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Space Shuttle Advanced System/4 Pi 

Input/Output Processor (IOP) 

Principles of Operation for 

PCI/PCO, MSC, and BCE 

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 — 

  

This submittal includes the following separate 

Principles of Operation documents: 

Title 
Program—Controlled 

Inputs & Outputs 

Master Sequence 

Controller 

Bus Control Element       

  

Federal Systems Division, Owego, New York 13827
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IBM CHANGE HISTORY SHEET 

e ee SYM | PAGE REVISION =“ DATE 

. Part I Program-Controlled Inputs & Outputs ~ 
Class II A /i& ii] New Page 
Class II A | iii] Nomenclature Change 
Class II A iv] Nomenclature Change 
Class II A vi Nomenclature Change 
Class II A lj Nomenclature Change 
EDCP-028-1 A 4) Comment Change 
EDCP-028-1 A 6| Comment Deleted 
EDCP-028-2 A 11] Comment Added 
EDCP-028-2 & , 

Class II A 241 Nomenclature Change 
EDCP-028 A 29| Correct Artwork . 
Change Notice . 

#46 A 37) Replace Paragraph 
Class II & . 
EDCP-28-2 A 45' Nomenclature Change 

Class II A 46} Delete "not" 

Part II Master Sequence Controller 

EDCP-028-1 A 9} Programming Note Added 
Class II A 11] Paragraph Moved 

-|Class II A 20| Nomenclature Change 
Class II A 24| Nomenclature Change 
EDCP-028-1 A 25) Add Self Test Errors 

“Class II A 38} Nomenclature Change 
Class II A 39| Nomenclature Change 
Class II A 57) Nomenclature Change 
Class II A 58} Nomenclature Change 

~ JEDCP-028 A 59| Nomenclature Change 
EDCP-028 A 62| Nomenclature Change 
EDCP-028 A 63} Nomenclature Change 
EDCP-028 A 67| Nomenclature Change 
EDCP-028 A 70| Artwork Correction 

* JEDCP-028 A 82| Artwork Correction 
EDCP-028 A 96} Add Note, Add Paragraph, Nomenclature Change 
EDCP-028 A 97| Nomenclature Change 
EDCP-028 A 99) Nomenclature Change 
Class II & : : 
EDCP-028 A‘} 10T} Nomenclature Change 

ClassII & 
EDCP-028 A | 102} Nomenclature Change 
EDCP-028 A 141 Nomenclature Change 
EDCP-028 A 50! Nomenclature Change 

Part III Bus Control Element 
Class II A 6] Nomenclature Change 
EDCP-028 A 13) Programming Note Added =| 

EDCP-028 A 20| IBM Manual Number Change, Nomenclature Change = 

JEDCP-028 A | 23| Nomenclature Change 2m 
EDCP-028 A 24) Nomenclature Change ° =? 
EDCP-028 A 26| Nomenclature Change a 

\-4EDCP-028 A 31] Nomenclature Change g 
.. JEDCP-028 & 

Class II A 281 Nomenclature Change 
EDCP-028 A | 32] Programming Note Added/Deleted FAGE 
EDCP-028 A 35| Programming Note Added/Deleted i 

 



S 
BU
YI
N 

S
A
N
Y
O
 

Au
SI
@A
lU
N)
 
PU
B 

SU
OR
D!
IO
9 

Je
IN
ed
¢ 

‘s
au
ei
qr
 
Au
si
an
iu
p 

ay
e}
 

A
B
W
O
|
 

“3
 
se
we
r 

4g
 

80
-2
8 

SI
 

S]
UA
WU
ND
OG
 
WS
WN
 

Jo
 
UO
AD
aI
IO
5 

o 

€ 
4 

xo
g 

b
h
 

44
 

IBM CHANGE HISTORY SHEET 

  

  

              

  

omen SYM | PAGE REVISION are PATE 

os Part II] continued ww 
EDCP- A | 37 | Programming Note Added/Deleted . 
EDCP-028 & ' 
Class II A | 38] Paragraph Added, Nomenclature Change 

EDCP-028 & 
Class II A | 39] Paragraph Moved To Page 40, Nomenclature Change 

Class II A | -41 | Artwork Change 
'—EDCP-028 A | 42] Nomenclature Change 

EDCP-028-2} A | 44 Three Paragraphs Added 
EDCP-028-2} A | 49 | Artwork Change 
EDCP-028-1 

& Class I] A | 50] Programming Note Change, Nomenclature Change 
EDCP-028 
1,2,83 A | 52] Programming Note Added, Nomenclature Change 

EDCP-028-2 | A | 53] Nomenclature Change, Programming Note Added 
EDCP-028 
1,2,83 A | 54] #MOUTC Added, Nomenclature Change 

EDCP-028 
1,2,83 A | 55| Artwork Change, Nomenclature Change 

EDCP-028 A | 56] Nomenclature Change . 
EDCP-028 A | 57] Artwork Change 
EDCP-028 A | 58} Nomenclature Change 
ED€P-028 A | 59] Nomenclature Change 
EDCP-028 A | 67] Nomenclature Change 
EDCP-028 A | 68 Nomenclature Change 
EDCP-028 A | 73] Nomenclature Change ) 
EDCP-028 _ a 
1,2,3 & : 
Class II A | 74} Note Added, #MINC Added, Nomenclature Change 

EDCP-028 A | 75] Nomenclature Change 
, EDCP-028 A | 76] Nomenclature Change 

EDCP-028 | A | 78} Nomenclature Change 
EDCP-028-2| A | 80] Nomenclature Change 
EDCP-028-2 
& Class iy A | 85] Paragraph Added, Nomenclature Changes 

* Class II A | 88| Page Numbers Change 

ge € 
aed 
a} 
2 

ae! 

PAGF 
il     
 



Se
ni
yo
uy
 
Ay
si
aa
lu
n 

pu
e 

su
oy
d@
!|
09
 
Je
l9
ad
g 

‘s
eu
eI
gI
] 

AI
SI
OA
IU
A 

aI
eI
S 

EW
UD
I\
 

i? 

gs 
5 
3 
oO 

® © 
may 
sO 
3 & 
o & 
x 
°° 

oO 
S 
ow 
20 
oS x 
° 2 

g~ > 
Oo 
3° 

Qa — 
—% 

3 
Q 
=.  $ 

oom a 

SY 
Nee 

2 

6246556A 

CONFIGURATION CHART 

  

PRINCIPLES OF OPERATION 
ISSUE 

ECP / PTR PROGRAM LEVEL 

  

  

Original 20 December 74 

Revision A 26 April 76 
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PCI/PCO POO 6246556A 

TABLE OF CONTENTS 

Title ; Page 

PCI/PCO COMMAND WORD FORMAT------------------------------+------------ 2 
PCO COMMAND: WORD FORMAT’ SUMMARY------------------------------------.-- 4 

PCO FORMATS 

   

  

    

  

   

DMA BURST ~-------- n-nonane anna enn nnn nnn nen ene nnn ome 
BAD PARITY DMA ADDRESS- 
BAD PARITY DATA INPUT- 

   

              

   

  

MIA TRANSMITTER------- 
MIA RECEIVER------------------- 
DISCRETE OUTPUT---------------- 
CONFIGURE PROCESSORS----------- 
MASTER RESET -<---nden-ceer tone nen ncn mce nna n ncn n ene llnn 
EOAD GO/NO’GO. TIMERs=<--c-e--teewns-apetuteaonttdueli 
LOAD (GO/NO' GO: TIMER: TEST=-=-----c--e--se nent ecene nee 
CONFIGURE TERMINATION CONTROL LATCHES------------------ 
LOAD TEST REGISTER-----s---o----4-2acel n-ne ne we ntee 
INTERRUPTS--------------------- 
RESET STATUS 1 (GO/NO GO)-- 
HOAD MSC _BUSY2v2-=coendet dene cokbusod tte eweden 
LOAD LOCAL STORE----+--------------n--nnennnnnen nnn nsee 
TEST DMA 8 MICRO, SECOND “FIMERs<+---c--4-c—s0-cecdeebancndoeoeinane- 

PCI FORMATS 

READ MIA TRANSMITTER STATUS---------------------2---0-0-- eon eee eee 30 
READ MIA RECEIVER STATUS--------- 31 
READ DISCRETE OUTPUT STATUS 32 
READ ‘PROCESSOR HALT. STATUS- 33 
READ INTERRUPT REGISTER A--------------------------2-- nee ane nee nen ne ee 34 
READ INTERRUPT REGISTER Be----------------1------ 2 neem nnn nen ene nen 36 
READ INTERRUPT REGISTER C----------------------------------------0--00 38 
READ INTERRUPT REGISTER D----------=-----------n nnn nn ee nee een nee 39 
READ INTERRUPT. REGISTER, Be--=c<a2-stco ce Gidh eae eee ebace 20 
READ RM STATUS REGISTER------------------------nnnn nnn nne nen nen nen ne ne 41 
READ DISCRETE INPUT Av-=cbqoe-enq-2n—todence ten nat Soe teen nee 45 
READ DISCRETE” INPUTS. (33440)<n--<-cese-Saseancnec-andnntoceininnneeeene 49 
READ STATUS 1 (GO/NO GO)----------- 50 
READ STATUS 4 (BUSY/WAIT)- 51 
READ LOCAL STOREsesnc-rntbenesdcnunnnantncnnddceedanctindenbieannennce 52
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SPACE SHUTTLE 

SOFTWARE SYSTEM NOTES im 

  

~NO.: 556-009 

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 

If 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 

7A renOY 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. I0P timing fault 

3 

4. Voter fail 

Watchdog timer | If termination control 

latches are set 

Federal Systems Division, 

Electronics Systems Center, 

Owego, New York 
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SPACE SHUTTLE 

SOFTWARE SYSTEM NOTES <9 a. sepyr'e’ 
DATE: 10-25-76 

  

PAGE.2 OF 2 

PROGRAM AFFECTED: ‘Input/Output 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. 

Federal Systems Division, 

Electronics Systems Center, 

Owego, New York 
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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 to 
establish the time relationships between the commander and the 
listener for a sample case. 

COMMANDER PROGRAM LISTCHER PROGRAM 

EVENC #CMDI LSN, CMD EVENL #UIM TAPRLE 
#OLYI 9 (For alignment) : 
#DLYI N ODD “#LTOI TIME 
#MOUT DISPL, THOS ARNLI RUDS 
#MOUTC IUA, CHND #UAT 0 
#WAT 1) : 

N EQU 4 TABLE DC ODD 

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

In this sample analysis, DMA activity is assumed to be below the 
level that would intérfere with the process; in actual operational 
software, a careful analysis of DMA activity is a continuing part 
of program. desiqn. 

LISTEN SEQUENCE: Time from recoanition of the listen command by the 
#IX instruction to acquisition of the BTU command by the #ROLI 
instruction 

Federal Systems Division, 

Electronics Systems Center, 

Owego, New York 

VII
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_ INSTRUCTION HICRO-LNSTRUCTIONS EXECUTED 
Short Joop Long Joon 

#HHllX 7 e 
#LTOI 2. 2 
#RDLI ae SB Be 

T2°(781.5 usec) 14"(214.5 usec) 

The long loop occurs when the Wy just misses detecting the 
listen command, 

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

INSTRUCTION MICRO- INSTRUCTIONS EXECUTED 
#CMDI - Command.transmission is completed 
#DLYTI 9 2 at about the second micro jin the 

DLYT 0. 
#OLYI °N 2 (H =) : he #NOUT | (Command transmission is initiated in 

fourth micro) 
Command transmission is cormmleted at 
about the time the first data word 
transmission starts 

TY-T2(165.0-181.5 usec) 

Transmission Time 1-2 
Command Available 2 

1 

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

Ho = 14-11 = 3 

his establishes the PLYI N at 5 cycles, the total command sequence at 14 cycles (214.5 usec) and meets the needs of the listener's long and short loop timing. oe 

DETERMINATION OF INSTRUCTION CYCLE FACTORS: The number af cycles used for each instruction in the sequences ahove were ohtained from references (C) and (1). Reference (A) contains a detailed description 
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of bus read/write Operations, includina a table for “time to first Took at data" and a section on listen mode operations. Reference (B) Contains some analysis of BCE delay factors for ICC programs.” Reference (F£) contains detailed descriptions of the micro-orders used in all instructions. 
, 

TINE LINE USED IN AWALYSIS: The time line helow illustrates the Listen and Command sequences used inthis analysis. Nate that the "Fresh Nata" condition can occur between land 5 microseconds after the trailing edge of the incoming word, This variation will affect the receiving BCE's Processing sequence, hut will not impact the data transfer. 

  

conmauoer CHOL, DLYI @ , NLYT 3 four , 
Se RI PoP bP PP Ph PR kD oP Te ORD OTD ORD Tp 
(Delay 0 4-1 3 fe Ji fo fer | | 

Count) ; 

  

  

~ Nata lus LSN CHD] RTU ce DATA | 
resh Pata (F.D.)° te n. F 

123 +4 5 & 7 8 9 Jn 4 
  

    

    

  

] 12.=:13~=«44 - ] rrPrr yy so” Roy A oP RD PPL Po op lp lRTlUpp ip wy 
3 tLiss +t. Receive tReceive 
m S WX Command ‘ | LTOI , RDLT Command 
sO 

" Discard 
°° 
3 0 
2 
S 
° 
= w Definitions for the micro-instruction function symbols: 23 
= Oo . 
gs x AM - Accept MIA data RI - Request Instruction, = N = Decode instruction TC - Transmit Command € P = Process TN - Transit Pata as Zu PI - Prefeteh Instruction Wo- “Mait for MIA data 9 RD - Read Data (from storage) 
Qa 
c 

3 retrence: (A) Principles of Operation for BCE (IBM Mo. 6246556A, 26 April 1976) a a (B) Presentation oy Le Killinaheck (IRM) at $M on 7 February 1975 mn (C) Principles-of Operation for (Shuttle) Data Processine Subsystem (S0-74-SIl-9230R, Sent, 1975) as amended hy Chanoe Packages Ly 1, 2, and 3, 
a} (D0) Shuttle TOP Nicrocode CLD's (IRM to. 6246908, 16 December 1975) (E) Principles of Operation for IOP flicro-Architecture (IAM, April 1975) 

Ix



SPACE SHUTTLE 

SOFTWARE SYSTEM NOTES ie SE-B 
DATE: 11/27/78 

  

PROGRAM AFFECTED: General Programming Information 

DOCUMENT AFFECTED: Space Shuttle Advanced System 4 Pi IOP (6246556A) 
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DISPOSITION: Information and File 

In part II - 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 (0) through 
thirty-one (31). Therefore, Bit 0 through 31 for the PCO, Discrete 
Output Reset and Discrete Output Set shall be directly related to 
discrete outputs @ 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 (0) 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 O 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 with 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: 10P Programming 

DOCUMENT AFFECTED: principles of Operation for BCE, IBM No. 6246556A 

DISPOSITION: © Information and File 

There is a timing condition in the I0P 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 configuration. 

There is no change planned to correct this anomoly via a hardware or microcode 

change tc the I0P. 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: 

#CMDI (Output) 
#BU LISTEN (Delay) 

LISTEN #CMDI (Listen Command) 

Federal Systems Division, 

Electronics Systems Center, 

Owego, New York 
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PART I 

Space Shuttle Advanced System/4 Pi 

Input/Output Processor (JOP) 

  

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. 

M4J7XMA-483019 

IBM No. 6246556A 

Federal Systems Division, Owego, New York 13827
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PCL/PCO PRINCIPLES OF OPERATION 

(PRODUCTION MODELS) 

This document identifies the specific 
Tnput and Output 
computer user. — 

commands available to the 
Program Controlled 

Space Shuttle AP101
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6246556A 

PCI/PCO COMMAND WORD FORMAT 

  

BIT 0; COMMAND ID FIELD 

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

= ou 

BITS 1 Through 5; DEVICE SELECT FIELD 

00001 = Control/Monitor (CM) 
000106 Redundancy Management (RM) 
001005 Data Flow (DF) 

010008 Local Store (LS) 

100002 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) 

BITS 17 through 31; NOT USED. 

NOTES : 

1. The five-bit Device Select Field must contain “only the bit 
specified in the format description for the desired device 

Additional bits will cause the PCI/PCO data word to be selected. 
written to all the devices designated with associated loss of IOP 
control. Wo attempts to use the hardware configuration should be 
made since driving circuits are not sized to drive multiple loads 
and will not operate reliably.
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Handshaking for a PCI/PCO is required for several operations 
allow the device selected to complete an operation before 
FCI/PCO command function is implemented. The added operation 
accemplished by the IOP and requires no special programming of 
GPC. The handshaking operation prevents loss of control of 
IOP software because of possible configuration changes during 
PCI/PCO implementation. 

to 

the 
is 

the 
the 
the
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* NOT APPLICABLE TO PROTOTYPES AND CREW TRAINERS 

1000 

1000 

1000 

1000 

1000 

1000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0001 

0001 

0001 

0001 

0001 

0001 

0010 

0010 

(SEE 

1000 

0010 

0000 

0010 

0010 

0000 

0000 

1010 

1000 

1010 

1000 

1010 

1000 

1100 

1110 

1000 

0000 

0000 

0000 

0000 

0000 

0000 

0100 

0100 

6246556a 

PCO COMMAND WORD FORMAT SUMMARY ® 

0000 1000 

0000 1000 

0010 0000 

0100 0000 

0010 0000 

0100 0000 

0000 1000 

0000 1000 

0001 0000 

0001 0000 

0010 0000 

0010 0000 

0100 0000 

0100 0000 

1000 0000 

0000 1000 

0000 1001 

0001 0000 

0010 0000 

0010 1000 

0011 0000 

0000 0000 

0000 1000 

WITHIN) 

0010 0000 0001 

q 

DMA BURST ENABLE 

DMA BURST INHIBIT 

ENABLE BAD PARITY DMA ADDR 

ENABLE BAD PARITY DATA IN 

DISABLE BAD PARITY DMA ADDR 

DISABLE BAD PARITY DATA IN 

MIA XMTR ENABLE 

MIA XMTR DISABLE 

MIA RCVR ENABLE 

MIA RCVR DISABLE 

DISCRETE OUTPUT SET 

DISCRETE OUTPUT RESET 

PROCESSOR HALT 

PROCESSOR ENABLE 

MASTER RESET 

LOAD GO/NO-GO TIMER 

TEST GO/NO-GO TIMER 

TERM.LATCH CONTROL 

LOAD TEST REGISTER 

ENABLE INTERRUPTS 

TEST ALL INTERRUPTS 

RESET STATUS 1(GO/NO-GO) 

LOAD MSC BUSY 

LOAD LOCAL STORE 

TEST DMA TIMER*
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C
 

0 

0000 

0000 

0000 

0000 

0001 

0901 

0001 

9001 

0001 

0001 

0001 

0001 

0010 

0010 

(SEF 

PCI 

1000 0000 

1000 0000 

1000 0001 

1000 0001 

9000 0000 

9000 00090 

0000 0001 

0000 0001 

0000 0010 

0000 0010 

0000 0011 

0000 0011 

0000 0000 

0000 9000 

WITHIN) 

624E556A 

COMMAND WORD FORMAT SUMMARY (cont.) 

0000 

1000 

0000 

1000 

0000 

10090 

0000 

1000 

0000 

1000 

0000 

1000 

0000 

1000 

MIA XMTR STATUS 

MIA RCVR STATUS 

READ DISC.OUTPUT STATUS 

PROCESSOR HALT STATUS 

INTERRUPT REG. A 

INTERRUPT REG.B 

INTERRUPT REG.C 

INTERRUPT 2EG.D 

INTERRUPT REG.E 

“RM STATUS REG 

D.I.A (1-32) 

D.I.B (33-40) 

“READ STATUS 1 (GO/ NO-GO) 

READ STATUS 4 (B/W) 

READ LOCAL STORE
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6246556A 

PCO FORMATS 

  

  

  

  

DMA BURST 

COMMAND WORD © 

FUNCTION OCTAL HEX DEVICE 
DMA BURST INHIBIT 30001000000 c0040000 cc 

ENABLE 30101000000 ©1040000 

INHIBIT 

TI 11 - 1 1 
| if { NOT USED { 

LALTLOFOLOLOFOPO;OPOPOPOPOTO;OVOH FETT tt Littrird | 
01 567 1617 31 

ENAELE 

TT TT ii: 1 
tf I | ‘ | NOT USED ! 
LULTLOLOLOPOFOLAOLOLOLOVONTFOVOVOV PE TELEtrtirtrraidi 
01 567 1617 ; 31 

DATA _WORD 

BITS 

0 NOT USED. THESE PCO REQUIRE NO DATA WORD. 

1 : . 

34 : 

These command words provide control of the Direct Memory 
Access capability to CPU main memory. When inhibited, the IOP will 
not access memory using Burst Mode. The commands are provided to 
allow CPU control of memory operations. 

(
)
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PcO FORMATS be 

FAD PARITY DMA ADDRESS 

COMMAND WORD 

  

  

  

  

FUNCTION OCTAL HEX DEVICE 

BAD PARITY DHA ADDRESS 30104000000 €1100000 cc 
ENABLE 

BAD PARITY DMA ADDRESS 30020000000 "0100000 cc 
DISABLE 

ENABLE _ 
ti | { t 

11 it { NOT USED 
LAULTLOPOLOVOFOLAOPOPOVTPOVOLOLVOV vy TL TLL tttiiii 
01 567 16 17 Er 

DISABLE _ _ _ 
{| it | 2 I 

11 i \ NOT USED { 
LALTPOLOPOPOLOLOFO;OPOLTPOVOLOVOVOV HPT EP t Pettitt y 

0 5 67 16 17 341 

DATA _WORD 

BITs 
0 NOT USED. THESE FCO 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 command 
was previously sent. Bad parity for both address and data cannot be 
forced at the same time in a properly operating machine. 

The Disable ccommand forces the IOP parity generation 
circuitry back to normal operatton (Odd Parity).
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PCO FORMATS 

BAD PARITY DATA INPUT 

  

  

    

  

COMMAND WORD_ 

FUNCTION OCTAL HEX DEVICE 
BAD PARITY DATA INPUT 30110000000 C1200000 CC 

ENABLE 

BAD PARITY DATA INPUT 30010000000 C0200000 cc 
DISABLE 

ENABDY 506g Soir e's Seek en Bets i A 
{4 It | { 

| tt | NOT USED { 

LILTLOLOLOFOPOPTPOLOPTOPOPO;O;O;O] Fett ttt trrtrrerdry 
01 S: 6° 16 17 

DISABLE 

| {1 | | 
4 | | NOT USED I 

LALTPOLOPOLOPOPOLOFONTIOLOLOFOLO10O1 | ttt rrr rr trite 
01 5 6: 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 CPU. 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 I0oP. 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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PCO FORMAT . 

MIA TRANSMITTER 

COMMAND WORD 

  

  

  

  

FUNCTION OCTAL HEX DEVICE 

MIA TRANSMITTER DISABLE 20401000000 84040000 C/M 

ENABLE 20501000000 85040000 

DISABLE 

14 1 | | T 
14 tl I NOT USED I 
VALOPOPOPOITOLOVOLOLOLOFOIITIO1O1Ol tf Tt tdi tti tt i ttt 
01 5 7 1617 31 

ENABLE 

Tt ~T I ~ 1 { 
{| 11 , I NOT USED ! 
LUPOLVOFOPIIMIOLTWOLOLOLOTOLTIOLO1O! PEt tt tt titiiitdi 

DATA WORD 

9 = No change of condition. Hardware does not respond. 

1: = Enahle individual MIA transmitter if command word was 
enable. 

1 = Disable individual MIA transmitter if command word was 
disable.
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These words are to 
IOP 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. EXPANSION 

10 

CAPABILITY 

6246556A 

data word 
control individual MIA transmitters to 

is
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PCO FORMAT . 

MIA RECEIVER 

  

  

  

  

COMMAND WORD 

FUNCTION QCTAL HEX DEVICE 

MIA RECEIVER DISABLE 20402000000 84080000. c/s 

ENABLE 20502000000 85080000 

DISABLE 

TT td 1 OT 
{| It ! NOT USED t 
LTPOTOPOPOPTOPOLOPOFOLOLWOLOVOlOl dt ttt et te ttirid | 
01 567 1617 31 

ENABLE 

rt 1 ~ i ~~ l 
il {ot | NOT USED : | 

CUPOPOTOLOP TOL T{OLOLOLO;TOLO{O1IO! | Tt tt di dtd dyad tits 

DATA_WORD 

BIT 

0 NOT USED. 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 

34 : 

Q = No Change of status 

4 = Enable receiver if with enable command word* 

1 = Disable receiver if with disable command word 

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

11
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These command and data words provide capability to control 
condition 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 

  

  

  

  

FUNCTION , ocTAaL HEX DEVICE 

DISCRETE OUTPUT RESET 20404000000 84100000 C/M 

SET 20504000000 85100000 

RESET 

1 I “Td i - 
li tt { NOT USED I 
LIFOTOLOLOLTLOLOLOLOLOLTLOLOLO;O1Ol | ttre t ttt rditridtiid 
07 56 7 1617 37 

SET 

1 TI 1 1 
to | | NOT USED ‘ 1 

LTPOLOLOPLOL TOL TLOLOL OTT OLO;OVO1O! Td tt tat tt dt tte) di 

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 bit 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 33-51 
cS 33-63 

1 (D0-2) T 33-18 
c 33-29 

2 (D0-3) T 33-28 
Cc 33-40 

3 (D0-4) T 33-30 . 
13
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41 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

(D0-5) 

(D0-6) 

(D0-7) 

(D0-8) : 

(D0-9) 

(D0-10) 

(Do-11) 

(D0-12) 

(D0-13) 

(Do-14) 

(D0-15) 

(D0-16) 

(D0-17) 

(D0-18) 

(D0-19) 

(D0-20) 

(D0-21) 

(D0-22) 

(D0-23) 

(DO0-24) 

(D0-25) 

(D0-26) 

(D0-27) - 

(D0-28) 

(Do-29) 

(D0- 30) B
H
Q
A
H
A
N
H
A
H
N
H
A
H
A
A
H
A
A
N
H
A
N
H
 

AN
NA

 
A
N
H
A
N
A
H
A
A
N
A
H
A
N
H
A
N
H
 
A
N
H
 
A
N
A
 
A
N
A
 
A
N
A
A
A
N
A
A
A
A
H
N
A
N
H
A
L
N
A
 33-19 

J3-41 
33-52 
33-59 
J3-60 
33-49 
33-50 
33-36 
33-48 
33-62 
J3-61 
33-25 
33-37 
33-15 
33-26 
J3-38 
T3539 
J3-8 
J3-16 
J3-17 
33-27 

6246556A
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oe c 33-53 
* 30 GPC ID (D0-31) T J3-58 ~ 

c 33-57 

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

#31 IPL (D0-32) T 33-68 
c 33-67 

This bit when set (1) indicates that the IPL routine 
is in progress. When reset (0), the bit indicates that the 
IPL routine has not been requested or that it is complete 
depending upon the time/event sequence. 

80
-4
8 

SI
 

C
+
 

xo
g 

SI
US
UI
ND
OG
 
WS
YN
 

10
 
UO
RD
e!
10
9 

oy
Ae
wW
O|
 

“Fy
 
se
we
r 

iq
 

d 

15 

b
h
a
 

€



SA
Ny
oY
 
Au
ss
aA
lu
N 

pu
e 

su
oN
da
l|
O9
 

Je
IN
Sd
g 

‘s
su
eI
q,
 
A
s
i
a
n
 

a}
ey
s 

ey
Yy
o!
y 

S]
UB
LU
ND
0G
 
W
S
N
 

JO
 
UO
RD
aI
IO
D 

Oy
Ae
WO
! 

“3 
se
we
r 

“i
q 

€ 
4 

xo
g 

80
-4
8 

SW
 

bi
7 

ad
 

62465568 

  

  

  

  

! 

PCO FORMAT 

CONFIGURE PROCESSORS 

COMMAND WORD 

FUNCTION QcTAL HEX "DEVICE 

CONFIGURE HALT 20€10000000 86200000 C/K 
PROCESSORS 

ENABLE 20710000000 87200000 

HALT 

1d ~T I 1 1 
| il { NOT USED ( 
LMLOPOPOFON TL TLOLOPOLTIOLOLOLO1O10l Fi TTT ttt tt trrtdid 
07 567 1617 31 

ENABLE 

vq ~T4 1 —_ 1 
lt 1d | NOT USED | = 
ITPOLOLOLOL ATI OLOLWO;OLOLO;O101 CF Ta bhtttttittirde 

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 control 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. 

BIT 

0 MSC 

1 BCE NO. 1 

2 2 

23 23 
24 24 ‘ 
25 SELF TEST } 

26 NOT USED. BITS IGNORED = 

16
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FF 
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Wichita 
State 

University 
Libraries, 

Special 
Collections 

and 
University 

Archives
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PCO FORMAT 

MASTER RESET 

  

  

following table indicates the hardware reset by this command word 
the resulting condition. 

REGISTER 

STAT1 (GO/NOGO) 

STAT4 (BUSY/WAIT) 

STAT5 (HALT/NO HALT) 

XMIT ENABLE 

RCVR ENABLE 

CHANNEL 

FAIL VOTE 

TERMINATE CONTROL LATCHES 

VOTER TEST 

FAIL LATCH 

TIME OUT LATCH 

DISCRETE OUTPUTS 

MASTER RESET 
EUNCTION 

RST=GO 

RST-WAIT 

RST=HALT 
MSC/BCE 

RST=DISABLE 

RST-DISABLE 

NO CHANGE 

RST=NO FAIL 

RST=NO TERMINATION 

RST=OPERATIONAL DATA 

NO CHANGE 

NO CHANGE 

RST=INACTIVE 

18 

FUNCTION gcra HEX DEVICE 
MASTER RESET 20420000000 84400000 C/N 

TI 11 1 | 
1 I | NOT USED I 

LTPOPOVOLOPTPOLOFOPTOPOPOLOTOOlO, PV Etre ti pretty 
01 567 617 31 

DATA_WORD_ 

"There is no data word associated with this command word. The 
and 

~
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INTFRRUPT 
-C/M IDLE 
~ITOP FAIL LICH 
~TIME OUT LTCH 
~ROS PAR 
-IOP FAULT 
-ALL CTHERS 

WATCHDOG TIMER 

6246556A 

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 

OCTAL HEX DEVICE 

LCAD GO/NO-GO TIMER 21001000000 88040000 RM 

| 
NOT USED 

i | 
it b ! 

OVOVONTAOFOLOLOFOLOLOLOINO1O1OL PP tetr errr ritritid 
1 567 Té17 31 

0 NOT USED. BITS IF SET ARE IGNORED. 

20 GO/NO-GO TIMER BIT 0 MSB 

nN
 

OV
 

S
H
O
W
 
D
A
K
D
U
E
W
N
—
 

Ww o
 

a
y
 

LSB = 0.768 msec. 

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

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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6246556A 

PCO FORMAT 

LOAD GO/NO-GO TIMER TEST 

DEVICE i
 

ie
d 

Io
s CTAL io
 

{=
 fe]
 

tw
 

1o
 

I=
 

to
 

LOAD GO/NO-GO TIMER TEST 21001100000 88048000 RM 

{| 
NOT USED 

| I 
{| l I 

OCLOLOUT{OPVOLOLOLOLO;OFO1NIO1OIT) FT ttre titririirits 
1 567 1617 31 

0 NOT USED. BITS IGNORED 

20 GO/NO-GO TIMER BIT MSB 0 
1 
2 
3 
4 

5 
26 6 

7 
8 
9 
0 
1 LSB = 0.768 msec. 

This PcO is used to load the Go/No-Go Timer with any chosen 
value which is incremented by one low order bit and read with a PCI 
(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 Terminate Output latch is reset after the time out 
interrupt has been generated. 

The timer is a countup device. The desired code loaded 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 

  

  

FUNCTION OCTAL HEX DEVICE 

CONFIGURE TERMINATION 21002000000 88080000 RK 
CONTROL LATCHES 

1 tt ™ 1 | 
1 1 | NOT USED | 
LUPOPOTOUTHOPOPOLOLOLOLOLWOLOOIOL FETT t tdi rp pt petty 
07 567 T617 31 

DATA WORD 

BIT 

0 NOT USED. BITS IGNORED 

29 i 
30 TIMEOUT TERMINATION LATCH 
31 VOTER TERMINATION 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. 

Programming Note: This PCO should not be issued when either the Voter or 
Timeout Latch is set. 
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‘COMMAND WORD 

62465564 

PCO FORMAT 

LOAD TEST: REGISTER 

  

  

FUNCTION OcTAL HEX DEVICE 

LOAD TEST REGISTER 21004000000 88100000 RM 

ri 11 1 T 
{1 {| | NOT USED | 

LUPOLOLOUTPOPOLOLOLOLOLdpO1O10Ololo; | tt ti dttiit’stitidt 
01 567 1617 31 

DATA_WORD 

BIT 

0 NOT USED. BITS IGNORED 

26 ° 
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 test input 
Failed test input 

0 
1 

These bits are used to load a register to provide test inputs 
to the voter logic for test purposes. Bit 27 (above) must be set to 
prevent erroneous system failure indications. 

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. 

23
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62465568 

  

  

  

  

PCO FORMAT 

INTERRUPTS 

COMMAND WORD_ 

FUNCTION OCTAL HEX DEVICE 
TEST INTERRUPTS 21006000000 88180000 M 

ENABLE INTERRUPTS 21005000000 88140000 RM 

ENABLE — 
I Il I | 
1 | tt { NOT USED | 
LUPO(OLOTTIOPOLOFOFOLONTPOINIO1O10O! FT |} Tt ttt ttt 
wo 567 ; vF a1 
TEST ‘ ces 
1 t I : | ( 
11 | | - NOT USED 1 
LVPOPOVOPTPOLOLOLOLOLONTEMOLO1O1OH PEt tt tt ttt ttt dt | 
074 567 17 31 

DATA_WORD 

BIT 
0 

a NOT USED. THESE PCO REQUIRE NO DATA WORD. 

Ee ; 

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. After issuing this PCO, each of the 
four registers must be read -to reset them and to permit normal 
operation. 

24 
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6246556A 

mh 
PCO FORMAT 

RESET STATUS 1 (GO/NO-GO) 

CCMMAND WORD 

  

  

FUNCTION OCTAL HEX DEVICE 

RESET STATUS1 (GO/NO-GO) 22200000000 92000000 DF 

rt 11 TT | 
1 | 1 \ NOT USED \ 
LTPOLOMTLOLOLT{OFOLOLOLO1OLOLO;O101 FET tttttsi titty 
071 567 T6717 31 

DATA_WORD 

used as These PCO's provide the capability (data Word is 
Mask) to 
entire word must be configured for each application. 

0 = No Change 
‘daa 1 = Reset Status 

~ BIT 
0 MSC 

1 BCE NO. 1 

= 2 2 
n « ‘ 

@ 23 23 
S 24 24 
co 25 SELF TEST 

26 NOT USED. BITS IGNORED 

w 31 ° < 
° 
x 

w 

7m 
7m 

Ct 25 
ae 

reset Status Register 1 to the normal or GO indicator. The
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PCO FORMAT 

LOAD MSC’ BUSY 

6246556A 

  

  

COMMAND WORD 

FUNCTION QCTAL HEX DEVICE 
LOAD MSC BUSY 22201000000 92040000 DF 

tr 11 I T 
1) (4 | NOT USED I 
LAFOPOLTPOLOLWOPO;O;O;O;OrOLOlO] PV TP ttt t ttt ridrdit 
01 567 1617 31 

DATA WORD 

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 
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6246556A 

PCO FORMAT 

LOAD LOCAL STORE 

  

  

FONCTION OCTAL HEX DEVICE 

LOCAL STORE LS 

11 1 c 1 1 
tf | | VARIES. SEE BELOW | NOT USED 1 

LUO1MOLOFOIME TET TTT ttt ttt ttt tt tt tt 
0-7 5 1617 31 6 7 

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 functions, 24 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, 

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

  
BITS 78 9 10.11 

0 0 0 0 Oo MSC REGION 

0 0 0 0 1 BCE NO. 1 REGION 

0 0 0 1 0 BCE NO. 2 REGION 

1 1 0 0 0 BCE NO. 24 REGION 

1 1 0 0 1 SELF TEST 

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 to which the data word 
must be transferred as indicated below. 

27
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6246556A 

BITS 42,13 
0 0 BANK A 

0 1 BANK B 

1 O° BANK C 

This 3-bit field is used to identify which word in a Bank is 
loaded. The resolution 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 reguired. 

BITS 144516 
0 0 0 LOCATICN 0 

0. 0 1 LOCATION 4 

1 1 1 LOCATION 7 

DATA_WORD 
The single data word for this command must contain the data 

word -(18(10) bits) scaled to the LSB portion of the 32-bit data word 
as indicated below. ‘ 

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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6246556A 

PCO FORMAT 

TEST DMA 8 MICRO SECOND TIMER* 

COMMAND WORD 

  

  

FUNCTION OCTAL HEX DEVICE 

INHIBIT COMPLETION OF A 30100100000 €1008000 CHANNEL 
DMA CYCLE , 

1 “TI i ~ 1 
14 I I | 

| LUTPOPOPOLOTOL POLO; TPOLOLO1O10Olt! | tdi tt dt tt bt dt 
Q.71 567 1617 31 

DATA _WORD 

Bir 

0 
. NOT USED. THIS PCO REQUIRES NO DATA WORD 

31 
causes the The Test DMA 8 Microsecond Timer command word 

channel to inhibit completion of a DMA cycle. This permits self- 
testing of the DMA 8 microsecond timer and associated interrupt logic. 
Only the first DMA cycle occurring after reception of the Test DMA 8 
Microsecond Timer command word will be inhibited. 
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PCI FORMAT 

“READ MIA TRANSMITTER STATUS 

COMMAND WORD 

6246556a 

  

  

FUNCTION OCTAL HEX DEVICE 
READ MIA TRANSMITTER 00400000000 04000000 c/M 
STATUS 

14 1d = TE T 
14 it | NOT USED | 
LOPOPOPOFOTTZOPOFOPOPOPOTO;O;O;oyo; Fe_tTttitttrtrtitiyt 
07 567 1617 31 

DATA_WORD 

BIT 

0 CHANNEL NO. 1 MIA TRANSMITTER 
1 CHANNEL NO. 2 MIA TRANSMITTER 

23 CHANNEL NO. 24 MIA TRANSMITTER 
24 NOT USED. BITS, IF SET, ARE INVALID. 

3t . é 

Transmitter disabled 0 
Transmitter enabled q 

The PCI results in transfer, via the data word, of the config- 
uration of the MIA enable register. 

Bits 25-27 are available for expansion if required. 
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6246556A 

PCI FORMAT . 

READ MIA RECEIVER STATUS 

  

  

FUNCTION : QcTAL HEX : DEVICE 

READ MIA RECEIVER STATUS 00401000000 04040000 c/a 

tt 1 ~ 1 l 
1 | ti I NOT USED | 
LOVOTOLOFOUTPONOLOLOLOFO1OIMO1OlOl fF Tt} dt tt tts v7 567 TOTT 31 

DATA _WORD_ 

BIT 

0 MIA CHANNEL NO. 1 RECEIVER 
1 2 

23 24 
25 NOT USED. BITS, IF SET, ARE INVALID. 

31 . 

0 "= 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. 
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6246556A 

PCI FORMAT 

READ DISCRETE OUTPUT STATUS 

  

  

COMMAND WORD 

FUNCTION OCTAL HEX DEVICE 
READ DISCRETE GUTPUT 00402000000 04080000 C/M 
STATUS 

TT I 1 ( 
{if {1 { NOT USED { 
LOPOPOLOFOLTPOPOLOFO;OLOTIOLONOIO] (TH tt} tT tye trtrett yy 01 567 ° T617 31 

DATA WORD 

BIT 

0 DISCRETE OUTPUT NO. 1 

1 2 

31 32 

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

The PCI provides the capability to read the D.o. register. 
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READ 

COMMAND WORD 

6246556A 

PCI FORMAT 

PROCESSOR HALT STATUS 

  

  

EUNCTION QCTAL HEX DEVICE 

READ PROCESSOR HALT 00403000000 040C0000 c/u 
STATUS . 

TI | 1 T 
{| it { NOT USED | 
LOPOLOLOTOLTPOLOLOLOLOLOITIT1O1O101 T tt tbtte tt bt 
01 5 7 1617 31 

DATA _WORD_ 

BIT 

0 MSC 

1 BCE No. 1 

2 BCE No. 2 

24 BCE No. 24 
25 SELF TEST PROCESSOR 

26 NOT PRESENTLY USED. BITS, IF SET, ARE INVALID. 

31 Sy 

0 = Processor (MSC or BCE) Disabled 
1 = Processor Enabled 

The PCI provides access to Status Register 5 (The Halt 
Register). The data indicates the status (enabled or disabled) of 
gach BCE (25) and the MSC. 
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6246556A 

  

  

PCI FORMAT ~ ~ 

READ INTERRUPT REGISTER A 

COMMAND WORD 

FUNCTION OCTAL HEX DEVICE 

READ INTERRUPT 01000000000 08000000 =——saRM 
REGISTER A 

TT TI 1 3 T 
lt {1 ( NOT USED { 
LOPOVOPOLTPOLOPOOLOLO1OFO1O101O1O1 Ft tT ditt tttttiti 
01 567 T617 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 ~ 
is transferred for this PCI command. — 

0 = No interrupt 
1 = Interrupt 

BIT 

0 3 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 

& parity error has occurred during ‘transfer from IOP 
Read Only Storage (ROS). - 

34



6246556A 

IOP FAULT 

The bit is set when the IOP oscillator is stopped. 

SPARE 

UNDEFINED NOT USED. 
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6246556a 

PCI FORMAT = 

READ INTERRUPT REGISTER B 

COMMAND WORD 

  

  

FUNCTION , OCTAL | HEX DEVICE 

READ INTERRUPT 01001000000 08040000 © RM 
REGISTER B 

't tl { 1 
(ft tt I NOT USED I 
LOPOLOTONTOPOLOLOLOLOLOFOIT/OV010! Tt ttt dt tst ttt 
07 567° 1617 31 

DATA WORD 
  

The interrupt register read by this PCI contains 6 bits. 
Therefore, 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 reset to zero. 

0 = No Interrupt 

4 = Interrupt present 

BIT 

o- PCL/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 

B. Command Word for a PCO transfer 

Ci Data Word with a PCO transfer 

1 DMA INSTRUCTION PARITY ERROR 

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

2 DMA DATA PARITY ERROR 

The IOP parity checks has detected an error during DATA 
word transfer of a DMA operation. 
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6246556A 

tee j 3 NOT USED. HELD AT A ZERO (0) STATE. 

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

5 DMA 8 MICROSECOND TIMEOUT - The Overflow circuitry has 
detected an attempt to hold more than 64 DMA requests 
in the Queue. 

6 NOT USED. UNDEFINED. 
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6246556A 

PCI PCO FORMAT 

READ INTERRUPT REGISTER C 

  

  

FUNCTION OCTAL _ BEX DEVICE 

READ INTERRUPT 01002000000 08080000 ‘ RM 
REGISTER C 

Trt. 4 1 ~~ i 
1 ti I NOT USED I 
LOPOPOLOLTLOPO{O;OPOLOLONMOLO1O1OV FAP Ptt tii tisii 

O77 567 1617 31 

The bits indicate which of the MSC generated interrupts are 
present. The PCI transfer causes the bits in Register C to be reset. 

0 = No interrupt 
4 = interrupt 

BIT 

0 MSC PROGRAM INTERRUPT 1 

1 o 

1 ‘ 12 
12 NOT USED (ZEROS) UNAVAILABLE. 

31 . 
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PCI FORMAT 

READ INTERRUPT REGISTER D 

COMMAND WORD 

  

  

FUNCTION OCTAL HEX DEVICE 

READ INTERRUPT 01003000060 080c0000 RM 

REGISTER D 

TI 1 | { 1 
14 1 | \ NOT USED | 
LOLOLOFOL TOF OFOLOFOLO1OITI 1 O1O1I0! dF FL TET ttt ttt 
07 56 7 1617 31 

DATA WORD 

This PCI reads a four-bit register 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. 
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6246556A 

PCI FORMAT : . 

READ INTERRUPT REGISTER E 

  

  

FUNCTION OCTAL HEX DEVICE 

READ INTERRUPT 01004000000 08100000 ‘ RM 

REGISTER E 

t 1 TT 1 i 
ti tl | NOT USED | 
LOLOLOLOLTIOLOLOLOLOLO1TIOVOLO;O10| FL tittittrttrttrits 

0 1 567 1617 37 

DATA WORD 

This is the read out of a four-bit register presently designa- 
The PCI transfer resets the register E bits. 

BIt 

0 SPARE 
1 SPARE 
2 SPARE 
3 SPARE 
4 NOT USED. UNDEFINED 

31 - . 

40



S
E
A
 

Ay
si
aA
lu
N 

pu
e 

SU
dH
Da
!I
O9
 

|e
l9
Nd
g 

‘s
au
eI
gr
 
AU
sI
EA
IU
 
JE
TS
 
EU
YO
IN
 

sj
ua
ui
ns
0q
 
W
S
N
 

40 
Uo
HO
a|
OD
 
Oy
Ae
WO
] 

“Fy
 
se
we
r 

uq
 

Ct 
xo

g 
80
-2
8 

SW
 

b
h
 

dd
 

6246556A 

PCI FORMAT . 

READ RM STATUS REGISTER 

  

  

FUNCTION OCTAL HEX DEVICE 
READ RM STATUS REGISTER 01005000000 08140000. RM 

TI it 1 I 
1 | 4 I NOT USED 1 
LOLOFOLOLTIOFOPOFOFO;OLTOITOLOVOH Vt tt titi tir rtiss 
“O07 567 1617 31 

DATA WORD 

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

BrT 

0 FAIL OR TIMEOUT LATCH 

0 = NO FAILURE, NORMAL OPERATION 

1 = FAILURE INDICATOR IS SET. 

4 Indicates that RM has detected a failure and 
set the failure latch 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. 4 

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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10 

11 

12 

13 

14 

15 

62465564 

FAILURE VOTE 2 INPUT 

FAILURE VOTE 3 INPUT 

FAILURE VOTE 4 INPUT 

0 = NO FAILURE 

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 = NO FAILURE 

1 = FAILURE VOTE 

These bits represent the output (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 INPUT 

TEST FAILURE VOTE 2 INPUT 

TEST FAILURE VOTE 3 INPUT 

TEST FAILURE VOTE 4 INPUT 

0 = NO FAILURE 

“4 = 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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1 6 

17 

18 

19 

20 
21 
22 

71 

6246556A 

0 NO FAILURE 

FAILURE INDICATED 

This bit represents the latched output of the RM 
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 condition. If in normal operation, the bit 
would trigger the Computer Fail Latch. In test mode, 
the signal is inhibited prior to the Computer Fail 
Driver. 

VOTER TERMINATION CONTROL LATCH 

TIMER TERMINATION 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, 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 
(which is not 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



Se
nl
yo
uy
 
Au
sI
aA
IU
N 

Pu
e 

SU
ON
DA
II
OD
 
Je
IN
ed
g 

‘s
su
eI
q]
 
AI
SI
OA
IU
N 

AY
ES
 
EL
YO
IN
Y 

SJ
US
UN
DO
G 

WS
YN
 

JO
 
UO
RD
E!
]O
9 

oy
fe
wo
| 

“3 
se
we
r 

iq
 

tC 
xo
g 

30
-2
8 

SI
N 

b
k
 

4d
 

23 
24 
25 
26 
27 
28 
29 
30 
31 

(GO/NO-GO) Timer. 
Bits 20-31 represent 

The data is available in normal 
and during self testing. 

=
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(LSB) = 0.768 msec 
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6246556A 

PCI FORMATS 

READ DISCRETE INPUT A 

COMMAND WORD 

  

  

EUNCTION OCTAL HEX : DEVICE 

READ DISCRETE INPUT A 

(1-32) 01006000000 08180000 DF 

TT tT 1 T 
1 I I NOT USED | 
LOFOLOLOLT{OLOLOVOFOFOITOLO1OIO] PV PETTY tet tt tata 

0 7 567 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 Mt 

1 = D.eI. 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 listéd with each DI. The T represents 
the true input pin and C indicates the complement inputs. 

BIT 

*0 HALT (DI-1) T g5-1 

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. 

*41 STANDBY (DI-2) T 35-3 
. c J5-4 

45



6246556A 

This bit is set from a crew panel switch. “ 
The IOP response TBD. 

RUN (DI-3) T g5-5 
. Cc 35-6 

The bit is set from a crew panel switch. 
The IOP response is TBD. 

IPL (DI-4) T  J5-7 
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 
c J5-9 

The discrete is driven from the Orbiter systems network 
and when set indicates that MM1 is to be used as source 
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*6 

*7 

10 

11 

for IPL. 

MM2 IPL (DI-6) T 35-10 
Cc 5-11 

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

MM1 READY (DI-7) f J5-12 
c J5=43 

This signal originates in Wo. 1 Mass Memory Unit and indicates 
when set, that No. 1 MMU is available for use. 

MM2 READY (DI-8) T 35-15 
c 35-16 

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

(DI-9) T 35-17 
c 35-18 

(DI-10) T 35-19 
: Cc 35-20 

{DI-11) r 35-21 
Cc 35-22 

(DI-12) T 35-23 
c 35-24 
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#12 

*13 

14 

15 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

6246556A 

INHIBIT CHANS. 10-13 (DI-13) T 35-25 . 
¢ 35-26 

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

INHIBIT CHANS. 14-17 and 20-23 (DI-14) fT 35-27 
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 35-30 

(DI-16) 1 33-66 
c 53-77 

(DI-17) T 33-89 
Cc 33-88 

(DI-18) 7 33-69 
€ 33-70 

(DI-19) T 53-79 
c J3-78 

(DI-20) T 33-81 
Cc 33-93 

(DI-21) T 33-80 
a c 33-91 

(DI-22) z J3-92 
¢c 33-104 

(DI-23) > T 93-114 
Cc 33-103 

33-90 
33-102 

(DI-24) 

a
n
 

J3=113 
33-121 

(DI-25) 

33-128 
J3-112 a

w
 

A
n
 

(DI-26) 

33-111 (DI-27) 
33-101 a

s
 

47



6246556A 

33-120 
33-127 

Tt 
c 

(DI-28) 27 

33-126 
33-119 

T 
Cc 

(DI-29) 28 

33-99 
33-109 

T 
c 

(DI-39) 29 

ir 33-118 
c 

(DI-31) 30 
33-125 

33-124 
53-117 

T 
c 

(DI-32) 31 
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6246556A 

PCI FORMAT . 

READ DISCRETE INPUTS (33-40) 

COMMAND WORD 

  

  

FUNCTION OCTAL HEX DEVICE 

READ DISCRETE INPUTS 01007000000 081C0000 RM 

(33-40) 

TT it 1 1 
{of tol ! NOT USED { 

LOLOPFOPOLTPOPOLOLOLO;OLTITITIO1O1Ol Pd ttt tte ttt ttt 
O14 56 7 T61F 37 

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) tr 33-74 
c 33-75 

1 (DI-34) Tt 33-116 

. , a 33-123 
2 (DI-35) T 33-122 

Cc 53-107. 
3 (DI-36) T 33-96 

c 33-97 
4 (DI-37) = 33-106 

c 33-115 
5 5 (DI-38) ¥ 33-85 

c 33-84 

6 (DI-39) T 33-95 
c 33-105 

7 (DI-40) T 33-94 
c 33-83 

NOT USED. UNDEFINED 

31 a 
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6246556A 

PCI FORMAT : . ~ 

READ STATUS 1° (GO/NO-GO)° 

  

  

EUNCTION OCTAL HEX DEVICE 

READ STATUS1(GO/NO-GO) 02000000000 10000000 © DF 

1d It ! I 
4 tf foes NOT USED | 

LOVOPOUTPOLOLOLOLOLOLOJOFOLO;O1O1O) FH Tt tTtttttttititi 
07 567 Tol? 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 
i 

BIT 
0 MSC 

1 BCE NO. 1 

2 BCE NO. 2 

24. 24 

25 SELF TEST PROCESSOR 

26 NOT USED. UNDEFINED 

31 « 
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2 PCI FORMAT 

READ STATUS 4 (BUSY/WAIT) 

COMMAND WORD 

6246556A 

  

  

FUNCTION OCTAL HEX DEVICE 

READ STATUS4 (BUSY/WAIT) 02001000000 10040000 DF 

1 1 | 1 1 
1 | {4 I, NOT USED | 

LOTOPOLTIOLOLOFOLOLOOVOFOTTO1OVOl PEt trtrit rit tiit id 
017 567 T1617 31 

DATA WORD 

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

0 = WAIT 

1 = BUSY 

BIT 

0 MSC 
1 BCE NO. 1 

240 24 
25 SELF TEST PROCESSOR 

26 NOT USED. UNDEFINED 

31 . 
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6246556A 

PCI’ FORMAT , % 

READ LOCAL STORE 

COMMAND WORD 

  

  

EUNCTION OCTAL HEX DEVICE 

READ LOCAL STORE LS 

701 { | VARIES SEE BELOW | oP 1 
LUOUTpOpOUOyt, | ttt ttetrtrtettttiti tit tittit 
07 567 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 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. 

Bits _7 through 11 

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

BITS 7 8 10 11 y
o
 

0 0 0 0 0 MSC REGION 

0 0 0 0 1 BCE NO. 1 REGION 

0 0 0 1 0 BCE NO. 2 REGION 
\ 

BCE NO. 24 REGION = = G
e
e
 

° ° 

SELF TEST PROCESSOR 

52
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6246556A 

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__ 43. 

0 0 BANK A 

0 1 BANK B 

1 0 BANK C 

  Bits 14,15_and_16 

This 3-bit field is used to identify which word in a Bank is 
read. The resolution 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. 

BrITs_____ a4 5 6 

0 0 0 LOCATION 0 

0 0 1 LOCATION 1 

1 1 1 LOCATION 7 
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6246556A 

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 

WORD_BIT WORD BIT 

0 UNDEFINED 
1 fing 

13 . 
14 0 MSB 
15 1 

31 17 LSB 
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1.0 MASTER SEQUENCE CONTROLLER 

The Master Sequence Controller (MSC) is a micro programmed 
computer specifically tailored for I/0 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 implemented 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 ar Single Accumulator I/O Management Computer 
CONTROL STRUCTURE - Microprogramned 
PROGRAMMABLE 

REGISTERS - 

32 Bit ACCUMULATOR (ACC) 
18 Bit INDEX REGISTER (X) 
18 Bit PROGRAM COUNTER (PC) 

PROGRAM 18 Bit STATUS REGISTER 
VISIBLE 25 Bit PROGRAM EXCEPTION REGISTER 
REGISTERS 25 Bit BUSY/WAIT REGISTER 

24 Bit BCE-MSC INDICATORS 
5 Bit FAIL DISCRETES . 

12 Bit IOP PROGRAMMABLE INTERRUPT REGISTER 
18 Bit EXTERNAL CALL REGISTER 

INSTRUCTION 
FORMATS - 16 Bit SHORT/32 Bit LONG 

INSTRUCTION - 47 SHORT FORMAT/10 LONG FORMAT 
REPERTOIRE (NOT COUNTING ADDRESSING MODES) | 

ADDRESSING 131,072 32 Bit FULL WORDS/26 2, 144 16 Bit HALFWORDS 
SPACE 

ADDRESSING IMMEDIATE, 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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“el ADDRESSING, DATA AND INSTRUCTION FORMATS 
The MSC may directly address up to 262,144 16-bit ~halfwords 

or 131,072 32-bit fullwords. To achieve this, all main 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) the 
halfword portion of the addressed fullword. AO 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: 

Field Field Description 

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 immediate 
data or as a PC relative address displacement. 

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

Field Field Description 

OP This 4-bit field defines the basic operation 
class to be performed by the MSC 

Z This bit serves either as an opcode extension 
or as an index mode specification in address 
generation 

OPX This field is an extension of OP 

DISP This field serves as either immediate data or 
as a PC relative address displacement.
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Format 3 is used for all long 32-bit instructions, and has 
the following fields: 

OP / This 3-bit field defines the basic operation 
to be performed by the MSC 

DISP1 This 5-bit field defines such things as BCE 
numbers, short displacements, etc. 

| DISP2 This 18-bit field is used in conjunction with 
{ I and M to generate both 18 bit main memory 

addresses and immediate data. 

I,M These two bits define the way that DISP2 is to 
be used in formation of values used 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 located on 
even fullword boundaries. A long format instruction beginning on an 
oda halfword boundary will result in a “Boundary Alignment" error 
termination. 
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TABLE 1.2 

MSC LONG FORMAT MODES 

L te Effective Value Mode 

0 0 DISP2* IMMEDIATE 
1 0 X+#DISP2* INDEXED, IMMEDIATE 
0 1 (DISP 2) DIRECT 
1 1 (X#DISP 2) INDEXED, DIRECT 

Parenthesis used around a quantity indicate that it is to be 
treated as an 18-bit main memory fullword address (least- 
significant bit ignoced) 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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1.62 . MSC _ REGISTERS . S 

1.2.1 MSC PROGRAMMABLE REGISTER 

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

acc - A 32-bit accumulator 

D4 * 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, 
modify, test and store this register. The ACC is also used to 
contain bit masks for status and polling applications. 

Data representation of numbers held by the ACC is a _ signed, 
+wo'ts 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 number, it is formatted as in Figure 
1.4, 

The Program Counter is an 18-bit register that indicates the 
main memory halfword or fullword location 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 IOP Program 
Exception Register A 0 indicates that the MSC has encountered 
some problem in the execution of an MSC program. A 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 contains copies of the MSC Busy/Wait bit and the MSC 
Program Exception bit. Tf the latter 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 exception or as part of MSC execution of an 
@REC instruction, and may be read by the MSC with a OLMS 
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 OREC instruction. 

Execution 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 adhered to: 

1) 

2) 

3) 

While the MSC is busy do not attempt to alter the STAT1 or 
STAT4 Registers by using PCO commands. 2 

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

Be aware that when the MSC returns from an external call 
(@REC) the MSC Status Register is loaded.
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1 T 
(Ss INTEGER | 

(Lith feb bk Pd be Pb eb ttt Lad 

s = Sign 

Figure 1.3. Number Representation in MSC Accumulator 

  

: | 
IS] INTEGER | 

Dich tattle dat bade la tlt 

S = Sign 

Figure 1.4. Number Representation in MSC Index Register. 
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TABLE 1.3 

MSC STATUS REGISTER 

  

  

t ist i 1 t 1 | 1 | 
{ RESERVED [TI {| SIO| LBP{ LBB | ALIGN | ILL } ERR | BUSY/7 {| 

L LEL__J_ERR| ERR] ERP | J.OP__I 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. 
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. 

Bit 15* Illegal opcodes. If set, this bit indicates that an 
illegal opcode was encountered at some point in the past. 

Bit 14* Boundary alignment error. If set, this bit indicates 
that a long format instruction was encountered at an odd 
halfword boundary. 

Bit 13 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. 

Bit 12 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. 

Bit 11 SIO error. A previous execution of an @SIO instruction 
tried to set at least one BCE to busy that was already 
busy. 

Bit 10,9 Reserved. 

Bit 8 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 
@LMS is executed is if this error condition was detected 

11
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OTHER MSC VISIBLE REGISTERS 

In addition to the register described above, fthere are 
other IOP registers that are accessible by an MSC progran. 

These registers include the: 
several 
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Busy/Wait and Fail discrete registers may be both read and_ set. 
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. . 

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 Register - a 24-bit register containing one 
bit per BCE. BCE(i) may set or reset bit (i) under BCE 
program control (See #SIB, #RIB). Various BCE errors 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 IOP 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 meaning 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 
the CPU to point to a program that it wishes the MSC to 
execute. The MSC resets the register to zero when it has 
started the program. The Sample For External Call (@SEC) 
instruction and section 4.0 should be referenced for 
additional detail. 

The Program Exception register may only be read. The 
The 

13
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1.3. MSC_IMPLEMENTATION “ 
The MSC as implemented within the IOP consists of: 

° 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. 

° Bit 0 of the IOP Busy/Wait Register. 

° Bit 0 of the IOP Program Exception Register. 

° Bit 0 of the Halt Register 

° 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 performed 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 MSC micro- 
instruction, etc. MSC micro-instructions normally occur at 2 
microsecond intervals with the exception of every eighth MSC micro- 
instruction which occurs 2.5 microseconds after the preceding 
instruction. fhe only MSC-related operation carried on during non-MSC 
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 labelled 
contenets are assumed to be properly maintained. 

The PCI/O 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 MSC 
behavior. 

14
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BANKA BANKB BANKC WORD 

0 

1 

PC ; IH IL 2 

xX AH AL 3 

4 

5 

ECR 6 

$f 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 (right justified as for AH) 
External Call Register . 
Bits 0-17 of MSC Status Register (Right justified) 

Figure 1.5. MSC Local Store Useage 
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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 the 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 then. 

Typical state transitions are as follows: 

q) 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. 

4) In the Busy state, the MSC is executing a program located in 
main memory. It exits the Busy state only upon execution of 
a Wait instruction, detection of an invalid instruction, or 
some MSC reset signal. In all but the latter case, the MSC 
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 addition, the MSC Program 
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. 

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

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

2) Upon the detection of very 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 IOP 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 doing. 
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: TABLE 2.1 

MSC STATES 

STATE ENTERED FRON STATE/WHEN ACTION TAKEN IN STATE 

HALT ANY STATE - MASTER RESET HARDWARE FORCED 
MICRO BRANCH TO DO 

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 FOR TRANSITION TO BUSE 

BUSY - EXECUTION OF 
. “YAIT" INSTR 
ch - ILLEGAL OPCODE 

- BOUNDARY ALIGN- 
MENT ERROR 

BUSY WAIT - PCO SETS BUSY/ | EXECUTE MSC PROGRAM 
= WAIT BIT SET PROGRAM EXCEPTION 
a , BIT AND STATUS WORD 

‘ UPON DETECTION OF 
oo ANY PROBLEM 
ze 

oO 
co 

wo 
oO 
x< 

w 

TL 
an 
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. The 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) Settimg of the Fail Latch for this GPC by either - the 
Redundancy Management voting logic or IOP datectsd serious 
errors such as ROM parity error or timing failure. 

4) A "Master Reset" PCO from the CPU. 

5) A "Halt Processor" PCO from the CPU with a 1 in bit position 
0. 

The first four signal classes 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 to 
indicate that no errors exist. The MSC also clears the External Call 
register at this time. ‘ 

2.2 WAIT STATE 

In the Wait state, the MSC is prepared to be told to perform 
an MSC program. This Wait loop is implemented 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 
occur: 

20 
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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 an 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, however, the MSC continues execution of the program. 

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 a1 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 (@WAT), 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 progran. 

2.3 BUSY STATE 

In the Busy state, the MSC is in the process of executing a 
program out of main store. A value of 1 in the 0 bit of the IOP 
Busy/Wait Register indicates this condition. 
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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 to fetch 
the first instruction from memory and start executing it. The MSC 
continues executing instructions until either a Wait instruction 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 
be unpredictable, 
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2.4 ERROR MODES 

During execution of an MSC program, the MSC may encotinter one 
or more errors. These errors may be due to either faulty programming 
or actual hardware faults. Many can be detected by the IoP 
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. 
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IOP ERRORS AFFECTING MSC OPERATION 

ERROR 

Illegal MSC 
Instruction 
Opcode 

32 BIT MSC 

Instruction 
Starting on 
Odd Boundary 

Attempt to 
Start Busy BCE, 

or @SIO with 
‘ACC[ 0 J=1. 

Attempt to 

Load PC of 
Busy BCE, 

or @OLBP 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 

80
-4
8 

SW
 

DMA 

Parity Error on 
Data Read, 
DMA timeout, 
Queue Overflow. 

€ 
bp
 

xo
g 

IOP Faults 
IOP Microstore 
Parity Error,Clock 
Failure, Terminal 
Control plus watch- 

b
h
 

dd
 

Microcode 

Microcode 

Microcode 

Microcode 

Microcode. 

DMA Channel 

DMA Channel 

IOoP 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, 
16. Continue Instruction. 

Make up all 0's instruc- 
tion and give to MSC. 
MSC will terminate with 
"Tllegal 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. 

Sélf Test detected 
MSC fault 

Self-Test generated 
parity error. 

NOTES The MSC Program 
ZeTO. 

MSC Self-Test 
Instruction 

IOP 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 
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3.0 . 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: 

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

° The assembler abbreviation appears in the upper right hand 
corner. 

° The format of the instruction, including binary opcode 
assignments and field designations. 

° 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. 

° 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 

361 ACCUMULATOR/MEMORY INSTRUCTIONS 

3.2 BRANCHING INSTRUCTIONS 

363 CONDITIONAL SKIP INSTRUCTIONS 

3.4 BCE REGISTER LOAD INSTRUCTIONS 

8—5 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 be 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? 

| | I 
| {TI DISPLACEMENT | 
fOPNOLOt ttt tJ dt ttt -ll 

i Effective Address ("EA") INSTR Format 

0 PC + Displacement @L ADDRESS 
1 PC + Displacement + X OL 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) X is the index register. 

DESCRIPTION 

The fullword operand addressed by EA is loaded into the 
accumulator, The program counter is incremented by’ one. 

28



S
O
N
Y
 

As
ta
Al
uN
 

PU
B 

SU
ON
DA
II
OD
 

|e
l9
sd
g 

‘s
su
EI
g!
] 

AU
SI
OA
IU
 

aT
eI
S 

eL
YO
IN
 

ADD TO ACCUMULATOR 

  

  

Kel : 

FORMAT: 

1 tt 1 
| IT] DISPLACEMENT | 

~ LOVTOL TT fit id dt pi dt 
0 345 15 

I Effective Address_ ("EA") 

0 PC + Displacement 
1 PC + Displacement + X 

NOTE: 

6246556 4, 

OR 

INSTR _Format_ 

OA ADDRESS 

dA ADDRESS (1) 

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) X is the index register. 

TY DESCRIPTION 
wt 

The fullword operand addressed: by EA is added to the 
accumulator. The program counter is incremented by one. 

Sez 
5 o , 5 
3 
& Qo 
mA 

1 

a9 
3 0 

= 
8 
2 W 
26 
gx 
2, 
i 

zt 
SV 
Go 
3° 
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AND TO ACCUMULATOR 
. ON 

FORMAT? 

  

  O
b
h
-
=
1
 

OLI1140 Litt ft bog tg 

I Effective Address ("EA") ENSTR Format 
0 PC + Displacement @N ADDRESS 1 PC + Displacement + x aN ADDRESS (1) 

NOTES 

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) X is the index register, 

DESCRIPTION 

The fullword operand addressed by EA is logically anded to the accumulator. \The program counter is incremented by one. 
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EXCLUSIVE OR . ax 

FORMAT: 

a Oe a | 
| (If DISPLACEMENT | 

LOLTLITI Ved dt de 
0 345 15 

z Effective Address ("EA") INSTR_Format 

0 PC + Displacement aX ADDRESS 
1 PC + Displacement + X ax 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) X is the index register. 

DESCRIPTION . 

The fullword operand addressed by ZA is Exclusive Or'ed with 
the accumulator. The program counter is incremented by one. 
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STORE ACCUMULATOR ost 

FORMAT: 

! (t { 
{ (TI DISPLACEMENT | 

LAVOVOVOt top ig tt bd tt 
Q 3.45 15 

i Effective Address (NEAN INSTR Format 

0 PC + Displacement ast ADDRESS 

1 bC + Displacement + X , ast ADDRESS (1) 

NOTH: 

t) 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) X is the index register. 

DESCRIPTION 

A copy of the contents of the accumulator is stored in the 
fullword specified by EA. The accumulator is unchanged. The program 
counter is incremented by 1. 
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LOAD ACC WITH FULLWORD ° 
OLE 

FORMATS 
= 

T I | ttt 
{ 

| {Tl | TIO] ADDRESS 
i 

PUPTEALAL LTLOPOLOLOpO;OOL | ti it LELeLeitittrtits 

0 345 789 T213 14 
31 

I EFFECTIVE ADDRESS (EA) INSTR Format 

0 Address 
@LF ADDRESS 

1 AddresstX aLF ADDRESS (1) 

DESCRIPTION 

This instruction loads the MSC Accumulator with a  fullword 

from the memory location whose address is defined above. Ina 

fullword load (T=0), the least-significant bit of the effective 

address is ignored. 
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halfword address. The addressed 

LOAD ACC WITH HALFWORD ~ OLH 

FORMAT: 

1 tt 1 itt 1 
{ {If i {TL Of ADDRESS . { 
LULTLTL TE PUOPOPOPOPOFOIT, | Lt tettrtrtrtes ttt 

0 345 ae) 1213 14 . 31 

I EFFECTIVE ADDRESS_ (EA) INSTR Format 
0 Address @LH ADDRESS 

41 Address+X OLH ADDRESS (1) 

DESCRIPTION 

This instruction loads the MSC Accumulator with a halfword 
from the memory location whose address is defined above. Ina 
halfword load (T=1), the effective address is used as a complete 

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 STF 

FORMATS 

1 rt 1 TTT 1 
| {Tt { {TIO} ADDRESS { 
LULULTE TL 1UOLTOPOPOVONOL | PP rtetretttrtititils 

9 3.45 789 1213 14 31 

I EFFECTIVE VALUE E.V. INSTR Format 
0 Address @STF ADDRESS 
1 AddresstX . OSTF 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 least-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 .  @STH 

PORMAT: 

1 tt 1 (tt 7 
| {II I {T{O] ADDRESS I 
LULTEAL TL CTL OLTO;OPOLOT ty | | tt ttt tt et 

0 345 789 T2713 14 31 

I INSTR Format 

0 Address @STH ADDRESS 
1 Address+tX asTH 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 bits 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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362 BRANCHING INSTRUCTIONS 
MSC instructions are normally executed in sequentiaI order. 

A branch instruction allows a+ departure from this sequential 
operation. The branches included in the MSC instruction set provide 
neckhanisms for conditional. branches, unconditional branches and 
subroutine calls, and returns from external calls (See Appendix A). 

The conditional branches are short format instructions of the 
Figure 1.2(b). This format provides an 8-bit signed form of 

added to the Pc if the specified condition is displacement that 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 loaded into the MSC PC when the 
instruction is executed. AS options, these addresses may be indexed 
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 executed, and may point to either an even or odd 
halfword boundary. 
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BRANCH. ON ACCUMULATOR . . @BC 

FORMAT? 

| {COND.{ DISPLACEMENT | 

| {| CODE| sl 1 ~ 

LOLONTIOLOL fF Et ptt tt 
0 345 738 15 

@BC CONDITION, ADDRESS 

DESCRIPTION 

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 displacement 
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: 

s Bit5 — - Register = 0 
Bit 6 - Register <0 
Bit 7 - Register > 0 

. The following table summarizes all 8 combinations and the 
resulting tests. ~ ‘ 

COND, CODE TEST EXTENDED _MNEMONIC 

0-000 FALSE - DO NOT BRANCH  <----------------- 
1-001 acc > 0 aBP 
-2-010 acc < 0 aBN 
3-011 acc # 0 OBNZ 
w- 100 Acc =.0 aBZ 
5-101 acc 2.0 @BNN 
6-110 acc $0 BNP 
7-111 TRUE - ALWAYS BRANCH aB 
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BRANCH ON INDEX @BXC 

FORMAT: 

1 ICOND.| DISPLACEMENT 
1 {CODE | | 

LOLOL TIONTI Sp dd bd tt 
0 345 78 15 

@BXC CONDITION, ADDRESS 

DESCRIPTION 

This instruction selects the Index Register (sign extended 
to 32 bits) to be tested. If any of the three conditions specified by 
+he condition code field are true in regard to the index register, the 
8-bit two's complement signed displacement is added to the updated MSC 
program counter. The displacement has a range from -128 to a +127 
halfword locations. Branches may be Made to even or odd halfword 
locations. . 

The three bits of the condition codes field specify the 
Following tests: 

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

- The following table summarizes all 8 combinations and the 
resulting tests. ' 

COND. CODE TEST EXTENDED_MNEWONTC 

0 - 000 FALSE - DO NOT BRANCH 
1 - 001 x>0 DBXP 
2 - 010 x <0 OBXN 
3 - 011 x #0 OBXNZ 
4 = 100 X = 0. aBXZ 
5 - 101 x20 aBXNN 
6 - 110 x <0 DBXNE 
7-111 TRUE - ALWAYS BRANCH 
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BRANCH UNCONDITIONAL aBU 

FORMAT: 

1 11 1 11 ~ i 
{ iT! i MI ADDRESS \ 
LUTT1T At 1OV0F0; Patt ttt ttt tt ttt ttt tt 
0 345 78 T21314 31 

I 4 EFFECTIVE VALUE E.V. INSTR Format 
0 0 Address BU ADDRESS 
0 1 (Address) aBUd ADDRESS 
1 0 Address + Xx aBU ADDRESS (1) 
1 1 (Address + X) @BUa  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 tI i tt eg I 
| {I} { DELTA al ADDRESS | 
LULU FOOT PE tT ET TEE ETE ELT TEE Et 
0 3.45 78 121314 31 

I M EEFECTIVE VALUE _S.V. INSTR Format 

0 0 Address @CALL DELTA,ADDRESS 

0 1 (Address) @CALL@® DELTA,ADDRESS 

1 0 Address + X @CALL DELTA,ADDRESS (1) 

4 1 (Address + X) QCALL@ DELTA, ADDRESS (1) 

DESCRIPTION 

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

PROGRAMMING NOTE 

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

e 

@CALL 4,SUB 
+ ARGUMENT 

: FIRST INSTRUCTION AFTER RETURN 

SUB +0 USED FOR RETURN ADDRESS 

SUBROUTINE BODY 

3BUO SUB SUBROUTINE RETURN 

The effective value used in the subroutine call may be either 
even or odd. With an odd address, the least-significant bit is 
ignored when the return address is stored, but is considered when the 
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branch. is taken. Thus a OCALL 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 memory, 
the affected memory location must not be storage protected. 
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. RETURN FROM EXTERNAL CALL . aRE 

FORMAT 

i heals Se eee 
| {II DISPLACEMENT | 

LAVOUTIOL St dd od 
0 3.45 15 

I Effective Address ("EA") 2 ~ INSTR Format 

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

NOTE: 

1) Fc is updated PC, i.e. address of instruction following @REC. 
2) FA is treated as a fullword address. 

DESCRIPTION 

This instruction loads the MSC Status Fegister, Accumulator, 
Index Register, and Program Counter from 4 consecutive fullwords 

at the memory location specified by EA. These registers are starting 
loaded as follows: 

—Fullword Location : Register 

E.A. bits 14 to 31 MSC Status Register 
B.A. + 2, bits 0 to 31 MSC Accumulator 
E.A. + 4, bits 14 te 31 MSC Index Register 
E.A. +.6, bits 14 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 MSC 

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&E.A. 

Tf bit 30 is 1, then the Program Exception Bit is set to 0 (error 

logged into Status Register); if bit 30 is 0, then the Program 

Exception 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 @SEC 

(Sample for External. Cail) instruction with a non-zero Local Store 

Register C6. The @SEC instruction should be seen for more detail on 

this use. 
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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 FA must be 1 -- 
the MSC is still busy. Likewise, if bit 30 is 0, then all error 
indication in bits 25 to 29 should be 0 also. If bit 30 is al, 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 . 

msc instructions are normally executed in sequential order, 

A conditional skip instruction allows this normal sequential operation 

to be slightly modified. On the basis of some condition specified by 

the instruction, one or more sequential instructions following the 

conditional skip may be ignored. Execution is resumed at the 

instruction immediately following the skipped instructions. 
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TALLY AND SKIP ZERO aTsz 

FORMAT: 

| (| I 
ITI DISPLACEMENT t \ 

LAULOLONT Fd dd dt td 
0 345 15 

I Effective Address ("EA") _ INSTR Format 

0 PC + Displacement aTszZ 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 EA is incremented by one and 
rewritten into memory at the same location (EA). If the incremented 
value is zero, the next instruction is skipped (program counter 
incremented by two). Otherwise, the 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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COMPARE act ,ac 

FORMAT: 

tT tt a T ~ ~~ | 
I Pa] | iM] ADDRESS | 
LTTE CUO ttt tt ttt ttt tt ttt tt 
0 3.45 78 121314 31 

z i EFFECTIVE VALUE E.V. INSTR Format _ 
9 8 Address* act VALUE 
9 j (Address) ac ADDRESS 
1 0 Address + X* @cI VALUE(1) 

1 i (Address + X) aC ADDRESS (1) 

* This 18-bit quantity is treated as a two's complement number, 
and the most-significant bit is sign extended 14 places to the left to 
fill 32 bits. 

DESCRIPTION 

The 32-bit effective value is arithmetically compared to thé 
accumulator, The present program counter is incremented by: 

+2 Tf ACC > E.V. 

+3 Tf acc < E.V. : 

+4 TE ACC = E.V. 
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TEST UNDER MASK ; aT 

  

  

FORMAT: 

T 11 { rt ! 
| (T{ | 1M ADDRESS l 

CULT ETT) i ft tet ttt ttt tt tet tt 
0 3.45 78 121314 31 

I # EFFECTIVE VALUE B.V. INSTR Format - 

0 0 Address* @TMI VALUE 
0 1 (Address) @TM ADDRESS 

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

41 1 (Address + X) @TM ADDRESS (1) 

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

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 instruction). The original accumulator contents 
are not’ changed by this instruction. 
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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 BCE (@SIO} 

is listed 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 be loaded, and an 18-bit absolute address to 

be loaded into the specified register. Options allow the number of 

the BCE to be loaded to come from either the instruction or the MSC 

Accumulator. Other options allow the 18-bit addresses to come 

directly from the instruction or from the lower 18-bits of a fullword 

from memory. Indexing may be specified to facilitate table lookups of 

these quantities. 
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LOAD BCE BASE REGISTER OLBB 

FORMAT: 

{ 1 I i tl ~ 4 
| (Ti | BCE # (M1 ADDRESS | 
LAGTI4i1t 10110; PEt ttt tttrirye ert iprepertr yy 

0 3.45 78 ~ 9213174 31 

z 4 EFFECTIVE VALUE _E.V. INSTR Format 
0 0 Address : ®LBB BCE,ADDRESS 
0 1 (Address) @LBB® BCE,ADDRESS 
1 0 Address + X @LBB BCE,ADDRESS (1) 
1 1 (Address + 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 in the Wait State, the effective 
value, computed according to the above table,. 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 bit is set 
to 0 (error), and nothing is done to the specified BCE processor. 

In both 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 @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 BCE PROGRAM COUNTER os @LBP 

FORMAT: 

t 11 i Pps) Cea eh) Geen een SRE Ee \ 
| {I {BCE NO. IMI ADDRESS | 

LAPUA TY Orme LE ttt ttt te ee TE EET ETI 
0 345 78 121374 z 31 

I 4 INSTR Format_ 

0 0 Address @LBP BCE,ADDRESS. 

0 41 (Address) @LBPO BCE,ADDRESS 

1 0 Address + X @LBP BCE,ADDRESS(1) 

1 4 (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. 

If 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 

the 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 O (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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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 
MSC 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 
OPxX field, as shown in Table 3.1. 
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TABLE 3.1 

LIST OF REGISTER OPERATIONS 

OPx OPERATION 
0 LAR Load MSC ACC with specified roPp 

register 

1 SFD Set Fail Discrete Register by ORing 
it with MSC accumulator bits 0,1,2,3 
and 4, 

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

3 LMS Load MSC ACC with MSC Status Word. 

4 SIo Start BCE's by Or'ing accumulator 
with busy/wait register (STAT4). A 
one in bit position i -of the Acc 
will place BCEi in busy state. 

5 XAX SWAP ACC AND X. The lower 18 bits 
of acC go into xX, and X is sign 
extended to fill ACC. 

6 SEC Sample for External Call. Check MSC 
\ Local Store register C6. If non- 

( . i zero, 'save MSC register and branch 
to specified progran. 

7 RBI Reset BCE indicator. Reset the 
specified BCE's indicator bit to 0.
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DESCRIPTION 

LOAD MSC ACC. WITH AN IOP STATUS REGISTER @LAR 

FORMAT: 

| | | ( 
oI ! | REG| 
LALTIALOLOLO;OFO} 4-4 {Jit 4 

0 345 #78 1213) (15 

This instruction allows the MSC ACC to be loaded, under 
program control, with 
determines which I0P 

a specified IOP register. The REG field 
register is involved. The following table 

summarizes the REG field assignments. 

to
g ES 

o
 

2 

3 

LOP_REGISTER 
  

Program Exception Indicators = STAT 1 

BCE-MSC Indicators 

FAIL DISCRETES 

BUSY/WAIT INDICATORS - STAT4 

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

zero filled. 
‘ioof the ACC. ACC bits with no corresponding IOP register bits are 

Fail Discrete register bits are\assigned as follows: 

Bit 0 = 
Bit 1-4 
Bit 5-8 = 
Bits 9-31 - 

MSC inhibit Fail Discrete outputs 
Input Fail Discretes 1-4 
Output Fail Discretes 1-4 
Zero 
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SET FAIL DISCRETES ~ QSFD 

FORMAT: 

  

t 1 | 
| \ | 
LALTLTLOLOLOLOL Td Ft db dt 

9 3.45 78 1213 15 

INSTR Format 

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, a1 in bit i 
of the Acc (i=1,2,3,4) will set the equivalent Fail Discrete bit. A 
0 will cause no change. . 

Setting bit 0 will inhibit 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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ORED_ RESET FAIL DISCRETES 

FORMATS 

  

| | | 
\ | \ 
LULTLALOLOLOV TO; Fy bt bp tt 

0 345 78 1213 15 

INSTR 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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LOAD ACC WITH MSC STATUS @aLMS 

FORMAT: 

| ! l 
\ ( | 
LALTLAPOLOVOLTI AL fb bt tt 

0 ah 5 7 8 1213 15 

INSTR Format 

DESCRIPTION 

This instruction allows the MSC ACC to be loaded under 

program control, with the MSC status word. The format of this status 

word as it is Loaded into the ACC is as follows: 

Bit 31 STAT4Y bit 0 - The Busy/Wait bit for the MSC... It will 

always be 1 when this instruction is executed. 

Bit 30 STAT1 bit 0 - The Program Exception bit for the MSC. 

This bit will be set to 1 only if the execution of some 

previous instructions resulted in an error of some kind. 

Bits 29 through 26 catalog the exact error. Note that 

a 1 in this bit corresponds to a0 in bit 0 of the 

Program Exception register. The converse is also true. 

Bit 29 Illegal opcode. If set, this bit indicates that an 

illegal opcode was encountered at some point in the 

i past. Note that the only way this bit could be set when 

an OLMS-is executed is if an illegal opcode was detected 

in the past, and the CPU restarted the MSC without 

clearing the status word first. 

Bit 28 Boundary alignment error. If set, this bit indicates 

that a long format instruction was encountered at an odd 

halfword boundary. 

Bit 27 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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Bit 26 LBP error. The BCE that was specified by a previous a 
@LBP was busy at the time the instruction was executed, I 
and consequently its Program Counter was not loaded. 

Bit 25 SIO error. A previous execution of a’ @SIO instruction 
tried to set busy at least one BCE that was already 
busy. 

Bit 24,23 Reserved 

Bit 22 Self-Test Fault. The execution of a previous sc self 
test instruction detected a fault in the HSC. 

Bits 21-14 Reserved. 

Bits 13-0 Set to zero. 

PROGRAMMING NOTE 

The MSC Status Register may be set to any desired value as 
part of the execution of a Return From External Call (@REC) 
instruction. 
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START I/0 2 . 

FORMAT: 

| : | 

DESCRIPTION 

This instruction starts execution of BCE's by ORing the 
Accumulator with the Busy/Wait register (STAT4). A 1in 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 set. 

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

PROGRAMMING NOTE 

Bit 0, of STAT4 is the MSC Busy/Wait bit, and is set to 1 
whenever the HSC is executing instructions. Consequently, execution 
of this instruction with a.1 in 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 @SIO0 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 include: 

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

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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EXCHANGE ACC AND x ~ OxES 

T 1 
| I: \ 
LULTITLOLONUIIU dod de tt 

364 5 78 1213 15 

DESCRIPTION 

This instruction allows a swap hetween ACC and X. The lower 

18-bits of the ACC go into X, and X is sign extended to fill the Acc. 
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SAMPLE FOR EXTERNAL CALL . as 

FORMATS? 

| l | 
| ( DELTA | 

LAULTLTUIOLOVTP ALON ft dod td 
0 4 5 78° 15 

INSTR Format 

@SEC 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 suspension 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 
call". : 

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 4 fullwords addressed by C6 the following quantities: 

*Fullword C6 -- MSC Status Register right justified and padded 
on left with 0's. . 

Fullword C6 +.2 -- MSC Accumulator 

Fullword C6 + 4 -- MSC Index Register right justified and padded 
on left with 0's. 
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*If C6 is odd, registers are stored on EVEN word boundaries (Low Order 

Address bit is ignored). 

Fullword C6 + 6 -- MSC Program’ Counter plus DELTA right justified 

and padded on left with 0's. (Pc is updated 

PC, i.¢. points to next instruction after 

@SEC.) 

These quantities 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 MSC 

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 C6 +.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 option of being informed 

when an external call is actually taken. A 0 DELTA will always return 

the 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. 

Once :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 
However, done by a single @RAW with a time out count of about 300. 

cPu. issued external calls would be ignored for the entire 10 msec. 

period. The segment shown here waits at most l msec. between @SEC's. 

It executes a ORAW for about 1 msec. and then branches to 300 where an 

@SEC permits the acceptance of a CPU-specified external call. If no 

external call is present, the @TSZ at 301 increments a counter 
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(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 non-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 time 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. @SEC. The 
program to execute the desired function starts at PGM + 8 and ends 
with the OREC 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 

290 LOOP: 
201 
202 

300 TIMECHECK: 
301 
302 
303 TIMFOUT: 

310 UPDATETIME: 
311 
312 

Program specified 

400 PGM: 
4o1 

INSTRUCTION 

aS EC 0 

aLI -10 
as couNT 

aRAW 30 
aBc 0, TIMECHECK 

Condition fulfilled 

aS EC UPDATETIME 

aTSZ COUNT 

@BC 0, LOOP 

Start of timeout: 
routine 

atszZ couNT 
aBc 0, TIMECHECK + 1 
@BC 0, TIMEOUT 

by External Call 

DS 4F 

"62465564 

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 one 
extra time. 

Allocate 4 fullwotds of 
storage for MSC Registers. 

Execute desired function 

OREC PGM 

Figure 3.1. 
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RESET BCE INDICATOR ORBIT 

T { 1 1 
| | BCE # l { 

LULUIALOLONT INTE FP pd 
9 345 78 1213 15 

INSTR Format 

DESCRIPTION 

This instruction resets the specified BCE's BCE/MSC indicator 
bit to zero. For BCE i, this is 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. e 

PROGRAMMING NOTE 

No check is made as to whether or not the specified BCE 
number is valid (i.e., between 1 and 24). If the specified BCE does 
not exist, this instruction is effectively a "no-operation"., 
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Many common programming sequences involve the use of small 
constants in operations involving the MSC 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 8-bit 
signed integer. All such instructions have the format shown in Figure 

“4.2(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 the instruction. Table 3.2 lists the OPX fields and 
their interpretation. 
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TABLE 3.2 

REGISTER IMMEDIATE 

OPX 

0 anix 

1 aT AX 

2 aTXxI 

3 aLXI 

4 aTXA 

5 arr 

6 @SAI 

7 aLI 

, Subtract 

6246556, 

INSTRUCTION 

OPERATION 

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

Tally Accumulator to xX. Store 
the sum of the Immediate and 
ACC into X. 

Tally X. Add Immediate to xX. 
If result is < 0, skip next 
instruction. 

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

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

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

ACC from Immediate. 
The Immediate constant minus 
the Accumulator is loaded into 
the Accumulator. 

Load Immediate. The Immediate 
constant is loaded into the 
Accumulator. 
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NORMALIZE AND INCREMENT x - ONIX 

FORMAT? 

  

| ( | 
| | IMMEDIATE * {| 

Litt ATL UOLOLOL Lt tt dt td =t 

& “two's complement number between -128 and +127.- Forms a 32-bit 

constant by sign extending bit 8. 

INSTR Format 

DESCRIPTION 

The NIX instruction shifts the ACC left until either the ACC 

sign bit (bit 0) is one, or the ACC. equals zero. Each 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. =f 

the ACC. reaches zero, the index register is cleared. The following 

figure flowcharts the operation of this instruction. 
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LEFT 1 
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NEXT 

INSTRUCTION 

& NIX Instruction Execution 
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PROGRAMMING NOTE 

6246556, 

A typical use of the NIX instruction would be to determine 

which BCE's have set their NoGo bit. 

this process: 

OLXM 
@LAR 
@SAI 

LOOP: ONIX 
@BC 

The following sequence performs 

Oo - INITIALIZE X TO ZERO 
0 LOAD ACC WITH GO/NOGO. BITS 
-1 INVERT SG THAT: 1=ERROR, 0=O0K 
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. 

OBU LOOP 
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TALLY ACC TO xX ~@TAX 

FORMAT: 

  

1 1 1 
| | IMMEDIATE * | 

AHALUOU CLOT A td dd dt tod 

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

INSTR Format 

@TAX IMM 

DESCRIPTION 

The Lower 18 bits of the sum of the ACC and the IMM field is 
stored in the Index Register (xX). An IMM value of 0 permits X to be 
loaded directly from the ACC. The ACC is unchanged. 
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TALLY Xx : . . @Txt 

FORMAT: 

  

1 { ° { 
| | IMMEDIATE * | 

LUTE TULOL TOL TLO, J od dd tt td 
9 45 78 15 

im Two's complement number. Between -128 and #127. Forms a 32-bit 

constant by sign extending bit 8. 

DESCRIPTION 

The TXI instruction allows the Index Register plus IMM to be 

loaded back into X. If the new X is < 0 the next halfword instruction 

is skipped. (program counter incremented by 2). Otherwise, the next 

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

  

  

FORMATS? 

tT 1 1 
| | IMMEDIATE * 1 

LULTLALOV TOL ATS ft dt dt dd 
0 45 78 15 

i Two's complement number. Between -128 and +127. 
constant by sign extending bit 8. 

IH
 NSTR Format 

2
 LXI IMM 

DESCRIPTION 

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

FORMAT: 

aT 1 
| { IMMEDIATE * | 

LALTLALOLTITLOLO Fd dd dt td 
9 45 78 15 

& Two's complement number. Between -128 and +127: Forms a 32-bit 

constant by sign extending bit 8. 

DESCRIPTION 

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. xX is treated as an 18-bit two's complement 

number with the sign in its most-significant bit. The MSC program 

counter is incremented by 1. The contents of X are not changed. 
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6246556A 

TALLY ACC IMMEDIATE aTI 

FORMATS 

  

{ | 
{ IMMEDIATE * | 

| 
{ 
LALTLALOLIPTL OIL Ftd 

0 45 78 — 15 

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

INSTR Format 

arr IMM 

DESCRIPTION 

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 ~ @sal 

FORMATS 

  

! | | 
| | IMMEDIATE * | 

AVLTAALOLTP TN TLO; Fd de 
0 45 78 15 

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

DESCRIPTION 

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

FORMAT: 

t ae 
| IMMEDIATE * 

AADALTVOLALAL TED Ftd tt 
0 45 78 15 

* Two's complement number. 
constant by sign extending bit 8. 

INSTR Format 

DESCRIPTION 

The 
extended to 32 bits) 

LI instruction 

is incremented by 1. 

Between -128 and 

allows the 
to be loaded into Acc. 
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6246556A 

357 REPEAT INSTRUCTIONS | - 8 

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. In addition, 
they include a programmable time-out check to prevent them from 
waiting indefinitely if some BCE never reaches the desired state. 

All 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 maximun 
time the instruction will spend.waiting. If the time is exceeded, the 
néxt 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 
test 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 cause 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 
BCE can transmit 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 prcegram. 

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

PROGRAMMING NOTES: 

An accumulator value of 0 will cause both the @RAI and @RAW 
to reach their specified conditions the first time that the test is 
made. Consequently, the PC will be incremented by 2 and the next 

halfword skipped. A zero accumulator will never allow an ORNI or @RNW 

to reach their repeat conditions. Consequently, each repeat will loop 
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6246556 A 

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 MSC execution of an ORAW 
instruction will correspond to a loop until the maximum repeat count 
is teached. 
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TABLE 3.3 

6246556A 

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 1in 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.
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Tl < 8 usec 

      

Tl = Minor Loop (33 usec) Timer 

62465564 

  

  

  

  

T1<—-Tl - 

8 usec 

      

  
Figure 3.3 

  

   

    

General Repeat Instruction Execution 

No 
   

REPEAT 
COUNT=0, 

   
Yes 
(Time-Out) 

  

  

FETCH 

  
  

  

DECREMENT 

PB} REPEAT COUNT 

Tl — 33 usec       

  NEXT 

INSTRUCTION     

  

  

SKIP 

  NEXT 

INSTRUCTION   
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REPEAT UNTIL ALL INDICATORS ~ RAL 

FORMAT: 

| 14 I I 
| {It OPX | COUNT | 
fiLt1014L U1OFOL fod ddd td 

345 #73 15 

I MAXIMUM REPEAT COUNT INSTR Format 
0 Count @RAI COUNT 

1 X + Count @RAI 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 BCE - asc 
indicator bits to 1. . 

2) A maximum wait time has been reached. 

T£ condition 1) is reached before the time out, the MSC skips the next 
halfword instruction and resumes 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 all specified BCE indicator bits set" is 
tested 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 basic 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 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 bits i 
of the accumulator specifies that the status of BCE(i) is to be 
included in the test; a 0 indicator that BCE(i) can be ignored. 
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6246556 A 

REPEAT UNTIL ALL WAITING @RAW 

FORMAT: 

! {if { I 
| {I} OPxX | COUNT | 

LULTOLT) LOLOLO7 fF ft dd td td 
0 245 78 15 

i MAXIMUM REPEAT COUNT INSTR Format 

0 Count @RAW COUNT 

1 X + Count @RAW 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. 

If condition 1) is reached before the time ont, the MSC skips the next 
halfword instruction and resumes program execution. if the maximun 
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 instruction is' executed, the MSC accumulator 
BCE's are to be is presumed to contain a bit mask specifying which 

involved in the test for the desired repeat condition. A 1in bit i 
of the accumulator specifies that the status of BCE(i) is to be 
included in the test; a 0 indicates that BCH(i) can be ignored. 

The maximum wait time has a basic resolution of 33 
microseconds and is derived from the maximum Repeat count. In non- 

maxinun index mode, the maximum Repeat count of 255 corresponds to a 
In index mode, the maximum possible wait time of 8.4 milliseconds. 

count of 262143 corresponds to 8.65 seconds. 

The condition "are all specified BCE's waiting" is tested by 

logically ANDING the MSC accumulator with ‘STAT4 

register), and testing for all zeros. A 1 in bit i 

that BCE(i) is busy; a G indicates that it is not. 

e5 

(the Busy/Wait 
of STAT4Y indicates 
Tonsequently, if
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the result of this "and" 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 tke other 
Repeat instruction. 
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REPFAT UNTIL ANY INDICATORS 4 . OENT 

FORMAT: 

T tt 1 oY 
| {I} OPX | COUNT | 

LALTLOL UL TOF TE J dd td 
0 345 7 8 15 

I MAXIMUM REPEAT COUNT INSTR Format 

0 Count ‘ @RNI COUNT 

1 X¥ + Count @RNI COUNT(1) 

DESCRIPTION 

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

4) 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, MSC 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 maxinun 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 corresponds to a maximun 
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 1in 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 ORNW_ 

FORMAT? 

| {t l - 

| {I} OPX | COUNT | 

LUTOFTS JOLOLT 1 4d db dd td 
0 345 78 15 

z MAXIMUM REPEAT COUNT INSTR Format 

0 Count @RNW COUNT 

1 X + Count @RNW COUNT(1) 

DESCRIPTION 

This instruction causes a delay in MSC program execution 

until: 

1) Either any of a set of specified BCE's have set their 

Busy/Wait status bits to "Wait" or, : 

2) A maximum wait time has been reached. 

If condition 1) is reached before the time out, the MSC skips the next 

halfword instruction and resumes program execution. Tf the maxinun 

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 specified BCE's waiting" is tested by 

logically ANDing the MSC accumulator, with the complement of STAT4 (the 

Busy/Wait register) and testing for non-zeros. A 1in bit i of STAT4 

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 

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 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 biti 
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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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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 time, and cause an interrupt in the CPU. This section describes 
these instructions. 
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WAIT QWAT 

  

1 
\ 

PULLS Ld dt dt td ttt 

DESCRIPTION 

This instruction causes the MSC to go. into the WAIT state 
(bit 0 of STAT4 and bit 17 of the MSC Status Register set to zero). 
No more instructions are 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 busy), 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 A2), then the MSC will start with the first instruction 
following the last #WAT instruction. 
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DELAY . . ~ @DLY 

FORMAT: 

1 tt | 
| {Tt} COUNT | 

AAULTLOLOF Pod td gp dd de 
0 3.45 15 

I Effective Count ("EC") INSTR Format 

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

NOTE: 

1) Displacement is a positive number in the range 0 to 2047. 

2) X refers to the index register. 

DESCRIPTION 

This instruction performs no operation other than delaying 
the execution of the next instruction. The time period delayed 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 
MSC microcycles is 2.5, not 2, microseconds. 
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INTERRUPT CPU @INT 

  

  

FORMATS: 

t 1 | 1 
| {Il INTERRUPT LIST { 

LOUOH TIT Sot ig tt dd 
0 3.9345 15 

Effective Interrupt List_(BIL) 
I 
0 Interrupt List * @INT IL 

4 X "OR" Interrupt List* @INT IL(1) 

* Right justified and left padded by 7 zeroes. 

INSTR Format 

@INT INTERRUPT 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 least significant 12 bits of the 
effective interrupt list corresponds to one of the 12 “IOP Program 
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 lists the correspondence between EIL and the IOP program 
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 i 16 1 16 
15 10 16 14 9 16 
13 8 16 7 7 16 
1 6 16 10 5 16 
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SELF TEST - MSC*¥ 

  

  

FORMAT: 

| {| { | 
1 { | OPX { couNT | 
LOLOPOUNIO) Pop dt pop tg 
0 34 7 5 

62465 5A 

The COUNT field is at a don't care state unless the OPX field 
equals 001. 

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

asTP 

NOTE: 

1) 

2) 

a) 

b) 

c) 

DESCRIPTION 

the MSC, 

1) 

2) 

3) 

4) 

5) 

OPX 

OPX 

OPX 

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 

These tests include checks of the: 

MSC Local Store Registers 

MSC Data Flow operations 

Ability of MSC to read and write from memory 

Redundancy Management Fail discretes 

IOP ROS parity circuit. 

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

Test failure). 

(fault 

96 

to 0 
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6246556A 

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

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

If OPX equals 010, the instruction 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 MSC allows the CPU to request the MSC to suspend 
execution of its current program and to start another program. When 
this action is undertaken, the 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 programs 
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 point 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 
QO in the ECR, it wilI continue with the next instruction. In this 
case, the @SEC is 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 memory 
address. It will also clear the Status Registers amd Program 
Exception bit of any error flags that they might contain. Program 
execution 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 out a new external call before 
the MSC resets the ECR to zero will result in at least 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 (@REC) - 
instruction. This instruction reloads the MSC Accumulator, the 
Program Counter, the Index 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. 
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. The reason for clearing the MSC Status Register and Program 
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 cail 
program may make. If the externally called program performs any 
erroneous operations (such as attempting to start a busy BCE) the 
error will be flagged in the Status Register and may be detected and 
diagnosed in the usual fashion. Yet, when the MSC returns to the 
original ptogram, via an @REC, the Status Register will contain only 
the original program error indicators and none from the externally 
called program. The original program 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 long 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. In 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 he called 
by another MSC. program in a fashion similar to that used for 
subroutines. The calling program would simulate an @SEC by 
initializing PGM, PGM * 2, and PGM + 4 to whatever values it desires 
upon return, and then do a @CALL PGM + 6. The @CALL will store the 
return address at PGM + 6 and start execution at PGM + 8, just as @SEC 
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. Note that three of 
these instructions can be eliminated if phe contents of ACC and X are 
of no cencern after return from PGM. 
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ast PGH + 2 

OTXA Zero 

ast PGM + 4 
@LMS 
ast PGH 
@CALL 2, PGM + 6 

6246556A 

Save the Accumulator 

Save the Index Register 

Save the Status Register 
Start the routine 

Figure 4.1. MSC Code to Call an "External Call" Routine 
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Ne ' APPENDIX A . 

IOP MSC INSTRUCTION REPERTOIRE 

NAME MNEMONICS FORMAT PAGE 
| Accumulator/Memory Operations 27 

i Load Accumulator . aL Short 28 
Add Accumulator aA Short 29 
And Accumulator an Short 30 
Exclusive OR ax Short 31 
Store Accumulator ast. Short 32 
Load Fullword @LF Long ao 
Load Halfword aL Long 34 
Store Fullword -@STF Long 35 
Store Halfword ast Long 36 

Branch Instructions 37 

Branch on Accumulator @BC Short 38 
Branch on Index @BXC Short -39 
Branch on Unconditional aBu Long 40 
Call Subroutine @€ ALL Long 4] 
Return from External Call @R EC Short 43 

e Conditional Skips 45 

0 Tally and Skip Zero : @TSZ Short 46 
Ni Compare . . act, ac Long 47 
o Test Under Mask aTMI, OTM Long 48 
oo 

BCE Register Loads ~ 49 

| Load BCE Base @LBB Long 50 

a Load BCE PC aLBP Long 51 
x | : 

Lj 

wu | 

a 
a 

fu 104 
2
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IOP MSC Instruction Repertoire (Cont.) 
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NAME MNEMONTCS FORMAT PAGE 

Register Operations 
52 

Load IOP Status Register @LAR Short 54 

Set Fail Discretes @SFD Short 55 

Reset Fail Discretes @RFD : Short 56 

Load MSC Status @Lus Short 57 

Start I/0 @siIo . Short 59 

Exchange ACC and X . @X AX Short 61 

Sample for External Calls + @SEC Short 62 

Reset BCE Indicator aR BI Short 66 

Register Immediates 
67 

Normalize and Increment X @NIX Short 69 

Tally aAcC to X . OTAX Short 72 

Tally X Immediate @TXI Short 73 

Load X Immediate OLXI Short 74 

Tally xX to ACC @TXA Short 75 

Tally acc Immediate art Short 76 

Subtract ACC from X @SAT Short 77 

Load ACC Immediate @LtI Short - 78 

Repeat Instructions 
79 

Repeat Until All Indicators @RAT . Short 83° 

Repeat Until All Waiting . ORAW Short 85 

Repeat Until Any Indicators @RNI Short 87 

Repeat Until Any Waiting ORNW Short 89 

= Special Instructions \ 9] 

© Wait ‘OWaAT Short 92 

~ Delay . @DLY Short 93 

oO Interrupt 4 @INT Short 94 

oo Self Test asTP Short 96 

wD 
° 
x 

wu 
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