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DESIGN SPECIFICATION

This preliminary release of the M-processor-3 (MP-3) Engineering Design: Spcéi?

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: IT 4 February 1976, C.E. Wym0re

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 ater

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. MSSW - 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
knowlédge of it with this simple EDS is sufficient to describe the MP-3.

" R. Matsuda

Systems Eng. Section 6311
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.BURRDUGHS CORPORATICN ‘ COMPANY CONFIDENTIAL

COMPUTER SYSTEMS GROUP . M=PROCESSOR=-3

SANTA BARBARA PLANT E.DeSe. #2215 9891

1.0 INTRODUCTION

This €EDS defines the fuhctional characteristics of the 81820
M=Processor=-3», hereinafter callea "MNP=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 activities.

1.2 EDS PHILOSOPHY

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

1.3 PRODUCT IDENTIFICATION

2212 8613t M=PROCESSOR=3 .
2212 8623 CABINET=S (control panel is part of cabinet)

1e4 RELATED SPECIFICATIONS», DOCUMENTS», AND DRAWINGS

PeSe & NAME

1994 5681  B1700/1800 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
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GURROUGHS 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 operation. ' '

MP~3 provides hardware sensitivity to a set of {ow=tevel
nicro=functions which ara used in a program string to fetch and
execute instructions. This weicro-program is contained in a (tocal
high=speed cache memory, backed up ty a somewhat siower but Llarger
main memory (81800 S-memory) or in both. Cache is an integral 4K byte
mEemory. ' _

Inctuded in MP=-3 are registers - and pseudo registers which are
addressable by the individual micro-operatorse. '

The registers are normally addressed by a 4=bit group (row) number
and a 2=bit select (column) number a3as 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. Alsor some of the recisters
Listed are actuaily subregisters whichs although oparts of ALarger
registerss, can be individually addressead and manipulated.

i Tabte 2 summarizes the various conditions available ¢ty acddressing
particular pseudo source registers and actual registers; Figures 1 and
2 List the micro~instructions and their varijants;? and Figures 39 arae
diagrams of the major portions of MP~3. .

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

SELECT NUMBER

0 1 2 3
0 1 TA FU X sum
1 { T8 FT Y CMPX
2 1 TC FLC T CMPY
3 TD FLD L XANY
‘ .
4 t TE FLE A XEQY
s 1 TF FLF M MSKX
6 1 CA BICN BR MSKY
7 1 ce FLCN LR XORY"
{
GROUP 8 1 LA - NULLA FA DIFF
NUMBER g 1 Le RESERVEC F8 MAXS
10 ' LC PERM FL NULLC
11 1 LD  PERP TAS U
1
12 LE XYCN cP NULLD
13 1 LF XYST NULLB DATA
14 1 cC INCN CSH CMND
15 1 co MSSH TIME NULL

TABLE 1 M-PROCESSCR REGISTER SELECTION

s aves W W L E B E X A X K X I X K X X X ¥ N1 LY R R ¥ )
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BURRDUGHS CORPORAT IGN _ - COMPANY CONFIDENTIAL

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

BICN:S I LSUY t CYF 1 CYD 1 CYL

3 2 1 - QsL€E8

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

3 2 1 - 0sLSB

XYST: 8 LSUX & INT §f Y neq 0 1 X neg 0 1

LA R R N K I L N K I K R A N X K K A N % & R L L T B A K L K X X J

3 2 1 ' os:LsH

L B N R R N X K R B L R K R X N N K N N N K X N A E X K X N L N L X X_J

FLCN: & FL=SFL 1 FL>SFL 1 FL<SFL 1 FL neq O !

L K N L K K N L N K N K N B N K N X N N K X B K L N X K K N X X X N L X X J

3 - 2 1 _o:Ls8
INCN: 8 PORY 1 PORT 1 PORT 1 PCRT 1

! DEVICE MISSING 1§ HI PRIORITY ( INTERRUPT 1t LOCKOUT 1

AR RSN AR B WSS DWE TSNS SN WM PV WSS BB NSNS P OO OO DO Se.

3 2 B 0:LS8
| CONTROL PANEL { 100 MSEC 1 170 BUS 1 CONTROL PNL 1
1 STATE LAMP | REAL TIME CLOCK § SERVICE 1 INTERRUPT
CC: &  FLIP=-FLOP 1 INTERRUPT ! REQUEST 1 1
1 ! I INTERRUPT } !

" R D G W D D AP AR TR GV D WD R D YR G G K D U R D W G KR W T W D T A A R W EReR B A AR W WO W W

3 2 B | ' 0:158

1 MEMORY I MEMORY I MEMORY § MEMORY t

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

1t INTERRUPT { OUT OF BOUNDS 1 O0UT OF 8NDS 1 OUT CF BOUNCS 1

t ' ! OVERRIDE -1 INTERRUPT 1 INTERRUPT !

[T L R TR REEY ERE LY N ERE Y X XEERERENEEE N EREXNEX XY XX KX N LN X XN NLEXEYNYRY XN

~TABLE 2 SUMMARY OF REGISTER CONDITIONS
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BURROUGHS CORPORAT [ON COMPANY CONFIDENTIAL
COMPUTER SYSTEMS GRCUP M=PROCESSOR=3
SANTA BARBARA PLANT EeD.S. £2215 9891
3 2 | 1 ' 0:L58
t ' ! S1: MICRO SOURCE 1503 MICRO SOURCE ¢
! NULL 1 NULL 1 FROM CACHE OR 1 FROM S=MEMORY 1
MSSW2. 1 BIT 1 BIT | FROZEN IN 1 OR FROZEN IN 1
1 1 ) M=REGISTER 1 M=REGISTER M
3 | 2 1 0:LSB
¢ S~MEMORY 't S=MEMORY . 1 S=MEMCRY i
PERM: 1 MICRO= ! FIELD CUT=0F= 1 S=MEMORY ! UNCCRRECTAELE 1
! INSTRUCTION 1 BOUNDS IN THE 1 ERROR LOG 1 ERRCR DURING 1
{ TIME=QUT ! ADMINISTRATIVE { HAS CHANGED 1| A PROCESSOF |
) I MEMORY i { OPERATION i
3 2 | 1 0:Ls8
i ! CACHE KEY 1 PARITY ERROR 1 CASSETTE 1
PERP: | CACHE ! PARITY ERROR 1 ON THE WORD ! READ ERRCR 1
! DOUBLE HIT f ON KEY A { FETCHED TO ! WHICH CAANCT 1
' " 1 GR KEY B | THE M=REGISTER 1 BE CORRECTED |

TABLE 2 (cont) SUMMARY OF REGISTER CONDITIONS

e @ma® == wmoeaeee - EBDE B @ BNV HT GG WD S NS @w



£0.5, 226 919 - Faje 7

- ; T
MKRD NAME MC ™MD MF . 3
sl lriy 0] 9 lel7ls 5 l"' 312t o] vananms: 088 8% olo oii see  s0s g0 a4
RESISTER TOVE o o o & REGISTER 1 GROUP REG. L RIG. 2 GROVP
1 SOURLE REGISTER, SEHECT se_L_zcr Siuk, REGISTER,
3¢ | SCRATCRPAD || ©  © 1 O | REGISTER GRoup REG. Mw:F)Pw Dovsle PAD wWonD vt DR {P—R [Re—P MWRSTER SMECT
MOVE — 1 Source oR SINK SELECT ADDRESS w2 pow: 1 isrT | misny e 0 . L.
4+ BT . REGISTER GROUP | Reg | mMANIPULATE &-®T MANIPULATE Masip, N ol M N
3C | makieuLaTe o 0 3 ¥l mr'source & SINK C[eer | TvARIANTS LITERALS wnnrs: | ST | aw | R | ER | oDE | 5 | DEC | m e £ ?
i T TEST REL. ° ) 1 ° ° REGISTER.  GROUP REG | TEST BiT | DSp | RELATING BRANCH DSP 316M + - 3] ™ FLD L
BRANCH FALSE & BT SWRCE JSEL | NUMBER |SIGN | oismacMENT MAG. | ol TE e A -
3C | B oTET AL ° 1 6 1 REGISTER  GROUP REG | TEST BIT | DSP | XELAMVE BRAWCH D3P SiM * - s T FLE "
BRANN TRUE : A &7 SouRes SEL. | NUMBER | SIGN | DRmareMENT mMAG - HE B Bien e
§C | SKIP WHE e 1 1 0 REGISTER GRoUP REG SKifp TEST - P e TEST Any | Aw | EGL AL i
N 4 BIT SouRcE & SINK | SEL. | wARIANTS 4-BIT TEST Mask variants: | cey | CRy | ey | aR = A R ey 3l wma R
JC | ReAdjwaite Y U S Y RjW 1 COUNT HRIFL DATR RE€ |TW DATR TRANSFER T rpw vamants] eead waite | 10 Le PERM FF
MENC RY VAR, VARIAKTS CoDB SIGN | wWiDTe MAGNITUDE i | cevnt vaRiANT] wop Fat . ;ﬁ ?._‘q FAL . :t (¥ 3 o . PERP T
- e |1 .
C | reove 3 mT : REGISTER. GROUP . ! cecr: | X T v | ; : 42 | LE XYCN
B0 | rove s 1 6 o o | RemeR om ENTIRE B BITS OF B-BT LTERAL Nesar s | ¥ Cof b E LN wiie
90 | ree 24 &t REGISTER  GROUP 8 MOST  SIGNIFICANT B1TS OF H : 5| Mssw  rTmR NULL
LiTeRsL L o o 1 REG. SEL 15 2 TERAL iy
{8( | Surt/RotaTe | L ° 1 o $INK  REGISTER GROUP LEFT  3HIFT/ ROTATE s/ swet | rotate TS ARC MUMOENED HESE ACCORBANG T8 TRE HARD WARE
T_REQSTER, CoUNT . CONVENTIONS *
4 .
JC EXTRACT Reoy RIGHT BIT POINTER FOR SINK REG . SINK REG - i
! | T reciswer 1 o 11 EXTRACTION FIELD coos DIRACION FIELD WIDTH 1) “pne x Y T L A Lr.b Ll.c Lw LtE IF ‘
1L g;:)“‘ RS o © RELATIVE  DISPLACERENT  MAGNITUDE S : , . : porey 2k __oa o oit _o ‘
= + T Rt
13C Pt LR 0 1 REATVE  DUMACEMENT  MAGNITUDE e i
WO | aumane 1L, RELATIVE CALL ADDRESS MAGNITUDE - E ' e s T T A BT e Have 1
150 | cauw arame j ] : . ’ 3 s b
N I . 1 RELATIVE CALL ADDRESS MARGNITUDE :
keveese 1 1 ! | s [ tsuor [ ove | oo | eve |
i0 ' . . . . o ! - .. N |
. . 1. _ - aen [ MSBx | xay | x<Y | X>Y |14
14 ) ) DATA REG [Tw | DATR TRANSFER WidT™H Tw Sien: = - .
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2.1 THREE PHASE MICRO EXECUTION

Referring to Figure 10, the threé phase execution of a micro is
described below.

oemssacee L L XX T 2 ¥ LYY T ¥ F T AARNR NN -en e o RN K ANARARR

tA“REGE===>{1CACHE 1 ==*>IH~REGl===>+*DECODE#~==~>IN-REGI===>«EXECUTE~

caceoen . $MEMORYL oomween * LOGICe enesocw «L0GIC ®
L LA A X T J I A X2 X2 XN ) Kk AR ARNR
’ uncw , uubn uﬂan
LD K L LD u..---u-) '
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 Lloaded
into the instruction register (M); at the seconds, it s decoded and
stored in the control register (N)> and at the tast clocks, it s
exaecuted. At one clock times atll three steps are occurrings, eacl to a
different micro~instruction. Stated differently», whilte 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 (a) is
being executed. This amicro~instruction process will be referred to as
the 3-phased cycle.

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

- Figures 21 and 22 show a breakdown of the N-regis;er: Figure 21 the
Low order bits and Figure 22 the hich order bitse.
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CLOCK L B ) t 12 f T3 t T4 1 TS5 {

N=REG  § MI1C1) 8 M2C1) 1 M3C1d+ & M3C1)x & M4 1

M~REG 1 N2 ! M3 I M4 t Ma i Ms {

FETCH 1 M3 { M4 1 NS t M5 TR

Al t a2 1 a3 1 a4 " as 1 a5 1

AO ! a3 i a4 1 as 1 as5 1 aét !
Al = INSTRUCTION REG (address of instruction in M=REGs, being decoded)
A0 = CACHE ADDRESS REG (address of instruction heing fetched from Cache
aJ = Address of MJ
MJ = Micro-instructions J
MJCi) = ith nano instructions, of microvinstruction J

*MJ{i) held over for another clock

MJ ==> HJI(i) 2 Micro J being decoded into its ith nano

FIGURE 11 SINGLE NANO MICRO=INSTRUCTION TIMINGS
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3.7 PRODUCT DESCRIPTION

- - w LXK X R X K 4 A A WS R W AW

3.1 PROCESSOR REGISTERS

301.1 : "

The M=-register (micro-register) is a 16~bit register used tc hold
the active micro=instruction (M=~instruction or micrc=-operator or
M=op)s The state of this register is decoded to enable the cifferent
control signals within the processor to perform the operations callecd
for by the M=0p. The M=register is broken into & fields for decoding
that are structured such that 61 distinct M=ops can be decodece.

The M=-register 1is addressable as a source and as a sink
(destination). HWhen used as a sink registers, the source is bit=0ORed
Wwith the upcoming M~=op. Exception: In TAPE modes the source is not
bit=-0Red with the upcoming M=ope.

There is a 17th bit for parity associated with the M<=register. It
contains the odd parity during a fetch from the cache or S-mermory (but
not the cassette) to the M=register. A parity check is perforrec on
the contents of the M-register and the parity bit after each fetch.
The exceptions of the parity check gre after a a cassette lcads 3
console {o03ads, or a move to M~register (bit OR with the next micro.)

3162 A-REGISTER

The A=regjister is a 18~bit micro=program address register capsble of
addressing 262,164 (256K8B) micro~operators Located in cache ana/or
S memory. '

The A=register is capable c¢f having 12 bit binary increments wWith
vatues from 9O through 4095 acdec to or subtracted from it. A
high-speed carry adder facilitates micro-program branchinge. The
A-register is automatically incremented during RUN mode. KRUM moce
includes CONTINUOUS,OCSTEP. In TAPE» the A-register is not
automatically incremented by 1. Howevers any SKIP or BRAKCE will
result in the A~-register being moditied accordingly. Wrap=arcurd can
occur and is permitted. :
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The A=register can be addressed a¢s a source and as a sink. The
A=register with 18 bits Llines up with the wmain exchange (MEX) fronm
HEXO4 to MEX21l. When used as a sources the contents of the A-register
are multiplied by 16. ¥hen used as a destinations the rightmost & bits
of the source are lost.

To obtain the wmicro-operator from Sememoryr» 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=-szddress
points directly to the cache location. A'micro-operator is obtained if
the cache is enabled and if the micro=operator resides in cache (i.€ar
the validity bit indicates a micro is present and there is a "HIT").

The A-register is addressed as destination regtster by the
mnicro~operator "BIND".

3.1.3 TAS

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

3elelt A=STACK

The A=S5tack is a 33 word deep 24=~bit wide memory, without automatic
hard over flow interrupts which operates as a push~down stack with a
Last=in, first-out type of structure. The TAS register operates in
conjunction with the A=Stack to provide a virtual stack of 33 words
deep. Using this stacks, the nano-routines operate in the noramal
software caill=return type of prograwrming. This aliows for a highly
shared nano-structure and reduces the nano-memory requirementsa.
Whenever the nano=routine uses the stacks it only uses one Location of
the stack. After each micror any nano push of the stack 1is always
‘completed with a nano pop of the stack. The user is only guaranteed 32
Llocations of the A=stackes since one location must be available for the
nano=programe.

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 more
than 32 consecutive pushes or pops. As a note of cautionr, the first
pop after a push is a destructive read which overwrites the TAS with
"the next worde
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FIGURE 23 BLOCK DIAGRAM OF A=STACK
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FIGURE 24 FLOW OF A=STACK OPERATION
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TAS 0 1 2 3 beeses27 28 29 30 31 PRY

- - o L A B K N N R A X K X X _F N J - HER NS ARy e O R G - e en am

L | (N R N D R | f @& ¢ 1 v 11 1 RAM EBEHKHAVIOR

CLEAR 0 0 0 0 0 0 0 0 0 O© 0

PUSH 1 1 o-é5 0 0 0 0 0 0 O 1 1st WRITE at
PUSH 2 2 o 0 (v 0 0 0 0 0 © 2 2nd WRITE a2
PUSH 3 3 0 0 1 65 0 0 0 0 O 3 3r¢ X az
PUSH & 4 0 0 12 Cé 6 0 0 0 o & 4th X 34
PUSH 27 27 o 0 1 2 3 £ 0 0 O 0 27 27th WRITE 227
PUSH 28 28 0 0 1 2 3 26 ) 0 0 0 28 28th X 328
PUSH 29 29 0 0 1 2 3 26 27 @9 0 O 29 29th X 229
PUSH 30 30 0 0 1 2 3 26 27 28 29 0 30 30th x 31
PUSH 31 31 0 0 1 2 3 26 27 28 29 53 31 31st x a3l
PUSH 32 31 61 0 1 2 3 26 27 28 29 30 0 32nd X a0
PUSH 33 33 3183 1 2 3 26 27 28 29 3¢ 1 1st OVER®RITE 31
PUSH 34 34 31 32 89 2 3 26 27 28 29 30 2 2nd OVERWRITE 32
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  4th X 3
PUSH 59 59 31 32 33 34 35 58 27 28 29 30 27 27th QVERWRITE 327
PUSH 60 60 31 32 33 .34 35 58 69 28 29 30 28 28th X az2e
PUSH 61 61 31 32 33 34 35 58 59 60 29 30 29 29th X 329
PUSH 62 62 31 32 33 34 33 S8 59 60 61 30 30 30th X aic
PUSH 63 63 31 32 33 34 35 58 59 60 61 2 . 31 31ist X A3
PUSH 64 64 63 32 33 34 35 S8 59 60 61 62 0 32nd X ac
PUSH 65 65 63 64 33 34 35 S8 59 60 61 62 1 33rd X )
PUSH 66 66 63 64 65 34 35 S8 59 60 61 62 2 34th X a2
PUSH 67 67 63 64 ©5 (G 35 BB %9 Gb 61 L2 3 35th X a3

FIGURE 26 MULTIPLE PUSHES
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TAS c 1 2 3 heeeeol7 28 29 3C 31 PRT

- VORNPR OB BR BNV BBE W  BERNPR WO RO EEB D EE wo o CATA DUI

N R TR T T T TR TR TN TR TR T B B Y C MEX.
PUSH 33 33 3162 1 2 3 26 27 28 29 30 1 --
POP 1 32 Eﬂ 1 2 3 2627 28 29 30 ¢ 13
POP 2 31 31132 1 2 3 26 27 28 29 31 32
POP 3 30 32 1 2 3 26 27 20 29,30 3¢ 11
POP 4 29 3132 1 2 3 26 27 28,293 29 30
POP S 28 3132 1 2 3 26 27 28} 29 10 26 29
POP 30 3 3132 1 [3] 26 27 28 29 30 2 4
POP 31 2 31 32 3 26 27 28 29 30 1 3
POP 32 1 31 32 [1 3 26 27 28 29 30 1 2
POP 33 32 31 59 10 2 3 26 27 28 29 30 c 1
POP 34 31 3132 1 2 3 26 27 28 29 11 12
POP 35 30 3132 1 2 3 26 27 28 29 lsd 3 31
POP 36 29 3132 1 2 3 26 27 2829 30 29 29
POP 64 1 31 32 (1] 2 3 26 27 28 29 30 1 2
POP 65 32 32l 1 2 3 26 27 28 29 30 B 1
POP 66 31 31132 1 1 3 26 27 28 29 30 14 22
POP 67 30 3132 1 2 3 26 27 28 29 30 10 31
POP 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=register are 24=bit gereral cgurpose
registers used primarily to hold anc to act as a source for the two
~operands of the arithmetic and combinatorial unit. Each register is
addressable as a source and as a sinke.

Both registers are capable of 3all SHIFT/ROTATE operations. The
X=register .is capable of the NORMALIZE. For cache diacnestic
READ/WRITE operations, the X register is used to hold data. For the
cache diagnostic WRITE, the Y-register is also used for cata.

Yhe X and Y=registers are two of the four registers (X, Ys T, and L)
capable of the diagnostic cache urite operation with the cache semory.

.The>Yfregister is the destination on the Diagnostic Reac/¥rite
Mamory (11D) operation for the echo response of the write cata and
address» and the ELOG register.

The X= and Y- registers are compared in the cassette control wicfo
to either cause a halt or a skip depending wupon the varisnt (see
section J.4.30). ’

3«16 L

The L-register is a 24=bit general purpose register wusec tyrically
to hotd Logical flags for the micro-program code. The L=~register, as
well as each &~-bit group of L (denoted as LAs» LBs» LCs» LD» LEs, ard LF)»
is addressable as a source and as a sinke.

DISPATCH operations use the L~register as the source or sink for a
24=bit message (usually an address) which is stored in/fetchec fraon
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 qroupss its ccntents
are avaitlable for analysis and alteration via the 4=bit functior boxe.
MANTPULATE, SKIP and BIT=-TEST=-BRANCH instructions can operate on L
dat 3. ' '

The L=register is one of &4 registers {(Xs Y» Ls» and T) capatle of
reac/vwrite operations with main memorye. -

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 memory.

3.1.7 T

The T=rejister is a 24=bit general purpose register used primarily
for the interpretation of the S~tanquage instructions. T-registers, as
well as each 4=bit group of T (denoted as TAr TIBs TC» TDs TE» 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 channe!l information associatec with
the DISPATCH operations :

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

Since the T-register is addressable in 4=bit groupss, its ccntents
are available for analysis and alteration via the &4=-bit functior ©rtox.
MANIPULATEs, SKIP and BIT=TEST-BRANCH instructions can c¢perate on ¥
data.

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

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

J.1.8 FA

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

The FA~register is capable of being counted up or down by a fliteral
in a micro~instruction or by the vatlue 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 atong with FB8 into a
doubtle scratchpad worde

Neither overflow nor underfiow of FA is detected. The value of FA
may go through its maximum value or its minimum value anc wrag arcund.

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

The FA=register can bhe coampared with the BR~register fcr three
functions. In the memory operationss» FA is checked to be within the
Linits of the BR-register (see Sections 3.1.12 or 3.1.13.2)» cr it can
be used as a halt variant in the cassette control microsr or it can be
used as a SKIP variant in the cassette control micro. (see Cection
3.4.30). ‘ '

3.1.9 F8B

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

. The FB=registers as well as each 4-bit portion of F8 denotec &s FU,
FTe FLC» FLD» FLEs and FLF is adcdressable as a source anc as a sink.
In additions the 16=bit portion comprised of FLCs FLD» FLE» arac FLF
and denoted as FL is also addressable as source and as a sinke.

The FU-register holds the tength of the unit which makes up a field
in memory. The FT-register holds the field tape information while the
FL=register holds the total length of the fields FL is capatle of
describing fields up to 65,636 bhits and can be adjusted up or dcwn ¢ty
a Literat in a micro=instruction or by the value contained in CPL ir
order to facilitate iteration through a memory field.

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

Since the FB~register is addressable fn 4-bit groups, 'its ccntents
are available for analysis and alteration via the 4=bit functior box.
MANIPULATE», SKIP and BIT=TEST-BRANCH instructions can operate on 8
datae.

FB8 has the capability of being loadedr storeds, or swapped alorg with
FA into a double scratchpad semory worde. .

FU and FL along with corresponding portions of the first celt of
~ scratchpad are used to set the varicus conditions of FLCMN (see Section
- 3ela11ls FLCN) and the various conditions of the (CP=-register (see

Section 3.4.20, BIAS). :

3.1.10 SCRATCHPAD
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A scratchpad memory of sixteen 48-bit words is oprovided tc hold
field descriptors during the iteration of operands. Some cells mnay 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 c¢cf the
first cell of the scratchpad are used to set the various conditions of
FLCN (see Section J.1.11» FLCN) and the various conditions cft the
CP=register {(see Section 3.4.20» BIAS). .

The WRITE into scratchpad is a two 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
scratchpads The second clock may occur in the micro execution time of
another micro which did not direct this WRITE operation. [f that wricro
wWas a READ from scratchpads then it must be delayed until the previous
WRITE operation was completed. '

J.1.11 FLCN

FLCN (field length conditiaon) is a 4=bit psuedo register that holds
the result of a3 comparison of the FL portion of ¢the FfR-rejister and
the corresponding portion of the first scratchpad word. [t is
addressable as a source only.

3 2 1 0: LS6

FLCN: 1 FL=SFL 1t 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 wused for
memory protection and for base relative addressing. Memory protection
is provided by checking the memory address in FA with the ER (Base
"Register) and the LR (Limit Register) for all memory cycles. Any
address outside these bounds is flagged in the COD-register (CDCQ)
WRITE/SWAP, CD{1) READ). A memory read operation is always whether
inside or outside the boundary, but HWRITE or SHAP operatiors are
altowed outside the boundary only if the override bit o¢f the CD{2)
register is true. A memory address equal to the BR or LR is ccnsicered
in bounds. Note: The memory protection is provided only cn the initial
pointer and does not provide protection on those memory btits accessed
when the Field Length is greater than ane. 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 plirce.

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

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

J.1.13 ¢C

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

The 8=bit section» addressed as CP» i5 comprised of the arithmetic
unit carry flip=flop (CYF)s the Z=bit unit control for the arithmetic
unit (CPU) and the S~bit variable data tength control (CPL). (CPLU s
not addressable. CPL{6), the MSB aof CPUs, has no special meaning. CPL51],
the LS8 of CPUs, determines the Unit of the ALU thus: 02 binary, 13
BCD. CPL71, CYF, ia also available as a source of referencing BICNL(2).

7 6 5 4 321 02 LS8
cP: t CYF 1 CPU ¢ CPL i
t Oceel 1 O00ael 1 Qeee3l 1

341132 CAs CBs CCs CD

The remaining t6=bits of the C-register are addressable in 4=bit
groups as CA» CBs CC and CDe. Their contents are available for aralysis
and atteration via the 4&4=~bit function box. MANIPULATE, SKIP and
BIT-TEST=BRANCH instructions are applicable.

The 4=bit groups designated as CA and C8 have no special functional
assignment and are available as general purpose &=bHit storage
registerse. '

The two 4=bit registers designatec as CC and CD are wused fcr the
storage of various processor states and conditions as shown belcwus

30
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3 2 1 © Q0zLSA

1§ CONTROL PANEL ¢ 100 MSEC f I/0 BUS t CONTHROL {
CC: { STATE LAMP ! REAL TIME CLOCK ' SERVICE 1 PANEL 1

i FLIP~FLOP f INTERRUPT { REQUEST t INTERRLPT 1

WD DB W BBVB R DD BRGNS DD B W DN W R DG WD BB MW DS BB WSS w

CC(3): The control panel state Lamp flip~flop when true will <cause
the STATE lamp to light on the Diagnostic anc Maintenance
Console. .

CC(2): The real time clock interrupt signatl is develogred frcm the
primary power frequencys, field adjustable for either S(Hz or
60Hz. The interrupt signal is received and is used toc set the
CC{2) bit once every 100 mitllisecondse.

CC(1): The [/0 Bus service request interrupt tevel is derivec fronm
the various 170 controls connected to the prccesscr's I/0
Buse The lLevel is the result of a service reguest by cne cr
more controls and is used to set the interrupt bit every
clock timea

CC(0): The control panel interrupt level 1{is derived from the on
position of the control panel?®s INTERRUPT switch. The level
from the switch is used to set the interrupt bit every clock
time. This flip=flop also drives the lamp behinc  the
INTERRUPT switch on the operators panel.

3 2 1 0:LS3
{§ Memory { Memory { Memory { Memory L]
I Read Data 1 WritesSwap ¥ Read 1 Mrite/Swap [}
CDs 1 Ervor { Address 1 Address I Address L
t Interrupt 1t C(LR/BR Check) § (LR/BR Check) t (LR/BR Check) 1
] 1 Qut of Bounds 1 Out of Bounds | Qut of 3cunds 1
1 1 Override 1 Interrupt { Interrupt {

CD(3): There are saveral ways this bit can be manipulateds It s
addressable as a 4~hit register and can be altered through
the applicabtle micro=instructions. In adcitions this
flip~flop 1is recognized as the memory Reac Data €Error
interrupt flag bit. As suchs it can be set by:

M~register parity errors
Cache Key parity error,
Cache Double Hit»
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Cassette parity ervors
Uncorrectable S=memory (CPU) errors
Error Log register has changed»
S~memory field out of boundss and

S memory micro has timed out.

CDC2)» CDC1)s CDCO)3

The memory address out-of bounds signals are derivec from
Logic uwhich 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-pcuncs
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 until the
micro-program tests the interrupt bit.

A micro-instruction or the control panel CLEAR pustobutton
is capable of resetting a bit in the C+~register. Thte ©bit
being reset will be false for at 1least one clock perioa
following the reset regardless of the continued existerce of
the condition to set the bit (e.ge» control panel of serivce
request interrupts). Any test micro~operator executec in this
clock period will find the bit false. If the ccnditior «does
not continue to exist beyond the reset time, a failure tao set
the bit may occur (e.g.» timer interrupt).

J.1a14  MAXS

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

3.1.15 U

The U~register is a 16=bit register used primarily to accumulzte the
bit-by=~bit dinput from the controlt panel®s tape cassette. The
U~register is addressable as a source register only.

In RUN mode» if data is not yet availiable 1in the registers, the
micro~operator witl be delayed. Data not accepted in time will be
lOSto ’ .

1
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In TAPE moder the register?®s contents are automatically moved tc the
M=register for execution except when executing micro-operatcrs 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 w»ill not
be treated as an instruction to be executed. The next instructicn fronm
the tape will foltlow this data. In the tape modesr 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 destination. For CONDITIONAL BRANCF, the
A-register may be changed but the next micro~operator read frcm the
tape will also be executed. Note: In RUN modes, the U-register may not
be addressed after the issuance of a CASSETTE STQOP wmicro.

3.1.16 DATA

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

The micros which can source DATA are 1C and 2C? the micros which can
sink to DATA are 1C» 2C» and 10Ce. The hardware prevents multiple RC*s
from occuring any soconer than 8 ctocks apart. .

Data can be executed from the console simitar to other registers.
Howevers because of the single RC that i3 generated, it s <ciscusseac
separately. For reviewr in the console mode» the selected register is
always sourced to the console lights.s In order to cause the switches
to be Loaded into the register» the LOAD button must be activated. In
the console modes an RC is generatec only when the LOAD button s
activated and inhibited at other times.

Assuming that a previous console command was an [/0 command», then
the I/70 is either ready to accept or transmit data. If the I/C is to
transmit datar then the selected I/0 will hold the data on the MEX
which is then displayed on the panel Ulights 'because nc RC is
generated. Pushing the LOAD button will transmit an KC (prccessor
switched commands to now transmit to the [/0) which will complete the
operation and cause the I/0 cata not be be displayed. I f howevers, the
I/0 'is ready to accept data (the processor must switch comzands from
sourcing to sinking into the I/70) then at the activation of the LCAD
button, an RC would be genserated and the switch contents will be
strobed into the selected I/0 devicea
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3.1.17 CMND

CMND (Command) is a 24~bit pseudo register that can act as a
destination only. It is used to transfer commands to devices c¢n the
I/70 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 sink CMND are 1C» 2C» and 10C. The hardware
prevents a CA to faollow an RC any soconer than 4 clocks.

CMND can also be executed from the console. Since CMND 1is 2 sink
onlys sourcing CMND wiltl result in a no—~operation. Then activating the
LOAD button will cause a3 CA to be transmitted along with the transfer
of the console switch caonteants tco the I/0 device

J.1.18 NULL

NULL is a 2&4-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 destination», the source data 1is not
accepted. Howevers NULL is useful as a destination in orcer toc rop 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 destination.

3.1.20 MSSH

The MSSHs micro-instruction source switch register, is a source/sink
register. It is special in that the console wmicro~instruction source
switch is bit~0Red onto the output of this register. Any value can te
loaded into this registers but its contents are 1interpreted es the
combination of the bits in the register and the console switch
position. _ ' _

3 2 1 0:L58
N 1 1 . 1 1
FORMAT: 1 0 i 0 t st D S0 )
1 ! : N 1 !

L X T P L X X L N F X 2 K L L X B XA N X 2 R XL X LR T X X X E 1 T X X L I X R X X NI

&
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During RUNes the source of the micro=instructions is controlled by
MSSW. Specifically, this is whergs the instructions are sourcec:

St SO

00 The source of the micro~instructions is from the cache.
Howevers if there is a MISSs, the micro-instruction s
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 actives

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

10 The source of the micro-instructions is from cache. £ MISS
Witl result ¢the processor haltings No instructiors are
avaitable from the S=memorye.

11 The M~register is frozen. The present contents c¢f the
M=register are repeated.

The MSSH can be sourced or sinked as a 4~bit register. All the move
instructions which are applicable to a 4&-bit register are also
applicable to this register. The register has only two bits.
Thereforer, sourcing 4=bits will result in the upper 2-tits being a
zero and sinking 4-bits will resuit 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=-instructions improper source switchirg may
cause the pipeline to get out of synchronisa.

3.1.21 NULLAs NULLB» NULLC» NULLD, and NULLE

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

NULLA replaces TOPM» NULLB replaces MSMs NULLC replaces MAXFs and
NULLD replaces MSBR of the Model I and II M<processorse.

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

3.2 24-=8IT FUNCTION BOX

The 24=bit *"function box™ is compecsed of a 24-bit arithmetic wunit

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 CPy
(controtl for the arithmetic unit) and CPL (the S-bit variable operanc
tength) from the CP portion of the C~register.

Atl results from the combinatorial section are generated immeciately
and are continuously available to the micro-programmer. A move to one
of the input registers or an alteration of a value in the CP portion
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 betueen two
oporands. These include the Andes Ors Exclusive=0r, sums carry=outs
differences and borrow functions. and the set of eqrtal=to,
greater~than, and less=-than retlationalts. The resutts of the unary
operations of complementation 2n¢ masking are also available.

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

crPU UNIT TYPE POSSIBLE CPL VALUES DATA TYPE

00 1=bit operands 1 to 24 Binary
01 " 4=bit operands 4»8,12+16520» ofr 24 L=bit hirary (ECD)
10 t=bit operands 1 to 24 B8Binary
11 k=bit operands 4v8s12+16520» or 24 t=bit binary (€ECD)

For valid arithmetic operationss the operand length (as specified by
CPL) must be an exact multiple of the Llength 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» Ys ard CYF
registers (X ¢« Y ¢ CYF)s 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 controtl) is Lless than
24 Results are not defined for CPL wvalues 25 thrcugh 31. The
carry=out Level is generated from the bit position of the output
specified by CPL. If 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 3.1.13.1» CP CCYFs» CPU» CPL).

1€ CPU (2~bit arithmetic unit control) = .00, the binary sum is
produced. See Section 3.1.13.1» CP (CYFs» CPU, CPL).

1f CPU = 01, the decimal sum §s produced by considering the X and Y
inputs to be comprised of six 4=bit units. Results are are not cefined
for non-8inary Coded Decimal (BCD) units. CPL must be a multigle of
four. : :

If CPU = 10 or 11» the sum is defined as though it were 00 or Ot
respectively. The ALU is controlled by CREG(0S).

3.2.2 DIFF

DIFF is a pseudo register equal to the difference of the X» Y» and
CYF registers (X = Y = CYF). Zero bits appear in the more sicnificant
bit positions of the 24-bit result when the Length as determirec 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 att
24~bits of X & Y» is true if X < Y or if X = Y and CYF is true.

H

1€ CPU 00, the binary difference is produced.

I1f CPU = 01, the decimal difference is5 produced by considerinc the X
L Y inputs to be comprised of six 4~bit units. Results are not cefined
for non=~BCD units. CPL must be a multiple of four. ‘

If CPU =2 10 or 11, the difference is defined as though it were €0 or
01 respectively. The ALU is controtied by CREG(0S).

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 C X or Y)» and XEOY (X exculsive=os YY) are
24=bit pseudo registers that hold the results of the specified lagical
functions. Zero bits are produced in the wmore sic¢cnificart ©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. '

3o2.4 CMPX» CMPY

CMPX (complement of X) and CMPY (complement of Y) are 24=bit pseuco
registers that hold the results of the specified logical functions.
Zero bits are produced in the more significant positions of the 24-tit
result when the Llength as determinec by CPL is less than 2&4. 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
sfgnificant bit positions of the 24=bit result when thre Llencth as
determined by CPL is less that 24. fesults are not defined fcr CPL
values 25 through 3i.

3.2 6 BICN

BICN (bvnary conditions) s a 4=-bit pseudo register that hclcs the
following binary conditionss considered as a 4=bit group. and
addressable as a source only.

NOTE: CYF i1s aiso addressed by the SET CYF M~instruction as well as
being available in the (B-bit) group addressed as CP.

3 2 1 0:LS8

LA R N K K L N E X N B R & L B K & L N KL K X _E_ X X J

BICN: & LSUY { CYF ¢ CYD I CYL ¢

CE T K T N N X L X I R N B 2 T L WL L K K 3 X J

t ' ' i _
| ] 1 Carry Out Level
1 | " Borrow~Out Level

| I Carry Flip~Flop (CP(7))

Least Significant Unit of Y

la
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The carry=out level is a function of X» Y» CPL, and CPL. See Section
3.2.1« The borrow~out level is a function of X» Y» and CYf. Sea
Section S'ZnZD OIFFO ) o

LSYUY is true if the least‘sfqnificant unit of Y is equal to 1 and
CPU = Q00 or 10s or if the Least significant unit of ¥ is equal to 1001
and CPU = 01 or 11. Only CREGCO0S5) of the CPU controls this operationa

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

3 2 i o:Ls8B

XYCN: § MSBX 1 X=Y 1 X<Y 1 X>Y 1

L E L R L X XL L RENXLEREEYEELEYL XXX Y ]

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
lteftmost bit. MSBX = 0 if CPL = 0.

The relational results are based cn the binary value of all Z4-bits
of X and Y.

3.2.8 XYST

XYST (XY states) is a 4-bit pseudo register that holds the follouihq
relational conditions, consicered as a &4=bit group and addressatte as
a source only:

3 2 1 o:L58

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

S N D DGR R AD TR A A G YR A N TP OO T N W D OR A OE ) SR WD WD W R

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 CREGCUS) bit of the CPU contrcls this
operation. ’ , .

The retationatl results are based on the binary value of all 24 bHits
of X or Y. :
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INT is true if any of the following conditions as reflectea‘ir INCN.»
CCr and CD are true. (See Section 3.2.9 INCN and 3.1.13.2 CA» CE» CC»
co. .

INCNC3) = Missing Port Device
INCNC1) @ Port Interrupt
cC(2) = 100MS Real Time Clock Interrupt
cCc(1) Bus [/70 Serivee Request Interrupt
cCc(o) : Contro!{ Panel Interrupt
cD(3) Memory Read Data Error Intarrupt
cD(o) : Memory krite/Swap Address (LR/BR Check)

Out of Bounds Interrupt

" 3.2.9 INCN

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

3 2 1 0sLsS8

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

connect ) L X K L X X K N A R X N B E X KL N X N X R ¥ N T R T L X N T N R X X XX X K]

When the port interchange is not presgnt certain bits of INCN are
strapped at a TRUE or FALSE vatue as shown below. See atso the
DISPATCH micro {344e29).

3 ‘ 2 1 0:L S8

i 1 ‘ N { 1
INCN: { eceeaw f FALSE t  FALSE 1 FALSE t
(Direct 1 L] : ] | L

3.2.12 PERM (PARITY ERROR MEMORY)

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

3 2 1 03:LSB

PERM: S-megory { S=menmcry { S=memory 1 S=memory {
‘ ! Micro~ { field out=of~ { Error Log I uncorrectzble 1
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t Instruction ! bounds of the 1 has changed 1 error dur ing
t Time=Out  { administrative | !t a Processcr 1
1 { memory ] ' t operatian i

L Y R Y W R N LY X XY R L IEYEENXELRERENRREYEEELEREE X L I A E K J N X R E I R B B N K&

This register gets set to zero whenever the machine is startec fron
the halt state or in the hai{t stater whenever the register select s
in column 6 and the LOAD button is activated.

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

PERM(2): This bit true indicates on any memory micross, either
Read/Write, that the administrative memory (memory size as either
determined by MAXS or the physical gemory present) has been excteeded.
For examples if the memory operation caused three stacks to Ete read.,
but the administrative memory haca two stackss then this btit would be
set true. For the stack which was absent» all zeros would te returned.,
and there would be no error correcting action and herce ro error
indicators. During a fetchs a field out-of-bounds error will cause the
machine to halt, ‘

PERMC1): This bit wilt 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. The error-{cg
register can be changed depending upon the (level of the change
information. Generallys, the first error detected ¥s Uloggecd. Then if
there is an error of greater importances its status is5 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 correctedr reglaced by an

uncoreectable error from a non CPU device replace¢ by an
uncorrectable error from the CPU access.

Case 2 - an uncorrectable error from a non CPU device, replaced by a
an uncorrectable error from the CPU access. '

Case 3 an uncorrectéb(e error from a CPU access. Note: Tte CPU
error could be caused by a read error before a write
operationa |
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Just for information, the error-log register contains the following
information (see Section 3.4.35 for format):

1) 8oard number (4 bits) and chip row (2 bits).

2) Syndrome (6 bits) which {indicates the ¢type of error. See
attached Table 3. '

3) MHrite operation -.the recorded error was the result of a writs
operation (read prior to the write? also may be either the bits
which were written over or the bits which were restored).

4) Mutiple aoccurrence error. There was more than one occurrerce of
each type of error. An error status was lost.

5) Corrected single~bit error. One error which was recorde¢ was 2
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 1is no CFU error
recordeds then the syndrome contains the status for this error.

7)Y Uncorrectable CPU error. The error vepresented by the syndrome
is the first CPU uncorrectable errora.

PERM(0): This bit true indicates that there was an uncorrectable
error as a result of a CPU accesse. Curing a fetch, 2an uncorrectable
CPU error will resuit 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 CD(3) and
the RUN mode of the processor. This is itlustrated by the diagram in
Fiqure 28.

4
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FIGURE 28

L E L & X X J - -

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 errors, parity error on the npicro in the M-register, and a
double hit in the cache read.

Specifically, the PERP register has this format:

3 2 1 0:1L58
1 Cache 1 Cache Key f Parity Error ! Cassette |
PERP: § Double Hit § Parity Ervror | on the word ! Read Error [
1 ' {t on Key A i fetched to I which canrot 1
t t or XKey B 1 the M=-register | be corrected 1

LI Y L. R EEEEXNERE X ERXE T X XX KL L NE XYL R L KX X K X . R KX KK N E NE N K XXX X XJ

from the HALT states starting the machine will result ir this
register getting set to zero. Also», when halted and the register
select is on column 6 and the LOAD tutton is activatedsr this register
is set to zeroe.

PERPC 3) Cache Double Hit

" Cache double hit will result in both block A and block 8 reac dats
from the cache to the merged., During fetchs this represents a herdware
malfunction and the CPU wiltl halt <(cache enabled). Double hit can
occur with the hardware in its normal operational state withott any
harware mat functioning. This is when the key in both block A anc B for
a particular index s identical, anc¢ this occurs when writing irtc the
caches the A~-register is the same for Wwriting into tlock A ancd £, Mith
the cache disableds the double hit will not halt 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 8, are read togethers, this flag
can be set whenever either generates a bad parity check. The parity
check is an odd parity over the key (8 hits), validity (1 bnit)s and
parity (1 bit). When the MP=3 is clearedr the key is zercr, valicity is
one, and the parity is zero. With cache enabled» cache key parity
error during a fetch witl halt the ¥P-3; when disabledr it will set
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CDC3) and PERP(2).
PERPCY) Parity Error on the M-register

This bit will indicate whenever there is a data parity error franm
the cache or a micro~fetch direcly from the S-memory. Since the MP=2
can move data to the M=register, at those times, the parity error
reporting on the M=-register will be disabled. When Lloacing the
M=register from the consoler anc when Lloading micros frcm tha
cassetter the parity bit is not transmitteds Therefore, durirg 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, 4

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

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

b
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The Parity Error tamp on the console witl be driven whenever there
is any condition to set CD(3) except loading into CD(3). That iss the

parity error lamp uwill 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 hatted and
the register select is in column 6 and the LOAD button is activated.
or whenaver the machine is started from the hatt state.
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3.2.12 TIME

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

Register Move (1C) micro} reser by  Adouc B -bit i heral (8>,

Miove 24 =it Literg) S i L. ‘ ST . : Yy o
PIIEFBS  wrrt AFFCr (,Z/f() %;{96 ’::;f//si‘:‘fk’ Tmrgpesten (700 N 2r7ic
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 inputss the conterts of
any of the following 4-bit registers and pseudo registers. The seconcd
input is obtained from the M=instruction itself.

TA T8 TC 1D ‘ TE TF PERP

LA L8 Le LD LE LF RESEFRVED
Fu FT FLC FLC FLE FLF

CA c8 cc co NULLA NULLE

BICN XYCN XYST FLCN INCN PERM

Outputs include the result of most of the commonly wused furctions
between two operands; for example: setr ands corsr excliusive~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 overftcw and
underflow respectively ands based on the testes a skip ¢f one
instruction can be made.

The 4=bit function box alsc provides for the selective testing of
one of the bits of a four~bit group and relative branching Lased on
the result of the test. A skip of one instruction based on the result
of testing on a combination of up tc four bits in the group 1is also
provided. '

BICNe XYCNs XYST» FLCN», and INCN are not actuyally registers but can

be sourced as if they waere. They can be changed only as a restlt of
changing the condition which they reflect. :

3o4 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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' 0P t RGSTR ¢ RGSTR | DIRECTION § SCRTCHPD 1 SCRTCHPD
FORMAT: | CODE § GRP # 1 SLCT# & O TO SCRTYCHPD ! WORD 1 WCRC
t 0010 1t Oeeel5S ¢ 0eee3 § 1 FROM { O-LFT WKRD ! ACDRESS
U 1 . 1 t SCRTCHPD § 1-RYT WRD 1 0...1S

LA L X L B X L X XK X X I T X B T I T N E N EXXEX X T XX K X N XXX N E R K I XN A N E KN ]

Move the contents of the register (SCRATCHPAD) to SCRATCHPAD
(register). If the move i5 between registers of unequal tlengthss the
data is right justified with left (most significant) zerc ©bits
supplied or with data truncated from the Lleft, whichever is
appropriate. :

The contents of the source register are unchanged.

Exceptions:

1) +When M is used as a destination registers the operation is
chanjed to a bit~or uhich modifies the next micro-operation. It
does not modify the instruction as stored in either the czche or
the S-memory.

2) CMND is excluded as source registere.

3) BICNes FLCNs XYCNs XYSTs» INCNs CSWsr SUM, CMPXs CMPY, XANY, XORY»
XEOY» MSKXe HMSKY, DIFF» MAXS» and U are excluded as destination
registers.

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

5) TIME is excluded as SOURCE or SINK,.

3ahe3 SHAP F WITH DOUBLEPAD HORD
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1 oP ! DESTINATION ! SOURCE 4&=-8IT 1
FORMAT: § CODE t 48-8IT ! SCRATCHPAD '
§ 0000 0111 § SCRATCHPAD { WORD 1
' ! WORD f 0eeselS !
i ! 0eeolS 1 i

LR TR EY R EREY YR LY F Y YR TP L R T T YT

_ Move the contents of the FA and FB-registers to a holding recister.

Move the contents of the Lteft and right word of the source scr:tchpad
word to the FA and F8=register respectively. Move the cortents cf the
holding register to the Lleft and right wword aof the destinaticn
scratchpad word.

Seboet. STORE F INTO DOUBLEPAD WORD .

I OP ‘ I SCRATCHPAD !
FORMAT: & CODE 1 WORD ADDRESS ¢
t 0000 0000 0100 1 0.sel5S !

LR LN R LN K R X E KX X W E X T XYY FYY.)

Move the contents of the FA and FB8~register to the Lleft and right
word respectively of the designated scratchpad word.

The contents of the source registers are unchanged.

3.4.5 LOAD F FROM DOUBLEPAD HORD

- R D P N R D R T D Y W RS SN

§ 0P I SCRATCHPAD '
FORMAT: § CODE - 1 WORD ADDERESS
i 0000 0000 0101 § Qu.elS t

- D S N TR WD W S R O WD AR WD W WD WD TS D A

Move the contents of the left and right word of the designated
~scratchpad word to the FA and FB-register respectively.

The contents of the source registers are unchangeda

3.4.6 MOVE 8-8IT7 LITERAL
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W W AR AR AP RN ER G D SR ER M UR NS D 4D A WD TR TN AC AR R W AP

f OP 1 DESTINATION t LITERAL 1

FORMAT: § CODE 1 REGISTER 1 1
f 1000 ¥ GROUP ¢# 1 0e0as255
! 1 0eeeals 1 i

Move the 8=bit literal given in the instruction to the destinatiaon
register. If the move is between registers of unequal lengthss the
data is right justified with tleft (most significant) zerc bits
supplied.ﬁlﬁe register select number is assumed to be 2.

s Move 7o TINIE —/vy'/‘s/cf anll Fesult sn e TinE Fs
Exceptions: reset o ey

X E X R T T F L X L J

1) CSW is exctuded as destination register.

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

3.4e7 MOVE 24=8IT LITERAL

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

FORMAT: | CODE 1 REGISTER 1 0uaeaMAX o
1 1001 | GROUP ¢ : '
) 1 0eaulS o 1

LE R EE R L R T X B X E X TR I R XXX XL L L X X3 L. L X T XX J

Move the 24~bit Ltiteral given in the instruction to the destination
register. If the move is between recisters of unequal 1Llengthss the
literal is truncated from the teft.&LThe register select numter is
assumed to be 2. | AMDbye #o TIME - e a)

. ' ) 791&» ) /77' y P .
Exceptionss reeul? » S A yesed A 2004

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

Jo4o8 SWAP MEMORY
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i op I REGISTER # t FIELD ! MEMORY !
FORMAT: 1 CODE i1 00 = X i DIRECVION 1 FIELD 1
{ 0000 0010 ¢ 0L = Y f 0 ~ POSITIVE ¢ LENGTH ¢
1 § 10 =¥ t 1 = NEGATIVE t 0Q0...24 1
1 1 11 = L 1 { '

WP ER A R R DG G LD R RN RN W A G @D N AN A YA WSS e

Swap data from main memory uwith the data in the specified recistere.
If the value of the memory field s less than 24, the data from wmemory
is right justified with Left (most significant) zero ¢tits supplied
while the data from the register is truncated from the left.

Register FA contains the bit address of the memory field while the
fietd direction sign and field length is given in the instructicn.

If the value of the memory field length as given in the 1instruction
is zeros the value given in CPL is used.

3.4.9 READ/WRITE MEMORY

G OB PRBD O AD DO WIS MGG WA D RIIES PRI D W BN B GEBN R SR TG WBE ST S S e

1 gp i DIRECTION t COUNT 1 RGSTR # 1§ FIELDO 1 MEMCRY 1
FORMAT: 1| CODE ¢ 0 to RGSTR § VRNTS § 00 = X 1 DIRECTICN t FIELD 1t
t 0111 1 1 TO MEMORY 1 Qeee? 1 01 =Y 1 0 = POSITIVE 1 LENGTH 1
{ { 1 t 10 = T t 1 = NEGATIVE 1| O...26 |
! { 1 ! 11 =L ¢ 1 [

LR T R Y L R R XL RELERE R LY LN KL LN E X IUY K X X N R X N R NN R R N BRI N I R

Move the register?®s (memory®s) contents to the memory (register). If
the vatue of the memory field Ltengthk is {ess than 24, the dats fron
memory is right justified with Lleft (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 field direction sign and memory field length is g¢iven in the
instruction, .

1f the vatlue of the memory field length as given in the instruction
is zeros the value in CPL 1s usec. )
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Memory field tength values Cor CPL values if MFL = 0) of 25 =:&nc¢ 26
are truncated to the value 24. Hhen used on a MWRITE operatior, the
value 25 causes all error Logging and rveporting to be sucpressed.
Corrects, from an ECC point of viewr data is written intc memory. HWhen
used on a WRITE operations the value 26 causes the same action s the
value 24.

For a descriptfon of the count variantss, see Section 3.4.1C» COUNT
FA/Fla :

3.4.10 COUNT FA/FL

‘ i ap ! COUNT 1 LITERAL
FORMAT: | CODE I VARIANTS 1 0...31 §
1 0000 0110 1 Q.ws? ! !

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 value of the literal is z2ero.

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.

Overflow of FL is not detected. The value of FL will go throuch its
maximus value and wWrap around. Underflow of FL is detected anc will
not wrap around. The vatue of zero is Lteft in FlL.

“Literal values Cor CPL values if LIT = 0) of 25 through 21 are
truncated to the value 24. ‘ ’

Count variants are as follows:

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 DOHWN :
111 COUNT FA DOWN AND FL DOW
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3.4.11 SCRATCHPAD RELATE FA

L R K T R LN L L XL RN EEYTE YL RLEEEE R R L E X JCE I E X E B XX L B XREJ

t gp { RESERVED 1 SIGN OF 1 LEFT SCRATCHPAD 1
FORMAT: 1 CODE i i SPAD HORD f WORD ADDRESS 1
f 0000 1000 ¢ 000 t O=POSITIVE 4 0...15 1
i , ! I 1=-NEGATIVE 1 |

WG G NG S O NEVW RS PE B BRSNS RWRNS BRI D RIS DA BT RGO P

Replace the contents of the FA~register by the binary sum co¢f the
fA-register and specified scratchpad register. '

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

Jo4e12 EXTRACT FROM REGISTER T

LE X X E X X RN E R N X E X NN R XL F L X XELELX L K E X XL IR K]

1 OP 1 ROTATE ! DESTINATION ! EXTRACT 1
FORMAT: 1§ CODE 1 BIT COUNT 1 REGISTER ! BIT COUNT
{ 1011 1 Ou..24 1 00 = X I 0...24 '
1 t 101 =Y 1 '
{ t 110 - 71 ! 1
i ! 111 - L | o

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 supplying Left most (most sigrificart)
zero bits if the extract count is less than 2&.

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

A rotate value of 24 is equivalent to 0.

344413 SHIFT/ROTATE REGISTER T LEFTY
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i o°P f DSTNATN & DSTNATN 1 S/R VARIANT 1 S/R i
FORMAT: ¢ CODE 1 REGISTR & REGISTR t 0 = SHIFT 1 BIT CCUNT 1

I 1010 1| GROUP # 1 SELECT# t 1| =~ ROTATE ' Oee.24 1

1 1 Oeeel5 1 O0ueel ! 1 : t

A R D AR DS W AR D AR AR R D S R AR D AR WS WY ED AR T AN D ER W G R AP DA W W e W

SHIFT (ROTATE) Register T left by the rnumber of bits spacified and
then move the 24=bit resuit to the cestination register. [If the move
is between registers of equal lengths, the data is right justified
with data truncated from the left.

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

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

1f the vatue of the SHIFT/ROTATE count as given in the instruction
is zeros the value given in CPL is used.

Exceptions:

1) HWhen M is used as a cestination registers the operation. is
changed to a bit=or which modifies the next micro-cperaticn. It
does not modify the instruction as stored in the memory. ‘

2) BICN» FLCNs XYCNs XYSTs INCNs CSHs SUMe CMPXs CHMPYs» XANY, XEQY»
MSKXse MSKYs XORYs DIFFe MAXSe and U are excluded as destination
registers.

3) :
FIME as a sgk will yeset TIAE o 2erp

3.4.14 SHIFT/ROTATE REGISTER X/Y LEFT/RIGHT

PRGNV PO AR BB MB BB DNRT BRI DN B WM W DG RIS W IR W W T ® W

1 oP I S/R t L/R LI ¥4 { 1 S/R 1
FORMAT: § CODE ! VARIANT 1 VARIANY § VARIANT 1 8IT t
t 0020 0100 & 2=SHIFT 1 O=LEFT 1 0=X REG ¢ COUNT
i ! 1=-ROTATE 1 1-RIGHT § 1=Y REG 1 0...24 |
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 SHIFY (ROTATE) Register X or Register Y left (right) by tne number
of bits specified.

Zero fill on the right and truncation on the left 'occurs fer the
left shift. Zero fitl on the left and truncation on the right occurs
for the right shift. '

3.4.15 SHIFT/ROTATE REGISTERS XY LEFT/RIGHT

X L K X X R ¥ . F X N L W X N KX T E N XX P R X L XN LR EXEE R EX-R KX 1 N J

{ OP 1 S/R P L/R i S/R t
FORMAT: & CODE f VARIANY 3 VARIANY 1 8IT i
t 0000 0101 1 O-SHIFY & O-LEFT § COUNT 1
! ‘ { L1-ROTAYE § 1-RIGHT | O...48 1

X L X X P X Z R ELTRE YL L ELEYX L LN EEXEE-FRXLNXEREERX X L X J

- SHIFYT (ROTAYE) Register X and Y Left (right) by the nusber of bits
specifiede The register X is the leftmost (more significant) hzlf of
the concatenated 48+bit XYeregister.

Zero fill on the right and truncation on the {eft occurs fcr the
left shift. Zero fill on the teft and truncation on the right occurs
for the right shift.

Johoel6 NORMALIZE X

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

SHIFT the X~register left while counting FfL douns, wuntii FL=C or
until the bit in X referenced by CPL = 1. Zeros are shifted 1intc the
rightmost end of Xa.

CPL = 1 references the rightmost bit of X while CPL = 24 references
the leftmost bit of X« CPL = 0 is undefined,

J.4.17 READ/WRITE CACHE

i OGP CODE t FORCE PARITY i VARIANTS 1
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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
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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 unchangede.

There will be parity checks ocn both key fields for parity errcrs. If
an grror is founds PERP(2) will be set along with CD(3) ard the
console parity error lamp.

101 DIAGNOSTIC CACHE WRITE

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

L K X X W N X K X ¥ R Y W X K X N N X R X XE RN X E X L KT IE X BN EE I NE R XX XX K]

L-REG: 1 /7 77/ i KEY ! INDEX 1 /! 7 77 i

Y R LR LY LR Y YR LY RN LR NN R R Y N T N R Y )

23 22 21 14 12 6 5 0

The Low order 6 bits and high order 2 bits are 1ignorec. LRU
determines which block to write into. LRU does not change as a result
of this operation’ it can also force either goods/bad parity into the
cache key.

Four 17 bit words are written intoc cache. They are:

X = TO WORD 9
Y = T0 KORD 1
T = T0O WORD 2
L = TO WORD 3

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

CB G AR R AR BN RN B DE R EE DB E DO S S

XeYoTobs V /7777777 VP 1 DATA 1

23 v 17 16 15 . 0
The séquence of operation fs¢
1) Save Ay
2) FA-register to A=register,

3) MHrite X~register to cacher word D7 HWrite KeyCA) to cache
(Key): Set. valid bit in key’ Generate and write parity in key,
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4) Hrite‘Y-register to cacher word 17

5) Hrite T=register to caches word 23

6) HNrite L-register to caches word 3.

7) Restore A-registere.
NOTE: The key infofmatfon is the same for all write accesseQ.
110 DIAGNOSTIC CACHE READ DATA

Read one word (16 data bitss, 1 parity bit) from cache to the
X=register. '

23 22 21 14 13 6 5 4 3 0

LXK N X R K K B N B K N X N ¥ K X NN K X N E ¥ T W E N K R L N X N X K A N E_L N XK NI

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

X EREREE X XL RELRE X EEELEY EEEXEYXEERELNELEEXELEXREEXEREELXNE]

The FA-register contains the address of the word in cache. This is
an associative read where the read occurs in the block where the valid
bit is false and the keys matche.

The LRU is set to the block which uas not setected if there is a

The déta word in cache is 17 bitss 16 data aﬁd 1 parity.
The sequence of operation iss
1) Save A=registers
2) Move FA-fegister to A-registér’
3) Read cache to X=register (17 bits)de
4) Restore A-register.
If there is a MISSs, then all zeros will be read from the cache.
There is no data parity check on this Read since the data ty=-passes

the M~register. Howevers there is parity check on both keys A ard 8.

111 DIAGNOSTIC CACHE READ KEYS
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Both keyss valid bit, parityr, and hit status in additicn to tte LRU
is read to the X~register. The format of the data in the X-register
ise

23 22 21 20 19 18 11 10 9 8 1 0
X=REG:4 L & O ¢ HIT 1 HIT | B IKEY IVALID 1 A TKEYIVALIDI
T R {BLOCK 18LOCK fPARITY # 8 § 8 1IPARITY! A 4 A )
f U ¢ 1 B8 I A t ' B { t | {

LR L B R R K F X ¥ X N E K ¥ K ¥ X X X X X N N T R T X X I L X E TN L N XX N XX T N N X X X X N E_ K K L K IE X J

The FA-register is wused to determine which keys to reac. The
FA=register format s the samer» but only the index portiorn is
meaningful.

23 22 21 14 13 6 S 0

FA=REG: ¥ /777777 8 1127777 1 - vV rr/7/7777
v 117777 i 7(KEY)Zs 1 INDEX Y /111717 08
C 2711777 V7770727 Y Y 11777 1

L LR L E N ELELNEEREYEEEREYXRENELYYERYEL ELELYEYEEERE X NXERERRYE XY RN

This is a non-associative read. Nothing in the cache is changed as a
result of this operation Cincluding the LRU).

The sequence of operation ist
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 CD(3) will be set.

3.44.183 CALL

t ae ! DISPLACEMENT | DISPLACEMENT
FORMAT: § CODE t SIGN { VALUE {
t 111 1 O0=POSITIVE ! O.ee4095 10
1 1 1=NEGATIVE | 1
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Push the address of the next in~line micro-instruction into the A
Stack and then fetch the next amicro~instruction from the Llocation
obtained by adding ¢the signed cisplacement value given in the
instruction to the address of the next in-line 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 1is accomplished by employing the REGISTER MOVE

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

3.4.19 BRANCH

t ap 1 DISPLACEMENT 1 DISPLACEMENT 1

FORMAT: 1 CODE 1t SIGN 1 VALUE 1
4 f 110 8§ O0=POSITIVE 1 0eseo4095 !
§ t 1=NEGATIVE i |

LR D X L X N X . X N K ¥ L X L X ¥ N XX R N EYER L XXX X 1

\

Fetch the next nmicro-instruction from the Llocation obtairec by
adding the signed displacement vatue given in the instruction to the
address of the micro=~instruction next=-in=line.

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

3.4.20 BIAS

1 0OP ‘ t VARIANTS ¢ TEST CPL NEQ O FLAG {
FORMAT: 1 CODE 1 $ 0 = NO TEST i
1 0000 0000 0011 1 Qeoe7 t 1 = TESY CPL RESULT 1t

Set CPU to the value 1 €01) if the value of FU is 4 or 8 and to 0
(00) otherwises, unless V = 2+ If V = 25 the CPU value is determined ty
SFU in tieu 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

cPL

CPL
cPL

NN WN=O | <

Zk'and,FL-
2& and SFL
24 and FL and SFL

24 and CPL and FL

PAGE

eaqh

" 1f test flag equals i and final vatue of CPL is not zero» the next

16=bit micro=instruction is skipped.

3.4.21 SEV CYF

I VARIANTS U

1 OP
FORMAT: 1 CODE

{ 0000 0000 0110 1 1,2,4,8

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

V=1 Set CYF
2 Set CYF
4 Set CYF
8 Set CYF
Note CYD =

J3.4022 4=31T MANIPULATE

to
to
to
to

0

1
cyYL
CYD

(X<Y) ¢ (X=Y)CYF.
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L R L X R B K L X K L R T R E 2 L K F L L X X T L K E X K 2 2 X L 2 L L X X X 1 N 2 B KR K K3

1 op ! REGISTER t REGISTER 1 VARIANTS & LITERAL |
FORMAT: § CODE § GROUP # ¢ SELECT # ¢ t t
1 0011 ¢ 0easelS I Ceeaol 1 OQeee? § DeeelS 1

LR LY TR P RELTEEELEYELEYXEEREETI L EYE XL EEE X B X L XXX XX XJ

Perform the operation spgcifiedvby'tho variants on the designateo
register. :

vV =20 Set the registaer to the value of the literal.

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

2 Set the register to the logical Or of the register ang
Literal.

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

& Set the register to the binary sum (aodulo 16} cf the
register and literal.

5 Set the register to the binary sum (moduloc 16) cf the
register and {iteral, and skip the next M=Instruction if a
carry is5 produced.

6 Set the register to the binary difference (modulo 16) 6( the
register and Literal.

T Set the register to the binary di fference (modulo 16) of the
register and titeral, and skip the next ¥=-Instructicon if a
borrow is produced. -

Exception

BICNs» FLCN» XYCN» XYST» and INCNs when specifiec as cperand
. registerss, are not changed as a result of this operation. Howevers the
carry and borrow ocutputs are produced and a skip can result.

3.4.23 BIY TEST BRANCH FALSE .

€4
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f OP 1 REG t REGISTER 1| REG | DSPLCMNT § DSPLCMAT 1§
FORMATz 4 CODE . GROUP # 8 SELECY # t§ BIT # 1 SIGN ! VALUE !
§ 0100 § D0eeelS  Oueel { 0oee3 & 0-POS f Deeol5 1
' " ] § 1 1=NEG ‘ )

LE L P L X E T XX YYREER XYL XYY L REELYEEYREERY YRR NEENENNEEENETERYXY]

Test the designated bit within the specified register and branch
relative to the next instruction by the signed cdisplacement value if
the bit is zero. If the bit is oner a displacement value of zero is
assumed and control passes to the next in=-line M-instruction. A
displacement value indicates the nurber 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.

3.4.24 BIT TEST BRANCH TRUE

i oP 1 RGSTR ! RGSTR t RGSTR § DSPLCMNT { DSPLCMNT 1
FORMAT: ¥ CODE ¢ GROUP # & SELECTY # @ BIT # ¢ SIGN i VALUE i
{ 0101 1 O...IS I Doeel I Oceald 1 O-POSITIVE 1 QeeelS 1
! 1 ! L f 1=-NEGATIVE 1

Test the designated bit within the specified register anc branch
retative to the next instruction by the signed displacement value if
the bit is one. If the bit is zeror a displacement vatue of 2zerg 1is
assumed and control passes to the next 1in=-line M=instruction. A
displacement value indicates the number of 16~bit words from the next
in-line instruction.

65
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3.4.25 SKIP WHEN
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t 0P ! REGISTER § REGISTER 1 VYARIANTVTS ! MASK !
FORMAT: § CODE 1 GROUP # 1 SELECY # 1 Ouea? 1 0ueel5 1
t 0110 ! Qe...15 1 Doeoal 1 | {

Test only the bits in the register that are referenced by tte =1iv
bits in the masks ignoring all others untess V = 2 or V = 6. If so»
compare all bits for an equal condition. Then perform the action as
specified belowe. .

V=20 If any of the referenced bits 3is a "1%s skip the next
H-instruction, '

1 [f all of the referenced bits are "i%s, skip the next
M=instruction.

2 If the register s equal to the wmasks skip the next
M=instruction. SKIP GLCSS 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 tte next
M-instruction.

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

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

7 Same as ¥ = 4s but also clear the referenced bits tc zero
without affecting the non~referenced bits.

Note: If the mask equals 0000, the “ANY® result is false. The skip
is not made for V = 0 and is made for Vv = 4, If the mask equals (€G0O0,
the "ALL" result is true. The skip is made for V = 1 and V = 3 anc¢ is
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 '

t 0000.0000 0000 0010 &

Overtay M-Neiorv from main memory. In this machiner this 'operator
will be interpreted as a No=-operaticn micro (3.4.32).

3.4.29 DISPATCH

1 of t VARIANTS ' § SKIP VARIANT 1
FORMAY: &t CODE § 000-LOCKCUT t O-SKIP IF 1
t 0000 0000 0001 & OCO1-WRITE LOWU I ALREADY LCCKED 1
1 1 010=-READ _ f 1=-SKIP IF NOT 1
) ¢ O11=READ & CLEAR & ALREADY LCCKED i
1 § 100<HWRITE HIGH t (Applies only 1
{ B ? 101-PORVT ABSENT to lockout t
1 [ I ] variant) 1

Dispatch operations are used to send/veceive interrupt and interrupt
information to/from other ports.

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

LOCKOUT sets the lockout bit in the DISPATCH Register and allowse
via the skip wvariant, skipping or not skipping the next 16=bit
instruction based wupon success or faflure Calready .set) of the
LOCKOUT -

HRITE C(High or Low) DISPAYCH sets the Lockout and Interrupt flip
flops in the port interchange. It also stores the contents c¢f the
L~raegister into memory 0 through 23 and the contents of the deast
stgnificant 7 bits of the T-register (designating the destinaticn port
£ and channel #) into the appropriate port interchange register. 1In
addition, it sets (HWrite High) or resets (Mrite Low) the high
Interrupt flip flop in the port interchange.

READ DISPATCH stores the contents of mesory locations C through 212
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 bits of
the T-register are unaffected.
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READ AND CLEAR OISPATCH in addition to perforaming the READ DISPATCH
operation clears the lockout flip flops the two interrupt f€fLlip flops
and the Port Device Absent flip flop in the port interchange. It doses

not clear any memory locationse.

PORY ABSENT 1s 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 connect toc memory are
ltnlted to the folloxings: ,

1) LOCKOUY: Always skips.

2) HRITE LOW: Aluays sets Port Device Absent Llevel true (true
indicates absence). :

'3) READ & CLEAR: Always sets the Port Device Absent Level false
(fatse indicates presentl.
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“~FIGURE 31 DISPATCH

LK A X ¥ X _J - o

BDSMOPH1 2z  DISPMATCH MICRO (HOL=M1S)
MOPO2NBD = MO2

MOPO1BNO 3  MO1

DNNMs.Ho ¢ DONE MEMORY

INCNO :  PORT LOCKOUT BIT

INCN3 : PORT MISSING DEVICE BIT
DR¢CL.H. 3 DISPATCH READ AND CLEAR
DWRLO.H. '  DISPATCH WRITE LOW
DLKO..H. =  DISPATCH LGCKOUT SKIP

B AV
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No changes occur in the T and L-registers. In the INCN-regyister only
the Port Device Absent bit can change. The Lockouts the Interrugpt, anc

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

J.4.30 CASSETTE CONTROL

LK K R R A A R X R X R A L A A L L X B L L A N X X R K 2 X L R X T X K _E L _R_E X J

"FORMAT: 1 OGP CODE t VARIANTS & O - Halt |
I 0000 0000 0010 V Qewne? 1 £t - Skip ]
] ] § VAR = 2535607 1}

Perform the indicated operation on the tape cassette.

V=20 Start Tape

"1 . Stop/Skip Tape {(The processor also hatts if it is i

operations

TAPE

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

processor also hatts if it is in TAPE mode.)

3 StopsSkip Tape if FA NEQ ER (The processqr 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 halt in

available gape.

Jabo31 HALTY

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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7 6 S & 3 2 1 0
0 0P CODE & ¥ STOPPING | 24 BIT q
FORMAT: ¢ 0000 1010 1 A 4 SEQUENCE 1 . NANO PORTION 1
1 1 R 1 NUMBER 1 -y
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 tike a no-operation micrc as far as any actior on zny of
the addressable registersa.

Howevers» on the next micro following this nano move micro» it witl
stop sequencing on the sequence nuaber corresponding to the valus
represented by 3 bits through 6. Hhen the seguence number of the micro
sequencer equals this stopping sequence numbers, the MP=3 freezess
except for shifting of the nano-register to BR. The 24 bit naro-word
portion callied for in bpits 0=2 is shifted to BR. If the option is to
aborts 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 continuers, then once BR contains the proper nano-bitss the
nano~register continues shifting until it reaches the original
position. At that points the amicro eaxecution resumes. In either
optionr the original contents of BR are Lost. Table 4 gives the number
of sequence steps for each micro~instruction. Table 5 shows which bits
of the nano~register are transferred ta BR as a function <cf the
nano~portion codee. SRR

‘For a one sequence micror there will be no execution of that micro
if it was preceded by the nano-move micro and the stopping sequence
nurber wWwas le« If there was a two sequence wicro and the stopping
sequence number was 2, then sequence 1 would be completed and sequence
2 would be examined and the bits shifted into BR. '
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MICRO NUMBER OF SEQUENCES

[+5)
[~
- .
[ ] .
pon Jub M0 ik (g P P e et et L P LI ALY e e gt e \) ek e D LS) § e e b pes pne e L) it 40t kgt b e

TABLE & = NUMBER OF SEQUENCES FOR EACH MICRO
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3210

N Y YT IR YY) ' DG RN W WS W

0

0
0
0
0
0
0

0
0
0

0

AV AVA

© o

0
0

0
1
0

COMPANY CONFIDENTIAL'
M=PROCESSOR=3
EeDeSe #2215 96891

Nano Bits

0 - 23
26 =~ 47
48 - 71
L - 95
%6 - 119

120 = 143
146 = 167
Undefined

TABLE S

PAGE "
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344435 DIAGNOSTIC READ/WRITE MEMORY

T 6 £ & 3 2 i 0

LA ARl 133SI A Al Rt R R Rt RIS IR LEEEREERE YR

I @GP CODE t DATA & TW 1 | { i EEHO |
FORMATR t REG | SIGN | RES § M/JE | R/W | VAR |
t 9000 1011 | COGDE 1 i | L | i

: DATA REG €ODE
YBEUEeS Qﬂlﬂﬂ SBTFNBVEIBESS

0 © | XsREGISTER

0 1 | ysHEGESYER

1 0 1 Y=REGISYER

1 § | L-REGISTER

S 1 TRANSFER WIDTH SIGN
SEE | SUNSENELER RN HANR SRR
01 ¢+

O I

3 : HEHORY

(LI L BR R XX X2 J
0 | MEMORY
1 § ECHO

2 | READ
0 1 READ MEMORY
1 1 WRITE HEMORY

0 1| RESERVED

1 | WRITE DATA REGISTER
0 ¢ ADDRESS REGISTER

1 | ELOGS CLEAR

OPERATIONSS
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A. WITH MEMORY OPTION AT MEMORY:

1) HWRITE 16 ¢ 6 (ECC) BITS TO MEMORY. Write wilt occur on memory
stack boundaries. FA points tc the memory stack. Table & showus
the rules for generating the groper 6 bit error correctinc code.
See Figure 33 for the write check bit format. MWrite dzta s
written from Xe Y» T» or L-registers.

2) READ 16 + 6 (ECC) BITS TO X» Y, Ty or L-registers. FA is the
address used to deterrine which memory stack to read. The 16
bits are words from a memory stack and the 6 tits are the
associated error correcting code bits. See Figure 33 for the
code tfogice.

23 18 17 16 15 ' _ 0
READ(22) 1 CHECK 1 1Pt DATA : i
] BITS 1| {] i |

23 18 17 16 15 0
WRITEC22) ¢ CHECK 1 O & O { DATA 1
. ] BITS ¢ | L] ' {

MWD OIS PNHDOR RN DO BRR M BERE RS BERE RS WS W W e

Be WITH MEMORY OPTION AT ECHO:

1)

2)

3)

READ ERROR LOG REGISYER (See Figure 32) AND CLEAR THE REGISTER
The ELOG register clears prior to the next Lload of the ELCG.
Therefore consecutive reads of the ELOG register withott any
memory errors will give the same results. .

READ HRITE 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 Y» T, or
L-registers. '

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

NCTE: The loher'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 2z 10
| | 1 ] | | ] | { 1
FORMAT: ¢ M 8 PU & NU ¢ S & WRITE ¢ § BOARD t ROW § SYNCRCME 1
| 1 ] L] ] L] $ 1 ] {
SYNDROME See Table 3
RONW chip row of failure
B80ARD storage board which contain the failure
WRITE the error desceribed by bits 0=-10 was the result of
read or write operaticn
HRITE = 0» READ Operation
HRITE = 1» WRITE operation
S a single bit error which had been cofrectec was detected
] there had been a duplicate of the S» NUs or PU type
ervor. Since the error Ltog can only store inforration on
one bit, error data has been Lost.
NU the uncorcrectable (multiple<bit) error was not a CPU
accessed error
- PU the uncorrectable error was a CPU accessed error

FIGURE 32 ERROR REGISTER FCRMATY
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RPELATIONS BETWEEN CHeEw Bi17S5 A0 WeITE DA7A

CL-C6! (Check bits; bitl - bt b
Y0 — ¥/5:  Write da/A; bif0 — b7 15

(oif number ed as Seen in MEu)
1= 20020 x20X3P x4 @ x50 % ©X7]/
cz= { v0@® 210 %20 250 xé B X0 ® x11 0 K12] /
c3= {fw@' X4 0 XED XIDXIOO U3D XH®KIS] [/
ez L2000 120 ¥5 ® 26® Y80 XD VO X5}/
| (5= 5561@ 250 X71D YOO X1 O X2 @ v13 @X/S]/

o=l 2@x@ XOLT ® %0 ® T/2@ 1118 115} /

FIGURE 33A
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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
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' 70
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CHece & |y heck & NIEMOLY
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c1-(C6
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. | _ j
70 | p MEMLRY
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FIGURE 33C
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Kl

3.4036 CLEAR CACHE

L T X Y ELRELTELREYY YL NY XY WY ELEY X YY)

FORMAT: ¢ OF CODE '
1" 0000 0000 0000 0101 1

LXK L X N X K N N R K LK L X L N L 1 I L L N X A XX X XN T X

This micro clears atll of cache as contrasted to clearing parts of
cache. In the key portion of caches the validity bit is set tc ones»
data bits (B8 key-bits) are set to zeros and the parity oit is set to
zero. In the micro=-store portion of the caches the operation is
unspeci fied. The LRU bits are set to indicate that micro 8 has been
accssed; therefore the least recentlily used storage is micro A.

3.4.37 INCREMENT A-REGISTER

FORMAT: ¢ 0000 0000 0000 10060 ¢

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

3.5 CONTROL PANEL OPERATIONS

MCP-3 interfaces with Control Panei=4 (CP=4). CP=4 consists of three
components: '

a) Diagnostic and Maintenance Panel (D/H Panel)s
b) Remote Operational Panel (CP Panel);

C) Remote Cassette Tape Drive (L assette).

'3.5.1 DIAGNOSTIC AND MAINTENANCE P ANEL

The D/M Panel contains the following components:
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a) Register Select Switche

b) Register Group Switchs

c) H-input Suitche

d) Interrupt Switche

e) Load Switchs

f) Hatlt Switchs

g) Clear Switchos

h) Start Switche

i) Cassatte Select

i) Increrment Switchs

k) SinglesContinuouses

L) 24 Data Switches»

m) State Light,

n) Run Light,

pY Error Light,

q) Over Temperature Light,

r) 24 Data Lightse

J3.5.101

REGISTER SELECT SKWITCH
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An eight position rotary switch providing three binary encocec {ines
indicating switch positions. These
Ltoad/Display mode and the proper column of the load/Display Table. The
suwitch positions are assigned as follows:

{ Register ]

tines

are

used

tce

select

]
Position | Seclect Lines § Column 1 Mode
I 2 1 | Selected 1 Selected
---0------‘-------ﬂ-------‘ -ﬂ---ﬂ----'----------.----‘--
0 L] 1C

1 LI ¢) 0 0 1

the
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2 10 0 1 ( 1c

3 1t o 1 o 1 2 t 1c

% ' o0 1 1 1 3 ! 1C

5 "1 0 0 1 ) q 2¢C

6 11 0 1t 5 ' 2C

7 P o1 1 0 1 6 1 MEMORY

8 t 1 1 1 7 ' NOT DEFINED

The memory mode is further definec¢ by the register group switch.

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 Llines are used to select
the proper rfow in the load display table. The switch positiors are
assigned as followus: :

] i Rowu t . Henory
Position 1 8 4 2 1 1 Selected ¢ Mode
S e e EL L L L L L R e e L L EE L L L L
1 t 0 0 0 LV | 0 ! Cache Blaock A Write Inc 1€
2 1 0 0 0 18 1 ] Cache Block B Write Inc 1€
3 £ 9 0 1 o 2 1 Cache Memory Read Inc 1€
4 1 0 0 1 11 3 } Cache Key Read Inc 16
S 1 0 1 0 o 4 I Halt2Switch & A~reg equal
6 t 0 1 0 11 5 I Halt:Switch & FA=-reg (Reac) equal
7 1 0 1 1 01 6 I Halt:Switch & FA~req (HWrite) equal
8 10 1 1 11 7 8 Cache Clear
9 | I § 0 0 01 B i S-memory Read 16 Inc 16
10 t 1 0 0 11 9 ! S*memory Hrite 16 Inc 1€
11 t 1 0 1 VI | 10 1 S-memory Read 22 Inc 16
12 t 1 0 1 11 11 1 S memory Hrite 22 Inc 16
13 i1 1 0 01 12 1 S*memory Read 24 Inc 24
14 11 1 0 11 13 i S memory Hrite 24 Inc 24
15 i1 1 1 o1 14 1 Not Defined
16 11 1 1 1 1 15 1 Read ELOG

3.5.1.3 M=INPUT SWITCH

A four position rotary switch which provides two binary encoded
Ltines. These lines are used to select the various options fcr 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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. ! M=~Input 1
Position | Select ] M=0Option
i 2 1 L - (Run #ode Ontly)

1 1t 0 0 ! Ensble Cache & S-memory (normal)

2 t 0 | ! Enable S-memory

3 1 1 0 1 Enable Cache

&4 t 1 1 f LOCKED to present contents

3e5s1o4 INTERRUPTY SHITCH
A two position toggle switch which provides two Ulines. Derending
upon the positions one Line is 3t a “one” level uwhile the other is an

open circuits This switch is used to set ¢the bit in the (CCCO)
register. It cannot reset the dDite

3e5.1.5 LOAD SHITCH

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

a) {Load data switches into Selected Registers

b) toad data switches intc Selected Pad locations

€) Hrite data switches into cache (A)»

d) Read cache (A) to console lights,

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 /0

3.5.1.6 HALT SWITCH

A momentary pushbuttom switch usec to hatt the sytem while it is in
the run state. The processors upon receipt of this signat, 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 will not
halts it can be halted by depressing both clear and halt at the same
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time.

11

35017 CLEAR SHITCH

A momentary pushbuttom suitch used to put all system registers and
control F/F into the clear state. The <clear signal is only active
during the loadsdisplay state. If the system is in the run states it
must bhe halted first. In the event that the syteam will not ‘halt, it
can be cleared by depressing both clear and hatlt at the same tige.

3.5.1.8 START SWITCH

A momentary pushbutton switch used to transfer the system froe the
loads/display state to the RUN state. In additions if the tape mcde is
selectedr it will issue a cassette start signal.

J3.5.109 CASSETTE SELECT

A two position rotary suitch is used to assign the remote csssette
tape drive to either the HP=3 or 1/C.

3451410 INCREMENT SWITCH

A momentary pushbutton switch usedes uhen the Memory mode bhas been
selected» to increment the A-register (cache selected) or the
FA=register (S-memory selected). The increment amount is detarmined bty
the setting of Register Group switch,.

Je5el1all SINGLE_HICRO/CDNTKNUDUS
A tuwo position toggle switch used to dgteraihe run state conditionse.

If this switch is in the single nmicro positions the systew will
normally be in the loads/display state. HWHhen the start switch s
depresseds the system witd{ go into the run state for the executicn of
one micro and then return to the load/display state.

1f the skitch is in the continuous pgsition, depressirg the start
suitch will put the system into the run state. The systes will
serially execute instructions until requested to halt. It witl then
return to the load/display state.

3.5e1«12 DATA SWITCHES
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24 tuwo position toggle suwitches to 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 bDe used to furnish
data or provide the helt comparison address.

3.5.1.13 STATE LIGHY

A Llamp which uhen on indicates that bit 3 of the CC-register is set.

3.95.1.14 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 on the cefinition of
this Lighte :

3.5.1.16 ODOVER TEMPERATURE LIGHTY
This tamp comes on whenever the fan is not producingy acequate

airflow. It indicates that the airflow 1is below standarce anc
subsequently there would be an over tewperature condition.

3.501.17 OATA LIGHTS

There are 2& 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 Lload btuttor 1is
depressed, the specified data is placed on the wmain exchancge anrd
tocked into the data buffer for display purposes.

3J.5.2 REMOTE OPERAVIONAL PANEL

The Remote Operational Panel contains the following components:

a) B80T Light

&8
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b) <START Switch
c) HALT INTERRUPT Switch
d) CLEAR Switch

e) TAPE/NORMAL Switch

3.5.2.1 BOT LIGHY

A Lamp which indicates when the cassstte tape is in the Beginring of
Tape positions
3.5.202 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 Llit whenever

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

b) the singie micro mode is selected (Section 3.5.1.11)» oOF

't) the micro source selection is not on "normal™ (Section 3.%.1.3).

3e5e2«3 INTERRUPT SHITCH AND L IGHT

This suitch is used to sét the CC(0) register. Hhenever the'CC(C)'is
set» the interrupt light is on.
3.5e62e% CLEAR SHITCH

This switch has the same function as described in Section 3.5.1.7.

3.5.2.5 TAPE/NORMAL SHITCH

This suitch selects whether the micros are to come from the csssette
‘tape or from the normal source (either S~memory or cache). [f the tape
position 1{is selecteds then the cassette select switch (Sfection
3.5.1.9) must be on MP-3,

3.5+3 LOAD/DISPLAY OPERATIONS

&9
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While the sytem is in the load/display state several functicrs are
available at the D & M Panel. Normally the system will te resgonding
to a display instruction until the load switch is depressed. It will
then execute one {oad instructicon and return to the cisplay
instructions. '

Table 3.5.3 gives the assignment of the Lload display furctions
depending upon the positions selected for the Register Select Switch
and the Register Group Switch.
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REGISTER ' REGISTER SELECT SWITCH 1
'“-----------'-ﬂﬂ-ﬂ-----ﬂ- MWD B DG EDE N DB RE DSBS W ES "--'
GROUP SW 1 000 1 001 t 010 1 0111 100 ¢ 101 1 110 1
e B Y Y e e e L E L L L L LY
000011 TA 1 FU ' X I SUMC1) 1| SOOA?T SO00BI CAWCS) i
50011 T8 1t FT R t CMPX(1)1 SO1Al SO02Bi CBNW(S) '
00101 TC 1 FLC 1T t CMPY(L1)1 SO02A1 SO02BI CMR(S) |
00118 TD 1 FLD 'L 4 XANYC1)8 SO3AT SO3IBI CKR(S) 1
T R L L LT LR e e R R P PSP LY
01001 TE 1 FLE 1A t XEOYC(1)1 SO04A! SO4BY SA 1
010108 TF & FLF ¢ # § MSKX(1)1 SOSAl SOSBI SFAR '
0110 1% CA 1 BICNCL) 1| BF I MSKY(1)1 SO6Al S06B1 SFA i
0 1114 C8 1 FLCNCLI) ¢t LR ! XORYC1)! SO7AY SO781 CACLFCE)
10001 LA 1 NULL 1 FA § DLIFFC1)! SO8AY SO08BY READI6(6) |
1001 11tB 1«0+ 1 FB I MAXSC1)? SO9A1 SO9BI! WRITE1€(6)1
10101 LC 1 PERM " FL ! NULL 8 S10AY S10B1 READ22(6) 1
10111 LD ¢ PERP ! TASC2) 6§ UC3) t S11Af S11B1 WRITE2Z(6)1
“meememesjecccefeceacccce]msvsncen] scmancac{ecnac] sanen] cccnaacanan]
110011 LE 1 XYCNC1) & CP ! NULL ' S12A1 S12B1 READ24(7) 1
1 10 1 ¢ LF & XYSTCL) 1 NULL 8 DATAC4)1 S13A1 S1381 WRITE24(7)I
1110 1 CC 8 INCNCL) 1 CSWC1) | CMNDC&)U S14A1 S1481 .+ o o o 1
111118 CD 1§ MSSH STIMEC10)1 NULL @ S1SA1 S1581 RELOGCS) |
NOTES

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

91
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™ ~N ;AN

11
12

13
14
15
186

5 INC WILL CAUSE A TO INCREMENT BY 1€(16=BIT WORD)» LCAD WILL CAUSE

CACHE READ OR WRITE

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

READ OR HRITE

7 INC KILL CAUSE FA TO YNCREMENT BY 24» LOAD WILL CAUSE S=MEMORY

READ OR HWRITE

8 LOAD NILL CAUSE A CACHE CLEAR

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

10 SOURCE ONLY. SINK TIMEE HILL CAUSE TIMER TQ RESET TC ZERC.

11 The rotary has 18 positions. FPosition 17 and 18 are the szame
1 (icgesr Group SW = 0000).

as
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FIGURE 34 LOAD/DISPLAY TABLE
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The ¥P~3 Processor QOperations are divided into the following states.,

modes and sub modese.
The states are:s
CONTINUOUS STATE: - FOLLOWING PUSH OF ®START®™ BUTTON

NON CONTINUOUS STATE: FOLLOWING PUSH OF *“HALT", OR
PROCESSOR SELF=INITIATED HALT

CONTINUQUS state is further divided as follows:

CONT INUQUS STATE
1

WD AP IR AR B ER S NS A NG D ED TN AR A A TR R RER W W @

: ! t ! !
MODE TAPE STEP _ RUN FREEZE
cwes B | 1 1 {
| ] (| : AL ETE L R R R
- s A X B A A F_ . N X X N X X _J_ N J LK A L N B K N X B N 2 N X J '
' ! § 1 t 1 4 1
1 1 ] ] t ] ! §
SOURCE ] ] ] 1 L 6 ] t
SUBMODES CASSETTE CACHE S=WMEM CACHE CACHE S=MEM CACHE 1
cecemscces ] R M=REG
S=ME#H S=MEW
The non continuous state may perform any console operations; they
are as follows:
NON=CONT INUOQUS STATE
i
t
1 t
] L]
SINGLE OPERATION = DISPLAY =
CLEAR PROCESSOR ' REGISYERS QR
CLEAR CACHE ‘ SCRATCHPAD OR
INC FA 24 RESULT OF SINGLE CPERATION
INC FA 16 FRCHM THE CCNSOLE
INC A 16

READ ELOG REG
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WRITE 264 BIT TO MEM

WRITE 16 ¢ & B8IT TO MEN
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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L)

3.6 CACHE

Cache is a high speed memory wuhich automatically holds the most
recently accessed micro~operators. In the normal operating moces 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 Wwill be automatically fetched from S-memorvye.

. The cache organization is shouwn in Figure 31. Technically, the cache
is of the indexed associative variety with 4 WORDS per hiocks, 2 BLOCKS
per class and 256 CLASSES. Thus», there is room for up to 2K micros.

The word to be accessed is pointed to 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 lies is not pointed directly ¢ty the
A-register. Instead» the high order bits of the A=-register form the
KEY. This key is associatively compared. If one of the keys wmatchs
there is a HIT. ®¥hen there is a3 hit, the micro~operator may be tetchec
directly from the caches at the worces indexe and block whtere the hit
occurred.

If neither key matches the key portion of the A-registers, there is a
MISS. WHhen there is a w@isss, four sequential wmicros (64=-bits) are
fetched from S~memory at a focation determined by the hich 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 LRU
LLeast Recently Used) algorithm.

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
micro and pushbutton reset ail these bhits (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 frop console will set the validity bit to
Zeroe.

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

3.7 PROCESSOR CONTROL LOGIC

The Processor Control Logic consists of two main functional unitss
the Processor QOperational Control (POC) and the Instruction Execution
Control. See Figure 35.
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3.8.1 INSTRUCTION EXECUTION LOGIC (IEC)

The Instruction Execution Logic accepts a micro=instruction at its
inputr, and breaks it down to a number of suboperational stepss e€ach 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 structures m@memory inter face ard 1I/C
interface. In addition, the sequencing=part controls the instruction
decoding in four ways?

3a) Parceling the nano-instruction in a predetermined sequences?
b) Allow for‘branching of the naro~instruction séquences;
¢) 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 3 micro-instruction whenever the
‘ nano=-sequence is completedr and initiate the decoding of a new
micro.

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

3.8.2 PROCESSOR OPERATYIONAL CONTROLS

The Processor Operational Conterols (POC) assumes the overall
functions of coordinating the processor subunits of cache remcrys data
structuress, Procssor Panel Logice Instruction Execution Ccntrol,
Memory Interfaces and 1/0 interfacea

$5S
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FIGURE 35
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3.8.2 Cont d

The POC performs the coordinations by controlling the micro-codes
which appear as the input to the IEC. The micro-code set is the set of
instructions available to the programmers plus special instructions
which are needed to per form housekeeping chores within the processore.
An example of some of these other instructions is toading «cf cache
from S=-memorys, fotching instructions from taper, and so on.

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

In a HALTYT 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 1s responsible for loading the cache
whenever a MISS is encounteredrs or fetching from the S=pemory
directlyr, if the cache is disabled.

In the STEP modes the instruction in the M-register is executed.
Then the M=reqgister is toaded with the next micro. Since the wrachine
is halteds the POC injects into the IEC the micro-codes to perfcra the
operation as called for by the front panei.

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 repeated.

3.9 PROCESSOR OPERAVION CONTROL

A functional representation of the POC is shown in Figure 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 atllows the micro~instruction from the M-FEG to
be executed. The rest of the togic is concerned with the phasing of
the POCR operationsa.

The main Logic conponents are tregted individually.

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
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FIGURE 36
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3.9.3 OPERATING MODE INTERLOCK

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

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

In the RUN» SiEP» or TAPE moder any change betuween these modes must
be punctuated first with a HALT state.

The operating Mode Intertlock performs this by Llimiting the strobing
of the tatches in the Console Switch State Encoder to only (€(a) when
the STARY P8 is pusheds (b) in the HALT wmoder, after a requirec string
of operation initiated by the previocus PB has been completed.

3.9.4 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 operations, 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 Incs Loads Mesory Accesss or register cdisplay. The
micro~instructions from the M=-reg are ignored.

In the RUNs STEP» TAPE modes, the POCR tets the IEC execute from the
M~reg and intersperses them with Ltoad Cache, fetch from tape cr fetch
from memory» as they become necessary in the course of the operztion.

The RC1) and R{2] are restoring eiementss enabled or disabled by the
POCR. Hhen enabled, they fora the scurce or sink reg address in a 1C
micro required to perform the console display load.

The R€3] is a 16 bit restoring elements» corresponding to the 16 bits
in a micro~code. When it becomes necessary to load cache caused by a
cache=piss or a fetch from ¢taper etcer the POCR supplies those
commands to the [EC through RTU31]l.
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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 nuasber with each nano generatecds the
sequence number is then the step nusber within the micro.

The part that decodes a micro to 2 nano consists of a Nano FProgran
Control Storage which derives its input addresses fror the
micro~instruction and the saquence number. The sequence numter s
derived from the sequence counter. The and of a micro is detected when
the Llast sequence number of the micro is reacheds? this is cdotected 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 Caonterols, and the sync lines detector
made up of the sync select and the slow Reg Sync Logic.

The nano word stored in the nano register consists of two partss the
Nano Program Word and the Nano Instruction Control Vector. The Nano
Program Word controls the actions of the data structures the meamory
interface and the /0. The Nano Instruction Control Vector contains
information tines for the number of clocks a nano will taker, the sync
fines to wait fors the data test conditions to ook fore the celay of
the sinking of 2 reg.s» etc.
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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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somesr the encoded form is not used at ally, 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.

Simitarly, the sequence nuazber outputs are used both as chip Select
Enables and chip addresses for sub=tlocks of PROM chips.

3+10.1e1.4 SEQUENCE NUMBER CONTROLS

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

The Micro End Sequence derives its input from the S Llines ercocded»
representing 32 different micros. For each of theses it gensrates a &
bit number, specifying the Last sequence number for that micro.

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

The Sequence Counter increments Wwith 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
new micro toaded in. It does this fcr the end of micro terminate, skip
or branchs and ABORT (to be used in diagnostic routines only). khen a
nano branch occurse it will bDackstepr ide.»r decrement by a fixed
amount? this represents the looping within the nano program. '

3.10.2.0 NANDO EXECUTION CONTROL

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

The nano register accepts 1inputs from the Nano Program Control
Storee. Each subfield within the nanc program word 1is routed to the
corresponding control points within the processor. The part that
contains the Nano Instruction Controtl Vector drives the Nano State
Controlter directly.

3.10.2.1 NANO STATE CONTROLLER

This consists of Data Test Controle Slow Reg Sync Central,
Instruction Sync Select and the Nano Clock Counter.
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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



PAGE 110

BURROUGHS CORPORATION COMPANY CONFIDENTIAL

COMPUTER SYSTEMS GROUP M-PROCESSOR=-3

SANTA BARBARA PLANY EeDeS. #2215 9891

NORMAL MODE (MISS GENERAVED BY CACHE)

Whenever an attempt to fetch from the micro=instruction results in a
*MISS"”s the next micro is fetched from the memory starting at time
(~1T7T % t) and loaded into the cache. Three different reasaons 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". When the
previous micro is a8 one clecck wmicro» the cache canrot ba
expected to generate a MISS sconer.

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

¢) The decode logic which is alsec used to decode the fetch is freed
up from the current micro onty at (=17 ¢ t).

After the cache has been Ltoaded with four successive
micro=instructions» the instruction again resumes beginning at (=27 «
t)r» as in the normatl mode.

TAPE MODE

The micro-instruction is again treated in 3 phases» but the
concurrency of the fetches decode and data structure coperating on
different micros are etliminated. ,

The FETCH MICRO INSTRUCTION FROH TAPE (EMIT) will take n clocks. The
fetch instruction begins its execution at t. Then the fetched wmicro
wWill enter the decods netuork at {(=1T ¢ t). The EMIT therefore starts
at =(1 = m) ¢+ T,

The timing for the Yape Mode is as follows:
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1 m-clock

L N K ¥ ) - e - --,,'tn L X X L X X J - wh W @) e = eooeawe o L X X ¥ ] LR K X N

L) FETCHED MICROS t DECOOE FEYCHED 1| NO=OPS IFETCH MICRCQ
! FROM TAPE , i MICRAS L LERQM TAPE

n-----,,— L P T L X T L L LT YT R Y R R RN R R R N RN T Y X WY Ry ]

7/7/7/7 % FETCHED MICROS 8 t EXECUTE MICRCS & NO=-0OPS

1 FROM TAPE H ! 1

! t ] ‘

] ] ] ]

] ] ] 1

=(itm) T+t (=1T7«t) t) : (2T +t)

Comacam lock goaase)
FETCH FROM TAPE

FIGURE 39

A nore detaited analysis of the step~hy=-step ¢transitior fron
execution of 3 micro to the fetch from tape is described in the
PRACESSOR 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 wicro's
execution). NO=0OPS are forced through the machine via the inputs to
the Instruction Decoding Logic (IDL)e NO=-0OPS are executed wurtil a
change in the front panel controds is effecteds whereupcn the
processor enters the mode op operation indicated by the front pzsnel.

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

The following table shows the totat execution time for nT for each
micro~instruction.
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- \V
4.9 M-INSTRUCTION TIMING

The foliowing 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 generals, 11 clocks are added to the basic time
if the M=Instruction is one of & fetched from S-memory (main eemory)
upon a cache "miss”. '

M=Instruction J Clocks

REGISTER MOVE EXCEPTY EXIT 1 ¢ T1 ¢ 72
EXIT (18A4) = Move TAS to A=REGISTER A

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

SCRATCHPAD MOVE ‘ 1 ¢+ T1 ¢ 72«
=Add one ctock if a sequence of Read
after HWrite to Scratchpad. Add one
clock if source is a binary sua or
difference.

SHAP F WITH DOUBLEPAD KORD

STORE F INTO DOUBLE HWORD

LOAD F FROM DOUBLEPAD HORD

MOVE 8-BIT LITERAL

MOVE 24=BIT LITERAL
(OTHERS AS destination with a "miss™)
CTAPE MODED)

T2
Te
Y2

[y
O TN e e g
* > e

SWAP MEMORY

[T

STREAM MEMORY
Read
Hrite

*

n words
n words

s on
»

DIAGNOSTIC TESY
Read Error Log
Read 22 Bits
Write 22 Bits

s2Q0000

WRITE MEMORY

READ MEMORY

A
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DISPATCH LOCKGCUY

(Skip taken)
DISPATCH WRITE
DISPATCH READ
DISPATCH READ AND CLEAR
DISPATCH PORT ABSENT

COUNT FA/FL
(Add one clock if count two 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 FEMORY + 1
Same as READ ME¥ORY ¢ 2
Same as HRITE MEMCRY
Same as READ MEFORY + 1
Same as READ MEMQORY + 1
1

1

2

i

1 + T2

1

S/R count

FL HALT: 2 + 3N

MSBX HALT: 3 ¢ 3N

4

6

2

2

1 Parameters, W/C Skip 2
1 Parameter, K Skip 3

2 Parameterssh/C Skip 2
2 Parameterss W Skip 4
1

1 ¢« T1 + T2
2 + T1 ¢ 12

1
257
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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

*

PAGE
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T
T

T1
71
TL + 72
L & T2

114

‘Per register to clsear
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TABLE T1 SOURCE TIMES | TABLE T2 SINK TIMES
REGISTER NAME NO EXTRA CLOCKS 1 REGISTER NAME MO EXTRA CLOCKS
- A
BICN 1 q A z
. A '
FLCN 1 ' M 1
' .
XYCN 1 q DATA z
‘
XYST 1 1 CMND z
'
SUM, BCD 1 ] ALl others C
q
DLFF» BDC 2 i
| ’
DATA 2 f
)
u U '
| 1
Ald others 0 t
1
g

4a1 H"Instrhction Performance

ITEM MICRO MICRO=-COUNT C€/M  CLOCK COLNT
1 1C REGULAR 65874 1 65874
2 1C SLOW 1319 2 2638
3 1C EXIT REGULAR 29225 2 5845¢
& 1C EXIT SLOW 925 3 227%
5  2C READ REGULAR |
6 2C READ SLOW , :

7 2C WRITE REGULAR 35846 1 3584€
8 2C WRITE SULOW 3628 2 725¢€
9  3C REGULAR W/0 SKIP , 29537 1 29537
10 - 3C SLOW W/O SKIP 0 2 c
11 3C REGULAR WITH SKIP 176 2 352

3C SLOW WITH SKIP 0 3 0

-
w N

4C REGULAR W/0 BRANCH



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

COMPANY CONFIDENTIAL
N=PROCESSOR=3
E.D.S. #2215 9891

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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