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Co-operative High Performance
Sequential Inference Machine: CHI-I1

By Shinachi HABATA ™ Rynsei NAKAZAKL* Akihiko KONAGAY A
Atsushi ATARASHI* and Mamoru UMEMURA*

ABSTRACT A Cc-nFcrati\'e T[-Igh-p-erfﬂl:ll'.laﬂct' bL‘L]l;IE[:I'I.iHl ]rLr!.‘rl::I'.ZP {CHD .rn.'lt‘hi.ns* has been developed az part of
the  Fith Generation  Computer  Svstems [(FGCS) project  in Japan.  In this  project, &
logic-programming langoage is wsed as a kernel lnguasge, and the CHD was designed ss a logwe-programming

language processor.

w@dvancesd CHI wversiend design approach and its characteristics.
Generally. the CHI systems have four fcaiures: tag architecture. back-end machine, large

desk-side computer.

capatity mam memory and logic-programming language eriented instruction sel.

This paper describes the CHI system (satures and s performance. espectally the CHI-I

CITHT was designed for personal use ane ns o

CHI-TE pesrlormance is evaluated

to be at 500 KLIPS Jor a deterministic append program execution in § MHz machine clock.

KEYWOHDS
1L INTRODUCTION

Lugic prugramming language, such as Prolog, has
been  considered 1o provide  useful  capabilities i
Artiflicial Imelligence (AD[1E2] amil is wsed as a kerpel
languape i the Fifth Generation Computer Systems
{FGCS! project ir Japan. It excels in knowledge
representetion. and provides 2 backtracking functon for
resnlutiin senrch. However, on conventional com puler
systems. the logic-programming [anguage requires g
large amount of CPLY power, amd oceupies  mueh
memory space, Therefome, 1t s difficult 1o handle a
large practical application  svstem  on convention:|
computer systems, and i1 is necessary o develop
apecialited computer svslems. which efficiently execule
logic-programming language programes.

The Croperative  High  performance  sequential
[nference (CIIL machine has been developed as part of
the FGCS project in Japan. CHI was planned as an Al
researcher's tool for Al application systems  develop-
mentl, and was desigoid  as @ |:_1H||;'-'prqgrammmg
languape  processor. During  the  peoject, two  ClI
versions were developed: CHI L {peootype CHI 3], and
CHIFN {advanced version).

CHI T was complated in 1985, and has attained 285
Kilo Logical Inferences Fer Second (KILIPS) executing
@ deterministic append program. CHID was planoed to
imprizve THI-D hardware, and to attain a more powerful
periormance than was available with CHIEL As a result
of hardware and architecture improvemenis, CHILI

"Ll Svstems Research Laboratories

High level language machine, Machine architecivre. Hardware, Perfarmance, Campiler

performance s evaluated 1o he al HO0KLIPS inothe
append Program oxeculion.

This paper describes CHI svstem features  and
performance. especially CHIE design approsch and s
characteristics,

& CHI SYSTEM FEATURES

The CHI archilecture s based on the Warnen
Abstract  Machine (WAMY|S]). The Cill1 was an
cxpenmental machine constructed 1o prove the CHI
architecture, and to atlain bigh pecformance. The CHI-
iz implemented with Cuorrent hMode Logic {CML) ICs,
which gre used on conventional large or medium sized
compuler systems. Then, it 12 not desirable to wse the
CHEL swstems i office circumstances, However, the
CHIE s planned os a0 practical maachine Tor peersonal
use. and designed as a desk side machine for use in an
oifice. Specilications Tor CHI L and CHI L are described
i Table L Genewlly, the CHI system [ealures are as

{ollows:

Tag architecture

Back end machine

[Large capacity main memaory

Logic-programming language oriented instruetion 281

2.1 Tag Architecture

The tag architecture i3 adopted into the CHI
wwalenns,  beeause  ihe logic-progoanming  langoage
requeres frequent dynamic checking of the data tvpe
dunng program execution, end the log architecture s
suitable for such data type checking. CHI data consisis
of a tag field and a value field The tag lield is veed
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for checking the data tvpe, and the walue field holds
ihe doda value, The CHI machines can execute both

tag checking and value computation in parellel.

2.2 Back-end Machine

The CHI machire s designed az a back-end ma
chine. A host macheine 15 used for controlling human
machine mterface  aml  penpheral Tl CHI
svstem provides an excellent programming  environ
in which mult window  s¥siems and poinung
devices, such as @ mouse. can be used by making use
of the programming environment on the host machine.
Morenver, sny application wysiems execated on the CHI
machine can manipulate mult-window systems and anv
perpheral devices on the host machine. This con
flguration makes it easy to save developmenl oosts ol
to concenirate  on a2  |ogic programming language
processor design

eviees

ETIETIE

2.3 large Capacity Main Memory

Loogic progisnming langueee teqiires much memaory
space dunng exccution for backlracking and predicaie
call operavons. The backiracKing and predicate calls
are fundamental operainmes, These operalions constroct
frames on a stack. required for logic-programming
language executwon. The CHL svsiem was intended 1o
provide an envirmnment b execuning lerge  practocal
apphcation Thus, the CHI-l machine =
cquipped with massive meimn memory units, whick are
uged on conventional large scale compuila
The THI T svstem provides 64 megaword mam memory
capacity, In the CHIAL machine, |8 cards arc uscd for
the mamn memory system. while 4 cards are used foo
the processor. The CHIFl svatem provides 128 moga
word mawn memory capaciey.

svstocms.

SRS,

Tahle | Specilizatinns fae CHEL and CHIL
[tem CHEI CHI-
Device CuiL TTE, M

20K hit 1AM 1M bt DRAM
Mechine clock 1 5H: h A H»
Data length B s M bns
1 or ¥ bit tag bt tag
B2 28 L value A2 b value
Main memaory i AW 128 MW
[RETRE 12N 1540 MB
Cache memory BRW L RW
{32 RB} (160 KB}
Sicro-instruction 80 bits T hits
Wes KW L KW
(L0 K (160 KR!
FPerformance on append 245 KLY 00 KLIFS

"

24 Logie programming Language Oriented Instroe-

tion Sel

The CHI svstern makes use of instruction sequence
The compler can reduce
many redundant operations, such az duplicate data
write operations Lo registers. data transfers in vamn from
one register to another and unity operations mdicoted
s fanbedd I the CHE svatenn, the Ingie mogramnung
language onented instruction set i3 provided for the
oprimize instraction  sequence.

nptimizatien by a compler

compiler 1o eificiently
Optimuzation by the compiller = one of the important
factors which must be implemented 1o attain a high

level perlormance on the CHE svsterns
A0 CUHL 1 GOALS

The followings are the improvement features for
CHUIL inheriting fundamental concept of CHI L

Desk-side machine

Merlormance improvement

Excellent programming environment
Flexible svstem development

Kl Desk-side Machine

The CHE was planned as & practical machine.
which can be wsed s wilive. To neemize the size.
three hardware techoologics were osed, First. about
20000 gates are intcgrated on twoa CMOS gae array
LS chips. Second, | megabit dvnamic memosy chips
are used lor ncreesing  the CHI-L main memaory
capacity and decressing (he nomber of memuory 105
Think. high-density packaging technology is applied to
implement the main memory card with 8 megaword,
or 48 megalwie capacity.

1.2 Performance Improvement

in the CHI-M sysiem. bardware apd architecture
wore improved too sttain more elhowent performance.
The data lenprh was extemied from 36 bits to 40 bis,
te intrpduce new data tvpes, and expand the logicul
memary  space.  The cache memory copacity  was
increased Tron & kilowords o 32 kilowords, and other

hnrdware functions were improved to decrease  (he
fumber ol micto-sleps  required  during  program
AR

3.3 Excellent Progromming Environment

Excellen) pogiamoung environment s essential 1o
developing  large  practical applications. To make a
better programming enviconment, the communication
imechamism beiween the host machine and the CHI-
machine 15 improved, and an asynchronous bidirectional
communieation unit s appledd in the CHIHE system
Therefore. any  applications  handled on the CHI

_2_
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machine  car elflcwenlly  mampulate  mult-window
systems, and utibze the data from a mouse devier on
the host machine.

14 Flexible Svstem Development

M gencral purpose instruction set was imtroduced for
describing mast hoili i predicates. Thus, 6 15 casy to
add. improve, and modifv the bwll in predicates. The
bwli-in predicates are wsed on the CHI operating
svatern and other utility programs. such a= an editor, an
interpreter. and o compiler. which are important parts
al the CHI I system. Therefore, o0 15 necessary to add.
improve, and moddy the built-in predicates, in ordoer 1o
iprove the CHIE I perfarmance.

4. CHEIT HARDWARE TECHNOLOGIES

The following hardware 1echnolbgies were used o
implemem  a deskeside  size. 128 megaword  main
memnery capacity and more officient perlermance.

« UMOS gaie arrav chips
High-tensity packaging technology

4.1 CMOS Gate-array Chips

Twao CMOS gatearrsy LS50 chips have boen devel
aped: one for cache memery and instruction prefeieh
control. amd the other [or microprogram  sequence
control. These chips are constructed using 20 1.5 micron
rule T8ROS5 pracess with two metal laver levels for
interconnection. About 200 pates are integrated on
the vwo chips. Each chip is housed in 2 pin-grid-erray
packapge wilth 208 pins

4.2 High-density Packaging Technology

High-density  packaging techrmolugy is appled 1o
decrease the number of memory cards. One megabit
dvaamee memory chips are used [or main memaory, 354
memory 1Cs are surface-mounted on both sides of a
memory curd, which provides an 8 megaword, or 40
megabyte memory capacity, Then, 16 memory cards are
pespisired? o provide 128 megaword. or 640 megabyie
IMALN MEmaory capacity

o CHE-N CONFIGURATION

The CHIN sysiem provides an  excellent logic
programming environment for a single user. including
multiprocessing  and  mulli-window  environment. 11
consists of @ host machine and the CHI machine tas
shown in Fig. 1)

The host machine controls peripheral devices, and
provides cxcclicnt human machine interface functions,
file  manzgement  fumciions  and  CHIF[ hardware
monitoring functions. An engineering workstation with

UNIXT svstem W iz wsed as the host machine. The
CHIL machine is connected with the host machine by
SCS1 which is a standard anierface for small computer
aYIlems

The CHID machine 5 composed of a  high-
performance  processor  {CHL processort, & large
capacity main memaory (CHEL memary svstem) and o
host interlaee umt (HIL (a5 shown i Fig. 21. The HIU
contreld  asvnchronous  bidirectional  comununics biona
ttween the host machine and the CHI[l machine. It
alga converts CHI-T 40-101 dana imto 32 bit data used in
the host machine, and vice versa. Therefore. the host
machine s considered an excellent /0 processor for
the CHIIT processor,

The CHII memory system provides a 128 megawnrd
spice wilhy errer correction. and includes a mapping
unit. which translsles logical address to physical
address. In the CHED machine, eight independent
required  to execute  logic-
programming language progreen {as shown in Fig 30

logical  spaces  are

i Haglh wiptfm ’»

D_I LIKEN wpmien W

-

CHY B sl

Fig. 1 CTHI- svsiem configuratinn

Frggend1ar biggl wigetiinn:

Hpst Pnieetace Ui

Hig SHIA processe:

L0 mempry gy stem

TFig. 2 CHI-ll machine configuraten

"UNIX = an operatng system developed by AT&T Dell
Labursiurics of the Lnited States

— 3 -
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These spaces are called

+ Systern Control Area: For system information and
micro work area
Code Area: Far executable maching code
» Common Data Area:  For shared data
System Object Area.  For system resource
- Laocel Stack Aren For program contral informa
tion
« Global Stack Area:; For list and structure data
= Trail Stack Ares:

- Local Heap Area:

For unda contral

For precess information

All proecesses hondled on the CHI machine share
four areas: System Control area. Code area. Commaon
[ata arca, and System Object area. The CHI-L logical
address consists of three ficlds {as shown in Fig. 4.
Oine is the Process I fieid, which is 12 bits in length.
and defines g corresponding process. Another s the
Acea [ Geld, 3 bits aee lengthe amd indicates sn wnes
wdentity number., The other 2 Internal Address field.
which provides a 29 bit internal addeess i the area
specified by the Area I field

i Bystem Cansrnl Snan
i

Coce Area

e e e

* Shared ty all aroome
Cammon Uata Areg

Sysbewn Obiect Arag

Lial Stack Aiug

i
Glabial Stack Mrea :
¢ For Prooess ()
Trad Stach Arvg |

L reanl Hezap déirea |

-

.

.
Local Stack & 7
l

Clopal S1ack Ares
Traik Sack Area # Far Process 406

Local Huap A I
i

Fig. 3 Logical memery space.

. CHI-1l PROCESS0R DESIGN APPROACH

The CHI-IL iz implemented with CMOS3 gate array
LSIs and off-the-shell TTL 1Cs Their gate propagation
speed is slower than that for CML [Cs used on CHI-L
To overcome the slow gate propagarion speed problem,
the Tollowing four points were considered;

- Memory access speed

« Micro-operation execution in paraliel

- Micro-branch condition integration
Compler optimization

6.1 Memory Access Speed

The CHI-IL machime clock cvcle was fixed toe 6 MHz
bavsed oo cache memory ovele, 0 oorder to carry out a
memory access operation in & micre-step when the data
extats on the cache. In othe logic-progromming  lan-
EUAgE. memory accesses ocour very Irequently. and
most fundamental operations require sequential data
accesses. Then, 1t 15 necessary o immediately handle
anv memory access operation required as the result of
the memory access executed n Che previous micro
siep.

There are two characterislic memory access opera
tions on the logic programming language. The lirst 15 to
vconstrocl two kinds of Dames on the local stack: the
environment frame, which 2rores  informaton  for
predicate call, and the choice point frame for back
trucking ias shown in Fugo5). The predicate calls and
backirackmeg are fundamental operations o the
logic programming cxccutwn. Then. m the logw
pmglamminz |ﬂ-l'-|§LI.3§'l:. MEemory ACCessss oocur Very
frequently, and & grea! amount of memory space is
consumed.

The second 15 to sequentially trace a reference
chain The reference pointers are used Tor aniving (wa
variables, and it s necessary o lrace a reference chain
for accessing @ varmble, The second charactenstic
makes 1t dillicwll o exeeale mOTOCY  ACCESREs N
paralbel wr pipcline. Then, the CHIFI machine was
designed 1o execule a memory access operalion inoa
micro step, whenever the data existed in the cache
memary.

.2 Micro-operations in Parallel
The CIHI-Il processor was designed to eliminaie
mictaesteps, which do not contain any memary access

43 FrE]] TR i
T

I Proces Mo | Arda M, ! Trrpr Scidre

Fig 4 Lomcal address (enmat
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operatinn. Therelore, the number of data paths has
been ncreased. and two ALUs are provided, one for
address calculation, and the other for data computation
[as shovwn i Fig. 6}

The CIHII processor alsa provides an argumont
comparator for data (vpe checking, and a multi-port
register file. which has Tow read poris and two write
ports. Then, the CHIl processor can execute address

BLL

BaLT |

GLE
- BTTIW
 ector | ELE

BLw FI l'_-

BaN e
| —

Ajfl ¥[8

.
.
¥ [n=1]

(g} Choice paint frame b} Environment Ereme.

Fig. o Stack frames

__LTT : ! _..[_ ' !._
HISH |

ENIAVAVAR
| 0 T
- J 11 |
T

Cache wempry prd
CHI:I1 memary system

ALU far sokdress calculation
AL or sats compu it gn
Brgumment coMmigaraar
frultiporr roeguier T

E #itfuctan prabecsher

FPP- dlogueg point rocesso
rar ey GRS registers

Fig. & CHI-II processar conliguration.

calculation, value comparizon. and tag cheching in a
micr-step. | can alse  increment or decrement a
memory address, and calculate the instruction prefesch
address in the same micro-step. Mosi instructions can
be executed in two o three micro-steps in the CHE

FITONHESRL.

fi.8 Micro-branch Condition Integration

Some micio-binch conditions  sre  integrated 1o
reduce  the number of Micro branch
operalions ure immediately executed in the micro-step,
i which the condition s checked. [n the CHILIL
processor, the result of tag checking determiines what
kirdd oof micre branch should be used. As an example of
unification. which is u fundamental operation matching
two arguments n logic-programming  language. tho
result of tag checking dircctly indicates whether both
arguments have the same data tvpr or not. For
exampe, 0 the case when both data types are
“atom”s the result of wvalue comparisan, “equal” or
“not equal”  determines  the  next  micro-routine,
“suceess” of “fall” However, if their data ivpes s
“variable,” the result of value comparisen, “greater” or
“less,” is used for determining the rext micre routing.
[n the rase of different data types, the resull of tag
checking i sufficient to determine the next micro
routine. “lail” or “unify & varable with the other
argument.” FExamples of micro-branch aperations Tor
unify speration are shown i Tabie 1]

M-Sl s,

.4 Compiler Optimization

The CHIL processor can execute plural  micro
eperations in o micro-step. However, the original WAM
mstruction set does not fully make wse of (his CHI-I
processor capability. Therefore. new instructions are
introduced for indexing and list processing. The effect
of the newly imtroduced instructions will be explained,
using Lhe determimstic append program.

The append program writiern on the WAM in
struction set requires § instructions (o process each
element ol o hst (as shown in Fig. T(bIL In this case, 20
MiCro-steps are required.

Tubde Il Examples of micro-branch operation

Resuit of
value comparisan

Micro branch
aperation

[Results of
1ag checking

ALDIM AL Vo= Vb call micro rourine
for next instruction
Va=, =Vb jump “fail” routine
VARVAr Wa = Vh Vo — Vh" routine
YVa < Vi "Vh-=Va" rautine
aromisl —_— “fael” routine

5 —
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append] LXK

appendd] X ! ALBIX | Clk-append( A D.CL

(a} append pragram written on Frolog

switch__on__term

try me  else

get_ nil
Eer 1 walue
proceed

l|uh'|.__rr|f_1:|me'_fd.|
gel_ list

unifv_ 1 vanable
unify ¢ variable
ger_ list

wrify _t value
aiify __L_ vanable

CXTCULe

InstrecLions

fap:
vl

$nl

$vl:

i

switch  oomo ist

v me_ else

goi__nil
el L wilue
proceed

trust__me_ else_ {ail
gul  list
unify 1t wvariakle
umly 1 wanahle
get__hst

wrly L walug

unify __1__wariabie

CREsule

I.I"iﬁp_ the

fnl8l=5fail
Evi

Al

ALAZ

Al
Al
AD
AR
A3
Al

tap

WAM

ariginal

SnnFle Fail
£2

Al

AlAZ

AD
Al
AD
K
45
Az

fap

e} Compited code. wang switch  on _list

o Bap
vl
3nic
Fw]

o s

{d? Compiled code, usimg wel _ st _

o Sap
farie
#ni:
vl

Kl 5_-5

L=

T Campiled code. asing switch _on__list

i) fap
vl

Sl

vl

ift Compiled code,

switch _on  list

try _me_ else

gel__ml

get_ L valuw

procesd

trust _me  elze  fail
Eet_ st

vnifv__1_ wariable
vnily 1t variable
get__lst_ 1 wal 1 war

exacule

switch__on__list__1_ var
try_me_ eise

get  nil

ger__i_ value
procesd

trust e else il
gef  list

umifv  t_ wariable
unidy t©_ variable

get list ot wal ot war

BEReCULE

awitch__an_ lwr__1_ war
lry__me_ else

el _ml

gel_ 1 wvalue

procesd

trusr _ me_ else_ iail
get__lst_t_ varinble
utily b varalble
get__lise_t_ wval t wvar
switch on  lmr ¢ var

B0

exchanging

switch  an_ sl L wvar

Fig T Examples of compiler aptimization

a7

Snil &=, il
vl

Al

Al.AZ

AJEnl 5ls, #ail
fv|

Al

A1AZ

AD
AL
AD
Az A3 AL

Bap

1__var.

AdEnl s Fiail
$v]

Al

ALAZ

AlLAL

AD

AZALAZ

A3 En] £ Elail
vl

execute  for
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Table Il Performance evaluatian in append program execution.

DProgram

Instruction count

Micro-step count

Execution speed

ihj
{c)
(dl

1)

if)

& instructions LI
T instructions/LI
5 insreuctions/ LI
1 instruetions/L

3 instructions /Ll

20 micro steps/ LI 300 KLIPS
1% micro-steps/L1 JISKLIPS
7 microsteps/LI 352 KLIPS
13 mucro-seeps 1.l AN KPS
[2 micro-steps/L] SO0 KLIPS

Table IV Newly introduced nstructions.

switch_en_lise LO,L1,L2

swisch_an_lisy_1_variable Xi, LOLL L2
serach_on_lisi_1_valwe %ol LOLLLLE
switeh_on_lisi_p_variable ¥i LO,LL1,L2

Lwal

ger_lise_r_war_t_war 41,9, Xk
get_list_t_war_t_vai 4i,.X. Xk

ger_fesr_r_wal r_wal A, hy, Xk
get_lisi_t_val_t_war AiL.X; . Xk
get_lisu_t_var_p_var A Ki, Yk

get_list_p_var_t_var 4i,Y), Kk
ger lizt_ v _val_p_var 41,55,k

get_list_p_var_1_val Ai
gei_list_1_var_p val A
gei_list_p_val_1_var Aj
Bev st o val_p_val A
get_lisi_p_val_1_val 4i
put_lise ¢ var ¢ var Ai

Ji
Y
i
WA
i
X

s
N
Ak
e
Kk
ik

put_lezn_t_war_t val A1 N 0k
put lise_r_wal_v_wal 45 K5.Xk
Pl _dasb_t_val _t_war Ai,.0), %k

put list t war p_wars
put_list_p_war_1_war 4j
putl_list_t_val_p_var Ai
put_list_p_var_1_wal Ai
put _lisi_o_var_p_val| Aj
put_iist_p_val_i1_va: Al
pal_lisi_i_val_p val 4
put_list_p val_t_wval Aj
wp[x_lusi_
unlr}'_l -:l_r__'\.'ar"_'.ai
wnel¥_lost_t_wal_t_val
I.I-I'HI.}'_|"§I_[_'-'a__|_\'a__l-
wii fs_tist_t_war_p_var
unify list_p_var r_var
unify_list_t_vai_p_vor
unify_lisl p_var 1 val
unify_lisit_var_p_val
unify list p val_1 var
wnity hisi_i_val_p_val
wrilv_Jise _p_val_g_val

_val_L_vdl

Tl
WK
1
X
i
K]
N

A8 Tk

ik
Tk
Ak
ik
ik
ik
e

on_lizsi_p_vielwe Yo 00.0L1,L2

KiK. Kk
LRI S 1
Ko, 0 Mk
KiLA ik
LKLYk
Nk

Xi
Xi
K
LY
Xi
Xi.

X
i
X
i
X,
ik

Y

One newly inireduced instruction

awilch_on_list
includes both

switch_on_term
and

get_list

Tk
ik
Tk

Ak

Tk

I tag i pge | =1 | A | | Chs B
|_I:nl-| I CFPG e H i = -[ |riryusyd B _!
1
[ [ o . | ] |
| g DecngE | fi Poom J Y
S B L e
| res | ofcoar | ] i | el 18 J
T T
I tag | [Pooge ¢ R | | immed 18 |
T -
EREEEE Diw 12|
13 pPopde 'I" Dz @ | | Rt T4

[ 123 | UPcade | Dise B |

S [ I I O

| LKy ! o

Fig. & Instructinn code fnomil,

functions of the WAM. Then. during the execution of
the append program using the newly introduced
instruction. switch_on_list, 7 instructions and 19
micro-steps are required o the same operation (as

shown in Fig. Tlch.

Anpther new instruction

get_list_t_wal_t_var
repliees Lhree WAM instructions,

get_list

unify _temporary_value

urify _temporary_vanmable
(as shown n Fig Tidb. Thus, 5 instructions and 17
muero sleps are encugh Lo process each element In a

list

'ir_
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The new instruction
switch_on_list § war
adds
unify_temperary_wvariable [unction
Lo
switch_on_list instruction
(as shown in Fig T(edl. In this case, 4 instrochons and
I3 micro-steps are required,

A compiler can exchangs
axecute (nstruction
for
switch_on_list_t_var
{ag shown in Fig. 7(f0. Then. 3 instructions and 12
micro-steps are executed to proces: each element in a
il
Execution speeds in the append program  are
summanzed i Tahble [0
The CHI performance is improved (rom 300 KLIPS

1

to 0K LIPS, applving the compiler optimizgation. The
newly introduced instructions are listed in Tabie IV, To
append the new nstructions, operation code length is
expanded from & bits to 10 bits, There are 10 kinds of
instructions formats in the CHII system (as shown in
Fig. 8

7. PERFORMANCE EVALUATION

CHI-T performance is estimated based on micro-
program execution for 18 typical machine instructions
and the append program. an the assumption that the
cache hit ratio is 100%. The number of micro-steps and
Memory BCCEss OpErations in each machime instruction
wits courded o compare CHI-L and CHIFD performances
{as shown in Table V}.

In most machine instructionz, the number of
micro-steps in CHIZT s smaller than that cequired in
CHI-I, and the total micro-step count for typical 18
machine mstructions in CHI-L s approximately hall as

Table ¥ Memary access ratio in typical 18 machine nstructions.

Micro step count

Memory access rilio

Memary
CHI muchine instrection CHI-I CHI. access count CHI-1 CHI-IT
EE[_DEI!&I]EH[._TM izhie 2 2 2 1 000 (LU
get temporary_wariable 2 i 1 01, 54uF 1M
£l _permanent_value 3 K| 2 (1.} LGRT
Eel_teaparary_value d l t 06467 L KK
gri_lise 2 1 | D500 1.000
BEI_SIrucrure G 3 2 0.500 0.6GT
pul_peraanent_variable 3 7 2 DEET 1.0
Ul _Lémrorary_warigble 3 & 2 1 BET (L0
pul _pesmanent_value 4 3 2 .54 {1667
pul_teaparary_value K 1 I 0343 1610
put_list K 1 i 0.333 ]
pul_sirmciure 5 2 ] [.400 1.000
upi [y _permament variable 4 3 ] 0.750 1oon
umi [¥_temporary_variable q 2 z 0.500 [KLL))
unidy_permanent_value 5 3 3 {1600 1LANN}
unify_temporary_valye o 2 4 0400 " §000
upify_list 2 1 I 0500 1.0400
unify_strectare [ 3 ? (.333 [LGET
Total micro-step count BT 36 iz — e
Average micro-step count T 2.0 1.8 0.474 (h.BEY
Average execution time 3700 4134 _ —_— —_
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Table V1 Performance estimabwn i appeand program execution.

Machine Micro step Memary Performance
instruetion eaunt L] eomnl fLE Access ratio {KLIPS}
CHiIM 8 3 0457 280
CIHI-TT without compiler optimization B 20 0,850 281
CHI-IT with compiler optimization d 2 a7 500

many as that in CHI L

The memory access fatio, belweon Memory access
count and microesieps. was measured 1o evaluate the
hardware and architecture improvement effect. The
average memory access ratio, in executing 18 tvpecal
machine instructions, 15 0883 i the CHII processor,
while il s 0478 n the CHI[ These values indicate
that mnst of the micio-steps, required in CHE contain
memory access operationg as a resull of the hardware
irnprovemment When executing the 18 typieal machine
instructions, 6 micro-steps  are  required, amd 32
MICro-31eps conlaln Memory aocess operation.

The average execulun teme s 3334 nanoseconds in
CHI . and 3700 nanoseconds in CHIL CHIFED is
superor to CHET in the tvpical 18 machine instructions
execution

In the append program execution, § instructions sl
0 micto steps are required to process esch element in
i st CHI L while 9 mstructions and 35 microesteps
are required in CHI-l (a3 shown in Tabie V1.

CIH- performance is evaluated to be at 300 KLIPS
in the append propram execution, while it s evaluated
as SR ELIPS in CHH. Moreover, by applving the
compiler optimization technique. the CIIHI performance
i improved at S0 KLIPS

8. CONCLUSION

CHI-TT has been designed amd implemented os oo
practical desk-side machine 1t has improved architec-
ture and hardware [unectwms Jor reafiging & machine
superior fo CHIL Moreover, as & resuolt of improvemenl
in the memory access rabw, applying compiler optim-
b, CHEL seloeves  togh  performance. In the
append program exccution. the CHLL performance =
evaluated to be at 500 KLIDS,

*¥ ® ® ¥ Xx ¥ ¥ ¥

The append program can be executed wn 8§ or 9
micro steps, il the CH)-ll processor can be improved
Then, the authors consider thal, il a few megabit
SEAM and 00000 gates could be integrated on a
chip, the wdeal CHI processor could be realized, resulting
in a practical legic- programming language processor
with several mega LIPS
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