.4.5.3.3.1 Input data mode. - When the output device has 
data available, the transfer of data to the PIC shall be as follows: 

a. The input buffer of the PIC shall be required to 
be activated by the program. When the input buffer 
is active, the PIC shall set the Input 
Acknowledge line. 

b. The output device shall be required to place a 
data word on the Input Data lines to the PIC. 

c. The output device shall be required to set the 
Output Acknowledge line to th~ PIC. 

d. The PIC shall detect the setting of the Input 
Data Request line. 

e. The PIC shall accept the data word on the Input Data 
lines and clear the Input Acknowledge line. 

f~ In accordance with internal priorities, the DPS shall 
store the data word at the memory address as specified 
in the BCW and, if the buffer is still active, set 
the Input Acknowledge line. 

The PIC and the output device shall repeat steps a through f until 
the transfer of the data words specified by the BCW is complete. 

3.4.5.3.3.2 External Interrupt Mode. - When the output device 
has an external interrupt word available, the transfer of the ex­
ternal interrupt word to the PIC shall be as follows: 

a. When the DPS is ready to accept an external interrupt 
word, the PIC shall set the Ext~rnal Interrupt Enable 
line as required by the program~ 

b. The output device shall be required to place an ex­
ternal interrupt word on the Input Data lines to 
the PIC. 

c. The output device shall be required to set the 
External Interrupt Request line to the PIC by setting 
the External Function Acknowledge line. 

d. The PIC shall detect the setting of the External 
Interrupt Request. 

e. The PIC shall accept the external interrupt word 
on the Input Data lines, and clear the External 
Interrupt Enable line. 

f. In accordance with internal priorities, the DPS shall 
store the external interrupt word at the assigned 
external interrupt storage address as specified herein . 
Additional external interrupts shall be accepted on 
the PIC by repeating steps a through f. 
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3.4.5.4 Serial I/O channel~. - The DPS shallba capable of 
operating wi th four types of serial I/O cha'nnels which are re­
quired to be selected in the procurement document (see 6.1). 

a. MIL-STD-188 
b. RS-232 
c. NTDS (32 bit) 

d. VACALES 

Ihe serial channels shall be under control of words stored in 
control memory as specified herein. 

3.4.5.4.1 MIL-STD-188 I/O. - The MIL-STD-188 serial data 
channels shall be a pluggable option, in groups of two 
full duplex I/O channels. Either syhchronous or asynchronous 
serial channels shall be allowed. The channel interface shall 
be in accordance with MIL-STD-188, with the physical and elec­
trical interface as specified in Specification SB-I0631. All 
interface lines of one channel shall be in one interface con­
nector. Each channel shall be capable of internal loopback 
testing under program control. 

SYMBOL 

3.4.5.4.1.1 Synchronous modulation rates. - The MIL-STD-188 
synchronous channels shall have the capabilities of modulation 
rates up to 9600 bits/sec. 

3.4.5.4.1.2 Asynchronous modulation rates. - The MIL-SID-188 
asynchronous channels shall have capabilities of 6 possible modu­
lation rates (75, 150, 300,600,1200, and 2400 bits/sec), only four 
of which shall be available per 2-channel group and shall be re­
quired to be specified in the procurement document (see 6.1). 
Anyone of these four rates shall then be selectable under pro­
gram control for each channel. 

3.4.5.4.1.3 Synchronous character size. - The MIL-SID-188 
synchronous channels shall have 5, 6, 7, or 8 level characters 
selectable under program control. The parity bit shall be pro­
grim selectable, and if used, shall be included in the character 
interval. 

3.4.5.4.1.4 Asynchronous character size. - The MIL-SID-18B 
asynchronous channels shall have 5, 6, 7, or 8 level characters 
selectable under program control. The parity bit shall be pro­
gram selectable, and if used, shall be included in the character 
interval. Each character shall have added to its interval a' 
start bit, and under program control, one or two stop bits. 
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3.4.5.4.1.5 MIL-SID-188 interrupt. - Ihe MIL-SID-188 serial 
interrupt word shall be as specified in figure 16. Bits 8, 9, 
and 10 shall be the orily bits interpreted. Any of the events 
specified shall set the Class III external interrupt and the DPS 
shall store the interrupt: word at the assigned address. 

15~11 10 9 8 7 ..... 01 

Unassigned 

1 = B Discrete turned on 

1 = C Discrete turned off 

1 = I Discrete turned on 

Unassigned 

Figure 16. MIL-SID-188 Interrupt Word Format 

3.4.5.4.2 RS~232 serial I/O. - The RS-232 serial data chan­
nels shall be a pluggable option, jn groups of two full 
duplex I/O channels, Either synchronous or asynchronous serial 
channels shall be allowed'. The channel iriterface shall be in 
accordance with EIA RS-232 with the physic~l ~ndelectrical inter­
face as specified in Specification SB-10631. All interface lines 
of one cnannel shall be in one interface connector. Each channel 

,shall, be capable of internal loopback testing under program control. 

3.4.5.4.2.1 Synchronous modulationrates.- The synchronous 
channels shall have the capabilities of modulation rates up 
to 9600 bits/sec. ' 

3.4.5.4 .. 2.2 Asynchronous modulation 'rates. - The RS-232 
asynchronous channels shall have capabilities of 6 possible 
modulation rates (75, 150, 300, 600, 1200, and 2400 bits/sec), 
only four of which shall be available per2-channel group and 
shall be required to be specified in the procurement document 
(see 6.1). Anyone of these four rates shall then be selectable 
under progxam control for each channel. 

3.4.5.4.2.3 Synchronous character size. - The RS-232 
synchronous channels shall have 5, 6, 7, or 8 level characters 
selectable under program control. Ihe parity bit shall be 
program selectable, and if used, shall be included in the 
character interval. 
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3.4.5.4.2.4 Asynchronous character size. - The RS-232 
asynchronous channels shall have 5, 6, 7, or 8 level characters 
selectable under program control. The parity bit shall be pro­
gram selectable, and if used, shall be included in the character 
interval~ Each character shall have added to its interval a 
start bit, and under program control, one or two stop bits. 

3.4.5.4.2.5 RS 232 interrupt. - The RS 232 serial interrupt 
word shall be as specified in figure 17. Bits 8 and 9 shall be 
the only bits interpreted. Any of the events specified shall set 
the Class III external interrupt and the computer shall store the 
interrupt word at the assigned address. 

RS-232 serial interface 

15-- ~lO 9 8 7" ... 0 1 
Unassigned 

1 = Ring Indicator on 

1 = Received Line Signal 
Detector off 

Unassigned 

Figure 17~ RS 232 Interrupt Word Format 

3.4.5.4.3 NTDS serial I/O -The NTDS serial data channels 
shall be a pluggable option providing full duplex I/O transfers. 
Each group shall consist of an output channel and an input channel 
(see figure lS). The output channel shall use one cable connected 
at the even-numbered output channel location. The input channel 
shall use one cable connected at the even numbered input channel 
location. The odd-numbered I/O channel connector locations shall 
not be used. Except that the connectors shall be as specified in 
Appendix 10, the channel ~hall be in accordance with Specification 
SB-l2407. Both the output channel and the input channel shall 
transfer 32 bits of data along with sync bit, identifier bit, 
and control frames. Each 32 bit word shall contain 32, 16, or 8 
bits of significant data, as specified by the TM field of the BeW . 
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Peripheral Equipment 

Signal and return 

----.---

Signal and return 
f----.--.---- -------____________ _ 

Figure 18. NTDS Serial I/O Channels 

3.4.5.4.3.1 NTDS serial output transfers. - The DPS shall 
continually interrograte the peripheral equipment on each NTDS 
serial output channel by sending ~utput enable control frames 
(OECF) with output data enable and external function enable 
bits set to the peripheral equipment. The peripheral equipment 
shall respond with an output request control frame (ORCF). If 
the DPS has an active output buffer corresponding to its OECF, 
the DPS in accordance with internal priorities, shall send a 
32-bit output or external function word to the peripheral equip­
ment. If the DPS did not have an active output ~uffer corres- : 
ponding to its OECF, another OECF from the DPS and another ORCF 
from the peripheral equipment sh~ll occur. All output control 
frames and output data shall be transferred on the output 
channel cable. Each 32-bit output word transferred shall 
be accompanied by an OECF and an ORCF. 

3.4.5.4.3.2 NTDS serial input transfers. - The peripheral 
equipment shall be required to interrograte the DPS 
on each NTDS serial input channel by sendlng input request control 
frames (IRCF) with input data request and external interrupt request 
bits set to the DPS. The DPS shall respond with an input enable 
control frame (IEeF). If the DPS is ready to receive a 32-bit 
input or interrupt word, the peripheral equipment 'shall send the 
word if ready. If the peripheral equipment did not have data 
corresponding with the IECF from the DPS, another IRCF from the 
peripheral equipment and another IECF from the DPS shall occur. 
All input control frames and input data shall be transferred 'on 
the input channel cable. Each 32-bit input word transferred shall 
be accompanied by an IRCF and an IECF . 
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3.4.5.4.3.3 NTDS serial I/O timing. - All NTDS serial I/O 
timing shall be in accordance with Specification SB-12407. In 
the case of output, if ideal data transfers occur, the DPS shall 
transfer each 32-bit word, along with the reauired OECF, every 8 
usec nominal for an effective-data transfer rate of 125,000 words/ 
second (32-bit words). 

3.4.5.4.4 VACALES serial I/O. - The VACALES serial data 
channels .shall be a pluggable option in groups of four full 
duplex I/O channels. Except as specified herein, the channel 
interface shall meet the physical, functional, and electrical 
requirements specified for a MIL-STD-188 synchronous interface 
as specified in Specification SB-I0631. 

3.4.5.4.4.1 Modulation rates. - The VACALES channels shall 
have the capabilities of modulation rates up to 10,000 bits/second. 

3.4.5.4.4.2 Character size. - The VACALES channels shall 
have character lengths of from one bit per character through 
16 bits per character selectable under program control. The 
parity bit shall be program selectable, and if used, shall be 
included in the character size. 

3.4.5.4.4.3 Interrupt word. - The VACALES channels interrupt 
word shall be as specified in figure 19. Bits 8 through 12 shall 
be the only bits interpreted. Any of the events specified shall 
set the CIa ss III interrupt and the DPS shall store' the inter­
rupt word at the assigned address. 

15 ........ 13 12 11 10 9 8 7~ .0 J 

Not, used 

Not used L..-.------------__ ---1 

Discrete Bturned on 
Carrier Detect turned off 

Alarm Indicate turned on 
Sync Error turned on 

Transmit Full On turned off 

Figure 19. VACALES Interrupt Word Format 
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ro ram control. - I/O operations shall 
~~~--~~~~------~-----be a instructions of the DPS instruction 

repertoire. The DPS shall execute the I/O instructions using the 
operations specified in the following subparagraphs. 

3.4.5.5.1 Command operations. - The DPS shall be capable of 
executing I/O instructions designated command as follows: 

a. The DPS shall execute a 35 RR instruction as 
part of the normal program sequence. 

b. The action of the 35 RR instruction shall be to 
direct the DPS to execute a command I/O instruc­
tion stored at memory addresses 000140 and 
000141. 

c. The DPS shall clear bits 14 and 15 of the 
contents of relative address 000140 after 
executing the contents of that address be­
fore resuming the normal program sequence.' 
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3.4~5.5.2 Chaining operations. - The DPS shall enable 
chaining for an input or output channel when the DPS executes an 
Initiate Chain (71RK) command instruction. Chalning means that 
the chain address pointer, within I/O control memory, shall ad­
dress a program which shall control the operations of the channel. 
The DPS shall be capable of executing I/O instructions designated 
chaining as follows: . 

a. The DPS shall obtain the instruction from the 
memory location specified by the contents of the 
chain address pointer CM location and shall in­
crement by 1 (single length instructLon) or 2 
(double length instruction) the chain address 
pointer for each chaining instruction executed. 

b. The DPS shall execute the chaining instruction. 
A chaining instruction shall perform operations 
only for the channel corresponding to the chain 
address pointer referencing the instruction. 

c. The DPS shall repeat (a) and (b) for each chain­
ing instruction until chaining terminates. 
Chaining shall terminate under program control 
(instructions 73 RR a=O, 70 RR a=O or 10). 

3.4.5.5.3 Channel priority. - The DPS shall do eithex a CP 
operation or an IOC related operation at anyone time (CP and IOC 
share the memory interface and the microprogrammed cohtroller). 
CP related operations shall be performed on a lower priority 
than IOC related operations. I/O channel related operations shall 
be performed according to channel priority first and function 
priority second. Channel priority shall be in order from channel 
15 highest to channel 0 lowest. Channel functionpr~ority for 
parallel channels and NTDS serial channels shall be highest to 
lowest as follows: ' 

a. External interrupt input 

b. Output buffer (OD or EF) 

c. Input buffer (ID or EF) 

Channel function priority for RS-232 channels ,and MIL-STD-1SS 
channels shall be highest to lowest as follows: 

a. Input data 

b. Output data 

c.External interrupt data 
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3.4.6 Addressable register~. - The registers as specified 
in the following subparagraphs shall be addressable foi the 
specified operations. . 

. 3.4.6.1 General registers. - The DPS shall have one 
general register set with an option (see 6.1) for a second set. 
Each general register set shall consist of sixteen 16-bit 
registers. designated RO through R17 (octal). Each R register 
shall be capable of being used as an accumulator for arithmetic, 
shift and logical functions, an index register for address and 
operand modification, and as temporary storage. The R registers 
shall be addressable by designators of the instruction words. 
Each instruction that requires a reference to an R register shall 
define the use of the register for that instruction. Only one 
set of R registers shall be active at anyone time as selected 
by bit 14 of Status Register 1. 

3.4.6.2 Program address register. - The DPS 'shall have a 
program address register designated P. The contents of P shall 
specify the address of the next instruction. The DPS shall 
increment by one the contents of P for each single length instruc­
tion and shall increment by two the contents of P for each double 
length instruction. Instructions which cause program jumps shjll 
enter P with the address of the instruction to which program con­
trol is transferred~ When the operations specified by the current 
instruction are completed, the contents of P shall then be used 
to obtain the next instruction. 

3.4.6.3 Page registers. - The DPS shall have 64 page 
registers containing the"base address formemory'locations. All 
memory references shall be relative to the fixed base contained 
in a page register. The page registers shall be capable of 
modification under program control. 

3.4.6.4 Breakpoint register. - The DPS shall have a break­
point register, which shall contain an address which shall be 
used as a relative address. If the breakpoint read stop on the 
maintenance panel is enabled, the DPS shall stop after reading 
data from the address specified by the breakpoin~ register. If 
the breakpoint write stop on the maintenance panel is enabled, 
the DPS shall stop after writing data into the address speci­
fied by the breakpoint register. The DPS shall stop after com­
pleting the instruction being executed when breakpoint occurred. 
Loading the breakpoint register shall be under manual control 
through the maintenance panel interface. Except that breakpoint 
shall sense only the even-addressed memory reference for these 
two-word operations: double.,..length operands, or ESA data; the 
bre?kpoint register shall sense all memory references including 
input data, output data, and indirect addresses. 
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3.4.6.5 Status registers. - The DPS shall have status 
registers designated Status Register 1 and Status Register 2. 
The DPS shall use Status Register 1 as specified in figure 20 
and Status Register 2 as specified in figure 21. 

3.4.6.6 Realtime clock (RTC) register. - The DPS shall 
have a 32-bit RTC register. The contents of the RTC register 
shall increment at the frequency of the clock source. The DPS 
shall generate the RTC OVerflow interrupt when the lower 16 
bits of the RTC register change from all ones to all zeros. 
Loading the RTC register and enabling and disabling the incre­
menting sequence and enabling and disabling the RTC interrupt 
shall be under program control using instruction 03RR. When 
enabled, the RTC shall increment only when the DPS is executing 
instructions in the run mode. 

3.4.6.7 Monitor Clock register. - The DPS shall have a 
16-bit Monitor Clock register. When enabled, the contents of 
the Monitor Clock register shall decrement at the frequency of 
the clock source. The DPS shall generate the Monitor Clock 
interrupt and disable the Monitor Clock when the contents of 
the Monitor Clock equal zero. Loading the Monitor Clock regis­
ter and enabling and disabling the decrementing 'sequence shall 
be under program control using instruction 03RR. When enabled, 
the Monitor Clock register shall decrement only when the DPS is 
executing instructions in the run mode. 

3.4.7 Clock source. - The DPS shall have an internal clock 
source and shall accept signals from an external clock source to 
provide increment timing for the RTC register and decrement 
timing for the Monitor Clock register. Whether the internal or 
the external source shall furnish the timing shall be under 
control of a maintenance panel switch. A'RTC disable switch 
shall be provided on the maintenance panel, which shall override 
the RTC programmed enable. 

3.4.7.1 Internal clock source. - The DPS shall have an 
internal clock source with a frequency of 1000 Hz with an 
accuracy of not less than + 1 count per 10 seconds. 

3.4.7.2 External clock source. - The DPS shall accept 
signals from an external clock source with a frequency of from 
o to 50 kHz. The clock receiver shall have 'the characteristics 
specified in Specification DS 4772 for -3V interface receivers • 
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 I 
o = DMA locked out 

1 = DMA enabled 

Interrupt lockout designators: 
bit 1 = Class III 
bit 2 = Class II 
bit 3 = Class I 

A bit cleared shall mean the inter­
rupts in that class are locked out. 

Not used 

o = Round the floating point results. 

1 = Provide floating point residue. 

o = Set floating point interrupt on over­
flow or underflow. 

1 = Do not interrupt on floating point over­
flow or underflow. 

Condition code designator; the condition of 
these bits shall specify the result of arith­
metic and compare instructions as specified in 
table IV and as specified in Appendix 40. 

Overflow designator; this bit shall set when ~n 
arithmetic or shift operation produces a result 
which requires more bits than provided in the 
register and as specified in Appendix 40. 

Carry designator; this designator shall set when an 
arithmetic operation generates a carry out of the 
most significan~ bit in the register" and as specified 
in Appendix 40. 

NDRO Mode: The condition of this bit shall select access 
to NORO memory. 

o = Select NDRO memory 
1 = Select main memory 

Not used 

o = General Register set 0 (standard set) 

1 = General Register set 1 (optional set) 

Not used 

Figure 20. Status Register # 1 
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Illegal IOC Instruction Interrupt* 
Memory Resume Interrupt** or 

Indirect control bits for Rm = 10 
00 Normal addressing 
01 Normal addressing 

10 Indirect addressing 
11 Indirect addressing with indexing 

Indirect control bits for Rm = 12 
(interpret same as Rm = 10) 

Indirect control bits for Rm = 14 
(interpret same as Rm = 10) 

Indirect control bits for Rm = 16 
(interpret same as Rm = 10) 

*I11ega1 IOC Instruc­
tion Interrupt **Memory Resume Interrupt 

7 654 

Command instruction 
o 0 0 0 1 

Chain instruction ._----

o 

1 0 

o = input chain 
1 = output chain 

Channel number (octal) 

7 

1 

6 5 4 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 

1 1 1 

Fig u r e 21 • S tat us Reg i s t e r # 2 

3 2 1 01 

0 0 1 0 

Module 1 
... 

Module 2 
Module 3 

Module 4 8K 
~ Modules 

Module 5 of Mem-
Module 6 ory 

Module 7 

Module 8 J 
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3.4.8 Interrupts. - The DPS shall have an interrupt 
structure which shall permit the suspension of the normal 
program sequence to perform special 'functions related to the 
type of interrupt present. Interrupt processing shall be 
dependent on a priority network. Interrupts shall be assigned 
priority in order of importance. The action of an interrupt 
shall be to store pertinent data to allow resuming normal pro­
gram operation from point of interruption and to transfer con­
trol to an instruction located at an address corresponding to 
the. interrupt. 

The interrupt priority and the events causing interrupts shall 
be as specified in table VIII. The interrupts shall be grouped 
in three classes with,decreasing priority as follows: Class I, 
Class II, Class III. 

If two or more interrupts occur simultaneously, the DPS 
shall process the interrupt with higher priority. 

3.4.8.1 Interrupt processing. - When an interrupt has 
priority,processing of that interrupt shall be as follows: 

a. Terminate the current program sequence. 
Lockout all interrupts during the 
following operations: b, c, and d. 

b. Store the contents of P, STATUS registers 
#1 and #2, and the RTC register at assigned 

'memory addresses. 

c. Load STATUS registers #1 and #2 with the 
contents of the assigned memory addresses. 

d. Load the P register with the interrupt 
entrance address. 

e. Enable honoring interrupts not locked out. 

f. Execute the instruction at the interrupt 
entrance address . 
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Table VIII. Interrupt Priority 

Priority 
Within 
Class 

1 

2 

3 

4 

5 

6 

7 

8 

* 1 

* 2 

3 

4 

Interrupt 

Power Fault. No lockout. 

Memory resume; generated when the 
memory fails to acknowledge a request 
within 12 usec. The interrupt is 
lost if Class I lockout is set. 

Interrupt 
Code 

(binary) 

000 

001 

Unassigned 010 

Unassigned 011 

Unassigned 100 

Unassigned 101 

Unassigned 110 

Unassigned III 

CP Instruction Fault: generated 000 
when the CP attempts to execute an 
instruction with an unused operation 
code or 7X instruction of any kind. 
No lockout. 

IOC Instruction Fault: generated 
when the IOC attempts to execute an 
instruction with an unassigned oper-
ation code or any instruction other 
than 7X. If the instruction is an 
I/O chain instruction~ terminate the 
chain. No lockout. 
Floating Point (optional): gener­
ated contingent upon bit 7 of Status 
Register 1, whenever a floating 
point overflow or underflow occurs. 
No operation if Class II lockout is 
. set. 

Executive Return: generated when 
the DPS executes the 03RR m=O 
instruction. No operation if 
Class II lockout is set . 

001 

010 

all 

*Sets Program· Fault indicators on maintenance and control panels. 
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Iable VIII. Interrupt Priority (Continued) 

Priority 
Within 
Class Interrupt 

5 RIC Overflow: generated when the 
contents of bits 0 through 15 of 
the RIC register increments from 
all ones to all zeros. One level 
of queuing. 

6 Monitor Clock: generated when the 
contents of the Monitor Clock 
register equals zero. One level 
of queuing. 

*** 1 Intercomputer time out: generated 
when the sending DPS fails to 
receive a resume from a receiving 
computer within the allotted 

** , 

time after sending an output or 
external function word. 

*** 2 External Device Interrupt: 
generated. when the DPS ha~ stored 
an External Interrupt word. 

*** 3 Output Chain: I/OMonitor 
Interrupt: generated when the 
DPS executes the 73 RR a= 1 
instruction from an output chain. 

*** 4 Input Chain: I/O Monitor 
Interrupt: generated when the 
DPS executes the 73 RR a = 1 
instruction from an input chain. 

Interrupt 
Code 

(binary) 

100 

101 

11 

00 

10 

01 

**If RS-232, MIL-STD-188,or VACALES Serial interface, this shall 
indicate a discrete interrupt. . 

*** The Ie timeout interrupt has one level of queuing per channel 
group. All other Class III Interrupts have one level of 
queuing per channel . 
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3.4.8.2 Power fault operation. - Except that the power 
fault interrupt shall be locked out upon power up, after boot­
strap load, or after a previous power fault interrupt until load 
PSW is executed; the power fault interrupt shall occur when a 
voltage out of tolerance condition occurs. When a voltage out 
of tolerance condition occurs, the DPS shall set the power fault 
interrupt. At this time there shall be a minimum of 250 us to 
execute a power fault interrupt evaluation program before a master 
clear occurs. The power fault interrupt evaluation program should 
be a routine that stores in memory, volatile data from registers. 
The last instruction of the routine should be the Jump on Voltage 
out of Tolerance instruction with a jump address back to itself. 
If the voltage out of tolerance is only a low voltage marginal 
condition and a master clear does not occur, theDPS shall con­
tinue executing this instruction until the voltage out of toler­
ance condition is corrected. 

3.4.8.3 Intercomputer (IC) time-out interrupt. - When 
transferring either external function words or output data words 
in the IC mode, the transmitting DPS shall hold the word in its 
output register until the receiving DPS has acknowledged receipt 
of the word. If the transmitting DPS does not receive this acknow­
ledge within a specified time after the word is placed in its out­
put register, an IC time out interrupt shall be generated. The IC 
timeout interrupt shall be 256 msec to 512 msec when the RTC is 
controlled by internal timing. If the RTC is controlled by ext~rnal 
timing, the IC timeout interrupt shall be equal to the time neces­
sary for bit 8 of the RTC to change state twice. 

3.4.8.4 Interrupt entrance address generation. - The CP 
shall generate the interrupt entr~nce address dependent on the 
interrupt class as follows: 

a. Class I and II: The interrupt entrance 
address shall be the sum of the contents 
of the Load P address {from assigned 
memory} and the index as specified in 
figure 22. ' 

b. Class III: The interrupt entrance address 
shall be the sum of the contents of the 
Load P address (from assigned memory) and 
the index as specified in figure 23. 

3.4.9 Automatic start. - Tha DPS shall automatically start 
at bootstrap address 00000 when DPS power is applied and the AUTO 
START/START switch on the control panel is in the AUTO START posi­
tionor after power is restored following a Power Fault Interrupt 
and master clear when the AUTO START/START switch is in the AUTO 
START position. 
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15-------4 3 2 1 0 I 

All zeros 

o 

Value of the interrupt code as 
specified in table VIII. 

Figure 22. Class I and II Interrupt Entrance Address Index 

15------7 6 5 4' 3 2 1 01 

All zeros 

o 
Value of the interrupt code 
as specified in table VIII. 

X X X X Channel number 

Figure 23. Class III Interrupt Entrance Address Index 
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3.4.10 Control and maintenance functions. - A control panel 
and a maintenance panel shall be provided for manual operation 
and maintenance functions. The maintenance panel shall be mounted 
on the inside of the DPS access door and the control panel on the 
outside of the DPS. The controls and indicators f6r the control 
panel and maintenance panel shall be as specified herein. 

3.4.10.1 Control panel controls and indicators. - the DPS 
control panel shall provide the switches and controls specified 
in table IX. 

3.4.10.2 Maintenance panel controls and indicators. - The 
DPS maintenance panel shall provide the switches and controls 
specified in table X. 

3.4.10.3 Display select codes. - The display select codes 
shall be as specified in table XI. In addition, to select a page 
register, an output channel, or contents of an I/O control memory 
address for display; perform the following steps: 

a. Select NORMAL DSPL. 

b. Select INST REG. 

c • 

. d. 

For a page register: enter the address 
into bits 5-0 of REGISTER/DATA 
For output data: Enter·the channel number 
into A. 
For an I/O CM address: Enter the chanriel 
number into A and the word number into M. 

Set the DISPLAY NUMBER to the corresponding 
code (page, output data~ or control memory) . 
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3.4.11 Master clear~ - The DPS shall have a master clear 
capability. This capability shall: 

a. Clear the P register. 

b. Clear Status Register 1. 

c. Clear Status Register 2. 

d. Disable incrementing of the real time clock 
and decrementing of the monitor clock registers. 

e. Set bits 0 through 5 of all page registers 
equal to each respective page register address. 

f. Clear channels as specified for the 
70 RR instruction with an m-designator = O. 

g. Clear PROGRAM AND POWER FAULT indicators 
on Control and Maintenance Panels. 

h. Set outgoing control lines 5 and 6 for 
MIL-STD-ISS serial channels. Clear all 
other discrete lines for MIL-STD-ISS and 
VACALES mode serial channels. 

i. Clear all discrete lines for RS-232 serial 
channels. 

j. Select NORMAL DSPL indicator-switch on 
maintenance panel. 

k. Set the MIL-STD-ISS and RS~232 transmitters 
to the idle state (logic 1) • 
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Control Panel Controls and Indicators~--------------~ 

Identification 

CIRCUIT BREAKER 
. ON/OFF 

BLOWER POWER 
ON/OFF 

BLOWER POWER 

LOGIC POWER 
ON/OFF 

Type 

Two-position 
toggle switch 

Two-position 
toggle switch 

Indicator 

Two-position 
toggle switch 

LOGIC POWER Indicator 

POWER FAULT Indicator 

POWER FAULT CLR Two-position 
return-to-neutral 
toggle switch 

PROGRAM FAULT Indicator 

Function 

ON position enables primary 
power to the DPS. 

OFF position disables primary 
power to the DPS. 

ON position enables power to 
the D~S cooling fans 
and enables LOGIC POWER ON! 
OFF switch function. 

OFF position disables power 
to the D~S cooling fans 
and disables LOGIC POWER ON/ 
OFF switch function. 

When lit, indicates blower 
power is applied and enabled. 

ON position enables power 
to the DPS logic. 

OFF position disables power 
to the DPS logic. 

When lit, indicates logic 
power is applied and enabled. 

When lit, indicates a Power 
Fault Interrupt has occurred. 

When momentarily operated 
to the CLR position, clears 
the POWER FAULT indicators 
on both the control panel 
and the maintenance panel. 

When lit, indicates the 
DPS has attempted to 
execute an illegal CP or 
IOC instruction . 
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Table IX. Control Panel Controls and Indicators (cont.) 

o 

• 
~~\ 

Identification 

PROGRAM FAULT 
CLR 

PROG RUN 

OVER TEMP 

ALARM 

ALARM ENABLE/ 
DISABLE/TEST 

l UDI-5968 22/31-02 9/63 

Type 

Two-position 
return-to-neutral 
toggle switch 

Indicator 

Indicator 

Audible 

Three-position 
toggle switch 

Function 

When momentarily operated to 
the CLR position, clears the 
PROGRAM FAULT indicator 
on the control panel and 
the PROG FAULT indicator on 
the maintenance panel. 

When lit, indicates DPS 
is executing instructions 
in Run Mode. 

When lit, indicates DPS 
internal cabinet air tempera­
ture is within 25 0 F. of the 
maximum temperature at which 
the DP~ can operate 
without component damage. 

With the ALARM ENABLE/ 
DISABLE/TEST switch in the 
ENABLE position, when sound­
ing, indicates DPS 
internal cabinet air tempera­
ture is within 25 0 F. of the 
maximum temperature at which 
the DPS can operate 
without component damage. 

ENABLE position enables 
the audible alarm function. 

DISABLE position disables the 
audible alarm function. 

TEST position causes the 
audible alarm to s6und and 
the OVER TEMP indicator to 
light . 
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Table IX. Control Panel Controls and Indicators (cont.) 

o 

• 

Identification 

BATTLE SHORT 
ON/OFF 

BATTLE SHORT 

BOOTSTRAP 1-2 

LOAD/STOP 
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Type 

Two-position 
toggle switch. 

Indicator 

Two-position 
toggle switch. 

Three-position 
return-to-neutral 
toggle switch. 

Function 

ON position disables DPS over­
temperature shutdown function. 
uFF position enables DPS over­
temperature shutdown function. 
When lit, indicates BATTLE 
SHuRT switch is in the ON 
position. 

?osition 1 enables the 
execution of the first of 
two possible bootstrap pro­
grams in NDRO memory. 

Position 2 enables the 
execution of the second of 
two possible bootstrap 
programs in NDRO memory. 

When momentarily operated 
to the LOAD position, causes 
the D~S to execute a 
master clea~ then begin 
executing instructions from 
NDRO address 0002. 

When momentarily operated 
to the STOP position, causes 
the DPS to stop 
executing instrUctions if the 
DPS was executing 
instructions . 



o 

SPECIFICATION SHEET 

I SHEET 86 I REVISION F'-

I SPECIFICATION SYMBOL 
SB-10160 

Jable X. Maintenance Panel Indicators and Switches 

o 

• 

Identification 

PROG RUN 

POWER FAULT 

PROG FAULT 

PROGRAM STOP 

PROGRAM STOP 
l/OFF 

PROG STOP 
2!OFF 
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Type 

Indicator-switch 

Indicator-switch 

Indicator-switch 

Indicator 

Two-position 
toggle switch 

Two-position 
toggle switch 

Function 

Indicator function - When lit, 
indicates the D~~ is 
executing instructions in 
the Run mode. 

Switch function - Selects 
run condition in microstep 
mode. 

Indicator function - When lit, 
indicates a Power Fault 
Interrupt has occurred. 

Switch function - When op­
erated, clears the POWER 
FAULT indicators on both the 
control and maintenance 
panels. 

Indicator function - When lit, 
indicates the DPS has 
attempted.to execute an 
illegaJ CP or IOC instruction. 

Switch function -WhBn op­
erated, clears the PRUGRAM 
FAULT indicator on the control 
panel and the PROG FAULT indi­
cator on the maintenance panel 
When lit, indicates a program 
stop condition has been 
satisfied. 

In 1 position, causes a 
program stop when the DPS 
executes a jump instruction 
with an a value = 12. 

In 2 position, causes a pro­
gram stop when the Drs 
executes a jump instruction 
with an a value = 13. 
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Table X. Maintenance Panel Indicators and Switches (cant.) 

o 

• 

Identification 

Time meter 

DIAGNOSTIC JUMP 

DIAGNUSTIC 
DISPLAY 

PROCESSOR 
DISABLES RT CLK 
DISABLE!INT/EXT 
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Type 

4 digit, 0000 
to 9999 

Two-position 
toggle switch 

Two-position 
toggle switch 

Three-position 
toggle switch 

Function 

Indicates time in hours that 
DPS logic power has been 
applied and enabled. 

In the JUMP position, causes 
the microprogram to jump from 
the execution of the microjump 
instruction .. 

In the DISPLAY position while 
the DPS is in the Microstep 
mode. . 
a. With MICRO ADRS set, REGI­

STER/DATA displays t.he ad-
9ress of the next mlcro­
lnstruction to be executed 

b. With MICRO INSTRset,REGI­
STER/DATA displays the.mi'" 
croinstruction currently 
being executed. 

c. With NORMAL DSPL set,REGI­
STER/DATA display's the 
data on the source bus 
a~sociated~with the micro­
instruction curreritly be­
ing executed. 

DISABLE position inhibits 
incrementing of the Realtime 
Clock Register and decre­
menting of the Monitor Clock 
register. 

INT position causes the Real­
Time-Clock Register and the 
Monitor Clock registei to use 
the internal clock source 
for timing. 

EXT position causes the Real­
time Clock Register and the 
Monitor Clock register to use 
the external clock source for 
timing. 
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Table X. Maintenance Panel IndicatoIs and Switches (cont.) 

o 

o 

Identification 

PROCESSOR 
DISABLES ADV P 

PROCESSOR 
DISABLES 
INTERCMPTR 
TIME OUT 

MODE MICRO STEP 

MODE OP STEP 

MODE RUN 

DISPLAY SELECT 
CLR 
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Type 

Two-position 
toggle switch 

Two-position 
toggle switch 

Indicator-switch 

Indicator-switch 

Indicator-switch 

Pushbutton switch 

Function 

Up position inhibits incre­
menting of the P-Register 

Up position inhibits the 
occurrence of a Class III 
Intercomputer Timeout 
Interrupt. 

Indicator function - When lit, 
indicates DPS is in 
Microstep mode. 

Switch function - When op­
erated, places DPS in 
Microstep mode. 

Indicator function - When lit, 
indicates DPS is in Op Step 
Moae orin Microstep Mode to 
execute a single instruction. 
Switch function- When op~ 
erated, clears Run mode 
and enables the'Up ~tep mode. 

Indicator function - When lit, 
indicates DPS is in Run mode 
or in Microstep Mode to exe­
cute successive instructions. 
Switch function - When op­
exated, clears Op Step mode 
and enable the Run 
mode. 

When operated clears DISPLAY 
NUMBER 0 through 3 and clears 
the Microstep mode. 
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Table X. Maintenance Panel Indicators and Switches (cont.) 

. ~ 

o 

o 

Identification 

ALTER MODE 
SET/CLEAR 

REGISTER/DATA 
SET/CLR 

REGISTER/DATA 
o through 15 
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Type 

Two-position 
toggle switch 

Function 

In the SET position, 
a. causes each REGISTER/DATA 

indicator-switch to set 
when operated . 

b.causes all REGISTER/DATA 
indicator-switches to 
clear when the REGISTER/ 
DATA SET/CLR switch is 
operated. 

In the CLEAR position, 

a. causes each REGISTER/DATA 
indicator-switch to clear 
when operated. 

b. causes all REGISTER/DATA 
indicator-switches to set 
when the REGISTER/DATA 
SET/CLR switch is 
operated. 

Pusbutton switch When operated, sets or clears 
(dependent on ALTER MODE SET/ 
CLR position) REGISTER/DATA 
indicator-switches 0 through 
15 

Indicator-switches Indicator function - Display 
contents of selected register 

Switch function - Modify 
contents of selected register. 
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Table X. Maintenance Panel Indicators and Switches (cont.) 

o 

• 

Identification 

DISPLAY SELECT 
MICRO ADRS 

MICRO INSTR 

NORMAL DSPL 

INSTR REG 

GENL DSPL 

GENL REG 

DISPLAY NUMBER 
0-3 
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Type Function 

Indicator-switches Indicator function - When 
lit as specified in table XI 
indicate REGISTER/DATA is 
displaying the corresponding 
register. 

Switch function. - When op­
erated as specified in table 
XI causes REGISTER DATA to 
display the corresponding 
register contents. Operation 
of anyone of MICRO ADRS, 
MICRO INSTR, or NORMAL DSPL 
causes the other two to clear. 
Operation of anyone of INSTR 
REG, GENL DSPL, or GENL REG 
causes the other two to clear . 
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Table X. Maintenance Panel Indicators and Switches (continued) 

o 

Identification Type 

AUTO START/START Three-position 
toggle switch 

STOP 

MA CLR 

BREAK PT 
READ/OFF 

BREAK PT 
WRITE/OFF 

Two-position 
return~to-neutral 
toggle switch 

Pushbutton switch 

Two-position 
toggle 

Two-position 
toggle 
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Function 

When set to the AUTO START 
position~ causes the DPS to 
execute the instruction at 
NDRU memory address 000000 
when power is applied or 
restored. 

When momentarily operated to 
the START position, causes 
the DPS to execute in6tr~c~ 
tions in the selectBd mode. 

1· 

When operated to the STOP 
position while the DPS 
is executing instructions in 
the Run mode, causes the 
DPS to stop executing in­
structions. 

When operated while the DPS 
is not in Run·condition, 
causes the DPS to exe-
cute a Master Clear function. 

When operated while the DPS 
is in the Run mode, 
clears the FAULT indicators 
on the control and mainten­
ance panels. 

READ position causes the 
DPS to stop executing 
instructions after reading 
data from the memory address 
specified by the contents of 
the breakpoint registBr. 

WRITE position causes the 
DPS to stop executing 
instructions after writing 
data in the memory address 
specified by the contents of 
the breakpoint register. 
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100 
010 
001 
001 
001 

X X X 
X X X 
100 
010 
010 

Iabl~ XI. Display Select Codes 

DISPLAY 
NUMBER 
3 2 1 0 

x X X X 
X X X X 
X X X X 
o 0 0 0 
1 0 0 0 

000 1 
o 0 1 0 

Register Selected 

uP Register ** 
uI Register ** 
Instruction Register 
P Register 
Memory Address (P) 

Status Register 1 
Status Register 2 

001 
001 
001 
001 
001 

010 
010 
010 
010 
010 

o 0 1 1 
010 0 
010 1 

RIC Register - Lower 16 Bits 
RIC Register - Upper 16 Bits 
Breakpoint Register 

001 
001 
001 
001 
001 

001 
001 
001 
001 

001 
001 
001 
001 

001 
001 
001 
001 

001 
001 
001 
001 

010 
010 
010 
010 
010 

001 
001 
001 
001 

001 
001 
001 
001 

001 
001 
001 
001 

001 
001 
001 
001 

1 0 1 0 
o 1 1 0 
o 1 1 1 
100 1 
1 1 1 1 

o 0 a a 
o a a 1 
o a 1 0 
o a 1 1 

o 100 
010 1 
o 1 1 0 
011 1 

100 0 
100 1 
1 0 1 0 
101 1 

110 0 
110 1 
1 1 1 0 
111 1 

Monitor Clock Register 
I/O Control Memory 
Page Register 
Output Data 
Load uP 

General Register RO 
General Register Rl 
General Register R2 
General Register R3 

General Register R4 
General Register R5 
General Register R6. 
General Register R7 

General Register RIO 
General Register Rll 
General Register R12 
General Register R13 

General Register R14 
General Register R15 
General Register R16 
General Register Rl? J 

*Clearing Status Register 1 bit 14 shall display 
general register set 1. Setting Status Register 1 
bit 14 shall ,display general register set 2. 

**DPS must be in the Microstep Mode. 

* 
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3.5 Environmental and service conditions. ~ 

3.5.1 Temperature. -

3.5.1.1 Operating temperature. - The DPS shall operate as 
specified herein without electrical or mechanical damage in any 
ambient temperature between the operating limits specified in 
MIL-E-16400 for Class 4 equipment (OOC to +50 0 C). 

3.5.1.2 Nonoperating temperature. - The DPS shall be 
capable of extended storage within the nonoperating temperature 
range specified in MIL-E-16400 for Class 4 equipment (-620 C to 
+75 0 C). The DPS shall not incur physical damage from extended 
storage within the nonoperating temperature range and shall 
operate as specified herein when restored to the operating 
temperature range. 

3.5.2 External radiation. - The DPS shall withstand 
externally radiated, narrow band field intensities as specified 
in MIL-STD-461 without sustaining a fault or malfunction. 

3.5.3 Electromagnetic interference. - The DPS shall meet 
the electromagnetic interference requirements specified by 
MIL-STD-461 for Class IC equipment. 

3.5.4 Noise. - The DPS shall conform to the airborne and 
structure borne noise requirements for Grade A, Type 3 equipment 
as specified in MIL-STD-740., 

3.5.5 Shock. - Except for the circuit breaker, the DPS 
shall meet the Type A requirements of MIL-S-901 for Grade A, 
hull mounted, Class I, lightweight equipment. The DPS shall be 
capable of operating as specified herein during and after the 
specified shock conditions, except that momentary malfunction 
is acceptable during operation under high impact shock, provided 
that no manual interventidn is required for continued operation, 
no loss of data occurs, and no loss of I/O communication occurs. 

3.5.6 Vibration. - The DPS shall be capable of operating 
as specified herein during and after the application of environ­
mehtal vibzation (Type I) in accordance with MIL-STD-167. 

3.5.7 Enclosure. - The DPS shall meet the enclosure re­
quirements of MIL-E-16400 and shall adequately protect personnel 
from electrical and physical injury when the equipment is being 
operated. The DPS degree of enclosure shall be drip proof from 
o to 45 degrees in accordance with MIL-STD-IOB. 
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3.5.8 Salt spray. - The DPS shall meet the salt spray re­
quirements of FED-STD-151, Method 811. The test duration shall 
be 200 hours for the frame and enclosure and 48 hours for the parts. 

3.5.9 Humidity. - The DPS shall perform" as specified herein 
at relative humidities ranging up to 95 percent for both continuous 
and intermittent periods. 

3.5.10 Inclination. - The DPS shall maintain operation as 
specified herein during and after inclination tests as specified 
in MIL-E-16400. 

3.5.11 Magnetic characteristics. - Insofar as practicable, 
no material shall be employed in the DPS which has a relative mag­
netic permeability greater than 2.0, as specified in MIL-E-16400. 

3.5.12 Warmup time. - The time required for the DPS to warm 
up prior to operation shall not exceed 0.5 minutes at 20oC, and 
2.0 minutes at ooC. 

3.6 Reliability. - The reliability of the maximum configu­
ration DPS shall be 2000 hours minimum mean-time-between-failures 
(MTBF) when calculated using the methods of MIL-HDBK-217 and 
Univac generic failure rates. 

3.7 Maintainability. -

3.7.1 Corrective maintenance. - The DPS shall be such 
that ninety-five percent of all organizational corrective main­
tenance actions shall be performed in less than 120 minutes with 
the aid of a diagnostic program, [Mmax (95 percentile) = 120 
minutes] and the mean corrective maintenance Mct shall be less 
than or equal to 15 minutBs when re~air is accomplished by replace­
ment of line replaceable items (LRI) and chassis mounted com­
ponents. The specified corrective maintenance times shall not apply 
to combat damage repair, intermittent fault location, or muitiple 
faults. As here applied the organizational corrective maintenance 
action includes the following tasks as defined by MIL-HDBK-472: 

a. Localization 

b. Isolation 
c. Disassembly 

d. Interchange 

e • Reassembly 

f. Checkout 
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3.7.2 LRI - corrective maintenance. - The DPS shall 
be designed so that LRI's are throwaway, except memory and 
power supply modules which cost in excess of $500.00. All 
assemblies shall be capable of repair in an emergency situ­
ation with the exception of solid state micro-circuits. 

3.7.3 LRI - electrical alignment if applicable. - The 
DPS LRI's shall be designed so that no electrical alignment 
of LRI's will be required at the organizational level. The 
mean time to align (MTTA) the LRI's (including printed wiring 
assemblies that require alignment at the depot after repair), 
shall be less than or equal to 1 hour. 

3.7.4 Qualitative maintainability requirements. - The 
DPS shall be constructed to permit accessibility and replacement 
of all LRI's, power supply modules, memory modules, and operator/ 
maintenance panel parts and components. Access panels and doors 
which must be opened for maintenance or inspection shall have a 
maximum time tb open of 30 seconds. 

3.8 Workmanship. - Workmanship shall be in accordance with 
MIL-STD-454, Requirement 9, Workmanship. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 Responsibility for inspection. - The contractor 
shall be responsible for the performance of all inspection 
requirements as specified herein. The contractor shall use 
any facilities suitable for the performance of the inspection 
requirements specified herein, unless disapproved by the Gov­
ernment. The Government reserves the right to perform any of 
the inspections set forth in the specification where such in­
spections are deemed necessary to assure supplies and services 
conform to prescribed requirements. 

4.1.1 Quality program. - The contractor shall provide 
and maintain a quality program acceptable to the Government for 
supplies and services covered by this specification. The 
quality program shall be in accordance with MIL-Q-9858. 
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4.2 Classification of inspections. - Production DPS's 
shall undergo the following inspections. 

Category 

A 

B 

C 

D 

E 

Inspection Type 

Production inspection 

Production control inspection 

Reliability tests 

Maintainability tests 

Environmental tests 

4.2.1 Category At production inspection. - The production 
inspection shall consist of: 

a. Operating tests. 

b. Controls and control circuits test. 

c. Warm~up/burn-in tests. 

d. Software transferability tests. 

The production acceptance procedures shall be as,specified in 
Specification SB-10441-100 and the test data record shall be in 
accordance with Specification SB~10441-400. 

4.2.1.1 . Operating test. - The operating test shall include 
the running oftfiree types of programs: A memory check program, 
an instruction check program, and an I/O program. All memory 
locations, all options of all instructions~ and all terminated .' 
I/O channels shall be thoroughly checked, using worst-case formats •. 

4.2.1.2 Controls and control circuits test. - The DPS 
controls and control circuits shall be tested to verify compliance 
with the requirements specified herein. 
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4.2.1.3 Warm-up!burn-in tests. - The computer shall be 
subjected to temperature testing to eliminate the infant mor­
tality failures, thus increasing the equipment MTBF thereafter. 
The tests shall consist of a one hour power off period at ooC 
and after a maximum of 2 minutes warm-up under the power-on 
condition, the computer will be placed in the operating mode 
and perform an operating test for 48 hours under the conditions 
of temperature cycling between 00 and +500 C. The cycle shall 
be as follows and shall be repeated four times. 

a. Four hours at OoC. 

b. Two hours transition from 0° to +500 C. 

c. Four hours at +500 C. 

d. Two hours transition from +500 C to OoC. 

4.2.1.4 Software transferability test. - The software 
transferability test shall demonstrate that any program written 
for functional demonstration models or preproduction models of 
the DPS will operate correctly, with no changes whatsoever, on 
production DPS's. This test shall include as a minimum, utiliz­
ation of all DPS instructions, DPS input-output, DPS interrupts, 
and all DPS memory modules. 
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4.2.2 Category B, production control ins¥ectibn. - The 
production control lnspections shall consist 0 the following 
tests: 

a. Weights and dimensions. 

b. Supply line voltage and frequency. 

c. Heat test. 

d. Enclosure test. 

e. Power. 

f. EM!, interference, emission and 
susceptibility. 

4.2.2.1 Weights and dimensions. - The weights and overall 
dimensions for the DPS shall be verified. 

4.2.2.2 Supply line vOltafie and freguency. - The DPS shall 
be functionally operated over t e supply steady state voltage and 
frequency ranges. The DPS shall be operated 15 minutes minimum 
at each of the four worst case conditions of voltage and 
frequency. 

4.2.2.2.1 Transient voltage test~ - With the DPS operating 
with the supply voltage at the upper steady state voltage toler­
ance limit, a transient voltage of +20 percent of nominal, re­
covering to the steady-state band within 2 seconds, shall be 
superimposed. With the DPS operating with the supply voltage at 
the lower steady state voltage tolerance limit, a transient 
voltage of -20 percent of nominal, recovering to the steady-state 
band within 2 seconds, shall be superimposed. Momentary impair­
mentof ope~ation shall be permissible. No part failure shall 
occur and theDPS shall recover automatically • 
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4.2.2.2.2 Transient frequency test. - Wit~the DPS opera~ing 
with the supply 3 percent above nominal frequency, a transient" 
frequency of +3 percent of nominal, recovering to the steady­
state band within 2 seconds, shall be superimposed. With the DPS 
operating with the supply 3 percent below nominal frequency, a 
transient frequency of -3 percent of nominal, recovering to the 
steady-state within 2 seconds, shall be superimposed. 

4.2.2.2.3 Power interruption test. - The power interruption 
test shall be performed as specified in MIL-E-16400. 

4.2.2.3 Heat test. - The DPS shall be operated with the 
supply voltage and frequency at nominal and with its cooling 
system in normal operation at an ambient temperature of +500 C 
for 8 hours. 

4.2.2.4 Enclosure test. - The enclosure test shall be as 
specified in MIL-STD-lOB for dripproof (45 0 ) equipment using the 
actual drip test. 

4.2.2.5 Power test. - The DPS shall have the supply line 
power required and the power factor measured. . 

4.2.2.6 EMI interference, emission,. and susceptibility.­
The DPS EMI interference emission, and susceptibility tests shall 
be as specified in MIL-STD-462 for the following tests: 

a. CE03 

b. RE02 

c. RS03 
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4.2.3 Category C, Reliability tests. - The DPS shall be 
tested to verify the reliability prediction. The 2000 hour speci­
fied MTBF shall be demonstrated in accordance with test level C 
of MIL-STD-78i modified as follows: 

a. Test time 4600 operating hours 

b. Failures allowed 3 

c. Producer's risk (L) 0.2 

d. Consumer's risk (S) 0.3 

e. Discrimination ratio 

f. Temperature cycling 

g. On-off cycle 

h. Vibration 

i. Operation 

2.07 

Continuous between an 
ambient of OOC for two 
hours and 500 C for six 
hours with a maximum 
transition rate of 50 C 
per minute. 

On for 3 3/4 hours, 
off for 1/4 hour. 

None. 

An operating test con­
sisting of a memory test, 
I/O test, add instruction 
test shall be continuously 
cycled while power is on. 

4.2.4 Category D, maintainability test. ~ The DPS 
corrective maintenance requirements shall be demonstrated by 
replacement of LRI's and chassis mounted electronic, electrical, 
electromechanical, and mechanical parts or components~ Test 
method 2 of MIL-STD-471 shall be used to demonstrate the cor­
rective maintenance indices. A beta of 5 percent shall be used 
in demonstrating the Mct and Mpt. The 95th percentile point 
shall be used in demonstrating M max~ The supplier shall provide 
a list of 100 faults for the Mct and M max demonstration. The 
procuring activity shall use this list to select a sample of 
50 faults to be used in this test~ A diagnostic program shall 
be used to detect and identify failures. 
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4.2.5 Category Ez environmental tests. - The environmental 
tests shall consist of: 

a. Temperature tests 

b. Humidity tests 

. c. Shock tests 

d. Vibration 

e. Inclination 

f. Noise test 

g. Salt spray test 

4.2.5.1 Temperature test. - The temperature test shall be 
the nonoperating and Class 4 operating condition tests specified 
in MIL-E-16400. 

4.2.5.2 Humidity test. - Except that the maximum tempera­
ture shall be +500C t the humidity test·shall be as specified in 
MIL-E-16400. 

4.2.5.3 Shock test. - The shock test shall be ~s specified 
in MIL-S-901 for Grade A, Type A, Class I equipment. The DPS 
shall be operated before j during, and after the test . 
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4.2.5.4 Vibration. - The vibration test shall be the Type I 
vibration test specified in MIL-STD-167. The DPS shall be oper­
ated before, during, and after the test. 

4.2.5.5 Inclination. - The inclination test shall be as 
specified in MIL-E-16400. The DPS shall be operated before, 
during, and after the test. 

4.2.5.6 Noise test. - The noise test shall be in accordance 
with MIL-STD-740 for Grade A, Type 3 equipment. 

4.2.5.7 Salt s~ra~ test. - The salt spray test shall be 
in accordance with F D- TD-I51, method 811.1. Test duration 
shall be 200 hours for the frame and enclosure, and 48 hours for 
the parts. 

4.3 Frequency of testing. - Every DPS, including those to 
undergo Category B, C, D, or E testing, shall undergo the category 
A production inspection. DPS's to undergo Category B, C, D, or E 
testing shall be as specified in the contract (see 6.1). 
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5. PREPARATION FOR DELIVERY 

5 .1 Cleaning, preservation, packag~ng ,packing. and marking. -
The equipment, accessories, technical publications, and repair 
parts shall be cleaned, preserved, packaged, packed, and marked 
in accordance with MIL-E-17555 as specified in the contract or 
order. 

6. NOTES 

6.1 Ordering data. - The procurement document should 
specify the following: 

a. 

b. 

c . 

*d. 

**e. 

f . 

g. 

h. 

i. 

j • 

k. 

Which primary power source is required (see 3.2). 

Whether the main memory is to be single-port or 
two-port with DMA (see 3.4.4.1). 

Size of main memory required (see 3.4.4.1.3). 

NDRO contents, or peripheral equipment, bootstrap 
position, and I/O channel for initial loading (see 3.4.4.3). 

Program or program specification for the user-defined 
ROM (see 3.4.4.3.1). 

Number of serial and parallel I/O channels and 
channel assignments (see 3.4.5.1). 

If parallel channels, specify the interface 
for each group (see 3.4.5.3). 

If dual channel operation is required specify 
the dual channel channels (see 3.4.5.3.1). 

If intercomputer channels are required specify 
the channel number(s) (see 3.4.5.3~2). 

If ESA operation is required specify the ESA 
channels (see 3.4.5.3.1,1). 

If serial channels are required specify the 
type or types (see 3.4.5.4). 

*If nonstandard, separate authorization is required to develop 
and implement. 

**Requires separate authorization to develop and implement. 
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For asynchronous serial channels, specify which 
4 modulation rates are to be available (see 
3.4.5.3.1.2 and 3.4.5.3.2.2). 

If the second general register set is required 
(see 3.4.6.1). ' 

If the math pack option is required (see 3.4.4.3.3). 

If peripheral input channels are required, specify 
the channel number{s) (see 3.4.5.3.3). 

Number of DPSt s to under90 Category B, C, D, or E 
testing, if any (see' 4.3). 

Definitions.-

6.2.1 Bits. - Bits referred to by numbers are 2 to that 
power. For example, bit 8 = 28. 

6.2.2 Set. - Set is a binary 1 condition, and for an 
indicator or-an indicator-switch means that the indicator illumi­
nates or the indicator switch is on. 

6.2.3 Clear. - Clear is a binary 0 condition, and for an 
indicator or an indicator-switch means that the indicator ex~, 
tinguishes or the indicator switch is off. 

6.2.4 Page. - A page consists of 1024 consecutive memory 
locations such that each page ending address is 17778 + n{20008) 
where n = 0, 1, 2, 3, •.• , 778. 

6.3 Recommended cables. -

6.3.1 MIL-SID-188 or VACALES cable. - Cable in accordance 
with Drawing 7956256-03 (MIL-C-915 2u-19) is recommended for 
communication up to 100 feet. 

6.3.2 RS-232 cable. - Cable in accordance with Drawing 
7957138-00 is recommended for communication up to 50 feet. 

'6.3.3 -15V interface cables. - Cabl~s inaccor-
dance with Drawings 795 25 -00 MIL-C-915 2U-45), 7956687 (MIL­
C-915 2AU-40), and 7956785 (MIL-C-915 2U-60) are recommended for 
communication up to 300 feet. 

6.3.4 +3.5V DS 4772 interface cables. - Cables in accor­
dance wi th Drawin,gs 7 5 2 -0 MIL-C-915 2U-45) and 7956785 
(MIL-C-915, 2U-60) are recommended for communication up to 100 feet. 
Cable in accordance with Drawing 7956687 (MIL-C-915 2AU-40) is 
recommended for communication up to 250 feet. 
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6.3.5 -3V (DS 4772) interface cables. - Cables in 'a~cor­
dance with Drawings 7956256-00 (MIL-C-915 2U-45) and 7956785 
(MIL-C-915 2U-60) are recommended for communication up to 200 
feet. Cable in accordance with Drawing 7956687 (MIL-C-915 
2AU-40) is recommended for communication up to 300 feet. 

6.3.6 NTDS serial cable. - Cable in accordance with 
Drawing 7956906-00 (RG-I2, See SB-12407) is recommended for 
communication up to 1000 feet. 
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10.1 Scope. - This appendix establishes the physical 
interface arrangements for the parallel, MIL-STD-188, RS-232,VACALES 
and NTDS serial interfaces used in the DPS. 

10.2 Jack assignments. - The jack assignments shall be 
as specified in table 10-1. The part numbers of mating connec­
tors shall b'e as specified below. 

Parallel channels 

Output 
Input 

NTDS serial channels 

Output 
Input 

MIL-SID-188 and VACALES mode 
serial channels 
RS-232 serial channels 

DMA channel 
External RIC 

Input Power, 60 Hz. 
Input Power, 400 Hz. 
Output Dual Channel Jumper 
Plug 

Input Dual Channel Jumper 
Plug 
Connector Cap 

*To be determined . 

Univac 

7101943-03 
7101943-02 

7101943-01 
7101943-00 

7101943-05 
7101943-06 

7101943-04 

7901743-00 

905411-06 

905411-04 

7126375-01 

7126375-00 
7084897-00 

Federal Stock No. 

* 
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Table 10-1. 

Jack Channel 
Ref. No. or 
Desig. Type Parallel 

Jl 4 output 
·2 4 input 

3 10 output 
4 10 input 
5 14 output 
6 14 input 
7 5 output 
8 5 input 
9 11 output 

10 11 input 
11 15 output 
12 15 input 

0 13 6 output 
14 6 input 
15 12 output 
16 12 input 
17 16 output 
18 16 input 
19 7 output 
20 7 input 
21 13 output 
22 13 input 
23 17 output 
24 17 input 
25 0 input 
26 1 input 
27 2 input 
28 3 input 
29 0 output 
30 1 output 
31 2 output 
32 3 output 
.33 DMA 

J34 External 
RTC 

J35 Input 
Power 

• 
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Jack Assignments 

Interface Type 

NTDS MTL-STD- RS-232 
Serial 188 Seriql 

and VACALE'S 
Serial 

output 
input I/O I/O 
output 
input I/O I/O 
output 
input I/O I/O 

I/O I/O 

I/O I/O 

I/O I/O 
output 
input I/O I/O 
output 
input I/O I/O 
output 
input I/O. I/O 

I/O I/O 

I/O I/O 
- -

I/O I/O 
input I/O I/O 

I/O I/O 
input I/O I/O 

I/O I/O 
output 

output 
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10.3 Connector pin assignments. - All input, output, 
discretes, and control signals for one channel shall be available 
at one interface connector. The connector pin assignments shall 
be as specified in tables 10-11, 10-111, 10-IV, lO-V, 10-VI, 
10-VII, lO-VIII, and lO-IX. 

10.4 Keying. - The interface connector shall have one 
fixed key arrangement to permit ready interchange of cables 
within any system which uses this method. 

10.5 Cable. - Cable, as used herein, does not include 
connectors. Recommended cables are described in 6.3. 
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Table 10-11. Connector Pin Assignment 
Parallel I/O Channels 

Function Pin Assignment 
Input Output Signal Return 
IDR Out Ack B-5 A-5 
In Ack ODR B-6 A-6 
EIR EFA B-7 A-7 
EIE EFR B-8 A-8 

Data Bit 00 D-l C-l 
01 D-2 C-2 
02 D-3 C-3 
03 D-4 C-4 
04 D-5 C-5 
05 D-6 C-6 
06 D-7 C-7 
07 D-8 C-8 
08 D-9 C-9 
09 D-I0 C-10 
10 D-11 C-ll 
11 . D-12 C-12 
12 G-l H-l 
13 G-2 H-2 
14 G-3 H-3 
15 G-4 H-4 

--16 G-5 H-5 
17 G-6 H-6 
18 G-7 H-7 
19 G-8 H-8 
20 G-9 H-9 
21 G-I0 H-I0 
22 G-11 H-11 

~ 23 G-12 H-12 
24 J-l K-l Even Numbered 25 J-2 K-2 Channel 26 J-3 K-3 
27 J-4 K-4 
28 ·J-5 K-5 
29 J-6 K-6 

\... 30 J-7 K-7 
Data Bit 31 J-8 K.;..8 

Shield B-1 

Spare B-2 A-2 
Spare B-3 A-3 
Spare B-4 A-4 

0 
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Table 10-111 Connector Pin Assignment, 
MIL-STD-lSB, VACALES,and RS-232 

Channels 

Pin 
Number 

* ** Group Group 
A B MIL-STD-lSS RS-232 

DS 
D4 
C4 
CS 
D5 
D7 
C7 
D6 
D3 
C6 
C3 
D2 
B5 

A5 
A7 

B7 
A6 
B1 

G4 
D12 
C12 
H4 

Gl 
G3 
H3 

G2 
Dll 
H2 
Cll 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

DIO L 

Loop Test 
Ring Indicator 
Received Line Signal 
Data Terminal Ready 
Clear to Send 
New Sync. 
Request to Send 

Data Set Ready 

B5 Transmit Clock Transmi tter Signal 
Element Timing 

A5 Transmit Data Transmi tted Data 
A7 Receive Clock Receiver Signal 

Element Timing 
B7 Receive Data Received Data 
A6 Signal Ground Signal Ground 
B1 Cable Shield Cable Shield 

VACALES 

Loop Back 
B 

Detect Carrier Detect 

D 

Sync Error 
F 

G 

Transmitter Prep 
Alarm Indicate 

J 

Receive on Full 
Transmit on Full 
Transmit Clock 

Transmit Data 
Receive Clock 

Receive Data 
Signal Ground 
Cable Shield 

* Group A = Channels 0,1; 4,5; 10,11; and 14,15. 
** Group B = Channels 2,3: 6,7; 12,13; and 16,17 . 
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Table 10-IV. Connector Pin Assignment, 

NTDS Serial Channels 

Pin Number 

Signal Return 

B08 A08 

Table 10-V. Connector Pin Assignment, 

Single Phase Input Power 

Function Pin Number 

Vac J35-A 

Common J35-B 

Ground J35--G 

Table 10-VI. Connector Pin Assignment, 

Thr·ee Phase Input Power 

Function Pin Number 

Vac J35-A 

Vac J35-B 

Vac J35-C 

Common * J35-D 

Ground J35-G 

4Ct * Pin is not used for three phase delta. 

i,,',i, 
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Table 10-VII. Connector Pin Assignment 
DMA Channel 

Pin Assignment 
Function Signal Return 

Data Bit 

Write Upper 
Write Lower 
Read Initiate 
Write Initiate 
Full Cycle 
Data Available 
Address Bit 

.....1-

Not Used 
Not Used 

00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 

00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 

K-2 
J-2 
H-2 
G-2 
F-2 
E-2 
D-2 
C-2 
K-5 
J-5 
H-5 
G-5 
F-5 
E-5 
D-5 
C-5 
A-5 
A-2 
K-8 
J-8 
H-8 
G-8 
F-8 
E-8 
D-8 
C-8 
B-8 
A-8 
K-ll 
J-ll 
H-ll 
G-l1 
F-ll 
E-ll 
D-l1 
C-ll 
B-ll 
A-II 
B-2 
B-5 

K-l 
J-l 
H-l 
G-l 
F-l 
E-l 
D-l 
C-l 
K-4 
J-4 
H-4 
G-4 
F-4 
E-4 
D-4 
C-4 
A-4 
A-I 
K-7 
J-7 
H-7 
G-7 
F-7 
E-7 
D-7 
C-7 
B-7 
A-7 
K-I0 
J-I0 
H-IO 
G-I0 
F-I0 
E-I0 
D-I0 
C-I0 
B~10 

A-I0 
B-1 
B-4 
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Table 10-VIII. Dual Channel Plug Pin Assignments 

Origin Destination Function 
D-l F-l Data Bit 00 
C-l E-l Return' 
D-2 F-2 Data Bit 01 
C-2 E-2 Return 
D-3 F-3 Data Bit 02 
C-3 E-3 Return 
D-4 F-4 Data Bit 03 
C-4 E-4 Return 
D-5 F-5 Data Bit 04 
C-5 E-5 Return 
D-6 F-6 Data Bit 05 
C-6 E-6 Return 
D-7 F-7 Data Bit 06 
C-7 E-7 Return 
D-8 F-8 Data Bit 07 
C-8 E-8 Return 
D-9 F-9 Data Bit 08 
C-9 E-9 Return 
D-IO F-10 Data Bit 09 
C-IO E-IO Return 
D-ll F-ll Data Bit 10 
C-l1 E ... ll Return 
D-12 F-12 Data Bit 11 
C-12 E-12 Return 
G-l B-9 Data Bit 12 
H-1 A-9 Return 
G-2 B-10 Data Bit 13 
H-2 A-IO Return 
G-3 B-11 Data Bit 14 
H-3 A-II Return 
G-4 B-12 Data Bit 15 
H-5 A-12 Return 

Table 10-IX. External Realtime Clock Pin Assignments 
Pin Number 

A' 
B 
C 
D 
E 
F 

Spare 
Spare 

Function 

Clock Signal Return 
Clock Signal 
Spare 
Spare 
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20.1 Scope. - This section describes the interface lines, 
voltage levels, and cycle timing of the DMA memory interface. 

20.2 DMA memory interface. - The DMA memory port shall have 
the interface lines specified in figure 20-1. 

WRITE UPPER ..... -WRITE LOWER ---
FULL CYCLE --READ INITIATE ...... -

Requestor WRITE INITIATE DMA ..... - Port 
.--DATA AVAILABLE in DPS - Memory 

ADDRESS LINES (16) ..... -
.. DATA LINES (16) ....... - -

Figure 20-1. DMA Port Interface Signals 

20.2.1 Read-write control signal lines. - The read and 
write operations shall be selected using the WRITE UPPER and 
and WRITE LUWER lines which shall be required to beset and 
cleared by the requestor. 

20.2.1.1 Write upper byte. - The WRITE UPPER line shall be 
set to specify that bits 8-15 be written. 

20.2.1.2 Write lower byte. - The V~ITE LOWER line shall be 
set to specify that bits 0-7 be written. 

20.2.1.3 Full word write. - The WRITE UPPER line and WRITE 
LOWER line shall both·be set to specify that a full word be 
written. 
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20~2.1.4 Read operation. - The WRITE UPPER line and WRITE 
LOWER line shall be cleared to specify that a read operation be 
performed. Read operations shall always be full word reads. 

20.2.2 FULL CYCLE line. - The FULL CYCLE line shall be re­
quired to be set and cleared by the requestor. The FULL CYCLE 
line shall be set to select the read-write cycle. The FULL CYCLE 
line shall be cleared to select the'read-modify-write cycle. 

20.2.3 READ INITIATE line. - The READ INITIATE line shall 
be used to specify that the selected full cycle operation be 
performed or the first half (read portion) of the read-modify­
write operation be performed. The READ INITIATE line shall be 
required to be set and cleared by the requestor. 

20.2.4 WRITE INITIATE line. - The WRITE INITIATE line shall 
be used for the write portion of the read-modify-write operation. 
The WRITE INITIATE line shall be required to be set and cleared 
by the requestor. 

20.2.5 DATA AVAILABLE line. - The DATA AVAILABLE line shall 
specify that data from memory is available on the DATA lines and 
shall be required to be set and cleared by the DMA memory. When 
pulsed, the DATA AVAILABLE line shall also serve as a memory 
acknowledge. The DATA AVAILABLE line shall be used in all modes. 

20.2.6 ADDRESS lines. - The 16 ADDRESS lines shall specify 
the address within the memory bank and shall be required to be 
set and cleared by the requestor. 

20.2.7 DATA lines. - The 16 DATA lines shall be bidirectional 
lines, each of which shall be used to transmit one data bit. 

20.3 DMA memory cycles. - The DMA memory shall be available 
with read-write and read-modify-write cycles. 

20.3.1 Read-write cycle. - The read-write cycle shall be 
used for normal read or write operations. 

20.3.2 Read-modify-write cycle. - The read-modify-write 
cycle shall consist of a short cycle read operation followed 
by a short cycle write operation. When the DMA port has accepted 
the xead operation, the requestor shall be required to complete 
the short cycle write operation before the DMA memory shall accept 
a request from the CP port • 
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20.4 DMA interface. - The DMA interface shall be character­
ized by nominal values of 0 volts differential and +2.5 volts 
differential on a balanced, terminated line to represent binary 
one (set) and binary zero (clear) respectively and by a switching 
threshold between +1.0 and +2.0 volts differentially. 

20.4.1 DMA input ampliflers. - Each input amplifier shall 
have the following characteristics: 

a. The output of the circuit shall switch from 
binary zero to binary one whenever the input 
differential signal changes in the negative 
direction through the range of +2.0 volts to 
+1.0 volts. 

b. The output of the circuit shall switch from 
binary one to binary zero whenever the input 
differential signal changes in the positive 
direction through the range of +1.0 volts to 
+ 2.0 vol ts. 

c. The output of the circuit shall not switch 
as a result of any input transient-pulse 
signal that has an amplitude between +3.0 
volts and -3.0 volts if its duration and 
amplitude are common to both sides of the 
line (common mode). 

d. The output of the circuit shall be binary 
zero whenever its input is open circuited. 

e. The output of the circuit shall be binary 
zero whenever the steady state input signal 
is more positive than +2.0 volts. 

f. The output of the circuit shall be binary 
one whenever the steady state input signal 
is more negative than +1.0 volts. 

g. The input circuit shall present a terminal 
impedance to the line equivalent to a re­
sistance of 3k ohms minimum. 

h. The input resistances of the signal input 
and return input terminals shall be matched 
to within ± 8 percent . 
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20.4.2 DMA output drivers. - Each interface line driver 
circuit shall have the following characteristics when driving 
a balanced twisted pair with any characteristic impedance 
between 100 ohms and 150 ohms. Figure 20-2 specifies the 
balanced line biasing scheme. 

a. The steady state output voltage representing 
a binary one shall ~e between 0.0 and +0.40 
volt differential. The output driver shall sink 
a current of 48 milliamperes at the +0.40 volt level. 

b. The steady state driver output representing a 
binary zero shall be an impedance across the 
lines of 100 k ohms minimum. 

c. The driver propagation delay and output voltage 
fall time (90% to 10%) shall be less than 40 
nano seconds. . 

d. The driver propagation delay and output voltage 
rise time (10% to 90%) shall be less than 40 
nanoseconds. 

e. The circuit shall be capable of driving the 
line terminations and input amplifier 
while switching, as well as in the steady 
state condition. . 

f. Whenever power to a control line driver 
circuit is removed, the driver shall present 
not less than 100 k ohms impedance to the 
line. 

g. DMA output drivers shall withstand transient 
common mode noise between +3.0 and -3.0 volts 
amplitude and requestor drivers shall withstand 
transient common mode noise between +1.0 and -1.0 
volts amplitude without causing degradation of the 
data state on the line. 

20.5 Cycle timing. - The timing for the DMA interface cycles 
shall be as specified in figures 20-3 and 20-4. 
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Figure 20-2. Differential Balanced Line Biasing 
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Scope. - This appendix shall establish the register 
performed for each instruction. 

Operation code 00. - The operation code 00 in­
shall be as follows: 

Format RR - This instruction shall transfer the con­
tents of General Register 178 to the uP register, 
when the DIAGNOSTIC JUMP switch on the Maintenance 
Panel is Up. Otherwise, this instruction is unassigned. 

Format RI - Unassigned 

Format RK - Unassigned 

Format RX, Byte Load - This instruction shall load 
the selected byte from memory address Y in bits 
o through 7 of Ra , clear bits 8 through 15 and set 
the Condition Code. 

30.3 Operation code 01. - The operation code 01 in­
structions shall be as follows: 

a. Format RR, Load - This instruction shall load (Rm) 
in Ra and set the Condition Code. 

b. Format RI Type 2, Load - This instruction shall load 
the contents of memory address Y in Ra and set the 
Condition Code. 

c. Format RK, Load - This instruction shall load the 
operand Y in Ra and set the Condition Code. 

d. Format RX, Load - This instruction shall load the 
contents of memory address Y in Ra and set the 
Condition Code. 

30.4 Operation code 02. - The operation. code 02 in­
structions shall be as follows: 

a. Format RR, Unary-Arithmetic - This instruction shall 
perform the operation specified by the m-value as 
specified in table 30-1, and then set the Condition 
Code in accordance with the resultant quantity in 
the register specified by the a-designator. 

b. Format RI Type 2, Load Double - This instruction shall 
load the contents of memory addresses Y and Y + 1 in 
Ra and Ra+l respectively and set the Condition Code. 
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,Table 30-1. Unary-Arithmetic Instruction m Values 

o 

o 

1 

2 

3 

4 

5 

6 

Operation 

Make Positive 

Make Negative 

Round Ra 

Unassigned 

Twos Complement, 
Single 

Twos Complement, 
Double 

Ones Complement, 
Single 

7 Unossigned 

o 

UDI-5968 22/31-02 9/63 

Description 

-If (Ra) is negative, perform the 
twos complement of (Ra) and store 
the result in Rae When the max­
imum negative number 
(1000000000000000) is complemented, 
set the overflow designator. 

If (Ra) is positive, do not change (Ra). 

If (Ra) is positive and not zero 
perform the twos complement of 
(Ra) and store the result in Ra . 
If (Ra) is negative or zero, do not 
ch an g e (R a ) • 
Add bit 15 of Ra+l to (Ra) and 
store the result in Ra. Ra must be 
even. 

Perform the twos complement of 
(Ra) and store the result in Ra. 
When the maximum negative number is 
complemented, set the overflow 
designator. 

Perform the twos complement of double 
length (Ra , Ra+l)' and store the result 
in Ra and Ra+le When the maximum 
negative number is complemented, set 
the overflow designator. 

Perform the bit-by-bit logical comple­
ment of (Ra) and store the result in Ra. 
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,Table ~O-I. Unary-Arithmetic Instruction m Values (continued) 

o 

m 
Value 

10 

11 

12 

13 

I 

Operation 

Increment Ra by 1 

Decrement Ra by 1 

Increment Ra by 2 

Decrement Ra by 2 

14 Unassigned 

15 Unassigned 

16 Unassigned 

17 Unassigned 

UDI-596B 22/31-02 9/63 

Description 

Increment (Ra) by 1 and store 
the result inRa. 

Decrement (Ra) by 1 and store 
the result in Ra. 

Increment (Ra) by 2 and store 
the result in Ra. 

Decrement (Ra) by 2 and store 
the result in Ra. 
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Format RX, Load Double - This instruction shall 
load the contents of memory addresses Y and Y + 1 
in Ra and Ra+1 respectively and set the Condition 
Code. 

30.5 Operation code 03. - The operation code 03 instruc-
tions shall be as follows: ' 

a. Format RR, Unary-Control - This instruction shall 
perform the operation specified by the m-value 
as specified in table 30-11 and set the Condition 
Code for m = 0-3, and 15. 

b. Format RI - Unassigned 

c. Format RK - Unassigned 

d. Format RX, Load Multiple - This instruction shall 
load the contents of sequential memory addresses 
beginning at Y, in sequential registers beginning 
at Ra and ending at Rm. If a is greater than m, 
the registers loaded shall be Ra , Ra+1, ... , R17, 
RO ... Rm. In this instruction Y shall be equal 
to y (no indexing or indirect addressing shall be 
perf ormed ) • 

30.6 Operation code 04. - The operation code 04 in­
structions shall be as follows: 

a. Format RR, Unary-Shift - This instruction shall 
perform the operation specified by the m-value 
as specified in table 30-111, and set the 
Condition Code. 

b. Format RI - Unassigned 

c. Format RK - Unassigned 

d. Format RX, Byte Load and Index by 1 - This instruc-
tion shall perform the following sequence of operations: 

(1) Formulate memory address Y. 
(2) Increment (Rm) by one. 
(3) Load the selected byte from memory address Y 

into bits 0 through 7 of Ra , clear bits 8 
through 15 and set the Condition Code. 
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Table 30-11. Unary-Control Instruction m Values 

Operation 

Executive 
return 

Store STATUS 
Register 

Store STATUS 
Register 

#1 

#2 

Store RTC Lower 

Load P 

Load STATUS #1 

Load STATUS #2 
Register 

Load RTC Lower 

Enable RTC 

Disable RTC 

Description 

When Class II interrupt lockout is not 
set, generate an Executive Return 
Interrupt and store (p) + 1 in Ra. 
When Class II interrupt lockout is set, 
no operation. 

Store the contents of the STATUS #1 
Register in Ra. 

Store the contents of the STATUS #2 
Register in Ra. 

Store the lower 16 bits of the Real 
Time Clock Register into Ra. 

Load (Ra) in P. 

Load (Ra) in the STATUS #1 Register. 

Load (Ra) in the STATUS #2 Register. 

Load (Ra) in the lower 16 bits of the 
Real Time Clock Register. 

Enable the Real Time Clock Register 
to increment by one for each cycle 
of the clock source. Generate the 
RTC Overflow Interrupt when the con­
tents of the lower half (bits 0 
through 15) of the Real Time Clock 
Register changes from all ones to 
all zeros. 

Disable the Real Time Clock Register 
from incrementing. The clock source 
continues to operate. 

+---_ .... -
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Table 30-11 .. Unary-Control Instruction m Values (Continued) 

o 

o 

m 
Value 

12 

13 

14 

15 

16 

17 
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Operation 

Load and Enable 
Monitor Clock 

Disable Moni tor 
Clock 

Load RTC Double 

Store RTC 
Double 

Enable RTC 
Interrupt 

Disable RTC 
Interrupt 

Description 

Load (R ) in the Monitor Clock 
Registe~ and enable the Monitor 
Clock Register to decrement by 
one for each cycle of the clock 
source. Generate the Monitor 
Clock interrupt when the contents of 
the Monitor Clock Register equals 
zero. 

Disable Monitor Clock and Monitor 
Clock Interrupt 

Load (Ra , Ra+l) in the Real Time Clock 
Register and enable the Real Time 
Clock Register to increment by one 
for each cycle of the clock source. 
Enable-Disable RTC Interrupt is not 
affected. 

Store the contents of the Real Time 
Clock into Ra and Ra+l. 

Enable generation of the RTC Overflow 
Interrupt when the contents of the 
lower half (bits 0 through 15) of the 
Real Time Clock Register changes from 
all ones to all zeros. 

Disable generation of the RTC 
Overflow Interrupt. 
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m 
Value 
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Table 30-111.' Unary-Shift Instruction m Values 

Operation 

Square Root 
(optional) 

Reverse 
Register 

Count Ones 

Scale Factor 

Description 

Determine the square root of (Ra , 
Ra+l). Store the result (~oot) in 
Ra+l and the residue in Ra. The 
residue shall equal the number minus 
the root squared. The residue in Ra 
shall be treated as a 16-bit magnitude 
quantity. The largest number that the 
square root shall be determined for is 
77777777778 . The results of any larger 
number or a negative number shall set 
the overflow designator, bit 10 in 
Status Register 1. 

Change (Ra) to the reverse order 
(see the following example). 

11 .... ~1 Initial 

Final 

Count the number of set bits in {Ra ), 
and store the count in Ra+1 . 

Shift the double length (R a , Ra+l) 
left algebraically, with zeros extended 
to fill, until bit 15 of Ra does not 
equal bit 14 of R and store the shift 
count in Ra+2. T~e shift limit shall be 

31 (decimal) shifts. 

Unassigned 
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30.7 Operation code 05. - The operation code 05 instruc­
tions shall be as follows: 

a. Format RR, Set Bit - This instruction shall set 
the bit in R corresponding to the value of m 
and set the ~ondition Code. (Example: m=158, 
set bit 213 in Ra) 

b. Format RI Type 2, Lo~d and Index by 1 - This in­
struction shall perform the following, in sequence: 
(1) Formulate memory address Y. 
(2) Increment (Rm) by one. 
(j) Load the contents of memory address Y 

into Ra and set the Condition Code. 

c. Format RK - Unassigned. 

d. Format RX, Load and Index by 1 - This instruction 
shall perform the following, in sequence: 
(1) Formulate memory address Y. 
(2) Increment (Rm) by one. 
{3) Load the contents of memory address Y into 

Ra and set the Condition Code. 

30.8 Operation code 0&. - The operation code 06 instruc­
tions shall be as follows: 

a. Format RR, Clear Bit - This instruction shall 
clear the bit in Ra corresponding to the value 
of m and set the Condition Code. 

b. Format RI Type 2, Load Double and Index by 2 -
This instruction shall perform the following, 
in sequence: 
(1) Formulate the memory address Y. 

(2) Increment (Rm) by one. 
(3) Load the contents of memory address 

Y + 1 into Ra+1. 
(4) Increment (Rm) by one. 
(5) Load the contents of memory address Y 

into Ra. 
(6) Set the Condition Code. 

c. Format RK - Unassigned. 
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d. Format RX, Load Double and Index by 2 - This 
instruction shall perform the following, in 
sequence: 
(1) Formulate the memory address Y. 
(2) Increment (Rm) by one. 
(3) Load the contents of memory address 

Y + 1 into Ra+1. 
(4) Increment (Rm) by one. 
(5) Load the contents of memory address Y 

into Ra. 
(6) Set the Condition Code. 

30.9 Operation code 07. - The operation code 07 
instructions shall be as follows: 

a. Format RR, Compare Bit - This instruction 
shall compare the bit in Ra corresponding 
to the value m with zero, and set the 
Condition Code. 
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b. Format RI Type 2, Load PSW (?rogram Status Word) -
This instruction shall load the contents of memory 
addresses Y Y + 1, and Y ~ 2 in the Program Address 
Register, status Register 1 and Status Register 2, 
respectively. 

c. Format RK - Unassigned 

d. Format RX, Load PSW (Program Status Word) - This 
instruction shall load the contents of memory ad­
dresses Y, Y+1, and Y + 2 in the Program Address 

.Register, and Status Begister 1, and Status 
Register 2, respectively. 

30.10 Operation code 10. - The operation code 10 in­
structions shall be as follows: 

a. Format RR, Logical Right Single Shift - This 
instruction shall shift (Ra) right n places 
with zeros extended to fill and set the Condition 
Code. n shall be the value in bits 0-5 of Rm' 

b. Format RI - Unassigned 

c. Format RK, Logical Right Single Shift - This 
instruction shall shift (R ) right n places 
with zeros extended to filf and set the Condition 
Code. n shall be the value in bits 0-5 of operand Y. 

d. Format RX, Byte Store - This instruction shall 
store in the selected byte of memory address Y 
bits 0-7 of (R ). 

a 

30.11 Operation code ll~· - The operation code 11 in­
structions shall be as follows: 

a. Format RR, Algebraic Right Single Shift -
This instruction shall shift (Ra) right n 
places with sign extended to fill ~nd set the 
Condition Code. n shall be the value in bits 0-5 of Rm. 

b. Format RI Type 2, Store - This instruction 
shall store (Ra) at memory address Y. 
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Format RK, Algebraic Right Single Shift -
This instruction shall shift (Ra) right n places 
with sign extended to fill and set the Condition Code. 
n shall be the value in bits 0-5 of operand Y. 

Format RX~ Store - This instruction shall 
store (Raj at memory address Y. 

30.12 Operation code 12. - The operation code 12 in­
structions shall be as follows: 

a. Format RR, Logical Right Double Shift -
This instruction shall shift the double 
length (Ra , Ra+l) right n places with zeros 
extended to fill and set the Condition Code. 
n shall be the value in bits 0-5 of Rm. 

b. Format RI Type 2, Store Double - This 
instruction shall store (Ra) and (Ra+l) 
at memory addressesY and Y + 1 respec­
tively. 

c. Format RK, Logical Right Double Shift -
This instruction shall shift the double 
length (Ra , Rri+l) right n places with zeros 
extended to fill and set the Condition Code. 
n shall be the value in bits 0-5 of operand Y. 

d. Format RX, Store Double - This instruction 
shall store (Ra) and (Ra+l) at memory 
addresses Y and Y + 1 respectively_ 

30.13 Operation code 13. - The operation code 13 
instructions shall be as follows: 

a. Format RR, Algebraic Right Double Shift -
This instruction shall shift the double 
length (Ra , Ra+l) right n places with the sign 
extended to fill and set the Condition Cod~. 
n shall be the value in bits 0-5 of Rm-

b. Format RI - Unassigned. 
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length (Ra , Ra+l) right n places with Ra sign 
extended to fill and set the Condition Code. 
n shall be the value in bits 0-5 of operand Y. 

d. Format RX, Store Multiple - This instruc­
tion shall store in ~equential memory 
addresses beginning at address Y, the 
contents of sequential registers be­
ginning at Ra and ending at Rm. If 
a is greater than m the registers stored 
s ha 11 be Ra , Ra+ 1, ... , Rl 7, RO, ... , R . 
In this instruction Y shall be equal tom 
y (no indexing or indirect addressing shall 
be performed). 

30.14 Operation code 14. - The operation code 14 
instructions shall be as follows: 

a. Format RR, Algebraic Left Single Shift -"This 
instruction shall shift (Ra) left n places with 
zeros extended to fill and set the Condition Code. 

:n shall be the value in bits 0-5 of Rm. 

b. Format RI - Unassigned. 

c. Format RK, Algebraic Left Single Shift - This 
instruction shall shift (Ra) left n places with 
zeros extended to fill and set the Condition Code. 
n shall be the value in bits 0-5 of operand Y. 

d. Format RX, Byte Store and Index by 1 -
This instruction shall store bits 0-7 
of (Ra) in the selected byte at memory 
address Y; and then increment (Rm) by 1. 

30.15 Operation code 15. - The operation code 15 
instructions shall be as follows: 

a. Format RR, Circular Left Single Shift - This 
instruction shall shift (Ra) left circular n 
places and set the Condition Code. n shall be 
the value of bits 0-5 of Rm. 

b. Format RI Type 2, Store and Index by 1 -
This instruction shall store (Ra) at 
memory address Y; and then increment 
(Rm) by 1. 
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c. Format RK, Circular Left Single Shift - This 
instruction shall shift (Ra) left circular n 
places and set the Condition Code. n shall 
be the value of bits 0-5 operand Y. 

d. Format RX, Store and Index by 1 - This 
instruction shall store (Ra) at memory 
address Y; and then increment (Rm) by 1. 

30.16 Operation code 16. - The operation code 16 
instructions shall be as follows: 

a. Format RR, Algebraic Left Double Shift -
This instruction shall shift the double 
length (Ra , Ra+l) left n places with zeros 
extended to fill and set the Condition Code. 
n shall be the value in bits 0-5 of Rm. 

b. Format RI Type 2, Store Double and Index by 2 -
This instruction shall perform the following, in 
sequence: 
(1) Formulate the memory address Y. 
(2) Store (Ra+l) at memory address Y + 1. 
(3) Increment (Rm) by one. 
(4) Store (Ra) at memory address Y. 
(5) Increment (Rm) by one. 

c. Format RK, Algebraic Left Double Shift - This 
instruction shall shift the double length (Ra , 
Ra+l) left n places with zeros extended to fill 
and set the Condition Code. n shall be the 
value in bits 0-5 of operand Y • 
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d. Format RX, Store Double and Index by 2 - This 
instruction shall perform the following, in 
sequence: 
(1) Formulate the memory address Y. 
(2) Store (Ra+l) at memory address Y + 1. 
(3) Increment (Rm) by one. 
(4) Store (Ra) at mimory address Y. 
(5) Increment (Rm) by one. 

30.17 Operation code 17. - The operation code 17 
instructions shall be as follows: 

a. Format RR, Circular Left Double Shift - This 
instruction shall shift the double length 
(Ra , Ra+1) left circular n places, with bit 

·15"of Ra transferred to bit 0 of Ra+l in each 
shift and set the Condition Code. n shall be 
the value in bits 0-5 of Rm-

b. Format RI Type 2, Store Zeros - This instruction 
shall store all zeros at memory address Y. 
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c. Format RK, Circular Left Double Shift -
This instruction shall shift the double 
length (Ra , Ra+l) left circular n places with 
bit 15 of Ra transferred to bit 0 of Ra+l in 
each shift and set the Condition Code. n shall 
be the value in bits 0-5 of operand Y. 

d. Format RX, Store Zeros-- This instruction 
shall store all zeros at memory address Y. 

30.18 Operation code 20. - The operation code 20 
instructions shall be as follows: 

a. Format RR, Subtract - This instruction 
shall subtract (R ) from (R ) and store 
the result in Ra;mand then ~et the 
Condition Code. 

b. Format RI Type 2, Subtract - This 
instruction shall subtract the contents 
of memory address Y from (Ra) and store 
the result in Ra; and then set the 
Condition Code. 

c. Format RK, Subtract - This instruction 
shall subtract operand Y f~om (Ra) and 
store the result in Ra; and then set 
the Condition Code. 

d. Format RX, Subtract - This instruction 
shall subtract the contents of memory 
address Y from (Ra) and store the 
result in Ra; and then set the Condition 
Code. 

30.19 Operation code 21. - The operation code 21 
instructions shall be as follows: 

a. Format RR, Subtract Double - This 
instruction shall subtract the double 
length (Rm, Rm+l) from the double 
length (Ra, Ra+l) and store the re­
sult in Ra and Ra+l; and then set 
the Condition Code. 
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b. Format RI Type 2, Subtract Double -
This instruction shall subtract the 
double length contents of memory 
addresses Y, Y + 1 from the double 
length (R a , Ra+l) and store the 
result in Ra and Ra+l; and then 
set the Condition Code. 

c. Format RK - Unassigned. 
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d. Format RX, Subtract Double - This instruc­
tion shall subtract the double length 

,contents of memory addresses Y, Y + 1 
from the double length (Ra,Ra+l) and 
store the result in Ra and Ra+l; 
and then set the Condition Code. 

30.20 Operation code 22. - The operation code 22 
instructions shall be as follows: 

a. Format RR, Add - This instruction 
shall add (Rm) to (Ra) and store the 
result in Ra; and then set the Con­
dition Code. 

b. Format RI Type 2, Add - This instruc­
tion shall add the contents of memory 
address Y to (Ra) and store the result 
in Ra'; and then set the Condition Code. 

c. FormatRK, Add - This instruction shall 
add'operand Y to (Ra) and store the 
result in Ra; and then set the Condition 
Code. ' 

d. Format RX, Add - This instruction shall 
add the contents of memory address Y to 
(Ra) and store the result in Ra; and then 
set the Condition Code. 

30.21 Operation code 23. - The operation code 23 
instructions shall be as follows: 

a. Format RR, Add Double -' This instruction 
shall add the dou~le length (Rm, Rm+l) 
to the double length (Ra , Ra+l) and store 
the result in Ra and Ra+l; and then 
set the Condition Code. 
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b. 

c • 

d. 

Format RI Type 2, Add Double - This 
instruction shall add the double 
length contents of memory addresses 
Y, Y + I to the doubl~ length (Ra,Ra+l) 
and store the result In Ra and Ra+l' 
and then set the Condition Code. ' 

Format RK - Unassigned 

Format RX, Add Double - This instruc­
tion shall add the double length 
contents of memory addresses Y~ Y + I 
to the double length (Ra , Ra+l) and 
store the result in Ra and Ra+l; 
and then set the Cohdition Code. 
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30.22 Operation code 24.- The operation code 24 
instructions shall be as follows: 

a. Format RR, Compare - This instruction 
shall arithmetically compare (Ra) to 
(Rm), and set the Condition Code. 

b. Format RI Type 2, Compare - This $ 

instruction shall arithmetically 
compare (Ra) to the contents of 
memory address Y, and set the 
Condition Code. 

c. Format RK, Compare - This instruction 
shall arithmetically compare (Ra) to 
operand Y, and set the Condition Code. 

d. Format RX, Compare - This instruction 
shall arithmetically compare (Ra) to 
the contents of memory address Y, and 
set the Condition Code. 
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30.23 Operation code 25. - The operation code 25 instruc­
tions shall be as follows: 

a. Format RR, Compare Double - This instruc­
tion shall arithmetically compare the 
double length (Ra , Ra+l) to the double length 
(Rm, Rm+l) and set the Condition Code. 

b. Format.RI Type 2, Compare Double - This 
instruction shall arithmetically compare 
the double length (Ra , Ra+l) to the 
double length contents of memory 
addresses Y, Y + 1 and set the Condition 
Cqde. 

c. Format RK - Unassigned 

d. Format RX, Compare Double - This instruc­
tion shall arithmetically compare the 
double lerlgth {Ra , Ra+l) to the double 
length contents of memory address Y, Y·+ 1 
and set the Condition Code. 

30.24 Operation code 26. - The operation code 26 
instructions shall be as follows: 

a. 

b. 

c . 

Format RR, Multiply ~ This instruction 
shall multiply (Rm) by (Ra+l) and store 
the double length result in Ra and Ra+l; 
and then set the Condition Code. 

Format RI Type 2, MUltiply - This 
instruction shall mUltiply the contents 
of memory address Y by (Ra+l) and store 
the double length result in Ra and Ra+l; 
and then set the Condition Code. 

Format RK, Multiply - This instruction 
shall multiply operand Y by (Ra+l) and 
store the double length result in Ra and 
Ra+l; and then set the Condition Code. 
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d. Format RX, Multiply - This instruction shalt 
multi~ly the contents of memory address Y by 
(Ra+l) and store the double length result 
in Ra and Ra+1; and then set the Condition Code. 

30.25 Operation code 27. - The operation code 27 instruc­
tions shall be as follows: For all divides, the remainder shall 
have the same sign as the dividend and the absolute value of the 
remainder shall be less than the absolute value of the divisor. 

a. Format RR, Divide - This instruction shall divide 
the double length (Ra , Ra+l) by (Rm), store the 
quotient in Ra+l and the remainder in Ra; and 
then set the Condition Code. 

b. Format RI Type 2, Divide - This instruction shall 
divide the double length (Ra , Ra+l) by the con-

. tents of memory address Y, store the quotient in 
Ra+1 and the remainder in Ra; and then set the 
Condition Code. 

c. Format RK, Divide - This instruction shall divide 
the double length (Ra , Ra+l) by operand Y, store 
the quotient in Ra+l and the remainder in Ra; 
and then set the Condition Code. 

d. Format RX, Divide - This instruction shall divide 
the double length (Ra , Ra+l) by the contents of 
memory address Y, store the quotient in Ra+l and 
the remainder in Ra; and then set the Condition Code. 
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30.26 Operation code 30. - The operation code 30 
instructions shall be as follows: 

a. Format RR, AND - This instruction shall 
perform the bit by bit logical AND of 
(Ra) and (Rm), and store the result in 
Ra , then set the Condition Code. 

b. Format RI Type 2, AND - This instruction shall 
perform the bit by bit logical AND of (Ra) and 
the contents of memory address Y, and store the 
result in Ra , then set the Condition Code. 

c. Format RK, AND - This instruction shall 
perform the bit by bit logical AND of 
(Ra) and operand Y, and store the 
result in Ra , then set the Condition Code. 

d. Format RX, AND - This instruction shall 
perform the bit bv bit loqical k~D of (Ra) and 
the contents of memory address Y, and store the 
result in Ba , then set the Condition Code. 

30.27 Operation code 31. - The op~ration code 31 
instructions shall be as'follows: 

a. Format RR, OR - This instruction shall 
perform the bit by bit logical OR of 
(Ra) and (Rm), and store the result in 
Ra , then set the Condition Code. 

b. FormatRI Type 2, OR - This instruction 
shall perform the bit by bit logical OR of (Ra) 
and the contents of memory address Y, and 
store the results in Ra , then set the Condition Code. 

c. Format RK, OR - This instruction shall 
perform the bit by bit logical OR of 
(Ra) and operand Y, and store the 
result in Ra, then set the Condition Code. 

d. Format RX, OR - This instruction shall 
perform the bit by bit logical OR of 
(Ra) and the contents of memory address Y, and 
store the result in Ra , then set the Condition Code. 
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30.28 Operation code 32. - The operation code 32 
instructions shall be as follows: 

a. Format RR, Exclusive OR - This instruction 
shall perform the bit by bit exclusive OR 
of (Ra) and (Rm), and store the result in 
Ra , then set the Condition ·Code. 

b. Format RI Type 2, Exclusive OR - This 
instruction shall perfo~m the bit by bit 
exclusive OR of (Ra) and the contents of 
memory address Y, and store the result 
in Ra , then set the Condition Code. 

c. Format RK, Exclusive OR - This instruction 
shall perform the bit by bit exclusive OR 
of (Ra) and operand Y, and store the 
result in Ra , then set the Condition Code. 

d. Format RX, Exclusive OR - This instruction 
shall perform the bit by bit exclusive OR 
of (Raj and the contents of memory address Y, and 
store the result in Ra , then set the Condition Code. 

30~29 Operation code 33. - The operation code 33 
instructions shall be as follows: 

a. Format RR, Masked Substitute - This in-
struction shall perform as fDllows: 

For each bit set in (Ra+l) the 
value of the corresponding bit 
in (Rm) shall be transferrred: to 
the corresponding bit in Ra. For each bit 
not set in (Ra+l) the coriesponding bit in 
Ra is unaltered. Set the Condition Code. 

b. Format RI Type 2, Masked Substitute - This 
instruction shall perform as follows: 

For each bit set in (R~+l) the value 
of the corresponding blt in the contents 
of memory address Y shall be transferred 
to the corresponding bit in Ra. For each 
bit not set in (Ra+l) the corresponding 
bit in Ra is unaltered. Set the Condition 
Code. 
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c. Format RK, Masked Substitute - This instruction 
shall perform as follows: 
For each bit set in (Ra+1 ) the value of the 
corresponding bit in operand Y shall be transferred 
to the corresponding bit in Ra. For each bit not 
set in (Ra±l) the corresponding bit in Ra is un­
altered. ~et the Condition Code. 

d. Format RX, Masked Substitute - This instruction 
shall perform as follows: 
For each bit set in (Ra+l) the value of the 
corresponding bit in the contents of memory 
address Y shall be transferred to the corresponding 
bit in Rae For each bit not set in (Ra+l) the 
corresponding bit in Ra is unaltered. Set the 
Condition Code. 

30.30 Operation code 34. - The operation code 34 instruc­
tions shall be as follows: 

a. Format RR, Compare Masked - This instruction 
shall compare the result of the logical AND of 
(Ra) and (Ra+1) to the result of the logical 
AND of (Rm) and (Ra+1) and set the Condition 
Code. The Condition Code shall be interpreted 
contingent upon bit 15 of (Ra+l) as follows: 
(1) When a zero, the Condition Code shall be 

interpreted as specified in table IV. 

(2) When a one, a Condition Code of 00 shall 
indicate equal, all other Condition Code 
values shall indicate not-equal. 

b. Format RI Type 2, Compare Masked - This instruc­
tion shall compare the result of the logical AND 
of (Ra) and (Ra+1) to the result of the logical 
AND of contents of memory address Y and (Ra±l) 
and set the Condition Code. The Condition Code 
shall be interpreted contingent upon bit 15 of 
(Ra+1) as follows: 
(1) When a zero, the Condition Code shall be 

interpreted as specified in table IV. 
(2) When a one, a Condition Code of 00 shall 

indicate equal, all other Condition Code 
values shall indicate not-equal. 
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c. 'Format RK, Compare Masked - This instruction 
shall compare the result of the logical AND 
of (Ra) and (Ra+1) to the result of the logical 
AND of operand Y and (Ra+1) and set the Condition 
Code. The Condition Code shall be interpreted. 
contingent upon bit 15 of (Ra+1) as follows: 
(1) When a zero, the Condition Code shall be 

interpreted as specified in table IV. 
(2) When a one, a Condition Code of 00 shall 

indicate equal, all other Condition Code 
values shall indicate not-equal. 

d. Format RX, Compare Masked - This instruction 
shall compare the result of the logical AND of 
(Ra) and (Ra+1) to the result of the logical 

AND of contents of memory address Y and (Ra+l) 
and set the Condition Code. The Condition 
Code shall be interpreted contingent upon bit 
15 of (Ra+1) as follows: 
(1) When a zero, the Condition Code shall be 

interpreted as spetified in table IV. 
(2) When a one, a Condition Code of 00 shall 

indicate equal, all other Condition Code 
values shall indicate not-equal. 
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30.31 Operation code 35. - The operation code 35 
instructions shall be as follows: 

a. Format RR, I/O Command - This instruction 
shall cause the DPS to execute the I/O 
command instruction from main memory 
address 000140 and clear bits 14 and 15 
at this address. 

b. Format RI Type 2, Biased Fetch - This 
instruction shall: 
(1) Examine the contents of memory address Y. 
(2) Set the Condition Code. 
(3) Set the most significant two bits of the 

contents of memory address Y leaving the 
remaining bits unchanged. 

c. Format RK, Execute Remote - This instruction 
shall cause the next instruction executed to 
be that specified by the contents of memory 
address Y. After executing the instruction 
the DPS shall continue with the next sequential 
instruction (after the Execute Remote instruction). 

d. Format RX, Biased Fetch - This instruction shall: 
(1) Examine the contents of memory address Y. 
(2) Set the Condition Code. 
(3) Set the most significant two bits of 

the contents of memory address Yleaving 
the remaining bits unchanged. 
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30.32 Operation code 36. - Unassigned. 

30.33 Operation code 37. - The operation code 37 instruc­
tion shall be as follows: 

a. Format RR, Trigonometric and Hyperbolic - This in­
struction shall perform trigonometric rotate and vector, 
and hyperbolic rotate and vector functions 
as specified in Appendix 50. The input 
parameters (X, Y, and angle) and the output 
results shall be 'contained in Ra , Ra+1' 
and Ra+2' 

b. Format RI - Unassigned. 

c. Format RK - Unassigned. 

d. Format RX - Unassigned. 

30.34 Operation code 40. - The operation code 40 instruc­
tions shall be as follows: 

a. Format RR, Condition Jump - This instruc­
tion shall test for the condition specified 
by the a-value as specified in table 30-V and 
perform one of the following:, 

(1) If the condition specified in 
table 30-IV is met, jump to the 
instruction located at the address 
specified 'by (Rm). If the a-value 
specifies a Stop (unconditional) or 
a Stop Key ~et operation, the DPS 
shall halt the RTC, then stop. When 
the DPS is restarted~ load P with 
(Rm) and execute the instruction at 
P. 

(2) If the condition specified in 
table 30-IV is not met, execute the 
next instruction, unless otherwise 
specified. 

b. Format RI Type 1, Local Jump - This instr~c­
tion shall jump to the instruction located 
at memory address Y. 
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Table 30-IV. Jump Instruction a Value Conditions 

a 
Value 

o 

1 

2 

3 

4 

5 

6 

7 

10 

11 

12 

13 

14 

15 

16 

17 

Jump Condition 
Zero if arithmetic operation, or equal 
if compare operation. (Condition Code 
bit 8 equals zero.) 
Not zero if arithmetic operation, or 
not equal if compare operation. (Con­
dition Code bit 8 equals one.) 
Positive if arithmetic operation, or 
greater than or equal to if compare 
operation. (Condition Code bit 9 
equals zero.) 

Negative if arithmetic operation, or 
less than if compare operation. (Con­
dition Code bit 9 equals one.) 

Overflow 
Carry 
Power' out of tolerance 

Bootstrap 2 selected 

Unconditional Jump 
Unconditional Stop 
Stop if Stop Key 1 selected; if not, 
execute jump. 
Stop if Stop Key 2 selected; if not, 
execute jump. 

, -, 
Unassigned 
Unassigned 

Unassigned 
Unassigned 

but shall perform an 
unconditional jump 
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Format RK~ Conditional Jump - This 
instruction shall test for the condi­
tion specified by the a-value as 
specified in table 30-IV and perform 
one of the following: 
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(1) If the condition specified in table 
30-IV is met, jump to the instruction 
located at the address specified by 
operand Y. If the a-value specifies 
a Stop (unconditional) or a Stop Key 
set operation, the DPS shall halt the 
RIC, then stoP. When. the DPS is re­
started, load P with operand Y and 
execute ~he instruction at P. 

(2) If the condition specified in table 
30-IV is not met, execute the next 
instruction, unless otherwise specified. 

d. Format RX, Conditional Jump - This 
instruction shall test for the con­
ditionspecified by the a-value as 
specified in table 30-IV and perform 
one of the following: 

(1) If the condition specified in table 
30-IV is met, jump to the instruction 
located at the address spBcified by the 
contents of memory address Y. If the 
a-value specifies a Stop (unconditional) 
or a Stop Key set operation, the DPS 
shall hal t the RIC, then stoP. When 
the DPS is rest~rted, load P with the 
c'ontents of me-mary address Y and 
execute the instruction at P. 

(2) If the condition specified in table 
30-IV is nOL met, execute the next 
instruction, unless otherwise specified. 
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30.35 Operation code 41. - The operation code 41 in­
structions shall be as follows: 

a. Format RR, Index Jump - This 
instruction shall test (Ra) and 
perform one of the following: 

(1) If (Ra) does not ~qual zero, 
decrement (Ra) by 1 and jump 
to the instruction located 
at the address specified by 
(Rm) · 

(2) If (Ra) equals zero, execute 
the next instruction. 

b. Format RI Type 1, Local Jump Indirect -
This instruction shall jump uncon­
ditionally to the address specified 
by the contents of memory address Y. 

c. Format RK, Index Jump - This instruc­
tion shall test (Ra) and perform one 
of the following: 

. (1) If (Ra) does not equal zero, 
decrement (Ra) by 1 and jump 
to the instruction located 
at the address specified by 
operand Y. 

(2) If (RaJ equals zero, execute 
the next instruction. 

d. Format RX, Index Jump - This instruc­
tion shall t~st (Ra) and perform one 
of the following: 

(1) If (Ra) does not ~qual zero, 
decrement (Ra) by 1 and jump 
to the instruction located at 
the address spe~ified by the 
contents of memory address Y. 

(2) If (Ra) equals zero, execute 
the next instruction . 
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30.36 Operation code 42. - The operation code 42 
instructions shall be as follows: 

a. Format RR, Jump and Link Register -
This instruction shall store (P)+l 
in Ra , and jump to the instruction 
located at the address specified 
by (Rm). 

b. Format RI - Unassigned. 

c. Format RK, Jump and Link Register -
This instruction shall store (P)+2 
in Ra , and jump to the instruction 
located at the address specified 
by operand Y. 

d~ Format RX, Jump and Link Register -
This instruction shall store (P)+2 
in Ra , and jump to the instruction 
located at the address specified 
by the contents of address Y. 

30.37 Operation code 43. - The operati~n code 43 
instructions shall be as follows: 

a. Format RR - Unassigned. 

b. Format RI Type 1, Local Jump and Link 
Memory - Thi.s instruction shall store 
(P)+l at memory address Y, and jump 
to the instruction located at memory 
address Y + l~ 

c. Format RK, Jump and Link Memory - This 
instruction shall store (P)+2 at 
memory address Y, and jump to the 
instruction located at memory address 
Y + 1. 

d. Format RX, Jump and Link Memory ~ This 
instruction shall store (P)+2 at the 
address specified by the contents of 
address Y, and jump to the instruction 
located at 1 plus the address specified 
by the· contents of address Y. 
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30.38 Operation code 44. - The operation code 44 
instructions shall be as foLlows: 

a. Format RR, Jump Register = 0 - This 
instruction shall test (Ra) and 
perform one of the following: 

(1) If (Ra) equals zero, jump 
to the instruction located 
at the address specified by 
(R ) . 

m • 

(2) If (Ra) does not equal zero, 
execute the next instruction. 

b. Format RI Type 1, Local Jump Equal -
This instruction shall test the Condition 
Code in the Status Register and perform 
one of the following: 

(1) If bit 8 of the Condition Code is equal 
to. zero, jump to the instruction 
located at memory address Y. 

(2) If bit 8 of the Condition Code is equal 
to one, execute the next instruction. 

c. Format RK, Jump Register = 0 - This 
instruction shall test (Ra) and perform 
one of the following: . 

(1) If (Ra) equals zero, jump to 
the instr0ction located at the 
address specified by operand Y. 

(2) If the (Ra) does not equal zero, 
execute the next instruction. 

d. Format RX, Jump Register = 0 - This 
instruction shall test (Ra) and perform 
one of the following: 

(1) If (Ra) equals zero,jump to 
the instruction located at 
address specified by the con­
tents of memory address Y. 

(2) If (Ra) does not equal zero, 
execute the next instruction. 
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30.39 Operation code 45. - The operation code 45 
instructions shall be as follows: 

a. Format RR, Jump Register I 0 - This 
instruction shall test (R~) and 
perform one of the followlng: 

(1) If (Ra) does not equal zero, 
jump to the instruction loca­
ted at the address specified 
by (Rm). 

(2) If (Ra) equals zero, execute 
the next instruction. 

b. Format RI Type 1, Local Jump Not Equal -
This instruction shall test the Condi-
tion Code and perform one of the following: 

(1) If bit 8 of the Condition Code is equal 
to one, jump to the instruction 
located at mamory address Y. 

(2) If bit 8 of the Condition Code is equal 
to zero, execute the next instruction. 

c. Format RK~ Jump Register I 0 - This 
instruction shall test (Ra) and perform 
one of the following: 

(1) If (Ra) does not equal zero, 
jump to the instruction 
located at the address speci­
fied by operand Y. 

(2) If (Ra) equals zero, execute 
the next instruction. 
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d. Format RX, Jump Register I 0 - This 
instruction shall test (Ra) and perform 
one of the following: 

(1) If (Ra) does not equal zero, jump 
to the instruction located at the 
.address specified by the contents 
of memory address Y. 

(2) If (Ra) equals zero, execute the 
next instruction. 
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30.40 Operation code 46. - The operation code 46 
instructions shall be as follows: 

a. Format RR, Jump Register Positive -
This instruction shall test (Ra) and 
perform one of the following: 

(1) If (Ra) is equal to or greater 
than zero, jump to the instruction 
located at the address specified 
by (Rm). 

(2) If (Ra) is less than zero, execute 
the next instruction. 

b. FoimatRI Type 1, Local Jump Greater Than or 
Equal - This instruction shall test the 
Condition Code and perform on~ of the 
following: 

(1) If bit 9 of the Condi~ion Code is equal 
to zero, jump to the instruction 
located at memory address Y. 

(2) If bit 9 of .the Condition-Code is equal 
to one, execute the next instruction. 
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c. Format RK, Jump Register Positive - This 
instruction shall test (Ra) and perform 
one of the following: 

(1) If (Ra) is equal to or greater 
than zero, jump to the instruction 
located at the address specified 
by operand Y. 

(2) . If (Ra) is less than zero, execute 
the next instruction. 

d. Format RX, Jump Register Positive - This 
instruction shall test (Ra) and perform 
one of the following: 

(1) If (Ra) is equal to or greater 
than zero, jump to the instruction 
located at address specified by the 
content~ of memory address Y. 

(2) If (Ra) is less than zero, execute 
the next instruction. 

I SPECIFICATION SYMBOL 
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30.41 Operation code 47. - The operation code 47 
instructions shall be as follows: 

a. F6rmat RR, Jump Register Negative - This 
instruction shall test (Ra) and 
perform one of the following: 

(1) If (Ra) is less than zero, 
jump to the instruction 
located at the address 
specified by (Rm). 

(2) If (Ra) is equal to or greater 
than zero, execute the next 
instruction . 
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b. Format RI Type 1, Local Jump Less Than -
This instruction shall test the Condition 
Code and perform one of the following: 

SPECI FICATION SYMBOL 
SB-10160 

(1) If bit 9 of the Condition Code is equal 
to one, jump to the instruction 
located at memory address Y. 

(2) If bit 9 of the Condition Code is equal 
to zero, execute the next 
instruct·ion. 

c. Format RK, Jump Register Negative -
This instruction shall test (Ra) and 
perform one of the following: 

(1) If (Ra) is less than zero, jump 
to the instruction located at 
the address specified by operand Y. 

(2) If (Ra) is equal to or greater 
than zero, execute the next 
instruction. 

d. Format RX, Jump Register Negative - This 
instruction shall test (Ra) and perform 
one of the following: 

(1) If (Ra) is less than zero, jump 
to the instruction located at 
address specified by the con­
tents of memory address Y. 

(2) If (Ra) is equal to or greater 
than zero, execute the next 
instruction . 
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30.42 Operation code 50. - The operation code 50 instruc­
tions shall be as follows: 

a. Format RR, Floating Point Subtract- This 
instruction shall subtract the floating 
point number (Rm, Rm+1) from the floating 
point number (Ra , Ra+l) , store the normal­
ized floating point difference in Ra and 
Ra+1' and then set the Condition Code. If 
rounding is not specified, Ra+2 and Ra+3 
shall contain the residue in floating 
point format. 

b. Format RI, Type 2, Floating Point Subtract­
This instruction shall subtract the floating 
point number at memory address Y and Y+1 
from the floating point number (Ra, Ra+1) , 
store the normalized floating point. difference 
in Ra and Ra+1, and then set the Condition 
Code. If rounding is not specified, Ra+2 and 
Ra+3 shall contain the residue in floating 
point format. 

c. Format RK- Unassigned. 

d. Format RX, Floating Point Subtract- Same 
as RI, Type 2. 

30.43 Operation code 51. - The operation code 51 instruc­
tions shall be as follows: 

a. Format RRl Floating Point Add-This in­
struction shall add the floating point 
number (Rm, Rm+1) to the floating point 
number (Ra , Ra+1) , store the normalized 
floating point sum in Ra and Ra+1, and 
then set the Condition Code. "If rounding 
is not specified, Ra+2 and Ra+3 shall 
contain the residue in floating point 
format. 

b. 

c. 

d. 

FormatRI, Type 2, Floating Point Add­
This instruction shall add the floating 
point number at memory addresses Y and 
Y+1 to the floating point number (Ra, 
Ra+ 1), store the normalized floa ting point 
sum in Ra and Ra+1, ahd then set the Con­
dition Code. If rounding is not specified, 
Ra+2 and Ra+3 shall contain the residue in 
floating point format . 
Format RK- Unassigned. 

Format 'RX, Floating Point Add- Same as RI, 
Type 2. 
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30.44 Operation Code 52. - The operation code 52 instruc­
tions shall be as follows: 

a .. Format RR, Floating Point Multiply- This instruc­
tion shall multiply the floating point number (Rm, 
Rm+l) by the floating point number (Ra , Ra+l) , store 
the normalized floating point product in Ra and Ra+l, 
and then set· the Condition Code. (Ra, Ra+l) shall be 
a floating point number representing the most sig­
nificant digits of the product. If rounding is not 
specified, Ra+2 and Ra+3 shall be a floating point 
number representing the least significant portion 
of the product. 

b. Format RI, Type 2, Floating Point Multiply- This in­
struction shall multiply the floating point number 
at memory addresses Y and Y+l by the floating point 
number (Ra , Ra+l) , store the normalized floating 
point product in Ra and Ra+l, and then set the Con­
dition Code. (Ra , Ra+l) shall be a floating point 
number representing the most significant digits of 
the product. If rounding is not specified, Ra+2 and 
Ra+3 shall be a floating point number representing 
the least significant portion ·of the product. 

c. Format RK- Unassigned 
d. Format RX, Floating Point Multiply-Same as RI, Type 2. 

30.45 Operation Code 53. - The operation code 53 instruc­
tions shall be as follows: 

a. Format RR, Floating Point Divide- This instruction 
shall divide the floating point number (Ra , Ra+l) 
by the floating point number (Rm, Rm+l) , store the 
normalized floating point quotient in Ra and Ra+l 
and then set the Condition Code. If rounding is 
not specified Ra+2and Ra+3 shall be the remainder 
in floating point format. 

b. FormatRI, Type 2, Floating Point Divide- This 
instruction shall divide the' floating point number 
(Ra , Ra+l) by the floating point number 'at memory 
addresses Y and Y+l, store the normalized floating 
point quotient in Ra and Ra+l, and then set the 
Condition Code. If rounding is not specified, 

. Ra+2 and Ra+3 shall be the remainder in floating 
point format. 

c. Format RK- Unassigned 
d. Format RX, Floating Point Divide-Same as RI, Type 2. 
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30.46 Operation code 54. - The operation code 54 instruc­
tions shall be as follows: 

a. Format RR, Load Page Register- This instruc­
tion shall load the page register specified 
by (Ra) with (Rm). Only bits 0 through 5 of 
Rashall be interpreted.* 

b. Format RI Type 2, Load Page Register- This 
instruction shall load the page register 
specified by (Ra) with the contents of the 
memory address specified by (Rm). Only 
bits 0 through 5 of Ra shall be interpreted.* 

c. Format RK - Unassigned. 

d. Format RX, Load Page Register Multiple- This 
instruction shall load the contents of 
sequential memory addresses beginning at Y, 
into sequential page registers beginning at 
the address defined by bits 0 through 5 
of Ra , and continuing until the number of 
registers loaded equals one plus the count 
defined by bits 8 through 13 of Ra. A count 
of zero shall cause one page register to be 
loaded.* 

*Bits 6 through 14 of all page registers are all zeros and 
cannot be altered . 
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30.47 Operation code 55. - The operation code 55 instruc­
tions shall be as follows: 

a. Format RR, Store Page Register - This instruction 
shall store the page register specified by (Ra) 
in Rm. Only bits 0 through 5 of Ra shall be 
interpreted. 

b. Format RI Type 2, Store Page Register .- This in­
struction shall store the page register specified 
by (Ra) in the memory address specified by (Rm). 
Only bits o through 5 of Ra shall be interpreted. 

c. Format RK - Unassigned. 

d. Format RX, Store Page Register Multiple - This 
instruction shall store sequential page register 
contents beginning at the address defined by bits 
o through 5 of Ra into sequential memory addresses 
beginning at Y and continuing until the number of 
registers stored equals one plus the count defined 
by bits 8 through 13 of Ra. A count of zero shall 
cause the contents of one page register to be stored. 

30.48 Operation code 56. - The operation code 56 instruc­
tion shall be as follows: 

a. Format RR, Double Precision Multiply - This instruc­
tion shall multiply'the double length number (Rm, 
Rm+1) by the double length number (Ra , Ra+1) and 
store the result* in Ra , Ra+1, Ra+2, Ra+3; and 
set the Condition Code. 

b. Format RI, Type 2, Double Precision Multiply - This 
instruction shall multiply the double length contents 
of memory address Y and Y+1 by the double length 
number (Ra , Ra+1) and store the result* in Ra, Ra+1' 
Ra+2, Ra+3; and set the Condition Code. 

c. Format RK - Unassigned. 

d. Format RX, Double Precision Multiply - This instruc­
tion shall multiply the double length contents of 
memory address Y and Y+1 by the double length number 
(Ra , Ra+1) and store the result* in Ra , Ra+1, Ra+2, 
Ra+3; and set the Condition Code . 

*The sign bit for the 64-bit quantity shall be bit 15 of the 
most significant'16 bits (Ra ). 

UDI-5968 22/31-02 9/63 



o 

o 

• 

S PEe I Fie AT ION SHE ET 

J SHEET 160 1 REVISION F 

I 
SPECIFICATION SYMBOL 
SB-10160 

30.49 Operation code 57. - The operation code 57 instruc­
tions shall be as follows: 

a. Format RR, Double Precision Divide - This 
instruction shall divide the number* (Ra , 
Ra+l' Ra+2, Ra+3) by the double length 
number (Rm, Rm+1) , store the double length 
quotient in Ra+2 and 'Ra+3, and the double 
length remainder in Ra and Ra+1; and set the 
Condition Code. 

b. Format RI, Type 2, Double Precision Divide ~ 
This instruction shall divide the number* 
(Ra , Ra+1, Ra+2, Ra+3) by the double length 
contents of memory address Y and Y+1, store 
the double length quotient in Ra+2 and Ra+3, 
and the double length remainder in Ra and 
Ra+1; and set the Condition Code. 

c. Format RK - Unassigned. 

d. Format RX, Double Precision Divide - This 
instruction shall divide the number* (Ra , 
Ra+1, Ra+2, Ra+3) by the double length contents 
of memory address Y and Y+1, store the double 
length quotient in Ra+2 and Ra+3 and the double 
length remainder in Ra and Ra+1; and set the 
Condition Code. 

*The sign bit for the 64-bit quantity shall be bit 15 of the 
most significant 16 bits (Ra ) • 



o 

o 

o 

SPECIFICATION SHEET 

1 SHEET 161 I REVISION F-

I SPECIFICATION SYMBOL 
SB-I0160 

30.50 Operation Code 60. - The operation code 60 in­
structions shall be as follows! 

a. Format RL-l, Logical Right Single Shift-
This instruction shall shift (Ra) right n places 
with zeroes extended to fill and set the Condition 
Code. n shall be the value in bits 0-3 of the 
instruction m-designator. 

b. Format RL-2, Algebraic Right Single Shift -
This instruction shall shift (Ra) right n places 
with sign extended to fill and set the Condition 
Code. n shall be the value in bits 0-3 of the 
instruction m-designator. 

c. Format RL-3, Logical Right Double Shift -
This instruction shall shift the double 
length (Ra,Ra+l) right n places with 
zeroes extended to fill and set the Condition 
Code. n shall be the value in bits 0-3 of the 
instruction m-designator. 

d. Format RL-4, Algebraic Right Do~ble Shift -
This instruction shall shift the double 
length (Ra , Ra+l) right n places with 
sign extended to fill and set the Condition 
Code. n shall be the value in bits 0-3 of the 
instruction m-designator. 

30.51 Operation Code 61. - The operation code 61 in­
structions shall be as follows: 

a. Format RL-l, Algebraic Left Single Shift -
This instruction shall shift (Ra) left 
n places with zeroes extended to fill and set 
the Condition Code. n shall be the value in 
bits 0-3 of the ·instruction m-designator. 

b. Format RL-2, Circular Left Single Shift -
This instruction shall shift (Ra) left , 
circular n places and set the Condition Code. 
nshall be the value in bits 0-3 of the in­
struction m-designator. 
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c. Format RL-3, Algebraic Left Double Shift -
This instruction shall shift the double 
length (Ra , Ra+l) left n places with 
zeroes extended to fill and set the Condition 
Code. n.shall be the value of bits 0-3 of the 
instruction m-designator. 

d. Format RL-4, Circular Left Double Shift -
This instruction shall shift the double 
length (Rn , Rn+l) left circular n places and 
set the Condition Code. n shall be the value 
in bits 0-3 of the instruction m-designator. 

30.52 Operation Code 62. - The operation code 62 in­
structions shall be as follows: 

a. Format RL-l, Subtract - This instruction 
shall subtract the 4-bit literal con­
tained in the m-designator of the in­
struction from (Ra) and store the result 
in Ra; and set the Condition Code. 

b. Format RL-2, Subtract Double - This in­
struction shall subtract the 4-bit 
literal contained in the m-designator of 
the instruction from the double length 
(Ra,Ra+l) and store the result in 
Ra ~nd ka+l; and set the Condition CQde. 

c. Format RL-3, Add - This instruction shall 
add the 4-bit literal contained in the 
m-designator of the instruction to (Ra) 
and store the result in Ra; and then 
set the Condition Code. 

d. Format RL-4, Add Double - This instruction 
shall add the 4-bit literal contained 
in the m-designator of the instruction 
to the double length (Ra , Ra+l) and 
store the result in Ra and Ra+l; and 
set the Condition Code . 
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30.53 Operation code 63. - The operation code 63 
instructions shall be as follows: 

a. Format RL-l, Load - This instruction shall load the 
4-bit literal contained in the m-designator of the 
instruction into Ra and set the Condition Code. 

b. Format RL-2, Compare - This instruction shall 
arithmetically compare (Ra) to the 4-bit lit­
eral contained in the m-designator of the in­
struction and set the Condition Code. 

c. Format RL-3, Multiply - This instruction shall 
multiply the 4-bit literal contained in the m­
designator of the instruction by (Ra+l) and 
store the double length result in Ra, Ra+l; 
and then set the Condition Code. 

d. Format RL-4, Divide - This instruction shall 
divide the double length (Ra , Ra+l) by the 4-
bit literal contained in the m-designator of 
the instruction, store the quotient in Ra+l 
and the remainder in.Ra; and then set the 
Condition Code. 

30.54 Operation code 64. - The operation code 64 instruc­
tions shall be as follows: 

a. Format RR - Unassigned 

b. Format RI - Unassigned 

c. Format RK - Unassigned 

d. Format RX - Byte Subtract - This instruction shall 
subtract the selected byte of the contents of memory 
address Y from (Ra) and store the result in Ra , and 
set the Condition Code. 

30.55 Operation code 65. - The operation code 65 instruc­
tions shall be as follows: 

a. Format RR - Unassigned 

b. FormatRI - Unassigned 

c. Format RK - Unassigned 

d. Format RX, Byte Add - This instruction shall add the 
selected byte from the contents of memory address 
Y to (Ra ), store the sum in Ra , and set the Condition 
Code. 
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30.56 Operation code 66. - The operation code 66 instruc­
tions shall be as follows: 

a. Format RR - Unassigned. 

b. Format RI - Unassigned. 

c. Format RK - Unassigned. 

d. Format RX, Byte Compare - This instruction 
shall arithmetically compare (Ra) to the 
selected byte of memory address Y, and set 
the Condition Code. 

30.57 Operation code 67. - The operation code 67 instruc­
tions shall be as follows: 

a. RR, RI, and RK - Reserved for user-defined 
macroinstructions, otherwise unassigned. 
When 512 words of microprogrammed ROM for 
a user-defined microprogram have been speci­
fied in the procurement document (see 6.1), 
operation code 67 formats RR, RI, and RK 
shall provide access to the ROM. For these 
instructions, instruction word bits 15 through 
10 shall be 678, instruction word bits 7 through 
o shall be free form, and instruction word bits 
9 and 8 shall be 00 for the RR instruction, 01 
for the RI instruction, and 10 for the RK in­
struction. If more than one word is associated 
with any of these instructions, the additional 
words shall be free form. 

b. Format RX, Byte Compare and Index by 1 - This 
instruction shall arithmetically compare (Ra) 
to the selected byte of memory address Y, 
set the Condition Code; then increment (Rm) 
by 1. 
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30.58 Operation code 70. - The operation code 70 
instructions shall be as follows: 

a. Format RR, Channel Control (Command) -
This instruction shall perform the 
operation specified by the m-designator 
as specified in table 30-V on all I/O 
channels when m = 0 through 7 or the 
channel specified by the a-designator 
when m = 10 through 17. 

b. Format RR, Channel Control (Chaining) -
This instruction shall perform the operation 
specified by the m-designator as specified 
in table 30-V. The a-designator shall not 
be used and the channel referenced shall be 
associated with the active chain. 

c. Format RI - Unassigned. 

d. Format RK - U0assigned. 

e. Format RX, Initiate Transfer (Chaining) -
This instruction shall load the control 
memory BCW and BAP locations with the 
contents of memory addresses Y and Y+1 
respectively, and enable input or output 
transfers on the channel corresponding to 
the chain executing the instruction. 
Address Y shall be required to be even. 
Chaining on the channel (input or output) 
shall be disabled until transfer termina­
tion. Transfer termination shall result 
when the buffer word count decrements to 
,zero. Chaining shall be re-enabled after 
transfer termination. The a-designator 
shall be applicable for all I/O transfers 
and shall be interpreted and specified in 
table 30-VI . 
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Table 30-V. Channel Control Instruction m-Designator 

m Value Operation 

o Clear all channels. Deactivate all data buffers, disable 
all external interrupt data, disable class III interrupts 
and clear monitor and suppress flags. 

1 Unassigned. 
2 Unassigned. 
3 Unassigned. 
4 Enable all channels to accept external interrupt requests. 

Each channel shall set the external interrupt enable (EIE). 
Receipt of an external interrupt request shall then store 
the external interrupt word (one word) at the assigned 
memory address, and clear the EIE on the channel. 

5 Do not accept external interrupt data from any channel. 

6 

7 

10 

Clear the EIE on all channels. 
For all channels, generate the class III priority 2 inter­
rupt if ~ny external interrupt was accepted. Enable gener-
ation of class III priority 2, 3, and 4 interrupts. 

For all channels, disable the. generation of class III 
priority 2, 3, and 4 interrupts to the processor. 
Master clear the associated channel. Clear the EIE, dis­
able class III interrupts, deactivate the data buffers, 
clear the monitor flag, and clear the suppress flag. 

11 Unassigned. 
12 Unassigned. 
13 Unassigned. 

14 Enable the associated channel to accept external interrupt 
requests. The channel shall set the external interrupt 
enable line. Receipt of an external interrupt request 
shall then store the external interrupt word (one word) 
at the assigned memory address, and clear the EIE. 

15 Do not accept external interrupt data from the associated 
channel. Clear the EIE. 

16 

17 

For the associated channel, enable the generation of class 
III priority 2, 3, and 4 interrupts to the processor. Gen­
erate a class III priority 2 interrupt if any external 
interrupt was accepted. 
For the associated channel, disable the generation at 
class III priority 2, 3, and 4 interrupts to the processor. 
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Table 30-VI Initiate Transfer Instruction a-Designator 

a-Value Type of TrLlnsfer 

0 Input data 

1 Output data 

2 External function 

3 External function with force 

o 
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30.59 Operation code 71. - The operation code 71 in­
structionsshall be as follows: 

a. Format RR - Unassigned. 

b. Format RI - Unassigned. 

c. Format RK, Initiate Chain (Command) -
This instruction shall initiate chaining 
for the channel specified by the a-des­
ignator. The m-designator shall specify 
the chain; m = 2, input chain; m = 6, out­
put chain. The instruction shall load the 
corresponding Chain Pointer with the oper­
and Y for use as the starting address for 
the selected chain. 

d. Format RK Load Control Memory, (Chaining) -
This instruction shall load the control mem­
ory location specified by the m-designator 
as specified in table 3D-VII with Y. The 
a-designator is not used, and the channel 
referenced shall be associated with the 
active chain. 

e. Format RX Load Control Memory (Command) -
This instruction shall load the control 
memory location specified by the m-des­
ignator as specified in table 3D-VII with 
the contents of the memory address speci­
fied by Y. The. a-designator shall specify 
the channel. 

f • F or'ma t RX Load Control Memory (Chaining)'-
. This instruction shall load the control 
memory location specified by the m-desig­
nator as specified in table 3D-VII with 
the contents of address Y. The a-desig­
nator is not used, and the channel refer­
enced shall be associated with the active 
chain . 
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Table 30-VII. Load, Store, Control Memory Instructions m-Designator 

m-Value 

0 

1-

2 

3 

0 4 

5 

6 

7 

10 

11 

~2 

13-17 

• 
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Location 

1M, 0, B and Buffer Word Count (IN) 

Buffer Address Pointer (IN) 

Chain Address Pointer (IN) 

Unassigned 

1M, 0, B and Buffer Word Count (OUT) 

Buffer Address Pointer (OUT) 

Chain Address Pointer (OUT) 

Unassigned 

Monitor Register (MIL-SID-188,RS-232 Serial, 
and VACALES) 

Suppress Register (MIL-SID-188, RS-232 
. Serial, and VACALES) 

Serial Mode Information (MIL-SID-18S, RS-232 
Serial, and VACALES) 

Unassigned 
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30.60 Operation code 72. - The operation code 72 
instructions shall be as follows: 

a. Format RR - Unassigned. 

b. Format RI - Unassigned. 

c. Format RK - Unassigned. 

d. Format RX Store Control Memory (Command) -
This instruction shall store the contents 
of the control memory location specified 
by the m-designator as specified in table 
30-VII at memory address Y. The a-desig­
nator shall specify the channel. 

e. Format RX Store Control Memory (Chaining) -
This instruction shall store the contents of 
the control memory location specified by the 
m-designator as specified in table 30-VII at 
memory address Y. The a-designator is not 
used, and the channel referenced shall be 
associated with the active chain. 

30.61 Operation code 73. - The operation code 73 
instructions shall be as follows: 

a. Format RR, Halt/Interrupt (Chaining) -
This instruction shall perform one of the 
following as specified by the a-designator; 
the m-designator is not used: 

(1) If a = 0, halt the chaining action. 

(2) If a = 1, generate the Chain interrupt. 

b. Format RI - Unassigned. 

c. Format RK - Unassigned. 

d. Format RX, Set/Clear Flag (Chaining) -
This instruction shall set or clear the most 
significant two bits (flag) of the memory 
location specified by Y as specified by the 
a-designator; the m-designator is not used. 

(1) If a = 1, set flag • 

(2) If a = 0, clear flag. 
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30.62 Operation code 74. - The operation code 74 
instructions shall be as follows: 

a. Format RR - Unassigned. 

b. Format RI - Unassigned. 

c. Format RK, Conditional Jump (Chaining) -
This instruction shall cause a jump to 
the address specified by the operand Y if 
the condition specified by table 30-VIII 
is met. If none of the conditions are met, 
the DPS shall execute the. next instruction. 

d. Format RX - Unassigned. 

Table 30-VIII. Conditional Jump Instruction 
a-designator 

a-designator Jump Operation 

o 

1 

2 

Unconditional Jump 

Jump if Suppress Flag Not Set 

Jump if Monitor Flag Set 
r-_______ ...L--__________________ . 

30.63 Operation code 75. - The operation code 75 
instructions shall be as follows: 

a. Format RR, Set Suppress, Set Monitor, and 
Search for Sync (Chaining) - The function per­
formed when each bit of the m-designator is set 
shall be as specified herein. m-designator values 
specified in table 30-IX, used with the interface 
specified, shall perform the functions specified. 
Other m-designator values shall be unassigned. 

(1) Bit 0, Set Synchronous Serial Active -
When bit 0 is set in the m-designator, the 
synchronous serial channel shall be set. 
active, and chaining shall be enabled for 
the synchronous serial interface. When 
bit 0 is cleared in the m-designator, 
synchronization shall be disabled • 
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(2) Bit 1, Set Suppress - When bit 1 is set 
in the m-designator and the interface is 
either the synchronous or asynchronous 
serial interface, input data matching the 
character loaded into the suppress register 
shall not be transferred-to memory. Ihe sup­
press flag shall be set. Ihe suppress flag 
shall then be cleared upon input of the 
next serial character. When bit 1 is 
cleared in the m-designator, Set Suppress 
shall be disabled. 

(3) Bit 2, Set Monitor - When bit 2 is set in 
the m-designator and the interface is 
either the MIL-SID-ISS or RS-232 synchronous 
or asynchronous serial interface, the last n 
bits.of input data shall be compared to the 
monitor register. When a match occurs, the 
monitor flag shall be set and that character· 
shall be input as data. Ihe buffer shall be 
terminated and the chain shall be enabled. 
Ihe monitor flag shall then be cleared upon 
input of the next serial character. When 
bit 1 is cleared in the m-designator, Set 
Suppress shall be disabled~ In the VACALES 
mode interface, Set Monitor is enabled when 
bit 2 is set and bit 3 is cleared. 

(4) Bit 3, Search for Sync ~ When bit 3 is set 
in the m-designator and the MIL-SID-ISS or 
RS-232 synchronous serial interface is set 
active (bit 0 is set), at each bit time the 
input channel shall compare the value of the 
last n bits of input data to the contents of 
the suppress· register (when n is equal to the 
character length of the channel). When a 
match occurs, the next character of n bits 
shall be compared to the suppress register. 
If the next character compare results in a 
match, the suppress designator shall be 
set and the next instruction of the chain 
shall be enabled. If the next character 
compare does not result in a match, the 
suppress designator shall not be set and 
the next instruction of the chain shall be 
~nabled. When bit 3 is cleared in the 
m-designator, Search for Sync shall be 
disabled. 
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(5) Search for Sync, Bit-by-Bit - When bit 3 
is set and bit 2 is cleared in the 
m-designator and the interface is the 
VACALES mode interface, at each bit 
time the input channel shall compare 
the value of the last n bits of input 
data to the contents of the suppress . 
register (where n is equal to the charac­
ter length of the channel). When a match 
occurs the interface shall start assembling 
the next input data bits into a n bit charac­
ter and shall enable the next chain instruc­
tion. When bit 3 is cleared in the m-desig­
nator, Search for Sync shall be disabled. 

(6) Search for Sync, Character - When bits 2 
and 3 are set in the m-designator and the 
interface is the VACALES mode interface, 
the channel shall assemble input data bits 
into n bit characters and compare each 
character to the contents of the suppress 
register (where n is equal to the character 
length of the channel). If the compare 
results in a match, the suppress flag shall 
be set and the next chain instruction shall 
be enabled. If the compare does not result 
in a match, the suppress flag shall not be 
set and the next chain instruction shall be 
enabled. 

b. Format RI - Unassigned. 

c. Format RK - Unassigned. 

d. Format RX - Unassigned . 
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Table 30-IX. Set Suppress, Set Monitor, and 
Search for Sync m-designator 

* m 
3210 Interface Function 

~--------~---------+-------------------0000 Sync Disable search for sync, disable set monitor, 

0000 Async 

0001 Sync 

0010 Async 

0011 Sync 

0100 Async 

0101 Sync 

0110 Async 

0111 Sync 

1001 Sync 
MIL-SID-1SS 

RS-232 

1001 VACALES 

Sync 
1011· MIL-SID-1S8 

RS-232 

1011 VACAL£S 

disable set suppress, and enable next chain 
instruction. 

Disable set monitor, disable set suppress, 
and enable next chain instruction. 

Hold sync active, enable next chain instruc­
tion. 

Enable set suppress, enable next chain in­
struction. 

Enable set suppress, enable next chain in­
struction. 

,Enable set monitor, enable next chain in­
struction. 

Enable set monitor, enable next chain in­
struction. 

Enable set monitor, enable set suppress, 
enable next chain instruction. 

Enable set monitor, enable set suppress, 
enable next chain instruction. 

Enable search for sync, disable chaining, 
until function is complete. 

Enable search for synch bit-by-bit, disable 
chaining until function is complete. 

Enable search for sync, enable set suppress, 
disable chaining until function is complete. 

Enable search tor sync bit-by-bit, enable set 
suppress, disable chaining until function is 
complete. 

UDI-5968 22/31-02 9/63 
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Table 30-IX. Set Suppress, Set Monitor, and 
Search, for Sync m-designator (continued) 

Interface 

VACALES 

VACALES 

Function 

Enable search for sync character compare, 
set suppress flag if character compares, 
enable next chain instruction after each 
character. 

Enable search for sync character compare, 
set suppress flag if compares, enable set 
suppress, enable next chain instruction 
after each character. 

* m-designator values of 10002' 10102' and 11102 have 
unassigned functions and are not recommended for use. 
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30.64 Operation code 76. - The operation code 76 
instruction shall be as' follows: 

a. Format RR, Set - Clear Discretes (Command) -
This instruction shall set or clear the dis­
cretes associated with the MIL-STD-18S,VACALES, 
or RS-232 serial interface as specified by the 
m-designator. The a-designator shall specify 
the channel. Discrete set-clear functions 
in the MIL-STD-18S or VACALES interface are 
specified in table 30-X, with the corresponding 
interface control line. Discrete set-clear 
functions in the RS-232 interface are specified 
in table 30-XI. 

UDI-5968 22/31-02 9/63 
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Table 30-X MIL-STD-lS8 and VACALES Discrete Set-Clear Functions 

MIL-STD-
188 Line VACALES 

m-designator Function Discrete Designator Line Designator 

1111 Set Outbound Control Line 1 A (ON) Loop Back (Modem) 

1110 Clear Outbound Control Line 1 A (OFF) Loop Back (Modem) 

1101 Set Outbound Control Line 2 D (ON) Dl 

1100 Clear Outbound Control Line 2 D (OFF) Dl 

1011 Set Outbound Control Line 3 F ( ON) Fl 

1010 Clear Outbound Control Line 3 F ( OFF) Fl 

1001 Set Outbound Control Line 4 G (ON) Gl 

1000 Clear Outbound Control Line 4 G (OFF) Gl 

0111 Set Outbound Control Line 5 H (ON) Transmitter Prep 

0110 Clear Outbound Control Line 5 H ( OFF) Transmitter Prep 
o 

0101 Set Outbound Control Line 6 J (ON) J1 

0100 Clear Outbound Control Line' 6 J (OFF) Jl 

0011 Set Not used Not used Not used 

0010 Clear Not used Not used Not used 

0001 Clear Internal Loop Test N/A N/A 

0000 Set Internal Loop Test N/A N/A 

-0 

UDI-5968 22/31-02 9/63 
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Table 30-XI. RS-232 Discrete Set-Clear Functions 

m-designator ·Function Discrete 

1111 Set (ON) Loop Test 
1110 Clear(OFF) Loop Test 
1101 Set (ON) Data Terminal Ready 
1100 Clear(OFF) Data Terminal Ready 
1011 Set (ON) New Sync 
1010 Clear(OFF) New Sync 
1001 Set (ON) Request to Send 
1000 Clear(OFF) Request to Send 
0111 Set' Enable Ring Indicator* 
0110 Clear Enable Ring Indicator* 

0 0101 Spare 
0100 Spare 
0011 Spare 
0010 Spare 
0001 Clear Internal Loop Test* 

0000 Set . Internal Loop Test* 

*Internal functions which have no corresponding control line. 

• 
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b. Format RR, Set - Clear Discretes (Chaining) -
This instruction shall set or clear the discretes 
associated with the MIL-STD-lSB, VACALES, or -
RS-232 serial interface as specified by the 
m-designator. The a-designator is not used. 
Discrete set-clear functions are specified in 
table 30-X and table 30-XI. 

c. Format RI - Unassigned. 

d. Format RK - Unassigned. 

e. Format RX, Store Status (Command) - This instruc­
tion shall store the channel status at the memory 
location specified by operand Y. The data shall 
be interpreted as specified in table 30-XII for 
the MIL-STD-ISS serial interface and as specified 
in table 30-XIII for the RS-232 serial interface. 
The a-designator shall specify the channel. 

f. Format RX, Store Status (Chaining) - This instruc­
tion shall store the channel status at the memory 
location specified by operand Y. The data shall 
be interpreted as shown in table 30-XII for the 
MIL-STD-ISS serial interface, as specified in 
table 30-XII for the RS-232 serial interface, and 
as s.pecified in table XIV for the VACALES mode 
interface. 

30.65 Operation code 77. - Unassigned . 

• 
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Table 30-XII. Store Status Bit Interpretation, 
MIL-STD-188 Serial Interface. 

Function 

Break 

Uverrun 

Description 

The serial I/O did not detect a 
stoR bit. Used in asynchronous 
mode only. 

The serial I/O did not transfer 
a data word to memory before 
another I/U word was received. 

2 Parity Error The serial I/O detected a parity 

3 

Bit 

o 

1 

E Active 

error on an input data word. 

Control Line E was set active 
by an external device. 

Table 30-XIII. Store Status Bit Interpretation, 
. RS-232 Serial Interface. 

Function 

Break 

Overrun 

Description 

The serial I/O did not detect 
a stop bit. Used in asyn­
chronous mode only. 

The serial I/O did not transfer 
to memory before another I/O 
word was received. 

2 Parity error The serial I/O detected a parity 

3 Clear to 
.Send 

error on an input data word. 

Clear to Send was set active by 
an external device . 
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,Table 30-XIV. Store Status Bit Interpretation, 
VACALES Mode Serial Interface 

Function 

Overrun 

. Parity Error 

Sync Error 

Description 

The serial I/O did not transfer 
to memory before another I/O 
word was received. 

The serial I/O detected a parity 
error on an input data word. 

The inbound discrete control 
line, Sync Error, was set by 
an external device. 
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Condition Code, Carry, and Over-Underflow Designators 

40.1 Scope. - This Appendix shall establish which of the 
conditions apply for instructions which set the Condition Code 
bits, the carry designator, and the overflow-underflow designator. 
The applicability shall be as specified in table 40-1. 

In table 40-1: 

NC shall mean: no change in the designator 

o shall mean: end result is O. 

X shall mean: contingent upon the designator 
function for that instruction 

NA shall mean: not applicable 

UDI-5968 22/31-02 9/63 
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Table 40~I. Condition Designators 

CONDITION 
CARRY OVERFLOW CODE 

INSTRUCTION DESIGNATOR DESIGNATOR (9) (8) REGISTER 
00 RR Diagnostic jump NC NC NC NC 

when DIAGNOSTIC 
JUMP switch is 
selected, other-
wise unassigned 

RI Unassigned NC NC NC NC 
RK Unassigned NC NC NC NC 
RX Byte Load 0 0 0 X (Ra) 

01 RR Load 0 0 X X (Ra) 
RI Load 0 0 X X (Ra) 
RK Load 0 0 X X (Ra) 
RX Load 0 0 X X (Ra) 

02 RR Unary-Arithmetic 

m = o Make Positive X X X X (Ra) () 
m = 1 Make Negative X 0 X X (Ra) 
m = 2 Round Ra X X X X (Ra) 
m = 3'Unassigned NC NC NC NC 
m = 4 Twos Complement X X X X (Ra) 

\ Single 

m = 5 Twos Complement X X X X (Ra ,Ra+1) 
Double 

\ 

(Ra) m = 6 Ones Complement 0 0 X X 
Single 

m = 7 Unassigned NC NC NC NC 

m = 10 Increment (Ra) X X X X (Ra) 
by 1 

m = 11 Decrement 
by 1 

(Ra) X X X X (Ra) 

m = 12 Increment (Ra) X X X X (Ra) 
by 2 

m = 13 Decrement (Ra) X X X X (Ra) 
by 2 

m = 14 ~ 17 Unassigned NC NC NC NC • 
UDI-5968 22/31-02 9/63 
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,Table 40-1. Condition Designators (Continued) 

CONDITION 
CARRY OVERFLOW CODE 

INSTRUCTION DESIGNATOR DESIGNATOR ( 9 ) ( 8) REGISTER 

RI-2 Load 0 0 X X (Ra , Ra+l) 

RK Unassigned NC NC NC NC 

RX Load Double 0 0 X X (Ra , Ra+ 1 ) 

03 RR Unary-Control 

m = 0-3 0 0 X X (Ra) 
m = 4-14,16, & 17 NC NC NC NC 
m = 15 0 0 X X (Ra+1) 

RI Unassigned NC NC NC NC 

RK Unassigned NC NC NC NC 

0 Rx. Load Multiple NC NC . NC NC 

04 RR Unary-Shift 
m ::t 0 Square Root 0 X X X (Ra) 
m = 1 Reverse 0 0 X X (Ra) 

Register 

m = 2 Count Unes NC NC NC NC 

m = 3 Scale Factor NC NC NC NC 
m = 4 - 17 NC NC NC NC 

RI Unassigned NC NC NC NC 

RK Unassigned NC NC NC NC 

RX Byte Load & Index 
by 1 0 0 0 X (Ra) 

05 RR Set Bit 0 0 X X (Ra) 
RI Load & Index by 1 0 0 X X (Ra) 
RK Unassigned NC NC NC NC 

RX Load and Index by 1 0 0 X X (Ra) 

• 
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Table 40-1. Condition Designators (Continued) 

CONDITION 
CARRY OVERFLOW CODE 

INSTRUCTION DESIGNATOR DESIGNATOR (9) 18) REGISTER 
~ 

06 RR Clear Bit 0 0 X X (Ra) 
RI Load Double & 
Index by 2 0 0 X X (Ra , Ra+ l ) 
RK Unassigned NC NC NC NC 
RX Load Double & 
Index by 2 0 0 X X (Ra , Ra+ l ) 

07 RR Compare Bit 0 0 X X (Ra) 
* RI Load PSW NA NA NA NA 

RK Unassigned NC NC NC NC 

* RX Load PSW NA NA NA . NA 

o 10 RR Logical Right 
Single Shift 0 0 X X (Ra) 

RI Unassigned NC NC NC NC 
RK Logical Right 

Single Shift 0 0 X X (Ra) 
RX Byte Store NC NC NC NC 

11 RR Algebrai_cRight 
Single ~hiT·t 0 0 X X (Ra) 

RI Store NC NC NC NC 

RK Algebraic Right 
Single Shift 0 0 X X (Ra) 

RX Store NC NC NC NC 

12 RR Logical Right 
Double Shift 0 0 X X (Ra , Ra+ l ) 

RI Store Double NC NC NC NC 
RK Logical Right 

Double Shift 0 0 X X (Ra , Ra+ l ) 
RX Store Double NC • NC NC NC 

* The status register 1 contents shall be under program control. 
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Table 40-1. Condition Designators (Continued) 

CONDITION 
CARRY OVERFLOW CODE 

INSTRUCTION DESIGNATOR DESIGNATOR (9; (8) REGISTER 
. -

13 RR Algebraic Right 
Double Shift 0 0 X X (Ra , Ra+ l ) 

RI Unassigned NC NC NC NC 

RK Algebraic Right 
Double Shift 0 0 X X (Ra , Ra+ l ) 

RX Store Multiple NC NC NC NC 

14 RR Algebraic Left 
Single Shift 0 X X X (Ra) 

RI Unassigned NC NC NC NC 

RK Algebraic Left 
Single Shift 0 X X X (Ra) o 

RX Byte Store & Index 
by 1 NC NC NC NC 

15 RR Circular Left 
Single Shift 0 0 X X eRa) 

RI Store & Index by 1 NC NC NC NC 
RK Circular Left 

Single Shift 0 0 X X (Ra) 
RX Store & Index by 1 NC NC NC NC 

16 RR Algebraic Left 
Double Shift 0 X X X (Ra , Ra+l ) 

RI Store Double & Index 
by 2 NC NC NC NC 

RK Algebraic Left 
Double Shift 0 X X X (Ra , R +1) a 

RX Store Double & Index 
by 2 NC NC NC NC 

• 
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Table 40-1. Condition Designators (Continued) 

CONDITION 
CARRY OVERFLOW CODE 

INSTRUCTION DESIGNATOR DESIGNATOR (9 ) (8 ) REGISTER 

17 RR Circular Left Double 
Shift 0 0 X X (Ra , Ra+ l ) 

RI Store Zeros NC NC NC NC 

RK Circular Left Double 
Shift 0 0 X X (Ra , Ra+ l ) 

RX Store Zeros NC NC NC NC 

20 RR Subtract X X X X (Ra) 
RI Subtract X X X X (Ra) 
RK Subtract X X X X (Ra) 

o RX Subtract X X X X (Ra) 

21 RR Subtract Double X X X X (Ra , Ra+ l ) 

RI Subtract Double X X X X (Ra , Ra+ l ) 

RK Unassigned NC NC NC NC 

RX Subtract Double X X X X (Ra , Ra+ l ) 

22 RR Add X X X X (Ra) 
RI Add X X X X (Ra) 

RK Add X X X X (Ra) 
RX Add X X X X (Ra) 

23 RR Add Double X X X X (Ra , Ra+ l ) 

RI Add Double X X - X X (Ra , Ra+ l ) 
RK Unassigned NC NC NC NC 

RX Add Double X X X X (Ra , Ra+ l ) 
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Table 40-1. Condition Designators (Continued) 

CONDITION 
CARRY OVERFLOW CODE 

INSTRUCTION DESIGNATOR DESIGNATOR (9 ) (8) REGISTER 

24 RR Compare X X X X Result 

RI Compare X X X X Result 

RK Compare X X X X Result 

RX Compare X X X X Result 

25 RR Compare Double X X X X Result 
RI Compare Double X X X X Result 

RK Unassigned NC NC NC NC 

RX Compare Double X X X X Result 

26 RR Multiply 0 0 X X (Ra , Ra+ l ) 
RI Multiply 0 0 X X (Ra , Ra+ l ) 

o 
RK Multiply 0 0 X X (Ra , Ra+ l ) 
RX Multiply 0 0 X X (Ra , R +1' a ) 

27 RR DivIde 0 X X X (Ra+1 ) 
RI Divide 0 X X X (Ra+l) 

RK Divide 0 X X X (Ra+l) 
RX Divide 0 X X X (Ra+l) 

30 RR AND 0 0 X X (Ra) 
RI AND 0 0 X X (Ra) 
RK AND 0 0 X X (Ra) 
RX AND 0 0 X X (Ra) 

. 
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. Table 40-1 . Condition Designators (Continued) 

CONDITION 
INSTRUCTION CARRY OVERFLOW CODE 

DESIGNATOR DESIGNATOR ( 9 ) (8 ) REGISTER 

31 RR OR 0 0 X X (Ra) 
RI OR 0 , 0 X X (Ra) 

RK OR 0 0 X X (Ra) 

RX OR 0 0 X X (Ra) 

32 RR Exclusive OR 0 0 X X (Ra) 
RI Exclusive OR 0 0 X X (Ra) 
RK Exclusive OR 0 0 X X (Ra) 
RX Exclusive OR 0 0 X X (Ra) 

33 RR Masked Substitute 0 0 X X (Ra) 
RI Masked Substitute 0 0 X X (Ra) 

o RK Masked Substitute 0 0 X X (Ra) 
RX Masked Substitute 0 0 X X (Ra) 

34 RR Compare Masked 0 0 X X Result 

RI Compare Masked 0 0 X X Result 

RK Compare Masked 0 0 X X Result 

RX Compare Masked 0 0 X X Result 

35 RR I/O Command NC NC NC NC 

RI Biased Fetch 0 0 X X (Y) 
RK Execute Remote NC NC NC NC 

RX Biased Fetch 0 0 X X (Y) 

36 RR Unassigned NC NC NC NC 

RI Unassigned NC NC NC NC 

RK Unassigned NC NC NC NC 

RX Unassigned NC NC NC NC 

• 
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Table 40~I. Condition Designators (Continued) 

CONDITION 

CARRY OVERFLOW CODE 

INSTRUCTION DESIGNATOR DESIGNATOR ( 9 ) ( 8) REGISTER 

37 Trigonometric 
- Hyperbolic NC NC NC NC 

40 - 47 NC NC NC NC 

50 RR Floating Point 
Subtract 0 X X X (Ra ,Ra+ 1) 

RI-2 Floating Point 
Subtract 0 X X X (Ra ,Ra+ 1) 

RK Unassigned NC NC NC NC 

RX Floating Point 
Subtract 0 X X X (Ra , Ra+ 1) 

o 
51 RR Floating Point 

Add 0 X X X (R a , Ra+ 1) 
RI-2 Floating Point 

Add 0 X X X (Ra ,Ra+1 ) 
RK Unassigned NC NC NC NC 

RX Floating Point 
Add 0 X X X (Ra ,Ra+1 ) 

52 RR Floating Point 
Multiply 0 X X X (R a , Ra+ 1) 

RI-2 Floating Point 
Multiply 0 X X X (Ra ,Ra+1 ) 

RK Unassigned NC NC NC NC 
RX Floating Point 

Multiply 0 X X X (Ra ,Ra+ 1) 

53 RR Floating Point 
Divide 0 X X X (R a , Ra+ 1) 

RI-2 Floating Point 
Divide 0 X X X (Ra,R a+1 ) 

RK Unassigned NC NC NC NC 
RX Floating Point 

Divide 0 X X X (Ra ,Ra+1 ) • 
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Table 40-1. Condition Designators (Continued) 

. CONDITION 
INSTRUCTION . CARRY OVERFLOW CODE 

DESIGNATOR DESIGNATOR ( 9 ) ( 8 ) REGISTER 

54 RR Load 
Page Register NC NC NC NC 

RI Load Page 
Register NC NC NC NC 

RK Unassigned NC NC NC NC 

RX Load Page 
Register Multiple NC NC NC NC 

55 RR Store Page 
Register NC NC NC NC 

RI Store Page 
Register NC NC NC NC 

0 RK Unassigned NC NC NC NC 

RX Store Page 
Register Multiple NC NC NC NC 

• 
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CARRY 
INSTRUCTION DESIGNATOR 

56 RR Double Preci- 0 
sion Multiply 

RI-2 Double Preci- 0 
sion Multiply 

RK Unassigned NC 

RX Double Preci- 0 
sion Multiply 

57 RR Double Preci- 0 
sion Divide 

0 RI-2 Double Preci- 0 
sion Divide" 

RK Unassigned NC 

RX Double Preci- 0 
sion Divide 

60 RL-1 Logical Right 0 
Single-Shift 

RL-2 Algebraic Right 0 
Single-Shift 

RL-3 Logical Ri"ght 0 
Double-Shift 

RL-4 Algebraic Right 0 
Double Shift 

• 
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CONDITION 
CODE REGISTER 

(9) (8 ) 
·X X (Ra-,Ra+1, 

Ra+2, Ra+3) 

X X (Ra,Ra+A' 
Ra+2' a+3) 

NC NC 

X X (Ra ,Ra+1, 
Ra+2, Ra+3) 

X X (Ra+2,Ra+3) 

X X (Ra+2,Ra+3) 

NC NC 

X X (Ra+2,Ra+3) 

X X (Ra) 

X X (Ra) 

X X (Ra ,Ra+1) 

X X (Ra ,Ra+1) 
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Table 40-1 Condition Designators (continued) 

CONDITION 
CARRY OVERFLOW CODE 

; INSTRUCTION DESIGNATuR DESIGNATOR ( 9 ) ( 8) REGISTER 

61 RL-l Algebraic 0 X X X (Ra) 
Left 
Single 
Shift I 

RL-2 Circular 0 0 X X (Ra) 
Left 
Single 
Shift 

RL-3 Algebraic 0 X X X (Ra , Ra+ 1 ) 
Left 
Double 
Shift 

o 
RL-4 Circular 0 0 X X (Ra , Ra+l) 

Left 
Double 
Shift 

62 RL-l Subtract X X X X (Ra) 

RL-2 Subtract X X X X (Ra , Ra+ 1 ) 
Double 

RL-3 Add X X X X (Ra) 

RL-4 Add Double X X X X (Ra , Ra+l) 

63 RL-l Load 0 0 0 X (Ra) 

RL-2 Compare X X X X Result 

RL-3 Multiply 0 0 X X (Ra , Ra+l) 

RL-4 Divide 0 X X X (Ra+ 1 ) 
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Trigonometric and Hyperbolic Function 

50~1 Scope. - This appendix defines the operation of the 
trigonometric and hyperbolic functions. 

50.2 Instruction format. - The option shall provide for 
trigonometric vector and rotate and hy~erbolic vector and rotate 
functions in the central processor (CP). The functions shall be 
implemented using the 37 RR instruction. The RR instruction for­
mat shall be as specified in this specification. The a and 
m-designators shall be interpreted as follows: 

a. The a-designator shall select 3 general 
registers designated Ra , Ra+l , and Ra+2 . 
Before execution of the instruction, these 
registers shall contain the input parameters. 
Register Ra shall be referred to herein as Y; 
the value in Y shall be the value of the 
y-coordinate. Register Ra+l shall be referred 
to herein as X; the value in X shall be the 
value of the x-coordinate. Register Ra+2 
shall be referred to herein as W; when required 
for the function, the value in W shall be the 
angle (9 for the trigonometric functions and v 
for the hyperbolic functions). After execution 
of the instruction, the registers shall contain 
the results as specified for each instruction. 
The radix point for registers Ra and Ra+l shall 
be assumed to be between bit 15 and bit 14. The 
radix point for W = constant in hyperbolic mode 
shall be assumed to be between bit 14 and bit 13. 

b. The m-designator shall specify the trigonometric 
or hyperbolic function as specified in 50.3 . 
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50.3.1 Trig~nometric functions. -
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50.3.1.1 Coordinates x and y. - Coordinates x and y shall 
be specified by 16-bit values. Coordinates shall be required to 
be scaled to prevent erroneous results. The most significant bit 
(bit 15) shall specify the sign of the coordinate; 0 shall mean 
positive and 1 shall mean negative. Negative quantities shall be 
in 2' s complement nota tion.· 

50.3.1.2 Angle Q. - The angle Q shall be represented in 
Binary Angular Measurement (BAMS) which shall be a 16-bit 
value. Bit 15 shall represent 1800 • Bit 14 shall represent 
900 • Each less-significant bit shall represent an angle ~ the 
value of the previous bit position. (The value of the LSB 
shall be 900 /214 or 0.005490 nominal.) The magnitude of the 
angle shall be the sum of the values corresponding to the bits 
·set. An alternative method of interpreting BAMS is to consider 
bit 15 as a sign bit; 0 meaning positive and 1 being negative 
(see figures 50-1 and 50~2). Negative angles shall be in 2's 
complement representation and the magnitude shall be the sum 
of the bits cleared. 

50.3.2 Hyperbolic functions. -

50.3.2.1 Coordinates x and y. - Coordinates x and y shall 
be specified by 16-bit values. Coordinates shall be required to 
be scaled to prevent erroneous results. The most significant bit 
(bit 15) shall specify the sign of the coordinate; 0 shall mean 
positive and 1 shall mean negative. Negative quantities shall be 
in 2's complement notation. The absolute value of y/x ( y/x ) for 
the hyperbolic vector function shall be required to be < 1. 

50.3.2.2 Hyperbolic angle v. - The hyperbolic angle v shall 
be specified by a 16 bit value. Bit 15 shall specify the sign of 
the angle; 0 shall mean positive and 1 shall mean negative (see 
figures 50-3·and 50-4) .. Negative quantities shall be in 2's 
complement notation. Values.of v shall be required to be scaled 
such that eV will not overflow a 15-bit register to avoid 
erroneous results. 
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II 
(x, y) 

x 
-----------------+----~--~----

For x anf5Y in either quadrant I or II ,8 sha~l_be positive_ 
( bi t 2 = 0). < - -

The angle 0° (x positive, y=O) shall be positive (bit 215 = 0). 
The maximum value for coordinates x and yis 0.400008 = 0.50000

10
. 

y 

________________ ~----__ ---------x 

(x, y) 

III IV 

For x and y in either quadrant III or IV,Q shall be negative-
(bi t 215 =- 1) • '. ._ 

The angle 1800 (x negative, y=O) shall be negative (bit 215 = 1). 

: • Figure 50-l. Trigonometric Vector Parameters 
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For a trigonometric rotate with e positive and x and y initially 
equal to xl and Yi (PI)' the result shall define a point P 2 
counterclockwise rotation). 

For a trigonometric rotate with e negative and x and y initially 
equal to x2 and Y2 (P2 ), the result shall define a point PI 
clockwise rotation). 

Figure 50-2. Trigonometric Rotate Parameters 
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The hyperbol~c angle v is equal to the shaded area (OPAPf) 
divided by a. For a hyperbolic vector function, v shall be 
positive if y>O and v shall be negative if y.<O. The following 
identity defines v in terms of the input coordinates x and y: 

v = tanh-
1 (y/x) = ~ In ~ = ~ 

The maximum value for positive hyperbolic coordinates x and y is 
0.20000

8 
= 0.2500010 . 

Figure ,,50-3 Hyperbolic Vector Parameters 
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P2(X2,Y2) 
____ 0-Kr-______ ~~.(~,O) 

P3(X2 '-Y2) 
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x 

For a hyperbolic rotate with v negative and x-and y initially 
equal to Xl and Yl (PI)' the result shall define, point P2 • 

For a hyperbolic rotate with v negative and x and y initially 
equal to x2 and -Y2 (P3 ), the result shall define a point P4 • 

For a hyperbolic rotate with v.positive and x and y initially 
equal to x2 and Y2 (P2 ), the result shall define a point Pl. 

For a hyperbolic rotate with v positive and x and y initially 
equal to Xl and -Yl (P4 ), the result shall define a point P3 • 

Th~ hyperbolic angle v is equal to the sum of the shaded areas 
(OP1P2 + OP3P4) divided by a2• 

Figure 50-4. Hyperbolic Rotate Parameters 
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50.4.1 ' Trigonometric vector without prescale. - The 37 
RR instruction with m=O'shall perform a trigonometric vector 
'function without prescale. When the input parameters y, x, 
and 0, are contained in registersRa , Ra+l' and Ra+2, respectively, 
the results of the instruction shall be as follows (see figure 50-1): 

a. Ra (Y) = 0 

b. Ra+l (X) = (Jx2 + y2)/K* = R/K 
c. Ra+2 (W) = tan- l (y/x) = Q 

*K = 0.466728 

", 
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. 50.4.2 Trigonometric rotate without prescale. - The 37 RR 
instruction with m=1 shall perform a trigonometric rotate func­
tion without prescale. When the input parameters y, x, and Q, 
are contained in. registers Ra, Ra+l, and Ra+2' respectively, 
the results of the instruction shall be as follows (see figure 50-2): 

a. Ra(Y) = (y cos Q + x sin Q)/K* 

b. Ra+1(X) = (x cos Q 

c . Ra + 2 (W) = 0 

y sin Q)/K 

When the input parameters 0, R, and Q, are contained in registers 
Ra , Ra+1 , Ra+2' respectively, the results of the instruction shall 
be as follows (see figure 50-2). 

a. Ra(Y) = (R sin Q)/K 

b . R a + 1 (X ) = (R cos ,9) /K 

c. Ra+2 (W) = 0 

50.4.3 Trigonometric vector with prescale. - The 37 RR in­
struction with m=2 shall perform a trigonometric vector function 
with prescale. When the input parameters y, x, and 0 are con­
tained in registers Ra , Ra+l, and Ra+2, respectively, the results 
of the instruction shall be as follows (see figure 50-1): 

a. Ra (Y) = 0 

b. Ra+l (X) =,J x2 + y2 =, R 

c. Ra+2(W) = tan- 1 (y/x) = Q 

50.4.4 Trigonometric rotate with prescale. - The 37 RR in­
struction with m=3 shall perform a trigonometric rotate function 
with prescale. When the input parameters y, x, and 9, are con­
tained in registers Ra , Ra+l, and Ra+2, respectively, the results 
of the instruction shall be as follows (see figure 50-2): 

a. Ra(Y) = y cosQ + x sin Q 

b. Ra+1 (X) = x cos 9 y sin 9 

c. Ra+2(W) = 0 

When the input parameters 0, R, and Q, are contained in registers 
Ra , Ra+l, Ra+2, respectively, the results of the instruction 
shall be as follows (see figure 50-2): 

a. Ra(Y) = R sin Q 

b. Ra+l(X) = R cos Q 

c. Ra +2 (W) = 0 
*K = 0.466728 
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50.4.5 Hyperbolic vector without postscale. - The 37 RR 
instruction with m=4 shall perform a hyperbolic vector function 
without postscale. When the input parameters y, x, and 0, are 
contained in registers Ra , Ra+1, and Ra+2, respectively, the 
results of the instruction shall be as follows (see figure 50-3): 

a. Ra(Y) = 0 

b. Ra+1 (X) = (J x2 - y2)/K1* 

c. Ra +2(W) = tanh- 1 (y/x) = v 

50.4.6 Hyperbolic rotate without postscale. - The 37 RR 
instruction with m=5 shall perform a hyperbolic rotate function 
without postscale. When the input parameters y, x, and v, are 
contained in registers Ra , Ra+1, Ra+2, respectively, the results 
of the instruction shall be as follows (see figure 50-4): 

a. For v negative, Ra{Y) = (-x sinh Ivl + y cosh v)/Kl 

Ra +1 {X) = (x cosh v - y sinh Ivl )/K1 
b. For v positive, Ra(Y) = (x sinh v + y cosh v)/K1 

Ra +1(X) = (x cosh v + y sinh v)/Kl 
c. Ra +2 {W) = 0 

50.4.7 Hyperbolic vector with postscale. - The 37 RR 
instruction with m=6 shall perform a hyperbolic vector function 
with postscale. When the input parameters y, x, and 0, are 
contained in registers Ra, Ra+1, and Ra+2, respectively, the 
results of the instruction shall be as follows (see figure 50-3): 

a. Ra (Y) = 0 

b. Ra+1 (X) = J x2 - y2 
c. Ra+2{W) = tanh-1 (y/x) = v (see 50.5.1) 

50.4.8 Hyperbolic rotate with postscale. - The 37 RR 
instruction with m=7 shall perform a hyperbolic rotate function 
with postscale. When the input parameters y, Z, and v, are 
contained in registers Ra , Ra+1, and Ra+2, respectively, the re­
sults of the instruction shall be as follows{see figure 50-4): 

a. For v negative, Ra (Y) = -x sinh Ivl + y cosh v 
Ra+1(X) = xcoshv-ysinh Ivl (see 50.5 .. 2) 

b. For v positive, Ra(Y) = x sinh v + y cosh v 

Ra +1 (X) = x cosh v + y sinh v 

*Kl = 1.152178 
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50.5.1 Natural logarithm. - The 37 RR instruction with 
m=6 (hyperbolic vector) shall form the natural logarithm of a 
number. When the input parameters x-l, x+l, and 0 are contained 
in registers Ra , and Ra+l, .and Ra+2, respectively. and conditions 
in a and bare mete the results of the instruction shall be as 
specified in (1), 2), and (3). 

a. Substitute p for (y/x) or(~=i) 
b. Using the identity trnh-l(p)=~ loge tE 

and substituting (~=l) for p shall give the 
following result; 

(1) Ra (y) = 0 

(2) Ra+1 (X) = 2x 
(3) Ra+2 (w) = ~ loge x = tanh- 1 (~~±) 

50.5.2 Exponential (evJ. - The 37 RR instruction with m=7 
(hyperbolic rotate) shall form the value eVe When input para­
meters 1, 1, and v positive are contained in registers Ra, Ra+l, 
and Ra+2' respectively, the results of the instruction shall 
be as follows: 

a. Ra (Y) = eV = sinh v+cosh v 

b. Ra+l (X) = eV cosh v+sinhv 
c. Ra+2 (W) = Q 

50.5.3 Sin 9 and cos g. - The 37RR instruction with m=l 
(trigonometric rotate) shall form the cos 9 and sin g. When 
input parameters 0, 0.46672 ~ and 9 are contained in registers 
Ra , Ra+l, and Ra+2, respectively, the results of the instruction 
shall be as follows: 

a. R a (Y) = sin 9 
b. Ra+l (X) = cos 9 

c .' Ra+2 (W) = 0 
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60.1 Scope. - This Appendix shall establish the require­
ments for NDRO's. These requirements must be adhered to when 
nonstandard NDRO programs are preapred. 

·60.2 Illegal NDRO instructions. - The following instruc­
tions are not executable in NDRO memory unless their operands 
reside in main memory. 

UDI-596B 22/31-02 9/63 

a. All floating point instructions using RI 
and R.X Formats. 

b. All instructions using the following 
operation codes and Formats: 

Op Code Formats 
02 RI, RX 

06 RI, RX 
12 RI, RX 

16 RI, RX 
21 RI, RX 

23 RI, RX 
56 RI, RX 

57 RI, RX 
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INDEX 

Subject Paragraph(s) Sheet 

Accessibility 3.7.4 95 

Address assignments 3.4.4.1 48 

Addressable register 3.4.6 72 

Addresses, interrupt entrance 3.4.8.4 79 

Addressing 3.3 27 

Addressing, externally specified 3.4.5.3.1.1 63 

Addressing, indirect 3.4.2.4.1, 3.4.2.4.1.1 42,43 

Addressing, memory 3.4.4.1.4 48 

Addressing, relative 

Allocated addresses 

Arithmetic 

Auto start 

Bootstrap 

Breakpoint register 

Buffer address pointer 

Buffer control word 

Buffer word count 

Byte operations 

Byte pointer 

Cables 

Circuits 

Clock, Monitor 

Clock, Realtime 

3.4.3 

3.4.4.1 

3.3.1 

3.4.4.2, 3.4.9 

3.4.4.2 

3.4.6.4 

3.4.5.2.1.4 

3.4.5.2.1 

3.4.5.2.1.3 

3.4.2.4.2 

3.4.5.2.1.2 

6.3, 10.5 

3.1.3.4 

3.4.6.7 

3.4.6.6 

46 

48 

27 

49,79 

49 

72 

58 

55 

58 

44 

58 

106,111 

25 

73 

73 
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Clock source, external 

Clock source, internal 

Color 

Condition code 

Configuration 

Connectors, mating 

Control panel 

Controls and control circuits 
test 

Cooling 

Corrective maintenance 

Definitions 

Delivery, preparation for 

Design, general 

Diagnostic microprogram 

Diagnostics 

Direct memory access 

Double length operations 

Double length sign bit 

Dual channel 

Duplex I/O 

EMI 

EMI test 

Enclosure 

Enclosure test 
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3.4.10 

4.2.1.2 

3.1.2.5 

3.7.1 

6.2 

5. 
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27,178 

21 

23 

81 

96 

23 

94 

106 

105 

20 

49 

49 

48 

45 

45 

3.4.5.3, 3.4.5.3.1 

3.4.5.3 

59,62 

59 

93 

99 

93 

3.5.3 

4.2.2.8 

3.5.7 

4.2.2.7 99 
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Subj ect, 

Environmental and service 
conditions 

Environmental test 

Execution time 

External clock source 

Externally specified addressing 

Field change plate 

General design 

General performance 

General registers 

Grounding 

4[) Human engineering 

Humidity 

Humidity test 

Inclination 

Inclination test 

Indirect addressing 

Inspection classification 

Inspection frequency 

Inspection, production 

Inspection, 'production control 

Inspection responsibility 

Instruction repertoire 

Instruction words 

Interchangeability 

Intercomputer 
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3.5 93 

4.2.5 101 

3.4.1 27 

3.4.7.2 73 

3.4.5.3.1.1 63 

3.1.2.8.2 23 

3.1.1 20 

3.3 27 

3.4.6.1 72 

3.1.3.3 24 

3.1.2.7 23 

3.5.9 94 

4.2.5.2 101 

3.5.10 94 

4.2.5.5 102 

3.4.2.4.1, 3.4.2.4.1.1 42,43 

4.2 96 

4.3 102 

4.2.1 96 

4.2.2 98 

4.1 95 

3.4.1,30.1 27,124 

3.4.2 39 

3.1.1.2 20 

3.4.5.3.2 63 
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Intercomputer timeout 

Interface jacks 

Interface keying 

Internal clock source 

Interrupt 

Interrupt entrance addresses 

Interrupt priority 

I/O chaining 

I/O channels, parallel 

I/O channels, serial 

I/O characteristics 

I/O command operations 

I/O control memory 

I/O expansion 

I/O priority 

I/O program control 

I/O transfer rate 

Keyed modules 

Line replaceable item 

Magnetic characteristics 

Main memory 

Maintainability 

Maintainability test 

Maintenance panel 
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3.4.5.3 

3.1.2.6 

3.7.2 

3.5.11 

3.4.4.1 

3.7 

4.2.4 

3.4.10 

SPECIFICATION SHEET 

I SHEET 204 I REVISION ~ 

I 
SPECIFICATION SYMBOL 

SB-10160 

Sheet 

79 

109 

III 

73 
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23 

95 

94 

48 

94 

100 
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Marking 

Master clear 

·Mating connectors 

Mean corrective maintenance 

Mean time between failures 

Mean time to align 

Memory addressing 

Memory capacity 

Memory cycle time 

Memory, I/O control 

0 Memory, main 

Memory, NDRO 

Memory priority 

Memory protection 

Memory, ROM 

Microprogram, diagnostic 

Microprogram instructions 

Microprogram, user-defined 

MIL-SID-188 serial I/O 

Modular·i ty 

Monitor clock 

Mounting 

• Name plate 

Noise 

Noise test 
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Operating temperature 
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Performance, general 

Power 

Power fault 

Power interruption test 

Preparation for delivery 

Production control inspection 

Production inspection 

Program address register 

Program interrupts 

Qualification test 

Quality program 

Radiation 

Realtime clock register 
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Register, breakpoint 
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Register, monitor clock 

Register, page 

Register, program address 

Register t RYC 
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Relative addressing 

Reliability 

Reliability test 

RI type 1 word 
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Safety 
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Serial I/O information 

Serial I/O loopback testing 

Shift operation 

Shock 

Shock test 

Sign bit 

Sign bit, double length 

Size 

Software transferability test 

. Standardization 

Status registers 

Steady state V & F test 

Temperature, nonoperating 

Temperature, operating 

Temperature test 

Test, controls and control 
circuits 

Test, EMI 

Test, enclosure 

Test, environmental 

Test heat 

Test, humidity 

Test, inclination 

Test, maintainability 

Test, noise 
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Test, operating 

Test points 

Test, power interruption 

Test, qualification 

Test, reliability 

Test, salt spray 

Test, shock 

Test, software transferability 

Test, steady state V & F 

Test, temperature 

Test, transient frequency 

Test, transient voltage 

Test, vibration 

Test, warm-up/burn-in 

Test, weights and dimensions 

Time meter 

Transfer mode bits 

Transfer. rate 

Transient frequency test 

Transient voltage test 

User-defined microprogram 

VACALES serial I/O 

Vibration 

Vibration test 

Warm-up/burn-in test 

Paragraph(s) 

4.2.1.1 

3.1.3.5 

4.2.2.5 

4.4 

4.2.3 

4.2.5.7 

4.2.5.3 

4.2.1.4 

4.2.2.2 

4.2.5.1 

4.2.2.4 

4.2.2.3 

4.2.5.4 

4.2.1.3 

4.2.2.1 

3.1.3.2 

3.4.5.2.1.1 

3.4.5.3 

4.2.2.4 

4.2.2.3 

3.4.4.3.1 

3.4.5 .. 4.4 

3.5.6 

4.2.5.4 

4.2.1.3 

SPECIFICATION SHEET 

I SHEET 209 I REVISION (L 

I SPECI FICATION SYMBOL 

S8-10160 

Sheet 

'96 

25 

99 

104 

100 

102 

101 

97 

98 

101 

99 

98 

102 

97 

98 

24 

55 

59 

99 

98 

49 

70 

93 

102 

97 



Subject 

Warm-up time 

Weight 

. Weights and dimensions test 

Word length 

Word length 

Workmanship 

.UOI-596B 22/31-02 9/63 

Paragraph(s) 

3.5.12 

3.1.2.1 

4.2.2.1 

3.3 

3.4.4.1.1 

3.8 

SPECIFICATION SHEET 

SHEET 210 REVISION F 
SPEC I FICATION SYMBOL 

SB-10160 

Sheet 

94 

21 

98 

27 

48 

95 
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