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Performance measurements and evaluation of the CPU hardware
have been made for the personal Proleg machine PSI. The purpose
nl the research is o g2ec guiding data for redesign and
npLtimization of the PSQ MU, The axecotion speed is almos,
comparable with the DEC-10 Preleg (compiler version) on the
DEC-2060. DEC is Taster than PSI lor the programs that can

be opiimized well in the compile time, whereas PSI is fasier
for the programs that have frequenti backirack and compleox
unifications. Evaluation of Lhe cache memory reveals that the
hiv ratio is more than 96% for the Prolog bonchmark programs,
the write back (store in) mcthod works in better afficioney than
the write theough method, and the cache menory size can be
reduced [rom 8k words. Memory access ratios in the microprogram
execulion steps and read/write ratios of the memory access
commands are also measured, The register lile utilization

is5 analvzaed and it shows that the size of the register file

can be reduced much from Lk words and the accessing method
should be wmodilied. The microprogram branch {acilities are

also evaluated: the multi-way branch according Lo the tag value

and the eomditianal branches are used frequently,



Vol 28 MNo. 12

MY AL AR Y

IN="JFILERBHG~T > PSI oFE
——BFTEEE L e K 2 T A ORI o T —

CEE - A

oIy oE AT

-
=
o
r

3

LARER Prolog k-7 & PS| @aFdEre +-. FTHIEIT M 25 E L, Prolog @i &
@ﬂbt*+:#a#%?~PFE??rﬁﬂ.fﬁﬁnFﬂngﬁmﬁﬁhf.ﬁﬂ&&ﬂ,ﬁmﬁfi
ST SONE LA A b, PRk, DEC-2060 L) DEC-10 Prolag {2 2204 Sk LEETESL
OSB3 et FICL S BE MmO FI L Fe X8 o T2 DEC dafid, BHETa =T 4
i R 2 bR e SN MORYAEOF O T O S ATIZ PSI OB RGNS, o ba
AEDDDNTE, by PEME AL —F o v A F AR ET O S5 LT 6N biE <, Drolog ich
Lo BT TRETE, AT (F4 pote ) HEMHFMLCLE, ERE BR
ELOBETES LA LY. s ToE AORLEMES read Fowrite OB &L R
Sl=fe LEFART 2L AT DNTI, T4 o0t L EEET Pe o AEESEac s, e
AESHFEC SO TRALORESEEC &, SR kIS oo s S mAS dn kfra f. SR

Dec. 1987

ﬁwihfﬁ.9#Mhb&ﬁ<§ﬁﬁﬂﬁaﬁﬁﬂﬁﬂﬁ“ﬂﬁkﬂﬁﬁﬁﬁﬂqthgmﬁﬂgﬁﬂg

oo Fr e TOBRFLICHT 2B o

1. £ 2 it =

Db, Prolog ZHELAGELNESED
MERTE A & ) OREREPHER T 0 7 5 2008
BRORLSOER v - & LTOBE- Lo -
ZEMC. BADESHRT v —SF e P s b
D= & LTor= Fgmintiies oo PSL A 0RS:
LTx% 2oRMER >0 T—%575 0, e
Fo TRV TRTTICHRE LTy 5o,
ERWATIZ, PSl OFETHBICET IS, Prolog
Fori AOBEETE ECEA LIz -
Vo WERFT A0, Siioa—Ve o TOEEIS
VT, T PSI L E, HEHTIA0OREES
LI RBDSRLETCEEERLD, £8EE
OMERTR, Prolog MEFor5oms ey Tas
+:Zﬁﬂﬂiﬂﬁ'a‘E-HwEMh?—f%%ﬁfﬁ'#EJ. iz
W&t 5.

t Evaluation of the Fersanal Sequemsial Inferemce Marhine
PSl—Execation Spesd snd Performasse Anaiveis of the
Hardwass Components— by HIRosHI NAKASHIMA (Computer
Sysens Development Depsrtment, Ioforenation Systems and
Electronies Development Luboratory, Mitsubishi Elactric
Corporntien), Kazuo Taxl KalsuTo MaraiiMa (Fourtk
Beeearch Laboratory, Research Center, Tostitute fo: Sew
Generation Compoter Technalegy) and ARITOSHD MiTsL-
I=H] {Knowledge Processing Develapmen Depariment, lafo-
matien Systesa and Elsctronics Developmen: Lobarssnry,
Mitsubishi Electeic Corposstisn).

t Z!‘Mfﬂﬁﬂﬁl?—ﬁﬂﬁﬁﬂplfhﬂﬂﬁ

TIT (REHRE = e — T MR E R s
Y ZERE n T T a s e

Y= X T

LPEl OF—FFO9Fvbn—Fua7
LoiSE

L1 SeEOTERLTL Y FT—£F49F ¢

P51 12 Prolog 2835 LAl mMaEsE KLo £
BEENTIER~ > THD

PSl @ 2T H . KLO = o v EisE (&
BFa=F) gvdspFaersiaikantdays7y
FTRERETTAFRIELE-TVAET™ =¥ v DR
BRETE oy 5 6hDr b o, diiFs, SWny
a2 FLORESEhThMUT s e 1ST
ERENE. 4d PSl D 1GEREE Y rOR SIS
By bDF— B TS, ShREDI N
FEOE s FETHEFETEI L2102, 1®mdjc 4 8
FTOEE Y POGEEA Ly LoERASED, s
NOREER -THE PRl Oy —F52F 42,
APOFOFFalC LB vaT ) F g FTUETOSD
BT HEREC BN ST TED, DR,
A= T — b R

TldoFo At E NS sy a2k
Prolog @ETHANL, RSN EDEEY BT S
LB £ DEC-10 Prelog™ Zi2IELFLIC &
STWhaAM 2 rdo—Hhn, Fo—in, 2w
o=, L= d KRy, yo—ZRORG
AFDiBiE T — A s v s by b =R F
P EMELTVS, o=b0ZF o ritiio—FH



Vol 28 No. 12

EEHEEA o — iR f o 2 iniRRERICER
SEMOEGME LN, Pl RF oy FiTE e
FE o s B ERTARESIRIRSCOOT FLA
B rh A v be—ARF il 7
o5 LOVEFEEc et 5 10 FFOES, hFE
BEWE Lo Al L v b e e — A R
i g P e dHOI Y PE— 7 b—ads LTH
i d. cHLOFTHEFEOREFOLOIL, 7
g edn (WE LELELIRAT A EITE D
i, PEEGLTIY ba-n2f 7 FinhidE
.

4BODAS » P RESHITORET VL ATHICE
Hij, fbar—Fib=T<s 7 (BELEHFTH
EEF—-2) B e-FERERBEFHINGRIEORH
EWicEpLSE. PS]l TRa=¥ 7oy 5 L6 c80RH
MY ey 5 A0, BH o3 aDfETETEY
H— b LTah, &-FElRE T oS 3 A THRAIC
EHL, A5« BOEER7 oy 3 L 08 KHVD
BTSN T TS ChooRELMo b
By FEBATVWE S TEMLT, BB+
P ERABECLLTEbSTE RO T VL AESRT -
Tl = FoTTHA=FERTH SN

S F e TIREER, @RS = UE A%D
S naih, EEINE 20V R Fosank
| ENT AT 4 =gy Feginddin, oh
AR, ALLL WO R2FFod i, 2204w H
Te=F - LTASFEHMEREANTED, {407
GFFLCEDRBEEING. 4 eaanETER
7 & oapirdigEl LIRERIC T s, £ = UENC
o d e v el TEFLREROE TEEN
aFh it

2.2 BmE{kmf=tOi—F9zFHE—F

PST i3 KLO W 7T ot ~Fox
THHE—=+ELT.

fa) v B LUTFe -7y 7«2 OEEL
EFRENE L F sy v AT

(b f»2 7Y #OEREO DO RERTRE
WOLIRET 4w

(e) #FAEICGEICEHENSEMESSTHUIE
i P

(d} =4 407 0f s -~OnFSESER
FERNEL T A F o F o s s LEE 64 bit/ddr)
{mm thn.&:l_

COP Ty g s B DR, SR EkE

SR W R TR w PRl OFE 1208

Thky by TV YT F RS FANAR
ZbTAdvER (54 bty 2 BER), T EARY
Tk w bi% 200nsec, I R & 5 bBEF B00nsec TH
5, TowsH4Zii4BTHY, EEMREOROK
BT o FHIC B00ns it TiITDLHRS AF v
o DEFEEARDF Y2l At MO LTA
BEACERIAA E T ML writestack o= w FERT
o

Tes 7 A NFIELR LT ET o4 el 1k GED
EEAGE, ERL, EEECLIERE, $ROILE
AElwd S oS d s LTHETTETHS. K
@ 16 3 dual-port I T THEY, SEFEEE
FasiiEdos M SRl o afheFET
FlLadedrdita s, MEBYEEICIE WFAR L2 &1
AEEOTFLALIASMBATE, BEEED =
ArmpsiEERET, S — A MEHEEITE, AL YR
SEHMLTF—#1-¥24% (PDR F/id CDR) &7F
B bgsad 2hdd, WFCBR LIFRA—A
LV RAE e F e ReTEETLIEy POT P
AEBELT FLASERT 2085 5.

4 ws TN AL IRTEOBEEERG 12T
A —¥ e vOBBEVEESM, PSITIRLY
AT rANETT b=ty 7 p LR R LR
o bty T PGS LD, L8 s ~DEOESE
Lt ot ed DEELRFMT L &T
FRLTHWS. COEKOT 7RI WFAR L 2
I SRgEEE S, PDR #72id CDR itk &a<—7H
HigEEACT L.

SHEmEEL LT, SESHOREEREHEL
ik, FOEICE E-S SR AR ERP S
Y77 RAETOENOSEO TS SBMETFORY
a7
2.3 B =ik

PSl @ CPU 2@ E#E s » F%— TTL IC
LEFERL, 200nsee D=4 & Ofpftd o nE 4
LEERLTIE. Bmegs LTid, DEC 2060 E
gy DEC-10 Preleg (o »otd 55 ZE%0 30k
LIPS {Logical Inference Per Second : 1 Fb3 0 O
mEM SRELTHS

3. EFTEM O ME L EERE

3.1 ForsLnETHE

SEEE S u 5 LEBOT DSl 0 FRE & DEC-
2060 1 DEC-10 Frolog @E{TRFMERIE L, i



1300

EoprlbpELrorEl THE. oy DEC 1D
Prolog it < - FES & fost code fEEER LT v
1 e Lot b0 AafEF statisties BRITEFIAAI LR
oIt s L - TiuvE. PSLicoevT i CPU Ao
£ I meec D F 4 T EIL

BERT o5 L2, ER0(1) 45 00) 405 1 &
Prolog = ¥ # 3 MW OBEC—HTHYD. LTLh
2 FEGFES (GO0 F ey LTHE £
ALCRE L (1104 5 (18] 12 & 1 $EE O A & L BB TE 7
w73 LTHE. BUP & LCP HERRLOMAOD
SEaFRORELA—4THY, harmonizer 2E %
HIERIC L ¥ O F 4wl v em T = e BT B —FED
WPEMr e 5 LTHRL. VoA T e LOfEIE
fiadn, Fa00, 1500, £ TOFTES. Yoo s
LORER, DTheRERT —FD2 27 s -
2wt b F o bREF LA THAD, thT
SEME B L ORI R S 2 - L
BUF -5 EEADH BUP THY, v s k557
S HREITIT S 08 harmonizer THE, (1B TFo 7
0L, IO ¥ s TIET LW LT
.

Hirs PSI o, S#EHO DEC-10 Prolog
EEEEER LTV AL LHGRT. oy FLaick
H DEC & PS| O@EEISEET NSRS NE
B, 20ER S LTIR01O nreverse D LS5 S
meAA TRy AT LofREEER D aaiT
3, FRLAZTah—va VBT EREHER
trFe s L, it v 5ok AR AL
OBEREF o 5 AT DEC-10 Proleg Minmidic 15
TG, S L, (110 s 610 L ir i
FopEILDa=T 4y -y a v kB SDREY
Aed FPFe s BEUT 05 L, TiihaBnnE
MELTO XS LT PRl AN TINE, 20
HEE LTI, PSI B Rd: DEC wH~ln®<
DESEFHIL AL o S ICHASBE oy 5 LT
HEENAO A it FHBy o b #1 0h 2
1, BICEREE S Loa =7 .

MEEmELRILE

Dee. 1087

* 1 GEHEM U S LT
Execution time of benchmark programs
on PSIL and DEC-20680.

Tahle 1

prOgrams PSi(meec) DEC(meec). DEC/PSI
11} nrevorse (30 12.6 | o 4R 0.7
(2} ywick sori (30) 8.5 4.6 i, of
(3] tree traversing 5L7 61.1 1.1&
f4) lisp (taraid) 4024 4350 1.08
(5} ligp {AhiM) 260 . 402 1,04
(&) lisp (nreverse} 192 194 1.12
(T} B guesns (1 05,0 9r.8 1.m
(B} B gueens {all} 1570 1550 1.01
(9] reverse function | a2 41.7 1.08
(131 slow reverse [ti]-? 0G4 a0 . 0.80
11} BUP-t 43 g2 131
(12} Blp-2 138 Th4 1.40
{13} BUP-3 - I - 1.37
(14) harmonizer-1 & 657 1040 1.58
(15) harmonizer-2 1578 2670 1.42
(16} harmonizer-3 : 24118 ¢ 31390 1.3
17y LCP-1 | e 205 0.78
(1B} LCp-2 1387 1071 0.77
18} T.CP-3 2130 1R56 | G TR

LOP A REEdr—F 2R i tdddhs® DEC
M, CFud LCP @fedids DEC-10 Prolog 13
TolieEo l ATH L F. Pereira 57, MEEO
Bifs (FLlERAECERESHI RS ST
ErarElaEEs) ShEdilo—F s vyE
LTSl b ELCN LN, o L0 BRERS
T D,

12 Aoy T S OEEEY
AABMOET e S A S Pl @i
FEEET &40, BEM Y ry s BT LALS
o4 vFTN s AREOBNHERE L. B2l
BEEY L —OETAF» THEFEE T LZGOT
FL. BEMToIFFLELTE PRl <2 —F
A e e AT AD—HEYT window AT LLE B
puzzle & ad — LT o s s LEER L.

FRIERO2=7 g r—va vy v 5y o

window

o ] - ) Bl Fr—avaTAY#T0SE00MT7 o SHE (%)
To¥arRe s by s Takle 2 Execution step ratios of each compenent medule of the
BfiltgarvdsoFods firmware 1nterpreter (95
LTI & & DAl ﬂ-ﬂ'ﬂﬁﬂjﬁ f5s pm;r_‘.‘sm . i controb | Ll-IE‘-" trail .g-el_arg cut TraifL
J b 5 = = - SR— . - - P
' :Htmﬁ#'{“*’n“' (1) window | a1 | 171! 20 ' me w00 ! 282

SRETC AT PSI ZBEAE  (2) Bpumle | 205 | W0 | 75 227 | 0 I
EFCVPEETEMBES /3. (3) BUP | 23, 40, 47 | 52 56 . g2
L VBE B DL s 5, seps (4] harmonizer | 2.5 464 54 | T3 40 1L0



Vol 28 Mo, 12

»
i«

cAaTHRA B purle HEERmsT R, A
o & DA hIEL

L Ll Prolog wriisli® &k Bl T e
T

pf— o e B AR e v PRI OFIE

130
FL— AR RERRLT, BEOv A2 adh T -
v E O T = OWRWEEA v L
w2 A E ) ORISR ICI2, PMMS 258 4 o

&
T

yaAE)¥Iav—FERKL, @L< COLLECT
LD R L F rw aaT Bt @ = b Dl
A=l TRrASdr e @ o PEIEER
i

42 FroadEUORE

A s BLUE-THBET S AOWMLONR
EFMETZIN, Fre¥af2VOTSAERE
Frobaby PRICHTIF S ERMLAE.

BT Lis b ad, frdusid o diblha i
5 window T 82%, 50 Proleg 7 a5 AL
v A BUP T 65% &TiDa— #afin b el S
b Le LA BARE (hoilt) @372 7w TR
DEEEHLNRLE, &r 26.2% 19.2% £4D
ElfEokEr T A s S E DL TLAK
P {eontrol= = — W LROEMBHRALEL 124 <
DT ELT IR TIiCa-

iﬁ‘l’l.

(PRl B L

de bz KLO THHETEENESE . BHIZA T AL Ty v e ITy FH|DHEHEE AT &
SFEAETALLOBBEEL SN FiERAMN R b R =5 I (1T BT W B e SR

237y FESATEY, v/ 7egeiAT 7R
WL1AT o« 7THREOH&TA I BHERDHLC
EheinG. write T a7 v KOS
A9f1 Tread o= » P& { 1L+ TS, £z write
Taww FRm S B 5 T8 write-stack =7

EMizHOIiEEE L (getoarg) 1T wEE DA e T
AT EAEANGRD. ch S UEREEREO
IJEE.J: LTEET~&8OTHEAD. —F unify 2R

E BUP & hermomzer TF L{ EFEMEE, T4
.aﬁﬂirﬁiﬂ.l-a? str—v= OB ELRAG ST —

read

2THEL 2T oh—va VREEDHEMRICONT ¥YTeED, A fHIERA Ly VL JHA
i3, PST {2 DEC it~ T8 koWEENG SN R AR
THEN, mmify S40RF THERESITE 3 v Az ) TRIOT S EREMETHD. 2B,

A3 Ta=Talr—ia “EESEAEEILTEL L0 heap DT F R FEERLIAEDAF » FOT 7 ERE

GbSEkRETRTAI SMARLERNE. .
B3 Ay ioaoT FOHEEE (35
Table 2 Execution rate of each cache command in the
total microprogram executmon sleps (%ol

1. BisoMEE N - Fo z 7HE
41 o 1

{write. | write |

. r : Coread i writ total

R TIRFIC A F O TORBOET&HE proprams | stack "0 total 'O
RS, HERTe S s AETHOG - F (1) window-l {152 385 | 12 4.7 18,9
" ) =1 L 3] wimdlow-3 : 17.6 ¢ 3.9 I4 : 53 22.B
i, Ay iraiEzN, V=07 40, SER (4) 8 puzzle BT Canoza !l osa 16,0
BThHs. (5) BUP | 156 « &5 - Z2 . 5T 21.3
HER o r 5 ar L L b o2 (6) harmenizer | 153 4.6 | 22z &8 | 221
(7)1 LCP 17.0 | 3.9 I 2.2 . 81 23 1

L, g+ —#HEIPHOizL 0 (2D
yeenedfER L. FofBEHICR PRl O
Yo F o e 4 Bie COLLECT b mf LEEifl
A waFYN S aFLeTEsL, CPU DR

A oW THF S e ET (%)
Table 4 Access frequency of cach memofy area
{segment] (9.

s L ———T T P T JE—

EEy RO HNaT Y P TR orograms hean | Elobal | local ©eentral [ trail
iz BUKMICRZF o PRIDT =284 v b [ : stack | stack . stack , stack
FTOETEL DELF A, CPU B E+2 (1) window-1 | 486 46 165 | 287 . 26
Ml A S RS T LR, LYRAESE 2 window-2 6.0 4.4 i 2.7 i 74,3 | 01
B + L _'_ i w e t 3] window-3 2.7 6.2 210 22| 8
BEILALTLT AR EBOIUEICL (1) g pusle ana . M9 - 839 141 | 64

fz, T—2 7 r A LBEEOEMCE, MAP  (5) BUR 3.0 | 289 | 18 | 120 | 18
LE e f & Ot 8 = VOERITyY —A%mE (8] hatmonizer | 5.2 , 1.7 | 403 ! g o I8
Lcp 4“7 | 23| M1 | 174 14

L., COLLECT ithi~rfinfsrrram o/




1302 LR L R T 3 Dec, 1957
BS ZUTHH R+ 0 ak o R {9
Wible B Cache hit ratios of each memory area [segment) (%)
programs | heap |t;iuh.sl _,lhk mw.] Stack ocnlru] stacki irail stack | total
(1) window-1 8.1 8e 4. 9 w4 me | a4
(2} window-2 87,2 an, o 58,5 99.3 | gn, 2 | 919
[3) window-3 &4, 5 3 H a7, 4 s .7 e
(4} 8 puezle | a2 o4 4 a6 g o2 7.7 ag,3
(5) BUP 1ofa 2 95 8 a0 g8, 2 ag 7 a8 0
(6} harmonizer g7.5 ! o84 o84 93, 2 7.8 | 98, 4
(T) LCP | 66 ge | %2 | a1 | 98, § 9,2
BiaddTRAE, =78~ D75 +afisdkn
- e s mEE (%)
IMB D, SEELED OGN, £— T TEOLE (K 1.0
OF 7 EABBANICHMG T — DT 22 FTHE | o, §
A window @055 ATRCE =7~y 280 L :Lt.sk_,/"““"-_r
FoABEREINTEY, TORTr e EEH L " x//
S2TVE. BV oS A ueenT s £ Ames i
PEIT DDA E .4
yu—ﬂm,u—ﬂw,:y}ﬂ—mmﬁﬂf?? -
SOTr+ZEELT oS 7 LI EELTE. B
HF—8HENE Fo—rnn gy 2 ht BBko i 15.1%
(BkizgEhin) EEPET 0 Eto—mazs o f
72, SIIERRIC <R LA E L E 2 v b o — .
SR E o FRENERERICT S RS AT G, | '
bt A F e PADT SRR RER TS 6.4% FE 4
HaTlvg 0 ! ! ! | ! !
BELL)THO+ o Yoy bRTHE. T PR m s
. wihry - dTY
@ e FER, window T 90% EED LOHE D A Froo RUER (w)
fizThe 6% HETHOEERLTLE. B Bl Feyas eV BREEHR
Fig. 1 Performance improvement ratios against the

FHHEEORE T 0 5L Th ot b5y rén
=P =rartRERALTOE, (5152
(TIO7 o 38 THIE » P3EE ¢ VAL b
G, Prolog RO BB TLA A=V T742do -8 7
A WFT S, PSI CHRALAEEDS » o a2 =4
THCHAPTHEE LS ENTEE, 8 window
-l ok PEMEODR, ERFdrToeraa
Ao FHELTHECLEE, #{m ESP s s 3
(PEl @ »27 LZHBM ESP 24757 pi5M
BETH~TED, sF3LR3A7Vey riEMITE
&3 Fudsuei o — D —1g) TEfodia FIE
BLoftdicsfsa—For—# I F 8TV LT
RITHEHEILN, A7 Y20 VBRI LA T ns S

LMY e A PESET 2 L Ehiac
2POTHEL BEEMO SO R I o L ET LT A,

RCF e v ka2 2 YORBE4 o P RICWTZEE
felRERT. chéit, windew 7o HE LDk e —

cache memory size.

AF—ERdy ool 2R D i, B AH
HMoEe s Y2 dEBNEDOTEE 2 Lo b LIsEE
THE.
Eliddrsa s )ERE 8w o Bhw
TELZArf L 2MBEERN FETEL, 227,
EwEE FE = U Tae T — 1) %100
Taet Fgow a2 %) Sdd b & OBEFTER
Ter Hwwivn 42 hhSLl 0BT
Elfn oo PHRT~T2vh 5. Eioibk
[ L@ SLIZw A THEM Lok L qBAall s
Pl D e o v A TR Bkw b, #O8HE
TELWREMOR LSO Fam LTI,
—ﬁ&ﬁm$5$ah—raxrﬂmﬁbéu&y
FPRETELEFHLIOERTHE, 20T 4kw 2
oy FPDBEL dkw 1. bmﬁﬁ-mﬁﬁrﬁimm

— 5 =



Veol. 28 No. 12

2 —

FEEYMOE e v v v a lb=FRROTERSTA
tos A window, 8 puzzie, BUP O NIZ T
g1k FOITEE S ISR THa . SRR
Hoed$ o P LoD SEA TR LSS
S ZEMTE LS.
fom b7 A ORI TR, EHRIL

WL W L =T A DA T AL =TSO E
A OREOES L RR APTA yHRONMNE
o FEoEETL, ISR L D AT &

4.3 2=57 74 ILOHFE

v ot R — By - MAP 2L,
BERTe LR T LA FLI— 0T rAn
(WF) Z@is0FRBE LML, 2o0dihlk DUP
CETARTERTEGITRT. 0o T LCTD
VT hEROEER LN S

WF GTse2HiFRELD total D@L P,
Souree 1 IS50H 06, 4%, Source ZiEEHE 20.1%,
Destination HEHE 36, f% THES. B WEF &%

L FARS TS AN AR L2B&ITI
WF 7 7 2 EEEIT 50 ek 80% S9N, FiFss
b A

BEET Y AEEET ML, APOITIRS(3)
THEEM, CHLHODT VL v & E— FORHEHN
WEF T 7 4 A 5E0 0% FEL T bhgddkd
WET FrREELufEET AN, LWIASFTI+¢
ZRADTA oG ET o~ FET (7 oiiE R
Py PR 3SM 1 B LT AL, BHICHF
ATINAI MR ANRL

Airs—AERMES (4, (T EMEBIRE(S],
(B EOMEMETTS. (4 PDR & COR £ &~—
AEAHE T R R REESEL, bo L &@ly window
Th 45T EAETH- . PDR/ICDR Bl
g B EATILN (Bbit) EWOHLTE&TA—AHY
ferics HBEEMENR, FSERLILSLBER
LEions. (5)0 WFAR 1 - & ARMEETIR
(43 & HIT Local frame buffer MT & XA THL
SIS D, U TN ESENE T ¢ & e B bR e
EFMELTEL, oD Hhf., (613
Trail bufler™ ™ &&=, (TrRERTCFE
SnabtThoRMehE ], PSI TiT-Twé ¢t
L3 @ oy SOy T 0w ST SR
mEiirHh s A D,

WF ~@OT 7 &2 24dm 209% B, EHiET
Lajesidd 128w L Local frame buffer 2o

Yo e il VA & o o PEI o e

1303

Wh T T A LERE (Trexns=F O
M HIE (Fa)
Table & Dynanue {fequency of the Waork File
(register hle} access mades (940

s oo SES | BB R
(1} WF‘EIEIUI' ""122 69- '131!291"5"3':!‘]‘3.1
(2) WFI0-3F | 888@0  — | @623
{3) Copstant 230130 — |
{4} @PDR/CDR 1.3/ 0.B : — a0
[0 @WFARLI | 4.6/ 26 — | RS0
[(6Y @WFARZ © GLOTAD 04 - 0.3 0L
(7Y @WFCBR ' (0.3/0.2; - i 0000

Total 100/56.4 100,201 ] 1003 f
*afbeeoa: WFE T8 & Rdgha g
{Katle in the total Wark File access counts)
b gedfpfrdimaf
(Rate in the iotal mucroprogram execution
steps.)
*® 7 SgGAORERLHBE (2
Table 7 Dwnamic {(reguency of the branch operations
in the mig m|uf.r2ram execution steps (%),
operation | BUP | window | & ;n..zzie
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(4% if Ly [srcZ) then 27. 52 31

(&) case (tag (n, PACDR)) ;1009 | B& 8.1

({6} casc {irn) 2.8 4.6 4.9

(7)) vase {ir-opcode) 05 1.4 1.5

(8} goto a7 14 2.7

(9} gosub 4.0 5T b5

(18] retarn AR o4 6.5
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Tvpe 2 AN 16 4 22,9
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Typae 3 a.b 7.1 {2
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(16) goto @ijr | oo 0.04 0. 08
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