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1. Score

1.1 Scope. This specification establishes the performance, design, development, and
verification requirements for the general purpose computer, referred to  berein ss GPC,
or computer, or the equipment for the Space Shuttle Orbiter, or AP-101S. This sachine
is s dusl CPU srchitecture (Shuttle and MIL-STD=1750A) single ATR LRU with 262,144
words of main semory vith the Shuttle Input-Output Processor (IOP) 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 harein and the contents of this specification, the contents of
this specification shall take precedence.
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22 Jsnuary 197S
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FORM M 1J1==3 ALY 2-70



NUMSER
MC615-0025

MFro004-009
S November 1973
Aagndmeunt A-01
12 March 1974
Amendasent A-02
27 March 1974
Amenduent A-03
7 January 1973
Angndmsut A-04
20 February 1973

¥C615-0002k
14 January 1974

MF0004-400
30 August 1977
Amgpduent C4
& November 1982

MC615-0010
2 November 1974
Aneudaent A-03
20 Hovember 1974

MFO00046-936
22 November 1974

Fedexal
FED-8TD-101G(2)
8 October 1982

Milita

MIL-STD-810C(4) (Notice 1)
7 April 1981

MIL=-STD=-1472A
15 May 1970

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

MIL~-STD-129R
30 September 1982

FORM M _J]l~e=3 REV 2-70

CODE 10ENT.NO. (3983

3

Equipment Cooling Requirements,
Rlectrical/Electronic

Computer Msnufscturer Supplied Support
Software 1/0 Specification

Blectrical, Electronic, and Electro-
mechanical ~ Orbiter Project Parts List

Adapter, Iuterfacs, IOP Multiplexzar

Data Bus System, Space Shuttle

Preservation, Packaging, and Packing
Materials: Test Procedures

Eavizonmental Test Methods

Buman Engineering Design Criteris for
Bilitary Systems, Equipment, and
Facilit ies

Parts and Equipment, Procedures for
Packaging snd Packing of

Marking for Shipment sad Storage



[ ==
MC613-0025

MIL-STD=-1307(3)
21 May 1982

MIL-8TD=434C
15 October 1970

MIL-STD-1433
12 November 1969

MIL~-STD-12D(1)
29 May 1981

MIL-STD-280A
7 July 1969

OTEER PUBLICATIONS

Randbooks
MB 6000.1(1¢C)
June 1976

DODB 4-1
Latest Revision

FORM M 13) =m=~3 REY 2-70

COOE IDENT.NO. (3953
REVISION LETTER

1 a

Identification Marking of U.S. Military
Property

Standard General Requirements for
Rlectzonic Equipment

Standsrds and Specifications, Order of
Precedence for the Selection of

Abbrevistions for Use om Dravings sand
ia  Technical-Type Publications

Definitions of Item Level, Item Inter~-
changeability, Models, aud Related Items

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

Federal Supply Code of Manufacturers
Name to Code



COO I0ENT.NO.
1) REVISION J PAGE

MC815-0025 3

3. RIQUIREMENTS

3.1 Item Definition. The General Purpose Computer (GPC) shall provide the capability
for the following dats processing for the orbiter: computation for the guideunce, navi-
gation and control subsystem, payload control for the manipulaicrs, pa:load macagement,
and system performance mositoring for the Shuttle orbiter.

3 .1 .1  }lock Diagram. The computer shall consist of three msj:r processing elements
and functions:

as. Central Processor Unit (CPU)

b. Imput/Output Processor (10P)

¢ .  Main Memory

The AP101S block diagram is showm im Figure l .

All functions shall have sccess to the msia BemoTy.

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

3.1 .2  Interface Definition. The functional snd physical interface requirements
betveen the GPC and the orbiter svionics systems sre defined in  the following pars-
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 s ide.

3 .1 .2 .1  E lec t r i ca l Power Characteristics. The computer shall contain a paver supply
that cosoverts input dc power tO required internal operating voltages. Operation of the
pover supply shall be coordinated and sequence-controlled during computer turn-on and
turo-off and input power interruptions snd transients to  assure a predictable initial
operating state and continuity of operation snd to minimize data loss.  Application and
removal of imput pover and pover interruptions shall be sensed, power-off and power-on
interrupt signals generated, and intermal protective operations conducted as reguired
to  provide the response specified. The computer shall also contain basttaries which
shall be used to retain the contents of memory vhetever primary pover is removed.

3 .1 .2 .1 .1  Input Power. The computer shall operste from a single power input which
vill supply 28 vdc (nomingl). The current demand within steady-state limits of the
input voltages shall be limited to 20 o Provisions shall be made vithin the
computer for isolation of  power sources accordance vith that requirements ofSpecification MF0004~002. :

|
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3.1.2.1.1.1 Power Demand Goal. With the GPC equipped with 262,144 full words of sam
ory and a duty cycle of 10 channels transmitting at a 15 percent duty cycle and
14 channels receiving, the input power demand shall de ss follows:

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

b. Maximum steady state power demsnd of 350 watts at 24 Vdc imput.

J .1 .2 .1.1.1.1 Deleted.

J .1 .2 .1 .1 .2  PowerCharacteristics. The computer shall perform as specified herein
vith input power meeting the requirements of Specification MF0004-002 for Category B
equipment.

Jd.1.2.1.2 Capacity. Al l  pover supplies shall provide a reserve pover capacity of at
least 20 percent when operated at  sn 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 Qower-On Sequence. Application of input power to the computer shall be
sensed and shal l  initiate an orderly startup and initialization sequence containing,
but not limited to ,  the following steps:

a. Sense input power spplication.

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

ec. Accomplish coordinated turn-on of CPU internal power supply.

d. Reset interrupt status and disallow further iaterrupts until Step f .

e. Microcode shall initialize registers and counters. The program counter shall be
preset to address a predetermined memory location so that program execution wil l
start vith the first instruction in  this location.

£. Within 100 milliseconds-after sensed input power application, generate a power-on
interrupt signal end turn of f  the master pover reset signal.

g. Commence program execution st the location predetermined in step e¢. At this
point, the discrete outputs sre relessed from the condition of etep b.

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

J.le2.1l.6 fower—Uii Seuugusse oamsval f f  i=p~% paver from the computer shall be
sensed and shall initiate sn orderly shutdows sequence containing, but sot limited to,
the following steps:

sa. When the filtered 28-volt voltage decreases to & level of 17.3 Vde, issue a Powver-
0ff Iacerrupt (POI) signal.

FORM M 131 ==¢  RLY 2-78
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b. Upon receipt of FOI, the CFU shall complete any in-process instruction, putaway
the general registers sad Progrsa Status Word (PSW), and terminate all 10P dats
bus transmission and reception.

€.  Accomplish coordinated turn-off of power supplies. The differential discrete
output siguals shall transition to the requirements specified in paragraph

' 3 . 1 .2 .3 .1 .4 .6 .  Once shutdown {s begun (issuance of POI), the sequence shall
continue to completion regardless of subsequent input power status.

3 .1 .2 .1 .5  Jower Interruption. The GPC shall meet a l l  functional performance
require ments vith input power loss of up to 400 microseconds.

3.1.2.1.6 PBo rms lPower Transients. Input power transients within the limits defined
in  Specification MF0004-002, Figure 11, for Category B equipment shall sot cause
computer malfunction.

3.1.2.1.7 Abno rma lPower Trsnsignts. Input power transients with the limits defined
in  Specification MF0004-002, Figure 2, shall neither csuse equipment damage nor
spurious behavior, sad the contents of memory shall sot be affected. For
uadervoltage transients vhich exceed normal limits as defined in paragraphs 3.1.2.1.5
snd 3 .1 .2 .1 .6 ,  above, execution of as shutdown/restart sequence is  permissible,
provided a l l  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, sud shields, under mormal snd failure coundi-
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 seet the requirements of
Specification MF0004-002.

3.1.2.1.10 lower Reappljcstiogn. Should iaput power be lost or an sbuormal under—
voltage transient occur for periode up to 400 microseconds, reapplication of input
pover shall ishibit a computer shutdown from being initiated, provided power is com-
tinuous once reapplied. Should power be discontinuous or subject to further abnormal
vudervoltage 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 power loss shall consist of rechargeable cells and have a oominsl rating
of 2 smpere hours at 3.6 Vie. The battery pack shall be GPC fromt accessible for
installation/removal vith the GPC imstslled in  its designated location.

3.1.2.2 Mechanical Interface.
3.2 .2 .2 .1  JNoypting. The mounting provisions of the GPC shall be as shown ia
Figure 3.

FORM M 1]1==r—2 REV 2-70



COOS 108NT .NO. (398)
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REAR MOUNTING PINS . ON FRONT PANEL
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Figure 3. General Purpose Computer GPC Mounting Configurstiomn
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3 .1 .2 .2 .2  e i « Figure & specifies the
electrical connector locations. Table I is  a detailed connector and pin function
listing. The comnectors shall be of the type listed in Table I .

3 .1 .2 .2 .  Cooling. The GPC shall be designed for forced-sir 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 Signal Interface Definition. The CFU 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  D i sc re te Signal Characteristics. The interface requirements for a l l  signals
between 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/Csbles. Other LRU's of the avionics systems that use dif-
ferential drivers and receivers to the GPC wil l  be connected via twisted shielded
balanced pair or complementary cables. The cables vi l l  have .a nominal line-to-line
distributed capacitance of less than 30 picofarads per foot.  The line-to-shield
capacitance wil l  be less than 50 picofarads per foot. Cables wil l  be up to  and includ-
ing 100 feet in length including up to  six stubs. Cables wil l  be a minimum of 50 olms
impedance line to line.

3.1.2.3.1.2 Conngctors. All cable connectors shall be lov impedance. The shield wil l
be ~onnected to  the LRU cases at each end with a Glem Air tag ring or equivalent. Ten
percent spare pins shall be provided on each connector except as specified.

3.1.2.3.1.3 Comp lemsn ta ryDiscrete Input Signals.

3 .1e2 .3 .1 .3 .1  Line Receivers. The line receivers shall be of the complementary type.
The line receiver shall receive complementary digital data from the transmission l ines
using a plus S-volt supply and a plus 12-volt supply.

follows: The true side shall be plus 0.4 Vic 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 coo
plementary sides are raversed for the logical zero state.

3 .1 .2 .3 .1 .3 .1 .2  Static Input Current Characteristics. Thetrue and complementary
sides of the input shall source up to  3.8 millismps maximum when held at  s down level
(=5.0 Vdc minimum) and 0.4 nillismps minimum when held at aa up level (9.46 Vdc maxi-
mm). The true ana complementary sides of the input shall eink $ microamps maximum at
voltages above 12.0 Vdc (17.0 Vdc maximum).

3.1.2.3.1.3.1:3 Resqiver Taput igvedsnce. The line receiver isput dynamic impedance
at 5 magabertz shall be ¢zeater than 100 olms. Lime to line or line to ground.

FQ M 13) =~  REV 2-70
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Figure 4. General rurpose Computer Connector Configuration
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Connsctor/8ignsl List

GPC Coungector J2 - Connector Part No. MS274&97T24¥352A

Signal Nans

SPARE
SPARE
+AGE CHAN MODE WRITE
+L AGE DATA 300
+L AGE DATA 301
+L AGE DATA 302
SPARE
+L AGE DATA X08
RETURN (pins 3, 18, 10, 17)
=AGE CHAN MODE INSTR
+L AGE DATA 303
RETURN (pins 4, 5, 6, 11,

13, 19, 20, 21)
+1 AGE DATA 204
SPARE
+L AGE DATA B09
+L AGE DATA B10
-AGE CHAN MODE HW
~AGE CHAN MODE DMA
+L AGE DATA BOS
+L. AGE DATA 306 .
+1. AGE DATA 307
SPARE
SPARE
+L AGE DATA 348
+L AGE DATA Bll

27, 37, 38, 39)
+L AGE DATA 312
oL AGE DATA 316
+L AGE DATA B17
+L AGE DATA 318
-AGE DMA PROC O
-AGE DMA PROC ]
+L ACE DATA M49

45, 46, 47)
+L AGE DATA 330
«ACE CP]
+L ACE DATA 313
+L ACY DATA Blé
+L AGE DATA Bid
+L ACE DATA B19
RETURN (pins 28, 29, 30,

40, &2, 51, 52, 53)

FORM AM 13] ~re=2 HRY 2-70

GPC J2
Pia Ne.

E
LE

E
E

 
EX

49

L)|
32

33

37

61
62

64
63

67

69
70
12
72

73

3

76

1d

79

igual Name

+L AGE DATA 320
RETURN (pins 31, 32, 44,

$4, 55)
AGE DMA PROC 2
+L AGE DATA 351
oL ACE DATA B32
+L AGE DATA 353
RETURN (pin 36)
=L AGE CP2
RETURN (pian 49)
+L AGE DATA 321
+L AGE DATA B22
+L AGE DATA 323
-AGE DMA PROC 3
AGE DMA PROC &
-ACE PROC 0

69, 70)
-AGE PROC 1
+L AGE DATA B24
+L AGE DATA B25
+L ACE DATA B26
+L ACE DATA B32
+L AGE DATA 333
+L AGE DATA 3346
+L AGE B40
+L ack )1

} 4

1+L 342
-, iy :
AGE PROC
AGE PROC &
+L AGE DATA 327
RETURN (pins S59, 60, 61,

71, 73, 82, 83, 84)
+L, AGE DATA B28
+L AGE DATA B35
RETURN (pins 62, 63, 64,

74, 76, 85, 86, 87)
+L AGE DATA BI6
+L AGE DATA BAI
REIURXY (pias 65, 66, 67,

77, 13, SC, 89, 920)
+L. AGE DATA Bod
+L AGE HS DATA BUS 28

W
N
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Table I .  Comnector/Signal List (Cont)

G2C Connsctor JZ ~ Connector Pact Bo. MS27497T24FIS5PA

GPC J2 G2C J2
Pia No. Signal Name Pia No. Signal Name

81 +L AGE US DATA 30S 29 . 106  +L AGE HS DATA BUS 03
82 +L AGE DATA 329 107 +L AGE DATA BUS 08
83 +L AGE DATA 330 108 +L AGE BS DATA BUS 06
84 +L AGE DATA B31 109 "oL ACE HS DATA BUS 07
83 +L AGE DATA 337 110 +L AGE HS DATA BUS 18
86 +L AGE DATA 138 111 RETURN (pine 100, 101,
87 +oL AGE DATA 139 110, 119)
88 +L AGE DATA BAS 112 +1 AGE BS DATA BUS 24
89 +L AGE DATA B46 113 +L AGE BS DATA BUS 22
90 +L AGE DATA B47 114 +L AGE ES DATA BUS 23
 ) | +L AGE HS DATA BUS 30 113 +L AGEBS DATA BUS 09
4 RETURN (pine 80, 81, 91, 93) 116 RETURN (pins 107, 11S,
93 +L AGE DATA 3US 31 122, 123) ]

9% +L AGE BS DATA BUS 00 117 +L ACE HS DATA BUS 12
9 RETURN (pins 94, 96, 105, 118 RETURN (pins 117, 124,

106) 125, 126)
96 +L AGE BS DATA BUS 01 119 +L AGE HS DATA BUS 19
97 +L ACE RS DATA BUS 04 120 RETURN (pins 112, 121,
98 RETURN (pins 97, 99, 108, 127, 128)

109) 121 +L AGE BS DATA BUS 2§$
9 +L AGE HS DATA 30S 035 122 +L AGE HS DATA BUS 10

100 +L AGE HS DATA 3US 16 123 +L AGE HS DATA BUS 11
101 +L AGE BS DATA BUS 17 126 +L AGE HS DATA 3US 13
102 +L AGE HES DATA BUS 20 125 +L AGE ES DATA 30S 146
103° RETURN (pins 102, 104, 126 +L AGE HS DATA 2US 15

113 ,  114)  127 +L AGE RS DATA BUS 26
104 +L AGE HS DATA JUS 21 128 +L AGE NS DATA BUS 27
105 +L AGE HS DATA BUS 02 .

FORM M 131 =vi=3 ACV 2-70
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Connector/Signal List (Cont)

)TPaGE
| 1s

GPC ConnectorJ3 = Connector Part No. MS27497T24F35P

Signal
Heme

DOL4T
DOL4C
DO1ST
DOL6T
DP17C
D018C
DO19T
DO12T
DO15¢C
DP16C
DO17T
DOLST
DO19¢C
D021C
D010T
po12¢C
DO13T
DOOLT
D003C
D027T
DO26T
DO21T
D023C
DOT
DO09T
O10C
DO13C
D002T
D001C
D003T
D027¢C
DO26C
D022C
D024T
D024C
DOO?T
DO09C

| DOL1T
DO11C
0002C
DOOAT
50297
0620C

| 0207

Funetion

Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Di crete
Disc-ete
Discrete

147
14C
15T
16T
17C
18C
197
12%
15C
16C
171
18T
19C
21C
10T
12€

Out 137
Out 01T
Out 03C
Out 27T
Out 267
Out 217
Out 23C
Out 23T
Out 097
Out 10C
Out 13C
Out 027
Out 01C
Out 03%
Out 27C
Out 26C
Out 22C
Out 24T
Out 24C
Out 077
Out 09C
Out 11T
Out 11C
Cu  02C
Out 83°
Out 29T
Out 20C
Out 20T

Out
Out
Out
Out
Out
Qut
Out
Out
Out
Out
Out
Out
Out
Out
Out
Out

eC JI
Pin Bo.

&5
46
&?
4&8
49
30
31
32
33
34
35
36
37
38
39
60
61
62
63
4 ]
65
66
67
68
69
70
71
72
73
74
735
76
77
78
79
80
81
82
83
84
85
86
87
a8

Signal
Name

D0227
DO28T
D028C
DO07¢C
DO06T
DO06C
DO00T
DO04C
D029C
SPARE
D0235C
DO235T
D030C
DO30T
DOOST
DO05C
DO08C
DO0ST
DO00C
SPARE
SPARE
DI1ST
DO31C
DO31T
DI17T
DIl7C
SPARE
SPARE
SPARE
D132T
DI32C
SPARE
BI13C
DI18C
DI18T
DI10T
DI19T
SPARE
DI39C
D137C
p1I?T
SPARE
SPARE
DI16C

Function

Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
SPARE 5C
Discrete
Discrete
GPC I .D .
GPC 1.D.
Discrete
Discrete
Discrate
Discrete
Discrete
Spare 7C
Spare 3T
Discrete

221
28T
28C
Q7¢
06T
06C
00T
04C
29C

Out
Cut
Out
Out
Cut
Out
Out
Out
Cut

Out 25C
Out 25T
Source = C
Source ~ T
Out 035T
Out 05C
Out 08C
Out 08T
Out 00C

Ia 15T
GPC-IPL-Indicator C
GPC~1PL~-1ndicator T
Discrete
Discrete
Spare 2C
Spare 1T
Spare 1C
Discrete
Discrete
Spare 7T
Discrete
Discrete
Discrete
Discrete
Discrete
Spare 2T
Discrete
Discrete
Discrete
Spare 3C
Spare 3T
Discrete

In  177
Ia  17C

In  32%
Ia 32C

Ia 15C
Ia 18C
In  187
In  20T
Ia  197

In  39C
In  37C
la 372

Ia 16C



ere J3
Pin No.

89

91
92
93

93

97
98

100

lal
102
103
104
103
106
107
108

[ wcsis0zs
Table I .
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Coanector/8ignal List (Coat)

GPC Connector J3 = Connsctor Part No. MS27497T26F352

Signal
Hane

DI16T
DIT
DI20C
DI21T
DI19C
DIT
DI38T
DI33T
DI33C
SPARE
DI29T

DI26C
DI23C
D122C
PI21C
DI38C
DII6T
DLAC
SPARE

FORM M 131=m=2 RLV 2-79

Tmction

Discrete
Discrete
Discrete
Discretes
Discrete
Discrete
Discrete
Discrete
Discrete
Spare 67
Discrete
Control Panel Signal

Letura
Discrete
Discrete
Discrete
Discretes
Discrete
Discrete
Discretes
Spare 6C

In 16T
In 237
Ia 20C
In 21%
Ia 19C
Ia 397
In 38T
In 35T
Ia 33C

In 29T

In 26C
Ia 23C
Ian 22C
In 21C
In 38C
Ia 367
Ia 34T

GPC J3Pia Wo.
109
110

111
112
113
114
115
116
117
118
119
120
121
122
123
124
123

- 126
127
128

Signal
Heme

DI129C
+5VDC

DI26T
DI25C
DI2AT
D122
DI36C
DAT
DI31C
DI30T
D128C
DI27T
DI24C
DI3AT
DI33C
DI31T
DI30C
DI28T
D127C
DI25T

Function

Discrete Ia 29C
+3=-Volt Source

(control pasels)
Discrete
Discrete
Discrete
Discrete
Discretes
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete
Discrete

Ia 26T
In 25C
In 24T
In 227
Ia 36C
In 337
Ia 31C
Ian 30T
In  28C
Ia 277
In 24C
Ia 347
Ia 33C
Ia JIT
Is  30C
In 28T
Ia 27C
Ia 257
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Counector/Signsl List (Cont)

GPC Connector J& = Commector Part No. MS27497T24F35PD

Signal Name

+L AGE Addr Exp 0
+L AGE Addr Exp 1
+L AGE Addr Exp 2
+L, AGE Address 00
+L AGE Address 04
+L AGE Address 05
+L AGE Address 05
+L ACE Addr Exp 3
Return For J1-=001, 002, 003, 008
+L AGE Address 01
+L ACE Address 02
Return For J1-004, 010, O11, 020
+L AGE Address 07
Returns For J1-005, 006, 007, 013
+L AGE Address 08
+L AGE Address 09
+L AGE Address 10
+L AGE Address 12
oL AGE Address 13
+L AGE Address 03
=L AGE IU Ack
Return For J1-030, 031, 032, 021
«L AGE AGE Ack
=I, AGE Write
+L AGE Address 11
Return For J1-013, 016, 017, 0235
+L AGE Address 14
+L AGE Address 135
Return For J1-018, 019, 027, 028
«Lf, AGE EA Ack
=L AGE EA Store Project Latched

(softvire)
oL AGE EU Ack
-L, AGE TV
<L AGE 10 ACK
Return For J1-023, 024, 033, 034
=L AGE Purge Pipeline
+L AGE Update EX IC
+L AGE Ex Inet Is  32 Bits
=L IGT CPU Ia Seopped
+L AGE BA ENDOP
=L AGE Force 1750
=1 Use Logical Address
=L AGE IO Chain Stop

FORM M8 3131=—§ ALY 3-78

GPC Jb
Pia No.

45

S
IR

Z
P

E
R

E
E

Signal Name

=1 AGE Scan Dsta In
«1 AGE Scam Out
«lL AGE Enable .
<L AGE RTCC DATA OUT
+L AGE Use Branch Taken
Return For J1-036,  037, 038, 048
=L AGE CPU Macro Stopped
=L AGE CPU Hslt
Return Yor J1-039, 040, 050, 051
«L AGE IO Chain Hslted
Return For J1-041, 042, 043, 033
«lL AGE Execute
Return For J1-044, 045, 046, 055
=L AGE 1TICC Dats In  .
Returns For J1-047, 057
«L AGE Busy
Ritura Yor J1-059
«L, AGE ADR Available
Return For J1-061
+L AGE CSA Exp
+L AGE PROM ADDR O01
+L AGE PROM ADDR 02
+L AGE PROM ADDR 04
+L AGE PR0M ADDR 0S
+L AGE PROM ADDR 08
+L AGE PROM ADDR 09
+L AGE PROM ADDR 10
-L AGE XI0 Initiate
Return Yor J1-071
-1, AGE MONO SEL
Return For J1-0713
+L AGE Prom ADDR 03
Return For J1-063, 064, 065, 07S
+L AGE Prom Addr 06
+L AGE Prom Addr 07
Retursn Yor J1-066, 067, 077, 078
+L AGE Prom Addr 11
Return For J1-068, 069, 070, 080
=L AGE Master 10
Return For J1-082
=L AGE Continue
Return For J1-084
=L AGE Reset
Return Yor J1-086
-L AGE Attached
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Table I .  Comnector/Signal List (Cont)

GPC Connector J4 = Commector Part No. MS27497T24F3SPD

GPC J& GPC J4
Pin No. Signal Name Pin No. Signal Name

89 Return For J1-088 103 Return For J1-102 (Softwvire From
90 | +L AGE CTU Micxo 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 Por J1-092 Bl2)
9% =L AGE CPU Crash 107 -L AGE CE Micro Stop
9s Return For J1-094 108 Return For J1-107 (Softwirn From
96 ~L AGE Scan Clock 316)
9 Return For J1-096 109 AGE PS Test -S5V
98 = AGE RTICC Clock 110 AGE PS Test +28VDC
99 Return Yor J1-098 111 AGE PS Test +3VDC

100 -L AGE Ci Interrupt 112 AGE PS Tast ¢12V
101 Retura For J1-100 113 AGE PS Test +8V
102 +L AGE Prom Addr 12

FOAM WM 131 -m~=32 REY 2-78
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CODE IDENT.NO. 03983

Table I .  Comnector/Signal List (Cont)

GPC Connector J3 = Connector Part No. MS27497T24F338

$igusl
Name

DIO0T
DI0OC
DIOLT
DI01C
DI02T
D102C
DIO3T
DIOLT
D104C
DIO3T
DIOSC
DIO6T
DI06C
DIO3C
D107
D107C
DIOST
DI0SC
DI09T
DIOSC
DI10T
DI10C
DILlT
DI11C
DI12T
DIl2C
DI13T
DI13C
DI14T
DI1l4C
DRIO6T
DRIO6C
DRIOST
DRIOSC
DRIOAT
DRIO3T
DR103C
DRO10T
DRO10C
DROO9ST
DROO SC
DROOBT
DROOSC
DROO7T

Mode Cad
IPL Activate Cad
IPL Select Cad
IPL Select Cad
IPL Select Cad
IPL Select Cad
Ready
Ready
IPL Activate Cad
Ready
Ready

Discrete
Discrete
Discrete
Discrets
Discrete
Discrete
Discrete In  117
Discrete In  11C
1/0 Terminate Cad A
1/0 Terminate Cad A
I/0 Terminate Cad 3B
I/0 Terminate Cad B
Discrete In 14T
Discrete In  14C
GPC Web Tail Vote
GPC Neb Pail Vote
GPC Wel Fail Vote
GPC Bed Fail Vote
GPC Be2 Fail Vote
GPC Bel Yail Vote
GPC B+l Fail Vote In
GPC Meh Tail Vota Out
GPC Ned Tail Vote Out
GPC ¥+3 Fail Vote Out

EE
R

R
R

ER
E

1) ~ ()

Ia  08T
In 08C
In 09T
Ia 09C
In 10T
Ia 10C .

B
E

E
E

E
E

GPC N+3 Pail  Vote Out
GPC W+2 Tail Vote Out
GPC Ne2 Fail Vote Out
GPC Nel Fail Vote Out

GPC JS
Pin No.

4&3
&6
&7
48
4&9
30
31
32
33
34
33
36
37
38
39
60
61
62
63
64
63
66
67
68

70
71
72
13
74
13
76
77
18
79

S
IR

E
S

Signal
Kzme

DROO7C
DROOOT
DRI04C
ICBOIT
I1CB01C
SPARE
I1C302T
1C302C
IC303T
1CBO3C
SPARE
1CBOAT
1CBO4C
DROOOC
ICBOST
ICB0SC
SPARE
1CB06T
ICBO6C
1C307T
1CB07C
SPARE
ICBOST
ICB308C
SPARE
SPARE
1CB09T
1C309C
SPARE
1CB10T
1C310C
ICBIIT
1CB11C
SPARE
ICB12T
1C3120D
SPARE
ICB13T
1C313C
SPARE
ICB14T
ACElec
ICB1ST
IC31SC

— REVISION LETTEN Sa l

Function

GPC N+} Fail Vote Out
GPC Fai l  Indicator
GPC M+2 Fai l  Vote In
Data Bus 01T
Data Bus 01C
Sparc
Dats Bus
Data Bus
Data Bus
Data Bus
Spare
Data Bus
Data Bus
GPC Fai l
Data Bus
Data Bus
Spare
Data Bus
Data Bus
Data Bus
Dsta Bus
Spare
Data Bue
Dats Bus
Spaze
Spare
Data Bus
Dats Bus
Spare
Data Bus
Data Bus
Dats Bus
Data Bus
Spare
Data Bus
Data Bus
Spare
Data Bus
Dats Bus
Spare
Data Bus
baie Bus
Dats Bus
Dats Bus

021
02¢C
037
03C

041
04C

03T
05¢C

06T
06C
07T
07¢

08T
08C

09T
09¢C

10C
117
11C

121
12C

13T
13C

147
138
13T
15C

Indicator

(FC Bus
(FC Bus
(FC Bus

(FC Bus
(FC Bus

(FC Bus
(FC Bus

(FC Bus
{TC Bu:
(FC Bus
(FC Bus

10T (FC Bus 1)
1)
2)
2)

3)
3)

4)
4)

5)
5)
6)
6)
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Table I .  Comnactor/Signal List (Coat)

GPC Connector JS = Connector Part No. MS27497T24F358

GPC J5 | Signal GPC J3 | Signal
Pio No.| Name Function Pin No.| BHame Function

89 SPARE | Spare 110 1CB23T | Data Bus 23T (LB Bus 2)
90 | ICBI6T | Data Bus 16T (FC Bus 7) 111 IC323C | Data Bus 23C (FL Bus 2)
91 ICB16C | Data Bus 16C (PC 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 Space
9s 1CB17C | Dats Bus 17C (FC Bus 8) 116 SPARE Spare
96 SPARE | Spare 117 SPARE Spare
97 I1CB18T | Data Bus 18T (MM Bue 1) 118 SPARE Spare
98 IC318C | Data Bus 18C (MM Bus 1) 119 SPARE | Spare
99 ICB19T | Data Bus 19T (201 Bus 2) 120 SPARE Spare

100 ICB19C | Data Bus 19C (¥M Bus 2) 121 SPARE | Spare
101 SPARE | Spaxe 122 SPARE Spare
102 1C320T | Data Bus 20T (PL Bus 1) 123 SPARE Spare
103 I1C320C | 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
306 1C321C| Data Bus 21C (PL Bus 2) 127 SPARE Spare
307 SPARE | Spare 128 SPARE Spare
108 ICB22T | Data Bus 22T (LB Bus 1)
109 | 1cm22¢ 22C (LB Bus 1)

PORM M 131-r=F REV 2-70
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Table I.  Connector/$Sigmal List (Cont)

GPC Commector 37  Commector Part Bo. uS3102R22-229

aC J7 Signal Gre J7 Signal
Pia Bo. Name Phuetion Pia Bo. Hane Funetion

A 2897 +28 vde Power Cc SCAND Safety Ground
3 28VN 28 v Return D SUGRND Signal Ground

Connector Notes: |

1. J& = Computer AGE compactor

J2 IOP AGE comngctor

J3 Discrete Inputs sad Outputs

J5 Discrete imputs/outputs, dats bus, and RM discrete 1/0

J7 Power

2. © after signal seme ( i .e . ,  IXM0IC) is the complement side and T is the
true side.

B after signal amme indicates single~ended.

Special Notes:

CPG connector JS data bus signal definition. When measuring the output at
the J3 connector pins (for data bus outputs) the pin baving s positive volt-
age during the first half of the sync field of sa command word is  designated
high (true = T) and the other lead is designated lov (complement ~ C),

BEES - = e r  ww | RAR EE SAE ss  cL  A EE  TT  + a

FORM M 3131=m=¢ ACY 2-79.
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3.1.2.3.1.3.1.4 D i f fe ren t ia lFoiss Voltage. The noise voltage experienced by the lias
geceiver inputs shall be rejected when i t  ie  within the range of plus or  minus 1 .65 Vdc
with 0 volt common-mode voltage and normal complimentary (one side grounded and the
other side open) signal source. With 4.4 volts common-mode vo l tage,  the differential
Boise rejection shall be plus or minus 1.25 Vdc complimentary (one side grounded and
the other side open) signal source. The differential boise voltage is the voltage
accumulated between signal lines and consists of ac snd dc components superimposed on
the signal vaveform at any inetant iin  time. The noise voltages are due to EMI, induced
or conducted currents, or crosstalk. Thase voltages add algebraically in  time at the
geceiver inputs and are in addition to the normal logic levels present.

Je l . 2 .3 .1 .3 .1 .5  CommonMode Voltages. The receiver shall detect logical zero and one-
stage signals in  the presence of superimposed common mode noise or interference signals
up to plus or minus 35.25 vol ts pesk with zero differential noise. Common wmode voltage
is  defined as the difference betveen ground planes for the source and receiver.

3.1.2.3.1.3.1.6 Rover Off/Open Conmection Condition. When driver power is removed
(pover off) or the input to the receiver is open circuited, the output of the line
geceivers shall be in  the logical sero state. The receivers shall mset the noise
rejection requirements of paragraphs 3 .1 .2 .3 .1 .3 .1 .4  and 3 .1 .2 .3 .1 .3 .1 .3 ,  except the
differential rejection may degrade to plus or minus 1.23 Vdc. The line receivers shall
sot be electrically damaged when iu  the pover—off state with s logical one or a logical
sero applied to i ts  input. Line receivers which are povered-off shall not load the
iaput line to a greater extent than specified in 3 .1 .2 .3 .1 . ,3 .1 .2  and shall not
adversely affect imput signal levels seen by other receivers on the same imput line.

3.1.2.3.1.3.1.7 Short Cirsuit Protection. The receivers shall not be damaged when
their inputs ars shorted together or to signal ground for an indefinite period of time.

3 .1 .2 .3 .1 .3 .1 .8  ]gput Protection. 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 i ts  inputs.

3.1.2.3.1.4 Comp lemen ta ryDiscrete Output Signals.
3 .1 .2 .3 .1 .4 . ] 1  Line Drivers. The line drivers shall be of the complementary output
type. The line driver shall trauemit differential digital data over the transmissions
l ines using a single plus five-volt supply.

3.1.2.3.1.4.2 logical 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-impedanca path is established to the GPC secondary pover cir-
cuit common for positive sources. OFF means as low-impedance path is  sot establ ished
for positive sources.

3.1.2.3.1.4.3 Siznsl Rise snd Fall Tings. The line driver signal rise and fall times
of the trues and complementary outputs shall not exceed 600 nano—-seconde with 3X0 pico-
farad load line—to-line, 100 picotarad lipe=ga~ground sad gs 1 kilohm pullup resistor
from each lions to +12 Vde.

PORM WM 131=m=2 REY 3-70
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3 .1 .2 .3 .1 .4 .4  Line Driver load. The driver shall be capable of sinking up to
30 mnillismps and drop no more than +0.4 Vdc on either the true or complementary side
for the ON condition and sinking 0.23 wmilliamps maximum st voltages up to  +16.4 Vdc om
either the true or complement side for the OFF condition. The driver fan out shal l  be
ea ninisum of 6.5 equivalent loads under power-on conditions.

3e le2 .3 .1 .4 .5  Data Skey. The line driver true and complementary output shal l  be
vithin 300 nanoseconds of each other when messured at the 350-percentile points of each
wavefors with load as specified in paragraph 3.1.2.3.1.4.3.

3 .1 .2 .3 .1 .4 .6  Jover-0ff Condition. The output DC impedance of the line driver vhen
pover i s  removed shall mot be less than 65.6 kilolms 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 de held to less than 20 percent 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  $hort Circuit Protection. The lime drivers shal l  sot be damaged vhen
their outputs are shorted to ground for sn indefinite period of time.

3 .1 .2 .3 .1 .5  Pull-Up Voltage Source. 4 voltage source connection shal l  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 snd shal l  be refer-
enced to secondary power/signal common. The source shal l  supply plus $S Vdc nominal
vith no external load. Voltage supplied to an external load shal l  be no greater than
plus 6.0 volts and not less than plus 4.0 volts under a l l  combinations of power supply
operating conditions snd load currents within the load current range zero to 100 ma.
The steady-state current demand ono the source dus to external loceding v i l l  mot exceed
30 ma in  normal operation. The source shall be protected against external faul ts such
that an external short circuit wi l l  not cause the plus S-volt power supply to
aslfunction.

J .1 .2 .3 .1 .7  HRizh Speed Output Drivers. The six output drivers referenced in para-
graph 3 .2 .1 .5 .1 .5  shall be capable of providing rise and fa l l  times (10 percent to
90 percent points) of less than 26.5 microseconds vhile 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 loeds under pover—-on conditions.

”

3 .1 .2 .4  Jptra-LRU Discrete Circuits. 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 S ing le -endedDiscrete Circuits (Incra-LRU).

3 .1 .2 .6 .2 .1  Driver Circuit. The single-ended driver shall provide a discrete output
signal having a logicel ona (1) erotm Af 11.0 Vde plus or minus 2.5 Vdc end a logical
zero (0) srace of 0.0 Vdc plus or minus 0.5 Vde. The output shall be capable of sup~
plying a minimum logical one state cutput current of 2 ms at gs sinimm level of 9.5 Vdc
and shall be cspadle of sinking 8 minimum level of 9.5 Vdc and shall be capable of

Meas  As Y l  asad AFYV 5.70
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sinking a minimum current of 2 ma st a maximum 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
transmitting and receiving units shall be provided via the respective signal return
connections to the system single-point groumd.

3.1.2 .4 .3  Receiver Circuit. The receiver circuit for single-ended interface signals
shall be an offset bDissed differential receiver. The reference imput to the receiver
eircuic shall de 5.0 Vdc +10 percent referenced to signal ground in  the receiving unit.
The receiver—to—-driver signal return path betwvesn receiving and transmitting 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 imput-to-signal ground magnitudes of 20 Vdc.
A differential input signal (ioput signal mious the local plus 3 Vdc reference voltage)
of plus 0.5 Vdc to plus 15.3 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 zero (0) .
The mszipgum input currents shall be plus 1.9 ma and minus 1.9 ma at difference input
signal levels of plus 8.0 Vdc and minus 5.5 Vdc, respectively.

3.1.2.5 Single Ended Discrete Drivers aud Receivers.

3.1.2.3 .1  $ i nz l eEnded Driver. The GPC shall contain single-ended output drivers for
iaterfacing with pilot panels and masse semory units.

3a  (Joxical Stecer. The single endad driver logical state shall be identical to

3.1.2.5.3 Siznal Rise and Fall Times. The lina driver signal rise snd fall times
shall not exceed 1.0 usec.

3.1.2.5.4 S ing leEnded Receiver. The single ended receiver characteristics for inter
facing with pilot panels and mass memory units shall be as specified im 3 .1 .2 .4 .3 .

3.1.2.6 Multiplex Interface Adapter Recuirements. The GPC multiplex interface adapter
(MIA) shall:

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

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

€ .  Accept commands sud data from the GPC and tranmmit them on the data bus.

d. Provide for serial transmission of command and data over data bus chsunels.

3 .1 .2 .6 .1  MIADefinit ion. Rach multiplex isterface adapter shal l  consist of as pulse
cransformer, transaitter/receiver, encoder, decoder, intagrated circuits and electronic
components. The interface between the GPC and the above described NIA composents shall
be as specified in ¥C613-0010. These ehall b~ two MIA's per carriar. The carrier
shall be attacked 29 3 page frame by screws and nuts.

Gh Mes a f  8 asad  APLr & Y0
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3.1.2.6.2 MIA Interface Characteristics. The GPC electrical characteristics shall be
compatible with the voltage, data rate, impedance, waveforms, and performance require~

t s  of the data bus as specified in the multiplexer interface adapter specification
¥C615-0010.

3 .1 .3  Major Component Identification. The identification of the Baselines Computer
Model shall be as follows:

Buyer Seller Traceability
Item Control Number Rart Fumber

Computer, Genersl MC615-0025-0200 6966000-2 Serial
Purpose 03640

3.1.4 JBuver Furnished Property. The MIA carrier as specified in MC615-0010 wil l be
supplied by che buyer and shall be incorporated into the GIC.

3.2 Characteristics.

3 .2 .1  Performance. The computer shall  perform the orbiter operational functions
through a combination of automatic and flight crev commanded softvare sequences. Such
sequences are to be stored in  computer main memory. Control of the sequences and
external subsystems is  effected via command or dats transfers controlled by the GPC.

3 .2 .1 .1  LifeRequirements. 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 bardvare design. Battery life is defined in
paragraph 3.1.2.1.11. .

3 .2.1.1.1 Operating Life. The GPC shall be capsble of performing al l  operations
specified herein for s minimum of 40,000 hours.

3.2.1.1.2 Useful] Life. The GPC shall have a minimum useful life of 40,000 bours,
vhich is grester thas 100 orbital missions in s ten-yesr period from date of delivery.
The average orbital mission wi l l  be sever 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 resu l ts ,  as agreed to by the buyer.

3.2.1.1.3 $helf Life. The GPC shall be capable of operating iv accordance with the
requirements specified herein any time within a period of ten years from date of deliv-
ery vhen exposed to the applicable environments of 3 .2 .5 .

3 .2 .1 .1 .4  fRelisgbilicy Gogl. As a gosl, the GPC shall be capable of reliability growth
1 to greater than 6,000 bours XMIBF under operational conditioms.

3 .2 .1 .2  Major Functions. The computer shall comsist of the CPU, IOP, and memory major
functions.

FOR M4  131  = tppp  AMFv  9.798 a es  : We wonEme@s WW pe  om aEBe = - .
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3.2.1.2 .1  CentralP rocess ing Unit (CPU). The CPU shall provide the central computa-
tional capability of the computer. I t  shall also effect, Dut not be limited to, the
following: |

a. Program controlled iaput amd output (PCI/PCO)

b. Iaterrupt control and handling

€. Clock synchronization sad control

d. lastruction set execution

e. Intercomputer synchronization

3.2.1.2.2 l gpu t /Ou tpu tProcessor (IOP) Fumction. The '10P shall provide central con-
trol and interface linkage between the memory and external sviomics subsystems via one
segabertz serial interface buses. I t  shall also effect,  but mot be limited to, the
following: .

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

b. Discrete input and output capability

¢ .  Data processing system redundancy satagement

d. Interface control of buyer supplied MIA carrier

3 .2 .1 .2 .3  Self-Test. The computer shall provide for the self-detection of malfunc-
tions in  the CPU, memory, and IOP. The design of the processors shal l  include suffi-
cient bardvere capability in  the form of built-in test equipment (BITE) to provide for
vapid (on-line) fault information. The hardware BITE shall be such that with the aid
of the proper self-test programs (STP), maximum fault coverage wi l l  exist. Use of
microcode and special hardvare to enhance fault detection shall  be considered.

3 .2 .1 .2 .3 .1  Jault Detection Capgbility. BITE and self-test modules shall detect and
indicate faults such that failures or out-of-tolerance conditions ia  the computer w i l l
be detected. The computer, as defined here and shown in  Figure 1,  includes
262,144 words of wemory, the CPU, the IOP, and the pover supplies. Al l  detected errors
shall provide a positive indication that can be directly read by resident software.

3.2.1.2.3.2 S¢lf-Test Prozzame. The self-test is capable of being executed indepen-
dent of external or peripheral equipment.

3 .2 .1 .2 .3 .3  Self-Test Microprogrsms. MNMicro-routines which perform tests of GPC logic
and internal datas paths shall be implemented to be callable by use of the special
mechine instruction, DIAGNOSE, iam the CPU, and @ STP and # STP in  the 10P. (Reference
Tables VI1I  and X.) I t  shall be possible to execute CPU and IOP sel f - test  aiczo-
zoutines independently and concurrently. Test results shal l  be sccessibic« LO softwcea.
DIAGNOSE shall be a privileged CPU instruction which may be executed omly in Che super~
visor state.
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3 .2 .1 .3

3 .2 .1 .3 .1  QPezformpance. The CPU shall provide the capability of at  least
1,000,000 full-vord operations per second in  fixed point.  This figure of merit is
derived by ut i l iz ing 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 bave the following characteristics:

a. Fized point vord size

(1) Nslf-word - 15 bits minimum and sign

(2) Pull-word - 31 bits minimum end sign

b. [IFlosting point word size

The CPU shal l  have full- and double~word capability in floating point. The
characteristic exponent shall have a minioaum of 8 b i t s .  The mantissa shall have
8s a minimum 24 b i ts  in  full-vord snd 56 b i t s  in  double-word.

3 .2 .1 .3 .3  Jpstruction Words. The CPU shall be capable of executing am instruction
word on either a half- or full-word mode for the fixed point operations as shown in
Table IIA, CPU Instruction Set, and Table I I  B, MIL-STD-17S0A Instruction Set.

3.2 .1 .3 .4  Addressabilitv. The computer shall be capable of addressing 524,288 half-
words or 262,144 full-words.

3 .2 .1 .3 .5  Igstruct ion Set. The imstruction set shal l  include, but not be limited to ,
those instructions listed in  Table IIA and IIB.

3.2.1.3.6 Igterrupt Structures. The interrupt structure (Table I I I )  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

¢ .  Program

de. Supervisor Call

e. [External

Machine check and power interzupts, when they occur, shall not allow other interrupts
to be taken. Interrupt structure amd priorities shall be provided sccording to
Table I l l .
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Table IIA. CPU Instruction Set

Lixad PointQoexat ions
Add (AR)
Add (A)
Add (A)
Add Halfword (ANR)
Add Bslfword (AR)
Add Ralfword (AH)
Add Halfword Immediate (AHI)
Add to Storage
Compare (CR)
Compare (C)
Compare (C)
Compare Betveen Limits (C3L)
Compare Halfword (Ch)
Compare Halfword (CH)
Compare Balfword Immediate (CHI)
Compare Immediate With Storage (CIST)
Divide (DR)
Divide (D)
Exchange Upper and Lower Halfwords (IDL)
Insert Addzess Lov (IAL)
Insert Address Low (IAL)
Insert Halfword Low (IHL)
Load (LR)
Load (L)
Load (L)
Load Address (14)
Load Address (lA)
Losd Arithmetic Complement Halfword (LACHER)
Load Fized Immediate JLFXI)
Load Halfword (lR)
Load Halfword (1R)
Load Multiple (LM)
Modify Storage Malfword (MSTH)
Multiply (MR) -
Multiply (M)
Multiply (M)
Multiply Halfword (1)
Multiply Halfvord (MER)
Multiply Ealfword (ME)
Multiply Balfword Immediate (MHI) S

F
L

 
P

E
 

LE
 LL

 H
L 

EE
 EL

 LE
 LL

 T
T

T
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Table IIA. CPU Instructions Set (Come)

Rixed TointOperations
Score (ST)
Store (ST)
Score Halfword (STH)
Store Halfword (STH)
Score Multiple (STM)
Subtract (SR)
Subtract (8)
Subtract (8)
Subtract From Storage (8ST)
Subtract Halfword (SHR)
Subtract Hslfword (SE)
Subtract Balfword (SR)
Tally Down (TD)
Tally Down (ID) RE

EE
RE

RE
RE

RE
RE

 ;
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Tabla IIA. CFU Instruction Set (Cont)

Branch Ovagratione
Srsnch and Index (BIX)
Branch and Link (BALR)
Branch and Link (BAL)
Branch on Condition (BCR)
Branch on Condition (3C)
Branch on Condition Backward (BC3)
Branch on Condition Extended (BCRE)
Branch on Condition Forward (BCY)
Branoech on Count (BCIR)
Branch on Count (BCT)
Branch on Count Backward (BCTB)
Branch on Overflow and Carry (BVCR)
Branch on Overflow and Carry (BVC)
Branch on Overflov and Carry Forward (BVCF)
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Table IIA. CPU Instruction Set (Cost)

shise 0 :

Normalize and Count (NCIR)
Shift Left Double Aritkmetic (SRDA)
Shift Left Double Logical (SLDL)
Shift Left Logical (SLL)
Shift Right and Rotate (SRR)
Shift Right Double and Rotate (SRDR)
Shift Right Double Logical (SRDL)
Shift Right Arithmetic (SRA)
Shifc Right Logical (SRL)

_
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Table IIA. CPU lastructiocn Set (Cont)
| J Ia

logical Operations
And (MR)
And (NM)
And (¥)
And Halfvord Immediate (MHI)
And Ismedisce With Storage (NIST)
And To Storage (NST)
Exclusive Or (IR)
Exclusive Or (X)
Exclusive Or (X)
Exclusive Or Halfword Immediate (XEHI)
Exclusive Or Immediate With Storage (XIST)
Exclusive Or To Storage (IST) 4
Or (OR)
or (0)
Or (0)
Or Halfvord Immediate (ORI)
Or To Storage (0ST)
Search Under Mask (SUM)
Set Bits (SB)
Set Halfword (SEW)
Set Halfword (SEW)
Test Bi ts (TB)
Test NHalfvword (TH)
Test Balfvord (TH)
Test Register Bits (TRB) H

E
L 

E
E

T
E

I 
FI

T E
TT

 T
Y

Zero Bi ts (2B) $1
Zero Halfword (2E) SRS
Zero Nalfword (23) as
Zero Register Bits (ZRB) |$4

FORM W 13] ==  RCV 2-79



COOL IDENT.NO. (03953
Ee  — B

NUMBER AEVISION LETTER [PAGE

MC615-0025 I I A I

Table IIA. CPU lpstruction Set (Cont)

P los t i ngPoint Operaci

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)

‘Cogvert 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 Opersnds) (LE)
Load (Short Operands) (LE)
Load Complement (Short Operands) (LECR)
Load Fixed Register (LFIR)
Load Floating Immediate (LFLI)
Load Floating Register (LYLR)
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) (SEDR)
Subtract (Long Operands) (SED)
Subtract (Short Opersads) (SER)
Subtract (Short Operands) (SE)
Subtract (Short Operands) (SE)
Store (Long Operands) (STED)
Store (Short Opersads) (SIE)
Store (Short Operands) (STE)

i
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Table IIA. CPU Instruction Set (Coat)

Special Overations
Disguose (P?) (DIAG)
Insert Storage Protect Bits (PF) (1828)
Load DSE Multiple (LDM)
Load Extended Addrsse (LXA)
Load Program Status Word (P) (LPS)
Move Halfword Operands (MVR)
Set Program Mask (SPM)
Set System Mask (P) (88M)
Stack Call (SCALL)
Stack Return (SRTRN)
Store DSE Multiple (STDN)
Store Extended Address (STXA)
Supervisor Call (SVC)
Test snd Set (TS)
Test and Set Bits (T33)

» R
B

[ -4

’
1/0Overations

Le gy ares
Programa Controlled Input/Output |

Iastruction (FCI0) a

* Se  BB SEES.  bv EEE AE EE  + BE  EERE AE EE  ow + l y  Wa lp wm a + w ine Ea rn  a l r  EEE  WR EE  n l  1 1 ]  Lay  N J ]  - we»
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Table IIA. CPU Instruction Set (Cont)

Internal Control Register Operations (ICR)
Read/ MMP 110

Rasiznate Tunction Spite Code Code Format
T3(02) Load Counter 0 ¥ 8801 - RR
TI(02) Start Counter 0 Ww 8802 - ER
T1(02) Stop Counter 0 W 8803 - RR
TT(02) Load Counter 1 Ww 8804 - RB
TT(02) Start Counter 1 v 880A - RR
T1(02) Stop Counter 1 - Ww 8803 - RE
TI(02) Read Counters ) { 0802 - RR
TI(02) Read Counters R 0803 - iR

Age and CPU Read Age R 04XX - RR
Ags and CPU Load Age Vv 86 XX - RR
Age and CPU Direct Age v 84XX - RR
Age and CPU Age Mode Control wv §7XX - RR

MMU Load DSE Register Ww - 9404 RR
| ]  Read DSE Register R - 9405 ARow Resd Even Physical ADOR Reg 00-1S R - 1400 RR
1 ]  Read Logical ADOR Reg 00-135 R - 1405 RR
MU Read BSR/DSR/BSV/DSV R - 1406 1§
oy Read and Clear MFER R 1408 - RR

(Do Mot Clear Code Parity)
uo  Resd MMU Store Protect Reg 00-10 | - 1409 RR

Read MMU Mode Reg 00-07 R - 1408 RR
wi  Read MMU Misc Reg 00-08 ) 3 1604 - i
MMU Read ECAC ADOR Reg 00-13 R 1407 - IR
wom Load MMU SP Reg 00-02 (CPU) v - 9400 RR
MMU Load A l l  EDAC Diagnostic Latches wv - 9403 RR
MMU and IRPT Losd BSR/OSR v - 9009 RR
MMU Losd MMU Mode Reg 00-07 Ww - 9407 AR
we Set 1750 Block Protect and E/W wv - 940A RR

Override "
MMU Clear 1750 Block Protect and B/W u - 94018 aR

Override
wu Hoop to MMU J - 9401 AR
0 ]  Load 3SV/0OSYV Ww - 9406 aR
MMU Read MFIR and Clear Code Parity Kzror | 140C - AR
1 ]  Clear Soft Error Counter Ww 140K - ER

FORM M 13) ~m=] BEV 2-70
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 R

ER
R

R
EN

EA
AR

AR
ER

AR
AR

R
EE

R
EH

ER
R

mes

Program—-Contzrolled Iaput
Program-Controlled Output

’

Table IIA. CX Iastructiom Set (Codt)

Iatazaal Control Ragistex Overations (ICR)
Read/ NOP 110

Tuastion rite Code Gods Tormat
Set Program Mask | - - [9017
CPU IA Fault (Machins Check) Command v - 9000/9001
CU Illegal Operation Command | J - 9002/9003
CPU Privileged Instruction Command v - 9004/9005
CPU PP Divide by Zero Command vw - - [9006
CPU Significance Command v - - [9007
CPU Convert Overflov Command u - - [9008
Load PSW Segment 16-31 v - - [9009
Loed PSV Segment 32-47 v - - [900A
Set Al l  MMP Pending Interrupts v - - /9003
Reset All MMP Pending Interrupts | J - - /900C
DMA Store Protect v - = /900D
Reset Complete | | - 900E/ 9007
Supervisor Call | | - 9010/ -
Scart 2901/2910 Self Test v - 9011/9011
Start Bad Parity Test | J - 9011/9011
Scart Capture Rag Test wv - 9011/9011
Start Priority FLA Test | J - 9011/9011
Start Command FLA Test v - 9011/9011
Start Arithmetic Interrupt Test v - 9012/9012
Set/Reset Diagnose Mode w - 9013/9013
Start Interrupt Priority Test wv - 9014/9014
Start EA Scan | - 9015/9015
Write 1750 Fault Reg (Byte Pield) wv - 9016/9016
Echo EBus R - 1000/1000
Read Disgnose 2 - 1001/1001
Read 1ISW R - 9018/9018
Read Local Store Reg R = 1002/1002

R A000
¥ AOD
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0000 0000
0000 0001
0000 0010
0000 0011
0000 0100
0000 0101
0000 0110
0000 0111
0000 1000
0000 1001
0000 1010
0000 1011
0000 1100
0000 1101
0000 1110 .
0000 1111
0001 0000
0001 0001
0001 0010
0001 0011
0001 0100

0001 0101

0001 0110

0001 0111

0001 1000

0001 1001

0001 1010

0001 1011

0001 1100

0001 1101

0001 1110

0001 1111

CODER 10BNT. NO. 03953

Table IIB.

Instruction Codings

Instruction
Single Precision Load
Single Precision Load
Single Precision Load
Single Precision Load
Double Precision Load
Double Precision Load
Double Precision Load
Double Precision Load
Single Precision Store
Single Precision Store
Single Precision Store
Single Precision Store
Double Precision Store
Double Precision Store
Double Precision Store
Double Precision Store
Single Precision Integer Add
Single Precision Integer Add
Single Precision Integer Add
Single Precision Integer Add
Single Precision Integer

Subtract
Single Precision Integer

Subtract
Single Precision Integer

Subtract
Single Precision Integer

Subtract
Single Precision Multiply

With 32-Bit Product
Single Precision Multiply

Mith 32-3it Product
Single Precision Multiply

Wich 32-Bit Product
Single Precision Multiply

With 32-Bit Product
Single Rrecision Integer

Divide With 32-Bit Dividend
Single Precision Integer

Divide With 32-Bit Dividend
Single Precision lateger

Diviue with 3Z-Bit Dividend
Single Precision Integer

Divide With 32-Bit Dividend

REVISION LETTER

MIL-8TD-1750A Instruction Set

BE
EE

EE
EE

R
IO

SI
ER

ER
EE

EE

Address
—_rttode

B (BR=12)
B (BR=13)
3 (BR=14)
3 (BR=1S)
3 (BR=12)
B (3R=13)
3 (BR=14)
B (3R=15)
3 (BR=12)
B (BR=13)
B (BR=14)
3 (BRelS)
3 (BR=12)
B (3R=13)
B (BR=14)
B (BR=15)
B (BR=12)
3 (BR=13)
B (BR=14)
3B (BR=15)
3 (BR=12)

B (BRe=13)

3B (BR=14)

3 (38=15)

B (BR=12)

B (3Re=13)

B (BR=14)

B (BR=15)

3B (3R=12)

B (BR=13)

B (3R=14)

3 (3R=15)
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MC613-0023

0010 0000
0010 0001
0010 0010
0010 0011
0010 0100
0010 0101
0010 0110
0010 0111!
0010 1000
0010 1001
0010 1010
0010 1011
0010 1100
0010 1101
0010 1110
0010 1111
0010 0000
0011 0001
0011 0010
0011 0011
0011 0100
0011 0101
ool l  0110
0011 0111
0011 1000
0011 1001
0011 1010
0011 1011
0011 1100
0011 1101
oo11 1110
0011 1111
0100 000
0100 0001
0100 0010
0100 0011
0100 0000
0100 0001
0100 0010
0100 0011
0100 0000
0100 0001
0100 0Gl0
0100 0011
0100 0000

Table 113.

COOE IDENT.NO. 03953
oe——————— 7

AEVISION LETTER

Instruction Codings

0001
0001
0001
0001
0010
001
003d
0010
go11

FOR M 131=si=F AREY 1-7¢

Floating
Floating
Floating
Flosting
Floating
Floating
Floating
Floating
Floating
Floating
Floating
Floating
Floating
Floating
Floating
Floating

Insgruction
Point Add
Point Add
Point Add
Point Add
Point Subtract
Point  Subtract
Point Subtract
Point Subtract
Point Multiply
Point Mult iply
Point Multiply
Point Multiply
Point Divide
Point Divide
Point Divide
Point Divide

Iaclusive Logical or
laclusive Logical or
Inclusive Logical or
Inclusive Logical or
Logical and
Logical and
Logical aad
Logical and
Single Precision Compare
Single Precision Compare
Single Precision Compare
Single Precision Compare
Floating
Floating
Floating
Floating

Point Compare
Point Compare
Point Compare
Point Compare

Single Precision Load
Single Precision Load
Single Precision Load
Single Precision Load
Double Precision Load
Double Precision Load
Double Precision Load
Double Precision Load
Single Precision Store
Single 2recisiou Store
singla d=csiz ise Steoe
Single Precision Store
Double Precision Store

PAGE

MIL-8TID-1750A lastruction Set (Cont)

Maswonic
TAB
FAR
3
!
FS
r$3
FSB

R
R

ad
dE

R
ER

ER
ER

G
G

aR
O

SS

38

C
E

 
E

E
 

E
R

 
I 

R
E 

R
E

 
R

E 
E

N
 

NE
 E

E 
RE

 I 
EE

 IE
 

TT
 I

 
E

E
 

II
 T

IT
TY

 
xy

"

Address
—0de.

AR=12)
(BR=13)
(BR=14)
(BR=15)
(3R=12)
(BR=13)
(BR=14)
(BR=15)
(BRel2)
(BR=13)
(BR=14)
(BR=15)
(BR=12)
(BR=13)
(BR=14)
(BR=15)
(BR=12)
(3R=13)
(BR=14)
(BR=1S)
(3R=12)
(BR=13)
(32=14)
(3R=]15)
(3R=12)
(3R=13)
(BR=14)
(3R=15)
(3R=]12)
(3R=13)
(BR=14)
(BR=1S5)

3X (BR=12)
(32=13)

BX (BR=14)
BX (BR=lS)
BX (BR=12)

(3R=13)
BX (BK 14)
BX (BR=15)

(BRe=12)
(BRe=13)

BX (BR=]4)
(BR=l15)

BX (Bk=12)
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Table IIB. MIL-STD-1750A Instruction Set (Cont)

Iastruction Codinge
Address

QRCODE [1.2 § Instruction Moemonic —Mode
0100 0001 go11 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 (BRe=lS)
0100 0000 0100 Single Precision Integer Add ABX BX (BR=12)
0100 0001 0100 Single Precision Integer Add ABX BX (BR=l3)
0100 0010 0100 Single Precision Integer Add ABX BX (BR=14)
0100 0011 0100 Single Precision Integer Add ABX BX (BP=15)
0100 0000 0101 Single Precision Integer SB3X BX (BR=12)

Subtract
0100 0001 0101 Single Precision Integer SBBX BX (3B=l13)

Subtract
0100 0010 0101 Single Precision Integer $33X BX (BR=14)

Subtract
0100 0011 0101 Single Precision Integer SB3X BX (BR=lS5)

Subtract
0100 0000 0110 Single Precision Integer MBX 3X (BR=12)

Multiply With 32-Bit Product
0100 0001 0110 Single Precision Integer MBX BX (BR=l3)

Mult iply With 32-Bi t  Product
0100 0010 0110 Single Precision Integer mx BX (BR=14)

Multiply With 32-Bic Product
0100 0011 0110 Single Precision Integer MBX BX (BR=1S)

Multiply With 32-Bit Product
0100 0000 0111 Single Precision Integer BX (BR=12)

Divide With 32-Bit  Dividend
0100 0001 0111 Single Precision Integer DX BX (BRel3)

Divide With 32-Bit Dividend
0100 0010 0111 Single Precision lateger BX (BR=l4)

Divide With 32-Bit  Dividend
0100 0011 0111 Single Precision Integer DBX BX (BR=15)

Divide With 32-Bit Dividend
0100 0000 1000 Floating Point Add FABX BX (BR=12)
0100 0001 1000 Floating Point Add FABX BX (BR=l13)
0100 0010 1000 Floating Point Add FABRX BX (BR=14)
0100 0011 1000 Floating Point Add FABX BX (BR=l15)
0100 0000 1001 Floating Point Subtract FSBX BX (BR=12)
0100 0001 1001 Flosting Point Subtract FSBX BX (BR=13)
0100 0010 1001 Floating Point Subtract FsSix BX (BR=14)
0100 0011 1001 Tloating Point Subtract FSX 3X (BR=1S)
0100 0000 1010 Floating Point Mult iply nex BX (BRel2)
0100 0001 1010 Floating Point Multiply nax 3X (BR=13)
0100 0010 1010 Floating Point Multiply rex  BX (BR=14)
0100 0011 1010 Floating Point Mult iply eX  3X (BR=1S5)
0100 0000 "1011 Floating Point Divide rox BX (BRe=12)
0100 0001 1011 Floating Point Divide max BX (BRel13)
0100 0010 1011 Floating Point Divide FDRX 3X (BR=14)
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Table IIB. MIL-SID=-1750A Iastructionm Set (Coat)

Instruction Codings
Address

SRCODE f+. 4 Inssruction Moswonic l i de
0100 0011 1011 Floating Point Divida FDRX BX (3R=15)
0100 0000 1100 Single Precision Compare C3x 3X (BR=12)
0100 0001 1100 Single Precision Compare Cax BX (BER=13)
0100 0010 - 1100 Single Precision Compare ax  BX (BRel4)
0100 0011 1100 Single Precision Compare cx  3X (BR=1S)
0100 0000 1101 Floating Point Compare ¥CB3X BX (BRe=l2)
0100 0001 1101 Floating Point Compare CBX 3X (BR=l3)
0100 0010 1101 Floating Point Compare FC3Xx BX (BRel4)
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 3X (BR=14)
0100 0011 1110 Logical and ANDX BX (3R=15)
0100 0000 1111 Inclusive Logical or ORBX BX (BRe=l2)
0100 0001 1111 Iaclusive Logical or ORBX BX (BR=13)
0100 0010 1111 Inclusive Logical or ORBX 3X (BR=14)
0100 0011 1111 Inclusive Logical or ORBX BX (BR=15)
0100 1000 Bxcecute Input/Output X10 IM, IX
0100 1001 Vectored Iaput/Output YIO IM, IX
0100 1010 0001 . Single Precision Integer Add AIM pi |
0100 1010 0010 Single Precision Integer SIM IM

Subtract
0100 1010 0011 Single Precision Integer MIX po|

Multiply With 32-3it Product
0100 1010 0100 Single Precision lateger IM  po |

Multiply With 16-Bit Product
0200 1010 0101 Single Precision Integer IIx ps |

Divide With 32-Bit Dividend
0100 1010 0110 Single Precision Integer pd  | IM

Divide With 16-Bit Dividend
0100 1010 0111 logical and ANDM IN
0100 1010 1001 Iaclusive Logical or ORIN ) o |
0100 1010 1001 Exclusive lLogicsl or JORM IN
0100 1010 1010 Single Precision Compere CIM IN
0100 1010 1011 Logical and WIM 4 |
0101 0000 Set Bit  $3 9, IX
0101 0001 Set Bi t  SBR 2
0101 0010 Set Bit $81 2. IX
0101 0011 - Reset Bit ~— —=- -  - IB D, XX
0101 0100 Reset Bit 3k  R
0101 0101 Reset Bit 0 $4 I ,  IX
0101 0110 Test Bit  y+ J Dh, BX
0101 0111 Test Bit  ys | |
0101 1000 Teast Bit  po)8 I ,  IX
0101 1001 Test end Set Bit 153 D, IX
0101 1010 Set Variable Bit is  Register SVAR |
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MIL-$TD=-1750A Instruction Set (Cont)

0101 1100
0101 1110
0110 0000
0110 0001
0110 0010
0110 011
0110 0101
0110 0110
0110 0111
0110 1000
0110 1010

0110 1011

0110 1100

0110 1101

0110 1110

0110 1111

0111 0000
0111 0001
0111 0010
011i 0011
0111 0100
0111 0101
0111 0110
0111 0111
0111 1000

0111 1001
0111 1010
0111 1011

0111 1100

Table 1IB.

COOE 108NT .NO. 0395]
AEVISION LETTER

| 1

Instruction Codings

0111 1101 ———
0111 1110
0111 1111

1385c003
1000 0001
1000 0010

Jasgtruction

Reset Variable Bit inRegister
Test Variable B i t  in Register
Shift Left Logical
Shift Right Logical
Shift Right Arithmetic
Shift Left Cyclic
Double Shift Left Logical
Double Shift Right Logical
Double Shift Right Arithmetic
Double Shift Left Cyclic
Shift Left Logical, Comat in

Registar
Shift Arithmetic, Commt ia

Ragister
Shift Cyclic, Count in

Register
Double Shift Logical, Count ia

Register
Double Shift Arithmetic, Count

in  Register
Double Shift Cyclic, Comat im

Register
Jump on Condition
Jump on Condition
Jump to Subroutine
Subtract One sad Jump
Branch Unconditionally
Branch i f  Equal to (Zero)
Branch i f  Less Than (Zero)
Branch to Execute
Branch i f  Lass Than or Equal

20 (Zero)
Branch { f  Greater Than (Zero)
Beaach i f  Not Equal to (Zero)
Branch i f  Grester Tham or

Equal to (Zero)
Load Status
Load Status —— -——-
Stack IC and Jump to Sebrostine
Unstack IC snd Return From Sud~

routice
Singilc Precisioa Load
Single Precision Load
Single Precision Load

AGE

BE
ER

 ER
E E

R
EF

41

Address :
“e

o
 

M
N

 
PB

 
BB

 
N

B 
pw
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Table IIB. NMIL-STD-1730A Iastructioa Set (Count)

Isstruction Codings

QPCODE CX Inatruction Masonic
1000 0011 Single Precision Load LISH 18K
1000 0100 Single Precision Load LI  I ,
1000 0101 $ingle Precision Load LIM
1000 0110 Double Precision Load DL D,
1000 0111 Double Precision Load DLR
1000 1000 Double Precision Load L I  ) 8
1000 1001 Load Multiple Registers LM D,
1000 1010 Extended Precision Floating EFL D,

Point Load
1000 1011 Load From Upper Byte LUB D,
1000 1100 Load From Lower Byte LLB D,
1000 1101 Load From Upper Bytes LOUBX I ,
1000 1110 Load Prom Lover Byte LLBI 1,
1000 1111 Pop Multiple Registers Off pom S

the Stack
1001 0000 Single Precision Store ST D,
1001 0001 Store 8s Boo-Negative Constant STC D,
1001 0010 Store a Non-Negative Constant $7C1 1,
1001 0011 Move Multiple Words Memory-to- MOV 8

Memory
1001 0100 Score Precision Stores STI )
1001 0110 Double Precision Store DET D,
1001 0111 Store Register Through Mask SEM D,
1001 1000 : Double Precision Store DETL ) 8
1001 1001 Store Multiple Registers STH | R

1001 1010 Extended Pracision Floating ars? D,
Point Store

1001 1011 Store Into Upper Byte STUB D,
1001 1100 Store Ianto Lower Byte STLD D,
1001 1101 Store Into Upper Byte SUB1 I ,
1001 1110 Store Into Lower Byte S131 I ,
1001 1111 Pysh Multiple Registers Omto PSEM $

the Stack
1010 0000 Single Precision Integer Add A D,
1010 0001} Single Precision lateger Add AR  }
1010 0010 Single Precision Integer Add AIS? bé } 4
1010 0011 lacrement Memory by a Positive po [ |  Dp, BX
mee  e—— Iateger ooo  - -  . -  ce .

1010 0100 Single Precision Absolute 438 Dp, BX
Value of Register

wd B ib i ,  i ea i Precision Absolute DADS |
Alte of Reesistar

1010 0110 Double Precision Integer Add DA Dp, IX
1010 0111 Double Precision Integer Add DAR R
1010 1000 Yloating Point Add TA Dp, DX
1010 1001 Floating Point Add FAR R

R
EE

SE
 W

ER
E

R
R

R
R

H
R

R
 R

R
ER

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

Instruction Codings. Address
QPCODE 2X Iasgruction Masmonic  __Mode

1010 1010 Extended Precision Floating ) 47} D, DX
Point Add

1010 1011 Extended Precision Floating EVAR R.
Point Add

1010 1100 Floating Point Absolute Value FARS
of Register

1011 0000 Single Precision Integer S Db, BX
Subtract

1011 0001 Single Precision Integer sR |
. Subtract

1011 0010 Single Precision Integer S18? 1s?
Subtract

1011 0011 Decrement Memory by a Positive DECM Db, IX
Integer

1011 0100 Single Precision ¥Negate NEG 2
: Register

1011 0101 Double Precision Negate DEG R
Register

1011 0110 Double Precision Integer D8 Db, DX
Subtract

1012 0111 Double Precision Integer DER R
~ Subtract

1011 1000 Floating Point Subtract  £ | Db, DX
1011 1001 Floating Point Subtract s k  A
1011 1010 Extended Precision Floating r s  D, IX

Point Subtract ’
1011 1011 Extended Precision Floating Ersk R

Point Subtract
1011 1100 Floating Point Negate Register SEG
1100 0000 Single Precision Integer Db, IX

Multiply With 16-Bit Product
1100 0001 Single Precision Integer MSR | §

‘Multiply Wich 16-Bit Product
1100 0010 Single Precision Integer MISP 13?

Multiply Wich 16-Bi t  Product
1100 0011 Siagle Precision Integer Mis  Ish .

Multiply With 16-Bit Product
1100 0100 Single Precision Integer H D, DX

Multiply With 32-Bit Product
1100 0101 Single Precision luteger mR R

_ Multiply Wich 32-Bit Product .
1100 0110 unlink insiinasyir dAr ef | D, IX

multiply
1100 0111 Double Precision Integer Da  4

Multiply
1100 1000 Floating Point Multiply ™ D, DX

FORM M 133=0t=g REV 270
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MIL=-$TD=1750A Iastruction Set (Cont)

COOR IDENT. NO. (23983
AGVISION LETTER

Table IIB.

Instruction Codings

QPCODE +. 4 Jastruction
1100 1001 Floating Point Multiply
1100 1010 Bxtended Precisioa Floating

Point Multiply
1100 1011 Extended Precision Floating

Point Multiply
1101 0000 Single Precision Integer

| Divide With 16-Bit Dividend
1101 0001 Single Precision Integer

Divide With 16-Bit Dividend
1101 0010 Single Precision Integer

Divide With 16-Bit Dividend
1101 0011 Single Precision Integer

Divide With 16-Bit Dividend
1101 0100 Single Precision Integer

Divide With 32-Bit Integer
1101 010% Single Precision Integer

Divide With 32-Bit Integer
1101 0110 Double Precision lateger

Divide
1101 0111 Double Precision Integer

Divide
1101 1000 ¥loating Point Divide
1102 1001 Floating Point Divide
1101 1010 Extended Precision Floating

Point Divide
1101 1011 Extended Precision Floating

Point Divide
1110 0000 Iaclusive Logical or
1110 0001 Inclusive Logical or
1110 0010 logical end
1110 0011 Logical and
1110 0100 Exclusive Logical or
1110 0101 Exclusive Logical or
1110 0110 Logical NAND
1110 0111 Logical XAND
1110 1000 Couvert Floating Point to

16-3it Integer
1110 1001 Convert 16-3it Integer to

Tlosting Point
1110 1010 Couvert Extended Precision

Floating Point to 32-Bic
Integer

1110 1011 Convert J:i-sitc luvegss tv
Extended Precision Floating
Point

1110 1100 Exchange Bytes in Registers

38
 BE

HM
EE

ES
 OR

I E
SR

C 
gg

 3 
v

y
£ i

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

Instruction Codings
Address

QPCODE [1.5 4 lastmuction Moemopic lode
1110 1101 Exchange Words in  Registers p °) |
1111 0000 Single Precision Compare (~ D, DX
1111 0001 Single Precision Compare a R
1111 0010 Single Precision Compare CIs? Isp
1111 0011 Single Precision Compare Cisn I s
1111 0100 Compare Betveen Limits CBL )
1111 0110 Double Precision Compare DC D, DX
1111 0111 Double Precision Compare per” | 4
1111 1000 Floating Point Compare ) {> D, BX
1111 1001 Floating Point Compare FcR R
1111 1010 Extended Precision Floating E¥C D, BX

Point Compare
1111 1011} Extended Precision Floating rca R

Point Compare
. 1111 1111 Bo Operation/Bresk Point NOP /30T ]
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Table III.

Iasterzupt Source

Power-on
System rTeset
Power—-off (POID)
GPC storage error
CPU sddress specification
CPU store protect violation
CPU ROS parity
Instruction monitor
I l legal operation
Privileged instruction
Fized-poiat overflow
Significance
Exponent underflow (floating-point)
Overflov (convert)
Exponent overflow (floating-point)
Divide (floating-point)
Executive (supervisor call)
Init iate putavay
Real-Time clock No. 1
Real-Time clock No. 2
Watchdog timer timeout
IOP voter
C/M idle
I0P ROS parity
IOP fault
Spare
Queue overflow
DMA time-out
DMA address specification
DMA store protect violatioa
AGEinterrupt
I0P programmable (1-12)
Spare (4)
Spare (4)

Mla : LJ

- ~s  o f  s—Priority determined by“Sardvare
"Mutually exclusive ~~

PORM WM 133 =vi=f REV 2-M

CODEINT. NO. 03063

Interrupt

41-32
33-36
37-60

Iaterzupt
Priority

1A®
13*
2
3
7
$
9

10
lee
llwe
1le=
l le
l1lw=
llew
l le
1lee
12
13
14
13
16A
163
16C
16D
16K
167
17%
177
176
171
1§] 4
18A-18L
194-19D
204-200

- ae  L r  1 ]  LT .

Interrupt Structure amd Priorities

Class

Pover
Power
Power
Machine check
Program exception
Program exception
Machine check
Program exception
Program exception
Program exception
Program exception
Program exception
Programa exception
Program exception
Program exception
Program exception
Supervisor cal l
Power
CPU external Level 1
CPU external Level 1
10P external Level 1
IOP external level 1
I0P external Level 1
JOP external Level 1
IOP external Level 1
I0P external Level 1
I0F externsl level 2
IOP external Level 2
CPU external level 2
CPU external Level 2
CPU externs]l Level 2
IOP external Level 3
I0P external Level 4
IOP external Level 3
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Zach interrupt shall be individually maskable excapt for power on/off ,  machine check,
supervisor cal l ,  and program interrupts. Power on/off, supervisor cal l ,  and program
interrupts shall not be masksble except for fixed point overflow, exponent underflow,
and significance. Machine check interrupts shall be maskable by class only. I f  pro-
gram classes interrupt conditions occur vhile masked, they shal l  be ignored and sha l l  not
remain pending. I f  any other interrupt conditiom occurs vhile masked, i t  shal l  remain
pending. Machine check and instruction monitor imterrupts 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) Progrmm/supervisor call
(4) External class (IOP class)

Iaterrupt handling shal l  consist of storing the current srogram status work (PSW) in
its “01d? position in mainstore and making the PSW at the “new” position the current
PSH. The PSW shall bold a l l  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 interruption which i s
taken f i rs t .  This new PSW sha l l  subsequently be stored without any instruction execu~
tion and the next interruption PSW shall  be fetched. This process shall  continue unti l
B80 more interruptions are to be serviced. When the last interruption request has been
serviced, instruction execution shall de resumed using the PSW las t  fetched. Machine
check and power interrupts, when. they occur, shal l  not sllowv other interrupts to be
taken. IOP interrupts shal l  be maskable by level only.

3.2.1.3.7 CPU Progrsm Control 1/0 Mode. The CPU shall be capable of transferring one
full word per single instruction betveen the CPU genersl registers and the IOP, or the
pad end the CPU general registers. This mode shall be initiated and controlled by the

3.2.1.3.8 CPU/DMA Mode. The CPU shall provide the capability for emadbliag or dis-
shling the oA  sode under hardware control. DMA operations sre specified in para-
graph 3.2.1.53.2.3.

3.2.1.3.9 Clock (Internal Master). An interpal master clock oecillator and associated
circuitry shall supply precision timing signals for a l l  logic circuits within the CPU.
The accuracy of the oscil lator shall be 0.001 percent. Accuracy is herein defined as
the initial allowable of fset  from the noninal with the LRU st the standard tes t  condi-
tions specified in 4 .1 .2 .1 .  The master clock osci l lator and assciatad circuitry shal l
have a long term stabil ity of at least 50 parts iz  100 and a short term stabi l i ty of at
least 50 parts in 100 within the operating enviromment specified. Stability is herein
defined as the allowsble variation from the nominal. Long term stabi l i ty is defined as
7 days and short term ar 13 minutes. The turn on time of the oscillator shal l  mot
exceed 100 milliseconds from the tim. uzster pover reset is  released after tha curlice~
cion Of Primacy puwss.

dh  i hde $0  SOE se  © MEN Hp EN
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3.2.3.10 Regl-Time Clocks. The CPU shall have two program settable real-time clock
registers capable of being decremented from internal clock osci l lator. When the
count in the registers passes through zero, an interrupt shall be generated whose
priorities are as specified in  paragraph 3 .2 .1 .2 .6 .  Both counters shal l  have a
resolution of at least  ] microsecond. The counter shal l  have 32 b i t  capacity. The
clock registers shal l  be capable of being ssmpled by he CPU without interfering vith
the register counting function. The clock registers shal l  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 vis s&s privileged READ COUNTER instruction sud shal l
de lcadable vis a privileged WRITE COUNTER instruction,

3 .2 .1 .4  Memory.

3.2.1.4.1 Memorv Capacity. The computer shal l  contain a minimum of 262,144 full-
vorde of main memory. Half and full-word accessibi l i ty of the memory is required.
Internal means for error correction snd cosmic ray scrubbing is  required,

3.2.1.64.2 Memory Functions. The memory shall function in the following modes:

a. Jctive - Memory powered up and operating

b. Standby- Memory and CPU povered up snd not operating

€ .  Scrub Only =~ Memory povered up, CPU powered down

d. Memory Retention = Memory povered o f f ,  batteries supplying power, me scrubbing.

3 .2 .1 .4 .3  Memory Speed. The cycle time for a read-compute-vrite operation ( to  and
from local  s tore)  shall  bot exceed 250 8s during instruction execution/effective
address computation. The time required for storing dats into semiconductor-memory
shal l  not exceed 750 ns frou the time the address is  available.

3.2.1.4.5 Memory Techmology. The GPC shall  have a QOS solid state memory vith
battery back up power for maintaining noanvolatility of memory contents for short
durations of pover down or interrupts.

3 .2 .1 .4 .6  MemoryDats Protection. The contents of memory shal l  not be s l te red 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 orbi tal  operstion. The scrub rate is  1.7 seconds. The
error correction code used shall correct al l  single errors and shall detect and
report s l l  double errors to the CPU as a sschioe check interrupt.

1 .2 .1 .4 .7  Deleted.
3 .2 .1 .4 .8  Memory load. Capability te load the memory shall be provided. Meche-
nization occurs v ia computer hardware and microprogram store.

The bootetzap microprogram shal l  be capable of the following:

8 .  Sending a program load command to an external storage device vias a selected
serisl channel

b. Specifying a designated program source sddress

¢ .  Capability to enable storage protection logic during loading

PIA  M 11 ]  ==m=2 ALV 2-70 - -r’d . -
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3 .2 .1 .4 .9  Memory Storsge Protection. The computer shall provide a means of
selectively preventing writing into any hslf-vord of memory. Each half-word of
memory shal l  contain three voted storage protection b i t s .  Capabil i ty shall be
provided for setting and resett ing these three protect ion b i t s  either by individual
half-vord or by blocka of words under softvare contro l .  An i l l ega l  attempt to gain
access to protected storsge shal l  cause an interrupt.

3.2.1.3 Isput/Output Processor (IOP) Design snd Fupctjons. The input/output
processor (IOP) wi l l  interface vith avionics subsystems as shown in Figure 2.
(Figure 2 is for reference only).  The IOP shal l  be designed to perform the
functions l is ted herein.

3 .2 .1 .5 .1  ra t ion .

3 .2 .1 .5 .1 .1  Data Transfers. Data tranefers sha l l  occur one at a time snd concur—-
rent ly.  The IOF sha l l  be capable of performing 24 concurrent operst ions over
different one megahertz data buses in any combination of transmitt ing asd receiving.
3 .2 .1 .5 .1 .2  Concurrency Mechanigzgtion. Concurrency mechanizat ion sha l l  a l low for
concurrent operations vhose time askew is less than 28 microseconds. Time skew is
defined ss the time betveen the f i rs t  multiplexed interface adapter (MIA)
transmitting and the tveaty-fourth MIAtransmitt ing, or between the f i rs t  MIA
receiving and the tventy-fourth MIA receiving.

3 .2 .1 .5 .1 .3  10P/Memory Trapsfers. The IOP shal l  communicate wi th the computer main
memory in both the normal DMA and bduret DMA modes; the DMA modes shal l  be enabled by
the CPU before the IOP cas access memory. The normal DMA sha l l  function om a cycle
s tea l  basis in conjunction with CPU memory requests .  The IOP sha l l  enter the burst
mode vhen the oumber 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 t imes. This access shal l  be limited to 64 cosmsecutive
Semory accesses ss described in paragraph 3 .2 .1 .5 .2 .3 .

' 3 . 2 .1 .5 .1 .3 .1  Memory Storage Protect. This festure shal l  be zestr icted to the
boot-strap load mode. Control shall be ini t iated by the 1I0P to  enable storage
protect ion in the CPU to sl lov for the setting or resett ing of memory storage
protect bi ts associated with DMA data stored into the main memory for a program
loading mode. Indication of the storage protect  b i t  associated with a DMA data
half-wvord being read from main memory sha l l  be provided to s l low ve r i f i ca t ion  of &
program load. Oa DMA full-words being read, one store pro tec t  indicat ion is  given
i f  either balf-word is protected. Memory protect b i ts  shal l  be assigned for each
halfword of dats ,  including error correction code. The CPU sha l l  contrel th is
function via the “insert storage protect b i te ”  instruction (pr iv i leged) as shows in
Table 12.

3 .2 .1 .5 .1 .4  10P Control. The IOP shal l  de under CPU comtrol for imit ist ion of
input/output requests sud shal l  be under i ts  own intersal control for  init iat ing and
controll ing data acquisi t ion sequences and for the output of commands for data input
and output to sud from subsystems. In  the l is ten mode data transer shal l  be

FQBM A ( J l  =m]  BE,  2-72
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3.2.1.5.1.5 D i sc re teDrivers gnd Receivers. 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 bas the capabil i ty of indepen-
dently sett ing/resett ing under software control. Six of these discrete drivers
( p .0 .  18, 20, 22, 24, 26, and 28) shall seet the requirements of paragraph 3 .1 .2 .3 .1 .7 .
One discrete output shal l  be provided which is  always set to the “ove” s ta te .  Five
additional discrete outputs shall be provided for RM 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 d iscrete inputs sha l l  be used for
the RM as specif ied in paragraph 3 .2 .1 .8 .3 .  Three of these discrete inputs sha l l  be
used for IPL as specif ied in paragraph 3 .2 .1 .12 .  Two of these d iscre te  inputs shal l
directly d isable respectively one group of four data buses snd tvo groups of tour data
buses. Three of these discretes shal l  be used for GPC stat ion identi f icacion.

3.2.1.5.1.6 Deleted.
3 .2 .1 .5 .1 .7  Deleted. ©

3.2.1.5.1.8 General IOP Design Requirements.
8. The primary IOP design goal shal l  de to minimize computer control requirements aud

conserve computer processing time.

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

€ .  Each IOP port (bus interface) shall be designed to operate independently of other
IOP por ts .  Each port shal l  ba designed to synchronize IOP operations with the
“traff ic” on the bus. lanstructions for processing bus traffic sha l l  be in i t iated
by the sssociated computer ( i f  in  the command mode) or by a recognized bus command
from en alternate source ( i f  in the l is ten mode).

d. The IOP wi l l  implement f lexible design features where possible to avoid restr ic-
tions that would affect reserve grovth capabi l i t ies.

3 .2 .1 .5 .2  Qperationsl Modes. The 10P operations] modes shsl l  be under stored main
WeWMOTY computer program control. Computer programs v i l l  bave the faci l i ty for super-
vising ( i . e . ,  s ta r t ,  stop, sense status, e t c . , )  the operat ion. laformation trans~
@ission sha l l  be control led by the IOP once the operation has been in i t isted by the
CPU. The IOP shal l  be capable of up to 24 concurrent, independent data transmissions

| and receptions on any combination of data bus channels. The IOP shal l  be capable of
the tolloving modes of operation:

J .2 .1 .5 .2 .1  Coupmand Mode. In the command mode, the BCE shall comtrol i ts  associated
MIA for the issuance of commands to the interfacing avionics subsystem. The command
mode shal l  function as specif ied in paragraph 3 .2 .1 .5 .5 .1 . l .

3 .2 .1 .5 .2 .2  Listening Mode. Zach IOP channel that bas i ts tranemitter disabled and
receiver enabled shall  be capable of detecting a “command sync” pattern on the asso-
ciated data dus. I f  a “common IOP address” is recognized in a “command eync":  word,

FORM A 13) ~=—~2 REV 2-70
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the “program memory address™ shall be derived from the vord format 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 which sha l l  descr ibe the processing sequence
for the anticipated “data sync" message vords. Once in i t ia l ized, data t ransfer is
initisted by an external device. The l isten mode shall function as specified in
paragraph 3 .2 .1 .5 .5 .1 .2 .

3.2.1.5.2.3 Direct Memory Access (DMA) Operations Lith Main Memory.

3 .2 .1 ,5 .2 .3 .1  No rma lDMA Mode. Direct memory accass 1/0 operations shal l  provide
the capabil i ty to t ransfer one or more fu l l  words between the main memory and the
IOP. A main memory cycle request from the IOP shal l  have pr ior i ty over a l l  other
normal memory cyc le requests, once DMA has been enabled by the CPU. I f  continuous
memory cyc le  requests occur,  the DMA shal l  not be capable of monopol iz ing memory
access; t a the r ,  the DMA operat ion shal l  be inter leaved with other CPU memory
requests as they occur .  Normal DMA requests shal l  not interfere v i th  exist ing
memory cycles but shal l  be honored at the completion of the existing memory cyc le .
Normal DMA 1/0 operations shal l  be capable of providing sa transfer rate of 625,000
ful l  vorde per second.

3e2.1.5.2.3.2 Deleted.

3¢2.1.5.2.3.3 Delsted.

3.2:.1.5.2.3.4 Deleted.

3.2.1.5.2.3.5 [Error Correction Code Generation and Erryoyp Detection. The GPC shal l
bave as a minimum, a single error correction, and a double error detect ion capa=~
bi l i ty .  This b i t  shal l  be reset  sf ter being interrogated. Any error which cannot
be corrected by the EDC mechanization shal l  trap the address and provide an
interrupt to the program.

The GPC shal l  have provision for counting a l l  soft  errors that were corrected during
memory scrub. The counter shall be read/reset by MMU XI0 command.

3 .2 .1 .5 .3  Control/Monitor. The control/momitor (C/M) shal l  perform the following
functions:

a. Handle master and power ‘on reset  functions

b. Issue C/M idle

€.  Read discrete inputs

d. Enable or inhibit discrete outputs

e. Enable/disable MIA transmitters

f .  [Enable/disable MIA receivers

EI8M M 1 J] ===]  REV 2-7
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g. Halt BCZ's

B. Interrupt control

i .  [Handle PCO-2CI interface

Jj. Status reset

E. Processor contzol and status

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

sa. The C/M shal l .

Decode PCI and PCO instructions
Send 3CE nunber, MSC number, and commands to the spproprisce control logic
Accept completion acknowledgements / .

/
be Ou PCO's, the IOP interface logic shall load the data into appropriate IOP te

registers

ce. On PCIl's, the IOP interface logic shall place the contents of the appropriate
IOP buffer on the computer dats lines and start the interface.

3 .2 .1 .5 .3 .2  C/MInterrupts. The C/N interrupts shal l  consist of but not be lizited
to the IOP external interrupts listed in paragraph 3 .2 .1 .3 .6  and Table I I I ,
Levels 16 through 20.

3 .2 .1 .5 .3 .3  CPU- I ssuadReset Commands. The control monitor shall contain the reset
logic and issue zaset signals to a l l  IOP elements as required. Table IV is  l ist of
the reset log ic .

FORM M (J )  =w=2 REV 2-70 . ’ ‘eo
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Table IV. Cosotrol Monitor Reset Logic

Pover Reset PCO I0P
or Halt Master Reset Fail

Function 0 Command Reset Remarks

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

Status & (Buoy/Wait) Reset | Reset Reset Reset Reset = Wait

Status § (Halc/No Halt)  | Reset | Reset Reset Reset Reset = Halt
MSC/BCE

Trzansoitter Enable Reset | Reset Reset | Reset = Disable

| Receiver Enable Reset | Reset Reset Reset Reset = Dissble

Channel Reset | Reset Mo Change | No Change

Fail Vote Register Reset | Reset Reset Reset Reset = No Fai l

Voter Test Register Reset | Reset Reset Reset Reset = OF data

Discrete Outputs Reset | Reset Reset Reset Reset = Inactive

Fail Latch Reset | No Reset ¥o Change | No Change | Reset = No Fai l
oa CPU .
P.D.

Time Out Latch Reset | No Reset No Change | No Change | Reset = Reset by
on CFU watchdog timer

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

Isterruot Register
ROS Parity Error Reset | Reset Reset Ho Change | Set = Interrupt

pending

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

I0P Fail Lateh RBaset | Nn Reger  No Chsnre | No Change | Set = Interrupt
.oe CPU pending
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Funetion

Timeout Latch

I0P Fault

All  Others
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Table IV. Control Monitor Reset Logic (Cont)

Power Reset PCO IOP
| or Hal t  Master Reset Pail

oN | OF? Coumand Reset Resarks

Reset | No Reset | No Change No Change | Set = Interrupt
on CPU pending
P.D.

Reset | Reset Reset Xo Change | Set = Iaterrupt
pending

Reset | Reset Reset Reset Set = Interrupt
pending

Note:  Power reset ON-OFF is C¢C power raset.

IOP Fail Reset: Stop voter, watchdog timer, ROS parity, and IOP fault,

FAM VN 1 ) Tamed BY 2.70
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3 .2 .1 .5 .3 .3 .1  10P Mseter Reset. A CPU-issued PCO master reset  command sha l l  be inter-
preted by the C/M to force the MSC and BCE to the wait s tate.  The contents of the MSC
and BCE registers shal l  be retained for CPU monitor functions. This halt mode shal l  be
an immediate hal t  of BCE and MSC funct ions,  independent of concurrent inst ruct ion exe-
cutions. This command shal l  not override MSC and BCE errors which pe rs i s t ,  but sha l l
immediately inhibit a l l  MIA tragsamitters snd receivers and reset a l l  discrete ou tpu ts
except the computer fai l  discrete output as indicated in  3 .2 .1 .8 .4 ,

3 .2 .1 .5 .3 .3 .2  JOP Status Reset. A CPU-issued PCO status reset  command shal l  be inter-
pretad by the C/M to reset a l l  s ta tus word error indicators except those in  local
store.  This command shal l  not override MSC and BCE errors which pers is t .

3 .2 ,1 .5 .3 .5  Ocher D iscre te  S igna l s .  The C/M sha l l  act as a poss ib le  re lay (with the
except ion of d i sc re te  outputs fol lowing a power-on, internal ly detected fau l t ,  or
msster reset  from the CPU) for other special d iscre te  s igna ls ,  Enabling and inhibit ing
capabi l i t ies for  a l l  d i sc re te  outputs shal l  be provided by the C/M.

3 .2 .1 .5 .3 .6  CPU-Issued PCO Commands. The CPU-issued PCO commands sha l l  include as a
minimum those instructions l i s ted  in Table V.

3 .2 .1 .5 .3 .7  CPU-1gsued PCI Monitor Requests. The CPU monitor requests sha l l  be
acknowledged by the C/M. The CPU-issued PCI monitor requests shall include as a
misimum those shown in Table VI.

3 .2 .1 .5 .4  ster Sequence Control l  . The CPU via program control output (PCO)
shal l  act ivate the MSC to perform cycl ic  interleaved input/output requests.  Once sct i -
vated,  the MSC shal l  provide,  via i t s  own ianstruction set execution, the particular I /0
sequence. The major functions of the MSC shall be as fo l lows:

a. Execute programs located in  main memory

b. Schedule snd init iate bus control element (BCE) programs

c. Monitor the status of BCE's snd aid in  error bandling

d. Detect 1/0 completions

e. Perform redundancy management processing functions

£f. Communicate with the CPU through IOP interrupts

Je2 .1 ,5 .4 .1  MSCOperation. The MSC shal l  operate in  one of three s ta tes :

a. Wait state

b. Busy state

¢ .  Halt s ta te

In the Halt state, the MSC shal l  not perform any operations or executes programs. Io
the Busy state,  the MSC shall execute programs located in main store.  In the Wait
s ta te ,  the MSC shal l  wait for a command to execute a program.
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Table V. CPU-Issued PCO Commands

FCO Command Description

l .  Load local Store This command shall be used to selectively load any word
into the IOP local s tore ,  including the BCE base regis-
ters and a l l  program counters.

2. Disable Transmitter This command shall be used to disable BCE transmitters
selectively. A bit position wil l  be assigned to each BCE.
Each b i t  posit ion shall be interpreted as 1 = d isab le ,
0 = no changes.

3.  Enable Transmitter This command shall be used to anable BCE transmitters
selectively. A b i t  position wi l l  be assigned to each BCE.
Each b i t  position shall be interpreted as 1 = enable,
0 = no change.

&. Dissble Receiver This command shal l  be used to d issb le  BCE receivers
select ively. A b i t  position wi l l  be assigned to each BCE.
Each b i t  posit ion shal l  be interpreted as 1 = d isab le ,
0 = no change.

5. Enable Receiver This command shal l  be used to ensble BCE receivers
select ively.  A b i t  position wi l l  be assigned to each BCE,
Each b i t  posit ion shal l  be interpreted as 1 = gusble,
0 = no change.

6.  Halt Processors This command shal l  be used to hal t  IOP processors selec-
tively. A b i t  position wi l l  be assigned to each BCE and
to the MSC, Each b i t  position shal l  be interpreted as
1 = ha l t ,  0 = no change. The selected processors shal l
enter the halt mode.

7. Enable Processors This command shall be used to enable IOP processors
selectively. A b i t  position w i l l  be assigned to each BCE
and to the MSC. Each bi t  posit ion shall be interpreted as
1 = enable processor, 0 = no change.

8. Set Discrete Out This command shal l  de used to set discrete outs.  A b i t
position shal l  be assigned to sach discrete. Esch bi t
posit ion shal l  be interpreted as 1 = set d iscrete,
0 ®= no change.

9. Reset Discrete Out This command shal l  be used to reset  discrete outs .  A b i t
position shal l  be assigned to each discrete. Each d i t
position shal l  be interpreted as 1 = peset  discrels,
0 = no change.

10. Spare

FOAM VW 13]  ~==g BEV 3-70
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Table Vv. CPU-Issued PCO Commands (Cont)

PCO Command Description

Load Watchdog Timer

Load Voter Test

Master Reset

MSC Scart

Reset Status Bi t  1
(Go/No Go B i t )

Enable DMA Burst
Mode

Disable DMA Burst
Mode

Test Watchdog Timer

This command shal l  be used to load the watchdog timer (part
of Redundancy Management) with the contents of the low
order 12 b i t s  of the data word,

This command shal l  be used to load voter tes t  register with
one bit  of the displacement f ie ld .

This coumand shal l  de used to force the MSC and each BCE to
idle node, The contents of the respective program counters
shall be retained for CPU moritoring.

This command shal l  be used to cause the MSC to commence
executing the instruction sequence starting at the
sddressed processors program counter sett ing.

This cozmand shall be used to selectively reset  the MSC
and BCE status register.  A b i t  posi t ion shal l  be assigned
for each status regis ter .  Each bi t  posit ion sha l l  be
interpreted as 1 = reset; 0 = no change.

This command ensble the burst DMA mode to the IOP.

This command shall disable 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

Read local Store

Read Status Bi t  1
(Go/¥o Go B i t )

Read Status Bi t  &
{Busy/Wait)

Read Watchdog Timer
and RM Status

Read Discrete
Ioputs Low

Read Interrupt
Register and Reset

Read Discrete
Iaputs High

Read Discrete
Outputs

Read Transmitter
Enable (Status
Bit 2)

FORM AM 13) =oe=} REV 2.70

This request skall ba acknovledged by loading the desig-
aated CPU 32-bit register vith a specif ied 18-bit  word from
I0P local store.

This request shall be scknowledged by loading the daesig-
nated CPU 32-bit registar vith status word Bit  1 from each
BCE and the MSC (Bi t  1 = BCE 1, Bit  24 = BCE 24 and

“1" = GO “0" = NO GO

This request shall be scknovledged by loading the desig~-
usted CPU 32-bit register with status word B i t  4 from each
BCE and the MSC (Bi t  1 = BCE 1,  . . .  Bi t  24 = BCE 24 snd
Bit 0 = MSC), 1! = BCE or MSC Busy, 0 = BCE or MSC is in s
Wait S ta te .

{ This request shal l  be acknowledged by loading the desig-

a aated CPU 32-bit register with the contents of the watchdog
timer (12-b i ts )  and the redundancy management status
register (20-b i ts) .

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

This request shal l  be acknowledged by loading the desig-
pated CPU 32-bit register with the coutents of the desig-
nated interrupt register (a separate PCI for each of the
five interrupt leve ls ) ,  This PCI shal l  sutoumatically reset
the register  af ter  data transfer,

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

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

This request shall  be scknovledged dy loading the desig~-
asted 32-bit CPU register with the contents of the trans~-
mitter enable register.
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PCO Command

10. Read Receiver
Enable (Status
3i t  3)

11. Read Status B i t  $
(BALT)

FORM M 13) ~==3 AV  2-70

CPU-1ssued PCI Monitor Requests (Cont)

Description

This request shal l  be ackunovledged by loading the des ig-
nated 32-bit CPU register with the coatents of the raceiver
enable reg is te r .

This request shal l  be acknovledged by loading the desig-
gated 32-bit  CPU register with s ta tus  b i t - 5 .  Stat 3 is an
indication of the BCE and MSC Bal t  r eg i s te r .  There sha l l
be one b i t  for each BCE and one b i t  for the MSC (B i t  1 =
BCE 1, B i t  24 = BCE 24, B i t  25 = MSC) "1" = ha l t ,
*0" = Not in  ha l t .
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3.2.1.5.4.1.1 MSC Wait Stace. The MSC shall enter a quiescent (wait) state under the
folloving conditions:

8.  AWait instruction (#WAT) is executed.

be. An il legal op code instruction is  detected.

¢ .  A full-word (long) instruction is  requested starting on an odd hslf-word boundary.

d. The MSC also enters the vait state vhen i t  i s  halted by a PCO command.

The I0P shal l  provide a posit ive MSC Wait state indication vis a status register  to the
computer. The status regis ter  shal l  contain the resu l ts  of error and status functions
of the MSC as specif ied in Table VI I .  The MSC gha l l  acknowledge the “MSC start" PCO
command vhi le in  the Wait s ta te  and shal l  not interfere vith any PCO/PCI operation.
When the MSC enters the Wait s ts te  from a #WAT instruct ion, i t  sha l l  leave i t s  program
counter pointing to the next instruction. When the MSC enters the wait s tate due to an
i l legal  op code or boundary alignment error, i ts  program counter shal l  point to the
instruction causing the ercor.

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

8.  Power-on resat

b. Pover-down signal

¢ .  Master reset discrete from the CPU

de. Ahale processor command from the CPU -

@, Setting of the RM fai l  latch by either the RM logic or 10P detected errors.

The MSC shall enter the Wait state i f  i t  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 "enable processors” PCO with a 1 in bit  sero.

A CPU issued MASTER RESET command shall be ini t iated before any other command acknowl-
edgement vhen the hal t  mode is  entered due to pover changes or IOP detected errors.
Upon exiting the Halt s tate,  the MSC program execution bi t  and the status register
shal l  de cleared.

3 .2 .1 .5 .4 .2  NSC Busy State. The MSC shal l  enter tue 2ucy talc zendit ions:

Shea the CPU issues a PCO command. The Busy state is  entered from the Wait state
on l y .
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The MSC program counter shal l  be initialized under computer comtzol.  The program
counter shall direct the MSC to the program memory instruction sequence to be executed.
The MSC instruction sequence shal l  initialize bus control elements to perform for
computer-requested data~bus input/output operat ions.

3 .2 .1 .5 .4 .3  MSCIpterruption. The MSC shall be capable of being interrupted by using
the external cal l  instructions (@ SEC, @ REC) l isted in Table VI I I .

3 .2 .1 .5 .6 .4  MSC Index Register (X).  The 18-bit index register shal l  be used to
generate main memory sddresses. In  addition, i t  shall act as a holding register for
signed two's complement, 18-bi t  integers.

3 .2 .1 .5 .4 .5  MSC Program Coyster (PC). The 18-bit PC shall contain the address of the
next instructions to fe tch  for MSC execution. Following a fetch of an MSC instruction,
the program counter shal l  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
dats (instruction) addressed by the PC. The MSC instructions to be executed are shown

i n  Figure 7 and described in Table VII .

3.2.1.5.4.7 MSC Accumulstor Register (ACC). The 32-bi t  ACC shall  be utilized as the
primary full-word holding register for most of the MSC instructions during execution,
MSC instructions are avai lable to load, modify, t es t ,  and store this reg is ter .  The ACC
shall also contain b i t  masks for status and polling applications.

3 .2 .1 .5 .4 .8  Busy Signsls. Busy signals shal l  be available to the MSC to reflect the
current utilization status of a l l  24 BCE's. A busy BCE is  defined as ome outputting
data, inputting data, or executing BCE instructions other than the wait  instructions.

3 .2 .1 .5 .4 .9  MSC StatusReg i s te r (SR). The 18-bit SR shall be utilized to store the
current status of the MSC, (See Table V I I ) .

3.2.1.5.4.10 MSC Architecture Notation.

a. l i sa  register or function of registers.

b. "Rk" = refers to 1 i tse l f .

cs "“(R)" = refers to the memory location addressed by the value of I .

d. Stat & is a register loadable by the MSC that has ose bi t  for each BCE and on b i t
for the MSC (1 =» BCE or MSC is executing a program, 0 = BCE or MSC is in Wait
state).

EEGs  + f  PRY op  ra  ESL Sp Su
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Table VII .  MSC Status Register

Status Register Bit Positions

$ L L 3
si 8$| S| S| S|{S| sS|8]|8| 8] 8 4 3 |.8 ) I E /
p iLP |R2 ] lP |R lPRP lP ILP IT |P !P  0 4 B A W l
0j1|  23 ]  4) S 6718 ]  910 ]  11) 12] 13) 14 | 15] 16 | 17

0 thzu 7 = SP=-SPARE ~ Reserved for futures usa.

8 - §T = Self-tast error. A MSC self-test instruction detected an
MSC fault.

9 and 10 = SP=-SPARE = Reserved for future use.

11 = 810 = 8I0 error: An SIO (start  1/0) instruction attempted to
start a busy BCE 0 = good, 1 = S10 error.

12 - LBP = LBP error: An LBP (load program counter) imstructioa
attempted to load as busy BCE. 0 = good, 1 = LBP error.

13 = 1838 = 138 error: The LBB (load base register)  instruction
attempted to load as busy BCE, 0 = good, 1 = LBB error.

14 = BA = Boundary aligoment: The MSC encountered a long format instruc-
tion on an odd hslf-word boundary. 0 = good, 1 = ezror.

15 -1  = I l legal opcode: The MSC encountered an i l legal  imstructioc
in the execution of a program. 0 = legal instruction, 1 =
fl legal instruction.

16 - 2 = Program exception: A copy of bit 0 of the program exception
register .  I f  one set (1) an error was detected during MSC
program execution. Bits 8 through 15 given the exact errors
detected.

17 = B/W = Busy/Wait: A copy of the Busy/Wait (bi t  0) register. 0 =
wait, 1 = busy.

SORAM M 131===3 REV 3:70
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Table VIII. MSC Instruction Set

Notes
Reference

code Paragraph
1 OPX Instruction Maemonic Format 3 .2 .1 .5 .4 .12

Long Format Instructions

1111 010 Load BCE Base ¢ LB} BCE, Label (X) 1 ,10 ,11 ,12
1111 o l l  Load 3CE PC @ LBP BCE, Label (X) 1 ,10 ,11 ,12
1111 000 Branch Unconditional e BU Label (X) 1,10,12
1111 001 Subroutine Call @ Call Delta, Label (X) | 1,10,12,13
1111 110 Coupare ec Label (X) 1,10,13
1111 111 Test Under Mask @ TMI,@ TM | Label (X) 1 ,10 ,14

‘Load Accumulator Instruct ions

1111 000 Load ACC Fulleword e LF Label (X) 1,10,12,15
1111 000 Load ACC With Hslf-vord e LE Label (X) 1 ,10 ,12 ,16

Store Accumulator Instruct ions

1111 101 Store ACC Full  e STF Label (X) 2 ,10,12,15
1111 101 Store ACC Half ¢ STR Label (X) 2 ,10,12,16

Short Format Instructions

0000-1 Wait ¢ WST
0001 Self Test e STP
1100 Delay ¢ DLY Count (X) 1,3
0011 Interrupt GPC @ INT Incl iet (X) 1,6
0100 Load ACC eL  Label (X) 1,2
0101 Add to ACC eA Label (X) 1,2
0110 And to ACC en Label (X) 1,2
0111 X0R to ACC ex  Label (X) 1,2
1000 Store ACC e ST Label (X) 1,2
1001 Tally and Skip Zero @ Isz Label (X) 1,2
1101-000 Repeat Unti l A l l  Waiting € RAW Count (X) 1,5
1101-001 Repeat Unti l  Any Waiting ¢ RXV Count (X) 1,5
1101-100 Repeat Unti l  A l l  ladies. @ RAL Count (X) 1,5
1101-101 Repest Unti l Al l  Indica. ¢ a l  Count (X) 1,3

Condit ional Branches

00100 Branch on ACC @ 3C Cond, Label 6,7
00101 Branch oun Index @ BXC Cond, Label 6,7

FORM M 13]  =er=3 REV 3-79
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Table VIII.

Instruction

Register Operations

1110 0000

1110 0111
1110 0001
1110 0010
1110 0011
1110 0100
1110 0101

1110 1000
1110 1001
1110 1010
1110 1011
1110 1100
1110 1110
1110 1111

MSC Interrupt

11100110
1010

Load AC With An 1I0P
Stat Reg
Reset BCE Indicator
Set Pa i l  D iscretes
Reset Fail D iscretes
Load ACC w i th  MSC Status
Start BCE's
Exchange ACC and /X

Register Immedistes

Normalize and Inc. X
Tally ACC to X
Tally ZX
Load X Irmediate
Tally X to ACC
Sub ACC From IMM
Load ACC Immediate

Instruct ions

Sample for Ext Cal l
Return from Ext Call

FORM 8 13 ]  =w—3 ALV  2-70
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MSC Instruction Set (Cont)

Notes
Reference
Paragraph

Maemonic Format 3 .2 .1 .5 .4 .12

8 LAR Register 8

¢ m1  BCE 11,18
@ SFD .
@ RFD
@ LMS
@ S10
@ XAX

® NIX Izmediate 9
¢ TAX Irmediate 9
¢ IX  Immediate 9
@ LX  Ioaediate 9
@ TXA Izmediate 9
¢ Sal Immediate 9
eLX Ismediate 9

External Call
External Cal l
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l .  Load a BCE Base
Register

2. Load a BCE
Progrea Counter

Maemonic | Format

¢ LBB

e lap
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Table V I I I .  MSC Instruction Set

Description

Load the selected BCE base register  wi th the contents of
the 18-bit address f ie ld .  I f  the BCE number f ie ld  ie
zero, the speci f ied BCE is  that ind icated by the lover
5 bi te of the MSC accumulator. I f  the BCE speci f ied by
b i te  8-12 (or the MSC accumulator,  i f  the BCE number
f ie ld  is zero) is pot busy, then the 18-bit  ef fect ive
value and the address f i e ld  is  loaded into the BCE base
reg is ter .  I f  the BCE is  busy, b i t  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 executed.

1 MH Effective ValueIns t ruc t i on Formet

0 0 Address @ LBB, BCE, Address
0 1 (Address) @ LBB @ BCE, Address
1 0 Address + X @ LBB ,BCE, Address( l )
1 1 (Address +X) @ LBB,BCE, Address( l )

Load the addressed BCE program counter (Field BCE mwmber
b i te  8-12 speci fy  a BCE processor) with the contents of
the address f i e l d .  I f  the BCE number f i e l d  is  zero, the
speci f ied BCE is that ind icated by the lower 5 b i t s  of the
MSC sccumulator ( b i t s  27 to 31).  I f  the BCE spec i f ied  by
b i t s  8 through 12 is not busy, then the 18-b i t  e f fect ive
value is stored in the spec i f ied BCE's program counter .
No ac t ion  is in i t ia ted  and the next MSC inst ruct ion is
executed. I f  the speci f ied BCE is busy, b i t  12 of the
MSC s ta tus register  is  set .  The e f fec t i ve  value is com-
pared according to the following tab le:
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Instruction

Program
Counter (Cont)

3. Branch
Unconditional

4. Test Under Mask

Maemonjic | F .xmet

Long

Table VI I I .  MSC Instruction Set (Cont)

Description

1 NM E f f ec t i veValue Instruction Format

0 O Address @ LBP BCE, Address
0 1 (Address) @ LBP @ BCE, Address
I O Address + X @ LBP BCE, Address( l )

(Address ¢ X) @ LBP @BCE, Addrese( l )

The MSC progrsm counter is  loaded with the lcwer 18 bi te
of the ef fect ive va lue.  A branch to either an even or
odd half-vord ie permitted.

1 MH E f f ec t i veVelus Inetruction Format
Address @ BU Address
(Address) @ BU @ Address
Address + X @ BU Address (1)
(Address + X) @ BU @ Address (1)O

O

- 
0 

m
o

The ef fect ive value is  logical ly  “sanded with the sccumu-
la tor .  I f  the result  is  not zero, then the program
counter is  incremented by 3 (sk ip  the mext he l fword) .  IE
the MSC accumulator “and” the ef fect ive value equal zero,
then the program counter is incremented by two (execute
the next instruct ion).  The original accumulator comtents
are not changed by th is  instruction.

1 MNE f f ec t i ve Velus Instruction Format
Address® € T™ Value
(Address®) @ TMI Address
Addcess ¢ X* @ TMI Value (1)
(Address ¢ X*) @ TH Address (1)

*This 18-b i t  quant i ty ies t reated as a two's complement
number, and is  right jus t i f ied wi th  14 leading “1 ' s ”  to
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Table VI I I .  MSC Imstruction Set (Cont)

: Minimum Number |

Instruction Maemounic | Format Description of Microcycles

5. Exclusive “or” ex  Short | Exclusive “or” the contents of the MSC accumulator 6
and the contents of the f u l l  word operand addressed by
the e f fect ive address. The resul t  is  place in the MSC 8

. accumulator. The program counter ie incremented by 1. >

1 Effective Address , Instruction Formst :0 PC + Displacement @ X Data “»
1 PC ¢ Displacement+ X @ X Dgta (1)

PC refers to the updated program counter value ( i . e . ,  tde
address of the next instruction. b i t  5 is the niga of the 1

]

two's compleuwent displacement f ie ld .  Ths ren . f  the
displacement is -1024 to +102) halfworde. i is  the index —
regis ter .  a

6. Interrup: CFV @ INT Short | This inst ruct ion causes up to 12 interrupts tv tha CPU *o & FS
be set .  Each b i t  in the least  s igni f icant  12 b i t s  of the —12
ef fec t i ve  interrupt l i s t  (BIL)  corresponds to one of the m
12 10P program in te r rup ts .  Bi t  zero ie def ined us the —3
most s ign i f icant  b i t  of the e f fec t ive  interrupt l i s t  (E IL ) ,  a
and bi t  17 as the lesst s igni f icant  b i t .  The table below —
l i s t s  the correspondence between EIL and the I0P program
interrupts.  Any combination between zero and 12 of these —
interrupts may be set simultaneously. 1

h
10P Program Interrupt aELL Bit Number Interrupt Level on. . ~4

17 12 18A
16 11 18A
13 10 18A .
14 9 18A
13 8 18A

£5
60

0 ‘O
N "

AN
GI

 30
03



W
LS

 A
S

P
 

r=
iL

 t
 N

M
 N

O
U

S

Instruct ion

6. Interrupt CPU
(Cont)

7. Delay

Maemonic | Format

@ DLY Short

Table Y I l l , MSC Instruction Set (Cont)

Minimum Number
Descript ion of Microcycles

I0P Program Intersupt
BL Bit Musber Inierrupt Level

12 ? 18A
11 é 18A
10 J 18A
9 4 18A
s 3 18L
7 2 18L
é 1 18L
5 Unassigned
& Unassigned
3 Unassigned
2 Unassigned
1 Unessigned
0 Unassigned

Thies instruction performs no operation other than delaying the Ses
execution of the next instruction (skip to mext imstruction).
The time period delayed is  indicated by the ef fect ive
cowat (EC).

| Delay f ie ld resolution is 2.0 microseconds ( i . e . ,  wait
ef fect ive displacement microseconds before continuing).
The maximum delay is 0.548 seconds. At the end
de lay ,  the programa counter is  incremented by one, and
the next ins t ruc t ion is  executed.
a pos i t i ve  number in the range of 0 to + 2047.
to the index reg is te r .

Effect iveCount (EC)

Displacement
Displacement ¢ X

Instruction Format
@ DLY Count (1)
@ DLY Count (1 )

of t h i s

The displacement is
X refers
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Instruction

8. Wait

10. Self-Test

Maemsonic

@ UAT

@ 8T

e STP

Short

Short

Short

Table V I I I .  MSC Instruction Set (Comt)

Description

This instruct ion causes the MSC to enter the Wait s ta te .
No more instruct ions are executed. The MSC progrem
counter is  updated to "point"  to the next instruct ion.  No
other MSC register i s  changed except b i t  0 of stat & which
is  set to zero, and b i t  17 of the MSC status reg is ter  which
is  set to zero.

Thie instruction sha l l  store a copy of the contents of the
accumulator in  the memory location whose address ie
epecified by EA, The accumulstor is unchanged. The PC io
incremented by one. Refer to instruct ion 11 for the
de f in i t i on  of PC, Bi t  5 end X.

This instruct ion in i t ia tes  execution of a specis l  micro
program to perform se l f  teste on the hardware supporting
the MSC. These tes ts  include checks o f :

a. MSC loca l  store reg is te rs
b. MSC dats flow operations
c. Ab i l i t y  of MSC to read and write from memory
d. Redundancy management f a i l  d iscretes
e. JOP ROS par i ty  c i r cu i t

I f  any faul ts are detected, the MSC program exceptiom bit
i s  set to 0, and the MSC s ta tus  register b i t  8 is set to |
( se l f - tes t  fa i l u re ) .  I f  any case, after completion of
these tes ts ,  the MSC updates i t s  PC by one and continues
with the next instruct ion.

Minimum Number
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Instruction

J l .  Load

12. Load Accumuletor| @ LAR
With ao 10P
Status Register
(Register
operation)

13. Start BCE'e
(Register)

Mnemonic | Format

eL Short

Short

Table V I I I .  MSC Instruction Bet (Coat)

Descr ipt ion

The full-word operand addressed by EA is  loaded into the
sccumulator. The program counter is imcremented by ome.

1 Effective Address (EA) Format
0 PC + Displacement @L Data
1 PC + Displacement + X  @L Dats (1)

PC refers to the updated program counter (address of maxt
instruct ion).  Bit 5 is the eign of the tvo's complement
displacement f i e l d .  The range of the displacement is
-1024 to +1023 half-worde. X is the index register.

The MSC accumulator is loaded (under program control) with
a specif ied IOP status register .  The Regis ter  f .e ld
def ines which IOP reg is ter  is  to be loaded.

Register F ie ld  IOP Register

00 Stet 1 (Go/No Co)
01 BCE-MSC ind icators
10 Fa i l  Discretes
11 Stat 4 (Busy/Wait)

Thies instructiom starts execution of BCE4 by “or-ing” the
sccumv lator with the busy/wait register  (s ta t  4).  A ome
in  b i t  pos i t ion of the MSC accumulator w i l l  p lace BCE ( i )
in a busy s ta te .  Lf any of the BCE's designated by the
sccumulator are a l ready busy ( i . e . ,  the BCE b i t  in the
busy/wait reg is ter  is a l ready set) b i t  11 of the MSC status
reg is ter  is set and the MSC program exception b i t  is
set,
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Instruct ion

14. Tal ly  and Skip
Zero

15. Subroutine Cal l

Mnemonic | Format

@ Ts2

e Csl l

Short

Long

Table V I I I .  MSC Instruction Set (Comt)

Description

The full-word addressed by EA is  incremented by one and
rewri t ten into memory at  the same location (EA) .  I f  the
incremented value is  zero, the next instruction is  skipped
(program counter incremented by two).  Otherwise, the pro-
gram counter is  incremented by one.

1 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 ie index reg is ter .

This inst ruct ion implements a subroutine ca l l .  The current
value of the MSC program counter plus the f ive-bit  posi t ive
integer delta (Bits 8-12) is stored in the full-vord speci-
fied by the former lower 18 bite of E.V. This quantity ie
zero padded on the l e f t  to f i l l  the ent i re fu l lword .  The
MSC program counter is  then loaded wi th  the sum of the
former lover 18 bits of E.V. “snd” two.

I NM E,¥, Format
0 0 Address @ Ca l l  Address
0 | (Address) @ Cal l  @ Address
| 0 Address + X @ Cal l  Address (1)
1 1 (Address + X) @ Cal l  @ Address (1)
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Instruct ion

16. Logical sad to
Accumulater

17. Add to
Accumulator

Hnemonic | Format

eA

Short

Short

Table V I I I .  MSC Instruction Set (Cont)

Description

Logically "and" the contents of the MSC accumulator and
the contents of the f u l l  word operand addressed by the
ef fect ive address. The resul t  is  placed in the MSC accum-
ulator ,  and the program counter is incremented by one.

1 Effective Address (EA) Format

0 PC + Displacement @ N Data
1 PC + Displacement + X @ N Data (1)

Rafer to Instruct ion 11 for the definit ion of PC, Bit 5
and X.

This instruction shal l  add the contents of the sccusules-
tor to the f u l l  word operand addressed by EA. The resul t
is  placed in the accumulator. The progrsa counter is
incremented by one.

] Effective Address  Poymst

0 PC + Displacement @ ADats
1 PC + Displacement + X @ ADats (1)

Refer to Imstruction 16 for the defimit ion of PC, Bit 5,
and X,
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Instruction Maemonic { Format

18. Store @ STF
Accumulator

( Fetisvord

19, Store @ STH
Accumulator
Helf-vord

20. Load e Lr
Accumulator With
Full-vord

21, load Accumulstor| @ LH
with lglf-word

Long

Long

Long

Long

Table V I I I .  MSC Imstructiom Set (Cont)
EE

Descript ion

Thies instruction shall store the NSC accumulator im the
memory locat ion whose address is defined by I below. In a
ful l-word store (T=0), the least s igni f icant  bit of the
ef fect ive address is ignored and the ent i re accumulator is
stored in the addressed ful l-word.

1 EBffe ] Formet

0 Address @ STF Address
1 Address + X @ STF Address (1)

Same as Instruction 18 except for a hslf-word (T=1).

Thies instruction sha l l  load the accumulator with a fu l l -
vord from the memory location whose address is by the
ef fect ive value ( i . e . ,  Bi t  12 (T) = 0) .  The least  signi-
f icant  b i t  of the ef fect ive address is  ignored.

1 Effective Value EV Formst
0 Address @ LF Address
1 Address + X @ LF Address (1)

Same as Instruction 20 except b i t  12 (T) = 1.

Hinimum Number
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Instruction

External Cal l

Maemonic | Format

Short

Table VI I I .  MSC Iastruction Set (Cont)

Minimums Number
Description of Microcycles

This instruction shal l  be used to cause a CPU interrupt of |» 2
the MSC. @ SEC sha l l  sample regis ter  C6 of the MSC loca l
store. I f  the contente of the MSC register  C6 is zero, the
MSC shal l  continue wi th the next instruct ion. The @ SEC
is a NO operation in th is  case. I f ,  however, the MSC f inds
a non-zero in C6, i t  executes an @ SEC; the MIC takes the
contents as & main memory sddress and stores the fol lowing
in the & ful l -words addressed by C6:

a,  The current value of the PC +del ts  +1 shal l  be stored
in  main memory whose address i f  the contents of
register C646.

b. The accumulator shal l  be stored im main memory at the
locetion specif ied at the contests of register C642,

c. The index register shal l  be stored in  the main memory
location specified by C6e4,

d. The status register shal l  be stored ia the usin memory
at locetion C6. Ths status word and “he Go/No-Co b i t
sha l l  then be reset .

e. The contents of the NSC register Cues6 sha l l  them be
loaded into the programs counter, regisrer CH shali be
reset and the instruction executed.
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External Ca l l

24, Repest Unt i l  all] @ RAW Short
BCE's are
Wait ing

Nn
0» L J
2
g
u

!
a Instruct ion Mnemonic | Format
<
3 23. Return from @ REC Short

Table V I I I .  MSC Instruction Set (Cont)

Description

This imstruction shal l  be used to :

as. Load the sccumulstor v i th  the contents of the main
memory locat ion vhose address is  the current value of
the PC + displacement + J.

b. Load the MSC index register  with the contents of the
main memory location whose address i s  the current value
of the PC + displacement + 35.

ce Load the MSC status register wi th the contents of the
main memory locat ion whose address is  the current value
of the PC + displacement ¢ 1, and then set the MSC
Go/No-Co b i t  to correspond to the value of th is  b i t  in
the status reg i s te r .

d. Load the program counter vith the contents of the main
memory locat ion whose address i s  the current value of
the PC + displacement + 7.

Thies inst ruct ion sha l l  cause a delay in MSC program execu-
t ion unt i l  a l l  of a set of speci f ied BCE's have set t he i r
busy/wsit status bi ts to 0, “wait”  (condit ion A) or unt i l
a maximum wa i t  t ime has been reached.

I f  condi t ion (A) is reached before the t ime-out, the MSC
skips the next half-word ins t ruc t ion and resumes program
execut ion.  I f  the maximum wait t ime, (as spec i f ied  by the
maximum repeat count) i s  reached f i r s t ,  the MSC begins
execution of the next half-word imat ruc t ion .
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Instruct ion

24. Repeat Until
BCE's are
Waiting (Cont)

Noemonic | Format

Table V I I I .  NSC Imstruction Set (Comt)

Descript ion

The maximum wait  time has a basic resolut ion of 33.0
microseconds and is  der ived from the maximum repeat count.
In the nonindex wmode, the maximum count of 255 corresponds
to 8 va i t  time of 8415 microseconds.’ In  the index wmode,
the maximum count of 262143 corresponds to 8.65 seconds.

At the time th is  inst ruct ion is  executed, the MSC accumula-
tor is presumed to contein a b i t  mask speci fy ing which
BCE's sre to be involved im the test of the desired repest
condit ion. A 1 in b i t  i of the accumulator spec i f ies  that
the s ta tus of BCE ( i )  is  to be included in the t es t :  ao 0
indicates that BCE ( i )  can be ignored.

The condi t ion “are s l l  spec i f ied  BCE'e WAITING" is  tested
by log ica l ly  “and-ing" the MSC accumulator with STAT & (the
busy/wait reg is ter ) ,  and test ing for a l l  zeros. A | im
b i t  i of Stat 4 indicates the BCE ( i )  is busy; a 0 indi-
cates that i t  is not. Coneequently, i f  the result of this
“and” operation is a l l  zeros, then s l l  the specified BCE's
wi l l  be in  the desired s ta te .

1 |JMaxiwug Repeat Couwt Insty, Formst
0 Count € RAW Count
1 X + Count @ RAW Count (1)

Minimum Number —
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Instruct ion

25. Repeat Unt i l
any BCE's
sre Wai t ing

Mnemonic | Format

Short

Table Y1II. MSC Instruction Set (Cont)

Description

Thie instruction sha l l  cause a delay in the MSC progrem
unt i l  e i ther  any of a set of spec i f ied BCE's have set
their  busy/wait status bite to "Wait" (Conmition A) or,
unt i l  os maximum wait time has been reach. I f  condi t ion
(A) is reached before the t ime-out,  the HSC sha l l  skip the
next half-word inst ruct ion and resume program execut ion,
I f  the maximum va i t  t ime, as speci f ied by the maximum
repeat count,  is  reached f i r s t ,  the MSC begins execution of
the next half-word inst ruct ion.

The condition “sre snyspec i f i ed BCE's waiting” is tested
by log ice l ly  “and-ing" the MSC sccumulator wi th  the comple-
ment of STAT 4 (the busy/wait register)  and teoting for
nongeros. A l b i t  i of Stat 4 ind icates the BCE ( i )  ie
busy; a O indicates that i t  ie not busy. Consequently, i f
the resul t  of the above operation is  a nonzero va lue ,  then
at least  one BCE from the set is  not busy, snd the condi-
t ion is  f u l f i l l ed .

The maximum va i t  time has a basic resolut ion of 3)  wmicroseec-
onde and is  derived from the maximum repeat count.  In non-
index mode, the maximum repest count of 255 corresponds to
a maximum vai t  time of 8415 microseconds. In index mode,
the maximum possible count of 262143 corresponds to 8.65
seconde.
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Instruction

26. Repeat un t i l
a l l  BCE

ate Set

Mnemonic | Format

€ Ral Short

Table VI I I .  NSC Instruction Set (Cont)

Description

This instruction waite a maximum count (Bite 8 through 15)
unt i l  s l l  of a specified set of BCE's set their BCE HSC
fndicatore.  The maximum wait time has a basic resolut ion
of 1 )  microseconds and is  derived from the mgximum repest
count. In non-index mode, the maximum repest count of 255
corresponds to 2 maximur possible cound of 262143 corres-
ponds to 8.65 seconds.

At the time th is  instruction is  execv.e._ Lhe MSC sceumu-
lator  is  presumed to contain a b i t  mask ipeci fy ing which
BCE's are to be involved in the test or the denired repest

|] condit ion. A 1 in b i t e  i of the accumulator apeci f ies that
the status of BCE ( i )  ie to be included in the t ea t ;  a O
indicates that BCE ( i )  can be ignored.

1 Maximum Repeat Count Imscr Format
0 Count @ RAl Count
1 X + Count @ RAI Count (1)

The condit ion “are g l l  specified BCE indicstor bi ts set” io
tested by logical ly “and-ing™ the MSC sccumulatorwith the
complement of the BCE-MSC indicator reg is te r .  1f the result
is  a l ]  zeros, the deeoired condition has been reached.
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Instruct ion

27. Repeat un t i l
any BCE
Indicators
are Set

Maemonic | Format

Short

Table V I I I ,  MSC Instructiom Set (Comt)

Descript ion

Thisinstruction causes s delay in MSC program execution
un t i l  any of a set of specif ied BCE's have set their  BCE-
MSC indicator b i te  to 1, Condit ion A, or un t i l  a maximum
wait time hss beem reached.

I f  Condition A is reached before the t imeout, MSC skips the
next half-wvord inet ruct ion and resumes program executiom.
I f  the maximum wait t ime, as specified by the maximum
repeat,  is  reached f i r s t ,  the MSC begins execution of the
next half-wvord inst ruct ion.

The condi t ion “are any of the speci f ied BCE indicatore set"
is  tested by log ica l l y  “and-ing" the MSC accumulator with
the BCE-MSC indicator  regis ter .  I f  the resu l t  is nonzero,
the desired condi t ion has been reached.

The maximum wait time has a basic resolut ion 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. 1a index wmode,
the maximum possib le count of 262143 corresponds to 8.65
seconds.

At the time th is  instruct ion is  executed, the MSC accumu-
la to r  is  presumed to conta in a b i t  mask apec i fy ing  which
BCE's are to be involved in the test for the des i red repeat
condi t ion.  A 1 in b i t  i of the accumulator spec i f i es  that
the status of BCE ( i )  is  to be included in the t es t ;  a 0
ind icates  that BCE ( i )  cam be ignored.
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27.

Instruct ion Maemonic | Format

Repeat un t i l
any BCE
Indicators
are oct
(Cont)

Branch on @ BC Short
accumulator
(condit ional
branch)

Table V I I I ,  MSC Imstruction Set (Cont)

Minimum Number
Description of Microcyclas

1 Maximum Repest Count Inety Format

0 Count € RNI Count
1 X + Count @ RNI Count (1)

This instruction sha l l  se lect  the accumulator reg is ter  to 3
be t es ted .  I f  any of the three condit ions spec i f ied by the
condit ion code f i e l d  are t rue,  the 8-bi t  2's complement
signed displacement f i e l d  is  added to HSC program counter.
Thies displacement has a range from -128 to +127 half-vord
locat ions.  Branches may be made to even or odd half-vord
locet ions.  The three b i t s  of the condit ion code f i e l d
speci fy  the fo l lowing t es t s :

Bi t  5 - Register = 0
Bi t  6 - Register < 0
Bi t  ? - Register > 0

The following table summarizes s l l  8 combinations and the
result ing tes ts .

Condition Code Test
0 -000  FALSE = DO NOT BRANCH
1 -001  ACC> 0
2 -010  ACC< 0
3 -011  ACC# 0
4 -100  ACC= 0
$ -101  ACC2 0
6 -110  ACC< 0
7 -111  TRUE= ALWAYS BRANCH
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Instruction

29. Branch on
index
(conditional
branch)

Maemonic | Format

@ BXC Short

Table V I I I .  MSC Instruction Set (Cont)

Description

This instruct ion shall select the index register (sign
extended to 32 b i t e )  to be t es ted .  I f  any of the three
condi t ions spec i f ied by the cond i t ion  code f i e l d  are true
in regard to the index regivter,  the 8-bi t  2's complement
signed desplacement ies added to the MSC program counter.
The displacement has a range from -128 to +127 hel f -vord
locat ions.  Branches may be made to even or odd half-wvord
locat ions.  The three b i t s  of the condit ion code f i e l d
specify the fol lowing t ea t s :

Bi t  5 - Register = 0
Bi t  6 - Regis ter  < 0
Bic J - Register > 0

The fol lowing table summarizes a l l  8 combinations snd the
result ing testes.

Condition Code Test
0 -000  FALSE = DO NOT BRANCH
1 -00 )  R>0
2 -010  R <0
3 -011  RPO
47100  Reo
S-100  R>0
6 -110  R<O
7-111  TRUE = ALWAYS BRANCH
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Instruct ion Maemonic | Format

30. Cumpare ec  Long
@ CI

31. Load eLMs | Short
accumulator
with MSC
s ta tus
(register
operat ion)

Table VI I I ,  MSC Instructiom Set (Cont)

Descr ip t ion

The 32-bi t  effect ive value is  ari thmetical ly compared to
the accumulator. The program counter ie  incremented by:

+ 2 1f A> E.V.

1 NM Effective Velue B.Y¥, InstructionFormst
0 0 Address® 8 C1 Value
0 1 (Address®) @ C Address
1 0 Address + X* @ CI Value (1)
1 1 (Address + Xv) @ C Address (1)

This 18-bi t  quantity is treated ae a two's complement num-
ber, and the most~signi f icent  b i t  is  sign extended 14 places
to the le f t  to f i l l  32 b i t e .

Thies ins t ruct ion sha l l  a l low the MSC ACC to  be losded under
program contro l ,  wi th the 18-b i t  MSC s ta tus vord. The for-
mat of th is status word as i t  ie loaded into the ACC is
defined in Table V I I ,
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32.

J ) .

35.

|
Instruct ion

Set fa i l
d iec re tes
(register
operation)

Reset fa l l
d iscretes
( reg is ter
operation)

Exchange
accumulator
and X
( register
opera t ion)
and index
reg is te r

Load X
ismediate
index
register
(x)

Maemonic

@ SPD

8 XAX

@ 1X1

Format

Short

Short

Short

Short

Table V I I I .  MSC Instruction Set (Cont)

Descript ion

This instruct ion sha l l  a l low the MSC accumulator b i t e  0, 1,
2, 3, and 4 to be log ica l l y  "ORed" wi th the f a i l  d isc re te
reg is ter .  A one in b i t  i of the accumulator ( i  = 1, 2, 3,
4) w i l l  set the equivalent fa i l  d iscre te  b i t .  A zero indi-
cates no change. Sett ing b i t  zero inhib i ts  the four fa i l
d i sc re tes .

This instruct ion al lows the f a i l  d iscretes to be select ively
rese t .  A ome in the MSC accumulator b i t  i ( i =  0,  1,  2, 3,
4) w i l l  cause b i t  i in  the f a i l  d iscrete register  to be
reset.  A zero causes no change.
the four d iscre tes  to be ac t ive

This instruct ion sha l l  a l low a swap between tHe MSC accumu-~
lator and the index register (X). The lower 18 bi ts  of the
accumulator sha l l  go into X and X is  sign extended to f i l l
the accumulator.

This instruct ion al lows the dats in  IMM (e ign extend to 18
b i t s )  to be loaded into the index register .
Note: The immediate f i e ld  (IMM) is a 2's complement num-
ber, between -128 and +127, and forms a 32-b i t  constant by
sign extending b i t  8. The program counter is  incremented
by one.

Reset t ing b i t s  zero a l lows
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Instruct ion

37.

38.

39.

Tally index
register (X)

e TAL

Tal ly
accumulaor
to index
register .

@ TAX

Tally index
register (X)
to  accumaslator

¢ TXA

Tal ly
sccumulstor
immediate

eT

Maemonic Format

Short

Short

Short

Short

Table V I1 I . MSC Instruction Sat (Comat)

Descript ion

The TXI instruction a l lows the index reg is ter  plus INHM to
be loaded back into X. I f  the X ie £ 0 the next hslf-word
instruction is ekipped. (Program counter incremented by
2). Otherwise, the next half-wvord inst ruct ion is  executed
(program counter incremented by 1). The immediate f ie ld is
ident ica l  to LXI

The lower 18 b i t s  of the sum of the ACC and the IMM f ie ld
are stored in the index vegister (X)., An IMM value of 0
permits X to  be loaded di rect ly  from the ACC. Immediate
f ie ld  see LXI,

This instruct ion sl lows X plus IMM to ba stored in the
sccumulator (s ign extended 32 b i t e )  i f  IMM = 0 thie instruc~
t ion a l lows the sign extended index reg is ter  to be stored
in the accumulator. X is  t rea ted  ss on 18 b i t  2's comple-
ment number wi th  the sign in  i t e  most s igni f icant  bit.
The MSC program counter is incremented by one. The imme-
dia te  f i e l d  is  def ined in LXI.

This instruct ion allove the accumulator plus IMM (sign
extended to 32 b i t s )  to be loaded into the MSC accumulator.
The program counter is incremented by one. The immediate
f ield im as noted im LXI.
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41.

42,

41.

Instruct ion

Subcontract the
sccumuls tor
Crim
iesaudiate
f i e l d

Load

Normslize and
increment the
index
register

Reset BCR
ind icator

Maemonic | Format.

@ SAl Short

e LI  Short

@ NIX Short

@ Rrp1 Short

Table V I I I . NSC Imstructiom Set (Cont)

Descr ipt ion

Thies imstruct ion s l lows the contents of the accumulator to
be subtracted from IMM (sign extended to 32 b i ts )  and loaded
into the accumulator. 1f IMM = 0, a 2's complement of the
accumulator ies performed. I f  IMM = 1, a 1 's complement of
the accumulator is performed (each b i t  is inver ted) .  The
PC is incremented by one, See LXI for immediate f ie ld
def in i t ion.

This inst ruct ion sha l l  a l low the contents of the immediate
f i e l d  (IMM eign extended to  32 b i t s )  to be loaded into the
HSC accumulator. The PC ie incremented by one. See LX1 for
immediate f i e ld  de f in i t ion .

The NIX instruct ion sh i f ts  the ACC le f t  un t i l  e i ther the ACC
sign bic (bi t  0) is one, or the ACC equels zero. Each time
the ACC is  sh i f t ed ,  the signed immediate value is  sdded to
the index reg is te r  X. The sh i f t  and increment operation is
done before e i ther  tes t .  I f  the ACC reaches zero, the
index reg is ter  ie c leared.

This ins t ruc t ion  resets  the spec i f i ed  BCE'as BCE/MSC ind i -
cator b i t  to zero. For BCE i ,  th is  is  b i t  i of the BCE/NSC
indicator  reg is ter .  I f  the BCE spec i f ied  in  the instruct ion
word is zero, the lower 5 b i t s  of the MSC accumulator ( b i t s
27-31) ind icate  the desired BCE. Af ter  resct t ing the speci~
f ied  ind icator  b i t ,  the MSC increments i t s  program counter
by 1 and cont inues wi th  the next sequent ia l  ins t ruct ion.
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There are two other MSC visible registers.

(1) Error STAT (1 bi t /processor) Go/No Go (0 - processor bas detected error ,
1 - go error).

(2) BCE to MSC indicators (1 b i t /BCE).  Each BCE can set/clear i t s  own b i t
under BCE program control.

A l l  addresses are 18 b i ts  long and refer to half-words in  msin memory. When usad to
reference a ful l-vord, the least-signif icant b i t  of the address i s  ignored.

3 .2 .1 .5 .4 .11  MSCInstruct ion Set. The instruction set is  l is ted ia  Table V I I I .  Long
instruct ions sha l l  be located on even main-memory boundaries.

3 .2 .1 .3 .4 .12  MSC Instruct ion Formats. Figures 5, 6, snd 7 show the MSC instruct ioc
vord formats.  MSC instruct ion addressing sha l l  be re la t ive  to the MSC program counter.
The MSC program counter sha l l  be incremented by the specif ied counts a f te r  each
instruction execution. MSC instruct ions shall be in short (16-b i t )  or long (32-b i t )
formats.  The MSC instruct ion l i s t  is  associated wi th BCE control funct ions. They
shal l  include the sb i l i t y  to detect  BCE status before commanding mew or continuing
current input/output sequances. The execution times in Table V I I I  are in terms of the

| aumber of MSC microcycles for the minimum instruct ion opt ion excluding any delays due:
to memory accessing. The minimum time per MSC microcycle is  2 microseconds.

Notes: 1. (X) speci f ies indexing mode d i t  4 (0) - No index, (1) ~ index.
2. Label is t ranslated into updated PC relat ive address, - 1024 to +1023.
3. Count has range 0 to 2047 (11 b i t s ) .
&. INT LIST is  an l l - b i t  interrupt designator.
S. Count has range 0 to 235.
6. COND has value from 0 to 7 to specify branch condition.
7. Label is  t ranslated into updated PC relat ive address, =-128 to +127.
8. REG has value 0-7.
9, IMM (Immediate) bas value -128 to +127 (8 b i c ) .

10. Fol lowing OP code mnemonic by @ speci f ies Mel, direct addressing.
11. BCE is  BCE number -0 to  24.
12. Label is absolute 18-b i t  address.
13. Delta is posit ive constant between 0 and 31.
14 .  Label can be 18-bit immediate or 18-bit  address i f  direct specif ied.
15. B i t  12 = 0 (2) .
16. Bi t  12 = 1 (T) .
17. Short Format 1.

19. Long Format.

3 .2 .1 .5 .5  Bus Control Element. The bus control element (BCE) shal l  provide for
coutrol of data buses, snd in conjunction wi th other IOP elements shal l  provide the
following capabi l t ies :

a .  Execute BZ progress {.om maiz selory.

b.  Control the sssociated MIA.
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OPCODE

HE
1 1 1 1 ]E
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. 1 1 0 ]0
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OISPLACEMENT

TALLY& SKIP 2ERO (@ Ts2)
JERR EEE EL

CONDITION
CODE DISPLACEMENT

| BRANCH ON ACLUNLATOR (e 8c)
BRANCH ON INDEX (@ BXC

S| 17 )e )4 1 | | s l  ¢

oPX UNUSED REG
LOAD nec Acc WITH AN 10P STATUS
REG @ (LAR

s| j 2 [ 8 f  | | | [ 3p ]  = Ce

OPX UNUSED SET FAIL DISCRETE (@ SFD)
RESET FAIL DISCRETE (8 RFD)
LOAD ACC WITH MSC STATUS

S51 1718) | 1 | | | I'S] (e LMS) START 1/0 (@ SID)
EXCHANGE ACC AND X (@ XAX)

NORMALIZE & INCREMENT X
{NMED | ATE (@ MIX) TALLY ACC TO X (@ TiX)OPCODE

s) 1708) 1 11] i

uPA 6Cc NUMBER

s| f718) 1 | f12413] i o

TALLY X (@ TX!) LOAD X
IMMEDIATE (@ LX!) TALLY ACC
IMMEDIATE (@ T1) TALLY X TO

ACC (@ TXA) LOAD.ACC FROM IMM
(@ SAI) LOAD ACC IMMEDIATE
(e t l )

RESET BCE INDICATORS @ RBI

Figure S .  Short MSC Format 3Instructions
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LOAD ACCUMULATOR (@ L)
OPCODE DISPLACEMENT

l o  ph i ls )  I i
ADD TO ACCUMULATOR (@ A)
~ OPCOOE DISPLACEMENT

HAND" TO ACCUMULATOR
OPCODE_____ _ ___ DISPLACEMENT

| R
Jol 113 fa is t  ) 1 1 4 | L i
EXCLUSIVE “OR* TO ACCUMULATOR (@ X)

OPCODE DISPLACEMENT.

lop olds | J 11141 i
STORE ACCUMULATOR (@ ST)

OPCODF DISPLACEMENT

Lo | AER I L i
MOTE: | = O, EFFECTIVE ADDRESS = PROGRAM,

COUNTER + DISPLACEMENT
| = | ,  EFFECTIVE ADDRESS = PROGRAM
COUNTER + OISPLACEMENT + INDEX f
REGISTER. BIT § IS THE SIGN i

SHORT FORMAT I

INTERRUPT COMPUTER (@ INT)
OPCODE
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INTERRUPT LIST SHORT FORMAT 2

lol l i d s )  I o
Figure 6.

NO OPERATION DELAVED (NOP)
~ OPCODE DISPLACEMENT

ofl | [3fsist V1 1 1 1 1 0 1 rs
WAIT (@ WAT)

* OPCODE DISPLACEMENT

R | | us  I I ol
REPEAT INSTRUCTIONS (@ RAW, @ RWW, @ RAI,
AND@ RWI) — ee

~ G6PCODE PX  COUNT

lot | alls) J2iel $1 1| |  ol
SELF TEST (@ STP)

OPCODE UNUSED

N L l  I I | 1
DELAY (@ OLY)

~ OPCODE COUNT

lo  ll bls I ol
SAMPLE FOR EXTERNAL CALL (@ SEC)

| DELTA
I 1 1001  1 j l  |

o l  IL t  1 1 t txde l  t t  i L l
RETURN FROM EXTERNAL CALL (@ REC)

DISPLACEMENT
i 0 T :  J
o f | gs i s i s tLb  Lb  L111  Iv)

Short HSC Ins t ruc t ion  Formats
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LOAD A BCE BASE REGISTER (@-L38)

I 1 1 1] |opcooe| sce numser |m __ ADDRESS |
5 1 slEls Tis ) oyEEE r r r  is
LOADA BCE PROGRAM COUNTER (@ LSP)

1 1 1 1}1|opcooE | BcE w t .  | ADDRESS |
CY 3 a xO  cA  1

BRANCH UNCONDITIONAL (8 SU)

B i 1 t]1|opcooe| unusep |m ADDRESS |
or itulsy gale 1p gihslod bb pbb LEE  asl
SUBROUTINE (@ CALL)

; 1 1 11] opcooe

6] | [3f{4fs]  {7
COMPARE (8C) (8 Ci)
1 3 i 1]1]opcooe|  uNuSED J ADDRESS

5 ]  | 131%]  2 1 I 2 3 AY 1 I I I I I I I I OO 3
TESTUNDER MASK (8 TM) ( 8 TMI) | 

|

t 1 1 i|1|orcooe]| unused | ADDRESS |
19} | 130515] (7480 | powell t t r e  r e td  431]

LOAD ACC WITHFULL=WORD (@ LF)

DELTA " ADDRESS |
81 0 1 gi l l i  { Lb  Ly  tal

1 1 1 1)1]|opcaoe| “umusen [ t ls  ADDRESS

[lo] 1 I3lugsy (7180 | Quejushes] | LF LLU  LLL  ELE  13
| LOAD ACC WITHHALF-WORD(@ LH)

1 1 1 11]  opcooe| unusen [Tis ADDRESS |
LXE ERE I 2 0 OO ER) 3 A I 0 I ©
‘STORE ACCUMULATOR HALF=WORD( § STH)

I 1 1 1)i]orcooe| uwused Ts  ADORESS |
0) 1 13lalst 1718) 1 biibialushag pg 0 pb  ULL  ts]
STORE ACCUMULATOR FULL=WORD(3 STF) 

|

1 v 1 11]  opcooE| Unusep [Ts ADDRESS |
of 1 13jeist 17181 | {vjeafisfoa} | 1 1 1 1 1 0 0 1 1 041 1 §12 ]
S$ = SPARE SIT

Tigure 7. “Lomg MSC Instruction Formats

FORM M 3 ]  == ]  AEYV 2-70
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¢ .  Compare and detect interfacing subsystes addresses.

d. Serve as interz=ediate 1/0 data and command execution center between the control
element (MSC) and MIA.

e. Command snd/or l isten mode mechanization.

£. Allov for BITE status information accumulation and access for i t se l f  and
associated MIA,

Assuming that a software-controlled power-up sequence has been executed, s BCE
operating in the command mode sha l l  begin execution fol lowing an SIO imsetruction,
provided the t ransmit ter  and receiver  bas been enabled, vhich sha l l  send the PC ready
signal  to the BCE. The BCE sha l l  sense th is  cond i t ion ,  fe t ch  ins t ruc t ions from memory,
decode the inst ruct ions,  and take necessary ac t ion  as a funct ion of the opcode. The
BCE sha l l  continue to fe tch  instructions from memory for execut ion unt i l  a BCE wait
instruction is  executed. Once star ted by the MSC, the BCE sha l l  ruc as an independent
execution center.

3 .2 .1 .5 .5 .1  Pugctiongl Modes. BCE's shall operate in  two functional modes: (command
mode, l i s ten  mode), and three functional s tates ( ha l t ,  wa i t ,  and busy) .

3 .2 .1 .5 .5 .1 .1  C nd Mode. In the command mode, the BCE shal l  control  i ts  associated
MIA for the issuance of commands to the interfacing avionics subsystems. The BCE shal l
acquire the data to be input to the memory, buffer i t ,  and transfer i t  to the memory.
For output data to interfacing avionics subsystems, the BCE sha l l  acquire memory da ts ,
buffer i t ,  sud transfer the data to the MIA for traunsmission to the subsystem.

3 .2 .1 .5 .5 .1 .2  Listen Mode. In  the l i s ten  mode, the BCE shal l  contro l  i t s  associated
MIA, but only to the extent of processing data to be input to memory (as speci f ied in
paragraph 3 .2 .1 .5 .5 .1 .1 ) .  The actual command to the inter facing avionics subsystem
requesting the ioput data w i l l  be provided by another computer on the data bus with i ts
BCE operat ing in  the command mode. A BCE in the l i s ten  mode receives a8 instruct ion
from the other computer in  the command mode. The instruct ion contains sn index to the
BCE program counter se t t ing.  The l i s ten  mode sha l l  not require b i t  or word
synchronization between the command (o ther )  computer BCE and the l istening computer
BCE, The l i s ten  mode mechanization shal l  be a funct ion of software execution and
hardware in  the BCE.

Assunicg that  a softvare-controlled pover-up sequence has been executed and the BCE Las
executed a WAIT FOR INDEX instruct ion, a BCE operating in the l i s ten  mode sha l l  swait
an indicst ion from i t s  MIA that a vord has been received (provided i t  has prev ious ly
been set in a l i s ten  mode). When a vord i s  ava i lab le ,  the BCE t ransfers the vord from
the MIA. The BCE decodes the vord to determine i f  i t  has the common IOP address and &
val id  command sync s ignal .  The cotmand shal l  conta in an 8-b i t  index which sha l l  pe in t
to a tab le of l i s ten mode program counters.  The tab le of program counters is  located
in main medory at a start ing address spec i f i ed  by the l i s t en  BCE program counter plus
the conteate of an n b i t  diaplacewent f i e ld  in  the va i t  for index ins t ruct ion.  In
add i t ion  to the index,  the l is ten coumand sha l l  contains & 35-bit in ter facing avionics
unit address (terminal address of the unit sending data). The wait for index
instruction wi l l  extract this address to be used as an address compere value on the

PERM VW 13]=>t=d ARY 2-70 =
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received data. The instruction shal l  indicate to the BCE the dats processing
requirements vhen i t  is received from the interfacing avionics subsystem under MSC
contro l .  Iastructios execution shal l  continue unti l  the BCE executes ei ther a WAIT or
WAIT FOR INDEX instruction.

In  the f i rs t  case, the BCE awaits & signal from the MSC; in  the second case, the BCE
monitors i t s  MIA for  amother listen command.

3 .2 .1 .5 .5 .1 .2 .1  Ligrep Mode Summary. A BCE shal l  respond to l isten commands whenever
the folloving condit ions are met:

8¢ The BCE executes a WAIT FOR INDEX iastruction.

Bb. The BCE's MIA receiver is enabled (transmitter disabled).

¢ .  Another IOP's issues a common IOP command.

3 .2 .1 .5 .5 .1 .3  General BCE Operst ion.  During normal operat ion, a BCE shal l  be in  one
of three s ta tes :  Ha l t ,  Wait,  and Busy. In  the Hal t  s ta te ,  the BCE sha l l  be physical ly

| cestrained from performing sny operat ions;  in  the Wait s ta te ,  the BCE s ta l l  wai t  for  an
MSC command to execute a program; in  the Busy state;  the BCE shal l  execute BCE programs
from main s tore .  The funct ion of esch state shal l  be as fo l lows :

3 .2 .1 ,5 .5 .1 .3 .1  BCE Halt State. When in  the Hal t  s ta te ,  the BCE sha l l :

8 .  Allov the external world (control panels) to reset BCE operat ion to a known
condition. :

be Upon the detect ion of IOP fau l ts ,  the Hal:  state shal l  isolate the BCE snd prevent
i t  from performing potentially erronerous operations.

€.  Allow the IOP to reset  BCE operation to a kmown condit ion.

Entry and ex i t  from the Halt s tate sha l l  be control led by the value of a s ingle “BCE
Ha l t "  s ta tus b i t  which is part of the IOP hal t  reg is te r .  There is one h i t  for  each
BCE. As long as this b i t  is  set,  the BCE program :0unter is  forced co point  to a
microinstruct ion that performs no operat ion other than tc clear the BCE dusy/wait b i t .
The ha l t  b i t  may be set s t  any t ime, and ef fect ive ly terminates BCE opersc ions.

The signals that set  a BCE halt  b i t  shall include:

8 .  Master reset d iscrete from the CPU,

db. Pover-up/down signal.

| &- Sett ing of the fa i l  lateh for this GPC by either the Redundsticy Msnagement vot ing
logic or 10P detected errors. )

 d .  A HALT PROCESSOR PCO from che CPU,

CIDA *A 2) amu ]  REV 2.70
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The first three signal c lasses shall halt a l l  BCE's.

] Exit from this state to the Wait state shal l  occur only under the following condi t ions:

8 .  Master reset discrete is reset.

db. Pover-up sequence is  complete.

¢ .  Fail latch is reset ,

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

Upon any exit from the Balt  s ta te ,  the BCE program exception b i t  and the BCE stacus
register shal l  be c leared.

3 .2 .1 .5 .5 .1 .3 .2  BCE Wait S ta te .  In  the Wait s ta te ,  a BCE sha l l  be ready to perform a
BCE program. The BCE sha l l  enter the Wait state upon exi t  from the Halt s ta te ,  as
described in 3 .2 .1 .5 .5 .1 .3 .1  or by a travsition from the Busy s ta te .  A BCE sha l l
perform this transit ion 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 instruction is found starting on an odd half-word boundary.

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

In  conditions db, ¢ ,  and d above, s BCE shal l  perform the following operations before
entering the Wait s ta te :

a. The BCE sets i ts b i t  in  the program exception register (Stat 1) to 0.

b. The BCE records the cause of the error in i ts  own BCE register.

¢ .  The BCE leaves the program counter pointing to the instruction.

A BCE star ts  execution when i t  recognizes that the MSC has set i t s  own busy/wait d i t  to
1 ( for  BCE i ,  this is  b i t  i of the busy/wait register--Stat 4) .  This occurs vhen the
MSC execuces a Start  1/0 instruction with a 1 in b i t  i of the accumulator.  The f i r s t
BCE instruct ion in th is  case is  found st  the main memory word addressed by the conteats
of the BCE's program counter. This program counter may have been updated by an MSC
load 3CE program counter instruction or by 8 PCO from the CPU to wr i te iato the
appropriate local  store location.

POAM WM 133 ==?  REV 2-70



CODE 10ENT.NO. 03953
AEVISION LETTER PAGENUMBER

uC6135-0023 IT  TT  1 TT  93

3 .2 .1 .5 .5 .1 .3 .3  JCE Busv State. The Busy s ta te  shal l  be an indicat ion of BCE program
execution. When in  the Busy state,  the BCE shal l  be in  the process of executing a
program from main store. A value of 1 in  the 0 b i t  posi t ion of the IOP Busy/Wait
Register shal l  iadicate this condit ion.

The Busy s tate shal l  be entered ogly from the Wait s t a te ,  as descr ibed in
3.2.1.5.5.1.3.2.  When the transit ion from wait on Busy occurs, the BCE shail  use the
value in i ts program counter to fetch the f i r s t  ins t ruc t ion from memory and s tar t
executing i t .  The BCE shal l  contisue executing inst ruct ions unt i l  e i ther  a wait
instruction or invalid instruct ions are encountered. In  e i ther case, the BCE sha l l
transit ion back to the Wait s ta te .  While the BCE is  in  the Busy s ta te ,  i t  sha l l  not
interfere wi th CPU PC's. While in  the Busy s ta te ,  a BCE may also be in  any combination
of command/listen modes described in 3.2.1.5.5.1.

3 .2 .1 .5 .5 .2  BCE Progpsm Counter. The 18-b i t  program counter (PC) sha l l  contain the
uenory address locat ion of the next BCE inst ruct ion.  BCE instruct ions are executed
sequent ia l ly  unless a BCE branch instruction is  encountered.

3.2.1.5.5.3 BCE Instruction Register (IR). The IR shal l  contain the imstruction to bel
executed by the BCE funct ions. Thea IR shal l  operate with other registers and control
logic for the performance of BCE funct ions.

3 .2 .1 .5 .5 .4  BCE BaseReg is te r (BR). The 18-bi t  BR sha l l  contain the main memory
address vhere input and output dats is  located.

3.2.1.5.5.5 BCE Timeout Register (TO). The 18-bit  timeout register shal l  contain the
maximum time that a BCE wi l l  wait  for  the first dats vord to arrive in  the receive
s ta ta .

3.2.1.5.5.6 BCE StatusRegister (SR). The BCE status register shall contain the
resul ts  of error and status functions of the BCE snd associated MIA 's .  (Refer  to
Table IX.)

3 .2 .1 .5 .5 .7  JCE/MIA Control logic.  The BCE shal l  provide the necessary control log ic
and circuitry for  control l ing i t s  associated MIA.

L

3 .2 .1 .5 .5 .8  JC%Instructjons. A l l  BCE macro instruct ions shal l  be accessed from
memory vis the DMA isterface. BCE dats access shal l  be re lat ive to the BCE base
register and the instruct ion displacement f i e l d .  BCE ins t ruc t ions  sha l l  be e i ther
shore (16 -b i t ) ,  long (32-bi t )  or extended (64 or 96 b i t )  Min/Mout inst ruct ions.  Al l
datas t ransfers sha l l  start on even half-vord boundaries. long and extended instruc-
t ions shal l  de located on even nain memory addresses. The BCE instruct ion l i s t  sha l l
be sufficient to interface with the serial data dus. BCE ‘nstructions sha l l  include
but not be restr icted to the types specified in Table X. The BCE instruct ioa l i s t

FSAM 14 33] ~>e=2 ARY 2-7C
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shall be sufficient to interface with the serial dats bus. BCE instructions shall
include but oot 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 instruction option excluding any delays
due to memory accessing. The minimum time per BCE instruction per channel is 16.5

{ microseconds.

FORM M 13] veel REV 2-7C



WAIT (IVWAT)
0°CODE

5 BITS UNUSED

HE
SET INDICATOR BIT (#518)

OPCODE Co
5 BITS LL  UNUSED

N | 1 us) I n
RESET INDICATOR BIT (JRIB)

OPCODE |
S BITS ; { UNUSED

lof ne J I I I I o
SELF TEST PROGRAM ( rsvp)

oPCODE
5 BITS _ UNUSED

l o  | | als) | 1 i 111  Nn
STORE STATUS AND CLEAR (#SSC)
| 0PCODE DISPLACEMENT

h BITS _1LBITS
Nlo l e 3I I I Ld

STORE STATUS (#SST)
I" opcooe 01SPLACEMENT

BITS  1 BITS
| :

log 4 oles g i s

RECEIVE DATA WORDS (/JRDS)
\ OPCODE ~~ COUNT DISPLACEMENT

3 BITS 5 BITS 8 8ITS

| | als L I  als) I |
[ DATA WORDS (#70S)

OPCODE ~~ COUNT DISPLACEMENT
3 BITS 5 B ITS  ° | 8 8ITS

IN  j 23 f  { ( f 7 j 8 )  | § 1 | |  A
LOAD TIMEOUT REGISTER (#L701), _(mvo)

OPCODE .COUNT/DI SPLACEMENT,
_ 4 BITS ET I  TE

1 | AkuJ JE I I I I A
DELAY TIMEOUT (JDLYI)

OPCODE COUNT/ADDRESS
‘LL hairs ne rs

l o  | 13 s i  | I i
‘DELAY ADDRESS (#0YL)
\"  opcopE COUNT/ADORESS4 BITS 11 BITS> 

|

l o  | l i d s )  I I ol
WAIT FOR INDEX (#WiX)
) OPCODE DISPLACEMENT

5 BITS 11 BITS

ls  me 1 I n
Figure 8. Short BCE Imst ruct ion Formats
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C OPCODE * SPARE COUNT/ADDRESS

(3 BITS) | {6 BITS) \ (18 BITS)

JLBR, #TDLI mo 'V l .  | | | )CULOpL sdsds trdel bobb i  LLL  L t  be t s
OPCODE SPARE COUNT /ADDRESS

(3 8175S) (6 BITS) (18 BITS)

BRANCH UNCONDI TIONAL
(#04)

of | als, l u s t  LL lw  I 1 I IO  I I A o l
OPCODE i SPARE
(3 BITS) (6  BITS). IADDRESS

l#meL, ROLY F

COMMAND

‘Nin, MoLT E 11  | | ee  DISPLACEMENT | TRANSFER COUNT
(IMMER TATE MODE) 0 13 ] sp 170s) LL bu ppvshep 0 Lb  L i t t

‘OPCODE ADDRESS

'MIN," HOUT I 1 11

(oiRect moe) slelst L111 Ly  I OO of
ADDRESS

+ 2X BCES D1SPLACEMENT TRANSFER COUNT

l o s  asi | | 1111  i e  I I I I I o l
ADDRESS

+ 2X BCES + 4B COMMAND

™ bly Le t  r er rere rrr rr r r r  ol
Figure 9. Llong\BCE Instruction Formats (Sheet 1 of 2)
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SPARE ADDRESS :
OPCODE 6 BITS (18 BITS)

TRANSMIT11

[ I V l Loy 1 s lo ) 0 Ld dpst LLL BL  Lb bd  of Fem
LJ

|]

- A Ey  | ASE + Tr  * -— Bh » LJ

NOTES FOR MIN/MOUT R
STARTING BUFFER ADDRESS = BASE + DISPLACEMENT

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

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

COMMAND « COMMAND THAT 1S SENT FIRST TO THE SUBSYSTEM TO
INITIATE MESSAGE TRANSFER.

TA « TERMINAL ADDRESS USED BOTH FOR COMMAND AND DATA.

03 « OPTION 8IT (DIRECT ADDRESSING MODE WITH INOEX
BY BCE NUMBER)

Figure 9. long BCE Instruct ion Pormats (Sheet 2 of 2)

dUI
A

N
N

N
$2

00
-S

T9
0R

L
L

 
1

1
£5

6£
0 ‘

ON
 "IN

IO
! 3

00
d

|
Lé

M
IL

LE
T

 N
O

IS
IA

S
Y

30
vé



8-12

13

15

16-20
21

22
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Table IX.  NCE Status Word Format

T
(H X|] 8} I 2

T Terminal 3 Al SI BB] TI TJ] TI TI] »
MIPS IE}]Y Address A P T| T| O 01 0) OO] A 1

213 |4]5(6172|8 910  11 12113 |24 |125 |16  17 18 19 2021  |22 23 |24|25 [26 |27 |28 |29 |30|3]

= Unused
- ™

- Terminal
Address
Unuded
Unused
SE

Unused
TGA?

ST
MT

Unused

BCE Status Word Format amd B i t  Posit ion Bit  0 = MSH

Reserved for future use.
Terminal Mismatch: While executing any receive data inst ruct ion,  a mismatch between the
input data wvorde terminal sddress and the terminal  address expected by the BCE was detected.
The input dats word's terminal address was simultaneously loaded into b i te  8 to 12 of
th is  etatus word.

+ Par i t y :  While execut ing any receive data ins t ruc t ion ,  an input word wi th bad pa r i t y ,
i n va l i d  Manchester ,  or  b i t  count error was de tec ted .
This th ree  b i t  f i e l d  i s  the l og i ca l  “or” of the SEV b i t s ,  acqu i red  dur ing  any rece ive  data
i n s t r uc t i on ,  of a l l  input words that vere detected to have errors. The S and V b i t e  sre
fuverted pr ior  to the "or" operat ion.
Thie 5 -b i t  f i e l d  is the log ica l  Zor" of the received te rmina l ' s  addrces of a l l  input words
that were detected to have errors during execut ion of any receive data ims t ruc t i on .
Reserved for fu ture  use,
Reserved for fu ture use.
Sync e r ro r :  While executng say receive data imst ruc t iom,  an input word wi th command sync was
rece ived.
Reserved for  fu tu re  use.
Transmit gap: While executing any transmit data inst ruct ion,  the gap Lime betwecen the
command vord snd f i r s t  dats word or between succeeding data vorde exceeded 6 jisec between
words  »

Se l f - Les t  e r ro r .  A BCE se l f - tes t  i ns t ruc t ion  has detected a f an l t  in  t h i e  RCE.
Tranemi t t e r  d i sab led :  At some po in t  i n  the execut ion of any t r ansm i t  comaand/data
i n s t r uc t i on ,  the MIA gssociated wi th the BCE had i t s  t r ansm i t t e r  d i sab led .
Renerved fo r  f u t u re  use.
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30, 31 - Unused
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Table IX. BCE Status Word Format (Cont)

J

T 2
G x| |x B 2

T Terminal S Al s iM iT |T !T |T ] |O® a3
HlP|S|E|V]| Address £ Pl T |T |Oo ] | o ]o ] l o } j a ]  —-

- t  ap So» eo» 4 - a a ov  = A eo  w= i

112131a15 i6 ]7218  910  11 1213  [14 j15S (16 07 18 19 20 [21 22 23 {24 |25 126 {27 |28]29 [3031}] &

BCE Status Word Format and Bi t  Posit ion B i t  0 = MSH

- 170 - In i t i a l  time-out: Amy receive dats inetruct ion timed-out whi le  vai t ing for the f i rat  data
word to arr ive wi th in 5 to 20 psec. —

- T0 ~ Data word t ime-out :  A receive dats instruction timed out whi le wai t ing for a date word to —
ar r i ve  (miss ing word).
This time out occurred on data imputs other than the f i rs t  data word input .  —s

7
- B70 = A ROL timed out a f te r  receipt of at least  one 512-word block whi le wai t ing for the ne:  a

512-word b lock.  1
m

- BA = Boundary alignment error :  The BCE cncountered a long format ins t ruc t ion  of sn odd half-word »
boundary. |

- 1 = 1lllegal op-code: The BCE encountered an i l l ega l  imetruction in Lhe execution of a program.

Reserved for  future use.

S
0v

d
66

C
5

6
0‘

O
N

 'A
N

3J
I 3

00
0



I ns t r uc t i on

1. Heosage output

Muemonic | Format

Nout lL.ong

Table X. BCE Instruct ioms

Descr ipt ion

Mout consists of a ful l -word instruct ion.  The f i rs t  word
cons i s t s  of the main s to re  fu l l -word  address  and the
t rans fe r  coun t .  The sccond word is  the command vord,
The command word i s  used to send 24 -b i t  commands to am
i n te r fac ing  termina l  on the se r i s l  bus connect ion to the
current  BCE's MIA, (The half-word addressing b i t ,  b i t  31,
is ignored.)  The command word formats are extended (96
b i t )  end sre described in paragraph 3.2.1.5.5.8.  The
actua l  t ransmission of the command is  condi t ional  on the
BCE's associated MIA being in the command mode (both
transmitter and receiver enabled).

This instruct ion d i rec ts  the bus control element (BCE) to
transmit a number of data worda (determined by the COUNT)
to an in ter fac ing t e rm ina l .  The locat ion of the f i r s t
fu l l -word ie the sum of the BCE base requester and the
displacement f i e l d .  This may be any fu l l -word  l oca t i on .
Succeeding output quan t i t i e s  comes from succeeding f u l l -
worde in memory. Each fu l l -word is  assembled by the BCE
into word formats (eee paragraph 3.2.1.5.5.8) and trans-
ferred to the MIA for t ransmission. (The MIA adds sync
and par i ty b i t e . )

The termina l  address is a copy of the current contents of
the terminal  number register  (TNR), which in turn vas
loaded dur ing the t ransmission of the command word. The
value in the THR is  thus the present  terminal  to which
th is  BCE has t ransmi t ted a command.

Minimum Number
of Microcycles

3
plus 2 times
the number of
data outputs
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I ns t ruc t i on

I .  Heusage outpit
(Cont)

so

2. Message impuc

Maemonic | Format

Long

Table X. BCE Instruct ions (Cont)

Descr ip t ion

I f  at any time during execut ion of th is  ins t ruct ion the
MIA associated wi th the execut ing BCE does not have i t s
t ransmit ter  enabled, b i t  2)  of the BCE's otatus regis ter
is  set ,  the Go/No-Go b i t  for th i s  BCE is  set to Ho-Go and
the rest of the inst ruct ion is ehipped. Completion of
data transmission is  fol lowed by incrememtation of the
BCE's progrsm counter by two, snd execut ion of the mext
ins t ruc t ion .

The @MIN instruct ion requires two ful l -vords (extended 64
or 96 b i t  i ns t ruc t i on ) .  Thies inst ruct ion resu l t s  in  the
transmission of a command (when the BCE is in  the command
mode) to a subaystem fo l lowed by a receive datas setup.
The f i r e t  data word to be received is dest ined for the
ucemory heslf-vord whose address is  the sum of the base
reg is ter  plus the 8 -b i t  displacement f i e l d .

Star t ing  buf fer  address-base ¢ displacement.

The displaccment is an integer in the range of 0 to 255,
and ie r ight  j us t i f i ed  when i t  is  added to the 18 b i t
base reg is te r .  The LSB of th is  address is the halfuord
address. The t ransfer  count f i e l d  i nd i ca tes  the number
of words to be rece ived ,  assembled in to  f u l l - vo rds ,  and
stored in memory. Numerical ly  the t r ans fe r  count is one
less than the ac tua l  number of words to be rece ived.  A
count of zero corresponds to one word and 65,535 corre-
sponds to 65,536 data words. Since each memory fu l l -word
is constructed from Lwo 16-b i t  data bus words, up to
32,000 fu l l -vords of memory can be loaded wi th a s ing le
MIN i ne t ruc t i on .

Minimum Humber
of Microcycles

5 plus 2 times
number of da ta
outputs
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Ins t ruc t ion  Mnemonic | Formet

3. Loud base LDR Long
reg is ter

&. Load time-out fLTO1 Short
reg is ter

L170

Table X. BCE Instructions (Comt)

Minimum Number
Descr ipt ion of Microcycles

The 18-bit ef fect ive address f ie ld  is loaded into the
current BCE base regis ter .  The associated program
counter is incremented by two.

M E f fec t i ve  Address Ins t ruc t ion  Format |

0 Addreess #LBR Address
1 (Address ¢« 2 x BCES) ¢LBR @ Address

Thir ins t ruc t ion  loads the current BCE's maximum time- 2
out reg is ter  (MTR) with the e f fec t i ve  count. These b i ts
represent the maximum time that the BCE w i l l  wait for the
f i r s t  response word t o  srr ive from a previously com-
wmanded t e rm ina l .  The reso lu t ion  of the MTR is  16.5
microseconds. Upon complet ion of th is  ins t ruc t ion ,  the
BCE increments i t s  program counter by one and executes
the next inst ruct ion.

M Effective Count Inptruction Format
0 Tiwme-out LTO! Count

1 (PC + dieplace~ #LT0 Address
ment + 2 x BCE#)

Time-out: Any value between 0 and 2047 (0 to 33.78
mill iseconds).

PCs d isp :  The lower 18 b i t s  of the ful l -word addressed
by PC (updates ¢ address) .  This a l lows any count between
0 and 26214) (0 to  4.325 seconds ) . } ) )
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Table X. BCE Instructions (Cont)

Minimum Number
Instruct ion Moemonic | Format Descript ion of Microcycles
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5 .  Wait UAT Short This instruct ion sha l l  cause the BCE to enter the Wait
s ta te .  The BCE's busy/wait  b i t  in Stat & ie set to 0
(wa i t ) .  The PC is incremented by one and no further
ins t ruc t ions  are executed. The BCE is  reset to  the busy
state e i ther  by the MSC or upon receiv ing a l i s ten  com-
mand, depending on the BCC's present  mode. Af ter
execut ion of a WAIT ins t ruc t ion the BCE program coumter
po in ts  to  the next s cquen t i a l  i ns t ruc t ion .

6. Self-Test ¢sTP Short | This inst ruct ion sha l l  i n i t i a t e  execution of a special TBS
MICRO Program to perform seclf-tests on the hardware
support ing the BCE that is executing th i s  ins t ruct ion.

7. Store statue #58C Short | This inst ruct ion sha l l  s tore the BCE's s ta tus  reg is ter  in  &
and c lear the fu l l -word locat ion addressed by the e f fec t i ve  address

f i e l d .  The least  s i gn i f i can t  b i t  of EA is  ignored.  A f te r
i n i t i a t i ng  the store opera t ion ,  the BCE sha l l  c lear  i t s
s ta tus reg is te r  and set i t s  Go/No-Go b i t  (Stat  1) to one
(GO cond i t i on ) .  The BCE sha l l  increment i t s  PC by one and
cont inue wi th execut ion of the next i ns t ruc t ion  in the
sequence.

M Effective Address EA Instruction Fopasst

0 PC + Displacement #5SC Address
| PC + Displacement #SSC Address (1)

+2 (BCE No . ) *

*PC is the updated BCE program counter ( i . e . ,  the address
of the next sequential ins t ruc t ion) .
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Iastruction

Btore Statue

Set indicetor
bit

Reset
indicator di t

Branch
unconditionally

Wait for index

fas

f is

Table X. BCR Instructions (Cont)

Minimum Number
Moemouic | Format Description of Microcycles

Short |Ssme as instruction (#88C) except that after init iating k
the store operat ion, the status registers ars mot clesred.

Short |The BCR to MSC indicator b i t  associsted wi th the BCE that p |
is  executing th is  instruction is  set to ome. This b i t
v i l l  not change to zero unt i l  a reset jndicstor b i t  (#RIS)
instruction is executed by this BCE. After this bi t  ie
set,  the BCE's PC is  incremented by one, and BCE programa
execution comtinues.

Short |The BCR to MSC indicator b i t  sesociated wi th the BCE that |
is  executing th is  instruct ion is  reset to serc. This bi t
v i l l  not change to one unt i l  a set indicator b i :  imstruc-
tion (#SIB) is executed. Af ter  th is  b i t  i s  rese t ,  the PC
ie incremented by one and program execution contismues.

Long The 18-bit effective address is stored into the curreat 3
BCE program counter. The next imstruction is found at this
designated location, which may be on a ful l -  or half-word
boundary.

M Effective Address BA InstructionFormat

0 Address #BU Address
| (Address + 2 x BCRP) #BUQ Address

J .
Short | This instruction is used pr imari ly for l is ten mode and is  | Wa

dis t inct  from #UAT imstruction. When the index arvives in
the command word from another computer i t  is added to the
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Instruction Maeneaic | Format

12. Veit for isdex
(Cont)

13. Receive dota [ 1  Short
words

Table X. BCE Instructions (Cost)

Description

PC ond displacement f ield for memory access ( i . e . ,  PC + 1 ¢

] ¢ displacement ¢ index). Thies is  an 18-bi t  sddress
which indicates the start ing main memory address of the
table of program counters. $WIX does mot rest (and igaores)
busy/wait bi t  unless the transmitter is enabled. The wait
for index loop for a common IOP address does not af fect  the
BCE's terminal address reg is ter .

This inetruction di rects the BCE to accept s number of
ioput worde from i ts  MIA, to do various checks oa these
words, and to aseemble them into 32-bi t  memory fu l l -
vords and transfer thea to memory. The imput vord format
as receivad by the NIA is described ia 3, .2.1.5.6.  ERxecu-
tion of th is  instruction is  as follows:

(When the BCE is  in command mode)

l e  The iaput transfer count is extracted from the
instruction. This count represents ome lass than
the number of input words to be accepted, and
these represent the number of 16-bi t  main memory
half-vorde accepted.

2. The main memory address for the f i rs t  input word ie
computed from the sum of the present contents of the
current BCE'e base register and the displacement
f ie ld  (Bite 8-15). This displacement may have any
value in the renge of 0 to 255. The f i r s t  sddress
ie the main memory location for the f i rs t  data word
and may be odd or evea.

Hininus Nember
of Micrecycles
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Instruct ion

13. Receive data
vogds (Cont)

Hnomonic | Format

Table X. BCE Instructions (Comt)

bh.

5.

Minimum Number
Description of Microcycles

A WAIT FOR INPUT t imer is  im i t i s l i zed  to the value
stored in the maximum time-out register (10). This

t ime is re la ted to the latency of the interfacing sub~-
system and is  on the order of 5 to 20 microseconds.

The BCE waite for the f i rs t  input word to arr ive from
the subsystem through the BCE's MIA, While i t  i s
va i t ing,  the BCE decrements i t e  t imer at 16.5 micro-
second in te rva ls .  I f  the t imer reaches zero the BCE
w i l l  set the time-out b i t  ( b i t  23) in  i t e  statue
reg is ter ,  set i t e  exception b i t  (Sta t  1) to 1, and
begin executing the next instruct ion.

I f  the BCE receives an input word before i t s  i n i t i a l
t ime-out, i t  performs the fol lowing input word tes ts .

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

b. Did the MIA detect a pari ty error.

c. Are any SEV b i te  set indicating subsystem errors.

d, Vas the sync s data sync and not a command sync.

e. I f  the f i r s t  input io a command, i t  i s  ignored.
The input times out and the BCE wai ts  for the
next data imput.
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Tus t ruc t ion

1 ) .  Receive date
worde (Cont)

Mnemonic | Format

‘Table X. BCE Instructions (Cont)

Descript ion

Detect ion of any of these errdrs resul ts in the fol lowing
error patterns being l og i ca l l y  “or ed” with the BCE's
status regis ter  b i t s  0 through 15.

T Terminal
O000MPS EV  Address SE

0 234567 8B -= - -=  12 13 14 15

Uhere: TH = 1 i f  there vas a mismatch between the received
address and terminal sddress (see status word for BCE)

P=  1 i f  par i ty error detected
SEV = the input SEV b i t s  wi th S and V

inverted.  Thus, s va l id  SEV
pattern - 101 - forms 000 in
the above pat tern.

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

8 = ]  i f  input had command sync.

The data t ransfer is l os t ,  and the BCE enters
the Wait s ta te .  I f  none of the above problems
ex i s t ,  the 16 b i te  of data are str ipped from
the 24 data b i t e .  I f  the buf fer  address com-
puter in  Step 2 is odd or a l-word t ransfer
is des i red ,  th ie 16-b i t  ha l f -word is wr i t ten
into memory. Otherwise, i t  ie saved un t i l
the next hal f -word arrives.

Minimum Number
of Microcycles
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I ns t ruc t i on

13. Receive dota
words (Cont)

Mnemonic | Format

Table X. BCE Instructions (Cont)

Minimum Number
Description ¢ of Microcycles

The BCE handles each succeeding word im the same manner
anslogous to that descr ibed above. For each input af ter
the f i r s t ,  the BCE w i l l  wait at least  6 microseconds
a f te r  receipt of the las t  b i t  of the previous word
before dec lar ing an error .  I f  a timeout occurs ,  b i t  26
of the BCE status reg is ter  is  set,  the BCE program
counter is updated and execution of the next sequential
BCE ins t ruc t ion  begun. Upon receipt of an input trams-
f e r ,  the BCE decrements i t e  input word count and per-
forme the tes ts  descr ibed above. I f  the prev ious ly
received 16 b i te  have not been sent to memory then the
next 16 b i t s  are assembled wi th the previous 16 b i t e
to form a 32-b i t  fu l l -word for storage in main memory
at the buf fer  address which vas updated by 2. This
process cont inues un t i l  a l l  words requested sre received.
The las t  word received w i l l  aslvays be w r i t t en  in  main
memory even i f  there is  no prev iously  unassembled word.
The sequence ends when the t rans fe r  count (word count)
rcaches zero and the last  vord is s to red ,  upon which
the BCE increments i t s  program counter by 1 and
executes the nexts sequent ia l  i ns t ruc t ion .  1f an #RDS
ie s tar ted  in  the l i s t en  mode, i t  w i l l  f i r s t  wait  for
a command having the same address as that in i t s
terminal match register (TMR) before performing the
above operation.
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. last ruct ion

14. Receive
Data
vorda

Muemonic | Format

rDLY

#RDL

Long

Table X. BCE Instructions (Cont)

Descript ion

This instruction is  exe uted in  a fashion s imi lar  to RDS
(number 14) with the fol lowing exceptions:

&.

The displacement from the base is  zero. The base must
then point to the beginning of the buffer.

The input word count ranges from 0 to 262, 143 half-
words and may be specified by bi ts 14-31 of #RDLI or
by bite 14-31 of the main memory ful l-word addressed
by bits 14-31 of #RDLI. In the second case, the least
signi f icant  b i t  of the address (the half-word selected)
is  ignored. In e i the r  case, the e f fec t i ve  vord count
is  one less than the number of words received.

Upon instruction completion, the PC ia incremented by 2.

Time-outs on input data are handled d i f ferent ly  thaam.
#RDS, due to interblock gaps of data blocks from memory
ground computer and the PCH master .  Data requests from
these unites may be in 512 word b locks.  A t ime-out on
the f i r s t  word is s t i l l  t reated as such (see #RDS), but
on t ime-outs on succeeding words, a check is made of the
remaining t rans fe r  count before dec la r ing  a t ime-out .
I f  the remaining count modulo 512 (block s ize)  is zero,
th is  t imeout ie t res ted as the beginning of an in ter-
block gap. Under th is  cond i t i on ,  the t imer is reset to
the value located in the maximum timeout reg is te r  (MT0),
and the input wait loop is reentercd. A time-out after

Minimum Number
of Microcycles

fRDLL = 3 + 2
times number
of data inputs,

RDL =» 4 + 2
times number
of data imputs;
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Ins t ruc t ion

14. Receive
dats
words
(Coat)

1S. Trenemit
data

Mnemonic | Format

#108 Short

Table X. BCE Imstructions (Comt)

Description

th ie  point is treated as a res] time-out ervor,  and the
instruction is  terminated with b i t  27 of the status regis-
ter set .

This instruct ion sha l l  d i rec t  the BCE to transmit a number
of 16-bi t  data words through the BCE's MIA to an inter-
fac ing terminal .  The main memory locat ion of the f i r s t
half-wvord is  the sum of the BCE base reg is ter  and the dis~-
placement f i e l d .  This mey be any half-word loca t ion .  Suec-
ceeding output quan t i t i es  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
par i ty .

The terminal address f i e l d  is  a copy of the contents of
the terminal sddress register of the BCE executing th is
#TDS. Completion of data transmission is  fol lowed by
incrementation of the program counter by one and execut-
jon of the next ins t ruc t ion .

I f  at any time during execut ion of th is  ins t ruc t ion ,  the
BCE is not able t o  maintain the interword gap time on the
bus to less than 10 microseconds (20 ps) then b i t  21 of the
BCE status reg is te r  is set ,  the BCE's program except ion b i t
(Stat  1) ia set ,  the present instruct ion is  terminated,  and
the next imstruction in i t i a ted .  The cause of gap time
excess may be due to:

Minimum Number
of Microcycles
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Ins t ruc t io .

15. Transmit
data
(Cont)

16. Treneait
data

17. Tramsmit
command

Mnemonic | Format

#TDLL
TDL

CHD]
fC

‘Long

1 Long

Table X. BCE Instructions (Cont)

Minimum Number
Descript ion of Microcycles

a. Instruction error on hangup st  the DMA Channel.

b. Hemory contention that prevented a data read
from being completed in t ime.

Execution of th is  imetruction is  the ssme ae #108 (15 #I0L = 4 + 2
above) except: no. of dats

outputs .

l .  The displacement from the base i s  zero. The base must [#TDLI = 2 ¢ 2
then point to the begimning of the buffer. no. of data

outputs

2, The count of imput worde to be transmitted ranges from
0 to 262, 143 half-vords, and may be specif ied by either
b i t s  14-31 of #TDLI or by b i t s  14-31 of the main memory
full-word addressed by b i t s  14-31 of #TDL. For #TDL the
LSB of the sddress ( the half-word se lec ted)  i s  ignored.

3. Upon completion of #TDLI or #IDL, the PC is incremented
by two (2 ) .

This inst ruct ion is  used to send 24 b i t  commands to a sub- |fCMDI « 1}
system on the ser ia l  bus connected to the current  BCE's
PHMIA, In the immediate mode (#CHDI), the command is  found |#CMD = 2
ismediately in bites 8 through 31 of the i ns t ruc t i on .  In
d i rect  mode (#CMD), the command is the lower 24 b i te  of the
main store ful l-vord computed from the address f ie ld  (bi te
14 through 31) of the inst ruct ion.  (The half-word address-
ing b i t ,  b i t  31, ie ignored. )
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Instruct ion

17. Transmit
command
(Cont)

18. Delay timeow:
inmediate

19 .

Mnemonic | Format

foLYl

#DLY

Short

Table X. BCE Instructions (Comet)

Descr ipt ion

The actual  transmission of the command is  condit ional om
the BCE's associated PMIA’s t ransmit ter  being enabled and
the PHIA not being busy. I f  e i ther condit ion is  f a l se ,  the
command ie not sent, but no error condi t ion is  set.

A f te r  execution of th is  imstruct ion,  the BCE's program
counter i s  incremented by 2, and the next sequent ial
inst ruct ion is  executed.

This instruct ion simply delays the execution of the mext
instruct ion.  The time period delayed ies the function of
the e f fect ive count, w i th  a resolut ion of 16.5 micro-
seconds per count. At the end of th is  delay the program
counter is incremented by one, and the next instruction fe
executed.

Each count of one represents a delay of 16.5 microseconds,
the execution time of a BCE micro inetruct ion. Each coumt
of 2 represents a delay of 33 microseconds, the minimum
time for a word transmission over a ser ia l  dats bus.

MN Effective Instruction

0 Timeout #DLYI Timeout
1 (pC + DISP)2 #DLY Address

For the #DLY inst ruct ion,  the address of the vord contain-
ing the delay includes the number of the BCE executing the
ins t ruc t ion.  This a l lows many BCE's to execute the seme
program while s t i l l  retaining the capabi l i ty  to delay for
di f ferent  periods. Note that twice the BCE number is  a
fu l lword index.

Minimum Number
of Microcycles
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3.2.1.5.6 Multivlex Interface Adspter (MIA). The MIA provides the communication path
betveen the 10P and the isterfacing subsystems as shown in  Figure 1.  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 Defipitiops. The e lect r ica l  interface between the GPC and the
MDMIA shal l  be by a f i f ty (50) pin coumector. The pin portion of the connector (IBM
P/N 6135907-1) shal l  be provided by the GPC and the socket port ion of the connector
(SKD P/N AS20A620) shall be provided by the MDMIA., The functional and physical
interface requirements for the MIA are defined in  MC615-0010. The MIA interface coa-
gector signal and pis assignment l is t  is  given in  Table XI .

J . 2 .1 .5 .6 .1 .1  MIA. The MIA shall provide the performance characteristics defined in
MC615-0010.

3 .2 .1 .5 .6 .2  Electrical Pover. The electr ical power to the MIA shal l  be as deficed in

3 .2 .1 .5 .6 .3  Data BuysInterface. The MIA is  composed of buyer-fursished devices vhich
will interface with the MIAmultiplexing channels. The devices cousist of carrier
assemblies vith two MIA's per carries.

3 .2 .1 .5 .6 .3 .1  Dats Bus Chargcteristics. Tha electrical characteristics of the MIA
channel shal l  be as specified in  MC615-0010.

3.2.1.5.7 Dats Bus. The GPC design shall incorporate 8 MIA as defined is 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  HeatDissipation. The GPC design shall provide for MIA heat d issipat ion as
defined in  MC615-0010.

3 .2 .1 .5 .9  Mechanical Design. The MIA shall be instal led in  accordance with the
mougting provisions as defined in MC615-0010. The MIA shall not be subjected to
vibration levels in  excess of the criterias defined in  MC615-0010.

3 .2 .1 .5 .10  Dats BusInterconpection. Unless othervise approved by ths buyer,  the
interface cable from the GPC LRU output connector J5 to the data bus coupler pin con-
gections shal l  be two-conductor, twisted, shielded, jacketed cable having a distr ibuted
capacitance of less than 22 pf per foot and an impedance of 70 obms plus or minus
10  percent.

3.2.1.5.11 Data Bus Transfer Methods.

3.2 .1 .5 .11 .1  Modulstion. The modulation shall be in accordance with MC615-0010.

3.2.1.5.11.2 Data Code. The data onde shall  he in accordance with MC615-0010,

3.2.1.5.11.3 Dats Rate. The dats rate shall be in accordance with MC615-0010.

3.2.1.5.11.4 Messsgs. The message shall be in sccordance with MC615-0010.

EC AM VW 13]  ===2 REV 2-70
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Table XI. IBM MDMIA Interface Connector Signal List

MDMIA Connector = IBM Part No. 6135907-1

Pin Ne. Mnemonic Name

-1 BUSY (B) MIA Busy Not
-2 ME (B) MIA ERROR (Val id Word Not)
-3 RCS (3) Received Command Syne
be SDI (B) Receive Data (Serial Data In)
-$ +5 Vde (Logic)
-% Dower RIN

| -? +5 Vdc (Logic)
-§ Pover BIN
-*

-10 §11TC Pover Supply Clamp
a l

EI
«23 Pover
-14 =12 Vde
«15 Pover RIN
16  12 Vde
-17 Pover RIN
-18 +12 Vde
-19 Pover RIN
«20 +12 Vde
-21 Pover RIN
22
-23 EOW (A) MIA End of Word Not
=26 | BUSY (A) MIA Busy Not
-25 Chassis GND
=26 16 MHz 16 Miz Clock
-27 ZOW (B) MIA Ead of Word Not
-28 TXCS (3B) Transmit Command Sync
-29 TXE (B) IMIT ENABLE
- 0  LDR (B) Load Data Register
=-31 REG CLK (3B) Register Clock
-32 SDO (B) XMIT Data (Ser ia l  Dats Out)
-33 XE  (A) . IMIT ENABLE
-34 SDI (A) Receive Data (Ser ia l  Data Ia)
-35 LOR (A) Load Data Register
-36 REG CLX (A) Register Clock
-37 SDO (A) XMIT Dats (Ser ia l  Data Out)
-38 RCVE (A) Receive ENABLE
«39 RCVE (B) Receive ENABLE
-&0 BST Resar.

be ——
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Table XI. IBM MDMIA Interface Connector Signal List (Cont)

MDMIA Conpector = IBM Part No. 6133907-1

Pin Neo. Mnemonic Name

= ]  BUS L (A) Serial Dats Bus Low
42  BUS B (A) Serial  Data Bus High
-43 BUS C (A)  Serial Data Bus Common (XFM SHIELD)
body BUS C (B) Ser ia l  Data Bus Common (XFM SHIELD)
4S BUS L (3) Serial  Data Bus Low
46 BUS B (B) Serial Data Bus High
-47 RCS (A) Received Command Sync
-48 TXCS (A) Transmit Command Sync
-49 ME (A) MIA ERROR (Va l id  Word Not)
=-50 Chassis GND

NOTES: Subscript (A) designates signals to lef t  MIA,
Subscript (B) designates signals to right MIA.
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3.2.1.5.11.5 CommandWord Swnc. The command word sync shall be in accordance with
MC615-0010. |

3 .2 .1 .5 .11 .6  Data Word Swng. The data word sync shal l  be in  accordance with
MC615-0010.

‘ 1  3 .2 .1 .5 .11 .7  Transmission Line. The transmission line shall be in  sccordance with
MC615-0010.

3 .2 .1 .5 .12 .1  Output Circuit Vo l tage.  The output circuit voltage shal l  be in  accord-
ance v i th  MC615-0010.

3 .2 .1 .5 .12 .2  Oytpyt Waveform. The output waveform shall be ia  accordance with
MC615-0010,

3.2.1.5.12.3 I ransmi t te rOutput Noise. The transmitter output noise shall be no
grester than 75 MV P-P,

3 .2 .1 .5 .12 .4  Transmitter Off Impedance. The transmitter off impedance shall be a
minioua of 6,000 ohms in parallel with 150 picofarads line-to-line from 330 KH; to
1.5 M4,.

3 .2 .1 .5 .12 .5  Qutput Waveform Distort ion. The output waveform distortion shall be in
sccordance with MC615-0010.

3 .2 .1 .5 .13  Input Ci rcu i t  Character is t ics .

3.2 .1 .5 . ,13 .1  Input Cireui t  Coumon Mode Reiect ion. ‘The input circuit characteristics
shall be in  accordance wi th MC615-0010.

3 .2 .1 .5 .13 .2  Input Circui t  Impedance. The input circuit impedance shal l  be a minimum
of 6,000 ohms in  paral le l  with 150 picofarads line-to-line from 330 KH; to 1.5 MH.

3 .2 .1 ,5 .14  DMIA Signal  Character ist ics Measurement, The DMIA signal output and input
characteristics shal l  be measured at  the GPC counector pins noted in Table 1 GPC
connector JS.

3 .2 .1 .6  Comnagd and Dats Word Formats.
3 .2 .1 .6 .1  Data Form. Digital data shall be transmitted in  binary form compstible with
the uessage and vord formats defined in  this specif ication. Any unused bi t  posi t ions
in  8 vord shall  be tranmitted as logic zeros,

3 .2 .1 .6 .2  Command Word. A command word shall consiat of a command sync vaveform, DMIA
address, control f ie ld,  snd parity bi t  (Figure 10).

3 .2 .1 .6 .2 .1  Svne. The coumand syuc wavelo.n 3hil l  be as def ined in  MC615-0010, The
vidth shai i  be th.ee b i l  t ines, with the woveform being posi t ive for the f i r s t  one and
one-half b i t  times and then negative for the following one and one-half b i t  t imes.
Noce that i f  the next b i t  fol lowing the sync is  a logical  zero, the las t  half  of the
sync vavefora vi l l  have an apparent width of two clock periods because of the
Manchester encoding,

FOAM M 131===F ACV 2-70
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COMMAND ADDRESS PARITY
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3 .2 .1 .6 .2 .2  Address. The next f ive b i ts  following the syne shal l  be the address af
the interfacing subsystem to receive the command. This permits a maximum of 32 DMIA's
to be attached to any ote data bus, although the maximum is  l imited to 20 for system
considerat ions.  An 01000 code shal l  indicate a decimal address of 8,  which sha l l  be
the common IOP address. An s l l  " 0 ' s "  code shal l  be a nonvalid DMIA address. The most
signif icant b i t  of the address shal l  be transmitted f i rs t ,

3 .2 .1 .6 .2 .3  Sypbrol Ladd. Interfacing subsystems that make use of the 19 b i t s  of the
control f ie ld (following the address f ie ld)  shall be used as described in Specif icat ion
MF0004-036. IOP to IOP data transfers use the command word formats shown in  Table XI1
aad Figure 10.

om

Table X11. Command Word Format for the I0P to IOP Data Transfers

Item Posit ion | Description

a 1 through 3 Compand Svne: Three b i t  nonvalid Manchester code
deficed in  3 .2 .1 .6 .2 .

b & through 8 JOP Address: This 5-bi t  code designates vhich IOP
is to  receive the command word aud/or data words.
Each IOP has a common IOP address which is 01000

. and a unique IOP address (s tat ion I .  D.).

¢ 9 through 27 Control F ie ld :  A 19-bi t  program counter sett ing
or index pointer f ie ld .

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 b i t s ,  The parity bit  shall be assigned a value, so that the to ta l  number
“ones” in the vord is  odd (odd parity).

3.2.1.6.3 Deleted.

3 .2 .1 .6 .3 .1  Interwvord Gap Times.

J .2 .1 .6 .3 .1 .1  10P=-to=-Subsvstem Transfers. The I0P under CPU control shal l  issue a
s ingle command for data acquisit ion ( input to IOP) or shall issue a command fol lowed by
the speci f ied number of dats vords (output from IOP).  The command and data words sha l l
be transmitted ia a continuous fashion wi th sn 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  Suybsvstem—to~I0P Transfers. The IOP shal l  issue a transmit command t o
the subsystean. The subsystem sha l l ,  af ter  command ver i f icat ion,  transmit dats words
back to the IOP from SS to 25 microseconds af ter  receipt of the las t  b i t  of the command
vord, except for subsystems wi th long latency times (response t ime) such as the mass
gesories and the launch bus (ground equipment, SRB's) .  In  these cases, the subsvstea
shal l  transmit dats to the IOP within S$ microseconds minimm and 4.1 seconds maximue,
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Por block transfers of data consisting of consecutive 512 (16-b i t )  word blocks, the
ioterblock gap time shall be 5 microseconds minimum and 0.6 seconds maximum, The data
vords shal l  be transmitted in  a continuous fashion wi th an intervord gap time of from
3 to 7.125 microseconds.

J .2 ,1 .6 .3 .1 .3  10P-to-I0P Transfers.  The IOP sha l l  issue a command to another IOP,
fol loved by data.  The command and data words shal l  be transmitted in  a continuous
fashion vith an iatervord gap time of 5.5 plus or minus 0.5 microseconds. These gap
times are for command words followed by dats and between consecutive data words.

3 .2 .1 .6 .4  JOP Output Data Word. The IOP dats word transmitted to interfacing
subsystems shall  consist of a data sync waveform, dats b i t s ,  sa check pattern (101), and
a parity b i t .  (See Figure11 and Table XI I I . )

Table XI I I .  IOP to Interfacing Subsystem Data Word Format

Item Posi t ion Descript ion

8 1 through 3 Dats Swnc F ie l d :  Three-dit nomvalid Manchester
code defined in  parsgraph 3 .2 .1 .6 .4 .1 .

b & through 8 Terminal Address: This S5-bit code designates
vhich subsystem is  to receive data.

c 9 through 24 Data F ie ld :  Sixteen-bit dats in  binary form.
Bi t  9 is  the most s igni f icant b i t  (MSB). Bit  24 is
the least significant b i t  (LSB).

d 25 through 27 Check Pat tern:  This pat tern sha l l  be a 3-bi t  check
pattern snd shall always be a 101 pattern. (This
code is  used as an addi t ional  error check on trans-
mitted dats.) This pattern will be decoded by the
interfacing terminal,

e 28 . a r i tv :  This b i t  shal l  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 vaveforn shall be defined in MC615-0010. The width
shal l  be three b i t  t imes,  v i th the vaveform being negative for the f i r s t  ome and
one-half b i t  t imes, and then posit ive for the fol lowing one snd one-half t imes.  Note
that i f  the b i t s  preceding and following the sync are logic  ones, then the apparent
vidth of the sync vaveform wi l l  be increased to four b i t  times.

3.2.1.6,6.2 Terminal Address. The next five b i ts  following the sync f ie ld  shall  be
the address of the receiving terminal.

IY
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3.2.1.6.4.3 Data. The 16 data bits following the address f ield shal l  be ut i l ized by
the interfacing subsystem. The b i t  positions shall be as defined in paragraph
3.2 .1 .6 .7 .

3 .2 .1 .6 .4 .4  Check Pattern. Three b i ts  of a coded check pattern shall  fol low the
dats f ie ld,  The check pattern shall be 101 as shown in  Figure 11,

3.2.1,6.4.5 Parity. Bit 28 in each dats word shall be used for odd parity over the
preceding 24 b i t s .  The parity bit shall be assigned a value so that the to ta l  number
of “ones” in the 24-bit f ie ld is odd.

3 .2 .1 .6 .5  10P Inout Data Word. The IOP iaput data vord (transmitted to the IOP from
subsystens) shall consist  of data syne, datas b i t s ,  an error pattern, and sa pari ty b i t .

3 .2 .1 .6 .5 .1  Swne. The sync vaveform shal l  be as speci f ied in paragraph 3 .2 .1 .6 .4 .1 .

3 .2 ,1 .6 .5 .2  Jesmival Adress. The next f ive b i t s  following the sync f ie ld shal l  be
the address of the terminal (interfacing subsystem) that is  transmitting data to the
10P.

3 .2 .1 .6 .5 .3  Data. The 16 b i ts  following the address f ie ld shall consist of data
requested by the IOP. The b i t  posit ion shall be as defined in paragraph 3 .2 .1 .6 .7 .

3 .2 .1 .6 .5 .4  Subsvstem Error Pattern. The next three b i ts  (25,  26, and 27) sha l l  be
used for subsystem error indications (refer to Table XIV) .  The error pattern shal l
be 101 for a no-error condition.

3.2.1.6.5.5 2arisy. The last bit  in the word indicate odd parity on the preceding
24 b i ts ,

3 .2 .1 .6 .6  IOP Input Status Word. A status word shall  connsist of a data sync wave-
form, subsystem address, status f ie ld,  flag b i ts ,  and a parity bit  (Figure 11).

3 .2 .1 .6 .1 .1  Swvne. The sync vaveform shall be as specif ied in  paragraph 3 .2 .1 .6 .4 .1 .

| 3. ,2.1.6.6.2 Subsvstem Address. The S-bit address f ie ld  (fol lowing the data syme)
shal l  contain the address of the subsystem sending the status vord.

3 .2 .1 .6 .6 .3  Status Yield. The 16~-bits (B i t s  9 through 24) fol lowing the address
f ie ld  shal l  be ut i l ized for providing status information om the interfacing subsystem,

3 .2 .1 .6 .6 .4  SEY Error Pattern. B i t s  25, 26, and 27, vhich represent the SEV b i t s  as
specif ied in paragraph 3 .2 .1 .6 .5 .4 ,  shall be set in  a 101 pattern that represents a
ao~-error cond i t ion ,  SEV errors sre indicated in data vords omly, sot s ta tus words.

3 .2 .1 .6 .6 .5  Parity. The las t  bit in  the word sha l l  be used for par i ty over the
preceding 24 b i t s ,  Odd parity shal l  be as defined in paragraph 3 .2 .1 .6 .4 .5 .

3 .4 .1 .6 ,6 .6  Bi t  Fositioca. The u i s t  signif icent b i t  of s data word sha l l  be trans-
mitted f iTsz ,  The 2umber of d i t e  requi red te daf ine 2 quantity sha l l  be 16 b i t s  and
shal l  be cons is tent  vi th the resolution or accuracy required, Iu  the event double
precision quanti t ies (information gccuracy or resolut ion requiring more than 16 data
b i ts )  aretransmitted, the most signif icant half shal l  be trsummitted f i r s t ,  £, l loved
by the least significant haléf,
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. Table XIV. Dats Word From Subsystem to 10P (Response Data Word)

Item Position

a 1 through 3

b & through 8

e 9 through 24

4 2%

e 26

£ 27

3 28

PORM M $J]~mi=g ACV 2.70

Description

Pata Swac Fie ld:  Three-bit nonvalid manchester code

Terminal Address: This 35-bit code i s  the address of
the terminal that is  transmitting data to the IOP.

Dats F ie ld :  Sixteen bi ts of subsystem data are
binary form. Bit 9 is the most significant b i t .
Bit 24 is the least significant bit.

$ (Power Transient)  F lag:  This bi t  wil l  indicate to
the IOP that  a pover transient has occurred in  the
subsystem since the last  command. A logical one
shall indicate no power transient. A logical zero
shall indicate a power transient occurred.

 (B r ro r )  Flag: This b i t  indicates 8 parity error
has occurred in the subsystem ( i . e . ,  a parity error
on an MDM serial channel) from an interfacing sub-
system. Logical one indicates a parity error.
Logical zero, no error,

¥ (Validitv) Flag: This bi t  indicates validity of
the subsystem. This b i t  is  set to a logical zere to
indicate that the subsystem is unable to transfer
data. A logical one indicates valid dats. A log-
ical  zero, nonvaelid data.

Parity: This bi t  indicates odd parity oa the eatire
24-bit data vord (excludiag sync).
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Table XV. Status Word Format Description FromSubsystemto IOP

Iten Posi t ion Descr ip t ion
PE

8 1 through 3 ¢ Field: Three-bit nonval id Manchester code.
See paragraph 3 .2 .1 .6 .4 .1) .

b & through 8 Terninal Address: A 5-bi t  code which sha l l  indi-
cate the address of the termina. vhich i s  transmit~-
t ing t he  da t s .

c 9 through 24 Status F ie l d :  This 16-bi t  f ie ld  indicates the
status of the interfacing terminal .  Typical
examples of s ta tus  might be:

1.  MDM instruct ion counter in error
2. I l legal  command
J.  Circuit  module errors
&. Ser ia l  channel errors
3. Analog channel errors
6. D iscre te  channel errors
7. laternal pover supply status

d 25 } fixed pattern (S)*

e 26 0 fixed pattern (E)*

g 27 1 £ixed pattern (V)=*

"Bits 25, 26, and 27 shall indicate s no-error
condition,

g 28 BP(Parity): This b i t  indicates odd parity on the
24-bit status vord, excluding sync.

3.2.1.7 ror Bandli Status Monitori nd Control. The IOP shal l  provide the
error hand l ing,  s ta tus moni tor ing,  ard error control  sct ions for errors detected in the
IOP, This capab i l i t y  sha l l  be provided to respond to errors generated by a l l  func-
t ional  elements of the IOP.

3 .2 .1 .7 .1  Dats Input Error Bandl ing. The 10P shs l l  detect  errors on input data on a
message level .  Message leve l  detect ion is defined to mean that the error s ta tus  word

| sha l l  d is t ingu ish which types of errors occurred during a message recept ion ( t rans-
a iss ion of data to th is IOP from an interfacing terminal or other IOP). The IOP sha l l
go t  store erroneous data in  main memory sor she l l  the IOP s to re  va l id  data received in
82 10COr rec .  dswos,; Locat ion.

3 .2 .1 .7 .1 .1  Miss ion  Word Error .  Whenever a missing word error (gaps im excess of
38 microseconds) is  detected (except for the f i rs t  word of « message) on a word for
vord basis in  a message, the current instruction being executed sha l l  be terminated.
The time-out b i t  (B i t  26, TO) in the BCE status reg is te r  sha l l  be set ,  the BCE sha l l
ecter the vai :  s ta te ,  and status B i t  1 of the BCE (NO=-GO b i c )  sha l l  be set to zero.
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3 .2 .1 .7 .1 .2  Dats Receive Failure. Failure of the f i rst  data word to arr ive a f ter  an
I0P command for data vithin the time specified in  paragraph 3 .2 .1 .6 .3 .1  sha l l  cause the
BCE init ial time-out (ITO) b i t  to be set .  The current instructions sha l l  be terminated,
the BCE shal l  enter the wait s ta te ,  and the NO-GO b i t  (status B i t  1) of the BCE sha l l
be  se t .

3 .2 .1 .7 .1 .3  Ji t  Count, Paritv or Mgnches te rErrors. These errors are DMIA detec ted .
When a vord is  received having bad parity, invalid manchester coding, or less than
25 b i ts  (excluding sync character) ,  the NO=-GO b i t  (Status B i t  1) sha l l  be set and the
“P* b i t  in  the status register shal l  be set .  The BCE shall  then enter the “Wait S ta te . ”

3 .2 .1 .7 .1 .4  Delered.
3 .2 .1 .7 .1 .5  SEV Bi t  E « I f  the SEV b i t  pattern in  the received data word was not
a 101 pat tern,  the respect ive S, E, or V b i t  shal l  be set in  the BCE status reg is ter .
The No-Go b i t  ( s ta tus  B i t  1) sha l l  be set and the BCE sha l l  enter the wai t  s ta te .

3 .2 .1 .7 .1 .6  Ierminal Mismatch. Error bandling for terminal mismatch ( i . e . ,  the
designated terminal address requested by the IOP for data does not compare wi th  the
received data terminal address) i s  identical to that for SEV b i t  errors (paragraph
3 .2 .1 .7 .1 .5  except the T™™ b i t  is  set in  the BCE status word.

3 .2 .1 .7 .1 .7  Incorrect Swvic. While executing a8 receive data instruct ion, as input data
word with command sync was received. The SE b i t  in  the BCE status register shal l  de
set .  Other act ions sha l l  be identical to paragraph 3 .2 .1 .7 .1 .5 .

3 .2 .1 .7 .1 .8  Data Input Error Sucmazy. Table XVI is  a summary of .aput error act ions.

3 .2 .1 .7 .2  Compand /Ds t sOutput Error Handling. The IOP shall  detect  errors on dats or
command ou tpu ts .  The fol lowing errors shal l  be detected as a minimum,

3 .2 .1 .7 .2 .1  I ln te rvordGap Time. When the interwvord gap time exceeds six microseconds
due to memory content ion,  the BCE shal l  set the NO-GO b i t  ( s ta tus  d i t  1 in  the BCE
status reg is te r ) ,  and the 70 b i t  in  the BCE status word. The transmit data instruction
shal l  be terminated, and the BCE sha l l  enter wait  s ta te .

3 .2 .1 .7 .2 .2  isabled Transmitter Transmit D I ion, When the IOP tr ies to
output a command or datas vord to a d isabled DMIA transmitter,  the BCE shal l  set the
NO=GO b i t  and the XMT b i t  in  the BCE status word. The current iastruction shal l  be
terminated, and the BCE shal l  enter the wai t  state.

3 .2 .1 .7 .2 .3  Data Output Error Summary. Table XVII is  a summary of output error action.

3 .2 .1 .7 .3  I IOP Error Handling. The IOP sha l l  detec t  internal faul t  condit ions
vithin each functional element of the IOP. As a minimum, the fol lowing errors sha l l  be
detected and the correct ive ac t ions  indicated sha l l  be implemented.

3 .2 .1 .7 .3 .1  l l l ega l Op Code. Whenever an i l legal  op code is  detected dy the MSC or »
BCE, the MSC or the 8CE sha l l  enter the vait s ta te .  <The MSC or ECE shal l  set the NO-GO
(s ta tus  1) b i t  in  the MSC or BCE ststus reg i s i e r ;  and, i f  an MSC detec ted  error ,  the
MSC sha l l  set the I b i t  (B i t  29) in the MSC status reg is te r .  I f  i t  is  8 BCE detected
i l legal op code, the BCE shall  set the I b i t  (B i t  29) of the respective BCE status
register.

Se  See  we  SBS - a AE Pe
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Table XVI. Summsry of BCE Exror Modes

Error Detected
Type By Action

1.  Missing Word BCE Set NO-GO b i t
(Look Ahead) Set Status B i t  26

Terninate lustruction
Eater Wait  s ta te

2. Tirst Data Receive BCE Device Set NO-GO b i t
Fai lure Response Time-out Set Status B i t  25

Terminate instruct ion

3. Bad Pari ty MIA Set NO-GO b i t
Invalid Manchester Set Status B i t  4
Bi t  Count Error Terminate instruction

Enter Wai t  s t a te

&, SEV BCE Set NO-GO b i t
Set Status B i ts  5,

6, or 7
Terainate instruct ion
Enter Wait  s ta te

5. Terminal Mismatch BCE " Set NO-GO b i t
Set Status B i t  3
Terminate instruction
Enter Wait s t a te

é. Command Sync Data BCE Set NO-GO b i t
Traosuission After Set Sta tus B i t
First Word Terminate instruction

Enter Wai t  s ta te

3 .2 .1 .7 .3 .2  ECC Errors. The ECC scheme is  to correct a l l  s ingle errors and de tec t  a l l
double errors. Am ECC error is any uncorrectable error that is  detec ted.

3 .2 .1 .7 .3 .2 .1  [ECC Error - Instruction. When the CPU de tec ts  an ECC error on a DMA
instruction read, the CC sha l l  force an i l lega l  op code to the MSC or BCE which sha l l
then axecute the i l lega l  op code as specif ied in paragraph 3 .2 .1 .7 .3 .1 .  The CPU sha l l
issue an interrupt to indicate that sn ECC error was detec ted.

3 .2 .1 ,7 .3 .2 .2  ECCErzo r = Data. When the CPU de tec t s  sn ECC error on a DMA data read,
the CC sha l l  inhibi t  dats transfers to local s tc re .  The IOP sha l l  continue operat ions,
the BCE shal l  time-out cor hang vp, and the MSC shsll) Joop indef in i te ly.  The CPU sha l l
issue as interrupt to indicate that an ECC error vas detec ted.

3 .2 .1 .7 .3 .2 .6  Miero-Store Par i tv  Frror. Micro-stores (read only store (ROS)) par i ty
errors sha l l  be detected by ROS decode log ic .  When a par i ty error is  de tec ted ,  the IOP
shal l  issue an interrput to the CPU (Interrupt Number 26 from Table I I I ) .  The IOP
sha l l  eater the reset  mode to give posi t ive respocse to the CPU of che IOP reset
condi t ion .  The IOP shal l  also set the control  monitor interrupt ( In ter rupt  Number 25
from Table I l l ) .
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Table XVII. Summary of BCE Error Modes

Error Detected
Type By Action

I l legal op code BCE or MSC BCE or MSC sets NO=GO b i t
BCE or MSC sets Status Bit  29
Eater Wait state

Boundary aligtment BCE or MSC Set NO-GO b i t
erro?

MSC stteupt
to load or s tar t
a busy BCE

DMA cycle time-out

Queque overflow

Voter fai l  latch

ROS parity

Clock failure

Watch~dog timer
time-out

Fai lure in data
f low, local store,
channel contro l ler ,
MIA bu f fe r ,  or MIA

"ECC Error DMA
isstructions read

ECC error on
DMA data read

Disab led
transmitter os
transait dats

Output intervord
gap > 6 usec
due to memory
eontention

FORM M JJl~ei=2 ALY 2.70

MSC

Channel controller

i Channel control ler

R/N logic

ROS decode logic

Timing detect  logic

R/M logic

Self-test
instructions

Channel control ler

Channel control ler

3CE

BCE

Set Sta tus B i t  28
Enter Wait  S ta te

Set Status B i t  25 (S ta r t  1/0)
Set Status Bi t  26 (Load PC)
Set Status Bit 27 (Load

Base Register)
Begin next instruction

Interrupt CPU
Clear DMA channel

Interrupt CPU

Interrupt CPU, 10P resets
and sets C/M interrupt i f
termination contro l  is  ON.

Interrupt CPU and IOP resets

Interrupt CPU and IOP resets

Iaterrupt CPU and IOP resets
and sets C/M interrupt i f
termination control is  ON.

Sets NO-GO b i t  in  the
appropriate processor and
enters the Wait s ta te

Channel control ler  forces
i l legal op code; processor
executes i l lega l  op code
sequence.

Abort t ransfer ,  processor
times~cut or hangs 3p

BCE sets  NO-GO b i t
BCE sets S ta tus  B i t  23
Terminate instruction
Eater Wait s t a te

BCE se ts  NO=GO b i t
BCE se ts  S ta tus  B i t  21
Terminate instruct ion
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3 ,2 .1 .7 .3 .3  (Clock Failure. Clock fa i lure is  determined by the 10P timing error
detect ion log ic .  When a c lock fai lure is  detected, the IOP sha l l  issue an igterrupt to
the CPU (Interrupt Number 27 from Table I1 I )  and sha l l  reset .  The reset  ac t ion  sha l l
set loterzupt Number 25 (C/M i d l e )  to give a posi t ive indicat ion to the CPU of the IOP
Teset  mode.

3 .2 .1 .7 .3 .4  HNgtchdog Timer. When the R/M watchdog timer t imes-out,  the IOP sha l l
issue an interrupt to the CPU (Interrupt Number 23 from Table I I I )  and the IOP sha l l
reset  i f  the termination control latch is  ON and sha l l  also issue Interrupt Number 25
(C/M id le )  to the CPU to give 8 posi t ive response to the CPU of the IOP reset  condi-
t ion.  Watchdog t imer errors are detected by the redundancy masvagement l og i c .

3 .2 .1 .7 .3 .5  R/M Voter Fa i lu re  Latch.  The R/M log ic  shal l  de tec t  vo ter  fa i lu re  ercors
and issue an interrupt to the CPU (Interrupt Number 24 from Table I I I ) ,  The IOP sha l l
also issue Interrupt 25 to the CPU for pos i t ive indicat ion of the IOV reset  cond i t ion
i f  the terzination cont ro l  lagch is  ON.

3 .2 .1 .7 .3 .6  Boundary Al ignment,  When decoding odd boundary iast>uct ions (op codes of
1,111 branches to the boundary alignment rout ine) the BCE or MSC sha l l  enter the wai t
state upon detect ing th is  type of error. The BCE or MSC program counter sha l l  po int  to
the of fending instruct ion. The BCE or MSC shal l  set the NO-GO b i t  (Stat  1) and sha l l
set the s ta tus b i t  in  the respective M3C or BCE sta tus word. (B i t  28, BA for BCE, and
Bi t  28 BA for MSC.)

3 .2 .1 .7 .3 .7  Load BCE. Whenever the MSC attempts to load & "Busy" BCE with a base
reg is ter  set t ing,  program counter se t t ing ,  or a star t  I /0 instruct ion, the MSC sha l l
detect  this error condit ion. The MSC shal l  take the fol lowing act ion upon detec t ing
these errors:

8 .  Set the NO-GO bi t  (Stat 1) and set the appropriate status bit.

b. Do not load the BCE with the set t ing or instruction.

€.  Aad continue with the execution of the next sequent ia l  MSC instruct ion.

3 :2 .1 . ,7 .3 .8  Burst DMA Excess. The IOP enters the burst DMA mode when the number of
requests pending is  e ight  or more. The IOP shal l  stay in this mode unt i l  the number of
requests in  the QUEUE is  less than e ight .

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 control ler shal l  issue san interrupt to the CPU
(Interrupt Number 34 from Table I I I ) .  When th is  error occurs,  the IOP sha l l  c lear  the
channel and continue normal opera t ions.

J .2 .1 .7 .3 .10  Queue Overflow. When the queue overf lows, i . e . ,  more requests pending
than speci f ied,  the channel control ler shal l  issue an interrupt to the CPU ( In ter rupt
Number 33 from Table 111). The IOP, after having issued this interrupt, shal l  continue

normal  operat ions.

Hm Bes 44 * Pt cad  BEV A .A
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3 .2 .1 .7 .3 .11  Qther Errors. Errors involved with the data flow log ic ,  local  store,
channel control ler ,  MIA buffer, or  the MIA i t se l f ,  shall be detected by the IOP
sel f test  instruct ions. Whenever one of these errors are detec ted,  the IOP sha l l :

8 .  Set the FO-GO b i t  (Stat 1 of Zable iV in the appropriate BCE or MSC).

db. Inter the MSC or BCE Wait s ta te .

3 .2 .1 .7 .3 .12  I n te rna l IOP Error Summgry. Table XVII is  a summary of internal error
act ions.

3 .2 .1 .7 .4  Status Monjtor ing. The IOP sha l l  provide for the BCE and MSC an error
status word of at least  32 b i t s .  This status vord shal l  be used to indicate input/
output data e r ro rs .  The status werd sha l l  provide su f f i c ien t  d is t ingu ishab le  s ta tes to
uniquely ident i fy any or a l l  of the errors spec i f ied in 3 .2 .1 .7 .  The SEV error pattern
in the s ta tus word sha l l  be the log ic  OR of a l l  the data words received in the input a
message. The IOP sha l l  be capable of s tor ing the s ta tus word into main memory at the
end of the input message. The BCE shal l  provide the capabi l i ty 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 Fasil-Soft Overstion. The orbi ter  avionics system design
includes redundant computer elements aud subsystems for fa i l -operat ional / fa i l -safe
(FO/FS) requirements. The GPC design sha l l  al low no s ingle fa i lure that r esu l t s  in  the
transnission of information on more than ome interfacing subsystem channel. To sat is fy
f l ight  sa fe ty  requirements, the GPC sha l l  be fa i l -so f t  wi th respect to datas t ransfers
on the ser ia l  d ig i ta l  mult iplexed channels. Fai l -sof t  is  def ined as the method whereby
the GPC sha l l  not intezfere with the ab i l i ty  of other GPC's to communicate over any
one, any group, or a l l  of the ser ia l  digfral mult ip lexed channels. Fa i l -sof t  perfor-
vance sha l l  be provided under any s ingle GPC fai lure or whenever the input power is  out
of those l imi ts  required for fu l l  GPC performance or eny combination of s ing le  fa i l -
ures,  and input power fau l t  condi t ions.  I t  sha l l  be a GPC design goal to ensure that
i t  w i l l  exhibit  fs i l -sof t  operat ion for mul t ip le- fa i lure cases. The GPC sha l l  suto-
mat ica l ly  inhibit transmission (not recept ion) on the serial d ig i ta l  mult iplexed
channel whenever hardware BIIE indicates a fai lure condit ion that a f f ec t s  more than one
channel. :

3 .2 .1 .8 .2  a l  Svstem Redundancy Descr ip t ion.  The Space Shut t le  veh ic le  w i l l
include redundaut computer s tat ions and system elements for FO/FS f l ight  safety  consid-
erat ions.  Each system-cr i t ical  data bus w i l l  interface vi th each computer. The bus
inter face netvork sha l l  provide each computer wi th the capab i l i ty  to serv ice norz=al and
backup system control  and monitor funct ions.  Control  of redundant subsystem elements
v i l l  normally be distr ibuted among the computer stat ions.  A dedic-ted-hierarchical
assignment v i l l  be determined by the computer configuration management sof tware.  To
fac i l i t a te  the computer vot ing slgorithms ( fo r  fai lure detect ion and other consider-
at ions)  and minimize couf igurat ion management response t ime, each IOP sha l l  cont ro l
Ciimiwatations 3 te lected data buses and monitor communications on other buses (where
tke other buses have a d i f ferent  control source).  For system essent ia l  power couser-
vation cases and for FO/FS considerations, each computer shal l  “be capable of coacrol
for a l l  interfacing buses.
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3 .2 .1 .8 .2 .1  Normal Ooerationgy. To sat isfy normal operat ions, the dats bus network can
be considered as a group of physical ly and functionally independent sets of buses.
Each set of buses w i l l  interface with redundant system elements, For a given bus in
the set ,  only one computer shal l  issue commands. The same computer shal l  be recept ive
(via l is ten mode) to received commands and to dats traff ic on other buses in the set.

3 .2 .1 .8 .2 .2  Concurrent Overations. Some system functions wi l l  require a concurrency
of command-response operations between the computer members of a redundant set .  Con-
currency within the d ig i ta l  software requirements wi l l  be wsintained by cooperative
mutual synchronizat ion betveen each computer s ta t ion,  Intercomputer synchronizat ion
tequirements w i l l  not be within the requirements for processing data bus t r a f f i c ;  i . e . ,
interbus data b i t  or data vord synchronization sha l l  not be an IOP requis i te ,  The
rvedundact subsystem responses are not synchronized, The processing of a l l  data bus
traf f ic  sha l l  be synchronized with the messages on esch individual data bus. In  par-
t i cu la r ,  l i s t en  mode data bus traff ic w i l l  be processed independently of other
operat ions,

3 .2 ,1 .8 .3  Redundancy Management Idolementation (RM). The IOP shal l  iaclude hardware
elements to support the redundancy matagement functions of the computer faul t  detec~-
tion, iso la t ion and reconfiguration. The elements shal l  cons is t  of the master sequence
contro l ler ,  the fai lure vote transmission log ic ,  the failure determinat ion log ic ,  the
transmission termination log ic ,  RM sel f - test ,  and the BRM d iscre te  receivers and drivers.

3 .2 .1 .8 .3 .1  RM Functions. The redutdancy management functions shal l  include the
fol lowing:

a. GPC faul t  detect ion:  Compare dsts teceived from other computers with i ts own
computer data.

b. GPC faul t  i so la t ion :  (1;  send failure vote indication to other computers, based
on the resul ts of the compare process, (2) indicate fai lures, (3) inhibit IOP
t rsnsnission of data,  (4)  ichibit d iscrete outputs, and (5)  inhibit own voting
participation,

cs GPC reconfiguration: Reenadle IOP transaission.

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

3 .2 .1 .8 .3 .1 .1  Master Sesuence Control ler (MSC), Computer faul t  detect ion is  accom-
plished by d i te  hardvare and such softvare techniques as dats comparison between
computers, i t s  error analysis,  and abi l i ty to synchzouwize GPC's. Fai lure opinions
spong GPC's shall be communicated to the crev panels by fai lure vote discretes.
Failure votes shal l  ba stored in  a fai lure vote register uuder MSC con t ro l .

3 .2 .1 .8 .3 .1 .2  Fai lure Vote Transmission logic. The contents of the fa i lure vote
register  shal l  be transmitted over IOP dedicated discretes.  The fai lure-vote register-
set votes shall be transmitted vhen a computer is determined as fa i led.  The failure
wets veg i s t c r  shall  Pa cece  he the was te r  power reset signal,  specif ied in
3 .2 .1 .5 .3 .3 .1 ,  : .

adds  ad  = RH s ry  A d , s & wa
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3.2.1.8.3.1.3 [IsilureDeterminst ion Logic. <The failure determination logic shall
coneist of a voter ,  vatchdog t imer,  and a fa i l  latch.

3 .2 .1 .8 .3 .1 .4  Yotezr. The voter sha l l  provide a voter—fai led signal vhenever at leas t
tvo fo the failure-vote d iscre te  signals are received as log ica l  omnes. The hardware
logic sha l l  not be dependent om the computer s tat ion locat ion.

3.2.1.8.3.1.5 Ja i l  Latch, Time—out Latch, apd Cogputer Fail Discrete. The fa i l  latch
contained in the IOP sha l l  be set whenever the voted-fai led s ignal  is p resent .  The
time-out la tch  shal l  be set whenever the watchdog t imer time-out s ignal  is p resen t .
Both la tches sha l l  be reset  by the master power reset  command. In case of conf l i c t
between set and reset  condi t ions,  the set condi t ions sha l l  have p r io r i t y .  The f a i l
la tch  output or the t imer la tch output sha l l  de t ransmit ted as a dedicated computer
fa i l  d i sc re te  from the I10P. The computer f a i l  d i sc re te  sha l l  be a logical  one whenever
the f a i l  la tch  or the time-out ' = t ch  are set.

' 3 . 2 .1 .8 .3 .1 .6  Vatchdog Timer. A watchdog timer shal l  provide a time-out s ignal  to set
a time-out ls tch vhenever the loaded time is  e lapsed.  The timer shal l  be loaded and
vead under PCO/PCI cont ro l .  The timer sha l l  have a resolut ion of at least  one milli~-
second,  The interval  to be measured sha l l  be at least  one second.

3 .2 .1 .8 .5  RM Self-Test. Suff icient s tatus s igna ls ,  reconfigurat ion, PCI comtro l ,  sad
test  comzands loadable under PCO contro l  sha l l  be included in the RM hardware to con~-
t ro l  snd detect  fa i lu res  in the fai lure vote t ransmission,  fa i lu re  determinat ion,  and
transmission termination log ic  to a probabi l i ty  of 0.99 or be t te r .  The test  commands
shal l  be used to inhibit the reception of fai lure vo tes ,  the trapsmission of fa i lure
votes ,  aod the computer fa i l  d iscretes.  Table XVIII is  a l i s t  of RM status register
bi t  posit ions and descr ipt ious.

Table XVIII. RM Status Register

Bi t  Description

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

2. Failure Vote A 0 =» No fai lure,  1 = Failure

3.  Tailure Vote B 0 = No fa i lure,  1 = Failure

4, Failure Vote C 0 = No fai lure,  1 = Failure

S. Failure Vote D 0 = No fai lure, 1 = Failure

3 ,2 .1 .8 .6  RM DiscreteRece i ve rs gnd Drivers. The RM hardware log ic  shal l  have the
capabi l i ty to rece ive  four dadizgted dircverer »nd dr ive five dedicated d isc re tes .  The
discrete interface sha l l  bea implemented as differential dr ivers and receivers as
specif ied in  paragraph 3 .1 .2 .3 .

FARM A 1 ' uad  BFW 9.780
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3.2.1.9 Cogpy te r /BenchTest Equioment Interface. The characterist ics of this
interface shall  be established by the sel ler.

3 .2 .1 .10  Support Software. The software requirements are defined in MC615-0002.

3 .2 .1 .11  Bench Test Equipment Interfgce. Por performance of ground tes ts  and
in ter faces,  the computer sha l l  be provided wi th  the capab i l i cy  cf i n te r fac ing  wi th  a
sys ten  monitoring console .  Via a unique BTE (bench tes t  equipment) or AGE connector ,
a l l  commputer vo l tages  sha l l  be capable of being external ly moni tored.  A l l  l ines
sha l l  be properly buf fered.  Capabi l i ty  sha l l  e f f ec t  the fo l lowing fumctious:

3 .2 .1 .11 .1  Memozv Load snd Verify. Memory load and ve r i f y  a l l  or any part  of memory.
The loading operat ion sha l l  u t i l i ze  a prewired boo ts t rap  subroutine such that mu l t i p l e
entry keyboard progrem loading sha l l  not be necessary. Capabi l i ty  for reading out any
spec i f i c  vord or a l l  contents of memory sha l l  be prov ided.

3 .2 .1 .11 .2  Sing le  S RO jon. The computer shal l  be capable of s topping at
end of present  instruct ion and executing one instruct ion at a t ime. I t  must then be
capable of resuming normal operation. (Restart . )

3.2.1.11.3 CPU or IOP Wait State. (Stop) the CPU or IOP shal l  each be capable of
being independently placed in an external pause at the conclusion of a speci f ied
complete MACRO instruct ion.

3 .2 .1 .11 .4  Memorv Dump. Main memory may be dumped in whole or in  part over the AGE
connector. Capabi l i ty  shal l  ex is t  to override error correction so that the dump data
v i l l  shov any memory error  conditions.

3 .2 .1 .11 .5  Reg is te rs ,  PSW, Timers,  Etc. Cspadi l icy sha l l  exist to read and load the
various hardvare reg is te rs .

3 .2 .1 .11 .6  Comtrol Store Dump. Capabi l i ty shs l l  ex is t  to dump in whole or par t ia l l y
the contents of the read only control store memories wi th in the CPU and IOP.

3 .2 .1 .11 .7  8i Step = MICRO Operation. The CPU or IOP sha l l  each be capable of
being independently stopped at the end of the present MICRO iamstruction for the
purpose of execut ing one MICRO instruct ion at a time.

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

3 .2 .1 .11 .9  Address Lines. Address l ines for main memory aud CPU and IOP comcrol
gemories sha l l  be ava i lab le  for the purposes of address  compar isons.

3 .2 .1 .11 .10  Data L ines .  A set of dsta l ines commensurate wi th the dats i tem being
addressed in  3 .2 .1 .11 .9  shal l  be svai lable.  Control  store data sha l l  not de
dynamically available.

3 .2 .1 .11 .11  Dwnagiz Data Extractice. The 2:22 itom presant an tha l i nea  {n
3.2.1.11.1C may be read in real time along vith i ts  address as specified in 3.2.1.11.9.

EIR  WLI  emma] 3E  2.00
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3 .2 .1 .11 .12  [Erczor StatusConditions. Various error conditions shal l  be avai lable as
they occur for both hard end soft errors as detected by hardware and/or microcode in
the CPU and IOP.

3 .2 .1 .11 .13  Status Indications. Various hardware and software status indicat ions
shal l  be available fros the CPU and IOP, These indicators shal l  include at leas t  the
following:

= Stopped/running conditions
= Pipe Line status.

3 .2 .1 .11 .14  Forced Execution of MicroOperations. This i tem is for potent ia l  d iag-
post ic  purposes and de ta i l s  sre TBD. the genera l  requirement is  20 be able to  load
the internal CPU and IOP micro contro l  reg is ters and force the execution of these
micro instructions one at a time (s ingle stepped).

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

3 .2 .1 .12 .1  IOPControl. The IOP sha l l  provide for control of IPL from the selected
external source to the GPC main memory. This control  sha l l  be v is  IPL microcode
instructions and discretes assigned for this function. The d iscrete interface
control  sha l l  be:

a. .GPC-IPL d i sc re te :  Switch input from the p i l o t ' s  panel when act ivated in  the
presence of “BALT" shall ini t iate IPL.

b.  Bal t  d iscrete input: When true, th is  d iscre te  sha l l  csuse an IOP reset  and
shal l  cause the CPU to enter the system reset  mode. The IOP reset sha l l  cause
the actions in 3 .2 .1 .5 .3 .3  to be completed.

¢ .  Standby d iscrete input: When true, this discrete shall cause td- 1I0P to enter
the standby mode.

d. Run d iscrete input: When true, the d iscrete shall cause the IOP to enter the
run mode.

fe. IPL indicator: The IOP shal l  issue an IPL indication vheun the IOP is  ia  the IPL
mode.

£. Mass Memory I ready - D iscre te  input to each IOP to determine the avai lab i l i ty
of the Mass Memory. This d iscrete w i l l  be used by the IOP logic to gain access
to the Mass Memory when i t  becomes ava i lab le .  I f  more than oue block of
program/dsta is  being loaded during IPL, the b locks w i l l  be chained snd the Mass
Memory v i l l  keep the “Mass Memory Ready" d isc re te  act ive and w i l l  not re l inquish
control  un t i l  the complete load module is  t ransferred in te  tha Cappuler Mumory.
This d iscrete w i l l  also be readable by the Computer coftwace to  determine Mass
Memory availabi l i ty for  normal operational use.

FEE AS 23]  ~ma] ORV 2-7)
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ge Mass Mgmory 2 ready = Same as "Mass Memory 1 ready” adove; but for Mass Memory 2.

3.2.1.12.2 IPL Groynd Rules.

8 ,  At least one mass memory vil l be operational before a computer i s  selected for IPL.

b. One computer vil l be IPL'd a t a time.

c. Once the defined program load has been completed, verification of dats shall beby
check sum.

d. Before loading the computer asmory, the entire memory vil l be conditioned with s
SVC(Supervisor Ca l l )  code to provide a trip i f  program execution deviates from
expected f low.

e. A l l  dats resd from the mass memory vi l l  be storage protected, computer storage
shal l  be loaded beginning st  memory location zero.

f .  The computer v i l l  operate required bus interfaces for loading as is  the normal
operational mode except that the computer wi l l  control storage protection of data
being transferred into memory over the DMA channel.

g. Any IPL error shall  leave the IPL indicator set. The indicator shall be
resettable only by recycling power.

he. The IPL load module shal l  be variable from 2 to 72 blocks of 512 halfuwords under
control of a constant to be supplied as part of the load module.

3.2.1.12.3 IPL In i t ia l  Conditions. The following conditions shall be initiated prior
to loading a computer memory:

a. GPC must be previously povered=-on,

b. GPC shal l  be in  the Ralt state by a discrete input from the crev panel.

¢ .  The IFL mode shal l  be set and latched by an IPL discrete input from a momentary
(crew panel) switch,

d. IPL discrete output indicator shall be in  the true stats.

l e .  The DMA store protect control shall be ON.

£. At least one mass memory (MM) IPL select discrete input shal l  be TRUE.

g- The selected mass memory ready signal shall be in the True state (ON).

3.2.1.12.4 IPLMechanizatfon. The GPC IPL mechanization shall include as a minimum
the fol lowing:

3 .  Init iated from crew panel,

b. * 10P control uses MM or M2 as the IPL source.

e. All data shall be store protected.

FOAM M 13 ]  =w=2 REV 2-70



COOE IDENT.NO. 03853
NUMSER REVISION LETTER PAGE

MC615-0023 TT  17 1 1 1 1 134

d. IPL load module size shal l  be 18,432 fullvords maximum.

es Mass memories shall  be dedicated to:

(1) BCE 18 for MMI

(2) BCE 19 for M2

3.2 .2  Phvsicsl Characteristics. The GPC shall bave the fol lowing physical
characteristics.

3 .2 .2 .1  Epvelopg. The envelope of the GPC shal l  not exceed the dimensions of one AIR
envelope as shown in Figure 12 Connectors shal l  be on the face indicated by Figure 4.

3 .2 .2 .2  Mounting. The mounting provisions of the GPC sha l l  be as shown in Figure 3.

3 .2 .2 .3  ¥eight. The weight of the GPC LRU including a l l  control elements, modules,
and pover suppl ies shal l  not exceed 70 pounds.

3 .2 .2 .4  Yolupe. The computer volume wi th 262,144 fu l l  vords of memory sha l l  not
exceed one LRU. The LRU case packaging sha l l  conform to ome standard AIR s ize .

3 .2 .2 .5  t Gravi Moments of 1 is .  The center of gravity (CG) sha l l  be
deterzined in three axis from a defined reference datum. The moments of inertia sha l l
be calculated about the CG of the GPC.

3.2 .3  Religbilitv. The fol lowing rel iabi l i ty requirements shal l  be included in the
design of the GPC.

3 .2 .3 .1  Fasteners. Thresded ports snd fasteners shal l  be posit ively locked to prevent
loosening during serv ice.

3 .2 .3 .2  Cireyit Protection. GPC circuit protection shal l  be provided in  accordance
vith Speci f icat ion MF0004-002.

3 .2 .3 .3  Parts Se lec t i on .  E lect r ica l ,  e lect ron ic ,  and electromechanical  piece pacts in
nev and modi f ied por t ions of the computer design are to be se lected and app l ied  in
accordance with the Orbiter Project Parts L is t  (OPPL), MF0004-400. Of f - the shelf (OTS)
elements of the computer design are to be ident i f ied by the se l l e r ,  and necessary
speci f ic  exemptions from OPPL requirements for  OTS elements v i l l  be author ized by the
buyer a f te r  review of se l l e r ' s  EEE parts se lect ion,  appl icat ion,  and exper ience.
Non-exempted OTS elements of the design are to meet the same requirements as sev and
aodif ied port ions of the design.

3.2.4 Maintainabjlity.
3 .2 .4 .1  Design Allocations. The design shal l  sat isfy the following maincainabi l icy
o l l p ra r j ang :

8,» The GPC shal l  have the capabil i ty im conjunct ion wi th ground support equipment
(GSE), i f  appl icsble,  to iso late any discrepancy to the malfunctioning LRU or
onboard verif ication of LRU functional performance af ter  instsllationm within f ive
minutes.

PORM WM 13] =e ]  REV 3.70
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bs Scheduled maintenance required for equipment shall  be limited to replacement of
time/cycle sensit ive equipment,

ce The GPC shal l  be designed to sllow failed subassemblies to be replaced in 0.3
hours or less af ter  fa i lu re  ident i f icat ion.

d. The GPC sha l l  be designed to al low bench ver i f icat ion of the GPC interfaces and
internal functions within 0.3 hours using sui table support equipment in the
maintenance area.

3 .2 .4 .2  Design Features. The design shal l  incorporate the fol lowing maintainabi l i ty
features.

3 .2 .4 .2 .1  Maiotenanycs.

a. The GPC shal l  mot require scheduled maintenance except as oted in  3.2.4.1(db) .

b. The GPC shal l  be designed to preclude the use of specis l  too ls  end equipment for
s i te  maintenance and repai rs .  Special too ls ,  i f  required, and approved dy the
buyer, shal l  be designed to withstand the intended use throughout the l i fe of the
equipment.

c. The GPC shal l  de designed to sa t is fy  the requirements of an LRU.

d. LRU's shal l  be designed so that routine corrective maintenance can be sccomplished
by the replacement of Shop Replaceable Units (SRU's ) .

e. SRU's sha l l  be designed so that maintenance ac t ions not requir ing extensive refad-
r icat ion,  refurbishment, or overhaul can be accomplished at the shop level  of
maintenance. Correct ive maintenance of SRU's sha l l  be sccomplished by the
replacement of minor subassemblies or piece par ts .  SRU's sha l l  be designed to
preclude the loss or dropping of hardware which could cause internal damage or
affect the LRU's serviceabi l i ty  or increase maintenance t ime.

£. Scheduled maintenance of the GPC vhen in  i t s  instal led configuration shal l  be
limited to the maintenance and repair areas.

gs The necess i ty  for  any maintenance servicing or checkout tasks,  other than bui l t - in
test  capabi l i ty ,  to be accomplished during f l ight  is  prohibited.

h. Items requiring forming ( ro l l i ng )  or welding of at taching surfaces at disassembly
points shall  be designed so that removal of material upon dissssembly during
tepai r ,  overhaul,  or modification does not destroy or render unusable any repair-
able subassemblies or components of the i tem.

i .  Suitable varnings shall be provided on instruction plates or service placards i f
hazardous condit ions exist vhen maintenance is  performed.

jo saw e:l design sha l l  nut reguice preinstal lat ion acceptance checkout n r i n r  to use,

k.  The GPC sha l l  be designed s0 as to preclude the need for on-line support equipment.
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Maintenance Materigls. No mater is ls or procedures shal l  be required for
maintenance act iv i t ies at any assembly level of equipment that w i l l  resu l t  in
requirements for highly specia l ized ek i l l s ,  sophist icated manipulat ive techniques,
or extended maintenance task t imes.

Scheduled Overhaul. The computer shal l  not require scheduled overhaul wi th the
except ion of battery replacement.

Ca l ib ra t ion /Ad iys tmept .  Adjustment or cal ibration of the computer sha l l  not be
perai t ted at the LRU leve l .  Adjustments shal l  be permitted at the SRU leve l  as a
resul t  of SRU repair ac t ioms. -

Diagnostic/Modulgrity Capgbilitv., The computer sha l l  be log ica l ly  and e lec t r i -
ca l l y  designed wi th  modular features integrated wi th  BITE to f ac i l i t a te  the
locat ion  and replacement of malfunctioning modules through ground d iagnos t i c
programming.

lime Tot%alizing Meter. Each GPC shal l  be provided with a time tota l iz ing mete:
mounted on the front. The meter shal l  conformto MIL-M=7793. The glass shal l  be
shatterproof.

3 .2 . , 6 .2 .2  Instal lat ion.

db.

d.

£.

The equipment design shal l  physical ly  prevent the incorrect ins ta l la t ion  of
modules and submodules. Clearly v is ib le color coding and label ing in c lose
proximity to maintenance disconnect po ints  sha l l  be used to f ac i l i t a t e  removal and
replacement of any subassembly level  of equipment.

Components shal l  be mounted in a manner to avoid bl ind adjustments.

Mechanical retention devices for equipment/components sha l l  not require safety
wir ing.

I f  a GPC is  mounted snd secured by bolts where the component must be held in  place
unt i l  the bo l ts  are engaged, pi lot  keyhole mounting or similar insta l la t ion aid
shal l  be provided.

Threaded fasteners used for securing a s ingle component, where prac t ica l ,  sha l l  be
the same type, s ize ,  snd tensi le strength.

Assembly/subassembly instal lat ions sha l l  be designed such that sccess ib i l i cy  to
threaded fasteners may be accomplished without the use of universal j o i n t s ,
sagular extensions,  handle extensions, or combinations thereof ,  in conjunct ion
vi th torque too l s .

Captive fasteners sha l l  be uti l ized to hold LRU's.

3 .2 .4 .2 .3  Access ib i l i t v ,

|

Elactzical  conrectors shall  be actessidle without disassembly or removal of
fuactional equipment or components.
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b. Servicing and test  points shal l  be clearly marked and shall be access ib le  without
requiring removal of access plates or covers except service caps. Calibration
controls shall be accessib le and clearly marked for major functions,

| €¢s All fasteners on a single access cover shall be of the same length,  diameter, and
type.

3 .2 .4 .2 .4  Revlacement.

8 .  Mounting provisions shall permit SRU removal (except for page cable assemblies)
and replacement without disconnecting any equivalent level SRU in  the l ine
replaceable uni t ,  I f  removal of sa LRU structural element i s  required for sccess,
such removal shal l  not af fect  e lectr ical  or mechanical a l ignment,  nor shal l  the
mechanical strength of the uni t  be impaired to the point that bending of the un i t ,
i t s  assemblies, electr ical harnesses, or plumbing attachments wi l l  occur during
normal bench handling of the unit ,

b. Attach f i t t ings for components routinely removed shall  be operable without hand
tools and shall be access ib le  without requiring removal of access panels or covers.

a. TRandling provisions shall  be provided on LRU's in accordance with MIL-5TD-1472,
except for the LRU handle.

3 .2 .4 .2 .  Miscel laneous.

3 .2  ob J N od Design A l l oca t i ons ,

8.  The computer shall be designed to gllow bench veri f icat ion of the module
interfaces and control logic fuactions within 30 minutes, using suitable tes t
equipment,

b.  The computer shall be designed to al low fai led subassemblies or modules to be
replaced within 0.3 hours oT less after failure detect ion and LRU removal.

3 .2 .4 .3  Self Test Provisions.

3 .2 . ,6 .3 ,1  LRU Pecul iar  Reguirsments, Provisions shal l  be incorporated to detect  and
report fai lure of redundant capabil i ty. This level  of fai lure detect ion i s  required
for both sutomatic reconfiguration and for those cases vhere reconfiguration is  under
external control.

a. Means of indicating the validity of datas received via the serial d ig i ta l  datas bus
interface shall be provided,

b. Capabil ity to provide status of redundant functional paths in  the instal led f l ight
configuration shal l  be nravided.

¢ .  Provisions to enable loop test  verification ut i l iz ing the integrated avionics.
system shall be incorporated in the GPC.
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d. The GPC sha l l  provide fai lure detect ion of pecul iar  failure modes.

e¢. Means of indicat ing operating modes (operat ional ,  scquis i t ion,  se l f - test ,  and
stand-by) shal l  be provided.

£. The GPC sha l l  include the capabil i ty to accomplish diagnost ic or se l f - test
ver i f icat ion of stored log ic .

3 .2 .4 .3 .2  Implementation. Bui l t - in- test  may be implemented ut i l iz iag am appropri-
ate mixture of Built-In-Test-Equipment (BITE) ,  sel f - test  circui try,  or by providing
adequate test points st the e lec t r ica l  in ter face.  I t  may be designed for  automatic
cont inuous,  or i te ra t i ve  operat ion.  However, i t  sha l l  be designed to operate in a l l
modes and condi t ions in both f l ight  and ground operat ion.  The type of implementation
sha l l  be se lec ted  in  accordance wi th  the fo l lowing res t ra in ts :

a. Continuous tes t ing  or monitoring shal l  be used only when i t  car be performed
simultaneously wi th operat ional use gad where such test ing does not degrade
operat ional  performance.

b.  I terat ive tes t ing  not under computer control shal l  mot interfere vith equipment’'s
operational performance.

¢ .  Any technique that requires external control or evaluation shal l  require buyer
spproval pr ior to implementation.

3.2 .6 . ,3 .3  Tes: Circuitry Fajlure. Failure of the test circuitry shal l  be fa i l -safe
snd shal l  sot induce fa i lures in other portions of the LRU, or in  another LRU,

3 .2 .5  [Egvirougents.

3 .2 .5 .1  Operat ional .  The GPC shal l  be capable of meeting the operating performance
requirements speci f ied herein during snd after exposure to any feasib le combination of
the fol lowing condit ions:

a. Temperature Minimum: Minus 20°F (compliance with opera-
t ional  performance requirements at
plus 35°F snd above)

Maximus: Plus 1209F

b. Pressure Minimum: 12.3 ps i s ,  continuous, 8 psia for
Z2 hours

Maximum: 18.0 psis

es Bumidicy Minimum: 8 percent relative

Maximum: 100 percent relat ive

d. Sa l t  fog Expusure Co i percent sa i t  solutica by we igh t

e. Deleted
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£. Random Vibration

(1) Qualif ication =
acceptance vibration
(acceleration
spectral density)

Duration:

(2) Flight (Iaterior)

g. Acceleration

Bh. Shock

(1) Landing

(2) Transient
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20 - 80 Hz Tocreasing at plug 3 dn/
octave to 0.067 g2/Bz at
80 Hz

80 - 350 Hz Constant at 0.067 g2/Hz

350 - 2,000 Bz Decreasing at minus J d3/
octave from 0.067 gl/Hz at
350 Bz

(1) S times AVT tine

(2) 20 times AVT time (goal)

20 - 150 Bz Incredsing at 6 dB/octave
to 0.03 g</Hz at 150 Hz

150 - 1,000 Bz Constant at 0.03 g2/Bz

1,000 = 2,000 Hz Decreasing at 6 dB/octave
from 0.03 gé/dz at 1,000 He

Time Duration: 4&8 minutes per axis

Plus and minus J g's in al l  major axes

Rectangular pulses of the following peak
accelerat ions, time durat ions, and number of
applications in the vertical (up) direction
during landing:

Accelerat ion Duration
Applicscions

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

3 to 35 Bz; plus and minus 0.25 g peak in one
sveep f romJ to 35 Hz at one octave/minute.
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3 .2 .5 .2  Nomoperational. The GPC sha l l  be cspable of meeting the operat ing
performance requirements specified herein after exposure to  the fol lowing conditions:

a8. Teuperature Minimum: Minus 659F

Maxizsum: Plus 1200F with extremes of 1350°F for
6 hours per day

b. Prassure Minimum: 3.28 psia

Maximum: 30.0 paisa

€ .  Shock

(1) Bench handling As specified in  MIL-STD-810, Method 516.1,
Procedure V

v (2) Basic design 20g terminal sawtooth shock pulse of l l  ws
duration in  each d i rect ion of three orthogonsl
axes (both di rect ions)

(3) Crash safety 40g terminal sawtooth shock pulse of 11 ms
duration in each of three orthogonal axes (both
d i rec t ions) .  Equipment and i t s  mounting
attachments sha l l  not break loose,  create a
hazard to personnel ,  or prevent egress from a
crashed veh ic le .  Operat ing performance is  not
gequired a f te r  this t es t .

d. Ozone 3 to 6 parts per hundred mi l l ion (phm). Total
oxidant concentrat ion may reach 60 phm for  1 to
J hours in  any 24-hour period.

£. Fungus As speci f ied in  MC999-0096

3 .2 .5 .3  Iransportst iop and Storage. The GPC sha l l  be protected from the environments
specif ied in paragraph 5.2.3 by adequate packaging or protect ive processes unless the
design to veh ic le  f l ight  requirements precludes the need.

3.2 .6  TJgansportsbi l i ty .  The GPC sha l l  be designed so as to be capable of being
handled snd transported to using f ac i l i t i e s  wi thout damage or degradat ion,  u t i l i z i ng
avai lable methods of t ransport  wi th the item prepared for shipment in  sccordance wi th
Sect ion  5 requirements.  The equipment design sha l l  be compatible w i th  the planned
packaging and transportat ion system to the extent that loads induced i p  the equipment
during t rsmsportat ion w i l l  oot produce s t resses ,  internal loads or de f lec t ions
resul t ing in damage to the equipment.

a Bw  &  wn
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3.2.6.1  Integrgl Protective Csvabilitv. The equipment design shall incorporateone or
more of the fol lowir_ provisions for protection of components which are- highly
vulnerable to damage during transport and associated handling:

8.  Provide attach points for installation of temporary protective device (covers,
reinforcing structure, desiccant cartridge, air breather/f i l ter, heater,  e t c . )

be Make provisions for removal of sensitive component(s) for separate shipment.

¢ .  Provide built- in protective device (e .g . ,  cover, caging of free-moving components,
desiccant chamber, heater, e tc . )

3.2.7 Thermal Design Requirements. The thermal design requirements shall  be in
accordance with MF0004=009, except that in let  air shall be 100°F and exhaust air
temperature shall  de 133°F,

3 .2 .7 .1  Cooling Svstem Configuration. Each computer shall be cooled as shown in
Figure 13.

3 .2 .7 .2  Cool ing Air  Pressure Loss. The cooling a i r  pressure loss for a given LRU
shall be the difference between the tota l  pressure of the coolant entering and ou t le t
pressure of the a i r  leaving. The unit total  pressure loss for each of two speci f ied
condit ions is  as shown in  the table below. The total  pressure loss of l ike del ivered
uni ts shall not vary more than 10 percent from & nominal design value to be agreed upon
by the sel ler and buyer.

Cooling Air Pressure Loss Table

Condition A (Ground) B (In Flight)

Maximum allowable computer total 1.3 1.3
pressure loss ( i n .  of H0)

Surrounding air pressure (psia) 18 (+0, -2) 34.7

Inlet air temperature (°F) 100 100

Eihaust Maximum air temperature 133 133

3.2.7.3 Cooling Air Flow. During f l ight and ground operations, at  smbient pressures
of 12,3 to 18.0 ps ia ,  the GPC shal l  have a minimum gas coolant flow ra te  of 4.0 1lds/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 s l locat ion  of c i rcui t  boards due to uniqueness, The computer
case sha l l  be of minimum weight consistent with supporting modules snd subassemblies
for the specif ied environment, Wherever pract ica l ,  the computer design shal l  include
modules, subassemblies, and components of proven design. Workmanship shal l  be in
sccordance vith MIL-STD=454, Requirement 9.
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DIRECTION
- GPC oF
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\ \ oy  SEAL (INTERFACE AREA) (REF)

\ go "  XE \ ORIFICE PLATE
Ly  =< I T  AND SEALS (REF)
DUCT Vl
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Tami — —NREAR MOUNTING PIN FRONT
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i NL (INTERFACE
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Figure 13. General Purpose Computer Cooling System Configuration
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3.3.1 t cegs  .

3 .3 .1 .1  Ma te r i s l sand Processes. Materials and processes for the GPC shall be in
accordance vi th MC999-0096 to the extent specified in  the requirements table of the
purchase order.

J.3.1.2 Races Standaedisatios. Parts util ization shall be bssed upon: (1) selection
of quali f ied par ts ,  (2) proper dersting and appl icat ion, and (3) minimiziag the aumber
of part types. Parts used in  design and fabrication shall be selected from MF0004~400.

3.3.1.3 Cleanliness. The GPC shall be clesned to the cleanliness requirements of
MC999-0096 (visibly c lean).

3 .3 .1 .4  Vibration Iso la to rs .  The computer LRD's shall be rigidly mounted without
benefit of vibration iso la tors .

3.3.2 Select ion of Spec i f i ca t ions  and Standards. Speci f icat ions and standards for use
in the design and construct ion of the GPC, other than those speci f ied herein, shal l  be
selected in  the order of precedence in  accordance wi th MIL-STD=-143, except that NASA
documents, vhen sui table for the purpose shal l  take precedence.

3.3.3 Electromagnet ic Compat ib i l i ty  and E lec t r i ca l  Design.

3 .3 .3 .1  [Electromagnetic Compatibility (EMC). The GPC shal l  meet the electromaguetic
interference and compat ibi l i ty requirements of MF0004-002 for Class ID requirements,

3 .3 .3 .2  E lec t r i ca l  Design Requirements. Electrical design requirements for the GPC
shall be in  accordance vith MFJ004-002 to the extent specif ied in  the requirements
table of the purchase order.

3 .3 .3 .2 .1  Deleted.

3 .3 .3 .2 .2  Metals and Me Counles, Restriction on Use. Metal jo ints which require
electr ical  bonding shal l  be p rec ise ,  dry,  and conducting. Noaconducting corrosion
inhibitors may be added after joint assembly. Conducting metal jo in ts  shal l  be
required for electr ical  circuit fsultecurrent return, e lec t ros ta t ic  corona prevention,
and structural shielding from lightaning-strike induction and avionic interference.

3 .3 .6  Ident i f i ca t ion and Marking.

3 .3 .4 .1  Ident i f icat ion of Parts.  Zach part fabricated shal l  be identi f ied with as pare
number, The same specif icat ion or part number shall be used to identi fy a l l  l ike
mater ia ls ,  processes, and par ts .  Se l ler  shal l  assign s nev part nugber to the part
vhea author ized changes mske the superseded part not interchangeable wi th respect  to
interface, re l iab i l i ty ,  safety, l og is t i cs ,  t raceabi l i ty ,  or performance. The part
identif ication shall include the manufacturer's identif ication code per DOD Handbook
BR 4-1, aud be lot numbered or serial numbered when required.
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3.3.4.2 Identification of AllDeve lopment /Qua l i f i ca t ion Test Specimens. Test speci-
faeas shal l  be permanentf and obviously ident i f ied prior to tes t ing  wi th the words “ENG
TEST ONLY" in addi t ion to the ident i f icat ion required by the draving/speci f icat ion
to preclude their  use on product ion i tems. The l e t t e r s  sha l l  be i nde l i b l e  and provide
a d is t inc t i ve  and vivid cont rast  w i th  the co lor  of the test specimen. The l e t t e r i ng
size and ident i f icat ion locat ion shal l  be c lea r l y  v is ib le to casual observation.
Mater ia ls  used for the ident i f icat ion sha l l  be compatible wi th the test  specimen in i t s
operating esvironment. When the size or configuration of the test  specimen is  such
that the ident i f icat ion cannot appear on the specimen other su i tab le  means such as
metal tags shal l  be used.

3 .3 .4 .3  Napeplates. Nameplates sha l l  be marked in accordasce wi th  MIL-STD-130 aad
sha l l  include (as app l icab l~)  i tem name; buye r ' s  control number; manufacturer; date of
manufacture; and manufacturers ser is l  number, part  number, lo t  number, and code identi-
f icat ion number. Abbreviations, in accordance with MIL-STD-12, may be used.

3.3.5  Traceasbilitv. Traceabi l i ty  sha i l  be provided by assigning t raceabi l i ty
ident i f icat ion to end items or major components as ident i f ied in  3 .1 .3 .  Each com
ponent,  pa r t ,  sand subassembly comprising or contained within the end item or major
component sha l l  be c lass i f ied  snd processed as exempt or t raceable, im sccordance wi th
the cr i ter ia contained herein.

3 .3 .5 .1  TIraceadility Classification. Each component, subsssembly, and par t  wi th in the
eud item sha l l  be evaluated avd receive s t raceab i l i t y  c lass i f icat ion.  Se l le r  and
subordinate suppl ier engineering documentation ( e .g . ,  drawings and spec i f icat ions)
shal l  speci fy the t raceabi l i ty  c lass i f icat ion for each par t ,  component, and subassembly
88 c lass i f ied  by the se l l e r .

3 .3 .5 .1 .1  Ser ia ]  Traceab i l i t y  (Tg) .  Serial  t raceabi l i ty requires the assignment of a
unique ser ia l ized ident i f ier  aud processing of each pa r t ,  subassembly, major component,
or end item identif ied (Tg) as a separate item, and waintaining h istor ical  records
pertaining to that item a lone.  The h is tor ica l  records in  turn wi l l  provide the
capabi l i ty  for backward t racesdi l i ty  to the ident i f icat ion of i t s  procurement, fabri-
cat ion,  inspect ion ,  process ing,  t es t ,  snd operat ing records and any other pert inent
data deemed necessary by the se l le r .  The capabi l i ty  sha l l  also provide for backward
t racesb i l i t y . to  the procurement document(s) and receiving reco rd (s )  of pa r t ( s ) ,  com-
ponents, and subassemblies within the end i tem designated as t raceable (exempt items
excluded).

3 .3 .5 .1 .1 .1  Serial Tracesbjlity Criteria. Sudb-tier items comprising or contained
within the end item which sat isfy any of the folloving cr i ter ia sha l l  be t raceable by
ser ia l izat ion:

db. Contains tracesble subordinate i tems, sssemblies, or parts.

3 .3 .5 .1 .2  Lot Traceabi l i ty  (T1) .  Lot t raceabi l i ty  requices 122 22 r i a l  oymharing of
sub-tier items produced by the l o t ,  ba tch ,  mix, heat,  or melt in a given time sequence
and the maintaining of h is tor ical  data equal ly pert inent to a l l  items in the l o t .
Separate lo t  numbers sha l l  be assigned vhen planned d i f ferences betveen individual
items in the lo t  occur due to changes in mater is ls  (subst i tu t ion)  or processes which
e f f ec t  form, f i t ,  or funct ion. The “given time sequence" inc ludes iden t i f i ca t ion  of
vork on the production order for  a spec i f i c  part  number, from in i t ia t ion of work
through complet ion of the last  operat ion.

FOAM W 23] em)  ALY 2-70



COOIDENT.NO. 0983
NUMBER REVISION LETTEA PAGE

MC615-0025 | 148 °

3.3.5.1.2.1 Lot Traceabjlitv Criteria. Sub-tier items which satisfy the following
criteria shal l  be lot traceable:

8 .  Al l  functional e lec t r ica l ,  electronic, snd electromechanical (EEE) parts in
accordance with MF0004-400

b. Parts vi th materials identified by the sel ler as cr i t ical,  except for res is tors ,
capacitors, snd connectors/test poiat blocks

ce. Parts identified by the se l ler  as controlled by unique manufacturing process(es)

3 .3 .5 .1 .3  Exempt FrcmTracesbi l i ty (EE). This c lavsi f icat ion ident i f ies those items
vhich are exempt from t raceabi l i ty  requirements. A l l  items which have not been
classi f ied and identi f ied as Tg or Tp shal l  be exempt (E) from traceability.

3 .3 .5 .2  Traceability Identification. Esch item identi f ied as t raceable (Ts, Tp) shal l
have a t raceabi l i ty  ident i f ier  consist ing of the manufacturer 's code- ident i f i ca t ion
asumber 8s l is ted in DOD Handbook B 4-1 snd s ser ia l ,  lo t ,  or member number as
i l lustrated below. The ser ia l ,  lo t ,  or member number shal l  be sssigned by the
manufacturer and sha l l  not exceed 10 characters (alpha-numerics, dashes, etec.) .

M f r ' s  Code No. Mfr Assigned Traceable No.

| Digie 11 213) &6)5] 6| 7} 8] 9]10]| 11] 12 13 | 14] 15

Mfr 's  Code and Z| X| A} M| P| L |E  |

Traceabil i ty No. | 0 | 3 {| 9 S| 3| ~-10]| 0} 0] O A 3 0 0 |

3 .3 .6  Interchangeabjility. The GPC snd the items identif ied in  3 .1 .3 ,  shal l  bde
interchacgeable ia sccordance with the def ini t ion of MIL-STD-280. Interchangeabil i ty
shall  be a design feature for a l l  removable items/subassemblies/parts designated as
LRU's or SRU's. When removable items/subsssemblies contain cont ro ls ,  wir ing, hydraulic
l ines ,  e t c . ,  interchangeadbility shal l  be provided st the attachments of these items to
their next assembly, as ve l l  as for structural attachments of the assembly.

3 .3 .6 .1  Design Tolerances. Provisions shal l  be made for design tolerances such that
items having the dimensions snd character ist ics permitted by the item speci f icat ion or
draving are intezchangesble without select ion or departure from the speci f ied equipment
performance.

3 .3 .6 .2  Use of Standgrd Par ts .  When atandard parts (refer to 3 .3 .1 .2 )  are not
evailable and permission is granted for use of a nonstandard part due to unavai labi l i ty
of the standard par t ,  the equipment sha l l  be designed so that the nomstandard part can
be replaced by the standard part.  Appropriate space, mounting ho les ,  and other
necessary provisions shal l  be provided for this purpose.

3 .3 .7  Ssfztv. Tie 2esign and operat ion shall comply with the following safety
reguizensencs:

8 .  The design shal l  insure that transient ef fects to the computer cannot iatroduce
erroneous signals which are bazardous during cr i t ical  operat ions.

b. The computer sha l l  not generate e lect r ica l  current or radio frequency t ransients
that could cause failure or malfunction of other equipment unless the computer i s
properly shielded.
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¢ .  The physical  form or shape, ss designed and bu i l t ,  shal l  minimize sbarp po in t s ,
corners, edges, e t c . ,  vhich present a hazard to operat ions personnel or to their
personal clothing or equipment. When such festures are required for miss ion
sccomplisiment, then suitable guards shal l  be provided for  ground or f l ight
handling opera t ions .

3 .3 .8  Buman Performance/Human Engineering. The design sha l l  consider  the capabi l i t ies
snd l imi tat ions of the human operator  vherever s man-machine inter face exists,
including to rques,  forces,  and other functional design character ist ics of con t ro ls ,
d isp lays ,  and vork s ta t ions .  The principal design guide for the man-machiue inter face
sha l l  be MIL-STD-1472. Handling provisions shal l  be in  accordance with 3 .2 .4 .2 .5 .

3.3.9 Mechan i ca lDesign Requiregents.

3 .3 .9 .1  P rov i s i onsfor LRU Alignment. LRU's requiring a particular alignment in  che
spacecraf t  sha l l  incorporate specia l  slignment means appropriate to the accuracy of the
alignment required.

The design of mechanical systems involving linkages or other devices that require
sccurate alignment by adjustment shall include provisions for alignment and recheck of
alignment without removal of components of the system and vithout removal of other
equipment.

3.3.10 Other Requirements.

a. E lec t r i ca l  and Elect ron ic  Piece-Parts ~ Closure Construction. Electr ical  and
elect ron ic  piece~parts wi th al l-velded c losure construct ion shsl l  be used in
preference to piece parts wi th other types of c losure const ruct ion.  Other types
of construct ion may be used i f  adequate program contro ls sre imposed to assure
that internal contamination cannot cause part degradat ion and/or fa i lure under a
gero-gravity enviroument.

b. Wire Bundles -Pro tec t i ve Coating. Where protect ive coating or sheathing is  sdded
to vize bundles,  ab i l i t y  to withstand anticipated handling aud operat ing defor-
gations vithout wire damage shal l  be demonstrated by appropriate test  prograns.
Adequacy of mater ia le appl ied to v ire bundles w i l l  be demonstrated during
development test ing and by various ipstallatiocn-level t es t s .  Ver i f icat ion tes ts
of special ly-designed and procured cables v i l l  include tes ts  to demonstrate the
adequacy of the cover.
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4, QUALITY ASSURANCE PROVISIONS

4.1 General Requirements

4.1.1 GeneralVe r i f i ca t i on Guidelines sod Criteria. The seller shall use the follov-
ing genersl requirements in  developing a verif ication program.

a. Each performance aud design requirement specif ied in Sections 3 and 5 of this
specif icat ion shall be verif ied by tes t ,  sssessment, or analysis i n  support of
cert i f ication of the design for  operational use.

b. Veri f icat ion of maintainabil ity, sccessibi l i ty, and ease of operation shall be
denonstrated.

€.  Each measured parameter for  test ing shal l  have a specif ied tolerance band of
accaptabi l i ty  bracketing the nominal value.

d. As a general guideline, off- l imit  testing wi l l  not be conducted. However, o f f -
limit test ing w i l l  be considered:

(1) When design margins are relatively small with respect to off-nominal abort
condit ions.

(2) When uncertainty ex is ts  in  the definit ion of the design criterias.

Testing of this nature must have prior approval of the buyer and must bave coa-
sidered preservation of at least onm specimen of cert i f icat ion hardware for later
tes t i ng .

e. Acceptance test procedures, equipmer 4a’ tes :  leve ls  shall be ver i f ied during
development test ing.

£. Cer t i f ica t ion shal l  be structured to vecify the fu l l  range of the design require-
ments under specif ied enviromments.

g. Whenever pract ical and technical ly sound, accelerated l i f e  test  techaiques shal l
be u t i l i zed.

Bh. Testing shall  be conducted at the most cost effective level of assembly.

i .  Al l  qual i f icat ion test  specimens shall ba processed through specif ied acceptance
test ing prior to qualif ication tes t .

4.1.2 JestCopditions.

6 .1 .2 .1  S tanda rdTest Conditions. Eaviroumentsl standard test condit ions for tes ts
required by this specif icat ion shal l  be: en atmospheric pressure of 28.5 plus 2 or
minus 4.5 inches of mercury (Hg),  a temperature of 73 plus or minus 18°F sad a relat ive
humidity of 50 plus or minus 30 perceat.

FOB 4 1 Ji == ]  ALY 2:70



CODE IDENT.NO, 03953
NUMBEA REVISION LETTER | PAGE

A MC615-0025 1 0 1 ]  151

6 .1 .2 .1 .1  Coldolate or Forced Air Cooled Equipment. When operat ion of the uni t  under
test is required during environmental exposure, coolant in sccordance vith speci f ica-
t ion requiremezts sha l l  be suppl ied.  During tests  is  which the ambient temperature is
other than standard room ambient,  the coolant  temperature sha l l  be at  des ign  extremes
snd “in-phase” with the test chamber temperature. I f  the use of coolant w i l l  have zo
effect  upon test resu l ts  for a particular environment, the requirement to use cooling
shal l  be at the d iscret ion of the seller.

4 .1 .2 .2  Test Tolerances. Test tolerances shal l  be used as specif ied in  MIL-STD-810
or FED-STD=10l as appi icable,  except as fo l lows:  |

$ .1 .2 .2 .1  Random Vibration. Test tolerances and procedures sha l l  be in  compliance

Analog vibration spectrs) density analysis c r i ter ia :  Analysis sample time (T) shal l
equal or exceed 50/BW, where BW is  the ef fect ive bandwidth of the f i l t e r  u t i l i zed .
For svept f i l t e r  ana l ys i s ,  analyzer f i l t e r  scan ra te  (SR) sha l l  (1) not exceed BW/T
Bz/second when averaging is  obtained using l inear in tegrat ion wi th  an in tegrat ion time
of T; or (2) shal l  be BW/4RC vhen averaging is obtained by smoothing with an equivalent
res is tance capacitance (RC) low pass’ f i l t e r  using a time comstant RC> T2,

6 .1 .2 .2 .2  Shock.

{Acceleration versus Peak amplitude: Plus or minus 10 percent
time) Pulse duration: Plus or minus 10 percent

4 .1 .2 .2 .3  Acceleration. Specified accelerat ion: Plus 10 percent ,
Minus 0 percent

4$.1.2.2.4 Exposure Tine. Duration speci f ied for vibrat ion or accel -
eration environments:

Plus 10 percent ,  Minus 0 percent

5 .1 .2 .2 .5  Measuring Instrumentgtion. Allowable error shal l  not exceed one-tenth of
the tolerance speci f ied for  the parameter to be measured.

4.1.3 Test Responsibi l i ty  snd loca t ion .  The sel ler  shal l  be responsib le for  imple-
menting the qual i ty assurance requirements speci f ied herein. Except as othervise
noted,  the se l le r  may use his own fac i l i t i es  or any commercial laboratory acceptable to
the buyer.

4.2 Qualitv Conformance. The following sect ions define the t es t s ,  snalyses,  simula-
t ions ,  and assessments necessary to veri fy that the requirements of Sect ions 3 and $5 of

. th is  spec i f icat ion are met.

4 .2 .1  Development. The sel ler  shal l  perform development engiveering evaluation of
hardvare, softvare, manufacturing processes, and techniques for the purpose of acquir-
ing engineering da ts ;  identi fying seas i t i va  pgscmatess; swaluzsting she davnlonmens
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configuration; providing the necessary confidence that the hardware w i l l  meet the
specif ication product. Developuent objectives shall encompass the following as a
migimum:

a. Design and performance capability, including redundancy.

b.  Abil i ty to meet specif ied requirements vith adequate design margin.

¢ .  Iategration of each component and subsystem vith other components, subsystexs,
f ac i l i t i es ,  support equipment, ete.

d. [Establishment of process,  procedures, aquipment, and test levels for manufasc-
turing acceptance test ing, maiatensnce, checkout, and operational phases of the
program.

e. Ident i f icat ion of significant failure modes and e f fec ts .

£. Determination of the effect of various combinations of tolerance and drift of
design parsmeters.

g. Determination of the effect of combinations and sequences of environments and
varying stress levels.

Bb. Identi f icat ion of safety hazards, parsmeters, requirements, and procedures.

6 .2 .1 .1  erating Limit on T a Cont u « For f l ight equipment
vhose operating temperature is  normally control led by heating or cooling equipment, and
vhose temperature is  moaitored in  f l igh t ,  the test  program and appropriate analyses
shal l  def ine:

8 .  The maximum and minimum temperatures expected in  normal operations.

b. The maximum and minimum temperature at which equipment may be expected to fai l  to
function unt i l  temperature is  testored to normal range.

4.2 .2  Acceptance. Acceptance tes ts  and inspections shal l  be performed on a l l  comput-
ers to be employed in quel i f icat ion test  programs and om a l l  computers de l ivered to the
buyer. These acceptance tes ts  and inspect ions sha l l  be performed to demonstrate that
specif ied requirements have been met. Final scceptance tes ts  and inspect ions sha l l  be
performed in a manner and under condit ions which s imulate end-use to the highest degree
pract icable wvitbout damage to the GPC. A l l  f inal acceptance tes ts  and inspect ions
determined to be necessary to demonstrate end item compliance to contract, draving and
specif ication requirements shal l  be l is ted ia  Table XIX.
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‘Table X1X. Acceptance Requirements

Paragraphs Listed ia
Inspection snd Test Recommended Sequence

Examingtios of Product 6 .2 .2 .1

Insulation Resistance Test 6.2.2.6

Dielectric Strength Test 4 .2 .2 .7

Acceptance Vibration Test 5 .2 .2 .3

Acceptance Thermal Teast 6 .2 .2 .4

Performance $.2.2.2

Pover Variation Test 6.2.2.5

Note:  Functional performance and/or contiauity tes ts  of 4 .2 .2  shal l  be conducted on
each GPC to the greatest  degree pract icable before,  during, and a f te r  acceptance
vibration tes ts  snd acceptance thermal t es t .  When complete funct ional ver i f ica-
tion cannot be accomplished durirg the acceptance test  w i th  environments becausas
of l imi ted test  time, the most cr i t ical  funct ions that demonstrate equipment
pecformance shal l  be tes ted and a l l  other functional circuits moni tored.

4 .2 .2 .1  Exap ina t i onof Product. Each GPC shall be carefully examined to determine
conformance to the requirements of this specif icat ion. Part icular at tent ion shal l  be
given to weight ,  vorkmsaoship, f in ish,  dimensions, construct ion, c leanl iness,  identi~-
f icat ion, marking traceabil i ty leve l ,  and that cert i f ied materials and processes have
been used.

4 .2 .2 .2  Junctional and Performance Tests.  Functional and performance tes ts  shal l  be
conducted on a l l  del iverable equipment to establ ish compliance with the requirements of
Section 3. Tolerance bands or psss-fai l  performance cr i ter ia,  based on performance
design vequirements, shal l  be established for each parameter. They w i l l  include the
fol lowing as a minimum:

(1) Isolation of primary power aad ground

(2) Power-on/off saquence

(3) Power interruption
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Ce rocess in  .

(1) Proper operation of computer instructions

(2) Proper operation of CPU registers, clock, and interrupts

d. Memogy. |

(1) Main store areas addressed correctly

(2) Abil i ty to modify memory storage protect b i ts  under program control

(3) Proper operation of parity interrupt and memory storage protect ion interrupt

e. In  CPU .

(1) Verify operation of discrete inputs/outputs

(2) Abil i ty to exarcise address l ines and to .comzand data output line

(3) Abi l i ty to process external interrupts and to override DMA operation

£. Inpue/Outout P rocessor  ( IOP) .

(1) Verify operation of MSC, BCE, CPU interrupt mechanizations gensrated by 1I0P
including discrete output and input mechanizations.

(2) Verify entire MSC aad BCE instruction set ,  intercomputer operations, and DMA.

(3) Verify I0P discrete inputs and output (including RM).

g. Multiolex Igterface Adapter (DMIA).

(1) Verify command and data word syac recogaition

(2) Demonstrate return word capabil i ty

4 .2 .2 .3  Acceptance Vibrat ion Test.  The GPC shal l  be subjected to random v ibrat ion,  in
each of three orthogonal axes, in accordance wi th  the spectral dens i ty  envelope speci-
f ied below. The vibration durat ion shal l  be adequate to perform selected funct ional
performance t es t s ,  but sha l l  oot be less thas 30 secouds aor greater  than J minutes per
axis.  Should re tes t  be required, the to ta l  accumulative v ibrat ion test  time in any
axis sha l l  not exceed the qual i f ied time for  AVI in  that axis (reference 4 .2 .4 .1 .3 .1 )
without prior buyer approval. Tolerances, procedures and tes ts  sha l l  be conducted
before and sf ter  the vibration test .  Selected performance tests (TBS) shall  be con-
ducted during v idrat iou,  wiilL a l l  Oth:r  eizecuits monitored.
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Acceleration Spectral Density

20 to 80 BH: - Increasing at plus 3 dB/octave to
0.04 g2/Hz at 80 Hs

80 co 350 Be «= Constant at 0.04 g2/Hz

350 co 2,000 Bz =~ Decreasing at minus 3 dB/octave, from
0 .04  2/8: a t  350 Bz

4 .2 .2 .4  Accep tanceThermal Tests (ATT). The GPC sha l l  be thermal cycled frcm 70°F to
plus 100°F,  to 0°F, to p lus 35°F, to p lus 100°F,  and to 70°F w i th  cont inui ty  monitecred
throughout.  The thermal ra te  of change sha l l  not exceed 4°F per m inu te ,  nor be less
thas 1°F per minute.  Dwell at each temperature l imi t  sha l l  be a miniaum of 60 minutes
af ter  thermal s tab i l i za t ion  of the test  s r t i c l e .  Selected performance tests  sha l l  be
conducted on a l l  items during each thermal extreme except that the GPC w i l l  no t  be
operated at temperatures below plus 35°F. The performance test  at each high temper-
ature extreme shal l  include operat ion at the maximum heat d iss ipat ing mode for a dura-
tion consistent  wi th the design capabi l i ty and suff ic ient to ver i fy acceptance
performance.

4 .2 .2 .5  PowerVa r i a t i on snd Usage Tests. Tests sha l l  be conducted to determine i f  the
equipment performs sat is factor i ly  under power input condit ions speci f ied in 3 .1 .2 .1 .

4 .2 .2 .6  Insulation Resistance Test. Insulat ion res is tance test shal l  be in  accordance
v i th  MF0004-002, except that the test  sha l l  be made at less than 50 vo l t s .

4 .2 .2 .7  Djelectric Strength Test. 800 Vdc shal l  be used to check for short c i rcui ts
and insulation breakdown on mult i layer interconnection boarda (MIB's). Page connectors
shall  be qualif ied to  450 Vac end LRU connectors shall  be qual i f ied to  1,300 Vac.

4.2.3 Assessment, Veri f icat ion by assessment methods sha l l  be used to verify design
features,  These methods employ the orderly review and evalust ion of design (documen-
tat ion)  or v isua l  inspect ion techniques (e .g . ,  mock-up forms, f i t  checks, maintain-
abi l i ty  access, tolerances, safety viring and placards).

4 .2 .3 .1  Relipbjlitv., Ver i f icat ion of the appl icable re l iab i l i ty  requirements of
3 .2 .3 ,  vhich cannot be veri f ied by test  or analys is,  sha l l  be by assessment.

%.,2.3.2 Maintainabjlity. Complisance with the maintainabi l i ty requirements of 3 .2 .4 ,
which cannot be ver i f ied by analysis,  shal l  be by assessment of engineering data.

$ ,2 .3 .3  Mater ia ls  and Processes. Conformance of the GPC w i th  mater ia ls  and processes
in accosdance with 3 .3 .1 .1 ,  which cannot be ver i f ied by test  or aca lys is ,  sha l l  be
veri f ied by assessment of design drawings and process specifications.

6 .2 .3 .4  Parts Standard izat ion.  Conformance of the GPC wi th standard parts in  sccord~
sace with 3 .3 .1 .2  shal l  be verif ied by assessment of design drawings.

6$.2,3.5 ection of Specification and  Ver i f i ca t ion  that se lec t ion  of
specif ications and standards sre in accordance vi th 3.3.2 shall de verified by assess-
wet. of design drawings and speci f icat ions.
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£ .2 .3 .6  E lec t r i ca l Design Requirements. Verification that the GPC conforms to the
electrical design requirements of 3 .3 .3 .2 ,  vhich cannot be verified by analysis or
test ,  shal l  be verif ied by sssessment of design dravings.

6 .2 .3 .7  l In te rchacgesb i l i t ysnd Replacesbilitvy. Verif ication that the GPC design
conforme to the interchangeabil ity and replacesbi l i ty requirements of 3.3.6 sha l l  de
verif ied by assessuent of design documentation.

4 .2 .3 .8  Design Tolersuces. Verification that the GPC conforms to the design tolez-
ances required in 3 .3 .6 .1  shall be verif ied by assessment of the design documentation.

$ .2 .3 .9  Use of Standard Items. Verification thst standard items w i l l  be used in the
GPC when avai lable in  sccordance vi th 3 .3 .6 .2  shall be verified by assessment of
design dravings.

$ .2 .3 .10  Human Performance/Buman Engineering. Verification that the GPC conforms to
the human performance/human engineering requirements of 3 .3 .8  shal l  be ver i f ied by
assessment of the design dravings.

4 .2 .4  Certification. The se l le r  shal l  certify the requirements of Sect ion J and J by
tke methods specif ied below.

4 .2 .4 .1  Qual i f ica t ion Tests .  Qual i f icat ion test ing performed to sat is fy  the require-
ments specif ied in the performance and design ver i f icat ion matrix (Table XXI) sha l l  de
in  conformance vith the requirements of this paragraph. Qualif ication test  specimens
shall  be subjected to the tests specif ied ia Table XX in the sequence below.

Table XX. Required Tests

Test Paragraph

Acceptance Test (REF) 46.2.2
Pover Test 6£.2.4.1.6
EMC 6£.2,.46.1.8
Cabin Atmosphere 6 .2 .4 .1 .12
Thermal Cycle 4 .2 .4 .1 .10

Accelerat ion 6 .2 .46 .1 .4
Therasl-Vacuua 6 .2 .4 .1 .9
Life 4 .2 .6 .1 .11

6 .2 .4 .1 .1  Test Hardware. Qualif ication test  hardware shal l  be of the same
configuration as f l ight hardware.

4.2.46.1.2 Performance Recuirements. The GPC sha l l  be subjected to compiete pericru-
suce tests  before and after each environment tes t  and to selected funct ional and per-
forzance tes ts  during each enviroomental exposure. Where complete performance veri f i -
cation canmot de accomplished during the environmental exposure because of limited test
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t ime, the most cr i t ical  functions shal l  have priority. Tolerance bands or pass- fa i l
performance cr i ter ia,  based on performance design requirements, eha l l  be estab l ished
for each parameter.  Parameter shi f ts during or after each envirocment shal l  not exceed
the abso lu te  value of the sl lovable di f ference between the acceptance acd qua l i f i ca t ion
test  l imi ts for each paramater.

4 .2 .6 .1 .3  Vibration.
6.2.46.1.3.1 a l i f i  ion = Acceptance Vibration Test « The GPC sha l l  be sub~
jected to the random vibrat ion specif ied in 3 .2 .5 .1 .£ (1 ) ,  for the duration speci f ied,
in  each of three orthogonal axes. Vibration to lerances,  test  c r i te r ia ,  and procedures
shal l  be in  accordance wi th S2-T-0023. Performance ver i f icat ion tests  shal l  be iden~
t ica l  to those conducted during AVI (reference 4 .2 .2 .3 ) .  Duration (2) sha l l  not begin
unti l  the GPC has successfu l ly  completed the post duration (1) performance ver i f ica-
t ion test  speci f ied above.

4 .2 .4 .1 .3 .2  [Flight Vibration. The GPC shal l  be subjected to the random vibration
specif ied in 3.2.5.1.£(2) ,  for the duration specif ied, in each of three orthogonal
axes. Vibration to lerances,  cr i ter ia,  and tes: procedures shal l  be in  accordance with
§P=-T=0023., Performauce t es t s  shal l  be in  gccordance v i th  4 .2 .4 .1 .2 .

£ .2 .6 .1 .4  Accelerat ion.  Ths GPC shal l  be subjected to the accelerat ion speci f ied by
3 .2 .5 .1g  for a minimum of f ive minutes in  each direct ion slong each of three orthogonal
axes. I f  any ax i s (es )  is (are) considered signif icant,  with respect to accelerat ion
ef fects ,  i t  ( they)  shal l  be considered vhen establishing the orthogonal axes system.

4 .2 .4 .1 .5  Shock.

8 .  Jench Handling. The GPC shal l  be subjected to bench handling shock as specified
in Procedure V, Method 516.1 of MIL-STD-810,

db. Landing. The landing shock shal l  be verif ied by analysis.

¢ .  Design. The GPC shall be subjected to design shock as specified im 3 .2 .5 .2h (2 )  in
accordance vith MIL-STD-810, Method 516.1,  Procedure I .

d. Crash Safetv. The GPC or the chass is  of the GPC with a dummy load s imulat ing the
sass and distr ibution of the remaining elements of the GPC shal l  be at tached by
its normal mounting sttactments and subjected to savtooth shock as speci f ied in
Procedure 11I ,  Method 516.1 of MIL-SID-810. Crash safety may be veri f ied by
analysis.

$.2.46.1.6 Pover Tests. Tests shal l  be performed to assure that the G?C meets perform-
asce requirements of Section 3 .2 .1  and the power consumption requirements of 3 .3 .3 .2 .1
vi th input pover meeting the requirements of 3 .1 .2 .1 ,  including both normal and emer-
gency transient conditions, as well ss steady-state maximum and ainimum limits.

F6 .5 .6 .1 .7  De le ted .

6 .2 .4 .1 .8  Electromagnetic Compgtibility Tests. EMC requirements, which cannoc be
verified by analysis, shal l  be verified by the minimum susceptibi l i ty snd emission test
developed in accordance wich MF0004-002.
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$ .2 .4 .1 .9  Thermsl-VacuumTest. The GPC shal l  be placed in a thermal-vacyum chamber,
v i th  the air temperature in  the chamber maintained at 80°F throughout the t es t .  The
pressure sha l l  be reduced from room ambient to 8 psis at a rate of change of 0.15 ps ia /
mioute.  Pressure shal l  be maintained st 8 ps is  for 165 minutes and then returned to
room ambient at 8 rate of change of 9.0 pais/minute. The GPC sha l l  be operat ing
throughout the entire t es t ,  with performance tes ts  conducted during the 8-psia
stabi l ized condit ion.

The inlet air temperature shall be maintained st 80°F with a density consistent with
the 8-psia requirements, and the air  temperature r ise  across the GPC shal l  not exceed
45°F.

$ .2 .4 .1 .10  Thermal Cvele Test. The GPC shal l  be mounted om a surface to s imulate
usage condit ions snd thermally cycled 5S times from 70°F to the maximum design temper~
ature (p lus 120°F) ,  to the minimum design temperature (minus 20°F) ,  to plus 35°F, to
the maximum design temperature (p lus 120°F) ,  and to 70°F. The thermal ra te  of change
sha l l  not exceed 4°F per minute nor be less than 1°F per minute .  Dwell  at each thermal
extreme sha l l  not be less than 60 minutes a f te r  thermal s tab i l i za t ion  of the test
ar t ic le .  Selected performance tes ts  shal l  be conducted at each thermal extreme except
that the GPC w i l l  not be operated at temperatures below plus 35°F. Performance at the
high temperatures sha l l  include operat ion st the maximum heat d iss ipa t ing  mode for a
duration cons is ten t  with the design capabi l i ty  and suf f ic ient  to verify acceptable per-
formance. Performance at the lov temperature extreme shal l  include operat ion at the
ginimum heat d iss ipa t ing  mode for a durat ion suff ic ient to ver i fy  acceptable perfora-
snce. (See 64.1.2.1.1 for applicable equipment cooling requirements.)

4 ,2 .4 .1 .11  Opersg t ingLife Test. On-off cycles and operat ing time accumulated on a
single specimen during other qual i f icat ion tests may be appl ied toward these
requirements.

a. Cyc l ic :  The GPC shal l  be operated for 1,000 on-off cycles.

b. Forward: The GPC shal l  be operated for  750 hours.

¢ .  The remaining hours of 3.2.1.1.1 life requirements shal l  be sat isf ied by analysis.

6 .2 .4 .1 .12  Cabin Atmosphere. The GPC shal l  be subjected to a sa l t  fog test in  accord-
ance wi th  MIL=-STD-810, Method 509, Procedure I ,  for a durat ion of one hour. Immediate
upon conclusion of the sa l t  fog exposure, without c leaning,  the GPC shal l  be placed ia
8 humidity chamber and thermal ly cycled between 60 and 120°F for  a to ta l  of four cyc les
at a ve la t i ve  humidity of 85 percent.  The unit shal l  remain at each temperature
extreme during each cycle for a period suff ic ient to achieve thermal s tab i l i za t i on  plus
the time required to conduct performance test ing or six hours ,  vhichever is  longer.
The GPC sha l l  be performance tested at sach temperature extreme for each cycle fo l low
ing thermal s tab i l iza t ion snd a l l  c i rcui ts shal l  be monitored during the temperature
change period between thermal extremes. The test durstion shall  be 120 hours.

$ ,2 .4 .1 .13  Package Qualification Tests. Cert i f icat ion of package performance sha l l  be
acutapl isted ty sralyzis vhenever poss ib le .  When cert i f icat ion cannot be accomplished
by ana lys is ,  a buyer approved simulated dummy load shal l  be ins ta l led in i t s  package
and both subjected to the appl icable FED-STD-10l test  to veri fy conformance to 5 .2 .3 .
Development gesigned hardware nay be used for tes t ing  in l ieu of a dummy load.

FORM M 131 ~w=2 REV 2-70 .
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4.2.4.1.14 Tempera tu reAltitude, snd Cooling Air Tests.
$ .2 .6 .1 .14 .1  Gengril. Unless othervise speci f ied in the individual test  procedures,
the equipment shal l  be placed in a test  chamber in  the as- ins ta l led  condi t ion.  The
terz "as i ns ta l l ed ”  shal l  be in terpreted ss including the appl icab le  coo l ing provi-
sions,  ss wel l  as any features of the orb i ter  insta l la t ion that bear on equipment
thermal environment. At least  the fo l lowing data,  as app l icab le ,  sha l l  be recorded for
each item of equipment during the temperature, a l t i tude,  and cool ing air t es t s :

8. Operating surface or reference temperature of the c r i t i ca l  components and piece~
parts.

b. Cooling air f low ra te ,  supply temperature, and exit temperature.

¢ .  Cooling air to ta l  pressure loss.

d. [Electrical heat dissipation.

e¢. Functional parameters of Section 3.

6 .2 .4 .2  Cer t i f j ca t ios by Anglysis. The following requirements shal l  be veri f ied by
analysis.

6 .2 .4 .2 .1  §Shelf/CoeratingLife. Compliance with shelf/operating l i f e  requirements of
Sect ion J shal l  be verif iad uy analysis of the appl icadle documentation and test  data.

@,2.4.2.2 Reliabii.:y. Couplisnce with the re l iab i l i t y  requirements of 3 .2 .3  shal l  be
veri f ied by analys is  ind evaluation of design drawings and test  data, as app l i cab le .

4 .2 ,6 ,2 .3  Msintaipabiljty. Compliance vi th the maintainabil i ty requirements of 3 .2 .4 ,
which cannot be ver i f ied by assessment, shall beverif ied by analysis of the engineer-
ing dats.

$ .2 .4 .2 .4  Qzong. Compliance wi th the ozone requirements under 3 .2 .5  shal l  be ver i f ied
by analysis of design drawings and test  data.

£ .2 .4 .2 .5  [fyngus. Compliance with the fungus requirements under 3 .2 .5  shall be veri-
f ied by analysis of design dravings and test  data.

$ .2 .4 .2 .6  Ma te r i a l s aud Processes. Compliance wi th the mater ia ls  and processes
requirements of 3 .3 .1 .1 ,  vhich cannot be ver i f ied by assessment or t es t ,  shal l  be
verified by analys is  of design drawings and material test  data.

$ .2 .4 .2 .7  Electromagnetic Compatibility. Compliance wi th  the EMC requirements of
3 .3 .3 .1 ,  vhich cannn” be ver i f ied by t es t ,  shall be ver i f ied by analysis of design
dravings aad test  data.

4 ,2 .6 .2 .R  T lec t r i ca l Design Requirements. Complisnce v i th  the electr ical  design
requirements under 3 .3 .3 .2 ,  which cannot be verif ied by test  or assessment, shal l  de
verif ied by analysis of design dravings and engineering data.
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4.2.4.2.9 fafaty. 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 Iransisnt Shock: Complismce with the transient shock requirements of
3.2.5.10(2)  shall be verifiad by test or amalysis.

4.2.4.2.11 o Test dats generated from articles
previously certified may be used as a certification method when i t  can be showa that
the article is  similar or identical to the article being certified. Features to be
considered shall include design, performance, envirommental duration and limits,
masufacturing process, and quality comtrol. Special effort shall be made to svoid
duplication of previous testes from this or similer progrems. Shere certification by
testing is required, data from other than qualification testes may be used to sstiefy
the requirements uader the followiag conditions:

Predeclaration The intent to use the test for certification
£3 declared prior to test conduct.

Configuration Production configuration or approval (where
allowed) for differences.

Pacilities Certified

Isspection Required

Test requirement/ Jormally approved by buyer
procedure/pase—fail
criteria

| Acceptance Required

Functional Test Required (ezcept for momoperatiag tests such as
pre-, post-, snd during packaging tests).
emviromment

Documentation Configuration descriptiecn, failwre reports,
sad test results.

4.2.4.2.12 Mature Hardvare (Off-the-Shelf).
8 .  Bvaluate and document equipment capability wtilising a comparison matrix which

includes considerstions such ss configuration, performance and emvirommeat versus
spacified requirements.

b. Where the envirommentsl levels are wore strisgent than previous qualificetieca
levels, analyse or test to verify that the item can vithstaad the higher level
design requirements.

¢ .  Por items that require minor modificacions or L iv6 O l  Load qualified eo ell
ewiromments, oaly the design modificaticrzs for the sdditiona] enviroments need
to be certified, i f  cumulative and interaction effects do not exist. I f  cwmmla-
tive aad interaction effects do exist, complete qualification testing is  required.

FORM i 131=0~C ARV 2-70 PB
Le  ~ ['™ .
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4.2.3 Yarification Requirements Matrices. The sellers verificatios program shall
satisfy the performance and design verification requirements specified im Table IXI,
Where a verification method is not indicated, the seller shall propose a suitable
approach to requirement verification. Where a verification method is indicated, the
seller may vecommend an alternate approach.

FORM M 33) —4=2 ALY 2-70
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Table XXI. Performance snd Desigs Verificatios Matriz

VERIFICATION METHOD

1. Analysis 3. Test
a. Assessment . 8.  Development P —

a. Iaspection b. Qualificatioa Seller-Conducted
b. Review of Design e. Acceptance

« Vehicle Acceptance
@s Pre-Flight Checkout
g£. Norisontal Flight Buyer—Conducted

B/A = Not Applicable ge Verticel Flight
he Major Ground Test

Verification Method

2 3
Section 3 and 5 1 © Section 4
Requirement ¥o. | N/A s [d ] | a | b ] c l e l a ] | f  |g |n |Requirement No.

3 .  X
3 .1  X

3 .1 .2  X
3 .1 .2 .1  X
3 .1 .2 .1 .1  X IX  'X 6 .2 .2 .2
3 .1 .2 .1 .1 .1  X1l1X |X 4 .2 .2 .2 ,

3 .1 .2 .1 .1 .1 .1  X H .2 .4 .2

4 .2 .6 .1 .6

3 .1 .2 .1 .2  X X 4 .2 .4 .2 ,
6 .2 ,4 ,2 .11

3 .1 .2 .1 .3  X Xx |X 6 .2 .3 ,  4 .2 .2 .2

Je l . 2 .1 .9  X X |X 6 .2 .3 ,  4 .2 .2 .2
3 .1 .2 .1 .6  X X 6 .2 .4 .2 ,  4 .2 .3 ,

4 .2 .4 .1 .6
3 .1 .2 .1 .7  X X 4 .2 .4 .2 ,  4 .2 .3 ,

3 .1 .2 .1 .8  X X |X b .2 .4 .2 ,  4 .2 .3 ,

3 .1 .2 .1 .9  X |X 4$.2.2.2
3 .7 .2 .1 .10  X X X | X 4 .2 .3 ,  4 .2 .4 .2 ,

3 .1 .2 .1 .11
3 .1 .2 .2  X

3 .1 .2 .2 .2  X11 ZX X |X 6 .2 .2 .1 ,  6 .2 .3 ,
4 .2 .2 .2

CAMRY 00 99°  18 NH NFPA WN > =SURE .
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Table XXI. Pazformsnce and Design Verificatioa Matrix (Cont)

VERIFICATION METHOD

1. Analysis 3. Tast
2. Assessment a. Development |

a. Inspection . b. Qualification Seller-Conducted
bd. Review of Design e. Acceptance

d. Vehicle Acceptance
6.  Pre-Flight Checkout
f£. Horizontal Flight Buyer-Conducted

W/A = Bot Applicable ge Vertical Flight es
kh. Major Ground Test

Verification Method

3
Section 3 and 3 | Section 4
Requirement Mo. | N/A Db | ja| ]b] lc|d|e| f  |g |b | Requirement No.

$.2.6 .1 .10
3 .1 .2 .3  4 4.2.3
3 .1 .2 .3 .1  Xx
3 .1 .2 .3 .1 .1  4

3 .J .2 .3 .1 .3  X

4 .2 .2 .2
3 .1 .2 .3 .1 .3 .1 .2  X X |X 6 .2 .4 .2 ,  4 .2 .3 ,

4 .2 .4 .2 .11
3 .1 .2 .3 .1 .3 .1 .3  X X 8 .2 .4 .2 ,  4 .2 .3 ,

6.2.4.2.11
3 .1 .2 .3 .1 .3 .1 .4  X X 8 4 .2 .6 .2 ,  4 .2 .3 ,

4 .2 .2 .2
3.1.2.3.1.3.1.95 Xx Xx Xx 6 .2 .4 .2 ,  4 .2 .3 ,

6 .2 .2 .2

4.2 .4 .2 .11

4.2 .4 .2 .11
3 .1 .2 .3 .1 .3 .1 .8  X X 4 .2 .4 .2 ,  46.2.3,

4 .2 .4 .2 .11
3 .1 .2 .3 .1 .4  4
3 .1 .2 .3 .1 .4 , )  4 X 4 .2 .4 .2 ,  4.2.3
3 .1 .2 .3 .1 .4 .2  Xx X b .2 .4 .2 ,  4 .5 .2 ,

FASM 3 V9  t i  BEN 9 .0

4.2 .2 .2
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Table XXI. Performance and Design Verification Matrix (Cont)

1. Amalysis 3.  Test
2. Assessment a. Developasnt pe

8.  Iaspection be Qualificstioa -Saller~Conducted
bd. Review of Design C. Acceptance

d. Vehicle Accaptance
Pre-Flight Checkout

f .  Noriszomtal Plight Buyer-Conducted
B/A - Bot Applicable ge Vertical Might —

bh. Major Ground Test

Verification Method

2 3
Section J and § 1 Section 4
Requirement No. | W/A ab  |a|d jc |d|e]|f |g |b | Requirement No.

3 .1 .2 .3 .1 .4 .3  X X |X 4 .2 .4 .2 ,  4 .2 .3 ,
6 .2 .4 .2 .11

3.1.2:.3.1.4.4 X b SB ¢ 4.2.4.2, 4 .2 .3 ,
4.2.4.2.11

6.2 .4 .2 .11
3 .1 .2 .3 .1 .4 .6  Xx Xx |X 4 .2 .4 .2 ,  4 .2 .3 ,

$ .2 .4 .2 .11
3.1.2,3.1.4.7 X } SB ¢ 4.2.4 .2 ,  4 .2 . ) ,

b .2 .4 .2 .11

4.2.4.2.11
3.1 .2 .3 .1 .5  X b S I  ¢ 4.2 .3 ,  6 .2 .2 .2
3.1 .2 .3 .1 .6  4 x |2 4.2.3, 4 .2 .2 .2
3 .1 .2 .4  X
3 .1 .2 .4 .2  X

$e2.4.2.11
3 .1 .2 .4 .3  ) 4
3 .1 .2 .5  X
3 .1 .2 .5 . }  X
3 .1 .2 .5 .2  X
3.1 .2 .5 .3  X
3 .1 .2 .5 .4  4
3 .1 .2 .6  X
3 .1 .2 .6 .1  Xz  4 .2 .3 ,  4 .2 .2 .1
3 .1 .2 .6 .4  x Sl 4 3 .2 .5 .11,

| 3 .2 .5 .12 ,
3.2.5.13
(zef only)

PORMM 13)=H~2 ARV 2-99
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Performance snd Design Verificetiom Matrix (Cost)

NUMSEN
MC613-0025

Table IX1.

VERIFICATION MEINOD

1. Analysis 3.  Test
2. Assesment 8 .  Development

s. Iaspection b. Qualification ‘Seller-Conducted
b. Reviev of Design €. Acceptance

d. Vehicle Acceptance
L 13
£.

k.

Pre~Flight Checkout
Borisontal Flight  Buyer-Coaducted
Vertical Flight |

Major Ground Test

Verification Method

Section 3 and 5 |
Requirement Mo. | N/A

3.1.3
3.1.4
3.2
3.2 .1
3 .2 .1 .1
J .2 .1 .1 .1
3 .2 .1 .1 .2
3.2 .1 .1 .3
3 .2 .1 .1 .4
3 .2 .1 .2  b
3 .2 .1 .2 .1
3 .2 .1 .2 .2
3.2 .1 .2 ,3
3 .2 .1 .2 .3 .1  X
3 .2 .1  5 2% | od
3.2 .1 .2 .3 .3
3 .2 .1 .3  X
3 .2 .1 .3 .1  X X

3.2 .1 .3 .2
3.2.1.3.3

3.2.1.3.4

3.2.1.3.9

3.2.1.3.6

PRO a8 P IV  ed?  REMI . . .

3
Section &

g§ | b | Requirement No.

6 .2 .2 .1 ,  4.2.3
6 .2 .2 .1 ,  4.2.3

6.2.4.2
6.2.6.2
he2.4.2

4 .2 .3 ,  4 .2 .2 .2

4 .2 .3 ,  4 .2 .2 .2
b .2 .4 .2 ,  4.2.3
4.2.3
4 .2 .3 ,  4 .2 .2 .2

4.2.4.2,
4 .2 .4 .1 .10 ,
4 .2 .4 .2 .11

6.2.3
4 .2 .3 ,  4 .2 .2 .2 ,

 h .2 .4 .1
4 .2 .3 ,  4 .2 .2 .2 ,

4 .2 .4 .1
6 .2 .3 ,  4 .2 .2 .2 ,

6 .2 .4 .1
4.2.3 ,  4 .2 .2 .2 ,

4.2.4.1



' Table IXI. Performance and Desiga Verificatioce Matriz (Comt)

1. Amalyeis 3. Test
2. Assssement a. Development |

a. Isspection b Qualificatioa Seller-Conducted
b. Review of Design e. Acceptance

« Vehicle Acceptance
e. PMre-Flight Checkout
£. Borizontsl Flight Buyer=-Conducted

N/A = Not Applicable g- Vertical Flight
bh. Major Ground Test

Verification Method

2 3
Section 3 and $ 1 r Section 4
Requirement No. | N/A a 8 d |e |£f£ |g | kh | Requirement No.b > ¢

4.2 .4 .1
3 .2 .1 .3 .8  X I ¢ 4.2 .3 ,  4 .2 .2 .2 ,

4 .2 .4 .1
3 .2 .1 .3 .9  X Xx X |X 4 .2 .2 .2 ,  4 .2 .3 ,

6 .2 .4 .2
3.2 .1 .3 .10 X XX  4 .2 .3 ,  4 .2 .2 .2 ,

4 .2 .4 .1
3 .2 .1 .4
3 .2 .1 .4 .1  Xx |X  4.2 .3 ,  4 .2 .2 .1 ,

b .2 .4 .1
3.2.1.4.2 Xx 4 .2 .3 ,  4 .2 .2 .2 ,

h .2 .4 .1
3.2.1.4.3 |X  4.2 .3 ,

4 .2 .4 .2 .11
3e2.1.4.3 X 4.2.3
3e2.1.4.6 x X 4 .2 .2 .2 ,  4 .2 . )
3 .2 .1 .4 .8  p ¢ SI ¢ 4 .2 .3 ,  4 .2 .2 .2
J .2 .1 .4 .9  Xx X l |X  4 .2 .3 ,  4 .2 .2 .2 ,

6 .2 .4 .1
3 .2 .1 .3  X
3 .2 .1 .5 .1  X

| 3 .20544  x x |x 6.2.3 ,  4 .2 .2 .2 ,

3.3.1.5.1.3 X]X |X |X  hede2, 4 .2 ,2 .2 ,
4.2.4.2.11

3 .2 .1 .5 .1 .3 .1  X 4 .2 .3 ,  4 .2 .2 .2 ,
be2 .4 .1

Je2:1.5.1.4 X |X  6.2.3 ,  4 .2 .2 .2 ,
4.2 .4 .1

SAG 48 9% mtd  AEV.2:70 .



: VERIFICATION METHOD

1. Analysis

N/A = Not Applicable

Assassuent
a. lsspectioa
b. Review of Design

Sec t i on 3 and 5
Requirement No.

3.2.1.5.1.5

3.2.1.5.1.7
3.2.1.5.1.8
3.2.1.5.2

3.2.1.5.2.1

3.2.1.5.2.2

3.2.1.5.2.3
3.2.1.5.2.3.1

3.2.1,5.2.3.5

3.2.1.5.3

3.2.1.5.3.1

3.2.1.3.3.2

3.2.1.5.3.)

3.2.1.5.3.3.1

3.2.1.5.3.3.2

3.2.1.5.3.4

FANS 8 19% t i l  BEV P IN

NC613-0023

n
d

3.

CL —
167

Pezformance and Design Verificatioa Matrix (Coat)

Test
8. Development |

b. Qualification Saller-Conducted
Ce. Acceptance

« Vehicle Acceptance
e. Prea-Flight Checkout
£. Borizontal Flight Buyer-Conducted
ge Vertical Night —
he Major Ground Test

Verification Method

3
Section &

bla|b]ec|d|le|]f[(g|h]| Requirement No.

X ) S I  4 4 .2 .3 ,  4 .2 .2 .2 ,
6 .2 .4 .1

X | 6.2.3

b .2 .4 .1

4 X 4 .2 .3 ,  $ .2 .2 .2 ,
4 .2 .4 .1

X x 4.2.3,  4 .2 .2 .2 ,
&e2 .4 .1

X|X jX  |X 4 .2 .3 ,  46.2,2.2,
4 .2 .4 .1 ,
$ .2 .4 ,2 .11

4 £.| X 4 .2 .3 ,  4 .2 .2 .2 ,
4 .2 .4 .1

X IX  4 .2 .3 ,  4 .2 .2 .2 ,
4 .2 .4 .1

Xx XX  6 .2 .3 ,  4 .2 .2 .2 ,
$ .2 .4 .1

X XX  6 .2 .3 ,  4 .2 .2 .2 ,
h .2 .4 .1

X X |X 4 .2 .3 ,  4 .2 .2 .2 ,
6 .2 .4 .1

X X |X 4 .2 .3 ,  4 .2 .2 .2 ,
8 .2 .4 .1

4 .2 .5 .1
X XX  4 .2 .3 ,  4 .2 .2 .2 ,

he2 .4 .1
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Teble IXI. Performsnce sad Desiga Verificatiom Matrix (Cont)

Analysis
Assessment
a. laspection

N/A= Not Applicable

Section J and 5
Requirement Mo.

3.2,1.5.3.3

3.2.1.5.3.6

3.2.1.5.3.7

3.2.1.5.4

3.2.1.5.4.1

3.2.1.5.4.1.1

3.2,1.3.4.1.2

3.2.1.5.4,.2

3.2.1.5.4.3

3.2.1.53.4.4

3.,2.1.38.5

Je2.1.3.4.6

.2.1.%.4.7

3.2.1.3.4.8

3.2.1,5.4.9

1
N/A

3.
Se
be.
Co

o Vahicle Acceptance
Pre-Flight Checkout

Development
Qualification
Acceptance

Seller-Conducted

Borisontal Plight
Yertical Flight
Major Ground Test

Verification Method

3
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H
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M
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M
 

M
N

|Buyer-Conducted

Section 4
8 | B | Requirement No.

4.2.3, 4.2.2.2,
6.2.4.1

4 .2 .3 ,  4 .2 .3 .2 ,

6 .2 .4 .1

4.2.3, 4.2.2.2,

4.2.3, 4.2.2.2,

4.2.3, 4.2.2.2,
4.2.4.1

4.2.3, 4.2.2.2,
odode

4.2.3, 4.2.2.2,
4.2.4.1

4.2.3, 4.2.2.2,
4.2.4.1

4.2.3, 4.2.2.2,
4.2.4.1

4.2.3, 4.2.2.2,
4.2.4.1

4.2.3, 4.2.2.2,
6 .2 .4 .1

4.2.3, 4.2.2.2,
4.2.4.1

4.2.3, 4.2.2.2,
4.2.4.1

4.2.3, 4.2.2.2,
4.2.4.1

4.2.3, 4.2.2.2,
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Table XXI. Pezformsnce and Design Verification Metrix (Come)

d VERIFICATION METHOD

1. Analysis 3. Test
2. Asssssment 8 .  Development g r—

a. Inspection b. Qualification Seller—-Conducted
b. Review of Design € .  Acceptance

4. Vehicle Acceptance
e. Pre-Flight Checkout
£. Horisontal Flight Buyer-Conducted

R/A = Not Applicable ge Vertical Night
he Major Ground Test

Verification Method

2 3
Section 3 and 5 1 Section &
Requirement No. |N/A a j b l a i b | c ] éd ] | e | f  |g | hh | 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 ,

§ .2 .4 .1
3.2.1.5.4.12 X XX  4 .2 .3 ,  4 .2 ,2 .2 ,

§.2.4.1
3 .2 .1 .5 .5  X X |X $ .2 .3 ,  4 .2 .2 .2 ,

. 4 .2 .4 .1
3.2.1.5.95.1 X XX  8 .2 .3 ,  4 .2 ,2 .2 ,

&.2 .4 .1

4 .2 .4 .1
3 .2 .1 .9 .5 .1 .2  Xx b Sl BB 4 .2 .3 ,  4 .2 .2 .2 ,

b .2 .4 .1
3 .2 .1 .5 .5 .1 .2 .1  X Sl BP 6 .2 .3 ,  4 .2 .2 .2 ,

4 .2 .4 .1
3.2.1.59.3.1.3 X XX  4 .2 .3 ,  6 .2 .2 .2 ,

$.2.4.1
3 .2 .1 .5 .5 .1 .3 .1  4 X iX  4 .2 .3 ,  4 .2 .2 .2 ,

4 .2 .4 .1
3.2.1.9.9.1.3.2 b 4 S I  4 .2 .3 ,  4 .2 .2 .2 ,

. 4 .2 .4 .1
3 .2 .1 .5 .5 .1 .3 .2 .1  X Xi X 6 .2 .3 ,  4 .2 .2 .2 ,

$ .2 .4 .1
5.2 .1 .5 .5 .1 .3 .3  X XX  6 .2 .3 ,  6 .2 .2 .2 ,

- 4 .2 .6 .1

3.2.1.5.5.3 > ) 4 X11 X 4 .2 .3 ,  4 .2 ,2 ,2 ,
8 .2 .4 .1

FORM M )31=~2 REV 2-70 -
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Table IXI., Performance and Desiga Verificatioa Matria (Cost)

VERIFICATION METHOD

1 .  Analysis 3 ,  Test
2. Assgsmsment a. Development

a. luspection be Qualification
bs Review of Desigs ¢ .  A: :ptance

« Venicle Acceptance
e. PFre-Flight Checkout
£. Boriszontsl Flight

B/A - Bot Applicable ge Vertical Flight
A. Msjor Ground Test

Verification Mathod

2 3
Section 3 and 5 1

d le | fRequirement Mo. | N/A 8

3.2.1.5.5.4

3.2.1.,5.5.5

3.2.1,5.5.6

3.2.1.5.5.7

3.2.1.5.5.8

3.2.1.5.6
3 .2 .1 .5 ,6 .1

M
$ 

M
M

 
M

M
 

M
M

 
m

le

M
M

 
M

H
 

M
H

 
M

N
 

n
lo

M
N

 
M

M
 

M
M

 
M

m

3 .2 .1 .5 .6 .2  x |2

3 .2 .1 .5 .6 .3  x
3 .2 .1 .5 .6 .3 .1  X XX ]

3 .2 .1 .5 .7
Je2e l .5 .7 .1  p 4 :

3.2 .1 .3 .8  X

~ PORMWM 131-02 REV 2-70

[Fe1sss-Gonduct ad

‘Buyer=Conducted

Section &
g | Bb | Requirement No.

4 .2 .3 ,  4 .2 .2 .2 ,

4 .2 .4 .1

4.2 .3 ,  4 .2 .2 .2 ,
&h.2.4.1

6 .2 .3 ,  6 .2 .2 .2 ,
4 .2 .4 .1

& .2 .3 ,  4 .2 .2 .2 ,

4 .2 .4 .1

4.2.3, 4.2.2.2,
4.2 .4 .1

3.2 .1 .5 .11,
3 .2 .1 .5 .12 ,
3.2.1.5.13
(ref only)

4 .2 .3 ,
4.2 .4 .2 .11

3 .2 .1 .5 .11 ,
J3.2.1.5.12,

(ref only)
$.2 .3

4.2 .3 ,
4.2.,4.2.11

4.2.4,2,
46 .2 .4 .2 .11 ,
6.2.4 .1 .10
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Table XXI.

VERIZICATION METHOD

1. Acalysis
sageSaent

; Je  Inspection

i b.

j 2

| 8/a - Bot Applicable

Section 3 and 5
Requirement Mo.

3 .2 .1 .5 .9

3.2.1.5.10
3.2 .1 .5 .11
3.2.1 ,5 .11.1

3.2.1.5.11.2

Je2.1.5.11.4
3.2.1.5.11.3

«2.1.5.11.6
v2.1.5.11.7
o2.1.5.12
«2.1.5.12.1
«2 .1 .

«2.1. 12 .3

02:.1.5.12.4

o2.1
2.1
2.1
2.1

2

LL 3 2 JJ 13 . 1

2.1.5 .13.2

v2.1.5.14
3 .2 .1 .6
3 .2 .1 .6 .1

3 .2 .1 .6 .2

3.,2.1.6.2.1

O
W

 
V

L
 

a
ta

d
b

a
d

h
 d

a
d

a
 

o
d

POAM M 131=9i=§ RLV 2-70

Reviev of Dasign

N/A

COE 108NT.NO. 03063
AEVISION LETTER PAGE

Ib)

Performance snd Dasign Verification Matrix (Coat)

1
¢

8. elopment
b. Qualification Seller-Conducted
e. Acceptance

ehicle Acceptance
a, Pre-Flight Checkout
£. Horizontal Flight Buyer-Conducted
ge Vertical Flight en

bh. Major Ground Test

Verification Mathod

3
Section 4

| ¢c |d |e |£f |g |b | Requirement No.

4 .2 .4 .1 .3

|
4.2 .3 ,  4 .2 .2 .2 ,

6 .2 .3 ,  4 .2 .2 .2 ,
4 .2 .4 .2 .1 )

| 4 .2 .3 ,  4 .2 .2 .2 ,
6 .2 .4 .2 .11

b 4 X IX  4.2 .3 ,  4 .2 .2 .2
X XX  6.2 .3 ,  4 .2 .2 .2

) 4 |X  4.2.3 ,  6 .2 .2 .2
X XX  6 .2 .3 ,  4 .2 .2 .2
x 4 4 .2 .3 ,  4 .2 .4 ,1 .2
X X 4 .2 .3 ,

| $ .2 .4 .2 .11
X X 4 .2 .3 ,  4 .2 .4 .1 .2

|X
SB I ¢ 4.2.3 ,

4$.2.4.2.11
X SE 4 4 .2 .3 ,  4 .2 .2 .2

p-4 SE 4 4 .2 .3 ,  4 .2 .2 .2 ,
6 .2 .4 .1

4 |X  6.2 .3 ,  4 .2 .2 .2
X SD 4 .2 .3 ,  4 .2 .2 .2



VERIFICATION METHOD

1. Anslyeie
Assessment
8.  Inspection
bd. Reviev of Design

B/A = Not Applicable

Section 3 and S$
Requirement No.

3 .2 .1  X 22

3 .2 .1  6 .2 .3

3 .2 .1  6 iY J

J .2 .1  ob 3
3.2.1.6.3.1

3 .2 .1 .6 .3 .1 .3
3 .2 .1  ob ob
3 .2 .1 .6 .4 .1
3 .2 .1  ob be l

3 .2 .1  obohe3
3 .2 .1  6 obo

3.2.1.6.4.5

3 .2 .1 .6 .3
3 .2 .1 .6 .5 .1
3 .2 .1  6 .5 .2

3.2 .1 .6 .5 .3
3 .2 .1 .6 ,5 .4
3 .2 .1 .6 .5 .5
3 .2 .1  bb

3 .2 .1 .6 .6 ,1

@ARRES 08 YY  whu t  BEV 9.90

n/a

3.

CODE IDENT.NO. 03063
NUMBER REVISION LETTER

NC613-0025 172

Table IXI. Performance and Design Verification Matrix (Coat)

8e
|
Ce

c.
£.
Be
hb.

Development
Qualification
Acceptance

ehicle Acceptance
Pre-Flight Checkout
Horizontal Flight
Vertical Night
Major Ground Test

Seller-Conducted

| Buyer-Conducted

Verification Method

J
Section 4

b j l j c | [ d ] j e ] f  |g] h | RequirementNo.

4.2.4.1

X|X  4.2.3,
$ .2 .4 .2 .13 ,

b.2.4.1
XX 4.2.3, 4.2.2.2,

6.2.4.1

XX 4.2.3,  4.2.2.2

4.2.3,  4 .2 .2 .2 ,
4 .2 .4 .1

4 .2 .3 ,  4 .2 .2 .2 ,
6 .2 .4 .1

4 .2 .3 ,  4 .2 .2 .2
4.2.3,  4.2.2.2

4.2.3, 4.2.2.2
®eld; Soave.



] COOE IDENT. NO. 03953
NUMBER REVISION LETTER __| PAGE
| MC§15-0025 | 

TT 1 1 1 wm |

Table XXI. Performaace and Desigs Verification Matrix (Coat)

VERIFICATION METHOD

1. Analysis 3. Teme
2. Assessment 8. Development p—

s. Inspection ®. Qualification Seller-Conducted
b. Review of Design ¢ .  Acceptance

« Vehicle Acceptance
e. IFre-Flight Checkout
f .  MNoriszoatsl Flight Buyer-Conducted

N/A - Not Applicable ge Vertical Might
he Major Ground Test

Serification Method

a 3
Section 3 and § )| Section &
Requirement No. | N/A sa |bja]|dilec]|d]|]e|f]g] bh | Requirement No.

3 :2 .1 .6 .6 .2  X
3.2 .1 .6 .6 .3  X
3 .2 .1 .6 .6 .4  X
3.2 .1 .6 .6 .5  X
3.2 .1 .5 .8 .6  X
3.2 .1 .7  X
3 .2 .1 .7 .1  4 SIP 4 .2 .3 ,  4 .2 .2 .2 ,

! 8 .2 .4 .1

4.2 .4 .1
3 .2 .1 .7 .1 .2  X XX  6 .2 .3 ,  4 .2 .2 .2 ,

h .2 .4 .1

3 .2 .1 .7 .1 .3  X SIP ¢ | 4 .2 .3 ,  4 .2 .2 .2 ,
4 .2 .4 .1

3 .2 .1 .7 .1 .6  X 3 Ip¢ 4 .2 .3 ,  4 .2 .2 .2 ,
&e2.4.1

3 .2 .1 .7 .1 .2  X SB I 4 .2 .3 ,  4 .2 .2 .2 ,
4 .2 .4 .1

3.2.1.7.1.8 x SN BP 4 .2 .3 ,  4 .2 .2 .2 ,
h .2 .4 .1

3.2.1.7.2 X
3 .2 .1 .7 .2 .1  b 4 L ]X  4 .2 .3 ,  4 .2 .2 .2 ,

: 
4.2 .4 .1

4 .2 .4 .1

4.2.4.1

FORM M 13L-1=SREY 2JS



CODESIDENT.NO. 0308)
I ct15-0025 ] REVISION LETTER —]  "En

VERIFICATION MEIROD

1. Analysis
d. Assessment

s. Inspection
be Review of Design

N/A = Not Applicable

Sect ion3 and 3
Requirement Mo.

3 .2 .1 .7 .3
3 .2 .1  o l  J 9 |

3 .2 .1 .7 .3 .2
3 .2 .1 .7 .3 .2 .1

3.2.1.7.3.2.2

3.2.1.7.3.2.4

3.2.1.7.3.3

3e2.1.7.3.4

3.2.1.7.3.3

3.2.1.7.3.6

J.2.1.7.3.7

3.2.1.7.3.8

dedo loF edo?

3.2.1 .7 .3 .10

h 9 | od3 11

Performance and Desiga Verification Matriz (Cont)

Test
Development
Qualification Seller-Conducted
Acceptance
Vehicle Acceptance
Pre~Flight Checkout
Boriszontsl Flight
Vertical Flight
Major Ground Test

Buyer-Conducted

Verification Method

3
Section &

bD le |d ]e | f ] | g | h  | Requirement No.

4 .2 .3 ,  4 .2 .2 .2 ,
6 .2 .4 .1

| 4.2.3, 4.2.2.2,
4.2.4.1

4 .2 .3 ,  6 .2 .2 .2 ,
6.2.4.1

4 .2 .3 ,  4 .2 .2 .2 ,
4.2.4.1

4.2.3, 4.2.2.2,
4.2.4.1

4.2.3, 4.2.2.2,
6.2.4.1

4.2.3, 4.2.2.2,
4 .2 .4 .1

6.2.3, 4.2,2.2,
4.2.4.1

4.2.3, 4.2,2.2,
| 4.2.4.1

4.2.3, 4.2.4.1,
4.2.2.2,
4.2 .4 .2 .11

4.2.3, 4.2.4.1,
4.2 .2 .2

4.2.3, 4.2.4.1,
6 .2 .2 .2

4.2.4.1

x

»



' COOE I0ENT.NO. 03983
NUMBER | REVISION LETTER PAGE

| MC615-0023 | | | | 1 175 |

Table XXI. Performance and Design Verification Matrix (Cont)

VERIFICATION METHOD

i .  Anslysie 3. Test
2. Assesment a. Development

a.” Isspection ‘ b. Qualification Seller-Conductad
be Review of Design ¢ .  Acceptance

« Vehicle Accaptance
6 .  Pre-Flight Checkout
£. MNorizoatsl Flight Buyer-Conducted

N/A = Bot Applicable ge Vertical Might
b. Msjor Ground Test

Verification Method

2 h
Section 3 end $ 1 Section 4
Requirement No. | N/A a lb l a j b j c t i t d | e  |£f |g |b | Requirement No.

3 .2 .1 .7 .3 .12 p 4 |X  6 .2 .3 ,  6 .2 .2 .2 ,
4 .2 .4 .1  .

3 .2 .1 .7 .6  X XX  4 .2 .3 ,  4 .2 .2 .2 ,
8 .2 .6 .1

3 .2 .1 .8  X
3 .2 .1 .8 .1  X
3 .2 .1 .8 .2  X
3 .2 .1 .8 .2 .1   ¢
3 .2 .1 .8 .2 .2   §
3.2 .1 .8 .3  X

6 .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  $.2 .3 ,  4 .2 .2 .2 ,

4 .2 .4 .1
3 .2 .1 .8 .3 .1 .3  X SHE 4 .2 .3 ,  6 .2 .2 .2 ,

9e2 .he )

4 .2 .4 .1

&h .2 .4 .1

3 .2 .1 .8 .5  X |X  6 .2 .3 ,  4 .2 .2 ,2 ,
6 .2 .4 .1

3.2 .1 .8 .6  x SB 4 .2 .3 ,  4 .2 .2 .2 ,
4 .2 .4 .1

3 .2 .1 .9  4 3.2.3
3.2.1.10 X
3.2 .1 .11  : 4 XX  6 .2 .3 ,  6 .2 .2 .2

FORM M 131 =~  REV 2-70 ’



COO IDENT. NO.00063 \
NUMBER REVISION LETTER | PAGE
| MC613-0025 1 | lame’

Table XXI. Performance sad Design Verification Matrix (Coat)

VERIFICATION MEIROD

1. Asslysie 3. Test
2. Assessment a. Development —

8.  Iaspectioa b. Qualification Sellex-Coaducted
b Review of Design ce. Acceptance

. ic le Acceptance To

@. Pre-Flight Checkont
£. Borizoantsl Might Buyer-Coaducted

N/A = Net Applicable go  Vertical Might ——
he Major Ground Test

Verification Method

2 | 3
Section 3 and 3 | Section &
Requirement No. | B/A s (b j i a | ] b j ed ]e  [ fg] kh | Requirement No.

3.2.1 .11.2 X X iX  4 .2 .3 ,  4 .2 .2 .2
3.2.1.11.3 X |X  { 8.2 .3 ,  4 .2.2.2
3.2.1.12 X
3.2 .1 .12.1  X | b Ol BP ¢ 4.2.3,  4 .2 .2 .2 ,

4.2.4.1.10
3.2.1.12.2 Xx 21 X 4 .2 .3 ,  4 .2 .2 .2 ,

4.2.4.1.10
3.2.1.12.3 X XX  4.2 .3 ,  4 .2 .2 .2 ,  .

3 .2 .1 .12.4  x Xx |X  4 .2 .3 ,  4 .2 .2 .2 ,
$.2 .4 .1 .10

3.2.2 X
3 .2 .2 .1  X| X X|X  4.2 .3 ,  4 .2 .2 .1
3 .2 .2 .2  } SI  ¢ X11 ZX $.2.3, 4 .2 .2 .1
3.2.2.3 XX  4.2.2.1
3 .2 .2 .4  X 4.2.3
3 .2 .2 .9  4 X 4.2.4.2
3.2.3 X
3 .2 .3 .1  4 4 .2 .2 .1
3 .2 .3 .2  X 4.2.3
3.2 .3 . )  X 4.2.3
3.2.4 | X
3.2.4.1 b 4 X 4.2.4.2, 4.2.3
3.2.4.2 X
3 .2 .4 .2 .1  X| X 4 .2 .2 .1 ,  4.2.3

3.2.4.2.3 Xl X $ .2 .2 .3 ,  4.2.3

FORM M 131—41~2 AEV 2-70



MC615-0025

Table 2X1.

VERIFICATION METHOD

1. Analysis
2. Assessment

s. Inspection
b. Review of Design

R/A = Bot Applicable

$action 3 and 5
Requirement No.

3 .2 .4 .2 .5
3 .2 .4 .5 .6
3 .2 .4 .5 .6 .1
3 .2 .4 .3

3 .2 .4 .3 .2
3 .2 .4 .3 . )

3.2.9
3 .2 .3 .1
3 .2 ,5 .1s

3e3:3.10

3 .2 .5 .1¢

3.2.5.14

3.2.5.1¢
3.2.5.12(1)

3.2.5.1£(2)

3 .2 .5 .1
3.2.5.1h(1)

3.2.5.10(2)

FORM M 131 =+i~2 REV 2-70

CODEDENT.NO. 03063
AE VISION LETTER mn |

Performance sud Design Verification Matrix (Cont)

Test
8+ Development g r—

b. Qualification Ssller-Conducted
w_.  CsAcceptance

« Vebicle Acceptance
¢ .  Pre-Flight Checkout
f .  Horizontal Flight Buyer-Conducted
g- Vertical Plight —
bh. Major Ground Test

Verification Method

3
Section 4

b la |b | l ec |d ] | e | £ f  |g |b | Requirement Mo.

b 4 $ .2 .2 .2 .1 ,  4.2.3

X 4.2.3
X 4.2.3
X 4.2.3

) 4 6.2.4.1,10,

$.2 .4 .1 .2
x 5 :2 .6 .1 .9

$ .2 .4 .1 .2
Xx 4 .2 .4 .1 .12 ,

| 4.2.4.2
X . 4 .2 .6 ,2 .12 ,

4.2.4.2

x 4 .2 .4 .1 .3 ,
4 .2 .6 .1  " J

Xx 4 .2 .4 .1 .3 ,
6 .2 .4 .1 .2

p 4 b.,2.4.1.4, 4.2.4
Xx $.2 .4 .1 .5b,

4.2.4.2
p 4 $ .2 .4 .1 .10 ,

(7? PF



MC613-0023

Table XXI,

VERIFICATION METHOD

1. Amalyeie
2. Assessment

8.  Inspection

N/A - Not Applicable

Section 3 and $
Requi-enent No. | R/A

3.2.5.28
J :2 .5 .5n

3.2.5 .2(2 ;

3.2.5.2¢(3)

3 .2 .5 .2¢4

3 .2 .5 .2¢
3 .2 .5 .3

3.2 .6
3 .2 .6 .1
3 .2 .7

3 .2 .7 .1
3 .2 .7 .2
3 .2 .7  3

3.3
3.3 .1
3 .3 .1  o l

Jewe l 2
3 .3 .1 .3
3 .3 .1 .4
3.3.2
3 .3 .3

PORM MM 13]=0¢=¢. REV 2-70

 ¢

|

| Eye ST

Pezformance and Design Verificstion Matrix (Coat)

CODE IDENT.NO. 0306)
~ YPAGE ‘

I 1

3 .  Tast
8.  Development S—

b. Qualification Seller=Coanducted
€.  Acceptance
d. Vebicle Acceptance
e. Pre-Flight Checkout
£. Borisontal Might Buyes-Conducted
ge Vertical Flight —
he Major Ground Test

Verification Method

| 3
Section 4

ea |b a fo  c |d |e |£  |g |b | RequirementNo.

X 4 .2 .2
X 4 .2 .2

X 4 .2 .4 .2 ,
4 .2 .4 .1 .52

b 6 .2 .4 .2 ,
&.2.46.1 .3¢

X 4 .2 .4 .2 ,

4 .2 .4 .2 .4
he2 .4 .2 .9

X 4 .2 . ,4 .1 .13
X . 4 .2 .4 .1 .13

4 .2 .4 .2 ,  4 .2 .3 ,
4 .2 .4 .1 .10

X $ .2 .2 .1 ,  4 .2 .3
X |X 4 .2 .2
Xx 4 .2 .4 .1 .10 ,

4 .2 .4 .2
X 4 .2 .3

X 4 .2 .3 ,  4 .2 .2 .1
X 6%.2.3
X X 4 .2 .2 .1 ,  4 .2 .3
Xx 4.2.3

4.2.3
4.2 .3



CODE IDENT. NO. 03053

NUMBER Tr
mce15-002s [ |

REVISION LETTER J PAGE

[ 1 1 1 1

Table XXI. Performance aad Design Verificatiom Matrix (Cont)

VERIFICATION METHOD

1. Anslysis 3. Test
2. Assessment s. Development —

8s. Inspection b. Qualification Seller-Conducted
b. Review of Desiga —Sedcceptance

Vehicle Acceptance
Pre-Flight Checkout

: Horizontal Flight Buyer—Conducted
B/A = Not Applicable ge Vertical Might ee

he Major Ground Test

Verification Me.hod

2 3
Section 3 sud 3 1 Section &
Requirement No. | N/A a |b l a  c |d  |e |f |g ]|h | Requirement No.

3 .3 .3 .1  p 4 X 4 .2 .3 ,
4 .2 .4 .1 .8

3 .3 .3 .2  X 4.2.3
3 .3 .3 .2 .1  |X  4.2.2
3 .3 .3 .2 .2  X 4.2.3
3.3.4 x

3.3.5 Xx 4.2.3

3 .3 .5 .1 .1  X 4.2.3

3 .3 .5 .1 .3  X $.2.3

3.3.6 X 6.2.3
3 .3 .6 .1  X 4.2.3
3 .3 .6 .2  X 6.2.3
3.3.7 X| X X 4 .2 .2 .1 ,  4 .2 .3 ,

4 .2 .6 .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

3. x
3.1  &
5.2 Xx 4.2.3

FORM M 131-02 REV 2-70
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CODE (0ENT.NO. 03063
NUMBER REVISION LETTER \

MC615-0025 - 180

Table XXI, Performance and Design Verificatioa Matrix (Cont)

VERIFICATION MRTROD

1. Anslysis 3. Test

8.  Inspection be Qualification Seller~Conducted
b. Review of Design ¢ .  Acceptance

d.  Vehicle Acceptance
es Pre-Flight Checkout
£. BNorizontsl Flight Buyer-Conducted

N/A = Not Applicable go Verticsl Might —
ke MNsjor Ground Test

Verification Method

| 3
Section J and 5 | Section 4
Requirement No. | N/A a |b| lajd|c|d|e|f  |g |b | Requirement No.

S.2.1 X 4.2.3
5.2.2 Xx 6.2.3
5.2.3 X

5.2.3) ) 4 X be2.4.1.13

5.2.34 X x 4.2.4.1.13

5.2.34 X X $.2.4,.1.13
5.2.33 X X h.2.4.1.13
5.2.3k X X 4.2.4.1.13
$5.2.31 X X 4.2.4.1.13
5.2.4
5.2.5 X . 4 .2 .2 .1
5.2.6 X
5.2.7 X
5.2.8 X X 8 .2 .2 .1 ,  4.2.3

mas  09 91% Se  A "VEN IR
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| 3C61$-0025 0 1} SB

S. PREPARATION FOR DELIVERY

35.1 General) Requirements. The requirements specified herein govern the preparation
for shipment and the transport of the GPC to sl l  Buyer and Goverment facilities. The
methods of preservation, packaging and packing wtilized for shipment together with
pecessary special control during transportatios shall adequately protect the GPC from
damage or degradation of performance due to the natural and induced envirooments
encountered during transportation sud subsequent storage as specified herein.

3.2 Detailed Requirements. Packaging, bandling, and transportation shall be im
sccordsnce with spplicable requirements snd guidelines of MEB6000.1(1A) as supplemented |

by the following subparagraphs.

3.2.1 Preservat ionand Packeging. Preservation and packaging shall be fia sccordance
with the requirements of Level B of MIL-$TID-794.

35.2.2 Packaging. Packing shall be in accordance with the requirements of Level B of
MIL~-8TD-79%.

5.2.3 Desizn Requirements (Structursl). Preservation, packaging, and packing shall be
designed to withstand the rough handling package requirements of MIL-8TD-794 as defined
ins ZED-8TD-101 (without damage or degradation to the useful life performance, and
reliability of the contained item without damage to the preservation, packaging, snd
packing which would affect their util ity) in accordance with the following:

a. Roush Hepdling

Gross Weight and Dimensions ZED-8ID-101 Mathod
’

Less than 200 pounds and not 3007 Procedure EB Free:.Pall Corner
exceeding 60 isches om any Drop (Level A)
edge or diameter. 35007 Procedure B Free Fall Fiat

Drop (Level A)
5016 Superimposed Load (with

damage, Level A)
5019 Vibrstion (Repetitive shoek)
5020 8iuisridal Vibration

> Pressure
(1) Tramsportatiom: A f r .  . . « « 3.28 to 15.23 pois

Ground. . + + 9.76 to 15.23 ps i

(2) Storage: 12.4 to 15.23 paia

¢ .  Zsmparaturs

(1) ZIramsportationt Air « . « « + Moimm; Miaus 27°F
: Maximum; Plus 150°F for 6 hours

Cround« « o + Minimum; Minue 20°F
Maximum: Plus 150°F for 6 hours

FORM M 131-M-F REV 270 ~ Te  me T
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(2) Bterasge: Uncontrolled « « MNimimum; Mimus 20°F
Maximum; Plus 150°F for € hours

Controlled os o Uominal; Plus 60 t o
Plus 80°F

*Mininum; Plus 25°F
Niaximum;: Plus 115°F

"Duration 4 hours maximum

4d. Imidicy A r  « « ¢ ¢ «+ 0 to 100 percent relative
Ground « « + + 8 to 100 percent relative

e. Salt Seray 1.0 percent by weight salt solution for
30 days.

£. Sandand Dust
*Sand Particle Diameter: 0.0031 to 0.039 inches
Suspended Sand: 1.2 pounds per cubic foot

wiDust Particle Diameter: 07.0000039 to 0.0031 inches
Suspended Duet: 3.7 x 10 pounds per cudic foot
Saud and Dust Particle Harmass: 7 to 8 MOH Scale
Wind Speed: 33 feet per second

*90 percent or more between 0.0037 sad 0.012 inches.
*290 percent or more betweea 0.0000039 and 0.000079 inches.

gs. Iunsus As specified in MIL-8TD-434.

he Ozone 3 to 6 parts per hundred willion
(pbm). Total oxidant concentrations
may reach 60 pim for 1 to 3 bours in
any 24 hour period.

F

of & inches per hour.

Mazinum Dismeter: 2 inches2$e

Bailstone Density: 50 1b/ecu f t
Wind Speed: 33 ft/sec
Hardness, MOH Scale: 2 to &

Maximum of 19 inches during any 24 hour
period, including short period extremes

Fall Velocity: 100 feot/second

Duration: 15 minutes max

Ee Snow | 10.2 pounds per squazse foul.

1. Solar Radiation 363 3TU/£t2/bour for 6 hours per
day for two wveeks./

FORM M 131~H-8 ALY 2-70 i .  -
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$5.2.4 Reusable Containers. Where smalyeie im accordesce with NEB6000.1(1A) indicates
8 requirement for reusadle containers, maximum practicsl utilization shall be made of
otandszd off-the-shelf, low cost, metal or plastic containers.

3.2.9 1 « Al l  temporarily instal led
devices such as caps, plugs, covers, support bracketry, protective plates, e t c . ,  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 labeled “REUSABLE ITEM, DO NOT DESTROY, RETAIN FOR REUSE.“

"3.2.6 Paskasin aod Labeling or Ordnance. Deleted.
ke Soom 10.2 pounds per squares root.

1. Solaz Radiation 363 BTU/ft 2/bour for 6 hours per day
for tuo weeks.

35.2.4 JReusadle Containers. Where anslysie im accordance with NiB6000.1(1A) indicates
8 requirement for reusable containers, maximum practical utilization shall be wade of
etandard off-the-shelf, low cost, metal or plastic containers.

5.2.3 Jemporarily Instelled Hardvare Identification. All temporarily installed
devices such as caps, plugs, covers, support bracketry, protective plates, e t c . ,  shall
be cerise red in  color or shall have sttachad cerise red colored streamers to ensure
that they ere essily identified under casual observation. Ksusable protective devices
shall be labeled “REUSABLE ITEM, DO MOT DESTROY, AETAIN FOR REUSE.

35.2.6 QRackss ingand Labeling or Ordnance. Deleted.

5.2.7 Pre-Produc t ionPackaging Qualification Teste. Testing to verify the fuactiomal
capability of the package or transport methods/equipment shall be accomplished as
required by Section 4 of thie specification.

3.2.8 Ma rk i ngfor Shipment. Interior and exterior containers shal l  be marked and
labeled in accordance with MIL~8TD-129 including precautionary markings necessary to
ensure ssfety of personnel snd faci l i t ies and to ensure safe handling, transport, and

.storage. For hezardous materials, markings shall slso comply with appl icable require-
ments governing packaging snd labeling of hazardous mater ia ls .  Packages v i th reuse
capability shall be identified with the worde “REUSABLE CONTAINER - DO MOT DESTROY
RETAIN FOR REUSE." NASA Critical Item Labels (Form 1368 ser ies) shall be applied in

] sccordance with MuB6000.1(1A). 1ldentification information om interior snd exterior
containers shall be in the following format and shall include:

PORM M 131=+=8 ACV 2-70 , SETI



| a 2 RA
BUYER CONTROL NUMBER

ITEM RANE

FSN/NATO STOCK NUMBER _SVEES APPLICABLE)

MANUFACTURER'S TYPE OR PART NUMBER

QUANTITY IN PACRAGE TRACEABILITY IDENTIFICATION

AGE CONTROL MARKING

CLEANING MARKING SNOTAPPLICAMLE)

SERIAL NUMBER

MANUZACTURER

BUYER FURCHASE ORDER NUMBER

DATE OF PACKAGING

LEVELS OF PACKAGING AND PACKING

MANUFACTURER'S PACKAGE PART NUMBER ____ (NOT REQUIRED FOROFF-THE-SHELF COSTAINERS)

FORMM 1310-2 REV 2-70
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6. NOES

6.1 Dafinicions.:
6.1.1 Acceptance Tests. Inspection snd tests to determine that a part, component,
subsysten or system is capable of meeting design and performance requirements specified

TELA,

6.1.2 Assessment. A verification method employing inspection and review of design
techniques to verify design features not covered by verification test and anslysis such
as finishes, tolerances, bonding, ideatification tracesbility, safety wiring, weraing
and servicing labels, Bi l l  of Materisls, ste.

6.1.3 Claseification.
Ixpe. This tera denotes differences iz like items or processes as to design,
Tope Tro Pe  a tc . ,  snd is designated Ly upper case Romana sumerals (e .g . ,  Type I ,

| Class. This term denotes differences in performance or physical characteristics
snd is desigusted by Arabic numerals (e.g., Class 1, Claes 2).

Grade. This term denotes differences in quality of an item and is designated My
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. Qualif ication Tess. Those teste conducted as part of the certification program to
demonstrate that design requirements can be reslized under specified conditions.

bd. Cer t i f i ca t ion by Anslvsis. Certification by suslysis sllows the use of sppro-
priate engineering snslysis including simulation to provide fulfillment of
certification objectives. Certification analysis will vormally be conducted due
to one or both of the following factors.

(1) The inability to simulate flight conditious im am effective ground test.

(2) Qualification testing would mot be practical.

Anaiysie may be used vhere i t  cea be shown that the article is  similar or
identical in design, manufacturing processes, snd quality control to another
srticle that has been previously certified to equivalent or more stringeat
criterias. .

6.1.5 Development Tests. Theres taste pocformed with minimum rigors and controls te
verify s design approach.

6.1.6 Pail Opprational. The ability to sustaia s failure sad zetais safe, full
 opesetionsl capability (mission continuation).
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6.1.7 Rail fafa. The sbility tc t.ilu ¢ failure aud retain safe operational cape-
bility (successfully terminate the .:lovies).

6.1.8 Jailure. The {mability of a system, subsystem, component, or part to perform
ite required function within specified limite, under specified conditions for e& epeci-
f ied duration.

6.1.9 o A combivation of components, saits, parts, asoem~
blies, subsssemdlies, e te . ,  the! are covbteined in one package or are so arranged that
together the cosbinstion is  common to 0be mounting; and in eddition, provides s com-
plete fuaction(s) to the larger entity within which i t  operstes. Im order to aid ia
the further definition on an individual basis, the following l ist  of characteristics
which cana be attributed to a line replaceable unit ars provided.

8.  I t  cas be verified as vesdy for installation in an off-vebicle eavirommest.

b. After installstion resdiness verification, i t  can be iastalled in say vehicle or
GSR end item vithout regard to serial mumber.

¢ .  The isstallation does not require manufacturing type tooling of dimensiomal er
other similar mature.

do I t  does not require engineering support during the installation or removal.

es I t  does not require more time or imvolve more spares costs or other resources thet
is next assembly for imstellstiocs or removsl.

6.1.10 « A SRU {as an integral subassembly of a LRU con~
sisting of units and parts or s combioation of parts so arranged that together the com~
binstion is common to one mounting; and in additicn, provides a complete function to
the larger entity withia which i t  operates.

6.1.11 Scheduled Maintenance. The scion performed in am attempt to retain en item in
8 opecified ecndition by providing systematic inspection, detection, snd servicing for
the prevention of incipient failure.

6.1.12 Operating Cycles. The cumulstive mumber of times an item completes a sequence
of activation and retura to i ts initial state; e .g . ,  3 swvitched-on/evitched~off
sequence, 8 valve-opened/valve-closed sequence, a tank pressurised/depressurised, or
Dever cryogenic sxposuze/draia.

6.1.13 Operating Lifs. The specified operating time/cycles which sa item can accrue
before replacement or refurbishment without risk of degradation or performance beyosd
sceeptable limits.

6.1.16 Preflight Checkopt. Verifies that the flight hardware functions within pre-
sceibed limite when the subsystem are operated slone, or together as sn iuteycated
v Cl@,

6.1.15 Structurs]l Ssfe-Life. A design approach under which structural failure wil l
mot occur because of undetected fleve and/or fatigue damage during the specified
service life of the article; slso, the period of time for vhich the integrity of the
structure can be ensured in  the expected operating envirooments.

FORM M 33) ~si=g REV 2-70 ee  ( a
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6.1.16 Shelf Life. That period of time during which an item cen remain in storage
without having ite operability affected. Preventive maintensnce, servicing, amd
replacement of age-sensitive material parts shall be permitted on 8s scheduled basis
during the storage period.

6.1.17 Single Failure Point. A herdwsre failure which, by i tself ,  could result in s
safety hasard or serious impasirmeat (or loses} of fumctional capability.

6.1.18 Siskle Pailune Poing Summary (8003)  Summary listing of those single failure
pointe identified ia the failure mode and effects analysis.

6.1.19 Useful Life. The item's total life span including operating l i fe and storage
vith normal preventive maintenance, servicing, repair, and replacement of parts before
item is considered uwnscceptadble for further usage. This l i fe span may be equal to
(throw-avey), or greater then (repair, refurbishable) the value specified for
“operating life."

6.1.20 Yerification. The process of planning snd implementing s program that deter-
nines that the item meets al l  design, performance, and safety requirements. The
verification process includes certification, development testing, acceptance testing,
sssesoment, fl ight demonstration, preflight checkout, and snalysis necessary to support
the total verification plan.

6.1.2]  Jorr. The Torr is defined as 1/760 of a 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
aillimeter of mercury.

6.1.22 Sheltered. A varehouse type facility, enclosed, end providing protection
against esviroomeatal conditioms.

6.1.23 Upebeltersd. An open ares unprotected sgainet environmental conditions.

6.1.26 Page Cable Assembly. A logic page containing am integral cable to an LRU
external connector.

6.1.25 Cable Core. Cable core is that group of conductors and associated shields
vhich termingte at one equipment interface comnector exclusive of asuy overall shield.

6.1.26 Ru i l t - I n Test (BIT). Is  defined as additional circuitry implemented in the
basic design of au LRU or systema 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.

a. Ju i l t - I n Test Equipment (BITE). That circuitry provided to perfors continuous
monitoring of specific parameters, groups of parameters or functions of the LRU to
provide a GO/NO-GO indication. This type of built-in test capability represemt
those implementstional at techniques which are sutooomous in msture, provide con-
tirucus real-ti:'r momitoriag, but do not interrupt mormal Cperat.ica of ibe LRU,

be Self-Jeot. That circuitry contained in the LRU which provide the means to simu-
late operation of a LRU for the purpose of functionsl verification. This type of
built-in test capability is  mon~autonomous in mature in that i t  may require an
external initiation and does faterrupt the normsl operation of the LRU.

PNRMM0 131=0i—0 REV 2-70 oo
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Zest Points. Those messsurements of LIU parameters which are provided at the
electrical interface of ths LAU to ensble determinstion of the relative heslth or
operational status of the individual wnit.

Unsusnspted Test. Is defined gs a test that does aot require the use of the
computer in a mode other than the sormal operational mission of date veception/
command generation.

Rrobab i l i t yof Failure Calculstion. As acceptable way to calculate the probe-
bility of failure detection for a LRU is:

l .  [Iailurs Rate ofUnde tec ted Item Paris.
Total failure rate of items that effect LEU sbility to meet CEI
performance requirements. .

Jor this calculation one can gssumes the isput dats to the LRU are correct and the
output faults are dues caly to the sesding LRU,

6.1.27 Miscellsneous.

d.

e.

£.

8.

kh.

g

3.

Jopd. A controlled consection resulting in a defined low-impedance dc snd RF
path.

« Checkout is 8 test conducted ek an item to determine its condition
or operable status.

» Variations of operational and performance characteristics whichFailure Criteria
are outside of the limits permitted by the detail equipment specification deem the
equipmert failed. Deterioration and msteris] failure of eny part of material
which could in any manner prevent the equipment from meeting operational, perfor-
mance, snd reliability requirements during service life shall provide resson to
consider the equipment as having failed.

Minimum Cooling Airflow. The minimum cooling airflow is the rate required to pre-
vent the temperature of all critical components withia a givea uait from exceeding
safe levels.

Module. A module is gs removable plug-in part of ea equipmest.

Processor Stats. Volatile registers which defims the currest stetus and exchange
sequence of a program.

Rover Common. This conductor is weed for a curreat-carryisg return path for sore
than ons power source or load.

Dover Befersnce Tis. This conductor betwesa power circuits is used to establish a
voltage relationship (not primarily a current-carryisg conductor).

Lower Rstura. Inis conductor is used fOr curreni-cerrying return path for o™
load.

« A conductor from a shield to amy other points is a ohield
zeference tie. 

|
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k. BRignal Aaturn. This conductor is used for a sigaal-carrying peth for one load.

1. Structures Tis. A conductor between structural smmbers fis sa structure tie.

®. Jul) Duplex. Full-duplex operation is the method wherein a common tranmitter-
receiver unit can send and receive informstion simultaneously over the same
chansel.

on. Nalf Ouplex. Half-duplex operation is  the method wherein a common tranmmitter-
receiver unit can send and receive information oa the same channel, but not
simultanacusly.

o. Cyclic. The saquentisl process whereby ome item is followed by another im so
serial fashion is described as cyclic.

p. Dummy load. For the purpose of shock tests, a dummy load is a duplication of the
shape, size, rigidity, mounting methods, weight, mass distribution sud
center-of-gravity of the qualification unit. There is m0 requirement that i t  be a
functioning device.

6.2 Abbrev ia t ionsand Acronyms. Abbreviations and scryomms used ia this specification
are defied as follows:

Al Alwminum
amp Ampere
ATT Acceptance thermal tests
AVT Acceptance vibration tests
AGE Aerospace ground equipment

CR Bus control elemennt
BITE Built-in test equipment
BIR Bench test equipment
Btu British thermal umit
BW Bandwidth
BCS Backup flight comtrol system

Center of Gravity
Complementary symmestry/matsl uxide semiconductor
Cubic centimeter
Central processor wi t
Copper
Continuous wave

Double smplitude
Data acquisition and control buffer uait
Decibel
Niegn r  snvvantd

Display electronics unit
Direct memory access

Brror Correction Code
Rlectronic/electrical/elactronechanicsl
Eagine interface umit
Rlectromsgaetic compstibilityPE

ER
 FE

TO
pR

 e
au
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Fahrenheit
Foot or feet
Square foot or feet
Cubic feet
Federal stock number
Flight comtrol operating systema

General purpose computer
Grouad support equipment

Relium
Mercury
Hour
Berts (cycles per second)

Iatercomputer communication chasnel
Input/output processor

Kilohm
Riloherts (kilocycles per second)
Eilimeters

Pound
Line replaceable wait

Millismpere
Multiplexer/demultiplexer
Milligrem
MegsHerts (megscycles per second)
Mil l i l i ter
Millimeter
Mass memory
Monomethylhydrazine
Mets] oxide semiconductor
Millisecond
Master sequence controller
Marshall Space Flight Canter
Mead time between feilures
Mill ivolt
Msan tims to repair
Multiply

Te  | ’

National Aeronsutics and Space Administration
Boxth Atlantic Treaty Orgasisation
Non-destructive evaluation
Nitrogen
Bitzozon Tavteawida

Nickel
Nanosecond
Noa-volatile residue

Oxygen
Operational instrumentation

>
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Lead
Program control uait
Pulse continuous wave
Program control output
Parallel multiplexer interface sdepter
Part. per million
Programmable read ouly memory
Pounds per square inch
Pounds per square inch absolute
Pounds per square inch differential
Pounds per square inch gauge
Parte per hundred million

Meguificatiou factor

Random access memory
Resistance capacitance
Radio frequency
Root mean square
Read only store
Read only memory

Space Division
second
Shop replaceable unit
Stenderd
8elf-test programs

To ba supplied by seller
Trichlorotrifluorethane

Microseconds

Volts direct currant
Volts per meter
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APPRIDIX I |

10. PROTOTYPE MODEL

10.1 Scope. This appendix asstablishes the performance, desiga, development, and
verification requirements for the prototype configuration of the CPC, orbiter.

10.1.1 Classification. Al l  requirements of the besic specificatioa shall apply.

10.2 Applicable Documents
10.2.1 Applicability. The docments listed in Section 2 of the basic specification
shall apply.

10.3 [Jsaouirements. The requirements of Section 3. of the basic specification shall
apply, except as follows:

8 .  Deviations in components or process requirements mey be granted upon request from
the seller.

10.3.1 Itemldentificaiton. The identification of the prototype model shall be as
follows:

Nomenclature snd Mfr Seller Traceability
Code Ident. No. Buyer Control Ne. Part No. Classification

cc  MC613-0025-2000 6966000-1 Serisl

10.4 Quality Assurance Provisions. 7ZThe provisions of Section & of this specifi-
cation are waived. The supplier shall submit an gcceptance test procedure for the
buyer's approval and shall conduct acceptance tests in accordance with the spproved
procedure.

10.5 Prepara t ionfor Delivery. The rcuiremets of this ssctios of the basic
specification shall apply.

10.6 Notes. The requirements of Section 6. of this specificetion shall apply.

FORMM 131-442 ARV 3-79 j LL  CL ev r  ~—)
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—7 7ogi t - r r  | AMENDMENT oaTE VE
4-16-85 or  16

COMPUTER, GENERAL PURPOSE SUBJECT "NN

yz  CHANGE : ' J  J
—

This amendment forms a part of MC6135-0025, new, dated September 19, 1984.

Page 3

WAS: MF0004-400
30 August 1977
Amendment COL
4 November 1982

18 :  MF0004-400C
18 June 1984
Amendment D-01
14 December 1984

WAS: MC615-0010 Adapter, Interface, IOP Multiplexer
2 November 1974
Amendment A-03
26 November 1974

IS: MC615-0010B Adapter, Interface, Serial Multiplexer
13 August 1975
Amendment C-01
18 June 1980
Amendment C-02
24 September 1984
Asendment C-03
3 Apri l  1985

ADD: MT0802-106 Quality Assurance requirements for subcoatractors
16 December 1984 of e lectr ical ,  electronic, and electromechanical

parts for the Shuttle program

Page 25, Paragraph 3.1.3

WAS: "Item" & - -
IS: Nomenclature and Mfr. = ~

Code Ident.  No. - N e

Computer, General = S i
Purpose. 03640 &

[X
=~]

EOCN ABM949,
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Page 192, Paragraph 10.3.1

WAS: Nomenclature and Mfr.
Code Ident .  Na.

GPC

18: Nomenclature and Mf r .
Code ldent .  No. 4

Computer, General
Purpose. 03640

Page V

Abu: 11. Appendix 1 I  pre-production configuration

ADD: Page 193

APPENDIX 11

11. PRE-PRODUCTION CONFIGURATION

11.1 SCOPE

me

PAGE 2 OF 16

The pre-production GPC's are to be manufactured ut i l iz ing a combination of
qualif ied parts and parts that do not meet the requirements of the Quality
Assurance Requirements Speci f icat ion,  MT0802-106 or Amendment D-01 of  the
Elec t r i ca l ,  Electronic, and Electromechanical Orb i ter  Parts L is t  (OPPL),
MF0004-400C.

These parts are “equivalent parts” that have not been subjected to the
additional requirements imposed by Amendment D-01 and MT0802-106.

The pre-production GPC's are to be restr ic ted to nonfl ight use and are to
be identified with the following part number:

Rockwell Part No.

MC615-0025-3000

IBM Part No.

6966000-2

In  order to minimize the use of "equivalent par ts , ”  qualif ied parts shall
be used whenever possible.

With the exceptions noted above the requirements of the basic specification
shall apply.

FORM M 131=0i—¢ REV 2-70
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Delete the last two sentences and add:

PACE 3 OF 16

wn

The frequency of the osc i l la tor  shal l  have an accuracy of plus orminus
.001 percent at the standard temperature conditiors specif ied in Paras-

The frequency shal l  be stable within .001 percent from
30 minutes to 7 days under the ambient temperatures speci f ied in Para-
graph 4 .1 .2 .1 ,  but the frequency accuracy of plus or minus .0045 percent
i s  permit ted for the f i rs t  30 minutes of operation wi th in the operating
environment speci f ied.
exceed 100 mil l iseconds from the time master power reset is released after
application of primary power.

graph 4 .1 .2 .1 .

Page 12

Replace Figure & with the enclosed figure

Page 7

Replace Figure 2 with the enclosed figure

Page 13, Table I

WAS: GPC J2
Pia Neo.

1
2

IS:  GPC J2
Pin No.

1
2

Page 15, Table I

WAS: GPC J3
Pin No.

86
87

IS:  GPC J3
Pin Neo.

87

" FORM M 131 ==3 ACV 2-70

Signal
Name

Spare
Spare

Signal
Name

Signal Name

Spare
Spare

Signal Name

«L AD POR

Function

Spare 3C
Space 3T

Function

Overtenmp 1
Overtesp 2

The turn-on time of the osc i l la tor  sha l l  not
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L°3(2) PAYLOAD OPERATIONS::|

. LEGEND:
FF/FA YOM = GNAC Sensors and Control
MEC = Mission Events Controller
DEV (MCDS)= Display Electronics Unit, Keyboard and CRT
(3{] = Engine Interface Unit
LL/LR MOR = Solid Rocket Booster Control § Senser : MOTE: ALPHANUMERIC MODIFIER
PCN a Pulse Code Modulation Master DESCRIBES PHYSICAL POSITION
] = Mass Memory Unit & FUNCTIONAL REDUNDANCY
ooY = Display Driver Unfit
Mciv s Manipulator Mand Controller
LF/LA = Flight Test, Post Flight MEY .
PF MDNR = Performance Monitor Control PCH Format Control) Payload
1 ]  s Isolation Amplifier

Figure 2. Multicomputer System Block Diagram
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AMENDMENT A-O1L TO MC615-0025
CODE IDENT.NO. 03953

NUMBER REVISION LETTER PAGE
MC615-002S | | |

Page 16

WAS : GPC J3 Signal
Pin No. Name Function

107 D134C Discrete in  347

1S: GPC J3 Signal
Pin No. | ! Name Function |

| 107 D134C Discrete in  34C |

Page 17

GPC Jb
Pia No. Signal Name

9 WAS: J1-001
IS: J4=001

12 WAS: J1-004
IS:  Jb4~=004

14 WAS: J1-005
IS:  J4-00S

22 WAS: J1-030
IS:  J4-030

26 WAS: J1-015
1S: J4-015

29 WAS: J1-018
IS:  J4-018

31 AS: -L AGE EA store project latched (Softwire)
IS: -L AGE read store protect (Softwire)

35 WAS: J1-023
IS:  J4-023

49 WAS: Ji1-036
IS: J&-036

52 WAS: J1-039
1S: J4-039

54 WAS: J1-041
IS:  J&~041

56 WAS: J1-044
1S: J&4-044

58 WAS: J1-047
1S: J&4-047

60 WAS: J1-059
IS: J&-059

62 WAS: J1-061
IS:  J&-061

72 We: TieAMY
IS:  J&~071

FOAM WM 13] =m=2 REY 2-70

PAGE 6 OF 16



AMEVDMENT A-01 TO MC615-0023 PACE7 OF 16

. CODER (DENT.NO, 0395]
[ Twn  ouas REVISION LETTER ]

Page 17 (Cont)

GPC Jb
Pin Ne. Signal Name

74 WAS: J1-07)
18: J&-073

76 WAS: J1-063
IS: J&4-063

19 WAS: J1-066
IS: J4-066

81 WAS: J1-068
IS: J4-068

83 WAS: J1-082
18S: J4-082

$5 WAS: J1-084
18: J4=084

87 WAS: J1-086
IS:  J4k-086

Page 18

GPC Jb
Pia No. Signal Name

89 HAS: J1-088
IS: J4-088 ]

20 WAS: +L AGE -
IS:  -L AGE

91 WAS: J1-090
IS:  J&-090

93 WAS: J1-092
1S: J&-092

» WAS: J1-094%
IS: J6-094

97 WAS: J1-096
IS:  J4-096

99 WAS: J1-098
IS: J4-098

101 WAS: J1-100
IS:  J&4-100

103 WAS: Return for J1-102 (Softwvire from DOS)
IS: Return for J6-102

AD: 106 SPARE

106 WAS: Return. io: -:~1C% (Coftuizc fzez 712)
1S: Retuce $2r J&-108

108 WAS: Return for J1-107 (Softvwire from B16) |

Return for Jé-107od » ow

FORM M 131=v ARV 3-70



AMENDMENT A-01 TO MC615-0025 | PACE 8 OF 16
CODE IDENT. NO. 03953

[rovees MC615-0025 , TE  | =

Page 35, Table I1A, under “Function”

Line 16

WAS: ADOR
IS: ADDR

Line 18

DELETE: “(Do not clear code parity)”

Line 22

WAS: Read ECAC ADOR REG 00-13
IS:  Read EDAC ADDR REG 00-15

Line 25

WAS: BSR/O0SR
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

Page 46

Replace Table I I I  with new Table I I I  enclosed.

Page 47, Line 16

WAS: Work
IS: Word

Page 48, Line 8

WAS: Pass ing
IS: Passing

FORM M 131 =t=¢ REV 2-70 .



AMENDMENT A-01 TO MC615-002S
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Table 11 I .
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AMENDMENT A-0l TO MC615-0025 PAGE 10 OF 16

CODE IDENT.NO. 03953
NUMBER | REVISION LETTER PAGE |

NC615-0025 ] | |

Page 49

Line 30

WAS: A progras
IS:  an

Line 32

WAS: Loading 1

1S: IPL ‘

Page 52, b.

WAS: 10Pte registers
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 J xecuted.
IS: instructica is executed or the BCE detects an error condition.
CHANGE: "d" to "a"

Page 91, Line 31

Delete entire sent. ee.

Page 92, Line 5

Delete entire sentence.

Page 93

Line 3

WAS: O b i t  position
IS: appropriate bi t  position

Line 9

WAS: instruction or invalid instructions are encountered
1S: igstruct icz, irvalid insztructinrn, or BCE detected error i s  encountered

Paragraph 3.2 .1 .5 .5 .8  BCE Instructions

Delete 4th sentenca.

FORM M $3) ~t~2 REV 2-79



AMENDMENT A-01 TO MC615-0023

Page 18

Page 25

Paragraph 3.1.3

Paragraph 3 .2 .1 .1

WAS: Life Requirements.

FORM M 131=v—¢ REV 2-70

NUMBER
MC615-0025

(Cont)

GPC Jb
Pia No.

109

111

112

113

114
118
116
117
118
119
120
121
122
123
124
125
126
127
128

Seller

CODE IDENT.NO. 03983
REVISION LETTER [PAGE

| [ |] |

) Signal Name

WAS: AGE PS Test -SV
18: AGE PS Test +5V DC Memory
WAS: AGE PS Test +5VDC
IS: AGE PS Test +S5VDC CPU
WAS: AGE PS Test +12V
IS:  AGE PS Test +12VDC
WAS: AGE PS Test +8Y
IS:  AGE PS Test -12 VDC

BATTERY 1 AGE
BATTERY 2 AGE
RETURN FOR Jé-114,  11S
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE

18: Seller
Pact Number

6966000-3
Part Number

6966000-2

PAGE 11 OF 16

The GPC, excluding battery pack, shall be designed to
provide the most cost effective l i fe capabi l i ty ,  considering sinimus main~
tenance and refurbishment as well as state-of-the-art hardware design.
Battery l i f e  i s  defined in  Paragrpsh 3 .1 .2 .1 .11 .

Life Requirements. The GPC shal l  be designed to provide the most cost
effective l ife capabil i ty, considering minimus maintenance as well as
state-of-the-art hardvare desiga.



AMENDMENT A-01 TO MNC615-0023 PACE 12 OF 16
COOE IDENT.NO. 03953

[Fosse MC615-0025 | EET  | me

BIT
23

WAS: ~~ XMT
IS: XMT/MIA BUSY

Add af ter  las t  word of  sentence: or  MIA busy.

Page 99

28

WAS: . . . instruction of an odd . . .
18: « « « Instruction on an ODD . . .

Page 101

Instruction Description

1 Line S

DELETE and ADD: eaters the wait state.

Delete the las t  sentence.

Page 103

Instruction Descr ipt ion

S The fourth sentence should be changed to
read: The BCE is reset to the busy state
by the MSC.

Page 106

Instruction Description

13 &= WAL: and begin executing the next
iastruction

18: and enters the wait state

Page 107

Instruction Description

13 Line 18

WAS: S=1
IS:  SE=l

FORM M 131—=¢i—2 REV 2-70
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AMENDMENT A-01 TO MC615-0025 PAGE 13 OF 16
CODE 10ENT.NO. 03953

NUMBER REVISION LETTEN PAGETN
Page 108

Instruction Descr ipt ion

13 Third sentence

CHANGE TO READ: I f  a timecut occurs,
Bit  26 of the BCE status register is set,
and the BCE goes to the wai t  s ta te .

Page 110

Instruction Descr ipt ion

15 Third paragraph

WAS: and the next instruct ion in i t ia ted.
IS: and the BCE goes to the wait state.

Page 123, Paragraph 3 .2 .1 .7 .1 .1

WAS: mias ion word error
IS: w=issing word error

Page 124

Pacagraph 3 .2 .1 .7 .1 .2 ,  Line &

WAS: (status Bit  1)
IS: (Status Reg 1)

Paragraph 3 .2 .1 .7 .1 .3 ,  Line 3

WAS: (Status BIT 1)
IS: (Status REG 1)

Pavagraph 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 interwvord 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 shal l  be
terminated, and the BCE shal l  enter the wait s tate.

Paragraph 3 .2 .1 .7 .2 .2 ,  Line 2

After "transaitter,” add “or i f  MIA busy,”

Paragraph 3 .2 .1 .7 .3 .1 ,  second scatence

CHANGE TO READ: The MSC or BCE shal l  set the NO-GO BIT (Status REG 1) and, i f
an MSC detected e r ro r ,  the MSC shal l  set the I BIT (BIT 15)
in the MSC status register.

FORM M 31 =vt=8 ARV 2-70
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AMENDMENT A-O01 TO MC615-0025 PAGE 14 OF 16

CODE IDENT.NO. 03983
NUMBER REVISION LETTER [PAGE

MC615-002% I [ [

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 intercupt . . . .
IS: issue a machine &heck interrupt . . . .

Paragraph 3 .2 .1 .7 .3 .2 .2 ,  Line &

WAS: issue an interrupt . . . .
IS: issue a machine check interrupt . . . .

Page 126, Table XVII

ACTION
[|

Lice 2

WAS: 29
18: 15

Line § .

WAS:28
1S: 14

Line 7

WAS: 25
IS:  11

Line 8

WAS: 26
IS: 12

Line 9

’ WAS: 27
18: 13

Page 127, Paragraph 3.2 .1 .7 .3 .6

BIT 28 (2 places) should be BIT 14

Page 128, Paragraph 3 .2 .1 .7 .4 ,  Line 2

WAS: 32
IS: 18

FORM M 131 =~m=8 ALV 2-70
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AMENDMENT A-01 TO MC615-0025 PAGE 1S OF 16
CODE IDENT.NO, 03953

NUMBER RE\ me]
| HC615-0025 L I  [ 1 1 1

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 systems the method of
loading the progras is msss memory read.

Page 135

Replace Figure 12, Sheet 1 with nev Figure 12 enclosed.

PAGE 137, Figure 12, Sheet 3

ADD: missing dimension line sud arrow to the 0.875 dimension.

Page 138, Paragraph 3 .2 .4 .2 .1  a.

WAS: oted
IS:  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: &
IS: 1 .

Page 154, c.

WAS: coutrol processing unit (CPU)
IS: central processing unit (CPU)

Page 156, Paragraph 4 .2 .4 .1 .1  Test Hardware

Qualif ication test hardware shal l  be of the same configuration as the
f l ight hardware.

IS: A pre-production configuration GPC (P/N MC 615-0025-3000) shall be used
for qualif ication 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 senteace.

- Page 183

Delete lines 10 throjgh 21.

FORM M 131 += REV 2-70
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AMENDMENT A02 TO MC6135~0023 | 

PAGE 1 OF 14
. . x l  DOCUMENT NUMBER rev [sza

G.F. McMullen CODE IDENT. NO, 03953 MC615-002 A [02Fe  D/292-440  X5237 >
ALS

PREPARED OV"

QOCUMENT TyYrE

wl  PROCUREMENT
v -  “ORITY

J C.0. 40977

i B AMENDMENT BATE 1
| . 07/24/85 14

COMPUTER CENERAL |

PURPOSE ORBITER susJecy

==

This amendment forms a part of MC6135-0025, nev dated September 19, 1984

Page V.

add: 12. Appendix I I I  Battery Backup Unit (Production configuration)

13. Appendix IV Battery Backup Unit (Pre-Production Configuration)

34. Appendiz V Battery Backup Unit (Prototype Configuration)

Page 3 d

add: MIL-STD-202F Test Methods for electronic and glectrical component parts
April 1980

Page 141

3 .2 .5 .1  b .

wes: Ob. Pressures Minisums 12.3 psia, continuous, = J
8 psia for 2 hours ~N [ah

© 5.2
Maximum: 18.0 psia nef — o r

i s :  b. Pressure (1) Minimums 12.3 psis, continuous, &
8 psia for 2 hours [A

Maximum? 18.0 psia

(2) 10.2 paisa in a 35% oxygen environment
for 163 hours

Page 142

add: i .  Lightning In accordance with Paragraph 4.2.4.1.7

A l  oY

FORM 2045~E ALY 11-00
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ANEWDMENT AO2 TO MC613-0025 CODE IDENT. NO. 03953 PAGE 2 OF 14

HC613-0025 y 02 | ones
DOCUMENT NUMBER nev | ego S—

Page 156

Table XX

Change to read:

Test Paragraph
L |

Acceptance Test (REF) 4.2.2
Pover Test § .2 .4 .1 .6

EMC 6 .2 .4 .1 .8
Cabin Atmosphere 4 .2 .4 .1 .12

Vibrat ion 4 .2  he l  3

Acceleration 4 .2 .4 .1 ob
Theraal -Vecuum 4£.2.4.1.9

Shock $.2.6.1.95

Page 137

8 .2 .4 .1 .7

vest Deleted

i s t  Lightning
The CPC shal l  be designed to withstand a l ightning pulse voltage transient
without sustaining damage, malfunction, or upset .  The tast vaveform shal l
have 8 0.6 £ 0.3 microsecond r iset ime and a pulse width of at least 10 micro-
seconds. The test signal peak amplitudes, with respect to a zero current or
voltage basel ine,  are speci f ied in paragraphs 4 .2 .4 .1 .7 .1 ,  4.2.64.1.7.2,
$ .2 .4 .1 .7 .3 ,  and 4 ,2 .4 .1 .7 .4 ,  When both voltage and current transient peaks
are spec i f ied ,  vhichever is  encountered f i r s t ,  vhen increasing the threat
leve l ,  sa t i s f i es  the requirement.

4 .2 .4 .1 .7 .1  Receiver C i rcu i ts
The Receiver c i rcu i ts  shall be designed to perform without damsge, malfunction
or upset vhen #27 volts or ¢2.2 mill iamps and -14 vo l t s  or ~4.2 mil l iamps is
applied as 8 common mode trangient from pin to chassis .

PORE 043=C~1 ACY =



| AMENDMENT A02 TO MC615-0025 CODE IDENT, NO. 03983 
] PAGE 3 OF 14

4.2.4.1.7.2

&.2 .4 .1 .7 .3

& .2 .4 .1 ,7 .4

Page 160

Add:

Page 25

MC615-0025 A] 02, nae
SOCUMENT NUMBER agv | sea ——

Driver Circuits
the Driver circuits shall be designed to perform without denage, malfunction
or upset vhen ¢17 volte or +10 millismps and ~0.2 volts or ~30 silliamps ie
applied as a common mode transient from pin to chassis in either output oper-
ating a ta te .

28 VDC Power Circui ts
The 28 VDC power circuits shall be designed to perform without damage, mal-
function or upset vhen +91 volts or +10 amps snd -18 volts or 6 amps is
applied as a common mode transient from pin to chassis.

Data Bus Circui ts
The data bus interfaces shall be designed to perform without damage, malfunc-
tion or upset when £18 volts is  applied in common mode from transients to
common ground ( logic, chassis, power).

Pressure
Compliance vith the pressure requirements of 3 .2 .3.1b(2)  shall be verified by
analysis of design and engineering data.

Paragraph 3.1.3

Was: Sel ler I s :  Seller
Part Number Part Number

6966000-3 6966000-20

FORM 2040=E=1 REV 0=72
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AMENDMENT AD2 TO MC615-0025  ooyng DENT. NO, 03953 Mz  hore |
HC615-0025 A 02 |

PASE :
SOCUMENT NUMBER nev | ssa L — | .

Page 177

i erification Method

2 3 |

Section J end $ Section 4
Requirement No. W /A | l | a | b |a |b l c | d |e ] | f ] | g ] | n  Requirement Mo. :

}

3.2 .4 .2 .5  X|X  $ .2 .2 .2 .1 ,  4.2.3
3 .2 .4 ,5 .6  X |

3 .2 .4 .3 .3  X 4.2.3 1
3.2.5 X 1
3 .2 .5 .1  X

4 .2 .4 .1 .2
3 .2 .5 .1b (1 )  X 4 .2 .4 .1 .9  i
3.2.5 .10(2)  X 6 .2 .4 .1 .2  |
3 .2 .5.1¢ X xX $ .2 .4 .1 .12 ,

8 .2 .4 .2
3 .2 .5 .4  X X 8 .2 .4 .2 .12 ,

4 .2 .4 .2  %
: 3 .2 .5 .1 f  4

8 .2 .6 .1 .2
3.2.5.1£(2)  . X 4 .2 .4 .1 .3 ,

4 .2 .4 ,1 .2

3.2 .5 .1h(1)  X X 4 .2 .4 .1 .58 ,
h .2 .4 .2

3.2.5 .1h(2)  X X 4 .2 .4 .1 .10 ,
3 .2 .5 .11  X Xx 6 .2 .4 .1 .7 ,  4 .2 .4 .2
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Amendment A-01

Page 9 Table I I I

Add co bottom of page!

"Mote 1: Status held active in PSV 19."

| Page 116

Adds

The BBU provides backup power to the GPC mesory 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.

'
|

¥y

3.2 .1 .5 .15 .1  Interface Def in i t ions
electr ical  interface between the GPC CMOS memory erray, the memory power

supply and the BBU shall be by a twenty five pin connector. The socket por-
* t ion 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 I I I .

 3 . 2 .1 .5 .15 .2  Parformance Character ist ics
The BBU shal l  provide the performance charucteristics defined in Appendix I I I .

3 .2 .1 .5 .15.3  Physical Character is t ics
The BBU shal l  have the physical characterist ics defined in Appendix I I I .

Appendix I I I

12. Battery Backup Unit (Production Configuration).

12.1 Sco
This appendix establishes the performance, design, development, and verification
requirements for the Battery Backup Unit (BBY).

12.1.1  Class i f icat ion
requirements of the basic specification shall apply

12.2 Applicable Documents

FORM 2040=E=) RARY d=
AERIS ,  -¥ , ’  IA  i o— .ab  $ eR TT  Ep  oy
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12.2.1

12.3

f
12.3.1

12.3.2

12.3.3

12.4

1 .2 .4 .1

MC615-0025 | A 02
avem i

Appl icabi l i t
He  docusents l isted in section 2 of the basic specif ication shall apply

Item ldenti f icat ion. The identification of the BBU shal l  be as fol lows:

Nomenclature pad Seller Traceabil i ty
Mfr Code Ident lo. Part No. Class i f icat ion

Battery Rechargeable: 3.6 volts 6966081-20 Serial
Mickel~Cadmium

uirements
The requirements of Section 3 of the basic specification shall apply unless other-
vise specif ied herein.

Mater ials
¢ materials u t i l ized in the manufacturing of the BBU shall provide protection

against corrosion.  Materials,  including the contents of the device or i t s  marking,
shall not l iberate or generate toxic or corrosive fumes in the specif ied environ-
sants. The BBU package shal l  be made from mater ia ls which ere protected from cor-
rosive chemicals such as the electrolyte of Mickel Cadmium batteries.

P in ish
The BBU shal l  employ a f in ish which protects against electrolyt ic corrosion between
the BBU and the structure. The structure material is 6061-Té Aluminum al loy with
chemical f i lm  MIL-C-5541 Class 13.

Bat ter ies
The BBU shal l  use Ni-~Cad batteries

Design and Construction

Configuration
The overall dimensions and mounting provisions shall be as shown in Figure 1.

FOAM We=E=1 REY 0-71



«
3

0
8

8
 

W
V 

O
e

Pigure 1. Battery Backup Unit
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12.5 Maintsinability

12.6

12,7

The battery module shal l  be designed to meet a l l  performance requirements specified
herein. This device shal l  be repairable. Depleted/defective cel ls  or current
protect ive components shal l  be replaceable.

Thermal
The BAU sha l l  be designed for natural cooling ( i . e .  free zonvection and radiation)
to a s t i l l  s i r  temperature environment defined in 12 .9 .1 .  A l l  external surfaces of
the i tem exc lud ing  the f ront  panel  sha l l  be f in ished to emhance rad ia t i on
cool ing. The surface(s) shown in Figure 1 shal l  provide adequate conduction
cooling of the item to meet the environmental conditions of 12.9. The item shal l
be constructed so that any output pin may be shorted to ground without stressing
the bat tery uni t  components.

Performance requirements
The bat tery module sha l l  operate per the performance requirements throughout the
environmental condit ions indicated in section 12.8 and 12.9 of this speci f icat ion.
Development t es t i ng  sha l l  be performed a t  temperatures as defined in paragraph
12.9.1 and Qual i f icat ion test ing shal l  be conducted with the conditions as speci-
f ied in  Sec t ion  12 .9 .  Pr ior  to acceptance,  each uni t  shal l  be tested for the elec~-
t r ica l  character ist ics defined ian the Applicable functional test  specif ications.

Bat tery module interface character is t ics .
The BBU interface described herein provides an interface between the battery and
the CMOS memory array, and ths memory power supply. The BBU interface is defined
i n  Table I .

12 .7 .1 .1  Interface Requirements
The interface connector pin assignments are shown in Table I .

FORM 3943=C=1 ACY 9=72
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AMENDMENT A02 TO MC615-0025 CODE IDENT. NO. 03943 PAGE 9 OF 14

Table 1

Battery Backup Unit Interface

Pin No. Signal Name Pin No, S igna l  Name

1 WRAPA2 (1) (BATTERY) 14
2 WRAPAL (1) 15 TS1 TEST POINT
3 BP VBATT (A) 16
& 17 RETURN
5 SAFETY GROUND (3)  18 RETURN oo
é RETURN 19 +10 BATTERY CHARGE 2
? 20 +10 BATTERY CHARGE 1 :

y 8 MEMORY +SVDC (A) 21 MEMORY +SVDC (B) |
9 oL BATTERY 1 GO 22 +L CHARGER 1 GO

10 BATTERY 1 AGE 23 BATTERY 2 AGE
11 BP VBATT (B) 2% 782 TEST POINT
12 WRAPB1 (2) 25 WRAPB2 (2) (BATTERY 2)
13

NOTES: |

(1) TIE POINTS TOGETHER EXTERNAL TO CONNECTOR FOR TEST PURPOSES ONLY
(2) TIE POI’ITS 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. 1024622-1 (BBU), 102A599-1 (GPC)

E
r 

p
p

.
o

n
 

a
d

i

12.8 Acceptance
Acceptance tests and inspections shall be performed on a l l  BB'!'s to be employed in
qual i f icacion test programs and on s l l  BBU's delivered to the buyer. These sccep-
cance t es t s  and inspections sha l l  be performed to demonstrate that speci f ied
requirements have bean met. Final  acceptance tests and inspections sha l l  be par-
formed in & manner, and under condit ions, which simulate end-use to the highest
degree practicable without damage to the BBU.

12.8.1  Examination of Product
Esch B3BU sha l l  be careful ly exsmined to determine conformance to the requirements
of this specif icat ion. Particular attention shal l  be given to weight, vorkmsnship,
f in ish,  dimensions, construction, cleanl iness, ident i f icat ion,  marking traceabi l i ty
level ,  and that cer t i f ied materials and processes have been used,

|

12.8.2 Punctional and Performance Tests
Functional and performance tes ts  shal l  be conducted on a l l  de l iverable equipment to :

establ ish compliance with the requirements of the suppliers Factory Acceptance Test
(FAT) and Customer Acceptance Test (CAT). Tolerance bands or pass fa i l  performance
cri ter ia, based on performance design requirements, shal l  be establ ished for sach
parameter.

FORM 38e=E=1 REV 9=72
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12.8.3
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12.8.5

¢
12.9

12.9.1

MC615-0023
COCUMENT NUMBER

Thermal Cycle (Non-Operational)
Each BBU shall be subjected to ten thermal cycles. Each cycle shall consis t  of
thermal transit ion from -40°F to +1350°F. Stebi l izat ion at each temperature shall
be 30 minutes. The thermal transit ion time between each temperature extreme shal l
not exceed 5 minutes. The BBU shall not be e lect r ica l ly  operated during th is  t es t .

12.8.4 Acceptance Vibrat ion ,
The BU shall  be subjectedito random vibration in each of the three orthogonal
exes. The vibration testing shall be conducted in accordance with MIL-STD-202F,
Method 214, Test conditior IG. The vibration duration shal l  be no less than 30
seconds per ax is .  The total  accumulgtive vibration time in any axis shal l  not
exceed J minutes without prior buyer approval. The functional character ist ics of
the BBU shall be monitored throughout the t es t .

Acceptance Thermal
The thermal prof i le shall be as specified in 4 .2 .2 .4  of the basic specif ication.
The functional characteristic of the BBU shall be monitored throughout the tes t .

Qual i f ica t ion Test
The BBU shall  meet the performance requirements during end a f te r  any combination of
testing as defined in paragraphs 12.9.1  through 12 .9 .7 .  Prior to the Qual i f icat ion
tests spec i f ied  in paragraphs 12.9.1 through 12 .9 .7 ,  the operat ion of the BBU shal l
be verif ied per the applicable functional test spec i f icat ion.  I f  the BBU is  not
operated during a specified environmental tes t ,  the functional test w i l l  be conduc-
ted at the conclusion of the specified environment.

Temperature
The operating temperatures range of the BBU shall be as fol lows!

Charging: <¢35°F to *130°F
Discharging: O°F to ¢ 120°F (1)
Storage: —40°F to ¢120°PF (1)

(1) Transients to *150°F for 6 hours per day

FORM 3045=E=% NEV P=I3
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U SHALL be designed to  operate during a Rendom Vibration test per MIL-STD-
202F, Method 214. Test condition “IG” for a duration of 15 minutes. The BOU shall
be mounted using the mounting provisions provided in figure 1 vith the vibration
fizture mating comnector held rigidly.

12 .9 .3  Shock
| The B3U shall be designed to operate during the shock pulses per NIL-STD-202F, |

Method 213, Test Condition "A" (50g's, 11 NS, half sine). The BBU shall be mounted | |
vesing the mounting provisions provided in figure 1 with the fisture mating coanec~ |

tor held rigidily.

12.9 .4  Pressure
The B3U shall be designed to operate during aad after szposurs to the following
pressure conditions? :

Operational I .  Minimum: 12.3 peia continuous
or 8 peia for 2 hours

Mazisumst 18 peia.

2. 10.2 peia, at  35% O, for 165 hours.

Monoperational 1.  Minimum: 3.28 psis

Maximum: 30.0 psie

12.9.5 Moisture Resistance
The BBU shall be designed to operate with full specified performance vhea subjected
to  the tests  described by MIL-STD-202F, Method 106E except that ao vibration shall
be employed.

12 .9 .6  Fungus *
The BAU shall be designed to operate with full specified performance whem subjected
to the fungus growth test described by MIL-STD-810C, Method 308.1.

12 .9 .7  Salt Atmosphere
The BBU shall be designed to operate with full specified performance vhen subjected
to the ssl t  spray snvironment described by MIL-STID-202F, Method 101D, Test Condi-
tion "B" (43 hours ezposure).
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12.10

13.

13.1

13.1 .1

FORM Ni9=K=|
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Marking
Items shal l  bs permanently and legibly marked in accordance with MIL-8TD-202
Method 215. The following shal l  be included.

A. Supplier ident i f icat ion number

3. IBM part number

Serial numbers sha l l  be consecutive from 1 without redundsat numbering.

C. Battery rechargeable: 3.6 volts
Nickel=-Cadmium (Front o f  Uni t )

D. Date code of Battery Mfg. (Year-Week) (Front of Uait)

E. Warning Label as required. Place Warning on front of Battery Module to be
visable vhen Module is plugged into box.

APPENDIX IV

Battery Back up Unit (Pre-Production Configuretion)

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 ut i l iz ing a combination of
qualif ied parts and parts that do not mest the requirements of the quality
assurance speci f icat ion MT802-106, or amenisent D-0l of the E lect r ica l ,  Electronic,
and Electromechanical Orbiter Parts L ist  (OPPL), MFO004L-400C.

These parts are “equivalent parts” that have nor been subjected to the additional
requirenents imposed by smendsent D~01 and MIV.:42-106.

1a order to minimize the use .of “equivalent parts", qualified parte shall be used
whenever possible.

Class i f ica t ion

Al l  requirements of the basic specification shall apply.

REY 9=72
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[nd ow

13.2 Applicable Documents

13.2.1 Applicability

The documents l isted in Section 2 of the basic specification shall apply.

13.3 Requirements

The requirements of Appendix I I I  shell apply.

13.3.1 Item Ident i f icat ion

The identif ication of the pre-production BBU shall be as follows:

Nomenclature and Mfr, Sel ler  Traceabil i ty
Code ldent .  No. Part No. Classif icat ion

Battery Rechargeable: 3.6 volts 6966081-1 Serial
Nickel=Cadmium

FORM 3343=E=1 RELY 9-73
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14,

14.)

15.1.1

14.2

14.2.1

34.3

14.3.1

16.4
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APPENDIX V

Battery Backup Unit (Prototype Configuration)”

Sco )

This appendix established the design and performance requirements for the prototype
configuration of the BRU,

Classi f icat ion
All requirements of the basic specification shall apply.

Appl icable Documents

Appl icabi l i ty
The documents l isted ia  section 2 of the basic specification shall apply.

Requirements
The requirements of Appendix III shall apply, except as fol lows:

a. Deviations in components or process requirements may be granted upon request
from the sel ler.

Item Identi f icat ion
The identif ication of the prototype model shall be as fol lows:

Nomenclature and Mfr. Seller Traceability
Code ldent. No. Part No. Classif icat ion

Battery Rechargeable: 3.6 volts 6966081-99 Serial

Hickel-cadmius

uality Assurance Provisions
The provisions of Section 4 of this epecification are waived. The supplier shal l
submit an acceptance test  procedure for the buyers approval and shall conduct
acceptance tests in  accordance with the approved procedure.

PORM 048=R~1 AEY 9=0
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6.585 Change

This amendment forms a part of MC613-002S, Mew, dated September 19, 1984.

Page | o

WAS: MC999-=-0096D
30 August 1974
Amendasent E-01
22 January 1975
Amendment B-l4
8 November 1982

IS: MC999-0096D
Ansndment E-01
through
Amendoent E-=14

WAS: MF0004-400C
18 June 1984
Amendment D=01
14 December 1984

I 8 :  NF0004-400C
18 June 1984
Amendment D=01
1&4 December 1984
Assodsent D=02
17 October 198%

WAS: MT0802-106
16 December 1984

IS: MT0802-106A
22 October 1985
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SHUTTLE

Thies amendment forms a part of MC615-0025, Mew dated September 19, 1984.

Amendment AO0Z Page 10

12 .8 .4  Acceptance Vibration

Change to read:

“The BAU shall be designsd to satisfy the vibration requirements specified in
Paragraph 4 .2 .2 .3  of this specification.”

Amandoent AOZ2 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.

Amsadment AQl Page 2

11.1 Scope
Add between the f irst and second paragraphs:

"The following paragraphs of the basic specification do not apply to the
pre-production uni ts .

&.1 .2 .2 .1  Randoa Vibration

4 .2 .2 .3  Acceptance Vibration Test

§.2.2.4 Acceptance Thermal Test (ATT)"
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Change to read:

Internal Master Clock Osci l la tors and associated c i rcui t ry shal l  supply prec is ion timing
signals  for a l l  logic c i rcu i ts  wi th in  the GPC. The absolute accuracy of the osc i l l a to rs
shal l  not exceed +87 ppm from the nominal osc i l la tor  frequency.

The accuracy spec i f icat ion shal l  be met wi thin 100m sec from the time the master power
reset is released for the l i fe  duration of the GPC as speci f ied in paragraph 3 .2 .1 .1 .

Accuracy is herein defined as the maximum allowable fractional peak frequency o f f se t
from the nominal osc i l la tor  frequency.

The accuracy specif icat ion shall be al l  inclusive, covering a l l  applicable operational
environmental e f fec ts ,  primary power supply variations, power cycl ing, aging and other
applicable var iables.

The turn-on time of the osci l lators shall not exceed 100 ms from the tims the master
power reset is released after the application of primary power.
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DATE | AGE
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AMENDMENT

Computer, General
Purpose Orbiter

Change

This amendment forms a part of MC615-0025, New, Dated September 19, 1984

Page 193 Appendix 11

11.1 Scope

WAS:

IS :

Rockwell Part No IBM Part No

MC615-0025-3000 6966000-2

Rockwell Part No IBM Fart No

MC615-0025-3000 6966000-2
MC615-0025-3001 6966000-3

GPL Part Number MC615-0025-3001 is  the result of a block change consisting of the
incorporation of the following EDCP's:

EDCP#
87-1015-38
87-1015-39
87-1015-44
87-101S-45
87-1015-46
87-1015-47
87-101S-48
87-1015-49

87-101S-50

87-1015-51
87-1015-53
87-1015-54

=
EE]

00/757
PORM 3045=C ACY 11=00

CHANGE DESCRIPTION
Corrects GPC IPL delesy.
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 al l  X10's.
Changes Microcode to prevent unpredicable GPC response to
unsolicited MDM data.
Adds t ighter tolerance capacitor to correct varience in pre-prod =
pover-of f putaway times.
Corrects TDX, RDS, ROL, ROLI, MIN & MINL Microcode deficiencies.
Adds capacitor to 12 volt converter in  order to reduce ripple.
Corrects timing race condition on MC page.
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THIS AMENDMENT FORMS A PART OF MC615-002S, NEW, DATED SEPTEMBER 19, 1984

PAGE 193 APPENDIX I I

WAS: ROCKWELL PART NO
MC615-0025-3000

IS: EEL  PART NO.
15=-0025-3000

MC615-0025-3001
MC615-0025-3002
MC615-0025-3003

PAGE 25 PARA. 3.1 .3

WAS:
CONTROL NOH0815-0025-0200

IS :
CONTROL NO,
NC615-0025~-0200
MC615-0025-0201

BUYER

MC6 15-0025 A [06
DOCUMENT TYPE

PROCUREMENTnN Rockwel Intemational |___—C

G.0. 40977

AMENDMENT WP”  [ oa t  oaoE . |
COMPUTER, GENERAL June 20, 1989 | o r  __2
PURPOSE ORBITER SUBJECT

CHANGE

IEM PART NO.
6966000-2
IBM PART NO,
6966000-2
6966000-3
6966000-4
6966000~5

SELLER =
PART NO. — ea

~ Qo69660 o a =

SELLER zg O%
6966000-20 =n

GPC PART NUMBER MC615-0025-3002 IS A RESULT OF A BLOCK CHANGE CONSISTING OF THE
INCORPORATION OF THE FOLLOWING EDCPs:

EDCP#

88-1015-038
88-1015-059
88-1015-060
88-1015-062
88-1015-064
88-1015-063

88-1015-066

| foen o l l
FORM 39e3-2 ng .  11-80

CHANGE DESCRIPTIOM

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



INCORPORA

Kcr dé
88-10138=074

88-1018-076

88~1018-077

88~-1018-078

FORM 3048=E=; NOCV $7
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PART NUMBERS MC615-0025-3003 AND C6 15~0023-020] ARE THE RESULT OF THE
OF THE FOLLOWING EDar's:

CHANCE DESCRIPTION
CORRECTS A CONDITION WHEREBY TEE GPC DOES WOT GO
TO THE "WAIT" STATE UPON RECEIPT OF A MACEINE
CHECK INTERRUPT

~ THCORPORATES A CHANGE TO ALLOW THE COUNTER OM THE
INTERRUPT PAGE 10 START WEEN POWERING DOWN IN THE
“BALT" MODE
CORRECTS THE ~12V SUPPLY LOW VOLTAGE CONDITION
THAT OCCURS WHEN TRANSMITTING ON MULTIPLE MIA
CHANNELS SIMULTANEOUSLY

CORRECTSA CONDITION WHEREBYTHE UMPOWERED CPU
LOGIC PULLS THE DIAGNOSTIC LINES LOW LEAVING THEM
IN AN UNPREDICTABLESTATE
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This Amendment forms a part of MCE15-0025, new, dated September 19, 1984.

Page 193 Appendix I I

WAS: ROCKWELL PART NO. IBM PART NO.
MC615-0025-3000 6966000-2
MC615-0025-3001 69660003
MC615-0025-3002 69660004
MC615-0025-3003 6966000-5

IS: ROCKWELL PA°T NO, IBM PART NO.
MC615-0025-3000 6966000-2
MC615-0025-3001 6966000-3
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. . 18M 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 Indlrporation
of EDCP #89-101S-086. S 20

Co . © m
GPC Part Number MC615-0025-2000 is assigned to those units that are downgtddedn tg
"Non-f light" status. Fry Ss
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APPROVALS

%
r e

L f  sumeOOCUMENT NUMBER REV | sxa
CODE IDENT, NO, 039 F ig  MCE 15-0025 A] 08

®
d o> COCUMENT TYPL

PROCUREMENT

Rockwell international —
MCR 16991 Bas ic  & RI
G.0. 40977

AMENDMENT DATE | rAGE 1
COMPUTER, GENERAL 3-20-91 1

PURPOSE ORBITER Re
SUBJEECT

CHANGE

This amendment forms a pa r t of MCE15-002S, New, dated Septawber 19, 1984.

Page 25 Para .  3.1 .3

BOCWELLPART NO,
MC615-0025-0200
MC615-0025-0201
MC615-0025-0202

oya

JEM PART NO.
696600020
6966000-21
6966000-22

GPC Part Nurtbers MCE15-0025-0202 and MC615-0025-3004 are the result of  incorporation
of EDCP #89-101S-086.

GPC Part Nutber MC§15-0025-4000 is  assigned to those units that are downgraded to
“Non-Flight" status.

ROCOELLPART NO,
MCE 15-0025-0200
MC615-0025-0201
MCS 15-0025-0202

JBM PART NO,
6966000-20
6966000-21
6966000-22

GPC part nunbers MCS15-0025-0202 and MC615-0025-3004 are the result of the incorporation
of the following EDCP's:

XP #
89-101S-086

90-1018-092

91-101S-094

FS Part Mnber FO815-0025-4000 is  assigned to those units that are downgraded to
"Non-F light” status

leocnFos3955
FORM 3943-8 REV 11-00

Replaces PROMs containing "Mid Values Select”
which would somtimes cause the GPC to me
results

Corrects a condition whereby OP parity err ' ]
timing margins that change when a particular ‘
integrated circuit is  used S

Corrects a condition whersby an erronecus IOROwr ite to
mavory can be caused by a Power On Resst

1 
06

0 
m

o
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3.0._40977
DATE | AGE 1

MC615-0025 09
DOCUMENT NUMBER K REV | sSEo

DOCUMENT Tye

FROCOREMENT
PE————

AUTHORITY

MCR 16991 R2

8-16-91
SUNKCT

- 1

IH

This amendment forms a part of MCE15-002S, New, dated Ssptember 19, 1964.

Page 25 Para. 3.1.3

GEC part mmbers MCE1S5-0025-0203 and MCE15-0025-3005 are the result of the
i nco rpo ra t i onof the following EDCP's:

ooX SE
91-1015-095

p—
FORM 343=K REV 11-00

corrects condition whereby adverse tolerance
bu i l d -upin  power supply diode mounting block
hardmre could allow screws to short against
GPC top cover

parts caused the GPC to  go to  "slesp”™
immsd ia te l yan power-up in  "Balt."
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