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DESIGN SPECIFICATION

This preliminary release of the M-processor-3 (MP-3) Engineering Design - Spedi-’

fication (EDS) is an editorial update of the 16 January version (Rev B). -Also
included in this release are the contents of the two inter-office memorandums:

1. Changes to M-Processor-3 EDS 3 February 1976, C.E. Wymore
2. Change to M—Processor-3 EDS: II 4 February 1976, C.E..Wymore

There were still other technical details which were unresolved as of the
January Transfer of Information and those which have been resolved as of
26 March are also included in this release. Some of those issues atre:

a. TIME-half microsecond time counter up to 24 bits (approximately
8 seconds);

b. PERM and PERP register relationship with respect to Halt, CD(3),
Console display, and clearing;

c. MS5W - can be dynamically changed;

d. Operation of A and M - register during TAPE mode;

e. Skip on FA and BR comparison;

f. Diagnostic Read/Write Memory micro (11D) - echo variants

g. CA-RC spreader - 8 clocks for RC-RC, 4 clocks for RC-CA;

h. Error log message - finalization of the formatj

i. Increment A - register - new micro; and

j. 18 Position Console Rotary Switch - redefinition.
The EDS at this stage still needs more work in the description of the three-
phase or pipeline mechanism. Also, the general control logic philosophy and
design needs more editing. Those figures for both sections must be drawn.
Otherwise, for final release, the processor description will not be expanded.

In many areas, the machine is much like the B1726 and it is assumed that the
knowfédge of it with this simple EDS is sufficient to describe the MP-3.
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Systems Eng. Section 6311
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 BURROUGHS CORPORATION COMPANY CONFIDENTIAL

COMPUTER SYSTEMS GROUP ‘ M-PROCESSOR=3

SANTA BARBARA PLANT EeDeS. #2215 9891

1.0 INTRODUCTION

L X} LI YT R T TR R E Y

This €D0S defines the functionat characteristics of the 81820
M=Processor~3, hereinafter calieg "¥P=3."

1.1 PURPOSE

This EDS is prepared by Systems Engineering as a vehicle for
inter~designer communication and project <control. Its irtended
audience is Systems Engineerings Diagnosticss and Software. It serves
as input to the Product Spec which is exposed to other activitiese

1.2 EDS PHILOSOPHY

The present state of this document represents the hardware design as
"conceived implementing the inferred product specificatione. It will te
periodically updated and once the design has been completed, si¢cnified
by the engineering release to manufacturings, this cocument will
reflect that machine and will not change. ‘

1.3 PRODUCT IDENTIFICATION

2212 8631 M=PROCESSOR=3 ,
2212 8623 CABINET~S (control pane!l §is part of cabinet)

le4 RELATED SPECIFICATIONS, DOCUMENTS, AND DRAWINGS

PeSe # NAME

1994 5681  B81700/1800 SYSTEM INDEX
1913 1739  B1700/1800 CENTRAL SYSTEM
2212 9001 MP=3

2212 9019 CP~=4

1



BURROUGHS CORPORATICN

COMPANY CONFIDENTIAL

COMPUTER SYSTEMS GROUP M~PROCESSGOR=3

SANTA BARBARA PLANT

S."D.S. #

2216 0683
2216 0691

SePoSe #

2216 1962
2216 2762

E.DeSe %

2215 74038
2215 8513

DOCUMENT

tbs

DRAKING

ths

EeD.S. #2215 9891

NAME

I1/0 Base=3
81820 Systenm

NAME

MP=2
MBU=3

NAME

1x16Kx22 RAM Storage Board
B1820 Clock System

NAME

NAME

NOTE: A=~SIZE REDUCTIONS OF "« <-ED CRAWINGS
" - ARE INCLUDED IN THIS EDS. ‘

PAGE

2
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BURROUGHS CORPORATICN - COMPANY CONFIOENTIAL
COMPUTER SYSTEMS GROUP . , M=PROCESSOR=3

SANTA BARBARA PLANT EeDeSe #2215 9891

2.0 'GENERAL DESCRIPTION

MP=3 provides the combinatorial and arithmetic portion of the system
along with other registers and hard storage that are appropriate for
efficient operations ‘

MP~3 provides hardware sensitivity to a sat of {ow=teveal
micro-functions which are used in a program string to fetch and
execute instructions. This wmicro-program is contained in a tocal
high=speed cache memory, backed up ty a somewhat siower but Llarger
main memory (RIBOO S~memory) or in both. Cache is an integral 4K byte
memory. v

Inctuded in MP-3 are registers —and pseudo registers which are
addressab;e by the individual micro-operatorse. :

The registers are normally addressed by a 4<bit group (row) number
and a 2=bit select (column) number 3as shown in Table 1.

Some of the registers listeds such as the Pseudo Sum Registers can
serve only as source registers while others are capable of serving
both as source and destination registers. Also, some of the recisters
listed are actually subregisters whichs although oparts of 4darger
registerss, can be individually addressed and maniputated.

"I Table 2 summarizes the various conditions available bty acdressing
particular pseudo source registers and actual registers; Figures 1 and
2 List the micro-instructions and their variants; and Figures 3-9 ara
.diagrams of the major portions of MP~3, : _

3
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BURROUGHS CORPORAT ION CEMPANY CONFIDENTIAL
COMPUTER SYSTEMS GRCUP M=PROCESSQOR=3
SANTA BARBARA PLANT EeDaS. #2215 9891

SELECT NUMBER

0 1 2 3
0t TA FU X sum
T T8 FT Y CHPX
2 1 TC FLC T CMPY
3T TD FLD L XANY
q
“ 1 TE FLE A XEOY
s 1 TF FLF M MS KX
6 CA BICN BR MSKY
71 8 FLCN LR XORY"
1
GROUP 8 LA NULLA FA DIFF
NUMBER PR LB RESERVED F8 MAXS
10 4 LC PERM FL NULLC
11t LD PERP TAS U
1
12 1 LE XYCN cp NULLD
13 1 LF XYST NULLB DATA
14 1 ce INCN CSH CMND
15 1 cD MSS W TIME NULL

TABLE 1 M=-PROCESSCR REGISTER SELECTION

L L LK T LA K K X N L L X K X I L X X X N ¥ ¥ 1 oome coaoe e e
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BURROUGHS CORPORATICGN _ - COMPANY CONFIDENTIAL

COMPUTER SYSTEMS GRCUP M=PROCESSOR=3
SANTA BARBARA PLANT EeDeS. #2215 9891
3 2 i 0: LS8

BICN: I LSUY t CYF 1 CYD 1 CYL

3 2 1 - 0L S8

XYCN: 1 MSBX 1 X=Y 1 X<Y 1 X>Y |

3 2 1 - osLS8

XYST: -0 LSUX ! INT §f Y neq 0 ¢t X neq 0 1

LA L K K L XL R RXERLLNEYXERLRESEELREYEENRNYERERREYXY)

3 , 2 1 ' 0:LS8

L ER.E X EX PR L ELELRERELEEREEEELNEYFEY NEERELYRNENXTEY X

FLCN: & FL=SFL 1 FL>SFL | FL<SSFL 1 FL neq 0 !

LA A L LR XL EXENEEENE YN XEELENLEEY LR EEYNELYY)

. 2 1 . o:Ls8
INCN: 8 PORT 1 PORT 1 PORT 1 PCRT

! DEVICE MISSING | HI PRIORITY | INTERRUPT 1t LOCKOUT 1

3 2 oy 0:LS8
| CONTROL PANEL | 100 MSEC 1 /0 BUS 1 CONTROL PNL 1
1 STATE LAMP | REAL TIME CLOCK § SERVICE 1 INTERRUPT
CC: & FLIP=FLOP 1 INTERRUPT 1 REQUEST 1 {
T ! 1 INTERRUPT | 1

N D N D U W D TR D AP IR G R N TS W T D A TR G W R N MG W R D KR AR S W D T AR A AR D IR T N G D WO W W W W

3 2 1 ' 0:L58

1 MEMORY I MEMORY I MEMORY t MEMORY {

CD: t READ DATA 1 WRITE/SWAP ADDR | READ ADOR 1 WRITE/SWAP #DDR 1
- 1 ERROR I (LR/BR CHECK) { (LR/BR CHECK) 1 (LR/BR CHECK) 1

1t INTERRUPT § OUT OF BOUNDS 1 OUY OF B8NDS 1t OUT CF BOUNCS i

t ’ ! OVERRIDE 1 INTERRUPT ! INTERRUPT !

CE LR P E R EXE L LN ELELRELELERX AR X AXEREYEREELNXERXYREYEREYE XX NYRERIFETY RPYREERYEYXY

-TABLE 2 SUMMARY COF REGISTER CONDITIONS
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BURROUGHS CORPORAT ION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GRCUP M=PROCESSOR=3
SANTA BARBARA PLANT E.D.S. #2215 9891
3 2 | 1 ' 0:L58
T I ! S1t MICRO SOURCE 150: MICRO SOURCE |
I NULL 1 NULL 1 FROM CACHE OR 1 FROM S=MEMORY 1
MSSwW1. 1 BIT 1 BIT | FROZEN TN !  OR FROZEN IN 1
1 1 ' M=REGISTER 1  M=REGISTER |
3 2 1 o:LS8
! S=MEMORY 't S=MEMOFY . | S-MEMCRY '
PERM: | MICRO- ! FIELD CUT=0F= 1 S=MEMORY 1§ UNCCRRECTAELE 1
! INSTRUCTION 1 BOUNDS IN THE 1 ERROR LOG 1 ERROR DUFING 3
¢ TIME=OUT 1 ADMINISTRATIVE i HAS CHANGED | A PROCESSOF 1
' i MEMORY 1 { OPERATLON |
3 2 : 1 0zLs83
| | CACHE KEY  { PARITY ERROR 1 CASSETTE !
PERP: 1 CACHE 1 PARITY ERROR | ON THE WORD 1 READ ERRCR |
I DOUBLE HIT 1 ON KEY A ¢ FETCHED TO 1 WHICH CAANCT |
' © 1 OR KEY 8 | THE M=REGISTER 1 BE CORRECTED |

O.--------------Q-----oil‘.-----Q--ﬂ---n---nn----w-----ﬂoﬁo-ﬁq

TABLE 2 (cont) SUMMARY OF REGISTER CONDITIONS
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2.1 THREE PHASE MICRO EXECUTION

Referring to Figure 10, tﬁe three phase execution of a picro is
described below.

escsacas ommeeoes L TR R AAANRENN X W R T KRN NEARNARR

tA=REGE===>1CACHE 1 ===>IMH=REGI===>+DECODE#===>IN=REGI===>+EXECUTE~

ss==s=es  IMEMORYI cemmeo * LOGICe S RELETE *LOGIC =»
e - O o KA AN NEY ) KA XAXANR
' uTc*” , uTh* uTa"”
ooeseam) ..-----) '
FIGURE 10

The process of a micro~instruction in the machine has three steps.
Assume a string of one clock micros. At the first clocks, it is loaded
into the instruction register (M)} at the seconds, it is decoded and
stored in the control register (N)3 and at the tast <clocks, it s
executed. At one clock times atll three steps are occurring, eact to a
different micro=instruction. Stated differently, while the fetch of
the micro-instruction (c) one beyond the next micro-instruction is
being made to the M=register» the next micro-instruction (b) is being
decoded into the N-register, and the present micro-instruction (3) is
being executec. This micro=instruction process will be referred to as
the 3-phased cycle.

figures 11 through 20 show stylized 3-phase execution wavefcreas.

. Figures 21 and 22 show a breakdown of the N-register? Figure 21 the
Low order bits and Figure 22 the high order bitse.
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CLOCK 1 n t T2 1 T3 t T4 1t TS5 {

N"REG 1 MLCL1) 1 M2C1) 1 M3C1)» § M3C1)+ & M4 1

- M=REG 1 M2 ! ¥3 b M4 I M4 i MS {

FETCH 1 M3 I M6 1 NS 1 M5 1 M6 1

Al 1 a2 1 a3 1 a4 t a4 I as l 

AO { a3 t ab 1 as 1 a5 1 a6 '
Al = INSTRUCTION REG (address of instruction in M=REG», being decoded)
R0 = CACHE ADDRESS REG (address of instruction heing fetched from Cache
aJ = Address of MJ
M3 = Micro=instructions J

MJCi) = ith nano instructions of micro~instruction J
*MJ{i) held over for another clock

MJ ==> MJCi) 2 Micro J being decoded into its ith nano

FIGURE 11 SINGLE NANO MICRO=INSTRUCTION TIMINGS
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¢ T1 { T2 ! 3 . I Y4 ¢ TS5 ! R

I M2 1 M2(1) 1 K#2¢2) 1 M2¢3) 1 M2 ! '

----------------.-------.----ﬂ---.---------C------.-.--Q-.----

I M2=>M2(1) 1 M2=>M2(2) 1 M2=>M2(3) 1 M3 1 M4 i ]

FIGURE 12 MULTI=NANG TIMINGS €3 NANO INSTRUCTICN)

VY 'E[/” rcs /3 Bru 22 Are 229 p 55 '/,/,; )
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3.0 PRODUCT DESCRIPTION

- w MR MRS WS G WA AR Y W G

3.1 PROCESSOR REGISTERS

301‘1 ) M

The M=register (micro~-register) is a 16=bit register wused tc hold
the active micro-instruction (M-instruction or micrc-operataor or
M=op). The state of this register is decoded to enable the cifferent
control signals within the processor to per form the operations called
for by the M=0Op. The M-register is broken into 4 fields for decoding
that are structured such that 61 distinct M=ops can be decodec.

The M-register s addressable as a source and as a sink
(destination). When used as a sink register,» the source is bit=0Red
with the upcoming M=op. Exception: In TAPE modes» the source is not
bit-0Red with the upcoming M=op.

There is a 17th bit for parity associated with the Meregister. It
contains the odd parity during a fetch from the cache or S-memory (bhut
not the cassette) to the M-register. A parity check is perforrec on
the contents of the M-ragister and the parity bit after each fetch.
The exceptions of the parity check sre after a a cassette lcadr a
console Load, or a move to M=register (bit OR with the next micro.)

J.1.2 A-REGISTER

The A-register is a 18~bit micro-program address register capasble of
addressing 262,144 (256KB) micro-operators Located in cache and/or
S-memory. ' '

The A-register is capable cof having 12 bit" binary increments with
values from O through 4095 acdec to or subtracted from it. A
high=speed carry adder facilitates micro-program branching. The
A~-register is automatically incremented during RUN mode. KRUM moce
includes CONTINUOUS,OCSTEP. 1In TAPE» the A=-register is not
automatically incremented by 1. Howevers any SKIP or BRANCK witl
result in the A-register being moditied accordingly. MWrap=arcurd can
occur and is permitted. :

19



PAGE
BURROUGHS CORPORAT ICN " COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP M=PROCESSOR=3

SANTA BARBARA PLANT E.DeS. #2215 9891

The A-register can be addressed as a source and as a sink. The
A“register with 18 bits Llines up with the main exchange (MEX) froa
HEXO4 to MEX21l. When used as a sources the contents of the A-register
are multiplied by 16. When used as a3 destinations the rightmost 4 bits
of the source are lost.

To obtain the aicro-operator from S=memoryr, the A address is
multiptied by 16 to yield a  bit address pointing tc the
micro=operator. To obtain the micro-operator from cacher, the A-sddress
points directly to the cache location. A'micro-operator is obtained if
the cache is enabled and if the micro=operator resides in cache (ie€eas
the vatidity bit indicates a micro is present and there is a "HIT™).

The A-register is addressed as destination register by the
micro~operator "S8IND". '

3.1.3 TAS

The TAS (Top of Stack) Register is a 24=bit register which s the
top of the A-Stack. The TAS register is addressable as a source and as
a sinke References to TAS result in the stack being automatically
pushed or popped.

3. 1 & A=STACK

The A-Stack is a 33 word deep 24=~bit wide memory., without automatic
hard over flow interrupts which coperates as a push~dowun stack with a
Last=ins, first-out type of structure. The TAS register opsrates in
conjunction with the A=-Stack to provide a virtual stack of 33 words
deep. Using this stacks, the nane~routines operate in the noramal
software call-return type of prograrming. This allows for a highly
shared nano-structure and reduces the nano-memory requirenents.
Hhenever the nano=routine uses the stacks it only uses one Location of
the stack. After each micros any nano push of the stack is always
‘completed with a nano pop of the stacke. The user is only guaranteed 32
locations of the A=stacks, since one location must be availabtle for the
nano=program.

The stack pointer has 32 states. Since the physical A-stack has 33
locationss, care must be exercised when the A=stack is wused for wmore
than 32 consecutive pushes or pops. As a note of caution, the first
pop after a push is a destructive read uhich overwrites the  TAS with
"the next worde
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1 S0 ¢ , .
’Q----------------m-n------Q-pnﬂa--n----- "o eeecseccsececae
f CASYNCH) 1 !
1 STACK (PRTX1) Ce==meacmee TAS I PUSH i
i ' |
$ (SYNCH) o 1
! TAS C(=emcscccmanccnacecea MNEX ‘ !
{ 1 [
{ INC PTRx1 (SYNCH) t t
t . . (| 1
il b b LR L R il L L LT DT [P
' ‘ : 1 {
1 MX = TAS ' 1 POP {
[ . L { [
1 (SYNCH) , ' ! 1
I TAS Ce=cvecemccccacncenes STK(PRT) ! {
' { i
1 DEC PTRx1 (SYNCH) 1 t
1 ' t

FIGURE 24 FLOW OF A=STACK OPERATION



PAGE 23

BURROUGHS CORPORATICN COMPANY CONFIDENTIAL

COMPUTER SYSTEMS GRCUP M=PROCESSOR~3

SANTA BARBARA PLANT E«DeS. #2215 9891
CLOcCckK —

NArnO J Noo 7 _X‘ 7/ S ”"“"_.X_ WX I ES Y_ A‘/() or jX:_
STAK PTE, A | }(_ A/ —_x A/,cj _X_, A
READ DATA | - ANMOW ‘x /5'/5"/"(13'{—._X_~‘ AMows

A | - BEroes X_ rU.4f m Brrpre

ME X | / s 1 ix__ V7507 \

WIRITE ENNGLE \ [ (i roe )

FIGURE 25 TIMING OF A=STACK OPERATION
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TAS 0 1 2 3 feeeed27 28 29 30 31 PRY

11 (I I D R | t & & 1 1 1 1 1 RAM BEMAVIOR

- s - MBBWMBBG DB D DRR S & W WG N DWW D W -, -

CLEAR 0 0 0 0 © 0 0 0 0 © 0
PUSH 1 1 ‘o~(§) 0 o 0 0 0 0 O 1 1st WRITE a1
PUSH 2 2 o o (v 0 0 0 0 0 O 2 2nd HRITE a2
PUSH 3 3 0 0 1 65 0 0 0 0 0 3 3re X az
PUSH & 4 0 0 1 2 Cé 0 0 0 0 o 4 4th x 34
PUSH 27 27 0 0 1t 2 3 20 6 0 0 0 27 27th WRITE a27
PUSH 28 28 0 0 1 2 3 26 2) 0 0 0 28 28th x a28
PUSH 29 29 0 0 1 2 3 26 27 @9 0 0 29 29th Xx a29
PUSH 30 30 0 0 1 2 3 26 27 28 29 0 30 30th x a1
PUSH 31 31 0 0 1 2 3 26 27 28 29 83 31 31st X a3l
PUSH 32 31 8L 0 1 2 3 26 27 28 29 30 0 32nd X a0
PUSH 33 33 3132 1 2 3 26 27 28 29 3¢ 1 1st OVER®RITE 131
PUSH 34 34 31 32 89 2 3 26 27 28 29 30 2 2nd OVERWRITE a2
PUSH 35 35 31 32 33 84 % 26 27 28 29 30 3 3rd X 33
PUSH 36 36 31 32 33 34 35 26 27 28 29 30 4  4Lth X 3
PUSH 59 59 31 32 33 34 35 58 27 28 29 30 27 27th OVERWRITE 327
PUSH 60 60 31 32 33 .34 =5 58 69 28 29 30 28 28th X aze
PUSH 61 61 31 32 33 34 33 58 59 60 29 30 29 29th X 329
PUSH 62 62 31 32 33 34 34 S8 59 60 61 30 30 30th X a3c
PUSH 63 63 31 32 33 34 35 58 59 60 61 2 . 31 31st X a3y
PUSH 64 64 63 32 33 34 35 58 59 60 61 62 0 32nd X ac
PUSH 65 65 63 64 33 34 35 S8 59 60 61 62 1 33rd X 2
PUSH 66 66 63 64 65 34 35 58 59 60 61 62 2 34th X a2
PUSH 67 67 63 64 b5 6(C 35 BB %9 v e ¢z 3 35¢th X a3

FIGURE 26 MULTIPLE PUSHES
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TAS € 1 2 3 4eeeee2? 28 29 30 31  PRT

-ao LE X E X XX XX X ¥ T K R ¥ N IR N R e o R N e o L CATA OU"

I T T T TR TR TR T T T SN N T I B 1C MEX.
PUSH 33 33 3162 1 2 3 26 27 28 29 30 1 --
POP 1 32 Eﬂ 1 2 3 26 27 28 29 30 O 13
POP 2 31 31132 1 2 3 26 27 28 29, 31 32
POp 3 30 3132 1 2 3 26 27 28 29 30| 3¢ 11
POP 4 29 3132 1 2 3 26 27 28 29'30 29 30
POP 5 28 3132 1 2 3 26 27 28129 30 28 29
POP 30 3 3132 1 2 [3] 26 27 28 29 30 3 4
POP 31 2 31 32 E 26 27 28 29 30 1 3
PaP 32 1 31 32 [1 3 26 27 28 29 30 1 2
POP 33 32 31 39 1 2 3 26 27 28 29 30 ¢ 1
POP 34 31 Bilsz 1 2 3 26 27 28 29 30 31 12
POP 35 30 3132 1 2 3 26 27 28 29 30| 10 31
POP 36 29 31 32 1 2 3 26 27 28 (29 30 29 29
POP 64 1 31 32 [1] 2 3 26 27 28 29 30 1 2
POP 65 32 32 17 2 3 26 27 28 29 30 e 1
POP 66 31 31]32 1 1 3 26 27 28 29 30 1y 22
POP 67 30 3132 1 2 3 26 27 28 29 30 10 31
PIP 68 29 3132 1 2 3 26 27 28 29 30 29 30

FIGURE 27 MUTIPLE POPS
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3.1.5 X AND Y

The X=register and the Y=raegister are 24=bit gereral Furpose
registers used primarily to hold anc to act as a source for the two
.operands of the arithmetic and combinatorial unit. Fach register is
addressable as a source and as a sinke .

Both registers are capable of alt SHIFT/ROTATE operations. The
X=register is capable of the NORMALI?E. For cache diacnestic
READ/WRITE operations the X-register is used to hotd data. For the
cache diagnostic WRITE, the Y~register is also used for catie.

The X and Y-registers are two of the four registers (X, Y, T» and L)
capable of the diagnostic cache write operation with the cache semory.

The Y=register is the destination on the Diagnostic Reac/wWrite
Memory (11D) operation for the echo response of the write cata and
address» and the ELOG register.

The X= and Y- raegisters are compared in the cassette controt ricro
to either cause a hait or a skip depending upon the wvarisnt (see
section 3.4.30),

J3.1.6 L

The L-register is a 24=bit general purpose register usec tyrically
to hold Logical flags for the micro=program code. The L=registers, as
well as each &4=-bit group of L (denoted as LA» LBs» LC» LD» LEs ard LF),
is addressable as a source and as a sink.

DISPATCH operations use the L~register as the source or sink for a
24=bit message (usuatly an address) which is stored in/fetchec fronm
S~memory location zero.

. The BIND operator uses the L-register as the source of the 24=bit
value to be added to T as a sum going to A.

Since the L-register is addressable in 4~bit groupss, its ccntents
are avaitable for analysis and alteration via the 4=bit functior boxe
MANIPULATE, SKIP and BIT-TEST=BRANCH instructions c¢an operate on L
dat de

The L-register is one of 4 registers (Xs Ys Ls and T) capatle of
reac/vwrite operations with main remory. :

26
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The L-register is one of the & registers (X» Y» T and L) cabatle of
the diagnostic cache write operation with the cache memoOry.

3.1.7 T

The T-rejister is a 24=bit general purpose register wused primarily
for the interpretation of the S~language instructions. T-registers as
well as each 4=bit group of T C(denoted as TAs, T8, TC» TDs TEs» ard TF),
is addressable as a source and as a sink.

DISPATCH operations use the least significant seven bits of T as the
source or sink for the port and channel information associatec with
the DISPATCH operation. :

The BIND operator moves (L ptus T) to A.

Since the T-register is addressable in 4=bit groups» 1its ccntents
are availabtle for analysis and alteration via the 4=bit functior Grox.
MANIPULATE, SKIP and BIT=TEST=BRANCH instructions can c¢perate cn TV
data.

The T=register is one of 4 registers (X» Ys L» and T) caratte of
both read/write operations with main memory and of the daiacnostic
cache write operation with the cache gogory.

The T-register is also capable of the SHIFT/ROTATE and EXTRACT
operationse. .

3.1.8 FA

The FA~register (Field Address) is a 24=bijt register used primarily
to hold an absolute bit address for the main memory., It hass the
capability of directly addressing any bit in the nmemory starting at
any point. The FA-register is addressable as a source anc as s sink.

The FA-register is capable of being counted up or down by a literal
in a micro~instruction or by the value contained in CPL in crcer to
facilitate iteration through a memory field. It can be incremented or
decremented by a value in a left scratchpad word. It also hes the
capability of being loadedr storedr or swapped along with FB8 into a
double scratchpad worde

Neither overflow nor underfiow of FA is detected. The value of FA
®ay go through its maximum value or its minimum value anc Wragp arcunde.

27
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The READ/HWRITE Cache diagnostic operator uses the FA=register as the
source of the cache address to be used in the operation.

The FA-register can bhe compared with the BR=register fcr three
functions. In the memory operations» FA is checked to be Wwithin the
Limits of the BR-register (see Sections 3.1.12 0rf 3.1<13.2)» cr it can
be used as a halt variant in the cassette controt microsr or it can be
used as a SKIP variant in the cassette control micro. (see Section
J.ba30)a ‘ '

3.1.9 FB

The FB-register is a 24=bit register which can be functionally
divided into three portions: a 4=bit FU (Field Unit) registers, 3 4=bit
FT (Field Type) register, and a 16~bit FL (Field Length) register.

- The FB=registers as well as each 4=bit portion of F8 denotec ss FU,
FT» FLC» FLD» FLEs» and FLF is adcressable as a source anc as a Sinka
In additions the 16-pbit portion comprised of FLC» FLDs» FLE, arg FLF
and denoted as FL is also addressable as source and as a sinke.

The FU-register holds the fength of the unit which makes up a field
in memory. The FT-register holds the fieid tape information uwhile the
Fl-=register holds the total length of the field. FL is capatle of
describing fields up to 65,636 bits and can be adjusted up or dcwn bty
a Literal in a micro=instruction or by the value contained in CPL in
order to facilitate iteration through a memory fistd.

Note: Overflow of FL is not detected. The value of FL will go
through its maximum value anc wrap around. Underflow of FL is detected
and will not wrap around. The value of zero is left in FL.

Since the FB~register is addressable in &4=bijt groupss “its centents
are available for analysis and alteration via the 4=bit functior box.
MANIPULATE, SKIP and BIT=TEST-BRANCHK instructions can operate on F8
data.

FB has the capability of being Loadeds storeds or swapped alorg with
FA into a double scratchpad memory worde :

FU and FL along with corresponding portions of the first cell of
. scratchpad sre used to set the varicus conditions of FLCN (see Section
- 3elelle FLCN) and the various conditions of the CP=register (see
Section 3ot .20, BIASY. A

3.1.10 SCRATCHPAD
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A scratchpad memory of sixteen 48-bijt words is oprovided tc¢ holg
field descriptors during the iteration of operands. Some cells may be
used to hold S-language stack pointers and other processor recisters
which are under constant manipulaticn. :

The FU and FL portion of the FB~register and like portions cf the
first celt of the scratchpad are used to set the various cenditions of
FLCN (see Section 3e41.11» FLCN) and the various conditions cf the
CP=register (see Section 3.4.20» BIAS). )

The WRITE into scratchpad is a twe step operations each recuiring

29

one clock to execute. At the first clocks the data is trapped into 3 -

tatch and during the second clock the data is written into the
scratchpade. The second clock may occur in the micro execution time of
another micro which did not direct this WRITE operation. [f that micro
was a READ from scratchpads then it must be delayed until the previous
WRITE operation was completed. '

J.1.11 FLCN

FLCN (field length condition) is 3 4=bit psuedo register that holds
the result of a comparison of the FL portion of the F2=rejister and
the corresponding portion of the first scratchpad word. It is
addressable as a source only.

3 2 1 0: LS6

FLCNZ 1 FL=SFL 1 FL>SFL 1 FL<SFL 1 FL neq 0 1

3.1.12 BR AND LR

The LR and BR-registers are both 24~bit registers and are used for
memory protection and for base relative addressing. Maeamory protection
is provided by checking the memory address in FA with the @R (Base
"Register) and the LR (Linmit Register) for all memory cycles. Any
address outside these bounds is flagged in the CD~register (CDCO)
HRITE/SWAP, CD(C1) READ). A memory read operation is always whether
inside or outside the boundarys but WRITE or SHAP aoperatiors are
allowed outside the boundary only if the override bit of the CD{(2)
register is true. A memory acdress equal to the BR or LR is ccnsicered
in bounds. Note: The memory protection is provided only c¢n the initial
pointer and does not provide protection on those memory Lits accessed
when the Field Length is greater than one. If the field is outside of
the administrative memorys, then PERM(2) (bit 2 of the PERM recister)
is set. The COUNT operation specified by the count variants will take
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place regardless of whether or not the memory cycle takes plrce.

BR=register is compared with the FA-register in the cassette controtl
micro to either cause a halt or a skips depending upon the variant
(see section 3.4.30). :

Each register is addressable as a source and as a sink.

3.1.13 ¢

The C (controtl) Register is a 24~bit register which is not adcressable
is an entity but which is functionatly divided into one
B-bit section and four 4~bit sectionse.

3.1.13.1 CP (CYFs» CPU, CPL)

The 8=bit sections» addressed as CP» is comprised of the arithmetic
unit carry flip=flop (CYF)» the Z=bit unit control for the arithmetic
unit (CPY) and the S=bit variable data Length control (CPL). CPU is
not addressable. CP{6)» the MSB of CPUs has no special meaning. CPLS],
the LSB of CPU» determines the Unit of the ALU thus: O0: binary, 1:
BCD. CPL71» CYF, ia also available as a source of refererncing BICNLZ2).

7 6 5S4 321 0: LS8

cP: ¢ CYF 1t CPU © cCPL i
I Oceal 1 0caa3 ! Oueealdl

3.1.13.2 CAs C8s CC» CD

The remaining 16=bits of the C-register are addressable in 4=bit
groups as CA» CBe CC and CD. Their contents are available for aralysis
and alteration via the &4~bit function box. MANIPULATE» SKIP and
BIT-TEST=-BRANCH instructions are applicable.

The 4=bit groups designated as CA and CB have no special functional
assignment and are available as general purpose 4=bit storage
registers. '

The two 4=-bit registers designatee¢ as CC and CD are wused fcr the
storage of various processor states and conditions as shown belcws

30



PAGE

BURROUGHS CORPORATION CUNP‘NY'CONFIDENTIAL'

COMPUTER SYSTEMS GRCUP M=-PROCESSOR=-3
SANTA B8ARBARA PLANTY EeDaS. #2215 9891
3 2 1 0s:LSnA
1 CONTROL PANEL t 100 MSEC 1 I/70 BUS t CONTHROL t
cC: I STATE LAMP ! REAL TIME CLOCK 1t SERVICE i PANEL !
i FLIP=-FLOP f INTERRUPTY { REQUEST t INTERRLPT 1
CC(3): The control panel state {anp flip~flop when true will cause
the STATE tamp to Llight on the Diagnostic anc Maintenance
Console. :
CC(2)2: The real time clock interrupt signat is develored frcm the
primary power frequency, field adjustable for either SCHz or

60Hz. The interrupt signal is received and is used to set the
CC¢2) bit once every 100 mitlisecondse.
CC(1): The I/0 Bus service request interrupt tevel is derivec fronm
the various 1I/0 controls connected to the prceccesscr's 1/0
Buse. The level is the result of a service request by cne cr
more controils and is used to the 1interrupt bit every

clock time.
CC(0): The control panetl
position of the control
from the switch is used
time. This flip~flop
INTERRUPT switch on the

interrupt level

set

the on
level
clock

the

is derived from
panel?*s INTERRUPT switch. The
to set the interrupt bit every
also drives the lamp bhehinc
operators panet.

3 2 1 0:L513
"4 Memory { Menmory | Memory { Memory
1 Read Data 1 WritesSwap f Read 1t Write/Swap
CD: {1 Ervor { Address t Address 1 Address
: I Interrupt t (LR/BR Check) § (LR/BR Check) 1 (LR/BR Check)
(] t OQut of Bounds 1 Out of Bounds t Qut of 3cunds
| ; f Dverride ! Interrupt { Interrupt

ERED AR AR IR AR R SN MO WD DT D B SWIED WIHA N P ERTD DS I W DB MNDE @ GWD D RS W WD DB

There are saveral ways this bit can be
addressable as a 4~bit register and can
the applicabtle micro~instructions. In adcitions
flip~fltop 1is recognized as the memory Reac Data
interrupt flag bit. As suchs, it can be set by:

€CDC3): It is
through
this
Error

manipulated.
be altered

M~register parity errors
Cache Key parity errors
Cache Double Hit»
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Cassette parity errvor,
Uncorrectable S=memory (CPU) errors
Error log register has changeds»
S~memory field out of boundss and
S~memory micro has timed out.

CDC2)» CDCL)s CDCO):

The memory address out-of bounds signals are derivec from
logic which compares the contents of the FA-register with the
contents of the Base (BR) and Limit (LR) Registers cn atl
memory accesses. The state of the out=-of-bounds override
control bit does not affect the setting of out-cf=-bcuncs
interrupt bits but does affect the occurrence of the
subsequent write operation. (See Section 3.1.12).

No reaction occurs as a result of any interrupt wuntil the
micro-program tests the interrupt bit.

A micro-instructiocn or the control panel CLEAR pushtbutton
is capable of resetting a tit in the Ceregister. Ttre ©bit
being reset will be false for at 1least one clock perica
fotlowing the reset ragardless of the continued existerce of
the condition to set the bit (e.g.» control panel of serivce
request interrupts). Any test micro-operator executec in this
clock period will find the bit false. If the ccncitior does
not continue to exist beyond the reset times a failure to set
the bit may occur (e.g.», timer interrupt).

3.1.14  MAXS

MAXS is a 24=bit pseudo register that can be field-adjusted tc give
the size (administrative or actual physical) of the S=mewory installed
in the system. It is addressable as a source only. MAXS», for main (S)
memorys» has 8K-byte resolution (least significant 16 bits are always
zeroes)e.

3.1.15 U

The U-register is a 16=bit register used primarily to accumulate the
bit~by~bit input from the controt panel's tape cassette. The
U-register is addressable as a source register only.

In RUN mode» if data is not yet avaitable in the register, the
micro-operator witl be delayed. Data not accepted in time will be
lOSt. : .

L}
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In TAPE moder» the register's contents are automatically moved to the
M=register for execution except when executing micro-operators that
reference the U-register as a source. In these cases the source data
is moved directly from the U~register to the destination and will not
be treated as an instruction to be executed. The next instruction from
the tape will follow this datae. In the tape moder it 1is possitle to
move data to the M-register. This will result in a bit=0R of the moved
data to M with the next micro being fetched to the M=-register. For
MOVE 24<BIT LITERAL (9C)» the B bits of the literal in the M=register
are also moved to the destinaticn. For CONDITIONAL BRANCF, the
A-register may be changed but the next micro~-operator read frca the
tape will also be executed. Note: In RUN modes» the U-register may not
be addressed after the issuance of a CASSETTE STaoP microe.

3.1.16 DATA

DATA is a 24=-bit pseudo register that can act as a source or as a
destination. It is used to transfer data to and from the I/0 Bus. When
it is used as a sources, the pfccessor generates the RC (RESPONSE
COMPLETE) signal to the interface and accepts the 24~bits of cata from
the bus. When used as a destinations the processor generates the RC
signal to the interface and the data from the designated source to the
buse. '

The micros which can source DATA are 1C and 2C? the micros which can
sink to DATA are 1C» 2C» and 10C. The hardware prevents pmultiple RCes
from occuring any sooner than 8 ctocks apart. -

Data can be executed from the console similar to other registers.
However» because of the single RC that is generated, it is ciscussecd
separately. For reviews in the console mode» the selected register is
always sourced to the consotle lightse In order to cause the switches
to be loaded into the register, the LOAD button must be activated. In
the console moder an RC is generatec only when the LOAD button is
activated and inhibited at other times.

Assuming that a previous console command was an I/0 command, then
- the I/0 is either ready to accept or transmit data. If the I/C is to
transmit datas then the selected I/0 will hold the data on the MEX
which is then displayed on the panel {ights 'because nc RC is
generated. Pushing the LOAD button will transmit an RC {(processor
switched commands to now transmit to the I[/0) which will complete the
oparation and cause the I/0 cata not be be displayed. I f howevers the
I/80 is ready to accept data (the processor must switch commnands from
sourcing to sinking into the I/0) then at the activation of the LCAD
button, an RC would be generated and the switch contents will be
strobed into the selected I/0 deviced
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341417 CMND

CMND (Command) is a 24=bit pseucdo register that can act as a
destination only. It is used to transfer commands to devices cn the
I/0 Bus. The processor generates the CA signal to the interface and
moves the data (or the command) from the designated source to the bus.

The micros which can sihk CMND are 1C» 2C» and 10C. The hérdware
prevents a CA to follow an RC any sconer than & clocks.

CMND can also be executed from the console. Since CMND is 2 sink
onlys sourcing CMND will result in a3 no+operation. Then activating the
LOAD button will cause a CA to be transmitted along with the transfer
of the console switch contants to the I/0 device

3.1.18 NULL

NULL is a 24=-bit pseudo register that can act as a source and as a
destination. When addressed as a sourcer all zeros are supplied tc the
destination. When addressed as a destinations, the source data 1s not
accepted. However, NULL is useful as a destination in orcer to roep the
TAS register without affecting other registers.

3.1.19 CSH

. CSH is a 24=bit pseudo register that can act as a source only. when
addressed as a source, information on the positions of the <control
panel switches is supplied to the destinations

3.1.20 MSSH

The MSSH, micro~instruction source switch registers is a source/sink
register. It is special in that the console wmicro=instruction source
switch is bit-0Red onto the ocutput of this register. Any value can te
loaded into this registers but its contents are interpreted e&s the
combination of the bits in the register and the console switch
position. . ' .

3 2 1 " 0:LsB

'R 1 1 . 1 1
FORMAT: 1 0 i 0 t st ) S0 t

1 ! : LI ! |

b
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During RUNs» the source of the micro=instructions s controllec¢ by
MSSWe Specifically, this is whers the instructions are sourcec:

S1 SO

00 The source of the wmicro~instructions is from the cache.
However, if there is a MISSs, the micro=instruction is
directly from the S~memory as it routed to the <cache. This
mode is referred to as the normal mode where both the cache

. and S-memory are active.

01 - The source of the micro=instructions is from the S-gemory.
The cache is disabled as a source of instructions.

10 The source of the micro-instructions is from <cache. £ MISS
Will result the processor halting. No instructiors are
avaitable from the S-memory.

11 The M-register is frozen. The ‘present contents o¢f the
H=register are repeated.

The MSSW can be sourced or sinked as a &4=bit ragister. ALl the move
instructions which are applicable to a 4=bit register are also
applicable to this register. The register has only two bits.
Therefore, sourcing 4=bits will result in the upper 2-bits being a
zero and sinking 4<bits wiltl result in the upper 2=tits teing loste.

.Care must be used when altering this register since it affects the
source of micro~instructions. Since the MP=3 pipeline is affectec by
the source of the micro=-finstructions improper source switchkirg may
cause the pipeline to get out of synchronism.

3.1.21 NULLAs NULLBs» NULLCe NULLD» and NULLE

These five pseudo registers can act as sources or as destinations.
When addressed as a sources all zeroes are supplied to the
destination. When addressed as a destinations, the source data is not
accepteda :

NULLA replaces TOPM, NULLB replaces MSMs NULLC replaces MAXVs and
NULLD replaces MSR of the Model I and II M=processors.

3.1.22  RESERVED
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This pseudo register acts as a NULL register. It reserves tLhe space
the Liege LCR uses for I0R.

3.2 24=BIY FUNCTION BOX

The 24=bit "function box"” is compcsed of a 24<bit arithmetic unit

and a 24-bit combinatorial unit. It has as data inputs the contents of
the X and Y-registers and the carry flip-flop (CYF). It also uses CPU
(controtl for the arithmetic unit) and CPL (the S=bit variable cperanc
length) from the CP portion of the C-register.

AlL results from the combinatorial section are generated immeciately
and are continuously available to the micro-programmer. A move to oane
of the input registers or an alteration of a value in the CP oportion
of the C-register immediately generates a new result. The results are
available to the next micro~instruction and are accessed by moving the
contents of a result register to a cestination register or by testing
one of the 4=bit condition registers.

The results are most of the commonly wused functions betwueen two
operands. These include the Ands Ors» Exclusive=-0r, suwms carry=outs
difference» and borrow functions. and the set of eqrtal=tos
greater~than, and less=than relationals. The results of thke wunary
operations of complementation ano masking are also available.

The results of the arithmetic unit are under control of the CPU and
the CPL registers as follows:

cpPU UNIT TYPE POSSIBLE CPL VALUES DATA TYPE

00 1-bit operands 1 to 24 Binary
01 " h=bit operands L»3,12+16220 or 24 L=bit hinary C(ECD)
10 L=bit opsrands 1 to 24 B8Binary
11 4=bit operands 4rBr12016920, oOr 24 t=bit binary (€CD)

For valid arithmetic operationss the operand tength Cas specified by
CPL) must be an exact multiple of the length of the unit specifiec¢ by
cPU.

The contents of each of the registers described in the following
subsections are immediately available to the micro=-programmer.

3.2.1 SUM
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-SUM is a pseudo register equal to the sum of the X» Y, ard CYF
registers (X ¢ Y ¢ CYF). Zero bits in the more significart bit
positions of the 24=bit result are produced when the Llength as
determined by CPL (S=bit variable data length control) is Uless than
24. Results are not defined for CPL values 25 thrcocugh 31. The
carry~out Llevel is generated from the bit position of the output
specified by CPL. [f CPL = 0, the carry=-out level is equal to CYF. If
CPL = 1, the carry-out level is generated from the rightrost tit of X»
Y» and CYF, See Section 3.1.13.1s CP CCYF» CPU, CPL).

If CPU (2=-bit arithmetic unit controt) = .00, ¢the binary sum is
producede. See Section J.1.13.1» CP (CYF» CPU, CPL).

I1f CPU = 01, the decimal sum is produced by considering the X and Y
inputs to be comprised of six 4=~bit units. Results are are not cdefined
for non~B8inary Coded Decimal (BCD) units. CPL must be a multipgle of
four. : :

1f CPU = 10 or tl» the sum ié defined as though it were 00 or 01
respectively. The ALU is controtlled by CREG(0S). '

3.2.2 DOIFF

DIFF is a pseudo register equal to the difference of the X Y» and
CYF registers (X = Y = CYF). lZero bits appear in the more sicnificanrt
bit positions of the 24=-bit resutlt when the fLength as cdetermirec by
CPL is less than 24. Results are not defined for CPL values 25 through
31. The borrow=out level, generated from the static comparison cf alt
24=bits of X & Y» is true if X < Y or if X = Y and CYF is true.

1]

If CPU 00, the binary difference is produced.

If CPU = 0ls, the decimal difference is produced by considering the X
L Y inputs to be comprised of six &~bit units. Results are not cefined
for non=BCD units. CPL must be a multiple of four.

If CPU = 10 or 11, the difference is defined as though it were 00 or
kOl respectively. The ALU is controlied by CREG(OS).

A negative result is in 2°¢s cosplement form in the binary case and
in 10's complement form in the decimal case.

3.2.3 XANY» XORY, XEOY
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XANY» € X and Y)» XORY € X or Y)» and XEOY (X exculsive=or YY) are
24=hit pseudo registers that hold the results of the specified logical
functions. Zero bits are produced in the more sicnificart ©bit
positions of the 24-bit result when the length as determined ty CPL is
Less than 24. Results for the CPL values 25 through 31 are not
defined. '

3a2.4 CMPX» CMPY

CMPX (complement of X) and CMPY (complement of Y) are 24=~bit pseuco
registers that hold the results of the specified Llogical functionse.
Zero bits are produced in the more significant positions of the 24-tit
result when the length as determinec by CPL is Lless than 24. CPL
values 25 through 31 have undefined results.

3.2.5 MSKX»MSKY

MSKX» (mask of X) and MSKY (mask of Y) are 24=bit pseudo registers
that hold the mask of the appropriate register (X or Y). Becirning
With LSB of X or Y, the number of bit positions included in the mask
is determined by the value of CPL. Zero bits are producec in the more
significant bit positions of the 24=bit result when tte Llencth as
determined by CPL is less that 24. Results are not defined fcr CPL
vatues 25 through 31.

3.2.6 BICN

BICN (binary conditions) is a 4~bit pseudo register that hclcs the
following binary conditionss considered as a 4=bit group», anrd
addressable as a source only.

NOTE: CYF is also addressed by the SEY CYF M~instruction as well as
being available in the (B-bit) group addressed as CP.

3 2 1 0:LS8

BICN: & LSUY { CYF ¢ CYD I CYL ¢

LA B B K R R A X K B X X X T L N X L K N 2 X J

t ' t 1 .
e | 1 1 Carry Out Level
B | ] " Borrow=Out Level

1 . Carry Flip~Flop (CP(T7))

Least Significant Unit of Y

ia
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The carry-out level is a function of X» Y» CPLs, and CPL. See Section
3.2.1« The borrow=out tevel is a function of Xs Y» and CYfF. Seana
Section 302»2' OIFF. ) t

LSUY is true if the teast‘sfgnificant unit of Y is equal to 1 and
CPU = 00 or 10s or if the Least significant unit of Y is equal to 100
and CPU = 01 or 11. Only CREGC(0S) of the CPU controls this operationa

XYCN (XY condition) is a 4=bit pseudo register that holcds the
following retational conditions» considered as a 4=bit group and
addressable as a source only: .

3 2 1 os:LsB

XYCNz § MSBX 1 X=Y 1 X<Y 1 X>Y 1

WD AL AR GRS VA GRS WD W NN RN W W

MSBX is true if the bit in X referenced by CPL is 1. CPL = 1
references the rightmost bit of X while CPL = 24 references the
teftmost bit. MSBX = 0 if CPL = Q.

The relational results are based ¢cn the binary value of all Z&4-=bits
of X and Y.

3248 XYST

XYST (XY states) is a 4=bit pseudo register that holds the foilouihq
relational conditions, consicerea as a 4=bit group and acddressatle as
a source only:

3 2 1 o:Ls8

G M DTS TH A SL A G UDED R W N D AR AN R R WD WD WA O W GBS D W

XYST: 1t LSUX 1 INT 1t Y neq 0 t X neq 0 1

LSUX is true when the least significant unit of X is equal to 1 and
CPU = 00 or 10, or when the least significant unit of X is equal to
1001 and CPU = 0! or 11. Only CREG(CS) bit of the CPU contrels this
operatione. :

The relational results are based on the binary value of all 24 bits
of X or Y. :
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INT is true if any of the fotlowing conditions as reflectec.ir INCN»
CCr and CD are true. (See Section 3.2.9 INCN agnd 3.1.13.2 CA» CEs» CC»
CD. .

INCNC3) = Missing Port Device
INCNC1) Port Interrupt
cCce2) = 100MS Real Time Clock Interrupt
cCc(1) : Bus [/0 Serivce Request Interrupt
cC(o) : Controd! Panel Interrupt
cDC3) : Memory Read Data Error Interrupt
cD(0) : Memory krite/Swap Address (LR/BR Check)

Qut of Bounds Interrupt

" 3.2.9 INCN

INCN Cinterrupt conditions) is a 4=bit pseudo registers source onlys
that reflects the state of certain interface Ulines between the
processor and the port interchange (if present).

3 2 1 o:LS8

{ PORT -1 PORY ! PORTY 1 PORT i
INCN: ¢ MISSING 1t HI PRIORITY 1 INTERRUPTY § LOCKOUT 1
(Port ! DEVICE 1 INTERRUPT 1 { i

connect) MED RS DN UG WA W AR H WG U A R T S WS W W

Hhen the port interchange is not presant certain bits of INCN are
strapped at a TRUE or FALSE vatue as shown below. See atlso the
DISPATCH micro (3.4.29).

3 ' 2 1 0:L S8

(| 1 ' N { 1
INCN: i =eeea f FALSE 1 FALSE 1  FALSE '
(Direct 1 1 : ] | ]

cOnnect) U g ey g e g o R S S S

3.2.10 PERM (PARITY ERROR MEMORY)

This is a 4=bit register which indicates that a problem has occurrec
in memory. The register is defined as follows:

'3 2 1 0:LS8

PERM: { S-memory ! S~memory 1 S=memory 1 S=-memory !
: 1 Micro- { field out-of=- 1 Error Log ! uncorrectsble !



i PAGE
BURROUGHS CORPORAT ION CAMPANY CONFIDENTIAL
COMPUTER SYSTEMS GRCUP M=PROCESSOR=-3
SANTA BARBARA PLANT EeDeSa #2215 9891
t Instruction | bounds of the | has changed | error during
1t Time=0ut . 1 administrative | t a Processcr 1
] { memory 1 ' f operaticon i

WA MDD BEG DN BB DTS DD WM ST BN GRN TR AN IR S T T DR T W R

This register gets set to zero whenever the machine is startec froa
the halt state or in the hait state, whenever the register select is
in column 6 and the LOAD button is activated.

PERM(3): ALY memory micros will be checked for time-out. These
micros are Read/Write Memory (7C)s Swap Memory (2D)» Diagnostic
Read/Wr ite Memory (11D)s and Dispatch (1E). The occurrance of a memory
time=out will cause this bit to be set and immediately talt the
processor with the stuck rmemory mnmicro executinge This ¢Lit true
indicates that an S~memory micro has timed=out.

PERM(2): This bit true 1{indicates on any memory micross either
Read/Write, that the administrative wmemory (memory size as either
determined by MAXS or the physical memory present) has been exceeded.
For examples if the memory operation caused three stacks to te read,
but the administrative memory hada two stackss then this bit would be
set true. For the stack which was absentr, atll zeros woula be returneds
and there would be no error correcting action and herce ro errcor
indicators. During a fetchs, a field out=of=bounds error will cause the
machine to hatt, ;

PERM(1): This bit will be set true whenever there has teen a change
to the error~log register. The error~log register is empty (resets, or
cleared) after it has been read by the processor. Yhe error=-lcg
register can be changed depending upon the Llevel of the change
information. Generallys, the first error detected is Uloggec. Then if
there is an error of greater importances its status is writter into
the error-Log. There are three levels of errorss and these are the
possible chain of events:

Case 1 single bit error which was correcteds regplacec¢ by an
uncorrectable error from a non CPU device replacec by an
uncorrectable error from the CPU access.

Case 2 - an uncorrectable erraor from a non CPU devicesr replaced by a
an uncorrectable error from the CPU accesse. '

Case 3 an uncorrectébie error from a CPU access. Note: Tte CPU
error could be caused by a read error before a write
operatione !
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Just for information, the error-log register contains the fotlowing
information (see Section 3.4.35 for format):

1) Board number (4 bits) and chip row (2 bits)e

2) Syndrome (6 bits) which incicates the type of error. See
attached Table 3. ‘

3) Hrite operation -_the recordec error was the result of a write
operation (read prior to the srite; atlso may be either the bits
which were written over or the bits which were restored).

4) Mutiple occurrence orror. There #3s more than one occurrerce of
each type of error. An error status was lost.

5) Corrected single=bit error. One error which was recordec was a
corrected single<bit error. Note: If no other higher bit error
flag is sets, then the error represented in the syndrome is a
corrected single=bit error

6) Non CPU uncorrectable ercor. One error which was captured was a
non CPU uncorrectable error. Agains. if there is no CFU error
recordeds then the syndrome contains the status for this error.

7) Uncorrectable CPU error. The error vepresented by the syndrope
is the first CPU uncorrectable ervora.

PERM(O): This bit true indicates that there was an uncorrectable
error as a result of a CPU accesse. Curing a fetch, an uncorrectabtle
CPU error will resutit in a processor halt.

The PERM register can be 'a 4=bit source or sink for the move
instruction. The conditions which set these bits also affect CDC(3) and
the RUN mode of the processor. This is illustrated by the diagraer 1in
Figure 28. .

A
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FIGURE 28

3.2.11 PERP (Parity Error Processor)

PERP is a 4-bit register which contains the error concitions which
are generated in the processor. These errors are the result <c¢f the
micro fetch mechanisms cassette tape read parity error, caclte key
parity error, parity error on the micro in the M-register, and 3
double hit in the cache read.

Speci ficallyr, the PERP register has this format:

3 2 1 0:L58
. 1 Cache § Cache Key f Parity Error 1 Cassette 1
PERP: { Double Hit | Parity Error | on the word 1 Read Error 1
1 ' t on Key A I fetched to I which canrot 1
{ t or Xey 8 f the M=-register | be correctecd 1

T E P P PR Y YRR EREF XL LR L NE L E.L.E L KX E KX K E B K B K B B L R K RN R A B R R 2 4

From the HALT states, starting the machine witl result ir this
register getting set to zero. Also, when halted and the registsr
select is on column 6 and the LOAD tutton is activateds, this register
is set to zeroe.

PERPC 3) Cache Double Hit

- Cache double hit will resulit in both block A and block 8 reac¢ data
from the cache to the merged. During fetche this represents a herdware
mal function and the CPU will halt <(cache enabled). Double hit can
occur with the hardware in its normal operational state withoit any
harware mat functioning. This is when the key in both block & anc B for
a particular index is identical, anc¢ this occurs when writing irtc the
caches the A-register is the same fer writing into tlock A anc E. With
the cache disabled, the double hit witl not hatlt the processcr but
only set CD{(3)and PERP(3).

PERP(?2) Cache Key Parity Error on Key A or Key 8

This bit is set whenever there is a parity error on reading tte key
store. Since both key storess A and B» are read together», this flag
can be set whenever either generates a bad parity check. The parity
check is an odd parity over the key (8 bits), validity (1 bit)s and
parity (1 bit). When the MP=3 §s cleareds the key is zercr valicity is
one», and the parity is zero. With <cache enabledr <cache key parity
error during a fetch will halt the MP=33 when disableds it will set
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CDC3) and PERP(2).
PERPCY) Parity Error on the HM-register

This bit witl indicate whenever there fs a data parity error fronm
the cache or a micro=fetch direcly from the S-memory. Since the MP=2
can move data to the M=register, at those timess the parity error
reporting on the M=-register will be disabled. When loacirg the
M=register from the consoler anc when Lloading micros frcm tha
cassetter, the parity bit is not transmitted. Therefore, dJdurirg the
tape mode and console Loadings there will be no parity checking on the
M~register. The conditions to cause this PERP(1) to be set will also
hatt the MP=3, : :

PERP(O) . Cassette Read Error which cannot be corrected

This bit when true indicates a cassette read error. It will cause
the MP=3 to halt whenever it is true during the TAPE (MTR) moce.

bl
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The Parity Error Lamp on the conscle will be driven whenever there
is any condition to set CD(3) except loading into CD(3). That iss the

parity error lamp will be Lit whenever any of the conditions to set
the PERM or PERP register comes true.

The parity error lamp will go off whenever the machine is halted anrd
the register select is in column 6 and the LOAD button is activated.,
or whenaver the machine is started from the hatlt state.
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3.2.12 TIME

TIME is a 24=bit register which continuously counts every ! system
clockse. It counts up and will wrap around. It is a source only
register. Howevers, attempting to move data into this vregister will
cause it to be reset to zero. TYIME can only be read ty the

Register Move (1C) micro} E€Ser by Ajpuc B - bit i herid [8¢>,

MoVL‘r Z‘l"‘é/k él‘/(rr&/ KW X - . o . . r/ -
PIICIrBS Wi AFFccs (Z/(z'z) %;{76 /:f//sij/f/o Torgpesten (100, No 2r7e
3.3 4=BIT FUNCTION BOX ' -

The 4=bit function box (4-bit arithmetic and combinatorial section
of the processor) can accepts as one of its inputse the conterts of
any of the following 4~bit registers and pseudo registers. The seconcd
input is obtained from the M=instruction itsetf.

TA T8 L 1D ‘ TE TF PERP

LA L8 LC LD LE LF RESEFRVED
FU FT FLC FLC FLE FLF

CA c8 cC cD NULLA NULLE

BICN XYCN XYST FLCN INCN PERM

Outputs include the result of most of the commonly used furctions
between two operands; for example: setr andes cors exclisive=ors and
binary sum and difference (both modulo 16). Outputs are are directec
back to the source register if the source register is not a pseudo
register.

The sum and difference output can be tested for overflcw and
underflow respectively ands based on the teste a skip cf one
instruction can be made.

The 4=-bit function box alsc pravides for the selective testing of
one of the bits of a four~bit group and relative branching tased on
the result of the test. A skip of one instruction based on the result
of testing on a combination of up to four bits in the group is also
provided.

BICNs XYCNe XYST» FLCNe, and INCN are not actually registers but can

be sourced as if they were. They can be changsd onty as a result of
changing the condition which they reflect. :

Ja4 M=INSTRUCTIONS
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J.4.1 REGISTER MOVE

t OP 1 SOURCE 1 SOURCE § DESTINATION | DESTINATION

FORMAT: { CODE 1 REGISTER | REGISTER 1t REGISTER ! REGISTER !
1 0001 | GROUP £ { GROUP # | SELECT # t GROLP » |
i {t 0 -15 f O0eeed 1 0ewol { 0..el5 )

Move the contents of the source register to the destination
register. I f the source register is smaller than the destination
registers, data are right justified with teft (most significart) zero
bits supplieds If the source register is Larger than the destination
register, data are truncated from the left.

The contents of the source register are unchanged untess it is also
the destination register.

Exceptions:

1) #When M is used as a destination register in RUN» STEP», or TAPE

modes, the operation is changed to a bit-0R which modifies the

- next micro~operation. It does not modify the instruction as
stored in either the cache or the S~ memory. '

2) CHMND is excluded as source register.

3) BICN», FLCN» XYCNs XYSVT» INCNe CSHe SUM», CMPXs CMPY,» XANY, XECY»
MSKX» MSKY, XORY» DIFFs MANSs and U are excluded as destination
registerse.

. &) Hhen DATA is designated as a sources CMND and DATA are excluded
- as destinations.

5) U is excluded as a source in STEP mode.

é) TIME /s excluded as @ 2 Shk rqy/sﬁa».
Te4.2 SCRAVTCHPAD MOVE
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1 0P I RGSTR ¢ RGSTR | DIRECTION ¢ SCRTCHPD & SCRTCHPD 1
$ | CODE § GRP # & SLCT# ¢ O TO SCRTCHPD ! WORD 1 WCRC 1
] 1 . ] 1 SCRTCHPD f 1-RT WRD f Q0...1% {

AL R R D R WD AR TR WD R DA R A G D AR S WD AN D G W AR AR WD T AP W TP WD TR S oD R Al T WY WD P W B AW WD W Y e W e e

the contents of the register (SCRATCHPAD) to SCRATCHPAD
ter). If the move is between registers of unequal tlengths, the
s right justified with left (most significant) zerc bits
ed or with data truncated from the Lleft, whichever is

appropriate.

The

Except

1)

2)

3)

4)

5)

3abed

contents of the source register are unchanged.

ions:

Hhen M is used as a destination register, the operation is
chanjed to a bit~-or which modifies the next micro-cperation. It
does not modify the instructicn as stored in either the czche or
the S~menmory.

CMND i5 excluded as source register.

BICNs, FLCN» XYCNs» XYST» INCNs CSW» SUM» CMPXs CMPYs XANY» XCRY,
XEOY» MSKXs MSKY, DIFF» MAXS» and U are excltuded as destination
registers.

U is excluded as a source in STEP modee.

TIME is excluded as SOURCE or SINK.

SWAP F WITH DOUBLEPAD WORE
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1 op ! DESTINATION 1 SOURCE 48=-8IT |
FORMAT: § CODE ! 48-8I7 !t SCRATCHPAD |
§ 0000 0111  SCRATCHPAD { WORD 1
| ! WORD 1 0eneld !
i I 0uecalSsS { {

T D T TS B DR W W R W R D D I D SR B S B

‘ Move the contents of the FA and FB-registers to a holding recister.
Move the contents of the iteft and right word of the source scrztchpad
word to the FA and fFB=register respectively. Move the cortents cf the
holding register to the left and right word of the destinaticn
scratchpad worde.

3.404 STORE F INTO DOUBLEPAD WORD .

R AN AN KR ED N KD T ER R D D AN AD W N S D QD D AR OR O S D W A

¢ OoP ‘ 1 SCRATCHPAD !
FORMAT: & CODE 1 WORD ADDRESS ¢
t 0000 0000 0100 1 O.cealS !

AR AR A W AETE WV W G AP G W T CH S D A AR AR WSS WO A

Move the contents of the FA and FB~register to the Lleft and right
word respectiveily of the dasignated scratchpad worde.

The contents of the source registers are unchangede.

3.4.5 ULOAD F FROM DOUBLEPAD WORD

i OP I SCRATCHPAD !
FORMAT: {§ CODE 1 WGRD ADDRESS !
I 0000 0000 0101 ¢ OeeselS !

LA K L R N X IR LN R L Y Y L N XY

Move the contehts of the teft and right word of the designated
~scratchpad word to the FA and FB-register respectively. :

The contents of the source registers are unchanged.

3.4.6 MOVE 8-BIT LITERAL
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1 Oo°f 1 DESTINATION 1 LITERAL 1

FORMAT: § CODE 1 REGISTER 1 1
1 1000 1 GROUP & 1 0eea255
! § 0eeelS 1 )

LE L E TR ELREEREELE XX ELNEEDLX LN E L I B TR XJ

Move the 8=bit literal given in the instruction to  the destinatiaon
register. If the move is between registers of wunequal {engths, the
data is right fjustified with 1left (most significant) zerc bits
'suoplied.ﬁlﬁe register select number is assumed to be 2.

s Move 72 TIADLS  ~ //3:/‘5 Ao et PSSt sn e, TiC Fo
Exceptions: reset o zern

1) CSW is exctuded as destination register.

2) Hhen M is used as a destination registerr, the operation s
changed to a bit~or which modifies the next micro instructione.
It does not modify the instruction as stored in either the cache
or the S=memory.

3.4e7 MOVE 24=8IT LITERAL

LE T P XN N RN NE Y E X NEENEREELE N E-I X X X XXX

{ o°p t DESTINATION 1 24=8BIT LITERAL 1

FORMAT: 1| CODE 1 REGISTER 1 Ouoae MAX o
1 1001 | GROUP ¢ ; '
1 1 0uaol5 - 1

Move the 24~bit titeral given in the instruction to the destination
register. If the move is between recisters of wunequal Llengths, the
literal is truncated from the teft.&LThe register select numter is
assumed to be 2. | Aoyy Ho TIME - aeg yates st

- r , Fhe  TImE : .
Exceptions: ceul? 1 TIE S yesel o pery

L R R K N L R X g

1) CSW and M are excluded as destination registers. -

3.4.8 SHAP MEWMORY
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i 0P I} REGISTER ¢ ¢ FIELD ! MEMORY !
1 CODE i 00 = X i CIRECTION 1 FIELD
§ 0000 0010 ¢ O1L = Y f 0 ~ POSITIVE t LENGTH
{ i 10 =T It 1 = NEGATIVE | Q...24 1
1 1 11 = L ! { {

Swap data from main memory wWith the data in the specified recister.

If the v
is right

alue of the memory field is less than 24, the data from wmemory
justified with Lleft (most significant) zero tbtits supplied

whitle the data from the register is truncated from the left.

Regist
field di

er FA contains the bit address of the memory field while the
rection sign and field length is given in the instructicn.

If the value of the memory field length as given in the <instruction

is zero»

the value given in CPL is used.

3.4.9 READ/WRITE MEMORY

FORMAT:

Move ¢t

P RNBPB O BN VBB B BEDNRMAE BDRUD B BWG PWGRMARN T BN ORBNDECAOOBRH ONBUVSDRDSNBE DS S

1 op § DIRECTION f COUNT 1 RGSTR # 1 FIELD 1 MEMCRY 1
1 CODE ¢ 0 to RGSTR § VRNTS & 00 t DIRECTICN t FIELD 1
§ 0111 1 1 VO MEMORY 1 OQee.?7 1 01 t 0 = POSITIVE 1 LENCTH 1
{ 1 1 1t 10 t 1 = NEGATIVE 1 0O...26 |
4 l 1 1 11 { i I

MDD AN D WS D A W AN R WA TE I R RN W BN B D RSN G N WG MR RS EmS® SR anE O ®w

oo M

M - <X

he register®s (memory®s) contents to the memory (register). If

the value of the memory fiela Llengtt is fess than 24, the dats fronm

memory i

s right justified with left (most significant) zerc bits

supplied while the data from the register is truncated from the left.

The contents of the source is unchanged.

Register FA contains the bit address of the memory field while the
memory fieid direction sign and memcry field length is g¢iven in the

instruct

ion.

1f the value of the memory field length as given in the instruction

is zeroe

the value in CPL is usedqd.
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Memory field tength values Cor CPL values if MFL = 0) of 25 :znc¢ 26
are truncated to the value 24. Hhen used on 2a WRITE operatior, the
value 25 causes all error Logging and reporting to be sucpressed.
Corrects from an ECC point of views data is written into memory. When
used on a WRITE operations the value 26 causes the same action &s the
value 24.

For a description of the count variantsr, see Section 3.4.1C, COUNT
FA/FL. : :

3.4.10 COUNT FA/FL

L Y X X LR R E K L X K X K E KX L L J L K E L X X L_E 1

‘ i opP ! COUNT 1 LITERAL
FORMAT: | CODE I VARIANTS ¢t 0...31 §
i 0000 0110 1 O...7 ] 1

LA T W X X K K N R B X R X X E X R _N-JE X N X L L N L E X X X X1

Increment (decrement) binarily the designated register(s) ¢ty the
value of the titeral contained in the instruction or by the value of
CPL if the vatue of the literal is zero.

Neither overflow nor underflow of FA is detected. The value of FA
may go through its maximum value or its minimum value anc wrap zround.

Overfilow of FL is not detected. The value of FL will g0 throuch its
maximur value and wrap around. Underflow of FL is detected anc will
not wrap around. The vatue of zero is Lleft in FlL.

‘Literal values Cor CPL values if LIT = 0) of 25 ¢through 1 are
‘truncated to the value 264 .

Count variants are as follous:

Vv = 000 NO COUNT

001 COUNY FA UP

010 COUNT FL UP

011 COUNT FA UP ANC FL DOWN
100 COUNT FA DOWN AND FL UP
101 COUNT FA DOWN

11C "COUNT FL DGWN

111 COUNT FA DCKN AND FL DOW

53
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3.4.11 SCRATCHPAD RELATE FA

t gp 1 RESERVED 1 SIGN OF I LEFY SCRATCHPAD |
FORMAT: § CODE 1 i SPAD WORD § WORD ADDRESS 1
§ 0000 1000 ¢ 000 ! O=POSITIVE 4 0...15 1
i _ ! i 1-NEGAVIVE 1 1

Replace the contents of the FA~register by the binary sum cf the
FA-register and specified scratchpad register.

Neither overflow nor underfilow of FA is detected. The vatue of FA
may go through its maximum value or its minimum value anc wrap around.

J.4e12 EXTRACT FROM REGISTER T

LA X R E R N K X X X XX X N X E XN F N L F NI X X TR X PR F XX T N F N

' OP 1 ROTATE t DESTINATION 1t EXTRACT 1
FORMAT: 1 CODE 1 BIT COUNT 1 REGISTER ! BIT COUNT 1
{ 1011 1 0...24 1 00 = X I Oueo24 |
1 t 101 =Y 1 !
{ t 110 - T t 1
[ ! 1t 11 -t | 1

Rotate register T left by the number of bits specified anc then
extract from the right the number of bits specified. Move this result
to the destination register suppilying left most (most sigrificart)
zero bits if the extract count is less than 2&k.

The contents of the source register are unchanged unfless it is also
the destination register.

A rotate value of 24 is equivalent to 0.

3.4413 SHIFT/ROTATE REGISTER T LEFTY

5S4
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i opP 1 DSTNATN § DSTNATN 1 S/R VARIANT 1 S/R 1
FORMAT: 1 CODE § REGISTR t REGISTR t 0 = SHIFT 1 BIV CCUNT ¢

! 1010 & GROUP # 1 SELECT# t 1| =~ ROTATE ! Qe.e.24 i

1 1 Oeeel5 1 Qe ! ! ‘ {

B WD A DDA DS RS GRS D AR A D S AR AR D T W A WD R PR D W G AR D RN YR RS W O W e

SHIFT (ROTATE) Register T left by the number of bits spacified and
then move the 24-bit resuit to the cdestination register. [f the move
is between registers of equal lengths, the data s right justified
with data truncated from the left.

The contents of the source register are unchanged unless the scurce
register is also the destination register,

Zero fill on the right and truncation on the left occurs fcr the
SHIFT operation.

If the value of the SHIFT/ROTATE count as given in the idinstruction
is zeros the value given in CPL is used.

Exceptions:

1) MWhen M is used 2as a cestination registers the operation. is
changed to a bit~or uhich modifies the next micro-cperaticne It
does not modify the instruction as stored in the memory. ‘

2) BICNs FLCNs XYCNs XYST» INCN, CSHs SUMs CMPXs CMPY, XANY, XEQY»
MSKXse MSKYs XORYs DIFFs MAXSe, and U are excltuded as destination
registers.

3) .
FTIME  as a sk cwill yesed TINE o 2erp

3.4.14 SHIFT/ROTATE REGISTER X/Y LEFT/RIGHT

LT R Y E TR TR TR LR R LT Y EE R Y Y Ry Ry Y

i 0P i S/R I L/R 1 X7Y t S/R i
FORMAT: { CODE ! VARIANT t VAFIANT ¥ VARIANT 1 BIT {
t 0020 0100 ¢ J2~=SHIFT 1§ O~LEFT 1 O0=X REG § COUNT 1
i 1 1-ROTATE 1 1-RIGHT § 1-Y REG ! O..a24
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.~ SHIFY (ROTATE) Register X or Register Y left (right) by tne number
of hits specified.

Zero fill on the right and truncation on the left occurs fcr the
left shift. Zero fitl on the teft and truncation on the right occurs
for the right shift. :

3.4415 SHIFT/ROTATE REGISTERS XY LEFT/RIGHT

S SN A R N M R R W R TGN D D R WP SR ED S W e E A W

t oP 1 S/R 1 L/R i S/R {
FORMAT: t CODE f VARIANT 1 VARIANT 1t BIT i
f 0000 0101 & O~SHIFY & O~-LEFT t COUNT
1 ‘ i 1-ROTAYE { 1-RIGHT {§ O.o.48 !

SHIFT C(ROTAYE) Register X and Y Left (right) by the nusber of bits
specified. The register X is the {eftmost (more significant) hzlf of
the concatenated 48<~bit XY=registere.

Zero fill on the right and truncation on the left occurs fcr the
Lleft shift. Zero fitl on the teft and truncation on the right occurs
for the right shift.

3.4.16 NORMALIZE X

| O D M S WD D A AR R WD W

{ OP !
FORMAT: 1 CODE 1
1 0000 0000 0000 0011 1

LA R L A B L R L N L IR X ¥ WY N )

SHIFT the X-register left while counting FL downs, wuntitl FL=C or
until the bit in X referenced by CPL = 1. Zeros are shifted intoc the
rightmost end of X

CPL = 1 references the rightmost bit of X while CPL = 24 references
the teftmost bit of X. CPL = 0 is undefined.

3.4.17 READ/WRITE CACHE

1 OP CODE I FORCE PARITY i VARIANTS 1
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{
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The fol

000
001
010
o11
100

The pro

101
110
111

VARIANTS:

000

Hrite o
cache. Th

CSH:
POSITIONS

The A=r
is interp

A=REG

BITS

The Key
~indicates
presences
overrides
changed a
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I INTO KEY STORE | !
0000 0000 O111 1 0 = GOCD 1 1
] 1 = BAT § Cevcoanel 1

PAGE

lowing variant codes cannot be implemented by the programmer:

CONSOLE - HWRITE A
CONSOLE NWRITE B8
CONSOLE READ MICRCS
CONSOLE READ KEYS
NOT ASSIGNED

grammer should only execute¢ these variant codes:
DIAGNOSTIC WRITE

DIAGNOSTIC REAO0 MICRGO
DIAGNOSTIC READ KEYS

WRITE FROM CONSOLE ONE WORD INYO BLOCK A.

ne words 17 bitss, from the console suwitches (CSW) into

e 17 bits are defined as follows:

16 15

] PARITY { 16 BIT HORD 7O CACHE {
1 BIT» 1 !

L X LR R W L W X X NN E N X LY R XL R N X XX X E X X X T XX J

* 0DD OVER 17 BITS

the

egister is used as the address into the cache. The A=register

reted as foltows:

21 14 13 6 5 4

L E 2 P L B T B 2 X R N 'K L LR K I R F X E K T X J

1 KEY o INDEX i WORD 1

Store A is wWwritten with KEY (€AY and the VALIDITY
a presence of a valid gpicro (validity bit = (¢ inaicates

validity bit = 1 indicates not present). This
the LRU, writing into Block A regardless of LRL. LRL
s 3 result of this write operation.

is

S7

CAYy

micro
not



PAGE 58

BURROUGHS CORPORAT ION COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GROUP M~PROCESSOR=-3 :
SANTA BARBARA PLANT EeDeSas #2215 9891

The A-register is not incremented automatically by this operation.
However» hitting the console "INC A” button will cause the A-register
to be incremented by 1 in bit position 04.

VARIANTS:2

CE X K E X X R ¥ J

001 WRITE FROM CONSOLE ONE WORD INTO BLOCK B.

This is the same as variant 000 except the word is writter into
Bltock B8 instead of Block A. :

010 READ ONE WORD FROM THEvCACHE TO THE CONSOLE LIGHTS.

The word in cache is addressed by the A-register. It §is that word
which is located at the at the associative match of the key as pcinted
to by the index. The validity bit for that key must also be fatlse. The
selection of the one word in the four=word block is determinec ty bits
04 and 05 of the A~registers

There must be a comparison or HIT of the %key (8 bits) ard the
validity bit (1 bit). If there is no associative match (MISS)», then
atl zeros will be sourced from the cache.

The LRU bit is set to the state representing the block which was not
selected. , o _

The data word in cache i3 17 bits» 16 data and 1 parity. There i5 no
parity check on the data read from cache since the data ty-passes the
M=register. Howevers there is a parity check on both keys A and 8.

The A=register is not incremented automatically by the operation.
However, hitting the console "INC A" button will cause the A-register
to be incremented by 1 in bit position 04.

011 READ CACHE KEYS TO THE CONSOLE LIGHTS.
The index portion only (Bits 6=13) of the A-register is used s the

address to read the keys. This is a non~associative read. The console
Lights will contain the following data:

23 22 21 . 20 19 18 11 10 9 8 1 0
i I 1 HIT 1 HIT 1 8 f KEY IVALIDITY | A TKEYIVALIDTITY
fLRUY DY BLOCK 1 BLOCK § PARITY ¢ 8 B It PARITY 1 A 1| A {

1 [ I | 8 { A 1 L l | ! 1 ‘ !

LR R X R LI N XY ERXLELRENRL LD EELRERELLREDEERELELLREEXL TR NEL X RN XL NERE NN NN NN
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Nothing is changed by this operation. LRU», A=-register, Valicity and
Parity bits all remain unchanged.

There will be parity checks on both key fields for parity errors. If
an error is founds» PERP(2) will be set along with CDC(3) ard the
console parity error laape.

101 DIAGNOSTIC CACHE MRITE

The FA-register contains the address to write into cache as cefined
betow:?

W ER AN N D DGR W RS A ED SRS RO WS WD R AN W G R AL GE N VR TH R AN AR NI D ENE WD W @

L=-REG: /1 7 7/ i KEY 1 INDEX 1 /7 7 7 {

LEL A L KX E L XL X E LR LLE X R ELEREREEENIE LR T F-FYLEF T N FRT W IR

23 22 21 14 112 6 5 0

The low order 6 bits and high order 2 bits are ignorec. LRU
determines which block to write into. LRU does not change as a result
of this operation’ it can also force either good/bad parity into the
cache key. .

Four 17 bit words are written into cache. They ares:

X = TO WORD 9
Y = T0 WORD 1
T = TO WORD 2
L <~ TO WORD 3

The 17 bits are 16 data bits andll odd parity bit on 17 bits. The
format is¢

W G A R SR UD AN SR KD TR N N AP YR AN DS G TN D ED W DR Y GR N AR W GOR AR AW

XeYoTobls V /7777777 V P 1A DATA 1

WA NS R RN RN ED R N ED D ER AN R AN TR D DN D WD B D SR G SRR OD AP W D AR T A W

23 v 17 16 15 , 0

The sequence of operation iss
1) Save Ay
2) FA-register to A-register,

3) MHrite X-register to cache, word D3 MWrite KeyCA) to cache
(Key); Set. valid bit in key3 Generate and write parity in key,

[
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4) Write Y~-register to cachesr word 17
5) Hrite T=register to caches word 23
6) Nrite L-register to caches, word 3.

7) Restore A~registere.

NOTE: The key information is the same for atll urite accesses.

110 DIAGNOSTIC CACHE READ DATA

Read one word (16 data bitss 1 parity bit) from

X=register.

23 22 21 14 13 6 5 4 3 0

N RN A WIS WG ED O D N UD MRS Y NN AR TN S ER YDA R MO W @ ®

FA=REG t ////7/7 % KEY & INDEX & WORD Y /7777 1

e Y T Y T E YRR R N R K A R L I KR Al g

The FA-register contains the address of the word in

cache to the

cache. This is

an associative read where the read occurs in the block where the valicd

bit is false and the keys matche.

The LRU is set to the block which was not selected

if there is a

The data word in cache‘is 17 bitss 16 data and 1 parity.

The sequence of operation is3
1) Save A=register,
2) Move FA-fegister to A-registérp
3) Read cache to X=register (17 bits)ds
4) Restore ﬁ-register.
If there is a MI5Ss then ail zeros will be read

There is no data parity check on this Read since the

111 DIAGNOSTIC CACHE READ KEYS

frorm the cache.

60

data ty=-passes
the M=register. However, there is parity check on both keys A ard 8.
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Both keyss valid bit, parity, and hit status in additicn to tte

LRY

is read to the X-register. The format of the data in the X-register

is?
23 22 21t 20 19 18 11 10 9 8 1 0
X=REG:4 L & O ¢ HIT 1 HIT | 8 IKEY tVALID @ A TKEYIVALIDY
1 R {BLOCK 18LOCK fPARITY 1 B § 8 IPARITY?! A A |
1 U ¢ ] 8 ] A L] ] " ] | 1 {

prpppeaae gt L L L L E LY KK L R D ol ki il CP AP ED GBS G YR ED 4D WF UR L B ED M %P WA G5 BN W @

The FA-register is used to deteraine which keys to reac.
FA=register format s the samer, but only the index portior
meaningful.

23 22 21 14 13 6 5 0

FA=REG: § /7777777 & 1147777 10 | vV /177777 10
v 117777 1 7(KEY)/ V INDEX v 11t/ 77 04
v 1717717 W 1774727 1\ v L1t A

The
is

This is a non~associative read. Nothing in the cache is changed as a

resutt of this operation Cincluding the LRU).
The sequence of operation is?
1) Save A»
2) Move FA-régister to A-registers
3) Move Keys (etc.) to X-register»
4) Restore A.

If there is key parity errors PERP(2) and CDC3) uilt be set.

3.44.13 CALL

t 0P ! DISPLACEMENT t DISPLACEMENT !
FORMAT: § CODE 1 SIGN t VALUE {
t 111 ) 0=POSITIVE ! Oees4095 !
1 § 1=NEGATIVE 1 1

61
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Push the address of the next in~line micro=instruction into the A
Stack and then fetch the next micro~instruction from the location
obtained by adding the signed cisplacement value given in the
instruction to the address of the next in-lLine micro-instructior.

A displacement value indicates the number of 16-bit words.

Note: When the A Address is stored in the A Stacks it is multiplied
by 16 and stored as a bit addresse.

Note: Exit s accomplished by employing the REGISTYER MOVE

instruction with the TAS as. the source register and A s the
destination register.

J3.4419 BRANCH

t o°P 1 DISPLACEMENTY 1 DISPLACEMENT ¢

FORMAT: 1 CODE 1 SIGN 1 VALUE 1
f 110 8 0=POSITIVE 1 0eea4095 L}
' t 1=NEGATIVE i !

D WR A AP U D UR D T Y SR S D A G WD N W D SR O AP R AR WD ENCD @ W AP D ORGP
\

Fetch the next aicro-instruction froe the location obtaired by
adding the signed displacement vatlue given in the instruction to the
address of the micro~instruction next~in=linee

A displacement value indicates the number of 16=bit words.

J.4.20 BIAS

S R SRR WA DA AR ERAD ARG TR AR AN D AP A GRS WA AR GH NS UMD P AR N S DGR EP W WD GR W G AR R W

i 0P ‘ t VARIANTS & TEST CPL NEQ 0 FLAG |
FORMAT: 1 CODE i 1 0 -~ NO TEST i
1 0000 0000 0011 ¥ QeeeT? 1 1 = TESY CPL RESULT 1t

W MO AR AR SR R ARG G ARG SEA AD G G I AN WD S AR T DT W WAL G R W W

Set CPU to the value 1 €01) if the value of FU is &4 or 8 and to 0
(00) otherwiser unless V = 2. If V = 2, the CPU value is determined ty
SFU in lieu of FU. [
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Set the value of CPL to the smallest of the values denoted or
line in the following table.

VALUES

FU
24 and FL
cPL

CPL
cPL

NV WO | <

24 and SFL
24 and FL and SFL

24 and CPi and FL

" 1f test flag equals 1 and final value of CPL is nd; zeros the

16=bit micro=instruction is skipped.

3.4.21 SET CYF

I VARIANTS U

i o°pP
FORMAT: 1 CODE

{ 0000 0000 0110 1 124648

LA AR K L E X R L A XX X R T X 2 B X 22 N L X KX 1

- Set the carry flip-ftop as specified by the variants.

v =1 Set CYF
2 Set CYF
4 Set CYF
8 Set CYF
Note CY{D =

J3.4.22 4=31T MANIPULATE

to
to
to
to

0

1
cyL
CYoD

(X<Y) ¢ (X=Y)CYF.

PAGE

each

next
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WSS N AR D D D WP R N RS AP AN D AR AR D AR W D G G D W R e P YD AP W D RN WP W P WD AP G G R A W W

t oP ! REGISTER § REGISTER 1 VARIANTS & LITERAL |
FORMAT: ( CODE ¢ GROUP # ¢ SELECT # ¢ i t
1 0011 ¢ OeselS I Ceuol 1 Quea? I DeeelS 1

Perform the operation specifiec by the variants on the designateo
register.

v = 0 Set the register to the vatue of the literal.

1 Set the register to the Logical And of  the register and
literal.

2 Set the register to the logical Or of the register andg
literal.

3. Set the register to the logical Exclusive=0r of the register
and literal.

& Set the register to the binary sum (modulo 16) cf the
register and literal.

5 Set the register to the binary sum (modutec 16) <cf the
register and {iteral, and skip the next M=Instruction if a
carry is produced. ’

6 Set the register to the binary difference {(moduto 16) bf the
register and Literal.

7 Set the register to the binary difference (modulo 16) of the
register and titeral, and skip the next M=-Instruction if a
borrow is produced. -

Exception

BICNs FLCN» XYCNs XYST» and INCNs when specifiec as cnerand
- registerss are not changed as a result of this operation. Howevers the
carry and borrow outputs are produced and a skip can result.

3.4.23 BIT TEST BRANCH FALSE

€4
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f OP 1 REG ! REGISTER | REG | DSPLCMNT § DSPLCMAT 1§
FORMAT: 1 CODE § GROUP # ! SELECY # ¢ BIT # 1 SIGN t VALUE !
1 0100 1 0eeel5 § Ouael I 0aee3 ¢ 0=POS t O0eeol5 1
r " [ g ! 1-NEG ' 0

bl A K A X A L A K R F K T I K T X W X T T J ¥ F Y R g g g g g s S e g Goa@meo oo oases

Test the designated bit within the specified register and branch
relative to the next instruction by the signed displacement value if
the bit is zero. If the bit is ones a displtacement value of zero is
assumed and control passes to the next in-line M=~instructicn. A
displacement value indicates the number of 16-bit words from the next
in=line instruction.

See Section 3.1.13 for information on the reset of bits in the
C~register. '

3.4o24 BIT TEST BRANCH TRUE

t oP 1 RGSTR ! RGSTR t RGSTR 1| DSPLCMNY t DSPLCHNT 1
FORMAT: ¥ CODE ¢ GROUP # § SELECT % BIT # & SIGN ! VALUE {
1t 0101 1 DeeelS ! Osaal I Oceed & O=POSITIVE 1 0...15 1
! 1 L 1 t 1=-NEGATIVE 1 1

hndhadadialb oo b A it B Bl DL R R R L L L E R X L R T R R T R 3 e e g e

Test the designated bit within the specified register anc branch
relative to the next instruction by the signed displacement value if
“the bit is ones If the bit is zeror a displacement value of zergc is
assumed and control passes to the next in-line M=~instruction. A
displacement value indicates the numsber of 16-bit words from the next
in=line instruction.

65

See Section 3.1.13.2, CAs» CBs» CC» CDs for information cn the reset:

of bits in the C-register.

3.4.25 SKIP WHEN
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t 0P ! REGISTER § REGISTER & VYARIANYS | MASK !
FORMAT: & CODE 1 GROUP # 1 SELECY # 1 Oce.? 1 0ueal5 1
t 0110 1 Q...l5 ! Doeel 1 L] {

Test only the bits in the register that are referenced by thte =17
bits in the masks ignoring all others unless V = 2 or V = 6. If so»
compare all bits for an equal condition. Then perform: the action as
specified below.

V=0 If any of the referenced bits s a =1%s skip the next
H-instruction. '

1 If all of the referenced bits are "1™, skip the next
M=instruction.

2 If the register is equal to the masks skip the next
M=instruction. SKIP GLOSS 3=Same as V = 1, but also clear
the referenced bits to zero without affecting the
non-referenced bits.

4 If any of the referenced bits i3 a "1%"» do not skip thte next
M=instruction.

5 If att of the referenced bits are 1" do not skip the next
M-instruction.

6 If the register is equal to the maskes do not skip the next
instruction.

7 Same as ¥ = 4» but also clear the referenced bits tc zero
without affecting the non-referenced bitse.

Note: If the mask equatls 0000, the "ANY® result is false. The skip
is not made for vV = 0 and is wmade for V = 4, If the mask equals CGOQO0.
the "ALL" result is true. The skip is made for V = 1 and V = 3 &nc 1is
not made for ¥ = 5 and V = 7.
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Exceptionss

1) BICN», FLCNs XYCNs XYST» and INCN'cannot be cleared with Vv = 3 or
7 Howevers they can be testec.

2) See Section 3.1.13 related to the reset of bits in the
C~register.

3.4.26 CLEAR REGISTERS

f§ OP ] REGISTER FLAGS !
FORMAT: & CODE § ' 8 BITS §
1 0000 001t 1 L 3 T 8 Y U X8 F R F ULF 1 CH
t 1 ! ! § t At LttuUurP

Clear the specified register(s) to zero if the respective fleag bit
is a one. v

3.4.27 BIND

L R R A R L A B R X A X N L X T N 2 _J 1 J

FORMAY: 1 0P CODE i
t 0000 0000 0000 0100 1t

Move the 24~«bit sum of the L and T=registers to the A-register.
Since the A-register is 18 bitss the lower & and upper 2 bits c¢f the
24=bit sum are toste.

3.4.28 OVERLAY M=MEMORY
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FORMAT: 1 OP CODE 1

t 0000 0000 0000 0010C &

Overtay M-Memory from main memory. In this machines this ‘operator
will be interpreted as a No=-operaticn micro (3.4.32).

3.4.29 DISPATCH

_ 1 OP I VARIANTS ’ § SKIP VARIANT ]
FORMAT:2 t CODE f 000=LOCKCUT i O-SKIP IF 1
t 0000 0000 0001 & OQO1-WRITE LOW § ALREADY LCCKED 8

1 § 010=REARD , t 1-S5KIP IF NOT i

1 § 011-READ & CLEAR & ALREADY LUCKED i

1 § 100-WRITE HIGH t (Applies only 1

| I ! 101-PORYT ABSENY & to lockout !

] [ ] variant) |

Dispatch operations are used to send/vreceive interrupt and interrupt
information to/fros other ports.

Since the interrupt system is shared by atil portss the processor
should gain control of the interrupt system by successfully comgleting
a LOCKOUT prior to a DISPATCH HRITE.

LOCKOUT sets the lockout bit in the DISPATCH Register and allowse
via the skip variants, skipping or not skipping the next 16-bit
instruction based upon success or failure Calready set) of the
LOCKOUT .

WRITE C(High or Louw) DISPAYCH sets the Lockout and Interrupt flip
flops in the port interchange. It also stores the contents c¢f the
Lt~raegister into memory 0 through 23 and the contents of the {east
sfgnificant 7 bits of the T-register (designating the destinaticn port
£ and channel #) into the appropriate port interchange register. In
addition, it sets (WMrite High) or resets (Hrite ULow) the high
Interrupt flip flop in the port interchange.

READ DISPATCH stores the contents of memory locations C throuvgh 22
into the L-register and the contents of the Port Channel register into
the Least significant 7 bits of the YT-register. The other 17 Dbits of
the T-register are unaffected.
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READ AND CLEAR DISPATCH in addition to perforaming the READ DISPATCH
operation clears the lockout flip flops the two interrupt filip flops
and the Port Device Absent flip flop in the port interchange. It does
not clear any memory locations.

PORY ABSENT is executed by the processor when necessary to retuén a
Port Device Absent level signal to another port indicating the sbsence
of the designated channel..

Dispatch operations in the case of direct connéct to memory are
llnlted to the following: ’

[ 4

1) LOCKOUY: Always skips.

2) MRITE LOMW: Always sets Port Device Absent Llevel true (true
indicates absence). :

'3) READ & CLEAR: Always sets the Port Device Absent Level false
(false indicates presentle.
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~FIGURE 31 DISPATCH
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No changes occur in the T and L-registers. In the INCN=reyister aonly
the Port Device Absent bit can change. The Lockouts, the Interrugts anc

High Priority bits will always be false. No other dispatch
are defined. See Fiqure 31. '

3,430 CASSETTE CONTROL

ORADED W RS NS CIER AR IR GNER N AR DA W AP I UD W R ED DGR AR G NS WL AN TP ED O D AR Y W

"FORMAY: | 0P CODE I VARIANYS & O = Halt ]
1 0000 0000 0010 t Qaewe? 1 1 - Skip ]
] ] § VAR = 253567 1

Perform the indicated operation on the tape cassette.

V=20 Start Tape

"1 . Stop/Skip Tape (The processor also hatlts if it is

operations

ir TAPE

2. Stop/Skip TYape if X neq Y (The

processor also hatts if it is in TAPE mode.)

3  Stops/Skip Tape if FA NEQ ER (The processor also halts if it

is in TAPE mode.)
4 Reserved
5 Reserved

6 Stop/Skip Tape is X = Y (The processor also halts
in TAPE mode.) '

it it is

7 Stop/Skip Tape if FA = BR (The processor also halts if it is

in TAPE mode.)

Note: ALl Stop Tape variants cause the tape to hatt in

available gap.

J.4.31 HALT

the next
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FORMAT: | OP CODE 1

t 0000 0000 0000 OOO1 ¢

Stop execution of the micro~instructions. In RUN mode the next micro
to be executed is fetched and stored in the M=-register ard the
A-register points to the next following micro. In TAPE mode the next
micro is nat fetched and stored in the M=register and the HALT  wmicro
is not left in the M~-register.

J.4.32 NO OPERATION

FORMAT: { Q0P CODE 1
t 0000 0000 0000 Q0G0 1§

DG EE R GO T R AR SR SD O T D AR WR P AR W RN

Skip to the next sequential instruction.

J.4.33 HONITOR

AR ES TSNS S SN A D ER A AN RS IR DM ED AW ANED W ARG N TR P AR D AR

FORMAT: 1 OP CODE 1 VARIANTS 1
1 0000 1001 1 7 ¥ 6 ¢ S 1 4 8 3 ¢ 201 0 ¢

Skip to the next sequential instructione

During the time this micro-operator is executing the operater ancd
the last two bits (0 and 1) are decodedr AND=-ed with the system clock
and are present in the backplane as follows:

MONITOR 0 Yrue for the OP Code

MONITOR OORO True if last two bits are 00
MONITOR O1RO0 True if lLlast two bits are 01
MONITOR 02R0 True if fast two bits are 10
MONITOR O3RO TYrue if Ltast two bits are 11

J.4.34 NANO MOVE

4

rd
(4
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r &6 S & 3 2 1 0
' oP CODE & v STOPPING 1 24 8IT '
FORMAT: 1 0000 1010 1 A SEQUENCE ¢ NANO PORTION 1
o | 1 R 8 NUMBER 1 1

LA AU R L X B X LA XX LN XL XN EEERE X T IY X ¥ Y R ¥ NP R R R P IR I s S s e

VAR: -
0 - CONTINUE
1 = ABORT

The Nano Move micro affects the next aicro to be executed. This
micro is executed for one clock and its effect during this one clock
is exactly like a no-operation micro as far as any actior on :&eny of
the addressable registers.

Howevers» on the next micro following this nano move micror it witl
stop sequencing on the sequence nusber corresponding to the value
represented by 3 bits through 6. When the sequence number of the micro
sequencer equals this stopping sequence numbers, the MP=3 frgezess
except for shifting of the nano-register to BR. The 24 bit naro=word
portion called for in bits 0-2 is shifted to BR. If the option is to
abortes then once BR contains the proper nano=bits the nano-register is
cleareds and the next micro in sequence is executed. If the option is
to continuer, then once BR contains the proper nano=bitss the
nano~register continues shifting wuntil it reaches the original
position. At that points, the aicro axecution resumes. In either
optionr the original contents of BR are Lost. Table & gives the number
of sequence steps for each micro~instruction. Table 5 shows which bits
of the nano-register are transferred to BR as a function cf the
nano=portion code. D gy S

‘For a one sequence micros there will be no execution of that micro
if it was preceded by the nano~move micro and the stopping sequence
number was 1. If there was a two sequence wmicro and the stopping
sequence number was 2, then sequence 1 would be completed and s€equence
2 would be examined and the bits shifted into BR.
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MICRO NUMBER OF SEQUENCES
1C
2¢c
3C
4C
5C
6C
7c
8C
9¢C

1oc
11¢C
123¢C
145C
10
2D
3D
4D
Sp |
6D 1-
70
80
9D
100
110
1E
2€
3E 2-
4E
SE
6E
7€
1F
3F
4F
SF
8F
0

§ o gt et pus o b \J] i Pt gt g el e

[
]

po
§
pon on e gt g P D e e et Ly B T e s e e ) e e D3NN

TABLE 4 = NUMBER OF SEQUENCES FOR EACH MICRO
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0

0
0
0
0
0
0

0
kY
0

0

A VY AVA

o o

0
0

Y

0
1
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Nanc Bits
0 - 23
26 = 47
48 =~ 71
T - 95
%6 - 119
120 = 143
146 ~ 167
Undefined

TABLE S

PAGE "
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344435 DIAGNOSTIC READ/WRETE MEHMORY

T 6 | & 3 2 i @

i GP CODE P BATA & TW 1 { i i EEHO
FORMATE t REG U SIGN | RES § MJE | R/W | VAR
t 0000 1011 ' CODE 1 { | I | i

T 61 DATA REG EODE
NS EE|LIBRINBIERARE LS

0 © | X=REGISTER

6 1 | ysREGISYER

1 0 1| VY=REGISTER

1 1 1 LeREGISTER

5 | TRANSFER WIDTH STGN

an-‘-nun-annnaau--aaasaa

01 »
O

3t HEWORY

0 1 MEMORY
1 § ECHO

2 | READ

0 1 READ MEMORY
1 | WRITE HMEHORY

1 1 ECHO

0
0 0 | RESERVED

0 1 1 MNRITE DATA REGISTER
1

i

0 ¢ ADDRESS REGISTER
1 | ELOGS CLEAR

OPERATIONSS
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A. WITH MEMORY OPTION AT MEMORY:

1) NWRITE 16 ¢ 6 (ECC) BITS TO MENORY. Write will occur on memory
stack boundaries. FA points tc the memory stack. Table & shows
the rules for generating the proper 6 bit error correcting code.
See Figure 33 for the write check bit format. MWrite dgta s
written from X Y» T» or L-registers.

2) READ 16 ¢ 6 (ECC) BITS TO X» Y» Ty or t-registers. FA is the
address used to determine which memory stack to read. The 16
bits are words from a memory stack and the 6 ¢tLtits are the
associated ervor correcting code bits. See Figure 33 for the
code {ogice.

23 18 17 16 15 ' ‘ 0
READC22) § CHECK 8 1Pt DATA : i
| BITS 1 ] L] {]
23 18 17 16 15 4]
WRITEC22) U CHECK 1 O & 0 DATA 1
] BITS ¢ 1 ] {

-Be WITH MEMORY OPTION AT ECHO:

1)

2)

3)

READ ERROR LOG REGISTER (See Figure 32) AND CLEAR THE REGISTER
The ELOG register ctears prior to the next load of the ELCG.
Therefore consecutfve reads of the ELOG register without any
memory errors will give the same resultse

READ WRITE DATA REGISTER. This will altow the processor tc read
back the 22-bit write data recgister for the key memory tibyte.
The contents of this read are transferred to Xs Ys» T, or
L-registers. '

READ THE KEY BYTE ADDRESS REGISTER. Read the key byte sddress
register to Xs» Y» Ts or L~register. The transfer width sign is
only used to vary the contents of the key byte adress register.

NOTE: The toier'bits of FA will be ignored. This is to ensure that
only memory stacks will be accessed.
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ERRCR REGISTER

23 22 21 20 19 18~-12 11-8 T-6 S 4 3 z 10
_ ] ] 1 1 ] ] ] 1 { 1
FORMAT:2 ¢ M & PU ¢ NU ¢ S t WRITE ¢ § BOARD t ROR t SYNCRCME 1
] ] t L] 1 ] ! 1 i {
SYNDROME See Table 3
RONW chip row of failure
B8OARD storage board which contain the failure
HRITE the error desceribed by bits 0-10 was the result of
read or uwrite operaticn
HRITE = 0» READ Operation
HRITE = 1, WRITE operation
S a single bit error uwhich had been correctec was detected
] there had been a duplicate of the S» NUs or PU type
ervor. Since the error tog can only store inforration on
one bits error data has been Llost.
NU the uncorcectable (multiple~bit) error was not a CPU
accessed error
- PU the uncorrectable error was a CPU accessed error

FIGURE 32 ERROR REGISTER FCRMAT
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RELATIONS BETWEEN CHetw Bi175  Ane  WeiTE  DATA

C1-C6: (Check bits;  bitl - bt 6
Y0 — Y5  Write a’a/a; bifo — b7t 15

(6id number ed as Seen in WEU)
(1-~§ 200210 x2@X3® x4 & x50 X6 © x7]/
cz-‘—“{ YO U O Xe® X8 D 19 © XI0 & x4 © X12] /[
3= {fw@' X4 O 18D 19D XI0B N3O XD KIS] /
(4= [0 20 ¥5 & 26® Y80 XNO VO XB]/
| .C5= 5%1@ 150 967@ LOD® X/ B X2 & i3 @X/S]/

£

Co=f2@x4@ X6®XT @ X0 ® 2/2® X190 115} /

FIGURE 33A

ac¢
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ffzﬂr/bus SETWEEL SINDROME  BITS  AND LEAD DAIA
S1-56:! Syndrome  bits; b/t 1 - b6
YO - Y2U: Read dots, b/¢p- bitat
_sz='{Yoea VIO YZO Y3 Y4® Y50 V6O YT & Yig
2: Y00 V10 Y20 Y8 © Y90 VioB Yi® Yize Vi 7 §
{Ys@ Y4® YE® YOO YIOD YI30 Y4 D YISO Yi8 ]
S54-{ YO® Y30 Y50 V6D YB® YU & Y13 HYAE 19]

lyrevseviovoovubyzevs & vis o v 20}

S6= sz@ V4O Y6 DYTOYI0OOYI2 © Yie & Yi5® v21]

FIGURE 338

81



PAGE 82

BURROUGHS CORPORATICN COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GRCUP M=PROCESSOR=-3
SANTA BARBARA PLANT E.D.S. #2215 9891

Zr/ MBY .
Write '1 N
dota ‘> S
qo—X/qj .
70
> CHeCck Br7 S Check > NIEMIDLY
GENE LATOL bits BOALD
c1-(C6
/
‘ )
(< ' YO-)’/5} . <\ reom
75 L MEAIDR Y
1 e BoArLL
Syndreme ;
COLREC . Sy
oo | LU e pmome 2re 1 |07,
51-56 VELATOL Yo- Y21

FIGURE 33C
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3.4.36 CLEAR CACHE

FORMAT: 1 0P CODE o
1" 0000 0000 0000 0101 1§

This micro ctears atll of cache as contrasted to clearing parts of
cache. In the key portion of caches thea validity bit is set tc one,
data bits (8 key=bits) are set to zeros and the parity oit is set to
Zero. In the micro~store portion o¢f the caches the operastion is
unspecified. The LRU bits are set to indicate that micro B8 has been
accssed? therefore the least recently used storage is micro A.

3.4437 INCREMENT A=REGISTER

FORMAT: & 0000 0000 0000 1000 ¢

) This command will cause the A~register to increment by 1. In the
tape mode» since the A-register does not increment after eact  micro,
invoking this amicro will cause the A=register to count up by 1.

3.5 CONTROL PANEL OPERATIONS

MCP=3 interfaces with Control Panel=4 C(CP=4). CP~4 consists of three
componentss: :

a) Diagnostic and Maintenance Panel (D/M Panel),
b) Remote Operational Panel (OP Panel)?

C) Remote Cassette_fape Drive (Cassette).

3.5.1 DIAGNOSTIC AND MAINTENANCE P ANEL

The D/M Panel contains the following components:
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a) FKegister Select Switch,

b) Register Group Switchs

c) M-inpqt Suitchs

d) Interrupt Switche

e) Load Switchs,

f) Hatlt Switch,

9) Clear Suwitchs

h) Start Switche

i) Cassette Select

i) Increrent Switche

k) SinglesContinuouse

1) 24 Data Switchess

m) State Light,

n) Run Lights

p) Error Light,

q) Over TYemperature Light,

r) 24 Data Lightse

.51l

REGISTER SELECT SWITCH

PAGE
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An eight position rotary switch providing three binary encocdec lines
indicating switch positions. These
load/Display mode and the proper column of the Ltoad/Display Table. The
switch positions are assigned as follows:

I Register 1

tines

are

used

Mode
Selected

te

select

i
Position | Seclect Lines { Column 1
1 & 2 1 1 Selected | _
LR L L L L LY c------------—-l -c---m----'-----o----:----c--
0 1

1 1 0 0 0 t

1C

the
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2 1o 0 1 1 1 ] 1C

3 t 0 1 0 1 2 0 1C

% ' 0 1 11 3 ' 1C

5 ‘" 1 0 0 “ { 2c

6 11 0 11 ] ' 2c

7 ¢ 1 1 0 1 6 ! MEMORY

8 (I 1 1 1 7 ' NOT DEFINED

The memory mode is further definec by the register group switche.

3.5.12 REGISTER GROUP SWITCH

A eighteen position rotary switch providing four binary encoded
lines indicating switch positions. Positions 17 and 18 are interpreted
the same as position 1. These Binary encoded Lines are used to select

the proper row in the load display table. The switch positiors are
assigned as foltows:® .

] ] Row | - Henory
Position 1 8 [ 2 1 1 Selected 1 Mode
haheiabdedelnbdt B bl Ll L L D D B D LT T T T puptupipipn
1 t 0 0 9 0 0 ! Cache Block A Hrite Inc 1€
2 1 0 0 0 18 1 I Cache Block B Write Inc 1€
3 | B¢ 0 1 o 2 I Cache Memory Read Inc 1€
4 1 0 0 1 11 3 ! Cache Key Read Inc 16
S 1t 0 1 0 (VI | 4 I Halt:Switch & A-reg equal
6 t 0 1 0 11 5 I Hatt:Switch & FA-reg (Reac) equal
7 fF 0 1 1 01 6 # Halt:Switch & FA~reqg (Write) equal
8 1o 1 1 11 7 § Cache Ctlear
9 | I 0 0 01 B ! S-mermory Read 16 Inc 16
10 t1 0 0 | | 9 ! S-memory Hrite 16 Inc 1€
11 t 1 0 1 01 10 i S-memory Read 22 Inc 16
12 L | 0 1 11 it ! S-memory Hrite 22 Inc 16
13 i1 1 0 01 12 ! S-memory Read 24 Inc 24
14 ! 1 1 -0 11 13 § S»memory Write 24 Inc 24
15 ' 1 1 1 (VI | 14 ! Not Defined
16 11 1 1 11 15 1 Read ELOG

3.5.1e3 M=INPUT SWITCH

A four position rotary switch which provides two binary encoded
lines. These lines are used to select the various options fecr the
source of instructions to be placed into the Micro=register (M) while
in the Run state. The switch positions are assigned as follows:
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' t M-Input 1 |
Position 1 Select ] M=0ption
§ 2 1 L - fRun #¥ode (Onty)

1 f 0 0 ! Ensble Cache & S=memory Cnormat)

2 i 0 1 1 Enable S=memory

3 | I | 0 1 Enable Cache

4 t 1 1 { LOCKED to present contents

Je5ele4d INTERRUPT SHITCH
. A two position toggle switch which provides two lines. Derending
upon the positions one line is at a "one™ lLevel while the other is an

open circuit. This switch is wused to set the bit in the ccco)
register. It cannot reset the Dite

3e5.1.5 LUAD SHITCH

A momemtary pushbutton switch which provides two Llines. The Llines
are used to provide a pulse to determine the proper system reaction
depending upon the setting of the Register select and group suitches,
It will cause one of the following actions: .

a) load data switches into Selected Register,

b) toad data switches into Selected Pad Ltocation,

) Hrite data switches into cache C(A)»

d) Read cache (A) to console tights,

e) Hrite data switches to S-mem (FA)»

f) Read S-mem (FA) to console tights,

g) Cause a cache clear.

h) Cause CA or RC to I/0

3.5.1.6 HALT SKITCH

A momentary pushbuttom switch usecd to halt the sytem while it is in
the run state. The processors upon receipt of this signals, will
complete the present micro and come to an orderly halt. It will then
transfer into the load/display state«. In the event the system uwill not
halts it can be halted by depressing both clear and halt at the same
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time.

v

3.501.7 CLEAR SWITCH

A momentary pushbuttom suitch used to put all system registers and
control F/F into the clear state. The clear signal is ontly active
during the load/display state. If the system s in the run states, it
must be halted first. In the event that the sytem will not halt, it
¢an be cleared by depressing both clear and hatt at the same tiase.

3.5.1.8 START SWITCH

A wmomentary pushbutton switch used to transfer the system frce the
load/display state to the RUN state. In additions if the tape mcde is
selecteds it will issue a cassette start signal.

3.5.1.9 CASSETTE SELECT

A two position rotary suwitch is used to assign the rerote csssette
tape drive to either the NP=3 or 1/C.

34541410 INCREMENT SWITCH

A momentary pushbutton switch useds uhen the Memory mocde bhas been
selecteds to increment the A-register (cache selected) or the
FA=register (S-memory selected). The increment amount is determined ty
the setting of Register Group switche.

3.5.1.11 SINGLE MICRO/CONT INUOUS
A two position toggle switch used to dqteraihe run state conditionse.

If this switch is in the single wmicro positions the systew will
normallly be in the toads/display state. Hhen the start switch is
depresseds the system witt go into the run state for the execution of
one micro and then return to the load/display state.

If the switch is in the continuous position, depressirg the start
suitch will put the system into the run state. The systens will
serially execute instructions untit requested to halt. It witt then
‘return to the load/display state.

345112 DATA SWITCHES
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24 two position toggle switches tg provide data for the loading of
registers or scratchpad or to provide data for a conscle write to
either cache or S-memory. These switches may also be accessed in the
run state. In the run states these switches may be used to turnish
data or provide the halt comparison addresse.

3e5.1.13 STATE LIGHT

A tamp which when on indicates that bit 3 of the CC=register is set.

3¢5+.1.14 RUN LIGHT

!

A lamp which when on indicates that the system is in the run state.

3.5.1.15 ERROR LIGHT

A lamp which indicates when a parity error has occurrec. See
Sections 3.2.10 and 3.2.11 for further details cn the cdefinition of
this Ltight. '

3.5.1.16 OVER TEMPERATURE LIGHT

This lamp comes on whenever the fan is not producingy acequate
airflow. [t indicates that the airflow is below standarce ang
subsequently there would be an over temperature condition.
3e5.1.17 ODATA LIGHTS

There are 24 lamps that follow the main exchange of MP=3, A selected
register or scratchpad location is cisplayed by moving it onto the
main exchange. When in a memory reac¢ mode and the Load Cbuttor is
depressed, the specified data is placed on the main exchance ard
tocked into the data buffer for display purposes.

3.5.2 REMOTE OPERATIONAL PANEL

The Remote Operational Panel contains the fotlowing components:

a) B80T Light

&y
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b) START Switch
c) HALT INTERRUPT Switch
d) CLEAR Switch

e) TAPE/NORMAL Switch

3.5.2.1 BOT LIGHT
- A Lamp which indicates when the cassstte tape is in the Beginring of
Tape position.
3050202 START SWITCH AND LIGHT
The start switch is the same as described in Section 3.5.1.8. In
additions this switch has a lamp behind it and when it is ons, it
signifies a not normal run condition. The Lamp is Lit whenever

a) the interrupt switch is on (Section 3.5.1.4),

b) the single micro mode is selected (Section 3.5e«1l«11)s oOF

'¢) the micro source selection is not on "normal™ (Section 3.%c1e3).

3450203 INTERRUPT SHITCH AND LIGHT

‘This switch is used to set the CC(0) register. Whenever the CCCC) is
set, the interrupt tight is one.

3.5.244 CLEAR SKWITCH

This switch has the same function as described in Section 3.5.1e7e

305425 TAPE/NORMAL SHITCH

This switch selects whether the micros are to come from the czssette
‘tape or from the normal source (either S-memory or cache). [f the tape
position 1is selecteds then the cassette select switch (Section
"3e5419) must be on MP-3,

3.5.3 LOAD/DISPLAY OPERATIONS

g9
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While the sytem is in the load/display state several functiors are
available at the D & M Panel. Normally the system will te resgonding
to a display instruction until the toad switch is depressed. It will
then execute one 1oad instruction and return to the cisplay
instructions. '

Table 3.5.3 gives the assignment of the 1load display furctions
depaending upon the positions selected for the Register Select Switch
and the Register Group Switch.
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REGISTER 1 REGISTER SELECT SWITCH 1
'“-’-----.-----ﬂﬂ-ﬂ.“--"‘-'-'ﬂ“‘-‘-.----.---------------'
GROUP SW 1 000 1 001 t 010 1 0111 100 ¢ 101 t 110 !
e DL B R e B R R B L |
000018 TA 1 FU ' X § SUM(1) 1 SOOA! SOO0BY CAWCS) |
50011 T8 1 FT 1 v ! CHMPX(1)1% SO1Al SO02B{i C8W(S) '
001018 TC 1 FLC I | t CMPYCL1)1 SO2A1 SO02BI CMR(S) |
00114 TD 1§ FLD 'L 4 XANYC1)@ SO3AE SO3BI CKR(S) 1
aane LI EE R R R e e e R L R LY EEP L PRy
01001 TE 1 FLE 1A ¢ XEOY(1)1 SO4A1 SO&4B1 SA 1
01011 7TF 1 FLF 1M § MSKXC1)1 SOSAI SOSBI SFAR t
01101 CA 1t BICNCL) | 8F I MSKYC1)! SO6A1 SO06B1 SFAK i
011118 C8 1 FLCNC1) 1 LR ! XORY(1)1! SO7AY SO781 CACLRCE)
1 000 1 LA 1 NULL 1 FA t DIFFC1)t SO8AI SOBBY READ1I6(6) 1§
10011 LB 1 4.0 1 FB I MAXSC1)1 SO9A1 SO9B1 WRITE1€(6)1
1 0101 LC 1 PERM | FL ! NULL ¢ S10A! S10B1 READ22(6) |
10111 LD ¢ PERP ! TASC2) € UC3) t S11A1 S11B1 WRITE2Z(6)1
seeemcscejecccc{ecccccacn]moncncen] cosneses{ecnas] cacan] sacncananan ]
11001 LE ¥ XYCNCI) T CP § NULL 1 S12A1 S12B1 READ24(7) |
1 10 1 0 LF & XYSTCL1) 1 NULL 8 DATACH)? S13A1 S1381 WRITE24(7)1
1 11001 CC & INCNCL) 1 CSWCL) § CMNDC&4)DT S14A0 S1481 . o o o 1
111118 C0 1 MSSHW ITIMECLO0D1 NULL & SL5A! S1581 RELOGCS) I
NOTES

1 SOURCE ONLY
2 SOURCE ONLY PUSH OR POP OF POINTER INHIBITED WRITE INHIBITECL
3 NOT AVAILABLE AS SINK OR SOURCE FROM CONSOLE
4 LOAD WILL GENERATE CA FOR DATA RC FROM CHMND
RC INHIBITED when LOAD NOT USED

91

F RV N

NN

11
12

13
14
15
16

'S INC WILL CAUSE A TO INCREMENT BY 1€16=8BIT WORD)» LCAD WILL CAUSE

CACHE READ DR HRITE

6 INC WILL CAUSE FA TO INCREMENT BY 16, LOAD WILL CAUSE S=MEMORY

READ OR HRITE

7 INC WILL CAUSE FA TO INCREMENT BY 24» LOAD WILL CAUSE S~=MEMORY

READ OR HWRITE

8 LOAD HILL CAUSE A CACHE CLEAR

9 LOAD WILL CAUSE S~MEMORY ELOG TO BE READ AND DISPLAYED

10 SOURCE ONLY., SINK TIME WILL CAUSE TIMER TO RESET TC ZERC.

11 The rotary has 18 positions. Position 17 and 18 are the sage
l (i.a.' Gro‘up SH - 0000)0

as
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FIGURE 34

The MP~3 Processor Operations
modes and sub modes.

The states are:
CONTINUOUS STATE:

NON CONTINUQUS STATE:

CONTINUOUS state is further d

WD PR R DS I

1
]
TAPE
1
|
'
1
!
CASSETTE

MODE

i

{

1
CACHE

SOURCE
SUBMODES

The non continuous state may
are as foltows:

STEP

D G W ERES D R R DN S

S=MEM

PAGE
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LOAD/DISPLAY TABLE

are divided into the following statese.

- FOLLOWING PUSH OF "START"™ BUTTOM

FOLLOWING PUSH OF *“HALT", OR
PROCESSOR SELF=INITIATED HALT

ivided as follows: '

CONT INUQUS STATE
]
1 ! i
t 1 1
- RUN FREEZE
! {

t { {
i i !
f ¢ !
CACHE S=MEM CACHE
Sk
S=MEM

1

1

]
CACHE

g
S=MEM

) et o am an =

perfors any console operations; they

NON=CONT INUQUS STATE

|
!
SINGLE OPERATION
CLEAR PROCESSOR
CLEAR CACHE
INC FA 24
INC FA 16
INC A 16
READ ELOG REG

'
'
DISPLAY

REGISTERS GOR

SCRATCHPAD OR

RESULT OF SINGLE CPERATION
FRCM THE CCNSOLE
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WRITE 264 BIT TO MEM

WRITE 16 ¢« 6 B8IT TO MEM
READ 24 BIT FROM MEM

READ 16 ¢ 6 BIT FROM MEM
READ/WRITE CACHE MICRO» KEY
LOAD REGISTER

L.OAD SCRATCHPAD
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.

3.6 CACHE

Cache is a high speed memory which automaticalty holds the most
recently accessed micro~operators. In the normal operating mocer 98
percent of the time a micro is neededs it will be found in the cache.
ALt micros are duplicated in S-memoryr S0 that whenever a micro is not
in caches it will be automatically fetched from S—-memorvy.

" The cache organization is shown in Figure 3l. Technicallys the cache
is of the indexed associative variety with 4 WORDS per niocks 2 BLOCKS
per class and 256 CLASSES. Thuss there is roonm for up to 2K micros.

The word to be accessed i1s pointed te by the low order bit cf the
A-register. The class is pointed to by the 8 bits of the INDEX.

The block where the micro Llies is mnot pointed directly ¢ty the
A-register. Instead», the high order bits of the A=-register form the
KEY. This key is associatively ccmpared. If one of the keys @atchs
there is a HIT. When there is a hit, the micro~operator may be tfetchec
directly from the caches at the worcde index, and block wrere the hit
occurred.

If neither key matches the key portion of the A-registers there is a
MISS. When there is a wmiss» four sequential micros (b4=bits) are
fetched from S-memory at a Location determined by the high order
18=bits of the A-register. These micros are placed in the cache at the
correct index and at one of the two blocks as determined by tte {t RU
f{Least Recently Used) algorithnm.

Various other capabilities are provided for normal operation and for
diagnostics. A validity bit is associated with every block anc says
whether or not that block contains any information. The CLEAR CACHE
picro and pushbutton reset all these bits (validity bit gets reset to
one). Fetching and loading of micros from S-memory (on a miss) &s well
as writing cache by micro or from console will set the validity bit to
Zeroe.

The keyskgan only be viewed by the read cache key micrd.

3.7 PROCESSOR CONTROL LOGIC

The Processor'Control togic consists of two main functional units:
the Processor Operational Control (POC) and the Instruction Execution
Control. See Figure 35.

9%
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3.8.1 INSTRUCTION EXECUTION LOGIC (IEC)

The Instruction Execution Logic accepts a micro~instruction at its
inputs, and breaks it down to a number of suboperational stepss each of
which corresponds to a nano~instruction. The nano~instruction thens is
a control vector with each of its bits corresponding directly to the
control points in the data structure. wmemory interface ard [/C
interface. In additions, the sequencing=part controls the instruction
decoding in four uways?

3) Parceling the nano-instruction in a predetermined sequence;’
b) Allow for branching of the naro~instruction séquences;
€c) Terminate a nano and supply a new nano whenever
1« A definite clock count for the nano has been reachec» or

2« A synchronizing signal has been receiveds allowirg the
next suboperation;

d} Terminate the execution of 8 micro-instruction whenever the
‘ nano-sequence is completeds and initiate the decoding of a new
microa

The logic structure of the IEC is described in Section 3.9.

3.8.2 PROCESSOR OPERATIONAL CONTROLS

The Processor Operationalt Controls (POC) assumes the overatll
functions of coordinating thes processor subunits of cache remcrys data
structuress, Procssor Panel Logice Instruction Execution Ccntrols
Memory Interfaces and /0 interfacea

$S
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3.8.2 Cont'd

The POC performs the coordinations by controlling the micro-cocdes
which appear as the input to the IEC. The micro=-code set is the set of
instructions available to the programmers pltus special instrections
which are needed to perfora housekeeping chores within the processore.
An example of some of these other instructions is Loading c¢f cache
from S-memory, fetching instructions from tapes and so on.

When a micro-instruction is being executedrs the micro-code that
appears at the IEC input is the micro~instruction itself as it is
stored in the M=reg. When a housekeeping chore is being performeds the
micro=code is supplied from the Processor Operation Contro! RCM (POCR)
of the POC.

In a HALT modes the POC injects into the IEC the micro-coces to
perform operations called for by the front panel.

In the RUN modes the POC is responsible for loading thke cache
whenever a MISS is encountereds or fetching from the S-memory
directly, if the cache §is disablede.

In the STEP modesr the instruction in the M=register is executed.
Then the M=register is {oaded with the next micro. Since the rwxachine
is halteds the POC injects into the IEC the micro-codes to perfcra the
operation as called for by the front panetl.

In the TAPE modes, the POC supplies the micro~codes which results in
a micro~instruction to be loaded into the M=-reg from the tape. Then
the micro~instruction in M is executed and the cycle is repaated.

3.9 PROCESSOR OPERATION CONTROL

A functional representation of the POC is shown in Ficure 3€. The
console control switches are buffered and encoded to Prccessor
Operation Control ROM (POCR). The POCR in turns either feecs its
outputs to the IEC or allows the micro~instruction from the M=FEG ta
be executed. The rest of the logic is concerned with the phasing of
the POCR operationsa

The main fogic conponents are treated individuatty.

3.9.1 CONSOLE REG SELECT ENCODERS

S7
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This unit encodes the 16 levels of the Register Row Address ard the
7T Llevels of the Register Column Address into a 6-bit Register Adcress
identical to the Register Address Hatrix of the micro~instructicn set
and selection petween. Register Move (1C)» Scratchpad move (2C)» or
memory operationa

These 6 Lines witll be used as a Scurce Reg Address or a Destination
Reg Address in Display Update and Panel Loads respectivelye

3.9.2 CONSOLE SWITCH STATES ENCODER

The console switch STATE ENCODER buffers the mode switches frcm the
Console and further encodes them into & lines of processor operating
godes.

‘In the HALT modes, it provides for the following modes:

INC A

INC FA '
READ/HRITE MEMORY B8Y A
READ/HWRITE MEMORY BY FA
LOAD

READ/HRITE CACHE FA
DISPLAY

In the other modes the following are atllowed:

RUN/STEP (Cache or S*mosory)
RUN/STEP (S-memory only)
RUN/STEP (Cache only)
RUN/STEP (Freeze)

TAPE

98
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FIGURE 36
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393 OPERATING MODE INTERLOCK

This part of the circuit operates in conjunction with the Console
Switch State Encoder. It serves as a protection from the amiscperation
of the console switches and altlows a gradual transition from the Halt
mode to the other modes or vice ver sae.

In the HALT state" the console operations, except displays, are
initiated by the push=button of the operations. In the other statess
the push=buttons are ignored. .

In the RUN» STEP; or TAPE wmoder any change betweén these modes must
be punctuated first with a HALT state.

The operating Mode Interlock performs this by limiting the strobing
of the tatches in the Console Switch State Encoder to only (€a) when
the STARY P8 is pushedr (b) in the HALT mode, after a regquirec string
of operation initiated by the previous PB has been completed.

3e9.4 PROCESSOR OPERATION CONTROL ROM (POCR)

The POCR outputs control the source of micro-codes to te executed by
the IEC» depending upon whether it is executing a micro-instruction
from a programs or performing a console-initiated operaticns or
performing fetches between micro=instruction executicn. The POCR
derives its inputs from the Processor (Operating Modes Lines ard the
Operating Phase Counter.

In the HALT states the POCR supplies to the 1IEC the micros to
perform Inc, GLoads Memory Accesss or register cisplay. The
picro-instructions from the M-reg are ignored.

In the RUNs, STEP», TAPE modsss, the POCR flets the IEC execute from the
M~reg and intersperses them with Load Caches, fetch from tape or fetch
from memorys, as they become necessary in the course of the operzation.

The RC11 and R{2] are restoring efements, enabled or disabled by the
POCR. When enabledr they form the scurce or sink reg address in a 1€
micro required to perform the console disptay load.

The RC3] is a 16 bit restoring etements corresponding to the 16 bits
in a micro~code. When it becomes necessary to load cache caused by a
cache=-miss or a fetch from taper etcer the POCR supplies those
commands to the [EC through RU31l.
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Yhe R{&4]) is also a 16 bit restoring element which the ~PCCF will
enable whenever a micro from the M=preg is to be executed.

39«5 OPERATING PHASE COUNTER AND GUIESCENT PHASE DETECTOR

in any modes, the operation of the POCR s divided into phases. Each
phase represents a stage of execution. A quiescent phase of any mode
is a stage where the execution may be interrupted and a differert moge
entered. Limiting the transition to the quiescent state is essential
for the new mode to start at a known machine state and be tersinated
at a known state.

The Operating Phase Counter keeps track of the phase within a mode.
In the case of executing micros from the cacher whenever a rmiss is
encountereds, the phase counter is cycled back to where the PCOCF will
generate the Load Cache from S—memory operation. It operfornms in a
simitlar manner for tape and other modes.

The Quiescent Phase Detector compares the quiescent phase numter
from the POCR and that of the phase counter. Khen there is5 a matchr, a
HALT state may be entered from RUNs STEP, or TAPE. In the HALY states
a quiescent phase is when the operation initiated by the consocle PB is
completeds and the processor is §dle. :

3.9.6 POC DECODE INHIBIT

This flip flop causes an all *ZERO®" no-op to appear at IEC input for
one clock whenever it is triggered.s This is just to ensure that
whenever the POCR is changeds, the ICC will have one full clock to
decode it.

390 INSTRUCTION EXECUTION CONVROL

This part of the control accepts the micro-code supptied by tte POC»
and executes it in conjunction with the cache memorys data strictures
memory interface and the cassette control. The block representation is
itn Figure 37.

Basicallys each micro-instruction is broken down into one or more
stepses each a nano-instruction. The logic is considered in two parts:
the part that breaks down the micro into nanos, and the part that
controls the execution of the nano.
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There will be a sequence number with each nano generateds the
sequence number is then the step nusber within the micro.

The part that decodes a micro to a nano consists of a Nano Progranm
Control Storage which derives its input addresses fror the
micro=instruction and the sequence number. The sequence numter s
derived from the sequence counter. The end of a micro is detected when
the Last sequence number of the micro is reacheds this is dotected by
the sequence number comparator and specified by the MICRC END SEQ ROM.

The nano execution control logic consists of the Nano Registers the
Nano Clock Counter, the Data Test Controls, and the sync lLines detectaor
made up of the sync select and the slow Reg Sync Logica

The nano word stored in the nano register consists of two parts: the
Nano Program Word and the Nano Instruction Control Vector. The Nano
Program Word controls the actions of the data structures the REMOTY
interface and the 1/0. The Nano Instruction Control Vector contains
information tines for the number of clocks a nano witl taker the sync
Lines to wait for, the data test conditions to look fore the celay of
the sinking of 2 reg.s etce.
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FIGURE 37
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3.10.1.0 MICRO TO NANO DECODE

The general operations have been ciscussed in the previous sectione.
The following will deal with each subunit’s implementationse.

Je10elele® NANO PROGRAM CONVTROL STCRE (NPCS)

This is the site where alt MICRO to NAND translations are stored.
tach micro is translated into one or more nano words to be executed
sequentially. Each nano word consists of a NANO PROGRAM KORD anc NANC
EXECUTION CONTROL. The Nano Program Hord will be used to control the
data structure and generate handshaking signals with the MAU arc 1/0
control. The Nano Instruction £xecution Control specifies any test
condition to be monitoreds where a slow reg may be involvedr anc where
a nano will terminate on fixed nueber of clocks or on sync lines.

The NPCS is not a continuous block of PROM array but is made wup of
scattered sub=blocks of PRCM chipse Each sub=block interprets a
specific subset of the micro~instruction and for a specific subset of
sequence number. For each subunit of the processors, a set of control
code is required at all times to specify its behavior. The control
code is derived from S to 10 bits of the micro=instruction. This
constitutes the sub-block of PROMS. Hhenever possibles more thasn one
sub=block is combined to form PROM blocks which correspcno to
generating control codes for several subunits within the processor.
This results in a2 more efficients usage of the output pins asvaitable
from the PROM chipse.

Atthough the sub-block is formed with the above criteriar scme steps
are stiil arbitrary. At the same times such implementation results in
a3 "RESTRICTED INPUT™ PROHM inplementation (ie.r» idllegal permutations
are not included). This is not a3 handicarn since the design is
restricted only to implementation of the micro-set as it exists. On
the other hande it renders PROM 1implementation both feasible anc
economical in a situation which would otherwise be unfeasitle.

3.10.1.1.1 NANO PROGRAM KORD

The Nano Program Word has as many subfields as there are subunits
within the data structures, fetch structures I/0 interface anc WMBU.
Each Nano Program Word selects the source register, a sink recister,
determines the rotationss selects the logic operations, the sasking
patterns the data paths within the data structurer enabling the test
circuitss enabling some registers tc the MEX buss raising requests
levels to [/0 or #MBU whenever approgriate.
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3.10.1.1.2 NANO EXECUTION CCNTROL

This part contains the number of clocks the nano will take., the sync
conditions necessary to terminates the slow register delays ard the
test conditions to be sensitized in detecting a SKIPs BRANCH and
Branches within the nano programe

3.10.1.1.3 GENERATING ADDRESSES TO NANC PROGRAM CONTROL STIRE (NPCS)

The addresses for the NPCS are derived from ¢the mnmicro=-code that
appears. at the input of the IEC and the internally generated sequence
number. The micro~codes are used in 3 different forms, as

a) Micro Variants and Literalss
b)Y Micro Selective Enabless or
¢c) Micro Subset Prom Addresses.

The Micro Vvariants and Literals are extracted directly frcm the
micro~code without manipulations. These are fields used to specify the
variants of a micro~aperation, the tliterals to be added tec some
registerse and the mask to be used in testing.

The Micro Selective Enables are derived from the Micro Instruction
Decoder which decodes each micro into one active line. These active
Llines are employed as chip enable signals for sub=blocks of PROF chips
in the Nano Program Control Store.

The Micro Subset Prom Addresses are derived from the Micro Subset
Encoder which derives its inputs from the outputs of tte HMicro
Instruction Decoders. Subsets of micros that share a sub-block of PRCM
chips in the Nano Store are encoced together to form compressed
addresses for the PROMS concerned. At the same times» they also encode
the micro~set into 5 lines af addresses going into the WMICRC
END-SEQUENCE ROM.

The sequence number is derived from the Sequence Counter. It
specifies a step number to the Nano Program Control Store durirg the
execution of a micro~instruction. Starting at "1%» it incremerts as
each ned nano word is being generateda

There are several different forms of encoded and decoded information
from the micro-code that are necessary because of the Nano Programs
Control Store implementation. For scme sub-blockss the encoded forms
are used as addressess, and the decoced forms as the chip disakle. For
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somes the encoded form is not used at all, but the decoded aicrc lines
are used to activate some PROM chips. And in somes the encoded and
decoded forms are used together as inputs to PROMS.

Similarly, the sequence nuaber outputs are used both as chip Select
Enables and chip addresses for sub=tiocks of PROM chips.

3.10+1«1.4 SEQUENCE NUMBER CONTROLS

The Sequence Number Controls consist of three units: the Micro Enc
Sequence R{OMs the Saquence Number Comparators and the Sequence
Counter.

The Micro End Sequence derives its input from the S Llines ercodeds
representing 32 different micros. For each of theses it gensrates a &
bit numbers, specifying the last sequence nusmber for that micro.

The Sequence Number Comparator cempares the Sequence Number with the
Last sequence number. A match will signify the end of a ricro.

The Sequence Counter increments with each new nano generateds except
when a terminate or nano branch congition {is sensed. In the first
casee it Will reset to "1™ with the next clock in junction with the
ned micro Loaded in. It does this fer the end of micro termainates skip
or branchs, and ABORY (to be used in diagnostic routines only). khen a
nano branch occursr it will backstepsr ide.» decrement by a fixed
amount; this represents the Llooping within the nano progranme. ‘

3.10.2.0 NANO EXECUTION CONTROL

The Nano Instruction Execution Control is made up of the Nano
Register and the Nano Instruction State Control.

The nano register accepts inputs from the Nano Program Control
Store. Each subfield within the nanc program word is routed to ths
corresponding control points within the ©processor. The part that
contains the Nano Instruction Contrel Vector drives the Nano State
Controlter directliye. ‘

3.10.2.1 NANO STATE CONTROLLER

This consists of Data Test Controle Slow Reg Sync Ccentratl,
Instruction Sync Select and the Nano Clnck Countere.
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The Data Test Control selects the test conditions by bits from the
Nano Instruction Vector. It generates 3 outputss, specifying a
success ful SKIPs, BRANCH» or Dranch within the nano routine.

The Slow Reg Sync tLogic delays the sinking of a register whenever a
slow source is involved by specifying the Word Control Vector fielc.
Either one or more clock is absorbed or certain sync lines being true
are pre-requisite for sinking a register.

The Instruction Sync Select is used ta hold over a nano instruction
untitl a specified sync condition has arrived, This is the typicel nano
control for communicating with MBU and Cassette Control. It cerives
the sync line selection codes from the Nano Control Vector ard the
sync Lines from different units in the preccessor.

The Nano Clock Counter is a count-doun counter used to hold cver a
nano instruction for a specific number Cup to 15) of clocks. (Ttis s
the type of control used for comeunication with gemory). Thens 3 nano
instruction is executed. Beginning with the clocks it 1is {caced 1in
until the the Nano Clock counter is 2zeros» Instruction Sync Select
output is true and Slow Reg inhibit is false. This allows flexibility
for a nano instruction executing for a fixed number of clocks or
terminating on expected conditions.

.11 THREE PHASE DURING NORWAL RUNe TAPE AND STEP MODES

This processor is designed with a unibus which serves &s the
inter~register» memoryr and 1/0 data transfers. Consequentlily, these
operations cannot occur concurrently. Howevers operators not involving
memory are allowed to go on concurrently with the memory refresh
operation. The MP-3 processor allows processing concurrency <citferent
from its predecessorsa. This grocessor is deviced irto 3
semi~autonomous structuress the fetch structure which includes a 2K
worc cache memorys the control section which decoces the
micro~operator into control vectors and coordinates overall CPU
operationss, and the data structure vhere data are actually
maniput ated. ALl three structures operate in paralletls, each cealing
with a separate phase of the micro=instruction executione.

The control structure operates its {Instruction decocding 1 <clock
ahead of the data structures ancg the fetch structure fetches the
micro~instruction 1 instruction ahead of the decode structure time.
The overall effect is a pre~fetchs pre~decode type of architecture.
The net processor time for executing a micro~instruction is equal to
the time the operator is executing in the data structure. A amore
detailed discussion of this synchronization can be found in the
foltowing section.
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€ach micro~instruction {35 executed in 3 phases? pre=fetch»
pre~decoder, and execute. Consider a3 wmicro-instruction requiring n
clockss beginning at OT ¢ t until nV ¢ ¢t (T = 1 c¢lock periods t =

constant).

NORMAL MODE .

phases for the normal running mode (micro-instructicns are
of the cache memory) are as followus:

The three
fetched out

starts as soon as the tetched
into the M=register. The fetch
1 clock time. It is therefore
as late as =27 + t.

Fetch the next micro~instruction
previocus micro is being accepted
access from the cache takes only
ready at =17 + t, when initiated

a)

b) the

with

The decodes starts when the micro first appears ir
M=register starting at =17 & t. It is completely occupiec
the decoding of this micrao frca =7 ¢+ t untitl (n - 17 + t.

its first
ExXeEcution
always 1
is & least
shown in

The execution of a amicro-instruction starts when
nano-command enters the nanovregister at 07T ¢+ t. The
proceeds until nT ¢ ¢t. Consequentiy, the decode 1{s
clock ahead of the executions and the fetch operation
1 clock ahead of the decode. Yhe timing relation is

Figure 38.

c)
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FIGURE 38 THREE PHASE TIMING
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NORMAL MODE (MISS GENERATYED 8Y CACHE)

Whenever an atteampt to fetch from the micro=instruction results in a
"NISS"s the next micro is fetched from the memory starting at time
(=17 ¢+ t) and loaded into the cache. Three different reasons are given
for delaying the micro~instruction fetch until this time.

a) One full clock time is to be allowed for the cache to either
supply the next micro=instruction or generate a "MISS”". Kten the
previous micro is a one cleck micro» the cache canrot bae
expected to generate a MISS sconer.

b) The fetch will require the same bus currently used for data
processing. Hence, the reaa request to memory will be g¢ererated
only at the end of the currect micros assuming the bus is freed
upe

6) The decode tlogic which is alsc used to decode the fetch is freed
up from the current micro only at (=17 ¢ t).

After the cache has been toaded with four successive
micro=instructions», the instruction again resumes beginning at (=27
t)» as in the normal mode.

TAPE MODE

The nmicro-instruction is again treated in 3 phases, but the
concurrency of the fetchs decode and data structure operating on
different micros are eliminated.

The FETCH MICRO INSTRUCTION FROM TAPE C(EMIT)Y will take n clockse The
fetch instruction begins its execution at t. Then the fetched wmicro
witt enter the decode network at €=1T ¢ t). The EMIY therefore starts
at ~(1 = m) ¢+ T.

The timing for the Tape Mode is as follows:
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C=====n clocksg====>
FETCH FROM TAPE

FIGURE 39

A nore deteiled analysis of the step~by=-step transitior froa
exoecution of a micro to the fetch from tape 1is described in the
PROUCESSOR CONTROL section. SKIP

STEP MODE

In the step modes the processor instruction timing is similar to the
RUN mode. The only difference is at nT ¢ t (the end of a =sgicro?*s
execution). NO=0OPS are forced through the machine via the inputs to
the Instruction Decoding Logic (IDL)e NO-0PS are executed urtil a
change in the front panel controls is effecteds, whereupcn the
processor enters the mode op operation indicated by the front psnele.

The processor®s micro~instruction set is implemented by execution of
nano-instructions. The nano=instruction thus represeants a sub=step
within a wmicro~instruction. A ccncatenation of t he sut-steps
constitutes a WMiCroe. }

The following table shows the total execution time for nT for each
micro~instruction.
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. v
4ed M=INSTRUCTION TIMING

The following instruction times C(execute plus fetch of next
M=Instruction) are given for the case where the next M=Instruction is
contained in cache. In gensral, 11 clocks are added to the basic time
if the M=Instruction is one of & fetched from S-memory (main waemory)
upon a cache "miss”.

M=Instruction _ Clocks

REGISTER MOVE EXCEPY EXIT 1 ¢ T1 ¢ T2
EXIT C(18A4) = Move TAS to A=REGISTER 2w

*Add one additonal clock if previous
micro uses TAS as source or sink in
1C» 2C» 8C» 9C» and 10C.

SCRATCHPAD MOVE ' 1 4 71 ¢ 12«
*Add one clock if a sequence of Read
after Hrite to Scratchpade Add one
clock if source is a binary sug or
difference.

SHAP F HWITH DOUBLEPAD WKORD

STORE F INTO DOUBLE HORD

LOAD F FROM DOUBLEPAD HWORD

MOVE B8=-BIT LITERAL

MOVE 24-BIT LITERAL
(OTHERS AS destination with a "miss™)
CTAPE MODE)

T2
T2
Y2

-
[~] C NI = pa et s
* b & >

SWAP MEMORY

[

STREAM MEMORY
Read
Hrite

+ n words
n words

& on
»

DIAGNOSTIC TESY
Read Error tog
Read 22 Bits
Write 22 Bits

E O~ )

WRITE MEMORY ' 4

READ MEMORY | 6
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DISPATCH LOCKOUT
(Skip taken)

DISPATCH WRITE

DISPATCH READ

DISPATCH READ AND CLEAR

DISPATCH PORT ABSENT

COUNT FA/FL
(Add one clock if count tuo registers)

SCRATCHPAD RELATE FA
EXTRACT FROM REGISTER T
SHIFT/ROTATE REGISTER T LEFT
SHIFT/ROTATE REGISTER X/Y L/R
SHIFT/ROTATE REGISTER XY L/R
NORMALI ZE

READ CACHE

WRITE CACHE

CALL

BRANCH

BIAS

SET CYF

4-81T7T MANIPULATE
(Skip taken)

NANO MOVE

CLEAR CACHE
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Same as READ VFEMQORY +
Same as READ ME¥ORY

N b

Same as HRITE MEMCRY

Same as READ MEPORY + 1

Same as READ MENMORY ¢ 1

1

1

1 + 12

1

S/R count
FL HALT:

MSBX HALT:
7

N N

N N e gma

b

1+ T1 + T2
2 + 11 ¢+ 712

1
257

Parameter,
Parameter,
Parametersesn/C Skip 2
Parameters,

2 + 3N
3 ¢« 3N

w/C Skip 2
K Skip 3

W Skip 4
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BIT TEST BRANCH FALSE
{Branch Taken)

BIT TESY BRANCH
(Branch taken)
SKIP WHEN
(Skip taken)
CLEAR REGISTER
BIND
OVERLAY H-HEMORY (Executed as no Operation)
CASSETTE CONTROL
HALT
NO OPERATION

MONITOR

N =N NN

T e 4o

L 4

*
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T
T

T1
71
TL + 72
L & T2
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‘Per register to clsear



REGISTER NAME

1T

[
S

-
OCVDNADN S NN =

VA

BICN
FLCN
XYCN
XYST
SUM,
DIFF»
DATA
U
ALt o
1 M-
£EM
1C
1€
i1C
1cC
2C
2C
2C
2C
3C
- 3C
3iC
3C
4C

- e
N

BURROUGHS CORPORATION
COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

BLE V1 SOURCE TVIMES

NO EXTRA CLOCKS

. LA R K X N X R N W R R

1
1
1
1
8CD 1
30C 2
2
U
thers 0

Instrﬁction Performance

MICRO

REGULAR

SLOH

EXIT REGULAR

EXIT SLOW

READ REGULAR

READ SLOW

WRITE REGUL AR
WRITE SULOW
REGULAR W/0 SKIP
SLOW W/0 SKIP
REGULAR WITH SKIP
SLOW WITH SKIP
REGULAR W/0 BRANCH

COMPANY CONFIDENTIAL |
M-PROCESSOR-3
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TABLE T2 SINK TIMES

REGISTER NAME
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NC EXTRA CLCCKS

A z

" 1

DATA Z

CHND c

ALlL others C

MICRO=COUNT C/¥M CLOCK COUNT

6587 4 1 65874
1319 2 26 3¢
29225 2 5845¢C
925 3 2275
35846 1 3584¢
3628 2 725¢
29537 1 29537
0 2 c
176 2 352
0 '3 0



14

15
16
17
18

19 .

20
21

22

23
24
25
26
27
28
29
in
31
32
33
34
35
36
37
is8
39
49
41
42
43
44
45
46
47
48
4«9
50
51
52
53
54
55
56
57
58

59

4C
4C
4C
5C
5C
5C
5C
6C
6C
6C
6C
- 7C
7C
8cC
8C
9¢C
9¢C
10C
10C
11C
123C
145C
2D
3D
3D
4D
40
5D
5D
5D
6D
60
(gV
8D
3E
3E
3E
3E
4LE
SE
6E
6E
3F
IF
4F
ZERO
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SLOW W/D BRANCH
REGULAR WITH BRANCH
SLOW NITH BRANCH
REGULAR W/0 BRANCH
SLOW W/0 BRANCH
REGULAR WITH BRANCH
SLOW WITH BRANCH
REGULAR W/0 SKIP
SLOW W/0 SKIP
REGULAR WITH SKIP
SLOW WITH SKIP
READ
WRITE
REGULAR
SLOW
REGULAR
SLOW
REGULAR
SLOW
EXTRACT
BRANCH
CALL
SHAP
CLEAR REGUL AR
CLEAR SLOW
S/R X OR Y 1 BIT
S/R X OR Y 2 BITS
S/R X AND Y 1 BIT
S/R X AND Y 2 BITS
S/R X AND Y 3 BITS
COUNT 1 REG
COUNT 2 REG
XCHANGE
RELATE
BIAS BY 1P W/O SKIP
BIAS BY 1P WITH SKIP
BIAS BY 2P W/0 SKIP
BIAS BY 2P WITH SKIP
STORE
LOAD
CARRY BINARY
CARRY BCD
NORMs MSBX HALT (N=15)
NORM, FL=0 HALT (N=16)
BIND -
NOP

SUMMARY
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3901 3 11703
19279 2 3855€
12707 3 18121

9748 2 194 9€

2309 3 6927

9658 2 1931€
4087 3 12261

1417 1 1417

a8 2 17¢

2374 2 4748

4 3 12
35211 6 21126€

7070 4 28280

21266 1 21266

0 2 c
1387 2 2r74
0 3 ¢
14570 1 14570
198 2 39€
30841 1 30841
51747 2 103494
19450 2 3890C
0 10 0
1702 1 1702
636 2 1272
566 1 566
1150 1 115¢C
234 1 234

0 2 c

49 3 147
17220 1 17220
T4 2 146
12942 1 12942
11648 2 2329¢

5399 2 107 98

1625 3 4875

1363 3 4089

653 4 2612
4761 1 4761
10669 1 10665
0 1 0

201 2 402
186 &7 8T 42

30 51 1530

346 3 103¢
176 1 176
535051 1.8269 977488
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