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t An Experi ! Imp tion of a Compiler Target
Prolog Instruction Set for the PSI Machine and Its Evalu-
ation by HIROsHI NAKASHIMA (Information Processing
Department, Information Systems and Electronics Develop-
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get_variable_p Ai,¥Yn
get_variable_t Ai,Xn
get_builtin variable Ai,Y¥Yn
get_value_p Ai,¥n
get_value_t Ai,Xn
get_atom Ai,C
get_integer Ai,C
get_constant Ai,C
get_nil Ai
get_vector Ai,Arity
get_list ai

unify_void N

unify variable p ¥Yn
unify variable_t Xn
unify local_variable
unify value_p ¥Yn
unify_value_t Xn
unify local_value_p Yn
unify local_value_t Xn
unify atom C
unify integer C
unify constant C
unify_nil

put_variable_p Ai,¥Yn
put_variable_t Ai,Xn
put_value p Ai,¥n
put_value_t Ai,Xn
put_local_value Ai,¥n
put_unsafe value ai,¥n
put_constant aAi,C
put_nil Ai

put_vector Ai,Arity
put_list Ai

cut_me
cut_allocated_me
cut_me_and proceed
cut_normal
cut_and_proceed
cut_me_and _fail
cut_and_fail

allocate N
call Proc,N

execute Proc,N

try_me_else L,N
try L,N

retry me_else L
retry L
trust_me_else Fail
trust L

switch_on_term Ai,Lv,Lc,Ll,Ls

execute_with_deallocate Proc,N
proceed
proceed_with_deallocate

switch_on_constant Ai,N,Table
switch_on_hash_constant Ai,Key,Table
switch_on_structure Ai,N,Table
switch_on_hash_structure Ai,Key,Table

1 Prolog & MiRIERH—K
Fig. 1 Prolog instruction repertory.



Vol. 28 No. 10
(4)

PSI ~dav,e4 5 & Prolog 44 DRBRER & Fil
procedual #r4r: WREOFEH L, HK,

environment OERR, BREDOHEIBEZTS. RO
ToOBRETHASE a4 EEML.

(5)

indexing M4 : BEEEY EFTOIHEK

DI u—XEDUESDLEFHUELXRDEHHE
2a—X4 Y FPFERYVIETHIMLHSB. choice
point TN oDHLD—Wick v EREhB. 7
U—XL Y FFY/ITETIGEE, Ny

L3 b0oiRhic, JBRERCIZ bOEBML

7z.
(6)

cut 34 : SR LOI-DEMOBELAE

Lic. B4 0aeBERINWIBEED 7 o —XDHh|

%R 287
(7)

built-in 4 : MAREIIF <5 Vv Figv Y

REMPBETELLSEORBL, FEAS 2>
LAPBELTE OO B EEAELL.
1 icHARTEZR L FO—KERT.

4. BE{LAR

AYRFLDaA V4 FTRECRD SEREORHE

LKL,
(1)

KAZRE —HERZHBIL T—RERII L

TRABONG, KAEENEET S L &K

environment Z{E3.

(2)

—BEREBIBAD L Y R 2 8 A R#EL

L, get_variable, put_value OX}Z BT 5.
(3) B—Bl¥uckds7u~X4 7+ /nE
ZTVERIIER Iz 1T choice point {EERGH4%E R + v

7TEXHa—-VERKTS.

BELca v 5T, XY B BXhTH»3d

DERFOBNa~-FERLTE
NTE. AR, AXRCHD
AEWCHFEMIicHEH L 72 quick

=1

1093

cut_me :

P :— !,q. or p :—- bl,i,q.
cut_allocated_me :

p:- !yg,r. or p :—- bl,!,q,bl.
cut_me_and_proceed :

p :— !, or p :- bl,!.
cut_normal :

P :-gq,!'yxr. or p :-4q,!,bl.
cut_and_proceed :

P :—q,!t.
cut_me_and_fail :

p :—- !,fail. or P :- bl,!,fail.

cut_and_fail :
P :— q,!,fail.

: built-in predicate

B2 5y t4sRRTdso~-Xof

Fig. 2 Usage of the cut instructions.
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Table 1 Execution time of bench-mark programs: new compiler compared
with the original interpreter and DEC-10 Prolog.

t T, deallocate & execut
sort Ti2 & . € Programs New Compiler Interpreter DEC-10 Prolog
DZDD fa s A3, execute.with_ msec | kLIPSt msec | ratio} msec | ratiof
deallocate &) HAMHAICHE & (1) nreverse (30) 4.35 | 1143 14.6 | 3.36 9.5| 218
PO > TOBEPREMEEL->T (2) quick sort (50) 6.73 89.5 16.1] 239 14.6| 217
i # ° (3) tree traversing 28.95 73.3 52.2 | 1.80 61.1] 2.11
V5. (4) 8 queens (1) 48.10 | 119.5| 105 2.18 97.5| 2.02
(5) reverse function 22.31 58.3 38.9| 1.7 41.7| 1.86
5. i 8 B (| (6) slow reverse (4) 2.58 82.6 6.1 238 §.4| 210
(1) 8-puzzle 2442 — | 6544 2.68 — —
HMER a5 AL LTELE (8) harmonizer-1 276 —| es7 2.34 | 1040 3.77
L ® (9) harmonizer-2 784 — | 1879 2.39 | 2670 3.41
prolog 2 Y7 A P ORE T 1 (10) harmonizer-3 | 9846 — | 24119 2.48 | 31390 3.19

75 L D—E &, 8-puzzle & har-
monizer * V5 2 DODISH 7o s

jIncluding built-in predicate calls as logical inferences.
{Exection time ratio (time of each system/time of new compiler).



1094 mELALIRIE

%. 8-puzzle Z¥ —2DF s 54 CHAREBOE
FTHEREERERED 05631 XY -2 7
o/ 54T 100 fFTRED & D, harmonizer {32 o7
4 =—poNn—=—2ARTI—FOFECHTIH
AR Y X7 A CHBRERNE N & LBBRT—4 %
BLBOBBERED, 7o/ 53 L94 XY XS
753 LTTOFTEETHS.

EhoAMERIZ, PSI FicihoERHINTHS
A4 V2FY) 2ICHRT 1.74 {505 3.36 {5HETH
Y, HERHEFIT nreverse T 114.5kLIPS Z#m L
TWBZ E000E. 127 2 EDFETRELE
R2&(1)D nreverse DL H 153 v¥4 53 TOREA
{EBDPPDPT VTS 5 LCBNT, RAERLH
ICEEITIE > T3 T EMsgEsRNS. —F DEC-10
Prolog & OEFRMEER 2 &, XY X 7 413 DEC-
10 Prolog iz b ~T 1.86 £ 5 3.77 fEDYREE R
TEnHRHE. T ()5 (4)BLT(6)D7Tas
5 LATREDEMII—ETHEL 050, KUBR
CHRAI L7-##{t & DEC-10 Prolog = /¥4 5
TORFBLFRITNSDTH AT LHBHERINS.
(8) P Fo S5 A TEFTHEEISAKE DR,
iRD harmonizer D70 7 7 LEHENEELCTHE:
HEELIOLND.

EAHMoO DI, BRBEGSOETER, <17
07as s LADAETAT » IEE(T), (8)DF 1
777 MOV TRIELY. (7)) TROESETEROA
i3 1,614,249 0], =470 @pPORF v FEHI
12,210,000 X5 » 7 ThH D, BREGS 1ENLDH
DB A 7 0@P{RTF » 7L 7.56 X597, @
SEFTHEE L 0.66 MIPS (Million Instruction per
Second) &7i-7z. (8)TRZTHhEh, 163,975 [4,
1,380,000 X &7 » 7, 8.42 X F v 7 /4, 0.59
MIPS k7557,

184 DEE =4 270X F v TEBHBRT v
TTHELEND, MPOEEAOHBIET IR
ARONTES. TROLLERAEPHEE 144N
7DD = A4 20 RT vy PHEBHROIRT v FELD
12.5% BEOHBETLELACLBTFREINS.

6. H & ht =

PSI~®a w34 5 BREMTORBRERE L4
BNEETT 7. HEERPSIoA Y ¥ rBRick
~NT 1.74 {555 3.36 f5, DEC-10 Prolog a3 »/¥
A FBRICH~RT 1864505 .77 (5L 150, HERERE

Oct. 1987

i3 nreverse 7 u 4 5 AT 114.5kLIPS & 18-/,
O L2, 3 ISREIBELEGEI—FD
KRE, MPOERHIPUEFAORELOmE X
> T3, F-BREMNS 1AYYDFEEI<M )
HLERTF v TERRBHBRT v 7, BEERSORTHE
B3 0.6 MIPS gtk W5 EEH/.

A%IZTH S OHIERFE PSIOBIR DFEHICR
MTTWLFETHS.
BRICHEOBLSEEL T & - B FiER2
v Pa— 2 ENERBEAERON —EHR KB
H—BRICEHMLTT.

2 ¥ X W

1) Taki, K., Nakajima, K., Nakashima, H. and
Ikeda, M.: Performance and Architectural
Evaluation of the PSI Machine, Proc. of 2nd
International Conference on Architectural
Support for Programming Languages and
Operating Systems (1988), to appear.

2) Nakajima, K., Nakashima, H., Yokota, M.,
Taki, K., Uchida, S., Nishikawa, H., Yamamoto,
A. and Mitsui, M. : Evaluation of PSI Micro-
interpreter, Proc. of COMPCON Spring 86,
pp. 173-177 (1986).

3) M 5, #E £, X 9 &I £ AME
B—: =y F BRI/ PSID/ N~ F
Y = T8, Proc. of the Logic Programming
Conference '84, No. 8-1, Tokyo (1984).

4) Taki, K., Yokota, M., Yamamoto, A., Nishi-
kawa, H., Uchida, S., Nakashima, H. and
Mitsuishi, A.: Hardware Design and Imple-
mentation of the Personal Sequential Inference
Machine (PSI), Proc. of the International Con-
Sference on Fifth Generation Computer Systems
1984, pp. 398-409, Tokyo (1984).

6) Yokota, M., Yamamoto, A., Taki, K., Nishi-
kawa, H. and Uchida, S.: The Design and
Implementation of a Personal Sequential
Inference Machine PSI, New Generation Com-
puting, Vol. 1, No. 2, pp. 125-144, Ohmsha,
Tokyo (1983).

6) Yokota, M., Yamamoto, A., Taki, K., Nishi-
kawa, H., Uchida, S., Nakajima, K. and Mitsui,
M.: A Microprogrammed Interpreter for the
Personal Sequential Inference Machine, Proc.
of the International Conference on Fifth
Generation Computer Systems 1984, pp. 410-
418, Tokyo (1984).

7)LA& B, BE £ @I £ | RB A
Hft—: ZREUER<> v dD7A4 7437
) %2, RHELBZSHRLER, £S5 0E 29-7
(1984).



"A !

Vol. 28 No. 10

8) WARIEST, AL BB, BEE K, R B I0R

#:* |fEk:ED Prolog ~O¥A, § 26 [lifiRiFn
£4EAERHE, No. 4D-11 (1983).

9) Warren D.H.D.: An Abstract Prolog Inst-
ruction Set, SRI Technical Note 309 (Oct.
1983).

10) Tick, E. and Warren, D. H.D.: Towards a
Pipelined Prolog Processor, Proc. of 1984
International Symposium on Logic Program-
ming, Atlantic City (Feb. 1984).

11) Bowen, D. L.: DEC System-10 Prolog User’s
Manual, Dept. of Artificial Intelligence, Univ.
of Edinburgh (1983).

12) Warren, D.H.D.: An Improved Prolog Im-
plementation which Optimizes Tail Recursion,
Proc. of the Logic Programming Workshop,
Hungary (July 1980).

13) Okuno, H.: The Report of the Third Lisp
Contest and the First Prolog Contest, {##RLH
FOMRLER, TSOE 33-4 (1985).

(MBfn 6242 A 27 BEA)
(HEFM624E7H 9 RERE)

& (ELEAR)
3145 B4, MF 54 £R1E
KETETHERTEREFE. BH56
FERRERETRRET. AFE=E
B (BR) AL, RIHAASETUIER
CRBNT HERTY DT —FF 7
F + OWEBBRICHEY. RBREFOETHAL LU
¥R F2 kDT %577 F + ICRREHD.

PSI A2 vs%4 5% Prolog 4 ORBER L FHIE 1095

hl RA (E£LA)

WA 28 4E4E. BRF 52 SEFB A
THEBIAF2LEHNEE. BA
54 ERAREHELREBET. RE=
EEM (B AL, LR, BERTH
RERICTAR - ERHNEBOMRIC
RE. BRMSTEIYFERMUHRa a2 -4« S
=7 PBEL, FRE#R S VOB - FMEICH
. OBRMEOELY (FHR v — 2 BIEAR
M. B, BRBfR~ v voWB, XHE
H#h< v Y OWE - BARICHEE. VLSI & Sut .y
¥, ¥Pler Ve T—FF 7 F » BICRBERD.

M 0B (E£LB)

WA 27 4E4E. BEEN S1EEMP K
THERBTIERZFE. BRS4E
AAEBELTRE v 2 7 o T2E
T. LEL. B4 k) BILRER
Att. AgkspIHBRTHBAR
T 27 LORICHEE. MAI57 £ (M) FHitR o
V¥ a— 2 NARBRICHE. LIREREE LUY
FIRHER < v VOREBRICRS. ¥~ vD7 -
FF0F 4, ¥R s 7 v LICEERERED.
BTH#EESSL, IEEE £48.



