CODE IDENT. uom_sg
uuuu;c - l [ u\lnsnaf %'ru I [ PAGE "

1. ScoPE

1.1 Scope. This specification establishes the performance, design, development, and
verification requirements for the general purpose computer, referred to herein as GPC,
or computer, or the equipment for the Space Shuttle Orbiter, or AP-101S. This machine
is & dusl CPU architecture (Shuttle and MIL-STD-1750A) single ATR LRU with 262,144
words of main memory with the Shuttle Input-Qutput Processor (I0P) and power supply.

2. APPLICABLE DOCUMENTS

2.1 Applicability. The following documents of the exact issue shown form a part of
this specification to the extent specified herein. In the event of a conflict between
documents referenced herein and the contents of this specification, the contents of
this specification shall take precedence.

SPECIFICATIONS

Military
MIL-M-7793(1) Meter, Time Totalizing

31 December 1969 )

SP-T-00238 Environmental Acceptance Testing
September 1974

Rockwell Intermational/Space Division

MC999-0096D Materials and Processes Control and
30 August 1974 Verification System for Space Shuttle
Amendment E-01 Progrzm: Suppliers snd Subcontractors

22 Jsnuary 1975
Amendment E-14
8 November 1982

MF0004-002B Electrical Design Requirements for
28 June 1974 Electrical Equipment Utilized on the
Amendament C-01 Space Shuttle Vehicle

20 March 1975
Amendment C-02
& Noveaber 1975
Amendment C-03
2 July 1976
Amendment C-04
14 April 1971
Amenduent C-05
12 June 1978
Amendment C-06
25 May 1979
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MF0004-009 Equipment Cooling Requirements,
5 November 1973 Electrical/Electronic
Amgndment A-01

12 March 1974
Amencuent A-02
27 March 1974
Amenduent A-03
7 January 1975
Amendment A-04
20 February 1975

MC615-00024
14 January 1974

MF0004-400

30 August 1977
Amgndment CJ4
& November 1982

MC615-0010

2 November 1974
Azerdment A-(3
26 Hovember 1974

MFC006-934
22 November 1974

STANDARDS

Federal

PED-STD-101G(2)
8 October 1982

Military

MIL-STD-810C(4) (Notice 1)
7 April 198!

MIL-STD-1472A
15 May 1970 ‘

MIL-STD=794E(1)
16 July 1982

MIL-STD-129H
30 September 1982

Computer Manufscturer Supplied Support
Software I/0 Specification

Electrical, Electronic, and Electro-
mechanical - Orbiter Project Parts List

Adapter, Interface, IOP Multiplexer

Data Bus System, Space Shuttle

Preservation, Packaging, and Packing
Materials: Test Procedures

Eaviroonmental Test Methods

Human Engineering Design Criteria for
Military Systems, Equipment, and
Pacilities

Parts and Equipment, Procedures for
Packaging eand Packing of

Marking for Shipment snd Storage
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MIL-STD-130F(3) Identification Marking of U.S. Military
21 May 1982 Property
MIL-STD=454C Standard General Requirements for
15 October 1970 Electronic Equipment
MIL-STD-1433 Standards and Specifications, Order of
12 November 1969 Precedence for the Selection of
MIL-STD=12D(1) Abbreviations for Use om Dravings aund
29 May 1981 in Technical-Type Publicatiouns
MIL-STD-280A Definitions of Item Level, Item Inter-
7 July 1969 changeability, Models, and Related Items

OTEER PUBLICATIONS
Handbooks

NEB §000.1(1C)
June 1976

DOD H 4-1

Latest Revision

Requirements for Packaging, Handling
sud Transportation for Aeronsutical
and Space Systems Equipment and
Associated Components

FPederal Supply Code of Manufacturers
Name to Code
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3. REQUIREMENTS

3.1 Item Definition. The General Purpose Computer (GPC) shall provide the capability
for the following data processing for the orbiter: computation for the zuidznce, navi-
gation and control subsystem, payload control for the manipulatc- s, pu’load management,
and system performance monitoring for the Shuttle orbiter.

3.1.1 Block Disgrsm. The computer shall comsist of three maj.'r processing elements
and functionms:

a. Central Processor Unit (CPU)

b.  Input/Output Processor (IOP)

€. HMain Memory

The AP101S block diagram is shown in Figure 1.

All functions shall have sccess to the main semory.

The interfaces between the GPC and the aviomics system are shown in Figure 2. The GEC
vill interface with orbiter avionics through Multiplexer Interface Adapters which will
supply operational commands via a serisl data stream. Discrete dc voltage control sig-
oals vill be routed in both directions between the computers «nd between the computer
and the mass memories and control panels. 28 volt main dc power will be provided from
redundant orbiter distribution buses. Twvo dedicated connectors wiil provide access to
test points for use in ground checkout operation (AGE connector).

3.1.2 Igterface Definition. The functional and physical interface requirements
betveen the GPC and the orbiter avionics systems are defined in the following para-
graphs. The interface definition establishes the functional and physical characteris-
tics at the interface. The interfaces require control since a change of characteris-
tics on one side of the interface could require a design change on the other side.

3.1.2.1 [Electrical Power Characteristics. The computer shall contain a puver supply
that coaoverts input dc power to required internal operating voltages. Operation of the
pover supply shall be coordinated and sequence-controlled during computer turn-om and
tura-off aand input power interruptions snd transients to assure a predictable initial
oparating state and continuity of operation and to minimize data loss. Application and
removal of input power and pover interruptions shall be sensed, pover-off and power-on
interrupt signals generated, and internal protective operations conducted as required
to provide the response specified. The computer shall also contain battsries which
shall be used to retain the contents of memory vhenever primary pover is removed.

3.1.2.1.1 1Igput Power. The computer shall operate from a single power input which
vill supply 28 vdc (nominsl). The current demand vithin steady-state limits of the
ioput voltages shall be limited to 20 smperes. Provisions shall be made within the
computer for isolation of power sources in accordsnce with that requirements of
Specification MF0004-002.
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3.1.2.1.1.1 Powver Demand Gosl. With the GPC equipped with 262,144 full words of mem-—
ory and a duty cycle of 10 channels transmitting at a 15 percent duty cycle and

14 channels receiving, the input power demand shall be as follows:

a. Maximum steady state current demand of 20A at 28 Vdc nominal input.

b. Maximm steady state power demand of 550 watts at 24 Vdc inmput.

3.1.2.1.1.1.1 Deleted.

3.1.2.1.1.2 Power Characteristics. The computer shall perform as specified herein

vith input pover meeting the requirements of Specification MF0004-002 for Category B
equipment.

3.1.2.1.2 Capacity. All pover supplies shall provide a reserve pover capacity of at
least 20 percent when operated at am input voltage not less than 24 VDC. One hundred
percent power capacity is based upon the provisions of this specification.

3.1.2.1.3 Power-On Sequence. Application of input power to the computer shall be
sensed and shall initiate anm orderly startup and initislization sequence containing,
but not limited to, the following steps:

s. Sense input powver application.

b. Initiste master pover reset signal. This event shall precede application of any
internal supply voltages. This signal shall remain om continuously until turned
off (Step £): Memory shall not be addressed, nor shall any 1/0 operaticns be
conducted (discrete outputs shall be forced to the logic 0 state, except that the
station ID source discrete output shall always be set to 1), vhile the master/
pover reset signal is onm.

¢. Accomplish coordinated turn-om of CPU internal powver supply.
d. Reset interrupt status and disallow further interrupts until Step f.

e. Microcode shall initiaslize registers and counters. The program counter shall be
preset to address a predeternined memory location so that program execution will
start wvith the first instruction in this locatiom.

£. Within 100 milliseconds-sfter sensed input power application, generate a pover-on
interrupt signal and turn off the master pover reset signal.

g. Commence program execution at the location predetermined in step e. At this
point, the discrete outputs are released from the condition of step b.

The master pover reset signal (single-ended discrete) shall be made available at the
computer interface for external uses.

3.1.2.1.4 Power-Uii Seyuguce. =amsval =f imprt pover from the computer shall be
sensed and shall initiate an orderly shutdown sequence containing, but pot limited to,
the following steps:

a. When the filtered 28-volt voltage decreases to a level of 17.5 Vdc, issue a Powver-
0ff Interrupt (POL) signal.
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b. Upon receipt of POI, the CPU shall complete any in-process instruction, putaway
the general registers and Program Status Word (PSW), and terminate all IOP data
bus tranemission and receptiom.

¢. Accomplish coordinated turn-off of pover supplies. The differential discrete
output signals shall transition to the requirements specified in paragraph
3.1.2.3.1.4.6. Once shutdown is begun (issuance of PCI), the sequence shall
continue to completion regardless of subsequent input power status.

3.1.2.1.5 Power Interruption. The GPC shall meet all functional performance
require- ments with input power loss of up to 400 microseconds.

3.1.2.1.6 Normal Power Transients. Input pover transients within the limits defined
in Specification MF0004-002, Figure 11, for Category B equipment shall not cause
computer malfunction.

3.1.2.1.7 Abnormal Power Transients. Input power transients with the limits defined
in Specification MF0004-002, Figure 2, shall neither csuse equipment damage nor
spuricus behavior, and the contents of memory shall not be affected. For
undervoltage transients vhich exceed normal limits as defined in paragraphs 3.1.2.1.5
and 3.1.2.1.6, above, execution of a shutdown/restart sequence is permissible,
provided all the sequence steps in paragraphs 3.1.2.1.4 and 3.1.2.1.3 are executed.

3.1.2.1.8 Grounding and Isolation. Provisions for equipment grounding for isolation
of circuitry from ground, pover returns, and shields, under mormal and failure condi-
tions, shall conform to the applicable requirements of Specification MF0004-002.

3.1.2.1.9 [Electrical Bonding. Equipment chassis, cases, and enclosures shall
incorpo- rate electrical bonding provisions which meet the requirements of
Specification MF0004-002.

3.1.2.1.10 Power Reapplicatiom. Should imput pover be lost or an sbnormal under-
voltage transient occur for periods up to 400 microseconds, reapplication of imput
pover shall inhibit a computer shutdown from being initiated, provided power is com-
tinuous once reapplied. Should power be discontinuous or subject to further abnormal
undervoltage transients when reapplied, the computer shall initiate shutdown as
defined in paragraph 3.1.2.1.4.

3.1.2.1.11 Battery Power. The battery pack used for memory retention in the event
of primary pover loss shall cousist of rechargeable cells and have a nominal rating
of 2 smpere hours at 3.6 Vdc. The battery pack shall be GPC front accessible for
installation/removal vith the GPC installed in its designated location,

3.1.2.2 Mechanical Interfjce.

3.1.2.2.1 Mounting. The wmounting provisions of the GPC shall be as showmn in
Figure 3.
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NUMBER

' CONNECTORS LOCATED
REAR MOUNTING PINS . ON FRONT PANEL
REAR RECEPTACLE
AIR DUCT SUPPORT BRACKET
(SUPPLIED BY ROCKWELL)

1OP/CPU

HANDLES

FRONT MOUNTING BRACKET
(SUPPLIED BY ROCKWELL)

GUIDE RAILS
(SUPPLIED BY ROCKWELL)

Figure 3. General Purpose Computer GPC Mouating Configuration
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3.1.2.2.2 Comnmector Locstion and Pin Fugction Assignments. Figure 4 specifies the

electrical connector locations. Table I is a detailed commector and pin function
listing. The comnectors shall be of the type listed in Table I.

3.1.2.2.3 Cooling. The GPC shall be designed for forced-air cooling. The character-
istics of GPC cooling shall be as specified in paragraph 3.2.7. The CPU structure
shall comply with the requirements of MF0004-009.

3.1.2.3 8igps] Interface Definitjon. The CPU LRU shall interface with the orbiter

avionics system as shown in Figure 2. The individual signals at the CPU interface to
other subsystem interfaces are shown in Table I.

3.1.2.3.1 Dijscrete Signal Characteristics. The interface requirements for all signals
betveen elements of the GPC as well as those operating or terminating in the LRU of the
GPC and interfacing with other LRU's of the orbiter avionics system are described below.

3.1.2.3.1.1 Discrete Wires/Cables. Other LRU's of the avionics systems that use dif-
ferential drivers and receivers to the GPC will be connected via twisted shielded
balanced pair or complementary cables. The cables will have a nominal line-to-line
distributed capacitance of less than 30 picofarads per foot. The line-to-shield
capacitance will be less than 50 picofarads per foot. Cables will be up to and includ-
ing 100 feet in length including up to six stubs. Cables will be a minimum of 50 olms
impedance line to lige.

3.1.2.3.1.2 Connectors. All cable connectors shall be low impedance. The shield will
be -onnected to the LRU cases at each end vith a Glen Air tag ring or equivalent. Ten
percent spare pins shall be provided ou each connector except as specified.

3.1.2.3.1.3 Complementary Discrete Igput Signals.

3.1.2.3.1.3.1 Lioe Recejvers. The line receivers sball be of the complementary type.
The line receiver shall receive complementary digital data from the transmission lines
using a plus S-volt supply and a plus 12-volt supply.

3.1.2.3.1.3.1.1 Logic Voltage Levels. The logical ome (+) state shall be defined as
follows: The true side shall be plus 0.4 Vdc maximum minus 1.0 Vdc minimum. The com—
plementary side shall be plus 12.4 Vdc maximum, plus 9.5 Vdc minimum; the true and com~
plementary sides are reversed for the logical zero state.

3.1.2.3.1.3.1.2 Scacic Input Current Charscteristics. The true and complementary
sides of the input shall source up to 3.8 millismps maximum when held at a down level
(=5.0 Vdc minimum) and 0.4 millisamps minimum wvhen held at an up level (_9.4 Vdc maxi-
mum). The true atua crmplementary sides of the input shall sink 5 microamps maximum at
voltages above 12.0 Vdc (17.0 Vdc maximum). '

3.1.2.3.1.3.1.3 Recrjver 7oput lapedance. The line receiver input dynamic impedance
at 5 megahertz shall be r:eater than 100 otms. Line to line or line to ground.
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Table I.

Connector/Signal List

GPC Connectcr J2 - Connector Part Ho. MS27497T24F35PA

GPC J2 GPC J2
Pin No. Signal Naue Pin No. Signal Name
1 SPARE &2 +L AGCE DATA B20
2 SPARE 43 RETURN (pins 31, 32, 44,
3 +AGE CHAN MODE WRITE 54, 55)
A +L AGE DATA BOO 44 -AGE DMA PROC 2
5 +L AGE DATA 301 &5 +L AGE DATA B51
6 +L AGE DATA 302 46 +L AGE DATA B52
7 SPARE &7 +L AGE DATA 353
8 +L AGE DATA 308 48 RETURN (pin 36)
9 RETURN (pins 3, 18, 10, 17) 49 =L AGE CP2
10 =AGE CHAN MODE INSTR 50 RETURN (pin 49)
11 +L AGE DATA B03 51 +L AGE DATA 321
12 RETURN (pins 4, 5, 6, 11, 52 +L AGE DATA B22
13, 19, 20, 21) 53 +L AGE DATA B23
13 +L AGE DATA BO4 54 -AGE DMA PROC 3
14 SPARE 55 -AGE DMA PROC 4
15 +L AGE DATA BO9 56 -AGE PROC 0
16 +L AGE DATA BlO 57 RETURN (pins 56, 58, 68,
17 -AGE CHAN MODE HW 69, 70)
18 ~AGE CHAN MODE DMA 58 -AGE PROC 1
19 +L AGE DATA BOS 59 +L AGE DATA B24
20 +L AGE DATA BO6 60 +L AGE DATA B25
21 +L AGE DATA B07 61 +L AGE DATA B26
22 SPARE 62 +L AGE DATA B32
23 SPARE 63 +L AGE DATA B33
24 +L AGE DATA B48 64 +L AGE DATA B34
25 +L AGE DATA Bll 65 +L AGE DATA B40D
26 RETURN (pins 8, 15, 16, 25, 66 +L AGE DATA B4l
27, 37, 38, 39) 67 +L AGE DATA B42
27 +L AGE DATA Bl12 68 -AGE PROC 2
28 +L AGE DATA B16 69 -AGE PROC 3
29 +L AGE DATA B17 70 -AGE PROC 4
30 +L AGE DATA Bl3 71 +L AGE DATA B27
31 -AGE DMA PROC 0 72 RETURN (pins 59, 60, 61,
2 -AGE DMA PROC 1 71, 73, 82, 83, 84)
33 +L AGE DATA B49 73 +L AGE DATA B28
34 RETURN (pins 24, 33, 35, 74 +L AGE DATA B35
45, 46, &7) 15 RETURK (pins 62, 63, 64,
35 +L AGE DATA 350 74, 76, 85, 86, 87)
36 -AGE CP1 76 +L AGE DATA B36
37 <L AGE DATA B13 17 +L AGE DATA B43
38 +L ACE DATA Blé 78 REIURY (pias 65, 66, 67,
39 oL AGE DATA Bi> 77, 15, %, 89, 90)
40 +L ACE DATA B19 . 79 +L AGE DATA B44
4l RETURN (pins 28, 29, 30, 80 +L AGE HS DATA BUS 28
40, 42, 51, 52, 53)
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Table I.

Connector/Signal List (Cont)

GPC Connector J2 - Connector Part No. MS27497T24F35PA

GPC J2 GPC J2

Pin Mo. Signal Name Pin No. S8ignal Name
81 +L AGE HS DATA BUS 29 106 +L AGE BS DATA BUS 03
82 +L AGE DATA B29 107 +L AGE HS DATA BUS 08
83 +L AGE DATA B30 108 +L AGE HS DATA BUS 06
84 +L AGE DATA B3l 109 "L AGE HS DATA BUS 07
85 +L AGE DATA 337 110 +L AGE HS DATA BUS 138
86 +L AGE DATA 138 111 RETURN (pins 100, 101,
87 +L AGE DATA B39 110, 119)
88 +L AGE DATA B45 112 +L AGE BS DATA BUS 24
89 +L AGE DATA B46 113 +L AGE HS DATA BUS 22
90 +L AGE DATA B47 114 +L AGE HS DATA BUS 23
91 +L AGE HS DATA BUS 30 115 +L AGE DATA BUS 09
92 RETURN (pins 80, 81, 91, 93) 116 RETURN (pins 107, 115,
93 +L AGE HS DATA 3US 31 122, 123) ’

9% +L AGE BS DATA BUS 00 117 +L AGE HS DATA BUS 12
95 RETURN (pins 94, 96, 105, 118 RETURN (pins 117, 124,
106) 125, 126)

96 +L AGE HS DATA 3US 0Ol 119 +L AGE HS DATA BUS 19
97 +L AGE HS DATA BUS 04 120 RETURN (pins 112, 121,

98 RETURN (pins 97, 99, 108, 127, 128)

109) 121 +L AGE HS DATA BUS 25
99 +L AGE HS DATA BUS 05 122 +L AGE HS DATA BUS 10
100 +L AGE HS DATA BUS 16 123 +L AGE HS DATA BUS 1l
101 +L AGE HS DATA BUS 17 124 +L AGE HS DATA BUS 13
102 +L ACE HS DATA B3US 20 125 +L AGE DATA BUS 14
103° RETURN (pias 102, 104, 126 +L AGE HS DATA BUS 15

113, 114) 127 +L AGE HS DATA BUS 26
104 +L AGE DATA BUS 21 128 +L AGE HS DATA BUS 27
105 +L AGE HS DATA BUS 02 :
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Table I. Connector/Signal List (Cont)

GPC Connector J3 - Connector Part No. MS27497T24F35P

GPC J3 Signal GPC J3 Signal
Pin No. Neme Function Pin No. Name Function

1 DO14T Discrete Out 14T &5 D022T Discrete Out 22T
2 DOl4C Discrete Out 14C 46 DO28T Discrete Out 28T
3 DO15ST Discrete Out 15T 47 DO28C Discrete Out 28C
& DO16T Discrete Out 16T 48 Do07¢C Discrete Out 07C
5 DP17C Discrete Out 1l7C 49 DO06T Discrete Cut 06T
6 DO18C Discrete Out 18C 50 DO06C Discrete Out 06C
7 DO19T Discrete Out 19T 51 DO00T Discrete Out 00T
8 po12T Discrete Out 12T 52 DO04C Discrete Out 04C
9 DO15C Discrete Out 15C 53 D029C Discrete Cut 29C
10 DP16C Discrete Out 16C 54 SPARE SPARE 5C

11 DOl17T Discrete Out 17T 55 D025C Discrete Out 25C
12 DOI1BT Discrete Cut 18T 56 DO2ST Discrete Out 25T
13 DO19C Discrete Out 19C 57 D030C GPC I.D. Source - C
14 Do21C Discrete Out 21C 58 DO30T GPC I.D. Source - T
15 DO10T Discrete Cut 10T 59 DOOST Discrete Out 05T
16 Do12C Discrete Out 12C 60 DO0SC Discrete Out 05C
17 DO13T Discrete Out 13T 61 DO0BC Discrete Out 08C
18 DOO1T Discrete Out OIT 62 DOOST Discrete Out 08T
19 DO03C Discrete Out 03C 63 DO00C Discrete Out 00C
20 DO27T Discrete Out 27T 64 SPARE Spare 7C

21 DO26T Discrete Out 26T 65 SPARE Spare 5T

22 DO21T Discrete Out 21T 66 DIIST Discrete In 15T
23 D023C Discrete Out 23C 67 Do3lc GPC-IPL-Indicator C
24 DO23T Discrete Out 23T 68 DO31T GPC~-IPL-Indicator T
25 DOO9T Discrete Out 09T 69 DIL17T Discrete In 17T
26 Dpeloc Discrete Out 10C 70 DIl7C Discrete In 17C
27 Dol3cC Discrete Out 13C 71 SPARE Spare 2C

28 DO02T Discrete Out 02T 72 SPARE Spare 1T

29 Do01C Discrete Out 01C 73 SPARE Spare 1C

30 D0O03T Discrete Out 03T 74 DI32T Discrete In 32T
k)1 D027C Discrete Out 27C 75 DI32C Discrete In 32C
32 DO26C Discrete Out 26C 76 SPARE Spare 7T

33 DO22C Discrete Out 22C 77 D115C Discrete In 15C
k3 D024T Discrete Out 24T 78 DI18C Discrete In 18C
35 D024C Discrete Out 24C 79 DI18T Discrete In 18T
36 DOO7T Discrete Out 07T 80 DI1OT Discrete In 20T
a7 DO09C Discrete Out 09C 81 DI19T Discrete In 19T
k1] DO11T Discrete Out 11T 82 SPARE Spare 2T

39 pollc Discrete Out 1l1C 83 DI139C Discrete In 39C
40 D0O0ZC Discrete Cui 02C 84 PI37C Discrete In 37C
41 DOOAT Discrete Ouc $52 85 nI3IIT Discrete In 37T
42 0291 bi crete Out 29T 86 SPARE Spare 3C

43 no2ec Disc-ete Out 20C 87 SPARE Spare 3T

&4 i S0207 Discrete Out 20T 88 DIlé6C Discrete In 16C

1

" m- . e




COO& IDENT. NO. 03953
NUMBER REVISION LETTER PAGE
MC615-0025 I It T F §F | 16

Table I. Connector/Signal List (Comt)

GPC Connector J3 = Connector Part No. MS27497T24F35P

GPC J3 Signal GPC J3 Signal
Pin No. Name Punction Pin No. Neme Function
89 DI116T Discrete In 16T 109 DI29C Discrete Ia 29C
90 DI23T Discrete In 23T 110 +5VDC +5=-Volt Source
91 - DI20C Discrete In 20C (control pagels)
92 DI21T Discrete In 21T 111 DI26T Discrete In 26T
93 DI19C Discrete In 19C 112 DI125C Discrete In 25C
9% DI39T Discrete In 39T 113 DI24T Discrete In 24T
95 DI3S8T Discrete In 38T 114 DI22T Discrete In 22T
96 DI3ST Discrete In 35T 115 DI36C Discrete In 36C
97 DI35C Discrete In 35C 116 DI33T Discrete In 33T
98 SPARE Spare 6T 117 D131C Discrete In 31C
99 DI29T Discrete In 29T 118 DI30T Discrete In 30T
100 SIGRTN | Control Panel Signal 119 D128C Discrete In 28C
Return 120 DI27T Discrete In 27T
101 D126C Discrete In 26C 121 DI24C Discrete In 24C
102 DI23C Discrete In 23C 122 DI34T Discrete In 34T
103 DI122C Discrete In 22C 123 DI33C Discrete In 33C
104 DI121C Discrete In 21C 124 DI3LIT Discrete In 31T
105 DI38C Discrete In 38C 125 DI30C Discrete In 30C
106 DI36T .Discrete In 36T - 126 DI28T Discrete In 28T
107 p134C Discrete In 34T 127 DI27¢C Discrete In 27C
108 SPARE Spare 6C * 128 DI25T Discrete In 25T
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Table I. Connsctor/Signal List (Cont)

GPC Connector J& - Connector Part No. MS27497T24F35PD

GPC J4 GPC J4
Pin No. Signal Mame Pin No. Signal Name
1 +L AGE Addr Exp 0 by =L AGE Scan Data In
2 +L AGE Addr Exp 1 45 =L AGE Scau Out
3 +L AGE Addr Exp 2 46 =L AGE Enable
4 +L AGE Addresz 00 &7 «L AGE RTCC DATA OUT
5 +L AGE Address 04 48 +L AGE Use Branch Taken
6 +L AGE Address 05 49 Return For J1-036, 037, 038, 048
7 +L AGE Address 05 50 =L AGE CPU Macro Stopped
8 +L AGE Addr Exp 3 51 -L AGE CPU Hslt
9 Return For J1-001, 002, 003, 008 52 Return For J1-039, 040, 050, 051
10 +L AGE Address 01 33 =L AGE IO Chain Halted
11 +L AGE Address 02 54 Return For J1-041, 042, 043, 053
12 Return For J1-004, 010, Ol1l, 020 55 =L AGE Execute
13 +L AGE Adiress 07 56 Return For J1-044, 045, 046, 055
14 Return For J1-005, 006, 007, 013 57 =L AGE RTICC Data In "
15 +L AGE Address 08 58 Returan For J1-047, 057
16 +L AGE Address 09 59 =L AGE Busy
17 +L AGE Address 10 60 Ruturan For J1-059
18 +L AGE Address 12 61 =L AGE ADR Available
19 +L AGE Address 13 62 Return For J1-061
20 +L AGE Address 03 63 +L AGE CSA Exp
21 =L AGE IU Ack 64 +L AGE PROM ADDR 01
22 Return For J1-030, 031, 032, 021 65 +L AGE PROM ADDR 02
23 =L AGE AGE Ack 66 +L AGE PROM ADDR 04
256 =L AGE Write 67 +L AGE PROM ADDR 05
25 +L AGE Address 11 68 +L AGE PROM ADDR 08
26 Return For J1-015, 016, 017, 025 69 +L AGE PROM ADDR 09
27 +L AGE Address 14 70 +L AGE PROM ADDR 10
28 +L AGE Address 15 71 =L AGE XIO0 Initiate
29 Return For J1-018, 019, 027, 028 72 Return For J1-071
30 <L AGE EA Ack 73 =L AGE MONO SEL
31 =L AGE EA Store Project Latched 74 Return For J1-073
(softvire) 75 +L AGE Prom ADDR 03
32 =L AGE EU Ack 76 Return For J1-063, 064, 065, 075
33 <L AGE FW 77 +L AGE Prom Addr 06
34 -L AGE 10 AKX 78 +L AGE Prom Addr 07
35 | Retura For J1-023, 024, 033, 034 79 | Retura For J1-066, 067, 077, 078
36 ~L AGE Purge Pipeline 80 +L AGE Prom Addr 11
37 +L AGE Update EX PC 8l Return For J1-068, 069, 070, 080
as +L AGE Ex Inst Is 32 Bits 82 =L AGE Master TO
39 =L AGE CPU Ta Sropped 83 Return For J1-082
&0 +L AGE EA ENDOP- 84 =L AGE Continue
41 =L AGE Force 1730 85 Return For J1-084
42 ~L Use Logical Addrass 86 =L AGE Reset
&3 =L AGE I0 Chain Stop 87 Return For J1-086
88 ~L AGE Attached
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Table I.

Connector/Signal List (Coat)

GPC Connector Jé - Connector Part No. MS27497T24F3SPD

GPC J4 GPC Jb4
Pin No. Signal Name Pin No. Signal Name
89 Return For J1-088 103 Return For J1-102 (Softwire From
90 +L AGE CPU Micro Stop 308)
91 Return For J1-090 105 =L AGE CS Clock
92 =L AGE CPU Macro Stop 106 Return For J1-105 (Softwire From
93 Return For J1-092 B12)
9% =L AGE CPU Crash 107 =L AGE CE Micro Stop
95 Return For J1-094 108 Return For J1-107 (Softwire From
96 =L AGE Scan Clock Bl6)
97 Return For J1-096 109 AGE PS Test -5V
98 =L AGE RTCC Clock 110 AGE PS Test +28VDC
99 Return For J1-098 111 AGE PS Test +5VDC
100 =L AGE CE Interrupt 112 AGE PS Tast +12V
101 Return For J1-100 113 AGE PS Test +8V
102 +L AGE Prom Addr 12
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Table I. Connector/Signal List (Cost)

GPC Connector J5 = Conmector Part No. MS27497T24F35S

GPC J5 | Signal GPC IS | Signal
Pin No. | Name Function Pin No.| HName Function

1 DIOOT | Halt Mode Cmd 45 DROO7C | GPC N+l Fail Vote Out
2 DIOOC | Halt Mode Cad 46 DROOOT | GPC Fail Indicator

3 DIOLT | Standby Mode Cad 47 DRI04C | GPC N+2 Fail Vote In

4 DIOIC | Standby Mode Cad 48 ICBOIT | Data Bus OIT

5 DI02T | Run Mode Cad 49 ICBOIC | Data Bus 01C

6 DI02C | Run Mode Camd 50 SPARE Sparc

7 DIO3T | GPC IPL Activate Cad 51 ICBO2T | Data Bus 02T

8 DIO4LT | MMl IPL Select Cad 52 ICB02C | Data Bus 02C
-9 DI04C | MMl IPL Select Cad 53 ICBO3T | Data Bus 03T

10 DIOST | MM2 IPL Select Cmd 54 ICBO3C | Data Bus 03C

11 DIOSC | MM2 IPL Select Cad 55 SPARE Spare

12 DIOST | MMlL Ready 56 ICBO4T | Data Bus 04T

13 DIO6C | MMl Ready 57 ICBO4C | Data Bus 04C

14 DIO3C | GPC IPL Activate Cad 58 DROOOC | GPC Fail Indicator

15 DIO7T | MM2 Ready 59 ICBOST | Data Bus 05T

16 DI07C | MM2 Ready 60 ICBOSC | Data Bus 05C

17 DIOST | Discrete In 08T 61 SPARE Spare

18 DIOSC | Discrete In 08C 62 ICBO6T | Data Bus 06T

19 DIOST | Discrete In 09T 63 ICBO6C | Data Bus 06C

20 DIO9C | Discrete In 09C 64 ICBO7T | Data Bus 07T

21 DI10T | Discrete In 10T 65 ICBO7C | Data Bus 07C

22 DI1OC | Discrete In 10C . 66 SPARE Spare

23 DIlIT | Discrete In lIT 67 ICBOST | Data Bus 08T

24 DI11C | Discrete In 11C 68 ICBOBC | Data Bus 08C

25 DI12T | I/O Terminate Cad A 69 SPARE Spare

26 DI12C | 1/0 Terminate Cad A 70 SPARE Spare

27 DI13T | I/O Terminate Cad B 71 ICBO9T | Data Bus 09T

28 DI13C | I/0 Terminate Cad B 72 ICBO9C | Data Bus 09C

29 DI14T | Discrete In 14T 73 SPARE Spare

30 DIl4C | Discrete In 14C 74 ICBlOT | Data Bus 10T (FC Bus 1)
3l DRIO6T | GPC N+4 Fail Vote In 75 ICB10C | Data Bus 10C (FC Bus 1)
32 DRIO6C | GPC H+4 Fail Vote In 76 ICBIIT | Dats Bus 11T (FC Bus 2)
a3 DRIOST | GPC N+3 Fail Vote In 77 ICB11C | Data Bus 11C (FC Bus 2)
34 DRIOSC | GPC H+3 Fail Vote In 78 SPARE Spare

35 DRIOAT | GPC N+2 Fail Vote In 79 ICB12T | Data Bus 12T (FC Bus 3)
36 DRIO3T [ GPC N+l Fail Vote In 80 ICBl12CD | Data Bus 12C (FC Bus 3)
37 DRIO3C | GPC N+l Fail Vote In 81 SPARE Spare

k|| DRO10OT | GPC N+& Fail Vote Out 82 ICB13T | Data Bus 13T (FC Bus 4)
3 DRO10C | GPC N+4 Fail Vote Out 83 ICB13C | Data Bus 13C (FC Bus 4)
&0 DROO9T | GPC N+3 Fail Vote Out 84 SPARE Spare

41 DROO9C | GPC N+l Pail Vote Out 85 ICB14T | Data Bus 14T (FC Bus 5)
42 DROOST | GPC M+2 Fail Vote Out o LCBleC | Luiw Bus 138 {FZ Buz §5)
43 DROOBC | GPC N+2 Fail Vote Out 87 ICBI5ST | Data Bus 15T (FC Bus 6)
bés DROO7T | GPC N+l Feil Vote Out 88 ICBISC | Data Bus 15C (FC Bus 6)
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Table I.

Connector/Signal List (Cont)

GPC Connector J5 = Connector Part No. MS27497T24F35S

GPC J5 | Signal GPC J5 | Signal
Pin No.| Name Function Pin No.| HName Function
89 SPARE | Spare 110 ICB23T | Data Bus 23T (LB Bus 2)
90 ICB16T | Data Bus 16T (FC Bus 7) 111 ICB23C | Data Bus 23C (PL Bus 2)
91 ICB16C | Data Bus 16C (FC Bus 7) 112 SPARE Spare
92 SPARE | Spare 113 ICB24T | Data Bus 24T
93 SPARE | Spare 114 ICB24C | Data Bus 24C
9% ICB17T | Data Bus 17T (FC Bus 8) 115 SPARE Spare
95 ICB17C | Data Bus 17C (FC Bus 8) 116 SPARE Spare
96 SPARE | Spare 117 SPARE Spare
97 ICB18T | Data Bus 18T (MM Bus 1) 118 SPARE Spare
98 ICB18C | Data Bus 18C (MM Bus 1) 119 SPARE Spare
99 ICB19T | Data Bus 19T (MM Bus 2) 120 SPARE Spare
100 ICB19C | Data Bus 19C (MM Bus 2) 121 SPABE Spare
101 SPARE | Spare 122 SPARE Spare
102 ICB20T | Data Bus 20T (PL Bus 1) 123 SPARE Spare
103 ICB20C | Data Bus 20C (PL Bus 1) 124 SPARE Spare
104 SPARE | Spare 125 SPARE Spare
105 ICB21T | Data Bus 21T (PL Bus 2) 126 SPARE Spare
106 1C321C| Data Bus 21C (PL Bus 2) 127 SPARE Spare
107 | SPARE | Spare 128 | SPARE | Spare
108 ICB22T | Data Bus 22T (LB Bus 1)
109 ICB22C | Data Bus 22C (LB Bus ‘1)
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Table I. Cononector/Signal List (Cont)

GPC bmcetor 37 -'Cnnoctor Part No. MS3102R22-22P

GPC J7 Signal GPC J7 Signal

Pin No. Name Function Pin No. Name Punction
A 28vP +28 vdc Power c SGRND Safety Ground
3 28V 28 v Retuzn D SNGRND 8ignal Ground

Connector HNotes:
l. J&4 = Computer AGE comnector
J2 IOP AGE connector
J3 Discrete Inputs and Outputs
JS Discrete inputs/outputs, dats bus, and RM discrete 1/0
J7 Pover

2. C after signal nosme (i.e., XXPOIC) is the complement side and T is the
tzue side.

BN after signal nzme indicates single~ended.
Special Notes:
CPG connector J5 data bus signal definition. When measuring the output at
the J5 comnector pins (for data bus outputs) the pin having a positive volt-

age during the first balf of the sync field of a command word is designated
high (true = T) and the other lead is designated lov (complement ~ C),
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3.1.2.3.1.3.1.4 Differential Noise Voltage. The noise voltage experienced by the lige

receiver inputs shall be rejected when it is within the range of plus or minus 1.65 Vdc
vith 0 volt common-mode voltage and normal complimentary (one side grounded and the
other side open) signal source. With 4.4 volts common-mode voltage, the differential
noise rejection shall be plus or minus 1.25 Vdc complimentary (ome side grounded and
the other side open) signal source. The differential noise voltage is the voltage
accumulated between signal lines and consists of ac sad dc components superimposed on
the signal vaveform at any inetant in time. The noise voltages are due to EMI, induced
or conducted currents, or crosstalk. These voltages add algebraically in time at the
Teceiver inputs and are in addition to the normal logic levels present.

3.1.2.3.1.3.1.5 Common Mode Voltage. The receiver shall detect logical zero and ome-
stage signals in the presence of superimposed common mode noise or interference signals
up to plus or minus 5.25 volts pesk with zero differential noise. Common mode voltage
is defined as the difference between ground planes for the source and receiver.

3.1.2.3.1.3.1.6 pPowver Off/Open Copnmection Conditiou. When driver power is removed
(pover off) or the input to the receiver is open circuited, the output of the line
receivers shall be in the logical zero state. The receivers shall meet the noise
rejection requirements of paragraphs 3.1.2.3.1.3.1.4 and 3.1.2.3.1.3.1.5, except the
differential rejection may degrade to plus or minus 1.25 Vdc. The line receivers shall
aot be electrically damaged vhen in the power—off state with a logical one or a logical
zero applied to its input. Line receivers vhich are povered-off shall sot load the
igput lipe to a greater extent than specified in 3.1.2.3.1.3.1.2 and shall not
adversely affect input signal levels seen by other receivers oo the same input lize.

3.1.2.3.1.3.1.7 $Short Circuit Protectjon. The receivers shall not be damaged wvhen
their inputs are shorted together or to signal ground for an indefinite period of time.

3.1.2.3.1.3.1.8 lgput Protectjon. The line receiver shall mot be permanently damaged
vhen plus or minus 20 vdc referred to ground or 20 volts differential line to line is
applied to its inmputs.

3.1.2.3.1.4 Complementary Discrete Output Signals.

3.1.2.3.1.4.1 Lige Drivers. The line drivers shall be of the complementary output
type. The line driver shall traunsait differential digital data over the transmission
lines using a single plus five-volt supply.

3.1.2.3.1.4.2 Logicsl States. Voltage levels shall be determined by interfacing
receiver(s). True side ON, complementary side OFF for logic 1 state, reversed for
logic 0. ON means a lov-impedance path is established to the GPC secondary power cir-
cuit common for positive sources. OFF means a low-impedance path is not established
for positive sources.

3.1.2.3.1.4.3 Sigpal Rise gnd ¥sll Times. The line driver signal rise and fall times

of the true and complementary outputs shall noz exceed 600 nano-seconds with 30 pico-
farad load line-to-line, 100 picofarad lipe-2o~ground and a 1 kilohm pullup resistor
from each line to +12 Vdc.
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3.1.2.3.1.4.4 Lipe Driver load. The driver shall be capable of sinking up to

30 milliamps and drop no more than +0.4 Vdc on either the true or complementary side
for the ON condition and sinking 0.25 williamps maximum at voltages up to +16.4 Vdc on
either the true or complement side for the OFF condition. The driver fan out shall be
a mininum of 6.5 equivalent loads under powver-om conditions.

3.1.2.3.1.4.5 Dats Skew. The line driver true and complementary output shall be
vithin 300 nanoseconds of each other when measured at the 50-percentile points of each
vaveform with load as specified in paragraph 3.1.2.3.1.4.3.

3.1.2.3.1.4.6 Power-0ff Condition. The output DC impedance of the line driver when
pover is removed shall not be less than 65.6 kilobms at +16.4 Vdc for the true or com-
plement side.

3.1.2.3.1.4,7 Ringing. Overshoot and undershoot of the line driver output waveforms
measured differentially shall be held to less than 20 percer: of the nominal signal
amplitudes under the load conditions specified in 3.1.2.3.1.4.3.

3.1.2.3.1.4.8 Short Circuit Protection. The line drivers shall not be damaged when

their outputs are shorted to ground for an indefinite period of time.

3.1.2.3.1.5 Pull-Up Voltsge Source. A voltage source connection shall be provided for
sourcing input pull-ups of external receivers which interface with GPC discrete output
drivers. This source shall be derived from internal power supplies and shall be refer-
enced to secondary power/signal common. The source shall supply plus 5 Vdc nominal
vith no external load. Voltage supplied to an external load shall be no greater than
plus 6.0 volts and not less than plus 4.0 volts under all combinations of power supply
operating conditions and load currents within the load current range zero to 100 ma.
The steady-state current demand oo the source due to external loading will not exceed
50 ma in normal operation. The source shall be protected against external faults such
that an externsl short circuit will sot cause the plus 5-volt power supply to
malfunction.

3.1.2.3.1.7 Hjgh Speed Output Drivers. The six output drivers referenced in para-
graph 3.2.1.5.1.5 shall be capable of providing rise and fall times (10 percent to

90 percent points) of less than 26.5 microseconds wvhile driving into 175 feet of cable
baving the characteristics of paragraph 3.1.2.3.1.1. The high-speed driver fanout
shall be a maximum of 4.2 equivalent loads under pover—-om conditions.

3.1.2.4 jn5zg:L!!_!j!g;!;l_éjxggigl. Discrete circuits of the differential and single

ended types shall be used for Intra-LRU discrete signals.
3.1.2.4.1 Deleted.

3.1.2.4.2.1 Driver Circuit. The single-ended driver shall provide a discrete output
signal having a logicel one (1) erste Af 11.0 Vdc plus or minus 2.5 Vdc and a logical
zero (0) srace of 0.0 Vde plus or minus 0.5 Vdc. The output shall be capable of sup-
plying a minimum logical one state output current of 2 ma at g minimum level of 9.5 Vdc
and shall be capable of sinking & minimum level of 9.5 Vdc and shall be capable of
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sinking a minimm current of 2 ms at a maxiwum level of 0.5 Vdc in the logical zero
state. The reference return for the single-ended discrete output signal shall be the
computer regulated dc signal ground. The driver—to-receiver signal return path between
trsusmitting and receiving units shall be provided via the respective signal return
connections to the system single-point groumd.

3.1.2.4.3 jt. The receiver circuit for single-ended interface signals
shall be an offset biased differentisl receiver. The reference input to the receiver
circuit shall be 5.0 Vdc 210 percent referenced to signal ground in the receiving umit.
The receiver-to-driver signal return path betwesn receiving and transamitting units
shall be provided via the respective signal return connections to the system
single-point ground. The receiver circuit shall be capable of withstanding a differen-
tial input signal magnitude or individual input-to-signal ground magnitudes of 20 Vdc.
A differential input signal (imput signal minus the local plus 5 Vdc reference voltage)
of plus 0.5 Vdc to plus 15.5 Vdc shall be received as a logical one (1). A difference
input signal of minus 0.5 Vdc to minus 5.5 Vdc shall be received as a logical zerc (0).
The maximum input currents shall be plus 1.9 ma and minus 1.9 ma at difference input
signal levels of plus 8.0 Vdc snd minus 5.5 Vdc, respectively.

3.1.2.5 Single Ended Discrete Drivers sund Receivers.

3.1.2.5.1 Single Ended Driver. The GPC shall contain single-ended output drivers for
interfacing with pilot panels and mass memory units.

3.1.2.5.2 logica] States. The single ended driver logical state shall be identical to
3.1.2.‘.2'1.

3.1.2.5.3 Sjigngl Rise and Fsl]l Tiges. The line driver sigoal rise and fall times
shall not exceed 1.0 usec.
3.1.2.5.4 Sipgle Ended Rgceiver. The single snded receiver characteristics for inter—

facing with pilot panels and mass memory units shsall be as specified in 3.1.2.4.3.

3.1.2.6 Multiplex Ipterface Adapter Requirements. The GPC multiplex interface adapter

(MIA) shall:

a. Function as the interface betveen the digital data bus and the GPC.

b. Accept commands and data received on the data bus and route them to the GPC.

¢. Accept commands and data from the GPC and transmit them oo the dats bus.

d. Provide for serial transmission of command and data over data bus channels.
3.1.2.6.1 MIA Definitjon. Each multiplex interface adapter shall consist of s pulse
transformer, transaitter/receiver, encoder, decoder, integrated circuits and electrounic
components. The interface between the GPC and the above described MIA components shall

be as specified in MC615-0010. Trhere ghall b~ two MIA'a par carrier. The carrier
shall b2 attzcked 2o a page frame by screws and nuts.
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3.1.2.6.2 MIA Ioterface Characteristice. The GPC electrical characteristics shall be
compatible with the voltage, data rate, impedance, vaveforms, and performance require-
ments of the data bus as specified in the multiplexer interface adapter specification
MC615-0010.

3.1.3 Major Component Identification. The identification of the Baseline Computer
Model shall be as follows:

Buyer Seller Traceability
Computer, Genersl MC615-0025-0200 6966000-2 Serial

Purpose 03640

3.1.4 3Buver Furmished Property. The MIA carrier as specified in MC615-0010 will be
supplied by che buyer and shall be incorporated into the GPC.

3.2 Charscteristics.

3.2.1 Performance. The computer shall perform the orbiter operational functions
through a combination of automatic and flight crew commanded softwvare sequences. Such
sequences are to be stored in computer main memory. Control of the sequences and
external subsystems is effected via command or data transfers controlled by the GPC.

3.2.1.1 Ljife Requirements. The GPC, excluding the battery pack, shall be designed to
provide the most cost effective life capability, considering minimum maintenance and
refurbishment as vell as state-of-the-art hardware design. Battery life is defined in
paragraph 3.1.2.1.11. .
3.2.1.1.1 Operating Life. The GPC shall be cspable of performing all operations
specified herein for a minimum of 40,000 hours.

3.2.1.1.2 Useful Life. The GPC shall have a minimum useful life of 40,000 hours,
vhich is grester than 100 orbital missions in s ten-year period from date of delivery.
The average orbital mission will be seven days; however, the design shall not preclude
the capability to extend the orbital staytime up to 30 days. Preventive maintenance,
servicing, repair, and replacement of parts shall be consistent with the seller's
trade-off results, as agreed to by the buyer.

3.2.1.1.3 Shelf Life. The GPC shall be capable of operating in accordance with the
requirements specified herein sny time within a period of ten years from date of deliv-
ery vhen exposed to the spplicable enviromments of 3.2.5.

3.2.1.1.4 Relisbjlity Goal. As a goal, the GPC shall be capable of reliability growth
to greater tham 6,000 bours MTBF under operational conditioms.

3.2.1.2 Maijor Functijons. The coaputer shall consist of the CPU, IOP, and memory major
functions.
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3.2.1.2.1 Central Processing Unit (CPU). The CPU shall provide the central computa=

tional capability of the computer. It shall also effect, but not be limited to, the
following:

a. Program controlled input and output (PCI/PCO)
b. Interrupt control and handling

€. Clock synchronization and control

d. Iaostruction set execution

e. Intercomputer synchromization

3.2.1.2.2 Input/Output Processor (IOP) Fumction. The IOP shall provide central con-

trol and interface linkage between the memory and external avionics subsystems via one
megabertz serial interface buses. It shall also effect, but mot be limited to, the
following: .

a. Direct memory access (DMA) to the memory on a cycle steal basis with the CPU and
in a burst DMA mode

b. Discrete input and output capability
c. Data processing system redundancy management
d. Interface control of buyer supplied MIA carrier

3.2.1.2.3 Self-Test. The computer shall provide for the self-detection of malfunmc-
tions in the CPU, memory, and IOP. The design of the processors shall include suffi-
cient hardvare capability in the form of built-in test equipment (BITE) to provide for
rapid (on-line) fault information. The hardware BITE shall be such that with the aid
of the proper self-test programs (STP), maximum fault coverage will exist. Use of
microcode and special hardvare to emhance fault detection shall be considered.

3.2.1.2.3.1 Fault Detection Capability. BITE and self-test modules shall detect and

indicate faults such that failures or out-of-tolerance conditions ia the computer will
be detected. The computer, as defined here and shown in Figure 1, includes

262,144 words of memory, the CPU, the IOP, and the pover supplies. All detected errors
shall provide a positive indication that can be directly read by resident softvare.

3.2.1.2.3.2 Self-Test Programs. The self-test is capable of being executed indepen-
dent of external or peripheral equipment.

3.2.1.2.3.3 Self-Test Microprograms. Micro-routines wvhich perform tests of GPC logic
and internal data paths shall be implemented to be callable by use of the special
mschine instruction, DIAGNOSE, in the CPU, and @ STP and # STP in the IOP. (Reference
Tables VIII and X.) It shall be possible to execute CPU and IOP self-test wicro-
routines independently and concurrently. Test results shall be sccessilie L2 sofzwecra.
DIAGNOSE skhall be a privileged CPU instruction which may be executed only in the super-
visor state.

o
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3.2.1.3 Cengral Processing Unit (CPU) Design and Functioms.

3.2.1.3.1 Performance. The CPU shall provide the capability of at least

1,000,000 full-wvord operations per second in fixed point. This figure of merit is
derived by utilizing the average execution time for a mix of four SRS full-word adds to
one SRS full-word multiply.

3:2.1.3.2 Data Words. The data words shall have the following characteristics:
a. Fixed point word size
(1) Half-word - 15 bits minimum and sign
(2) Full-word - 31 bits minimum and sign
b. Floating point word size
The CPU shall have full- and double-word capability in floating point. The
characteristic exponent shall have a minimum of 8 bits. The mantissa shall have
as a minimum 24 bits in full-word and 56 bits in double-word.
3.2.1.3.3 Inostruction Words. The CPU shall be capable of executing an instruction
vord on either a half- or full-word mode for the fixed point operations as shown in

Table IIA, CPU Instruction Set, and Table II B, MIL-STD-1750A Instructiomn Set.

3.2.1.3.4 Addregssabjlitv. The computer shall be capable of addressing 524,288 half-
wvords or 262,144 full-words. ’

3.2.1.3.5 Ipstruction Set. The instruction set shall include, but not be limited to,
those instructions listed in Table IIA and IIB.

3.2.1.3.6 Interrupt Structure. The interrupt structure (Table III) shall consist of
60 interrupts organized into priority levels of five classes. The five classes of
interrupts shall be as follows:

a. Power

b. Machine Check

Ce Program

d. Supervisor Call

e. External

Machine check and power interrupts, when they occur, shall not allow other interrupts
to be taken. Interrupt structure and priorities shall be provided sccording to
Table III.
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Table IIA. CPU Instruction Set
Pized Poige O ’
Add (AR)
Add (A)
Add (A)

Add Halfword (AHR)
Add Halfword (AH)
Add Halfword (aAH)
Add Halfword Immediate (AHI)

Add to Storage
Compare (CR)
Compare (C)
Compare (C)

Compare Betveen Limits (CBL)

Compare Halfword (CH)

Compare Halfword (CH)

Compare Halfword Immediate (CHI)
Compare Immediate With Storage (CIST)

Divide (DR)
Divide (D)
Exchange Upper
Insert Address
Insert Address

and Lover Halfwords (XUL)
Low (IAL)
Low (IAL)

Insert Halfword Low (IHL)

Load (LR)
Load (L)
Load (L)

Load Address (1d)

Load Address (lA) :

Load Arithmetic Complement Halfword (LACHR)
Load Fized Immediate JLFXI)

Load Halfword (LH)

Load Halfword (LH)

Load Multiple (LM)

Modify Storage

Halfword (MSTH)

Multiply (MR) -

Multiply (M)
Multiply (M)

Multiply Halfword (M)
Multiply Halfword (MHR)
Multiply Halfword (MH)
Multiply Halfword Immediate (MHI)

SR T L P LT PR PY D AL LT Ay T Y E
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Table IIA. CPU Instruction Set (Conmt)

Pized Poing O y

Store (ST)

Store (ST)

Store Halfword (STH)
Store Halfword (STH)
Store Multiple (STM)
Subtract (SR)

Subtract (S)

Subtract (8)

Subtract From Storage (SST)
Subtract Halfword (SHR)
Subtract Halfword (SEH)
Subtract Halfword (SH)
Tally Down (TD)

Tally Down (ID)

BEREEREERRRERE E
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BSranch and Index (BIX)

Branch and Link (BALR)

Branoch and Link (BAL)

Branch on Condition (BCR)

Branch on Conditiom (BC)

Branch on Condition Backward (BCB)
Branch on Condition Extended (BCRE)
Branch on Condition Forward (BCF)
Branch on Count (BCTR)

Branch on Count (BCT)

Branch on Count Backward (BCTB)
Branch on Overflowv and Carry (BVCR)
Branch on Overflow and Carry (BVC)
Branch on Overflow and Carry Forvard (BVCF)

Table IIA. CPU Instruction Set (Cont)

Branch Operatiops

EEEEREERERRRRD E
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Table IIA. CPU Instruction Set (Cont)
Shifc Operatjons Format
Normalize and Count (NCIR) RR
Shift Left Double Arithmetic (SRDA) SBS
Shift Left Double Logical (SLDL) SRS
Shift Left Logical (SLL) SRS
Shift Right and Rotate (SRR) SRS
Shift Right Double and Rotate (SRDR) SBS
Shift Right Double Logical (SRDL) SRS
Shift Right Arichmetic (SRA) SBS
Shift Right Logical (SRL) SRS
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Table IIA. CPU Instruction Set (Comt)
Logical Operations Format

And (NR) RR
And (N) SRS
And (N) RS
And Halfword Immediate (NHI) RI
And Immediate With Storage (NIST) SI -
And To Storage (NST) RS
Exclusive Or (IR) RR
Exclusive Or (X) SRS
Exclusive Or (X) RS
Exclusive Or Halfword Immediate (XHI) RI
Exclusive Or Immediate With Storage (XIST) SI
Exclusive Or To Storage (XST) RS
Or (OR) RR
or (0) SRS
or (0) &S
Or Halfvord Immediate (OEI) RI
Or To Storage (0ST) RS
Search Under Mask (SUM) RR
Set Bits (SB) sI
Set Halfword (SEW) SRS
Set Halfword (SEW) RS
Test Bits (TB) SI
Test Halfword (TH) SRS
Test Balfword (TH) RS
Test Register Bits (TRB) RI
Zero Bits (2B) SI
Zero Halfword (2B) SRS
Zero Halfvord (2H) RS
Zero Register Bits (ZRB) RI
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Subtract
Subtract
Subtract

Table IIA.

CPU Iopstruction Set (Coat)

Zlosting Peiat O .

Add (Long Operands) (AEDR)

Add (Long Operands) (AED)

Add (Short Operands) (AER)

Add (Short Operands) (AE)

Add (Short Operands) (AE)

Compare (Short Operands) (CER)

Compare (Short Operands) (CE)

‘Convert to Fixed Point (CVFX)

" Convert to Floating Point (CVFL)

Divide (Long Operands) (DEDR)

Divide (Long Operands) (DED)

Divide (Short Operands) (DER)

Divide (Short Operands) (DE)

Load (Long Operands) (LED)

Load (Short Operands) (LER)

Load (Short Operands) (LE)

Load (Short Operands) (LE)

Load Complement (Short Operands) (LECR)
Load Fixed Register (LFIR)

Load Yloating Immediate (LFLI)

Load Floating Register (LFLR)

Mid Value Select (Short Operands) (MVS)
Multiply (Long Operands) (MEDR) '
Mutliply (Long Operands) (MED)

Multiply (Short Operands) (MER)
Multiply (Short Operands) (ME)

Subtract (Long Operands
Subtract (Long Operands
(Short Operands) (SER)
(Short Operands) (SE)
(Short Operands) (SE)
Store (Long Operands) (STED)
Store (Short Operands) (STE)
Store (Short Operands) (STE)

) (SEDR)
) (sED)

eEBE E

B RBERBEEEREREREEREERERRERRERE
A
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Table IIA. CPU Instruction Set (Coat)

Special 0 .

Diagnose (P) (DIAG)

Insert Storage Protect Bits (P) (ISPB)
Load DSE Multiple (LDM)

Load Extended Address (LXIA)

Load Program Status Word (P) (LPS)
Move Halfword Operands (MVH)

Set Program Mask (SPM)

Set System Mask (P) (SSM)

Stack Call (SCALL)

Stack Return (SRTEN)

Store DSE Multiple (STDM)

Store Extended Address (STXA)
Supervisor Call (SVC)

Test and Set (T3)

Test and Set Bits (TSB)

. 1/0 Operations
/4.' £ a5k 4

Program Controlled Input/Output
Instruction (PCIO)

E

RREREERRERREEER
B

"
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Table IIA. CPU Instruction Set (Cont)
ICR
Read/ MMP 110

Desigpate Functiop Write Code  Code Eormat
TT(02) Load Counter 0 W 8801 - RR
TT(02) Start Counter 0 W 8802 - BR
T1(02) Stop Counter 0 W 8803 - RR
TI(02) Load Counter 1 W 8804 - BR
TT(02) Start Counter 1 W 880A - BRR
TT(02) Stop Counter 1 w 8808 - RP.
TT(02) Read Counters R 0802 - RR
TI(02) Read Counters R 0803 - :3:3
Age and CPU  Read Age R 04XXx - RR
Age and CPU Load Age W 86XX - RR
Age and CPU Direct Age WV 84XX - RR
Age and CPU  Age Mode Comtrol v yped - BR
MMU Load DSE Register W - 9404 RR
MMD Read DSE Register R - 9405 BRR
MMU Read Even Physical ADOR Reg 00-15 R - 1400 RR
MMU Read Logical ADOR Reg 00-15 R - 1405 RR
MMU Read BSR/DSR/BSV/DSV R - 1406 2R
MMy Read and Clear MFER R 1408 - RR

(Do Not Clear Code Parity)
MMU Resd MMU Store Protect Reg 00-10 R - 1409 BRR
MMU Read MMU Mode Reg 00-07 R - 1408 RR
MM Read MMU Misc Reg 00-08 R 140A - ER
MMU Read EOAC ADOR Reg 00-13 R 140F - RR
MMU Load MMU SP Reg 00-02 (CPU) w - 9400 ER
MMU Load All EDAC Disgnostic Latches v - 9403 RR
MMU and IRPT Load BSR/OSR w - 9009 RR
MMU Load MMU Mode Reg 00-07 W - 9407 RR
mu Set 1750 Block Protect and E/W v - 940A RR

Override .
MMU Clear 1750 Block Protect and E/W W - 940B RR

Override
MMU Hoop to MMU W - 9401 ER
MMU Load BSV/0SV W - 9406 BRR
MMU Read MFER and Clear Code Parity Error 2 140C - BER
MMU Clear Soft Error Counter W 140E - BRR

FOQAM M 13]~=—2 REV 270




: eoonum.no.ms:_
uwunmum” l ] nl\lnslovf LITR ] [ PAGE -

Table IIA. CPFU Instruction Set (Cont)

I 1¢ 1 Regi : ; (zcm)
Read/ MMP 110

IRPT Set Program Mask ] - - /9017 iR
IRPT CPU EA Fault (Machine Check) Command v - 9000/9001 RR
IRPT CPU Illegal Operation Command v - 9002/9003 RR
IRPT CPU Privileged Instruction Command W - 2004/9005 RR
IRPT CPU IP Divide by Zero Command ] - - /9006 RR
IRPT CPU Significance Command v - - /9007 RR -
IRPT CPU Convert Overflov Command W - - /9008 RR
IRPT and MMU Load PSW Segment 16-31 v - - /9009 RR
IRPT Load PSW Segment 32-47 W - - /900A RR
IRPT Set All MMP Pending Interrupts '} - - /9003 RR
IRPT Reset All MMP Pending Interrupts '} - - /900C iR
IRPT DMA Store Protect L - - /900D RR
IRPT Reset Complete v - 900E/900F RR
IRPT Supervisor Call W - 9010/ - RR
IRPT Scart 2901/2910 Self Test ] - 9011/9011 RR
IRPT Start Bad Parity Test W - 9011/9011 RR
IRPT Start Capture Reg Test | - 9011/9011 RR
IRPT Start Priority PLA Test W - 9011/9011 * RR
IRPT Start Command PLA Test W - 9011/9011 RR
IRPT Start Arithmetic Interrupt Test W - 9012/9012 RR
IRPT Set/Reset Diagnose Mode ] - 9013/9013 RR
IRPT Start Interrupt Priority Test W - 9014/9014 RR
IRPT Start EA Scan W - 9015/9015 RR
IRPT Write 1750 Fault Reg (Byte Field) W - 9016/9016 RR
IRPT Echo HBus R - 1000/1000 R2
IRPT Read Disgnose 4 - 1001/1001 RR
IRPT Read ISW R - 9018/9018 RR
IRPT Read Local Store Reg R - 1002/1002

) 14 Program—Controlled Inmput  § A000 - R
PCO Program—-Controlled Output W A400 - RR

’

— " — — e G — e—— —_——
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Table IIB., MIL-STD-1750A Instruction Set
Instruction Codings
Address
QPCODE ocx Instruction Mnemonic —tode
0000 0000 Single Precision Load LB B (BR=12)
0000 0001 Single Precision Load LB B (BR=13)
0000 0010 Single Precision Load LB B (BR=14)
0000 0011 Single Precision Load L3 3 (BR=15)
0000 0100 Double Precision Load DLB B (BR=12)
0000 0101 Double Precision Load DLB B (BR=13)
0000 0110 Double Precision Load DLB 3 (BR=14)
0000 0111 Double Precision Load DLB B (BR=1S)
0000 1000 Single Precision Store STB 3 (BR=12)
0000 1001 Single Precision Store STB B (BR=13)
0000 1010 Single Precision Store STB B (BR=14)
0000 1011 Single Precision Store STB B (BR=15)
0000 1100 Double Precision Store DSTB B (BR=12)
0000 1101 Double Precision Store DSTB B (BR=13)
0000 1110 . Double Precision Store DST3 B (BR=14)
0000 1111 Double Precision Store DSTB B (BR=15)
0001 0000 Single Precision Integer Add AB B (BR=12)
0001 0001 Single Precision Integer Add AB B (BR=13)
0001 0010 Single Precision Integer Add AB B (BR=14)
0001 0011 Single Precision Integer Add AB B (BR=15)
0001 0100 Single Precision Integer SB3 B (BR=12)
Subtract
0001 0101 Single Precision Integer SBB B (BRel3)
Subtract
0001 0110 Single Precision Integer SBB B (BR=14)
Subtract
0001 0111 Single Precision Integer SBB B (BR=15)
’ Subtract
0001 1000 Single Precision Multiply MB B (BR=12)
With 32-Bit Product
0001 1001 Single Precision Multiply MB B (BR=13)
Mith 32-Bit Product
0001 1010 Single Precision Multiply MB B (BB=14)
With 32-Bit Product
0001 1011 Single Precision Multiply M3 B (BR=15)
With 32-Bit Product
0001 1100 Single Brecision Integer DB B3 (BR=12)
Divide With 32-Bit Dividend
0001 1101 Single Precision Integer DB B (BR=13)
Divide With 32-Bit Dividend
0001 1110 Single Precision Iateger DB B (3R=14)
Diviue With 3Z-5ii Dividend
0001 1111 Single Precision Iateger DB B (BR=15)

Divide With 32-Bit Dividend
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Table IIB. MIL-STD-1750A Iastruction Set (Comt)

Instruction Codings

Address

OPCODE ocx Igstruction Moemonic ——Yode
0010 0000 Floating Point Add FAB 3 .BRul2)
0010 0001 Floating Point Add FAZ B {BR=13)
0010 0010 Floating Point Add F23 B (BR=14)
0010 0011 Floating Point Add ! B (BR=15)
0010 0100 Floating Point Subtract FS: B (BR=12)
0010 0101 Floating Point Subtract FSB B (BR=13)
0010 0110 Floating Point Subtract FSB B (BR=14)
0010 0111 Floating Point Subtract FSB B (BR=15)
0010 1000 Floating Point Multiply FMB B (BR=12)
0010 1001 Floating Point Multiply FMB B (BR=13)
0010 1010 Floating Point Multiply FMB B (BR=14)
0010 1011 Floating Point Multiply ne B {BR=l15)
0010 1100 Floating Point Divide FDB B (BR=12)
0010 1101 Floating Point Divide FDB B (BR=13)
0010 1110 Floating Point Divide FDB B (BR=14)
0010 1111 Floating Point Divide FDB B (BR=15)
0010 0000 Inclusive Logical or ORB B (BR=12)
0011 0001 Inclusive Logical or ORB B (BR=13)
0011 0010 Inclusive Logical or ORB B (BR=14)
0011 o011 Inclusive Logical or ORB B (BR=15)
0011 0100 Logical and ANDB B (BR=12)
0011 olo0l Logical and ANDB 8 (BR=13)
0011 0110 Logical and AN B (BR=14)
0011 0111 Logical and ANDB B (BR=15)
0011 1000 Single Precision Compare ca B (BR=12)
0011 1001 Single Precision Compare cB B (BR=13)
001l 1010 Single Precision Compare cs B (BR=14)
0011 1011 Single Precision Compars cB B (BR=15)
0011 1100 Floating Point Compare FC3 B (BR=12)
0011 1101 Floating Point Compare FCB B (BR=13)
0011 1110 Floating Point Compare FCB B (BR=14)
0011 1111 Floating Point Compare FCB B (BR=15)
0100 000 0000 Single Precision Load L3X BX (BR=12)
0100 00Ol 0000 Single Precision Load LBX BX (3R=13)
0100 0010 0000 Single Precision Load LBX BX (BR=14)
0100 0011 0000 Single Precision Load LBX BX (BR=15)
0100 0000 0001 Double Precision Load DLBX BX (BR=12)
0100 0001 0001 Double Precision Load DLBX BX (BR=13)
0100 0010 0001 Double Precision Load DLEX BX (BK 14)
0100 0011 0001 Double Precision Load DL3X BX (BR=15)
0100 0000 0010 Single Precision Store STBX BX (BR=12)
0100 0001 wol0 Single Precisicu Store STBX BX (BR=l3)
0100 0610 0Gid Sipgla Q=csizise Siere STSX KX (BR=14)
0100 0011 0010 Single Precision Store STBX BX (BR=l5)
0100 0000 ooll Double Precisiom Store DSTX BX (BR=12)
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Table IIB. MIL-STD-1750A Ianstruction Set (Cont)
Iastruction Codinge
Address
QPCODE ocx Insgruction Mnemonic —Hode
0100 0001 oo1l Double Precision Store DSTX BX (BR=13)
0100 0010 0011 Double Precision Store DSTX BX (BR=14)
0100 0011 0011 Double Precision Store DSTX BX (BR=15)
0100 0000 o100 Single Precision Integer Add ABX BX (BR=12)
0100 0001 0100 Single Precision Integer Add ABX BX (BR=13)
0100 0010 o100 Single Precision Integer Add ABX BX (BR=14)
0100 0011 o100 Single Precision Integer Add ABX BX (BP=15)
0100 0000 0101 Single Precision Integer SBBX BX (BR=12)
Subtract
0100 0001 0101 Single Precision Integer SBBX BX (BR=13)
Subtract
0100 0010 0101 Single Precision Integer SBBX BX (BR=14)
Subtract
0100 coO11 o101 Single Precision Integer SBBX BX (BR=15)
Subtract
0100 0000 o110 Single Precision Integer MBX BX (BR=12)
Multiply With 32-Bit Product
0100 0001 o110 Single Precision Integer MBX BX (BR=13)
Multiply With 32-Bit Product
0100 0010 0110 Single Precision Integer MBX BX (BR=14)
Multiply With 32-Bit Product
0100 0011 o110 Single Precision Integer MBX BX (BR=15)
Multiply Wich 32-Bit Product
0100 0000 0111 Single Precision Integer DBX BX (BR=12)
Divide With 32-Bit Dividend
0100 0001 0111 Single Precision Integer DBX BX (BR=13)
Divide With 32-Bit Dividend
0100 0010 0111 Single Precision Integer DBX BX (BR=l4)
Divide With 32-Bit Dividend
0100 0011 0111 Single Precision Integer DBX BX (BR=l5)
Divide With 32-Bit Dividend
0100 0000 1000 Floating Point Add FABX BX (BR=12)
0100 0001 1000 Floating Point Add FABX BX (BR=13)
0100 0010 1000 Floating Point Add FABX BX (BR=14)
0100 0011 1000 Floating Point Add FABX BX (BR=15)
0100 0000 1001 Floating Point Subtract FSBX BX (BR=12)
0100 0001 1001 Floating Point Subtract FSBX BX (BR=13)
0100 0010 1001 Floating Point Subtract FSBX BX (BR=14)
0100 0011 1001 Ploating Point Subtract FSBX BX (BR=15)
0100 0000 1010 Floating Point Multiply FMBX BX (BR=12)
0100 0001 1010 Floating Point Multiply FMBX 3X (BR=13)
0100 0010 1010 Floating Point Multiply FMBX BX (BR=14)
0100 0011 1010 Floating Point Multiply FMBX BX (BR=15)
0100 0000 " 1011 Floating Point Divide FDBX BX (BR=12)
0100 0001 1011 Floating Point Divide FDBX BX (BRel13)
0100 Q010 1011 Floating Point Divide FDBX BX (BR=14)

FOQRM M 13]1==—2 REV 2-70




CODE IDENT. NO. 03953

REVISION LETTER

NUMBER PAGE
MC515-0025 L L L b 1.}
Table IIB. MIL-STD-1750A Instruction Set (Cont)
Instruction Codings
Address
QPCODE ox Instruction Mgemonic  __Mode
0100 0011 1011 FPloating Point Divide FDBX BX (BR=15)
0100 0000 1100 Single Precision Compare C3x BX (BBR=12)
0100 0001 1100 Single Precision Compare C3x BX (BR=13)
0100 0010 - 1100 Single Precision Compare cax BX (BR=l4)
0100 0011 1100 Single Precision Compare cux BX (BR=l5)
0100 0000 1101 Floating Point Compare FCBX BX (BR=12)
0100 0001 1101 Ploating Point Compare FC3X BX (BR=13)
0100 0010 1101 Floating Point Compare FC3X BX (BR=14)
0100 0011 1101 Floating Point Compare FC3X BX (BR=15)
0100 0000 1110 Logical and ANDX 3X (BR=12)
0100 0001 1110 Logical and ANDX BX (BR=13)
0100 0010 1110 Logical and ANDX BX (BR=14)
0100 0011 1110 Logical and ANDX BX (BR=15)
0100 0000 1111 Inclusive Logical or ORBX BX (BR=12)
0100 0001 1111 Inclusive Logical or ORBX BX (BR=13)
0100 0010 1111 Inclusive Logical or ORBX BX (BR=14)
0100 0011 1111 Inclusive Logical or ORBX BX (BR=15)
0100 1000 Bxcecute Input/Output XI0 IM, IMX
0100 1001 Vectored Input/Output YIO IM, IMX
0100 1010 0001 . Single Precision Integer Add AIM ™
0100 1010 0010 Single Precision Integer SIM IM
Subtract
0100 1010 0011 Single Precision Iateger MIM I
Multiply With 32-Bit Product
0100 1010 0100 Single Precision Iateger MSIM IM
Multiply With 16-Bit Product
0100 1010 0101 Single Precision Integer DIM M
Divide With 32-Bit Dividend
0100 1010 0110 Single Precision Integer DVINM I
Divide With 16-Bit Dividend
0100 1010 0111 Logical and ANDM IM
0100 1010 1001 Inclusive Logical or ORIM IM
0100 1010 1001 Exclusive Logical or JORM M
0100 1010 1010 Single Precision Compare CIM M
0100 1010 1011 Logical snd NIM IM
0101 0000 Set Bit S8 D, DX
0101 o001 Set Bit SBR R
0101 0010 Set Bit s3I I, IX
0101 0011 o Reset Bit "~ - ) 4] D, DX
0101 0100 Reset Bit RBR | 3
0101 0101 Reset Bit RBI I, IX
0101 0110 Test Bit b+ ] D, X
0101 0111 Test Bit ™R 3
0101 1000 Test Bit T8I I, IX
0101 1001 Test and Set Bit IS8 D, DX
0101 lo01ic Set Variable Bit in Register SVBR R
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Table IIB. MIL-STD-1750A Instruction Set (Cont)
Instruction Codings
Address
QPCODE [ 74 Instruction Moemonic  __ Mode
0101 1100 Reset Variable Bit in Register RVBR R
0101 1110 Test Variable Bit in Register TVBER R
0110 0000 Shift Left Logical SLL R
0110 0001 Shift Right Logical SRL R
0110 0010 Shift Right Arithmetic SRA R
0110 011 Shift Left Cyclic SLC R
0110 o101 Double Shift Left Logical DSLL R
0110 o110 Double Shift Right Logical DSRL R
0110 0111 Double Shift Right Arithmetic DSRA R
0110 1000 Double Shift Left Cyclic DSLC R
0110 1010 Shift Left Logical, Count in SLR R
Register
0110 1011 Shift Arithmetic, Count in SAR R
Register
0110 1100 Shift Cyclic, Count in Scr R
Register
- 0110 1101 Double Shift Logical, Count in DSLR R
Ragister
0110 1110 Double Shift Aritbmetic, Count DSAR R
in Register
0110 1111 Double Shift Cyclic, Count in psc R
Register
0111l 0000 Jump on Condition JC D, DX
0111 oool Jump on Condition JC1 I, IX
0111 0010 Jump to Subroutine Js D, DX
0l1i o001l Subtract Omne and Jump sQJ D, DX
0111 0100 Branch Unconditionally AR IR
0111 0101 Branch if Equal to (Zero) BEZ ICR
0111 0110 Branch if Less Than (Zero) BLT R
0111 0111 Branch to Execute BEX s
0111 1000 Branch if Less Than or Equal BLE I
2o (Zero)
0111 1001 Branch if Greater Than (Zero) BGT (=1
0111 1010 Branch if Not Equal to (Zero) 3NZ Icz
0111 1011 Branch if Grester Than or BGE IR
Equal to (Zexo)
0111 1100 Load Status LSTI D, DX
0111 1101 ——— Load Status —— - " — LST - D, DX
0111 1110 Stack IC and Jump to Subroutine s D, DX
0111 1111 Unstack IC and Return From Sub- URsS s
i routice
1383 coos Sizglc Precisioa Load L c. nx
1000 0001 Single Precision Load LR 4
1000 0010 Single Precision Load LISP I8P
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Table IIB. MIL-STD-1750A Instruction Set (Cont)
Instruction Codings
Address
QPCODE 2cx Instruction Mgemounic —DMode
1000 0011 Single Precision Load LISN ISN
1000 0100 Single Precision Load Ll I, Ix
1000 0101 Single Precision Load LIM IM, IMX
1000 0110 Double Precision Load DL D, DX
1000 0111 Double Precision Load OLR R
1000 1000 Double Precision Load DLI I, IX
1000 1001 Load Multiple Registers LM D, DX
1000 1010 Extended Precision Floating EFL D, DX
Point Load
1000 1011 Load From Upper Byte LUB D, DX
1000 1100 Load From Lower Byte LLB D, DX
1000 1101 Load From Upper Byte LUBI I, IX
1000 1110 Load From Lover Byte LLBI I, Ix
1000 1111 Pop Multiple Registers Off POPM 8
the Stack
1001 0000 Single Precision Store ST D, Dx
1001 0001 Store & Non-Negative Constant STC D, DX
1001 0010 Store a Non-Negstive Constant STC1 1, IX
1001 o011 Move Multiple Words Memory-to- MOV s
Memory
1001 0100 Store Precision Store STI I, Ix
1001 0110 Double Precision Store DST D, DX
1001 0111 Store Register Through Mask SRM D, DX
1001 1000 Double Precision Store DSTI I, IX
1001 1001 Store Multiple Registers ST D, DX
1001 1010 Extended Precision Floating RFST D, DX
Point Store
1001 1011 Store Into Upper Byte STUB D, DX
1001 1100 Store Into Lower Byte STLB D, DX
1001 1101 Store Into Upper Byte SUBIL I, IX
1001 1110 Store Into Lower Byte SL3I I, IX
1001 1111 Pysh Multiple Registers Omto PSHM ]
the Stack
1010 0000 Single Precision Integer Add A D, DX
1010 0001 Single Precision Integer Add AR R
1010 0010 Single Precision Integer Add AISP 18P
1010 0011 Increment Memory by a Positiv ps. [ D, DX
= = o Integer e mmne ¢ camomeres § i
1010 0100 Single Precision Absolute ABS D, DX
Value of Register
wdBlA B0, .. i Double Precision Absolute DABS 3
Z =7 ¥alue of Register
1010 0110 Double Precision Iateger Add DA D, DX
1010 o111 Double Precision Integer Add DAR R
1010 1000 Floating Point Add A D, DX
1010 1001 Floating Point Add FAR R
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Table IIB. MIL-STD-1750A Instruction Set (Cont)
Instruction Codings
% Addrens
QPCODE o0z Ipstruction Mpemogic —Mode
1010 1010 Extended Precision Floating EFA D, DX
Point Add
1010 1011 Extended Precision Floating EFAR R
Point Add
1010 1100 Floating Point Absolute Value FABS R
of Register
1011 0000 Single Precision Integer ] D, DX
Subtract
1011 0001 Single Precision Integer SR R
. Subtract
1011 oolo0 Single Precision Integer SISP ISP
Subtract
1011 o011 Decrement Memory by a Positive DECM D, DX
Integer
1011 0100 Single Precision Negate NEG R
: Register
1011 o101 Double Precision Negate DNEG R
Register
1011 0110 Double Precision Integer DS D, DX
Subtract
1011 O111 Double Precision Integer DSR R
Subtract
1011 1000 Ploating Point Subtract rs D, DX
1011 1001 Floating Point Subtract FSR R
1011 1010 Extended Precision Floating EFS D, DX
Point Subtract '
1011 1011 Extended Precision Floating EFSR R
Point Subtract
1011 1100 Floating Poiat Negate Register FNEG R
1100 0000 Single Precision Integer MS D, DX
Multiply With 16-Bit Product
1100 0001 Single Precision Integer MSR R
‘Multiply With 16-Bit Product
1100 0010 Single Precision Integer MISP 18P
Multiply With 16-Bit Product
1100 0011 Single Precision Integer MISH ISN .
Multiply With 16-Bit Product
1100 0l00 Siangle Precision Integer N D, DX
Multiply With 32-Bit Product
1100 0101 Single Precision Integer MR R
_ Multiply With 32-Bit Product
1100 0110 S ] e A o ed e LM D, DX
multiply
1100 0111 Double Precision Integer DR R
Multiply
1100 1000 Floating Point Multiply ™ D, DX
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1100
1100

1100
1101
1101
1101
1101
1101
1101
1101
1101
1101
1101
1101
1101
1110
1110
1110
1110
1110
1110
1110
1110
1110
1110

1110

1110

1110

OpcopE

1001
1010

1011
0000
0001
0010
0011
0100
o101
o110
0111
1000
1001
1010
1011
0000
0001
0010
o011
0100
o101
0110
o111
1000
1001

1010

1011

1100

Table IIB. MIL-STD=1750A Instruction Set (Cont)

Instruction Codings

ocx Instructiog

Floating Point Multiply

Extended Precision Floating
Point Multiply

Extended Precision Floating
Point Moltiply

Single Precision Integer
Divide With 16-Bit Dividend

Single Precision Integer
Divide With 16-Bit Dividend

Single Precision Integer
Divide With 16-Bit Dividend

Single Precision Integer
Divide With 16-Bit Dividend

Single Precision Integer
Divide With 32-Bit Integer

Single Precision Integer
Divide With 32-Bit Integer

Double Precision Integer
Divide

Double Precision Integer
Divide

Tloating Point Divide

Ploating Point Divide

Extended Precision Floating
Point Divide

Extended Precision Floating
Point Divide

Inclusive Logical or

Inclusive Logical or

logical and

Logical and

Exclusive Logical or

Exclusive Logical or

Logical NAND

Logical NAND

Convert Floating Point to
16-3it Integer

Convert 16-Bit Integer to
Floating Point

Couvert Extended Precision
Ploating Point to 32-Bit
Integer

Convert Ji=pic luveges wv
Extended Precisioa Floating
Point

Exchange Bytes in Regiiters

|

JERSTRRISER J ORI RS R U B E IV 6B F

ni

Address
Mode

R
D, DX

R

D, DX
R

Isp
ISN

D, DX

D, DX

- -
R R

R R R R

-
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Table IIB. MIL-STD-1750A Instruction Set (Cont)

Instruction Codings

Address

OPCODE ocx Insgruction Mpemonic —Mode
1110 1101 Exchange Words in Registers INR R
1111 0000 Single Precision Compare c D, DX
1111 0001 S8ingle Precision Compare R R
1111 0010 Single Precision Compare CISP 1sP
1111 0011 Single Precision Compare CISN ISN
1111 olo00 Compare Betveen Limits C3L F4
1111 0ll0 Double Precision Compare DC D, DX
1111 o111 Double Precision Compare DCR’ R
1111 1000 Floating Point Compare {4 D, DX
1111 1001 Floating Point Compare IcR R
1111 1010 Extended Precision Floating EFC D, DX

Point Compare
1111 1011 Extended Precision Floating EFCR R

Point Compare
1111 1111 No Operation/Bresk Point NOP/BPT S

FORM M 131=+=2 REV 2-70




COOE IDENT. NO. 03953

*Priority determined by';ardnu
**Mutually exclusive =

NUMBER REVISION LETTER PAGE -
MC615-0025 18 1 F 1 1 46
Table III. Interrupt Structure and Priorities
Interrupt Iaterrupt

Interrupt Source Number Priority Class
Power-on 0 1A* Pover
System reset 1 1B* Pover
Pover-off (POID) 2 2 Powver
GPC storage error 3 3 Machine check
CPU address specificationm 7 7 Program exception
CPU store protect violation 8 8 Program exception
CPU ROS parity 9 9 Machine check
Instruction monitor 10 10 Program exception
Illegal operation 11 11w= Program exception
Privileged instruction 12 11ww Program exception
FPixed-point overflow 13 1]lw= Program exception
Significance 146 11w Prograa exception
Exponent underflow (floating-point) 15 1lw= Program exception
Overflov (convert) 16 11w Program exception
Exponent overflow (floating-point) 17 11e» Program exception
Divide (floating-point) 18 11w Program exception
Executive (supervisor call) 19 12 Supervisor call
Initiate putavay 20 13 Pover
Real-Time clock No. 1 21 14 CPU external Level 1
Real-Time clock No. 2 22 15 CPU external Level 1
Watchdog timer timeout 23 16A IOP externsl Level 1
I0P voter 24 168 IOP external Level 1
C/M idle 25 16C 10P external Level 1
IOP ROS parity 26 16D 10P external Level 1
IOP fault 27 16E IOP external Level 1
Spare 28 167 I0P external Level 1
Queue overflow 33 17 I0P external Level 2
DMA time-out 34 177 IOP external Level 2
DMA address specification 335 17¢ CPU externsl Level 2
DMA store protect violation 36 178 CPU external Level 2
AGE interrupt k1 17x CPU external Level 2
I0P programmable (1-12) 41-52 18A-18L IOP external Level 3
Spare (&) o 53-56 19A-19D IOP external Level 4
Spare (4) 57-60 20A-20D IOP external Level 5
NOTES:
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Each interrupt shall be individually maskable except for power on/off, machine check,
supervisor call, and program interrupts. Power on/off, supervisor call, and program
interrupts shall not be maskable except for fixed point overflow, exponent underflow,
and significance. Machine check interrupts shall be maskable by class only. If pro-
gram class interrupt conditions occur vhile masked, they shall be ignored and shall not
remain pending. If any other interrupt condition occurs while masked, it shall remain
pending. Machine check and imstruction monitor interrupts do not remain pending.

Simultaneous interrupt requests shall be honored by the CPU according to the following
priority:

(1) Power on/off

(2) Machine check

(3) Program/supervisor call
(4) External class (IOP class)

Interrupt handling shall consist of storing the current »rogram status work (PSW) in
its “old” position in mainstore and making the PSW at the “new" position the current
PSW. The PSW shall bold all necessary status information on the system existing at the
time of interruption.

When more than one unmasked interrupt requests service, the action shall consist of
storing the old PSW and fetching the new PSW belonging to the interruptiom which is
taken first. This aev PSW shall subsequently be stored without any instruction execu-
tion and the next interruption PSW shall be fetched. This process shall continue until
00 more interruptions are to be serviced. When the last interruption request has been
serviced, instruction execution shall be resumed using the PSW last fetched. Machine
check and power interrupts, when. they occur, shall aot allow other interrupts to be
taken. IOP interrupts shall be maskable by level only.

3.2.1.3.7 CPU Program Control I/0 Mode. The CPU shall be capable of transferring one

full word per single instruction between the CPU general registers and the IOP, or the
IOP and the CPU genersl registers. This mode shall be initiated and controlled by the
c?u. :

3.2.1.3.8 CPU/CMA Mode. The CPU shall provide the capability for emabling or dis-
abling the DMA mode under hardware control. DMA operations are specified in para-

graph 3.2.1.5.2.3.

3.2.1.3.9 Clock (Internal Mgster). An internal master clock oscillator and associated
circuitry shall supply precision timing signals for all logic circuits within the CPU.
The accuracy of the oscillator shall be 0.001 percent. Accuracy is berein defined as
the initial allowable offset from the noninal with the LRU st the standard test condi-
tions specified in 4.1.2.1. The master clock oscillator and assciated circuitry shall
bave a long term stability of at least 50 parts im 106 and a short term stability of at
least 50 parts in 106 withiu the operating enviromment specified. Stability is herein
defined as the allowable variation from the nominal. Long term stability is defined as
7 days and short term ar 15 minutes. The turn on time of the oscillator shall not
exceed 100 milliseconds from the Cim. uzster pover reset is releasad after tha ~nnlice-
¢iou Of primafy puws..
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3.2.3.10 Real-Time Clocks. The CPU shall have tvo program settable real-time clock
registers capable of being decremented from internal clock osciliator. When the
count in the registers passes through zero, am interrupt shall be generated whose
priorities are as specified in paragraph 3.2.1.2.6. Both counters shall have a
resolution of at least 1 microsecond. The counter shall have 32 bit capacity. The
clock registers shall be capable of being sampled by he CPU without interfering with
the register counting function., The clock registers shall not be set during the
pover-on sequence. The clocks shall continue to count after pass in through their
limits., The clocks shall be read via a privileged READ COUNTER instruction aud shall
be loadable via a privileged WRITE COUNTER instructiom,

3.2.1.4 Memory.

3.2.1.4.1 Memorv Capacity. The computer shall contain a miniwmum of 262,144 full-
vords of main memory. Half and full-word accessibility of the memory is required.
Internsl means for error correction and cosmic ray scrubbing is required,
3.2.1.4.2 Memorv Functions, The memory shall function in the following modes:

8. Active - Memory powered up and operating

b. Standby - Memory and CPU powered up and not operating

—_—

¢, Scrub Only = Memory povered up, CPU powered down

d., Memory Retention - Memory povered off, batteries supplying power, mo scrubbing.

3.2.1.4.3 Memory Speed. The cycle time for a read-compute-vrite operation (to and
from local store) shall not exceed 250 ns during instruction execution/effective
address computation., The time required for storing data into semiconductorsmemory
shall not exceed 750 ns from the time the address is available.

3.2.1.4.5 Memory Techmology. The GPC shall have a CMOS solid state memory with
battery back up power for maintaining nounvolatility of memory contents for short
durations of powver down or interrupts,

3.2,1.4.6 Memorvy Data Protectiou. The contents of memory shall not be altered due
to primary pover interruptions or fluctuations as defined in paragraph 3.1.2.1. A
scrubbing technique shall be used to reduce the exposure of uncorrectable soft errors
due to cosmic rays during orbital operation. The scrub rate is 1.7 seconds. The
error correction code used shall correct all single errors and shall detect and
report all double errors to the CPU as a machine check interrupt,

3.2.1.4.7 Deleted,

3.2.1.4.8 Memory lLoad. Capability to load the menory shall be provided., Mecha-
nization occurs via computer hardware and microprogram store.

The bootsetrap microprogram shall be capable of the following:

a. Sending a program load command to an external storage device via a selected
serial channel

b. Specifying a designated program source address

€. Capability to enable storage protection logic during loading

FSAM M 1]l ==m=2 AEV 2-70 T soonle _
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3.2.1.4.9 Memory Storage Protection. The computer shall provide a means of

selectively preventing writing into any hsalf-word ¢f memory. Each half-word of
memory shall contain three voted storage protection bits. Capability shall be
provided for setting and resetting these three protection bits either by individual
balf-wvord or by blocks of words under software control. Anm illegal attempt to gain
access to protected storage shall cause an interrupt.

3.2.1.5 Input/Output Process I0P) Design and Functions. The inmput/output
processor (IOP) will interface with avionics subsystems as shown in Figure 2.
(FPigure 2 is for reference only). The IOP shall be designed to perform the
functions listed herein.

3.2.1.5.1 Operation and Definitjon.

3.2.1.5.1.1 Data Transfers. Data transfers shall occur one at a time and¢ comcur-
rently. The IOP shall be capable of performing 24 concurrent operations over
different one megahertz data buses in any combination of transmitting and receiving.
3.2.1.5.1.2 Concurrency Mechanization. Concurrency mechanization shall allow for
concurrent operations whose time skewv is less than 28 microseconds. Time skew is
defined as the time between the first multiplexed interface adapter (MIA)
transmitting and the tventy-fourth MIA tramsmitting, or between the first MIA
receiving and the twenty-fourth MIA receiving.

3.2.1.5.1.3 10P/Memory Transfers. The IOP shall communicate with the computer main
memory in both the normal DMA and burst DMA modes; the DMA modes shall be emabled by
the CPU before the IOP can access memory. The normal DMA shall function om a cycle
steal basis in conjunction with CPU memory requests. The IOP shall enter the burst
wode vhen the number of requests pending is equal to eight (8) or more. The IOP
shall exit the Burst mode vhen the Queue is seven less and at the end of 64
consecutive memory cycle times. This access shall be limited to 64 comsecutive
memory accesses as described in paragraph 3.2.1.5.2.3.

'3.2.1.5.1.3.1 Memory Storage Protect. This festure shall be restricted to the
boot-strap load mode. Control shall be initiated by the IOP to enable storage
protection in the CPU to sllow for the setting or resetting of memory storage
protect bits associated with DMA data stored into the main mewmory for a program
loading mode. Indication of the storage protect bit associated with a DMA dsta
half-word being read from main memory shall be provided to sllov verification of &
program load. On DMA full-words being read, one store protect indication is given
if either balf-word is protected. Memory protect bits shall be assigned for each
halfword of data, including error correction code. The CPU shall control this
function via the "insert storage protect bits" instruction (privileged) as shown in
Table II.

3.2.1.5.1.4 IOP Control. The IOP shall be under CPU control for imitiation of
input/output requests and shall be under its own internal control for initiating and
controlling data acquisition sequences and for the output of commands for data input
and output to and from subsystems. In the listen mode data transer shall be
initiated as specified in paragraphs 3.2.1.5.5.1.2 «ud 2.2.1.5.5.1.2.1.

FOBA *A (3] =mee2 AE , .72




CODE 1DENT. NO. 03953
NUMBER REVISION LETTER PAGE,

C615-0025 Yyt i ¥ 50

3.2.1.5.1.5 Discrete Drivers gnd Recejvers. The discrete drivers and receivers shall
be identical to the drivers and receivers specified in paragraph 3.1.2.3.1. Thirty-one
(31) discrete outputs shall be provided which the CPU has the capability of indepen-
dently setting/resetting under software control. Six of these discrete drivers

(p.0. 18, 20, 22, 24, 26, and 28) shall meet the requirements of paragraph 3.1.2.3.l1.7.
One discrete output shall be provided which is always set to the “ome" state. Five
additional discrete outputs shall be provided for EM and shall function as specified in
paragraph 3.2.1.8.3.

Forty-four (44) discrete input receivers shall be provided which the CPU can indepen~
dently read under software control. Four of these discrete inputs shall be used for
the RM as specified in paragraph 3.2.1.8.3. Three of these discrete inputs shall be
used for IPL as specified in paragraph 3.2.1.12. Two of these discrete inputs shall
directly disable respectively one group of four data buses and two groups of tour data
buses. Three of these discretes shall be used for GPC station identification.

3.2.1.5.1.6 Deleted.
3.2.1.501-7 MQ »
3.2.1.5.1.8 General IOP Design Requirements.

a. The primary IOP design goal shall be to minimize computer comtrol requirements and
conserve computer processing time.

b. The IOP shall be capable of performing cyclic input/output functions. Each cycle
will be initiated by CPU command. The IOP shall execute the micro-programmed
instruction sequences for each command cycle.

c. Each IOP port (bus interface) shall be designed to operate independently of other
IOP ports. Each port shall be designed to synchronize IOP operations with the
"traffic" on the bus. Instructions for processing bus traffic shall be initiated
by the associated computer (if in the command mode) or by a recognized bus command
from an alternate source (if in the listen mode).

d. The IOP will implement flexible design features where possible to avoid restric-
tions that would affect reserve growth capabilities.

3.2.1.5.2 QOperational Modes. The IOP operational modes shall be under stored main
memory computer program control. Computer programs will have the facility for super-~
vising (i.e., start, stop, sense status, etc.,) the operation. Information trans~
mission shall be controlled by the IOP once the operation has been initiated by the
CPU. The IOP shall be capable of up to 24 concurrent, independent data transmissions
and receptions on any combination of data bus channels. The IOP shall be capable of
the tollowing modes of operation:

3.2,1,5.2.1 Coumand Mode. In the coumand mode, the BCE shall control its associated
MIA for the issuance of commands to the interfacing avionics subsystem. The command
mode shall function as specified in paragraph 3.2.1.5.5.1.1.

3.2.1.5.2.2 Listening Mode. Each IOP channel that has its transmitter disabled and
receiver enabled shall be capable of detecting a "command sync" pattern on the asso-
ciated data bus. If a "common IOP address" is recognized in a "command sync": word,
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the "program memory address™ shall be derived from the word formai and placed in the
BCE program counter. This register shall be derived from the word format and placed
in the main memory for BCE instructions wvhich shall describe the processing sequence
for the anticipated "data sync" message vords. Once initialized, data transfer is
initiated by ao external device. The listen mode shall function as specified in
paragraph 3.2.1.5.5.1.2.

3.2.1.5.2,3 irect Mem ccess Operations Vith Main Memo

3.2.1.5.2.3.1 Normal DMA Mode. Direct memory access I/0 operatioms shall provide
the capability to transfer ome or more full words between the main memory and the
IOP. A main memory cycle request from the IOP shall have priority over all other
normal memory cycle requests, once DMA has been enabled by the CPU. If continuous
mexmory cycle requests occur, the DMA shall not be capable of momopolizing memory
access; rather, the DMA operation shall be interleaved with other CPU memory
requests as they occur. Normsl DMA requests shall not interfere with existing
memory cycles but shall be honored at the completion of the existing memory cycle.
Normal DMA 1/0 operations shall be capable of providing a transfer rate of 625,000
full vords per second.

3.2.1.5.2.3.2 Deleted.
3.201 .5 -2.3 -3 Dela:ed.
3.2.1.5.2.3.4 Deleted.

3.2.1.5.2.3.5 Error Correction Code Generation and Error Detection. The GPC shall

bave as a minimum, a single error correction, and a double error detection capa-
bility. This bit shall be reset asfter being interrogated. Any error which cannot
be corrected by the EDC mechanization shall trap the address and provide an
interrupt to the program.

The GPC shall have provision for counting all soft errors that were corrected during
memory scrub. The counter sball be read/reset by MMU XIO command.

3.2.1.5.3 Control/Monitor. The control/momitor (C/M) sball perform the following
functions:

a., Handle master and pover ‘on reset functions
b. Issue C/M idle

¢. Read discrete inputs

d. Eoable or inhibit discrete outputs

e. Enable/disable MIA transmitters

f. Enable/disable MIA receivers
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g. Halt BCE's

h. Interrupt comtrol

i. Handle PCO-PCI interface

j. Status reset

k. Processor control and status

3.2.1.5.3.1 PCO/PCI Interface. The C/M interface with the CPU shall provide for
the following:

a. The C/M shall.

Decode PCI and PCO iastructions
Send BCE number, MSC number, sand commands to the appropriste control logic
Accept completion acknowledgements y

2/

b, Onmn PCO's, the IOP interface logic shall load the data into npproﬁri‘te I0P te
registers

€. On PCl's, the IOP interface logic shall place the contents of the appropriate
IOP buffer on the computer data lines and start the interface.

3.2.1.5.3.2 C/M Interrupts., The C/M interrupts shall consist of but not be liczited
to the IOP external interrupts listed in paragraph 3.2.1.3.6 and Table 1II,
Levels 16 through 20.

3.2.1.5.3.3 CPU-Issued Reset Commands. The control monitor shall contain the recet
logic and issue reset signals to all IOP elements as required. Table IV is list of
the reset logic.
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Table IV. Control Monitor Reset Logic
Pover Reset PCO I0P
or Halt Master Reset Fail
Function ON OFF Command Reset Remarks

Status 1 (Go/No Go) Reset | Reset Reset No Change | Reset = Go

Status 4 (Bucy/Wait) Reset | Reset Reset Reset Reset = Wait

Status 5 (Halt/No Halt) | Reset | Reset Reset Reset Beset = Hzlt

MSC/BCE
Transmitter Enable Reset |Reset Reset Reset = Disable
Receiver Enable Reset |Reset Reset Reset Reset = Disable
Channel Reset | Reset No Change | No Change
Fail Vote Register Reset | Reset Reset Reset Reset = No Fail
Voter Test Register Reset | Reset Reset Reset Reset = QP data
Discrete Outputs Reset | Reset Reset Reset Reset = Inactive
Fail Latch Reset | No Reset No Change | No Change | Reset = No Fail
on CPU :
P.D.

Time Out Latch Reset | No Reset No Change | No Change | Reset = Reset by
on CPU watchdog timer
P.D.

Watchdog Timer Reset | No Change| Reset Reset Reset = Zero
timer and
inhibit
counting

Interrupt Register '

ROS Parity Error Reset | Reset Reset No Change | Set = Interrupt
pending

C/M Idle Set Set Set Set Set = Interrupt
pending

IOP Fail Lateh Basnat | Nn Repar No Chanve | No Change | Set = Interrupt

.or CPU pending
P.D.
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"7 Table IV. Control Monitor Reset Logic (Cont)
Pover Reset PCO I0P
or Halt Master Reset Fail
Function ON OFF Command Reset Remarks
Timeout Latch Reset | No Reset | No Change No Change | Set = Interrupt
on CPU pending
P.n.
IOP Fault Reset | Reset Reset No Change |Set = Iaterrupt
pending
All Others Reset | Reset Reset Reset Set = Interrupt
pending
Note: Pover reset ON-QOFF is CZC puver rese:.
IOP Fail Reset: Stop voter, watchdog timer, ROS parity, and IOP fault.
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3.2.1.5.3.3.1 10P Master Reset. A CPU-issued PCO master reset command shall be inter-
preted by the C/M to force the MSC and BCE to the wait state. The contents of the MSC
and BCE registers shall be retained for CPU monitor fumctions. This halt mode shall be
an immediate halt of BCE and MSC functions, independent of concurrent instruction exe-
cutions. This command shall not override MSC and BCE errors which persist, but shall
immedistely inhibit all MIA transmitters and receivers and reset all discrete outputs
except the computer fail discrete output as indicated inm 3.2.1.8.4,

3.2,1.5.,3.,3.2 10P Status Reset, A CPU-issued PCO status reset command shall be inter-
preted by the C/M to reset all status word error indicators except those in local
stcre. This command shall not override MSC and BCE errors which persist.

3.2,1.5.3.5 Ocher Discrete Signals. The C/M shall act as a possible relay (with the
exception of discrete outputs following a power-on, internally detected fault, or
master reset from the CPU) for other special discrete signals, Enabling and inhibiting
capabilities for all discrete outputs shall be provided by the C/M.

3.2.1.5.3.6 CPU-Issued PCO Commands. The CPU-issued PCO cormands shall include as a
minimum those instructions listed in Table V.

3.2.1.5.3.7 CPU-Issued PCI Monitor Requests., The CPU monitor requests shall be

acknowledged by the C/M. The CPU-issued PCI monitor requests shall include as a
minimum those shown in Table VI.

3.2.1.5.4 Master Sequence Controller (MSC). The CPU via program control output (PCO)

shall activate the MSC to perform cyclic interleaved imput/output requests., Once acti-
vated, the MSC shall provide, via its own instruction set execution, the perticular I/O
sequence. The major functions of the MSC shall be as follows:

;. Execute programs loc3te& in main memory

b. Schedule and initiate bus control element (BCE) programs

- Monitor the status of BCE's and aid in error handling

d., Detect I/0 completions

e. Perform redundancy management processing functions

Communicate with the CPh through IOP interrupts

3.2.1,5.4.1 MSC Operation. The MSC shall operate in one of three states:

a. Wait state

b. Busy state

c. Halt state

In the Ealt state, the MSC shall not perforz any operations or execute programs. In

the Busy state, the MSC shall execute programs located in main store. In the Wait
state, the MSC shall wait for a command to execute & program.
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Table V. CPU-Issued PCO Commands
PCO Command Description

l. Load Local Store

2. Disable Transmitter

3. Enable Tramsmitter

4. Disable Receiver

5. Enable Receiver

6. BHalt Processors

7. Enable Processors

8. Set Discrete Out

9. Reset Discrete Out

10. Spare

This command shall be used to selectively load any word
into the IOP local store, including the BCE base regis-
ters and all program counters.

This command shsll be used to disable BCE transmitters
selectively. A bit position will be assigned to each BCE.
Each bit position shall be interpreted as 1 = disable,

0 = no change.

This command shall be used to enable BCE transmitters
selectively. A bit position will be assigned to each BCE.
Each bit position shall be interpreted as 1 = enmable,

0 = no change.

This coumand shall be used to dissble BCE receivers
selectively. A bit position will be assigned to each BCE.
Each bit position shall be interpreted as 1 = disable,

0 = no change.

This command shall be used to enable BCE receivers
selectively. A bit position will be assigned to each BCE.
Each bit position shall be interpreted as 1 = enable,

0 = no change.

This coumand shall be used to halt IOP processors selec-
tively. A bit position will be assigned to each BCE and
to the MSC, Each bit position shall be interpreted as

1 = halt, 0 = no change. The selected processors shall
enter the halt mode.

This command shall be used to enable IOP processors
selectively. A bit position will be assigned to each BCE
and to the MSC. Each bit position shall be interpreted as
1 = enable processor, 0 = no change.

This coumand shall be used to set discrete outs. A bit
position shall be assigned to each discrete. Each bit
position shall be interpreted as 1 = set discrete,

0 = no change.

This command shall be used to reset discrete outs. A bit
position shall be sssigned to each discrete. Each bit

position shall be interpreted as 1 = resei discrele,
0 = po change.
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Table V. CPU-Issued PCO Commands (Cont)
PCO Command Description

11.

12.

13.

14.

15.

16.

17.

18.

Load Watchdog Timer

Load Voter Test

Master Reset

MSC Start

Reset Status Bit 1
(Go/No Go 'Bit)

Enable DMA Burst
Mode

Disable DMA Burst
Mode

Test Watchdog Timer

This command shall be used to load the watchdog timer (part
of Redundancy Management) with the contents of the low
order 12 bits of the data word.

This command shall be used to load voter test register with
one bit of the displacement field.

This command shall be used to force the MSC and each BCE to
idle mode, The contents of the respective program counters
shall be retained for CPU monitoring.

This command shall be used to cause the MSC to commence
executing the instruction sequence starting at the
sddressed processors program counter setting.

This command shall be used to selectively reset the MSC
and BCE status register. A bit position shall be assigned
for each status register. Each bit position shall be
interpreted as 1 = reset; 0 = no change,

This ¢ommand enable the burst DMA mode to the IOP.
This command shall diltblé the burst DMA mode.

This command shall be used to test the watchdog timer.
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Table VI. CPU-Issued PCI Monitor Requests
PCO Command Description

1.

3.

4,

6.

Read Local Store

Read Status Bit 1
(Go/No Go Bit)

Read Status Bit 4
(Busy/Wait)

Read Watchdog Timer
aud RM Status

Read Discrete
Inputs Low

Read Interrupt
Register and Reset

Read Discrete
Inputs High

Read Discrete
OQutputs

Read Transmitter
Enable (Status
Bit 2)

This request shall be acknowledged by loading the desig-
nated CPU 32-bit register with a specified 18-bit word from
IOP local store,

This request shall be scknowledged by loading the desig-
nated CPU 32-bit register with status vord Bit 1 from each
BCE and the MSC (Bit 1 = BCE 1, Bit 24 = BCE 24 and
Bit 0 = MSC),

1" = GO “0" = NO GO
This request shall be acknovledged by loading the desig-
nsted CPU 32-bit register with status word Bit 4 fro= each
BCE and the MSC (Bit 1 = BCE 1, ... Bit 24 = BCE 24 and
Bit 0 = MSC). 1 = BCE or MSC Busy, 0 = BCE or MSC is in a
Wait State.

This request shall be acknowledged by loading the desig-
nated CPU 32-bit register with the contents of the watchdog
timer (12-bits) and the redundancy management status
register (20-bits),

This request shall be acknowledged by loading the desig-
pated CPU 32-bit register with the contents of the lower 32
discrete inputs,

This request shall be acknovledged by loading the desig-
nated CPU 32-bit register with the coanteants of the desig-
nated interrupt register (a separate PCI for each of the
five interrupt levels)., This PCI shall sutomatically reset
the register after data transfer.

This request shall be acknowledged by loadicg the desig-
nated CPU register with the contents of the higher 8 dis-
crete inputs,

This request shall be acknowledged by loading the desig-
nated 32-bit CPU register with the contents of the dis-
crete outputs,

This request shall be acknowledged by loading the desig-
nated 32-bit CPU register with the contents of the trans-
mitter enable register.

FORM M 1]] ==+=72 REV 2-70
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Table VI. CPU-Issued PCI Monitor Requests (Cont)
PCO Command Description

10.

11.

Read Receiver
Enable (Status
Bit 3)

Read Status Bit 5
(BALT)

This request shall be ackmowledged by loading the desig-
nated 32-bit CPU register with the contents of the raceiver
enable register.

This request shall be acknowvledged by loading the desig-
nated 32-bit CPU register with scatus bit-5. Stat 5 is an
indication of the BCE and MSC Halt register. There shall
be one bit for each BCE and onme bit for the MSC (Bit 1 =
BCE 1, Bit 24 = BCE 24, Bit 25 = MSC) “1" = halrc,

"0" = Not in halt.

FOCRAM M 13] —~=—2 QEV 2-70
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3.2.1.5.4,1.1 MSC Wait State. The MSC shall enter a quiescent (wait) state under the
folloving conditions:

a. A Wait instruction (F#WAT) is executed.

b. An illegal op code instruction is detected.

¢. A full-vord (loog) instruction is requested starting on an odd half-wvord boundary.
d. The MSC also enters the wait state vhen it is halted by a PCO command.

The IOP shall provide a positive MSC Wait state indication vis a status register to the
computer. The status register shall contain the results of error and status functioas-
of the MSC as specified in Table VII. The MSC shall acknmowledge the “MSC start™ PCO
command while in the Wait state and shall not interfere with any PCO/PCI operation.
When the MSC enters the Wait state from a #WAT instruction, it shall leave its program
counter pointing to the next instruction. When the MSC enters the wait state due to an

illegal op code or boundary alignment error, its program counter shall point to the
instruction causing the ercor.

3.2.1.5.4.1.2 MSC Halt State. The MSC shall enter the Halt state undex the following
conditions:

a. Powver-on reset

b. Power-down signal

¢. Master reset discrete from the CPU

d. A bhale proce;:or command from the CPU -

e, Setting of the RM fail latch by either the RM logic or I10P detected errors.
The MSC shall enter the Wait state if it is in the Halt state vhen:

8. The master reset discrete is reset

b. The power-up sequence has been completed

¢. The fail latch is reset

d. The CPU has issued an "emable processors” PCO with a 1 in bit zero.

A CPU issued MASTER RESET command shall be initiated before any other command acknowl-
edgement vhen the halt mode is entered due to pover changes or IOP detected errcrs.
Upon exiting the Halt state, the MSC program execution bit and the status register
shall be cleared.

3.2.1.5.4.2 MSC Busv State. The MSC saall enmter ihe Sucy states zenditione:

When the CPU issues a PCO cozmand. The Busy state is entered from the Wait state
only.
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The MSC program counter shall be initialized under computer control. The program
counter shall direct the MSC to the program memory instruction sequence to be executed.
The MSC instruction sequence shall initialize bus control elements to perform for
computer-requested data-bus input/output operations.

3.2.1.5.4.3 MSC Interruption. The MSC shall be capable of being interrupted by usiaog
the external call instructions (@ SEC, @ REC) listed in Table VIII.

3.2.1.5.4.4 MSC Index Register (X). The 18-bit index register shall be used to
generate main memory addresses. In additionm, it shall act as a holding register for
signed two's complement, 18-bit integers.

3.2.1.5.4.5 MSC Program Counter (PC). The 18-bit PC shall contain the address of the
next instructions to fetch for MSC execution. Following a fetch of an MSC instruction,
the program counter shall be incremented by the specified counts.

3.2.1,5.4.6 MSC Instruction Register (IR). The 32-bit IR shall be loaded with the

data (instruction) addressed by the PC. The MSC instructions to be executed are shown
-in Figure 7 and described in Table VII.

3.2.1.5.4.7 MSC Accumulator Register (ACC). The 32-bit ACC shall be utilized as the
primary full-word holding register for most of the MSC instructions during execution.
MSC instructions are available to load, modify, test, and store this register. The ACC
shall also contain bit masks for status and polling applications.

3.2.1.5.4.8 Busy Signals. Busy signals shall be available to the MSC to reflect the
current utilization status of all 24 BCE's. A busy BCE is defined as onme outputting
data, ipputting data, or executing BCE instructions other than the wait instructions.

3.2.1.5.6.9 MSC Status Register (SR). The 18-bit SR shall be utilized to store the
current status of the MSC. (See Table VII).

3.2.1.5.4.10 MSC Architecture Notatjionm.

a. R is a register or fumction of Tegisters.

b. "R" - refers to 2 itself.

c. "(R)" - refers to the memory location addressed by the value of E.

d. Stat 4 is & register loadable by the MSC that has ome bit for each BCE and on bit

for tg‘ MSC (1 = BCE or MSC is executing a program, O = BCE or MSC is in Wait
state).

-y s VRS A mE - A
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Table VII. MSC Status Register

Status Register Bit Positions

OoOww
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0 thru 7

8 - ST

9 and 10

11 - sIo

12 - LBP

13 - LBB

14 - B4

15 ~-1

17 - B/W

- SP-SPARE

= SP=SPARE

Reserved for future use.

Self-test error. A MSC self-test instruction detected an
MSC fault.

Reserved for future use.

SIO error: An SIO (start 1/0) instruction attempted to
start a busy BCE 0 = good, 1 = SIO error.

LBP error: An LBP (load program counter) imstructionm
attempted to load a busy BCE. 0 = good, 1 = L3P error.

LBB error: The LBB (load base register) instructiom
attempted to load a busy BCE, 0 = good, 1 = LBB error.

Boundary aligoment: The MSC encountered a long format imsfruc-
tion on an odd half-word boundary. 0 = good, 1 = exror.

Illegal opcode: The MSC encountered an illegal imstructior
in the execution of a program. 0 = legal instructiom, 1 =
illegal instructiom.

Program exception: A copy of bit 0 of the program exception
register. If one set (1) an error wvas detected during MSC
program execution. Bits 8 through 15 given the exact errors
detected.

Buey/Wait: A copy of the Busy/Wait (bit 0) register. 0 =
vait, 1 = busy.

FOAM M 1] ===2 REV 2-70
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Table VIII. MSC Instructiom Set
Notes
Reference
Opcode Paragraph
1 OPX Instruction Mnemonic Format 3:2.1:5.6:12
Long Format Instructioms
1111 010 Load BCE Base @ LBB BCE, Label (X) 1,20,11,12
1111 011 Load BCE PC " @ LBP BCE, Label (X) 1,10,11,312
1111 000 Branch Unconditional @ BU Label (X) 1,10,12
1111 001 Subroutine Call @ Call Delta, Label (X) 1,10,12,13
1111 110 Compare @ cC Label (X) 1,10,13
1111 111 Test Under Mask @ TMI,@ TM | Label (X) 1,10,14
Losd Accumulator Instructions
1111 000 Load ACC Full=word @LF Label (X) 1,10,12,15
1111 000 Load ACC With Half-wvord @ LH Label (X) 1,10,12,16
Store Accumulator Instructions
1111 101 Store ACC Full @ STF Label (X) 2.,10,12,15
1111 101 Store ACC Half @ STH Label (X) 2,10,12,16
Short Format Instructions
0000-1 Wait € WST
0001 Self Test @ STP
1100 Delay @ DLY Count (X) 1:3
0011 Interrupt GPC @ INT Intlist (X) 1,4
0100 Load ACC eL Label (X) 1.2
0101 Add to ACC A Label (X) $.2
0l10 And to ACC &N Label (X) 3,2
0111 IOR to ACC ax Label (X) 1.2
1000 Store ACC @ ST Label (X) 2.2
1001 Tally and Skip Zero @ TSz Label (X) 1,2
1101-000 Repeat Until All Waiting @ RAW Count (X) b
1101-001 Repeat Until Any Waiting @ BRNW Count (X) 1,5
1101-100 Repeat Until All Iadica. @ RAL Count (X) 1,9
1101-101 Repest Until All Indica. @ BNI Count (X) L
Conditional Branches
00100 Branch on ACC & BC Cond, Label 6,7
oolol Branch on Index @ BXC Cond, Label 6,7

FORM M 111 ~=+—2 REV 2-70
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Table VIII. MSC Instruction Set (Cont)
Notes
Reference
Opcode Paragraph
OPX Instruction Mnemonic Format 3.2:1.5.4.12

Register Operations

1110 0000 | Load AC With An IOP @ LAR Register 8

Stat Reg

1110 0111 Reset BCE Indicator @ RBI BCE 11,18

1110 0001 | Set Fail Discretes @ SFD -

1110 0010 | Reset Fail Discretes @ RFD

1110 0011 Load ACC with MSC Status @ LMS

1110 0100 | Stcart BCE's @ SI0

1110 0101 | Exchange ACC and /X @ IAX
Register Immediates

1110 1000 | Normalize and Imc. X @ NIX Immediate 9

1110 1001 | Tally ACC to X € TAX Irmediate 9

1110 1010 | Tally X € TXI Immediate 9

1110 1011 | Load X Immediate @ LII Irmediate 9

1110 1100 Tally X to ACC € TXA Izmediate 9

1110 1110 | Sub ACC From IMM € SAI Izmediate 9

1110 1111 | Load ACC Immediate LI Immediate 9
MSC Interrupt Instructions

11100110 | Sample for Ext Call @ SEC External Call

1010 Return from Ext Call @ REC External Call

FORM *4 ()] =w—2 QEV 2-70




CLZ ASY Z=w—101 W WU DS

Table VIII. MSC Instruction Set

Instruction

Mnemonic

Format

Description

Hinimum Number
of Microcycles

1. Load a BCE Base
Register

€ LBB

Long

Load the selected BCE base register with the contents of
the 18-bit address field. If the BCE number field ie
zero, the specified BCE is that indicated by the lower

5 bits of the MSC accumulator. If the BCE specified by
bits 8-12 (or the MSC accumulator, if the BCE number
field is zero) is pot busy, then the 18-bit effective
value and the address field is loaded into the BCE base
register. If the BCE is busy, bit 13 in the MSC status
register is set. In both cases, the MSC program counter
is incremented by 2, and the next sequential instruction
is exccuted.

ue Ins io

]

M Effective rma
0 Address

1 (Address)

0 Address + X
1 (Address +X)

@ LBB,BCE, Address

@ LBB @ BCE, Address
@ LBB,BCE, Address(1)
@ LBB,BCE, Address(l)

—-—0 0

4

§Z00-ST9IW

W IDNNN

2, Load a BCE
Program Counter

@ 1ap

Long

Load the addressed BCE program counter (Field BCE number
bits 8-12 specify a BCE processor) with the contents of
the address field. If the BCE number field is zero, the
specified BCE is that indicated by the lower 5 bits of the
MSC accumulator (bits 27 to 31). If the BCE specified by
bite 8 through 12 is not busy, then the 18-bit effective
value is stored in the specified BCE's program counter.,
No action is initiated and the next MSC instruction is
executed. If the specified BCE is busy, bit 12 of the
MSC status register is set. The effective value is com~
pared according to the following table:

By

|

H3LL37 NOISIAIY

s9
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Table VIII. MSC Instruction Set (Cont)

Minimum Number F
Instruction Mnemonic | F .rmat Description of Microcycles é
b
2. Load a BCE I M Effective Value Instyuction Format
Program &
Counter (Coat) 0 O Address @ LBP BCE, Address o
0 1 (Address) @ LBP @ BCE, Address w
1 0 Address + X @ LBP BCE, Address(l) é
(Address + X) @ LBP @BCE, Address(1) »
3. Branch e s Long The HSC program counter is loaded with the lcwer 18 bite 2
Unconditional of the effective value. A branch to either an even or
odd half-word ie permitted.
1 MW Effective Velue Instruction Formag
L]
0 O Address @ BU Address a
0 1 (Address) @ BU @ Address — <
1 0 Address + X @ BU Address (1) 5
1 1 (Address + X) @ BU @ Address (1) 15
m
4. Test Under Mask @ TH Long The effective value is logically “anded" with the accumu- 6 ——“a
lator. If the result is not zero, then the program o
counter is incremented by 3 (skip the next halfword). If T
the MSC accumulstor "and" the effective value equal zero, [
then the program counter is incremented by two (execute
the next instruction). The original accumulator contents
are not changed by this instruction. >
o
m
1 M Effectiye Value Instruction Format o
o
0 0 Address* @ TH Value
0 1 (Address?*) @ TML Address
1 0 Address + X* € TMI Value (1)
1 1 (Address + X*) @ TH Address (1)
-

This 18-bit quantity is treated as a two's complement
number, and is right justified with 14 leading "1's" to
fill 32 bits,

£S500 'ON 'AN3Q) 3002
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Table VIII. MSC Instruction Set (Cont)

Hinimum Number z
Instruction Mnemonic | Format Description of Microcycles z
m
5. Exclusive “or" ex Short | Exclusive "or" the contents of the MSC accumulator 6 o
and the contents of the full word operand addressed by -
the effective address. The result is place in the MSC a
accumulator. The program counter is incremented by 1. =
1 Effective Address .  Instruction Format é
0 PC + Displacement @ X Data 5
1 PC + Displacement + X @ X Data (1)
PC refers to the updated program counter value (i.c., thse
address of the next instruction! bit 5 is the aign of rhe F—
two's complewent displacement field. The rens .f the
displacement is -1024 to +1023 halfwords. = is the index el
register. 2
e Se—— R S
6. Interrup: CFU @ INT Short | This instruction causes up to 12 interrupts tu the CPU *» 4 g
be set. Each bit in the least significant 12 bite f the —1%
effective interrupt list (EIL) corresponds to one oi the ﬁ
12 10P program interrupts. Bit zero is defined us the 1=
most significant bit of the effective interrupt list (EIL), -
and bit 17 ae the least significant bit. The table below =3
lists the correspondence between EIL and the 10P program
interrupts. Any combination between zero and 12 of these ™3
interrupts may be set simultaneously.
hJ
10P Program Interrupt é
EIL Bit Number Interrupt Level -
’ » ~
17 12 18A
16 11 18A
15 10 18A
14 9 18A

13 8 18A

£56£0 'ON "AN3GI 3002
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Table VI1I., MSC Instruction Set (Cont)

Minimum Number z
Instruction Hnemonic | Format Description of Microcycles g
m
k]
6. Interrupt CPU I0P Program Interiupt
(Cont) ElL Bit Number In)errupt Level =
o
12 7 18A =
11 6 18A X
10 5 18A -
9 4 18A -
8 k] 18L
7 2 18L
6 1 18L
b) Unassigned )
4 Unassigned
k| Unassigned —
2 Unassigned a
1 Unassigned 1%
0 Unassigned 3
|— Z
1. Delay @ DLY Short | This instruction performs no operation other than delaying the See "
execution of the next instruction (skip to next instruction). Text. —-'3
The time period delayed is indicated by the effective 0
count (EC). w
Delay field resolution is 2.0 microseconds (i.e., wait -
effective displacement microseconds before continuing).
The maximum delay is 0.548 seconds. At the end of this >
delay, the program counter is incremented by one, and a
the next instruction is executed. The displacement is o
a positive number in the range of 0 to + 2047, X refers oo

to the index register.

I Effective Count (EC) Instruction Format
0 Displacement @ DLY Count (1)
1 Displacement + X @ DLY Count (1)

£S6C0 "ON 'IN3GI 3003
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Table VIII, HSC Instruction Set (Cont)

Instruction

Mnemonic

Format

Description

Minimum Number
of Microcycles

B. Wait

8 WAT

Short

This instruction csuses the MSC to enter the Wait state.

No more instructions are executed. The MSC program
counter is updated to "point" to the next instruction. No
other MSC register is changed except bit 0 of stat 4 which
is set to zero, and bit 17 of the MSC status register which
is set to zero.

N/A

9. Store

@ 8T

Short

Thie instruction shall store a copy of the contents of the
accumulator in the memory location whose address is
specified by EA, The accumulator is unchanged. The PC is
incremented by one. Refer to instruction 11 for the
definition of PC, Bit 5 and X.

§Z00-S T9OK

EIGWNN

10. Self-Teot

@ STP

Short

Thie instruction initiates execution of a special micro
program to perform self tests on the hardwere supporting
the HSC. These tests include checks of:

a. HSC local store registers

b. HMSC data flow operations

c. Ability of MSC to read and write from memory

d. Redundancy management fail discretes

e. 10P ROS parity circuit

I1f any faults are detected, the MSC program exception bit
is set to 0, and the MSC status register bit 8 is set to |
(self-test feilure). If any case, after completion of
these tests, the MSC updates its PC by one and continues
with the next instruction. s

TRD

H3LL37 NO!SIAIN

69
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Table VIII. MSC Instruction Set (Cont)

Instruction

Mnemonic

Format

Description

Hinimum Number
of Microcycles

11. Load

eL

Short

The full-word operand addressed by EA is loaded into the
accumulator. The program counter is incremented by one.

1 Effective Address (EA) Format

0 PC + Displacement 6L Data
1 PC + Displacement + X 6L Data (1)

PC refers to the updated program counter (address of next
instruction). Bit 5 is the sign of the two's complement
displacement field. The range of the displacement is
-1024 to +1023 half-words. X is the index register.

4

SZ00-ST9OK

HIBANN

12. Load Accumulator
With an IOP
Status Register
(Register
operation)

€ LAR

Short

The MSC accumulator is loaded (under program control) with
a specified IOP status register. The Regisier f.eld
defines which IOP register is to be lcaded.

Register Field IOP Register

00 Stat 1 (Go/No Go)
0l BCE-MSC indicators
10 Fail Discretez

11 Stat 4 (Busy/Wait)

13, Start BCE's
(Register)

Short

This instruction starts execution of BCE 4 by "or-ing" the
sccumulator with the busy/wait register (etat 4). A one
in bit position of the MSC accumulator will place BCE (i)
in a busy state. If any of the BCE's designated by the
accumulator are already busy (i.e., the BCE bit in the

register is set and the MSC program exception bit is
setl.

busy/wait register is already set) bit 11 of the MSC status

——

H3LL3T NOISIAIN
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Table VIII, MSC Instruction Set (Cont)

Inetruction

Mnemonic

Format

Description

Minimum Number
of Microcycles

14. Tally and Skip
Zeto

@ TSz

Short

The full-word addressed by EA is incremented by ome and
rewritten into memory at the same location (EA). If the
incremented value is zero, the next instruction is skipped
(program counter incremented by two). Otherwise, the pro-
grem counter is incremented by one.

]

EA Format

0 PC + Displ ' @ TSZ Data
1 PC + Displ + X @ TSZ Data (1)

PC refers to the updated program counter. Bit 5 same as
Instruction 11. X is index register.

7

ST00-ST9IR

¥3IBWNN

15. Subroutine Call

f cz11

Long

This instruction implements a subroutine call. The current
value of the MSC program counter plus the five-bit positive
integer delta (Bits 8-12) is stored in the full-word speci-
fied by the former lower 18 bits of E.V. This quantity is
zero padded on the left to fill the entire fullword. The
MSC program counter is then loaded with the sum of the
former lower 18 bits of E.V. "and" two.

]
Ix

E.V. : Format

Address @ Call Address
(Address) @ Call @ Address
Address + X @ Call Address (1)
(Address + X) @ Call @ Address (1)

——0 0
Lol — I —

©3.1137 NOISIATY
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Table VIII. MSC Instruction Set (Cont)

Hinimum Number

z
Instruction Hnemonic | Format Description of Microcycles <
-
m
16. Logical and to en Short | Logically "and" the contents of the MSC accumulator and 6 »
Accumulater the contents of the full word operand addressed by the x
effective address. The result is placed in the MSC accum- a
ulator, and the program counter is incremented by one. =
S
1  Effective Address (EA Format S
w
0 PC + Displacement € N Data
1 PC + Displacement + X @ N Data (1)
Refer to Instruction 11 for the definition of PC, Bit 5
and X. ™~
17. Adéd to €A Short | This instruction shall add the contents of the accumula- 6 ~—4’
Accumulator tor to the full word operand addressed by EA. The result B
is placed in the accumulator. The program counter is [}
incremented by one. |12
£
m
1 Effecti dd Format |
Bt
0 PC + Displacement @ A Data Bl
1 PC + Displacement + X @ A Data (1)
=
Refer to Instruction 16 for the definition of PC, Bit 5,
and X. =
»
0
m

TL
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Table VIII. MSC Instruction Set (Cont)

———r

-—

o |
Minimum Number <j
Instruction Mnemonic | Format Description of Microcycles é
’ X
18. Store @ STF Long This inetruction shall store the MSC accumulator in the 4 -
Accumulator memory location whose address is defined by I below. In a a
/ Full-vord full-word store (T=0), the least significant bit of the =
( > effective addreess is ignored and the entire accumulator is ) o
stored in the addressed full-word. S
w
I Effectiyve Value EV Forms
0 Address @ STF Address
1  Address + X @ STF Address (1) —J
19, Store @ STH Long Same as Instruction 18 except for a half-word (T=1). 4
Accumulator ead
Half-word -_E
20. Load e Lr Long This instruction shall load the accumulator with a full- 4 g
Accumulator With vord from the memory location whose address is by the s
Full-word effective value (i.e., Bit 12 (T) = 0). The least signi- =
ficant bit of the effective address is ignored. _—'a
I Effective Value EV ormat g
0 Address @ LF Address -
1  Address + X @ LF Address (1)
h)
»
21. lLoad Accumulastor| @ LH Long Same as Instruction 20 except bit 12 (T) = 1. 6 a

with Half-word

144

ES6E0 'ON "AN3Q1 3002
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Table VIII, MSC Instruction Set (Cont)

Hinimum Number

Instruction Mnemonic | Format Deecription of Microcycles ‘;
[
22, Sample for @ SEC Short | This instruction shall be used to cause a CPU interrupt of |» 2 »
External Call the MSC. @ SEC shall sample register C6 of the MSC local -
! store. If the contents of the MSC register C6 is zero, the a
HSC shall continue with the next instruction. The @ SEC e
is a NO operation in this case. If, however, the MSC finds &
a non-zero in C6, it executes an @ SEC; the MSC takes the e
contents as a main memory address and stores the following w
in the 4 full-words addressed by Cé6:
a. The current value of the PC +delta +1 shall be stored
in main memory whose address if the contents of
register C6+6. -
b. The accumulator shall be stored in main memory at the —
location specified at the contents of register C6+2. 2
—{ <
c. The index register shall be stored in the main memory F
location specified by C6+4. -
m
d. The status register shall be stored in the uaxin memory _'"i!
at location C6. The status word an¢ -he Go/No-Co bit -
shall then be reset. &
. e. The contents of the MSC register Cu+b shell then be -
loaded into the program counter, xegisier Cf shali be
reset and the instruction executed. >
(1]
m

\ 24
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Table VIII. HMSC Instruction Set (Cont)

Minimum Number

execution. If the maximum wait time, (ae specified by the
maximum repeat count) is reached first, the MSC begins
execution of the next half-word instruction.

Instruction Mnemonic | Format Description of Microcycles =
2
L]
23. Return from @ REC Short | This instruction shall be used to: 9 n
External Call ; -
a. Load the accumulator with the contents of the msain =,
memory location whose addrees is the current value of e
the PC + displacement + 3. L
o
b. Load the MSC index register with the contents of the &
main memory location whose address is the current value
of the PC + displacement + 5.
c. Load the MSC status register with the contents of the
main memory location whose address is the current value -
of the PC + displacement + 1, and then set the MSC
Go/No-Go bit to correspond to the value of this bit in —
the status register. 2
l—{ <
d. Load the program counter with the contents of the main 5
memory location whose address is the current value of “'ﬁ
the PC + dieplacement + 7. m
—{
m
24, Repeat Until all| @ RAW Short | This instruction shall cause a delay in MSC program execu- 13 -
BCE's are tion until all of a set of specified BCE's have set their =
Waiting busy/wait status bits to 0, “wait" (condition A) or until
a maximum wait time has been reached. =
I1f condition (A) is reached before the time-out, the MSC N
skips the next half-word instruction and resumes program 2

174
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Table VIII, MSC Instruction Set (Cont)

Instruction

Hnemonic

Format

Description

Hinimum Number
of Microcycles

24. Repeat Until
BCE's are
Haiting (Coni)

The maximum wait time has a basic resolution of 33.0
microseconds and is derived from the maximum repeat count.
In the nonindex wode, the maximum count of 255 corresponds
to s wait time of 8415 microseconds.' In the index mode,
the maximum count of 262143 corresponds to 8.65 seconds.

At the time this instruction is executed, the MSC accumula-
tor is presumed to contain a bit mask specifying which
BCE's asre to be involved in the test of the desired repeat
condition. A 1l in bit i of the accumulator specifies that
the status of BCE (i) is to be included in the test: a 0
indicates that BCE (i) can be ignored.

The condition "are all specified BCE's WAITING" is tested
by logically “and-ing” the MSC accumulator with STAT 4 (the
busy/wait register), and testing for all zeros. Al in

bit i of Stat 4 indicates the BCE (i) is busy; a 0 indi-
cates that it is not. Consequently, if the result of this
“and" operation is all zeros, then all the specified BCE's
will be in the desired state.

1 Maximum Repeat Count Instr, Format

0 Count @ RAW Cerunt
1 X + Count @ RAW Count (1)

$Z00-S TR
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Table YIII, MSC Instruction Set (Cont)

Instruction

Mnemonic

Format

Description

Minimum Number
of Microcycles

25. Repeat Until
any BCE's
are Waiting

Short

This instruction shall cause a delay in the MSC progrem
until either any of a set of specified BCE's have set

their busy/wait status bits to "Wait" (Conition A) or,
until & maximum wait time has been reach. If condition

(A) is reached before the time-out, the HSC shall skip the
next half-word instruction and resume program execution,

If the maximum wait time, as specified by the maximum
repeat count, is reached first, the MSC begins execution of
the next half-word imstruction.

The condition “are any specified BCE's waiting" is tested
by logicslly "“and-ing" the MSC asccumulator with the comple-
ment of STAT & (the busy/wait register) and testing for
nonzeros. A 1 bit i of Stat 4 indicates the BCE (i) is
busy; @ 0 indicates that it is not busy. Consequently, if
the result of the above operation is a nonzero value, then
at least one BCE from the set is not busy, sand the condi-
tion is fulfilled.

The maximum wait time has a basic resolution of 3] microsec-
onds and is derived from the maximum repeat count. In non-
index mode, the maximum repeat count of 255 corresponds to

a maximum wait time of 8415 microseconds. In index mode,
the maximum possible count of 262143 corresponds to 8,65
seconde.

13
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Table VIII. MSC Instruction Set (Cont)

Instructicn

Mnemonic

Format

Description

Hinimum Number
of Microcycles

26. Repeat urtil
all BCE
are Set

@ RAI

Short

Thie instruction waits a maximum count (Bits 8 through 15)
until all of a specified set of BCE's set their BCE MSC
indicators. The maximum wait time has a basic resolution
of 33 microseconds and is derived from the msximum repeat
count. In non-index mode, the maximum repest count of 255
corresponds to a maximur possible cound of 262143 corres-
ponds to 8.65 seconds.

At the time this instruction is execv’.a._ ihe MSC accumu-
lator is presumed to contain a bit mask ipecifying which
BCE's are to be involved in the test “cr tle denired repest
condition. A 1l in bits i of the accumulator specifies that
the status of BCE (i) is to be included in the teac; a 0
indicates that BCE (i) can be ignored.

]

Maximum Repeat Count Inscr Format

Count @ RAI Count
X + Count @ RAI Count (1)

L4

The condition “are all specified BCE indicator bits set" is
tested by logically "“and-ing" the MSC accumulator with the
complement of the BCE-MSC indicator register. 1f the result
is all zeros, the desired condition has been reached.

13
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Table VIII, MSC Instruction Set (Comt)

Instruction

Mnemonic

Format

Description

Minimum Number
of Microcycles

27. Repeat until
any BCE
Indicators
are Set

@ RNI

Short

This instruction causes a delay in MSC program execution

until any of a set of specified BCE's have set their BCE-
MSC indicator bits to 1, Condition A, or until a maximum

wait time has been reached.

If Condition A is reached before the timeout, MSC skips the
next half-word instruction and resumes program execution.
If the maximum wait time, as specified by the maximum
repeat, is reached first, the MSC begins execution of the
next half-word instruction.

The condition "are any of the specified BCE indicators set"”
is tested by logically “and-ing" the MSC accumulator with
the BCE-MSC indicator register. If the result is nonzero,
the desired condition has been reached.

The meximum wait time has a basic resolution of 33 micro-
seconds and is derived from the maximum repeat count. In
nonindex mode, the maximum repeat count of 255 corresponds
to a maximum wait time of 8415 microseconds. In index mode,

the maximum possible count of 262143 corresponds to 8.65
seconds.

At the time this instruction is executed, the MSC accumu-
lator is presumed to contain a bit mask specifying which
BCE's are to be involved in the test for the desired repeat
condition. A 1l in bit i of the accumulator specifies that
the status of BCE (i) is to be included in the test; a 0
indicates that BCE (i) can be ignored.

13
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Table VIII, MSC Instruction Set (Cont)

Minimum Number

z
Instruction Hnemonic | Format Description of Microcycles %
m
27. Repeat until 1 Maximum Repeat Count Instr Format -
any BCE =
Indicators 0 Count @ RNI Count o
are set 1 X + Count @ RNI Count (1) t
(Cont) é
&
28. Branch on 8 BC Short | This instruction shall select the accumulator register to l
accumulator be tested. If any of the three conditions specified by the
(conditional condition code field are true, the 8-bit 2's complement
branch) signed displacement field is added to MSC program counter.
This displacement hes a range from -128 to +127 half-word -
locations. Branches may be made to even or odd half-word
locations. The three bits of the condition code field -
specify the following tests: s
m
— <
Bit 5 - Register = 0 @
Bit 6 - Register < 0 12
Bit 7 - Register > 0 ,','.I
The fcllowing table summarizes all 8 combinations and the L_.é
resulting tests.
Condition Code Test —
0-000 FALSE = DO NOT BRANCH -
1-001 ACC > 0 3
2-010 ACC < 0 e
3-011 ACC # 0 S
4-100 ACC = 0
5-101 ACC 2 0
6-110 ACC < 0
7-111 TRUE = ALWAYS RRANCI

£56C0 "ON LN30! 3002
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Table VIII, MSC Instruction Set (Cont)

Instruction

Mnemonic

Format

Description

Minimum Number
of Microcycles

29. Branch on
index
(conditional
branch)

@ BXC

Short

This instruction shall select the index register (sign
extended to 32 bits) to be tested., If any of the three
conditions specified by the condition code field are true
in regard to the index regibter, the 8-bit 2'a complement
signed desplacement is added to the MSC program counter.
The displacement has a range from -128 to +127 half-word
locations. Branches may be made to even or odd hulf-word
locations. The three bits of the condition code field
specify the following teats:

Bit 5 - Register = 0
Bit 6 - Register < 0
Bit 7 - Register > 0

The following table summarizes nli 8 combinations and the
resulting tests.

Condition Code Test

000 FALSE = DO NOT BRANCIH

- MW N=0
- 0

Ll — I — ]

Ll — N — N — ]

—_0 OO O~
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Table VIII, MSC Instruction Set (Cont)

Minimum Number

Inetruction Mnemonic | Format Description of Microcycles ;
[
30. Compare ec Long The 32-bit effective value is arithmetically compared to 6 3
@ cCl the accumulator. The program counter is incremented by:
=
0
+ 2 If A> E.V. A
+ 3 If A< E.V, I
+ 4 1If A= E.V. S
o
1 M Effective Value E.V, Instruction Format
0 0 Address* @ CI Value
0 1 (Addresa*) @ C Address
1 0 Address + X* @ CI Value (1) et
1 1 (Address + X¥) @ C Address (1)
This 18-bit quantity is treated as a tvo's complement num- __J=
ber, and the most-significant bit is sign extended 14 places ;
to the left to fill 32 bits. g
1. Load @ LMS | Short | This instruction shall sllow the MSC ACC to be loaded under 4 5|
accumulator program control, with the 18-bit MSC status word. The for- 3 %
with MSC mat of this status word as it is loasded into the ACC is ]
statuse defined in Table VII,
(register =
operation)
.l
»
(1]
m

4}
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Table VIII, MSC Instruction Set (Cont)

Minimum Number

Instruction Mnemonic | Format Description of Microcycles ;
o
m
32. Set fail @ SFD Short | This instruction shall allow the HMSC accumulator bits 0, 1, 3 =
discretes 2, 3, and 4 to be logically "ORed" with the fail discrete "
(register register. A one in bit i of the accumulator (i =1, 2, 3, a
operation) 4) will set the equivalent fail discrete bit. A zero indi- g
cates no change. Setting bit zero inhibits the four fail L
diecretes. S
» w
33. Reset fail @ RFD Short | Thie instruction allows the fail discretes to be selectively 3
discretes reset. A one in the MSC accumulator bit i (i= 0, 1, 2, 3,
(register 4) will csuse bit i in the fail discrete register to be
operation) reset. A zero causes no change. Resetting bits zero allows
the four discretes to be active ]
34. Exchange # XAX Short | This instruction shall allow a swap between the MSC accumu- 8 ‘»
accunulator lator and the index register (X). The lower 18 bits of the |8
and X accumulator shall go into X and X is sign extended to fill )
(register the accumulator. _le
operation) F\‘
and index .19
register >
35. Load X @ LXI Short | This instruction allows the data in IMM (aign extend to 18 3
immediate bite) to be loaded into the index register. —
index Note: The immediate field (IMM) is a 2's complement num-
register ber, between -128 and +127, and forms a 32-bit constant by =
(x) sign extending bit B. The program counter is incremented =
by one. m

£8
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Table VIII. MSC Instruction Set (Cont)

Minimum Number

H3ANNN

Instruction Mnemonic | Format Description of Microcycles
36. Tally index @ TXI Short | The TXI instruction allows the index register plus IHM to 4
register (X) be loaded back into X. If the X is < 0 the next hslf-word
y instruction is skipped. (Program counter incremented by E
2). Othervise, the next half-word instruction, is executed -
(program counter incremented by 1). The immediate field is I
identical to LXI S
wn
37. Tally @ TAX Short | The lower 1B bits of the sum of the ACC and the IMM field 9
accumula‘or are stored in the index register (X). An IMM value of 0
to index permits X to be loaded directly from the ACC. Immediate
register field see LXI,
38. Tally index @ TXA Short | This instruction allowa X plue IMM to be stored in the 3
register (X) accumulator (sign extended 32 bite) if IMM = 0 this instruc- r-—
to accumalator tion allows the sign extended index register to be stored
in the accumulator. X is treated as an 18 bit 2's comple- T"
ment number with the gign in its most significant bit. -
The MSC program counter is incremented by one. The imme-
diate field is defined in LXI. i)
39. Tally eTI Short | This instruction allows the accumulator plus IMM (sign 5 ]
accumulator extended to 32 bits) to be loaded into the MSC accumulator.
immediate The program counter is incremented by one. The immediate

field is as noted in LXI,
[

HIALL3T NOISIASY
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Table VIII. MSC Instruction Set (Cont)

Minimum Number £
Instruction Mnemonic | Format. Description of Hicrocycles 2
m
k]
40, Subcontract the | @ SAI Short | This instruction sllows the contents of the accumulator to 1
sccumulator be subtracted from IMM (sign extended to 32 bits) and loaded x
frim into the accumulator. 1f IMM = 0, a 2's complement of the o
inmediate accumulator is performed. If IMM = 1, a 1'a complement of th
field the accumulator is performed (each bit is inverted). The é
PC is incremented by one., See LXI for immediate field [
definitfon.
41. Load @ LI Short | This instruction shall allow the contents of the immediate 3
field (IMM sign extended to 32 bits) to be loaded into the
HMSC accumulator. The PC is incremented by one. See LXI for
immediate field definition. -
42, Normalize and @ NIX Short | The NIX instruction shifts the ACC left until either the ACC 5 »
increment the ; sign bit (bit 0) is one, or the ACC equels zero. Each time — <
index the ACC is shifted, the signed immediate value is added to g
register the index register X. The shift and increment operation is R
done before csither test. If the ACC reaches zero, the ot
index register is cleared. “'3
n
43. Reset BCE € RAL Short | This instruction resets the specified BCE's BCE/MSC indi- 4 =
indicator cator bit to zero. For BCE i, thie is bit i of the BCE/MSC A
indicator register. If the BCE specified in the instruction
word is zero, the lower 5 bits of the MSC accumulator (bits
27-31) indicate the desired BCE. After resctting the speci- b
fied indicator bit, the MSC increments its program counter e

by 1 and continues with the next sequential instruction.

c8
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There are two other MSC visible registers.

(1) Error STAT (1 bit/processor) Go/No Go (0 - processor has detected error,
1 - no error).

(2) BCE to MSC indicators (1 bit/BCE). Each BCE can set/clear its own bit
under BCE program control.

All addresses are 18 bits long and refer to half-words in main memory. When us2d to
reference a full-word, the least-significant bit of the address is ignored.

3.2.1.5.4.11 MSC Inmstruction Set. The instruction set is listed in Table VIII. Long
instructions shall be located on even main-memory boundaries.

3.2.1.5.4.12 MSC Instruction Formats. Figures 5, 6, and 7 show the MSC instructioc
word formats. MSC instruction addressing shall be relative to the MSC program counter.
The MSC program counter shall be incremented by the specified counts after each
instruction execution. MSC instructions shall be in short (16-bit) or lemg (32-bit)
formats. The MSC instruction list is associated with BCE control fumctioms. They
shall include the ability to detect BCE status before commanding new or continuing
current input/output sequences. The execution times in Table VIII are in terms of the
oumber of MSC microcycles for the minimum instructiom optionm excluding any delays due-
to memory accessing. The minimum time per MSC microcycle is 2 microseconds.

Notes: 1. (X) specifies indexing mode bit 4 (0) = No index, (1) = index.
2. Label is translated into updated PC relative address, - 1024 to +1023.
3. Count has range 0 to 2047 (11 bits).
4, INT LIST is an ll-bit ipterrupt designator.
5. Count has range 0 to 255.
6. COND has value from 0 to 7 to specify branch condition.
7. Label is translated into updated PC relative address, -128 to +127.
8. REG has value 0-7.
9, IMM (Immediate) has value -128 to +127 (8 bit).
10. Following OP code mnemonic by @ specifies M=l, direct addressing.
11. BCE is BCE pumber -0 to 24.
12, Label is absolute 18-bit address.
13, Delta is positive constant between O and 31,
14, Label can be 18-bit immediate or 18-bit address if direct specified.

15. Bit 12 = 0 (T).
16. Bit 12 = 1 (T).
17. Short Format 1.
18. Short Format 2.
19. Long Format.

3.2.1.5.5 Bus Control Element. The bus control element (BCE) shall provide for
control of data buses, and in conjunction with other IOP elements shall provide the
following capabilties:

a. Execute BCE prograas [.om maiz sedory.

t. Control the associated XMIA.

FORM M 13J1=wm=2 REV 2-70
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OPCODE DISPLACEMENT

TALLY & SKIP ZEROQ (@ TS2Z)

oy tdsisjel 1oy L2 P L IO

CONDITION
QPCODE CODE DISPLACEMENT

BRANCH ON ACCUMULATOR (8 B8C)
BRANCH CN INDEX (@ BXC)

S L L sia SO sl 1 1) 1 i

oPX UNUSED REG
1 7 1 si¢ LOAD MSC ACC WITH AN 10P STATUS
a REG @ (LAR)
of | j3f{sfs) [7/8] | | | [13)sprs| - e
oPX UNUSED SET FAIL DISCRETE (@ SFD)
1 2 1 18 . RESET FAIL DISCRETE (@ RFD)

LOAD ACC WITH MSC STATUS

of | 13]&f{5] (7]8] | | | | | ['S] (& Lms) START 1/D (& SID)
EXCHANGE ACC AND X (@ XAX)

NORMALIZE & INCREMENT X

(@ NIX) TALLY ACC TO X (@ TiX)

opcoqe IMMED | ATE TALLY X (8 TX1) LOAD X

A Al IMMEDIATE (8 LX1) TALLY AcCC

IMMEDIATE (® T1) TALLY X TO

o | I3luls] f708] | 1 | | 1 I'S1 Acc (e TxA) LOAD.ACC FROM 1M
(@ SA1) LOAD ACC IMMED{ATE
(L)

UPX 5Cc NUMBER

1 1 1 0}fo0

of | 13jufs] J708] | | Jr2{*3] |'s

RESET BCE INDICATORS @ RBI

?igurc 5. Short MSC Format 3 Instructions
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LOAD ACCUMULATOR (@ L)

OPCODE

NO OPERATION DELAYED (NOP)

§200-ST90K
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DISPLACEMENT I OPCODE DISPLACEMENT
| : )
9JlL3"SlIJIIIlIll'5| [ I O 0 I I I A (1
ADD TO ACCUMULATOR (@ A) | WAIT (@ WAT)
OPCODE DISPLACEMENT | OPCODE DISPLACEMENT
|
| "
of | [3y4)5) ¢ L L4 14 L1 Dsl | ol b qsfsi b g Ll LlDs
YAND" TO ACCUMULATOR | REPEAT INSTRUCTIONS (P RAW, © RNW, @ RAI,
OPCODF ___ . __ DISPLACEHENT | An%_Pe :o"s.) 5 Coat
c PX i
' l
|
of | fafsfsp bttty s !
: | 0 3luls 718 15
EXCLUSIYE "OR'' TO ACCUMULATOR (@ X) | L1} - NEEEES
OPCODE ' DISPLACEMENT ' SELF TEST (@ STP)
! | OPCODE UNUSED
of | Jafufst |1 LI L L L Ls }
STORE ACCUMULATOR (@ ST) l of 1 fajaf 4 8 1 b 0 1 b 1 4 [is
OPCODE D 1SPLACEMENT | SELAY (B WLY)
| j ' OPCODE COUNT
of L sdsdst L bbb bsy | ,
MOTE: 1| = O, EFFECTIVE ADDRESS = PROGRAM, } ol ] I3jufst J L L4 L 141D
COUNTER + DISPLACEMENT
| = 1, EFFECTIVE ADDRESS = PROGRAH| | SANPLE FOR EXTERWAL CALL (g SEC;ELTA
COUNTER + DISPLACEMENT + INDEX | |
REGISTER. BIT 5 IS THE SIGN i l Pt 1001 1 0
PR, ... R ... . SR, gl J i i1 14 L S 0 0 L |
INTERRUFT COMPUTER (@ INT) RETURN FROM EXTERNAL CALL (@ REC)
0PCODE INTERRUPT LIST  SHORT FORMAT 2 o|;:inc£nsur
) 0 01 0t
of | o3feisy L L L b s o) L ogsqsdst bbb qs

Figure 6.

Short HMSC Instruction Formatas
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Figure 7. ‘Long MSC Ig:crucéfon Formats
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MC615-0025 | A 89

LOAD A BCE BASE REGISTER (e-LBS)
£ .2 13 OPCODE | BCE NUMBER |M __ ADDRESS
2 IO 10 3 3 1 2 0 2 L 7 A A 5 5
LOAD A BCE PROGRAM COUNTER (8 LBP)
1 1 1 1)1 |OPCODE | BCE NUMBER. | M ADDRESS
o] | I3(6lst y7i8Y 1 [ papiafie] L0 UL LTl s
BRANCH UNCONDITIONAL (@ 8U)
1 1 1 1{1|0OPCODE UNUSED M ADDRESS
o1 | v3falsy yler 1ot gideslt 4 L L PP L g
SUBROUTINE (@ CALL)
11 1 1|1]opcooe DELTA M ADDRESS .
6] § t3iaisy t278) ( [ piofaainéy §f (0 0 0 0 8 L LR LD Y} I3
COMPARE (8C) (87CI)
1 1 1 1|1 opcooE UNUSED [M ADORESS
ol | I3lsis] f7i8f | | wafwspiaf § 4 0} 0 VL PE L I
TEST UNDER MASK (8 TH) (@ THI)
1t 1 1 11| opcooe UNUSED M ADDRESS
ol | I3/%i5) 174%8] | 1 v@lasfea) 4 L PP ELL LR ET ] e
LOAD ACC WITH FULL-WORD (@ LF)
1 1 1 1|1 |opcooE| UNUSED [T|S " ADDRESS
of | I3fujsy (7181 | qoojozfosfes) | ¢ 3 L b L0 L b Ly
LOAD ACC WITH HALF-WORD (8 LH)
1 1 1 1)1|opeobE| UNUSED |T|S ADDRESS
o | (31&fs) (78] | Pofrzla3fie) 0 b L L L L s
'STORE ACCUMULATOR HALF-WORD (@ STH)
iE 1 1 1)1 )OPCODE | UNUSED |T|S ADDRESS
ol | I3felst 1798 | pivfiafospoig J 4 4L b L L L L s
STORE Accdnﬂin'o'a—rﬁﬁ‘-?éid (8 STF)
1 1 1 1|1 OPCODE| UNUSED (T|s ADDRESS
of | I3jafs] J718) | fvafeafsfes) | 4 0 1 00 L UL 0L HE L A
S = SPARE B8IT
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¢. Compare and detect interfacing subsystem addresses.

d. Serve as interzmediate I/0 data and command execution center between the control
element (MSC) and MIA.

e. Command and/or listen mode mechanization.

£. Allow for BITE status information accumulation and access for itself and
associated MIA.

Assuming that a software-controlled power-up sequence has been executed, a BCE
operating in the command mode shall begin execution following an SIO imstruction,
provided the transmitter and receiver has been enabled, which shall send the PC ready
signal to the BCE. The BCE shall sense this condition, fetch instructions from memcry,
decode the instructions, and take necessary action as a function of the opcode. The
BCE shall continue to fetch instructions from memory for execution until a BCE wait
instruction is executed. Once started by the MSC, the BCE shall rur as an independent
execution center.

3.2.1.5.5.1 Functional Modes. BCE's shall operate in two functional modes: (cozmand
mode, listen mode), and three functional states (halt, wait, and busy).

3.2.1.5.5.1.1 Command Mode. In the command mode, the BCE shall control its associated
MIA for the issuance of commands to the interfacing avionics subsystems. The BCE shall
acquire the data to be input to the memory, buffer it, and transfer it to the memory.
For output data to interfacing aviomics subsystems, the BCE shall acquire memory data,
buffer it, and transfer the data to the MIA for transmission to the subsystem.

3.2.1.5.5.1.2 Listen Mode. In the listen mode, the BCE shall comtrol its associated
MIA, but only to the extent of processing data to be input to memory (as specified in
paragraph 3.2.1.5.5.1.1). The actual command to the interfacing avionics subsystenm
requesting the icput data will be provided by another computer on the data bus with its
BCE operating in the command mode. A BCE in the listen mode receives an instruction
from the other computer in the command mode. The instructiom contains an index to the
BCE program counter setting. The listen mode shall not require bit or word
synchronization between the command (other) computer BCE and the listening computer
BCE. The listen mode mechanization shall be a function of software execution and
bardvare in the BCE.

Assunizg that a softvare-controlled pover-up sequence has been executed and the BCE tas
executed a WAIT FOR INDEX instruction, a BCE operating in the listen mode shall await
an indication from its MIA that a vord has been received (provided it has previously
been set in a listen mode). When a word is available, the BCE transfers the word from
the MIA., The BCE decodes tke wvord to determine if it has the common IOP address and a
valid command sync signal., The command shall contain an 8-bit index which shall peint
to a table of listen mode program counters. The table of program counters is located
in main memory at a starting address specified by the listen BCE program counter plus
the coatcats of an n bit displacement field in the wait for index instructiocn. 1In
addition to the index, the listen command shall contain & 5-bit interfacing avionics
unit address (terminal address of the unit sending data). The wait for index
instruction will extract this address to be used as an address compare value on the

FSAM M 13]=—==2 REV 2-79
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received data. The instruction shall indicate to the BCE the data processing
requirements vhen it is received from the interfacing avionics subsystem under MSC
control. Instruction execution shall continue until the BCE executes either a WAIT or
WAIT FOR INDEX instructiom.

In the first case, the BCE awaits a signal from the MSC; in the second case, the BCE
monitors its MIA for amother listen command.

3.2.1.5.5.1.2.1 Listen Mode Summarv. A BCE shall respond to listen commands whenever
the following conditions are met:

a. The BCE executes a WAIT FOR INDEX iastruction.
b. The BCE's MIA receiver is emabled (tramsmitter disabled).
Ce Another IOP's issues a common IOP command.

3.2.1.5.5.1.3 General BCE Operation. During normal operation, a BCE shall be in one
of three states: Halt, Wait, and Busy. In the Balt scate, the BCE shall be physically
restrained from performing any operations; in the Wait state, the BCE shall wait for an
MSC command to execute a program; in the Busy state; the BCE shall execute BCE programs
from main store. The function of each state shall be as follows:

3.2.1.5.5.1.3.1 BCE Halt State. When in the Ealt state, the BCE shall:

a. Allow the external world (comtrol panels) to reset BCE operation to a kmown
conditiom. ’

b. Upon the detection of IOP faults, the Halt state shall isolate the BCE and prevent
it froc performing potentially erronerous operatioms.

c. Allow the IOP to reset BCE operation to a kmown condition.

Entry and exit from the Halt state shall be comtrolled by the value of a single "BCE
Halt" status bit which is part of the IOP halt register. Theve is one b»it for each
BCE. As long as this bit ia set, the BCE program sounter is forced :o point tc a
microinstruction that performs no operation other tharc tc clear the BCE besy/wait bit.
The halt bit may be set at any time, and effectively terminates BCE operacions.

The signals that set a BCE halt bit shall include:

a. Master reset discrete from the CPU.

b. Powver-up/down signal.

c. Setting of the fail latch for this GPC by either the Redundancy Management votiag
logic or 10P detected errors. ’

| d. A BALT PROCESSOR PCO from the CPU,

COEM A 1) e—w=] ALY 2.70
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The first three signal classes shall halt all BCE's.

Ezit from this state to the Wait state shall occur orly under the followving conditions:
a. Master reset discrete is reset.

b. Powver-up sequence is complete.

c. Fail latch is reset,

and either an IPL signal or a CPU ENABLE PROCESSORS PCO set to 1 is present. Existence
of the IPL signal shall csuse the microcode supporting the BCE to perform am IPL
sequence before entering the Wait state.

Upon any exit from the Halt state, the BCE program exception bit and the BCE stacus
register shall be cleared.

3.2.1.5.5.1.3.2 BCE Wait State. In the Wait state, a BCE shall be ready to perform a
BCE program. The BCE shall enter the Wait state upon exit from the Halt state, as
described in 3.2.1.5.5.1.3.1 or by a tracsition from the Busy state. A BCE shall
perfora this transition to Wait from the Busy state vhen any of the following occurs:
8. A WAIT instruction is executed.

b. An instruction with an illegal opcode is encountered.

c. A valid long format instructiom is found starting om am odd half-word boundary.

d. An error occurs, or a halt processor command is issued by the CPU.

In conditioms b, ¢, and d above, & BCE shall perform the following operations before
entering the Wait state:

a. The BCE sets its bit in the program exception register (Stat 1) to O.
b. The BCE records the cause of the error in its owz BCE register.
¢. The BCE leaves the program counter pointing to the instruction.

A BCE starts execution when it recognizes that the MSC has set its own busy/wait bit to
1 (for BCE i, this is bit i of the busy/wait register--Stat 4). This occurs wvhen the
MSC executes a Start I/0 inmstruction with a 1 in bit i of the accumulator. The first
BCE instruction in this case is found at the main memory word addressed by the contents
of the BCE's program counter. This program counter may have been updated by an MSC
load BCE program counter instruction or by & PCO from the CPU to write iato the
appropriate local store location.

FORM M 131 =m=2 AEV 2-70
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3.2.1.5.5.1.3.3 BCE Busv State. The Busy state shall be an indication of BCE program
execution. When in the Busy etate, the BCE shall be in the process of executing a
program from main store. A value of 1 in the 0 bit position of the IOP Busy/Wait
Register shall iandicate this conmditiom.

NUMBE

The Busy state shall be entered oanly from the Wait state, as described ir
3.,2.1.5.5.1.3.2. When the traosition from wait on Busy occurs, the BCE shail use the
value in its program counter to fetch the first imstruction from memory and starct
executing it. The BCE shall continue executing instructions until either a wait
inostruction or invalid imstructions are encountered. In either case, the BCE shall
transition back to the Wait state. While the BCE is in the Busy state, it shall not
interfere with CPU PC's. While in the Busy state, a BCE may also be in any combinatiorn
of command/listen modes described in 3.2.1.5.5.1.

3.2.1.5.5.2 BCE Program Counter. The l18-bit program counter (PC) shall contain the
memory address location of the next BCE instruction. BCE instructions are executed
sequentially unless a BCE branch instruction is encountered.

3.2.1.5.5.3 BCE Instruction Register (IR), The IR shall contain the imstructionm to b#

executed by the BCE functions. The IR shall operate with other registers and control
logic for the performance of BCE functions.

3.2.1.5.5.4 BCE Base Register (BR). The 18-bit BR shall contain the main memory
address where input and output data is located.

3.2.1.5.5.5 BCE Timeout Register (TO). The 18-bit timeout register ahall contain the
maximum time that a BCE will wait for the first data word to arrive in the receive
state.

3.2.1.5.5.6 BCE Status Register (SR). The BCE status register shall contain the
results of error and status functions of the BCE and associated MIA's. (Refer to

Table IX.)

3.2.1.5.5.7 BCE/MIA Control Logic. The BCE shall provide the necessary control logic
and circuitry for controlling its associated MIA.

3.2.1.5.5.8 BCE Inmstructions. All BCE macro instructions shall be accessed from
memory via the DMA interface. BCE dats access shall be relative to the BCE base
register and the instruction displacement field. BCE instructions shall be either
short (16-bit), long (32-bit) or extended (64 or 96 bit) Min/Mout imstructioms. All
data transfers shall start on even half-word boundaries. Llong and extended instruc-
tions shall be located on even main memory addresses. The BCE inmstruction list shall
be sufficient to interface with the serial datas bus. BCE ‘mstructions shall include
but not be restricted to the types specified in Table X. The BCE instructiom list

FSAM A (3] —~=2 AEV 2-7C
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NUMBER

shall be sufficient to interface with the serial data bus. BCE instructions shall
include but not be restricted to the types specified in Table X. The BCE instruction
vord format are shown in Figures 8 and 9. The execution times in Table X are in terms
of number of BCE microcycles for the minimum instzuction option excluding any delays
due to memory accessing. The minimum time per BCE instruction per chanmel is 15.5

microseconds.

FORAM M 13]~==2 REV 2-7C



WAIT (IWAT)

\ 0°CODE

5 BITS UNUSED

of Lpdsist L bbbl Is
SET INDICATOR BIT (#S18B)

OPCODE ]

5 BITS UNUSED

L O T 3 T O O |
RESET INDICATOR BIT (#RIB)

OPCODE

5 BITS P UHUSED

[ I I IO I I I I T I I
SELF TEST PROGRAM (/STP)
\ OPCODE

5 BITS UNUSED

L I T Y I T O I I 1
STORE STATUS AND CLEAR (#SSC)
l 0PCODE D1SPLACEMENT
. L BITS RIRNS

M

L I Y I Y I I I L
STORE STATUS {#SST)
" opcone 01SPLACEMENT

4 BITS 11 BITS
M
of posdals bbbt s
Figure 8.

RECEIVE DATA WORDS (#RDS)
COUNT

\ OPCODE DISPLACEMENT
3 BITS 5 BITS 8 BITS
3 I 3 2 2 I O
TRANSHIT DATA WORDS (#TDS)
\ OPCODE COUNT / DISPLACEMENY
3 BITS 5 BITS I 8BITS

Cfol feiad b 4 Ivjef b ) L) | IS

“oao TIMEOUT REGISTER (#LT01), (#LT0)
OPCODE 3

COUNT/DISPLACEMENT
\' _uoBITS o ears /
H
ol 1 fafsisi § 1 (0 0 L1 1 Bs
DELAY TIMEOUT (#DLY1)
\ OPCODE COUNT/ADDRESS
v 4 BITS JNBITsS
M
of | I3fslst L L L P MY s
‘DELAY ADDRESS (#DYL)
3 OPCODE COUNT/ADDRESS
4 BITS 11 BITS

H

of | Isfsfst L L bbb LLs
WAIT FOR INDEX (#WIX)
3 OPCODE
5 BITS

DISPLACEMENT
11 BITS

SZ00=-ST9IR

HIABWNN

5
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Short BCE Instruction Formats

ggsgn'ON'LN!OliOOQ



042 A3E Z=w—!T1 W~ AuCax

JLBR, #TDLI, #TDL

i#ROL, 'RDL)

_BRANCI! UNCOND I TIONAL
‘(#80)

' ‘HiA, MCUT
('HMENIATE MODE)

'NIN, HOUT
(DIRECT MODE)

OPCODE * SPARE _COUNT/ADDRESS
(3 BITS) (6 BITS) 1 (18 BITS)

LI T I |

Of | 13dsys) pzfe) §opopo g Lt bty :
OPCODE SPARE COUNT/ADDRESS €
(3 BITS) (6 BITS) (18 BITS) §

(I T B

o IO I N 12O I 1 T L LT T I I O O O O 1 8
0PCODE | SPARE | &
(3 BITS) (6 BITS). ARIRESS 3

¥ 4 3 1 . &

of f I3fuisp tzief 4 L p o3 bbb bt

'COMMAND .

1 1 1 1)|1| OPCODE DISPLACEMENT TRANSFER COUNT [ 1
O L q3fedsp o qrie) bbb b g bbb r e mE
N o

—Z
‘OPCODE_ ADDRESS ___g
11 1 1o »
, —]
o TN O LT O o I Ty
ADDRESS '
+ 2X BCES DISPLACEMENT TRANSFER COUNT =
»
o
of e pgsis bbb LR L el e
ADDRESS
+ 2X BCES + 48 COMMAND
o g3fel Lt r bttt e
Figure 9. long.HCE Instruction Formats (Sheet 1 of 2)
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TERMINAL
ADDRESS IMMED | ATE
OPCODE (5 BITS) . (19 BITS)
111 1o iTRANSHIT
Lot 1 13lsfsy qzloqo) o bzl g g g g bbb L g e el
i
| SPARE ADDRESS
' OPCODE 6 BITS (18 BITS)
11 101y TRANSMIT
AHEHROEINERENL CONMAND_{#_chD)

NOTES FOR HIN/MOUT

STARTING BUFFER ADDRESS =

TRANSFER COUNT -
COMMAND =
TA -
03 -

Flgure 9.

EHERSAESESEE N

BASE + DISPLACEMENT
(FOR MOUT, ADDRESS IS TREATED AS A FULLWORD).

NUMERICALLY, 1 LESS THAN THE NUMBER OF BUS WORDS
(EACH 1/2 OF A MEHORY WORD) TO BE TRANSFERRED.

COMHAND THAT IS SENT FIRST TO THE SUBSYSTEN TO
INITIATE MESSAGE TRANSFER.

TERMINAL ADDRESS USED BOTH FOR COMMAND AND DATA.

OPTION BIT (DIRECT ADDRESSING MODE WITH INDEX
BY BCE NUMBER)

Long BCE Instruction Formats (Sheet 2 of 2)
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Table IX. NCE Status Word Format

T
G X B I .|
T Terminal S A| S| M| T| T| T| T| B
H|P|S|E|V Addrcas E P T T 0 0 0 0 A 1
01 J|4|5]16|7|8 910 11 12113 |24 |15(16 17 18 19 20|21 |22 |23 |24 |25 |26 |27 |28 |29 |30(3]
RCE Status Word Format and Bit Position Bit 0 = MSH
Bit
0-2 Unueed ~ Rescrved for future use.
K] T™ - Terminal Miematch: While executing any receive data instruction, a mismatch between the
input datas words terminal address and the terminal address expected by the BCE was detected.
The input data word's terminal address was simultaneously loaded into bits 8 to 12 of
this status word.

4 P - +Parity: While executing any receive data instruction, an input word with bad parity,
fnvalid Manchester, or bit count error was detected.

5-17 SEV ~ This three bit field is the logical “or" of the SEV bits, acquired during any receive data
instruction, of all input words that were detected to have errors. The S and V bits are
inverted prior to the “or"™ operation.

B8-12 Temival - Thie 5-bit field ie the logical "or" of the received terminal's addreces of all input words

Addreun that were detected Lo have errors during execution of any receive data imstruction,

13 Unuaed - Reserved for future use.

14 Unused - Reserved for future use.

15 SE -~ Sync error: While executng any reccive data instruction, an input word with command sync vas
received.

16-20 Unuged - Reserved for future use.

21 TGAY - Transmit gap: While executing any transmit data instruction, the gap Lime betwecen the
command word ond first data word or between succeeding data words exceeded 6 jisec between
words,

22 ST - Self-test error. A BCE self-test instruction has detected a fanlt in thie BCE.

23 xmr - Tranemitter disabled: At some puint in the execution of any transmit comennd/data
initruction, the MIA sssociated with the BCE had its transmitter disabled.

24 nused = Reaecrved for [uture use.

00=-ST1SOW

§<
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Table IX. BCE Status Word Format (Cont)

30, 31 - Unused

5 T
| G X|h 1 B
T Terminal S A|l S| HM|[T| T!T|T| B
M{P[S|E|V Addrees E P T T o| o0 0 0 A 1
0|12 |3 |4]|5¢6]|7 |8 910 11 12 |13 (14 (15 (16 17 18 19 20 (21 |22 |23 |24 |25 |26 |27 |28 |29 |30|31
BCE Status Word Format and Bit Position Bit 0 = MSB
Bit
25 - 1T0 - 1Initial time-out: Any receive data instruction timed-out while waiting for the first data
word to arrive within 5 to 20 psec.
26 - T0 - Data word time-out: A receive data instruction timed out while waiting for a data word to
arrive (missing word).
This time out occurred on data inputs other than the first data word input.
27 - BTO - A RDL timed out after receipt of at least one 512-word block while waiting for the ne.:
512-word block.
28 - DA - Boundary alignment error: The BCE cncountered a long format instruction of an odd half-word
boundary.
29 -1 -

Illegal op-code: The BUE encountered an illegal instruction in Lhe execution of a program.

Keserved for future use.

EIENON
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Table X. BCE Inotructioms

Instruction

Muemonic

Format

Description

Minimum Number
of Microcycles

1. Mesmsge cutput

fmout

Long

Mout consistes of a full-word instruction. The first word
consietes of the moin store full-word address and the
tranafer count. The sccond word ie the command word,

The command word is used to send 24-bit commands to an
interfacing terminal on the serial bus connection to the
current BCE's MIA. (The half-word addressing bit, bit 3!,
is ignored.) The command word formats are extended (96
bit) and are described in paragraph 3.2.1.5.5.8. The
actual transmission of the command is conditional on the
BCE's associanted MIA being in the command mode (both
tranemitter and receiver enabled).

This instruction directs the bus control element (BCE) to
transmit a number of data worde (determined by the COUNT)
to an interfacing terminal. The location of the first
full-word is the sum of the BCE base requester and the
displacement field. This may be any full-word location.
Succeeding output quantitics comes from succeeding full-
worde in memory. Each full-word is assembled by the BCE
into word formats (sce paragraph 3.2.1.5.5.8) and trans-
ferred to the MIA for transmission. (The MIA adds sync
and parity bits,) :

The terminal address is a copy of the current contents of
the terminal number register (TNR), which in turn wae
loaded during the transmission of the command word. The
value in the THR is thus the present terminal to which
this BCE has transmitted a command.

5
plus 2 times
the number of
data outputs

ST00-ST9OR
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Table X. BCE Instructions (Cont)

Instruction

Mnemonic

Format

Description

Hinimum Humber
of Microcycles

1. Hewsuge ouipnt

(Cont )

If at any time during execution of this instruction the
MIA associated with the executing BCE does not have its
transmitter enabled, bit 23 of the BCE's status register
is set, the Go/No-Go bit for this BCE is set to Ho-Go and
the rest of the inetruction is ehipped. Completion of
data transmigsion is followed by incrementation of the
BCE's program counter by two, and execution of the mext

instruction.

2. Meesage inpuc

#MIN

Long

The @MIN instruction requires two full-worde (extended 64
or 96 bit instruction). This instruction results in the
tranemiesion of a command (when the BCE is in the command
mode) to a subsystem followed by a receive data setup.
The firet data word to be received is destined for the
memory helf-word whose address is the sum of the base
register plua the B8-bit displacement field.

Starting buffer address-base + displacement.

The displaccment is an integer in the range of 0 to 255,
and is right justified when it is added to the 1B bit
base register. The LSB of this address is the halfword
address. The transfer count field indicates the number
of words to be received, assembled into full-words, and
stored in memory. Numerically the transfer count is one
less than the actual number of words to be received. A
count of zero corresponds to one word and 65,535 corre-
sponds to 65,536 data words. Since each memory full-word
is constructed from Lwo 16-bit data bus worde, up to
32,000 full-words of memory can be loaded with a single
MIN inatruction.

5 plus 2 timen
number of data
outputs

ST00-STGOH
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Table X. BCE Instructions (Cont)

Hinimum Number =
Instruction Mnemonic | Format Description of Microcyclew §
b
3. Loud base f#LBR Long The 18-bit effective address field is loaded into the E
register current BCE base register. The associated program o
counter is incremented by two. ) 1
o
M FEffective Address Instruction Format 1 &
0 Address #LBR Address
1 (Address + 2 x BCE#) #LBR @ Address
4. Load time-out Ltor Short | Thir inatruction loads the current BCE's maximum time- 2
register out register (MTR) with the effective count. These bits et
#LT0 represent the maximum time that the BCE will wait for the
firet response word to arrive from a previously com- =
manded terminal, The resolution of the MTR is 16.5 m
microseconds. Upon completion of this instruction, the 5
BCE increments its program counter by one and executes ___§
the next instruction. .
M Effective Count Inotruction Format i %
0 Time-out #LTO1 Count N
4
1 (PC + displace- #LT0 Address
ment + 2 x BCE#)
hd
»
Time-out: Any value detween 0 and 2047 (0 to 33.78 a
milliseconds). "—
o
[ ]

PC+ disp: The lower 18 bits of the full-word addressed
by PC (updates + nddress). This allows any count between
0 and 262143 (0 to 4.325 seconds).l1]

£56E£0 "ON "AN3QI 3002
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Table X. BCE Instructiones (Cont)

Instruction

Mnemonic

Format

Description

Minimum Number
of Microcycles

5.

Wait

VAT

Short

This instruction shall cause the BCE to enter the Wait
state. The BCE's busy/wait bit in Stat 4 is set to 0
(wait). The PC is incremented by one and no further
instructions are executed. The BCE is reset to the busy
state either by the NSC or upon receiving a listen com-
mand, depending on Lhe BCC's present mode. After
execution of a WALT instruction the BCE program counter
points to the next sequentisl instriction.

ST00-ST9OH

6.

Self-Test

#STP

Short

This instruction shall initiate execution of a special
MICRO Program to perform sclf-tests on the hardware
supporting the BCE that is executing this insetruction.

TBS

E3BWAN

7.

Slore status
and clear

#5sC

Short

This instruction shall store the BCE's status register in
the full-word location addressed by the effective address
field. The least significant bit of EA is ignored. After
initiating the store operation, the BCE shall clear its
status register and set ite Go/No-Go bit (Stat 1) to one
(CO condition). The BCE shall increment its PC by one and
continue with execution of the next instruction in the
sequence.

M Effective Address EA Instruction For.aat

PC + Displacement
PC + Displacement
+2 (BCE No.)*

#SSC Address
#5SC Address (1)

—0

*PC is the updated BCE program counter (i.e., the address
of the next sequential instruction).

¥3L.37 NOISIASY
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Table X. BCE Instructions (Cont)

Instruction

Moemonic

Format

Description

Minimum Number
of Microcycles

8. Btore Btatus

#38T

Short

Seme as instruction (#88C) except that after initiating
the store operation, the status registers are not cleared.

3

9. Set indicator
bit

#s18

Short

The BCE to MSC indicator bit associsted with the BCE that
is executing this instruction is set to ome. This bit
will not change to zero until a reset indicator bit (#RIB)
instruction is executed by this BCE. After this bit is
set, the BCE's PC is incremented by one, and BCE prograa
‘execution continues.

o ITWNN

STO0-ST9IR

10. Reset
indicator bit

ris

Short

The BCE to MSC indicator bit associated with the BCE that
is executing this inetruction is reset to zerv. This bit
vill not change to one until a set indicator bii: instruc-
tion (#SIB) is executed. After this bit is reset, the PC
is incremented by one and program execution continues.

11. Branch

unconditionally

v

Long

The 18-bit effective addrees is stored into the current

BCE program counter. The next instruction is found at this
designated location, which may be on & full- or half-word
boundary.

M Effective Address EA Instruction Format

0 Address #BU Address
1 (Address + 2 x BCEf) #BU@ Address

*

H31137 NOISIAIY

12, Wait for index

ix

Short |

This instruction ie used primarily for listen mode and is
distinct from #WAT instruction. When the index arrives in
the command word from another computer it is added to the

N/A

201
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Table X. BCE Instructions (Cont)

Instruction

Monemonic

Format

Description

/4

Minimum Number
of Microcycles

12. Wait for irdex
(Cont’

PC and displacement field for memory access (i.e., PC + 1 +
1 ¢+ displacement + index). This is an 18-bit sddress

vhich indicates the starting main memory address of the
table of program counters. #WIX does not rest (and ignores)
busy/wait bit unless the tranemitter is enabled. The wait
for index loop for a common IOP address does not affect the
BCE's terminal address register.

STO0-STSOR

13. Receive data
words

#aD8

Short

This inetruction directs the BCE to accept a number of
input words from its MIA, to do various checks on these
words, and to sssemble them into 32-bit memory full-
vords and transfer them to memory. The input vord format
as received by the NIA is described in 3.2.1.5.6. Execu-
tion of this instruction is as follows:

(When the BCE is in command mode)

l. The ioput transfer count is extracted from the
instruction. This count represents one less than
the number of input words to be accepted, and
these represent the number of 16-bit main memory
half-words accepted.

2. The main memory address for the firet input word is
computed from the sum of the present contents of the
current BCE's base register and the displacement
field (Bite 8-15). This displacement may have any
value in the range of 0 to 255. The first address
is the msin memory location for the first data word
and may be odd or even.

4 plus 2 times

o IVWNN

the number of
dats inpute

I ..

|
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Table X. BCE Instructions (Cont)

Instruction

Hnemonic

Format

Description

Minimum Number
of Microcycles

13. Receive data
wvorde (Cont)

3.

5.

A WAIT FOR INPUT timer is initislized to the value
stored in the maximum time-out register (10). This

. time is related to the latency of the interfacing sub-

system and is on the order of 5 to 20 microseconds.

The BCE waite for the first input word to arrive from
the subsystem through the BCE's MIA., While it is
waiting, the BCE decrements its timer at 16.5 micro-
second intervals. If the timer reaches zero the BCE
will set the time-out bit (bit 25) in its status
register, set ita exception bit (Stat 1) to 1, and
begin executing the next instruction.

If the BCE receives an inpui word before ite initial
time-out, it performe the following input word tests.

a. Does the input word's terminal address match the
number stored in the BCE's terminal address
register (TAR).

b. Did the MIA détect a parity error.

c. Are any SEV bits set indicating subsystem errors.
d. Wae the sync a data sync and not a couwmand sync.
e. If the firet input is a2 command, it is ignored.

The input times out and the BCE waits for the
next data input.

§T00-ST9IH
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"Table X. BCE Instructions (Cont)

Tastruction

| Mnemonic

Format

Description

Minimum Number
of Microcycles

1). Receive date
wordes (Cont)

Detection of any of these errors results in the following
error patterne being logically "or ed" with the BCE's
status register bits 0 through 15.

T Terminal
0O0OMPSEVYV Address SE
0 234567 B ---= 12 13 14 15

Where: TM = 1 if there vas a mismatch between the received

address and terminal address (see status word for BCE)

P~ 1 if parity error detected
SEV = the input SEV bits with S and V
inverted. Thus, & valid SEV
pattern - 101 - forms 000 in
the above pattern.

Received Terminal Address = The actual
interface unit addrcss from the input

§ = 1 if input had command sync.

The data transfer is loset, and the BCE enters
the Wait state. If none of the above problems
exist, the 16 bite of data are etripped from
the 24 data bite. If the buffer address com-
puter in Step 2 is odd or a l-word transfer

is desired, this 16-bit half-word ie written
into memory. Otherwise, it is saved until

the next half-word arrives.

ST00-ST9OK
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Table X. BCE Instructions (Cont)

Instruction

Mnemonic

Format

Description ¢

Minimum Number
of Microcycles

13. Receive dats
words (Cont)

The BCE handles each succeeding word in the same manner
anslogous to that described above. For each input after
the first, the BCE will wait at least 6 microseconds
after receipt of the last bit of the previous word
before declaring an error. If a timeout occurs, bit 26
of the BCE status regisuter is set, the BCE program
counter is updated and execution of the next sequential
BCE instruction begun. Upon receipt of an input trans-
fer, the BCE decrements ite input word count and per-
forms the tests described above. If the previously
received 16 bite have not been sent to memory then the
next 16 bits are assembled with the previous 16 bits

to form a 32-bit full-word for storage in main memory
at the buffer address which was updated by 2. This
process continues until all words requested are received.
The last word received will always be written in main
memory even if there is no previously unassembled word.
The sequence ends when the transfer count (word count)
rcaches zero and the last word is stored, upon which
the BCE increments its program counter by 1 and
executes the nexts sequential instruction. If an #RDS
is started in the listen mode, it will first wait for

a command having the same address as that in iLs
terminal match register (TMR) before performing the
above operation.

§T00-ST9IH
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Table X. BCE Instructions (Cont)

Minimum Number
.Iastruction Mnemonic | Format Description of Microcycles
14. Receive #RDLI Long This instruction is executed in a fashion similar to #RDS fRDLIL =3 + 2 | X
Data (number 14) with the following exceptions: times number >
words #RDL of data inputs{ Y
o
o
1. The displacement from the base is zero. The base must |#RDL = 4 + 2 &
then point to the beginning of the buffer. times number
of data inputs,
2. The input word count ranges from 0 to 262, 143 half-
words and may be specified by bits 14-31 of #RDLI or
by bits 14-31 of the main memory full-word addressed [——
by bits 14-31 of #RDLI. In the second case, the least
significant bit of the address (the half-word selected) o
is ignored. In either case, the effective word count
is one lces than the number of words received. as
3. Upon instruction completion, the PC is incremented by 2. ]
4., Time-outs on input data are handled differenély than. 3

#RDS, due to interblock gaps of data blocke from memory
ground computer and the PCHM master. Data requests from
these unite may be in 512 word blocks. A time-out on
the first word is still treated as such (see #RDS), but
on time-outs on succceding words, a check is made of the
remaining transfer count before declaring a time-out.

If the remaining count modulo 512 (block size) is zero,
this timeout is treated as the beginning of an inter-
block gap. Under this condition, the timer is reset to
the value located in the maximum timeout register (M10),
and the input wait loop is reentered. A time-out after
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Table X, BCE Instructions (Cont)

Inetruction

Mnemonic

Format

Description

Minimum Number
of Microcycles

14. Receive
data
words
(Coat)

4. (Cont)

this point is treated as a real time-out error, and the

instruction is terminated with bit 27 of the status regis-
ter set.

ST00-ST90H

15, Trensmit
dala

4TDS

Short

This instruction shall direct the BCE to transmit a number
of 16-bit data words through the BCE's MIA to an inter-
facing terminal. The main memory location of the first
half-wvord is the sum of the BCE base register and the dis-
placement field. This may be any half-word location. Suc-
ceeding output quantities come from succeeding half-words
in memory. Each halfword is assembled by the BCE into the
format indicated in 3.2,1.4.6 and transferred to the MIA
for transmission. The MIA adds data sync and generates
parity.

The terminal address field is a copy of the contents of
the terminal addrees register of the BCE executing thia
#TDS. Completion of data transmission is followed by
incrementation of the program counter by one and execut-
ion of the next instruction.

If at any time during execution of this instruction, the
BCE is not able to maintain the interword gap time on the
bus to less than 10 microseconds (20 pse) then bir 21 of the
BCE status register is set, the BCE's program exception bit
(Stat 1) is set, the present instruction is terminated, and
the next instruction initiated. The cause of gap time
exceess may be due to:

2 plus 2 times
the number of

data outputs
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Table X. BCE Instructions (Cont)
Minimum Number =
Instructio. Mnemonic | Format Description of Hicrocycles £
-«
m
15. Tranemit a. Instruction error on hangup st the DMA Channel. »
data
(Cont) b. Hemory contention that prevented a data read =
from being completed in time. =
w
g
16. Tranemit #TDL1 ‘Long Execution of this instruction is the same as #TDS (15 #TDL = 4 + 2 |}
data #TDL above) except: no. of data
outputs.
1. The displacement from the base is zero. The base must |#TDLI = 2 ¢+ 2
then point to the beginning of the buffer. no. of data |
outputs 4]
2, The count of input words to be transmitted ranges from ___E
0 to 262, 143 half-words, and may be specified by either @
bits 14-31 of #TDLI or by bite 14-31 of the main memory IS
full-word addressed by bite 14-31 of #TDL. For #1DL the [
LSB of the address (the half-word selected) is ignored. =5 a
Ll
a
3. Upon completion of #TDLI or #TDL, the PC is incremented -
by two (2).
17. Traoemit #CHD1 Long This inatruction is used to send 24 bit commands to a sub- |[#CHDI = 1
comuand #CHD system on the serial bus connected to the current BCE's oo
PMIA. In the immediate mode (#CHMDI), the command is found |#CMD = 2 »
immediately in bite 8 through 3! of the instruction. In »
direct mode (#CHMD), the command is the lower 24 bits of the e
main store full-word computed from the address field (bits o

14 through 31) of the instruction.

(The half-word address-
ing bit, bit 31, is ignored.)

£66E0 'ON "AN3Q1 3000



Table X. BCE Instructions (Cont)

Instruction

Mnemonic

Format

Description

Minimum Number
of Microcycles

17. Transmit
command
(Cont)

The actual transmission of the command is conditional on
the BCE's associated PMIA's transmitter being enabled and
the PHIA not being busy. If either condition is false, the
command is not sent, but no error condition is set.

After execution of this instruction, the BCE's program
counter is incremented by 2, and the next sequential
instruction is executed.

$T00-ST9OR

18, Deley timeou:
immediate

#oLYI

Short

This instruction simply delays the execution of the next
instruction. The time period delayed is the function of
the effective count, with a resolution of 16.5 micro-
seconds per count. At the end of this delay the program
counter is incremented by one, and the next instruction ie
executed.

Each count of one represents a delay of 16.5 microseconds,
the execution time of a BCE micro instruction. Each count
of 2 represents a delay of 33 microseconds, the minimum
time for a word transmission over a serial dats bus.

#DLYI = 2

¥3IBWNN
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19.

#DLY

M Effective Instruction

0 Timeout #DLYI Timeout
1 (pc + pISP)2 #DLY Address

For the #DLY instruction, the address of the word contsin-
ing the delay includes the number of the BCE executing the
instruction. This allows many BCE's tc execute the some
program while still retaining the capability to delay for
different periode. Note that twice the BCE number ie a
fullword index.

DLY = 4
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3.2.1,5.6 Multiplex Inter Adapter (MIA). The MIA provides the communication path

between the IOP and the interfacing subsystems as shown in Figure l. For purposes of
the IOP design, the MIA is described in the following paragraphs. The MIA shall be
buyer furnished.

3.2.1.5.6.1 Interface Definitions. The electrical interface between the GPC and the
MDMIA shall be by a fifty (50) pin coomector. The pin portion of the connector (IBM
P/N 6135907-1) shall be provided by the GPC and the socket portiom of the cornector
(SKD P/N AS520A620) shall be provided by the MDMIA. The functional and physical
interface requirements for the MIA are defined in MC615-0010. The MIA interface coz-
pector signal and pin assignment list is given in Table XI.

3.2.1.5.6.1.1 MIA. The MIA shall provide the performance characteristics defiped in
MC615-0010.

3.2.1.5.6.2 Electrical Pover. The electrical pover to the MIA shall be as defized in
MC615-0010.

3,2.1.5.6.3 Data Bus Interface. The MIA is composed of buyer-furnished devices which
will interface with the MIA multiplexing channels. The devices coosist of carrier
assemblies with two MIA's per carrier.

3.2.1.5.6.3.1 Data Bus Characteristics. The electrical characteristics of the MIA
channel sball be as specified in MC615-0010.

3.2.1.5.7 Data Bus. The GPC design shall incorporate a MIA as cefined in MC615-0010,

3.2,1.5.7.1 MIA/GPC Interface.

3.2.1.5.7.1.1 Electrical Design. The GPC design shall be compatible with the MIA/
Host interface and timing defined in MC615-0010.

3,2.1.5.8 Beat Dissipation. The GPC design shall provide for MIA heat dissipation as
defined in MC615-0010.

3.2.1.5.9 Mechanical Design. The MIA shall be installed in accordance with the
mougting provisions as defined in MC615-0010. The MIA shall not be subjected to
vibration levels in excess of the criteria defined in MC615-0010.

3.2.1,5.10 Data Bus_Intercomnection., Unless otherwvise approved by the buyer, the
interface cable from the GPC LRU output connector J5 to the data bus coupler pin con-
nections sball be two-conductor, twisted, shielded, jacketed cable having a distributed
capacitance of less than 22 pf per foot and an impedance of 70 olms plus or minus

10 percent.

3.2.1.5.11 Data Bus Transfer Methods.

3.2.1.5.11.1 Modulation. The modulation shall be in accordance with MC615-0010.
3.2.1.5.11.2 Data Code., The date cnds shall he in aceordance with MC615-0010.
3.2.1.5.11.3 Data Rate. The data rate shall be im accordance with MC615-0010.

3.2.1.5.11.4 Message. The mescage shall be in accordance with MC615-0010.

FC A A 131 ===2 AEV 2-70
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Table XI. IBM MDMIA Interface Comnector Signal List
MDMIA Connector - IBM Part No. 6135907-1
Pin No. Mnemonic Name
-1 BUSY (B) MIA Busy Not
-2 ME (B) MIA ERROR (Valid Word Not)
-3 RCS (B) Received Command Sync
-4 SDI (B) Receive Data (Serial Data In)
-5 +5 Vde (Logic)
-9 Tower RTN
| -7 ! +5 Vde (Logic)
-8 | Power RIN
-
-10 i t1C Power Supply Clamp
&
-i2 |
-:3 Power RIN
-14 =12 Vde
=15 Power RIN
=16 12 Vde
=17 Power RIN
-18 +12 Vde
-19 Pover RIN
-20 +12 Vde
-21 Powver RIN
-22
=23 EOW (A) MIA Enod of Word Not
=24 BUSY (A) MIA Busy Not
=25 Chassis GND
=26 16 MEz 16 MHz Clock
-27 EOW (B) MIA End of Word Not
-28 TXCS (B) Transmit Command Sync
-29 TXE (B) IMIT ENABLE
-0 LDR (B) Load Data Register
=51 REG CLK (B) Register Clock
-32 SDO (B) XMIT Data (Serial Data Out)
=33 TXE (A) . IMIT ENABLE
=34 SDI (A) Receive Data (Serial Data In)
=35 LDR (A) Load Data Register
=36 RZG CLX (A) Register Clock
=37 SDO (A) XMIT Data (Serial Data Out)
-38 RCVE (&) Receive ENABLE
-39 BRCVE (B) Receive ENABLE
=40 BST Reger

€T3y ";;:——: 2LV 2-7¢C
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Table XI. IBM MDMIA Interface Connector Signal List (Cont)
MDMIA Connector - IBM Part No. 6135907-1
Pin No. Mnemonic Name
=41 BUS L (A) Serial Data Bus Low
-42 BUS B (A) Serial Data Bus High
=43 BUS C (A)° Serial Data Bus Common (XFM SHIELD)
-44 BUS C (B) Serial Data Bus Common (XFM SHIELD)
=45 BUS L (B) Serial Data Bus Low
46 BUS B (B) Serial Data Bus High
-47 RCS (A) Received Command Symc
=48 TXCS (A) Transmit Command Sync
-49 ME (4) MIA ERROR (Valid Word Not)
-50 Chassis GND
NOTES: Subscript (A) designates signals to left MIA,
Subscript (B) designates signals to right MIA.
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3.2.1.5.11.5 Command Word Svm¢. The command word sync shall be in accordance with
MC615-0010.

3.2.1.5.11.6 Data Word Swvnc. The data word sync shall be in accordance with
MC615-0010.

3.,2.1.5.11.7 Transmission Line, The transmission line shall be in accordance with
MC615-0010.

3,2.1.5.12 Outout Circuit Characteristics.

3.2,1.5.12.1 DOutout Cireuit Voltage. The output circuit voltage shall be in accord-
ance with MC615-0010,

3.2.1.5.12.2 QOutput Waveform., The output waveform shall be in accordance with
MC615-0010.

3.2.1.5.12.3 Transmitter Output Noise, The transmitter output noise shall be no
greater than 75 MV P-P,

3.2.1.5.12.4 Transmitter Off Impedance., The transmitter off impedance shall be a
minimum of 6,000 olms in parallel with 150 picofarads line-to-line from 330 KH; to
lls m:.

3.2.1.5.12.5 Qutout Waveform Distortion. The output waveform distortiom shall be in
accordance with MC615-0010.

3.2.1.5.13 Input Circuit Characteristics.

3.2.1.5.13.1 1Input Circuit Common Mode Rejection. 'The input circuit characteristics
shall be in accordance with MC615-0010.

3.2.1.5.13.2 1Input Circuit Impedance. The input circuit impedance shall be a minimum
of 6,000 olms in parallel with 150 picofarads line-to-line from 330 KH; to 1.5 MH;.

3.2.1.5.14 DMIA Signal Characteristics Measurement, The DMIA signal output and input
characteristics shall be measured at the GPC connector pins noted in Table I GPC

connector J5.
3.2.1.6 Command and Data Word Formats,
3.,2.1.6.1 Data Form. Digitil data shall be transmitted in binary form compatible with

the message and vord formats defined in this specification. Any unused bit positions
in & word shall be transmitted as logic zeros,

3.2.1.6.2 Cormand Word. A command word shall consist of a command sync waveform, DMIA
address, control field, and parity bit (Pigure 10).

3.2.1.6.2.1 Svne. The coumand syac wavelo.w 3hsll be as defined in MC615-0010. The
width shail be th.ee bLil tiues, with thc woveform teing pesitive for the first one and
one-half bit times and then negative for the following one and ome-half bit tizes.
Note that if the next bit following the sync is a logical zero, the last half of the
sync vaveform will have an apparent width of two clock periods because of the
Manchester encoding,
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3.2.1.6,2,2 Address. The next five bits following the sync shall be the addressc of
the interfacing subsystem to receive the command. This permits a maximum of 32 DMIA's
to be attached to any oce data bus, although the maximum is limited to 20 for system
considerations. An 01000 code shall indicate a decimal address of 8, which shall be
the common IOP address. An all "0's" code shall be a nonvalid DMIA address., The most
significant bit of the address shall be transmitted first.

3.2.1.6.2.3 Control Field. Interfacing subsystems that make use of the 19 bits of the
control field zfolloving the address field) shall be used as described in Specification
MF0004-036. IOP to IOP data transfers use the command word formats shown in Table XII
and Figure 10.

A

Table XII. Command Word Format for the IOP to IOP Data Transfers

Item Position Description

a 1 through 3 Command Svne: Three bit nonvalid Manchester code
defined in 3.2.1.6.2.

b 4 through 8 IOP Address: This 5-bit code designates which IOP
is to receive the command word and/or data words,
Each IOP has a common IOP address which is 01000
and a unique IOP address (station I. D.).

c 9 through 27 Control Field: A 19-bit program counter setting
or index pointer field.

d 28 Parity: This bit shall be used to indicate odd parity
on the entire 24-bit command word.

3.2.1.6,2.4 Parity. Bit 28 in each command word shall be used for parity over the
preceding 24 bits., The parity bit shall be assigned a value, so that the total number
“ones" in the word is odd (odd parity).

3.2.1.6.3 Deleted.
3.2.1.6.3.1 Interword Gap Times,

3.2.1.6.3.1.1 10P-to-Subsvstem Transfers. The IOP under CPU comtrol shall issue a
single command for data acquisition (input to IOP) or shall issue a command followed by
the specified number of data words (output from IOP)., The command and data words shall
be transmitted iz a continuous fashion with an interword gap time of 5.5 plus or =minus
0.5 microseconds., These gap times are for command words followed by data and between
consecutive dats words,

3.2.1.6.3.1.2 Subsvstemto-I0P Transfers., The IOP shall issue a transmit coumand to
the subsystem. The subsystem shall, after command verification, transmit Gata words
back to the IOP from 5 to 25 microseconds after receipt of the last bit of the comzand
vord, except for subeystems with long latency times (response time) such as the mass
mezories and the launch bus (ground equipment, SRB's). In these cases, the subsvsrexz
shall transmit data to the IOP within 5 microseconds minimum and 4.l secomnds maximum,

FORW M 131 =w=2 ALV 2-70
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For block transfers of data consisting of conmsecutive 512 (16-bit) word blocks, the
interblock gap time shall be 5 microseconds minimum and 0.6 seconds maximum, The data
vords shall be transmitted in a continuous fashion with an interword gap time of frem
5 to 7.125 microseconds.

3.2.1.6.3.1.3 10P-to-I0P Transfers. The IOP shall issue a command to another IOP,
followed by data, The command and data words shall be transmitted in a continuous
fashion with an isterword gap time of 5.5 plus or minus 0.5 microseconds. These gap
times are for command words followed by data and between consecutive data words,

3.2.1.6.4 IOP Output Data Word. The IOP data word transmitted to interfacing
subsystems shall consist of a data sync wvaveform, data bits, a check pattern (101), and
a parity bit. (See Figure 1l and Table XIII.)

Table XIII. IOP to Interfacing Subsystem Data Word Format

Item Positioa Description

2 1 through 3 Data Swvnc FPield: Three-bit nomnvalid Manchester
code defined in paragraph 3.2.1.6.4.1.

b 4 through 8 Terminal Address: This 5-bit code designates
vhich subsystem is to receive data,

c 9 through 24 Data Field: Sixteen-bit data in binary form.
Bit 9 is the most significant bit (MSB). Bit 24 is
the least significant bit (LSB).

d 25 through 27 Check Patterm: This pattern shall be a 3-bit check
pattern and shall always be a 101 pattern. (This
code is used as an additional error check on trans-
mitted data.) This pattern will be decoded by the
interfacing terminal,

e 28 i aritv: This bit shall be used to indicate odd
parity on the entire 24-bit data word, excluding
sync.

3.2.1.6.4.1 Svnc. The data sync vaveform shall be defined in MC615-0010. The width
shall be three bit times, with the waveform being negative for the first ome and
one-half bit times, and then positive for the following one and one-half times. Note
that if the bits preceding and following the sync are logic ones, then the apparent

width of the sync waveform will be increased to four bit times.

3.2.1.6.,4.2 Terminal Address. The next five bits following the sync field shall be
the address of the receiving terminal.
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DATA WORD FROM 10P TO
-INTERFACING TERMINAL
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3.2.1.6.4.3 Data, The 16 dats bits following the address field shall be utilized by
the interfacing subsystem., The bit positions shall be as defined in paragraph
3.2.1.6.7.

3.2.1.6.4.4 Check Pattern. Three bits of a coded check pattern shall follow the
data field., The chack pattern shall be 101 as shown in Figure 11,

3.2.1,6.4,5 Parity. Bit 28 in each data word shall be used for odd parity over the
preceding 24 bits. The parity bit shall be assiguned a value so that the total number
of "ones" in the 24-bit field is odd.

3.2.1.6.5 I0P Inbut Data Word. The IOP input data word (transmitted to the IOP from
subsystems) shall consist of data sync, data bits, an error pattern, and a parity bit.

3.2.1.6.5.1 Swvne. The sync waveform shall be as specified in paragraph 3.2.1.6.4.1.

3.2.1.6.5.2 Termingl Address. The next five bits following the sync field shall be
the address of the terminal (interfacing subsystem) that is transmitting data to the
I0P.

3.2.1.6.5.3 Data. The 16 bits following the address field shall consist of data
requested by the IOP. The bit position shall be as defined in paragraph 3.2.1.6.7.

3.2.1.6.5.4 Subsvstem Error Pattern. The pext three bits (25, 26, and 27) shall be
used for subsystem error indications (refer to Table XIV). The error pattern shall
be 101 for a no-error condition.

3.2.1.6.5.5 (Paritv. Thé last bit in the word indicate odd parity on the preceding
24 bits,

3.2.1,6.6 I0P Input Status Word. A status word shall conmsist of a data sync wave-
form, subsystem address, status field, flag bits, and & parity bit (Figure 11).

3.2.1.6.1.1 Swvnc. The sync vaveform skall be as specified in paragraph 3.2.1.6.4.1.

3.2.1.6.6.2 Subsvstem Address. The S-bit address field (following the data sync)
shall contaic the address of the subsystem sending the status word.

3.2.1.6.6.3 Status Pield. The l6~bits (Bits 9 through 24) following the address
field shall be utilized for providing status information om the interfacing subsystem,

3.2.1.6.6.4 SEV Error Pattern. Bits 25, 26, and 27, vhich represent the SEV bits as
specified in paragraph 3.2.1.6.5.4, shall be set in a 101 pattern that represents a
go-error condition. SEV errors are indicated in data words omly, mot status words.

3.2.,1.6.6.5 Parity. The last bit in the word shall be used for parity over the
preceding 24 bits, O0dd parity shall be as defined in paragraph 3.2.1.6.4.5.

344.1.6,6.6 .Bit Fositioa., The uist sigaificent bit of & data word shall be trans-
mitzed fivat, The zuzder of dite required to define & quantity shall be 16 bits and
shall be consistent with the resolution or accuracy required, In the event double
precision quantities (information sccuracy or resolution requiring more tham 16 data
bits) are transmitted, the most significant half shall be trausmitted first, followed
by the least significant half,

FOa%% A 13l === AEV 2-70
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" 'lele IIV. Data Word From Subsystem to IOP (Response Data Word)

Item Position Description

s 1 through 3 Data Svnc Field: Three-bit nonvalid manchester code
28 defined in paragraph 3.2.1.6.4.1.

b 4 through 8 Terminal Address: This 5-bit code is the address of
the terminal that is transmitting data to the IOP.

c 9 through 24 Data Field: Sixteen bits of subsystem data are
binary form. Bit 9 is the most significaat bit,
Bit 24 is the least significant bit,

d 25 S (Power Transient) Flag: This bit will indicate to

the IOP that a powver transient has occurred in the
subsystem since the last command. A logical omne
shall indicate no power transient. A logical zero
shall indicate s power transient occurred.

e 26 E (Brror) Flag: This bit indicates a parity error
has occurred in the subsystem (i.e., a parity error
on an MDM serial chanpel) from an interfacing sub-
system., Logical one indicates a parity error.
Logical zero, no error.,

£ 27 Vv (Validitv) Flag: This bit indicates validity of
the subsystem. This bit is set to a logical zero to
indicate that the subsystem is unable to transfer
data. A logical one indicates valid data. A log-
ical zero, nonvalid data.

g 28 Parity: This bit indicates odd garity on the entire
24-bit data word (excluding sync).

FORM M (]]~w=7 REV 2-70
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/
Table XV. Status Word Format Description From Subsystem to IOP

Item Position Description
s 1 through 3 Svync Field: Three-bit nonvalid Macchester code.
See paragraph 3.2.1.6.4.1).

b 4 through 8 Terminal Address: A 5-bit code which shall indi-
cate the address of the terminai which is trapsmit-
ting the data.

c 9 through 24 Status Field: This 16-bit field indicates the
status of the interfacing terminal. Typical
examples of status might be:

1. MDM instruction counter in error
2, 1Illegal command

3. Circuit module errors

4. Serial channel errors

5. Analog channel errors

6. Discrete channel errors

7. Internal power supply status

d 25 1 fixed pattern (S)*

e 26 0 fixed pattern (E)*

£ 27 1 fixed pattern (V)=*
*Bits 25, 26, and 27 shall indicate a no-error
condition.

g 28 P_(Paritv): This bit indicates odd parity on the

24-bit status word, excluding sync.

3.2.1.7 Error Bandling, Status Monitoring,and Control. The IOP shall provide the

error handling, status monitoring, and error control actions for errors detected in the
IOP. This capability shall be provided to respond to errors generated by all func-
tional elements of the IOP.

3.2.1.7.1 Data Input Error Handling. The IOP shall detect errors om input data on a
message level. Message level detection is defined to mean that the error status word
shall distinguish which types of errors occurred during a message reception (trams-
mission of data to this IO? from an interfacing terminal or other IOP). The IOP shall
oot store erroneous data in main memory nor shall the IOP store valid data received in
80 1nCOrreve. Lcwod,; L0cation.

3.2.1.7.1.1 Mission Word Error. Whenever & missing word error (gaps im excess of
38 microseconds) is detected (except for the first word of « message) on a word for
vord basis in a message, the current instruction being executed shall be terminated.
The time-out bit (Bit 26, TO) in the BCE status register shall be set, the BCE shall
ecter the wair state, and status Bit 1 of the BCE (NO-GO biz) shall be set to zers.
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3.2.1.,7.1.2 Data Receive Fajlure. Failure of the first data word to arrive after an
IOP command for data within the time specified in paragraph 3.2.1.6.3.1 shall cause the
BCE initial time-out (ITO) bit to be set. The current instrucction shall be terminated,
the BCE shall enter the wait state, and the NO-GO bit (status 3it 1) of the BCE shall
bQ set.

3.2.1.7.1.3 Bit Count, Paritv or Manchester Errors. These errors are DMIA detected.

When a wvord is received having bad parity, invalid manchester coding, or less than
25 bits (excluding syunc character), the NO-GO bit (Status Bit 1) shall be set and the
“P" bit in the status register shall be set. The BCE shall then enter the "Wait State."

3.2.1.7.1.4 Deleted.

3.2.1.7.1.5 SEV Bit Errors. If the SEV bit patterm in the received data word was not
a 101 pattern, the respective S, E, or V bit shall be set in the BCE status register.
The No-Go bit (status Bit 1) shall be set and the BCE shall enter the wait state.

3.2.1.7.1.6 Terminal Mismatch. Error handling for terminal mismatch (i.e., the
designated terminal address requested by the IOP for data does not compare with the
received data terminal address) is identical to that for SEV bit errors (paragraph
3.2.1.7.1.5 except the T bit is set in the BCE status word.

3.2.1.7.1.7 Incorrect Svinc. While executing a receive data instruction, an input data
word with command sync was received. The SE bit in the BCE status register shall be
set. Other actions shall be identical to paragraph 3.2.1.7.1.5.

3.2.1.7.1.8 Data Input Error Summary. Table XVI is a summary of .oput error actionms.

3.2.1.7.2 Cormand/Data Output Error Handling. The IOP shall detect errors on data or

command outputs. The following errors shall be detected as a minizum.

3.2.1.7.2.1 Iptervord Gap Time. When the intervord gap time exceeds six microseconds
due to memory contention, the BCE shall set the NO-GO bit (status bit 1 in the BCE
status register), and the TO bit in the BCE status word. The transmit data ipstruction
shall be terminated, and the BCE shall enter wait state.

3.2.1.7.2.2 Disabled Transmitter on Transmit Data Instruction. When the IOP tries to

output a command or data word to g disabled DMIA tramsmitter, the BCE shall set the
NO-GO bit and the XMT bit in the BCE status wvord. The current iastruction shall be
terminated, and the BCE shall enter the wvait state.

3.0.1.53.5 Data Output Error Summary. Table XVII is a summary of output error action.

3.2.1.7.3 Internal IOP Error Handling. The IOP shall detect internal fault conditions
within each functional element of the IOP. As a minimum, the following errors shall be
detected and the corrective actions indicated shall be implemented.

3.2.1.7.3.1 1llegal Op Code. Whenever an illegal op code is detected by the MSC or a
BCE, the MSC or the aCE shall enter the wait state. The MSC or 2CE shall set tha NO-GO
(status 1) bit in the MSC or BCL status regisier; and, if an MSC detected error, the
MSC shall set the I bit (3ic 29) in the MSC status register. If it is a BCE detected
illegal op code, the BCE shall set the I bit (Eit 29) of the respective BCE status
register.,
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Table XVI. Summsry of BCE Error Modes

Error Detected
Type By Action
1. Missing Word BCE Set NO-GO bit
(Look Ahead) Set Status Bit 26
Terminate Instruction
Enter Wait state
2. First Data Receive BCE Device Set NO-CO bit
Failure Response Time-out Set Status Bit 25
Terminate instruction
3. Bad Parity MIA Set NO-GO bit
Invalid Manchester Set Status Bit &4
Bit Count Error Termirate instruction
Enter Wait state
4, SEV BCE Set NO-GO bit
Set Status Bits 5,
6, or 7
Terminate instruction
Enter Wait state
5. Terminal Mismatch BCE Set NO-GO bit
Set Status Bit 3
Terminate instruction
Enter Wait state
6. Command Sync Data BCE Set NO-GO bit
Transmission After Set Status Bit
First Word Terminate instruction
Enter Wait state

3.2.1.7.3.2 ECC Errors. The ECC scheme is to correct all single errors and detect all
double errors. An ECC error is any uncorrectable error that is detected.

3.2.1.7.3.2.1 [ECC Error - Instruction. When the CPU detects an ECC error onm a DMA
instruction read, the CC shall force an illegal op code to the MSC or BCE which shall
then execute the illegal op code as specified in paragraph 3.2.1.7.3.1. The CPU shall
issue an interrupt to indicate that an ECC error was detected.

3.2.1.7.3.2.2 [ECC Error = Data. When the CPU detects an ECC error on a DMA data read,
the CC shall inhibit data transfers to local stcre. The IOP shall continue operations,
the BCE shzll tize-2ut or hang vp, and the MSC sh21) Joop indefinitely. The CPU shall
issue ac interrupt to indicate that an ECC error was detected.

3.2.1.7.3.2.46 Micro-Store Paritv Error. Micro-stores (read omly store (ROS)) parity
errors shall be detected by ROS decode logic. When a parity error is detected, the IOP
shall issue an interrput to the CPU (Interrupt Number 26 from Table III). The I0P
shall eater the reset mode to give positive response to the CPU of che IOP reset
condition. The ICP shall also set the control momitor interrupt (Iaterrupt Number 25
from Table III).
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Table XVII. Summary of BCE Error Modes
Error Detected
Type By Action
l. Illegal op code BCE or MSC BCE or MSC sets NO-GO bit
BCE or MSC sets Status Bit 29
Enter Wait state
2. Boundary alignment BCE or MSC Set NO-GO bit

error

3. MSC attempt
to load or start
a busy BCE

4. DMA cycle time-out

5. Queque overilow

6. Voter fail latch

7. ROS parity
8. Clock failure

9. Watch-dog timer
time-out

10. Failure in data
flow, local store,
channel controller,

MIA buffer, or MIA

'ECC Error DMA
instructions read

11.

12. ECC error on

DMA data read
13. Disabled
transmitter on
traosmit data

14. Output interword
gap > 6 usec

due to memory

contention

MSC

Channel controller

Channel controller

R/M logic

ROS decode logic

Timing detect logic

R/M logic

Self-test
instructions

Channel controller

Channel controller

BCE

BCE

Set Status Bit 28
Enter Wait State

Set Status Bit 25 (Start I/0)
Set Status Bit 26 (Load PC)
Set Status Bit 27 (Load

Base Register)
Begin next instruction

Interrupt CPU
Clear DMA channel

Interrupt CPU

Interrupt CPU, IOP resets
and sets C/M interrupt if
termination comtrol is ON.

Interrupt CPU and IOP resets
Interrupt CPU and IOP resets

Interrupt CPU and IOP resets
and sets C/M interrupt if
termination control is ON.

Sets NO-GO bit im the
appropriate processor and
enters the Wait state

Channel controller forces
illegal op code; processor
executes illegal op code
sequence,

Abort transfer, processor
times-out or hangs up

BCE sets NO-GO bit

BCE sets Status Bit 23
Termivcate instruction
Enter Wait state

BCE sets NO-GO bit
BCE sets Status Bit 21
Terminate instruction
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3.2,1.7.3.3 Clock Failure. Clock failure is determined by the IOP timing error
detection logic. When a clock failure is detected, the IOP shall issue an interrupt to
the CPU (Interrupt Number 27 from Table III) and shall reset. The reset action shall
set Interrupt Number 25 (C/M idle) to give a positive indication to the CPU of the IOP
reset mode.

3.2.1.7.3.4 Watchdog Timer. When the R/M watchdog timer times-out, the IOP shall
issue an interrupt to the CPU (Interrupt Number 23 from Table III) and the IOP shall
reset if the termination control latch is ON and shall also issue Interrupt Number 25
(C/M idle) to the CPU to give 8 positive response to the CPU of the IOP reset condi-
tion. Watchdog timer errors are detected by the redundancy management logic.

3.2,1.7.3.5 R/M Voter Failure Latch. The R/M logic shall detect voter failure errors
and issue an interrupt to the CPU (Interrupt Number 24 from Table III). The IOP shall
also issue Interrupt 25 to the CPU for positive indication of the IOl reset condition

if the terzination control latch is ON.

3.2.1.7.3.6 Boundarvy Alignment. When decoding odd boundary iast~uctioms (op codes of
1,111 branches to the boundary alignment routine) the BCE or MSC shall enter the wait
state upon detecting this type of error. The BCE or MSC program counter shall point to
the offending instruction. The BCE or MSC shall set the NO-GO bit (Stat 1) and shall
set the status bit in the respective M5C or BCE status word. (2it 28, BA for BCE, a=zd
Bit 28 BA for MsC.)

3.2.1.7.3.7 load BCE. Whenever the MSC attempts to load a "Busy" BCE with a base
register setting, program counter setting, or a start I/0 instruction, the MSC shall
detect this error condition. The MSC shall take the following actiou upon detecting
these errors:

a. Set the NO-GO bit (Stat 1) and set the appropriate status bit.
b. Do not load the BCE with the setting or imstruction.
¢. And continue with the execution of the next sequential MSC instruction.

3.2.1.7.3.8 Burst DMA Excess. The IOP enters the burst DMA mode when the number of
requests pending is eight or more. The IOP shall stay in this mode until the aumber of
requests in the QUEUE is less than eight.

3.2.1.7.3.9 DMA Timeout. When in the DMA mode, the IOP hangs-up, i.e., the CPU is
inadvertently locked out, the channel controller shall issue an interrupt to the CPU
(Interrupt Number 34 from Table III). Whem this error occurs, the IOP shall clear the
channel and continue normal operations.

3.2.1.7.3.10 Queue Overflow. When the queue overflows, i.e., more requests pending
than specified, the channel controller shall issue an interrupt to the CPU (Interrupt
Number 33 from Table III). The IOP, after having issued this interrupt, shall continue
normal operations.

E= D00 08 VYV seh DEN YA
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3.2.1.7.3.11 Other Errors. Errors involved with the data flow logic, local store,

channel controller, MIA buffer, =or the MIA itself, shall be detected by the IOP
selftest instructions. Whenever ome of these errors are detected, the IOP shall:

8. Set the KO-GO bit (Stat 1 of Table IV in the appropriate BCE or MSC).
b. Enter the MSC or BCE Wait state.

3:2.1.7.3.12 Internal IOP Error Summary. Table XVII is a summary of intermal error
actions.

3.2.1.7.4 Status Monitoring. The IOP shall provide for the BCE and MSC an error
status word of at least 32 bits., This status word shall be used to indicate input/
output data errors. The status word shall provide sufficient distinguishable states to
uniquely identify any or all of the errors specified in 3.2.1.7. The SEV error pattern
in the status word shall be the logic OR of all the data words received in the input
message. The IOP shall be capable of storing the status word into main memory at the
end of the input message. The BCE shall provide the capability to signal the MSC when
the errors occur during the receipt of an input data message.

3.2.1.8 Redundancy Management.
3.2.1.8.1 Redundancv and Fail-Soft Overation. The orbiter avicnics system design

includes redundant computer elements and subsystems for fail-operational/fail-safe
(FO/FS) requirements. The GPC design shall allow mo single failure that results in the
transnission of information on more than ome interfacing subsystem channel. To satisfy
flight safety requirements, the GPC shall be fail-soft with respect to data transfers
oo the serial digital multiplexed channels. Fail-soft is defined as the method whereby
the GPC shall not interfere with the ability of other GPC's to commwunicate over any
ome, any group, or all of the serial digfral multiplexed channels. Fail-soft perfor-
mance shall be provided under any single GPC failure or whenever the inmput power is out
of those limits required for full GPC performance or any combination of single fail-
ures, and input power fault conditions. I shall be a GPC design goal to ensure that
it will exhibit fail-soft operation for multiple-failure cases. The GPC shall auto-
matically inhibit transmission (not reception) om the serial digital multiplexed
channel whenever hardware BITE indicates a failure condition that affects more than one
channel.

3.2.1.8.2 General Svstem Redundancv Description. The Space Shuttle vehicle will
include redundant computer stations and system elements for FO/FS flight safety consid-

erations. Each system-critical data bus will interface with each computer. The bus
interface network shall provide each computer with the capability to service normal and
backup system control and monitor functions. Control of redundant subsystem elements
will normally be distributed among the computer stations. A dedic-ed-hierarchical
assignment will be determined by the computer configuration management software. To
facilitate the computer voting slgorithms (for failure detection and other consider-
ations) and minimize configuration management response time, each IOP shall comtrol
Ciomtailations ca selected data buses and monitor communications on other buses (where
the other buses have s different comtrol source). For system essential power comser-
vation cases and for FO/FS considerations, each computer shall “be capable of concrol
for all interfacing buses.
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3.2.1.8.2.1 Normal Overations. To satisfy normal operatioms, the data bus network can
be considered as a group of physically and functionslly independent sets of buses.

Each set of buses will interface with redundant system elements, For a given bus in
the set, only one computer shall issue commands. The same computer shall be receptive
(via listen mode) to received commands and to data traffic on other buses in the set.

3.2.1.8.2.2 Concurrent Overations. Some system functions will require a concurrency
of command-response operations between the computer members of a redundant set., Con-
currency within the digital software requirements vill be msintained by cooperative
mutual synchronization between each computer station., Intercomputer synchronization
requirements will not be within the requirements for processing data bus traffic; i.e.,
interbus data bit or data word synchronization shall not be an IOP requisite, The
redundact subsystem responses are not synchronized. The processing of all data bus
traffic shall be synchromized with the messages on each individual data bus. In par-
ticular, listen mode data bus traffic will be processed independently of other
operations,

3.2,1.8.3 Redundancv Management Implementation (RM). The IOP shall include hardware
elements to support the redundancy management functions of the computer fault detec-
tion, isolation and reconfiguration. The elements shall consist of the master sequence
controller, the failure vote transmission logic, the failure detemmination logic, the
transmission termination logic, RM self-test, and the RM discrete receivers and drivers.

3.2.1.8.3.1 BRM Functions. The redundancy management functions shall include the
following:

a. GPC fault detection: Compare data received from other computers with its own
computer data.

b. GPC fault isolation: (1) send failure vote indicationm to other computers, based
on the results of the compare process, (2) indicate failures, (3) inhibit IOP
transmission of data, (4) ichibit discrete outputs, snd (5) ishibit own voting
participation,

c. GPC reconfiguration: Reenable IOP transmission.

d. Watchdog timer: set to a value for timing out IOP functions.

3.2.1.8.3.1,1 Master Sesuence Controller (MSC). Computer fault detection is accom-

plished by bite hardware and such software techniques as data comparison between
computers, its error analysis, and ability to synchronmize GPC's. Failure opinions
among GPC's saall be communicated to the crew panels by failure vote discretes,
Failure votes shall be stored in a failure vote register under MSC control.

3.2.1.8.3.1.2 Failure Vote Transmission logic. The contents of the failure vote
register shall be transmitted over IOP dedicated discretes, The failure-vote register-
set votes shall be transmitted when a computer is determined as failed. The failure

3.2.1.5.3.3.1.
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3.2.1.8.3.1.3 Failure Determination Logic. The failure determination logic shall
consist of a voter, vatchdog timer, and a fail latch.

3.2.1.8.3.1.4 Yoter. The voter shall provide a voter-failed signal wvhenever at least
tvo fo the failure-vote discrete signals are received as logical ones. The hardwvare
logic shall not be dependent om the computer station locationm.

3.2.1.8.3.1.5 Fail Latch, Time- atc nd Comput il Discrete. The fail latch
contained in the IOP shall be set whenever the voted-failed signal is present. The
time-out latch shall be set whenever the watchdog timer time-out signal is present.
Both latches shall be reset by the master power reset command. In case of conflict
between set and reset conditions, the set conditions shall have priority. The fail
latch output or the timer latch output shall be transmmitted as a dedicated computer
fail discrete from the IOP. The computer fail discrete shall be a logical one wnenever
the fail latch or the time-out '=*fch are set.

3.2.1.8.3.1.6 Watchdog Timer. A watchdog timer shall provide a time-out signal to set
a time-out latch wvhenever the loaded time is elapsed. The timer shall be loaded and
read under PCO/PCI control. The timer shall have a resolution of at least ome milli-
second. The interval to be measured shall be at least one secound.

3.2.1.8.5 RM Self-Test. Sufficient status signals, reconfiguration, PCI comtrol, and
test comzands loadable under PCO control shall be included in the RM hardware to con-
trol and detect failures in the failure vote transmission, failure determination, and
transmission termination logic to a probability of 0.99 or better. The test commands
shall be used to inhibit the reception of failure votes, the trapsmission of failure
votes, and the computer fail discretes. Table XVIII is a list of RM status register
bit positioms and descriptioms.

Table XVIII. RM Status Register

Bit Description

l. Voter/fail latch logic failure 0 = No fault, 1 = Fault

o
[ ]

2. Failure Vote A No failure, 1| = Failure

3. Failure Vote B = No failure, 1 = Failure

4., Failure Vote C No failure, 1 = Failure

(=] o o
| ]

5. Failure Vote D = No failure, 1 = Failure

3.2.1.8.6 RM Discrete Receivers and Drivers. The RM hardware logic shall have the
capability to receive four dadizzted diccwates ~nd drive five dedicated discretes. The
discrete izterface shall be implemented as differential drivers and receivers as
specified iz paragraph 3.1.2.3.

FAAM W 11 —a? RFV .70



CODE I0ENT. NO. 03353
NUMBER AREVISION LETTER PAGE

MC615-0025 1 1 1 [ T 1 131

B |

3.2.1.9 Computer/Bench Test Equipment Interface. The characteristics of this

interface shall be established by the seller.

3.2.1.10 Support Software. The software requirements are definmed in ¥C615-0002.
3.2.1.11 Bench Test Equipment Interface. For performance of ground tests and

interfaces, the computer shall be provided with the capability cf interfacing with a
systen monitoring comsole. Via a unique BTE (bench test equipment) or AGE connector,
all commputer voltages shall be capable of being externally monitored. All lines
shall be properly buffered. Capability shall effect the following functions:

3.2.1.11.1 Memorv Load and Verify. Memory load and verify all or any part of memory.
The loading operation shall utilize a prewired bootstrap subroutine auch that multiple
entry keybcard program loading shall not be necessary. Capability for reading out any
specific vord or all contents of memory shall be provided.

3.2.1.11.2 Single Stes MACRO Operation. The computer shall be capable of stopping at
end of present instruction and executing onme instruction at a time. It must then be

capable of resuming normal operation. (Restart.)

3.2.1.11.3 CPU or IOP Wait State. (Stop) the CPU or IOP shall each be capable of
being independently placed in an external pause at the cooclusion of a speciiied
complete MACRO imstructiom.

3.2.1.11.4 Memorv Dump, Main memory may be dumped in whole or in part over the AGE
connector., Capability shall exist to override error correction so that the dump data
vill show any memory error conditions.

3.2.1.11.5 Registers, PSW, Timers, Ete. Capability shall exist to read and load the
various hardware registers.

3.2,1.11.6 Control Store Dump. Capability shall exist to dump in whole or partially
the contents of the read only control store memories within the CPU and IOP.

3.2.1.11.7 Single Step = MICRO Operation. The CPU or IOP shall each be capable of
being independently stopped at the end of the present MICRO imstruction for the
purpose of executing onme MICRO instruction at a time.

3.2.1.11.8 CPU and IOP Reset. Resets for both CPU and IOP shall be provided.

3.2.1.11.9 Address Lines. Address lines for main memory and CPU and IOP control
memories shall be available for the purposes of address comparisons.

3.2.1.11.10 Data Lines. A set of data lines commensurate with the data item being
addressed in 3.2.1.11.9 shall be availsble. Control store data shall not be
dynamically available.

3.2.1.11.11 Dvwvnamiz Data Extractisz. The 22tz itom p=<cant An the linae in
3.2.1.11.1C may be read in real time alomg with its address as specified in 3.2.1.11.9)

SR L3jema=] 3 /270
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3.2.1.11.12 Erzor Status Conditiong. Various error conditions shall be available as
they occur for both hard and soft errors as detected by hardware and/or microcode in
the CPU and IOP.

3.2.1.11.13 Status Indications. Various hardvare and software status iodicaticas
shall be available from the CPU and IOP. These indicators shall include at least the
following:

- Stopped/running conditions
= Pipe Line status.

3.2.1.11.14 Forced Execution of Micro Operations. This item is for potential diag-
postic purposes and details are TBD. the general requirement is %o be able to load

the interval CPU and ICP micro comtrol registers and force the execution of these
micro instructions one at a time (single stepped).

$.2.4.01.35 12D,

3.2.1.12 Ipitial Program loading (IPL). When the GPC is installed in the avionic
system the methods of lcading programs are: (1) mass memory readout and (2) via the
launch bus by ground support equipment.

3.2.1.12,1 I0P Control. The IOP shall provide for contrcl of IPL from the selected
external source to the GPC main memory. This control shall be via IPL microcode
instructions and discretes assigned for this function. The discrete interface
control shall be:

2. GPC-IPL discrete: Switch input from the pilot's panel when activated in the
presence of "BEALT" shall initiate IPL.

b. Balt discrete input: When true, this discrete shall cause an IOP reset and
shall cause the CPU to enter the system reset mode. The IOP reset shall cause
the actions im 3.2.1.5.3.3 to be completed.

¢. Standby discrete input: When true, this discrete shall cause tb- IOP to enter
the standby mode.

d. Run discrete input: When true, the discrete sball cause the IOP to enter the
run =mode,

e. IPL indicator: The IOP shall issue an IPL indication when the IOP is in the IPL
mode.

£. Mass Memory I ready - Discrete input to each IOP to determine the availability
of the Mass Memory. This discrete will be used by the IOP logic to gain &access
to the Mass Memory when it becomes available. If more than ome block of
program/dsta is being loaded during IPL, the blocks will be chained and the Mass
Memory will keep the 'Mass Memory Ready" discrete active and will not relinquish
control until the complete load module is transfeired iutc tha Cozpuler Mizory.
This discrete will also be readable by the Computer coftware to determine Mass
HMemory availability for normal operational use.

FIaw A 12]—=—2 PEV 2-73
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C.

Mass Memory 2 ready - Same as "Mass Memory 1 ready" above; but for Mass Memory 2.

3.2.1.,12.2 1IPL Ground Rules,

At least ome mass memory will be operatiornzl before a computer is selected for IPL.
One computer will be IPL'd at a time.

Once the defired program load has been completed, verificatior of data shall be by
check sum.

Before loading the computer memory, the entire memory will be conditioned with a
SVC (Supervisor Call) code to provide a trip if program execution deviates from
expected flow.

Al]l data read from the mass memory will be storage protected, computer storage
shall be loaded beginning at memory location zero.

The computer will operate required bus interfaces for loading as in the normal
operational mode except that the computer will control stcrage protection of data
being transferred into memory over the DMA channel,

Any IPL error shall leave the IPL indicator set, The indicator shall be
resettable oaly by recycling power.

The IPL load module shall be variable from 2 to 72 blocks of 512 halfwords under
control of a constant to be supplied as part of the load module,

3,2.1.12,3 IPL Imitial Conditions. The following conditions shall be initiated prior
to loading a computer memory:

GPC must be previously powered-om.
GPC shall be in the Ralt state by a discrete input from the crew panel.

The IFL mode shall be set and latched by an IPL discrete input from a momentary
(crev panel) switch.

IPL discrete output indicator shall be in the true state.
The DMA store protect control shall be ON.
At least one mass memory (MM) IPL select discrete inpui shall be TRUE.

The selected mass memory ready signal shall be in the True state (ON),

3.2.1.12.4 IPL Mechanization, The GPC IPL mechanization shall include as a minimum
the following:

Initisted from crew panel,

* I0P control uses MMl or MM2 as the IPL source,

All data shall be store protected.

FOQRM M (3] =w=2 AEV 2-70
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d. IPL load module size shall be 18,432 fullwords maximum.

e. Mass memories shall be dedicated to:
(1) BCE 18 for MMl
(2) BCE 19 for MM2

3.2.2 Phvsical Characteristics. The GPC shall have the following physical
characteristics.

3.2.2.1 Envelope. The envelope of the GPC shall not exceed the dimensicns of one AIR
envelope as shown in Figure 12 Connectors shall be on the face indicated by Figure 4,

3.2.2.2 Mounting. The mounting provisions of the GPC shall be as shown in Figure 3.

3.2.2.3 Weight. The weight of the GPC LRU including all control elements, modules,
and power supplies shall not exceed 70 pounds.

3.2.2.4 Yolume. The computer volume with 262,144 full words of memory shall not
exceed one LRU. The LRU case packaging shall conform to one standard ATR size.

3.2.2.5 Center of Gravitv and Moments of Inertia. The center of gravity (CG) shall be

determined in three axis from a defined reference datum. The moments of inertia shall
be calculated about the CG of the GPC.

3.2.3 Reliabilitv. The following reliability requirements shall be included in the
design of the GPC.

3.2.3.1 Fasteners. Threaded ports and fasteners shall be positively locked to prevent
loosening during service.

3.2.3.2 Circuit Protection. GPC circuit protection shall be provided in accordance
with Specification MF0004-002.

3.2.3.3 Parts Selection. Electrical, electronic, and electromechanical piece parts in
nev and modified portions of the computer design are to be selected and applied in
accordance with the Orbiter Project Parts List (OPPL), MF0004-400. Off-the shelf (OTS)
elements of the computer design are to be identified by the seller, and necessary
specific exemptions from OPPL requirements for OTS elements will be authorized by the
buyer after review of seller's EEE parts selection, application, and experience.
Non-exempted OTS elements of the design are to meet the same requirements as new and
modified portions of the design.

3.2.4 Maintainabilitv.
3.2.4.1 Design Allocations. The design shall satisfy the following maintainability

s1lnaratjnnae:

a. The GPC shall have the capability in conjunction with ground support equipmen:
(GSE), if applicable, to isolate any discrepancy to the malfunctioning LRU or
onboard verification of LRU functional performance after installationm within five
micutes.
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C.

d.

Scheduled maintenance required for equipment shall be limited to replacement of
time/cycle sensitive equipment.

The GPC shall be designed to allow failed subassemblies to be replaced in 0.3
hours or less after failure identification.

The GPC shall be designed to allow bench verification of the GPC interfaces and
internal functions within 0.5 hours using suitable support equipment in the
maintenance area.

3.2.4.2 Design Features. The design shall incorporate the following maintainability
features.

3.2.4.,2,]1 Maintenance.

b.

i.

The GPC shall not require scheduled maintenance except as oted in 3.2.4.1(b).

The GPC shall be designed to preclude the use of special tools and equipment for
site maintenance and repairs. Special tools, if required, and approved by the
buyer, shall be designed to withstand the intended use throughout the life of the
equipment.

The GPC shall be designed to satisfy the requirements of am LRU.

LRU's shall be designed so that routine corrective maintenance can be accomplished
by the replacement of Shop Replaceable Units (SRU's).

SRU's shall be designed so that maintenance actions not requiring extensive refab-
rication, refurbishment, or overhaul can be accomplished at the shop level of
maintenance. Corrective maintenance of SRU's shall be accomplished by the
replacement of minor subassemblies or piece parts. SRU's shall be designed to
preclude the loss or dropping of hardware which could cause internal damage or
affect the LRU's serviceability or increase maintenance time.

Scheduled maintenance of the GPC when in its installed configuration shall be
limited to the maintenance and repair areas.

The necessity for any maintenance servicing or checkout tasks, other than built-in
test capability, to be accomplished durinmg flight is prohibited.

Items requiring forming (rolling) or welding of attaching surfaces at disassembly
points shall be designed so that removal of material upon disassembly during
repair, overhaul, or modification does not destroy or render unusable any repair-
able subassemblies or components of the item.

Suitable warnings shall be provided om instruction plates or service placards if
bazardous conditions exist when maintenance is performed.

Zae G:C desigu shall aut requise preinstallation acceptance chackout prinr to uea,

The GPC shall be designed s0 as to preclude the need for on-line support equipmert.
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1.,

P.

b.

Ce

Maintenance Materials. No materials or procedures shall be required for

maintensnce activities at any assemply level of equipment that will result in
requirements for highly specialized skills, sophisticated manipulative techniques,
or extended maintenance task times.

Scheduled Overhaul. The computer shall not require scheduled overhaul with the
exception of battery replacement.

Calibration/Adiustment. Adjustment or calibration of the computer shall not be
pernitted at the LRU level. Adjustments shall be permitted at the SRU level as a
result of SRU repair actioms.-

Diagnostic/Modularitv Capabilitv., The computer shall be logically and electri-
cally desigred with modular features integrated with BITE to facilitate the
location and replacement of malfunctioning modules through ground diagmostic
progracming.

Time Totalizing Meter. Each GPC shall be provided with a time totalizing meter
mounted on the froant. The meter shall conform to MIL-M-7793. The glass shall be
shatterproof.

3.2.4.2.2 Installatiom.

The equipment design shall physically prevent the incorrect installation of
modules and submodules. Clearly visible color coding and labeling in close
proximity to maintemance discomnect points shall be used to facilitate removal and
replacement of any subassembly level of equipment.

Components shall be mounted in a menner to avoid blind ad justments.

Mechanical retention devices for equipmeat/components shall not require safety
wiring.

If a GPC is mounted and secured by bolts where the component must be held in place
until the bolts are engaged, pilot keyhole mounting or similar installation aid
shall be provided.

Threaded fasteners used for securing a single component, where practical, shall be
the same type, size, and tensile strength.

Assembly/subassembly installations shall be designed such that accessibility to
threaded fastemers may be accomplished without the use of universal joints,
angular extensions, handle extensions, or combinations thereocf, in comjunction
with torque tools.

Captive fasteners shall be utilized to hold LRU's.

3.2.4.2.3 Accessibilitv,

Zlectrical czonrectors shzll be accessible without disassembly or removal of
functional equipment or components.

FORM M (3l ===—2 REV 2.70
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b, Servicing and test points shall be clearly marked and shall be accessible without
requiring removal of access plates or covers except service caps, Calibration
controls shall be accessible and clearly marked for major functionms.

c. All fasteners on a single access cover shall be of the same length, diameter, and
type.

3.2.4.2.4 Replacement,

8. Mounting provisions shall permit SRU removal (except for page cable assemblies)
and replacement without disconnecting any equivalent level SRU in the line
replaceable unit, If removal of s LRU structural element is required for access,
such removal shall not affect electrical or mechanical alignment, nor shall the
mechanical strength of the unit be impaired to the point that bending of the unit,
its assemblies, electrical harnesses, or plumbing attachments will occur during
normal bench handling of the unit,

b. Attach fittings for components routinely removed shall be operable without hand
tools and shall be accessible without requiring removal of access panels or covers.

3.2.4.2.5 Handling.

a., Handling provisions shall be provided on LRU's in accordance with MIL-STD-1472,
except for the LRU handle.

3.2.4.2.6 Miscellaneous.

3.2.4.2.6.1 Design Allocations,

a, The computer shall be designed to allow bench verification of the module
interfaces and comtrol logic functions within 30 minutes, using suitable test
equipment,

b. The computer shall be designed to allow failed subassemblies or modules to be
replaced within 0.3 hours or less after failure detection and LRU removal.

3.2.4.3 Self Test Provisions.

3.2.4.3,1 LRU Peculiar Reguiraments, Provisions shall be incorporated to detect and
report failure of redundant capability. This level of failure detection is required
for both sutomatic reconfiguration and for those cases where reconfiguration is uander
external coamtrol.

a, Means of indicating the validity of data received via the serial digital data bus
interface shall be provided,

b. Capability to provide status of redundant functional paths in the installed flight
configuration shall ba srovided,

¢. Provisions to enable loop test verification utilizing the integrated avionics.
systexm shall be incorporated in the GPC.
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d. The GPC shall provice failure detection of peculiar failure modes.

e, Means of indicating operating modes (operational, acquisition, self-test, and
stand-by) shall be provided.

f. The GPC shall include the capability to .Ecouplilh diagnostic or self-test
verification of stored logic.

3.2.4.3.2 Ioplementation. Built-in~test may be implemented utilizing an appropri-
ate mixture of Built-In-Test-Equipment (BITE), self-test circuitry, or by providing
adequate test points at the electrical interface. It may be designed for automatic
continuous, or iterative operation. However, it shall be designed to operate im all
modes and conditions in both flight and ground operation. The type of implementation
shall be selected in accordance with the following restraints:

a. Continuous testing or monitoring shall be used only when it can be performed
simultaneously with operational use and where such testing does not degrade
operational performance.

b. Iterative testing not under computer control shall not interfere with equipment's
operational performance.

¢. Any technique that requires extermal control or evaluation shall require buyer
approval prior to implementationm.

3.2.4,3.3 Test Circuitry Failure. Failure of the test circuitry shall be fail-safe
and shall oot induce failures in other portions of the LRU, or in another LRU.

3.2.5 Eavironments.

3.2.5.1 Operational. The GPC shall be capable of meeting the operating performance

requirements specified herein during and after exposure to any feasible combination of

the following conditions:

a. Temperature Minimum: Minus 20°F (compliance with opera-
tional performance requirements at
plus 359F and above)

Maximum: Plus 1200F

b. Pressure Migimum: 12.3 psia, continuous, 8 psia for
2 hours

Miximum: 18.0 psia
¢. Bumidity Minimum: 8 percent relative
Maximum: 100 percent relative
d. Salt fog Expusure Co i peicent eait solutica by weight

e. Delezed

sc e
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£. Random Vibration
(1) Qualification = 20 - 80 Hz Increasing at plu: 3 d8/
acceptance vibration octave to 0.067 g2/Ez at
(acceleration 80 Hz
spectral density)
80 - 350 Bz Coustant at 0.067 g2/Hz
350 - 2,000 Bz Decreasing at minus 3 dB/
octave from 0.067 g2/Ez at
350 Hz
Duration: (1) 5 times AVT time
. (2) 20 times AVT time (goal)
(2) Flight (Interior) 20 - 150 Hz Incre:tini at 6 dB/octave
to 0.03 g</Hz act 150 Hz
150 - 1,000 Bz  Constant at 0.03 g2/Ez
1,000 - 2,000 Bz Decreasing lt 6 dB/octave
from 0.03 g2/Bz st 1,000 Hz
Time Duration: 48 minutes per axis
g+ Acceleration Plus and minus 5 g's in all major axes
bh. Shock
(1) Landing Rectangular pulses of the following peak
sccelerations, time durations, and number of
applications in the vertical (up) direction
during landing:
Acceleration Duration
eak (ms) Applications
0.23 170 22
0.28 280 37
0.35 330 32
0.43 360 20
0.56 350 9
0.72 320 4
1.50 260 4
(2) Tramsient 5 to 35 Ez; plus and minus 0.25 g peak in ome
sveep from 3 to 35 Hz at one octave/minute.
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3.2.5.2 Nopoperational. The GPC shall be capable of meeting the operating
performance requirements specified herein after exposure to the following conditionms:

a. Temperature Minimum: Minus 65°F

Maximum: Plus 1200F with extremes of 1509F for
6 hours per day

b. Pressure Mipimum: 3.28 psia
Maximum: 30.0 psia
c. Shock

(1) Bench handling As specified in MIL-STD-810, Method S516.1,
Procedure V

v (2) Basic design 20g terminal sawtooth shock pulse of 1l ms
duration in each direction of three orthogonal
axes (both directions)

(3) Crash safety 40g terminal sawtooth shock pulse of 1l ms
duration in each of three orthogonal axes (both
directions). Equipment and its mounting
attachments shall not break loose, create a
hazard to personnel, or prevent egress from a
crashed vehicle. Operating performance is not
required after this test.

d. Ozoae 3 to 6 parts per hundred million (phm). Total
oxidant concentration may reach 60 phm for 1 to
3 bours in any 24-hour period.

£. Fungus As specified in MC999-0096

3.2.5.3 Transportation and Storage. The GPC shall be protected from the environments
specified in paragraph 5.2.3 by adequate packaging or protective processes unless the
design to vehicle flight requirements precludes the need.

3.2.6 Transportsbility. The GPC shall be designed so as to be capable of being
bandled and transported to using facilities without damage or degradationm, utilizing
available methods of transport with the item prepared for shipment in accordance with
Section 5 requirements. The equipment design shall be compatible with the planned
packaging and transportation system to the extent that loads induced in the equipment
during tramsportation will not produce stresses, internal loads or deflections
resulting in damage to the equipment.
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3.2.6.1 Integral Protective Cavabilitv. The equipment design shall incorporate "one or
more of the followir_ provisions for protection of components which are- highly
vulnerable to damage during transport and associated handling:

a. Provide attach points for installation of temporary protective device (covers,
reinforcing structure, desiccant cartridge, air breather/filter, heater, etc.)

b. Make provisions for removal of sensitive compoment(s) for separate shipment

¢. Provide built-in protective device (e.g., cover, caging of free-moving compoments,
desiccant chamber, heater, etc.)

3.2,7 Thermal Design Requirements, The thermal design requirements shall be in
accordance with MF0004-009, except that inlet air shall be 100°F and exhaust air
temperature shall be 133°F,

3.2.7.1 Cooling Svstem Configuration. Each computer shall be cooled as shown in
Figure 13, :

3.2.7.2 Cooling Air Pressure Loss. The cooling air pressure loss for a given LRU
shall be the difference between the total pressure of the coolant entering and outlet
pressure of the air leaving. The unit total pressure loss for each of two specified
conditions is as shown in the table below. The total pressure loss of like delivered
units shall not vary more than 10 percent from a nominal design value to be agreed upon
by the seller and buyer,

Cooling Air Pressure Loss Table

Condition A (Ground) B (In Flight)

Maximum allowable computer total 1.3 1.3
pressure loss (in., of Hj0)

Surrounding air pressure (psia) 18 (+0, -2) 14.7
Inlet air temperature (°F) 100 100
Exhaust Maxioum air temperature 133 133
(*F)

3.2.7.3 Cooling Air Flow. During flight and ground operations, at ambient pressures
of 12.3 to 18.0 psia, the GPC shall have a minimum gas coolant flow rate of 4.0 1lbs/min.

3.3 Design and Construction. The computer design shall make maximum use of modular
plug assemblies., Commonality of modular functions shall be stressed to reduce the
requirement for spares allocatiom of circuit boards due to uniqueness. The computer
case shall be of minimum weight consistent with supporting modules and subassemblies
for the specified environment, Wherever practical, the computer design shall include
modules, subassemblies, and components of proven design. Workmanship shall be in
accordance with MIL-STD=-454, Requirement 9.
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Figure 13, General Purpose Computer Cooling System Configuration
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3.3.1 Materials, Processes, and Parts.

3.3.1,1 Materials and Processes, Materials and processes for the GPC shall be in
accordance with MC999-0096 to the extent specified in the requirements table of the

purchase order.

3.3.1.2 Parts Standardization. Parts utilization shall be based upon: (1) selection
of qualified parts, (2) proper derating and application, and (3) minimizing the number
of part types. Parts used in design and fabrication shall be selected from MF0004-400,

3.3.1.3 Cleanliness. The GPC shall be cleaned to the cleanliness requirements of
MC999-0096 (visibly clean).

3.3.1.4 Vibration Isolators. The computer LRU's shall be rigidly mounted without
benefit of vibration isolators.

3.3.2 Selection of Specifications and Standards. Specifications and standards for use
in the design and construction of the GPC, other than those specified herein, shall be
selected in the order of precedence in accordance with MIL-STD-143, except that NASA
documents, vhen suitable for the purpose shall take precedence.

3.3.3 Electromagnetic Compatibility and Electrical Design.

3.3.3.1 Electromagnetic Compatibility (FMC)., The GPC shall meet the electromagnetic

interference and compatibility requirements of MF0004-002 for Class ID requirements,

3.3.3,2 Electrical Design Requirements, Electrical design requirements for the GPC
shall be in accordance with MFJ004-002 to the extent specified in the requirements
table of the purchase order.

3.3.3.2.1 Deleted.

3.3.3.2,2 Metals and Metal Couvles, Restriction on Use. Metal joints which require
electrical bonding shall be precise, dry, and conducting. Nonconducting corrosion
inhibitors may be added after joint assembly. Conducting metal joints shall be
required for electrical circuit faultecurrent return, electrostatic corona prevention,
and structural shielding from lightning-strike induction and aviomic interference.

3.3.4 Identification and Marking.

3.3.4.1 ldentification of Parts. Zach part fabricated shall be identified with a part
number. The same specification or part number shall be used to identify all like
materials, processes, and parts. Seller shall assign a nev part number to the part
vhen authorized changes make the superseded part not intcerchangeable with respect to
interface, reliability, safety, logistics, traceability, or performance. The part
identification shall include the manufacturer's identification code per DOD Handbook

H 4~1, and be lot numbered or serial numbered when required.
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3.3.4.2 ldentification of All Development/Qualification Test Specimens. Test speci-

mens shall be permanentl and obviously identified prior to testing with the words "ENG
TEST ONLY" in addition to the identification required by the drawing/specification

to preclude their use on production items. The letters shall be indelible and provide
a distinctive and vivid contrast with the color of the test specimen. The lettering
size and identification location shall be clearly visible to casual observation.
Materials used for the identification shall be compatible with the test specimen im its
operating enviromment. When the size or configuration of the test specimen is such
that the identification cannot appear on the specimen other suitable means such as
metal tags shall be used.

3.3.4.3 Nameplates. Nameplates shall be marked in accordance with MIL-STD-130 and
shall include (as applicabl») item name; buyer's control number; manufacturer; date of
manufacture; and manufacturers serisl number, part number, lot number, and code identi-
fication number. Abbreviations, in accordance with MIL-STD-12, may be used.

3.3.5 Traceabilitv. Traceability shail be provided by assigning traceability
identification to end items or major compoments as identified in 3.1.3. Each com-
ponent, part, and subassembly comprising or contained within the end item or major
component shall be classified and processed as exempt or traceable, in accordance with
the criteria contained herein.

3.3.5.1 Traceabilitv Clasgification. Each component, subassembly, and part within the
end item shall be evaluated ard receive a traceability classification. Seller and
subordinate supplier engineering documentation (e.g., drawings and specifications)
shall specify the traceability classification for each part, component, and subassembly
as classified by the seller.

3.3.5.1.1 Serial Traceabilitv (Tg). Serial traceability requires the nlsxgnmen: orf a
unique serialized identifier and processing of each part, subassembly, major compoment,

or end item identified (Tg) as a separate item, and maintaining historical records
pertaining to that item alome. The historical records in turn will provide the
capability for backwazrd :rlcenbility to the identification of its procurement, fabri-
cation, inspection, processing, test, and operating records and any other pertinent
data deemed necessary by the seller. The capability shall also provxde for backward
traceability.to the procurement document(s) and receiving record(s) oi part(s), com-
ponents, and subassemblies within the end item designated as traceable (exempt items
excluded).

3.3,5.1.1.1 Serial Traceability Criteria. Sub-tier items comprising or contained

vithin the end item which satisfy any of the following criteria shall be traceable by
serialization:

a. Limited life.

b. Contains traceable subordinate items, sssemblies, or parts.

3.3.5.1.2 lot Traceability ( T1). Lot ttaceabili.y requires 12t carial pimhering of

sub-tier items produced by the lot, batch, miz, heat, or melt ip a given time sequence
.and the maintaining of historical data equally pertinent to all items in the lot.
Separate lot numbers shall be assigned when planned differences between individual
items in the lot oceur due to changes in materials (substitution) or processes which
effect form, fit, or function. The "“given time sequence” includes identification of
verk on the production order for a specific part number, from initiation of work
through completion of the last operation.
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3.3.5.1.2.1 lot Traceabilitv Criteria., Sub-tier items which satisfy the following
criteria shall be lot traceable:

a. All functional electrical, electromic, and electromechanical (EEE) parts in
accordance with MF0004-400

b. Parts vith materials identified by the seller as critical, except for resistors,
capacitors, and connectors/test point blocks

c. Parts identified by the seller as controlled by unique manufacturing process(es)

3.3.5.1.3 Exempt From Traceabilitv (E). This classification identifies those items

which are exempt from traceability requirements. All items which have not been
classified and identified as Tg or Ty shall be exempt (E) from traceability.

3.3.5.2 Traceabilitv Identification. Each item identified as traceable (Ts, Ty) shall
have a traceability identifier consisting of the manufacturer's code-identification
number as listed in DOD Handbook B 4~1 and & serial, lot, or member number as
illustrated below. The serial, lot, or member number shall be assigned by the
manufacturer and shall not exceed 10 characters (alpha-numerics, dashes, etc.).

Mfr's Code No. Mfr Assigned Traceable No.
Digit 11 213)6)35] 6] 7]8]9][]10]122] 12]113] 141 15
Mfr's Code and E|X| A} M| P| L|E
Tracesability No. | 0| 3| 9| 5| 3| - 0| 0] 0] O A B 0 0 1

3.3.6 Interchangeability. The GPC and the items identified in 3.1.3, shall be
interchangeable in accordance with the definition of MIL-5TD-280. Interchangeability
shall be a design feature for all removable items/subassemblies/parts designated as
LRU's or SRU's. When removable items/subassemblies contain controls, wiring, hydraulic
lines, etc., interchangeability shall be provided at the attachments of these items to
their next assembly, as well as for structural attachments of the assembly.

3.3.6.1 Design Tolerances., Provisions shall be made for design tolerances such that
items having the dimensions and characteristics permitted by the item specification or
drawing are interchangesble without selection or departure from the specified equipment
periormance.

3.3.6.2 Use of Standard Parts. When standard parts (refer to 3.3.1.2) are not
available and permission is granted for use of a nonstandard part due to unmavailabilicy
of the standard part, the equipment shall be designed so that the nomstandard part can
be replaced by the standard part. Appropriate space, mounting holes, and other
necessary provisions shall be provided for this purpose.

3.2.7 faferv. Tte design apd operation shall comply with the following safety
reguiremezncs:

a. The design shall insure that transient effects to the computer cannot introduce
errotecus signals which are hazardous during critical operations.

b. The computer shall not gemerate electrical current or radio frequency transiencs
that could cause failure or malfunction of other equipmeat unless the computer is

[Ak properly shielded.
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¢. The physical form or shape, as designed and built, shall minimize sharp points,
corners, edges, etc., which present a hazard to operations persosnel or to their
personal clothing or equipment. When such features are required for mission
accomplishment, then suitable guards shall be provided for ground or flight
handling operationms.

3.3.8 Buman Performance/Human Engineering. The design shall consider the capabilities

and limitations of the human operator wherever a man-machine interface exists,
including torques, forces, and other functional design characteristics of controls,
displays, and work stations. The principal design guide for the man-machine interface
sball be MIL-STD-1472. Handling provisions shall be in accordanmce with 3.2.4.2.5.

3.3.9 Mechanical Design Requirements.

3.3.9.1 Provisions for LRU Alignment. LRU's requiring a particular alignment in the
spacecraft shall incorporate special alignment means appropriate to the accuracy of the
alignment required.

The design of mechanical systems igvolving linkages or other devices that require
accurate alignment by adjustment shall include provisions for alignment and recheck of
alignment without removal of components of the system and without removal of other

equipment.
3.3.10 Other Requirements.
a. Electrical and Electronic Piece-Parts - Closure Comstruction. Electrical and

electronic piece—parts with all-welded closure construction shsll be used in
preference to piece parts with other types of closure construction. Other types
of construction may be used if adequate program controls are imposed to assure
that internal contamination cannot cause part degradation and/or failure under a
zero-gravity enviromment.

b. Wire Bundles - Protective Coating. Where protective coating or sheathing is added

to wire bundles, ability to withstand anticipated handling and operating defor-
mations without wire damage shall be demonstrated by appropriate test programs.
Adequacy of materials applied to wire bundles will be demonstrated during
development testing and by various installation-level tests. Verification tests
of specially-designed and procured cables will include tests to demonstrate the
adequacy of the cover.
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CODE IDENT. NO. 03953
NUMBER REVISION LETTER PAGE

MC615-0025 N 150

4, QUALITY ASSURANCE PROVISIONS

4.1 Geperal Requirements
4.1.1 General Verifjcation Guidelines gnd Criteria. The seller ahall use the follow-

ing general requirements in developing a verification program.

a. Each performance and design icquircnln: specified in Sections 3 and 5 of this
specification shall be verified by test, sssessment, or analysis in support of
certification of the design for operational use.

b. Verification of maintainability, accessibility, and ease of operation shall be
demonstrated.

Es Each measured parameter for testing shall have a specified tolerance band of
acceptability bracketing the nominal value.

d. As a general guideline, off-limit testing will not be conducted. However, off-
limit testing will be considered:

(1) When design margins are relatively small with respect to off-nominal abort
conditions.

(2) When uncertainty exists in the definition of the design criteria.

Testing of this sature must have prior approval of “he buyer and must have coa-~
sidered preservation of at least oo specimun of certification hardware for later
testing.

e. Acceptance test procedures, equipmer 4z’ tes: levels shall be verified during
development testing.

f. Certification shall be structured to verify the full range of the design require-
ments under specified enviromments.

g§. Whemever practical and technically sound, accelerated life test techmiques shall
be utilized.

h. Testing shall be conducted at the most cost effective level of assembly.

i. All qualification test specimens shall be processed through specified acceptance
testing prior to qualification test.

4.1.2 Test Copditions.

4,1.2.1 Standard Test Conditions. Envirommental standard test conditions for tests
required by this specification shall be: en atmospheric pressure of 28.5 plus 2 or
minus 4.5 inches of mercury (Hg), a temperarure of 73 plus or minus 18°F and & relative
humidity of 50 plus or minus 30 perceat.
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4.1.2,1.1 Coldplate or Forced Air Cooled Equipment. When operation of the unit under

test is required during envirommental exposure, coolant in accordance with specifica-
tion requiremects shall be supplied. During tests in which the ambient temperature is
other than standard room ambient, the coolant temperature shall be at design extremes
and "in-phase” with the test :hamber temperature. If the use of coolant will have no
effect upon test results for a particular environment, the requirement to use cooling
shall be at the discretion of the seller.

4.1.2.2 Test Tolerances. Test tolerances shall be used as specified in MIL-STD-810,
or FED-STD-10l as appliicable, except as follows:

4.1.2.2.1 Random Vibration. Test tolerances and procedures shall be in compliance
with SP-T-0023.

Analog vibration spectral density analysis criteria: Analysis sample time (T) shall
equal or exceed 50/BW, where BW is the effective bandwidth of the filter utilized.

For swept filter analysis, analyzer filter scan rate (SR) shall (1) not exceed BW/T
Hz/second when averaging is obtained using linear integration with an integration time
of T; or (2) shall be BW/4RC vhen averaging is obtaimed by smoothing with an equivalent
resistance capacitance (RC) low pass filter using a time comstant RC > T2.

4.1.2.2.2 Shock.

(Acceleration versus Peak amplitude: Plus or minus 10 percent
time) Pulse duration: Plus or minus l0 percent
4,1,2.2.3 Acceleration. Specified acceleration: Plus 10 percent,

Minus 0 percent

4.1.2.2.4 Exvosure Time. Duration specified for vibration or accel-
eration environoments:

Plus 10 percent, Minus 0 percent

4.1.2.2.5 Measuring Instrumentation. Allowable error shall not exceed one-tenth of
the tolerance specified for the parameter to be measured.

4,1.3 Test Responsibility and Location. The seller shall be responsible for imple-
menting the quality assurance requirements specified herein. Except as otherwise
noted, the seller may use his own facilities or any commercial laboratory acceptable to
the buyer.

4.2 Qualitv Conformance. The following sections define the tests, analyses, simula-
tions, and assessments necessary to verify that the requirements of Sections 3 and 5 of
this specification are met.

4,2.1 Development. The seller shall perform development engineering evaluation of
hardvare, software, manufacturing processes, and techniques for the purpose of acquir-
ing engineering data; identifyizng seasitive jarcmatess; 2valnuzting she Aavnlonmens
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configuration; providing the necessary confidence that the hardvare will meet the
lgccifica:ion product. Development objectives sball encompass the following as a
minimum:

a. Design and performsnce capability, including redundancy.
b. Ability to meet specified requirements with adequate design margin.

¢. Integration of each component and subsystem with other components, subsystexms,
facilities, support equipment, etc.

d. Establishment of process, procedures, equipment, and test levels for manufac-
turing acceptance testiag, maintenance, checkout, and operational phases of the
program.

e. ldentification of significant failure modes and effects.

£. Determination of the effect of various combinations of tnlerance and drift of
design parameters.

g. Determination of the effect of combinations snd sequences of enviromments and
varying stress levels.

b. Identification of safety hazards, parameters, requirements, and procedures.

4.2.1.1 Ovperating Limit on Temperature Controlled Equipment. For flight equipment

whose operating temperature is normally controlled by heating or cooling equipment, and
vhose temperature is monitored in flight, the test program and appropriate analyses
shall define:

a. The maximum and minimum temperatures expected in normal operatioms.

b. The maxizum and minimum temperature at which equipment may be expected to fail to
function until temperature is restored to normal range.

4.2.2 Acceptance. Acceptance tests and inspections shall be performed on all comput-
ers to be employed in qualification test programs and om all computers delivered to the
buyer. These acceptance tests and inspections shall be performed to demonstrate that
specified requirements have been met. Final acceptance tests and inspections shall be
performed in a manner and under conditions which simulate end-use to the highest degree
practicable without damage to the GPC. All final acceptance tests and inspections
deterzined to be necessary to demonstrate end item complianmce to comtract, drawing and
specification requirements shall be listed in Table XIX.
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.lelc XIX. Acceptance Requirements

Paragraphs Listed in

Inspection and Test Recommended Sequence
Examination of Product 4.2.2.1
Insulation Resistance Test 4.2.2.6
Dielectric Strength Test 4.2.2.7
Acceptance Vibration Test 4.2.2.3
Acceptance Thermal Test 4.2.2.4
Performance 4.2.2.2
Pover Variation Test 4.2.2.5

Note: Functional performance and/or continuity tests of 4.2.2 shall be comducted on
each GPC to the greatest degree practicable before, during, and after acceptance
vibration tests and acceptance thermal test. When complete functional verifica-
tion canmot be accomplished durirg the acceptance test with envirooments because
of limited test time, the most critical functions that demonstrate equipment
pecformance shall be tested and all other functional circuits monitored.

4.,2.2.1 Examinationm of Product. Each GPC shall be carefully examined to determine
conformance to the requirements of this specification. Particular attention shall be
given to weight, workmanship, finish, dimensions, construction, cleanliness, identi-
fication, marking traceability level, and that certified materials and processes have
been used.

4.2,2.2 Functional and Performance Tests. Functional and performance tests shall be
conducted on all deliverable equipment to establish compliance with the requirements of
Section 3. Tolerance bands or pass-fail performance criteria, based on performance
design requirements, shall be established for each parameter. They will include the
following as a minimum:

a. Pover Requirements.
(1) Isolation of prizmary power aad ground
(2) Power-on/off sequence

(3) Pover interruption
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b. uilt-in Test (BIT).
c. Control Processing Unit (CPU).
(1) Proper operation of computer instructions
(2) Proper operation of CPU registers, clock, and interrupts
d., Memorv.
(1) Main store areas addressed correctly
(2) Ability to modify memory storage protect bits under program coatrol
(3) Proper operation of parity interrupt and memory storage protection interrupt
e. Intra Element Input/Output (CPU/IOP).
(1) Verify operation of discrete inputs/outputs
(2) Ability to exercise address lines and to command data output line
(3) Ability to process external interrupts and to override DMA operation

£. Input/Outout Processor (IOP).

(1) Verify operation of MSC, BCE, CPU interrupt mechanizations generated by IO?
including discrete output and input mechanizations.

(2) Verify entire MSC and BCE instruction set, intercomputer operaticns, and DMA.

(3) Verify IOP discrete inputs and output (including RM).

g. Multiplex Interface Adapter (DMIA).

(1) Verify command and data word sync recognition
(2) Demonstrate return word capability

4.2,2.3 Acceptance Vibration Test. The GPC shall be subjected to random vibration, in
each of three orthogonal axes, in accordance with the spectral density envelope speci-
fied below. The vibration duration shall be adequate to perform selected funmctionmal
performance tests, but shall not be less thao 30 seconds nor greater than 5 minutes per
axis. Should retest be required, the total accumulative vibration test time in anmy
axis shall not exceed the qualified time for AVT in that axis (reference 4.2.4.1.3.1)
without prior buyer approval. Tolerances, procedures and tests shall be conducted
before and after the vibration test. Selected performance tests (TBS) shall be con-
ducted guring vidratiou, wiil &ll ollczr eircuits monitored.
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Acceleration Spectral Demsity

20 to 80 Hz - Increasing at plus 3 dB/octave to
0.04 g2/Hz at 80 Hz

80 to 350 Hz - Constaant at 0.04 g2/Hz

350 to 2,000 Hz - Decreasing at minus 3 dB/octave, from
0.04 g2/Hz at 350 Hz

4.2,2.4 Acceptance Thermal Tests (ATT). The GPC shall be thermal cycled frea 70°F to
plus 100°F, to 0°F, to plus 35°F, to plus 100°F, and to 70°F with continuity monizcred
throughout. The thermal rate of change shall not exceed 4°F per minute, nor be less
than 1°F per minute. Dwell at each temperature limit shall be a minimum of 60 minutes
after thermal stabilization of the test article. Selected performance tests shall be
conducted on all items during each thermal extreme except that the GPC will not be
operated at temperatures below plus 35°F. The performance test at each high temper-
ature extreme shall include operation at the maximum heat dissipating mode for a dura-
tion consistent with the design capability and sufficient to verify acceptance
performance.

4.2,2.5 Power Variation and Usage Tests. Tests shall be conducted to determine if the
equipment performs satisfactorily under power input conditions specified in 3.1.2.1.

4,2.2.6 Insulation Resistance Test. Insulation resistance test shall be in accordance
with MF0004-002, except that the test shall be made at less than 50 volts.

4.2.2,7 Dielectric Strength Test. 800 Vdc shall be used to check for short circuits
and insulation breakdown on multilayer interconnection boards (MIB's). Page connectors
shall be qualified to 450 Vac and LRU conmectors shall be qualified to 1,300 Vac.

4.2.3 Assessment., Verification by assessment methods shall be used to verify design
features. These methods employ the orderly review and evaluation of design (documen-
tation) or visual inspection techniques (e.g., mock-up forms, fit checks, maintain-
ability access, tolerances, safety wiring and placards).

4,2.3.1 Reliabilitv., Verification of the applicable reliability requirements of
3.2.3, which cannot be verified by test or analysis, shall be by assessment.

4,2.3.2 Maintainability. Complisance with the maintainability requirements of 3.2.4,
which cannct be verified by analysis, shall be by assessment of engineering data.

4,2.3.3 Materials and Processes. Conformance of the GPC with materials and processes
in accozdance with 3.3.1.1, which cannot be verified by test or acalysis, shall be
verified by assessment of design drawings and process specifications.

4.2.3.4 Parts Standardization. Conformance of the GPC with standard parts in accord-
aoce with 3.3.1.2 shall be verified by assessment of design drawings.

4.2,3.,5 Selection of Specification and Standards. Verification that selection of
specifications and standards are in accordance with 3.3.2 shall be verified by assess-
mer . of design drawings and specifications.
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4.2.3.6 Electrical Design Requjrements. Verification that the GPC conforms to the

electrical design requirements of 3.3.3.2, vhich cannot be verified by analysis or
test, shall be verified by assessment of design dravings.

4.2.3.7 lnterchan ili d Re ilitv. Verification that the GPC design
conforms to the interchangeability and replaceability requirements of 3.3.6 shall be
verified by assessment of design documentation.

4.2.3,8 Design Tolerances. Verification that the GPC conforms to the design toler-
ances required in 3.3.6.1 shall be verified by assessment of the design documentation.

4,2.3.9 Use of Standard Items. Verification that standard items will be used in the
GPC when available in accordance with 3.3.6.2 shall be verified by assessment of
design drawings.

4.2.3.10 Buman Performance/Human Engineering., Verification that the GPC conforms to
the buman performance/human engineering requirements of 3.3.8 shall be verified by
assessment of the design drawvings.

4.2.4 Certification. The seller shall certify the requirements of Section 3 and 5 by
tke methods specified below.

4.2.4,1 Qualification Tests. Qualification testing performed to satisfy the require-
ments specified in the performance and design verification matrix (Table -XXI) shall be
in conformance with the requirements of this paragraph. Qualification test specimens
shall be subjected to the tests specified in Table XX in the sequence below.

Table XX. Required Tests

Test Paragraph
Acceptance Test (REF) 4.2.2
Pover Test 4.2.4.1.6
EMC 4.2.4.1.8
Cabin Atmosphere 4.2.4.1.12
Thermal Cycle 4.2.4.1.10
Vibration 4.2.4.1.3
Acceleration 4.2.4.1.4
Thermal-Vacuun 4.2.4,1.9
Life 4.2.4.1.11
Shock 4.2.4.1.5

4.2.4.1.1 Test Hardwvare. Qualification test bardware shall be of the same
configuration as flight hardware.

4.2.4.1.2 Performance Recuirements. The GPC shall be subjectea to compiete pericru-
ance tests before and after each environment test and to selected functional and per-
forzance tests during each environmental exposure. Where complete performance verifi-
cation cannot be accomplished during the envirounmental exposure because of limited test
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time, the most critical functions shall have priority. Tolerance bands or pass-fail
performance criteria, based on performance design requirements, shall be established
for each parzmeter. Parameter shifts during or after each envirorment shall not exceed
the absolute value of the allowable difference between the acceptance and qualification
test limits for each parameter.

4.,2,4.1.3 Vibration. )
4.2.4,1.3.1 Qualification = Acceptance Vibration Test (QAVT). The GPC shall be sub-

jected to the random vibration specified in 3.2.5.1.£(1), for the duration specified,
in each of three orthogonal axes. Vibratiom tolerances, test criteria, and procedures
shall be in accordance with SP-T-0023. Performance verification tests shall be iden-
tical to those conducted during AVT (referemce 4.2.2.3). Duration (2) shall not begin
until the GPC has successfully completed the post duratiom (1) performance verifica-
tion test specified above.

4,2.4,1,3.2 Flight Vibration. The GPC shall be subjected to the random vibration
specified in 3.2.5.1.£(2), for the duration specified, in each of three orthogonal
axes. Vibration tolerances, criteria, and test procedures shall be in accordance with
§2-T1-0023, Performance tests shall be in accordance with 4.2,4.1.2.

4.2.4.1.4 Acceleration. The GPC shall be subjected to the acceleration specified by
3.2.5.1g for a minimum of five minutes in each direction aslong each of three orthogomnal
axes. If any axis(es) is (are) comsidered significant, with respect to acceleration
effects, it (chey) shall be considered when establishing the orthogonal axes system.

4.2.4.1.5 Shock.

a. Bench Handling. The GPC shall be subjected to bench handling shock as specified
in Procedure V, Method 516..1 of MIL-STD-810.

b. landing. The landing shock shall be verified by analysis.

c. Design. The GPC shall be subjected to design shock as specified inm 3.2.5.2h(2) in
accordance vith MIL-STD-810, Method 516.1, Procedure I.

d. Crash Safetv. The GPC or the chassis of the GPC with a dummy load simulating the
mass and distribution of the remaining elements of the GPC shall be attached by
its normal mounting attachments and subjected to sawtooth shock as specified in
Procedure III, Method 516.1 of MIL-STD-810. Crash safety may be verified by
analysis.

4,2.4,1.6 Powver Tests. Tests shall be performed to assure that the GPC meets perform-
ance requirements of Section 3.2,1 and the power consumption requirements of 3.3.3.2.1
with ipput power meeting the requirements of 3.1.2.1, including both normal and emer-
gency transient conditions, as vell as steady-state maximum and minimum limits.

4.2.4.1.7 Dcleted.

4.2,4.1.8 Electromagnetic Compatibility Tests. EMC requirements, which cannot be
verified by analysis, shall be verified by the minimum susceptibility and emission test
developed in accordance with MF0004-002.
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4,2.,4.1.,9 Thermal-Vacuum Test. The GPC shall be placed in a thermal-vacuum chamber,
with the air temperature in the chamber maintained at 80°F throughout the test. The
pressure shall be reduced from room ambient to B psia at a rate of change of 0.15 psia/
minute. Pressure shall be maintained at 8 psis for 165 minutes and then returmed to
room ambient at a rate of change of 9.0 psia/minute. The GPC shall be operating
throughout the entire test, with performance tests conducted during the 8-psia
stabilized condition.

The inlet air temperature shall be maintained at 80°F with a density consistent with
the 8-psia requirements, and the air temperature rise across the GPC shall not exceed
45°F.

4,2,4.1.10 Thermal Cvcle Test. The GPC shall be mounted on a surface to simulate
usage cocditions and thermally cycled 5 times from 70°F to the maximum design temper-
ature (plus 120°F), to the minimum design temperature (minus 20°F), to plus 35°F, to
the maximum design temperature (plus 120°F), and to 70°F. The thermal rate of change
shall oot exceed 4°F per minute nor be less than 1°F per minute. Dwell at each thermal
extreme shall not be less than 60 minutes after thermal stabilization of the test
article. Selected performance tests shall be conducted at each thermal extreme except
that the GPC will not be operated at temperatures below plus 35°F. Performance at the
high temperature shall include operation at the maximum heat dissipating mode for a
duration consistent with the design capability and sufficient to verify acceptable per-
formance. Performance at the lov temperature extreme shall include operation at the
minimum heat dissipating mode for a duration sufficient to vzrify acceptable perform-
ance. (See 4.1.2.1.1 for applicable equipment cooling requirements.)

4,2,4.1.11 QOperating Life Test. On-off cycles and operating time accumulated on a
single specimen during other qualification tests may be applied toward these
requirements.

a. Cyclic: The GPC shall be operated for 1,000 on-off cycles.
b. Forward: The GPC shall be operated for 750 hours.
¢. The remaining hours of 3.2.1.1.1 life requirements shall be satisfied by amalysis.

4,2,4.1.12 Cabin Atmosvhere. The GPC shall be subjected to a salt fog test in accord-
ance with MIL-STD-810, Method 509, Procedure I, for a duration of one hour. Immediate
upon conclusion of the salt fog exposure, without cleaning, the GPC shall be placed ic
a humidity chamber and thermally cycled between 60 and 120°F for a total of four cycles
at a relative humidity of 85 percent. The unit shall remain at each temperature
extreme during each cycle for s period sufficient to achieve thermal stabilization plus
the time required to conduct performance testing or six hours, vhichever is longer.

The GPC shall be performance tested at each temperature extreme for each cycle follow-
ing thermal stabilization and all circuits shall be monitored during the temperature
change period between thermal extremes. The test duration shall be 120 hours.

4,2.4.1.13 Package Qualification Tests. Certification of package performance shall be
acctoplisled by srzly2is vhenever possible. When certification cannot be accomplished
by analysis, a& buver ipproved simulated dummy load shall be installed in its package
and both subjected to the applicable FED-STD-101 test to verify conformance to 5.2.3.
Development assigned hardware may be used for testing in lieu of a dummy load.
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4.2.4.,1.14 Temperature Altitude, and Cooling Air Tests.

4.2.4.1.14.1 General. Unless othervise specified in the individual test procedures,
the equipment shall be placed in a test chamber in the as-installed condition. The
tern "as installed" shall be interpreted as including the applicable cooling provi-
sions, as vell as any features of the orbiter installation that bear on equipment
thermal enviromment. At least the following data, as applicable, shall be recorded for
each item of equipment during the temperature, altitude, and cooling air tests:

a. Operating surface or reference temperature of the critical components and piece-
parts.

b. Cooling air flow rate, supply temperature, and exit temperature.
¢, Cooling air total pressure loss.

d. Electrical heat dissipationm.

e. Functional parameters of Section 3.

4.2.4.2 Certificatios bv Analysis. The following requirements shall be verified by
analysis.

4.2,4.2.1 Shelf/Cperating Life. Ccmpliance with shelf/operating life requirements of
Section 3 shall be ver.fiad 4y analysis of the applicable documentation and test data.

4,2.4.2,2 Reliabii.:y. Coupliance with the reliability requirements of 3.2.3 shall be
verified by analysis ;nd evaluation of design drawings and test data, as applicable.

4.2.4,2.3 Maintaipsbilitv. Compliance with the maintainability requirements of 3.2.4,
which cannot be verified by assessment, shall be verified by analysis of the engineer-
ing data.

4.2.4.2.4 Qzone. Compliance with the ozome requirements under 3.2.5 shall be verified
by analysis of design drawings and test data.

4.2.4.2.5 Fungus. Compliance with the fungus requirements under 3.2.5 shall be veri-
fied by analysis of design drawings and test data.

4,2.4.2.6 Materials and Processes. Compliance with the materials and processes
requirements of 3.3.1.1, vhich cannot be verified by assessment or test, shall be
verified by analysis of design drawings and material test data.

4.2.4.2.7 Electromagnetic Compatibilitv. Compliance with the EMC requirements of

3.3.3.1, which canun~ be verified by test, shall be verified by analysis of design
drawings and test data.

4,2.6.2.R Flectrical Design Requirements. Compliance with the electrical design
requirements under 3.3.3,2, vhich cannot be verified by test or assessment, shall be
verified by analysis of design drawings and engineering data.
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4.2.4.2.9 Safety. Compliance with the safety requirements of 3.3.7 shall be verified
by analysis and evaluation of design drawings and test dats, as applicable.

4.2.4.2.10 Iranpient Shock. Compliance with the transient shock requirements of
3.2.5.1h(2) shall be verifiad by test or analysis.

4.2.4.2.11 Certification by Other Test Dats. Test data generated from articles

previously certified may be used as a certification method when it can be shown that
the article is similar or identical to the article being certified. Features to be
considered shall include design, performance, envirommental duration and limits,
manufacturing process, and quality control. Special effort shall be made to avoid
duplication of previous tests from this or similar programs. Vhere certification by
testing is required, data from other than qualification tests may be used to satisfy
the requirements under the following conditions:

Predeclaration The intent to use the test for certification
iv declared prior to test conduct.

Configuration Production configuration or approval (where
alloved) for differences.

Facilities Certified

Inspection Required

Test requirement/ Formally approved by buyer

procedure/pass-fail

criteria

Acceptance Required

Functional Test Required (except for nmonmoperating tests such as

pre-, post-, and during packaging tests).

enviromment

Documentation Configuration description, failure reports,
and test results.

4.2.4.2.12 Magure Hardvare (Off-the-Shelf).

a. [Evaluate and document equipment capability utilising a comparison matrix which
includes considerstions such as configuration, performance and environment versus
specified requirements.

b. Where the envirommental levels are wore stringent than previous qualificatioa
levels, analyse or test to verify that the item can withstand the higher level
design requirements.

€. For items that require minor modificacions or Livé woi L.od Quzlified to ell
euviromments, oaly the desigz modificaticza for the additional emvironsents need
to be certified, if cumulative and interaction effects do not exist. If cumula-
tive and interaction effects do exist, complete qualification testing is required.
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4.2.5 Yerification Requirements Matrices. The sellers verification program shall

satisfy the performance and design verification requirements specified in Table XXI,
Where a verification metbod is not indicated, the seller shall propose a suitable
approach to requirement verification., Where a verification method is indicated, the
seller may recommend an alternate approach.
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i Table XXI. Performance and Design Verification Matrix
j

VERIFICATION METHOD

1. Analysis 3. Test
2. Assessment . 8. Development
a. Inspection b. Qualification l—szlcr-Conducnd
b. Reviev of Design c. Acceptance
~d. Vebhicle Acceptance
.@s Pre-Flight Checkout
£. Horizontal Flight '}:yot-Conductcd
N/A - Not Applicablc g+ Verticsl Flight
h. Major Ground Test
Verificativn Method
2 3
Bection 3 and 5 1 B o Section 4
Requirement No. | N/A a|b|a|b|cla|a|f |g |h |Requirement No.
3. X
3.1 !
3.1.1 X 4.2.3
3.1.2 b 4
3.1.2.1 x
3.1.2.1.1 X|X X 4.2.2.2
3.1.2.1.1.1 X|X|X 4.2.2.2,
4.2.4,1.10
3.1.2.1.1.1.1 x ‘-20‘-2
3.1.2.1.1.2 b 4 X X 4.2.6.2, 4.2.3,
4.2.4.1.
3.1.2.1.2 X X 4.2.4.2,
4.2.4.2.11
’.1.2.1.3 ! x x ‘0203. ‘.2.2.2
3.1.2.1.4 X X |X 4.2.3, 4.2.2.2
3.1.2.1.5 X X |x 4.2.3, 4,2.2.2
301.2.1-6 X l X 6.2.‘.2. ‘0203.
4.2.4.1.6
3.1.2.1.7 X X X 4.2.4.2, 4.2.3,
4.2.4.1.6
3.1.2.1.8 b 4 X X |x 6.2.4.2, 4.2.3,
‘.2.2.2
3.1.2.1.9 X |X 4.2.2.2
3.‘ .z.l.lo x x x ‘ ‘-203. ‘.2.‘.2.
6.1.2.;
3.1.2.1.11 b 4
3.1.2.2 b 4
3.1.2.2.1 X b ¢ 6.2.3
3.1.2.2.2 | X X |X ) 4.2.2.1, 4.2.3,
4.2.2.2
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Table XXI. Pazformance and Design Verification Matrix (Cont)

VERIFICATION METHOD

1. Analysis 3. Tast
2. Assessment a. Development =
a. Inspection 1 b. Qualification Seller-Conducted
b. Review of Design c. Acceptance
d. Vehicle Acceptance
e. Pre-Flight Checkout
f. Horizontal Flight Buyer-Conducted
/A - Mot Applicable g- Vertical Flight —
h. Major Ground Test
Verification Method
2 3
Section 3 and 5 1 Section 4
Requirement No. | N/A a|b|a|b|c|d|e|f |[g |h | Requirement No.
3.1.2.2.3 X X |X 4.2.3,
4.2.4.1.10
3.1.2.3 b 4 4.2.3
3.1.2.3.1 X
3.1.2.3.1.1 X
3.1.2.3.1.2 X 4.2.3
3.1.2.3.1.3 X
3.1.2.3.1.3.1 X X 4.2.4.2, 4.2.3
3.1.2.3.1.3.1.1 X X X |X 4.2.4.2, 4.2.3,
4.2.2.2
3.1.2.3.1.3.1.2 X X |X 4.2.4.2, 4.2.3,
4.2.4.2.11
3.1.2.3.1.3.1.3 X X |x 4.2.4.2, 4.2.3,
6$.2.4.2.11
3.1.2.3.1.3.1.4 X X X 6.2.4.2, 4.2.3,
4.2.2.2
3.1.2.3.1.3.1.5 X X X 4.2.4.2, 4.2.3,
4.2.2.2
3.1.2.3.1.3.1.6 X b 3 < 4.2.4.2, 4.2.3,
4.2.4,2.11
3.1.2.3.1.3.1.7 X XX 4.2.4.2, 4.2.3,
4.2.4.2.11
3.1.2.3.1.3.1.8 b 4 X |X 4.2.4.2, 4.2.3,
6. 2 .‘l 2 .1 l
3.1.2.3.1.4 X
2.1.2.3.1.4.) X X 4.2.4.2, 4.2.3
3.1.2.3.1.4.2 X X 4.2.4.2, 4.2.2,
4.2,2.2

Llal TR TRE LT L AVER IY




CODE IDENT. ¥0. 03063

NUMBER

MC615-0025

REVISION LETTER

L L1 1 I

PAGE
' 164

Table XXI. Performance and Design Verification Matrix (Cont)

VERIFICATION METHOD

1. Analysis 3. Test
2. Assesmment a. Development
8. Inspection b. Qualification Seller-Conducted
b. Review of Design C. Acceptance
d. Vebicle Acceptance
e. Pre-Flight Checkout
f. Horizontsl Flight Buyer-Conducted
N/A - Not Applicable g. Vertical Flight —
h. Major Ground Test
Verification Method
3
Section 3 and 5 1 Section 4
Requirement No. | N/A b |a|b |c|d|e]E£ b | Requirement No.
3.1.2.3.1.4.3 X X |X 4.2.4.2, 4.2.3,
4.2.4.2.11
3.1.2.3.1.4.4 b 4 X |X 4.2.4.2, 4.2.3,
4.2.4.2.11
3.1.2.3.1.4.5 X X |X 4.2.4.2, 4.2.3,
‘lz."z.xl
3.1.2.3.1.4.6 X X |Xx 6.2.4.2, 4.2.3,
‘.z.‘.z'll
3.1.2.3.1.4.7 X X |x 4.2.4.2, 4.2.3,
4.2.4.2.11
3.1.2.3.1.4.8 X X |X 4.2.4.2, 4.2.3,
4.2.4.2.11
3.1.2.3.1.5 X X |X 4.2.3, 4.2.2.2
3.1.2.3.1.6 X X |z 4.2.3, 4.2.2.2
3.1.2.4 X
3.1.2.4.2 X
3.1.2.4.2.1 X X 4.2.4.2,
4.2.4.2.11
3.1.2.4.3 X
3.1.2.5 X
3.1.2.5.1 X
3.1.1‘5.2 x
3.1.2.5.3 b ¢
3.1.2.5.4 X
3.1.2.6 X
3.1.2.6.1 b 4 4.2.3, 4.2.2.1
3.1.2.6.4 b 3 X I= 3.2.5.11,
3.2.5.12,
3.2.5.13
(zef only)

FORM M 131=+—2 REV 270
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Table XXI. Performance and Design Verification Matrix (Cont)

VERIFICATION METHOD

1. Analysis 3. Test

2. Adssssment 8. Developmant
a. Inspection b. Qualification FlTlllr-Condncnd
b. Review of Design ¢. Acceptance

d. Vebicle Acceptance

e. Pre-Flight Checkout

f. Horisontal Flight &Qr-&;metcd
N/A - Mot Applicable g Vertical Flight

. Major Ground Test

Verification Method

2 3

Section 3 and § 1 Section 4

Requirement No. | N/A a|bla|bjic|d|e|f|g |b| Requirement No.

3“'3 X X X x 6.2.2.1. ‘02.3

3““ X X ‘321201. ‘-2-3

3.2 X

3.2.1 X

3.2.1.1 X

3.2.1.1.1 X 4.2.4.2

3.2.1.1.2 X 4.2.4.2

3.2.1.1.3 X 4.2.4.2

3.2.1.1.4 X X

3.2.1.2 X

3.2.1.2.1 X ) SR 4 4.2.3, 4.2.2.2

3.2.1.2.2 X X |X 4.2.3, 4.2.2.2

3.2.1.2.3 X : 38 I < 4.2.3, 4.2.2.2

3.2.1.2.3.1 X X 4.2.4.2, 4.2.3

3.2.1.2.3.2 X 4.2.3

3.2.1.2.3.3 X X |X 4.2.3, 4.2.2.2

3.2.1.3 X

3.2.1 ‘3.1 x ‘ ‘.2.‘.2.
4.2.4.1.10,
4.2.4.2.11

3.2.1.3.2 X 4.2.3

3.2.1.3.3 X X |X 4.2.3, 4.2.2.2,
‘.z.‘.l

3.2.1.3.4 b 4 X|x 4.2.3, 4.2.2.2,
‘.2.‘.1

3.2.1.3.5 b 4 X |Xx 6.2.3, 4.2.2.2,
4.2.4.1

3-2.1.3.6 x x x ‘.203. ‘020202.
4.2

.‘.1

AR 08V i m..
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Table XXI. Performance and Design Verification Matrix (Cont)

VERIFICATION METHOD

1. Analysis 3. Test
2. Assessment a. Developament A8
a. Inspection 5. Qualification Seller-Conducted
b. Review of Design ¢. Acceptance
d. Vehicle Acceptance
e. Pre-Flight Checkout
£. Horizontal Flight Buyer-Conducted
M/A - Mot Applicable g- Vertical Flight —
b. Major Ground Test
Verification Method
2 3
Section 3 and 5 1 T Section 4
Requirement No. | N/A a|b|{sa|b ' c|d|e|f|g|h | Requirement No.
3.2.1.3.7 X X |Xx 4.2.3, 4.2.2.2,
4.2.,4.1
3.2.1.3.8 X X|x 4.2.3, 4,2.2.2,
4.2.4.1
3.2.1.3.9 X b 4 X | X 4.2.2.2, 4.2.3,
4.2.4.2
3.2.1.3.10 X X|Xx 4.2.3, 4.2.2.2,
‘.z.‘.l
3.2.1.4 X
3.2.1.4.1 X X|X 4.2.3, 4.2.2.1,
4.2.4.1
3.2.1.4.2 X X|Xx 4.2.3, 4.2,2.2,
‘.2"‘1
’.2-1-‘-3 x x "203.
4.2.4.2.11
3.2.1.4.5 X |X 4.2.3
3.2.1.4.6 X X|X 4.2.2.2, 4.2.3
3.2.1.‘.' x x x ‘0203. ‘.zlz'z
3.2.1.4.9 X X|Xx 4.2.3, 4.2,2.2,
6.2".1
3.2.1.5 X
3.2.1'5.1 x
3.2.1.5.1.1 X X|X 4.2.3, 4.2.2.2,
. — &4.2.4.1
3,2.1.5.1.2 X!x | 4.2.3, Secevi2,12
3.2.1.5.1.3 X|X|X|X 4.2.2, 4.2,2.2,
4.2.4.2.11
3.2.1.5.1.3.1 b ¢ X|X 4.2.3, 4.2.2.2,
‘Iz.b'l
3.2.1.5.1.4 X X|X 4$.2.3, 4.2.2.2,
4.2.4.1
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Table XXI. Performance and Design Verification Matrix (Coat)

VERIFICATION METHOD

1. Analysis 3. Test
2. Assessment 8. Development
a. Inspection 1 b. Qualification [;:fler-Conductcd
b. Review of Design c. Acceptance
d. Vehicle Acceptance
e. Pre-Flight Checkout
f. Horizontal Flight Buyer-Conducted
N/A - Mot Applicable g. Vertical Flight
h. Major Groucd Test
Verification Method
2 3
Section 3 and 5 1 Section &
Requirement No. | N/A a|b|la|b|c|d|e|f g |h| Requirement No.
3.2.1.5.1.5 X X |X 4.2.3, 4.2.2.2,
‘-2.‘.1
3.2.1.5.1.7 X 4.2.3
3.2.1.5.1.8 X
3.2.1.5.2 X XX 4.2.3, 4.2,2.2,
4.2.4.1
3.2.1.5.2.1 b 4 X |x 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.5.2.2 X X |X §.2.3, 4.2.2.2,
4.2.4.1
3.2.1.5'2.3 x
3.2.1.5.2.3.1 X|x|x|x 4.2.3, 4.2.2.2,
4.2.4.1,
4.2.4.2.11
3.2.1.5.2.3.5 X X |x 4,2.3, 4.2.2.2,
6.2.‘.1
3.2.1.5.3 X X |X 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.5.3.1 X X |Xx 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.5.3.2 X X |X 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.5.3.3 x ‘ .x ‘.2.3. .2.2.2.
4.2.4.1
3.2.1.5.3.3.1 X X |X 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1,5.3.3.2 X I|X @.2.3, #.l0a.2,
4.2.5.1
3.2.1.5.3.4 X X|X 4.2.3, 4.2.2.2,
4.2.4.1
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Teble XXI. Performsnce and Design 'cxiﬁuﬁiu Matrix (Cont)

VERIFICATION METHOD

1. Analysis 3. Test
2. Assessment 8. Development
a. Inspection b. Qualification ’mlerhudueted
b. Review of Design c. Acceptance
d. Vehicle Acceptance
e. Pre-Flight Checkout
s f. Horiszontal Plight Buyer-Conducted
N/A - Mot Applicable g+ Vertical Plight Sl
h. Major Ground Test
Verification Method
2 3
Section 3 and 5 1 Section 4
Requirement No. | M/A a|bjia|b|c|d|e]f b | Requirement No.
3.2.1.5.3.5 X X|x 4.2.3, 4.2.2.2,
‘.z.‘.l
3.2.1.5.3.6 X X|x 4.2,3, 4.2.2.2,
4.2.4.1
3.2.1.5.3.7 X X|x 4.2.3, 4.2,2.2,
3.2.1.5.4 ’ b 4 x|z 4.%.;. 4.2.2.2,
3.2.1.5.4.1 X X|x 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.5.4.1.1 X X|X 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.5.4.1.2 X X|Xx 4.2.3, 4.2.2.2,
‘.z.‘.l
3.2.1.5.4.2 X X|x 4.2.3, 4.2.2.2,
4.2.4,.1
3.2,1.5.4.3 X X|X 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.5.4.4 X X|X 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.5#.5 X |X 4.2.3, 4.2.2.2,
"z.‘.x
3.2.1.5.4.6 X |z 4.2.3, 4.2.2.2,
4.2.4.1
1.2,1.5.6,7 X X|X 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.5.4.8 X X|X 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.5.4.9 b ¢ X|Xx 6.2.:;.‘6.2.2.2.




CODE IDENT. NO. 03953

1. Analysis
2. Assesmment

VERIFICATION METHOD

3. Test
8. Development

NUMBER REVISION LETTER PAGE
MC615-0025 | | | T T 1 169
Table XXI, Performance and Design Verification Matrix (Comt)

a. Inspection b. Qualification Seller-Conducted
b. Reviev of Design €. Acceptance
d. Vehicle Acceptance
e. Pre-Flight Checkout
£. Horisontal Flight luyu-Condueud
N/A - Not Applicadble g. Vertical Flight
h. Major Ground Teat
Verification Method
2 3
Section 3 and 5 1 Section &
Requirement No. |K/A b|la|b|c|d]|e]|f Requirement No.
3.2.1.5.4.10 X
3.2.1.5.4.11 X X|X 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.5.4.12 b 4 X|X 4.2.3, 4.2,2.2,
4.2.4.1
3.2.1.5.5 b 4 X|Xx 4.2.3, 4.2.2.2,
. 4,2.4.1
3.2.1.5.5.1 b 4 X|Xx 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.5.5.1.1 X X|Xx 4.2.3, 4.2.2.2,
‘.z."l
3.2.1.5.’-1.2 x X x ‘.2-3, ‘.2.2.2.
4.2.4.1
3.2.1.5-5-‘-201 ! x x ‘0203. ‘.2.2.2.
4.2.4.1
3.2.1.5.5.1.3 X X|X 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.5.5.1.3.1 X X|Xx 4.2.3, 4.2,2.2,
‘.2".1
3.2.1.5.5.1.3.2 b 4 X|X 4.2.3, 4.2.2.2,
. ‘.2.‘.1
3.2.1.5.5.1.3.2.1 X X|X 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1'5.5.1.3'3 x x x ‘;2-3. "z.z.z.
4.2.4.1
3.2.1.5.5.2 X p o8 (B & 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.5.5.3 X XX 4.2.3, 4.2.2.2,
4.2.4.1

FORM M 131—+H—2 REV 2-T0
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VERIFICATION METHOD

NUMBER AEVISION LETTER PAGE
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Table XXI, Performance and Design Verification Matrir (Cont)

1. Analysis 3. Test
2. Assessment a. Development
a. Inspection b. Qualification [i:ilcr-COnductad
b. Reviev of Desiga ¢. Ac :ptance
d. Venicle Acceptance l
e. Pre-Flight Checkout ;
f. Horizootal Flight Buyer-Conducted
M/A - Mot Applicable g Vertical Flight —_—
h. Masjor Ground Test
Verification Method
2 3
Section 3 and 5 1 Section &
Requirement No. | N/A b |a|b|c|d|e]|f h | Requirement No.
3.2.1.5.5.4 X X |X 4.2.3, 4.2.2.2,
4.2.4.1
’020105.505 x x x ‘0203. ‘12.202.
"z.‘ll
3.2.1.5.5.6 X X (X 4.2.3, 4.2.2.2,
4.2.4.1
3-2.1.5.5.7 x x x ‘0203. ‘.2.2.2.
4.2.4.1
3.2-10505-' x ‘ X ‘.2.3. ‘.2.2.1.
4.2.4.1
3.2.1.5.6 X
3.2.1.5.6.1 X
3.2.1.5.6.1.1 x ‘ ‘ 302.10’.11.
3.2.1.5.12,
3.2.1.5.13
(ref only)
3.2.1.5.6.2 X |X 4.2.3,
4.2.4.2.11
3.2.1.5.6.3 X
3.2.1.5.6.3.1 X X |X 3.2.1.5.11,
3.2.1.5.12,
3.2.1.5.13
(ref only)
3.2.1.5.7 b 4 4.2.3
3.2.1.5.7.1 i
3.2.1.5.7.1.1 (X 4.2.3,
6.2.4.2.11
3.2.1.5.8 X X 4.2.4.2,
4.2.4.2.11,
4.2.4.1.10

FORM M 131-+~2 REV 2-70




CODE 1DENT. NO. 03953

VERIZICATION METHOD

1. Acalyuis
2, lssessment
! 3. Inspection
1 b. BReview of Design ¢

Test
a.
b.

Development
Qualification
Acceptance

NUMBER MEVISION LETTER PAGE
MC615-0025 T T [ [ [ | 1
Table XXI. Performance and Design Verification Matrix (Cont)

rE:-iler-Conductcd

Vehicle Acceptance
Pre-Flight Checkout

f. Horizontal Flight L::!er-Conducted
N/A - Mot Applicable g+ Vertical Flight
h. Major Ground Test
Verification Method
3
Section 3 and 5 1 Section 4
Requirement No. | N/A a|b|la]b|c|d]|e |£f|g |h | Requirement No.
3.2.1.5.9 X|x|x X 4.2.3, 4.2.2.1,
4,2.4.1.3
3.2.1.5.10 X
3'2.1.5.11 x
3.2.1.5.11.1 X|[x|X 4.2.3, 4.2.2.2,
4.2.4.2.11
3.2.1.5.11.2 X[X|X 4.2.3, 4.2.2.2,
4.2.4.2.11
3.2.1.5.11.3 X|X|X 4.2.3, 4.2.2.2,
4.2.4.2.11
3.2.1.5.11.4 X
3.2.1.5.11.5 X X|X 4.2.3, 4.2.2.2
3.2.1.5.11.6 X X|x 4.2.3, 4.2.2.2
3.2.1.5.11.7 X
3.2.1.5.12 X
3.2.1.5.12.1 X XX 4.2.3, 4.2.2.2
3.2.1.5.12,.2 X X (X 4.2.3, 4.2.2.2
3.2.1.5.12.3 b 4 X 4.2.3, 4.2.4.1.2
3.2.1.5.12.4 (X 4.2.3,
4.2.4.2.11
3.2.1.5.12.5 X X 4.2.3, 4.2.4.1.2
3.2.1.5.13 X
3.2.1.5.13.1 X |Xx
3.2.1.5.13.2 X|Xx 4.2.3,
4,2.4.2.11
3.2.1.5.14 X|x|x|X 4.2.3, 4.2.2.2
d.2.1.6 X
3.2.1.6.1 z x|z 4.2.3, 4.3.2.3,
6.20‘.1
3.2.1.6.2 X X|X 4.2.3, 4.2,2.2
3,2.1.6.2.1 b ¢ X|x 4.2.3, 4.2.2.2

FORM M 131~+~2 REV 2-70
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VERIFICATION METHOD

Table XXI. Performance and Design Verification Matrix (Cont)

1. Analysis 3. Test
2. Assesmment 8. Development
8. Inspection b. Qualification mhr-Condueud
b. Reviev of Design ¢. Acceptance
d. Vehicle Acceptance
e. Pre-Flight Checkout
f. Horiszontal Flight Buyer-Conducted
/A = Not Applicable g- Vertical Mlight —
h, Msjor Ground Test
Verification Method
2 3
Section 3 and 5 1 Section 4
Requirement No. | N/A b|a|b|c|d]|e]|f|g|h | Requirement No.
3.2.1.6.2.2 X
3.2.1.6.2.3 X
3.2.1.6.2.4 X X |Xx 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1'6.3 x
3.2.1.6.3.1 X
3.2.1.6.3.1.1 X|X|X |X 4.2.3,
6.2.4.2.11,
4.2.2.2,
4.2.4.1
3.2.1.6.3.1.2 b 4 X|Xx 4.2.3, 4.2.2.2,
‘.2.‘.1
3.2.1.6.3.1.3 !
3.2.1.6.4 X
3.2.1.6.4.1 X X|X 4.2.3, 4.2.2.2
3.2.1.6.4.2 X
3.2.1.6.4.3 X
3.2.1.6.4.4 X X|X 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.6.4.5 X X |X 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.6.5 X X|X 4.2.3, 4.2.2.2
3.2.1.6.5.1 X X|X 4.2.3, 4.2.2.2
3.2.1.6.5.2 X
3.2.1.6.5.3 X
3,2.1.6,5.4 X X|X 4.2.3, 4.2.2.2
3.2.1.6.5.5 X |X @eZed, Ses.2.2
3.2.1.6.6 b ¢
3.2.1.6.6.1 X

LiaLITETIRE LSRR T IR X Y
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VERIFICATION METHOD

NUMBER REVISION LETTER PAGE
wosoos [T T [ [ [ [T ]
Table XXI. Performance and Design Verification Matrix (Cont)

1. Analysis 3. Test
2. Assessment a. Development i
s. Inspection b. Qualification Seller-Conducted
b. Reviev of Design ¢. Acceptance
d. Vehicle Acceptance
e. Pre-Flight Checkout
f. Horizoatal Flight lwcr-(:onducnd
N/A - Not Applicable g Vertical Flight
b. Major Ground Test
Verification Method
2 3
Section 3 and 5 1 Section 4

Requirement No. | N/A a|b|la|]dblec|d|e|f]|]g|h| Requirement No.

.3.2.1.6.6.2 X

3.2.1.6.6.3 X

3.2'1'6.6.‘ x

3.2.1.6.6.5 X

3.2.1.5.5.6 X

3.2.1.7 x

3.2.1.7.1 X X|X 4.2.3, 4.2.2.2,
4.2.4.1

3.2.1.7.1.1 X X|X 4.2.3, 4.2.2.2,
‘.z.‘.l

3.2.1.7.1.2 X X | X 4.2.3, 4.2.2.2,
4.2.4.1

3.2.1.7.1.3 X XlX 4.2.3, 4.2.2.2,
4.2.4.1

3.2.1.7.1.5 X b S I ¢ | 4.2.3, 4.2.2.2,
4.,2.4.1

3.2.1.7.1.6 X X|X 4.2.3, 4.2.2.2,
4.2.4.1

3.2.1.7.1.7 X XX 4.2.3, 4.2.2.2,
4.2.4.1

3.2.1.7.1.8 X X|X 4.2.3, 4.2.2.2,
4.2.4.1

3.2.1.7.2 X

3.2.1-7.:01 x x ‘.2.3. 4.2.2.2.
4.2.4.1

3.2.1.7.2.2 X X §,2.3, 4.2.2.2,
4.2.4.1

3.2.1.7.2.3 X b S 4 4.2.3, 4.2.2.2,
4.2.4.1
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Table XXI. Performance and Design Verification Matrix (Cout)

VERIFICATION METHOD

1. Analyesis 3. Test
2. Assessment 8. Development
a. Inspection : b. Qualification G:ilcr-Conductcd
b, Review of Design ¢. Acceptance
d. Vehicle Acceptance
e. Pre-Flight Checkout
f. Horizontal ¥light Buyer-Conducted
M/A - Not Applicable g+ Vertical Flight e
h. Major Ground Test
Verification Method
2 3
Section 3 and 5 1 Section 4
Requirement No. | N/A a|b|a|b|c|d|e|f]|g|h | Requirement No.
3.2.1.7.3 X
3.2.1.7.3.1 X X|x 4.2.3, 4.2,2.2,
4.2.4.1
3.2.1'7.3.2 ‘
3.2.1.7.3.2.1 X X|Xx 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.7.3.2.2 X X|Xx 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.7.3.2.4 X X|Xx 4.2.3, 4.2.2.2,
‘.z.‘.l
3.2.1.7.3.3 X X|X 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.7.3.4 X X|X 4.2.3, 4.2.2.2,
6.2.4.1
3.2.1.7.3.5 X X|X 4.2,3, 4.2.2.2,
‘.2.“.1
3.2.1.7.3.6 X XX 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.7.3.7 X X|x 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.7.3.8 X|X|X 4£.2.3, 4.2.4.1,
4.2.2.2,
4.2.4.2.11
Je2.leTe3.9 X 6.2.3, 4.2.4.1,
‘.202.2
3.2.1.7.3.10 4.2.3, 4.2.4.1,
4.2.2.2
3.2.1.7.3.11 X XX 4.2.3, 4.2.2.2,
$.2.4.1
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Table XXI. Performance and Design Verificatioan Matrix (Cont)

VERIFICATION METHOD

1. Analysis 3. Tast
2. Assesmaent a. Development ——
a.” Inspection . b. Qualification Seller-Conducted
b. Reviev of Design ¢ c. Acceptance
d. Vehicle Acceptan:e
e. Pre-Flight Checkout
f. Horizontal Flight Lfrzor-Ccnductcd
N/A - Not Applicable g. Vertical Flight
b. Major Ground Test
Verification Method
2 3
Section 3 and 5 1 Section 4
Requirement No. | N/A a|b|la|blcjdie |£f |g |h | Requirement No.
3.2.1.7.3.12 X X|Xx 4.2.3, 4.2.2.2,
4.2.4.1 .
3.2.1.7.6 X X|x 4.2.3, 4.2.2.2,
| 4.2.4.1
3.2.1.8 X
3.2.1.8.1 X
3.2.1.8.2 X
3.2.1.8.2.1 X
3.2.1.8.2.2 X
3.2.1.8.3 X
3.2.1.8.3.1 X X|Xx 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.8.3.1.1 X X|x 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.8.3.1.2 X X|Xx 4.2.3, 4.2.2.2,
4.2.4.1
3.2.1.8.3.1.3 X XX 4.2.3, 4.2.2.2,
“.2.4.1
3.2.1.8.3.1.5 X X|x 4.2.3, 4.2.2.2,
4.2.4.1
3.2,1.8.3.1.6 X X|X 4.2.3, 4.2.2.2,
4.2.4.1
3.201-‘-5 l x x ‘0203. -20202.
‘.zlb.l
3.2.1.8.6 X X | X 4.2.3, 4.2.2.2,
4.2.4.1
’.2.1.9 l ‘.:Q’
3.2.1.10 b4
3.2.1.11 X X|Xx 4.2.3, 4,2.2.2
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Teble XXI. Performance and Design Verification Matrix (Cont)

VERIFICATION METHOD

1.
2.

Anslysis

Assessment
a.
b.

Inspection
Reviev of Design

/A - Not Applicable

3.
a.
b.
Ce

Test

Developmant
Qualification
Acceptance

rS_nhr-Comiuetcd

d.
..
£f.
8.
h.

Vehicle Acceptance
Pre-Flight Checkont
Horizontsl Flight
Vertical Flight
Major Ground Test

Buyer-Conducted

Section 3 and 5
Requirement MNo.

Verification Method

3

Section &

N/A '

d|e |£f ]

Requirement No.

« o @
NN N
.

3
3
3
3
3

~

. .lz.:

1.12.4

~

-
NNNNNNNNNNN;’NNNNN
. .

;uruu?nnnnn
NNNRNN- W W -

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

 rrrer»

Pl

MMM

M M M M MMM | o

MMMM M MM

M M M M MMux o
MM M M MMM

M MMM
M

‘02.3. ‘.2.2.2
4.2.3, 4.2.2.2
4.2.3, 4.2.2.2

6.2-3. ‘.2.2.2.
4.2.4.1.10
4.2.3, 4.2.2.2,
4.2.4.1.10
4.2.3, 4.2.2.2,
4.2.4.1.10
4.2.3, 4.2.2.2,
4.2.4.1.10

4.2.3, 4.2.2.1
‘.203. ‘020201
‘.2.201

4.2.3

4.2.4.2

4.2.2.1
4.2.3
4.2.3

6.2.‘.2. 4.2.3
4.2.2.1, 4.2.3

Sedesel, 423
4.2.2.), 4.2
4.2.2.2.1, 4.2.3
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Table XXI. Performance and Design Verification Matrix (Cont)

VERIFICATION METHOD

1. Analysis 3. Test
2. Assessment 8. Development p—
a. Inspection b. Qualificastion Beller-Conducted
b. Review of Design ¢« Acceptance
d. Vebicle Acceptance
e. Pre-Flight Checkout
f. Borizontal Flight Buyer-Conducted
M/A - Not Applicable g Vertical Flight E—
h. Major Ground Test
Verification Method
2 3
Section 3 and 5 1 Section &
Requirement No. | N/A a|b|a|b|c|d|e]TtE h | Requirement No.
3.2.4.2.5 X|X 4.2.2.2.1, 4.2.3
3.2.4.5.6 X
3.2.4.5.6.1 X X 4.2.4.2, 4.2.3
3.2.4.3 X
3.2.4.3.1 X 4.2.3
3.2.4.3.2 X 4.2.3
3.2.4.3.3 X 4.2.3
3.2.5 b 4
3.2.5.1 b 4
3.2.5.1. x ‘.2.‘.1.}0.
‘.2.‘.1 .2
3.2.5.1b X 4.2.4.1.9
‘.2.‘.‘ .z
3021511‘ ! ‘ ‘.z.‘ll llz.
4.2.4.2
3.2.5.14 x x | 4.2.4.2.12,
4.2.4.2
3.2.5.1¢ b ¢
3.2.5.1£(1) 4 4.2.4.1.3,
‘.z.‘.l .z
3.2.5.1£(2) X 4.2.4.1.3,
‘.z.‘.l .2
3.2-’.1' X X ‘oz.‘.l". ‘02.‘
3.2.5.1n(1) b 4 b 4 4.2.4,1,5b,
h.2.4.2
3.2.5.1n(2) b ¢ b 4 4.2.4.1.10,
FORM M 13]1=-+-2 REV 2-70 /,‘ “




CODE IDENT. NO. 03853

VERIFICATION METHOD

NUMBER REVISION LETTER PAGE
MC615-0025 T 178
Table XXI. Performance and Design Verification Matrix (Cont)

1. Analysie 3. Test
2. Assessment a. Development
s. Inspection b. Qualification [Sel1er-Conducted
b. Review of Design €. Acceptance
d. Vehicle Acceptance
e. Pre-Flight Checkout
f. BHorizontal Flight Buyer-Conducted
N/A = Mot Applicable g+ Vertical Plight s
h. Major Ground Test
Verification Method
2 3
Section 3 sad 5 1 Section 4
Requi. ement No. ' /A s|b|a|fb|c|d|e]|f h | Requirement No.
3.2.5.2 ¥ X
’Iz.s.z‘ ' x ‘.z.z
3.2.5.n X ‘.2-2
3.2. 5.20' ‘
3.0 .2-(1) X X 4.2.4.2,
6.2.6.1.5.
3.2.5.2(z2; X 4.2.4.2,
4.2.4.1.3¢
3.2.5.2¢(3) b ¢ b 4 4.2.4.2,
4.2.4.1.5d
3.2.5.24 X 4.2.4.2.4
3.2.5.2¢ b ¢ 4.2.4.2.5
3.2.5.3 b 4 X 4.2,4.1.13
3.2.6 X X 1 4.2.4.1.13
3.2.6.1 X
3.2.7 X X X 64.2.4.2, 4.2.3,
4.2.4.1.10
3.2.7.1 X| X 4.2.2.1, 4.2.3
3.2.7.2 XX 4.2.2
3.2.7.3 X b 4 4.2.4.1.10,
4.2.4.2
33 X 4.2.3
331 X
3.3.1. X|x 4.2.3, 4.2.2.1
Jecel. 2 b 4 6.2.3
3.3.1.3 X|Xx b 4 64.2.2.1, 4.2.3
3.3.1.4 b 4 4.2.3
3.3.2 X 4.2.3
3.3.3 X 4.2.3
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Table XXI. Performance and Design Verification Matrix (Cont)

VERIFICATION METHOD

1. Analysis 3. Test
2. Assesmment a. Development =
8. Inspection b. Qualification [Seller-Conducted
b. Reviev of Design | c. Acceptance
d. Vehicle Acceptance
e. Pre-Flight Checkout
f. Horizontal Flight luyer—Conductod
N/A = Mot Applicable g+ Vertical Flight
h. Major Ground Test
Verification Me.hod
: 2 3
Section 3 and 5 1 Section 4
Requirement No. | N/A alb|la|b|c|d|e|f |g|h | Requirement No.
3-3.3.1 x x 6.203.
4.2.4.1.8
3.3.3.2 X 4.2.3
3.3.3.2.1 X|Xx 4.2.2
3.3.3.2.2 X 4$.2.3
3.3.4 X
3.3.4.1 X 4.2.3
3.3.4.2 X X 4.2.2.1
3.3.4 X X|Xx 4,2.2,1
3.3.5 X 4,2.3
3.3.5.1 X 4.2.3
3.3.5.1.1 p 4 4.2.3
3.3.5.1.1.1 X 4.2.3
3,3.5.1.2 X 4.2.3
3-3-5-1.2.1 l 6.2.3
3.3.5.1.3 X 4.2.3
3.3.5.2 X 4.2.3
3.3.6 X 4.2.3
3.3.6.1 X 4.2.3
3.3.6.2 x ‘.2.3
3.3.7 X| X X 4.2.2.1, 4.2.3,
4.2.4.2.7
3.3.8 | X 4,2.2.1, 4.2.3
3.3.9 X
3.3.9.1 X
3.3.10 X
5. p 4
5.1 X
5.2 b & 4.2.3
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Table XXI, Performance and Design Verification Matrix (Conmt)

VERIFICATION METHOD

1. Analysis 3. Test :
2. Assessmant a. Development -
a. Inspection b. Qualification Seller-Conducted
b. Review of Design c. Acceptance
d. Vehicle Acceptance
e. Pre-Flight Checkout
£. Horizontal Flight Buyer—Conducted
N/A - Mot Applicable g+ Vertical Flight o
h. Msjor Ground Test
Verification Method
2 3
Section 3 and 5 1 Section 4
Requirement No. | N/A b|laj|b|c|d|e]| £ b | Requirement No.
5.2.1 X 4.2.3
5.2.2 X 4.2.3
5.2.3 X
5.2.3. X X 4.2.4.1.13
5.2.3b X X 4.2.4.1.13
5.2.3¢c X X 4.2.4.1.13
5.2.3d X X 4.2.4.1.13
5.2.3e X X 4.2.4.1.13
5.2.3f X X 4.2.4.1.13
5.203‘ X X ‘02-‘-1013
5.2.3h X X 4.2.4.1.13
5.2.3i X X 4.2.4,1.13
5.2.3j X X 4.2.4.1.13
5.2.3k X b 4 4.2.4.1.13
5.2.31 X X 4.2.4.1.13
5.2.4 X
5.2.5 X 4.2.2.1
"2'6 x
5.2.7 X
5.2.8 b 4 X 4.2.2.1, 4.2.3

O )
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S. PREPARATION FOR DELIVERY

5.1 Genersl Reguirements. The requirements specified herein govern the preparation
for shipment and the transport of the GPC to all Buyer and Govermment facilities. The
methods of preservation, packaging and packing utilized for shipment together with
pecessary speciasl control during transportation shall adequately protect the GPC from
damage or degradation of performance due to the natural and induced envirooments
«ncountered during transportation and subsequent storage as specified herein.

5.2 Detsiled Requirements. Packsging, handling, snd transportation shall be in
sccordance with applicable requirements snd guidelines of NHB6000.1(1A) as supplemented
by the following subparagraphs.

5.2.1 Preservation snd Packaging. Preservation and packaging shall be in accordance
with the requirements of Level B of MIL-8TD-794.

5.2.2 Packaging. Packing shall be in sccordsnce with the requirements of Level B of
MIL-STD-794.

5.2.3 Design Requirements (Structursl). Preservation, packaging, and packing shall be
designed to withstand the rough handling package requirements of MIL-STD-794 as defined
in ZED-STD-101 (withou: damage or degradation to the useful life performance, and
relisbility of the contained item without damage to the preservation, packaging, and
packing which would affect their utility) in accordance with the following:

a. Rough Hepdling

Sroes Weight snd Dimepsions ERED-STD-101 Method

Less than 200 pounds and not 5007 Procedure B Free .'g_au Corner
exceeding 60 inches on any Drop (Level A)

edge or diameter. 5007 Procedure B Free Fall Flat

Drop (Level A)
5016 Superimposed Load (with
damage, Level A)
5019 Vibretion (Repetitive shock)
5020 Siuisridal Vibration

b. Pressure

(1) Transportation: Air . . . . . 3.28 to 15.23 peia
Ground . - . . ’-76 to 15.23 ’.i.

(2) Storage: 12.4 to 15.23 peia
c. JIempersture

(1) tt.ﬂ.’ott‘tio.: lil’ . . - . . liﬂiﬂlﬂ; Mizus 29.'
; Maximum; Plus 150°F for 6 hours

Ground . « o o+ Minimum; Mioue 20°F
Maximum; Plus 150°F for 6 hours

FORM M 131-H=2 REV 2-70 ) e ! SO
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(2) Storage: Uncontrolled . . Minimum; Minus 20°F
Maximum; Plus 150°F for ¢ hours
Controlled . . MNominal; Plus 60 to
Plus 80°F .
*Minimum; Plus 25°F
"Maximum; Plus 115°F
*Duration 4 hours maximum
d. Bumidity Air « + « o+ + 0 to 100 percent relative
Ground . . . o B8 to 100 percent relative
e. Salt Spray 1.0 percent by weight salt solution for
30 days.
f. Sand gnd Dysg
*Sand Particle Diameter: 0.0031 to 0.039 inches
Suspended Sand: 1.2 pounds per cubic foot
**Dust Particle Dismeter: 07.0000039 to 0.0031 inches
Suspended Dust: 3.7 x 10 pounds per cubic foot
Sand and Dust Particle Harness: 7 to 8 MOH Scale
Wind Speed: 33 feet per second
*90 percent or more between 0.0037 and 0.012 inches.
*290 percent or more between 0.0000039 end 0.000079 inches.

s Iungus As specified in MIL-8TD-454.

k. Ozone 3 to 6 parts per hundred million
(pbm). Total oxiuant concentrations
may reach 60 phm for 1 to 3 bours in
any 24 hour period.

i. Rajip Maximum of 19 inches during any 24 hour
period, including short period extremes
of & inches per hour.

jo Rail Maxinum Diameter: 2 inches
Fall Velocity: 100 feet/second
Hailstone Density: 50 1b/cu ft
Wind Speed: 33 ft/sec
Hardness, MOH Scale: 2 to &
Durastion: 15 minutes max

k. Snow 10.2 pounds per squsse foui.

1. Solsr Radistiop 363 BTU/£t2/hour for 6 hours per
day for two weeks./
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5.2.4 Reussble Contaipers. Where analysis in accordance with NEB6000.1(1A) indicates
a requirement for reusable containers, maximum practical utilization shall be made of
standard off-the-shelf, low cost, metal or plastic containers.

5.2.5 Temporsrily Instslled Hardvare Ideatificetion. All temporarily installed
devices such as caps, pluge, covers, support bracketry, protective plates, etc., shall
be cerise red in color or shall have attached cerise red colored streamers to ensure
that they are easily identified under casual observation. Reusable protective devices
shall be lsbeled “REUSABLE ITEM, DO MOT DESTROY, RETAIN FOR REUSE."

4

/

5.2.6 Packagiog and Labeling or Ordnance. Deleted.

k. Snow 10.2 pounds per square root.

1. S$Solar Radistion 363 BTU/ft 2/hour for 6 hours per day

for tuo weeks.

$.2.4 Reussble Coptsiners. Where analysis in accordance with KHB6000.1(1A) indicates
& requirement for reusable containers, maximum practical utilization shall be made of
standard off-the-shelf, low cost, metal or plastic containers.

5.2.5 Iemporarily Instelled Berdvare Ideptification. All temporarily installed
devices such as caps, plugs, covers, support bracketry, protective plates, etc., shall
be cerise red in color or shall have sttached cerise red colored streamers to ensure
that they are essily identified under casual cbservation. keusable protective devices
shall be labeled "REUSABLE ITEM, DO NOT DESTROY, RETAIN FOR REUSE.!

5.2.6 Packaging snd Lebelipg or Ordpapce. Deleted.

5.2.7 Pre-Production Packaging Quelificetion Teets. Testing to verify the functional
capability of the package or transport methods/equipment shall be accomplished as
required by Section 4 of this specification.

5.2.8 Marking for Shipment. Interior and exterior containers shall be marked and
labeled in accordance with MIL-8TD-129 including precautionary markings necessary to
ensure safety of personnel and facilities and to ensure safe handling, transport, and
_storage. For hazardous materisls, markings shall also comply with applicable require-
ments governing packaging and labeling of hazardous materials. Packages wvith reuse
capsbility shall be identified with the words "REUSABLE CONTAINER - DO NOT DESTROY
RETAIN FOR REUSE.“ NASA Critical Item Labels (Form 1368 series) shall be applied in
accordance with NHB6000.1(l1A). Identification information on interior and exterior
containers shall be in the following format and shall include:

FORM M 131—H~2 REV 270 : L SR




CODE IDENT. NO. 03953
NUMBER REVISION LETTER PAGE (

mosoozs [T T [ [ ] [ T |

BUYER CONTROL NUMBER

ITEN MAME
FSN/MATO STOCK NUMBER _WHEN APPLICABLE)

MANUFACTURER'S TYPE OR PART NUMBER

QUANTITY IN PACKAGE TRACEABILITY IDENTIFICATION

AGE CONTROL MARKING
CLEANING MARKING {NOT APPLICABLE)
SERIAL NUMBER

MANUFACTURER

DATE OF PACKAGING

LEVELS OF PACKAGING AND PACKING

MANUPACTURER'S PACKAGE PART NUMBER __ (NOT REQUIRED FOR OFF-THE-SHELY CONTAINERS)
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6. MOTES
6.1 Defipitions.

6.1.1 Acceptence Teste. Inspection and tests to determine that a part, componment,

subsysten or system is capable of meeting design and performance requirements specified
herein.

6.1.2 Assesement. A verification method employing inspection and review of design
techniques to verify design features not covered by verification test and analysis such
as finishes, tolerances, bonding, identification tracesbility, safety wiring, warning
and servicing labels, Bill of Materials, etec.

6.1.3 Claseificstion.

Iype. This term denotes differences it like items or processes as to design,
model, ;Iupn. etc., and is designated Ly upper case Roman numerals (e.g., Type I,
Type 11).

Class. This term denotes differences in performance or physical characteristics
and is desigoated by Arabic numerals (e.g., Class 1, Clars 2).

Grade. This term denotes differences in quality of an item and is designated by
capital letters (e.g., Grade A, Grade B).

6.1.4 Certification. Certification consists of qualification testing, major ground
test, and other tests and analysis required to determine that the design hardware from
the component through the subsystem level meets requirements.

s. Quelificetion Test. Those tests conducted as part of the certification program to
demonstrate that design requirements can be realized under specified conditionms.

b. Certification by Anslvsis. Certification by snslysis allows the use of appro-
priste engineering analysis including simulation to provide fulfillment of
certification objectives. Certification snalysis will normally be conducced due
%o one or both of the following factors.

(1) The insbility to simulate flight conditious in an effective ground test.
(2) Qualification testing would mot be practical.

Analysis way be used where it can be shown that the article is similar or
identical in design, manufacturing processes, and quality control to another
article that has been previously certified to equivalent or more stringent
criteris. .

6.1.5 DNevelopmant Tesra. Thrse tests performed with minimum rigors and controls to
verify a design approach.

6.1.6 PFail Operationsl. The ability to sustain & failure and retain safe, full
operational capability (mission continuationm).
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6.1.7 JRail Ssfe. The sbility t¢ :t.iu & failure aud rctain safe operational capa-
pility (successfully terminate the :dsvios).

6.1.8 JXailure. The inability of a systam, subsystem, component, or part to perform
its required function within specified limits, under specified conditions for s epeci-

fied duration.

6.1.9 « A combipation of components, units, parts, assem-
blies, subsssemblies, etc., tha' are contained in one package or are so arranged that
together the combination is common to one mounting; and im addition, provides s com-
plete fuaction(s) to the larger entity within which it operates. In order to aid ia
the further definition on an individual basis, the following list of characteristics
which can be attridbuted to a line replaceable unit ara provided.

a. It can be verified as ready for installation in an off-vebicle enviromment.

. After instsllation zesdiness verification, it can be installed in sny vebicle or
GSE end item without regard to serial number.

c. The installation does not require manufacturing type tooling of dimensional or
other similar nature.

d. It does Dot require enginsering support during the installation or removal.

It does not require more time or imvolve more spares costs or other resources thst
is next assembly for instellation or removal.

6.1.10 Shop Replscesble Upit (SRU). A SRU {s am integral subassembly of a LRU con-

sisting of units and parts or s combination of parts so arranged that together the com=
bination is common to one mounting; and in addition, provides a complete function to

the larger entity within which it operates.

6.1.11 . The action perforaed in an attempt to retsin an item in
a opecified ccndition by providing systematic inspestion, detection, sand servicing for
the prevention of incipient failure.

6.1.12 Opersting Cycles. The cumulative nucmber of times an item completes a sequence
of activation and return to its initial state; e.g., 3 switched-on/switched=-off
sequence, & valve-opened/valve-closed sequence, s tank pressurized/depressurised, or

Dewar cryogenic exposure/draia.

6.1.13 Opersting Life. The specified operating time/cycles which an item can accrue
before replacement or refurbishment without risk of degradation or performance beyond

acceptable limits.

6.1.14 Proflight Chsckoyt., Verifies that the flight hardvare functions within pre-
scribed limits whcn the subsystem sre operated alome, or together as an iutepraied

vehicle.

6.1.15 Structure] Safe-Life. A design approach under which structursl failure will
ot occur becsuse of undetected flavs and/or fatigue damsge during the specified
service life of the article; slso, the period of time for which the integrity of the

structure can be ensured in the expected operating envirooments.
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6.1.16 Bhelf Life. That period of time during which an item can remain in storage
without having ite operability affected. Preventive maintenance, servicing, and
replacement of age-sensitive material parts shall be permitted on s scheduled basis
during the storage period.

6.1.17 Single Feilure Point. A hardware failure which, by itself, could result in a
safety hazard or serious impairment (or loss) of functional capability.

6.1.18 Mﬂmw- Summary listing of those single failure
points identified in the failure mode and effects analysis.

6.1.19 Useful Life. The item's total life span including operating life and storage
with normal preventive maintenance, servicing, repair, and replacement of parts before
item is considered unacceptable for further usage. This life span may be equal to
(throw-away), or greater thsan (repair, refurbishable) the value specified ror
“opersting life."

§.1.20 Verificstion. The process of planning and implementing s program that deter-
mines that the item meets all design, performance, and safety requirements. The
verification process includes certification, development testing, acceptance testing,
assessment, flight demonstration, preflight checkout, and analysis necessary to support
the total verification plan.

6.1.21 Jorr. The Torr is defined as 1/760 of & standard atmosphere or 1,013,250/760
dynes per square centimeter. This is equivalent to defining the Torr as 1333.22 micro-
bare, and differs by only one part in seven million from the International Standard
millimeter of mercury.

6.1.22 Sheltered. A warehouse type facility, enclosed, snd providing protection
against enviroomental condjtions.

6.1.23 Upsheltered. An open area unprotected against envirommental conditions.

6.1.24 Pgge Cable Apsembly. A logic page contsining sn integral cable to an LRU
external connector.

6.1.25 Cgble Core. Cable core is that group of conductors and associated shields
which terminate at one equipment interface connector exclusive of any overall shield.

6.1.26 Built-In Test (BIT). Is defined es additional circuitry implemented in the
basic design of an LRU or system for the purpose of failure detection and/or reporting
operational and/or health status of the LRU. Built-in test is defined to include:
built-in test equipment (BITE), self-test, and test points.

s. Built-In Test Equipment (BITE). That circuitry provided to perform continuous
monitoring of specific paraseters, groups of parameters or functions of the LRU to
provide a GO/NO-GO indication. This type of built-in test capability represent
those implementational at techniques which are sutonomous in nature, provide con-
ticucus real-ti:>> monitoriag, but do mot interrupt nmormal Cperatlica of ithe LRU.

b. Sc¢lf-Test. That circuitry contaeined in the LRU which provide the means to simu-
late operation of a LRU for the purpose of functional verification. This type of
built-in test capability is nmon-autonomous in nature in that it may require an
externsl initiation and does interrupt the normal operation of the LRU.
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c. JTest Points. Those measurements of LRU parameters which are provided at the
slectrical interface of tke LRU to ensble determination cf the relative health or
operational status of the individual unit.

d. Unsugmepted Test. Is defined an a test that does not require the use of the
computer in a mode other than the normal operational mission of data reception/
command generation.

e. Probabjility of Failure Cslculstjop. An acceptable way to calculate the proba-
bility of failure detection for a LRU is:

1. [Railure Rate of Undetected Item Parts.

Total failure rate of items that effect LRU ability to meet CEI
performance requirements. 7

Por this calculation one can gssume the input data to the LRU are correct and the
output faults are due only to the sending LRU,

6.1.27 Miscellsuveous.

s. Bopd. A controlled connection resulting in a defined low-impedance dc and RF
vath.

b. Checkoyt. Checkout is a test conducted on an item to determine its conditionm
or operable status.

c. is. Variations of operationsl and performance characteristics which
are outside of the limits permitted by the detail equipment specification deem the
equipwert failed. Deterioration and msterial failure of any part of material
which could in any manner prevent the equipment from meeting operational, perfor-
mance, and reliability requirements during service life shall provide reason to
consider the equipment as having failed.

d. Mjnimum Cooling Airflowv. The minimum cooling airflow is the rate required to pre-
vent the temperature of all critical components within a given unit from axceeding
safe levels.

e. Module. A wodule is s removable plug-in part of sn equipment.

£f. Processor State. Volatile registers which define the current status and exchange
sequence of a program.

g. Pover Commou. This conductor is used for a current-carrying return path for more
than one power source or load.

h. « This conductor betwveen power circuits is used to establish a
voltage relationship (not primarily s current-carrying conductor).

i. Power Return. Inie ccnductor is used £0T curreui-cerrying return path for one
load.

j. Shield Reference Tie. A conductor from a shield to any other points is & shield
reference tie.
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k. fignal Return. This conductor is used for a signal-carrying path for one load.
1. Btructure Tie. A conductor between structural members is a structure tie.

m. JFull Duplex. Full-duplex operation is the method whereio a common tranmitter-
receiver unit can send and receive information simultaneously over the same
chsnnel.

n. Hglf Ouplex. Half-duplex operation is the method wherein a common transmitter-
receiver unit can send and receive information on the same channel, but not
simultaneocusly.

o. Cyclic. The sequential process wvhereby one item is followed by another in &
serial fashion is described as cyclic.

p. Dumpy Logd. For the purpose of shock tests, a dummy load is a duplication of the
shape, size, rigidity, mounting methods, weight, mass distribution and
center-of-gravity of the quslification unit. There is no requirement that it be a
functioning device.

6.2 Abbreviations snd Acronyms. Abbraeviations and scryooms used in this specification
are defined as follows:

Al Aluminum

ap Ampere

ATT Acceptance thermal tests
AVT Acceptance vibration tests
AGE Aerospace ground equipment

) [v 4 Bus control elemennt

BITE Built-in test equipment

IIE Bench test equipment

Btu British thermal unit

1) Bandwidth

BFCS Backup flight control systea
cG Center of Gravity

cos/mo8 Complementary symmetry/metsl vxide semiconductor
cmd Cubic centimeter

CcrU Central processor unit
Cu Copper

oW Continuous wvave

DA

Double smplitude

DACBU Data acquisition and control buffer vait
db Decibel

de Nieanrr snvrvent

DEU Display electronice unit

DA Direct memory access

ECC Error Correction Code

BEE Electronic/electrical/electromechanical
EIU Engine interface unit

EMC Electromagnetic compatibility
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fed
fed
FEN

crc
GSE

E EJUNEECEEENEEAEE Ev FET g rRET

Fabrenheit

Foot or feet

Square foot or feet

Cubic fert

Pederal stock number

Flight control operating system

General purpose computer
Ground support equipment

Helium

Mercury

Hour

Herts (cycles per second)

Intercomputer communication channel
Input/output processor

Kilohm
Kiloherts (kilocycles per second)
Kilimeters

Pound
Line replaceable unit

Milliampere
Multiplexer/demultiplexer
Milligrem

MegaHertz (megacycles per second)
Milliliter

Millimeter

Mass memory
Monomethylhydrazine

Metal oxide semiconductor
Millisecond

Master sequence controller
Marsball Space Flight Center
Mean time between failures
Millivolt

Mean time to repair
Multiply

National Aeronsutics and Space Administration
North Atlantic Treaty Organization
Non-destructive evaluation

Nitrogen

Hitroaen Tavteawida

Nickel

Nanosecond

Non-volatile residue

Oxygen
Operational instrumentation
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(1 4 Program control unit
pev Pulse continucus wvave
PCO Program control output
PMIA Parallel multipiexer interface adapter
PP Part. per million
PROM Programmable read only memory
pei Pounds per square inch
psia Pounds per square inch absolute
paid Pounds per square inch differential
psig Pounds per square inch gauge
pha Parts per bundred million
Q Magnificatiou factor
RAM Random access memory
RC Resistance capacitance
rf Radio frequency
™ms Root mean square
ROS Read only store
ROM Read only memory
8D Space Division
sec second
SRU Shop replaceable uanit
std Standard
SIP Self-test prograus
TBS To be supplied by seller
b v 4 Trichlorotrifluorethane
usec Microseconds
vdc Volts direct current
V/m Volts per meter
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APPRMDIX 1

10. PROTOTYPE MODEL

10.1 $cope. This appendix establishes the performance, design, development, and
verificstion requirements for the prototype configuration of the GPC, orbiter.

10.1.1 Clsseification. All requirements of the basic specification shall apply.

10.2 Applicsble Documents

10.2.1 Applicability. The docments listed in Section 2 of the basic specification
shall apply.

10.3 Requirements. The requirements of Section 3. of the basic specification shall
apply, except as follows:

8. Deviations in components or process requirements msy be granted upon request from
the seller.

10.3.1 Itew Identificsiton. The identification of the prototype model shall be as
follows:

Nomenclsture snd Mfr Seller Traceability
Code Ident. No. Buyer Control No. Part No. Classification
GPC NC615-0025-2000 6966000~-1 Serial
10.4 i isiops. The provisions cf Section 4 of this specifi-

cation are wvaived. The supplier shall submit en acceptance test procedure for the
buyer's approval and shall conduct acceptance tests in accordance with the approved

procedure.

10.5 Preparation for Delivery. The r(quirements of this section of the basic
specification shall apply.

10.6 Notes. The requirements of Section 6. of this specification shall apply.
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Amendment CO4
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MF0004-400C
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MC615-0010
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Amendment A-03
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MC615-0010B
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Amendment C-01

18 June 1980
Amendment C-02

24 September 1984
Amendment C-03

3 April 1985

I1S:

MT0802-106
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16 December 1984

This amendment forms a part of MC615-0025, new, dated September 19, 1984.

Adapter, Interface, IOP Multiplexer

Adapter, Interface, Serial Multiplexer
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Page 192, Paragraph 10.3.1

WAS: Nomenclature and Mfr.
Code Ident. No.

GPC

1S: Nomenclature and Mfr.
Code Ident. No. .,
T

Computer, General
Purpose. 03640

Page V
Alu: 11. Appendix II pre-production configuration

ADD: Page 193
APPENDIX II

11. PRE-PRODUCTION CONFIGURATION
11.1 SCOPE

The pre-production GPC's are to be manufactured utilizing a combination of
qualified parts and parts that do not meet the requirements of the Quality
Assurance Requirements Specification, MT0802-106 or Amendment D-01 of the
Electrical, Electroaic, and Electromechanical Orbiter Parts List (OPPL),
MF0004-400C.

These parts are "equivalent parts" that have not teen subjected to the
additional requirements imposed by Amendment D-01 and MT0802-106.

The pre-production GPC's are to be restricted to nonflight use and are to
be identified with the following part number:

Rockwell Part No. IBM Part No.

MC615-0025-3000 6966000-2

In order to minimize the use of "equivalent parts," qualified parts shall
be used whenever possible.

With the exceptions noted above the reyuirements of the basic specification
shall apply.
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Page 47, Paragraph 3.2.1.3.9

Delete the last two sentences and add:

The frequency of the oscillator shall have an accuracy of plus or minus
.001 percent at the standard temperature conditiors specified in Para-
graph 4.1.2.1. The frequency shall be stable within .001 percent from

30 minutes to 7 days under the ambient temperatures specified in Para-
graph 4.1.2.1, but the frequency accuracy of plus or minus .0045 percent
is permitted for the first 30 minutes of operation within the operating
environment specified. The turn-on time of the oscillator shall not
exceed 100 milliseconds from the time master power reset is released after
application of primary power.

Page 12

Replace Figure 4 with the enclosed figure
Page 7

Replace Figure 2 with the enclosed figure

Page 13, Table I

WAS: GPC J2 =
Pin No. Signal Name
1 ’ Spare
2 Spare
IS: GPC J2
Pin No. Signal Name
1 -L AD POR
2 GND

Page 15, Table I

WAS: GPC J3 Signal
Pin No. Name Function
86 Spare Spare 3C
87 Spare Space 3T
IS: GPC J3 Signal
Pin No. Name Function
86 . Overtemp 1
87 - Overtemp 2
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/DISCIEYE INPUTS AND OUTPUTS BETWEEN 10PS, CONTROL PANELS, AND MASS MEMORIES

GPC 3

GPC 4

|

(2) LAUNCH FUNCTIONS

=i(2)  PAYLOAD OPERATIONS::

{1 PER GPC) FLIGHT INSTRUM

{5 DEDICATED)

1 11

R -

"(8) FLIGHT CRITICAL SENSORS & CONTROLS.

-

1 Nz
SERIAL
DATA
BUSES

J
' ll (McDS )

YON FF1 wN FAL] [ 1 pea 1] [0€U 1 WON_PF1 ':'" t::

MOH FF2 MDN FA2 Ny 2 PCMM 2 DEU 2 MOM PF2

MDM FF3 MOM FAJ VEU ] PDL

MOM FF4 MDM FA4 DEU 4 PSP [m

[T MEC 1

Dou 2 MEC 2

obU 3 Elv 1

EIV 2 LT SR8 RT SRB

LEGEND: EIU 3 MOM LL1 me MOM LRI
FF/FA ¥DM = GNAC Sensors and Control MOM LL2| [umsiLical] [ON LRZ
MEC = Mission Events Controller
DEU (MCDS)= Display Electronics Unit, Keyboard and CRT
EIU = Engine Interface Unit
LL/LR MOM = Solid Rocket Booster Control & Sensor NOTE: ALPHANUMERIC MODIFIER

PCMM = Pulse Code Modulation Master
] = Mass Memory Unit

DoU = Display Driver Unit

MCIU = Manipulator Hand Controller
LF/LA = Flight Test, Post Flight MGT
PF MM -

"

L]

Isolation Amplifier

Figure 2.

Performance Monitor Control PCM Format Control Payload

DESCRIBES PHYSICAL POSITION
& FUNCTIOMAL REDUNDANCY

Multicomputer System Block Diagram
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CODE IDENT. NO. 03953

PAGE 6 OF 16

NUMBER REVISION LETTER PAGE
MC615-0025 I I [ l 1 I l
Page 16
WAS: GPC J3 Signal
Pin No. Name Function
107 D134C Discrete in 34T
IS: GPC J3 Signal
Pin No. | ! Name Function
107 D134C Discrete in 34C
Page 17
GPC J4
Pin No. Signal Name
9 WAS: J1-001
IS: J4-001
12 WAS: J1-004
IS:  J&4-004
14 WAS: J1-005
IS:  J4-005
22 was: J1-030
Is: J4-030
26 WAS: J1-015
IS: J4-015
29 WAS: J1-018
IS: J4-018
31 WAS: ~-L AGE EA store project latched (Softwire)
1S: -L AGE read storc protect (Softwire)
35 WAS: J1-023
1S:  J4-023
49 WAS: J1-036
IS:  J4-036
52 WAS: J1-039
I1s:  J4-039
54 WAS: J1-041
IS:  J4-041
56 WAS: J1-044
IS:  J4-044
58 WAS: J1-047
IS: J&4-047
60 WAS: J1-059
IS:  J4-059
62 WAS: J1-061
I1S:  J4-061
72 WAG:  TieAM
Is: J&-0N
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NUMBER REVISION LETTER PAGE
g FTEIT LY L
Page 17 (Cont)
GPC J4
Pin No. Signal Name
74 WAS: J1-073
1S: J4-073
76 WAS: J1-063
IS:  J4-063
79 WAS: J1-066
1S:  J4-066 "
81 WAS: J1-068
IS: J4-068
83 WAS: J1-082
1S:  J4-082
85 WAS: J1-084
1S: J4-084
87 WAS: J1-086
1S: J4-086
Page 18
GPC J4
Pia No. Signal Name
89 WAS: J1-088
IS: J4-088
90 WAS: +L AGE
1S: L AGE
91 WAS: J1-090
IS: J&-090
93 WAS: J1-092
1S:  J4-092
95 WAS: J1-094
IS: J&-094
97 WAS: J1-096
I1S:  J&4-096
99 WAS: J1-098
IS: J4=-098
101 WAS: J1-100
IS: J&4-100
103 WAS: Return for J1-102 (Softwire from B08)
IS: Return for J&-102
ADD: 104 SPARE
106 WAS: Returm io: <:~10% {(Coftuizc frecz P12)
1S:  Retusc $2r J4-105
108 WAS: Return for J1-107 (Softwire from B16)
IS: Return for J4-107
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PAGE 8 OF 16

Page

Page

Page

Page

35, Table IIA, under "Function"
Line 16

WAS: ADOR
IS: ADDR

Line 18
DELETE: " (Do not clear code parity)"
Line 22

WAS: Read EOAC ADOR REG 00-13
1S: Read EDAC ADDR REG 00-15

Line 25

WAS: BSR/OSR
IS:  BSR/DSR

Line 29

WAS: Hoop
IS:  Loop

Line 30

WAS: BSV/0sV
IS:  BSV/DsV

Line 31:

WAS: Read MFER and clear code parity error '
IS: Read and clear MFER

46
Replace Table III with new Table III enclosed.
47, Line 14

WAS: Work
IS: Word

48, Line 8

WAS: Pass ing
1S: Passing
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Table III. Interrupt Structure and Priorities
L]
laterrvpt old Bew | Bet Rash Ist. I laterrupt CPU/10P/AGE
Priecity |Clase | PSV P3% | Rastable | Bit |Pendiag | Cods 'Accept Tiae | Geaereted lraerrupt 3
% rostx (0010 |- X | e NIA | ENDOP CPU | Power OLtee=me (Microcode Pt Mway)
[]] POMEAR | -- 0004 b .- - L) ACYCLE cr Power Oun
[+ POMER | -~ L 10 xve .- .- WA nYCLE v Systes Resst
0 POMER | -~ - - .- .- NN o - H/A te Shuttle 1SA
[+ n 0040 | D044 Lad 4 Be 0008 |MCYCLE cr EA Fauit
o4 " 0060"® | 0004 .- . ™ 0005 |ACYCLE o CPU Microstore Parity
] ~ 0080 0084 .- . e Oude | ENDUP (41] loterrupt Page Fault
o4 n 0040 004 .. a3 e w02 [ Furced ENOK lop DA Memary Multi-bat Krror
ar " 0060 004a - [ ) e 0001 |Fosced ENDOP cru CPU Besory Multi-dit Lrrer
10 n Q060" | 0044 ] Lol .- 0004 |MCYCLE (4. Spare
1" nc .- - - - - - .. .. Spate
12 " 0040%*" | 0044 B .. - 0007 ImCYCLE cru EXDOP Timeout
') ~ - - .. - - - . . Spare
& ne 00.0""* | 3044 4 .. e 0009 | MCYCLE cru CPU Canmot Contioue
1) e . b o o ba - = ‘ - x od
" n .. .- | - - .- or | AcL Ak paint (Tester $ )
» n - - - - | e .- . $ - WA €. Sauttle [SA
» n - e - - - .. - ' - IU Nesory Kerarmwes
n o e e - - .- . i .. LU Nesory Errocveeee
1 n 0070 0074 .- W | LIL) cru CPU Breshporat (Insteuctioa Meaitor)
20 " 00ad 004C | - 20 0004 cr Fined Poiat Overflow
at ”" 00 00| X - 0008 cn
a n 00«8 [ a2 0009 (<
F) ” pes pou - - - - ..
(4} n 0048 00eL 3 .- 0000 |(MCTYCLE v lestruction
Q 119 00es 00l e . 0001 |-~ o ed lastruction (Mes*able
Only 1a Probles State, PSW 47sll)
5] ”n 00a8 oosc | x - 000C |Forced ENDOP cr Divided by Zero (FiL. Pv.)
Co 119 0l 00w .- £ 0005 |Forced ENDOP (4,1] Sigarlicance
(=] n Qosl 004C K .. 000a | DwDOP CPU Coavert Overflow
e " [ 00aC | X - 0003 |Ferced LXDOP cru Space
n sC 00sa 00s¢C X o (1sas) | ENDOP v Supervisor Call
n " . . . .. . - . Spare
2 [ - - - - . - - W/A te Shuttle 13A
3 " [ 004C . 0007 |Forced EXDOP cru t Violetica
» " . L] .- - .. cru ge Fault
» rn - - . .- .- . - N/A to Shuttle 1S5A
-3 |SYS |- - - .- .- .- - W/A to Shuttle [SA
P s - - - .- pos .. -
o sYs | oosd 00k | - n . NDoP o
& 4YS | 00s8 008C | == n . Dxoop o laterval Tuimer
«? sY$ - . .- - - e - /A to Shuttle
% E1t] ) 097¢ ol » 0004 | ExboP 1op
50 v vore 00 » 0004 | ENDOP lor
0 sYs |oors 001C | -~ 3 0004 | ENDUP o0
)
S0 srs b ] 14 - » Yoo wWos | Eslur lor Eaternal O (1OF Fault, TOP Reg. A)
» s 00 o%erc - b ) Yau 0004 | ENDUF 100 External O (Matchdog Timer, 10P
Reg. A)
51 s 0080 008 .- 18 Yes 0000 | ExDUP ior PCI/PCO Chanael Paraty Errer (IOF
Reg. 8 . CB Oaly
s ns 0080 008a .- » Yes 0000 | Eapur or DMA Jastcuction Read Parity Error
GO Oaly
b1} s oce0 0084 - » Yes 0000 | bniwr o0
Rag. 8), GB Oaly
N 18 | ooso 0084 .- M | Yeo 0000 | ENLGP 1or Burat DMA word Couat Kacess (IOP
Reg. ), G Oaly
31 5Ys ouse ocse bt » Tes 0000 | ENDOP loe Q Overflow (IUP keg. §)
i svs 2080 L1 o Js Yas 0000 | LMDnP lor DA Timwout (LOF Reg. B)
3 R4 0080 008 Ll » Yea 0000 | DxDOP lor DRA Sterc Protect Violatioa (1OP
Reg
2 svs o088 008C ” Yesu .- Drpor lor 100 commed [atersupts (1-12)
3 5Ys 0% 00% » Yo e 1or Spare External )
b 1Y s 0098 21,9 .. » Tes .- ExDor 100 Speare Extersal &
» Eit) - - - - - - .- (=1} s.‘(.
» s oo -- ee oa .. .. .. cr Space
7 Y8 0080 oobe .- Tas 0u0e | ENDOP Ak Shuitle AGE latercupt
* CPU suat mot be 18 Lhe Malt
@ode
** CPU sust be 1a balt mode
"% PSW Cam vary, maybe wpdated
PC or unupdated PC
**v® Only occurs whea 18 probles
state
wwews Valid valy during executios
ia Cragests lzai.uwci.oa
wewwse I power off duriag loag
| ‘ 10skructioa, IC ooy be dacled
. “w
| (INST) Cede comes from SVC
l | * ! lastructica
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Page 49

Line 30

WAS: A program

IS: an

Line 32

WAS: Loading 4

Is: IPL !
Page 52, b.

WAS: IOPte regiscers
IS: IOP registers

Page 60, Paragraph 3.2.1.5.4.1.2, c.
Delete entire sentence
Page 61, Line 11

WAS: instructions
IS: instruction

Page 90, Line 13 .
WAS: instruction is .xecuted.
IS: instructica is executed sr the BCE detects an error condition.
CHANGE: "d" to "&"

Page 91, Line 21
Delete entire sent. e.

Page 92, Line 5
Delete entire sentence.

Page 93
Line 3

WAS: O bit position
IS: appropriate bit position

Line 9

WAS: instruction or invalid instructions are encountered
1S: instructicz, irvalid instructien, or BCE detected error is encountered

Paragraph 3.2.1.5.5.8 BCE Instructions

Delete 4th sentencoe.

FORM M 131-+=2 REV 270



AMENDMENT A-01 TO MC615-0025

CODE IDENT. NO. 03953

PAGE 11 OF 16

NUMBER REVIS ETTER PAGE
HC615-0025 et
Ll b L1 T 3
Page 18 (Cont)
GPC J&4
Pin No. Signal Name
109 WAS: AGE PS Test -5V
IS: AGE PS Test +5V DC Memory
111 WAS: AGE PS Test +5VDC
IS: AGE PS Test +5VDC CPU
112 WAS: AGE PS Test +12V
IS: AGE PS Test +12VDC
113 WAS: AGE PS Test +8V
IS: AGE PS Test -12 VDC
ADD: 114 BATTERY 1 AGE
115 BATTERY 2 AGE
116 RETURN FOR J4-114, 115
117 SPARE
118 SPARE
119 SPARE
120 SPARE
121 SPARE
122 SPARE
123 SPARE
124 SPARE
125 SPARE
126 SPARE
127 SPARE
128 SPARE
Page 25
Paragraph 3.1.3
WAS: Seller IS: Seller
Part Number Part Number
6966000~-2 6966000-3
Paragraph 3.2.1.1
WAS: Life Requirements. The GPC, excluding battery pack, shall be designed to
provide the most cost effective life capability, considering minimum main-
tenance and refurbishment as well as state-of-the-art hardware design.
Battery life is defined in Paragrpah 3.1.2.1.11.
IS: Life Requirements. The GPC shall be designed to provide the most cost
effective life capability, considering minimum maintenance as well as
state-of-the-art hardware desiga.
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AMENDMENT A-61 TO MC615-0025

PAGE 12 OF
CODE IDENT. NO. 03953

NUMBER REVISION LETTER PAGE

MC615-0025 ‘Iﬁ I [ 1 J ] !

Page 98

w
—
-3

IS:

Page 99

BIT
28

1S:

Page 101

Page 103

Page 106

Page 107

X

WAS:

- XMT
XMT/MIA BUSY

Add after last word of sentence: or MIA busy.

. instruction of an odd . . .
. instruction on an ODD . . .

Instruction Description
1 Line §
DELETE and ADD: enters the wait state.

Delete the last sentence.

Instruction Description
5 The fourth sentence should be changed to
read: The BCE is reset to the busy state
by the MSC.
Instruction Description
13 4= WAL: and begin executing the next
iastruction

1S: and enters the wait state

Instruction Description
13 Line 18
WAS: S=1
IS: SE=1

16
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AMENDMENT A-01 TO MC615-0025 PAGE 13 OF 16
CODE IDENT. NO. 03953

NUMBER REVISION LETTER PAGE
MC615-0025 L ] [ ' I | ]
Page 108
Instruction Description
13 Third sentence
CHANGE TO RFAD: If a tiwmecut occurs,
Bit 26 of the BCE status register is set,
and the BCE goes to the wait state.
Page 110
Instruction Description
15 Third paragraph

WAS: and the next instruction initiated.
IS: and the BCE goes to the wait state.

Page 123, Paragraph 3.2.1.7.1.1

WAS: mission word error
IS: missing word error

Page 124
Paragraph 3.2.1.7.1.2, Line &

WAS: (status Bit 1)
1S:  (Status Reg 1)

Paragraph 3.2.1.7.1.3, Line 3

WAS: (Status BIT 1)
IS: (Status REG 1)

Paragraph 3.2.1.7.1.5, Line 3 ;

WAS: (status Bit 1)
1S:  (Status Reg 1)

Paragraph 3.2.1.7.2.1
CHANGE TO READ: When the interword gap time exceeds six microseconds, the BCE
shall set the NO-GO BIT (Status REG BIT 1) and BIT 21 in the

BCE status register. The transmit data instruction shall be
terminated, and the BCE shall enter the wait state.

Paragraph 3.2.1.7.2.2, Line 2
After "transmitter," add "or if MIA busy,"
Paragraph 3.2.1.7.3.1, second scntence
CHANGE TO READ: The MSC or BCE shall set the NO-GO BIT (Status REG 1) and, if

an MSC detected error, the MSC shall set the I BIT (BIT 15)
in the MSC status register.
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AMENDMENT A-01 TO MC615-0025

CODE IDENT. NO. 03953

NUMBER REVISION LETTER

MC615-0025 _] ] I l l

I

I

PAGE

PAGE 14 OF 16

Page 125, Table XVI
ACTION

Line 14: After "6, or 7" add "(as appropriate)"
Line 22: After "STATUS BIT" add 15

Paragraph 3.2.1.7.3.2.1, Line 4

WAS: issue an interrupt ..
1S:  issue a machine &heck interrupt ...

Paragraph 3.2.1.7.3.2.2, Line 4

WAS: issue an interrupt ....
IS: issue a machine check interrupt ....

Page 126, Table XVII

ACTION
Lige 2
WAS: 29
1S: 15
Line 5 .
WAS: 28
18: 14
Line 7
WAS: 25
IS: 11
Line 8
WAS: 26
1S: 12
Line 9

! WAS: 27
IS: 13

Page 127, Paragraph 3.2.1.7.3.6
BIT 23 (2 places) should be BIT 14
Page 128, Paragraph 3.2.1.7.4, Line 2

WAS: 32
IS: 18
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AMENDMENT A-01 TO MC615-0025 PAGE 15 OF 16
CODE IDENT. NO. 03953

NUMBER REVISION LETTER PAGE
MC615-0025 I l ] ] ] I l
Page 132
DELETE: "3.2.1.11.15 TBD." .

Paragraph 3.2.1.12

CHANGE TO READ: When the GPC is installed in the avionic system the method of
loading the program is mass memory read.

Page 135
Replace Figure 12, Sheet 1 with new Figure 12 enclosed.
PAGE 137, Figure 12, Sheet 3
ADD: wissing dimension I}ne and arrow to the 0.875 dimension.

Page 138, Paragraph 3.2.4.2.1 a.

WAS: oted
1S: noted

Page 139, Paragraph 3.2.4.2.2 a.
Delete last sentence.
Page 142, h. Shock
Under the applicacions column the last number

WAS: 4
IS: 1

Page 154, c.

WAS: control processing unit (CPU)
IS: central processing unit (CPU)

Page 156, Paragraph 4.2.4.1.1 Test Hardware

WAS: Qualification test hardware shall be of the same configuration as the
flight hardware.

IS: A pre-prodvction configuration GPC (P/N MC 615-0025-3000) shall be used
for qualification test.

Page 157, Paragraph 4.2.4.1.6 Power Tests
Delete "and the power consumption requirements of 3.3.3.2.1" from the sentence.
Page 183

Delete lines 10 through 21.
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AMENDMENT A02 TO MC615-0025

HLITTI £ PAGE 1 OF 14

PREPARED BY" .. b‘ DOCUMENT NUMBER REV | sEQ
C.F. McMullen CODE IDENT. NO, 03953 MC615-002% Al o2
o D/292-440  X5237
PPROVALS DOCUMENT TYPE
0 PROCUREMENT
™~
_/_és’__‘ ‘l‘ Rockwell International
w—\ 5 AUTHORITY
. C.0. 40977
1% AMENDMENT DATE cich 1 ‘
1o~ ; 07/24/85 - 14
COMPUTER GENERAL i =
PURPOSE ORBITER susiscy Losv
CHANGE c T N

Viiid?

M//’

This amendment forms a part of MC615-0025, new dated September 19, 1984

Page V.
add: 12. Appendix III Battery Backup Unit (Production configuration)

13. Appendix IV Battery Backup Unit (Pre-Production Configuration)

14. Appendix V Battery Backup Unit (Prototype Configuration)

Page 3.

Page 141

add: MIL-STD-202F
April 1980
3.2.5.1 b.

was: b. Pressure

Test Methods for electronic and electrical component puarts

is: b. Pressure (1)

Page 142
add: i. Lightning

ABv 30Y

(2)

Minimum:

Maximum:

Minimum:

Maximum:

12.3 psia, continuous,
8 psia for 2 hours

18.0 psia

12.3 psia, continuous,
8 psia for 2 hours

SS O WY 82 130 og
Q3sviiy
ATIVidI340

18.0 psia

10.2 p3ia in a 352 oxygen environment
for 165 hours

In accordance with Paragraph 4.2.4.1.7

FORM 3343-E REV 11-80




AMENDMENT A02 TO MC615-0025 _ CODE IDENT, NO, 03953 PAGE 2 OF 14
I
HC615-0025 A | 02 |race
DOCUMENT NUMBER rgv | sxo TR
Page 156
Table XX
Change to read:
Test Paragraph
L)
Acceptancé Test (REF) 4.2.2
Pover Test 4.2.4.1.6
Lightning 4.2.4.1.7
EMC 4.2.4.1.8
Cabin Atmosphere 4.2.4.1.12
Thermal Cycle 4.2.4.1.,10
Vibration 4.2.4.1.3
Acceleration 4.2.4.1.4
Thermal-Vacuum 4.2.4.1.9
' Life 4.2.4,.1.11
Shock 4.2.4.1.5
Page 157
4.2.4.1.7
was: Deleced
is: Lightning
The CPC shall be designed to withstand a lightning pulse voltage transient
without sustaining damage, malfunction, or upset. The test waveform shall
have a 0.6 £ 0.3 microsecond risetime and a pulse width of at least 10 micro-
seconds. The test signal peak amplitudes, with respect to a zero current or
voltage baseline, are specified in paragraphs 4.2.4.1.7.1, 4.2.4.1.7.2,
4.2.4.1.7.3, and 4.2.4.1.7.4. VWhen both voltage and current transient peaks
are specified, whichever is encountered first, when increasing the threat
level, satisfies the requirement.
4.2.4.1.7.1 Receiver Circuits

The Receiver circuits shall be designed to perform without damage, malfunction
or upset when 27 volts or +2.2 milliamps and =14 volts or -4.2 milliamps is
applied as a common mode transient from pin to chassis.

FORM 3943~E~1 REV =7



AMENDMENT AO02 TO MC615-0025 CODE IDENT. NO, 03933 PAGE 3 OF 14

4.2.4.1.7.2

4.2,4,1.7.3

4.2.4.1.7.4

Page 160
Add:

4,2,6,2.13

Page 25

i ——————— . . -
the Driver circuits shall be designed to perform without damage, malfunction

28 VDC Power Circuits

Data Bus Circuits

Pressure

MC615-0025 A | 02fpuae
DOCUMENT NUMBER nEv | sga

Driver Circuits

or upset vhen +17 volts or +10 millismps and =-0.2 volts or =30 milliamps is
applied as a common mode transient from pin to chassis in either output oper=-
ating state.

The 28 VDC power circuits shall be designed to perform without damage, mal-
function or upset when +91 volts or +10 amps and ~-18 volts or -6 amps is
applied as & common mode transient from pin to chassis.

The data bus interfaces shall be designed to perform without damage, malfunc-
tion or upset when 118 volts is applied in common mode from transients to
common ground (logic, chassis, power).

Compliance with the pressure requirements of 3.2.5.1b(2) shall be verified by
analysis of design and engineering data.

Paragraph 3.1.3

Was: Seller Is: Seller
Part Number Part Number
6966000-3 6966000-20
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AMENDMENT A02 TO MC615-0025 CODE IDENT. NO, 03953 PAGE & OF 14
MC615-0025 A 02
rASK
DOCUMENT NUMBER nev | sza S—
Page 177
‘ Change to read as follows:
Verification Method
2 3
Section 3 and § Section 4
Requirement No. N/A(Yl]|a|bD b dle|f|g|h Requirement No.
3.2.4.2.5 X| X 4.2.2.2.1, 4.2.3
3.2.6.5.6 x
3.2.4.5.6.1 X X 6.2.4.2, 4.2.3
3.2.4.3 X
3.2.4.3.1 X 4.2.3
3.2.4.3.2 X 4.2.3
3.2.4.3.3 X 6.2.3
3.2.5 X
3.2.5.1 X
3.2.5.1a X ‘02.‘01010'
4.2.4.1.2
Jizisllb(l) x ‘lz".l.’
3.2.5.1b(2) X 4.2.4.1.2
3.2.5.1¢ X X 4.2.4.1.12,
4.2.4.2
3.2.5.14 X X §.2.4.2.12,
4.2.4.2
3.2.5.1f X
3.2.5.1€(1) X 4.2.4.1.3,
6.2.4.1.2
3.2.5.1£(2) X 4,2.4.1.3,
‘.2.‘.1.2
3.2.5.1' X X 602.‘-1." ‘0206
3.2.5.1n(1) X X 4.2.4.1.58B,
4.2.4.2
3.2.5.1h(2) X X 4.2.4.1.10,
3.2.5.1i X X 4.2.4.1.7, 4.2.4.2
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AMENDMENT A02 TO MC615-0025 CQDE IDENT, NO, 03953 PAGE 5 OF 14

MC615-0025 A 02
DOCUM ENT NUMIER agv | sxa

Amendaent A-01
Page 9 Table III
Add to bottom of page:

"Mote 1: Status held active in PSW 19."

Page 116
Add: .

3.2.1.5.15 '.tt.fl ‘.CkuLuﬂit (llU)
The BBU provides backup power to the GPC memory in order to retain the memory
contents in the event of a primary power interruption. For purposes of the
GPC design, the BBU is defined in the following paragraphs.

3.2.1.5.15.1 Interface Definitions 0
The electrical interface between the GPC CMOS memory array, the memory power 1

supply and the BBU shall be by a twventy five pin connector. The socket por- i

" zion of the connector shall be provided on the BBU and the pin portion of the
connector shall be provided on the GPC. The functional and physical interface
requirements for the BBU are defined in Appendix III.

3.2.1.5.15.2 Performance Characteristics |
The BBU shall provide the performance characteristics defined in Appendix III. :

3.2.1.5.15.3 Physical Characteristics
The BBU shall have the physical characteristics defined in Appendix III.

Appendix III
12. Battery Backup Unit (Production Configuration).

12.1 Sco
This appendix establishes the performance, design, development, and verification

requirements for the Battery Backup Unit (BBU).

12.1.1 Classification
The requirements of the basic specification shall apply

12.2 Applicable Documents

FORM 2943=K=! REY =N
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AMENDr.. T .02 T0 MC615-0025 CODE IDENT, NO, 03953 PAGE 6 OF 14
MC615-0025 A 02 —

DOCUMENT NUMBER mEv | SEQ |

The documents listed in section 2 of the basic specification shall apply

12.2.2 Item Identification. The identification of the BBU shall be as follows:

Nomenclature pnd Seller Traceability
Mfr Code Ident No. Part No. Classification
Battery Rechargeable: 3.6 volts 6966081-20 Serial
Nickel=Cadmium
12.3 Requirements

The requirements of Section 3 of the basic specification shall apply unless other-
‘ vise specified herein.

12.3.1 Materials
The materials utilized in the manufacturing of the BBU shall provide protection
against corrosion. Materials, including the contents of the device or its marking,
shall not liberate or generate toxic or corrosive fumes in the specified environ-
ments. The BBU package shall be made from materials which are protected from cor=-
rosive chemicals such as the electrolyte of Nickel Cadmium batteries.

12.3.2 Finish
The BBU shall employ a finish which protects against electrolytic corrosion between

the BBU and the structure. The structure material is 6061-T6 Aluminum alloy with
chemical film MIL-C-5541 Class 3.

12.3.3 Batteries
The BBU shall use Ni-Cad batteries

12.4 Design and Constructicn

1.2.4.1 Configuration
The overalli dimensions and mounting provisions shall be as shown in Figure 1.

FORM 3943=K~1 REV 971




w AMENDMENT A02 TO MC615-0025

|

CODE IDENT, NO. 03953 PAGE 7 OF 14 .
MC615-0025 A |0% |pase
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12.5

12.6

12.7

33.7:1

12,7.1.1

AMENDMENT A02 TO MC615-0025 __ CODE IDENT. NO. 03953 PAGE 8 OF 14
MC615-0025 A | 02]Face |
DOCUMENT NUMBER ngv | sga e

Maintainability
The battery module shall be designed to meet all performence requirements specified

herein. This device shall be repairable. Depleted/defective cells or current
protective components shall be replaceatle.

Thermal .

The BBU shall be designed for natural cooling (i.e. free zonvection and radiation)
to a still asir temperature environment defined in 12.9.1. All external surfaces of
the item excluding the front panel shall be finished to enhance radiation

cooling. The surface(s) shown in Figure 1 shall provide adequate conduction
cooling of the item to meet the environmental conditions of 12.9. The item shall

be constructed so that any output pin may be shorted to ground without stressing
the battery unit components.

Performance requirements

The battery module shall operate per the performance requirements throughout the
environmental conditions indicated in section 12,8 and 12.9 of this specification.
Development testing shall be performed at temperatures as defined in paragraph
12.9.1 and Qualification testing shall be conducted with the conditions as speci-
fied in Section 12.9. Prior to acceptance, each unit shall be tested for the elec-
trical characteristics defined in the Applicable functional test specifications.

Battery module interface characteristics.
The BBU interface described herein provides an interface between the battery and

the CMOS memory array, and the memory power supply. The BBU interface is defined
in Table I.

Interface Requirements
The interface connector pin assignments are shown in Table I.
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AMENDMENT A02 TO MC615-0025 CODE IDENT. NO. 03953 PAGE 9 OF 14

12.8

12.8.1

12.8.2

DOCUMENT NUMBER nev | sgo

MC615-0025 A o;[-m:

Table I

Battery Backup Unit Interface

Pin No. Signal Name Pin No. Signal Name
1 WRAPA2 (1) (BATTERY) 14
2 WRAPAL (1) 15 TS1 TEST POINT
3 BP VBATT (A) 16
4 17 RETURN
5 SAFETY GROUND (3) 18 RETURN
6 RETURN 19 +10 BATTERY CHARGE 2
7 20 +10 BATTERY CHARGE 1
8 MEMORY +5VDC (A) 21 MEMORY +5VDC (B)
9 +L BATTERY 1 GO 22 +L CHARGER 1 GO
10 BATTERY 1 AGE 23 BATTERY 2 AGE
11 BP VBATT (B) 24 TS2 TEST POINT
12 WRAPBl (2) 25 WRAPB2 (2) (BATTERY 2)
13
NOTES:

(1) TIE POINTS TOGETHER EXTERNAL TO CONNECTOR FOR TEST PURPOSES ONLY

(2) TIE POINTS TOGETHER EXTERNAL TO CONNECTOR FOR TEST PURPOSES ONLY

(3) PIN 5 AND PINS (6, 17 AND 18) MUST BE ELECTRICALLY ISOLATED IN
THE BATTERY BACKUP UNIT.

(4) PIN 6, 17, 18 ARE NOT TIED INTERNAL TO THE BATTERY BACKUP UNIT.

(5) CONNECTOR PART NO. 102A622-1 (BBU), 102A599-1 (GPC)

Acceptance
Acceptance tests and inspections shall be performed on all BB!'s to be employed in

qualificaction test programs and on all BBU's delivered to the buyer. These accep-
tance tests and inspections shall be performed to demonstrate that specified
requirements have been met. Final acceptance tests and inspections shall be per-
formed in a manner, and under conditions, which simulate end-use to the highest
degree practicable without damage to the BBU.

Examination of Product

Each BBU shall be carefully examined to determine conformance to the requirements
of this specification., Particular attention shall be given to weight, workmanship,
finish, dimensions, construction, cleanliness, identification, marking traceability
level, and that certified materials and processes have been used.

Functional and Performance Tests

Functional and performance tests shall be conducted on all deliverable equipment to
establish compliance with the requirements of the suppliers Factory Acceptance Test
(FAT) and Customer Acceptance Test (CAT). Tolerance bands or pass fail performance
criteria, based on performance design requirements, shall be established for each
parameter.

FORM 104%~K=1 REV =72
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AMENDMENT AO2 TO MC615-0025  CODE IDENT, NO. 03953 PAGE 10 OF 14

12.8.3

12.8.4

12.9.1

MC615-0025 A o2,

DOCUMENT NUMBER ngv | seo e

Thermal Cycle (Non-Operational)
Each BBU shall be subjected to ten thermal cycles. Each cycle shall consist of a

thermal transition from =40°F to #150°F. Stabilization at each temperature shall
be 30 minutes. The thermal transition time between each temperature extreme shall
not exceed 5 minutes. The BBU shall not be electrically operated during this test.

Acceptance Vibration c
The BBU shall be subjected /ito random vibration in each of the three orthogonal

sxes. The vibration testing shall be conducted in accordance with MIL-STD-202F,
Method 214, Test conditior IG. The vibration duration shall be no less than 30
seconds per axis. The total accumulative vibration time in any axis shall not
exceed 5 minutes without prior buyer approval. The functional characteristics of
the BBU shall be monitored throughout the test.

Acceptance Thermal
The thermal profile shall be as specified in 4.2.2.4 of the basic specification.

The functional characteristic of the BBU shall be monitored throughout the test.

Qualification Test

The BBU shall meet the performance requirements during and after any combination of
testing as defined in paragraphs 12.9.1 through 12.9.7. Prior to the Qualification
tests specified in paragraphs 12.9.1 through 12.9.7, the operation of the BBU shall
be verified per the applicable functional test specification. If the BBU is not
operated during a specified environmental test, the functional test will be conduc-
ted at the conclusion of the specified environment.

Temperature
The operating temperature range of the BBU shall be as follows:

Chargingt +35°F to +130°F
Discharging: O°F to ¢ 120°F (1)
Storage: =40°F to +120°F (1)

(1) Transients to +150°F for 6 hours per day

FORM 1045=E~1 REV =72




AMENDMENT A02 TO MC615-0025 CODE IDENT. NO, 03953 PAGE 11 OF 14

—

12.9.2

12.9.3

12.9.4

12.9.5

12.9.6

12.9.7

MC615-0025 A 02 | ax

QOCUMENT MUMBEAR ngv | sse S———

Vibration

The BBU SHALL be designed to operate during a Rendom Vibration test per MIL-STD-
202F, Method 214. Test condition "IC" for a duration of 15 minutes. The BBU shall
be mounted using the mounting provisions provided in figure 1 with the vibration
fixture mating connector held rigidly.

Shock

The BBU shall be designed to operate during the shock pulses per MIL-STD-202F,
Method 213, Test Condition “A" (50g's, 11 NS, half sine). The BBU shall be mounted
using the mounting provisions provided in figure 1 with the fixture mating connec-
tor held rigidily.

Pressure

The BBU shall be designed to operate during and after exposure to the following
pressure conditions:

Operational 1. Minimum: 12.3 psis continuous
or 8 psia for 2 hours

Mazimum: 18 psia.
2. 10.2 peia, at 35 0, for 165 bhours.
Nonoperational l. Minimum: 3.28 psia
Maximum: 30.0 psia
Moisture Resistance

The BBU shall be designed to operate with full specified performance when subjected
to the tests described by MIL-STD-202F, Mechod 106E except that no vibration shall

be employed.

Fungus 2
The BBU shall be designed to operate with full specified performance when subjected

to the fungus growth test described by MIL-STD-810C, Method 508.1.

Salt Atmosphere
The BBU shall be designed to operate with full specified performance when subjected

to the salt spray environment described by MIL-STD-202F, Mathod 101D, Test Condi~-
tion "B" (48 hours exposure).
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MC615-0025 A 02] Paax
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12.10 Marking

13.

13.1

13.1.1

Items shall be permanently and legibly marked in accordance with MIL-STD-202
Method 215. The following shall be included.

A, Supplier identification number
B. IBM part number
Serial numbers shall be consecutive from 1 without redundant numbering.

C. Battery rechargeable: 3.6 volts
Nickel-Cadmium (Front of Unit)

D. Date code of Battery Mfg. (Year-Week) (Front of Unit)

E. Warning Label as required. Place Warning on front of Battery Module to be
visable when Module is plugged into box.

APPENDIX IV

Battery Back up Unit (Pre-Production Configurction)

Scope

This appendix establishes the design and performance requirements for the pre-
production configuration of the BBU., The pre-production BBU's are to be restricted
to nonflight use.

The pre-production BBU's are to be manufactured utilizing a combination of
qualified parts and parts that do not meet rhe requirements of the quality
assurance specification MT802-106, or amendment D-01 of the Electrical, Electronic,
and Electromechanical Orbiter Parts List (OFPPL), MF0004-400C.

These parts are "equivalent parts"” that have nor been subjected to the additional
requirements imposed by amendment D-01 and MTV.142-106.

In order to minimize the use of "equivalent parte", qualified parts shall be used
whenever possible.

Classification

All requirements of the basic specification shall apply.
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AMENDMENT A02 TO MC615-0025 CODE IDENT. NO, 03953 PAGE 13 OF 14

MC615-0025 A 02] PAeE

DOCUMENT NUMBER nkv | sKQ

13,2 Applicable Documents
13.2.1 Applicability

The documents listed in Section 2 of the basic specification shall apply.
133 Requirements

The requirements of Appendix ILI shall apply.

13.3.1 Item Identification

The identification of the pre-production BBU shall be as follows:

Nomenclature and Mfr. Seller Traceability
Code ldent. No. Part No. Classification
Battery Rechargeable: 3.6 volts 6966081-1 Serial
Nickel-Cadmium
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w—AMENDMENT A02 TO MC615-0025 CODE IDENT. NO, 03953 . ‘PAGE 14 OF 14

14,
14.1

14.1.1

14.2
14.2.1

14.3

14.3.1

14.4

MC615-0025 A 02| Frax
DOCUIMENT NUMBER ngv | sgo

APPENDIX V

Battery Backup Unit (Prototype Configuration)”

Scope 4
This appendix established the design and performance requirementa for the prototype

configuration of the BBU.

Classification
All requirements of the basic specification shall apply.

Applicable Documents
Applicability
The documents listed in section 2 of the basic specification shall apply.

Requirements
The requirements of Appendix III shall apply, except as follows:

a. Deviations in components or process requirements may be granted upon request
from the seller.

Item Identification
The identification of the prototype model shall be as follows:

Nomenclature and Mfr. Seller Traceability
Code Ident. No. Part No. Classification
Battery Rechargeable: 3.6 volts 6966081-99 Serial
Nickel-cadmium

Quality Assurance Provisions

The provisions of Section 4 of this specification are waived. The supplier shall
submit an acceptance test procedure for the buyer?s approval and shall conduct
acceptance tests in accordance with the approved procedure.
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CODE IDENT, NO. 03953 £

COCUMENT NUMBE R

MC615-0025

LIS K Y

DOCUMENT Tyegr

Procurement

’l. Rockwell International

AUTHOMITY

G.0. 40977

AMENDMENT

Computer, Ceneral Purpose

DAY E

7-8-86

PAGE

or

Orbiter [

SUBIECT

Change

Page 2
WAS:

1S:

Page 3

WAS:

18:

MC999-0096D

30 August 1974
Amendment E-01
22 January 1975
Amendment E-14
8 November 1982

MC999-0096D
Azendment E-01
through
Amendoent E-14

MF0004=400C

18 June 1984
Amendment D=01
14 December 1984

NF0004-400C

18 June 1984
Asendment D=-01
14 December 1984
Amendment D=02
17 October 1985

MT0802-106
16 December 1984

MT0802-106A
22 October 1985

Locw pfcrosé

This amendment forms a part of MC615-0025, New, dated September 19, 1984.
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APPROVALS - fx DOCUMENT TYmg
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. /o/§ 7 PROCUREMENT
et Rockwell international
6// 7 AUTHORMITY
o ,éé G.0. 40977
" &
AMENDMENT DATE /
%/6-7?0’ 6-3-87 PAGE =
G/ 42T COMPUTER, GENERAL PURPOSE or

ORBITER sus.iEcT

CHANGE (//,, -p;

This amendment forms a part of MC615-0025, New dated September 19, 1984.

Amendment A02 Page 10

12.8.4 Acceptance Vibration

Change to read:

"The BBU shall be designed to satisfy the vibration requirements specified in
Paragraph 4.2.2.3 of this specification."

Amendment AQ2 Page 11

12.9.2 Vibration

Change to read:

The BBU shall be designed to satisfy the vibration requirements specified in
Paragraph 4.2.4 1.3 of this specification. The BBU shall be mounted using

the mounting provisions provided in Figure 1 with the vibration fixture mating
connector held rigidly.

Amendment AQl Page 2

11.1 Scope

Add between the first and second paragraphs:

"The following paragraphs of the basic specification do not apply to the
pre-production units.

4.1.2.2.1 Random Vibration

4.2.2.3 Acceptance Vibration Test

4.2.2.4 Acceptance Thermal Test (ATT)"

€€ Z W Z| N 2801
Q1sv313Y

oca PACT Zis

ATWId1440
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rage 47

3.2.1.3.9 Clock (Internal Mascter)

Change to read:

Internal Master Clock Oscillators and associated circuitry shall supply precision timing
signals for all logic circuits within the GPC. The absolute accuracy of the oscillators
shall not exceed +87 ppm from the nominal oscillator frequency.

The accuracy specification shall be met within 100m sec from the time the master power
reset is released for the life duration of the GPC as specified in paragraph 3.2.1.1.

Accuracy is herein defined as the maximum allowable fractional peak frequency offset
from the nominal oscillator frequency.

The accuracy specification shall be all inclusive, covering all applicable operational
environmental effects, primary power supply variations, power cycling, aging and other
applicable variables.

The turn-on time of the oscillators shall not exceed 100 ms from the time the master
power reset is released after the application of primary power.
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P REPARED & DOCUMENT NUMBER REV | SEQ
Ly Y
G. F. McMullen CODE IDENT, NO, 03953 55 g -
D/292-440, FB14, 2-5237 o g
APPROVALS 3
g I)@ %
# Procurement
%u{ /% 7 ' ‘L Rockwell International e
Fk&.CthZDSE
Woleffier i G.0. 40977
7757 AMENDMENT <N race 1
9 T 1 ‘/'.:\, ;‘ |
//—/7.7;7 Computer, General “",'.v,’_ﬁf’ 11-9-87 o
4 Purpose Orbiter WA
Change

Page 193 Appendix II

11.1 Scope
WAS:

IS:

incorporation of the

EDCP#

87-1015-38
87-1015-39
87-1015-44
87-1015-45
B7-1015-46
87-1015-47
87-1015-48
87-1015-49

87-1015-50
87-1015-51

87-1015-53
B87-1015-54

Eocu#'ooz-isrl

Rockwell Part No
MC615-0025-3000

Rockwell Part No

MC615-0025-3000
MC615-0025-3001

following EDCP's:

CHANGE DESCRIPTION
Corrects GPC IPL delay.

This amendment forms a part of MC615-0025, New, Dated September 19, 1984

IBM Part No
6966000-2

IBM Part No

69660C0-2
6966000-3

Corrects failure of CC page when extended.

Corrects EDC disable condition.

Corrects bouncing halt and standby discrete inputs.
Corrects IOP hang by changing timing/hardware.

Reduces execution time of DSE (LXA) instruction.

Deletes unwanted additional cycle on all X10's.

Changes Microcode to prevent unpredicable GPC response to

unsolicited MDM data.

GPL Part Number MC615-0025-3001 is the result of a block change consisting of the

Adds tighter tolerance capacitor to correct varience in pre-prod

pover-of f putaway times.

Corrects TDX, RDS, RDL, RDLI, MIN & MINL Microcode deficiencies.

Adds capacitor to 12 volt converter in order to reduce ripple.

Corrects timing race condition on MC page.
- &

~:ZI Nd 4T AON L0Bl

313

N
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IS:

WAS:
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THIS AMENDMENT FORMS A PART OF MC615-0025, NEW, DATED SEPTEMBER 19, 1984
PAGE 193 APPENDIX II

EDCP #

88-1015-058
88-1015-059
88-1015-060
88-1015-062
88-1015-064
88-1015-065

DOCUMENT NUMBER REV | SEO
ENT. NO, 03953
AL MC6 15-0025 A |o6
DOCUMENT TYPE
PROCUREMENT
‘l Rockwell lntomaﬂona —
Y- G.0. 40977
AMENDMENT (@ foate o
COMPUTER, GENERAL June 20, 1989 ar 2
PURPOSE ORBITER YT
CHANGE

ROCKWELL PART NO,
MC615-0025-3000

ROCKWELL PART NO.
MC615-0025-3000
MC615-0025-3001
MC615-0025-3002
MC615-0025-3003

PAGE 25 PARA. 3.1.3

BUYER
CONTROL NO,
MC5 15-0025-0200

BUYER
CONTROL NO,
MC6 15-0025-0200
MC615-0025-0201

88-1015-066

L EFoepN '’ oll

IEM PART NO.
6966000-2
IBM PART NO.
6966000-2
69660003
69660004
6966000~5
SELLER =
PART NO. = E%
6966000-20 B 22
m [ o
SELLER z o%
PART NO. i
6966000-20 -
6966000-21 =

GPC PART NUMBER MC615-0025-3002 IS A RESULT OF A BLOCK CHANGE CONSISTING OF THE
INCORPORATION OF THE FOLLOWING EDCPs:

CHANGE DESCRIPTION

CORRECTS TEMPERATURE RELATED PARITY ERRORS

CORRECTS THE ERRONEOUS CLEARING OF THE XIO CONTROL REGISTER
CORRECTS EDAC ADDRESS FAILURES

CORRECTS A POWER DOWN PUTAWAY ANOMALY

CORRECTS ANOMALIES THAT OCCUR DURING EXTENDER PAGE TESTING
CORRECTS A CONDITION WHEREBY DMA AND QUEUE PARITY ERRORS
OCCUR DURING LOW TEMP TESTING

BREAKS UP THE CLOCK NET TO CORRECT TIMING FAILURES DURING
EXTENDER PAGE TESTING

FORM 3943
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GPC PART NUMBERS MC615-0025-3003 AND MC615-0025-0201 ARE THE RESULT OF THE
IMCORPORATION OF THE FOLLOWING !DO?.'B:

EDCP #
88-1015-074

88-1015-076

88-1015-077

88-1015-078

CHANGE DESCRIPTION

CORRECTS A CONDITION WHEREBY THE GPC DOES NOT GO
TO THE "WAIT" STATE UPON RECEIPT OF A MACHINE
CHECK INTERRUPT

INCORPORATES A CHANGE TO ALLOW THE COUNTER ON THE
INTERRUPT PAGE TO START WHEN POWERING DOWN IN THE
"HALT" MODE

CORRECTS THE =12V SUPPLY LOW VOLTAGE CONDITION
THAT OCCURS WHEN TRANSMITTING ON MULTIPLE MIA
CHANNELS SIMULTANEOUSLY

CORRECTS A CONDITION WHEREBY THE UNPOWERED CPU
LOGIC PULLS THE DIAGNOSTIC LINES LOW LEAVING THEM
IN AN UNPREDICTABLE STATE

FORM 3043=F~; NEV -7
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PREPARED BY DOCUMENT NUMBER Rev | sga

G. F. McMul DE | T. NO, 03953 .

D/292-440 (fl';';lt) e o zrsy] MC615-0025 A |07
A’Pnovu.o ":; 74 DOCUMENT TYPEK

‘l‘ ' ' PROCUREMENT

'z AUTHOMTY MCR 10757 R10
G.0. 40977
: AMENDMENT DaTE it 1

COMPUTER, GENERAL -10-17-89 or 1

% PURPOSE DRBITER L susJECT
é ; CHANGE .

This Amendment forms a part of MC615-0025, new, dated September 19, 1984,

Page 193 Appendix II

WAS: ROCKWELL PART NO. IBM PART NO.
MC615-0025-3000 6966000-2
MC615-0025-3001 6966000-3
MC615-0025-3002 6966000-4
MC615-0025-3003 69660005

IS: ROCKWELL P*°T_NO. IBM PART NO.
MC615-0025-3000 6966000-2
MC615-0025-3001 69660003
MC615-0025-3002 §966000-4
MC615-0025-3003 6966000-5
MC615-0025-3004 6966000-6
MC615-0025-4000 6966000-200

Page 25 Para. 3.1.3

WAS: BUYER SELLER

CONTROL _NO. PART NO.
MC615-0025-0200 6966000-20
MC615-0025-0201 6966000-21
IS:  ROCKWELL PART NO. . IBM PART NO.
MC615-0025-0200 6966000-20
MC615-0025-0201 6966000-21
MC615-0025-0202 6966000-22

GPC Part Numbers MC615-0025-0202 and MC615-0025-3004 are the result of Inapotaticn
of EDCP #89-101S-086.

NE

GPC Part Number MC615-0025-2000 is assigned to those um.ts that are downghade

"Non-flight" status.

aisv#ay
ATWidi40

ETE:

Eocw # 031778
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PFPREFARED &Y

‘l Rockweill Intemational

CQOCUMENT NUMBERN REV | sEQ
CODE IDENT. NO, 039 MC615-0025 A | 08
OOCUMENT TYPE
PROCUREMENT

AUTHORITY

MCR 16991 Basic & RI

G.0. 40977
AMENDMENT e o 1
, GENERAL 3-20-91 ]
PURPOSE ORBITER OF ]
sSUsJECT
CHANGE

Page 25 Para. 3.1.3
WAS: ROCKWELL PART NO.

MC615-0025-0200
MC615-0025-0201
MC615-0025-0202

of EDCP #89-101S-086.

"Non-Flight" status.
1S: ROCKWELL PART NO.

MCS15-0025-0200

MCE15-0025-0201
MC615-0025-0202

of the following EDCP's:

EXP #

89-101s5-086

90~-1015-092

91-1015-034

"Non—Flight" status.

leocw Fos3978

This amendment forms a part of MC615-0025, New, dated Septavber 19, 1984.

GPC Part Nurtbers MC615-0025-0202 and MC615-0025-3004 are the result of Incorporation

GPC Part Number MC615-0025-4000 is assigned to those units that are d:wr'g'aded to

GPC part nurbers MC615-0025-0202 and MC615-0025~-3004 are the result of the incorporation

GPC Part Nurber MC615-0025-400C is assigned to those units that are downgraded to

18M PART NO.
6966000-20

696€000-21
6966000-22

| ART NO.
6966000-20

6966000-21
6966000-22

CHANGE DESCRIPTION
Replaces PROMs containing "™Mid Value Select” ga‘o—oode

which would sometimes causea the GPC to calculne incorrect
results

Corrects a condition whereby IOP parity error tqg
timing margins that change when a prha.ﬂr
integrated circuit is used 1

ving
10144

3

Corrects a condition whershy an erronecus Imﬂwntetn
marory can be caused by a Power On Reset

5a wo
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CODE IDENT, NO. 03953
‘l‘ Rockwell International

AMENDMENT
COMPUTER, GENERAL
PURFOSE ORBITER

COCUMENT NUMBER REV | SEQ
MC515-0025 A |os
DOCUMENT TYeg
PROCOREMENT
AUTHORITY
MCR 16991 R2
DATE 1
8-16-91 vl
suBJECT
e

Page 25 Para. 3.1.3
ADD:

ROCKWELL PART HD.
MC615-0025-0203

B
91-1015-095

91-101S-096

EFocN 05979/

6966000-23

GFC part mumbers MC615-0025-0203 and MC615-0025-3005 are the result of the
incorporation of the following EDCP's:

CHANGE DESCRIPTION

corrects condition whereby adverse tolerance
build-up in power supply diode mounting block
hardware could allow screws to short against

GPC top cover

This amendment forms a part of MC615-0025, New, dated September 19, 1984.

parts caused the GPC to go to "sleep" '
immediately on power-up in "Halt.” l
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