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The Model TI processor, currently being implenanted, iz to
bz controlled by a read-only memory (ROM) containing a fixed
program, Many of the reasons for using this approach are
contained elsewhere and will not bz discussed in this docu-
ment, The actual details of implenentation will not ba dige
cussed here either. '

d in PDP~Y Technical Memorzndum
ocessors connected to the same memory

and I0 systemg. One of these proceassors {(called the ariith-

metic processor) execultes instructions as described in PDP.X

Technical Memorandum 329, Other processors (called IO PYOCE S~

i sors or selector channels) execute special inetructions to

' control high~speed periphsral devices., Additional processors
ray execute floating-point instructions or special custuner-
spacified instructions,

From tha point of view of ranufacturing, check-cut, and field
service, it is highly desirable that there e as much corne
ronpality as possible hetwesn those various processors even
though the functions that they perform are often dissinilar,
This, in fact, is a ma jor feature of PDP-¥ architecture,

To accomplish this gosl, it was realized that a processor
‘: - may be logically dividaed into several secrions:

@, FRegisters, data paths, arithmetic and logical operations

b. Memory sulsystem control

¢. 10 subsystem control

d. *Internal timing generation

€. Sequence and decision control (Main Control for a,b,c,al

* See PDP-X Technical Memorandum #24,

If the registers, data paths, ete {(a) are general encugh, all

of these sections may be common to all processcors, The only

difference between the various types of processors described
above will be in the Main Control (e}, & read-only memory

is the most suitable form for this econtrol since:

a. Many of the operations performed by both the arithmetic
processor and the 10 processors (selector channels) are
repetitive or iterative in nature. :

‘; b. The extended instructions found in PDP-X Model II are

fairly complicated compared to those found in current
small computers,



€. Thz read-crly memory provides a means of organizing the
-

rany diverse functions performed by the control.

d, . The actual read-only memory (not counting address drivers,
sensz amplifiers, ete) is a small portion of the entire
processor and since it is the enly non~identical part of
the several types of processors, the goal of commonality
is achieved., (MNote that even thouch the read-~-only mein-
ories for the different types of processors are different,
‘the actual difference lies only in the patterns wired
into the mewory, Mechanically and electrically, they
are identical.)

To understand the operation of the read-only mamory, it is
helpful teo note its velationship to conventional controls,
Conventional controls may ke characterized by sequehce Lrig~
gers, and by the control lines activated by ths seguence Lrige
gers as 2 function of the operation to be performed and data
conditions, Each cycle that the CPU may take represents a
state of the CPU as defined by the control circuitry, Each
state, in turu, specifies which control lines zre to ke acti~
vated during that cycle and which state is to follow next,

The defined state will cause the next seguence trigger to e
set in the following cycle, In some cases, the next state

may be contingent upon a branch condition in which one of

two or rore sequence trigusrs mist be selecied,

In ROM controlled CPU's, the sequence triggers are replaced
by micro-instructions. Each consists of a predetermined bit
patiern and represents a state of the CIU, The addressed
RCM word controls the CPU during the particular machine cvcle
it ig in use, When Cecoded, the ROM word defines all control
lines that are to be activated during the machine cycle,

Also contained in the ROM word is the address of the next

ROM word to be used. If the address of the next RCM word is
dependent on data conditions (for example, branch if step
counter is zero), a base address and the conditions to be
tested (branch tests) are gpecified in the ROM word,

Each ROM word consists of 34 control fields. The number of

bits within a field determines the number of unique control
signals (micro~orders) available within that field. (In a 4-bit
field, for example, 16 distinct micro-orders can be defined,
only one of which can be activated at any one time,) The
micro-orders are groupad functionally within the fields ac—
cording to two rules,

1. All micro-orders grouped in a field must be mutually ex-
clusive since only one micro~crder within that field may
be specifiad at a time.

2. Micro-orders that are functionally similar (such as _
nicor-crders that control the adder function) are grouped
in one field for ease of decoding.-



ROM AdSressing ond Branching

n

Micro~instructions are not executed from geguential read-only
storage addressesy rathar, each nmicro-instruction explicitly
states its possible successors., A given nicro-instruciion
nmay have af many as 512 different successors, although wost
do not have more than one or two. The choice of a successor
is made on the basis:of branching tests gpeeified by the
micro~instructions., This powerful kranching ability of the

microprograns contrikutes gignificantly to recucing the nuwn-

ber of worls of read-only storage required,

The normal microprogran sequencing can be overridden by the
detection of an exceptional condition indicative of a pro~-
gram or machine error, References to non-axistent memory

or divida overflow are examples of conditions detected in this
manney, If such an event occurs, the norwal address of the
succesgsor nicrowinstruction derived as described above is
ignored, Insgtead, a spocicl wiredein fixed address, charag-
teristic of the type of evenit, ig forced into the read~oitly
memory  address to deternine the successor micro-instruction.
This technique is referrved to as a ndcroprogrem trap, and

is analogous to a program trap in machine~language programe-
ning, except that no record is kep: of the address that would
noermally have bean used,

Read~only mamory is technically and econonically advantageous
in implementing a large instruction repertoire; the control
function depends upon a relatively small amcunt of active
electronics, and control signals are generated with a mine-
lrnum of dynamic control logic., Benefits accrue in lower
component counts (and coszt), higher reliability, and sim-

pler control function fault isolation. In addition, ROM
control provides the potential for modification or creation

of instructicns through modification of the microprogram con-
tained in the read-only store. The creation of micro-instruc—
tions tailored to specific applications is technically feasible
and readily implemented, -

The following pages define the control fields of the reagd-only
memory word, The original specifications call for a 300 word,
72-bit read-only memory, Several bits are not defined asg of
the time of this writing, but it is assumad that meanings will
be assigned to them ag the design progresses,



Al a1

[ BRI R TR

P S T WP KA

WL AL L L L Ll

[ PR,

OO LT T

B [ UTFN NN

ton dexy WOy e e3uinTur
'Surpusd 5T YANIIODLUT DTOSUOD € IR
‘Dutpusd 3T JANIIDIUT UL IDNNTO PUDR 48S

i ————

ST ¥4 STUY ST -~ OTqeNd adnixelNT

*195 8T BATIDY AITIOYTXE JO
T a7 ‘sItdd0 cburud TSAST ®» X
TROIVITO USUY SIAT XS THOY snaeng

l.-r\
@y} FO I ‘p B1T49 0 QOHJELOh oz
ﬁwJJﬁu4cﬂwﬁ
ou

eIX3 4oY ® ‘aensidoy
SUIDWLS ®UG Ul o p3ga) LOHJﬂUCOU dealy »
PUC 398 ST 2T STYL JI - OTARNH deus

‘PEINDYXT I O3 PIOM TOXD

-UCD xXau oyl m;mooﬂ 03 PISTJ uouuxy
Bl ULTM PO,Yo 27 auwyn {xossozoxd
TRIJGOD Ol JO B1U3E eyl romﬁ snuadep
SRUG) JBGuUNnU 3 suru e sanpoad Lag
YBVUY O UDTIRINDIIUOD ¥ CSUOTIRULY
~UOD LUIUVIY ZE JOU UOTIDOTOS By

IO SVPIAQII =~ SUCIZTPUSE uduwlg

"BTOTI SUOCTATRUCD uouRiIg
2 40 POLDYTES SUOTAITPUOD UINRIY
UOTM4 09,80 ST PTOTI STUL  TRoanD
-DXS Y O PIOom AICUOY TOITUOCD nou
IO [IOIPRYV SUTVILOD ~ PTOTd uduedy

DUTATIEM xom U fSuTnuex
I0Z BUO {(BUTY T S0ZS0InDT AIOWOR
JTEE 7 XO sng I8 ;
S

g

NELNI

" NIJHL

=0 og

mlO.._H.mm

L=0no

TSIAJUOD

§YETI0
TDWNN

PToTd

dnoxs

-/



188 37 TRAST dnaasiur syuz 03 Aut
~pUOdBaXIOD TG BATIOY AJTICTII SU3
fusdey T d2xy dnIIeauy sun usym

. ("A3Taorad
uwwﬂmﬂﬁ Ul oavy §a3dnIIonUT 185
PXe NHINT PUT NILUL UAICY FT  1830x)
ydnazoaul Jox ¢ UOTIVDOT

{(PUuTpued £3dNII97
~UT ou IY) DPLOLUCD J03 2. UOTITEdOT

ndnixeguyr xog T UCTawuoor

ve

TRICL

(*3UeD) TOI3UeD

UOTAd TIOSAg

S 46
JOQUINN

v

PI=td

dnozg

9



TAZOUWBW TOIJUOD

BOUUTIUOD ‘5338 ST QIVIS IO SIL8YE

T TPRATOLSX ST AULREOY DEOY TIraun
Aroweguw ToInuoR oyl doas ‘HUTUURX ST
Azoureu: UTER FY = 2TEHM 2IURSGX Deoy

TAZQUDW TOINUCY DNUTIUCD ‘163

BT ZILVLE X0 SISV FI TpPRATwDNX

ST ODDITMOUMDY SS9I0PY TIiaun LIXouisw
TOX2UCs UG dons ‘DUIUUNI ST AIOQWINR
utew 1T ~ ATRN ODDPOTAOUNOT SSOIpRY

"oncu HYOvY UT ang saogw
SE AZIOUDW 3IVLS 95 TMIDYNO
-OPON EEAVE O%F 308 Lutu
—unig Apusate sT AJOWAMW I Josneg 1T

TopCN HIIT¥MM U 3ANg @aoye
g AJCUBW JIBR8 B EMISUAC
s 3DOW I, THM O3 3I9F LUlu

~unix Apeadre ST Azowow IFT {93TIwm 0T

*aelsthoy snlels Ul Ul Jo
AZOUDUW B8R UT ST UoIled
—-O7 FT SLVIS IO SOV 298
*IELIbLE S|

(Ix)o Bbutsn AJowuy jx2ws (peoy 10
PUTUION Q@ 00
PSMOTTOI Se PeDnoLIp Baw

SLTO 0L TAIOWSW UTRW IO YOI
~UOD 2pOUl STPTACIG -~ TOIZUOD Axowal

i

Mo

MY

1

< S

Tox3u0oy AIowsy

uotydizoseg

374 59
TSQUNY pr®Td

dnozxs

v/



"IT 2IVYEBT PUR AZOWSU DYZ SCwST
-9 ‘BENTYJ I0 SITIM UT ST Axowsu T
TUEHICAS AIOWRW BUD OSVOTSy ‘pesy

Ul st Azowsw J1 -~ ozveroy Axowsiy

S

< {7

("3U0D) ToxjuUe)D AIoWsy

uctTydiansag

Plota

dnoasn

<



-—
FEDESY OYD WOIT) TO0 UITM
RO H0 ASUBIHVY UOTIONILSE
—Ul 8UL JO STRTqey oyn Ag
PETLTOCES UoTawooT npoddew

DU e AIOoulBul 2SRI oUl RnROT

TIVNSTHOY SNIVLT SYD HROT
‘0 = g FI T ({sng arnsey oyl
SIOXI) IBTSTHOY UCTRLNIATIUL

BN DG LTICeY = igal \ﬂﬂw naIl

-To0Cs uwoynenotr pedduw oyl

m BUg FTDESY SUYL WOl
| SZOLROTPUT OIOSUOD BYL PLOT

TpobuLYD TOU oxe ZT-0T S3TC)
0 .

‘g BTLREOY SUN WoXF
IIFETLE&Y sngelg Suny peoT

*sng ITnEsy 9yl
WOXI Jeanjuned dsis ayl neod

Bury
ISMOTTO
Sa® $3TQ 92 VUL ~ P

OZUT shig JINSay 9yl ne

| O3UT Sng JTNSSY ou} pe

fowdTs 10T

‘¥at cot

"IoT 10

Y51 cTo

‘08T 100
20N ©4 000

I S®e poposup
vOT I91SILOW

vy BYyn

1 ~ ¥Y peoT

O ~ TW peoT

"IN eu -

T

IWT

sng 3Tnsey

uoixdrinsod

FYEQ O
LOGUINN

c

PI2Td

dnoxs



(&)

ICXI0D SC9
Iwy D IO
wmmﬂ subti ey
AXOuTH QHBg

o

mmhﬂ; ar=ﬁ

t@rOG

18 it xwa* ou
Plety ue
337G InoT SURH
Mu_w %t_ “ Cn} u

1e AgZouau noe

"€ T1xo o2
IDDE AZOUDU
S7Tg Saud
I "SsSelp.r
BUT JO said

WAOF ©% oY

LﬁAozuuaﬂg
L *(E=%0oMND)
3

SUOT &Ud IO
azeT sua Aq
OTAIWOT Ul
B4 UL DROT

"sng ATNSOoy ouyn

Wuoxy g 'y sIsuTHoy buibug
BUTRROT $95eDIRDUY ¢ .= Ny
rett {L-0 sutd) IYvH

Q5S4 SUY WOXI sxoastbhox
purbed ppoe pue (gi-3

BIT) Fren aubty sun woag
pop@oT vxw sasjutbhsa buthed

UsAT .h.U pRagats
S1~T7 =97 uyY

93 eyl WOy
Aq peROBTes

SXeLsTboy buibeg syl proT

) 1R300y

( "3u0D)

Niogm

(*3uop) sng 3Tns

CRNTeS
T U

PI®Td

drnoxn

/



O

doas AtdTaTnm
aNv

sandino Jepoy oTqRuyg ‘TewIon

10

00

ISMOTTer se polrszdisiul

DZ® ST OM3 BYL = [CIJIUOD UOTADOTLS v T=Crrgg
s03Ag deng 7
Wbty 13TUS 0T .
JFeT FIIUS 1o
3ITYS o a0
ISMOITOF SP ponoeidas) : _
~UT OJR S37T¢ OM3 UL ~ TOXAUOD LITUS z =01 2g
, 11 .
@HHE FAPBUT OT
(1T+) huhmu v JIBSUT To
3195uUl ON 00
ISMOYTOI Se pollosul ST
AIXeD Y - TOXAZULS JHSSUT AIxe) z ﬁlOHU TexX3UC)H eleqg
STIEEO . -
uoradransag ZOCUNN PIOTS

dnoxs

“/



11

8 T¥30g
BIOT JITUS SPTATY 1T ;
IFTYS [eotdoy 1T
m 93Ty 0T
CO0 Y3Ts 9ne30d’ 10 _
IITUS DTIWYITIY 00
L=9
H ¥V uOIXI opolag OT
000 UM 93030y 1o
(I3TUS WHTIX
xoz Ayuo) lyy onut ¢t 31q
'O BT onuY Axaen i337yg ATdTarng 00
18207
~T0F S® UoIneswdo JIITUS e Dutanp
SROVIAD PUD TOXJIULD —~ SJIODSIIHE pud Z 1 o,mm (T3UCD) ToIIUCD elreg
83T JO
uotadrxoseq Jogun PTSTH dnoan



"7 2TQ ssexppe
Azououl n8wIl WIoI 03 ZOW ULTM pO.uQ BT
YO tovezppe Alowsw nsei se (L™V )
PT8TT I3UE3SU0D oun JO $23q ¥ puwy
IULLT oyy s ~ uensToDS Axowol nsed T NOW

*oxBE eq

PTROYS 4T STYD ‘0X8w © 8T T Uaitm
"I00 UITM DB, Yo Jsnsibey uorlonInour
OUSG 30 s3Tq-y QU O O3 SpoSbpe
thhua Jam. QUL 880wl TITA 3T STUD

BUC B ST YW uoum - ﬂm AZOwel aswq I VOWI
“IEd Tudd Ond xdﬂ‘ pitel PIUSTTARYED .
ST UOTTDLUUOD .@3eR TENIDY  TSALYS _
IOVULCD 0 = 3y HH *SEoInDY \LOE@&
. A8V 5w 9T ToON I OHpUﬁHuUQd CJ
FO S3T=-y B 8sn -~ § Azowel] zsel T LT
‘Hhurtuacu op ‘g = ¥ FI *9s2k0)w e
nmumﬂwwﬁ UOTRONITBUL U JO IUYg-~X BYL
i butsn sng vy sun o3 ANOWIRYW ISTS ao0U
: —Uod ‘g # X FI - Fopur Arowsi nguF T X
TSN ¥ 9Y3 ©2 §ALVIS IDeuuod
‘'O = Y pue { W) mnwgcdtw& UoLnonias
~Ul U} JO ST~ 9Ul ST 00IN0S
SSRAPPT VUZ I TSI Y SUT O AJCUSYW _
THBL JOBUUC) ~ sn T Asouei} jsed T YL

STV 9UI 07 YV Lun JO (Lm0 SITE
FIRHE 3I9T OUT DQUUOD — IO rﬂ

T TIY
.msﬁ ﬂ QUL O3 UV eyl Fo hmﬁ: S379) _
FTEH JUBTY oylz vouuo) ~ 3ubty WY _ T - EERSAS PRIy eivg :
_ ‘(pROY) SSoIAPPR Wg ‘sng v
8374 3O
uoTrdrIosoyg Jogquingy PIPTL dnoas

. | v | Y



Lkl alom

LT TR R

NIRRT

e

*Ing g aug oo

LOTBTHEN SNJEIT ST TOOULOD IS oT1o
(ST PLRT) sng g @yl Io
Iy aybTI eyun of {STVND)

DTBITT QURISUOD BYI IIBUUCDH  "HOD T00

BuTuaoN coQ

IsmOTIOl SR LOPCODY

oxe SATE OVAYI BYTL ~ SN oI o7 ndul

'SPT8TI WHOWI uUOoWd

e (T L, o pOUTWASITSD ST S52I0nHE

A XOuIE 240 TSOE Ooeun o AJouwow

Gewl ST} ey adeT oy

-

TI NOWE uoed

YLy SYD AQ PpOUTWISIOR ST STIJRpR
Axouienr ooRs  tsng g 9un O AZOowWou fswl
SUL FO ($I~g 83T) Frey wbTa U
ansuwoy ~ bTYE ong ¢ Axowew ased

("uoc By zorw

TR IV B|UL) *ToAOGR SR ong o Dun

03 eavp AIOoWeW JO (L-Q SUYC) FTVY
3JST SUR ADSUUOCD ~ (IS sng € eyed

SOLYLS
Wi

- ¥rTr
.

W
WO
BUOD AvW BnRE  T{UC ©¢ 3sSnw 3T LV
oyl) awas AJowsw snoTasxd uodn spusd
-3p NSO TENIDY *30dut sng g oyun
o7 wnen Axowmsd JO O{CT-g3 ST} FTEU

i=1

ATI ey wosuLos -~ JuBTY sng H eard

oY ong § Adowaw TsTg

NwomH

Tdd

ged

Tdd

¥yda

qndurl sng g

§3%q 40
ZOGWNN

PISTA

gnodo

C



TSNG Y ey o0 ¥W syt Jo
SUIWSTdWoOD 9yn J00UuoD

{ *ea0gT
S)  CSRTSTI NOWE uond
R = e V(v R s To L S S A E €3 KL

]

6..

@
=

T ssouppe AXOWUSy] LuHwg

3
ST & G0 O3 JUSWITAuOD
ATOUWIR 23128 SU3 ADIUUOD

o

UG 8¢ LEmE 3TC YA
YL CHEg ATUO JDOUUDD

L e

fOXSE IR ¥ Gl JO SLTI-Y
Byl JI  *3dens Arouow
SnOTATId BUY USGn sDuUusdap
DOANGE TENC DU O BRTR
ZOWBU POPUIINI~UDTSE 3DOUUCT

o

L

e

TUO e GETW QT LYY

N7 azxels AZCQUISBW SROTABIA
TOAN SPRUDUGSR RTNESI TUNlDY
NG g eyt on R AxowDuw
DO AUDUBTAWOD 93 ADQUUOD

"S5 ¢ U3 0% S2UDRTIMS
BTOSUCD BUYD 1DOVUUOD

oA 4 TiT

*oWA o1

tEs

—
o
x

peNA-ed 001

"80 T

—l
[

L

B e Y

I230L

(*auop) ¢ 0qr

{*3ue)) 3nduy sng d

uoTadTIDSOq

S2Fd FO
TGN

PIeTs

dnoczn

“/



NN

4 YL LU sl

{*snUTIUOD
VETAIDUYLZC {BNUWIIU0D puw

acxp ‘andnno ue

PRATROBE S NLY USUm DNES

ST UOTR

-~2ADT0 BYY JIT TONUTIUOD

DUR MSJ @ud 3O 9

1Tq aes

FINDDO GRO-ouITY T
PRSLES ST NIE TTaun

%LOQ@F 40&&#00 w£ AQLY

836G JO U3

$O20N)

{(CSTIOOI)Y LOD

o

(STIA) + (VT

D0L) 9GD

(TTIDCL) + (£Lao0i) §0D

1

IBMOTTIOT

ST UDATIR 300

PUBRLIICD

X
"paddodp sey NIY usum
IPNETSOT LOOL BYUS Uy

PUYHLOD OF SuUR
IuoTaRESdIO ToU

{("GTI=~ET L00OL WoxF
DURIIO S DATID

"poddon snU NI

IBTLUTHIL LOOI
PURLRIOD oY Sul

-3y IR S3Tq

oANTUE Y
u=yus 01

=5 300

\0\\ l.,i4~

T OATLIA
%
SUT UT
- -
Sy stelch 45

+HS0I Ot

elutel 10

bBuTy3oN GG

ISHNOTTOI SB RPOpoD

oma SYJ -

T

e3noeiH Gf

Z

Xd0T

01

uoT3dTIOs 9

ST jo
TSN

SCITE

dnoig



PRI RTY T

u,

1B W M il i ]

@IV S3Tq 0MY SYT

‘GI~6 S3TA ILDOIL
CHUT L-T SITY juensuod prot T

“{Si~8 BITY) shg JTnsLY

QUT WOII (I938TLed DbUTATID sng

QI) xenstbox sug oI eyl peeq QT
TRSIATGSTHUN UTRWAE ZT-5

S3TCA G00I  "GI~E€1 USTY LDOX

ORUT L~g S3TY JUVISUOD peds Y

BUTYION oa@ 00

SMOTTOI S© pPIpoIoyn

ToNXg dodp fpoudiuet
oxe sajeb gondut euny

A2FY T (L-0 8QTA} sng
g 8UL 3o Jrey 3Fer oyl
SADATODVI SNE OF LU
soouuc) sucTaeaedoe and _
-UT e S983edIRUT JLDO0T JI SIOL- . L TT

12308

T=Cro01

{*3uCD} XUOI

(*3u0d) or

UOTIATINS B

ZDGUIN

PI®Td

anocxn

v



Lmuin & o

-

o]
=
GUOD ARV BRwg CaIvls AZowsu
snotanzxd sun uvodn spusdep viop
AzCuou SUl 0O ODIRCSE TBENIDE BT,
T{sutbog o7LAD «Fm; 2yl el0zug
BINDO0 FIUL .ﬂvﬁm ALTCESR B3I TM .
SATRNTOGY COTADNIAIIUT &y

ipewroraed =7 uoTavzado uﬂ430ﬁ40u oun
{39g) QT = 24 pue (DTINNY) OT = 83 IF
{pejuswuatd
MOD 9 SOoU ATW SHASATM pue
w«E,Bﬁ DeTI pojLeTYs UL TAWMOD  TIT
(205 @g 30U
Awn SNASAI) beri pulod[es 105 o7

Bervy wesrowtTon IvolD
Lo VS L

pabueysun 00

pROT ‘QIIL

SHOLTTOJF
@2 uodn nelelado ST Urmpu 54 92Ul HIQ
AG palooTes BETI DUl - TOIUOD bmﬂm ra od
ONAS ALY T
OTANOI 0T
NDIgY 10
NOSISO 0o
PSMOTTOF S SI0DDO UOTITST@s
beta ({"a0[9g D3g) RIS D YR AY
ucxin do;ﬁhmmo vy o3 gbery Jnol Jo T=0
QUC JDOTO5 S3TQ 2SI - IDSTOY berd z 54 OEIH
S31q JO )
uoT3d TInsag IoquIny pPTeTd dnoin



e ]

kbl

LN T P P P

[
—~ _ *SUOTLONIRE

-
L

iT 0B S0 ppe X0I zug pue

o

T'C 9979 9PoD uUoTIIPUC) 3ag Q00T
‘UOTIONIISUT sxuvduon oI
T E3TQ Ppod UCTATPUO)D neg T1iT0
*sng aTnsey
DUT FO 2LBIS BUYI IDOTIex o3
2T ¥3%9 8pOs UOT3YPUC) 398 GTTOo
YZO3EG VS OJUT pe N0 ST
IN0AXIVD MOTIIDAO SPIATY 1070
£ OATg
U5 ORET PP, Y0 §T wnedaaed
TADTIEDAQ ST uMOg usng 00T
91w onut ano Lzxen wep 1100
on1TY 13 07 IW JI02UUOD DU I07
DLV5 04 ANINO AVPPY YTITSTQ 0100
*(9T04D xos
-Sadoad WY JO mnﬂccﬁbwﬁ
BUR TR OSANDODO STYZ)Y Duoc A
I2uney dOlg SYIY JUIWDADS(Q To00
bupyzo 0000
IHAOTIO] S8 POpODS) OJTV 33%g JInog
L =~ SUOTIOUNI TOXZU0S bﬂO@ﬁJanUmmﬂ.

MhOEQE 3594

AZOWaW UTwRR

IVIOIT X

£-0

(*auoDd) 170ga

OSH

("3U0D) DSIW

ucetadraosag

PIoT S

dnois

AV 3



-]
7 ~N
|
w AQ (LOV 1) oarade
Arxorxd asoubiy oyn Ag pexn 20Tp
. -4t ARUL 03 (o¥) deyw sbuwvyp

; ST~ iAv

01 LUTpuodsslIxod XOTeDTRUL
{dny fa}) vondoy Twuxsiug
pdnzrenuy A3TI0TIg 9Un 3e5

Y @ATIO¢ AnyroTz
TU ey} ueyn Toubiy s
(NI Id) 379 g

-H 98

=3t

|<'l|‘1. {d

BT
T
Aol

,'>14J ;J

ﬂ
uw

(Low g} A3

SUD Leyn el
Si-2T8v ©3 suilpu
(BNI Id) 3T¢ryut m4uuo

L8

£ e

Id LS9URTY O3 SF aes ‘wed
~3AG WCTIDoD Opa JtT T 2 o3 I
IO%W IJ 998 YNNI Id ‘y¥Rs 14
‘HNT Id 5OV I4 IeelD  ‘sng
OI U0 3BE0Y O O@  *riussy

{"3ITUS TIST DIOWmINT
Surany ATUO posuss ST uoia
—UOD INJIO) XOXXL TILTUS pue

ITOS3Y IDBYIBX 0% zysS pue
2’7 S4TI9 PO UOTJITPUOD 398

UJ

oLt

TOTT.

Q0T1TT

1101

0101

IGOT

- ("auog) # 0psu

("3U0D) DSIW

uctadixosaeg

S3TL 3o
TegquIn _ - pIelg

dnoasg

t&‘

. oA



[ S WU W 11 I AT 0 S

P PR Y

LT ey S T PN BTN RIITA TP ITOT p I TNy TR

T NI T R IR TR

g wasubru
MBU BUY FO onTva sUl 03
(o4} dew 2yz SSHuURYS pur 3TQ -
{IOV I4) 9aTiow AnTiaorag
ISSUDTH OYZ IeOTD  ISTMSTQO TITT

B
-
Ly

Te30%

{"3uop) € 0pHgy

{"3u0]) DSIW

SATY 40
IoQWNN

PI2ta

duozn

-/



Aopendix 1

Fast Memory Address

The Read-only Memory generates fast memory addresses in one
of Tive wavs:

B, R Dbits of Instruction Register,

o, R‘bits of Instruction Regigster Ok'ed with 001,

d. X Dbits of Instruciion Roegister,

e. A memery reference is made with the address (in the MI)
pointing to fast memnory.

Logically, 15 bits of address are produced:

T OOOOGOOO(RGO}(RGI)(RGQVC)OCCC
{The C's are Constant bits)

., OCO0D00000(RGO)(BEGL)Y (RG2YORRR
(The R's are the R-bits)

c. 00000000(RCOY (RGL)(RG2)ORRL

d. 00000000 (RGO)(RG1) (RG2)00OXX
(The X's are the X-bits)

~&. The 15~bit address in the MI during a memory start is
mazpped, The mapping zlgorithm is:

If Address bits 9-11 = RG, replace them with 000,

If Address bits 9-11

[

000, replace them with RG,
Otherwiée, de nothing to the address.

The map produces a 15«bit address vhich is sent to either the

Main Memory or to Fast Memory. When sent to Fast Memory, this

address hags the form: '

QCOO0O0COFFFOFFF or FFFFFF

Where the F's address one of the 64 Fast Memory reaisters,
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Avpendix IT -

Contirol Memory Addressing

Every control memory micro~-instruction containg a 9-bit Branch
Field (BF) and a 5-hit Branch Condition field (BC). These two
fields are used to form the address of the nex: micro-inscruction
to ba read from read-only mermory and executed,

The Branch Condition field selects 1 of 32 9-bit numbers to

be OR'ed (INCLUSIVE)} with the Branch Field to form the next
control meirory address, For example, when BC = 00000, the
9-bit nunber OR'ed with BF is 000000000, thug, this represents
an uneonditional branch to the control melanry address specified
by BF. TIf BC = 4, the 9-bit numbar OR'ed with BF ie either
000010CU0 or 0D00000DD Cepanding upon the stale of Q8SIGH (&
flag flip-flop internal to the processor)., If BF were XyXXONYHNY
where the X's indicate “"doa't cares”, a two-way branch on QSIGH
is effected. The locvations branciied to are either XXYXOUXKY

or XXXXLXXYX depending ugon the state of QSIGH. If BF had
contained YXXHIXXXX, control would pags to location XXX 10O
regardless of the state of QEIGN., fThis is useful in cases
whare the Branch Condition field provides for a wider branch
than is actually needed, For example, when BC = 10, th2 nume
“ber OR'ed into BF is

00000 IRRO IRR1 IRKZ O
If BF contained

XX 0 0 0 x
an 8~way branch would ha éffected. LEf, however, thaz ROM micro-
program wished merely to test whether or not the Instruction
Register R~bits were odd, BF could be set to

XXX 1 1 0 X
and a 2-way branch would be effected,
in addition to the branching descrilted above, a ROM trap may
be initiated if the appropriate conditions are present in
the processor and either TRPEN or INTEN are set, The traps

force the read-only memory micro~program to a fixed location,
Normal branching sequence occurs from that point on.



