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Space Shuttle Advanced System/4 Pi
Input/Output Processor (IOP)

#rinciplas of Operation for
PCI/PCO, MSC, and BCE

Prepared for
Rockwell International Corporation
Space Division

12214 Lakewood Blvd.
Dawney, CA 90241

26 April 1976

Under Purchase Order No.
M4J7 XMA-483G19

IBM No. 6246556A

This submittal includes the following separate
Principles of Operation documents:

Title
Program—Controlled
Inputs & Outputs

Master Sequence
Controller

Bus Control Element
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Federal Systems Division, Owego, New York 13827
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Part II Master Sequence Controller
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il |[EDCP-028 A | 23] Nomenclature Change o A
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EDCP-028 A 35| Programming Note Added/Deleted i
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SPACE SHUTTLE

SOFTWARE SYSTEM NOTES NG EEELG8S
DATE: 10-25-76
PAGE 1 OF 2
PROGRAM AFFECTED: - Input/Output Programs |
DOCUMENT AFFECTED: Principles of Operation for PCI/PCO, MSC, and BCE (IBM

Document #6246556A)

DISPOSITION: .
Information and File until Replacement Pages are Issued

[f an IOP Master Reset is issued while the IOP is running and doing direct memory
accesses (DMA), then an extra DMA is processed after the reset which would result
in one of the following operations:
1. Perform write to storage which results in either:

- An address exception

- A storage protect violation

- A modification of unprotected storage
2. Perform read of storage which could result in:

- An address exception

= A memory read with no error indication

In addition to the Master Reset, the following additional conditions would also
Cause the problem:

1. ROS parity error
2. TIOP timing fault
3. Watchdog timer [f termination control
4. Voter fail }

latches are set

Federal Systems Division,
T=EE Electronics Systems Center,

EESET= Owego, New York
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"SPACE SHUTTLE

SOFTWARE SYSTEM NOTES' W6in. coppr’e

DATE: 10-25-76

PAGE 2 OF 2

PROGRAM AFFECTED: “Input/OQutput Programs
DOCUMENT AFFECTED:
DISPOSITION:

Since the hardware change to eliminate the occurrence of this problem is significant
and the frequency of occurrence {is low, the Principles of Operation Manual will be
updated to state that:

"Prior to issuing a Master Reset PCO, all processors should be
halted using the Configure Processors PCO". ;

There have been no reported instances of this problem so there may not be any impact
to the existing software design. However, there may be future designs which could
encounter this problem. It is recommended that Rockwell and IBM Houston consider
issuing a DPDGRAM or Software Awareness Memo to the appropriate organizations.

y Federal Systems Division,
=== Electronics Systems Center,
===T= . Owego, New York

VI
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SPAC!: SHUTTLE
SOFTWARE SYSTEM NOTES

NO.: 556-010
DATE: 11-22-76

PROGRAM AFFECTED: IOP Frogramming ‘
DOCUMENT AFFECTED: Principles of Operation for BCE, IBM No. 6246556A

DISPOSITION: Information and file.

BCE Listen Mode Operations - Timing Analysis

The purpose of this note is to illustrate the analysis required %o
establish the time relationships betwcen the commander and the

listener for a samplie case.

COMMANDER PROGRAM LISTEIHER PROGRAN
EVENC #CMDI- LSM, CMD EVEHL.#UIX TACLE
#ODLYI n (For alignment) : ‘

#DLYI N ; onn ELTOI TINME
#MOUT DISPL, THDS #ROLTI RMNDS
#MOUTC IUA, CHMHND #URT n
HUAT 0 i

N EQU . TABLE DnC 0pD

Note: The labels EVEN and 0DD denote that the address is even or odd.

In this sample analysis, OMA activity is assumad to bhe below the
level that would intérfere with the process; in actual operatinnal
software, a careful analysis of DHA activity is a continuing part

of program desiqn.

LISTEN SEQUENCE: Time from recoanition of the Tisten command by the
#UIX dnstruction to acquisition of the BTU command by the #RDLI
instruction

Federal Systems Division,
Electranics Systems Center,

Owego, New York

ViI
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INSTRUCTIO!

HICRO-INSTRUCTIONS EXECUTED

Short loop Long Toop
0 s 7 o
#LTOI 2. 2
#iIRDL I v S - 2
12(781.5 usec) 14 (214.5 usec)

The long loop occurs when the WIy Just misses detecting the
Tisten command.:

COMMAND SENQUEMCE: Time from the placement of the last bit of the
listen command on the bus to the pPlacement of the last bit of the
BTU command on the bus. : :

INSTRUCTION MICRO-IMSTRUCTIONS EXECUTED
#CMDI - Command transmission isg completed

#DLYI n 2 at about the second micro in the
] DLYI (0,
#DLYT WM 2 (H =0) ‘ ,
#L0UT o4 (Command transmission is initiated in

fourth micro)
Command transmission is cornleted at
ahout the time the first data vword
transmission stairts

TT-12 (165.0-181.5 usec)

Transmission Tinme 1-2
Command Available 2

]

DELAY COMPUTATICM: The calculatinn of the delay must bhe based on
the listener's long ‘loop and the time that the unit command is
available to the listener -

N o= 14-11 = 3

his establishes the DLYI N at § cveles, the total cemmand sequeonce
at 14 cycles (214.5 usec) and meets the neceds of the listener's long

and short loop timing,

DETERMINATION OF LNSTRUCTION CYGLE FACTORS : The numher of cycles
uscd for each instruction in the sequences above vere ohtained from
references (C) and (). Reference (A) contains a detailed description

VIIT
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of bus read/vrite operations, includine
look at data"™ and a section on
contains some analysis
Reference (FE) contains
in all instructions.

TINE LINE USED IN AHALYSIS:

the "Fresh Data" condition can oaccur

a tahle for
iisten mode operatinns.
of BCL delay factors for ICC nraqrams.

detailed descriptions of the micro-orders used

The time line
Listen and Conmand sequaences used in.this an
betweon
after the trailine edge of the incoming word,

"time to first
teference (B)

helow illustrates the
alysis. Mote that
and 5 micrnseconds

This variatian will

April 1975)
IX

affect the receivina BCE's processing sequence, hut will not
impact the data transfer.
r g ’ o R :
COHHA&D%& CHuDI, OLYT n NDLYT 3 HONT 5
R P p U P p p [? PR R p TC RN TH RD TN
(Delay 6 J-1 3 |2 |1 |n -1( ’ | [ l {
Count) ' ;
o+ Mata Mus  [CsH cHD] [etu e oata |
e resh Pata (F.D.) - QLJL. k*g
1 2 3 4 5 A 7 8 o 0N 11 12 17 14 3
LISTENER J i p !J Alt P RD P PL P n PRI P p P ‘:”1.
=S © fMiss LReceive teeceive
l..'IK Cf)l'.ll"lﬁ nd i LTOI I RDLI . Comman‘d
foUTSscar
Definitions for the micro-instruction function symbols:
AM - Accept MIA data Rl - Request Instruction.
N - Decodn instruction TC - Transmit Command
P - Process Th - Transmit NPata -
FI - Prefeteh Instruction It - Yait for MIA data
RD - Read Data (from storagan)
rwence: (A)  Principles of Operation for RCE (IRN o, G2AG556A, 26 Anri] 1076)
(B) Presentation ny L. KilTinaheck (IRMN) at SN on 7 Fehruary 1976
(C) Principles-of Operation for (Shuttle) Data Processine Suhsystem
(SD-74-S11-n230R, Sent. 1975) as amended hy Chanan Packages
- 1, 2, and 3.
(D) Shuttle TOP Nicrocode CLD's (IRM Ho. 6246002, 16 Decemher 1975)
(E) Principles of Operation for I0P Hicro-Architecture (IR,
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In part I[1 - Master Sequence Controller Page 13 of the subject document,
the discrete outputs are numbered from one (1) to thirty two.-(32). The
Rockwell International specification MC615-0001 revision D indicates
that the thirty-two discrete outputs shall be numbered zero (D) through
thirty-one (31). Therefore, Bit 0 through 31 for the PCO, Discrete
Output Reset and Discrete Qutput Set shall be directly related to
discrete cutputs 0 through 31, ;

Also, in the same section of the Principles of Operation on Pages 45-49,
the same type problem exists with the discrete inputs. They are num-
bered one (1) through forty (40) and should be numbered zero (Q) through
thirty-nine (39) as per the Rockwell specification.

The Read Discrete Input A on Page 45 should be ammended so as to read
Discrete Input 0 using Bit 0 of the instruction and continuing that
sequence through Discrete Input 31.

Read Discrete Inputs on Page 49 should again be renumbered 32 through 39
instead of 33 through 40.

The Automated Logic Drawings (ALD's) have been updated to agree with the

nomenclature specified by the MC615-0001 document. In addition, the IOP
Cabling Flight & Prototype Model for Space Shuttle document shall be
updated to agree witl' the ALD's and Rockwell specification.

Federal Systems Division,
Electronics Systems Center,

Owego, New York
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SPACE SHUTTLE

SOFTWARE SYSTEM NOTES NO.:  556-011
DATE: 1-5-77

PROGRAM AFFECTED: 71qp progrémming
DOCUMENT AFFECTED: principles of Operation for BCE, IBM Mo. 6246556A

DISPOSITION: - Information and File

There is a timing condition in the IOP instruction Wait for Index (WIX) which

needs to be corrected in software by inserting a delay between output instructions.
This problem was discovered in the SDL (See Discrepancy Report #551) early in
November when a Listen Mode BCE missed a poll word which caused a failure to
synchronize in a dual string cerfiguration.

There is no change planned to correct this anomoly via a hardware or microcode
change tc the IOP. The software workaround consists of inserting a delay (33
microseconds) between output instructions (CMD, CMDI, MOUT, TDS, TDL) and the

synchronization listen command. For example:

4CMDT (Output)
#BU LISTEN (Delay)
LISTEN" #CMDI (Listen Command)

Federal Systers Division,
Electronics Systems Center,
Owego, New York -

flonfj

XI
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PART I

Space Shuttle Advanced System/4 Pi
Input/Output Processor (I0P)

Principles of Operation for
Program-Controlled inputs & Outputs

Prepared for
Rockwell International Corporation’
Space Division _

12214 Lakewood Blvd.
Downey, CA 90241

26 April 1976

Under Purchase Order No.
M4J7 XMA-483019

IBM No. 6246556A

|

Federal Systems Division, Owego, New York

13827



SaAIYOIY AysIaniun pue suojos)jo) [eoads ‘salelqi Ausianiun sjels epyaing

sjuswnaoq YSYN 40 Uafos|jo) oxkewo] ‘3 sawer ‘g

80-/8 SIN

T/ xog

bl

Tnput

PCI/PCO PRINCIPLES OF OPERATION

(PEODUCTION MODELS) -

This documant identifies the specific Program Controlled

and oOutput commands available to the

computer user.

Space

Shuttle AP101
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624655624

PCI/PCO COMMAND WORD FORMAT

BIT O0; COMMAND ID FIELD

Program Controlled Output (CPU Output)
Program Controlled Input (CPU Input)

—
nn

BITS 1 Through 5; DEVICE SELECT FIELD

00001 = Control/Monitor (CH)
00010 = Redundancy Management (RM)
00100 = Data Flow (DF)

01000 -= Local Store (LS)

10000 = Channel Control (CC)

BIT 6; HANDSHAKE CONTROL FIELD

No handshake required

0
Handshake required

1

‘

BIT 7 through 16; DATA SELECT FIELD

(See Separate section)

BRITS 17 through 31; NOT USED.

. NOTES :

1. The five-bit Device Sslect Field must contain lonly the
specified in the format description for

selected.
written
control.

nade
and will not operate reliably.

Additional bits will cause the PCI/PCO data word to
to all the devices designated with associated loss of IOP
No attempts to use the hardware configuration should be
since driving circuits are not sized to drive multiple loads

the desired device
be
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Handshaking for a PCI/PCO is required for several operations

62465564

to

allow the device selected to complste an operation before the
ECTI/PCO conmand function is implemented. The added operation is

acccmplished by the IOP
GPC. The handshaking
JO0P software because of
PCI/PCO implementaticen.

and requires no special programming of the
operation prevents loss of control of the
possible configuration changes during the
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PCC COMMAND WORD FORMAT SUMMARY &

1000 0010 0000 1000 : DMA BURST ENABLE
1000 0000 0000 1000 DMA BURST INHIBIT
1000 0010 0010 0000 ENABLE BAD PARITY DMA ADDR
1000 0010 0100 0000 ENABLE BAD PARITY DATA IN
T 1000 0000 0010 0000 : ‘ DISABLE BAD PARITY DMA ADDR
1000 0000 0100 0000 DISABLE BAD PARITY DATA IN
0000 1010 0000 1000 | MIA XMTR ENABLE
0000 1000 0000 1000 MIA XNTR DISABLE
0000 1010 0001 0000 MIA RCVR ENABLE
0000 1000 0001 0000 ' MIA RCVR DISABLE
0000 1010 0010 0000 DISCRETE OUTPUT SET
0000 1000 0010 0000 DISCRETE OUTPUT RESET
0000 1100 0100 0000 PROCESSOR HALT
0000 1110 0100 0000 © PROCESSOR ENABLE
0000 1000 1000 0000 MASTER RESET
0001 0000 0000 1000 ! LOAD GO/NO-GO TIMER
0001 0000 0000 1001 : TEST GO/NO-GO TIMER
0001 0000 0091 0000 TERM.LATCH CONTROL
0001 0000 0010 0000 LOAD TEST REGISTER.
0001 0000 0010 1000 ENABLE INTERRUPTS
0001 0000 0011 0000 TEST ALL INTERRUPTS
0010 0100 0000 0000 RESET STATUS 1(GO/NO-GO)
0010 0100 0000 1000 LOAD MSC BUSY |
(SEE WITHIN) LOAD LOCAL STORE
1000 0010 0000 0001 © TEST DMA TIMER* E
i

* NOT APPLICABLE TO PROTOTYPES AND CREW TRAINERS
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0

0000
0000
0000
0000
0001
ono1
0001
0001
0001
0001
0001
0001
0010
0010

(SEF

PCI

1000 0000
1000 0000
1000 0001
1000 0001
0000 0000
0000 0008
0000 0001
0000 0001
0000 €010
0000 0010
0000 0011

0000 0011

0000 0000

0000 0000

WITHIN)

COMMAND WORD FORMAT SUMMARY (cont.)

0000
1000
0000
1000
0000
1600
0000
1000
0000
1000
0000
1000
0000

1000

62465567

MIA XMTR STATUS

MIA RCVR STATUS

READ DISC.

PROCESSOR
INTERRUPT
INTERRUPT
INTERRUPT
INTERRUPT

INTERRUPT

" RM STATUS

OQUTPUT STATUS
HﬁiT STATUS
REG. A

REG.B

REG.C

REG.D

REG.E

REG

D.I.A (1-32)

D.I.B (33-40)

" READ STATUS 1 (GO/NQ-GO)

READ STATUS 4 (B/W)

READ LOCAL STORE
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624655614

PCO FORMATS

DMA BOURST

COMMAND_WORD

FUNCTION ‘ OCTAL HEX DEVICE

DMA BURST INHIBIT 30001000000 coou0000 . ce

ENABLE 30101000000 c1040000

INHIRIT
1 11 | I
(I I I NOT USED [
L111107010104040(0J040fOJ.OJ1J0JOIO0F | & 4 L & 4 b b 1 & b 111 |
01 56 7 1617 31
ENRELE
O L1 | |
i1 (| : | NOT USED |
1111010101040 140J0J01040F1J01010) | L & L & L L L U & ¢t 1 & | |
01 56 7 1617 i EE
DATA_WORD

BITS

0 NOT USED. THESE PCO REQUIRE NO DATA WORD.

1 ¥ -

31 .

These <command words provide control of the Direct Memory

Access capability to CPU main memory. When inhibited, the IOP

not access memnory
allow CPU control of memory opesratiomns.

will

using Burst Mode. The commands are provided to

|

)
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PCO FORMATS ' &

FAD PARRITY DMA ADCRESS

COMMAND_ WORD

b b7 44

FUNCTION - OCTAL HEX DEVICE
BAD PARITY DMA ADDRESS 30104000000 €1100000 cc
ENABLE :
BAD PARITY DMA ADDRESS 30020000000 " C0100000 cC
DISABLE
ENABLE .
P | | |
|1 (I | NOT USED |
(111104010104 0§110§J010§j1j0J0§0§030¢1 ¢ ¢ ¢ ¢ ¢ ¢ 1 ¢ ¢ 1t 0t
0 1 56 .7 16 17 31
DISABLE : - _ -
[ 1 I 1 | : |
P (| | NOT USED {
1111101010404 010§04010(710404040101 ¢ v ¢+ ¢ L L 10 L L L b1
0 56 7 16 17 : 31
DATA_WORD
BITS
0 NOT USED. THESE PFCO REQUIRE NO DATA WORD.
31 ‘

The Enable command word forces the IOP to generate bad parity
(even) during DMA addressing to permit self testing of parity
detecting circuitry. The Enable command also reconfigures the bad
parity for BAD PARITY DATA INPUT back to good parity if +the conmand
was previously sent. Bad parity for both address and data cannot be
forced at the same time in a properly operating machine.

The Disable ccmmand £forces the TIOP parity generation

circuitry back to normal operation (0dd Parity).
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PCO FORMATS

EAD PARITY DATA INPUT

COMMAND_WORD

FUNCTION ‘ OCTAL HEX DEVICE
BAD PARITY DATA INPUT 30110000000 1200000 . ccC
ENABLE
BAD PARITY DATA INPUT 30010000000 c0200000 cC
DISABLE
ENABLE e
o 1 :
11 [ | NOT USED
(111101010 10f0§1(040§ 1401010101010} | & | 1 & L L L1 & & &1 1
01 567 16 17
DISABLE
o 1 i |
P | | NOT USED .
1117101010104010§040111010101040401 L L & L LU L4 L1t 11 1
01 56 7 16 17
DATA_WORD
BITS
0 NOT USED. THESE PCO REQUIRE NO DATA WORD.
31

The Enable command forces the IOP to generate bad parity
(even) on data words transferred to the CPO. It also forces the
parity on DMA addresses to return to normal (odd) parity. Bad parity
may not .be generated for both address and data at the same time in a
properly operating 1IOP. This command is part of a set that permits

self testing of the GPC.

The Disable command returns the IOP to normal (odd) parity
generation.
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COMMAND_ WORD

62465562

FCO FORMAT .

MIA TRANSHMITTER

FUNCTION OCTAL HEX DEVICE
MTA TRANSMITTER DISABLE 20001000000 4040009 c/M
ENABLE 20501000000 85040000
NISEBLE
1 1 1 1
| 1 | | | NOT USED |
1110101010111 0f0JO0F01010FOI14010100 & 4 4 L L 1 L b & 1 & 1 111
01 5 7 1617 31
ENABLE
| 1

[ 1
010101311101 11040]010101711071010

I N
| NOT USED |
I I O O O I T A e e e

No change of condition. Hardware does not respond.

Enahle individual MIA transmitter if command word was
enable.

Disable individual MIA transmitter if command word was
disable.
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62465561

These words are to control individual MIA transmitters to

I0P output control of system data buses. The
a mask for configuring MIA transmitters.

NOT USED.
CHANNEL NO. 1 MIA TRANSMITTER

CHANNEL NO. 24 MIA TRANSMITTER
NOT PRESENTLY USED. EXPAKSION

10

CAPABILITY

data word is
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. PCO FORMAT A

MIA RECEIVER

COMMAND_ WORD

b k7 44

FUNCTION : OCTAL HEX DEVICE
MIA RECEIVER DISABLE 204502000000 84080000. c/Hu
ENABLE 20502000000 85080000

DISABLFE
T I I T
(I I | NOT USED 1
11101010101 140401040J010F 101040100 & L 4 L L U L L 1111
0 1 56 7 1617 31
ENABLE
(K 1 o | |
il || | NOT USED : |
| 110101010140 11040010F140408040L & & 1 & & & L &+ & L & 1|
DATA_WORD '

BIT

0 ¥OT UOSED. BIT IGNORED
1 ¢ CHANNEL NO. 1 MIA RECEIVER
2 CHANNEL NO. 2 MIA RECEIVER

.

23 No.23

2u No.24

25 NOT PRESENTLY USED. BITS IGNORED

31 :

0 = No Change of status

1 = Enable receiver if with enable command word*
1 = Disable receiver if with disable command word

*Should only be used when the associated BCE is in the Halt State.

1
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These command and data words provide capability to Ttontrol

condltlon of the MIA receivers -for purposes of channel control and
data input. The data word is used as a mask for MIA configuration

control.

12
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PCO FORMAT

"DISCRETE OUTPUT

CCMMAND WORD

EUNCTION ' OCTAL HEX DEVICE
DISCRETE OUTPUT RESET 20404000000 84100000 c/H
SET 20504000000 85100000
RESET
1 I | |
[ |1 I NOT USED I
111010101011104040101011104107040101 ¢ ¢ 1 ¢ L L bbb 1111
0 1 56 7 617 31
SET
1 ] | 1
I 11 l NOT USED , I
{1101 010101101 1{010104 140001010100 1 4 L L b b bbb bbbt
DATA_WORD
* = Hardwired to IOP internal circuitry. These DO's are not
available for scftware use.
0 = No change
T = Set discrete bit if command word is set.
1 = Reset discrete kit if command word is reset.

The data word is used as a mask to control the discrete outputs.
The discrete outputs are configured as differential
drivers. The pin connections to the IOP are indicated
for the true (T) and complement (C) outputs.

BIT
0 (D0-1) T J3-51
(o J3-63
1 (D0-2) T J3-18
C J3-29
2 (DO-3) T J3-28
C J3-40
3 (DO-4) T J3-30 '
13
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10
14
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

(DO-5)
(DO-6)
(DO-7)
(DQ-B)H
(D0-9)
(D0-10)
(Do-11)
(D0-12)
(D0-13)
(Do-14)
(D0-15)

{DO0-16)

(D0=17)

(D0-18)
(D0-19)
[50120)
(D0-21)
(D0-22)
(DO-23)
(DO-24)
(D0-25)

(D0-26)

(D0-27) -

(D0-28)
(Do-29)

(D0-30)

I—IOHHHOHOHOD—JOHOHQBOHGF—JﬁHnHﬂHOHOD—]ﬁHOI—]ﬁHﬂHOHOHﬁH('}P!'OI'-]O!EO

62U65564
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c J3-53
*30 GPC ID (D0-31) T J3-58 B
C J3-57

This bit is hardwired to a positive output source and
will provide a source voltage for GPC identification

in the systen.

*31 IPL (D0-32) T J3-68
c J3-67

This bit when set (1) indicates that the IPL routine
is in progress. When teset (0), the bit indicates +that the

IPL routine has not been requested or that it is complete
depending upon the time/event sequence.

15
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PCO FORMAT
CONFIGURE PROCESSORS
COMMAND_ WORD
FOUNCTION OCTIAL . HEX " DEVICE
CONFIGURE HALT 20€10000000 86200000 C/M
PROCESSO0RS
ENABLE 20710000000 87200000
HALT '
(I 11 | |
1 1| | NOT USED I
1110104010111 1401070¢1404040104CI01 1 & 1 L 0t 4 L L U L L1 11
01 56 7 1617 31
ENABLE
i1 I I - 1
| 1 I 1 | NOT USED | =
R e e T O e O e e e e T T T o T I O O O T O O
DATA_WORD
These PCO's provide capability to force individual MSC and BCE
to the halt or operate states under GPC control. The data word is used
as a mask to contrel the appropriate BCE/MSC processor.
0 = No change
1 = HALT if accompanied by the HALT command word.
1 = ENABLE if accompanied by the ENABLE command word.
BII
0 MSsC
1 BCE NO. 1
2 2
23 23
24 24 .
25 SELF TEST : ‘ )
26 NOT USED. BITS IGNORED el

16
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XMIT ENABLE

RCVR ENABLE

CHANNEL .

FATIL VOTE

TERMINATE CONTROL LATCHES
VOTER TEST

FATL LATCH

TIME QUT LATCH

DISCRETE OUTPUTS

MSC/BCE
RST=DISABLE
RST-DISABLE
NC CHANGE
RST=NO FAIL
RST=NO TERMINATION
RST=OPERATIONAL DATA
NO CHANGE
NO CHANGE
RST=INACTIVE

18

N

- w‘
PCO FORMAT
MASTER RESET
COMMAND_ WCRD
FONCTION OCTAL HEX DEVICE
MASTER RESET 20420000000 84400000 c/M
[ I | |
(| [ | NOT USED |
1110101040114040401101010101040001 4 & U 1 4 L L 0L 0 b L 4 1 11
0 1 56 1 : 1617 31
DATA_WORD_
.There is no data word associated with this command word. The
following table indicates the hardware reset by this command word and
the resulting condition.
MASTER RESET 7
REGISTER FUNCTION .
STAT1(GO/NOGO) RST=GO
STATU (BUSY/WAIT) RST-WAIT
STATS (HALT/NO HALT) RST=HALT
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INTFRRUPT
-C/M IDLE

-TOP FAIL LTCH
-TIME OUT LTCH

-ROS PAR
-I0P FAULT
-=ALL CTHEES

WATCHDOG TIMER

62465562

SET

NO CHANGE
NO CHANGE
RESET
RESET
RESET

RST=ZERO COUNTER AND
INHIBIT COUNTING

19
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PCO FORMAT

LOAD GO/NO=GO TIMER

COMMAND WORD

FUNCTION , OCTAL HEX DEVICE

LOAD GO/NO-GO TIMER 21001000000 ' 88040000 RM

|1 | 1
1 F NOT USED I
0101011104 010[0{0[O0§OFOF14O10IO01 1 1 &t & 1 & b L 4 & v & | il
1 56 7 1617 31

0 NOT USED. BITS IF SET ARE IGNORED.

-

20 GO/NO-GO TIMER EBIT 0 MSB

48]
(o)}
_OowoOo-dOUnEWN -

w
o
e —y

LSB = 0.768 msec.

Data word used to locad the Go/NO-GO timer in normal systen
operation. The timer scaling permits 3.145728 seconds maximum to
timeout. Timeout sets a timeout 1latch which is used to drive the
Computer Fail output and reset the IOP if the transmission termination
logic has bszen activated. See PCO "CONFIGURE TERMINATION CONTROL
LATCHES." Once the timer has been reset, the counter will not operate

until loaded via this PCO,

The timer is a countup device. The data loaded must be the

-twos complement of the desired time. The leading bit positions are
ignored and may be set as a result of the complement operation if

desired. A data word of all zeros causes an interrupt after a full

count (3.145728 sec).
. 20

Programming Note: This PCO also resets the Timeout Latch.
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PCO FORMAT

LOAD GO/NO-GO TIMER TEST

[[a<]
ed

I><
(=]
ket
L=
I
o]
It

CTAL

o]
=]
=
=
I
o
I=

1o

LCAD GO/NO-GO TIMER TEST 21001100000 88048000 RM

i1
0101011410101010J010J010111010]
1 56 7 1

| |
[ NGT USED |
LI [ Y T T T T O T I O
617 31

V) NOT USED. BITS IGNORED

20 GO/NO-GO TIMER BIT M5B

0
"1
2
3
4
5
26 6
7
8

9

0

1

LSB = 0.768 msec.

This PCO 1is used to load the Go/No-Go Timer with any chosen
value which is incremented by one low order bit and read with a BPBCI
(READ STATUS REGISTER) to determine the operating status of the timer.

The Terminate Output driver is inhibited when the interrupt

is generated to prevent an invalid indication of GPC failure from this

test.
the time out

The Terminate Output latch 1is reset after

interrupt has been generated.
The timer is a countup device. The desired code lcaded in

the data word must be the twos complement of +the desired +timeout
value. A data word of all zeros causes an interrupt after a full

count.

21
Programming Note: This PCO also resets the Timeout Latch.
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PCO FORMAT

CONFIGURE TERMINATION CONTROL LATCHES

COMMAND_WORD

FUNCTION OCTAL HEX DEVICE
CONFIGURE TERMINATION 21002000000 88080000 RE
CONTROL LATCHES
[ I 1 | |
|1 | | NOT USED |
11101010(1}0 1 1010101040 1OOI0I0L ¢ & 1 1 & b & L ¢ L bt 11|
O] g 1617 31
DATA_WORD
B1T
0 NOT USED. BITS IGNORED
29
30 TTIMEDDT TERHINATION LATCH
31 VOTER TEEMINATION CONTROL LATCH
0 = Reset
1 = Set

These two bits permit control of the associated RM latches by

CPU software (PCO) for purposes of testing and to force error
indications (Computer Fail and IOP Transmission Termination) for CPU
detected faults. The error indications may be inhibited for self

testing.

This PCO should not be issued when either the Voter or

Programming Note:
Timeout Latch is set.

29
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PCO FORMAT

LOAD TEST REGISTER

COMMAND WORD

EOUNCTION ‘ OCIAL HEX DEVICE
LOAD TEST REGISTER 21004000000 88100000 RM
| I | | |
11 i | | NOT USED |
1110101011104 0401010404140101010400 L L ¢ b 1 L b L & b b1 41
01 567 1617 31
DATA_WORD
BIT
0 NOT USED. BITS IGNORED
2€ .
27 VOTER TEST CONTROL
0 = Permit normal operation
1 = Inhibit normal inputs (perform test)
This bit inhibits the normal voter inputs (when set)
from the other IOP's and inhibits driving of the
Computer Fail latch and IOP Transmissions Termination
_ logic, This is used to test the RM voter logic.
28 VOTER TEST INPUT 1
29 2
30 3
31 4

Not failed ts=st input
Pailed test input

0
1

These bits are used to load a register to provide test inputs
to the voter logic for test purposes. Bi# 27 (above) must be set to

prevent erroneous system failure indicationms.
The IOP Voter test hardware will respond to these test inputs

(Bits 28-31) or to the normal operational inputs. The Test Inputs and
Operational Inputs are logically OR'‘'ed.

iWon

23



sanyay Alsianun pue suonoe|jo) |ewads ‘ssleIq Ausianiun alelg BlysIAN

Siuswnoog YSYN 40 uoioa|jon oxkewo] ‘g sawer I

80-/8 SIN

T /7 xog

= |

blz 4

62865564

PCO FORMAT
INTERRUPTS
COMMARD WORD
FUNCTION | OCTAL HEX DEVICE
TEST INTERRUPTS 21006000000 88180000 M
ENABLE INTERRUPTS 21005000000 88140000 RM
ENABLE ' e
1 | I |
Pl i1 | NOT USED I
1100401 1(10f0{0J0F0OOFTHOITIOI00O0F & ¢ L ¢ L L0 L L b 1111
T 58 7 : T7 71
TEST .
1 I I |
! || I NOT USED I
11101040111 01010(O0{O0JOFTEMI040I0108 & 4 ¢ L & L4 Lt L 1 1§ (|
Ol 56 7 77 1
DATA_WORD
BIT
0

NOT USED. THESE PCO EEQUIRE NO DATA WORD.

31 !

' The TEST command word forces interrupt Registers A, B, D, and
E to set all interrupts. The interrupts will stay set until the
action described below is taken. This permits self-testing of the
interrupt detection -circuitry. The interrupt registers will not be

reset by reading of the registers as in normal operation.

The ENABLE command must be issued after the TEST command word

to remove the test interrupt. Af+ter issuing this ©PCO, each of the
four registers must be read to reset them and to permit normal

operation.

24
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PCO FORMAT

RESET STATUS 1 (GO/NO-GO)

FUNCTION OCTAL | HEX DEVICE
RESET STATUS1(GO/NO-GO) 22200000000 92000000 DF
1 I | 1 u
(I 11 | NOT USED |
111010171010 1(04040]0104010104040¢ & ¢+ 4 Lt L b L b 0L b L1 1}
K 6 7 1617 31
DATA_NORD
These PCO's provide the capability (data Word is wused as
Mask) to reset Status Register 1 to the normal or GO indicator. The
entire word must be configured for each application.
0 = No Change
1 = Reset Status
BIT
0 MsSC
1 BCE NO. 1
2 2
23 23
24 24
25 SELF TEST )
26 NOT USED. BITS IGNORED
31 ' ;

25
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LOAD MSC BUSY

COMMAND_WORD

62465561

FUNCTION OCTAL HEX DEVICE
LOAD MSC BUSY 22201000000 92040000 DF
T F- L1 I 1
1 | | 1 | NOT USED |
[11010}110]0}140}040{0{0J0}1J01010% I I | [ I O O
0 1 56 7 1617 31

No data word required.

This PCO command word forces a BUSY condition to the MSC. It

is required to start the micro-processing of MSC/BCE operations

system power-up and initialization.

26

after
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PCO FORMAT

LOAD LOCAL STORE

DEVICE

LOCAL STORE

NOT USED

| |
| |
I S O S Y N I I I |
1 1

I T O |
! : 3

|

| | VARIES. SEE BELOW
011101010111 | |
1 56 7 16
(7 through 16) associated with the device
varies depending upon the word
The command word provides access to
the 1local Store area associated with +the MSC functions, 28 BCE
functions, and Self-Testing of the IOP. The specific data stored in
each location is discussed in the MSC and BCE Principals of Operation
documents and involve that data required for initializing and

operating the MSC and BCE's.

The 10{(10) bits
select field for this command word
(location) loaded in Local Store.

Bits_ 7 _through_ 11

This 5-bit field is used tc designatz the MSC or BCE to which
the data word must be transferred as shown below:

BITS T il 9 10___13
0 0 0 0 O‘ MSC REGION
0 0 0o 0 1 BCE NO. 1 REGION
0 0 0 1 0 BCE NO. 2 REGION
1 1 6 0 0 BCE NO. éll REGION
1 1 0 0 1 SELF TEST

Bits 12 and 13

or C) in Local

(2,
the data word

which

This 2-bit field identifies the bank B,

Store for the above defined MSC or BCE area to
must be transferred as indicated below.

27
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BITS______12___13__

0 0 BANK 2
0 1 ‘ EANK B
1 0 BARK C

Bits 14,15 and 16

This 3-bit field is used to identify which word in a Bank is
loaded. The resolutior to a single word is achieved when this field
is completed. Banks A and B use only Bits 15 and 16 +to «control +the

four words required.

BITS 14 15 16
0 0 0 LOCATICN O
0. 0 1 LOCATION ¢
1 1 1 LOCATION 7
DATA_WORD

The single data word for this ccmmand must contain the data
word (18(10) bits) scaled to the LSB portion of the 32-bit data word

as inQicated belcw.

PCO DATA ' LOCAL STORAGE
WORD_BIT WORD_BIT

0 NOT USED

1 -

13 .

14 0 MSB

15 1

31 17 LSB

28
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PCO FORMAT

TEST DMA 8 MICRO SECOND TIMER*

COMMAND WORD

FUNCTICN . QCTAL HEX DEVICE
INHIBIT COMPLETION OF A 30100100000 1008000 CHANNEL
DMA CYCLE '
[ 1 i - 1
| 1| | {
111140101010 1GEMI0I01110101010100 0 ¢ b L b bbbt b4t
0 1 56 7 1617 31
DATA_WQORD
BIT
0
. NOT USED. THIS PCO REQUIRES NO DATA WORD
31
command word causes the

The Test DMA 8 Microsecond Timer
channel +to inhibit completion of a DMA cycle.

Only the first DMA cycle occurring after reception of the Test DHA

Microsecond Timer command word will be inhibited.

L]

I*NOT APPLICABLE TO PROTOTY‘PES AND CKEW TRAINERS

29

This permits self-
testing of the DMA 8 microsecond timer and associated interrupt logic.

8
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PCI FORMAT

.READ MIA TRANSMITTER STRATUS

62465564

EUNCTION OCIAL HEX DEVICE
READ MIA TRANSMITTER 00400000000 04000000 c/M
STATUS '
1 I kT 1
(! =3 | NOT USED I
[010§0J040}140{010j0j0§0§0J010JOJO] § 1 1 ¢t b L & L L L 1 L1
51 7 1617 31
DATA_WORD
BIT
0 CHANNEL N¥O. 1 MIA TRANSMITTER
1 CHANNEL NO. 2 MIA TRANSMITTER
' 23 CHANNEL NO. 24 MIA TRANSMITTER
24 NOT USED. BITS, IF SET, ARE INVALID.
31 : .

Transmitter disabled

0
Transmitter enabled

1

nn

The PCI results in transfer,
uration of the MIA enable register.

via the data word, of the config-

Bits 25-27 are available for expansion if required.

30
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ECI FORMAT

READ MIA RECEIVER STATUS

62465562

FUNCTION ‘ OCTAL HEX DEVICE

READ MIA RECEIVER STATUS 00401000000 04040000 c/n
[ 1 | I
11 I | NOT USED |
10101010101110401010J0101011401CIO0 ¢ & 1 & 1 0L 4 1 | ¢ % [
O 56 7 TeT7 31
DATA_WORD_

BIT

0 MIA CHANNEL NO. 1 RECEIVER

1 2

23 24 _

25 NOT USED. BITS, IF SET, ARE INVALID.

31 "

o Receiver disabled

1 Receiver enabled

The PCI results in filling the data word with the contents

of the MIA receiver control register.

Bits 25-27 are available for expansion of MIA capability

if required.

31
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PCI FORMAT

READ DISCRETE OUTPUT STATUS

COMMAND WORD
FUNCTION OCTAL HEX DEVICE
READ DISCRETE GUTPUT 00402000000 04080000 Cc/M
STATUS .

1 11 ] ]

(I 1| | NOT USFD i

[0t010§0101140J010J0J0401 1104041010 ] | | | | | 1 | O O O O

0 1 5 6 7 . 1617 31

DATA_WORD
BIT
0 DISCRETE OUTPUT NO. 1
1 2
31 32

Discrete Output Disabled (OFF)
Discrete Output Enabled (ON)

o
nu

The PCI provides the capability to read the D.0. register.

32
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PCI FORMAT

READ PROCESSOR HALT STATUS

COMMAND_WORD

EUNCTION : OCTAL HEX DEVICE
READ PROCESSOR HALT 00403000000 040C0000 C/M
STATUS ’
7 o [ : 1
| 1 | | | NOT USED |
101010401041401040§010JOI1IO0I0I0L 1 & & b & L &L b 4 & bt b4 1|
0 56 7 T617 T
DATA_WORD_
BIT
0 MscC
1 BCE ¥o. 1
2 BCE No. 2
24 BCE No. 24
25 SELF TEST PROCESSOR
26 NOT PRESENTLY USED. BITS, IF SET, ARE INVALID.

31 1

0
1

Processor (MSC or BCE) Disabled
Processor Enabled

]

The PCI pro%ides access to Status Register 5 (The Halt

Register). The data indicates the status (enabled or disabled)
2ach BCE (25) and the MSC.

33
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PCI PORMAT - -
READ INTERRUPT REGISTER R
COMMAND_WORD
FUNCTION  gcmap BEX DEVICE
READ INTERRUPT 01000000000 08000000 RN
REGISTER A
[ [ I ‘ T
11 11 | NOT USED i
10101010111010101010J04040104010100 ¢ 4L L L L 1L L L L L b0t
0 1 56 7 1617 31
DATA_WORD
Only the <first 6 bits of this data word are valid since the
interrupt register contains 6 bits. The remainder of the data will be
Zeros. .
All bits in the interrupt register are set to zero when data T
is transferred for this PCI command. i
0 = No interrupt
1 = Interrupt
BIT
0 - GO/NO-GO TIMER .
Timer has timed out and generated the interrupt.
1 IOP FAIL LATCH
The IOP has detected a failure (Computer Fail) that
effects capability of the machine. Signal originates in
the RM Voter logic and not from the IOP +transmission
termination.
2 C/M IDLE
The IOP Control/Monitor logic is in the Idle mode and
available for further operations. '
3 ROS PARITY ERROR
3 parity error has occurred during ‘'transfer €£rom IOP
Read Only Storage (ROS). -

34
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IOP FAULT

The bit i1s set when the IOP oscillator is stopped.

SPARE

UNDEFINED

NOT USED.

35
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COMMAND WORD

62465567

PCI FORMAT =

READ INTERRUPT REGISTER B

FUNCTION OCTAL HEX DEVICE
READ INTERRUPT 01001000000 08040000 ° RM
REGISTER B

(I (| | |

(N [ I NOT USED I

101010101110104010J010I01O0INI0I0I0L | £ 0V L E LU L bbbty

0 1 56 7 . 1617 37

DATA_WORD

Therefere,

The interrupt register read by this PCI contains 6 bits.
the 6 MSB positions are valid and the remainder should be

zeros. Reading the interrupt register for this data word causes the

bits to be
0 =

1 =

o |U:l
H
.13

reset to zero.

No Interrupt

Interrupt present

PCI/PCO PARITY ERROR

The IOP parity checking circuitry has detected a parity
error on one of three CPU/IOP transfers.

A. Command Word for a PCI transfer

¢ Bua Command Word for a PCO transfer

C. Data Word with a PCO transfer

DMA INSTRUCTION PARITY ERROR

The IOP Parity checking circuitry has detected a parity
error during an Instruction word DMA input to the IOP.

DMA DATA PARITY ERROR

The IOP parity checks has detected an error during DATA

word transfer of a DMA operation.
36
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NOT USED. HELD AT A ZERO (0) STATE.

QUEUE OVERFLOW - The 8 usecond timer has detected a
DMA that has been in process for more than 8 useconds.

DMA 8 MICROSECOND TIMEOUT - The Overflow circuitry has
detected an attempt to hold more than 64 DMA requests

in the Queue.

NOT USED. UNDEFINED.
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PCI PCO FORMAT

READ INTERRUPT REGISTER C

COMMAND_ WORD

FONCTION OCTAL ~ HEX DEVICE
READ INTERROUPT 0100200000Q QBOBOOOO ' RM
REGISTER C ‘
1 L1 | :
P (1 - I NOT USED |
1010(0101110J0J0]0J0I0IO1 1104010101 | 4 1 L 1 L & 0L 1 4 1 1411
01 56 7 . 161] 31
DATA_WORD

The bits indicate which of the MSC generated intertupts are
The PCI transfer causes the bits in Register C +o be reset.

present.
0 = No interrupt
1 = interrupt
BIT
0 MSC PROGRAM INTERRUPT 1
1 .
11 ! 12
12 - NOT USED (ZEROS) UNAV&ILABLE.
31 -~ L
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PCI FORMAT

READ INTERRUPT REGISTER D

COMMAND_ WORD

FUNCTION OCTAL HEX DEVICE
BREAD INTERRUPT 01003000060 080C0000 RHM
REGISTER D
10 1 I I
| I | NOT USED |
0101010511010 010J0I0IO TE 14010100 & & I F 0 &L 0 4 t 4t 11|
0 1 5 6 [/ 1617/ 31
DATA_WORD

This PCI reads a four-bhit regisier and the bits are reset as a
result of the PCI.

BIT

0 SPARE

1 SPARE

2 SPARE

3 SPARE

4 NOT USED (ZEROS) UNAVAILABLE.
31 .
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PCI FORMAT ) .

REARD INTERRUPT REGISTER E

COMMAND_WORD

FUNCTION | OCTAL HEX DEVICE
READ INTERRUPT 01004000000 08100000 RM
REGISTER E
T T . |
(I (| | NOT USED I
1010101011010 {04010(01110101010101 | 1 1 & 1 t I 1 1 1 L1 1]
01 56 7 1617 31
DATA WORD

This is the read out of a four-bit register presently designa-

_ ted spare.. The PCI transfer resets the register E bits.

BIT
0 SPARE

1 SPARE

2 SPARE

3 SPLARE

L NOT USED. UNDEFINED
31 - .
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PCI FORMAT .

READ RM STATUS REGISTER

COMMAND_WORD

FUNCTION ' OCTAL HEX - DEVICE
READ RM STATUS REGISTER 01005000000 08140000 RM
11 i | l
i | | NOT USED i
101010§0§11010401010101 140411040401 1+ ¢+ ¢ ¢+ ¢ ¢ ¢ L P L4 b 1)1
0 1 56 7 1617 31
DATA_WORD

—_—————

Filled from IOP RM status register to provide status of IOP
hardware voting 1logic and data output termination logic. This PCI
does not cause reconfiguration of the Status Register.

BIT

0 FAIL OR TIMEOUT LATCH
0 = NO FAILURE, NORMAL OPERATION
1 = FATILORE INDICATOR IS SET.

i Indicates that RM has detected a failure and
set the failure 1latch or that the watchdog
timer has timed out forcing +the fail latch.
Also set during test modes.

1 PCO INHIBIT FAIL VOTE INPUTS FOR TEST
0 = NORMAL OPERATION
1 = PCO inhibiting voter inputs while IOP performs
RM logic self testing. 1
2 MSC INHIBIT FAIL VOTE OUTPUTS FOR TEST
0 = Normal operation
1 = MSC inhibiting fail voter output while IOP
performs self testing.
3 FAILURE VOTE 1 INPUT

41
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11
12
13
14

15

62465564

FAILURE VOTE 2 INPUT : -
FAILURE VOTE 3 INPUT

FAILURE VOTE 4 INPUT

0 = . NO FAILURFE

1 = FAILURE INDICATES

These bits represent the inputs from other IOP's each
representing a failure vote while this IOP is in normal
operation. The discretes, if set during test operation,

represent failure of the RM voter logic inputs. The
bits should be zero during RM self testing.

FAILURE VOTE 1 OUTPUT

FAILURE VOTE 2 OUTPUT

FAILURE VOTE 3 OUTPUT

FAILURE VOTE 4 OUTPUT

0 = Nd FAILURE

1 . B FAILYURE VOTE

These bits represent the outﬁut (before drivers and
output inhibit latches) of the RM software logic to the
other IOP's. The register for these bits is set upon

PCO from the CPU by the MSC. The data represents output
to the other IOP's when in hormal system operation.

TEST FAILURE VOTE 1 INPUYT

TEST FAILURE VOTE 2 INPUT

TEST FAILURE VOTE 3 INPUT

TEST FAILURE VOTE 4 INPUT
0 = NO FATLURE
e = FAILURE INDICATED (TEST)
These bits represents the RM hardware voter inputs while

self testing. A bit set during normal system operation
will result in one invalid FAILED VOTE input.

VOTER FAIL LATCH
42
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0 NO FAILURE

FAILUORE INDICATED

This bit —represents the latched output of the BRHM
hardware voter and in normal operation would indicate
Computer Failure. The bit is also set during test when
the hardware voter receives at least two of four inputs.
During test, this voter output is inhibited before

reaching the line driver.

TIMEOUT LATCH

0 NO TIME OUT

1 TIMEOUT REACHED
This bit indicates that the Watchdog Timer reached a
timeout conditionmn. If in normal operation, the bit

would trigger the Computer Fail Latch. In test nmode,
the signal 3is inhibited prior +to the Computer Fail

Driver.
VOTER TERMINATICN CONTROL LATCH
TIMER TEEMINATION CONTROL LATCH

0 RESET

1 = SET

These bits represent the output of the respective
latches which are set and reset via PCI/PCO from CPU
software. They are used to <force IOP transmission
termination for CPU,6K detected failures. These outputs
are inhibited before the IOP transmission termination

when self testing.
IOP TRANSMISSION TERMINATION

0 = NORMAL

1 TERMINATE

This.bit indicates the status of the associated output
(vhich is mnot a latch). When the bit is present, the
output (discretes and MIA transmitters) are disabled to
prevent extraneous data transmissions.

GO/NO-GO TIMER Bit 0 (MSB)
1
2
43
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23
21
25
26
27
28
29
30
31

-

= owWwomJOWUMEW

(LsSB)

= 0.768 msec

6246556A

Bits 20-31 represent +he configuration of the Watchdog
The data is available in normal

and during self testing.

(GO/NO-GO)

Timer.

4y

systen

operation
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PCI TORMATS

READ DISCRETE INPUT A

COMMAND WORD

e

FUNCTION QCTAL HEX DEVICE
READ DISCRETE INPUT 2a
(1-32) 01006000000 08180000 DF
[ Fd [ [
i I 1 | NOT USED [
1010101011101040101040711011400010J0F 1 L L 0} L 0 b b L 1 1 b 11
01 56 71 1617 31
DATA_WORD

. This PCI provides means to transfer data from +the IOP
Discrete Input register (32 bits) to the CPU.

0 D.I. RESET

0}

1 D.I. SET

NOTE: All the DI's are software readable. Some also configure
hardware. Bit positions designated by * indicate those discrete
inputs which are hardwired to IOP functions and must not be changed
from the designated function due to internal or external wiring
changes. The discrete inputs are implemented with differential
receivers. The input pins are listed with each DI. The T represents
the true input pin and C indicates the complement inputs.

BIT
*( . HALT (DI-1) T J5-1
\ c J5-2
The setting of this bit indicates that the crew panel
switch has been sent to 'HALT'. Receipt of this DI
causes the IOP to configure all processors to Halt
thereby prohibiting IOP operation. The CPU is held
in system reset by this discrete.
* 1 STANDBY (DI-2) T J5-3
: C J5=4
45
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This bit is set from a crew panel switch. R
The IOP response TBD.

ROUN (DI-3) T J5-5

. c J5-6
The bit is set from a crew panel switch.
The IOP response is TBD.

IPL (DI-4) T J5-7
S Cc  J5-14

Bit is set by crew panel switch. The IOP response is to
perform the Initial Program Loading using data from the
Mass Memory Unit as indicated below (DI-5, 6, 7, and 8).

MM1 IPL (DI-5) T J5 -8
Cc J5-9

The discrete is driven from the Orbiter systems network
and when set indicates that MM1 is to be used as source

for IPL.

T J5-10

MM2 IPL (DI-6)
¢ J5-11

Same as bit 4 above except applies to No. 2
Mass Memory Unit. '

#¥#¥1 READY (DI-7) T J5=-12
c J5-13

This signal originates in No.
when set, that No. 1 MMU is available for use.

T J5-15

MM2 READY (DI-8)
! J5-16

Same as bit 6 above except applies to No. 2 MMU.

(DI-9) T 35-17
c J5-18
(DI-10) T 35-19
i c  J35-20
(pI-11) T J5-21
c J5-22
(DI-12) T = J5-23
c J5-24
46
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62465

INHIBIT CHANS. 10-13 (DI-13) T J5-25 -
C J5-26

Receipt of this DI causes the IOP to inhibit the M
transmitters thereby prohibiting the output of dat
on Channels 10-13 (MIA's 10-13).

INHIBIT CHANS. 14-17 and 20-23 (DI-14) T Js5-27
c J5-28

Receipt of this DI causes the IOP to inhibit MIA
transmitters 10-14 and 20-23.

(DI-15) T J5-29

c J5-30
(DI-16) T J3-66
c J3-77

(DI-17) T J3-89

o J3-88
(DI-18) T J3-69
¢ J3-70
(DI-19) T J3-79
c J3-78
(DI-20) T J3-81
o J3-93
(DI-21) T J3-80
A C J3-91
(DI-22) T J3-92
¢ J3-104
(DI-23) © T  J3-114
c J3-103
(DI-24) T J3=-90
c J3-102
(DI-25) T J3-113
c J3-121
(DI-26) T J3-128
C J3-112
(DI-27) T J3-111
¢ J3-101
47
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J3-120
J3-127

T
c

(DI-28)

27

J3-126
J3-119

T
Cc

(DI-29)

28

J3-99
J3-109

T
c

(DI-30)

29

J3-118
J3-125

T
c

(DI-31)

30

J3-124
J3-117

T
c

(DI-32)

31

us8
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BCI FORMAT X

READ DISCRETE INPUTS (33-40)

COMMAND_WORD

FUNCTION | OCTAL HEX DEVICE
READ DISCRETE INPUTS 01007000000 081C0000 RM
(33-40)
[ Ll | |
11 | | NOT USED |
fojojo1op110401040j04oprppgoogor Ll Pt
01 S o 7 161TF 31
DATA_WORD
This PCI provides the transfer of Discrete Inputs 33-40 to the
CPU.
0 = D.I. RESET
1 = D.I. SET
BIT
0 (DI-33) T J3-74
C J3-75
1 (DI-34) T J3-116
) , o J3-123
2 (DI-35) T J3-122
c J3-107.
3 (DI-36) P J3-96
oy J3-97
4 (DI-37) T J3-106
c J3-115
8 ) (DI-38) T J3-85
C J3-84
6 (DI-39) T J3-95
o J3-105
7 (DI-40) T J3=-94
c J3-83
NOT USED. UNDEFINED
31 %
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PCI FORMAT ' . -

READ STATUS 1 (GO/NO-GO)

COMMAND. WORD

EUNCTION | OCTAL HEX DEVICE
READ STATUSHGO/NO—GO} 02000000000 10000000 DF
11 1 s |
P (| fou NOT USED 1
1010101110101010§040404J01010F01010T | 1 & 1 E 4 & L 1 L 4 1 & 11
0 1 56 7 6717 31
DATA WORD

The data word ccntains the GO/NO-GO status for each BCE and
MSC as determined. by IOP BITE.

0 = NO~GO (ERROR) \
1 = GO ;
BIT

0 M5C

1 BCE NO. 1

2 BCE NO. 2

24 24

25 SELF TEST PROCESSOR

26 NOT USED. UNDEFINED

31 .
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- PCI FORMAT n

READ STATUS 4 (BUSY/WAIT)

COMMAND_WORD

FONCTION A OCTAL HEX DEVICE
READ STATUSH (BUSY/WAIT) 02001000000 10040000 DF
] 11 | |
I I | NOT USED |
1010101 11010400(0(040101011101010% & 1 1 1 & L4 1 1 L & 111
01 56 7 1617 31
DATA WORD

The data word transfers the contents of Status Register 4 to
the CPU. The action provides 3indication of the MSC and BCE's

operating statas.

0 = WAIT
1 = BUSY

BIT

0 MsC

1 BCE NO. 1

24 ! 24

25 SELF TEST PROCESSOR
36 NOT USED. UNDEFINED
31 .
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PCT FORMAT ; .

READ LOCAL STORE

COMMAND_ WORD

FONCTION | 0CTAL BEX DEVICE
READ LOCAL STORE ' : 1S
107 | 1 VARIES SEE BELOW | i
PO 0100011 bt ittt vttt trrrr e e
0 1 5.6.7 1617 ‘ 31

The 10 (10) bits (7 through 16) associated with the device
" select field for this command word varies depending upon the word
(location) loaded in Local Store. The command word provides access to
the local Store area associated with the MSC function and the 24 BCE
functions of +the 1I0P. The specific data stored in each location is
discussed in the MSC and BCE Principdls of Operation documents and
involve that data required for initializing and operating the MSC and

BCE's,

Bits_7_through_11

; -This 5-bit field is used to designate the MSC or BCE fron
vhich the data word must be transferred 'as shown below:

BITS 7___ 8 __ 9 10 __11
o 0o o0 o0 0 MSC REGION
o o o o 1 BCE NO. 1 REGION
o o 0o 1 0 BCE NO. 2 REGION

\

BCE NO. 24 REGION

—

—
Sl
o
o

1 1 0 0 1 SELF TEST PROCESSOR

52
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QJ' Bits 12 and 13 : .

This 2-bit - field identifies the bank (A, B, or C) in Local
Store for the above defined MSC or BCE area from which the data word
must be transferred as indicated below.

BITS 12___13
o 0 ' BANK A
0 : BANK B
1 0 BANK C

Rits 14,15 and 16

This 3-bit field is used to identify which word in a Bank is
read. The resclution to a single word is achieved when this field is
completed. Banks A and B use only Bits 15 and 16 to identify the four

words required.

BITS 14___15___16
0 0 0  LOCATION 0
il 0 0 1  LOCATION 1
. !
=
= 1 1 1 1ockTION 7
(00]
T
o
(0]
uy)
O
>
N : "
b
M
Wi 14 53
W)
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DATA_WORD

The single data word for this command contains the data word
(18(10) bits) scaled to the LSB portion of the 32-bit data word as

. indicated below.

PCO DATA LOCAL STORAGE
HORD_BIT WORD_BIT

0 UNDEFINED

1 £ .

13 ‘

14 0 MSB

15 1

31 17 LSB

5y
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1.0 MASTER SEQUENCE CONTROLLER

The Master Sequence Controller (MSC) is a micro programmed
computer specifically tailored for I/O0 Management within the Space
Shuttle General Purpose Computer (GPC). As such, it has extensive and
programmable capabilities for monitoring and controlling the basic I/0
operations performed by upwards to 24 Bus Control Elements (BCE's)
which are inmplemented in the baseline GPC. These capabilities include
setting up, scheduling, and initiating BCE programs, monitoring the
status of BCE operations, and communicating overall completion of
these operations to the CPU. -

Table 1.1 summarizes the characteristics of the MSC.
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TABLE 1.1

MSC CHARACTERISTICS

TYPE - - Single Accumulator I/0 Management Computer
CONTROL STRUCTURE - Microprogrammed

PROGRAMMABLE

REGISTERS -
32
18
18
PROGRAM 18
VISIBLE 25
REGISTERS 25
; 24
5
12
18

INSTRUCTION
FORMATS - 16

INSTRUCTION - 47

Bit
Bit
Bit

Bit
Bit
Bit
Bit
Bit
Bit
Bit

Bit

ACCUMULATOR (ACC)
INDEX REGISTER (X)
PROGRAM COUNTER (PC)

STATUS REGISTER

PROGRAM EXCEPTION REGISTER
BUSY/WAIT REGISTER

BCE-MSC INDICATORS

FAIL DISCRETES

I0P PROGRAMMABLE INTERRUPT REGISTER

EXTERNAL CALL REGISTER

SHORT/32 Bit LONG

SHORT FORMAT/10 LONG FORMAT

REPERTOIRE "(NOT COUNTING ADDRESSING MODES)
-ADDRESSING 131,072 32 Bit FUiLHORDS/262,1HH 16 Bif HALFWORDS
SPACE

ADDRESSING IHHEbIATE, ABSOLUTE, INDEXED,
MODES - PC RELATIVE

DATA FORMAT SIGNED, TWO'S CCMPLEMENT INTEGER

SPECIAL INITIALIZE AND MONITOR BCEs.
FEATURES RESPOND TO CPU REQUESTS TO
" CHANGE PROGRAM (EXTERNAL CALL).
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= ADDRESSING, DATA_AND_ INSTRUCTION_FORMATS

The MSC may directly address up to 262,144 16-bit ~hal fwords
or 131,072 32-bit fullwords. To achieve this, all wmain memory
addresses computed by the MSC are represented as 18-bit absolute
numbers, as pictured in Figure 1.1. The upper 17-bits (bits 0 through
16) represent the fullword location, and the lowest bit (bit 17) 4he
halfword portion of the addrzssed fullword. A 0 in this lower bit
refers to bits 0-15 of the 32-bit fullword; a 1 refers to bits 16-31.
When used as a fullword address, bit 17 is ignored. Thus, H'276' and
H'277' refer to the same fullword. .

All data referenced as numbers by the MSC are treated as
signed two's complement binary integers.

There are three basic instruction formats used by the MSC and
they are depicted in Figure 1.2.

Short format 1 is used primarily by instructions dealing with
memory and the MSC accumulator. It has the following fields:

— — e e e e

oP . This 4-bit field defines the basic operation
to be performed by the MSC

I This bit serves either as an opcode extension

or as an index mode specification in address
generation
DISP This 11-bit field serves either as immsdiate

data or as a PC relative address displacement.

. $hort format 2 is used by the register operation, Tegister
immediate, repeat, and conditional branching instruction classes. It
has the following fields:

Field FPield Description_

0P This U4-bit field defines the basic operation
class to be performed by the MSC

I This bit serves either as an opcode extension
or &as an index mode specification in address
generation :

OPX This field is an extension of 0P

DISP This field serves as either immediate data or

as a PC relative address displacement.
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used for all long 32-bit instructions, and has

‘This 3-bit field defines the basic operation

to be performed by the MSC

This 5-bit field defines such +things &as BCE
numbers, short displacements, etc.

This 18-bit field is used in conjunction with
I and M to generate both 18 bit main memory
addresses and immediate data.

These two bits define the way that DISP2 is to
be used in formation of values wused by the
instruction for main memory addresses and
immediate data. :

Table 1.2 summarizes the use of I,M and DISP2.

Note that all long format instructions must be 7located on
fullword boundaries., A long format instruction beginaning on an
odd halfword boundary will result' in a "Boundary Alignment" error
termination.
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TABLE 1.2

MSC LONG FORMAT MODES

I _M_ Effective Value Mode

0 0 DISP2* IMMEDIATE

1 0 X+DISP2* INDEXED, IMNEDIATE
0 1 (DISP2) DIRECT

1 1 (X+DISP2) INDEXED,DIRECT

Parenthesis used around a gquantity indicate that it is to be
treated as an 18-bit main memory fullword address (least-
significant bit 3ignocred) and +that the effective value is

found in fullword.

NOTES:

* When the effective value is used as immediate data, the
most-significant bit  is sign-extended 14 places to the
left
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142 . MSC_REGISTERS o =
1.2.1 MSC PROGRAMMABLE REGISTER

The MSC contains 3 registers under direct program control.
They are:

AcCc - A 32-bit accumulator
X - An 18-bit index register
PC = An 18-bit Program Counter

The ACC is a 32-bit register capable of accumulating a
fullword of data from memory. MSC instructions are available to load,
mnodify, +test and store this register. The ACC is also used to
contain bit masks for status and polling applicatioms.

Data representation of numbers held by the ACC is a signed,
*wo's complement, 32-bit integer, with the sign bit in bit 0 and the
binary point to the right of bit 31 (Figure 1.3).

The Index register may be used both in generating 18-bit main

memory addresses and as a holding register for signed two's complement

18-bit integers. When treated as an address, it is formatted as in
Figure 1.1. When treated as a nuaber, it is formatted as in Figure
1.4,

The Program Counter is an 18-bit register that indicates +the
main memory halfword or fullword 1location of the MSC instruction
presently being executed. It is formatted as a standard 18-bit
address as in Figure 1.1.

1.2.2  MSC STATUS REGISTER

The status of the MSC is kept in the following +three
registers:

1) MSC Busy/Wait Bit - Bit 0 of the IOP Busy/Wait Register. A
1 in this bit indicates that the MSC is currently executing

a program located in main memory. A 0 indicates it is not
busy. This bit is set via a PCO from the CPU to activate the

MSC, and reset by the MSC upon completion of a program.

2) MSC Program Exception Bit - .bit 0 of +the IO0OP Progranm
Exception Register A 0 indicates that the MSC has encountered
some problem in the execution of an MSC program. 3 1
indicates that no problems were encountered, This bit is
maintained by the MSC microcode.
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MSC Status Register - An 18-bit register found in register C7
in the MSC segment of Local Store (See Figure 1.5). This
register contalns copies of the MSC Busy/Wait bit and the MSC
Program Exception bit,. If the 1latter bit is set, this
register also indicates the exact cause ¢of the exception, as
indicated in Table 1.3. It is set automatically upon the
detecticn of an excsption or as part of MSC execution of an
@REC instruction, and may be read by the MSC with a aLMS

instruction.

PROGRAMMING NOTE

1
2)

-

3)

Status

The macro programmer can:
Reset STAT1 (Hardware register) via a PCO command.

Clear or change the MSC status register via a PCO command.
Reload the MSC status register using an @REC instruction.

Executicn of any of the three cases above will alter the MSC

Register. To guard against their possible interference with

system operation the following principles should be adhzared to:

1)

2)

3)

While the MSC is busy de not attempt to alter the STAT1 or
STATYH Registers by using PCO commands. *

While the MSC is busy do not atiempt to change the MSC Status
Register via PCO‘'s.

Be aware that wken the MSC returns from an external call
(?REC) the MSC Status Register is loaded.
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INTEGER

31
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Sign

Number Representation in MSC Accumulator

Figure 1.3.

INTEGER
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e

Sign

Number Representation'in MSC Index Register.

Figure 1.4.
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TABLE 1.3

MSC STATUS REGISTER

| IS1 i | | | | | 1 I
| RESERVED |T| | SIO| LBP{ LBB | ALIGN | ILL | ERR | BOSY/ |
L IEl__1_ERR] ERR|_ERE | {_ OP__1| L WAIT L
0 89 10 11 12 13 14 15 16 17
Bit 17 STAT4 bit 0 - The Busy/Wait bit for the MSC. It will
always be 1 while instructions are being executed.
Bit 16 STAT1 bit 0 - The program exception bit for the MSC.

Bit 15=%

This bit will be set to one only if the execution of
some previous instructions resulted in an error of some
kind. Bits 15 through 8 catalog the exact error. This
bit is the inverse of the MSC program exception bit.

Illegal opcode. If set, this bit indicates that an

illegal opcode was encountered at some point in the past.

Bit 14%*

Bit 13

Bit 12

Bit 11

Bit 10,9

Bit 8

Boundary alignment error. If set, this bit indicates
that a long format instruction was encountered at an odd

halfword boundary.

LBB error. The BCE that was specified by a previous
@LBB instruction was busy or halted at the time the

instruction was executed, and consequently its Base
Register was not loaded.

LBP error. The BCE that was specified by a previous
@LEP° was busy or halted at the time the instruction was
executed, and consequently its Program Counter was not

loaded.

SIO error. A previous execution of an @SI0 instruction
tried to set at least one BCE to busy that was already

busy.
Reserved.

Self test failure. The execution of a previous MSC self
test instruction detected a fault in the MSC.

Note that the only way this bit could be set when an
DLMS is executed is if this error condition was detected

11
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CPU restarted the MSC without

the past, and the
clearing the status word first.

in

12
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OTHER MSC VISIBLE REGISTERS

In addition +to the register described above, there are
other IOP registers that are accessible by an MSC progranm.

These registers include the:

o .

Program Exception Register (STAT1 Register) - a 25-bit
register containing one bit per processor. A 0 in bit
position i indicates that processor i (0=MSC,1-24=BCE) has
encountered some sort of exceptional condition. An exact
description of the cause of the exception may be <found in
processor (i) 's status register.

Busy/Wait Register - a 25-bit register containing one bit per
processcr. A 1 in bit position i indicates that processor (i)
is presently executing a program. A 0 indicates that the
processor is inactive.

' BCE-MSC Indicator Ragister - a 24-bit register containing cne

bit per BCE. BCE(i) may set or reset bit (i) under BCE
program control (See #SIB, #RIB). Various BCE errecrs will
also set this bit to 1. The MSC @RBI instruction may reset
any of these bits. There is no hardware defined meaning for
these values. They may be used freely to indicate any
programmer specified convention.

Fail Discrete Register - these discretes are grouped as a
single register, and are used in the redundancy management
process to indicate failed GPC units. ~The IOF Functional
Description (IBM ©No. 74-A31-026) should be referenced for
their exact use.

IOP Programmable Interrupt Register - +this 12-bit register
may be set by the MSC to specify any combination of 12 CPU
interrupts. The exact msaning of each interrupt is
determined by convention between the MSC program and the CPU
interrupt handling program.

External Call Register - this 18-bit register may be set by
+he CPU to point to a program that it wishes the HSC to

execute. The MSC Tesets the register to =zero when it has
started the progranm. The Sample For External Call (@SEC)
instruction and section 4.0 should be referenced for
additional detail.

The Progranm Exception register may only be read. The

Busy/Wait and Fail discrete registers may be both read and set. The
BCE=-MSC Indicator register may be read or reset. The IOP Programmable
Interrupt Register may only be set. The External Call register may be

set by the CPU and reset by the MSC.

13
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1.3 . MSC_IMPLEMENTATION , .

The MSC as implemented within the IOP consists of:

o Segment 0 of Banks A,B and C of Local Store. This contains
the ACC, X, PC, Status Register, and all other working
registers needed to implement the MSC instruction set.

o Bit 0 of the IOP Busy/Wait Register.
o Bit 0 of the IOP Program Exception Register.
o Bit 0 of the Halt Register

o Microprogram Counter 0. This contains the ROS address of the
next micro-instruction to be executed as part of the
execution of the present MSC instruction.

As described in the IOP Functional Description (IBM No. 74-
A31- 016), the operation of the MSC is time-shared with operations for
the BCE's. This +time=-sharing is performea at the micro-instruction
level, where the IOP executes one MSC micro-instruction from ROS (The
one indicated by the MSC 'micro-program counter) then a micro-
instruction for several of the BCE's, followed by " an HMSC micro-
instruction, etc. KSC micro-instructions normally occur at 2
microseccnd intervals with the exception of every eighth MSC micro-
instruction which occurs 2.5 microseconds after the preceding
instruction. The only MS5C-related operation carried on during non-HMSC
microcycles are memory operations, previously requested by MSC, and
CPU-directed PCI/O.

The general makeup of the Local Store segment dedicated to
the MSC is shown in Figure 1.5. All unlabelled words are reserved as
temporary working registers during the execution of a single MSC
instruction. After each. instruction, however, only the 1labelled
contenets are assumed to be properly maintained.

The PCI/0 operations of reading or writing to any of these
locations may occur at any time, although writing into MSC local store
while the MSC is busy will generally result in unpredictable HMSC
behavior.

14
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AH
AL

ECR
ST
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BANKA BANKB BANKC WORD
0
1
PC | ©IH IL , 2
X AH AL 3
4
5
ECR 6
ST 7

MSC Program Counter

MSC Index Register

Upper 16 bits of present MSC instructions

(Right justified with Bits 0 and 1 ignored)

Lower 18 bits of last instruction word that

was read from memory.

Bits 0-15 of MSC accumulator (right justified

into local store. Bits 0,1 ignored).

Bits 16-31 of MSC accumulator (rlght justified as for AH)
External Call Register .

Bits 0-17 of MSC Status Register (Right djustified)

Figure 1.5. MSC Local Store Useage

15
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2.0 . GENERAL MSC OPERATION _ -

During normal operation the MSC can be in one of three
states: Halt, Wait and Busy. In theé Halt state the MSC is physically
restrained from performing any operations; in the Wait state the MSC
is awaiting a command to execute a program; and in the Busy state the
MsC is executing MSC programs from main store. Figure 2.1 and Table
2.1 summarize these states and the transitions between them.

Typical state transitions are as follows:

1) During any system or CPU-directed MSC reset, the MSC is in
the Halt state.

2) Upon release from the Halt'state, the MSC enters the Wait
state

3) A sequence of PCO's from the CPU initializes +the MSC, and
places it in the Busy state.

] In the Busy state, the MSC is executing a program located in
mAain memory. It exits the Busy state only upon execution of
a Wait instruction, detection of an invalid instruction, or
some MSC reset signal. 1In all but the latter case, the HMSC
re-enters the Wait state; in the latter case it is forced +to
the Halt state.

The +two bits that indicate the current state of the MSC are
its Halt bit (Bit 0 of the IOP Halt register) and its Busy/Wait. bit
(Bit 0 of the IOP Busy/Wait register). In additiom, the MSC Progranm
Exception bit indicates if the MSC has found an error during its last
period of time in the Busy state. If it has found an error, the MsC
Status Register contains a record of the error.

The following sections describe each state in detail.

2 HALT_STATE

The primary purpose of the Halt state is two-fold:

1) Allow the external world to resst MSC operation ‘to a known
condition.

2) Upon the detection of wvery serious IOP faults (such as
failure in the microstore) to isolate the MSC and prevent it
from performing potentially erroneous operations.

Entry and exit from the Halt state are controlled by the

value of a single "MSC Halt" status bit which is part of the I0OP Halt
Register. As long as this bit is set, the MSC microprogram counter is

16
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forced to point to a micro-instruction +that performs no operation
other than clear the MSC Busy/Wait bit.  The Halt bit may be set at
any time, and effectively terminates anything that the MSC is doirg.
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TABLE 2.1
MSC STATES
STATE
INDICATORS
BUSY/
STATE ENTERED FROM_STATE/WHEN ACTION TAKEN IN STATE HALT WAIT
HALT ANY STATE - MASTFR RESET HARDWARE FORCED
MICRO BRANCH TO DO 0 0
NOTHING
- FAIL LATCH SET MICRO INSTRUCTION.
FOR THIS GPC
- PCO SPECIFYING BUSY/WAIT,STATUS,
MSC HALT EXTERNAL CALL REGISTER,
AND PROGRAM EXCEPTION
BIT CLEARED UPON EXIT.
WAIT HALT - PCO TO CLEAR MONITOR BUSY/WAIT BIT
BIT POR TRANSITION TO BUSY¥ 1 0
BUSY - EXECUTION OF
, "EAIT" INSTR
" - ILLEGAL OPCODE
- BOUNDARY ALIGN-
MENT ERROR
BUSY WAIT - PCO SETS BUSY/ EXECUTE MSC PROGRAM
= ~ WAIT BIT SET PROGRAM EXCEPTION 1 i
wn . BIT AND STATUS WORD
£ UPON DETECTION OF
foe) ANY PROBLEM
o
o
o
w
(@]
>
'l
X
-
il 19
o)



sanosy AlsIaalun pue suonds|jo) (eeds ‘seueiqr] AlsIsnun a1e)s BUYDIA

g <
< 0
3
3
®| o
m ~J
1
5 O
3
W]
<
= |
(o]
O
=1
21 m
2 0
g X
o |
=3
2t
> 9
D\
g
S
£ |
5|
o
e
-
'm
-0

62465564

. Thes signals that set the MSC Halt bit to 0 (halt MSC)
include:

1) BCE/MSC disable discretes or discrete input 0.

2) Power-up/down signal.

3) Setting of - the Fail Latch for this GPC by either : the
Redundancy Management voting logic or IOP d=tect=d serious
errors such as ROM parity error or timing failure.

u) R "Master Reset" PCO from the CPU.

5) R "Halt Processor" PCO from the CPU with a 1 in bit position
0.
The first four signal cldsses also halt all BCE's,

Exit from this state to the Wait state occurs only when the
following occurs:

1) "BCE Disable"™ discrete is reset.
2) Power-up sequence is complete.
3) Fail latch is reset.

and a CPU "Enable Processors" PCO with bit 0=1 is present.

Upor any exit from the Halt state, the MSC Program Exception
bit is set to 1 and the MSC Status Register is cleared to 0 +o
indicate that no errors exist. The MSC also clears the External Call
register at this tinme. '

2.2 WAIT_STATE

In the Wait state, the MSC is prepared to be told to perform
an MSC pregram. This Wait loop is iaplemented by a micro-routine that
monitors the status of the MSC Busy/Wait bit. The MSC remains in the
Wait state as long as this bit is reset to the "wait" value. Setting
this bit to a "busy" condition causes the MSC to transit to the Busy
state. This transition consists of using the present value of- the
MSC's Program Counter as the starting address of an MSC program in
main store. )

Entry to the Wait state occurs either upon exit from the Halt
state, as described above, or by a transition from the Busy state.
The MSC performs this latter transition when any of the following

occurs:
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1) A "Wait" instruction is executed.

2) An instruction with an illegal opcode is encountered,
3) A valid long format instruction is found starting on am odd

halfword boundary.

In +the latter two cases, the following actions are performed prior to
entering the Wait state:

1) The MSC Program Exception bit is set to 0.

2) The MSC Status Register is set to indicate the exact cause of
the error. .

3) The MSC Program Counter is left pointing to the offending
instruction. i

The Program Exception bit and Status Registers may also be
set when cther errors are detected while the MSC is in the Busy state;
in these cases, howaver, the MSC continues execution of the progranm.

Exit from the Wait state is normally to the Busy state. This
is done by the CPU via a sequence of PCO's; these typically include:

1 A "Load Local store" PCO to clear the MSC Status Register (if
set) .

2) A "Reset Program Exception Register™ PCO with a 1 in bit 0
(again used only when MSC has indicated an error).

3) A "Load Local Store"™ PCO to point to the start of the desired
MSC program in main store.

4) A "Start MSC" PCO to set the MSC Busy/Wait bit.

Note that the first two are needed only to recover from an
MSC error, and the +third is needed only if the MSC program counter
must be reset. They may not always be necessary, since +the Wait
instruction (@dWAT), when executed, leaves the PC pointing to the next
sequential instruction, which in turn may be programmed as a simple
jump back to the beginning of the MSC program. In this case, the CPU
needs only to issue the "Start MSC" PCO to restart the MSC program.

2.2 BUSY_ STATE

In the Busy state, the MSC is in the process cf executing a
program out of main store. A wvalue of 1 in the 0 bit of the IOP .

Busy/Wait Register indicates this conditiorn.

21
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The Busy state may be entered only from the Wait state, as
described in the previous section. When the transaction occurs, the
MSC uses whatever value is presently in its Program Counter +o fetch
the first dinstruction from memory and start executing it. The MSC
continues executing instructions until either a Wait dinstruction or
some kind of invalid instruction is encountered. In either case, the
MSC transitions back to the Wait state, again as described in the

previous section.

While the MSC is in the Busy state, the CPU may execute any
PCI without problem. However, all PCO's that write into MSC Local
store =should be carefully controlled since the MSC is not aware that
this action has occurred, and the resulting MSC program execution may
bz unpredictable.

22
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2.4 ERROR_MODES

e e e e e e

During execution of amn MSC program, the MSC may encointer one
Oor more errors. These errors may be due to either faulty programming
or actual hardware faults. Many can be detected by the 1I0P
microprograms that support the MSC functions, and are reflected by the
setting of various status bits in the MSC Status Register and the MSC
Program Exception bit. If the error is serious enough, the MSC
terminates the instruction and enters the Wait state. '

Table 2.2 summarizes all known errors that can affect MSC
operation; how they are detected; and the actions taken upon their

detection.

23
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I0P EREORS AFFECTING MSC OPERATION

ERROR
Tllegal MSC
Instruction
Opcode

32 BIT MSC
Instruction
Starting on
0dd Boundary

Attempt to
Start Busy BCE,
or @SIO with
ACC[ 0 )=1.

Rttempt to
Load PC cof
Busy BCE,

or @LBP with
BCE number=0.

Attempt to
Load Base of

Busy or halted BCE,
or @LBB with BCE

number=0.

DMA Parity Error

on Instruction
Read

DMA _
Parity Error on
Data Read,

DMA timeout,
Queue Overflow.

IOP Faults
I0OP Microstore

Parity Error,Clock
Failure, Terminal
Control plus watch-

e

Microcode

Microcode

Microcode

Microcode

Microcode.

DMA Channel

DMA Channel

IOP Hardware

24

ACTION
Set MSC Program Exception
Bit, Set Status bits 15,
16, Enter Wait State

Set MSC Program Exception
Bit, Set Status Bits 14,
16.. Enter Wait State

Set MSC Program Exception
Bit. Set Status Bits 11,
16. Continue Instruction.

Set MSC Program Exception
Bit. Set Status Bits 12,
16. Continue Instruction.

Set MSC Program Exception

Bit. Set Status Bits 13,

g4

16. Continue Instruction.

Make up all 0O's instruc-

" tion and give to MSC.

MSC will terminate with
"Illegal Opcode"
Interrupt CPU.

No data is given to MSC.
MSC loops indefinitely.
Interrupt CPU.

MSC Halt bit set to 0, and

MSC enters halt state.
Interrupt CPU.
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dog timer time out,
or fail latch set.

Salf Test detected
MsC fault

Self-Test generated
parity error.

NOTE: The MSC Program
ZeTo.

MSC Self-Test
Instruction

I0OP Hardware

6246556A

Set MSC program exception
bit. Set status bits 8,16.

Force all processors to the
Halt state, set Busy/Wait
bits of all processors to
Wait.

Exception bit registers an error when it is set to

25



SanILaIY Auslaniun pue suogoal|o) [ewads ‘sauelqr) Alsioaiun ajelg EHYDIAL

SluaWN20( WS YN JO U0N98||00) O¥ABWO| T SSWer “IQ

T /7 xog

80-/8 SIN

b l7 44

6246556A

2.0 . MSC INSTRUCTIONS . %

The following subsections include descriptions of the
instructions presently supported by the MSC. . The format for the
description of each instruction is as follows:

o} The general name of each instruction appears in the upper
left of the first page describing that instruction.

o] The assembler abbreviation appears in the upper right hand
corner,

©  The format of the instruction, including binary opcode

assignments and field designations.

o A table (where appropriate) relating addressing mode bits to
their effect on parameters used in the instruction execution,
and how these addressing modes are signalled to +the
assembler.

o] A textual description of the instruction and its uses.

These instructions are grouped into several classes with a
short prologue at the beginning of each class. These classes include:

Paragraph

3.1 ACCUMULATOR/MEMORY INSTRUCTIONS

3.2 BRANCHING INSTRUCTIONS

3.3 CONDITIONAL SKIP INSTRUCTIONS

3{u BCE REGISTER LOAD INSTRUCTIONS

345 MSC DIRECT REGISTER OPERATIONS

3.6 MSC REGISTER IMMEDIATE INSTRUCTIONS
3.7 ~ REPEAT INSTRUCTIONS

3.8 SPECIAL INSTRUCTIONS

26
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3.1 ACCUMULATOR/MEMORY INSTRUCTIONS

The Accumulator/Memory Instruction set allows the 32=bit MSC
Accumulator (ACC) to be modified by arguments found in memory, and for
copies of the ACC to he stored in memory. Most of these instructions

are short 16=bit formats of the form of Figure 1.2(a), and allow
either PC relative or indexed PC relative addressing. Long format

instructions of this class are as shown in Figure 1.2(c), and allow
absolute addressing of memory.
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LOAD ACCUMULATOR ) aL
FORMAT:

| i1 |

| {I] °~ DISPLACEMENT |

100711010 ¢ 1 4 3 1 4 % ¢ 1. 111

0 345 15

I Effective Address (M"EA") INSTR_Format

0 PC + Displacement 2L ADDRESS

1 PC + Displacement + X aL ADDRESS (1)
NOTE:

1) PC refers to the updated program counter value - i.e.,

: the address of the next ianstruction.

2) Bit 5 is the sign of the two's complement displacement
field. The range of the displacement is =-1024 +o +1023
halfwords.

3) X is the index register.

DESCRIPTION

The fullword operand addressed by EA is 1loaded into the

accumulator. The program counter is incremented by one.

28
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ADD TO ACCUMULATOR F DA
FORMAT:

[ I [

| 1T} DISPLACEMENT |

e Y ol 1 I T O OO O T S 1Y OB O

0 345 15

L Effective Address ("EA") INSTR_Format_

0 PC + Displacement 2A ADDRESS

1 PC + Displacement + X DA ADDRESS (1)
NOTE:

1) PC refers to the updated program countsr value - i,e.,
the address of the next instruction.

2) Bit 5 is the sign of the two's complement displacement
field. The range of the displacsment is -1024 +to +1023
halfwords.

3) X is the index register.

DESCRIPTION

The £fullword operand addressed: by EA is added to

accumulator. The program counter is incremented by one.

29
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AND TO ACCUMULATOR v, . 3K
FORMAT:

] [ : [

| I DISPLACEMENT |

100741900 4 L 4 4 1 b 1 L L L 1

0 3 45 15

I Effective Address_("EA%) INSTR Format

4] PC + Displacemsnt ' aN ADDRESS

1 PC + Displacement + ¥ aN ADDRESS (1)
NOTE=

ED] PC refers to the updated program.counter value - i,e,,
the address of the next instruction.

2) Bit 5 is the sign of the two's complement displacement
field. The range of the displacement is -10284 to +1023
halfwords. :

3) X is the index register.

DESCRIPTION

The fullword operand addressed by EA is 1logically anded to

the accumulator.  The program counter is incremented by one.
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EXCLUSIVE OR ax
FORMAT:

| 11 |

| [ DISPLACEMENT |

10033383 . 1 -kt b a1 1 1.1

0 345 15

I Effective_Address_("EA"} INSIR_Format

0 PC + Displacement 2X ADDRESS

1 PC + Displacement + X 2% ADDRESS (1)
N H

PC refers to the updated program counter value - i.e.,
the address of the next instruction,

Bit 5 is the sign of the two's complement displacement

2)
field. The range of the displacement is -1024 to +1023
halfwords.
3) X is the index register.
DESCRIPTION '

The fullword operand addressed by EA is Exclusive Or'ed

the accumulator. The program counter is incremented by one.

31
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STORE ACCUMULATOR _ asT
FORMAT:

| i1 ' |

{ 1T} DISPLACEMENT |

111030800 4 §_ ¢ 8 4t 1 8. 1 111

Q 345 15

1 Effective Addrsss_(MEA") INSTR_Format

0 PC + Displacement asT ADDRESS

1 PC + Displacement + X @sT ADDRESS (1)
NOTE:

1) PC refers to the updated program counter value - i.e.,
the address of the next instruction.

2) Bit 5 is the sign of the two's complement displacement
field. The range of the displacement is =-1024 to +1023
halfwords.

3) ¥ is the index register.

DESCRIPTION

A copy of the ccntents of the accumulator is stored in +the
fullword specified by EA. The accumulator is unchanged. The progranm

counter is incremented by 1.
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LOAD ACC WITH FULLWORD : ‘ALF
TORMAT: =
1 1 | N |

! 1Tl | 1 TI0] ADDRESS i

[ R y110404040j0y010¢ ¢t | 1 1 | e e rrtd

0 345 789 1213 14 31
T EFEECTIVE_ADDRESS_(EA) INSTR_Format

0 Address alLF ADDRESS

1 Address+X aLF ADDRESS (1)
DESCRIPTION

This instruction loads the MSC Accumulator with a fullword

from the memory location whose address is defined above. In a

fullword lcad (T=0), the least-significant bit of +the effective
address is ignored.
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LOAD ACC WITH HALFWORD . BLH

FORMAT:

I 1 [ b F ] [
I I ' | TIO} ADDRESS ) i
T(T1E1§7¢ §140J0J0f04040 1T 1 ¢ 1 b Lt L b r L1 1
0 345 789 1213 14 ‘ 31
1 EFFECTIVE ADDRESS_(ER) INSTR Forpat
0 Address ; @LH ADDRESS
1 Address+X oLH ADDRESS (1)
DESCRIPTION

This instruction loads the MSC Accumulator with a halfword
from the memory location' whose address is defined above. TIn a
halfword load (T=1), the effective address is used as a complete
halfword address.  The addressed halfword is placed in the lower 16
bits of the MSC Accumulator, with the upper 16 bits sign-extended.

PROGRAMMING NOTE:

In the above instruction format, any non-zero value in bits
8 thru 12 is treated as a valid "LOAD HALFWORD" Opcode.
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STORE ACC  FULLWORD ASTF
FORMAT:

1 I 1 1 T 1

! 111 | 1Ti0] ADDRESS i
(11147071 11400714040401090F | 1 1 L L L bbbt bbbt

0 345 789 1213 14 31

I EFFECTIVE_VALUE E.V. INSTR_Format

0 Address ®STF ADDRESS

1 Address+X s dSTF ADDRESS (1)
DESCRIPTION

- This instruction stores the MSC Accumulator into the memory
location whose address is defined above. In a fullword store (T=0)},
the 1least-significant bit of the effective address is ignored and the
entire MSC accumulator is stored in the addressed fullword.
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STORE ACCUMULATOR HALFWORD ' .  BSTH
FORMAT:
| 1 | 1 l- |
| 111 | ITI0] ADDRESS - |
I1I1l1l1l (I SO O O K O I S T O O Y

3 5. TG 1213 14 31
I EFFECTIVE VALUE E.V. INSTR_Format
0 Address ' dSTH ADDRESS
1 Address+X @STH ADDRESS (1)
DESCRIPTION

This instruction stores the MSC accumulator into a memory
location whose address is defined above. - In a halfword store, the
effective address is used as a complete halfword address. The lower
16 bhits of the MSC Accumulator are stored in this halfword location.

PROGRAMMING NOTE:

In the above instruction format, any non-zero value in bits
8 thru 12 is treated as a valid "STORE HALFWORD"™ Opcode.
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3.2 ERANCHING _INSTRUCTIONS

MSC instructions are normally executed in sequential order.
A branch instruction allows a departure from this sequential
operation. The branches included in the MSC instruction set provide
meckanisms for conditional. branches, unconditionmal branches and
subroutine calls, and returns from external calls (See Appendix Aa).

The conditional branches are short format instructions of the
form of Figure 1.2(b). This format provides an B8-bit signed
displacement +that is added +to the PC if the specified condition is

true.

The unconditional branches and subroutine calls are 32-bit
long format, as shown in Figure 1.2 (c). These instructions provide an
absolute 18-bit address that is 1loaded into the MSC PC when the
instruction is executed. As options, these addresses may be dindexed
or used - as pointers to fullwords in memory containing the addresses.
The latter option allows direct return from subroutines.

The instruction to return from an external call loads the MSC
Accumulator, Index, and Status registers and in addition, causes the

_MSC to branch to a new location.

The result of executing any branch instruction places a new
18-bit address in the MSC PC. This address points +to the next
instruction to be execut=d, and may point to either amn even or odd

halfword boundary.
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BRANCH ONR ACCUMULATOR ) . @BC

FORMAT:

| |COND.| DISPLACEMENT |
| | CODE| : i
10101110101 411 l ) I G O I O T
0 3 us .15

Instruction_ Format

@BC '~ CONDITION, RDDRESS

DESCRIPTIOR

This instruction selects the accumulator register to be
tested. If any of +the three conditions specified by the condition
code field are true, the 8-bit two's complemented signed displacenent
is added to the updated MSC program counter. This displacement has a
range from ~128 to +127 halfword locations. Branches may be made +to
even or odd halfword locations.

The three bits. of the condition code field specify the
following tests:

’, Rit 5 -~ = Register = 0
Bit 6 - Register <0
Bit 7 - Register >0

The following table summarizes all 8 combinations and the
resultlng tests.

COND, CODE TEST EXTENDED MNEMONIC
0~000 FALSE - DO HOT BRANCH  =====ccc———cc——un
1-001 ACC > 0 DBP
2=-010 ACC < 0 BN
3-011 ACC # 0 ABNZ
4= 100 Aee =9 DB
5-10 1 ACC 2 0 BBNN
6 - 110 ACC £ 0 @BNP
7-111 TRUE - ALWAYS BRANCH 2B
38
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BRANCH ON INDEX @BXC
FORMAT:

1 |COND.| DISPLACEMENT |

| | CODE | |

101047140014 4 4 4 1 ¢ b L torot1

0 5

345 78 1

Tostruction Format

D BYXC CONDITICON, ADDRESS

DESCRIPTION

This instruction selects the Index Ragister (sign extended
to 32 bits) to be tested. If any of the three conditions specified by
t+he condition code field are true in regard to the index register, the
R-bit two's complement signsd displacement is added to the updated MSC
program counter. The displacement has a range from =128 to a +127
halfword 1locations. Branches may be made to even or odd halfword

locations.

The three bits of +the condition cods field specify " the
following tests: '

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

] The foilowing table summarizes all 8 combinations and the
resul+ting tasts.

COND.CODE TEST EXTENDED_MNEMONIC
0 - 000 FALSE - DO NQT BRANCH

1 - 001 X>0 IBXP

2 - 010 X <0 BN

3 - 011 X #0 ABXNZ

4 - 100 X=0 2BXZ

5 - 101 X20 ABXNN

6 - 110 X <0 IBXNP

7 - 111 TRUE - ALWAYS BRANCH
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BRANCH UNCONDITIONAL BU
FORMAT: '

1 I | 1 i
| 111 i T ADDRESS |
LN I O o O T O L T O Y T OO T O O Y I O O O O '
0 T4 5 -78 121318 _ 31
1 H EFFECTIVE VALUE E.V. INSTE_Format

0 0 Address DBU ADDRESS

0 1 (Address) : dBU®  ADDRESS

1 0 Address + X 2BU ADDRESS (1)
1 1 (Address + X) @BUD  ADDRESS (1)
DESCRIPTION

The MSC program counter is loaded with the lower 18 bits of
the effective value. A branch to either an even or odd halfword is
permitted. /
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SUBROUTINE CALL ) @CALL
FORMAT:

[ (1 i [ - T

| 1T { DELTA L ADDRESS I

0 O T T U N W O N O O A 0 A O O O O

0 3 45 78 121314 31

3 o EFFECTIVE VALUE E.V. INSTR_Format

0 0 Address DCALL DELTA,ADDRESS

0 1 (Address) 2CALL® DELTA,ADDRESS

1 0 Address + X @CALL DELTA_,ADDRESS(”
1 1 (Address + X) ACALLD DELTA,ADDRESS (1)
DESCRIPTION

This instruction implements a subroutine call. The current
value of the MSC prcgram counter plus the five bit positive integer
delta (bits 8-12) is stor=sd in the fullword specified by the lower 18
bits of E.V. This quantity is zero padded on the 1left +to £ill the
entire fullword. The MSC program counter is then loaded with ths sunm
of the lower 18 bits of ®E.V. and two.

PROGRAMMING NOTE

This instruction is typically used to call a subroutine. 3
typical subroutine sequence is:

h i

”~

@#CALL 4,SUB
L ARGUMENT
; FIRST INSTRUCTION AFTER RETURN

SUB +0 USED FOR RETURN ADDRESS

SUBROUTINE BODY

ABU@D SUB SUBROUTINE RETURN
The effective value used in the subroutine call may be =ither

even or odd. With an odd address, the least-significant bit is
ignored when the return address is storsd, but is considered when the
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branch. is taken. Thus a @CALL 2,101 will cause the return address to

be stored in fullword 100, but a branch to 103 will be taken.

As with any instruction that writes information into
the affected memory location must not be storage protected.

42
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. RETURN FROM EXTEENAL CALL R BRE

FORMAT

[ [ i

| £ DISPLACEMENT |

5 0 1 I Y I S S O IO I |

0 3.4 5 15

I Effective Address_("EAM) 2 *  INSTR_Format

0 PCl + Displacement @REC Address

1 PCl + Displacement + X @REC Address (1)

NOTF:
1) EC is updated PC, i.e. address of instruction following @REC.
2) FA is treatsd as a fullword address.

DESCRIPTION

This instructicn loads the MSC Status Fegister, Accumulator,
Tndex Register, and Program Counter from 4 consecutive fullwords
starting at the memory location specified by EA. These 'registers are

loaded as follows:

Fullword Locatiocn . Register

E.A. bits 14 to 31 . MSC Status Register
B.A. +# 2, bits 0 to 31 MSC Accumulator
E.A. + U4, bits 14 tc 31 MSC Index Register
E.A. + 6, bits 18 to 31 MSC Program Counter

The load of the PC causes the MSC +to branch +to whatever
location was specified by the contents of location E.A. + 6.
additionally the load of the Status Register also causes the HMSC
Program Exception ° Bit (bit 0 of STAT 1 Register) to be set to match
the conditions indicated by bit 30 of the fullword addressed by E.A.
Tf bi+ 30 is 1, then the Program Exception Bit is set to 0 (error
logged into Status Register); if bit 30 is 0, then the Progranm

Pxception bit is set to 1 (no errors).

PROGRAMMING NOTE

This , instruction allows an orderly and complete return to a
program whose execution was suspended by the execution of a @3SEC
(sample for External . <Call) instruction with a non-zero Local Store

Register C6. on
this use.

The DSEC instruction should be seen for more detail
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An @REC may also be used to reload the MSC to a completely
known state. This allows an MSC program to completely reset all

‘'registers including the Status Register, after it has found that, for

example, it executed a @SIO with a busy BCE. However, care must be
taken in such circumstances to make what is placed into the Status
Register meaningful. Bit 31 of fullword addressed by EA must be 1 --
the MsSC is still Dbusy. Likewise, if bit 30 is 0, then all error
indication in bits 25 to 29 should be 0 also. TIf bit 30 is a 1, then
what is loaded into the rest of the Status Register should indicate
the kind of error being flagged.
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3.3 CONDITIONAL_ SKIP_INSTRUCTIONS X

MSC instructions are normally executed in sequential order,
3 conditional skip instruction allows this normal sequential operation
be slightly modified. On the basis of some conditien specified by
+he instruction, one or mors sequential instructions following the
conditional skip may be ignored., Execution is resumed at the
instruction immediately following the skipped instructioms.

to
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TALLY AND SKIP  ZERO ATSZ
FORMAT:
[ |1 T
| 1T} DISPLACEMENT |
11100093 3 4 1 1 4 1 0 8 1 1_1.1
0 345 ' 15
I Effective Address ("EA") _ INSTR _Format
0 PC + Displacement’ DTSZ ADDRESS
1 PC + Displacement + X aTSZ ADDRESS (1)
NOTE:
1 PC refers to the updated program counter value - i.e.,
the address of the next sequential instruction.
2) Bit 5 is the sign of the two's complement displacement

field. The range of the displacement is =-1024 to +1023
halfwords.

3) X is the index register.

DESCRIPTION

The fullword addressed by ER is incremented by one and
rewritten into memory at the same location (EA). If the incremented
value 1is =zero, the next instruction is skipped (program counter
incremented by two). Otherwise, the program counter is simply
incremented by one.. '

PROGRAMMING NOTE:

As with any instruction that writes information into memory,
the affected memory location (EA) must not be storage protected.
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CNMPARE 2CI,aC
FORMAT:
T T T T
| 111 | {1 ADDRESS |
U T S e L 6 e U O v O O O VR R I S [ e 0 N I N O e
0 345 78 121314 31
T H EFFECTIVE VAIUE E.V. INSTR _Format
n 8 Address~ aCI VALOE
0 1 (Address) AC  ADDRESS
1 0 Addraess + X* 2CI VALUE(1)
1 i {Addrass + X) @C  ADDRESS (1)
* This 18-bit guantity is treated as a two's complem=nt number,
and the most-significant bit is sign extended 14 places to ths 1l=ft to
£ill 32 bhits.
DESCRIPTION
The 32-bit effective value is arithmetically compared to thé
accumulater, The present program counter 1is incremented by:
+2 If ACC > E.V.
+3 It ACC < E.V. :
+4 If ACC = E.V.
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TEST UNDER MASK ' ; at

FORMAT:

1 I [ 1 [
| 1T | | My ADDRESS |
LN e 1 N Y ) O I O O T N T O I O
0 345 78 121314 31
I # EFFECTIVE VALUE E.V. INSTR Format -

0 0 Address* @TMI VALUE

6] 1 (Address) _ : @TH ADDRESS

1 0 Address + X* @TMI VALUE (1)

1 1 (Address + X) @TM ADDRESS (1)
* This 18-bit guantity is treated as a two's complement number,

and is right-justified with 14 leading 1's to fill 32 bits.

DESCRIPTION

The effective value is logically anded with the accumulator.
If the result is not zero, then the program counter is incremented by
3 (skip next halfword). Otherwise, the program counter is incremented
by two (execute next instructiomn). The original accumulator contents
are not changed By this instruction.
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3.4 BCE_REGISTER_LOAD_INSTRUCTIONS

The MSC is responsible for initializing Bus Control Elements
(BCE's) in the IOP. These operations include loading certain BCE
registers, and starting BCEs. The instruction to start a BRCE (25I0)
is 1listed under Register Operations. Those instructions listed in
+his section allow the MSC to initialize BCE Base and PC registers.

These instructions are long formats (Figure « 1.2(c)), that
specify which BCE is to b2 loaded, and an 18-bit absolute address to
be loaded into the specified register. Options allow the number of
+he BCE to be loaded to come from either the instruction or the MSC
tccumulator. Oother options allow the 18-bit addresses to come
iirectly from the instruction or from the lower 18-bits of a fullword
from memory. Indexing may be specified to facilitate table lookups of

these guantitiss.
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LOAD BCE BASE  REGISTER 2LBB
FORMAT:

| 11 | i1 {

| 1T | BCE # 4] ADDRESS |

N 1 0 Y T T N O T I O I Y I I O O

0 345 78 c 121314 31

I M EFFECTIVE_VALUE F.V. INSTR Format

0 0 Address ' ®LBB BCE,ADDRESS

0 1 (Address) @?LBB@ BCE,ADDRESS

1 ¢} Address + X ‘ @LBB BCE,ADDRESS (1)
1 1 (Addrass + X) - @LBB® BCE,ADDRESS (1)
DESCRIPTION

Field "BCE NUMBER" (Bits 8 +through 12) specifies a BCE
processor. If the field is non-zero, the field value selects the BCE.
If the field is zero, the lower 5 bits of +the MSC accumulator, (Bits
27 to 31) specify the desired BCE. ’

If the specified BCE is 4in the Wait State, the effective
value, computed according to the above tab’e, is stored in +“he BCE's
base register. If the specified BCE is busy or is halted, bit 13 in
the MSC status register is set, the MSC Program Exception bl‘ is set
to 0 (error), and nothing is done to the specified BCE PIOCesSsor.

In both gases, thes MSC program counter is incremented by 2,
and the next seguential instruction is executed.

- PROGRAMMING NOTE

The IOP interprets a BCE number of 0 as the MSC, and
consequently, if an @LBB instruction is executed with a final BCE
number of 0 (a possibility only if the ACC = 0), +the MSC will test
itself and find itself busy. This results in the previously described
error action being taken.
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LOAD BCF PROGRAM  COUNTER - 2LBP
FORMAT:
1 1 7 1 |
| 3 1T | BCE NO. | M ADDRESS |
I T T A T T I N T O O N Y I I
0 345 78 121314 : 31
I M EFFECTIVE_VALUE E.V. INSTR_Format
0 0 Address | ALBP BCE,ADDRESS
0 1 (Address) ALBP® BCE,ADDRESS
1 0 Address + X aLBP BCE,ADDRESS(1)
1 1 (Address + X) @?LBP® BCE,ADDRESS (1)
DESCRIPTION

Field "BCE NUMBER" (Bits 8 through 12) specify a BCE
processor. If the field is non-zero, the field value selects the BCE.

If the field is zero, the lower 5 bits of the MSC accumulator (bits 27
to 31) specify the desired BCE.

Tf the specified BCE is in’ the Wait State, the effective
value, computed according to the above table, is stored in-that BCE's
program counter. If the specified BCE is busy or halted, bit 12 of
+he MSC status register is set, the MSC Program Exception bit is set,
and nothing is done to the specified BCE processor. :

In all cases, the MSC program counter is incremented by 2,
and the next sequential instruction is executed.

PROGRAMMING NOTE

The IOP interprets a BCE number of - 0 as the MSC, and

consequently, if an @LBP instruction is executed with a final BCE
number of 0 (a possibility only if the ACC = 0), the MSC will test
jtself and find itself busy. This results in the previously described

error action being taken.
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3.5 REGISTER_OPERATIONS

e e —— e s S &

The MSC instruction set includes a class of instructions that
allow the MSC to read or set various IOP registers, not all of which
are associated with the MSC. These registers include the Busy/Wait
register, the Program Exception Register, the BCE-MSC Indicators, +the
M5C Status Register, the Fail Discretes, and the External Call
register. :

All the Register Operations are 16-bit short format
instructions of the form shown in Figure 1.2 (b) with a common opcods
of 1110, and an I-bit of 0. Each Register Operation has a separate
OPX field, as shown in Table 3.1.
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TABLE 3.1

LIST OF REGISTER OPERATIONS

LAR

SFD

RFD

Lns

SIO

XAX

SEC

RBI

OPERATION

Load MSC ACC with specified I0P
Tegister ;

Set Fail Discrete Register by ORing
it with MSC accumulator bits 0,1,2,3

and 4,

Reset Fail Discrete Register 2 1 in
ACC Bit i will clear Fail Discrete
Register Bit 1i. A 0 in the ACC
causes no change.

Load MSC ACC with MSC Status Word.

Start BCE's by Or'ing accumulator
with Dbusy/wait register (STATU4). A
one in bit position i .of the ACC
will place BCEi1 in busy state.

SWAP ACC AND X. The lower 18 bits
of ACC go into X, and X is sign
extended to fill ACC. ¥

Sample for Extermnal Call. Check MSC
Local Store register Céb. If non-
zZero, 'save MSC register and branch
to specified progranm.

Reset BCE indicator. Reset the
specified BCE's indicator bit to 0.



SOAILDIY ANSIBAILN PUE SUORDS||0D [10adS ‘saLeIq] ANSISAIUN B1BIS ENYDIA

SJUBWIND0Q YSYN 4O UoNda)j00) o¥ABWO] ' sawer ‘I

T | xog 80-/8 SIN

b F7 44

6246556A

LOAD MSC ACC. WITH AN IOP STATUS REGISTER @LAR
‘FORMAT:
1 | I
| | | REG|
L1311110104010000 4 4 J 4. 1.1 1 1
0 345 78 1213 15

INSTR_Format

®LAR REGISTER

DESCRIPTION

This instruction 'allows the MSC ACC to be loaded, under
program control, with a specified IOP register. The REG £ield
determines which IOP register is involved. The following table
summarizes the REG field assignmernts.

REG I0P_REGISTER

0 _ Program Exception Indicators - STAT 1
1 BCE-MSC Indicators

2 FAIL DISCRETES

'3 # BUSY/HAITl INDICATORS - STATY

In all cases, bit i of the indicated register goes into bit

i of +the ACC. ACC bits with no corresponding IOP register bits are

zero filled.

Fail Discrete register bits are assigned as follows:

Bit 0 - MSC inhibit Fail Discrete outputs
Bit 1-4 - Input Fail Discretes 1-4
Bit 5-8 - Output Fail Discretes 1-4
Bits 9-31 - Zero
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SET FAIL DISCRETES : . @SFD

[ |

| |
1113413010100 04¢_ 1 1 1 1
0 345 7 8 12

|
I
L_1_1_1
13 15

INSTR Format

— e o e e s S e

DESCRIPTION

This instruction allows the MSC ACC bits 0,1,2,3, and 4 +to be
logically OR'ed with the Fail Discrete register. Thus, a 1 in bit i
of the ACC (i=1,2,3,4) will set the equivalent Fail Discrete bit. &

0 will cause no change.

Setting bit 0 will inkibit the output of +the four fail
discretes from bits 1-4 of the four Fail Discrete registers, but will
not affect the way these bits may be changed by @SFD or @RFD.
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RESET FAIL DISCRETES QRFD_ ]

FORMAT:

| |
| | |
1111111010101 1404 1 1 ¢ 1 1 1L 1 1|

0 345 78 1213 15

INSTE Format

DESCRIPTION

This instruction allows the Fail Discrete Register to be
selectively reset. A 1 in MSC Accumulator bit i (i=0,1,2,3,4) will

"cause bit i in the Fail Discrete Register to be reset. A 0 in the MSC

Accumulator causes no changed.

Resetting” bit 0 of the Fail Discrete Register allows
activation of the four fail discretes from the Fail Discrete Register

bits 1-4.
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aLMs

| |
| |
1111111010101 1111

| | .
0 345 78 1

INSTR_Format

DLMS

DESCRIPTION

This dinstruction

program control, with ths
word as it is loaded into

allows +the MSC ACC +to be loaded under
MSC status word. The format of this status

*he ACC 1is as follows:

Bit

Bit

Bit

Bit

31

30

28

27

STAT4 bit 0 - The Busy/Wait bit for the #SC.. It will
always be 1 when this instruction is executed.

STAT1 bit 0 - The Program Exception bit for the MSC.
This bit will be set to 1 only if the execution of some
pravious instructions resulted in an error of some kird.
Bits 29 through 26 catalog the exact error. Note that
a 1 in +this Dbit <corresponds to a 0 in bit 0 of the
Program Exception register. The converss is also true.

Illegal opcode. If set, this bit indicates that an
illegal opcode was encountered at some point in the
past. Note that the only way this bit could be set when

an @LMS ‘is executed is if an illegal opcode was detected
in ths past, and the CPU rastarted the MSC without

clearing the status word first.

Boundary alignment error. If set, this bit indicates
that a long forma*t instruction was encountered at an odd

halfword boundary.

LBB error. The BCE that was specified by a previous
?LBB instruction was busy at the time the instruction
was executed, and consequently its Base Register was not

loaded.
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LBP error. The BCE that was specified by a previous
@LBP was busy at the time the instruction was executed,
and conseguently its Program Counter was not loaded.

SIO error. A previous execution of a @SI0 instruction
tried to set busy at least one BCE that was already

busy.
Reserve&

Self-Test Fault. The execution of a previous M4SC self
test instruction detected a fault in the MSC.

Rits 21-14 Reserved.

Bits 13-0

Set to zero.

PROGRAMMING NOTE

- part of

The

instruction.

the

MSC Status Register may be set to any desired value as
execution of a Return From External Call {(?REC)

58
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START I,/0 ' ; A

FORMAT:

!

l |-

11111110103110101_1_ 1 1
345 78

1 111
0

]
1213 1

U= — —

INSTR Feormat

DESCRIPTION

This instruction starts execution of BCE's by ORing the
Accumulator with the Busy/Wait register (STAT4). A 1 in bit position
i of the ACC will place BCE(i) in a busy state.

If any of +the BCE's designated by the ACC are already busy
(their bit in the Busy/Wait Register is already set) bit 11 of the MSC
Status Register is set and the MSC Program Exception bit is s=t.

In any case, the ACC is still OR'ed into STAT4 and the next
sequential instruction is executed.

PROGRAMMING NOTE

BRit 0, of STATU is +the MSC Busy/Wait bit, and is set to 1
whenever ths HSC is executing instructions, Consegquently, execution
of this instruction with a 1 ip bit 0 of the ACC will cause the error
status bits to be set (Program Exception bit and Status Register bit
11). As before, execution continues with the next instruction.

_ Although an @SI9O instruction will set a BCE's Busy/Wait bit
to busy within the time frame of the instructions' execution in the
MSC, the BCE will not necessarily begin immediate execution of the

first instruction.
Possible execution delays irnclude:

1) The time required for the BCE to recognize that its Busy/Wait
bit is set (up to 16.5 usec).

2) The time required to bring out the PC and request the
instruction word from memory (up to 33 usec.)

59



SaAYAIY Ajislanun pue suonos|jog) [enads ‘saielq AlSIanun 81B1S BNyDIA

SJUBWNO0Q YSYN 4O UoNo3||00) oxAewo] g sawer Ig

80-/8 SIN

€ /» xog

b 7 44

6246556A

3) Any time required for the memory read request +to reach the
DMA channel, be read from memory and be returned to the ECE.

The last case delays the BCE setup only when it requires over 16 usecs

to be handled. This may occur whenever several BCE/MSC processors
have requested memory reads at the same time.
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FORMAT:

1 I [
[ : |- |
(1110110104400 11 4 1 1 & 1.t 1.1
0 345 78 1213 15

DESCRIPTION

6246556 A

This instruction allows a swap between ACC and X. The lower
18-bits of the ACC go into X, and X is -sign extended to £ill the ACC.
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SAMPLE FOR EXTERNAL CALL as
FORMAT:

| | |

| | DELTR |
1111111010413 %419¢0 1 4 4t g 1 1.1

o 4 5 7 8 - 15
INSTR Format

DSEC ‘ ADDRESS

NOTE :

Address = PC + DELTA, where PC is updated Program Counter and

DELTA is an integer between =128 and 127.

DESCRIPTION:

In conjunction with the MSC instruction, Return from External
Call (@REC), this instruction allows the CPU to request that the MSC
suspend execution of its present program and initiate a .new one.
Further, the suspensiocon of the present program is done in a fashion
that allows an orderly return to it once the CPU-designated program is
complete,. The program specified by the CPU is termed an "external
calilrw, : ’ '

The point of communication between the MSC and the CPU is MSC
Local Store Register C6. To request a program to be executed, the CPU
loads C6. with the (fullword) address of the program's start in main
memory. Whenever the MSC executes an @SEC it samples C6. If C6 is
zero, the MSC continues with the next instruction. The @SEC is a no-

_operation in this case.

If, however, the MSC finds a non-zero C6 when it executes an
@SEC, it takes the contents as a main memory address, and stores in
the U4 fullwords addressed by C6 the following guantities:

*Fullword C6 == MSC Status Register right justified and padded
on left with O's. .

Fullword C6 +.2 --  MNSC Accumulator

Fullword C6 + 4 =-- MSC Index Register right justified and padded
on left with O's.
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“Tf C6 is odd, registers ars stored on EVEN word boundaries (Low Order
Address bit is ignored).

Fullword C6 + 6 -- MSC Program Counter plus DELTA right Jjustified
and padded on left with O0's. (PC 1is updated
PC, i.e. points to next instruction after

@SEC.)

These guantities are used by @REC at the end of the new program to
restore the MSC to its original condition. :

After this, PC is loaded with C6 + 8, C6 is zeroed, the HSC
Status Register is set to 1 (busy but no errors) and the MSC Program
Exception bit (bit 0 of STAT 1) is set to 1 (no errors). The MSC thus
branches to the program beginning at C6 + 8 with a clean status. Any
errors made by the MSC while executing this new program will be
reflected in the Status Register, but with no confusion with the
status of the original program. Note that if C6+8 points to an odd
halfword, the MSC will branch to that halfword.

The fullword at CE + 6 contains the return address to the
program containing the @SEC. Adding the DELTA field to PC when the
store is made allows the original program the eptien of being informed
when an external call is actually taken. A O DELTA will always return
t+he MSC to the instruction immediately following the @SEC with the
result that the MSC program would never know when a call was taken.
A, non-zero DELTA will return the MSC +to a programmer-specified
location after the CPU specified program is complete. This would
allow, for example, the original MSC program to update a timer or
clock to take into account the time spent in the CPU specified

program.

Cnce : C6 has been zeroed, the CPU is free to reload it again
with another program address, which in turn will be ‘accepted by the
MSC the next time it executes an ?SEC.

PROGRAMMING NOTE

Figure 3.1 lists a possible MSC program segment using @SEC's.
The ®@SEC at location 100 allows an external call from the CPU to be
accepted, but with a 0 DELTA, control will always return to 101.

Following 100 is a section of code that monitors the STAT 4
(Busy/ Wait) Register for a maximum of about 10 msec. This could be
done by a single @RAW with a time out count of about 300. However,
CPy issued external calls would be ignored for the entire 10 msec.
period. The segment shown here waits at most 1l msec. between @3EC's.
I+ executes a @®RAW for about 1 msec. and then branches to 300 where an
#SEC permits the acceptance of a CPU~-specified external call. TIf no
axternal call is present, the @TSZ at 301 increments a counter
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6246556 A

(initialized to =-10) and returns to repeat the @RAW if less than 10
msec. have passed. If an external call is taken at 300, the mnon-zero
DELTA will cause the return from the call to be to location 310 where
the counter is decremented an extra time to account for tinme spent in
the external call. This can obviously be elaborated if more accurate
timing is required.

Also on Figure 3.1 is an outline of a MSC program "PGM" that
may be started by an external call. The first four fullwords are
allocated to holding the MSC registers at the time of the. BaSEC. The
program to execute the desired function starts at PGM + 8 and ends
with the @REC PGM, which returns the MSC to the original program.

Section 4.0, External Calls, contains further information on
the use of the @SEC instruction.

As with any instruction that writes information into memory,

the affected memory locations (C6,C6+2,C6+4,C6+6) must not be storage
protected.
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LOCATION

Main Program:

100

200 LoOOP:
201
202

300 TIMECHECK:
301

302

303 TIMFOUT:

310 UPDATETIME:
311
312

INSTRUCTION

@SEC . 0

ALI -10

@s COUNT

DRAW 30

@BC 0, TIMECHECK

@S EC
@TSZ
a@BC

aTSZ
@aBC
a@BC

Condition fulfilled

UPDATETIME
COUNT
0, LOOP

Start of timeout-

routine
COOUNT

0, TIMECHECK + 1

0, TIMEQOUT

~

Program specified by External Call

400 PGM:
40l

DS

@REC

Figure 3.1.

4F

€2U6556

Initialize REPEAT
Count.

Watch for some condition
-time out

Allow an interrupt
decrement timer
timer not zero yet

COUNT reached 0
An interrupt was taken,

decrement clock cne
extra time.

Allocate 4 fullwords of
storage for MSC Registers.

Execute Jesired function

i

PGHM

65
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RESET BCE INDICATOR _@_RBI
1 | ] [
| | BCE # | i
1111310104101 1 Y I [0 [ [
0 3 45 7 8 : 1213 15

INSTR_Format

@RBI BCE#

DESCRIPTION

This instruction resets the specified BCE's BCE/MSC indicator
bit +to zero. For BCE i, +this 4is bit i of the BCE/MSC indicator
register. If the BCE specified in the instruction word is zero, the
lower 5 bits of the MSC Accumulator (bits 27-31) indicate the desired
BCE. .

After resetting the specified indicator bit, the MsC
increments its Program Counter by 1 and continues with the next
sequential instruction. :

PROGRAMMING NOTE

No check is made as to whether or not the specified BCE
number 1is wvalid (i.e., between 1 and 24). If the specified BCE does
not exist, this instruction is effectively a "ne-operation".
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3.6 REGISTER_IMMEDIATE INSTRUCIIONS

Many common programming sequences involve the use of small
constants in operations involving +the M3C ACC and X registers. To
facilitate such operations without the penalty of constant references
to memory, the MSC instruction set includes a class of 16-bit short
format instructions that has, as part of the instruction, an B8-bit
signed inteqer. All such instructions have the format shown in Figure

' 1.2(b), with an opcode of 1110 and an I-bit of 1. The OPX field

determines what is to be done with +the constant found in bits 8

.through 15 of +ths instruction. Table 3.2 lists the OPX fields and

their interpretation.
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TABLE 3.2

REGISTER IMMEDIATE

OPX

0 INIX
1 ATAX
2 ATXI
3 ALXI
4 ATXA
5 ATI
6 BSAI

7 aLI

_Subtract

6246556 A

INSTRUCTION

OPERATION

Normalize and Increment X. The
ACC is shifted 1left until it
becomes £ 0. Each.time the ACC
is shifted X is incremented by
the Immediate constant.

Tally Accunmulator to X. Store

the sum of +the Immediate and
ACC into X.
Tally X. Add Immediate +o X.

If result is < 0, skip next
instruction.

Load X Immediate. Load the X
register with the Imnediate
constant.

Tally X to ACC. The sum of the
X register and the Immediate
constant 1is loaded 4into the
Accumulator.

Tally Accumulator Inmediate.
The Immediate constant is added
to the ACC.

Immediate.
minus
into

ACC fron
The Immediate constant
the Accumulator is loaded
the Accumulator.

Immediate
into the

Load Immediate. The
constant 1is 1loaded

Accunmulator.
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NORMALIZE AND INCREMENT X - ANIX

FORMAT:

| ~ |
I | IMMEDIATE *

L1|111LOI1I0|0LOI Lt 1 1 1 1 1
45 78 ' 1

* Two's complement number between -128 and +127.- Forms a 32-bit
constant by sign extending bit 8.

Ul = =

INSTR_Format

ANIYX MM

DESCRIPTION

Tha NIX instruction shifts the ACC left until either the ACC
51gn bit (bit 0) is one, or the RACC. equals zero. Fach time the ACC
is shifted, the signed immediate value is added to the index register

X. The shift and increment operation is done before either test. If
the ACC. reaches zero, the index register is cleared. The following

figqure flowcharts the operation of this instruction.
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& NIX

SHIFT
ACCUMULATOR

LEFT 1

X=X+ IMM

Yes

No

X=0
5
FETCH
NEXT
INSTRUCTION

& NIX Instruction Execution

Figure 3.2

MS 87-08 Box & 2. FF 4 4

Dr. James E. Tomayko Collection of NASA Documents
Wichita State University Libraries, Special Collections and University Archives
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A typical use of the NIX imstruction would Dbe to determine

which BCE's have set their NOGO bit.

+his process:

aLXHM
aLAR
@SAI
LOOP: ANIX
@BC

The following sequence performs

0 i INITIALIZE X TO ZERO

0 LOAD ACC WITH GO/NOGO. BITS

= INVERT SC THAT: 1=ERROR, 0=0K
1 FIND NEXT BAD BCE

4 ,DONE EXIT WHEN NO MORE

PROCESS BAD BCE.X REG. CONTAINS BCE NUMBER. NOTICE THAT
FIRST EXECUTION OF NIX BYPASSES MSC POSITION WITH INITIAL

SHIFT,

AND ALL FUTURE NIX's ELIMINATE BCE PROCESSED ON

PREVIOUS ITERATIONS,

aBU

T / xog 80-/8 SIN

bty 44
i ij )

Loop
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TALLY ACC TO X ~@TAX

FORMAT:

| |
| IMMEDIATE * |
|

Ll l 1 1 1 41
8 15

1
|
11111110114050]1

0 i 5 7

* Two's complement number. Between -128 and +127. Forms a 32-bit
constant by sign extending bit 8. '

INSTR _Format

e

?TAX IMHM

DESCRIPTION

The Lower 18 bits of the sum of the ACC and the IMM field is
stored in the Index Register (X). An IMM value of 0 permits X +¢o be
loaded directly from the ACC. The ACC is unchanged.
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. 3 |
IMMEDIATE * |

TALLY X

FTORMAT

1 N
[ :
F1111110111011104
0 4 5 7

e Two'ls cohplement number.
constant by sign extending bit 8.

INSTR_Foraat
DPTXI IMM

DESCRIPTION

R 11 SN N (0 N |
8 ' 15

Between -128 and +127.

62465564

a

aTXT

32-bit

The TXI instruction allows the Index Register plus IMM to be
X. If the new X is € 0 the next halfword instruction

loaded back into

is skipped. (program counter incremented by 2).

halfword instruction is executed (program counter incremented by 1)«
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LOAD X  IMMEDIATE LY

FORMAT:

| ) |

| | IMMEDIATE *

) T 1 T Y Y O S
0 4 5 78 1

Ul — —

* Two's complement number. Between =128 and +127. Forms a 32-bit
constant by sign extending bit 8.

INSTR _Format

ALXT IMH

DESCRIPTION

The LXI instruction allows the data in IMM (sign extended to
18 bits) to be loaded into the Index Register (X). The MSC progranm
counter is incremented by 1.
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TALLY ¥ TO  ACC X

FORMAT:

| ,
| IMMEDIATE *

I

| _

11111110971140104 4 1t 1 1 1 4
0 L 5 78 ' 1

Py| S

* Two's complement number. Between -128 and +127: Forms a 32-bit
constant by sign extending bit 8.

INSTR Format

2TXA TIMHM

DESCRIPTICN

The TXA instruction allows .the X plus IMM to be stored in
ACC (sign extended to 32 bits) IMM equal to zero allows sign extended
X to be stored in ACC. X is treated as an 18-bit two's complement
nunber with the sign 4in its most-significant bit. The MSC progranm
counter is incremented by 1. The contents of X are not changed.
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TALLY ACC IMMEDIATE BTI

FORMAT:

|
| IMMEDIRTE ¥

| |
| |
1 O T T IO 1O 1 I O

0 4 5 7 8 ' 15

*  Two's complement number. Between -128 and +127. Forms a 32-bit
constant by sign extending bit 8.

INSTR_Format

2TI IMHN

DESCRIPTICN

The TI instruction allows ACC plus IMM (sign extended to 32
bits) to be loaded in ACC. The MSC program counter is incremented by

1.
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6246556A

SUBTRACT ACC FROM IMM - QSAI
FORMATS:
| | . |
i _ | IMMEDIATE * |
1 161 . T O I O I
0 45 78 15

b Two's complement number. Between -128 and +127. Forms a 32-bit
constant by sign extending bit 8.

DESCRIPTION

The S5AI instruction allows "the <contents of the ACC to be
subtracted from IMM (sign extended to 32 bits) and loaded in ACC. If
TMM 1is egual to zero, a two's complement of ACC is performed. If IMH
is equal to minus one, a one's complement of ACC 1is performed (each
bit is inverted). The MSC program counter is incremented by 1.
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LOAD ACCUMULATOR IMMEDIATE

FORMAT: ' !

| I

| |

1311141400 1411311)
0 4 5

IMMEDIATE *

L1 I O T O O |
78 1

NP == e

- Two's complement number.
constant by sign extanding bit B.

DESCRIPTION
The LI instruction allows the

extended to 32 bits) to be loaded into ACC.
is incremented by 1. ‘

78

Between =128 and

+127.

contents
The MSC

6246556A

LI
Forms a 32-bit
of IHM (signed
program counter
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3.7 REPEAT_INSTRUCTIONS .

One of the major tasks of the MSC is to monitor the BCEs. A
typical MSC program involves initiating and starting some BCEs and
then waiting for the BCEs to complete their assigned tasks. The
Repeat Instructions perform this task directly, namely they wait until
a set of BCEs specified by the ACC reach some condition. 1In addition,
they include a programmable time-out check +to prevent them from
waiting indefinitely if some BCE never reaches the desired state.

A1l Repeat instructions use the same 16-bit short formats
(Figure 1.2(b)) with an Opcode of 1101. The lower 8-bits, bits 8
through 15, and the I-bit are used to compute a count of the nmaximum
+ime the instruction will spend waiting. If the time is exceeded, the
nzxt sequential instruction is executed. If the desired condition is
reached before the time out, the next halfword instruction is skipped.
Figure 3.3 diagrams the operation of any Repeat.

A time out value of zero will cause the Repeat instruction to
t2st once, and only once, for the desired condition. If the condition
is true, the next instruction is skipped. If the condition is false,
the next instruction is executed.

A non-zero time out value will caus= the specified test to be
tried three times every 33 usec, or roughly, once' every eight
microseconds with 8 usec used to check for a time out. Every 33 usec
the time out value is decremented, and the test is repeated until
either the time out value reaches zero or the desired condition is

reached.

A 33 usec period corresponds roughly to the rate at which a
BCEF can *ransmit or receive a word of data, This allows the
programmer to estimate.the time a Repeat should loop by analyzing how
many data words are transferred through 'the MIA's by the relevant
BCE's before the desired condition is reached. This time out value
must also take into account the time required by BCE's to fetch and
execute any none transmit/receive instructions that might be present

in the BCE prcgram.

The OPX field determines exactly which condition will be
tested. These conditions are listed in Table 3,3. .

PROGRAMMING ﬁOTES :

An accumulator value of 0 will cause both the @RAI and @RAW
+o reach their specified conditions the first time that the test 1is
made. Consequently, the PC will be incremented by 2 ard the next
halfword skipped. A zero accumulator will never allow an @RNI or @RNW
to reach their repeat conditions. Consequently, each repeat will loop
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until the maximum repeat count is reached, at which point the next
sequential instruction is begun. -

Since processor 0O corresponds +to the MSC, (which is busy
during instruction execution), the MNSC execution of an QRAW
instruction will correspond to a loop until the maximum repeat count

is Teached.
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REPEAT INSTRUCTIONS

81

CONDITION

Repeat until ail BCEs for which
there is a 1 in the ACC reset
their Busy/Wait  bits to Wait.

Repeat until any BCEs for which
there is a 1 in the ACC reset
their Busy/Wait ' bits to Wait.

Repeat until all BCEs for which
there is a 1 in +the ACC set
their BCE-MSC Indicators to 1.

Repeat until any of the BCEs
for which there is a 1 in the
ACC set their BCE-MSC
Indicators to 1.



s8Ny Alsleniun pue suonoajo) [eneds ‘ssueiqr AsI1aniun 21e1S ENYDIA

SUBWN20Q VSN JO UORISJ(0]) OYABWIO] " SaWEr “I(

80-/8 SIN

€ /7 xog

b 7 44

START
REPEAT

T1 € 8 usec

T1 = Minor Loop (33 usec) Timer

62865567

REPEATN_ N0

T1<—TI] -
8 usec

DECREMENT

COUNT=0

Yes
(Time-Out)

FETCH

REPEAT COUNT
T1<€— 33 usec

NEXT
INSTRUCTION

Figure 3.3

General Repeat Instruction Execution

SKIP

NEXT
INSTRUCTION
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REPEAT -UNTIL ALL INDICATORS ' R BRAI
FORMAT:

| 11 | |

| {I| OPX | COUNT |

111310931 1140401 4 1 4 1 4 1 1 1

0 345 78 15

I MAXIMUM REPEAT COUNT INSTR_Format

0 Count s DRAI COUNT

1 X +# Count @RAI COUNT(1)

DESCRIPTION

This 4instruction causes a -delay in MSC program execution
until either:

th) All of a set of specified BCE's have set +their BCE - Msc
indicator bits to 1. )

2) A maximum wait time has been reached.

Tf condition 1) is reached before the time out, the MSC skips the next
halfword instruction and rs2sumes program execution. If the maximum
wait time, as specifiad by the maximum repeat count, is reached first,
the MSC begins execution of the next halfword instruction.

. The condition Mare all’ specified BCE indicator bits set" is
tasted by logically ANDING the MSC-:accumulator with the complement of
the BCE-MSC indicator register. If the result is all zeros, the
desired condition has been reached.

The maximum wait +time has a Dbasic resolution of 33
microseconds and is derived from the maximum repeat count. In non-
index mode, the maximum repeat count of 255 corresponds to a maximum
wait +time of 8.4 milliseconds. In index mode, the maximum possible
count of 262143 corresponds to B8.65 seconds.

At the time this instruction is executed, the MSC accumulator
is presumed to contain a bit mask specifying which BCE's are to be
involved in the test for the desired repeat condition. & 1 in bits i
of the accumulator specifies that +the status of BCE(i) is to be
included in the test; a O indicator that BCE(i) can be ignored.
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Figure 3.3 diagrams the exact operation of this and the other

Repeat instructions.
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REPEAT UNTIL ALL WAITING N DRAW
FORMAT: '

| i | |

1 [T} OPX | " COUNT |

11471104011 1080104 4 L 44 4 111

0 24 5 7 8 15

I MAXIMUM_REREAT COUNT ~  INSTR Format

0 Count ‘ ®RAW COQUNT

1 X + Count ARAW COUNT(1)

DESCRIPTION

This instruction causes a delay in MSC program execution
until either:

1) All of a set of specified BCE's have set +their busy/wait
status .bits to "wait" :

2) A maximum wait time has been reached.

Tf condition 1) is reached before the time ont, the MSC skips the next

halfword instruction and resumes program execution. If the maXimunm
wait time, as specified by the maximum repeat count, is reached first,

the MSC begins execution of the next halfword instruction.

] At +the time this iprstruction is'exacuted, the MSC accumulator
is presumed +to contain a bit mask specifying which BCE's are to be
involved in the test for the desired repeat condition. 2 1 in bit 1
of the accumulator specifies +that the status of BCE(i) is to be
included in the test; 'a 0 indicates that BCE(i) can be ignorad.

The maximum wait +time has a basic resolution of 33
microseconds and .is derived from the maximum Repeat count. In non-
index mcde, the maximum Repeat count of 255 corresponds to a maximum
wait time of 8.4 milliseconds. In index mode, the maximum possible
count of 262143 corresponds to 8.65 secoends.

The condition "are all specified BCE's waiting" is tested Dby
logically ANDING the MSC accumulator with STAT4 (the Busy/Wai+
reqgister), and testing for all zeros. A 1 in bit i of STATU4 indicates
-hat BCE(i) is busy; a O indicates that it is not. Zonsequently, if
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the reéult of thkis "“ana® operation is all =zeros, then all the

_ specified BCE's will be in the desired state. -

Figure 3.3 diagrams the exact operation of this and the other
Repeat instruction.
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REPFAT UNTIL ANY INDICATORS . . 2ENI

FORMAT:

o
|T1 OPX
1111011111104

| -
| .- COUNT
11

345 7 8

!
i
b4 4t 11 1.1
15

o — —|

MAXIMUM_ REPEAT_COUNT INSTR_Format

-

0 Count : @RNI COUNT

1 ¥ + Count @RNI COUNT (1)

DESCRIPTION

This instruction causes a delay in MSC program exscutiomn
until either:

1] Any of a set of specified BCE's have set +their BCE-MSC
indicator bits to 1 or, -

2) A maximum wait time has been reached.

If condition 1) is reached before the time out, MNSC =skips +the next
halfword instruction and resumtes program execution. If the maximum
wait time; as specified by the maximum repeat .count, is reached first,
the MSC begins execution of the next halfword instruction.

The condition "are any of the specified BCE indicators set"
is +tested by logically ANDING the MSC accumulator with the BCE-MSC
indicator register. If the result is non-zero, the desired condition

has been reached.

The naximum wait +time has a basic resolution of 33
microseconds and is derived from the maximum Repeat count. In non-
index mode, the maximum Repeat count of 255 corrssponds to a maximunm
wait time of 8.4 milliseconds. In index mode, the maximum possible
count of 262143 corresponds to 8.65 seconds.

At +the time this instruction is executed, the MSC accumulator
is presumed to contain a bit mask specifying which BCE's are to be
involved in the test for the desired repeat condition. A 1 in bit i
of the accumulator specifies that <the status of BCE(i) is to be
included in the test; a 0 indicates that BCE(i) can be ignored.
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Figure‘3.3 diagrams the exact operation of this and the other

Repeat instructions.
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REPEAT UNTIL ANY WAITING DRNH_
FORMAT:
| (I | -
o 1T OPX | " COUNT |
(T 1 Y O O
0 345 78 15
I MAXINUM REPEAT_COUNT INSTR_Format
0 Count DRNW COUNT
1 X + Count DRNW COUNT (1)
DESCRIPTION
This instruction causes a delay in MSC program execution
until:
b} Fither any of a set of specified BCE's have set theilr
Busy/Wait status bits to "Wait" or, :
2) A maximum wait time has been reachead.

Tf condition 1) is reached before the time out, the MSC skips the next
halfword instruction and resumes progranm execution. If the maximum
wait time, as specified by the maximum repeat count, is reached first,
the MSC begins execution of the next halfword instruction.

) The condition "are .any specifieéd BCE's waiting" is tested by
logically ANDing the MSC accumulator. with the complement of STATY4 (the

Busy/Wait register) and testing for non-zeros. A 1 in bit i of STATH
indicates that BCE(i) is busy; a 0 indicates that it is not busy.
Consequently, if the result of <the above operation is a non-zero
value, then at least one BCE from the set is not busy, and the

condition is fulfilled.

The maximum. wait time has a basic resolution of 33
nicroseconds and is derived from the maximum Repeat count. In nomn-
index mode, the maximum Repeat count of 255 corresponds to a maximun
wait time of 8.4 milliseconds. 1In index mode, the maximum possible

count of 262143 corresponds to 8.65 seconds.

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

Figure 3.3 diagrams the exact operation of this and the other
Repeat instructions.
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3.8 SPECIAL INSTRUCTIONS =

In addition to the instructions described earlier, the MSC
instruction set includes a variety of instructions that place the MSC
in the wait state, delay MSC execution for program-settable periods
of +ime, and cause an intsrrupt in the CPUO. This section describes

these instructions.
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WATT ' BAWAT

|

|
0101040118 1 1 4 1 4 k. L 1 11
30 1

U= = —

DESCRIPTION

This instruction causes the MSC to go into the WAIT state
(bit 0 of sSTATU and bit 17 of the MSC Status Register set to zero).
No more instructions ars executed. ' The MSC program counter is updated
to point to the next instruction. ©No other MSC register is changed.

PROGRAMMING NOTE

The MSC does not reference any of its Local Store registers
once it is in the Wait State. During this time, the CPU is free to
PCO or PCI any MSC register. However, once the CPU performs a PCO (to
set +the MSC Dbusy), the MSC will detect the setting of its busy bit
within 2 microseconds, and will use whatever is in its PC as +the
address of the €first instruction. Therefore, once the MSC has been
set to busy, CPU PCOs to the MSC Local Store should be avoided.

Note that if there is no PCO to the MSC's PC (MSC Local Store

register R2), then the MSC will start with the first instructiom
following the l'ast #WAT instruction.
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DELAY . : -~ @DLY
FORMAT:

| 1| : |

| 1T COUNT |

LAag2104040 44 ¢ 1 141 L L 111

0 345 15

T Effective Count_ (“EC") INSTR_Format

0 Displacement : aDLY COUNT

1 X+Displacement @DLY COUNT (1)
NQOTE:

1) Displacement is a positive number in the range 0 to 2047.
2) X refers to the indsx register.

DESCRIPTION

This instruction performs no operation other +than delaying
the execution of +the next instruction. The time period deslayed is
indicated by the 18-bit EC, with a resolution of 2 microseconds. The
maximum delay is <roughly .54 sec. At. the end of this delay, the
program counter is incremented by one, and the next instruction is

executed.

‘ Note that after every eighth MSC microcycle the time between
MsSC microcycles is 2.5, not 2, microseconds.
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INTERRUPT  CPU BINT

FORMAT:

|

INTERRUPT LIST |

IR I Y IO N Y I P
5 .15

e e e e s o e S e e S e . e o i o e e

I
0 Interrupt List * 2INT IL
1 X "OR" Interrupt List* ?INT TIL(1)

* Right justified and left padded by 7 zeroes.

INSTR Format

D®INT TINTERRUPT TEST

DESCRIPTION

This instruction loads the 12 bit IOP Interrupt Register C
and causes an interrupt to the GPC to be set if at least one of the
bits is a 1. Each bit in +the 1least significant 12 bits of the
effective interrupt list corresponds to one of the 12 "IOP Progranm
Interrupts". In “the table shown below, bit 0 is defined as the most
significant bit of EIL, and bit 17 as the least significant bit. The
table 1lists the correspondence between EIL and the IOP progranm
interrupts. ©Note that any combination between none and 12 of these

interrupts may be set simultaneously.

IOP PROGRAM INTERRUPT
EIL_BIT - INTERRUPT_NO. LEVEL ___
17 12 16
16 11 16
15 10 16
14 9 16
13 8 16
7 7 16
11 6 16
10 5 16
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| [ 1 . |
\ | | OPX | COUNT |
1010904730y 1 ¢ 4 1 1 4 1. Q1.1 411t
0 345 78 15

S s —m e ———

NOTE:

62465567

@SIP

1) The COUNT field is at a don't care state unless the OPX field

equals 001.

2) Use of the OPX field selects one of three tests as follows:

a)
b)
c)

DESCRIPTION

OPX

OPX

0OPX

000 - Normal STP sequence
001 - Queue-overflow test

010 - ROS parity error test

If OPX equals 000, this instruction initiates execution of a
special micro program to perform self tests on the hardware supporting

the MSC., These tests include checks of the:

b M5C Local Store Registers

"

2) MSC Data Flow operations

3) Ability of MSC to read and vrite from memory

4) Redundancy Management Fail discretes

5) I0P ROS parity circuit.

If any faults are detected, the MSC Program Exception bit is set to 0
(fault detected) and ths MSC status registers bit 8 is set to 1 (Self

Test failure).
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. In any case, after completion of these tests, the MSC updates
its Program Counter by 1 and continues with the next instruction.

If OPX equals 001, the instruction performs a gueue-overflow
test by placing the number of memory requests specified by the COUNT
field in the queue. ' If the gueue overflows, the «channel interrupts
the CPU and the request 1is lost. The program loops on this
instruction. ‘ :

If OPX equals 010, the 1instruction receives a bad-parity
micro-word. This sets the HALT bit of all processors and sets

BUSY/WAIT to WAIT.
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4.0 EXTERNAL CALLS

The HSC allows the CPU to reguest the HSC to suspend
execution of its current program and to start another program. When
this acticn is undertaken, thes MSC saves enough information to allow
a full restart of the displaced program at the point of suspension.
The stored information is similar to that stored by the CPU when it is
interrupted. However, unlike an interrupt, the CPU specified progras
will only be recognized by the MSC at the discrete instances when the
MSC is executing a Sample For External Call (@SEC) instruction. The
CPU requested superseding program is termed an 'external call'.

The contact ﬁoint between the MSC and the CPU is the MSC
Local Store Location C6 - The External Call Register (ECR). When the

-CPU wishes the MSC to perform an 'external call', it should perform a

PCO to write the starting address of the requested program into the
MSC. If the MSC has been programmed to accept external calls, it will
periodically execute an @SEC that will sample the ECR. If it finds a
0 in the EC®R, it will continue with the next instruction. In this
case, the @SEC 1s equivalent to a "no operation".

If the MSC finds a non-zero ECR, it uses the value in the ECR
as a memory - address and stores its Accumulator, Index, Program
Counter, and Status Registers in the four words following this nmemory
address. It will also clear the Status Registers and Program
Exception bit of any error flags that they might contain. Program
sxscution begins at the fifth fullword after the ECR (ECR+8). The MSC
will also clear the ECR to zero. Register storage is defined in this
document's description of the @SEC instruction. '

The clearing of the FCR by the MSC may be used by the CPU as
an indication that the MSC has accepted an external call, and that the
CPU is now free to PCO out a new external call address, if it so
desires. Any attempt by the CPU to PCO 6u*t a new external call before
the USC resests the ECR to zero will result in at 1least one of the
external «calls being lost. Therefore, the CPU should check that +the

"ECR is zero before PCO'ing a new external call address.

An externally called program . may return to +the original

program at any time by executing a Return from External Call (2REC) -

instruction.’ This 4instruction reloads +the MSC Accumulator, the
Program Counter, <the 1Index Register, the Status Register, and the
Program Exception bit to the exact condition that they were in at +the
time +the original @SEC instruction accepted the External Call. This
allows the original MSC program to continue as if no external call had
been accepted.

The description of +the @REC instruction indicates which
memory words are loaded into what MSC registers.

98

——



SanYoIY AlSIanluN pUB SUORDS||0Y) [BIDedS ‘saiielql AlsIisaun 8)e1s BUIUDIAN

=
< O
2
[0}
“ 0o
m
1
3 O
ERes
o]
-
3
(@]
By
g P
8 X
=3
ol
5‘i:
¥ 9
o
o
Q
c
3
[17]
e )
@
-
o
e

s

6246556)

. The reason for clearing the MSC Status Register and Progranm
Exception bit to an error free indication, after'an @SEC has found a
non-zero ECR and before entering the requested program, is to avoid
confusing an original program error with any error the external call
program may make. If the externally called program performs any
erroneous operations (such as attempting to start a busy BCE) the
srror will be flagged in the Status Register and may be detected and
diagnosed in the usual fashion. Ye%, when the MSC returns to the
original program, via an @REC, the Status Register will contain only
the original program error indicators and none from the externally
called program. The original prograr can proceed with no concern for
sorting out what, if any, errors it made and what, if any, errors any
externally called program may have made.

As mentioned before, the MSC will accept external calls only
when it executes @SECs. Consequently, if external calls are expected,
the operational MSC programs should include periodic @SEC's in places
where they will give timely response to an external call and yet not
unduly delay the execution of +the main function. Since an @SEC
normally acts as a no operation (or a @DLY 0), a convenient location
for an @SEC would be just before a 1long format instruction in a
situation where an extra short instruction is needed to align the long
format instruction on a fullword boundary. '

The only place where an @SEC should be avoided is within the
body of ‘an externally called program. 1In this situation, the CPU may
request a second execution of that same program before the first
execution is complete. Since storage is available for only one set of
return information, acceptance of +the second external call would
destroy the return information from the first call.

‘An MSC program designed for external calls may also be called
by another MSC, program in a fashion similar to +that used for
subroutines. The calling program would simulate an BSEC by
initializing PGM, PGM # 2, and PGM + 4 to whatever values it desires
upon return, and then do a @CALL PGM + 6. The @ACRLL will store +the
return address at PGM + 6 and start exscution at PGM + 8, just as DSEC
does. Note, however, that upon return from the @REC the MSC Status
Register and Program Exception bit will be set according to what is in
fullword PGM, which if not initialized correctly may not match +the
original status at the time of the call. Figure 4.1 diagrams a
segment of MSC code to do this.set-up properly. VNote +that three of
these instructions can be eliminated if the contents of ACC and ¥ are
of no cecncern after return frcm PGH. :
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ST PGH + 2 Save the Accumulator

ATXA Zero

asST PGM + 4 Save the Index Register

ILMS

?ST PGH Save the Status Register

@CALL 2, PGH + 6 Start the routine
Figure 4.1. MSC Code to Call an "External Call" Routine
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I0OP MSC INSTRUCTION REPERTOIRE

Accumulator/Memory Operations

lLoad Accumulator
2dd Accumulator
And Accumulator
Exclusive OR
Store Accumulator
Load Fullword
Load Halfword
Store Fullword
Store Halfword

Branch Instructions

Branch on Accumulator
Branch on Index

Branch on Unconditional
Call Subroutine

Return from External Call

Conditional Skips

Tally and Skip Zero
Compare
Test Under Mask

BCE Register Loads

Load BCE Base
load BCE PC

.APPENDIX A

@BC
@B XC
aBU
@G ALL
aREC

arTsz -
acIi, acC
aTMI, 2TH

aLBB
aLBP

101

Short
Short
Long
Long
Short

Short
Long
Long

Long
Long.
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TOP MSC Instruction Repertoire (Cont.)
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NAME  MNEMONICS EORMAT PAGE
Register Operations 52
Load IOP Status Register @L AR Short 54
Set Fail Discretes @SFD Short 55
Reset Faill Discretes DRFD _ Short 56
Load MSC Status aLMs Short 57
Start I/0 @sTIo _ Short 59
Exchange ACC and X E @X AX Short 61
Sample for External Calls @SEC Short 62
Reset BCE Indicator @R BI Short 66
Register Immediates 67
Normalize and Increment X ANIX Short 69
Tally ACC to X . ?TAX Short 72
Tally X Immediate : AT XY Short 73
Load X Immediate aLXI Short 74
Tally X to ACC 2T XA Short 75
Tally ACC Immed%ate aTl Short 76
Subtract ACC from X DSAT Short 77
Load ACC Immadiate alLI Short - 78
Repeat Instructions 79
Repeat Until 211 Indicators ‘ @RAI ' Short 83 -
Repeat Until All Waiting . ORAW Short 85
Repeat Until Any Indicators DRNI Short 87
Repeat Until Any Waiting DRNW Short 89
E% Special Instructions | 9]
& Wait @WAT Short 92
~ Delay ) oDLY Short g3
o Interrupt . AINT Short 94
e Self Test 2STP Short 96
W
O
x
Q
M
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