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A PROLOG-ORIENTED RISC PROCESSOR “PEGASUS”
—PROTOTYPING AND ITS EVALUATION—

Kazuo SEO and Takashi YOKOTA

Central Research Laboratory
Mitsubishi Electric Corporatlon
8 1-1, Tsukaguchi-Honmachi, Amagasa.kx, JAPAN 661

Pegasus is a Prolog-oriented RISC processor. By making the best use of custom

VLSI technology, it provides an efficient way of performing Prolog-oriented operations. The

cost of backtracking especially is reduced by the use of a regxster—ﬁle partially composed
_of register pairs which can be copied into each other.

This report presents the development of a prototype Pegasus chip which has a
processing speed of 239KLIPS (Kilo Logical Inferences Per Second) for a deterministic
append program and 149K LIPS for a non-deterministic quicksort program.
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39 3837 3231 [}
GC | DATA TAG | DATA WORD

00 0 0|0 O] - UNBOUND VARIABLE
00 0 110 6f: BOUND VARIABLE (REFERENCE)
00 0O0[0 I}: INTEGER
000 110 1]: SYMBOL
01 1 1{0 1|: CONSTANT NIL
000 0(10f: LIST
00 00! 1|: STRUCTURE

C1000{00|: INSTRUCTION )

“osindicating the four Prolog data types
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#%1. Pegasuso&dty

OPcode  Modifier OP1  OP2 OP3 | M eaning
L.oad/Store Group
LDP . Rpsr Corr Rosre< M[PC+ Corr]
LDR <mdf> Rpst — Rix  Corr | Roste M[Rwx+ Corr]
STP . Rsre  Corr Rsre—» M[PC+ Corr]
STR <mdf> Rsec  Rix  Corr | Rsrc— M{Rwx+ Corr]
scp . Crac Rsec  Corr | Crac$Rsrc— M[PC+ Corr]
SCR <mdr> Crac Rsee  Riox | Crac$Rsrc~> M[Rwx]
Register Transler Group
MCV Rpost  Csee Rsee | Rpsre Csre$Rsrevan)
MTV Rost  Rsi  Rse | Rosr« Rsirac)$Rsevary
MTT Rpst  Rsi Rse Ropsr« Rsirac)$Rse(rac)
MvVyV Rost  Rst Rse Rosre Rsivar)$Rse(var)
MAD Rpst  Corr Rosre- PC+ Cosr
Anthmdic/l.opical Oparation Group
OQVR <mdf> Rost  Rst Rese Rosrvar)y« Rsivar)<mdi> Ree(var)
ove <mdf> Rost  Rsc  Csrc | Ropsrvany« Rsrcvar)<mds> Csre
OTR <mdf> Ropsr Rst Rse Rosr(rac)« Rsirac)<mdf> Rse(rac)
or1c <mdr> Rost  Rsee  Csre | Rosrrac)« Rsre(racy<mdr> Csre
Jump/Call Group
JPP Corr PC« PC+ Corr
JPR Rox  Corr PC+« Ripx+ Corr
JIP CorF PCe« M[PC+ Corr]
JIR Rix  Corr PCe M[Rwx+ Corr]
CAP Rost  Corr Rpsr« PC; PC+ PC+ Corr
CAR Rpost  Rix  Corr | Rpsre PC; PC« Ripx+ Corr
CIP Rpst  Corr Rosr« PC; PC« M{PC+ Corr]
CIR Rost  Rix  Cow | Rosr« PC; PCe M[Rix+ Corr]
JCR
JUR <mdf> Ris Ruz Corr | if Ru1 <indt> Rz thenPC e PC+ Corr
JSR
Jce
JucC <mdf> Rret Crt  Corr | if Rret<mdf> Crt thenPCe PC+ Corr
JsSC
Compare-snd-Jump
JCx for TAG part (as an unsigned integer)
JUx for VAL port es an unsigned integer
ISx for VAL part as a signed integer
JTD . Rs1 Rse PC« M[PC+ Disprrlen{Rst, Rse) |
JT'R <mdf> Rs Ree Corr | if Traid(Rs1, Kss, M AR) thenPC« PC+ Cosr
Shadow O peration Group
SRR Ry Rwx  Corr | ShadowRead Rywords
SRC Cx Riox  Corr Crnwords
SWR Ry Riox  Corr | ShadowW rite Rywords
SwC Cx Ripx ~ Corr Cywords
SGR Ry Rivx . Corr | ShadowG et Rnwords
SGC Cx Rmwx  Corr Cnwords
SPR Rx Rivx  Corr | ShadowPut Rywords
SPC Cn Rmx__ Corr Cxwords
M iscellaneous Instruction
NOP No_Operation
HLT . Halt
CTT <mdf> Rost  Rss Ree Compare TAG of Rsi and Rsa, Cause TRAP




operand

tag bits for
Prolog data types
(concatenated)

shadow address
from control

MWE | [HAK |
oo

interface

MRR

memory

M4, F—% + NADHEK

VAVDEREITENZAREBIIZIDOT. LY
AP T 7 AN KBRS EUNOERRALE
hB3TEEMENS 5. Pegasus T, LY RXFY » T 7
ANDODARAR—PRNSINABABEFFZ L
Wk, COERLEBRUCVS, g (D&
ENALTORARAZHUTR. Yy TasoR
No-opfa {2 AL., TR ZONo-opRHEEE
BAIOWHERAGSEELVHTIIRA->TEAELL
BEEZEVIBEY v YT FHOICIOHALT
w3,

4. 7O ¥ LT - FvTOHHEK

VISIZ— % F 7 Fr» OMKERITO> LT Wh
MEHBTTITOM Y LAY T RITAZIMPERERK
HEhoTW3%, PegasusDHE A D RISCFROF
vyTERVEZ. FOLAT7YMPRFREIDPRYOD
BREHNEET S, #-TC. SHORETHE.

BRILVARY AEHBLERBAZBRVTRAY
YF—F A HRIE & BBERITO. B
OEHEILER - k.
ATy 47 « FOTOF~INADH
BERT. BOKEREV 2 —ALTHELYRY
CIFAMRBEUTE. EAHRBLL 7Y MR
HEBLTZOLEEEMEBERMI NI AEY « T
Va—=NLTdo. k. Yy FUBEFEEES> L
R EBT 3 CEPDETHE E Vo R EH
Pd. TUARAIL - LATI b RI{Tole TO
HMOEY 2 -V RDVTWBAYYF—F L E
O THRHXATOEN, TV —LHOKAE
5 E@WUCALUBEY BB URTOY Y E U
ZTOMRHFOV Y BB 1DOT Y I E
k. BB, SHORETRHWIY Y I LA
Th3aSFa—FHAOROMEF N Y J iR
EBRFVTORMT EL ko



AR
b L
AR

 0thers
Control, PC
Address. Adder

[
Hiles

2., 7O AT - FYTOHE

B TINHARAI DS AT —F « BLAR
it AR ¥8 AH
MEITEXR 2A9N 2 um CMOS
FOTHAX 10.3mmX 10.9m
N ir—y 160EYPGA
Ry 294N 200ns
HEERTERE 23 9KLIPS(append)
14 9KLIPS(quicksort)

E£3. BEVa—-NVOY -}/ PS5V AIYK

LYZRY «T74i WATPSOURY
(BNANZER)

ALU 2, 1563845 —}
HAoyyy 2, 82145~}
PC 74645 —}
7FEVAMEH 461%—}
RLVFTVLIY 678%—}
Ny F&FZ 4N 663%—}




MoRRBEENLRTAIIYALT « FOTERT,
COFYTU NYFRUEOF S AN 2BRGE
L CHEREIDORERTIOAY I MEEREINLT
VW5, RARFVTOPERL, R3RLBEY 2 —
NOF =P/ IV RIEERT. TLARY
A/AY YT —F s BLARREDHBHOER.
VA7 MERHREUVULMMUEBABEERRE
WLEhTWVL3,

LYVRY « 774N EPIYYAIENBHALTA
H(nFH2LVDODNA PIIVRAIBELIED
NTVEHERY — PERRBEThIEIHW2ASTY
—}) EBLBROTVLEN. BOVBULBBLAR
EEELAT7IPEhEOUP2EIS VRS
TH3, FEY Y7 REUTURISCARN 2>
RTEREVEFBCHNMEEIhTEY., AT D
BEF A~ FHOROM (382bitX 128words) %5
BRUANTHLAHRO2FBEERNE >TL 5,

COFYTDOIIF 2 HN s NAW. LY RY
s Iy ANADL7 L AMERERHAUVTCALU
LUK UARY c 4 ¥ Tx—AOANMDT
FAELOBRBEIBRTH S, HEOEY a— L
BTWEI00nsON A TS 4y « EVFUTTHEE
BZ20WBBLLSE. ZFLVAMEROERREIX
TEHEIERE->TPRVOMEMLEERT B2
EMEETD %0

FAN R—=FRHABRATIT > LBEAROD
BR.Vy P I BRFEREDRIRNTOGSVIER
REBELTBY. ZBELEYIab—-Ya Y
2k 2HEAMEE (Append7 1Y 5 L 1 239KLIPS,
Gsort7 25 5 A 149KLIPS) [TIR EREIET &
Z3ZEBHMATE R,

5. b

AKE TR, HEMAERED T 3Prologla
RISCT 1w ¥ PegasusiZ 20T, SHEEELVRT
aby4T - FyT RGNk, COFVT
BEREVLSIEUCTE R I P HREORMBRE UL D
DTH BN PrologD RITERICHMU LT —%F
PF P RBED2IEREIODPRVOEHELERU
TW3,

RISCHR RIS BEGOMBEREVUTa—FED
HmBBEFonIN, YV EREEEERERT S
CRkoTH RS2 U, a—~FERHHET S
CHEZ. XokHEHLEEAR ->TWERL,

el

FRER I EHBZ LS. HAIH/EOLRE
WTWAZHERWIRARFTERBEI LT -
Rx—Yv. FWERER. ROVRIHAVE
BORYAFLAMBBE—T I — T ORI EH
WhUEd,

[(2EX#]
[1] S.Uchida, et al.
Inference Machine: PSI,” New

: “Outline of the Perso
nal Sequential

Generation Computing, Vol.l, No.1l, 1983.

[2] M.Yokota, et al. : “The Design and Imple
mentation of the Personal Sequential Inferen

ce Machine: PSI,” New Generation Computing,

Vol.1l, No.2, 1983.

[3] R.Nakazaki, et al. : “Design of a High-S
peed Prolog Machine (HPM),” Proc. of the 12t
h International Annual Symposium on Computer
Architecture, ppl91-197, 1985,

[4] T.P.Dobly, et al. : “Performance Studies
of a Prolog Machine Architecture,” ibid., p
p180-190, 1985.

[5] E.Tick and D.H.D.Warren :
elined Prolog Processor,” Proc. of the Inter

“Towards a Pip

national Symposium on Logic Programming, pp2
9-40, 1984.

[6] K.Seo and T.Yokota : “PEGASUS: A RISC
Processor for High-Performance Execution of
Prolog Programs,” Proc. of the International
Conference VLSI’87, pp.221-234, 1987.

[7] #iRE. #H : “PrologiglEmRICST T Y ¥
Pegasus,” WHAUABE L7 —-3FI7F+MRESE
#63-5, 19886.

[8] D.H.D.Warren : “An Abstract Prolog Instr
uction Set,” Technical Note 309, Artificial
International, 1983.
“Reduced lInstruction Set

Intelligence Center, SRI
[9] D.A.Patterson :
Computers,” Communications of the ACM, Vol.2
8, No.l, pp8-21, 1985.



