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o
0F &
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o
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LHATE:

VEGATIVE

M) COMPUTATIONS

w,,
© U INDERECT BIT 18 ICNOQFU
»wn-VAl!nz?v rarcxlws.

ty

2;.

3,

ADDRFSS ARTTHMETIC MONULO A% PERMITS POSITIVF OR
DISRLECEMENT FRO4 P, A, OR 8,)

SECOND OPERAND 1S REGISTER X

ANDRESS RELATIVE TO PROGRAM COUNTER (P,
CINDIRECT ADDRESSING PFRMITTED .

X SPECIFIES AN INDEX REGISTER

Moa (PeY4D) MODULO 85K

CYALINITY CHECK3: B<aMesmMPR

ANDRESS RELATIVE T0O STACK MARKER (Q)
INDIRECT ADPRESSING PERMITTED

‘X SPECIFIES AN INDFX REGISTER

Mo (QeX+D) MODULD 85K

VALIDIYY CHECKs B<aMc=Z

"ADNDRESS RELATIVE TO RASE REGISTER (1)
" INDIKECT ADDRESSING PERMITTED

X BPECIFIES AN INDEX REGISTER

M 2 (Bex+d) MODULD 65K

YALIDITY OHEDK e RexMceMPR

PAGE

(INBEX QEGTSTER\OQ SECOND OPERAND)

t



PABGE =2

IF INDIRECT AIT ® 3 AND A =" {, », OR 31
FETCR THE WORD ADDRESSED BY D + (P, 0, OR 87,
I¥ THE LEFTMOSY BIT OF THIS WpRD 18 1,
ADD 8 TO DTHER 31 BITS, AND FETCH THE
WORDADDRESSED RY THE RESULTING SUM,
REPEAT THIS CYCLE UNTL A WORD IS NDBTAINED
WHOSE LEFTMOST BIT 1S d, ADD B4X TN THIS

- WORD,;  THE RESULT IS M, THE OPERAND ADDRESS,

FLOATING POINT MUMBER FORMAT

ww**«***atif&wf:iﬁﬁd@**t*iwt***ta*ﬁ*a***,w*f}a

L D TSR I ¢ e
GORIEROR R Ll (T S REEA EN S ;1
T L e oG R T L A
*iht*ti**ﬁ*t******}gqﬁ*Q*itﬁ**t*i**it******i** ; L ad

. T o ; R i . ) R ) 3 A v

[y

S = FRACTION SIGN RIT (% FOR POSITIVE, 1 FOR NFGATIVE)

1y

aféxpnwsﬁx;féﬁétss255](RA&GE a=511)
F =FRACTI§M'(RA&GE Q\Td‘(gggz)‘; 1

DECIHAL VALUF = f~13,*k$,* 2 ¢ cs-zss)la.}1+r.ze<-2z»).
OFCImMAL VALQ: ;?@inEN gia p',‘g &g .

NOTE THAT Trf FéﬁCT!d;-F&ELDjHAS‘ANl!ﬁPL!ED'LEAnlusnt

Td THE LEFT OF TMF BINARY POINT, .THUS ALL FLOATING
POINT NUMBERS ARE STORED IN NORMALIZED FORM, SUT HO 81T
IS WASYED ON THE LEADING 1, S0 ALL FRACTION BITS 4ARE
SIGNIFICANTL . -~ o

(FOR DOUKLE=PRECISTON FLOATING POINT FORMAT 32 FRACTION
31TS ARE AONED ON THE RIGHT,)

FLEY POINT FORMAT: . 22 BIT, TWO'S COMPLEMENT

twﬂltiﬁ‘ﬁ*t****Qtwn*ﬁ*?-ii***ﬁ***’*it\i****tt*'i*'l

L : SR . , . »
*3w Tl T ‘ *
€ W S . "

.*au*q«*atw*a**w*&**&tﬁ****»*awtt**-g***aﬁwtyw

U, 1---n-u,—--ﬁuy-h--mmu—“‘.-nuuhnn‘-nnn—------ruuai

UFOR DOUBLE=wORD FIXED POINT FORMAT, 32 MAGNITUDFE BITS
ARE ADDED 0N THE RIGHT,) ‘
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FTACK MARKER FORMAY

**1’***qq’ki*i*t*t**k**.’*t*'*****ﬁ***Q***ﬁ*ﬂ'*

w * , o o ) RJ
«F« DELTA & S R RET ADDR . »
* x .';.f‘n' » ’ S

. t**ﬂ*it*titt****i.ﬂl*********iﬁ*****Q**'*t*tqt

£ 1---..---—«--------—- 1 5 16-.-‘--_---—-----—---.31

Fom FLAGS 3 FOR PROCEDURE "ARKERS : ‘ _
‘ 1 FOR SYSTEM CALL STAGK NARKERS OR
ﬂINTEPRUPT STACK MARKERS

DELTA W1 CDNfAzws THE - Nuvesn av'wwxcu THE‘Q REGISTER

' - MUST BE NECREMENTED TO ARRIVE AT THE NEXT
anFR.STACK MARKER, 1 : '

RET ADDR? PntNTS 10 R?TURN ADDRESS OF THE PROCEDURE

N 0R srsr:v CALL RELATYIVE Tn BASE ADDRESS

YU fODF PATTERNS:

AT ALL TIHES} EXARTLY ONE CONDITION CODE BIT 18 OM, THE RITS
. ARFE DESTGNATFD @,.1, AND 2,

FUITERN A

IF RESULT = @

CC = ¢
CC = 1 IF RESULY 5 @
CCm 2 IF RESULT <.0
CPRTTERY s o
CC = 2 IF ALI RESULT BITS ARE n
CC = 1 IF ANY RESULT BITS ARE 1
BLTTERN o1
CC = 2 IF OPFRANDS ARE EQUAL
CC = 4 IF OPFRAND'{ > OPERAND 2
CC:Q

IF OPERAND § < OPERAND 2

!
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J;R%:

'p.yﬁaaan«c**t*at**a**a**tﬁwa*nt»*¢

.« RB, NO INDEYING . . . '
. uvtn******it*ﬂ*t*fﬂ******ai*tﬁ****
g ' ) R’.’ Xy’ ‘ S

w*s\tittt*tt***ttt**ttt**#tttt**i**

. CR2y X2

ﬁvtdﬂ**'t****t*****ttt***t****ﬁﬁ**’
* o K3, x3. N T

aqnutt*w*u******tt*uw**w**t******&*
RIS v R, oxa , .
&itttti.*k**ﬁ****t*‘*i**tttwt***t*

PR R R&, X& e e

'wai*i**’******ti*t****wt*ttt***tn*‘
B o R6, X6 - W

‘nytc**ttn***tt****tu*ttt**awq**w**f?

o CUR7, Xy BT TS

} &*!ﬁ**!*tti******ﬁ**t**t****ﬂ*****

THE EIGHT GENFRAL*PURPOSE 52-81T REG!STEQS MAY BE USED AS
"OPERANDS OR AS INDEX REGTSTERS, IF INDFX REGISTER 8 18

o c1“‘&'(?!"'”5!), NO IND¢X1NG OCCURS

B BA%E RECTSTER: 16 BITb

CONTAINS THE ABSOLUTE ADDPF%S OF THF F!RST LOCATION

0F THE PRUGRAM BEING EXECUTFD

S1  STerk purmx;n REGISTER? 16 BITS

CONTAINS THE ABSOLUTE ADDRESS OF THr [AST. U?ED CORE

LOCATICN OF THE STAGK ("TOPY OF THE STACK)Y,

B STACR MARKER PﬂF%TE?a"16 3ITS

PAGE

CUNTAINS THE ansaLuTe ADDRESS NF THE LAST STACK

HARKER 1.§ED WYTH!N TWF STarnk,

23 8TaCcK T0p PU;NTFR 18 BITS

CONTAINS THF ABSOLUTE ADDRESS OF THE LAST POSSIALE

STORAGE LUpAT]ON OF THE STack,

Pt PROGRAM NOUNTER; 16 BTS

CONYRAING THE ABRSOLUTE ADDRESS OF THE INSTRUCTION

BEING EXECUTER,

TTRL O MEXORY PRATERT REGISTER: 14 B1Ts

CONTAINS THF LAST ABSOLUTE ADDRESS oF UNPROTECTED

CARE,

| tie
MJ&UL?P cLO“”di

ppPE= X
c%au'”JS

4



PAGE
i» & THETRUGTIONST
| THE uAcanEfuﬁs THO MODES: EXEQUTIVE nonr, AND USER
“ODE, ,PRIVILEGED straucrroms MAY BE EXECUTEp ONLY IN
EXECUTTVE nnnﬁ.“ xr " PFIVILEGFD INSTRUPT!ON 1S ENCOUNTERED

PN OUSER HODE,,AN !HTERRHPT 0CCyURS,

K T £PLLOAING EXPL&“AT’““s'

R o= YHE RE&!S?E& SPFCIFIED W THE ® FIELD
k,xlm,ras pesxqzzﬂ qpaczrxzn ru THF x FIELD,
M = THE RESULT OF NORMAL ADDRESS COHPUTATION, EXCEPT WHERE
© SPECIFIED OTHFRWISE, NOTE THAT M MAY BE 5 REGISTER OR A
"EMORY ADERESS, = » |
1Ay m wcﬂfsftﬂ P,.Q. OR B, DéPENDINGkDN WHETHER A = {, 2, DR 3,

n a CONTENTS UF ﬂ %3ELﬂ,'BfTS 16;31. USEDR FOR IMMEDIATE
s Dor“bmﬂg ‘ 'fg“ :

ﬁi:‘ NT&NTb OF ﬁ FIELO; QITS 16=-23,

L2 = "JéTENTS CF ﬂ FIEL“ ﬁITS 24-31,



PAGE 6
U 240 STORE. INSTRUCTIONS:

L @, H (L(}AD)

REGISTER R 15 LﬁAnEn WITH THE CONTENT OF o,
CC o= PATTERN 4, - B

RN xLoAﬁfL#ﬁT‘kALwi’

A1TS dats OF. THE. roNTENT OF M 15 LOADED INTO RITS 16=31 OF R,
RITS ¥=15 OF R ARF SET To 7ERQ,
CC = PATTERN A ON THE RFSULTINC REF!STER R,

W M : (LQAD PTGHT HALFY

#1TS 15 ~31 OF THE CONTENT QF M IS LNADED INTO RITS 16-31 oF R,
BITS 4=15 OF R ARF SET TO ZERD,

GG = PRaTTERY A ON THE RgsuLTle REGISTER R.

IR a,m <STURE’

N% CONTENT 0F R }S SWUREH ?N Me

whe % PATTERN A, i

~
w ¥

{8TORE !FFT'HALFy

‘*T“ 1531 OF R ARp srowfu IN 81TS 2-15 ofF M,
LT85 15a31 o w ARE UNCHANGED,
U PATTERN 4 ON THE quJLTxmr WORD M,



PAGE
T {STORE nzééfﬁ%@ﬁ#)‘ |
| SITS fo=31 OF ¥ ARE STORED I qlra 16-31 OF M,

1TSS #=15 OF M ARF UNCHMANGED,
: = PATTERN & ON THE %fauLTING wan My o

ETE R, | ICFXCHANGEDVQ

TWE CONTENT JOF R AND THE CONTENT OF M ARE EXCHANGED
CC = PATTERN A ON rac wonn LUADED INTOD R FROM M,



PAGE 8

Jfe"ETIC AND LOGIC INSTRUCTIONS:

THE COMT¢V? 0OF: M f& ABDED TO REG!SYER R.IN FIXED POINT FORM,

0C = PATTERN A,

R;M‘-gg’; (3UﬁTRAPYJ

THE CQMYENT UF N 7 SUHTRACTFD FROM: REGISTER R.IN FIXED POINT

FORM,

£C = ”ATTERN A.

.'-~u.n'f~; (NULTIP!Y)

THE CONTENT QF R SS MULTXPLIEU BY. THE CONTENT OF M IN FIXFD
POINT FNORM, AND THF DOJBLF-LENGTH PRPODUCT IS LEFY IN R AND Rei

CC = PATTERN A[ -

Mo (DIVIDE)

THE UDUEL‘-LFNGTH INTEGFR IN REGISTERS R AND R+{ IS DIVIDED 8Y

TWe CONTENT OF M,  THE QUOTIENT INTEGER IS LEFT IN R, AND THE
REMLINDER IN R4y,

RC e PATTERN & OW THE GUOTIEMT,

Tl {AMY)

TR OLONTENT OF R :s‘REPLAcen Y THE LOGICAL "AND"™ OF R AND M,
T PLTTERN B, j



PAGE

138 R, <1NtLu91VF ﬁR)
THE CONTENT OF R 15 ? PL#CE” RY THE ”INCLUSIVE DR" OF R AND M,
¢C = PAaTTERM M,
551
A RM (EXCLUSIVE OR) '_
THE: CONTENT DF R TS REPLAC‘D BY THE ”FXCLUSIVE OR" OF R AND M,
{C = PATTERN B,
i,
SEER (ABD TO MEMORY). ,
Tni. DONTENTY OF R Iq AHDEB TO THE CONTFNT oF M IN FIXED POINT
FORM,
50 % PATTERW A,
B (SURTRAELT FRnM MEMDBRY) )
SORTENT OF R IS‘SUBTR CTED FROM THE CONTENT OF M IN FIXED
S S I
o PATTERY &, S
j "
AR n (ANS MEMORY) .

CTHECONYENY OF M 1S REPLACED &Y THE LNGICAL "AND® OF M AND R,

“Lom PATTERN R,

CIGCLUSKVE OR MEMORY)

TebeoatenT OF 18 REPLACFD BY THE "INCLUSIVE OR" OF R AND M.,
ST ow gy

9
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ABAM R, M {EXCLUSTVE OR MEMORY)

THE CONTENT GF M xs REPLACFD RY THE "EXCLUSIVE OR" OF R AND M,
£C = PATTERN R, .
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| PAGE 11
PCINT INSTRUCYIONSY . =

g,H ) (FLC&T!&@'ADDW

THE CONTENT OF 1S ADBED TO REGISTER R IN FLOATING POINT,

858 0F (FLOATING SUBTRACT) , :
THE CONTENT OF M. rsfSUBTRAGTFD FROM REGISTER # 1N FLOATING
aQINT

o= PATTERN A,
i,
Fave v, N (FL’;OA‘T’Xt»sz‘~__‘M‘|JL‘T!PLV)
THE CONTENT OF R 1S MULTIPLIED BY THE CONTENT OF M IN
CFLOATING POINT,
o0 = PATTERN &,
b, {(FLUATIHG n'I‘\}"fDE)
TRE COMTENT OF R 1§ DIVIDED B8Y THE CONTENT OF 4 IN FLOATING
“’.ﬁ;*ﬁz‘mé»}'. . ' ‘
Mom BATTERN 4,
3,
Bt (FLOAT)
T4 IKTEGER IN M TS FLOUATED AND PLACED IN R,
Lo PRTTERN A,
Ay (F1X)

o]

C T FLOLTING POINT NUMRER 1H M 1S CONVERTED To FIXED POINT

SALED 1N R,
TR R &

»



PAGE 12
. ??ﬂf GPERATORS

5,
iNg o (INCREMENT)

THE CONTENT OF M 1S INCREMENTED gy 1,
CC = PATTERN A, -

Tty

LR :necnswrwr:
TME CONTENT oF m 18 nEcREMENTeu'aY 1,
80 = PATTERN a, - ‘

{HEGZATE

TME CONTENT OF M 1o NEGATED,
S0 s FATTERN a,
« SOLUTE v»:vF; |
Twi ZONTENT OF M rs nEPtACED BY ITS ApSOLUTE VALUE,
o PATTERN 4, '

[CONPLEMENT)

(VR CONTENT OF N 1S REPLAGED BY ITS onE'S COMPLEMENT,
Yo PATTERN &, o



7ER0 M " (ZERD)
THE CONTENT OF M 18 SET TO 7ERN.
ce = UNAFFECTED, '

ST R (TESY)

THE GONDITION CODF 13 SET TG PATTERN o' DEPENDING ON’
THE CONTENT QF y' , R : » NG

PAGE 13



: | PAGE 14
g ig}%ﬂi“ﬂﬂﬂ I.NSTRUCT 1ONS

%,
WD R,M (DOUBLE LOAD) | A
IN ADDRESS COMPUTATION, THE INDEX REGISTER CONTAINS A DOUBLE=
- NORD COUNT RATHER THAN A NORD COUNT, THE WORDS IN M AND Me{
ARE LOADED INTO R aAnD R31, :
CC = PATTERN A ON THE DOUBLE-WORD RESULT,
3.
DSTA R,M - (DOUBLE STORE) . ; o
"IN ADDRESS COMPUTATION, THME INDEX REGISTER CONTAINS A DOUBLE=
“ORD COUNT RATHER THAN A WORD COUNT, THE WORNS IN R AND Ref
CARE STORED IN M AND M4y, R
CC = UNAFFECTED, SR
14,
I R,M . (DOUBLE. aDD) |
IN ADDRESS COMPUTATION, THE INDEX REGISTER CONTAINS A DOUBLEw
0RD COUNT RATHER THAN A WORD COUNT, THE DOURLE=WORD TNO'S
COMPLEMENT INTEGERS IN R, Re) AND M, Mel ARE ADDED, AND TNE
RESULT IS LEFT IN R, Ray. |
CC = PATTERN A ON THE DOUBLE-WORD RESULT,
8o . iy
RN (pouslLE SUBTRACT)

. IN ADDRESS COMPUTATION, THE IN:
 KORD COUNT RATHER YHAN A 'WORD
DONPLEMENT INTEGER N My Met 1
AUD THE RESULY I8 LEFT IN R, £
ST % PUTYERN A ON THE DOYBLE »:

B ({DOUBLE COMPARE)

o DOS20%ESS CONPUTATION, TH. INDEX REGISTER COr NS & DOURLE~
< LTETT COUNT RATHER THAN A WORD COUNT, THE DOU;  =WORD TWOoS
£ INTERERS IN R, Re! AND M, Ms{ ARE ¢. 2ARED




et 2

31

PAGE 15

i INSTRUCTIONYS:

Ryt © LLOAD BYTE)

1% ADDRESS COMPUTATION FOR THIS INSTRUCTION, THE INDEX
REGISTER 18 'ASoUM*n TO CONTAIN A NUMBER OF BYTES RATHER THAN A

NUMBER OF WORUS, TH& D FIELD OF THE INSTRUCTION COMTAINS A

ADRD D!aPLACEMFNT A8 USHAL,‘ THE "~ RE?ULT OF THE ADDRESS
COMPUTATION 1S A RYTE ADDKESS My U THE BYTE AT M 1S LOADED

;zhru THE Low—URaEa 8 BITS QF R, AND THE HIGH=0QRDER 24 BITS OF

4RE SET TO £LERD' 1F a=0, T“‘ SECONH OPERAND 18 THE RIGHTMOST
RYTE OF REGISTYER: £ G

CC = PATTERN A ON THE RF%UL?ING REGISTER .

ReM (STORE aYTE)

HOADDRESS COMPUTATICN 'FOR THIS INSTRUCTION, THE INDEX
REGISTER 18 assuﬂrn IO COMTAIN A NUMBER OF BYTES RATHER THAN
YoNUMEBE R OF WOR CTHE. D FIELD OF THE INSTRUCTION CONTAINS
4 dGRD OEQPLAfFNk&T A8 USUAL, THE RESULT OF THE ADDRESS
RCUPUTATION {8 A aYTE ADﬁRESS M« THME LOW~ORDFR 8 RITS OF
REGISTER R ARE STOREN'INTO M, IF A=za, THE SECOND OPERAND IS
TRE RIGHTMOST BYTF OF REGISTER X,

0L = UNCHANGED,

LR (HOVE BYTES) '

15 MOVER INTO THE FIELD BEGINNING AT THE RELATIVE BYTE ADDRESS
% REGISTER R+f, THE BYTE COUMT TO BE MOVED 1S IN REGISTER

e INOR OAND R4t, THE «HRD ADDRESS IS IN BITS 14=29, AND THE
AYTE ADNRESS (m=3y |8 Iv BITS 32=3), REGISTERS R, R+{, AND X
LYl STEPPED ALONG &S THE INSTRUC TION 18 EXECUTED BYTE-B8YRYTE,
YT THE ERD OF THE NS STRUCTION, R AND R+l POINTY TO THE NEXT RYTE
w

43T THE Eall OF TWREILFR R¢SPFCTIVE FIFLNS, AND X CONTAINS ZFRO,
70 % UNAFFECTED.



PABE fe

ReX  (COMPARF 3YTES)

THE FIELD BEGINNING AT THE RELATIVE ADDRESS IN R IS COMPARED
BYTE~BY=BYTE WITH THE FIELD REGINNING AT THE RELATIVE ADDRESS
IN Rel, THE BYTE COUNT )TO BE COMPARFD 1S IN REGISTER X,

CC= IF THE FIELDS .COMPARE PERFECTLY; CC=PATTERN £ IF ANY
INERUALITY IS FOUND, BURING EXECUTION, R AND R+{ ARE STEPPED
ALONG, AND X IS DFCREMENTED TO ZERQ, AT THE CONCLUSTION OF
THE INSTRUCTION, & AND X POINT TO THF FIRST BYYES IN THE
SESPECTIVE FIELDS WHICH DID NOT COMPARE EQUAL,. OR JUST PAST
THE RIBHTHOST BYTF OF EACH FIELD IN THE CASE nf EDUAL
DOHPARISON, IN R AND:X, THE WORD ADDRESS IS INBITR {4aw=29,

AR THE BYTE ADLRESS (8<3) 1S IN BITS Jn~3t,



PAGE 17
Bair0R0 cOMPARES:

£l

(M R, M (NUVERIP COMPARF)

THE CONTENT DF R - 59 COMFARCP NUMER!CALLY wITH THE CnNTENT
OF M OIN FIXFED PUIMT FE%M .
g = PATTFRN c.

i1,

A R,H e (LOG!CAt CGMPARG)

THE. costNT n& R 15" POMPARFD LGCICALLY,wITH THE ‘CONTENT..
OF M, 4§ AN ARSOLUTE 32-BIT, MAGNITUDE, :
’C » pATTEQN CQ

ﬁl'ﬂl‘f‘ “ (FLOAT!NP compnag>

{HE CONTENT OF R° xs COMPARED WITH THE CONTENT OF M S
FLOATING POINT NUMBERS,
CC = PATTERN €,




o %&CHE S

44,

#CC

PAGE 18

ReM : (RRANCH DN CQNUITIOM CQUE)

A BRANZH TO anaerN *® 1s EXECUTED UNDER THE FOLLON!NG
CONDITIONS:
IF R = a, N EVER BRANCH

R = 1 BRANCH .IF cC = 0
R = 2, BRaANCH IF CC = 1 L
R = 3, BRANCH IF CC = @& OR
R = 4, BRANCH!IF CC = 2 .
R = %, BRANCH!IF CC = 2 OR 2
. R = 6, BRANCHW .IF CC = 1 OR 2
‘ R m 7, ALWAYS BRANCH e o
I¥ aA=2, M IS COMPUTED!BY ADDING REGISTER B 70O THE LOW=ORDER

HRLFWORN OF REGISTER X
CC = UMNAFFECTED.,

S RpM A (BRANCH IP REGISTER OOD)

4 BRANCH TO LUCATInh M !3 EXnCUTED IF THE NUMRER IN REGISTER
R 18 0DD,

IF A=p, M 18 COMPU?VD BY ADDINP REG!STER B TO THE LNW-ORDER’
HALF®HORY OF PESISYER X,

06 = UNAFFECTED, |

oM : caagncn 1F REGISTER EVEN)

& QRANVH 10 LUC#T!nN M 18 EXECUTED IF THE NUMRER IN REGISTER
H 1S EVEN,

tF A=G, M 1S COMPUTED BY ADRING REGISTER & TC =7 R
«4LFADRD DF REGISTER X,

0= UNAFFECTEDR,

q, ({GRANCH [F“REyiﬁTER POSITIVE) ‘
L BRAngw TO Locurxnwiw 1S EXECUTED IF THE 1RER ++oTER
T18 POSITIVE,

thoams, M OIS rOMPh;En AY ADDING REGISTER D THE. LOW=-ORDER

L
LFwﬂ%n oF waigTikwk,
o R g - :
ot



PAGE 19

. R

;@w‘p woo (BRANCH IF Rcczqrsa NON= POSITIVE)
s BRANCH TO LOGATION M 1S EXERUTED IF THE NUMSER IN REGISTER
R 1S LESS THAN OR EQUAL TO ZERD,
¥ 4xg, 1 1s COMPUTED RY ADDING REGISTER R TO THE LOW-ORDER
WALF#ORD OF REGISTER X. .
CC = UNAFFECTED,

5,

e e ;,,csuaucn 15 ﬁtelﬁTER NEBATIVE) |
+ BRANGM TO LGCATYON M zs sxscuren IF THE NUMRER N REBISTER
X 15 NEGATIVE,
15 A=@, M 1S COMPUTED sv ADDING. REGXSTER B TO THE LOW-ORDER
sALFADRD OF REGISTER X,
5C = UNAFFECTED.,

L

Ly "«,:v;wgu.u
i z

*“f«;m | (BRANCH IF REGISTER NON NEGATIVE).

T4 BRaNDH TO LUCATION M ;s rxscurgn 1F THE wuwgpn IN REGISTER
S 18 GREATER THAN NR ERUAL TO' ZERO,

&

,«‘ Lady Mo 18 COMPUTED BY, ADDKN” REGIQTFR R TO THE LOW=-ORDER

#LFRGRY DF REGISTER X

.ﬁd & UNSFFECTED,

(BRANCH 1F PhGISTER ZERO) SR
A&cw 1o LOCArrnN M 18 EXECUTED IF THE NUMBEP IN REGISTER

, 4 1S COMPUTED BY ADDRING REGISTER 8 TO THE LOW=ORDER
“*ﬂ«‘ OF REGISTER x.,

L, GuARFE CTED,

{ERANCH tF PFGI TFR NON=ZERQ)
<1 LUCATION h ts ercursn IF THE NUMpER xn REGISTER
e ..?':"un

: f,«yfu CUMPUTED BY aDDING REGTSTER B TO THE LOW-ORDER
F »s,;%sga X,




" PAGE 20
3,

WF M (BRANCH ON OVERFLOW)

IF THE OVEKFLOW FLIP=FLGP IS ON, THE MACHINE gRANCHES TO M,
IF a=¢, ¥ I8 COMPUTED BY ADDING REGISTER 8 TO THE LOW-ORDER

" HALFWORD OF REGISTER X,  .THE OVERFLOW FLIP=FLOP 1§ CLEARED,
CC = UNAFFECTED, o



PAGE 21

f%é; v ‘ ’
WOR,X,D2 (LEFT SWIFT LoGleal)

HLORX,B2  (RIGHT SHIFT LOGICAL)

_THE ‘CONTENTS OF RFGISTERS R AND X ARE SHIFTED LEFT (RIGHT)
TOGETHER D2 BITS (R IS ASSUMED TO BE ON THE LEFT) AND THE

VACATED pITS-ARE SET TO 'ZERNS, IF R = X, ONLY ONE REGISTER
15 SHIFTED, : '

“CC = UNAFFECYED,

© 4,%,02  (LEFT SHIFT ARITHMETIC)

P 5,0,02 c (RIGHT SHIFT ARITHMETIC)

YHE CONTENTS OF RFGISTERS R AMD X ARE SHIFTED LEFT (RIGHT)
TOSETMER D2 BITS (R IS ASSUMED TO BE ON THE LEFT), EXCEPT
THAT THE LEFTMOST (SIGN) BIT OF R IS UNCHANGED, VACATED ;
LOKeDRDER BITS ARF SET TO: ZEROs VACATED HIGH~nRDER BITS ARE
RET TOOTHE SIGW BYIT, IF R = X, ONLY ONE REGISTER I8
ARIFTED, AND ITS SIGN RIT 1S PRESERVED,

ASL OVERFLOWS IF RIT. 1 1S DIFFERENT FROM 81T g BEFORE SHIFTING,
L s UNKFFECTED. .

A a2 (LEFT SHIFT CTRCULAR)

O
# It

(RIGHT SHIFT CIRCULAR)
SIS CTaTENTS OF REGISTEPS R AND X ARE ROTATED LEFT (RIGHT)
THZ3 D2 RITS (R 1S ASSUMED TOH BF ON THE LEFTY,

MY e X, ONLY ONF OREBISTER 1S SHIFTEY.
MhS DUREFERTER, .

Yy ma
Yo




PAGE 22

f3TEy

rRAT
g

Py

S R
E IR
-

a1 2,D  tLOUAD 1mmz9!ﬁré)

D 18 PLACED IN THE: ki PHT HALF DF R,
THE LEFT WALF OF R'18. SFT TO ZERO,
cC = JMAFFECThD.

Ly,
§. i . -
BN &R (LOAD NFGATIVE IWMEDIATE)
9 15 NEGATED AND PLACED tN R,
CC = UNAFFECTED,
L bl R, D (ARD IMMEDTATE)
n oIS ABNED TN THFE QaNTENT OF R, |
B OIS A8SUMED 10 RF A 1E~BIT POSITIVE INTEGER.
£C = PATTERN A,
4,
WBLR,D - (SUBTRART IMAEDIATE)
D IS SUATRACTED FROM THE CONTENT DF R,
D 1S ASSUMED TD BF A 16-BiT POSITIVE INTEGER,
CC = PATTERN A, |
:M.
Y] P, D (MULTIPLY INMED[ATE)

THE CONTENT OF R 18 MULTIPLIED BRY D, THE DOUBLE=WORD RESULT
1S LEFT JN REGISTFRS R AMD R+t

D IS ASSUMED 10 HF A 16=-BIT POSITIVE [INTEGER,

CC = PAYTERN A ON THE DOUBLF=WORD RESULT,
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- 18

VD R, D (DIVIDE rnwfor«rs’
THE bﬂdeLE LENGTH tNTEGFR IN R, R+t 18 DIVInEn RY B, THE
"JUDTIENT IS LEFT IN R, AND THE REMAINDER IN. Ret,
D IS ASSUMED TO BF A 16=RIT, POSITIVE INTEGER,
CC = PATTEARAN A OMN THE QUGTLENT.!
Al
it R, (AND LEFT IHM?BIATE)

BITS ?»15 UfF R ARF REPLACEB BY THF LOG!CAL "AND“ OF D AND BITS
‘(4’15 OP‘ Ro

BITS 18-31 OF R AKE UNCHANGED, g

CC = PATTERN B ON THE RESULTING,REGISTER‘P‘

Q,D (AND RIGHT IMMEDIATE)

8178 156=-31 OF R ARE PEPLACFH RY THE LOGICAL "AND" OF D AND
5ITS 16-31 OF R, ‘ -

B1TS 2«18 CF R ARF UNLHANPFQ ‘

£C = PATTERN & ON THE RESULTING REGISTER R,

SER (INCLUSIVE 0R LEFT \MHEDIATE)

TBITS Be1s OF R OARF RF"APEQ BY THE YINGCLUSIVE OR" OF D AND
CRAITS Peis OF X,

CBITS 18=31 QF R ARE uwﬁnANuEn _

SO0 wm PATTERN B ON THE RFSULTING REGISTER R,

SN (INCLUSTVE OR RIGMT IMMEDIATE)

CRITS 18~%12 UF R ARFE RFPIACED BY THE "INCLUSIVFE OR"™ OF D AND
3178 ia.;x oF R, ‘

BITS ¢a-15 OF R ARF UNCHAMGED
L = °A‘TERN B UM THE RFSULTING REGISTER R,
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oL R,D (FXCLU51vE 0w LEFT !M“EDIATF)
81TS 215 OF R ARF REPLACER BY THE "EYCLUSXVE OR" OF D AND.
R1TS G=15 OF R,
SITS 16«31 OF R ARE UND H&NGEB
CC = PATTERN B ON THE RESULTING REGISTER R.

",

S9RLR, D s (EXCLuszvs OR RIGHT IMMEBIATE) . -
5ITS 16=31 OF R ARE RFPLACED Ay THE PEXCLUSIVE OR™ 0F D AND
BRITS 16~31 OF R,
RITS =15 OF R ARE UNCHANGED.
CC = PATTERN & ON THE RESULTING REGISTER R,

2.

ARrir,p (FLOAT xmnﬁﬁxarz: |
THE INTEGER D Is- FlOATkn AND PLACED TN R,
€C = PATTERN 4,

. " ‘l

TEORG Y (CDP‘PARF IM:“‘"DIA Ee
The ] mngﬁ N R T8 cMMner TRICALLY THE BT
PCSITIVE INTEGER I8 D, |
CC = PATTERN C, =

Té,

e, (COMPAR#‘NEGATiVE IMu £
THE INTEGER IN R 18 COMPARED NU nALLS H o 1078~
"’H"\""KF'\T OF THE 16=BIT [NTEGF n.

- e

: L o= D“YTT.'{N C. oy
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n o tapb oS IMMEDIATE) ff

’rue POSITIVE xarsnan n rs ADDFD TO necxsrea 8,
CC = UNAFFECTED,

v qom STATUS LHNEDIATE)

YHE SiiTUS HALF“ORﬁ IS REPLACED BY 178 INGLUSIVE OR WITH THE
nFIELD,  IF THE MACH!NF 13I8 THE USER MODE, ONLY THOSE 8ITS
NF STYATUS WHICH ARE CGNTROLLED BY THE USER WILL BE AFFECTFD
G0 = CHANGELD &8 PART OF @TATUS HALFWORD,

i1y (AN" STATUS IMMFDIATF)

TRE STATUS HA‘FNORD 1 ’PEPLBCFW BY ITS LOGICAL AND WITH THE D
SIELD, IF THE MACHMINE 15 IN THE USFR MODE, ONLY THOSE 8ITS

“3F STATUS WHICH ARE. CONTROLLED BY THE USER ARFE AFFECTED,

L = CHANGEQ AS PART OF STATUS HALFWORD,
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$r1il PURPOSE

Ry XeD1,02 iFXTRACY F!FLD)

BITS D1, DUty eoy ﬁl*ﬂ?-i DF REG!QTFR X ARE PLACEB IN THE
LEAST SIGNIFICANT END OF &,  THE REMAINING BITS OF R ARE
6T T ZERD '

ng & U i“F‘CT&D..

KBt 02 ,'znapbe}# Fxrub)

?Hafsz.Laasr slcmxrxcaur BITS OF X ARE PLACED IN BITS
Ble Di%l, oour D1#D2-10F R,  THE REMAINING BITS OF R ARE
rcuamsﬁv;w B

A&l {MOVE- !0?939

TME FIELD EEGTNNING AT THE RELATIVE ADDRESS In P IS MOVED INTO
THE FIELD BEGINNING AT THE RELATIVE ADDRESS In Re1, THE WORD
CLOUNT 7O BE MOVED 1S CIN X, DURING EXECUTION, R AND R+1 ARE

INCREMEATED AND X 1S DECREMENTED, UNTIL R AND Ra4{ POINT TO THE

LAY «wwn AFTER THEKR RESPECTIVE FIELDS AND X CONTAINS ZERD,
L= NARFECTED,

G ~ (INTEGER TO BINARY=CODED=DECIMAL)

ME POSITIVE INTEGER IN M 1S CONVERTED TO BINARY=CNNED~DECIMAL
“&" (YIGHY 4=B1T DIGITS) AND PLACED IN R, THIS INSTRUCTION

Y CAYSE AN OVERFLOW CONHIT!GP IF THE NUMBFR IN M 185 TO0O LARGE,

T’* UNAFFECTER .
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5601 RN texwanv-conan-vschAL TO INTEGER)

"THE ?UMTEMT OF n 15 YNTERPﬂETEU AS FIRHT d-RlT BlNARY-CODED-
CDECIMAL DISITS, THIS NUMBER IS CONVERTED TO Ao BINARY INTEGER

AND PLACED IN R, INVALID BCP CODBES ARE TREATED AS ZEROS;

HOWEVER, THE OVERFLOW FLIP=FLOP 1S SET IF AN INVALID BCD CODE

15 FOUND,
£C = ”%AFFECT&D,

  R,M | (EXECUYF)

THE !NSTRULTIDN IN M 18 rFTCHED' “INCLUS!V‘wORFﬁ“ WITH THE
CONTENT OF R, AND EXFCUTFD IF R = @, THE INSTRUCTION IS

_HOT MODIFIERN LGOPS CAUSEU RY AN XFQ INSTRUCTION EXECUTING

ITSELF aRE INTERRUPTABLE,,

60 = BET 8Y. THE EXECUTED INSTPUCT!ON
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M (LOAD Q AND S)

REGISTER B IS ABDFD TO THE CONTENT OF BITS ¢~1ﬂ oF M- AND THE
RESULT 1S LOADED INTO @, REGISTER R IS ADDED TO THE QONTENT

OF #1753 15«31 OF h,,AND THE RESULT 1S LOADED INTOH S,
CC = UNAFFECTEDR, . :

% (S$TORE 3 a'sy
S

REGISTER B IS, SUBTRACTEn FROM PEGISTERS Q AND S, Q=B IS STORED
CIMBITS @-1% OF M3 S-& 13.STORED IN BITS 16~31 OF M, REGISTERS
B, §, AND § ARE. UNCHA sra. Y

CC = UNAFFECTED,

A (LOAD STATU )

Tk

L ”TATUS HALFwﬂﬁﬂ IS LOADFD FROM THF RIGHT HALFWORD OF M,

IOTHE AACWMINE 1S IN THE USER MODE, ONLY THOSE BITS KHICH ARE
TUATROLLED BY THE USER ARE AFFECTESD,

gﬁq {STORE srarus»

P45 STATYS MALFWORD IS STORED IN THE RIGHT HALEWORD OF M,
THEOLEFT MALFHORD OF M 1S UNAFFECTED,
"Tom UNAFFECTED,
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R ' iAVAILAQLE anCK)

THE GUANTITY ZeS 1S PLAGED IN REGISTER R, THIS QUANTITY
2EPRESENTS THE NUWBER OF WORDS REMATNING IN THE AVAILABLE
3TACK AREA,

CC = PATTERN A,

em (LGAP AnDRFSS xmro PFGISTFP) T"fr

THE RELATIVE ADDRFSS M ?S COMPUTEﬂ AND LOADED INTO R; - THE LEFT

"WALFWORD DF R 1S SET TO ZERO, |
iF be@, M = (RIGHT HALFWORD OF REGISTFR X)

P oa=d, 2, OR 3, ¥ = (&Y 4 D & X = R

B0 = UNAFFECTED,

pRe (LGAD ADNRESS ONTO STACK)

THE 5TACK POINTER § IS.INCREHEMTED 8Y 1, THE RELATIVE ADDRESS

“ I8 CUMPUTED AND PLACED IN THE CORE WORD POINTED TO RY S,

MF A=, M = (RIGHT HALFWORD OF REGISTER X),

¥ A=1, 2, OR 3, M = (A) + D + X =~ B8,

00 = UVAFFECTED. ’

%, X (PUSH)

TEUpPeR}
“xILE TEMP I8 LESS THANV DR EQUAL TO X NO
BEQIA
Seg+1
(Sye{TEHE} S
TEMpeTERPSL MODULD Ry
EnDs :

W THE WORDS FROM Rnszvrrp R TO REGISTER X ARE PUSHED ONTOD
3 \;:”)‘CK
> ® UNAFFECTED,

4

w,\,
. ?‘f o

.
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In
TempeXy ' ' x :
wHILE TENMP T8 &JUét ro OP GREATEQ THAN R 10
REGIN s
(TFMP)~( }} f‘
X I-T N B 4‘ " A

TEMPSTEHP=1 MonULﬁ s:

ENDS . iR |

THE STACK 15 POPPED AND zrsanrA 1s_svnﬁen*xu,keslsrsns FROM
X nOWN To R, ‘ |
0C = UNLFFECTED,

THo 4 (PROCEDURE CaLL):

3e3+1;
(albe»Q[SIJ)*P+1—q;
18111 =S{151)«8=0;
(5{0))eay

G5

Bz

1

& NEwx STAZK MARKE®R 1S CREATED AND PLARED ON THFE STACK,
ANl A BRANCH TU M IS8 ERFCUTED,

C1F smF, M OLS CORPUTED 3Y ADPING REGISTER 8 TO THE LOW-ORDER
dal Y alna OF PeR157ER X

UNaFFECTRD,

*

(EXTERNAL CALL).

TeSeys
81613131 el Aty
15115t 8] e 5~00

if,“ }’,.41.

‘\..)',

PelBe {LI1H)=LIIAYYYINDIRENTY
AR e (g Y=di1B)) THEN INTERRUPTI

15 A FIXED MEMDRY LOCATLON IN THE SYSTEM AREA, ITS RIGHT
”hanr POINTS TO A TASLE NF EXTERNAL PROCEDURES, AND 1TS LEFT
CRALE CONTAIN% THE LENGTH: OF THE TABLE, D IS ussn TO CHOOSE
TME TARLE ENTRY, A STAGK MARKER 18 CREATED, AND D IS CHECKED
T MAKE epuxt JT Is NOT GREATER THAN THE LFENGTH OF THE TABLE
OAF @IS waL D, THF nacwix; ARANCHES THROUGH U aNn THROUGH THF
u&kE T TH4F EXTEanAL PROCEDURE

LUom GuaRFFUTED,
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§e5417

(S1151-3131) )R

r%{&I~at15})~STATns:
SeS54+1)
{SLedl)wmyy

C{S(L)=S115)) 8- 93

t8116)1eS51 3 ) mPeinny
=87 '

D Bei:

STATUS»KNOWN STAT? (EXECUTIVE ﬁanE):

PR (VITAI-VIIB Y INDIRECTS
T1f r><vtalavt15;) *HEN YNTERRUPT;

4 NEW (THO=wORD) STACK;MAAKER ts CREAszlANn PLACED ON THE '
SYACK, 2 IS SET . TO TERN, AND YHE MACHINE 18 PLACED IN-
EXECUTIVE MODE. vV IS A FIXED MEMORY LOCATION IN THME SYSTEM
AREA, WNHICH POINTS TO A TABLE OF SYSTEM ROUTINES, IF D IS

S VALID, THE MACHINF BRANGHES THROUBH V AND THRAUGH THE TABLE TO

THE SYSTEM ROUTINF, AS EXPLAINED IN THE EcCL INSTRUCTION,
CC = UNAFFECTED, B

{STACK FXITH

It Clotsg THEMN

SERTY :
CEBe{ Q- 13;16)‘(“'1)r31’)r'
%Ta:U%*((Q 1!{%}»(Q~L(15}),
Enpie .

PelBliRl=0l 311148y

ey

CaeyenEL TR B

CoaANGh 15 EXREDUTTY TO COTHE KETURH ANNRESS, AND STACK DATA

BLAtAINING To THE LD PANCEDRDBRE. OR SYSTEM ROUTINE I8 THROWN

¥

ClERAY O TMIS YRSTRUSTICON TS USEFR TO RETURN FROM ROUTINES CALLED
1Y f

j”-.)- ECL, SCLV T';' INTERHUPYSO
= OUNAFREECTED
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s 2, X, D (PUSH DATA STACK)

A=3+(P, Q, OR B)) o
IF X{1631) = X[{Bw15] THEN
BEGIN
CCe2:
EXECUTE (MH
) ENDp
x'i&asu - xuﬁ-snuz
EHHH-M}}*—(RH' ‘
Lowds

- THE ADDRESS M=D4(P, O, OR B) PDINTS TO TME BEGINNING OF A
9ATA 3TACK, Xl@=15) couTArNs THE NUMRER OF WORDS ALLOCATED
CFNR YMETDATA STADK, AND X[16=31) CONTAINS THE NUMBER OF
TLEMENTS CURRENTLY ON THEUDATA STACK, THE CONTENT OF REGISTER
¥ 1Y PUSHED ONTO THE DAYA.STAGK, . IF OVERFLOW OCCURS, THE

SIHBITION CODE 15 SET YO 2, AND THE PROCEDURE CALL IN M IS
TEECHTED,  IF THE P‘SDS NA-‘: SUCCESSFUL, CC=g,

RN (POP DATA STACK)

L hegeiP, p,. OR B
L R i6e31 jmy MEN
BERTN

CCeis " . S R . e .
EXECUTE(M) s - (M.CONTAINS A PCL INSTRUCTION)
ENDs _; ‘
’“f’?iﬂwdt})i

%*&annwss Mnu+tﬂ.‘&. OR.8) POINTS TO THE BEGINN!NG OF A
“E3TACK, AND Xf16=31} CONTAINS THE NUMBER QF ELEMENTS
YTLY ON THE naTa STACK. THE TOPMOST ELEMENT OF THE DATA
I3 POPPED InTO REGISTER ®, IF UNDERFLOW OCCURS, THE
"PI CODE 1S SET TO i, AND THME PROCEDURE GALL IN M IS
CIB, IF THE PPDS WAS SUCDESSFUL, CC=3.
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(LOAD Z AND MPR)

*EGISTER 8 IS ADDED TO.THE CONTENT OF BITS @=1% OF M, AND THE
SESULT 1S LOADED INTO Z, REGISTER 8 I8 ADDED TO THE CONTENT
i B1T5 16=31 OF M, AND THE RESULT 18 LOADED INTO MPR,

B3 18 a4 PRIVILEGED. INSTRUCTION,

LU= UNAFFEDTED, . o

(STORE # AND 'MPR) -

HSISTER B IS SUBTRACTED FROM REGISTERS Z AND MPR, Z=B 1S
STORED IN BITS Be15 OF .Mp MPReg IS STORED IN gITS 16=31 OF M,
“I31STERS 8y Z, AND MPR ARE UNCHANBED, =

vl 18 a PRIVILEGED INSTRUCTION,

40 % UNAFFECTED,

(INTERROGATE)

"L CONTENT OF. TNF INTERRUST RPEGISTER [S PLACED IN R, REGISTER
SIS CLERRED, THE "EXTERNAL INTERRUPT PENDING" BIT IN
Vs

J;\Sf&rus HALFWQRD IS CLEARED,

L9 A PRIVILEGED INSTRUCTION,
TLNEFFECTED,

'
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tPAUSE)

THE MACHINE HALTS UNTIL AN.INTERRUPT OCCURS OR THE START
AUTTON 1§ PUSHED.
6C = UNAFFECTED,

';~Q;n‘ ISTART r/o»

THE LEFT HALF OF REGISTER ‘R CONTAINS THE 1/0 PROCESSOR

NUMBER (4 BITS) AND THE DEVICE NUMBER (8 BITS), ‘M 1S THE
CADDRESS OF AN 1/0 PROGRaM nHICH 18 10 BE SENT TO THE 1/0
PROCESSOR TO RE EXECUTEN,  IF THE SI0 COMMAND IS NOT .
SUCCESSFUL, AN 1/0 STATUS..HALFNORD 1S RETURMEpD TO THE RIGHT
4ALF OF REBISTER R BY THE /0 PROCESSOR, IF A = @, THE RIGHT
HALF OF REGISTER X CONTAINS: THE ADDRESS OF THE 1/0 PROGRAM,
THIS 1S a PRIVILEGED INSTRUCTION, ,

E0m ¢ IF SI0 WAS SUCCESSFUL,: i

o0 o= IF SI0 WAS NOT SUCCESSFUL (STATUS IN RFG!STEP R)

PR (TEST 1,00

fSg LEFT MaLF OF REGISTER R CONTAINS THE §/0 PROCESSOR NUMBER
fa BITS) AMD THE REVICE NUMBER (8 BITS), 4 HALFWORD CONTAINING
TEOETLTUS OF TWE 1/0 PROCESSOR &ND DEVICE 8 RETURNED TO THE
CUENY malE ',}'Ff HECISTEEL & x

Erop PRISILEGED InaTUsTION,

¢ OLF Tw& 170 pROCESSOR 1S AVAILARLE,

i IF THE 1/0 PROCES3YR 19 BUSY,

¢ IF THE /0 PROCESSOR 18 NOT OPERATIONAL,

{daLT I/ﬂ)

JPHE LEFT HALF OF REGISTER R CONTAINS THE 1/0 PROCESSOR NUMRER
SR 3ITS) AND THE DEVICE NUMBER (8 BITS), THIS NEVICE IS
CUALTED, AND 1TS STATUS HALFWORD 1S RETURNED Tn THE RIGHT
"_ﬁ}i._mc;*sen OF REGISTEK R,

SIES XS A PRIVILEGED TNSTRUCTION,

>, i-y

S UNAFFECTYED, BN

EN
L
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Ry (READ DtRECT2 

THE LEFT HALF OF REGISTER R CN”TAIMS THE 1/0 PROCESSOR MNUMBER

(¢ RITS) AND TME DEVICE NLMBER (8 B1T3), A WaRD IS READ

CDIRECTLY FRUM THIS DEVICE 1NTO M, PROCESSING NOES

ubl CONYINUE UNTIt THE READIS COMPLETEDR, IF THE READ WAS
UNSUCCESSFUL, THE DEVICE. *TATUS HALFWARY 18 RETURNED TO THE

RI&HT MaLF OF REBISTER R,
CTHES 15 A PRIVILEGED I“QT%UCTIUN
Sgh o= @ IF ROD WAS %UCCuSSFULo‘
LG o= L IF RDD WAS NQT SUC”ESSFUL (STATUS IN REPISTEP R).

A (WRITE nx&ECTi

THE LEVT HalF QF QFGIQT?R Q COMTA!NQ THE I/O PROCES?OR NUMBER

{4 BITS) AND THE NEVICE RUMBER (8 8ITS), A NORD 1S WRITTEN
DIRECTLY FROM N ONTO THE QFV!PE. PROCESSING DPOES NOT CONTINUE
UBTIL THE WRITE IS COMPLETED, "1F THE WRITE WaS UNSUCCESSFUL,
TRE REVICE STATUS HALFkﬁRD 19 ‘RETURNED TO THE R!GHT HALF OF

SEQISTER R,
THIS 18 A PRIVILEGED !N”TRUCTI”N
nr = 3 IF #RD WAS SUCCESSFUL,

of = { IF WEND WAS NOT SUCO ESSFUL (STATUS IN REP!STFR RY,
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2RANMINGs

~ To o 1/0, THF PROGRAMMER Musr srr UP A PQOFRAM IN CORE
KONSIS?INu OF 1/0 conwAwo wORns czocw’s) AND 170 DATA WORDS
(10Da'S),  EACH TocH HAS BTT A = 1, AND CONTAINS AN OPCODE AND
“ CERTAIN MODIFIER nrrs FarH IUFN MﬁY 8E FOLLOWED 8Y ONE OR
" 4ORE 10nW'S, WHICK sprcrrv THE AREA( IN MEMORY ON WHICH 1T
(5 T0 0PERATE. EACH'IGnHaHAS‘BIT a =9, ANn CONTAINS A BYTE
’acuééss (18 31135 Avn A avrr couwT <* atTS); "WHEN AN S10
~gruMann 1S 1SSUED., r3n~x/o,9aocsssoa EXECUTES THE FIRST Incw
. BUCCESSIVELY ON ﬁgcufqﬁiﬁwgﬁaoLaniwe yonw's,;THEN EXECUTES
IE NEXT 10CW ON FACH 0?ifQE'IﬁﬂN‘S FOLLOMING 17, ETC., UNTIL
%ya SPECIAL "END" InCk xs ruﬂeuuraaen -
| EACH 1/n DEVIQE HA§ A nEV!FE 3TATUS DOUBLFHQRU (BSDh) IN ’
n;x DEDIZATED POSITION IN Lngsa CORE STORABE, THE FIRST WORD
CONTAINS A POINTER TO THE LOCW CURRENTLY REING EXECUTED BY THE
 SEVICE, IF ANY, AND OTHEé‘STATUS‘INFORMATION‘ABDUT THE DEVICE
" IRUSY, WNOT OPERATIONAL, ET6.) THE SECOND WORD CONTAINS THE
?'mmasar BYTE &DURESS AND RYTE COUNT FOR THE nAtA TRANSFER REING
MABE BY THE DEVIEE, AS THE DEVICE EXECUTES TWE TRANSFER
“ECIFTEp 8Y AN 1nDW, THE BYTE ADDRESS IS INCREMENTED AND THE
: aﬂs_ COUNT IS DECKEMENTED l;NTIL IT RFACRES ZERD: THEN THE

“fEVICE PROCEFDE Tu THe MEXT I0Nw,
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CPU = MEMORY

L : e ' L
SN -***ttwa****ﬁt*w*w*iﬁ*wq***&*witi*ﬁﬁat**wt*tkt*t

s e« N . % % # =EXTRA BIT:
“MOPe *ﬂODﬂLF !NTERNAt ADDRESS & % NOT USED

e % * SN *,“, woow W

V“..*ftﬁ***t**w*qu*w**naﬂ*i«ﬁw*uw**ﬂt*na«a*ta****'ﬁ*t'

600,4-_--~nwu-~-$%‘16u-mum~~‘nu—-um~-n-n31

EXTRA.BITS
"PARITY ERROR

Lasiwe ***ik**ﬁ*******ﬂ*i*****ti*t**t*ﬁ****ii***t*t » ok

anv-u———ul-ounnwr‘-w-» --dn-wﬁﬁwbﬁnﬂ-----~-31

cpu‘~ nsnopy

‘i****'*ﬁ********Q*‘Q*iﬁ***iiﬁ***ﬁ**ﬁ****#*i’* *‘*i : I ’
R T PSR Coe % wow wEXTRA BITs
IR SRR DATﬁ w _ﬂ,{!wﬁ§ 5f g¢ ;t'§_* oomgopPsSt
B e I T gy
'**t*t**gga**ﬁwiﬁa*t**t*uﬁa*t**wﬁ*t*att***t**.t*tf 

CCFU .~ 170 1
O R A AL R AR AR R R AT TR NI A AR B AR AN AR RN R NR HA

e e DR . x % » ~EXTRA BIT$

e «JOP*MOTCDEVICE NOL & . COMMAMIL ADDRESS © - * # % NOT USED
AR « 9 A T Lo e R oW,

A .
LA t*tﬂ***w**ﬁﬁ'#*Q*W**ﬂﬁ'ﬂﬂﬁ**-@*t#‘k***\i*ﬁ*t*tﬁ** Ye % &

s -3 A-? aunnm-u—w‘”'1ﬁma"hq—q--nuq:-;unmqu--ooosl

[/0 = Py

AL AT BRI R R AN AR IR AR A AN T ANA AR A TR b AR DN w R R 'YX

e * . £ * o« v «EXTRA BIT:
Un < RGPAMOPANEVICE ND, % . STATUS * » » REJECT SI0
* * w ' * , * W ok

" ****ﬂt*w****\I******\!*f;*te***ﬁﬁ*«i’*****'&***ﬁ*** LR B

‘.A,w-'{ 4 - 7" q..—-.uuuu’ﬂ."~‘uu¢-~»w0qpnnn-m~-¢-«-~——31
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ikl INTERRUPT PROCESSING

EXTERNAL iNTsnéuuvv ARE DEFINED 48 THOSE INPUTS TD THE
¢PU FROM OYHER‘RﬁhULES, ILEL, 170 MULTIPLEXORS, |
170 SELECTORS, OPFRATOR ’UhSD”a, AnnthONAL‘cpu's;AND
INTGUE nonunes>, Fxcavtxw@ THOSE INPUTS THAT THE CPY 18
CURRENTLY RrQUESTIMG AND narr:ws FOR (1.E,, ﬁgnoév?nnra, 1/0
eesponsEs FROM :qukucrroms>._ < ;'  ‘ |
| ’XTERNAl‘INTERRUPT zvpure waL CONTAIN THE TNTERRUPTING
mDULE ’\IUHS“P AND ?8 BlTﬁ OF DATA
U  THE CPU HAS ONE. 3?«817 INTERRUPT PEGISTER (INR), WHEN
THIS REGISTER 19 PLEARvTHE*CPU=CAN‘ACCEPT ONE EXTERNAL INTERRUPT
 }AstcuacNousLY>.; THE !NTERRUPTING HODULE SENDS ITS MODULE

(NUMBER, MOBULE rvpc, AWD OTHER PERTINENT NATA TO THE INTERRUPT

ADDITIONAL rmre&éwpf§7TQAf ARRTVE WHEN INR 1S SET WILL BE
;égqeérga, LLE.s MODULE BUSS ngwsfzﬁ KILL NOT RE ACKwowLEnGEq;
GORMALLY THE INTrwRUﬂT!\& w0BULE WILL CONTINUE TO REQUEST
;gﬁcaés To THE CPU URTIL THIS TRANSFER IS ACKNOWLEDGED.

T4 INTERRUPT REGISTER (INR). 15 CLEARED VIA THE INTERROGATE
CINSTRUSTION (INT) o T |
THE EXTERNAL INfgéanér ROUTINE (EIR) MAY BEGIN AT THE
CLEHPLETION OF A CPU IMSfﬁUéTfON (AND AT SELECTED INTERVALS
¥ LONG INSTRUCTIANS) WHEN THE STATUS MASK BIT FOR EXTERNAL
CINTERRUPTS 1S CLEAR.
i THE EXTERNA( xwfewwuér ROUTINE (ETR) 18 FUNCTIONALLY

CHINILAS TO THE SYSTEM CALL;INBYRUCTIGM (SCL). THE RETURN
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ADURESS, STACK uaw&aa, ﬁase REGISTFR' AND %TArus ARF PLACED ON
THE STAEK; THE BASF REGISTER 18 ssr To ZERO, AND CONTROL 1s
TRANSFERRED rc THF AESOLUTE ADDRESS anTAvaD IN A qPEC!F:
Locarxom _iTHE E!R AND SCL BOTH SET P!T B OF THE STACK
ﬁARKsR HORD Toii,f

IMTERRUPT RnUT!NF Exsz MAY BE HANULFD 1M THE SAME
«vaaa AS A sysrsn CALL EX}T urerzxmr THE - STaCK EXlT

2NSYRUCTIUN GQEX)

T8 EXTERNAL INTERRUPT:RGO?INE

0

S - § + | [

(3{16) = SI311) .=~ 8

(S{?) - S1is)) ~ STATUS
STATUS«XNOWN STATE {EXEQUTIVE MUDF);

S « § +

1S181) » ¢ - T

{$[16] = S£sgz;’@v9-a « { P 15 THE ADDRESS OF THE

(S{1] = SI18]) = S=Q INSTRUCTION TO BE RETURNED Y0,)
A~ 8 ' ‘ , 8 '

3« 2

P v CONTENT OF K't'w)

A 10 BE NETFRMINED WHEN FiXﬁD MEMORY LOCATIONS ARE ASSIGNED,

FOLLOWING EXECUTION OF THE ETR, AT LEAST ONE MACHINE
INSTRUCTION WILL HE EXECUTED BEFORE FURTHER INTERRUPTS OF ANY
KIND ARE PERWITTER, THE ETR SETS THE STATUS T INHIBIT
FURTMER |NTERRUPTS OF THE SAME TYPE, UNTIL AN INSTRUCTION IS

EXECUTED TO ENARLF THIS YYPE OF INTERPUPT AGAIN,



PABE 40

Wi INTERRUPT PROCESST”QV

INTERNAL lNTFRRUPT PRGCESSING 1s INITIATED WHEN THE CPU .
nsrscvs THOSE !NTFRNAL CONDIT!ONS THAT wouLn xMHIRIT NORMaL
. PROGRAM EXECUTION ANB/OR WARRANT lMHEnIATF ACTION BY THE
" BROCESS0R, CTHE TYPES or !NTE?NAL !NTFRRUPTS ARE LISTED BELOW,
. INTERNAL INTERRUPT PROCFSSING szL NDRMALLY BEGIN TMMENTATELY

fr7dﬂux UET:cT!GM

T INTFQMA!‘fNTFRRUPT anurtuv (IIR) Iéfstmtugﬂ TO THE
axrewmaL 1wrcxaupr POUT!N& ONTROL zs TRANSFERRED T0 PRE-
CAETERMINED MEWMORY Lcrarxans FOQ sncn TYPE or INTERNAL INTERRUPT
CLISTED HELcﬁ."imre?wa 1N?rRPUPTo A0 NOT LEAVE DATA IN &
SFGYSTER; ROWEVER. %r:yzwear nnfﬁ caw BE Rscovrken RECAUSE THE
PROBRAM AD?RESS‘WTTWHISH@T%Ek!N?ERRU?T«DCuURED 1S PLACED ON

THE STACK,

f“wNAL tvrrunaT rva o a0 MAY BE MASKED OFF?

‘NO

$ PUWER tA!L , .

2 MEMDRY PARITY . : :"~%;3*  S ND
3 UNTMPLEMENTED INSTRUOTIGN DR R NO
& PRIVILEGED IN%TRUGTIﬂN rALLED;*“ T E
- In USER MODF S coan U ND

5 SYACK QVERFLOW. jfg E e ND

t STACK UNDESFLOw . . ND

L7 MEMQRY PROTECT vI1OLATION = o : NO

B ARITHMETIC OVERKFLDE - ‘ YES
Y

cLocx _ YES.
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CPAGE. 4%

INTERNAL zNTaaRup#,Rnﬁizﬂai

S e« 3 4 1
“{S116) = SI311) e 8
(8[a) = Stis1) ~ASTATUS~
S+ 8 ¢+ | Ll
(s{al) « f“wauﬂi$4;,¢ L L .
(3116} = 3f3x3> - P=B e« (P 1S ADDRESS nf INSTRUCTION
~ T U0 IN PROCESS AT TIME OF INTERRUPT)
{S{1) = slxsw) . 8= @ R ~
3 -
Rw

L Th BE DﬁTfQ”INEP NHEN FIXED HEMG?Y LDCATIONS ARE ASSIGNED,

Y STATUS

PAHT

=

MALFRORD

CanND
COKD
CoaNn
dehia
DveER
CONg
EXTE

MASK
MABK
MASK
MASK
MASK
45K

ITION COnE

ITION COpE

ITIoN cone .
“Q?N/PQY¥IL"QEQ

FLOW

ITION CONE FROYEN

IMAL INTFRRUPT PENDING

MEMCGRY OUT .OF BOUNDS READ
INT, &RITH, OVF '
CFLT. PT, ARITH, OVF
FLT . PTJARITH, UNDERFLOW
- OLOCK INTERRUPT _
FXTERNAL INTERRUPT



HP. OMEGA
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;PENERAL DESCRIPTION

“ EACH MEMORY. MODULE ‘ON THE HP OMEGA COMPUTER IS A SELF
 fpo~rAqug UNIT (EXCEPT FOR POWER SUPPLIES) CONSISTING OF 8192
. ORDS OF MABNETIC rraa 'STORAGE PLUS PARITY AND THE NECESSARY

- sowTRoL LOBIE,  EACH. umxr AY COMMUNTCATE WITH ANY CPU OR 1/0
L NGDULE YIA THE DATA gu QJ SUBJECT TO ACCESS S1GNALS FROM

o THE MODULE CONTROL UMZ?,

éfﬁucruéa7
FIGURE 1 3HOWS THE BLOCK . DIAGRAM OF A MEMORY MODULE,
. THIS %rQHCTURE (s GFNERAL w MATURE AND x INDEPENDENT OF THE
L CYCLE TIME OF THE mAPngrxc coav sracx
MI0:  MEMORY [NPUT ourpur CONTROL i
‘:CUNTAINS ALL Loezc FUNCT!ONS NECESSARY FOR TALKING
YO THE MGUULF COMTROL UNIT AND FOR USING THE DATA
- puss, nsconss MFMORY 0P CPDES AND HANDLFS INTERRUPT
| counrrtous.,=f
MTG: MEMORY rxm:ua GENERATOR
BEMERATES ALL TIMING SIGNALS NECESSARY Tn DRIVE 4
MAGNETIC ca@gisrncx. THESE SIGNALS HAVE A FIXED
RELATIONSMI® TO THE MI0'S nLOGCK, BUT ARE AT A
FREGUENGY DETERMINED BY THE PARTICULAR TYPE oF
CORE STACK EBEING DRTIVEN,
MAR:  MEMORY AQDRE$$VRFGISTER
MOLDS THME wa#oév ADDRESS RFING 4CCESSED, ALL

ADDRESSES 13 S1TS) LIE BETWEEN 7 AND 8104,
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:MENURY DATA REG!QTER

MDR: ,
HOLDS THE wnrn (32 BITS + PAR!TY) READ OUT OF CORE
sND TO BE PUT au THE DATA RUSS, OR THE WORD RECEIVED
ON THE nATA RUSS TO BE STORED TN CORE, 0DD
PARITY 18 US&Q.«
MSAt wgmcwv'nzwss nM¢LIrvsas SR
BETEGT THE nurpuvs CF THE MAGNETIC CORFS AND
ENTER THE ruronnarxau INTO THE MDR V1A THE DIRECT
SET xupuvs.4§,¢
MID2  MEMORY INHIBIT nwxvvﬁs .
CINHIBIT. THE ualrxNe or OHF'S xnro YHE CORE MEMORY
FOR BITS 1~ vug MDR THAT ARE ZEROS,
 MpSX: MEMORY FRIVEP-3NITCHES X
PROVIDE HALF rwe READ AND WRITE WORD CURRENTS TO THE
CORE STACK. .
MDSY:. MEMORY nsxveuswewxrcues Y
PROVIDE WALF THE RFAD AND WRITE WORD CURRENTS 0
" IHE GORE STACK, THE X AND Y DRIVERS TOGETHER
SFLECT 1 OF R192 WORDS (32 RITS + PARITY) IN MEMORY,
OPERATION -
0P CODES |
THE MEMORY <ODULE RESPONDS TO 3 MAJOR TYPES OF
COMMANDS ¢

REAH-WRTTF (PW)

THE CONTENTS DF THE ADDRESSED LDCATION IN MEMORY
ARE REAT, TQANaNITTFD T0 THE REQUE%T!NG MODULE
VIA THE DATA ‘BUSS, AND WRITTEN BACK INTO MEMORY,

THIS CapMaMD WOuLn TYPILALLY BE USED FOR INSTRUCTION



rcvcnes oa LﬂAD nasrsrea INSTRUC?IONS
CLEAR ~XR1TE ksﬁ)§-f
THE comrrur$ or THE Annneqszn LOCATION IN MEMORY
ARE READ Am» CLEARED. A PATA WORD 1S REGETVED
ow THE. auss AND wnxrrsu xuro MEMORY, THIS COMMAND

HOULD TYP!CALLY RF USED FQR STORE REGISTFR

‘VAINSYRUCTION“
READ-Monxrv-wnzTE |
THE cnnxrurs ds rne ABDRESSED LOCATION IN MEMORY
ARE. READ;ETRANQN!TTEB TO THE REQUESTING MODULE,
| NEW DATA :s RELE!VFU FROM THE SAME MODULE AND IS
ff:}warrrs« iNTO MEMOQY THIS COMMAND WOULD TYPICALLY
'i:fae usen ron !NCRFMFVT MEMORY INSTRUCTTONS
THe R Awn W covaMDs MAY OPERATE ON EITHER 32 1T
ADRDS OR 1 OF 4. 8= nxv BYTES. THE BYTE COMMANDS ARE READ
BYTE=WRITE engw~;3anp ChEAR>BVTE-WRIfE(CBWN), WHERE N 1S
THE BYTE muakaﬁ?tsrﬁ;rtsuasié).-gﬁaww AFFECTS ONLY THE
SPECIFIED BYTE, THE OTHER 3 ARE LEFT UNCHANGED, A BYTE
OF DATA 1S ALWAYS YRANSHITTED ON THE LOW ORDER POSITION

ON THE DATA BUSS (RITS 24=31),

% 78 151623 24 3

R 2 | 3 |erTe
' NUMEER

T WORD ADLDRESS

FIGURE 2.



DATA TRANSMISSION

MCU BUSS

THFSE 19 LINF% CONCEPM THE MEMORY MODULE'S ABILITY

TD ACCESS THE HATA BUSS AS DETERMINED RY THE NGDULE

CONTROL UNlT

CLKe:

RyMe

. RoOBNe

CATA

S{Ms

BUSS

'1.

THIS 15 THE MASTER CLOCK FOR THE SYSTEM ALL
POMMUNICAfION erH THE MOl AND ALL DATA rnausmxssxow
ON THE DATA "qu ARE IN SYNCHRONISH WITH THIS cLOCK,
REAY MODULE | o

THIS was aerwé TRUE zunrcarae THAT THE WEWORY
MOBULE 18 READY 70 ACCEPT EITHER chMAuns OR DATA
FROM THE DATA ause

REQUEST RUSS Tﬂ:MODULE N

THESE 15'Ltw§$ ARE MU?Q@L(Y EXCLUSIVE AND THE ONE
THAT 1S TRUE 15,4 nrmussr ™ THE MCU FOR THE MEMORY
MODULE TO usE THF nata BUSS TO SENN DATA TO MODULE
N. NOTE THAT 0M9Y 15 ar THE LINES ARE USED, AS THE
16TH WOULD BE THF MENORY (MODULE'S nun aDnRESS,

SELECT MODULE.

THIS LinE ﬂnxsrnirsé IN THE MeU AND IS USED BY THE

BY THE MEMURY ﬁODULE TO.GATE DATA DNTO THE DATA BUSS,
IT IS THE MCU'S RESPONSIBILITY To seE THAT ONLY ONF

MODULE 1S SELECTED IN ANy GTVEN CLoCK PERTOD,

THESE 42 LTNFG CONMrCT TO ALL MODULES ON A SYSTEM

AND SERVE TO TRAN@%IT DATA AMONG THEM

TO0Wa32

TO MORULE W
THESE 2 LINES CapRRY THE BINARY ADDRESS {N) OF THE

MORULE THE DaYA 8 REING SENT To,



F°n~3: FRON MODULE N ,A B . ‘\ 
THESE 4 kass ranav THE BYNARY ADDRESS (N) OF THE
. MODULE sewnrwe THE PATA,

BTe~311 DATA 132 utvq)

THEQE llNEQ CA?RY YHE COMMANDS AND DATA _BIT 2 IS

‘ THE HOST SIGNiF!PANY BIT (NSB) : ALL BYTF

raausmxssxqwq To Amnfrpon THE ‘MEMORY HODULE USE ONLY

RITS 24 TO 31 ALLQOTHER BITS ARE IGNURED ON

RECEIVED nArA, AMD ARE SFT T0 @ oN TRANSMISS!ON
inrszé; DISASTEROUS vnnuacr ;-.fxﬂ |
THIS 1S an waanupr LINF FOR BDTH INPUT AND OUTPUT,

Y

INPUTE L R
CSTMCE & ﬁ&TAHFET H‘MAY ALRFAnY BE L PROGRESS
‘“gaans TFE Mraoav PROTFCT aouwns 4RE GHECKED

BY THE cnn, THIS LYNF 1S USEn TO INMIBIT
MOBIFYPATION oF THF BDDRESSED LOCATION. 1t
anULn BE TRUE wusw . MEMORY pnorErr VIOLATION
1S ygrrcren BY THE CPU, 1T 1S TRANSMITTEND
DURING. TH? TIME THE DATA WOULD ORDINARILY BE
8E on THE auss To ThE MEHDRY MODULE,

CUTPUT, | SRR |
THIS L!NE.I3§HELD TRUE WHEN THE MEMORY MONULE

MAS ACCESS T THE auss Ir THE DATA JUST PEAD
BY A RY, RRW, DR RMW COMMAND HaD INCORRECT
éAerv. JN THIS CASE THE ADDRESS OF THE WORD
IS PLACED ON'THE DATA RUSS, [NSTEAR OF THE
FRRONENUS ngfn. THE WORD 1S REWRITTEN INTO

MEMORY Wl?r-' P‘?RRF‘{'T PARITY,



|

MORY OPERATION CODES

ta

1}

13

14

s

a1}

1109

111

IBRE

13141

NOP

RMW

RBNWD

cawn

RBWY

CB41

“RBWZ

CBWY

NO OPERATION

READ MODIFY WRITE

READ BYTE WRITE a

CLEAR BYTE WRITE @

CLEAR WRITE

READ BYTE WRITE. }

CLEAR NYTE WRITE 1

:READ_SVTEJERITE,Z,
fCLEARfoTE'QéxTE 2

READ WRITE

READ BYTE WRITE. 3

CLEAR BYTE WRITE 3



ﬂP nMEGA

MODULE CONTROL UNYT SPECIFICAT!OVS

,GE&ERAL DESCRIPTION
~ THE AODULE'cowTROLVUNLT;(MCUy GRANTS PERMISSION TO ONE
’ AND ONLY ONE OF THF 16 nunUL=s AT vy ONE TIME TO USE THE DATA
;L~3USS" THE MCU TAKF rwro cou%anRATIow THE anoaxrv OF THE
'f{REQUEQTING MOUULF. rF THE RECEIVING MODULE 1S READY TO RECEIVE
 DATA, AND_IF A wsquzsrrus MODULE HAS BEEN WAITING FOR THE 8USS.
NO MODULE WILL BE DENIEU‘PERMISSIUN TO USE THE 8USS FOR ANY
| UNREASONABLE LENGTH OF TIME. N
FUNCTION | e |
A, TO MONITOR ALL NODU&E REQJESTS FOR DATA TPANSNISSION TO
ANOTHER MODULFE VIA THF DATA BUSS,
lka.k TO MONITOR THE SYATUS OF ALL MODULES AND nETERIMINE IF A
- RECEIVING MOBULE Ié'PéADf TO ACCEPT NATA,
‘l”g. TO SELECT ONE AND ONLY ONE MODULE REQUESTING THE BUSS
5 AND ENABLE THAT MowULE's SELECT LINE,
" m, TO GENERATE THE BASIC .CLOCK (CLK) AND DUTRUT THIS CLOCK TO
‘. EACH OF THE MADULES IN THE SYSTFw,
YODULE TO MCU CONTROLS LINbS
A, TRANSMISSION REGUEST Lxugs = UNINIRECTIONAL LINES FROM EACH
MABULE IN THE SYSTEM Yo THE MCU, THEY CONTAIN THE
FOLLOWING TNFORMATION:
1, WHICH »onugé 1S REQUESTING,
7 W T OH UNFQQE MOGBULE 1S TO RECEIVE THF DATA,
E2CH HODULE “AS ONE REQUEST LINE FOR EACH
NOGULE I THE SYSTEM EXCLUDING ITSELF, THEREFORE
A Maxzmﬁﬂ:&t 15 REQUFST LINES PER MNONULE FOR A

PROMOAULE SYSTEN,



B, MODPULE READY LINES « uwrn;qfcrlnuAL LINES, ONE FROM EacH
' MODULE TO THE MOy !NDICATING THAT IT 1S READY T0 RECEIVE
DATA TRANbM!SSIONS ?HIS nossxuor IMPLY THAT aN
ACKNOWLEDGEMENT WILL BE'GIVEN FOR ANY rkgusnxsexnu
C. MODULE SFLECT LINES ;’UN’SIRECTIONAL LINES, ONE TO EACH
MDDULE FROM rur Mcc'ro BE ussn AR AN “ENAB'E" LINE TO GATE

quORnArIQNTwarxus;af

:RF TRANSMITTED ONTO THE BUSSp .
THFREBY FRANTING P?RMXSSIQN TO TPANSMIT TO A REQUESTING

MODULE, | |

‘N, CLDEK - 4 unrw:ascrrowapfpxmé FRou THE MCU TO EACH MONULE,

LIMITaTroNS: ey L

Ay ALL LINES COMMUKICATING WITH THE MeU MUST AE RATSED AND
LOWERED WITH THE CLOCK, |

Ca. THE mrwpwun TIME 1O 3?;&07 XILL BF ON THE cLOCK creLe
FOLLOWING THE RECUEST, g | ‘

L. A REQUEST LIME MUSYVONL? hﬁynﬁappyo ON THE CLOCK CYCLE

N AFTER REING SFLECTED, THIS DOES NOT IMPLY THAT THF
REWUEST LINE CANNOT. RFMAIM HIGH 1F MULTIPLE TRANSMISSIONS
ARE DESTHED (SEE SECTION M), [N ALL CASFS, IF A REQUEST
LINE IS LEFT HIGH ONE CLOCK CYCLE AFTER SELECT, THE MCy
INTERPRETS THAT AS A NEW. REQUEST FOR THE BUSS, IF
ACKNOWLETGEMEMT OF THANSITTED DATA IS NOT REGEIVED ON THE
CYCLE AFTER SELECT, IT7 ’S THE QFSPONSISILITY OF THE SENDING
MODULE TO REGUEST THE BUSS AGATH AND WATT TO BE SELECTED
T TRANSMIT THE DATA,

D+ A REOUEST LINE MAY AF RATSED ON ANY CLDGK CYCLE,

CE. ONLY ONE REQUEST LINE ﬁ&Y:EE RATSFN AT A TIME FROM ANY ONF

MouyLE,



THE BUSS MUST RE ENABLED ev THE SELECT LINE, THEREFORE THE
_DELAY WITHIN THE SFLECTEB MODULF MUST BE KEPT 70 A
MINIMUM TO ALLOW MAXIMUH BUSS Tnawsren TIME,

(THE RECEIVING MODULF s ACKNONLEDPEHENT OF . rpausnxssrou AND
ACCEPTANCE OF DATA nusr BE PLACED ON THE BUSS WITH THE
CLOCK DURING THE‘CYCLE;I&MEDIATELY FOLLOWING THE DATA

| TRANSMISSION. k ' 'k I o

v_#: MULTIPLE, TRANSMISS!ONS:- wusu [T IS DESIRABLE T0 MAKE
o MULTIPLE TnANswlssrons ALONS THE BUSS TO THE SAME MODULE,

THE REQUEST LINE MAv.srgv.UP»AT-ALL;TIMgs, UNTIL THE LAST
prece OF DATA HAS AEENTT§ANsn1rfEn;‘ THE REQUEST LINE MUST
BE DROPPED IMMEDIATELY UPON THF?CYcLE%FoLLowx&s,THE,LAST
CSELECT, IF r?‘xs'~a7 AckNowLEndEn;7THE‘penussr,LJNE MUST
THEN 4E “hlSFU'ANBuLOQKREﬁ ABAIQ,IN THE NORMAL FASHION,
WHEN IT 18 DESIRABLE TO MAKE MULTIPLE TRANSHISSIONS
ALONG THE BUss TO eFPn*ATE MORYLES, THE REQUEST LINE
MIST BE DMOPPED KITH THE SELECT LINE AND THE CLOCK, IF
NO ACKNOWLEDOEMENT 1§ wscvrvsn, THE SAME REQUEST LINE MAY
BE RAISED UN THE WEXT Lchx CYCLE,
1, MONULE RE&DY LYNES SHOULD BE ENARLED ONE GYCLE REFORE THEY
ARE READY TO PECETVE NATa SINCF THE EARLIEST THE MODULE MAY

RECEIVE ~ DATA 18 OVE CYCLE AFTER READY 1s ENABLED,



CIRCULT OPERATION |
LINES ARE BATED ONTU THE BUSS \IN THE FOLLOWING FASHION,

. ND MODULE MAY TPAusﬁrT ON THE RUSS DURING TWO SUCCESSIVE

CYCLE, :
B, A PRIORITY FLAG 1S ﬁgfizw EVER 2 OR MORE'MODULES RERUEST
THE BUSS AT ru?-saﬁe}?zws o ™IS STATE, ALL REQUESTING
MODULES ARE 1N A CLOSED GROUP WHIGH 1S CQMPLETELY SERVICED
_ AND TMEN THE pazomxrv FLAG IS CLEARED,
6.

FP?ULis IN YHE CLOSFD FPOUP DEQCRIEED ABOVE ARE SERVICED

By URTER oF A PRIORZTY STRING DETERM!NED BY PHYSICAL

LOCATION OF THE HODULE IN THE SYSTFM
‘D; ALL REQUFSTS HADE S!MCP THE PRIOR!TY FLAG ﬂAS SFT AND ANY

. PRESENT REUUFSTS ARE THEM CDNQ!n#RFD AS ANOTHER CLOSED GRnyP

QF REDHESTchqERV!CEH ZN THE SAMV FASHION, THF PRIORITY

FLAG IS THEN SET UNTIL THIS SFCOMD SET IS SERVICED,

€. IF NO REQUESTS w=re NADF uunina THE SERVIGING OF THE FIRST

- BROYP oF ?EQUESTSo ?HE PW{DRITY FLAG REMAINS CLEARED UNTIL

THO OR MORE MDBULE% HEGUF%T 91MULTANEOUSLY

A MODULE WILL NOT 3? %ELEPTEW TO TRANSMIT TF THE RECEIVING
BODULE 18§ NOY REA)Y
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17U HOﬁULE SFECKF!LATIONS
“TaBLE OF .CONIENTS

1;*‘GtNERAL DbbLK19110N

2, ~IYPES UF ;/u PR»CE&SURS

fi{f 1/0 SYSTEM ofaaarloN

fa;}';/o xnsraucrxums

iﬁ.f‘l/ﬂ PRuuRAn |

fs.h DEVICE REan:nca TABL&

7. WASIC STRUC1URE 0& THh 170 MULTIPLEXOR

8. CONNECTION ANG ul&cuanatsaow OF B&VICE CONTROLLERS TU THE
‘ Irs0 LNTLﬂbACE BUS,

9. SEQUENLES OF o UPEHArxuus

18, 1/0 STATUS HALF%OKU
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<

GENERAL DESCRIPTIUN -

1/0 MUDULES iN THE HP UMEGA SYSTEM PROVIDE MEANS FOR THE
TRANSRISSIONS UF WATA, CONTHUL ORDERS, AND STATUS INFORMATION
AMONG THE cvu. nano~7 nouuuaa AND PERIPHERAL DEVICES, EACH

1/0 MUDULE 15 CAFABLt UF ACChPTle AND INTERPRETING 170

leSTRUCTIUN& lSSUEﬂ'BY THﬁ CFU; EXELUTING STORED ‘170 PRUGRAMS

waxcn cousxsr 0# lxa,:cmﬁaunb, AND PROCESSING' OR TRANSFERRING

T0 THh CPU IN!ERNUPYION R&GUtSTS FRUH PERIPHERAL VEVICES,

AV 170 ﬁUDULE LONSI&TS UF AN 1/0 PROCESSOR WITH A SET OF

ﬁEVlCE CONTRULLEKb A[TAQHED lU 3? THROUGH AN 1/0 INTERFACE.

EACH DEVICE LDNTKOLLER IS !N TURN LINKEB TO A SET OF PERIPHERAL

ﬁEViC&S OF THE SAH“T HE RhLATICNSHlP BETWEEN AN 1/0

HOﬂULt AND UTHER ELENﬁNTS{OF THE NF OMEGA SYSTEM IS SHOWN IN

Flo. 1,

TYPES UF 120 Pkuccssuas*

THERE ARE Twu fYFE& UF é/D PROCES&OR&! NULTIPLEXOR AND

BELECTIOR, SHth HAY BE UP IU 56 DEVILE CONTRULLhRS ATTACHED

‘TO EACH 1/U PRUCh&SOR“ AN l/U PULTIPLhXDR StRVlChS PERIPHERAL

DEVICES IN Tne MULT!PLEX ﬁDﬂtt 1 E.p Iy CAN SUSTAIN CONCURRENTL)
ONE 170 QPEXATION PER DEY:CE CONTROLLER 50 LOUNG AS IT CAN
TOLERATE THE YUIAL LOAD INPUbFD BY THE blHULTANEOUS 170
OP&BATIONb. AN 1/0 5&LECf0R UgﬁﬂATES IN THE BURST MODE, 1,E.,

ONLY UNE DATA TRANSFER MAY Br IN PROGRESS THROUGH THE SELECIUX

AT ANY TIME. IHE FACILITIES UF A MULTIPLEXOR ARE TIME=SHARED
“AMUNG DEVICE CONINOLLERS, THE FACILITIES OF o SELECTUK IS
MONUPUL1ZEL BY A SINGLE DEVICE CUNTRUOLLER AT a TIME, AN 178

MULTIPLEXOR MAY A¥PEAN AVALLARLE TO Wk CFU FOR ACCEPT1%u
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140
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MCU

o

JEYVICE

DEVICES

FIG. I AN I/0 MODULE IN THE HP OMEGA SYSTEM




N&H 1/0 INSTRUCTAONS WHILE PKEVXOU&LY lNlTIATED l/O OPERATIUNY
ARh STILL iN PROBRESS, WHER&AS AN /0 SELECTUR A?PEARS BUSY Ty

NEN /70 INblRUCT&ONS-

}Qy 170 bt“T&H UP;NAT&UN
ALL 1/0 upannriuws ARE 1wzxxnran BY 1/0 INSTRUCTIONS

ISSUED T8 1/0 PRUCE”“URS PRUM THE CPU, AN 1/0 PRUCESSOR 15

RESPUNS[BLE, nxﬁu AVAILAﬂLEo FOR | ACCEPTING AND INTERPRE [ ING

AN 1/0 znsrauurxun.§ PROCESSING uF AN 170 INSTRUCTION MAY
ENASLE THE CPU Tu Tﬁawa&ax DATA BIRECTLY TO UR FROM A SPECIFIC
PERIPRERAL DEVICE, MAY CAUSE AN 170 UPERATION ro HALT, MAY
ffPRgsa~r /0 S!ATuéyi&FéRHATIUN 10 THE cPY, OR MAY INITIATE THE
 Exacuron oF A atuUhNLE u& I/U CUHMANDb AS PREVIOUSLY SET uP

SIN CORE, TV ALCUMPLI&H TﬁE !ASKS REHU!RLD BY 1/0 INSTRUCTIONS,

AN 170 PROLLSSUR lSSUtS 1/0 LQHHANDb T0 178 DEVICE CONTROLLENS,
' £
~EACH UBEVICE CDNINGLLER IN TUKN lNTERPR&TS THE COMMANDS AND

[S3SUES. CGthOL UKBEﬁS TO ITS DEYICES

170 INSTRUCTIONS
: THERE ARE FIVE xgc sts«ucrzous AS DESCKIBED IN THE cPy
‘1N51RuuTIOx SETs )
SI0 (START 1/0)
INITIAIES TME EXECUTION OF AN 1/0 PROGKANM,
118 (TEST 4/0) ‘, 
FETUHES THE STAIUS INFORMATION OF AN 1/0 DEVICE,

HIO  (HALT 1/0)

TERMINATES OPERATIUNS AT AN 1/0 DEVICE,



KDD  (READ b uxnecr; o -
PROVIDES A DRRELT z~9ur DATA PATH FOR AN 170 DEVICE,
KRD (WRITE nlhECT) (
PROVions;AADLRECT.UUfPOI‘DAfﬂ PATH FOR AN 1/0 DEVICE,

B 170 PRUGRAM
AN 170 PNOGHAM snou;n BE SET up xu coas PRIOR TO THE
1SSUING OF bTART zo INhTRUCT!DN ro e 1/0 PRDCESSDR _THE'
CONTENT OF THE s PROGRAM MAY NOT aa kLIERED BY THE 170
PRUCE&SOR. THO ivPhS OF quuRnATxou MAY APPEAR IN AN 1/0 PRUGRAM,
THEY ARE ir0 CONMAND nawua {UK) AND DATA BLOCK PAKAMETER
WORUS (BPN).‘ A BRW MAY oer %ULLOR A READ OR WRITE COMMAND,
OR IT MAY FULLOW ANQTHER UPW IF S0 SPECIFIED BY THE LEFTMOS)
81T UF THE PﬁtC&u!Nu apw.‘ ihERhFGRE' THE ansr‘uuun IN AN
1/0 PROGRAM IS ALKAYS. A chnAnu WORD, A READ OF WRITE COMMAND
IS ALWAYS FULLOWED av ONt OK MORE BLOCK PARAHETER WORDS, THE
LEFIMDST»BII‘UF-A;BPNJISgugtu 1o SPECICY WHETHER THE NEXT
PRUGRAN WURn,'xFIAuv;Qis3AFCw OR ANUTHER 8PN,

A BLOCK PARAMETER WUKD HAS TME FOLLOWING FORMATS

DC| BYTE COUNT. | BYTE ADDRESS
0 1 T3 14 31

A 8LOCK PAKANBTER spacxr:ea THE Locn1xo~ AND SIZE OF A
BLUCK OF DATA 10 sE raansrsxnau. 1T @ s THg DATA=CHAINING
ib&i BI1T WMICH 13 U$LL TO sP#chv HHETHER OR NOT ANOTHER BFwW

i5 a?‘Wf;,) AfhbLY FQL’LWXNG{ LTS $=83 ARE USED TO SPECIFY TH



 NUMBER OF BYTES SN THE DATA uLocx vo BE TRANSFERRED BITS 14-31

"HARE USED TU SPECIPY YH& STAR!ING ADDRESS FRDH UR TO NHICH THE

 FIRST BYTE OF DALA. lN rna auucx xs T0 BE TRANSFERRED.

THERE ARE Fave CUHMANDS nnlcn Ay APPEAR IN AN 170 PROGRANS
KEAD ,
‘waxrgf;g
CsensE
CoNTROL
| JURP |
A COMMAND WURD (6&)‘HAS?T&Ef#OLLDNIﬁg“goéﬁAT;k o

N

CMD CODE FLAGS | MODIFIER | MEMORY ADDRESS

0 78 10 1 3 14 30

THE FIELDS ARE DEDICATEL TO THE FOLLOWING PURPOSESH

COMMAND CODEs BIIS @«7 SPECIFY THE UPERATION TO BE PERFURMED,.

" /FLAGS: BITS 8~1v ARE USED TU SPECIFY COHMAND CHAINING,

INTERKUP| Ow COMPLETIONn AND HALT ON TRANSMISSIUN ERROR,
IF THE COMMAND GHAINING' (CC) BIT 1S ONE, THE PRESENT
COMMAND WOKU TUGETHER WLTH ITS BLOCK PARAMETERS IF ANY,
IS FOLLOWED HY ANOTHER UOMMAND WORD IN THE 1/0 PROGRAM,
THUS, UNLY 1HE LAST GOMMAND HORD IN AN. 1,0 PKOGRAM HAS
THE CUMMAND CHAINING 811 ZERO. 1F THE INTERRUPT ON
COMPLETIUN BiT IS ONE, AN INTERRUPTIUN WILL BE REWUESTED
UPON THE CUPMFLETIUN UF QS& COMMAND EXECUTION, IF TVHE
HALT ON TRANSHISSION ERKOR BIT 1S UNE, THE DATA TNANSFER

CUPERATION ANy THE DEYICE w1tL Bt HALTED AS SUON AS A



TRANSHISS 10N EHROR xa ﬂhTELTEB; otnsnuzse. DATA TRANSFER
NILL CUNTINVE AND THE 170 nav:ca MAY Reuuesr To PRESENT 1HE
ERROR STATUY AFTER COHPL&YION oF THE CUNRENT DATA TRANSFER,
V-MODIFIERS BITS 11 13. zr usan, FURNISHES MORE [NFORMATION
| ABOUT THE O?ERAYION xo HE Paaroanen. ¢3  |
tnenaxr ADDRth( sxrs xa»ax bPEClFY A nenuav LOCATION, THIS
s FlELD ISSUED ova FDR sums oF THE cunnanns: JUMP, SENSE,
AND CUNYRQL. |
ARY FLELE KM1CH aa,wor usev roa A PARTICULAR COMMAND 18
IGNURED WHEN HE LOMM&ND xs axscuzsn..vA - -
~ VHE EFFELIS GF Tﬁﬁ x/o LDﬁMANpS ARE EXPLAINED IN THE
FOLLUNINGS
U Reab
one OR MORE BLOCKS or DATA. AS SPECIFIED In
suabauuawr BPM ! & AKE Tﬂ aa TRAN&FERRED FROM THE '1/0
DEVICE TO. nﬁmonr CURg. DATA WITHIN EACH BLOCK 1S
TO HE a;uasn IN AN Ascsunxna OKDER oF AunREbsss,
STAKTING WITH THE ADBRESS SPECIFIED IN THE BPW,
t2) write
"ONE UR NORE BLOCKS OF DATA AS spzcxrxsn IN
SUBSEGUENT BPW'S ANE T BE TRANSFEKRED TO THE 1/u
DEVICE FRUM MEMURY COKE, DATA WITHIN EACH BLOCK 1S
TU BE FETCHED FKOM MEMORY IN AN ASCENDING ORDER UF
ADDRESSES, STANIING WITH THE ADDRESS SPECIFIED N
THE BPw,
(3)  SENSE .
UNE UR MORE &!‘.’:“Z,HEE UF DATA CONCERNING BOTH

UNUDUAL CURBITIUNS DETECTED [N THE LAST UPEKAIION AND



14y

t5)

.THt STA?US GF TNL UﬁVlCE ARE TRANSFERRED T0 HEMORY

CURE. THE DATA is srunan IN MEMORY IN AN ASCENDING
OKDER uf ADDRES&FS; STARTING WITH THE ADDRESS
spsnxszzn i ?Hb‘ADDRESS F!ELD OF THE CUMMAND WORD,
THE NUMBER ANB lwa nenuzue OF BYTES TO BE TRANSFEKRED
ARE PEGULIAR TO TH& Tree OF THE 1/0 DEVICE, |
CONIROL. ‘; ik ' ,‘

AN DPERATlON mar INVOLVING DAIA TRANSFER Is
xuxrxA:en At THE 1/0 nsvxca E!THER ﬁHE LEFT HALF -

QK TﬁE hHOLE OF THE cw MAY BE SUFFICI&NT 70 SPLCIFY

_THE UP:RAIIUNS TO BE Pé&FDRNED. lF MORE CUNTROL

IN”UKMAX!OV 1 ?N£EDEDy THE ADDRESS FlELD IN TH& Cw

MAY BE us&n to apeanwr THE LOCATION coerxnxns THE
ADSITIUNAL INFQR%A!IDN, rue caeruL INFORMATION IN
LORE, §F ANY, 18 !ﬁAMSFERHLD T0 THE ntvncs FROM CURE
IN AN asceunzm@ Giu&ﬂ oF Aunasssas, STAHTIN& WITH
[HE ADUKESS spaa;yxeu IN THE cH,
Jump RER

ne mep‘caﬁméﬁu boesJNOT INITIATE ANY 1/0
UPERATIGN OVER THE ;léllNTERFACE; AND THE 1/0 DEVICE
IS NOT AWARE OF THE PRESENCE OF THIS COMMAND, THE
EFFECT UF THIS COMMAND 1S FOR -THE 1/0 PROCESSOR TU
FETUK InE NEXT COMMAND WORD FROM THE LOGATION
SPECIFIED IN THE ADIRESS FIELD OF YHE JUMP COMMAND

WUORD .,




6,

DEVICE REFEHENLE TABLE -

Sl L

SINCE UATA 13 ru BE‘TRANSFEKRED IN GLOCKS AND THE 1/0

. DEVICE CONTROLLEK.

. PRUGRAM RENN ¢ T a& ALTEKED av THE x/u Puocasson. THE (/0
 SYSIEM MUST @ PnQVIDED nxrn snne SORT OF woax:ne REGISTERS,
' ’suf1 UR HARD, TO KEEP Tﬁaux OF vns PROGRESS OF DATA TRANSFER,
o SET OF cumrxsuuus LOCATIONS xm THE cuna MEMORY IS ASSIGNED 0
W"7gqu USED AS THE. n:vzus ﬂtraaeuce TABLE (DRT). FOR. THE 1/0

7},ﬂTnuutxPszoa, Two LDN1IGUUUS LOCATIONS ARE ALLDCATED FOR EACH

YHE CUNTLNTS UF EACH ENTRY IN IHE ORT HAVE

O WHEKES

V‘THE FOLLOWING fonnA};’ ffJé_
N NOTxUSED . CAR
o S 1518 31
pc| - Ber ! DAR
0 13 14 3
‘U ,tfv&

CAR: CUﬁﬂANM AQDR&3$ REblﬂfER HOLDS THE AHDR&SS OF THE

Nnxl CUMMAND TD Ba EXECUTtD

UC: DATA CHAINING BL? SPELIFlts DATA CHAINING

:iYBCRt BYVE CuUuUNT KEG}bTEH HOULDS THE NUMBER OF BYTES LEFT N

THE CURRENT BuUCK 10 HE TRANSFERRED,

UAR: DATA AUDRESS REGIS1ER SPECIFIES THE ADDKESS YO OR

FROM WRICH THE NEX) BYTE IS TO BE TRANSFERRED.

AT IS UPIIONAL FOR A DEVIGE CONTROLLER T0 HAVE AN ACTIVE

REGISTER HULDING THE DATA=CHAINING BT, BYTE COUNT, AND DATA

 ADURESS,  FUR CONVENIENCE OF XEFERENCE, A DEVIGE CONTROLLEN

CNETH TRE BFTLIUMAL REGISTER iﬁ;ﬁh??ﬁﬁﬁﬂ TO 45 OF TYPE A; UEVIGE



CONTROLLERS ﬂiFHUUT THIS OPTiﬂN ARE REFERRED TU AS OF TYPE 8.
FOR A TYPE A DEVICE. CONTRULL&R, THE SECOND. NURD ASSIGN&B TO 1V
IN lﬂt DEVEb& REP&R&NCE TABLE XS NOT USED.r |

DEV!Ct CUNIKLLL&RS ATTALHED TO AN IIO SELECTUR ARE ALL OF

TYPE d. The &hvaLE R%FFR&NQ& raaus FOR EACH 1/0 SELECTOR

jHAb ONLY ONE ALLULATED OATIUN FDR tACH ATTACHED DEVICE

‘CONTROLLtR "UNLY CQMHANﬁtADDRESSES ARE ENTERED INTO THIS. TABLE.



i.7e  BASIU ST&UC(URL Or. THE I/O HULTlFLEKOR tiomep)

F16. 7,3 BLULK D&AGRAM OF YHh !/0 NULT!PLEXQR

Zﬂ&YaTEN BUS‘ﬁg
L

SEQUENCING

CONTROL

;,hPtUI R L R TTT

Looosgs2y o aac

ALALIEN 51 UE B TTYON S PYTPY

fee]  8ca®’T] o Mossea

.

| DEVICE STATUS BUFFER

LA LN C B

170 BUS BUFFER 18

170 pus
18 LINES

TYP || 88y || ack || ask

N

Ceuk | [se | [ sev LCND‘ sAD‘.E&CN et || psc] [osk

TO DEVIUVE CONTROLLERS

| | - FROM DEVICE CUNTROLLERS

CMi»REY SRVweKET || STA=IN DAT~IN DYNe [N

BYA={N




99te$,aabur'rlé. 7ela:

’ f ﬂBxd:' Losic CUNTKQLLING THE LOMMUNICATIUN sesuseu THE LOMP AND -
o OTHEK MUDULES IN THh Hr OMEGA svsrsn.‘f 
81 SYSTEM BUFFER RFGIS!ER, B(14=31) IS CAPABLE OF COUNTING,
A% ADDRESS KE uxsrﬁa,,.‘}"
:7?}f‘b§: DEVICE NUMEER aesxsrsx.
a? t?ﬁNtf-FuNCTth RthSTER CUNTROLb 170 SEQUENCING,
©pCcr paTa caaxuzme Fpranor
BC:  BYTE COUNTER (13 axrsy
,ﬂ Dsa§‘ uvaca STatus BUFFER Pnovxnes TENPORARY STORAGE FOR
= STATUS PREbENTED FRUM THE. vavxca.

. TYPY FLIPFLOP moLDS THE - TYPE OF THE DEVICE GUNTHOLLER

 CURRENTLY LUMHUNICAIING w:rH YHE xoMP.;

©8sY: gusy FL!P-PLOF. 5 ’ SRR ‘
}; ?ACR§ ACKNUWLEDGE canna~n khuuesv FLIP-FLOP.;
| ASRT  ACKNOWLELGE saav:ca Rauuesr FL!P-FLUP.\
| oLk cLock,
SELE  SELEGI=-0UT,
~ sRv: SERVICE=OUI,
_ CMUT COMMARD=OU|
’BAD?  BYTE=ABURESS=GUT,
BCNT BYTE-COUNT=UUT (INCLUDING DATA=CHAINING BIT).
LBTS  LAST wYIE, |
- DSCR DISCUNNECY

DSK:  DISCONNECT AND RAISE CUMMAND REQUEST,



CRO-KEQS  ConMAND REWUEST
SHY-REWS 3€RV}&E'REQQ5$7i:
STA=ING STATOS=IN

BAT=1INS DATA~;Q;’

BYA=ING  BYTE=ADURESS=IN.)!



ey

16, 7.2 TYPICAL STRUGTURE OF A TYPE A DEVICE CONTROLLER,

CHU=REWY | | SRY=REQ || STA=IN || DAT=IN || DVN-IN || BYA=IN

<N
BSY con | | TYP, LBT 170 BUS
7 ‘ o
H . .
i b’
> DEVICE NUMB&h «:~f5 o xae —
. 7] becoser T ~ -
b [ vevace srAruQ
';x.I:f>  TABLE
CURTROL oxD£R§f7'f"  FUNCTION :
‘ GtNENATOR»:ifFE . REGISTER:

we | syt cuont | | syre aporess
REGISTER .| REGISTEW

MQ;,TL-_ — ‘ 1
| “DEVICE BUFFER ReelsTERv]<

7
\/

g 5 : RV
BEVICES SR ] e
o N

DEVICES

OUTess - ‘
Xt fu=8l7 1/0 INTERFAGEL BUFFLR REGISTER,

CSL#'\CUNTRQLLEHM&ELLC” F L QQFLUF, YHE CUNTROLLER IS LuGICAaLLY
CONRLELTED TC {HE 1/0 lh¥£RFACE IF CSL I8 Uuw,

DST:  DEVICE STAILS TABLE CONTAINS ONE ENTRY FOR EACH ATTACHEY
= CUDEVICE TU REEP 1TSS STalys 9175. '

COLS  CONIRUL UKNER uﬁtharUR TKANerQﬂa 1/0 CUMMANDS INTO
O GEQUERLED OF ~r:ﬂ‘f‘““ QROERS 10 ATTACHLED 1/0 DEVICES,
THE thelv §F (oo 18 LESonDen? ON {HE TYPE OF 10U DEVILES
aE g}&g’hLu,?U b QuYICE CUNTHOLLEK, '




CONNECTION AND BIPCONNECT!UN UF DEVIC& CONTROLLERS TO THE /o

INThRFACE BUS

CONNECITON maY sE*zNiriArEn BY THE 10MP AND ACCEPTED 87

- THE SPECIFLlED DEVICE CUNTROLLER; OR MAY BE REQUESTED BY THE

stxca BDNTRULLER AND ruen bﬁANlEB BY. THE IOHP.

THE IUMP A1!EMPTS TO INIYIAYE A CONNECT!ON UPON RECEIVle

'AN l/U INSTRUCTIUN FROM THE LPU. THIS 18 DONE BY PRE&ENTXNU THE

'~fsp&czrxsn DEVICE NUMBER omro THE 1/0 eus AND RATSING THE

SEL=UINE, EACH ATTACHED ozv;ce CONTRDLLER SEES.THE KAISE OF
SEL=LINE ANU ATTEMPTS TO LECUDE THE DEVICE NUMBEK PRESENTED

ON THE 1/0 8US. NOKHALLY, uﬂe AND ONLY ONE DEVICE CONTKOLLEN
DECULES THE DEVIUE NUMEBER AS ONE OF ITS ATTACHED DEVICE AND
THUS [URNS UN IT3 CSL (CONTRULLER-SELECTED) FLIP=FLOP, THE
"ON® UF CSL Wikl AutongvrsaL;v CONNECT THE DEVICE CONTRULLEK 10

THE 1/0 INTERFACE BUS LOGLCALLY, AFTER RAISING THE SEL~LINE,

- <THE loMP 1S EAPELTING & STAYUS KESPONSE FROM THE SELECTED

DEVICE CONTROLLEK. THE xumwz ASSUMES THAT THE SPECIFIED DEVICE
CONTRULLER 15 E1IHER FkYbLbALLY NON~EXISTANT ‘OR NOT OPERATIUNAL
IF NO STATUS RESFONSE 1S RECEIVED WITHIN A CERTAIN AMOUNT OF
Tine, SRR :

 TMO OF THE in=BOUND LINES IN THE 1/0 INTERFACE AKE
COMMAND=REUUEST AND SERVICE-KEOVEST, agca‘navxca CONTROLLER

HAS A CHMD=REQ FLiP=-FLOP AND A SRV-REQ FLIP=FLOP, THE CMU-KEQ

-LINE UR THE SKVeNEd LINE 15 RAISED IF A CMD~REQ FLIP=FLUP OK A

SRV=REW FLIF=FLUF CF AMY ATYACHED DEVICE CONTROLLER IS SET,

. RESPECTIVELY. YU 8t HUNGRED BY THE IOMP, A SERVICE KEGUEST

" HAS PKECEDENCE UVER A COMMANG REQUEST, THE 10MP MAY HONUR A



 REGUEST Y saxrxne rHt ACR (ACKNONLEDGE COHMAND REQUEST)
FLIP=FLOP UN THE aSH ‘ACKNUNLEbGE BERVICE REWUEST) FLIP=FLOP,
ASK IS SET IF The IONP xs A»AiLABLe AND THE IN-BOUND LINE
SRV-REQ 1S UP.  ACR ts ser IF THE lomp 15 AVAILABLE AND THE
'xu-auuwn LINE va-RcQ xs uoww AND CHD=KEQ IS YP. THE 1UMP
f’aecunas UMAVA&LABLE iF FiTﬁFﬂ ACR OR ASR IS.3ET, THE wuP®
SIGNALS OF ACK 0K ASR Witk BE pxupaear=n THROYGH. uavxca
\ CONTRULLERS AN aru??nn AT THE FIRST DEVICE CONTRULLER WHICH
 HAS ThE APPRQPRIAVE RE@UE&T erP-FLoP (CMD=REQ OR sav~asa) ON,
 THE DEVICE CONTRULLER wnxca STOPS THE PROPAGATION OF THE
L'ACKNUNLEDGt REQUEST. sxuuau GLAIMS ITSELF AS. BEING CHUSEN BY
~ TURNING ON IT$ CSL FLIP=FLOP. THE PROPAGATION OF THE
 ;ACKNOﬂLEDGtﬂtN?»?KGNALS’CQULH BE SPEEDED UP BY GROUPING DEVICE
 CONTRULLERS AND USING CERTAIN LUDK=AWEAD CIKCUITRY.
| A QEVICE CUN1RQLLER [S LOWICALLY BISCONNECTED FROM ThE
7gx/o INTERFACE IF 1S csL FL!V-FLUP 1S CLEARED, THE RESET OF
CsL IS INITIATED iy &IGNALS DSC OR DSR COMING FROM THE IomP.
secuawces OF 1/0 UPERATIUNb |
ALL 1/0 OPEKATIONS ARE ACCUMPLISHED IN THREE SEQUENCES:
l*i§§fRucrxo~ StWUENCE, COMMAND KEGUEST SEQUENGE, AND SERVICE
E ﬁeuuzsr SEWUENCE. THE FIKST ONE IS INITIATED BY THE [/0
»:PRUCESSQR: VHE LAST TWO AKE INITIATED BY DEVIGE CUNTRULLERS.,
NORMALLY, EAGH SEGUENGE STARYS WITH THE ESTABLISHMENT OF
COMMUNICATION BEIWEEN THE 1/U PKOCESSOK AND ONE OF ITS ATTACHED
’Davxce CONTROLLEKS AND ENDS WITH THE DISCONNECTION OF THE

ADEVICE‘. CONTROLLEK FHONM TH I/O INTERFACE,



9;11

INSTRUCTION SEUVENCE

THE INBTRUC!QON S%QUENCK BEGINS WHEN THE XOHP RECELVES

AN INbTRUC{iON PNGM THE CPU. THE IUMP GATES THt SPECIFILED

{4

2y

(3)

 BEVICE NURSER OU1 TO IHE z/u au: ro SELECT ONE OF THE DEVICE
CONTROLLERS.. The SthCT&u CUNTROLLER WILL RESPOND BY SENDING
fzrs srarus 1NFORNA710N ovaa 1HE x/o GUS WITH THE STA=IN TAG
WP, EVENTS FOLLU&ING rua SEL&c110~ OF. A navxcs CONTROLLER
*n:rraR FOR UIFFtK&NI xvszaucrzcms.;,

: kza&z &6

’ir KﬁE 38?1“& 13 @ﬂ? AY&ILAELt,‘THt iﬁﬁ? SENUS

THE l/U SYA?US AND ZNSTRUCIION-REJECT INFORMA‘ION

Y fHE LPU. BOTH 1HE CPU AND THE DEVICE CONTRDLLER,

if ANYr¢AHE_Tch DlSCUNNECTED‘FRDN THE 1ONP,

I¥ THE DEYICE 1S AVAILABLE, THE 1OMP NUTIFIES

THE CPu cF'TﬂE AcchTANCEgoF SI0 AND RELEASES [nE

!

eru, !hE STARTle COMNAND ADDRESS 13 STORED IN THE

(UFJZC& REFEREVCL TABLE 1N COREr AND TNE DEVICE 18
,&{QNAL*B ?0 U!&LONNECT AND THLN SET THE CMD=REG FL1P~

FLOP AIIEH?TIN& ID iMillA1t A COMﬂAND*RhHUhST*

S‘QU%HL?
Tb&i fu ‘ ‘
in ANy A&&, "I HE I/O STATUS 18 SENT YO THE CPU:

AND 80tn THE CPU AND ?HE ﬂthCE CONTROLLER ARE RELEASED,
HALT v

1

ir ??h ‘PE»IF&EJ 1s0 DEV!CE I8 NOT RECOGN!ZtD,

C THE STaTys g ShNT ’G THE CPU IF THE SPECIFIED

DEVICE 18 RECOGN? ttﬂr A COMMAND IS ISSUED Tu THE

DEYICE GONTRULLEN (U TERMINATE ANY OPQRATION HEING



CUNDUCIED sr7rﬁaf§k€éxéi£ﬁ'név1cs. BOTH THE CPU
AND THE DEVICE conrxonusn ARE THEN RELEASED,
(6) REAU UIRECT AND uaxvz DIKECT. G
: I+ THE nevxc& 15 NOT AVAILABLE, THE CPU s
NOTIFley OF znsxauarxan~nsaacr WITH THE STATUS
INFURMATIUN, 1F ;4& navzca IS AVAILABLE, THE COMMAND
© CuDE Or READ sxaaur cn WRITE DIRECT IS SENT T0 THE
(GEVICE CONTROLLER, AND DATA I8 TRANsFtRRED To' OR
FRUN TrE navzca uwam'xr IS READY, THE CPU IS RELEASED
AFTER IHE Rauuxxau DATA 1S TRANSFERKEL TO OR FROM
IHE CPU. IF THE DATA IS T0 BE TRANSFERKED TO OR FNOH
A MEAURY LUCATIUN AS' SPECIFIED IN THE INSTRUCTION,
1T 1S 1HE Réspﬁus;sx@}rv OT THE CPU TO FETCH FROM

UK STUKe INTU THE MEMORY THME DATA,
. CUMMAND=REWUEST SEGUENCE

© THIS SEGUENGE I3 TO 1~1o1Ata A NEW 1/0 UPEKATION AT THE
1/0 DEVICE. ESSENTLALLY, A GUMMAND CODE TOGETHER WITH SOME
NECESSARY INFUKHAIION IS SENI TO THE DEVICE CONTRULLEK, AND
THE DEVICE GONTKULLERISHOULD KNUW WHAT TU DO AFTER BEING
JISCUNNECTED, _ : f, |

FHE SEGUENCE 18 INIIIAVED IF THE CHMD-Rew LINE [§ UP,
SRV=REW LINE IS LGN, AND THE runw IS AVAILABLE, THE DEVICE
CONTKOLLER, AFIER BEING SELEGTED, SENDS THE DEVICE NUMBER
AND LUENTIFIES LISELF AS OF IYRE A OK B OVEK THE 1/0 INTERFACE,
THE 1UNP FEICKES CORMAND ADD*EJ& FRUM THE DEVICE REFENENCE

TABth FETICHES InE COMMANWY ﬂLnRB FRUM CUR&. AND LOADS IT INTO

THE B REGISIER, UFUATES THE LUMMAND ADDKESS IN THE DRT.

[}



. IF IHE COMMAND wuan IN e xs ”JUHP" THE NEW COHNAND ADDRESS

t . SPECIF1ED In THE JUH? CEHHANU 13 STGRED IN THE DNT, AND THE

 pEvice CONVROLLEK 18 blGNALEU 10 nxsuouuacr AND ATTEMPT

oV

ANUTHER csmmanu-naauﬁsy, CIF THE CONNANDVNORD IN 8 IS OTHER
THAN JUMP, THE Jump prsdfhﬁ'LEFT.lé elts-oszrhs'e»nesxsrsa on
THE 170 BUS AND qaxsasicnu-our. AFTER THE COMMAND CODE IS
RECEIVED 8Y Thg bevtCE-éuNtBuLLER,‘anFERENT~evgnts MAY FOLLOW
DEPENDING ON THE TYPE'OF‘TQE COMMAND AND THE TYPE OF THE DEVIGE
CONTRULLER, [ME UEVICE CONTHOLLER WILL BE DISCONNECTED AFIER

RECthING ALL. THE NhCESSAHY INFURMATION FOR EXECUTING THE

- COMMaNg,

SERYICE REWUEST SEHUENCE :

IH1S BEQVENLE (S HEHUESFED BT THE DEVICE CUNTROLLER WHEN
IT 18 READY TV PRESENT OR RECEIVE A SET UF DATA, STATUS;_OR
CONIRUL INFURNATION, AFT&QL&EING SELECTED, THE DEVICE CUNTROLLER

SENUS OVER IHE 1/70 wus TU THE 1UMP THE DEVICE NUMBER AND THE

" TYPE UF SEKVICE FOR WMICH I 13 REQUESTING, THE 1OMP THEN

MOUIFIES 173 FCN KEGISTER DEPENDING UPON THE TYPE OF SERVICE
REWUESTED. DIFFENENT EVENTS WILL FOLLUW FOR pIFFERENT TYPES
OF SERVICE REWUED®TS,

THE SERVICE TYPES [NCLUBES

(LY 10 #oeSewy DAGA AN A READ CUMMAND FOR A TYPE A DEVICE

CUNTRULLER W) ﬁdUi BEMANDING DATA‘LHAINLNG. "
\ \



{2} TO PRESENT DATA iN A R&AD CQMHAND FUR A TYPE A DEVICE

CUNIRULLEﬁ DEHANDINB DATA~CHAINING.‘§‘

{3) TD REWUEST ﬂATA lN A NNITE CONMAND FOR A TYPE A DEVICE

CUNIRULLER Nur?usnannxms DATA-CHA!N{NG

ta) 1O RkﬂU:ST DAI :«xtra COMNAND FOR TYPE A DEVICE
_cu~rno»aea n&nan st DATAuDHAINlNG.K | |
5) 10 PatShNT DAT u,g{aean‘qomnanu FOR A TYPE 8 DEVICE

o LUNFRULLE«
{6y 1U «EuuaaT DAT

NA WRITE COMMAND. FOR A TYPE 8 DEVIGE
LUNIRULLER,L : .

79 Tu'PRasaNT DAY ‘ suusa CDMMAND.

(8) TO REQUEST DATA'IN x;cGNTROL COHHAND

(8) TU PdhétNT STATU$ VNkUNNAY!UN.

UEMANble Uﬁ?AwLHAlNIhb neE kN% UAT&*LH»&NIN& IS REQUIRED IMAEDLATELY
FBLLUhIVu IhE TRAWBFER OF CUNR£NF 671E.



1/U STATUS WALFWURD |

BT siatus
'.v‘ua’ ’ :

T uﬁvxca AvaxLaaLe

b2 »quxce BusY. .
83 u;Q}CEQxNTERRuﬁTIUN Pannzwe
ea DEVICE NOT 1 RELOSN1ZED
T UEVICE CONTRULLEK BUSY

TR UEVICE CONTRULLER INTERRUPTION PENDING

67 DEVIGE CUNIRDQLER NUT RECOGNIZED
o o
11 INSTRUCTION KEJEGT
12 CumMAND REJECT !
13 CINTEKVENTIGN KEQUIRED
14 OVERKUN o
s INANSHISSLON LRROK
16 PRACE SSUR no&;“gv

o FILE PROTECT
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