O & # 3# £ O

LR TN

C|X|EtA|A-|D} olo|3 2
TZAA AA(V)

ARITRSTRICRSTY e wh

k0

ot
2

Bit-slice olo]|3 R =2 48] 72 & Awsla, bit-shice A £xe] HAE 9] Q3 vfo] a2 Q)i
o) %

EY£9 743} pipelining 7 gef =3 £l gt

. M B

Plolag =223 % (microprogram) ¢ #d-2 1951
W@ M V. Wikes of o8] H-& A|Z=5/gdon 1964
W IBM 360 4| 28lell vwlo|z =2 a8e) e
o=l olef el A5~ 428l e} o] ¢ @ micropro-
grammed A] =& g}=4e] (hardware ) o Rzt
o Foll AFExbAF HFE Y S8 98 EHdomg
AL Hrbsdtd e, exd usA) s 34
g wdoE bit slice g4 e AAs 2 (I
C) 7k Aksel wWel vlojlzzazade]fde] ¢
A EE o] Td 4 oA slods

mloja2x 2 WS olaEly] YAl wHA A
B Tz Fatglel s oldf st Aol el s}
AFH e stEd ol 7t Sabatr] e AE sl
7t ol g Aol A FFo| shal A of el YubA
L2 o3t A 4FTEL g2 hardwired logic
circuit (gates, flip- flop5-) & F3le] atEo] 2= A
o] 2o} 28} microprogrammed )2 w4
# o] 4l T Eo] hardware logic circuit v} 4]¢] Read
Only Memory (ROM) (% programmable ROM (P
ROM ))ell o WA st= % sl Rojch weha) mi-
croprogrammed 4] 28] & T4 o] Zelslm  of & 5}
4 E3 machine 3]~ E ¢ (instruction) &}
Slol i) €414 PROMaL-g wizsled A28 5 Ao},
< AAF @A stAol H AEe A4 E JuE 4

* FHH : XBCornell X METBH HiF - TH

sleh,
Bit slice = 24/4 9 vlo]z 2 =2 3% sequencer
=& °|# g microprogrammed £| &®o] A}LF 4
UES whojal Pud £a45olch = 2C E¢ o}
oJazzeadd s A2d A5E F9 ¢+ 3
=% T4 glow vlelaziaEd (miro
instruction) o weh Ao} AlBE WAFEE 45
gl ¢l & Ho] AMD (Advanced Micro Devices)A}2)
2000 family &} -9 AMD 2901 3} 2903 -2 4 bit &
dAbeel 7l se s 5 glox AMD 2909 9210
< micro- sequencer 9] 7| 5% FHYE F YEE 4
AR IC Folch weba olefdt IC 52 st &
417 microprogrammed 4] 2% -g- 74 £ girh

2. Bit Slice A|AHB|2] X

Bit slice = 244+ ckel 3 (chip)MOS ujo] 3
B ZR2AA 8} FrkA| "ol 4 2o Hy CPU
Z (architecture )ol o4 MOS vlo|z g = 2=
Holet M2} 7] 53 A7 5 (F AdLEY 4L dec-
oding 3t 7] 5) o] & Aol st=sgo] 2 o 25
o] gle, bit shice 72% CPUY T 7|52 42
ohE el Al YAl el ok Ea, vy A
=2AAE oln BAS o] E 4 g DAY who]
Aol (word kength), gl e &4 set Y st=gjo] F
2% 7HA3 gl o, bit slice 4] 2o 4& 2.9} ut
W2 A&7t vhgo 2 rle] o), Q) mE Y4 set

R ShEdol FEE A2 e, bit shee A2y
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oMt 2.9 Wkl 2 A g2 kg 2 whe Aol A
rEde set ¥ Sl TEE AWY 4 ook

Microprogrammable bit slice c] 2| &t 4 z2}52 7}a+
A o] #3}7] $8] A+ control store, sequercer, pip-
elning, but slice RALU (Registered Arithmetic Lo-
gic Unit ), microprogramming (horizontal, encoded,
Polyphas ), nloj 229l E W field S3} 22 £
o M=ol o gt g gt o) s 7t 223}, &gt firm-
ware WS s &3 F U+ Al~H support
sz Ed ol AR Ags) $Eeko] o o A
A} bit slice <} £ &) % o} timing § 77 o
e AbH stAl obofopul ek

YR A 2o alol 2.2 mE A4 AAV)

oj H.4.0] microprogrammable bit slice o] zj &t 4]
298 23 19 2L AR BEEz 5ARG,
MOS & =il CPU 2= w2, microprogrammable
CPU = bipolar Schottky technology & «}-&3%lc}, W
M7 39 B4 3 bipolar technology 2 &z 7}x] 7}
& Ao FAx, 8 (pin) 7, 337 (size)
7} A &= o] 3l 7} = Fel| microprogrammable CPU
B ooNe Ao R Tas ook e}, w2t micro-
programmable CPU ¢} # o] % (contro] section ) 2}
2| % (processing section) 7t 4.2 cf8 Aol of 3=
of glom, MOS & CPUS| Alof¥ 8 x i 3ebes
w3 SEA FAE Sk

DATA BUS
{ 3
1 H ADDRESS BUS ﬂ ﬂ
- |
M- ———_—— e = r_ —_——1rr [ == ===
MAIN {_ ADORESS _j' ! 'l 170
MEMORY | INPUTS |  MICROPROGRAM P! | uNiy
| MEMORY | |
p (PROM ARRAY) n ' U
L | :
! }
! 1 MICROPROGRAM
I sEQuUENCER : I | | PERIPHERALS
I EQUENCER PIPELINE REGISTER(S) | | | L |
] T CONTROL (OPTIONAL) | { y T : f
T v
: AU CONTROLS, | | E BIT SLICED CPU 3 |
OTHER : ! ' i
| STATUS [l BT BT « BT | BT
i conTRoy | [COMTROL U] suee | suee | osuge | osuce | |
{ SELECTION SIGNALS P1] (RALY)Y 1 (RALD } (RALUY @ (RALU) |
I LoGIC ; K ! i : |
| H H | !
I I‘ I STATUS FLAGS ! T + * |
| OTHER J |
| SKNALS |
LCONTROL SECTION _ __| | PROCESSING SECTION _}
8IT'SUCED MICROPROCESSOR ___________________ ~— T T T e
gl 1. A microprogrammable bit - sliced microcomputer
. ] “ i i |
« {8 (Control Section) el 22w o) R2]= bit slice <219 A
AT g TS Hel el o+ RALU Regist-
Aol fe Helfrc vfs S443 4A7F Hasteh  ered Arithmetic Logic Unit) o 538 x| o} st o}
o] H--& A Al bit slice A|£wlell LF2o JAEYE o]z8red S A A4St ¢k vfolzez 2w
set g A Fsto] Fof, sequencer = ©ul3 29l4~ E# & ( macroinstruction )
YA A ¥ vtolzr=zgaw oue @] decode logic < A Zslx mlejaaxaame +4
z22xg7379 control memory Hi= control store g} £ A e)3kr] 98 “ next microaddress " & 4 4] 7
3% §), el 2= 233 sequencer (rfo]lz 2= L WS A sl nfolazz gl o gele o2

Z 2% control unit ¥+ controllerzlx §) %se-
lection logic3} pipeline register 53} 722 7] e} $y
3|25 of[Fo ze} o]t Ao o) THYALEL
BF 7y ebE LSI A58 vl gleh

of thfol FaAd vlojzaglLEYEY F4£F F
it vlojlz =209 o 22+ ROMo| v} PROM
o2 T4 o2 {FAPROME A&7
24 WAEE volzgzzagde ey FE
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A g 2 vlo) a2 a4 AA(V)

v sle| 2ol aEY £ rpoje]E Yoot Wt

gk e
. 72|58 (Processing Section)

2ol A BE o753 el el s

& bit slce 3.& RALUztZ Belv o712
WSl ol AR 77 RALUE o2l 4
§ &2 E48xo register, accamlator, ALU
( Arithmetic Logic Unit ) ¥ 3A 5= status
flag ¢ 7kxlz YUk oE¢, of F+of bipolar
microprogrammable wlojz 2 = 24 A EL 2 bit
&2 4 bit slice & 483k FHSIT Ut <
24 slice 5 of oA <FBshof AEAAo2H 7|
2 slice bit =98 s =7} == ojw g width ¢ v}
slz2=BHAE E F ek webd dupd e
ALE5kR| e wlo]a o] (24, 32, 48bit §) = HF
& 4 glow, ¥ xel 7§ (throughput rate) &
d4E F A+

H
-
H

i

wlo

3 HOgo Pxo £

Microprogrammed 2] 48] 8] 3.2 =4 emulator
3 3} controller 3 o 8 vyich 28 19 vlojad #H
Z el emulator 3 0 24, bit sliced vlo] 2.2 = 2 4
Al dde] g vtelagz el o el 4 ol
sfolzzoleEd o] Ao web o Fol Yt Al
£He] & (man)s Belol 4 vtz B LE Y £(ma-
croinstruction)-& fetch kel fetch 5l w3 2¢l2 Y
9] operation code + ©lo| =z 2= 2 7% sequencer
of 8 A4 (& rlojlaz=zzady slre F48
mapping) o] o] vlo]a R E Y LTl 2l
T3 gl v,

329l Ed 49 operand code + 2z} 42 R
ALU o Bo]7k4 Al abell ARE= AV o Fol gl 5
W gele F45 27 S8 A8 Ak g2t
A Ao Foulredi ntzizzadl (82
2a9) & AAsta, Aol ¥ wlejlaz=2 a0
Rele PHEE vlolaR TRAAE Foste vt
olarz2adg £3atn ek

Emulator 3 ¢] microprogrogrammed ©] 2] & A} 2 &
o= A& F7+x 4% ( macro level 3} micro le-
vel ) o =zaeest alel7t st €=, A4
LoolzgcleedE set 3} o F THASA H& B
olZEULEH £ set & Hojstn Fysfof gk ol
o ubs}od controller 3 o] microprogrammed ] £¥

~45 —
A AL mlo] 2R G52 2w A o4l ul £
&=, getd BE 2239 e nlojagzgados
Wi e vlolazzead wrel s gieh
ol dpa o 2 emulator 32) microprogrammed A] ¢
L A E AFEY o2 EY¢E set & emulation 3§} A
U Hd2e A A2 dAlstaa & o A-gH
o bus[ /0 &2 +2% 7tx]3 g e} =g controller
% 2] microgrammed 2| 4 #!-& disk controller, machine
control =3} 7o| 9 sl=9 o] (hardware) & 3|
A Aolstnat & o] ApEEH direct I /0OF 2] 7%
2 s}xx giv}, Emulator 3 3} coniroller 2| 45
S wastd 29 29 #eh (714 sadn ke
Wb Srbske whakelw)
EMULATION AND CONTROLLER
FUNCTIONAL COMPARISON

-/ PURPOSE
"7 (COMPUTER

s

CONTROLLER

- SPEED

FLEXIBILITY —t
. ARITHMETIC/MEMORY CAPABILITY

/O PROCESSING CAPABILITY

e~ HARDWARE

SGFTWARE =—

&l 2. Emulator 3 31 controller &9 45wl

Hojhl A T FHoz Yy 5 glvd shde
Alelmzzaal e AR FYA7 7 H& o
o slolazalaEdEs F4F HHASE Thola
gz 2 7% sequencer ojr} mplo]Z B2 x 7% seq-
uencer 2] 7|52 counter, FPLA (Field - Programm-
ble Logic Array) &3t 2 489 MSI  4xsd
o] &t FalslA vk, 489 LSI sequencer & 3
A Abgste 4A FEHE T vk A4 A4F LSI
sequencer | Fzo| a4t Eotzal thek A A
ol 4}-& sequencer & £HE & 2¥ 3o Rz 4
ok 19l 4 B+ upeh 7Fo] sequencer & Wifol ne
xt address logic, vto}zZ 2= 239 F+4 register co-
unter, stack 58 2zt v} mlojz e = @ 18 sequ-
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MACROINSTRAUCTION
OPERATION COOQE
A | R 1
OTHER ' }
CONTROL={ frocicacuun N S ) P :'ECD:OO;cQGRAM
SIGNALS AERISTER/COUNTER : ADDRESS
i i
1 RO | |
SYSTEL ! “wext P omesTE ! }
STAT ADRESS”  |[===3  STACK H
8ITS \ LOSIC :\. - _("_ A'ml_ “ _‘__‘f |'
I | S a
NEXT ADDRESS
INFORMATION
(FROM MICROPROGRAM
MEMORY)
a2l 3. General block diagram of the LSI micro-
program sequencer
encer @ 9 7| 5L uvfo|A o]~ E B Lo] fetch s
A s 5E no)lmzrx g o Leld 45 F

sl Aol ) sequencer 2] next address logic ¥
2.2 ==z address source § # A 3dtod of address

source 2] u|o]E}l-E nle|mz Rz F T8 T4 register,/

counter ¢ 9 4% e} Address source 9 41
EH 2 sequencer 7} W& ohE 4wl a8k bit 4

| o8] ojFo{#ir of bit 2 UtHOR & 7]
% e Y 7 ek
skip next instruction, conditional branch to a micro-

increment, conditional

subroutine, push /pop the register stack & = 2]
LSI sequencer &2 & W Yo last-in firstout =}t
4l o g 223l register stack (7] 4 leveldeep)
4 7Fx]2 gl o] stack -2 push ¢f pop & =24 ¢
# wholz2 2= 2 1% looping o]} microsubroutine
branching ot d x| H o & F4£E& 7|33 A5
o Tor F4%HE 93l lach 7p rlojlzar=g
2 sequencer o} vlo|z 2= g 2% o ¥z z+e] int-
erface 2 ¢ls] sequencer W o Hof 9le}

A2 LSl vle]z 2 =23 sequencer 52 A
FA¥FE vs 7 s shde AR £2Y F4
7hzjal FEFE 4 g+ fixed - address sequencer o]
2 E e oA A% AAL date AR
addressing & E} 7}A 4 gl= Dbit - slice sequencer
ol cf, A s Hrol 3l A& Intel 3001 @bt F
4, 1Y 4 @)), Monolithic Memories 67110 (9bit &
4) , Signetics 8<02 (10bit5-4, 28 4 (b)), Fa-
irchil 9408 (10bit F4) , AMD 2910 (12bit F4-)
Fel gl=h
Fwls B9l bii-slice vlo]Z2 2 2 2 738 sequencer
= 3% 4 b1t EH]E addressing o] 7} 3hch, o B4
ol 2 AMD 2909,2911 (=% 4 €)), 29302931

BREPEE F3NE H1UB 1982% 114

Texas Instrument 74S 482 5| 9le}

LSI sequencer &8 %5& ®oFa gl

1.

Commercially available LSI micro-
program sequencers

AMD 2909/2911,2910.2930/2931 (second-sourced by
Raytheon, Signetics)

INTEL 3001 MCU (second-sourced by Signetics)
SIGNETICS 8X02, 3001 Control Store Sequencer
MONOLITHIC MEMORIES 6710,67110 Controller
TEXAS INSTRUMENTS 845482

FAIRCHILD 9408 Program Controller

MOTOROLA 10801 Microprogram Control Device
NATIONAL CROM

4 Helfe 7ot 8%

el f-of bk Fagh 4L RE oAl &=l
. 2] 74181 4-bit =y

{4 Al A ARt e 24 b A
o, 1% 783 modular ALU &

TAY T slvkw AR %l‘ oz glcl &F ripp
} & 8.8} carry - lo-
ok ahead 52 & f# A< ALUE L6 =@ A2 g
2 Al Z7F vpelob ghef 5&3‘4_ 74281 ALU = o Hoof
accumulator ¢} shift matrix & 7}xj32 o] 4 74181
ALU we} 2lu s 7158 2ol i 2] -3
bit - sliced CPU &= # 4 RALU &
o] RALU & 118 = m x]e] 54 ( multiplication) =}
FI-N g_;;.z,lp o318 =2

olr

5] ﬁv_;&]
AR 7 Aeld,
Y = Yol
IOIEPE’ A Apst7lel Azl gk ofelsH e Wl register
tozvz 9)lar, =g}l double shift o} £ 4lalel]l dojt
= double length o] #3}5 x] #s}7] & extension
reg1ster % ozrar glck A8 RALU + overflow, ze -
ro, sign 3 72 4 A E AEE 5 glon,
ALU ¢} register transfer 5 = o}3dly] 9ja & g3
decoder logic ¥ F3tstw ,\,lc}
Bit- slice +%2] &olg H-&
line & w& 4% £ w '% A ah= egm, CPU
o) 2ol 48 ALY gebe Holwh ol g+ ¥
3 ubalol] sl 27 5 @) 3 Aro] register 9 A
LU 78 Aol9 A2 #& 2t RALUCE
£ bit - slice) efa Felv FEER Udd At
o]gigt RALU = 2 bit 32 4bit vle]els el
T olov, o]ES AR A& Ao 2y u 7 gl
7ol 8] HIOIEP: Hezlate del 2 T4E 5 sk
dupz o2 4§ =gl RALU &= ALU, 3t
=)o) post & zt= multiple (1744 167 ) word
register file, shifter ©v}e] 3 23] 4 E# £ decoding &}

o) 4] 4 o

e

B %9 functional

7) s

N

50
= w
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o)X Bh4] 26l 3 vlolaz w2 A AAV) —47 -
ENABLE
ROW MICROPROGRAM MEMORY
ADDRESS ADDRESS
ERA MAg........ MA, MAj3....MAg
- - PR -—+HE -~
mresaurt, | S e |
ENABLE ! BUFFER BUFFER |
' AXXEX, XEX! gn MCU OUTPUT
ACs—t | ENABLE
ACs -—zEEEE =] |
ADDRESS ACa— -FFEE = S
CONTROL AC3—}————— |
FUNCTION 5¢.
AC :1:__ MICROPROGRAM |
! ADDRESS REGISTER
IOADALCDOI YEXX) UEX) ‘
) | ; YYY VY P Y l
cLk— NEXT ADDRESS LOGIC Nl |
GcD 3 3 K YRR WX b 3 § } 3 J—Pn, PROGRAM
- OQUTPUT {__pR, LATCH
| [ BUFFER PRo OUTPUTS
! “PR" |
LATCH
! A & 4 & I
FCo FCy £, Fo FCz FC3pX, - PX,4 §X3....8Xp
FLAG FLAG FLAG FLAG PRIMARY SECONDARY
LOGIC INPUT OUTPUTLOGIC  INSTRUCTION INSTRUCTION
® CONTROL CONTROL  pys BUS
R (Am2909 ONL Y}
| o FiL AB
BHODONO000 F—;:—_—_i-l puUsH/POP, FILE ENABLE
Ay A Ar AdAcA AL Ay AlAy REGISTER ' N
ENABLE |
‘: RE>—1—’1REGISTER ] STACK POINTER
il N DANDR |
| CONNECTED! ¥
| ON AM2911 T I o FILE
() AC, ' ONLY H fa X
() ACy : DIRECT!} ]
8 éf&gj"‘ REGISTER N 'N%’Ts 4 fa A CLOCK
FHE —d ¥
Gr}’ng ADORESS MULTIPLEXER < LoTEST s D AR FouRC WICROPROGRAM
| f STACK POINTER ) ) 0 MULTIPLEYER COUNTER
i = ' s.l:-_———. ¢ 1 8 H X REGISTER
O i 3 Amamoerg—- Ly r
ONLY | o,
8,8,8,8,8,8,8,8; 8.5, j oR.
b} HnoONHONNOn { ORy ™73
y
r
ZERO 4
(c} I
NCREMENTER—
OUTPUT
CONTROL I
OE
Yo v, vy, c. Coue

gl 4. Examples of commercial LSI microprogram sequencers : @) Intel 3001, (b) Signetics

8x02, and

) Am 2909.72911
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— 48—
7] $13 decoder o & FTA=HM, 295 (b)e] B
of#| g}, bit slice o o3} 5= & wel P o
A7) 52 mto| AR 22 33 sequencer o 2f&f = A
5 F 4o wel vfojlazzz g ad o me|We] nfe]a
2elaEH¢o| fetch 5]o] bit slice of 3wzl 2o
Ao whel dojrdel, 2% 62 2 - bit Intel 3002
¢} 4 -bit Am 2901 bit- slice rfo]z 2 = 2 4|4 2] &
Bxo|ch g 219 7L o] F slice B A& micr-

oprogrammable bit- slice 3-8 | £l ¢ HEYyr &
B FR glek E 2o v WA AuHE v 4F
bit slice "lo]Z 2z 24 A4 %80 455 of gk,
DATA IN
nALL: RALU inAw ! RALU
]
! REGISTERS |
CONT! ' STATUS
INPUT';OL: : : : =OUTPUTS
[} ]
t 1
T
1 1 i
1 [} )
(s} DATA QUT
DATA IN*
(FROM (FROM
MEMORY) 1/0}
MULTIPLEXER
AND/OR
REGISTER ARRAY
OTHER 11}
INPUT ALY
SIGNALS
SHIFTER

REGISTER | ], STATUS
CONTROL. =N
sl FILE FPoutruTs

id
=N DECODER) :
o

ADDRESS DATA

ouT ouT
(TO MEMORY
"o

(b} *In some RALUs, memory snd 1/O deta are moving on the seme deta bus.

28l 5. (a) A vertically partitioned processing sect-
ion defining the RALUs and (b) the

general block diagram of a RALU

5. OlojaZAAERY L& M

5.1 OlO|IRUAER L format 1} ~cding

Bit slice /]2 9] plsjz2 =218 vgels

BAPERE L% L1185 19824 118

ENABLE

ENABLE
ADDRESs EAC 70 DATA
|
|
|
il
LoOK AHEAD  x-L | L1 GARRY
ARITHMETIC/LOGIC |
| SECTION Ao RIGHT
| our
1
MULTIPLEXER MULTIPLEXE '
A | ]
[X ] 1
A |
ﬁGleEﬂS |
1
|
=% = =}
MMo Iy Kik
MEMORY EXT  MASK
DATA IN DEVICE IN IN
(a)
1
ABREHDEBEEBDD
DESTINATION ALY L1
FUNCTION SOUNCE
MICPOINSTRUCTION DECODE

°L°c“ u oo’
‘W DATAIN l
‘A’ (READY
ADDRESS A AMSS cr - -
N Aomssam REGISTERS v
(HEAD/WHITE)_,A ADRESS g o master
RESS DATA  DATA cr []
our DUT |
DIRECT
DATA IN L
D A l
ALU DATA SOURCE
SELECTOR
S
] 3 G
CARRY IN . —p
e C .
B-FUNCTION ALU b— F5 {SIGN)
b—w OVERFLOW
2 }—oF = 0000
——] =
[ ¥4
ENA‘:&—.‘; outelr DATA ssf&monﬁ
UDATA our
(b)
a8l 6. The block diagrams of two commer cially

available bit- sliced microprocessors :
(a) the Intel 3002 2-bit RALU and
(b) the Am 2901 4-bit RALU
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YA gA aq st stol 2z mzAA AH(V)

CONTROL TO  MEMORY = DATA BUS
MEMORY 1/0 ADDRESS BUS TO MEMORY
n

FOS
. _\ N g—
ool weeLE o Ay
MEMORY § | Lk wozs  |RO
i il
ADORESS W X S
€LOCK [} {[l r’;t‘.—: H‘
wos ) [uo
"L hd L
20 T
somr reos
1 INSTRUCTION BuS |
DATA FROM LA‘I’A FROM
MEMORY DEVICES
(3)
START
£33 cLQeK
Aoﬁ DATA IN
290Y'S
[—=p] SEQUENCER C, ¢, MEWSTER
==
N 1
ouT amz901's © STATUS
240 0TS § ' v ouT
(ROM/PROM) v !
CONTROL ﬂ OX¥A
out
JOWF ADORESS
TO OTHER
DEVICES
(b)

a8l 7. Two commercial microprogrammabile bit -
sliced microcomputers : (a) the Intel 3000
series and (b) the AMD 2900 serie

E 2. Commercially available LSI bipolar
bit - sliced microprocessors

AMD 2901.2903 (second-sourced by Raytheon, MMI,
Signetics) (4-bit slice)

INTEL 3002 {second-sourced by Signetics} (2-bit slice)
SIGNETICS 2901-1 (4-bit slice}, 3002 (2-bit slice)
MONOLITHIC MEMORIES 6701 {4-bit slice)

TEXAS INSTRUMENTS 745481, SBP-0400 (4-bit slice)
FAIRCHILD 9405A (4-bit slice)

MOTOROLA 10800 (4-bit slice)

RCA 4057 (4-bit slice)

RAYTHEON 2901/2903, RF: 3 (4-bit slice)
NATIONAL GPC/P {4-bit slic

ROM, PROM, PLAS & 4}&. | 7%, 284y
AR AHE vlo]2BYLEYES TALA A g
g format 3}coding ¥4 FelA g AT
o ulejagqliedEl BE A2 HE JeE F
EFAY $Eer vE F ek st T4
microoperation & 4 ¢} 3} 1 M e{3h= H|s]41 5 pattern

o ) Gate bit Eolx o sk FAF s 9l
2ERES F4E Aolstn A A e bit Folvh

o} upd o 2 mho] 22l AE Y0 format, ko] Aol
timing W Sol & choFg deizbA sl i
sh=|ul bit- slice | 2® o4& 4-ERALU (Hel+4
slce) ¢} A4 vpo| 22 = 23 sequencer =9 4
23817 WSl 2 AYEE Fopxlsh formatting o
2l mlo]22ol£E Y] format & 14 ¥4 7HH
g402 ydeh 1Y H el 4 sho] 2RULEUE
del 7 bit & 4 e wAoE s, A
go] AL field bt o ozt SHY Az 4
dol wheh wshaeh (2198) shd HAE A8t
A mpol2zol sl wojRolE WA T F 3
o1} format control & $lsi F-7tAal logic o] ¥ &
s, = eda)zre] AelAl wleh

MICRO INSTRUCTION

FORMATTING
f WIDTH .
‘ FIELDS |
¢ / 1
[ 00001100 l oo—[ 1011 ] omoJ
- EMIT FIELD cc B A

MAT ADDRESS ADDRESS
FOR|

(o] /2

ENCODED FIELD FORMAT
00 - FORMAT A
01 - FORMAT K
10 - FORMAT X
11 - FORMAT €

l o l 11100111 I
FNN DEVICE SEL.

001100
ADFF

3@l 8. mlelaRAEYE A4 o

vt} wlo]aml2Ed £ 7 bit o] 2 77| A&
¥ el 4 2rh control line & o517 $lEle] A}
Zxjvlu, o]H S nfe]la R A EHE0]| non- enc-
oded (%-& unpacked) &el & zhertn gk ( 29
9 @)).o| format & Ap8-5twl vlo]aBIIAEHE
o] wtelAol7t AW FHEEE Wy FA| T
59 (concurrency)o] ZA| ek $E wo|IEels
EY 49 cro]yolst Aol 2 ' wolagz g oy
mel9 width 5 #=2|A] =i} o]t vhE YRl
4% wjelH gl Ao line £& Eo} 3o} group &
HA A7) 3 o] group & who]l AR AEH W gl
+ 51ve] encoded control field of &l =) o] sl ut
Aol gk ol BFe] 279 A& wielHgl Ao line
To] 9le AL nlo]zEQAQLEHE o n- bit field
b 1 ask of n- bit & decoder of 2|34 vola
2olrEYgo SEA 27 MY Ao AT S LA
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- 50—

NEXT ADDRESS
BITS

=l

CONTROL BITS

TO NEXT
ADDRESS LOGIC CONTROL SIGNALS
TO SINGLE-CONYROL POINTS

(a}

NEXT ADDRESS
BITS

(b}

ENCODED FIELDS

10fN 10f M
DECODER | { DECODER

U

TO NEXT
ADDRESS LOGIC

N MUTUALLY MMUTUALLY
EXCLUSIVE EXCLUSIVE

CONTROL CONTROL

SIGNALS SIGNALT

EXT ADDRESS
{ X e AL NANOADORESS J
TO NEXT c:J—'

ADDRESS LOGIC NANOSTORE
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gl 9. Microinstruction formats : (a) non- encoded,
(b) encoded, (c) nanoprogrammed, (d)
two - level control memory,
and (f) polyphase

(e) monophase,
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» Nonpipelined design
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8l 10. Nonpipelined design
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8] 11, System timing for nonpipelined design
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< Pipelined design ( microinstruction status pipelin -

ing )
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1@l 12. Pipelined design (microinstruction status
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g} 13. Pipelined design timing(control - section
time exceede processing- section time)
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gl 14 . Pipelined design timing (processing- section
time exceeds control- section time )
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28] 15. Timing Diagram of Microprogram Execu-

tion
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- Microinstruction “address pipelining
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&l 17 . Microinstruction ~address plpehmng
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.
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o}, 3| 4 machine cycle <]zt2 PXS +SR, CXP + AR

Control  (A*2]  Aqqree | A*1 ¢
saction register storage
11(As1)
| Pipaline. regieter
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5.4 Microorder encoding
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