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The Model TI processor, currently being implemented, iz to
be controlied by a rezd-only nemnory {(ROM) containing a fixed
program, Many of the reasons for veging this approach are
contained elsewhere and will not be discussed in this docu-
ment, The actual details of implementation will not be disw
cussed here either. ‘

PDP~X architecture (discussed in PDP-Y Technical Memorandum
#16) calls for several processors connected to the same nmemory
and I0 systems., One of these processors (called the arithe-
metic processor) executes instructions as described in PDP-X
Technical Memorandumn #29, Other processors (called I0 proces-
sors or selector channels) executre special instrucitions to

control high-speed periphsral devices, Additional Processors
ray execute floating-point instructions or special custoner-

specified instructions,

From the point of view of manufacturing, check-cut, and field
service, it is highly desirable that there ke as much com-
monality as possible hketween these various processors even
though the functions that they perform are often dissimilar,
This, in fact, is a ma jor feature of PDP-X architecture.

To accomplish this goal, it was realized that a processor
may be logically divided into several sections:

a. “Registers, data paths, arithmetic and logical operations

b. Menory subsystem control

c. 10 subsystem control

d., *Internal timing generation

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

* See PDP~-X Technical Memorandum #24,

If the registers, data paths, etc. (a) are general enough, all

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

difference between the various types of processors described
above will be in the Main Control (e). A read-only memory

is the most suitable form for this control since:

a. Many of the operations performed by both the arithﬁetic
processor and the IO 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,
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ad-cnly memory provides a means of organizing the
iverse functions performed by the control,

d.. The actual read-only memory (not counting address drivers,
- sense amplifiers, etec) is a small portion of the entire

rocessor and since it is the only non-identical part of
the several types of processors, the goal of commonality
is achieved. (Note that even though the read-only mem-
ories for the different types of processors are different,
the actual difference lies only in the patterns wired
into the memory, lechanically and electrically, they
are identical.)

To understand the operation of the read-only memory, it is
helpful teo note its relationship to conventional controls,
Conventional controls may ke characterized by sequeénce trige
gers, and by the control lines activated by ths seguence trig-
gers as a 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 contrel circuitry. Each
state, 1in turn, specifies which control lines are to be acti-
vated during that cycle and which state is to follow next.
The defined state will cause the next sequence trigger to ke
set in the following cycle. In some cases, the next state
may be contingent upon a branch condition in which one of

two or more sequence triggers must be selected.

In ROM controlled CPU's, the sequence triggers are replaced
by micro-instructions. Each consists of a predetermined bit
pattern and represents a state of the CPU. The addressed
ROM word controls the CPU during the particular machine cycle
it is in use, When decoded, 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 ROM 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 specified 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 grouped 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 mnay
be specificzd at a time.

2. Micro-orders that are functionally similar (such as
micor-orders that control the adder function) are grouped
in one field for ease of decoding.-
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ROM Addresging ovd Branching

Micro-instructions are not executed from sequential read-only
storage addresses:; rather, each micro-instruction explicitly.
states its possible successors., A given nmicro-instruction
may have as many as 512 different successors, although most
do not have more than one or two. The choice of a successor
is made on the basis of branching tests specified by tha
micro~instructions. This powerful branching ability of the
microprogrem contributes significantly to reducing t

ber of words of read-only storage required,

The normal microprogram sequencing can be overridden by the
detection of an exceptional condition indicative of a jekalol
gram or machine erxror, References to non-existent TARINOYY

or divide overflow are examples of conditions detected in this
manner., If such an event occurs, the normal address of the
succCessor micro-instruction derived as described above is
ignored, 1Instead, a special wiredein fixed address, charace
teristic of the typs of event, is forced into the read-only
wenory  address to determine the successor rmicro-instruction,
This technique is referrved to as a microprogram trap, and

is analogous to a program trap in machine~language program-
ming, except that no record is kept of the address that would
normally have been used. -

Read-~only mwemory is technically and economically advantageous
in implementing a large instruction repertoire; the control
function depends upon a relatively small amount of active
electronics, and control signals are generated with a min-
imum of dynamic control logic. Benefits accrue in lower
component counts (and cost), higher reliability, and sim-

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

of instructions 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 read-only
memory word, The original specifications call for a 300 word,
72-bit read-only memory. Several bits are not defined as of

the time of this writing, but it is assumed that meanings will

‘be assigned to them as the design progresses,



L T T T L O TR R T I e XX B I I 18 O TR TR T TR I TH

TR ]

a4

01 dexn WOy ® eleTaTul

‘Butpued ST ANIIOIUT STOSUOD © IO
‘burpusd 5T 3dNIIBIUT UR JIOULATO pur u8s
ST 279 STYR FI - OIqeNH dnIISINI

“398 8T VATAIDY A2TIOTXI JO

T 3TQ “SInOdO OHURUD TSAST v IT
‘VOIVITO mocu Sae XousTHBY snaeag

YUY FO T ‘o S3Fg Q0 UOTRWRDOT O3
PoRRIZTUT 8T dexl wWoy v ‘aensiboy
STIQRES 9U3 UT S3STXO uoTaTpuod dexn e

———iin e et

puw 398 ST 27 STYI JI - OTQRNH qeur

‘POINDOVRY TA O PIOM TOID
~U0D 3X0u BYY ©3VDOT 03 PISTJ udueIg
BUT UITM P2 ,Yc 2% 2wyl hkomuOUOL&
TeJqusd oyl Jo ©3wvys oyn uodn spuadep
JBYL) IDUNU 3T eutu e eonpoxd oaiqg
98OUL O uoTivIndbITIuOD ¥ .aﬁemud 1T
—UOD UDURIQ ZE O UOTADV[OS oy
I0F SOPTAOIJ -~ SUCIITPUOD youvig

*RIOTI SUOIATRUCD ﬁUCd;m

GUD A0 pPRIDDTes uﬁo«uHﬁfoo uowmeaq
2,¥0 ST PISTF sTYXL RIIN0
3 pIOom Aouoy [OITUOD auseu
IPPY SUTeITOD = PIoTd uduely

NHLNI

" NIJ™EL

-0 og

8=0 aa

LSUTATIM JOJ QU0 ‘HUTDRDI
403 2RO ¢ (BIATU ¥ S08S0IpPe AIOWDY
TS g IO SNg I9PPY Ul JOI S3unns
-UCD JO 9344 © SONTAOIZ = 3UrasOD g L=0pno TOI3UOD
S3Tq 30
uotadiIiosag JZoCUnN PISTd dnoxn

9



298 8T T9A9T 3dnII9lUT 9@uyz 03 but
~puodsaxIOD 4T 2ATIOY AJTIOTI Ul
‘el 8T dexly dnIIelzul sy uaypm

. . , (*AaFaorad
A59ULTY 8y oavy szdnxxelur ‘183
Sxe NUINI PU® NIJYEL 43Ceq FT  230N)
ydnaxeauyr J03F £ UOTIVDOT

(outpuad gadnaxxoly
~Uf Qu J}) STOSUOD I03 2 UOTVDOT

2dnixojur I03 1 UOTIeDOT

e ie3on

(*3uoD) ToI3U0D

uotadiaosag

S37q 30 _
TOCUNN . PT®TH

v

dnoan

ftv



*AZowaul TOIZUOD

STUTIUOD ‘398 ST GIVIE IO SISV

FIT  peaTeDed ST qaengey pedy Traun
Azowsw Toxzuod vyl doas ‘HuTtuund ST
Azowsw utew FI - 3TOM 2Ie3850d DAY

*AZOWOW TOJUOD DNUTIUCD ‘18S
FBLYLES A0 SISV 31 "poaTedex
< STMAOUMDY §52IPPY TIIUN AZOUsW
TOoX3uCh oyjz dozs ‘BUIUUNI ST AZOWou
Utew II - 3Tl ObpoTmMouNDR SSOIpRY

TR USAVL UT ang oaogqe

SE AZIOUDW 3JIe0Ns 98 TMIBULRO

fOpOu EENVA O3 398 Dutu
-uni Apusate sT AJowadw JI sosneg 1T

TopCw FIINM UT 30d 2A0YR
se AJoulgul Iens BETMIOYIA0
. +OpOoWw grIEM ©3 298 ‘butu
~uniy Apesife st Axowew II {93Tiy 0T

cIensthay snyexy @yl ur Jo
AZOWDW 38w UT $T uoiled

=07 T SILVIS IO SILWI 398
. *SSVAPPR S8 :
(INjo butsn Agowsy 1Xv3S {peoy 10

burtysoN ©ca 00

ISMOTTOI S® DPIPODOR DIv
STT 259 *Arowsw UTRW IOI TOIL

UL L
~UOD 9pPOW SVPTAOIG = TOIIUOD AICWOR]

1

I

4

MY

MY

O

TOIUOD AIOWaR

uotadraosag

8379 3©°
TISQUINLN

PT®T4

dnoxs

tlv



‘3T IVASeT pur AOowsu 9yy aseor
-9X ‘ssneg IO ©3T4M U ST Arxowew T
‘weyshs Lrouew oy oswvorey ‘peoy
Ut st Azowsw FI - 9seeToy Axowsl]

T

Te50L

AW

("3uod) [oajzuey AIoWsy

uoT3diaosag

53Tq 3o
IOGUNN

Pl®td

dnoasn

¥



*(sng
FLNS@Y OYn wWOoxIy 00 UITM
Y0 X838 thoy uoITionIas
—~UuI oyn JO SIYA-Y vy Aq
PBTLTOSAS UOTIeDOT paddwoul

&

2yl e Azowsul 1sed 8yl proT ‘oddT 10T
TIODBTOVY SNIVLS Sy PROY

T{sng aTnsey oyl
Thoy uCTIoNALSUT
o4

2 bR e
)

-Foecs woTnedoT peddew syl ,
Je Azowew jseg SYl peoT  ‘¥AT 00T

g FTOSSH SUT WeIJ
SJ0320TPUL VTOSUOD BYd PeoT  ‘IDT TIT0

‘peburyd nou exe zi-QT S3TQ)
TERY GJIN80Y oun woxy
I938THeY snjeng 8yl peoT  ‘¥ST 010

*sng ITNSsy 92Ul
woIxg Jejunod dsig eyl peoT ‘DST 100

| : BuryaoN od 000

ISMOTTOI Se pupoDop
8X® 83T 99IYl VUl - pROT I9LsTHOY

“yY oyl

O3UT snNg ITNS8Y Yl PrOT = YY PROT

OjuY sng 3I[NSVY 9Y} PROT ~ IW PROT

.

*IW Sug—- .

Nloﬂm

INT

sng 3Tnsoey

uotadiraosed

§97q 40
Jaquin N

PI®td

dnoxn

o



qM'HHZU o

gpuodsoII0d SSOIPDE AJIOUIDU
weBwd Byn FJO ST eaaun
puRy QubIa eyl tssoappe
maoﬁmh nsed m£4 JO saTg
DBAYUN QIUY BYD WIOF 03 o
U3té pe,¥o 8T (CND) 3749
3SOW GIBT UL *(E-T OND)
PIOTL JURISUCD U IO

SATY INCT DUV 3307 suln Ag
P2TITo0ds UOTRRDOT 8UD

S

Te30g

qe Azowsw 8B SYI DROT NDIT 1T
*sng +~ﬁmom T o)
WoXI 9 ') sxeustTbay Huibug
butpao] $93RDIPUT ¢ .= WY
frect (L=0 S3TA) FivH
AFET VYUY WOXT saxoasthox
buthed DPO pue (§1-8
5ATH) Fred bty oun woxr
pepwctT axv sxe3sTbdHea duthed
usag  *sng ATNSOY 9yl woIJ
ST~TT 83Tq yv Aq polovioes - _
sxensTbOy dbuibeg eyl peoT ‘3T 0IT (*3uop) ¢ 07y (*3uoD) sng 3Tnsay
‘ S3Tq JF0O }
uotTad T X083 Tagquiny PI®TJ duoxn



I8

dons epratg Tt

doas hﬁaﬂyﬂwz. 0T

GNVY 10

sandano Ieppy oTqRuUy ‘TewIoN 00

SSMOTTOI se pojosxdaszug

DIv ST OMF QYL ~ TOIFIUOD UOTIDITHS z T=Crqg
s93Ag desg %
WHTY IFTUS 0T
3F9T IFITUS 10
IFTYS ON 0o
ISMOTTIOZ se pensadael .
~UT °X® S3TQ OM3 BYL ~ TOIIUOD TATYT z T=0zas
1T _
mMHZ QI¥suUr CT
(T+) MHMmU ®? jaesurl TO
3I9SUI ON 00
{SMOTTOI Se pojIssSuT €T -0
Aazed ¥ = [OIJUQS JAesUT Axzed zZ ID ToI3u0D e3zerdg
, 53Tq 30
uoT3dTINS9d IOqUIN N PISTA dnoxg

<



11

8 Tel0g
3397 IITUS OPTATU TT .
33TYs teotbor 1T
93e30y 0T
030D Yats ®3e0y” IO _
3ITYS OTASWITIY 00
L=9 :
: YV UIOXI 8podIdyg (o}
000 U3Tts 9@3e30y TO
9 (IFTUS UDTX
xoz Atuo) lyy o3ur o1 2iq
‘0 BT9 onut Axxed (33TYg ATdIalnw 00
18M0T
~T0J s uornexedo 3ITUS v DUTIND
S3D8II0 PUS TOIRZUOD =~ SIVVIIFE puz Z 104g (*3uoD) Toxzuod eiedg
S37Tq 30
uotadixossg TOUN N PIOTd dnox o

9



‘7 AT 8¢

L&

m.m &hoq O3 2HY UITM PO,
(

e}
2
)

]

Soxppe Azxowsw sel se ﬂ
ﬁrp JUOD Byl JO ST ¥ D

3 880 ~ juensyold Axowel 1

i;:f' s(b
)
ZO
[
St el [

ISRl
) K

roxez aq

PIROYS TTQ STY] ‘0X9% © ST Wil uaum
100 UItm D8, ¥o xsnsTboy UOTIONIGSUT
OUT XO S3Iq-y 9un Og O3 Ssoippe

%M 9w 38eg SUl 9 snRD UTTM 3T STy

~
‘PUC ' ST YWWI uSuM = O Azowsy] asvwd

“IHd ‘¥Ed ‘OWd ‘vid &9 peysSiITaelss
ST UOTTOBUUOCD paep ergué *SALYLS
FOVUVOD ‘0 = ¥ FI  *SS0IppR AxOowuen

38¥d s¢ JOuSTHVY uo quJ IBUL Bun
JO s3Tq~y 9yl 5] - ¥ Azowelj jsel

*HUTUIOU Op ‘g = ¥ IT ‘Sso
X938 TH9Y UOTAONAISUT UL JO S3Y
butsn sng vy {un o3 maoﬁmz s
~U0d ‘0 # X 3T - Yopur Azowsli o

UL O3 SALVIS IDeuuod
Wil) S3938TDH9Y uvoTnONIAS
I3 JO SQIC=Y 8Y3 ST 90IN0S
SSOXppe auy I TETW W oyd o1 AZowsyW
o - sng ¥ Axowely jsey

TSN ¥ 9YD 02 ¥y sun IO (L0 MUamv
JTRH 3397 9YQ 00UUOD - 3IOT W

.!5 ey

.wsﬂ 4 U3 03 ¥¥ oyl Jo Am4 8 S314)
TeH 3UDTY oyz 3douuo) - ybTy UV

~{

NOW4

JOHI

TIY

QLAY

pesdy eiwg
‘(peoy) ssaappe Wa ~asm v

UoOT3dTINS 8

S3iq 30
ToquImy

PI®Td

dnoan

<



=
’ *sndg g dul o
ZOGBTL0Y SN3ens 9U3 I09UU0d 4SS 0TO

(ST-8 $31q) Snq g 9yn 3O
sTeq 2ubTr eun on (L70wD)
PI9TF 2

Uelsuod ayly 2o8UuU0) " NOD- 00

buTtyion 000

ISMOTTOZ Se pPopooep
oxe S1Tq edxyl eyl -~ sny € o andul
9TI HOWA 'uowd
18D ST S52IPpR

b

N.m>onmm®mv;m@
‘WA oYun A pOUTWIAD

Axoumll 2SR TSN ¢ oyn o1 AIouou
3S® SUl IO (/-0 S3ITQ) FTY ST YR

3DVUUOD = 3FOY sn

(*sacqe 89g) SPUOTI NOWA "AOWL
THg eUD AQ POUTWISIOp ST £odippe
Axouweny s8Ry *Sng g 9yn 01 AJoWaul JERIE
SU3 FO (gU~8 SAT) IFTey wWbTa U
P} lakﬂ

108UuUoy ~ IYDTY sng g Axowsw meq
("uo 8y 3sSTA

3T LV 9UL) fanacdge SR sng ¢ oul

o7 AR AIowsw JO (L=0 SHTAY Fley

3JOT 8Ul IDQUUOD - IS sng ¢ eiedq

SOLYLE

W
WHRW
WOI X
SWoD Awvul vne *{Uo B SN T LV

oyn) axele Axoueu £notanxd uodn spuad

-5p I TNEsx Tenidy “INnduT sng g oun
0% wjep Arowsu JO (GT-8 ST ITRY
JUbTI Byl oouUUo) - UBTH sng d eaed

1dd

- yad

Tdd

q49da

andur sng g

uoradiaoseqg

§97q o
ZOGUInN

pPIoTd

dnoao



TN

15

T8N ¥ Yl On y¥v eyn Io
JULWSTdLOD JUT 10DUUCD

(*oaogqe
yoOTSRISTI NOWI T uOWd
AT BUD A PRUTWASAED
27 S89Xppe AXOWS LSBJ

CEN @ UL O3 JUWSTAVIOD
AZOWSW ASRE 9U3 10VUUOD

"UO e s 3T IYd
oYL Tdgg A[Uo 30ouucsH

‘o9z wxe ¥l 9yl I0 81T~y

3Y3 JI  *3xens Axouswu

snotasxd eyl ucdn spusdop

2OINOG "SNC g ouU} 01 vaep
TOowsdW pPepuIRe~UDbIS 300UU0D

(L LT T T e ey

A

TUO eq ST TG IV

0, *OXels AZOURUW SNoTAdId
wodn spusdep JTUS9I Tenidy
.oy

SNg g Ul 0% Baep AIous

W

70 ausweTduloD 9Yl 3IDVUUOD

*S0C g DU} O3 SOUDLTMS
ITOSUODH Y ADDUUOD

eouy TTT

* OWA ONNY

tEs 1ot

*oLva 00T

*80 TT0

L

Te30L

(*auop) ¢ Ogz

(*3uoD) 3andur sng d

uotTydTansag

§3Eq 3O
ZOqUIn N

PIPTA

dnoan

l;w



JATRTRTITI]

1 LU L |

{ *3NUTIUOD

CETMIDYIO BNUTIUOD pUR

POATRDBX BT NILY USUM DNAS

doxp ‘andino uUv ST UOTL

o
~RASTLO

syl JI  *ONUTIU0D

pPUR MSg 94yl JO 9 ATg oS
"IBATI SINDDO FnO—-SUITY I
‘LBsTeS ST ONILH TIIUn
AZouw TOXQUOD @yl doas
o88YLy JO yzog f930N)

{GTIO0IL) LOD

(STIW) + (PTIDOI) 90D

(TTIO0L) + (ETLDOI) GOD

fSMOTTOT

52 UDATID IN0 DPUBNRIOD
*paddo &6 SRl NILY usum
I8 ToVXT IDOI °8ym uT
PURLWOD O U3 93N0OXLY
PUoCTRvIedo TeuuRyd oI

("GT=E€T LOOIL WOXF L=§ AnQ
PUBINICD @ATIR °9°T)
.U@L&O;J SN NI weus

wh

i

GaTHBX IDO0I Syn Ut

PURLNOD QI 88Ul 83n0oxXJg

Y(j

‘{HOOI 0

4

¢ 0G0I 10

BulyzoN oo

ISMOTTOI Se pPopod

oTe $31q oM} 8yJ -

mases A o

O9INOVYE Of

Z

Xd0I

oI

Uo T2

TIos9(J

STTq Jo
Isquingy

PTOTd

dnoan



Ml Ll LI

[ i

_limm————

~
i
4 Te3or
"GI=6 S3ITA LOOIXL
O3UT L-T SITY JUeLSU0D peori TT
*{CT=8 m.ﬁrﬂrv SN 3TnsS9y |
oUun woxy (IoasTbox DUTATIp sng
0I) Ieastbox sng oI eyl peoT QT
TPOCANSTRUR UTTUBI ZT=56
3T LOOI  °GI~E€T S3ITY ID0L
OQUT £=G SITY JULLSUOD peors 10
BUTYION ©d 00
{SMOTTOZ Se popodop «
oxe2 S3IYQ OM3 Byl ~ PEOT [0AUOT BT z T=01501
TONXS doxp ‘psydier
exe sozeb andut oyl
I2XLY T (L=0 SITA) sng
g 8% O Fyey 33I9Y oyl
031 SX9ATODVX sng O oyl
300uUC) «uoTiwvaado and A
=UT ue 5383edIpUT IOO0I II $I0I- 1T (*3u0D) XUoI (*3uod) oI
S3Tq JO :
WO TAETIOS I TN N pPIeTd dnoxon



1

L

L O T T QTR

(RN

.

TUIOD ABU vl *nIels ATOowsul
snocrTanzxd syld uodn spusdep elwg
Azoweuwl U3 FO 92I00E Tenide oyl
“({sutbog OTOAD xou oyn oIoFeq
BINDDO STYL)  teleg AIOWORW YITm

SXOYSTHHY UOTIAPNIASUT 9yl peOT ‘gL

ipowzozaxed ST UOTIIRIDAC DUIMOITOIL ©
< {39g) 0T = D& pue (OTINNY) OT = Sd

e

51
!
(pojuswaTd
~WOD 9 OU AVl JNASALSM pue
STANAY) Del pojooToes ZusweTdwod TT

pebueusun 00
$SMOTTOX

ge uodn npejriedo ST PI9II S 9y
AG powoTes berd aug - Toxiyue) beld

ONXSAEM 1%

5TINOY 0T

NOISY IO

NOISD 0O

SEMOTTOF s SIANID0 ﬁOﬂ#U@HWG
Serd ("MOTeq ©9g) "PISTI DI oy &g

vodn pojeledo ey o3 gberF xInol o
QUC 1OVTOS ST VSOUL - IDSTOS HeTd

84

uoTadrTaosa

h b

ST 36
Joquny

pTeTd



9 _
R ‘ *SUOTIONIALS

=UT gns 2O ppwe X0F Zius pue
Z'T'C 83T 9pOD UOIZTPUCD 3BT 000T
.ccﬂwu WIDEUT oIudulon IO
¢'T 89T epod UoTATPUC) IA8S I1T0°
‘sug aTnEsy
PUT JO ITeIs /YUY J09TISeI 03
2T S3Tq ©pOD UOTATRUOD 398 0TT0
7 QT YS OUT PO,NO ST
INCAXIRD IMOTIIOAC TOTATEH TI0TO
1 ‘¢ TG
. YS 02UT pe, Yo ST wnolried
3 IMOTIHE2AQ 28T uMOg usng 00TO
W "9lIn o3ut ano Axzed wep 1100
1 °XO00ITUS O3 W 109UUOD pue Io3a
I—09T93 O 3Ndano I9PpY 9[AeSTIJ 0100

‘(oT0ln xos
-sgadoad eyl go Hurtuurbog
3 3R SINDDO STY3) vuo Ag
auned delg syl usweidag 1000

&
Oﬂ

pae

buTyz0N 0000

!1SMOTTOI Se POPODODR dawv ST ANOZ -
JSTOUL =~ 'SUOTIDUNY TOIJUOD asomcmﬁﬂmowqﬁ. 72 € oomz
Axousy 3svg
AIOUIDW UTeR
WO (*auop) 10gg (*3u0d) DSIN
S3Ta FOo :
uoradrtaocsaqg Jaquiny PTSTa dnoxo

v



u

rAOD BT
(ENI Id) 3Tatyut Katxorad 3

20

"3T9 (LOV¥ Ig) earqoe
OTad IsOUbTY oyl Ag penedIp

=Ut 'yl 03 (oY) dew sbueypn

*GT~ET
o1 butpuodsexxod MoArvu@mﬁ
(€NIT 1g) aseonboy Twulsiur
u&sawmacv AyTxoTxg 8ya 39

LY 9ATIDRY AnTtrxoTxd
ubTy eyy uveya Jeubiu ST
T hm?H Id) 219 A%Q4£ﬁa

d 3seoyubry c& IRITD

uﬂ w
A3TIO"

(LOY Id

1 Qi
—
%
L

sl

M

¢

$1
Ealger
23

i U
G ¢
=

6]

s

<

SUL ueyd JIOUbTU ST STuT IT

Gi-Zluy o3 Sutpucdsox

Id aseydiy o3 oDy nes
-345 wOTIDOROAI IT T B O3 T
LOW Id 298 '¥NI Id ‘y
"HNI Id ‘50V I4 Iee D
QI GO @32y OI O “Lisiuy

("33TUus 2J97 OTROWYITIR
butanp ATuO posSusSs ST UOTATP
-UuoD M04qcv IOXXD TITUB pur

STOSaX 309TF8x 0% ZYS pue
Z2'T S4TU 9poD UOT}TPUOD 395

OTtT

T0TT

00TT

110t

0T0T

(*auop) € 0psw

(°3U0D) OSIW

uociadiIoseg

S3Tq FO
Jaquny

PI®ta

dnoxn

v



Ay ' 1 10 1L PR U0 o VDL U IO W U ST DTU I L OMUBGORAR L 00U L MWL AL AL L L L L L L L L

43 U
u oA
rC!E“& :ﬁ
2"’;50-12
o)
) o =
¢ ofcd
L OB
+J +J
@ U
4 00
M ] h
OP Lo .
U DY
Ué‘ergr“‘}(!
i L
> P
s 43 T LR
Uy G QW
o b S Q
£ 0t m
O i Mo G e
K Aml o
e : .
O,
o
el
U ~
(4} s
[0} o~
=] —~
0
Mo
[0
L Q
=1
po i
‘ AR e [os}
C .
1]
-~ 4
N O
L B
o
C
O
N’
™
L] !
H «o L]
.2 9] i
9]
<] =
—~
K3
o
O
O
0,
| 5 | @
(v H H
O =

§ond

B>



| | [N JESRS -

22

Fast Menory Address

The Reau»only Memory generates fast memory addresses in one
of five ways

b, R bits of Instruction Register,

c. RAbits of Instruction Register ORfed with 001,

d. X bits of Instruction Register.

e. A memery reference 1s made with the address (in the MI)
pointing to fast memory,

Logically, 15 bits of address are produced:

e OOOOOOOO(RPO)(RGI)(PC2 C)OCCC
{The C's are Constant bits)

b, O00D00000(RGO)(RGL)(RG2IORRR
(The R's are the R-bits)

c. OO00O00OCO00(RGO)(RG1)(RG2)ORR]

d, '00000000{RGO)(RG1)(RG2)0O0XX
(The X's are the X-bits)

~e. The 15-bit address in the MI during a memory start is

mapped, The mapping algorithm is:

If Address bits 9-11

#

RG, replace them with 000,

If Address bits 9-11

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

The map produces a 15-bit address which is sent to either the

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

address has the form:

O0000000FFFOFFF or FFFFFF

Where the F's address one of the 64 Fast Memory registers.
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Avpendix II -

Control Memory Addressing

Every control memory micro-instruction contains a 9-Pit Branch
Field (BF) and a 5~bit Branch Condition field (BC). These two
fields are used to form the address of +he nexi micro=-inscruction
to ba read from read-only memory and executed,

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

be OR'ed (INCLUSIVE) with the Branch Field to form the next
control memory address, For example, when BC = 00000, the
9-kit number OR'ed with BT is 000000000; thus, this represents
an unconditional branch to the control neory address specified
by BF, If BC = 4, the 9-bit number OR'ed with BF is elther
000010000 or 000000000 depending upon the state of QSIGH (a .
flag flip-flop internal to the processor). If BF were XEXX O
where the X's indicate "don't cares", a two-way branch on QSICH
is effected. The locations branched to are either XEXKOMXEX

or XXXXI¥XXX depending upon the state of Q8IGN, If BF had
contained XXXXIXXXX, control would pass to location XXX IXNMXY
regardless of the state of QSIGN., This is useful in cases
where the Branch Condition field provides for a wider branch
than is actually needed. For example, when BC = 10, ths num~
ber OR'ed into BF is

00000 IRRO IRR1 1IRR2 O
If BF contained

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

XKXXX 1 1 0 X
and a 2-way branch would be effected,
In addition to the branching described 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 remory micro-program to a fixed location,
Normal branching sequence occurs from that point on,



