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before the output of the combinational iogic;,infa iargé
:system,'ﬁhié?;e&ﬁifesgam'inOrdinate‘améuntkof effort. For

'7]Q'this réason the combinational IOQicﬁof the KAll is not

1or is any dependence
W e e

made on this characteristic.,
"To countér transients and state transiéions, some techniques

‘~have,been used: A) Latch,flipflo?s;are provided for

control bf thé data latches, in addition the gate in-

"aputs are gated by the Read/Write Shift‘Register (this

shift register does not have transients across state

trangisions)s B) The use of discrete time states from the

Read/Write Shift Register as pulses, This has been done for

the write pulse on the scratch pad memory, for the

clocking signal oﬁ the gtatus regiaster, and for various
control BF's,

The use £ combinational logic between the shift regis~
ters, and ketween the shift registers and the controlled
segments of the processor, allows a segregation of the con-
trol which is especially beneficial in module debug,

This involves the separation of the shift registers

and basic clock and the combinational logic, The com-

binational 1ogic i§%ot simple and in many cases is quite
wide with multiple_inputs reducing to single outputs,
While this 1ogic‘is not simple, it is reasonably easy

to debug using the automatic test{nq. There are no
closed loop§.fTha separation of the shift register ccm-

binational logic aldng'with the other combinational

logic, is easily effected. . . The benefit



~¢of‘éa3y quule'deﬁug has a consequence in that machine

- operation iéfaébéhdegg;upon‘qombining the‘debqued:seg~'f‘

.

ments succes sfully.

The mechanization of the combinational 1ogic in the

T U
KA1l has tried to maintain a 25¢n¢ system clock Some

compromises have been made in q1mplicity to effect this

although,a wide gate is not excess1ve1y more costly than

cone where'unaVailable common signa] are generated The .

word unavailable“ is used becauﬁe of pin 1imitations
which will exiet when the logic is allocated to specific
-module boards.. In order to allow the machine to run at
a faster rate it will be necessary to reduce the delay
between certain points in the combinational legic,
Pregsent critical paths are between the setup of states
and the gaﬁing signals to the top of the data paths.

These include the -1, +1 signals and CARRY {,

KA1l
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deAll 3.1
\fNote 3.‘(use w1th Instructlon Flow Dlagram) "
| Thls note contalns 1nformatlon on the serv1c1ng of NPR's

‘*hand BR S; the sequenc1ng of ISR and BSR, and the meanlng of

B varlous address modes. Trap serv1ce 1s also noted

: Upon 1n1t1a1 powerlng up, a power clear s1gna1 zeros the d'
'”fISR BSR, state and flag FF's and setathe CONSF Since all
td‘state }F s zero 1s SERVICE and CONSF (1) indicates console

7»control the machlne starts in a rest state under console

| ,control It walts for a PERIF RELEASE 51gnal which is a °
ipass1ve return of bus control to the processor. This signal
is the non-assertlon of BBSY SACK, GRANT and SSYN A release
dfrom console differs from other releases in that the BR and
NPR fllp-flops are cleared; the machine goes to FETCH.

The servicing of NPR's occurs after the bus cycles DATI
"and. DATO (DATOB). No requests are serviced after a DATIP,
until the completion of its restoring DATO. The machine restarts
(it halts for the asynchronous data transfers). No INTR '
routines are allowed and the servicihg of NPR's continues until
' PERIF RELEASE occurs. The updating of the NPR flip-flop
during this period is accomplished by MSYN . °

BR's are serviced upon the entrance to SERVICE if no machine
‘flags are set. These flags include the trap instructions,

WAITF, HALTF and TRACF. If thesevflags are set the machine
services these traps(in the order noted in Table 4.1. If a
flag is serviced the machine will recycle through SERVICE for
other machine flags; it will not recycle for BR's. (NPR's are
serviced within the noted DATO's and DATI's).

A BR, therefore, is serviced only upon entry to SERVICE
with no machine flags set. BR's will continue to be serviced
until all are done (PERIF RELEASE)d" anINTR sequence is initiated.
‘The INTR sequence results in a trap sequence with the Trap
Marker provided by the external device; a PERIF RELEASE allows
-entry into FETCH.
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Table 4.1: Order of Service e anr

‘: Order Flag Trap Adrs Use

it

7111' ”HALTé qf}fRéédiR6 ,: ~Halt‘machiné with‘RO:dispiayed
ki Seedtee e ~Rest'sFate is SERVICE *ISRO
2 BERRF  (04)  TIME OUT & ODD ADRS ERR.
35 W TRAPE_  (04) . ILL INSTR el
: k’f“‘ ; ~(10)  RSVD INSTR ;
wfffo ,(l4);‘  TRT INSTR
(200 10T INSTR
Sy STR INSTR
o (34) UTR INSTR '
4 = TRACF (14) ~ Trap one instr. after T bit set
.5 'OVELF (04) Trap after instr. if stack overflowﬁ
6 ' PWRF (24) Trap if Power Fail occurs

In FETCH the macﬁine exits éhe SERVICE  segment of

the instruction flow by simultaneous setting: the FETCH flip-
lop: BSR to 1 (this is a bus cycle); and ISR to . ISR remains

in zero while the‘BSR sequénces through a DATI. In tﬁat DATI,
the PC is used as thevaddress on the bus; and during BSR 7, the

same PC is autoincremented by two. The daté obtained in fhis

DATI is clocked into the IR and latched imto
"""  TATCH B of the data paths. The daté in LATCH B is used for
an addréss veétor,‘in é BRANCH instruction.

In all inétruction, however, the IR is decoded. The
instruction information was obtained by‘DATI, the last state of
which is‘BSR 7. If no bus error or NPR occured, the present
sfate ofuBSR17 and ISR ¢ and FETCHVéquals 1, would cause Isﬁ [

to be shifted to ISR 1 And BSR 7 would become BSR @. The uses

of BSR zero need redefinition. They have been expanded from
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the previous use of a readtime in a DATM operation and a rest
state for PTR sequences. It has become neceéSary to provide

¥

¥ i CiLe i e . . ;
~ for the BSR shift register, a general rest state. This rest

P

state is:ESR g, and is entered at the end of all bus’operations,

A A N b

-

~to elimate thé gatingvof all sigﬁals‘depghdent uponkbué"
opéra£ith E
| If ap’ﬁPR request had O§¢ured,fthe loéding of;BSR to ¢" 
f would‘still‘be'aﬁpropriate, excépt that an exit signal ffdm‘
the @us bperatiqﬁ would not be generated."lnstead;;bdéyéohtrbl
V“pa$§¢$ftq aléefipheral'(briéonéOle); tﬁé:ad£ﬁéi péripheralkéeieét;d
“is’déﬁéva53ynshronously to machine operation in the Prioritv Control
section. = such an operation does not occur unless bus
control is to be transferred. The processor, would become
'dormantand wait for a return from a NPR request. This return
'is a passive return upon a non-assertion of BBSY, SACK, GRANT
and SSYN L . Upon this return, an exit signal is generated
from the bus operation (tﬁe origiﬁal DATI of FETCH), and ISR @
is shifted to ISR 1. The instruction is now decoded. Upon
certain instructiéns (such as the operate ins;;uctions, clearing
or setting the ?ondition codes, a WAIT instruction or a halt
instruction) the appropriate flag flip-flops are set during the

latter part of ISR 1.

X3
l"
f

Most instructions will involve an exterior bus address
reference. Tf such a reference ishcailed by either the sourck
or the DESTINATION, it ﬁay involve‘multiple bus operations.
Accounting of these bus opefations is done by compafing the iSR

state with the address mode information within the IR. This

[ -
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’,'information is contained'in IR bit§‘5, 4, 3 for DESTI&ATION and
10, and Qfdr;gogggE. ‘Thé»addrésé modes ére’register,‘auto—

" iﬁcremént,’au%odébrgﬁéﬁﬁfiapd.inaé%;‘wigh'éiiybf ﬁhésereithér

; direct or Qeferred. Additibnal’addréSS informéﬁibh is.providedv

- . . -

;'by‘ﬁ&ég 2,11,~ana g for DESTINATiON and 8, 7,‘6 for SOURCE.

-” This infbrmation}is the base registér.Within the pfoceséér upon
which thé address ca1cuiations ate to be'ﬁade. Figure 4~1’

‘ summarizés-the addresé modes. They éré listed‘inlofder of com-
plexity (i.e. number of bus’opefations‘found to‘obtaih the final
data); Inbthé logic prints the address modes are given names
from ADRS MODE ¢ which is to M=@@,D=F to ADRS MODE 7 with M=11

and D=1,
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__ ADDRESS MODES

*xf‘*f”gffigure‘4éiA“  s

o
- .

ADRS is a REG, DATA = (REG)

1_ADRS is (REG), DATA = ((REG))

have an implied level of defer.

ADRS is (REG), DATA = ((REG))
after ADRS is used (REG)+2 —+ (REG)

ADRS is ((REG)), DATA = (((REG))) jAUTOINCREMENT

- after ADRS is used (REG)+2 —# (REG)

ADRS is (REG)-2, DATA = ((REG)-2)

ADRS decrement before use, also

(REG) ~2 —# (REG) ‘ :

‘ ' AUTODECREMENT
ADRS is ((REG)-2), DATA = (((REG)-2))}
ADRS decrement before use, also
(REG) -2 —# (REG) T

ADRS is (REG)+Q (next word in exterior ‘
memory) DATA = ((REG)HQ)

- Sequence:

1) after instruction decoded, PC used td)
bring next word, Q, and up-date PC: {
(PC)+2 — (PC) - ' > INDEX

2) read out of internal memory (REG)

- and add to Q
3) use (REG)+Q as bus address of data

N

ADRS is ((REG)H3), DATA is (((REG)+))

Above use of () indicates "contents of."
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LOCATION OF SOURCE

INSTRULY (08
MOV

ADD

SUB

cme

BIT

comM

INC
AGC ¥ ()

DEC
SBCwC

CLR
NE G

SWAB

CBLATCH & M, REG

& DESTINATILL

DESTINATION SLURCE ‘
DO NOT GATE B LATCH 4= &M | SOURCE

BLATCH & 4M, REG

BLATCH + ¢RD i (DEST MODEY) A LATCH +« +M, SGURCE
B LATCH & + M ,REG £ (DEST MOLED) A LATCR + +M, REG
B LATCW & +RD ik (BESY MSUEG ) ALATCH 4 - M SoURCE

B LATCH ¢ 4M REG i (DEST MODE ) A LATCH ¢ =M, REG
CARRY G & 18 ACTIVE TO PROVIDE TWO'E COMPLEMENT

A LATCH + -RD i ¥ (DEST MODE Q)
ALATCH & ~ M, REG § (DEST MopE )

A LATCH « -RD ¥ (DBST MODE &)
A LATCH« -M, REG ¥ (DEST MoLE &)

BLATCH & +M, SOURCE
B LATCH « +M, RE§

A LATCH 4+ =M , SOURCE
A LATCH «+-M, REG

A LATCW + -RD f (DESY MEBT §) A LATCH & M, séifiﬁc&
A LATCH & - M, REG if (DEST MO0 ¢) A LATCH « M, wEG

R LATCH & +RD ¢ (DEST MODED) B LATCH & 4, SoUkCE
B wrc.u~+m,waa iF (oas'r uoctm B LA‘rc.Mc- M, REG |

B LATCH «= RD .§ u:ssr Hoﬁ;-’ 25} Do NOT 5M‘*~

B LATCH « M, REG § (DBST MOCE ¢)

ALAICH « ~RD i€ (CESY MOGE D) OO NCT GATE

A LATCH < ~M 1§ (DESTMODE¢)

B LATCH «RD. & (DEST MotEd)

B LATCH & M,REG  § (DEST MODE &)

15 TEST MOTE D)
1§ (DEST MODEQ)

BLATLW & kD
DO NCY GATE DO NOT GATE

A LATCH & =R % (CEEF wo ot B
A LATCR « -MREG 1f (DEST MODEQ)

B LATCH = RD S (CEET MoSE )
B LATCH ¢ FLREG  if (LEET MobE )

DO NDT GATE

DO NOYT GATE

oW DATA IN T'/-/E LATCHES

i (SDUREE MODET )

if (SOURCTE MODE B )

f (SOURCE MODEQ)
'F (SCURCE MORE ¢S
¢ (SCuRcE MGCER)
¥ (SOURCE MGDE D)

f (SGURCE MODEG)
(F (SOUKRCE MODE d)

f (SOURCE MCTE D)

1 # (SOURLE MODE D)

¢ (mmi

i# (SOURCE MobRE @)

'f (SOURCE MODE &)

i€ C(SOuRCE MODE G} .

CARRY b ACTIVE DURNING WRITE

BOTH ALATCH.w =M, +M ACTIVE TO PROVIGE = !

DURING FX;:f”Jf' ;

NCTES ¢
l, SOURCE DATA EXTERICR TO THE PROCESIOM S
CRTAINED IMMEDIATELY AFTER FETCH (BEFORE
ANY DESTINATION DATA ), IT IS JTOREIJ w A
TEMPORARY REGISTER MAMED,“'SOURCE.' .
DESTINATION INFORMATION J-S NEXT oamwsb,
EITRER EXTERNAL CR INTERNAL , AND PLACED
IN AN APPREPRIATE LATCH , 50U GCE DATA 1S
THEN CRTAINED FROM oNrERNAt. MEMOKY ¢
FROM “SO0UKRCE " IF ORIGINAL DATA EXTQRNAL
. OR FROM REG \F INTERNAL
2, S0URLE GR DESTINATION MODS § INDICATES
INTERNAL DATA (M=dd D) :
3, LATCH A OR LATLW B INPUTS ARE USED ALGNG
WITR DIRELT OR COMBLEMENTED DATA T0
EFEECT CONRECY LOGIC OPERATION,
4 BAR SYWBLL IN FRONT OF LCGIT SYMBUL REPRESENTS
a.mmsmmr : A= A . ASTERIK \8 UIED tmv
LOGICAL TAND Y ANE = A-

S BIT AND BIS ARE VARIATIONS OF AN “A’YO" .

TNSTR . W ITHN THE Fo:.:..awmc, SEQUENGTE' REQUIRSD?
WRITE THE'INCLUSIVE OR' or swact pram'r_, |
REAL CTOMPLEMENT. .

6 BIT , BIC AND BIS REGUIRE LATCH cz.m&.
mmear ON SCURCE LOAD . Brsr ws& NOT
WRITE /N DEST, . P o

7, SOURGE REFERENCES IN NON-BINARY ALLOW FOR CONSTANTS,

§, CHART CANMN 88 EXFPANDED YO INCLUDE CTHER MACHINE
STAIES 3 uaw;svm, B LATCH USE 1§ u.sum. IN
ADR: CR TRANSFER C!’n'm:@m

. REY@ wzaié?‘
PM ITHSTR SET  REV | T2 169
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106 BIC 2 SAD+D L poreas BALE MOBE o REG
19! BLE : SVvD-D
06 REGISTER O -DIRECT 0060 R¢
— J - | -DEFERRED 001 RI
WORD OB'S 0! AUTO-TINC (AFTER) S:? ig
o} 110 ADD:S+D-+D 10 AUTO-DEC (BEFURE) 100 R4
' 16 508 # D=5+ D\ pex 101 RS
X i RESERVED NGTE: SOURCE AND OR3TINATION ;:? if

OPERATE GROUP

GROP CoDE [s6] oP | X ]

T _—‘T('—““ﬂ? r T »2"“3 T M'Wi'.“mﬁ
i
GROUE _CORE 36 0P X
C J0¢. Q0G¢ o ¢ O OO 06O
ool
VAN
ol
(Kele)
1ot
CRimAINTE R

RESE

(0 © 00 EE?I

F:MAPVDER

ENEIVIC)

(o}
Ps:c,cvem

e i, SET
V=B e BT P S R S EE e

[.ﬁf.:: TIVATION J

B o it o

10

eac ‘{ OFF sr

CCUES ARE SIMILIAK,

INSTRUSTION. .

HALT

WHATT

RTL D FOp PCETONF LF

TR TRAR TO [+

IGT: TRAP T 24

RES ET *—)(TE R?\A‘. NG

f\v. T

JIAE D DE -+ To

Mroouro il tar .q)

RTS RES = D

L’w)"’» R&a
EF(VED

MICRO PROGRAMMED

OPERATES CAN

CONDITICN CCDES

e A

“(357/0
a i CE&/@
TERANCH ALWAYS \B?)
CFFGET 1S 2126 WORDS

T

SW/\C C D& yofs
L

GQRoLP CODE
O ont 00t
o oL o110
& S0C OV
i 005 000
1 000 et
I coo OID
\ 000 Q1!

SUBROUUNE CALL

BXKANCH ON CONDI TICN

LG REUS ues»aﬂ;ﬁi QFFSET
7

NN
IND F ol Lo

NCTES:
LINSTRUCTION LENGTH :
ONE WCGRD ! OPERATE AND BRANCH ; CTHERS TF SOURCE ANE
DESTINATYYGH NOT LHDEXED OR AUTO-IML CN PC,
TWO WORDE I ETTHER SOURCE CR DEZTINATION 15 FNDEXED BY NEXT WORD
OR THE AUTO-INC OF BL PROVIDES AN IMMERIATE CRERAND,
A WORD TS REGUIREL FOR THIS DATA.
i BOTH SOUKCE ANU REZTVINATICYH ARE INDE2ELD CR MHAYE AN
IMMEDTIATE CPERAND. NEXT VWiRD AFTER TNST RULTESY
REFERS TO SCURLE; NEXT WORD REFERI YU DESTINATION,
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3 KESERYED INSTRULTION COLES ARE TRAFFPEL TO LOCATION IG; TLLEG A
INSTRUCTIONS ARE TRAFPFLD TO LLCATION 4, ,
4, TRAP! ST AND PC ARE RUSKEDL OCON SP.NEW PC AND ST FROM TRAP LOCATIONS.

THREE WORDS
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| GROUP CLDE T

s \

GROUP _CODE

o G0C 140
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e
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] :CQ 1\CC
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