_19_

—{1 %ii®m

iAPX432& o]

£-3} Multiprocessing

=T
= o

(R Tk Bhgkax)

1. A&

2. System 432/600 7} 2
2.1 Hardware 74
2.2 Program /iuta} 43

3. System 432°4] 2] Multitasking
3.1 Procedures} Task7re] A#

4. AE
ol

3.2 Time Slicete] <33
3.3 Processor-9] o338k

3.4 Tasks9 4%

Al

+3

2

al A =
197113 ¢] 8-bit 800845 *]=}3te] micropro-
cessory A Fx3 & InteliitE= 1981l
iAPX 432V¢) A& FF3e 24 32-bit VL
SI microprocessorAltHe] =& = w1 A2l
iAPX 4327} 7k & ¢ ¢+ 2 word lengthe}
E7} AAEE R 7|EAHQ) Zdof| 4] ¥ e
%2} 9} microprocessors® el 23l hard-
ware?] Hd-& 2U3ste] 74 architecture 2
HAL Ax#che d ek, oA wEkAe, &

A} operating system level®l, 23  7lhslz|

9o softwares EdllAut Ad 75dd 7%
5 3 B3] o2 AES Holx HEHoF

microprogramitdted chip®l hardwareol %3t
Al Rk Aol

— Multiprocessing mechanism : process
management, interprocess communica-
tion, interprocessor communication

— Memory management : heap organiza-

(431)

tion
— Capability-based addressing
— Fault handling.

o] 712 #all microprocessors ©]%3F multi-
processor systemT3d& £4A st AL soft-
ware o] F-51& S48t 3 7] R A A
Aol Adxl Ao

a2y 2 A JERE 7%
dhvte] chip&oll @& 471 ¢l A% 1/0
processing”] 5 7H# E&sted Al A9 chipe
2 Fajsted ubgA =Helo %, iAPX 432+
instruction% fetchdt i decodeste 71%5% %

3 9] 432013 address decode®t 14l7]
)= 43202, =8l I/0 channel ¥
43203, ©]Z A A7le] chipe T4

|n

o]n

o

-0

RN

od 1.9

X g

} 5o

X

ol

30
e __yL rlr

fgoll 4= multiprocessing £o|3}A] &

= 71%S zZ+3E 432 processorEe] AA o]
WA systemo® TAEH 4 Y& AE oAFE F
3lo] ato} w mz} gtk 7+ 432 processor 52

AR Tt MY FALe ol BAlo] ol

P

|



_20_

£ Ea+ s+ chipd reference manual
ol AnFH (2)F =37 slein),
2 fEe] Al 2 Ao A= 432 processorE o] &

gk 7]¥ Multiprocessing system® o] £ Intel
9 System 432/6009 F43-8 A3kt Al
3 Aol Al = System 432/6002 program3| £

7443 EdZ multiprocessor system¢| prog-
rammgoﬂ gt "Hohx] A& zhekskA oOF
o},

[2] System 432/6009] N8

AZelAl zhebatAl dgs wleh o] 432
processor 52 °H Z% ¥ multiprocessing®l ¢
TEE G5 Fz AAHYG, o] EAAE

432 processor& AFB—?SL multiprocessor sys-
teme] Aldlql System 432/600 (o]} o 4
System 4322} Agtct, )9 F4& Ate w2
e,

2.1 Hardware 74

System 432+ Inteliit7} A]=st  shared
memory multiprocessor systeme|ch, 812
board level & 18 A hardware 74 50| v}, H
o] nu}e} o] System 432+ & 7H9) sub-
system o 2 o] FoiA Qhrh. F, 2rlA AHA
‘deboll Moizl central subystem3} shglhel] ®
o] Z peripheral subsysteme©]t},
user program-3 43
o thgel vl spx AFoew ¢4
Atk

Central subsystem-2
e
5 o

a) General Data Processor(GDP): 9 ul= o)
data processing”]5-& F&# 3 Ao 24 of7)

ol iAPX 432013} 43202 5 chipo] Z&so] gl
of. stibel System 4320 =g chAlA bR 9
GDP7} AH8-3 4= 9o},

b) Central Memory : central subsystem 4}
2} GDP#®} peripheral subsystem® Interface

Processor(IP)7} #%o02 8% 4 U&=
shared memory 24 14+ Mega byte 71 %] 23}

(432)

BERRAE F35% F 7% 1986%F 7H

X

4 2+ RAMo)t},
¢) Memory Controller(MC) : o2 71 9] pro-
cessor=°] memoryE accessdt= RS Aofsl
Ninle

d) Interface Processer Link(IPL) : I/0
435} peripheral subsystem® 9] in-
terfacei gddta gloh, adollA mBofR
Alo g el A A A8 peripheral subsystem
o] IP9} cable® A A o4 =|of o] [PL-IPRL
System 432 2le]4] I/O Processor2 & 4 s}
A el
olael vl 74A 715 AL time shared

=

7|

L.

busgl central subsystem backplaneol o7 =
o] gl processor & Abololl bus AH&--S round
robin¥ &l lztslel molE &= 9o

o] 714 processore}t §-& GDP2 IPL-IP 4ol &
3 HA=+= 1/0 processors EA3ich, 22
A 28 1ol RedAl gre] T 5@
o4 N 7421 2] processor 7} EA|E 5 9l
ok, 22 o] ofAlolet: A= A= cen-
tral subsystem backplaneoll =}21 ¥ board slot
T7b g sl A7 whEeleb=E AR back-
plane$ ##-47 board slotd] 4% ©] 2o}

W o)A o g © me %429 processorS<

Ao

3

T

systemoll A& £ Qi AL Fnz o
o} F7] =letet, (processore] 47} wold 4

=

% Z7}38l= contention 2. & <l 5}o] shared-bus,

shared-memory systemol] A+ o= AHx o =+

2rd o] 8L processorE AFEY A4S A
system2| A 5ol 248 Zidg: Ajae

Zetsliof 3 Aojr})

Peripheral subsystem-& System 43291 4
I/Oprocessing & ®et8l Holc}, 2}, 2
dolld $ele 2 Falsh shvbe) FAA)
microcomputer system -8 & < 9t} & 1
2} of CPU, memory, I/O device controller
5 °l central subsystem bus®H= #7191 peri-
pheral subsystem busell <37 =e} i}, (A2
27HE 3 9l System 432 ol A= 8086°] CPU
2 AHEE 2 3 bus® MULITBUSe|t},) o]
o tjdte] System 4329 AA T+4 A /O



iAPX432& o}-23} Multiprocessing

= 0

715 dutsls BE systemo 24 W82
+ Interface Processor(IP)& Z&stx gl
iAPX 432 processor3 Al w9l 432032 w}
& o] IPoll F%o| == chipelth Hol A Wt
|2 IPL# vj¥-o] o] [P+ central memory
o] W{& System 4329 o/F-3 WA 9

22 ¥El datad central memoryE Ho] ¥&

4ot -39 52F AT A Aotk

System 4325 $13 1/07]%5& F33=
3loj A I[P+ peripheral subsystem o4&
64Kbyteoll 313t memory space — ©| & 1P
windowg}lz ¥-2m, 7 gstarting address+=
jumper wire2 AA¥ 4+ Yo — & Hw3kd
4] central memory 2] data segment 2} mapping
AlA F3 Qle}, ob 4] whelEd, System 432 ol
4 2 I/0 processing-> peripheral subsystem
o} CPU~”} peripheral memory* z] o)A [P
windowoll %3} Xollth datas A ¥AY, 2
Y HAZ RE datas Hol HoEH AP
o, o] IP window$} central memory¥&] o

L=

Central

Memory
Memory

Controller

d|

Central Subsystem Bus l

|

Interface General
Proecssor Data
Link Processor
Interface Peripheral
Processor Memory
L Peripheral Subsystem Bus ]
Micropro- 1/0

cessor

(8086)

Device
Contraller

| I

terminal Disk Other
Drive /0
Device

23 1. System 432/6009] A %

(433)

" segment$2] matching #A1& IP7} §-2]4]
7= Aelch, oldl At o A d=e IP
o 3 reference manual g #2317 wighc},

Peripheral subsystem-2 %3}o] 8% 4 9]
+ I/0 device 2+ terminal-2 ®]&3led disk

& oW e FHAAgE T30 2= con-
troller#} driver softwarenl zt3ol= glow

7}538tc}, System 4329 operator console &
I/0 device®] dF o2 F3tslmg ozl T4
9} peripheral subsystem$ F&f 2o zr}, =t
afell 1/0 processing 52| ] o] 27 Hc}
W a8 1o 3ol ZA# Fo] FAH periphe-
ral subsystem& ™ % 4 ¢t} xh old &
T = A2 3}1}e] peripheral subsystem® gt
7] IPL-IP #e] # 3}k 7Zo|r},

2.2 Program2| 7H&tn} =3

o] Aboll 4] System 432+ iAPX 43271 F3Fo|
=lo] user program& 433} central subsys-
tem¥® 2. 2] 16-bit microcomputer system 2l
peripheral subsystemo 2 FA® & okgke}, o]
A o]ok7] sfiat B} -2 o] System 432¢l
4382 &8& programo] AA oHA AutE
F5 = 7F st Aol

System 432% programsty doj& Ada*
olt}, Z, iAPX 432% microprocessor®

L=

5
# 2] assembly language= program<- 2H4] 3}
= Zo] oy} high level language, &3] Ada
2 ZAgrch, Adavl iAPX 432¢] program-
mining language 2 ¥ o] %+ iAPX 432% 44
g W BE o 712 532 42 object-oriented
architecture2] A&, multiprocessing mecha-
nism® hardwareft 52| #4te] whd wjszdt
Al7]ol 2185 Ada language®] 7utol] &3
o2 7z59 access protection, tasking 5
o] g Abgke] Aol UAFAY FAEA] =)
Folch® 2|1}, System 4323 Ada program

£+ #3884+ 9les] 2 2ol program it

2|22t 2 user+ %9 microprocessor




_22_

of e 237} ZF ol A YA ¢, 2d
2+ System 432°) 4347 user program<
Asle 4847 o dag delE BT
3 k. User program-2 of& host compu-
terol A1 executable code® F®] % ©-8 peri-
pheral subsystem-2 7] 3lod central memo-
ryE FAA $d=, 2# 25 2 o
A4E FAHE YshAH o537 2ot

Svstem 432
Communication
Link
T APLATP Link
» Editor
« Compiler
« Linker
T * Debugger
Control Workstation Zinivialization
= loading

— execute

Console

12l 2.System 432 Programming Environment

2] yser+ host computer?] editorZ o]-&
&lod Ada source program-> 243 g, o
A] host computerel| 21+ Ada cross compiler
9} linker & o] -&38}ed object. coded ukEch
(e]w object code®ll+ compile¥ use program
2 v)2] compile®lo] 2+ System 432 HE
operating system moduleo] &4 A =c})

28] v % control workstation®] com-
mand & AH-§3}ed 2 object codeE host compu-
ter =% ¥ control workstation®] memory 2.
download@tc}, ela 4] control workstat-
jonel 9+ debugger® +-&3tod download #
object codes System 432%] central memory
ol load 47|11 executedtzlx 3l command

(434)

AL 358 7Y% 1986%F 7 A

A Fet,

o] 7] 4 control workstation-2 System 432
2] console % #-& 3l A 29 peripleral sub-
systeme X E AL Us Aol =
g}, control workstation®] terminal®  user
programe| 4853 3l &< standard 1/0
device 24 system messagel} program <=3}
4 H 23l datadl Y-EHo] 7tud AAE H

o},
System 432014 2] Multitasking

¢ oA 2 ule}l o] System 432 = AHA|
uto 2 = %3 3 multiprocessng systemo] =
A E3ch= o] ofbE Holvk, 2E 7l s
ol 7t ¥ Fo] 7}&xEl 1 9l+ Ada language
o b FreA A Fo shubal multi-
taskingS A AT ofulol A Ags) e FAg
Systemo] 2= Aol A, ® 2ol o AT
o] Aglo] ohel AlAANA T ete 4
A+ systemo B AdHE F ol FEAS
¥.ooh= Aol A System 4329 AspE=E
2 ulsirl, £ o4 o] Sys.
tem 4320l Ada multitasking program-< 438
AlAq E ARE deozd 259 VLSI mi-
croprocessor = Al-€-gF multiprocessor system
< programsle d E-go] € W sz AdA
285 A4 szt gef

mZ: 4

=

Mz ofN

3 golel

3.1 Procedure®} TaskZte| ME4

Ada language©ll A 2% procedure®} task:
212] Program Statement&-< 3lte] thgl,

E
5. & e AR (begin) 3t & X T34
(end)o] &35+ program modules =iz

o o] 8d 4 oot Zta Ao,
2{1}, semantic zte]= "A3Ich, Procedure
= 2" o8 485 = (sequential) wHl HF
2 tasks $A4lo F3 s+
t}&olct, 2™ programdtiLAl sl

%) o] Eold o WEe] U¥E HIFHp
AR = o gle,

51 o]
TEHET

(concurrent) 4
algori-




Total Time (sec)

1APX432% o] £-3 Multiprocessing

thmol] & #-& code& HFE- ®=

@ o] gls = System 4329+ %
tiprocessor systemol| 4] &= o] »
Aol o] A Aart? A
715 HFE-E operationAto]ol
b 3 task E o] LslhE
oz} 227}, Program
of A AlatekE o A2|dhz o
7ke] ghoh . 7bA4 S
ER
4 o
A4S 43 H procedure=to
program-g AHA %L o Az Az task
ulo g ?-x-l.rq program—g- A) sg/qzi_o_ uﬂg‘ ,;]

m

&

;Lr-h-
B )
o

N
bot
o
o

&) x]

i

H
o
2
e
rﬁ ng adk

.|

N i’ k_o

rn‘.

>'_\x’.,
ok o w

>

7}4& graphE el Ao, X&o System
43242} processor(GDP)4, %‘r% Aol 4
25 F A7k e, 28 32 7} module

(procedure o174} task o] Avh)el S8 47k
] 100 msec& 5% A coding® 7-F-o|w, 2
#l 4= 2710] 6secd] H$olch F aEolA
Aoz el Wl grapht taskZ 24 = pro-
gram®] ZAzeln HAog el H  graphe
procedure 2 ZtA = programel #H zolr}), =,
AZZE o|o]RA 4L 3§ program<roll4] 30 £

Total Time {sec)

50. 014
45.0 J & 30 Procedure Calls (tasks)
020
010
40.0 4
35.0
30.0
25.04
20. O-l
15.0 4
10.0
5.004
A\L R .
0.00 i “-'-b ‘mﬂ j:i
0 1 2 3 4

No. of Processors

12 3. Procedure2 24 % programi} task@
243 % program®| 4347k wlam (mo-
dule & 43047} 100 msecq]l 73-$)

(435)

procedure call$ Hl&3l+ (=&
5 AH8-§H) 7 fo]n],

30719 task
OR= olojdl A &

20, OF = 104% 3 458 44 o
el e,
of F adleld # £ Y AL A A 2

module ] 43 2] 7ko] ’é"u‘% 739 processor £
T2 B AA Zel, qHE 3= 8
of A gl T3 procedure% AHE-8lE H ol
frelshed, F8a]7te] 4 AL 2wl & Ao
Vel s o}, o] B‘i/ll- task shfe A
A7l ol 285 & operating system over-
head(task creation time)”7} Awt3] 2o A

fe 7

% #Fet. F, module®; F;A| ko] WL A
(28 3)E o8 7R9 processor7} QYL o =

A g St A A 2o wWE AAx
RS FE Qo Addes

U4 £ task creation overhead”} 1 o] 5L

]‘——o] Ma

AT ohdet 25 Al 48 A7ke) Y
T2 AA ) Ao ZA taskE AHEE A
b e gelshl debsteba B4 @ 4 gl
tt, Ada®) taskt Ut EA& i processor
7b AgEs s wFe] HAd F3o] s,
—# taskEol 44" Lot AL w2 A4
B4 Ae Hd2 AWHE Aol o7 o
300.0 7

270. oJ g gg Procedure Calls (tasks)
240. 0 o

21040-1

180.01

150.0 4

120.04

90. 00

60. 004

30. 00 1

0. 000 ——r —

0 1 2 3 4
No. of Processors

33 4, Procedure® =4 5| program3} taska

4% programe| 4347} vlaw

dule 5 49417 6secal %9

(mo-



—-24- WA GE 357 T 0 19861F 7 A

1000 y++ HHHHHH M
500 {HHHHHHHHE R

©

Z

£

< 200 4 HEHH R HHHH

2

-

¥ 100 #4024+ + +

£ .

= 00 .20 40 .60 80 1.0 1.2 1.4 1.6

" Time (msec) (X10%)

712} 5. Single task program-% single processorol| 347l 7% time slice kol =&}

5} = execution profile

2 processord 7t F71E 45 taskE T4
gl program Fxo] 58 FrhA7IL gl
ub3l] procedure® T4 % program-2 proce-
ssor7b ] EA] 5 1 B} Mol etk
Aeole), o

e

T e AHA 2247 ) Fell E2E F

A F3h7] W pol k.

3.2 Time Slice @2l A&
ojul gystem Woll4] processorel x.c}

(53}
s

2 49| task7t 3= 9 processorg o=
ol A7k Fok shte) taskE S ohF o}
2 task2 wp A S| Foiof g}, (o] &
task swappingelzt gkct, ) olwl Fvle]  task
7} o] = processoroll o8 3= 7] Az &
2] b task¥ 9@ processors kE | F
717k 21 8] A]7ho] time sliceo|™ ©] - opera-
ting system® 83 parametere]ct, o]
o] time slice®] %49l Z7]7F A A system®] 4
Sofl mlAE S wolr] Yste] Ad A4
2k-9- tasksh}2 programdt o}g skl pro-
cessornt AHEstol £ A7]H A time slice
of M3tE Fo] ®okr), 28 6w 2 7Y F
HAeold X&F2 Fdgai ol Y& w3}
5= time slice 32 msec.Z ERHTH, 18]
A +2 dAdge] vehts 2 AA user

4.

4

<

A 3 -

k1

o

2

i 2 4+ R

o

= 1 i HHHHH S HHH HHHHH HitHH HHHHHH HHHHHHHH Raaaananzad i i
0 v T v . — - e .
.00 .20 40 60 .80 1.0 1.2 1.4 1.6

Time (msec) (X107}

12| 6. Processore] 4ol uwhz} widli= single task programée] execution profile

(time slice 3+& 100 msec& iLA)

(436)



iAPX432%2 o] &3 Multiprocessing —25—

programe| 3=+ A 7bEo| FHo R o
o]A %2 operating system serviceZ £ 3
program®} o] Fa|H A]7ke] e}, User pro-
gramol Fo}2 <= time slicedte] A« A 45
ol;qs} El:,] 74]*]..,. o}}‘_ io]- o]_\,} E‘E_o pro-
cessorE operating system serviceol| %3 3t=
A|7ke] Fo] Ea 2 ubd HA A4z w
5 FeA o,

A& o] time slice 3t2 UHIH o 2 user
leveldl A= 233 4 ¢l+& 7°]™ operating
system process+ X & user process.E.t} pri-
ority 7} £A Fo{A 7] wFol o] AP Uulk
Aol 37 ol ¥ oulE 7lAA EI3},
281}, System 432 72 7 $E o
HE&oz Ag" 4 9e el :Lai
A= user’} & system manger & QlE
oltd, =&l Ao o] 4L operating sys-
tem orocess(<l, garbage collector) 2} user

roe ta
ot
Moo & ;

process?] priority 35 F Y 3HAl HoF 2 time
slice 245 =A8 £ AHolt}, User task?)
time slice® A & 4% F 4 2 A3kl }E}
U o] 52 AAE Aoz AFsqch, &3
garbage collectors operating system process
£ system®] FA4Hql FHE v o6
Zek 7158 +3st= Zo| = user task 9
time slice® ZAT 4 g} ddas =3
Al ZA oA operating system process”t
28 W A 7S 5T & ez dA
(starvation) A systeme] F2to] A Ex=

ohulg A@Ado] Y& Fo sof @ Fol ek

=]

Tlme slice & 71 Al o2 2L + gl
A= &5 o] 52 A operating system over-
head®& #4174 rke o e 23
oo A #hed st 4 gl who] o}
Y}, 2 operating system overhead S #A
AA A ZHAaA| 7= WL 2712 processor
% T35 To24 user programo| ¥ == %
% swapping® | &% % 3= Zlo|t}, System
432+ user program-$ 4AsA &3 proce-

Total Time (sec)

ssorq 5 FIHANAY e £ de= A
AL 712 = 9ot ( software-transparency), L
& 62 5% programe F3Iedl UAA
processor®} & W3} A|A7IHA J& FHE
olth, o714 X H& F £84%, Y F2
processor®] 4% vERACE Processor7t 3t
o wjyct 5 4 o7} operating system o
FE 4 overheadt+ ¥4 A I, processor7t
Al AL = A gloks A B 4 gich 2 A
Z A Aol £25E A7ke] dEge =
gk Aol

3.4 Tasks2| ¥&

Folzl dA ek o & S0, % 150 unit] Atet
°] 31-¢ ) program<- 5 unit# 2] task 30702 +
Ak, ol® 30 unit® el task 571 pro-
gramdl =1k 3l= = programmer7t 2A 3
of & EAlolct, 2yl 7& ol dig A¥AF
olt}, of7]4 X%-& program9 task 4ol
o, Y52 & FP4| 2o,

+A ¥o]& AL processor®] 47} gof ol
A 4 A 7A] 7‘7}%““ ubet AARA EE FolE
I ke Aelth, o] A2 multitask processing

300.01
Dl’ro(exxor/F l 7” 45

270.0 7
240. 0 4
210.0
180. 0
150. 01

120.04

30.004

0. 000 -+ —— ™ — T T N
0 5 10 15 20 25 30
No. of Tasks

a8 7. Program W] task g0l whzt &l =
Sal A7)

(437)



—-26— W Rk
o4 W AEE Aol EHch 7|4 F
2& AL processor?| 4ol #A G| task I~

7k g we] FaAlzkel Zh Am(o] wWe

ol 482 o3z7} glew processord 47}
o] Yt % operating system overhead
5 ZaAA e el Tl Hs ol 52 gith)
= program W¢] F7F A& AR vt

5k 74 o] Fo] 2 b obA tasko] AHEl =

taske 71 F71 & 45 2382 =43 d5
#Hob vehdohe "ol

olof thEt Al chgxt 3ol #H 5 vt
Task7} ob4l ol 4k o o) 24 2 A (crea-
tion) & w4 (deletion)oll 4.9 5+ overhead”t

AA Az A 2= s v]Fo| AA user
program® 3ol =8 ¥ A|7ko] xz]dh ¥
g AvH o2 F75H7] wipolnt, F A4 4
Aokol A4S Rwbdli= taske] F7F ot

42 3ol task®d FAFE A 7] o Ho}
7} processorZ 24 T
swapping% oAl Bl AxE $A 52E o
ZA 2 vlFE o} hrigts o)A =3
overhead2 =gt wj-Fal Zeolrh o AlF

z
S

2
=4
v
Aol ol Be

T

of A= task A% 7Fe] communication® #H&
=] &) eFoket,
a7 &

IAPX 4327} S#atmlA) dA, oAl o
vl ARgE Al S motovt A AE H 7HA
benchmark algorithm-2 33+ 455 vl
gl ool 4] 2 Aol uiE) MR g o}

g s whr]E £33k A4 multiprocessing
ole] £43F &8£3 capabliity-based add-

ressing 42 microprogram .2 A& A]7) o

(438)

H3I5E FTH 1986 TH

24 A9 %L architecture® F8A)7)= A
& AAY 718 F3 2 Akl Beg  single

processing system2| o7 dlollA= 288 ¥
g A9t Zheted W 2 slme W
Al BT Aelddxn & & givls s, sy
47} 52 instruction fetch % decode logic®l
7} ¢} chipell elEle] ok AA A A
off 7l ukge] £ 5§, ®olzx Eaie

o] o o
AT g
51
%

3

[+

=]

+

f

s
T-3}3L iAPX 4327}  micropro-
Aol @7 AEE obTE by

Zolch, o]& oA 27
multiorocessing system<] 4!
system= AY AFL& o
E ) E multiprocessor
S program @& ¢ AHzrt H g Abx
data-s A4 33},

gdoneEs

1) Introduction to the iAPX 432 Architecture,
Intel Corp., Santa clara, CA, 1981
Glenford J.Myers, Advances in Computer
Architecture, 2nd ed. John Wiley & Sons,
Inc.,1982
S. Zeiger, et el,, © Ada for the Intel 432
Microcomputer, IEEE Computer, Jun. 1981,
pp. 47-56
A.P.Reeves and C.H.Jeon, “Computer Vision
Task Decomposition on A Multicluster

oo
~—

4)

MIMD System, in Language, Architectures
-and Algorithms, ed. M.J.Duff, Academic
Press, London(1986)

P.M.Hansen, et al., "A Performance Evalua-
tion of the Intel iAPX 432 Computer
Architecture News, Vol.10, No.4, Jun. 1982.

5)



