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ABSTRACT

Partial evaluation is an important program transformation method and compiling opti-
misation technique. Prolog programs are specially suited to be partially evaluated. At present,
several principal models and special-purpose tools of the partial evaluation of Prolog programs
have been developed in the world, but there are still following problems in these works: (1)
There is lack of systematic understanding for the basic principle and characteristics of the par-
tial evaluation of Prolog programs; (2) Both methods which are used to detect loops in logic
programs don’t bring the termination problem in partial evaluation to a final solution; (3) The
treatment of builtins in Prolog is imperfect and there are many implicit semantic errors in it;
(4) The efficiency of some algorithms for partial evaluation is very low; (5] The partial eval-
unators now available are confined to their application fields, respectively, and they are lack of
generality. Based on cur working practice in researching and developing a practical source-level
partial evaluator in GKD-Prolog compiler [14], this paper discusses the partial evaluation of
programs in pure Prolog, the detection of loops in logic programs and the treatment of builtins
in full Prolog entirely and systematically.
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- MywitE A,

O BREIHEBOBHFEN A, A AL HP A, 4 EEXRY
WEDER ARLEMTFER. HANBETRue, A4 BRFHERRE
Ay, Aioy Ayt A, BAW AT~ FBRR, HAHEEN R U&EH
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)1 4 3 A 8 (A & 89 Prolog # /¥ £

color(A,B,C, D, E) : —next(A, B), next( A, C), nest(A, D), next(B, C},
next(C, D), next(B, E), nezt{C, E), next(D, E).

nezt(X, Y(: —nextl(X,Y).

nezt(X,Y) : —nezt2{X,Y).

neztl{green, red).
neztl{green, yellow).
neztl{green, blue).
nextl{red, biue).
neztl(red, yellow).
nextl(blue, yellow)

nezt2(X,Y) : —nezt1(Y, X).

B HIE —next(X,Y), B4 i 5 B R AR R

next(green, red). next(red, green).
nexzt{green, yellow). nest(yellow, green).
next{green, blue). nezt(blue, green).
next(red, blue). next(blue, red).
nezt(red, yellow). nezt({yellow, red).
nezt(blue, yellow). nezxt(yellow, blue).

FUEER —color(4,B,C,D,E), BAHKEEHNELBFERUBMERE
7] R B 2= E T2 A AR

22 XHHZE

0 ¥ B3R, 78 Prolog B fE M B A i b, W A F 8% B B Prolog B ¥, B
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B HEZRSEREHTH N,

mﬂTL.EﬂwmHﬁ%ﬁ#ﬁﬁ&%Emelﬁﬂ&ﬁﬁ*m*ﬁ
RERLONT R FR- BMNABRTTRXSBHREMBAENBRFRITEAR KR
BELRHE: :

peval{P, (A, B),Suf, Acc, Out) : —!,
peval(P, A, (B, Suf), Acc, Out).
peval(P, {4, B), Suf, Acc, Out) : —1,
(peval(P, A, Suf), Acc, Out);
(peval{P, B, Suf), Acc, Out}).
peval(P, true, Suf, Acc, Out) : ~!,
peval_rest(P, Suf, Ace, Out).
peval(, fail, _, Acc, {Ace, fail)); —!.
peval( P, nil, Suf, Acc,out) : !
peval_rest{ P, Suf, Ace, Out).
Bl ' peval(P, A, Suf, Acc, Out) : —
d : clause(A, B),
peval(P, B, Suf, Ace, Out),
peval_rest(_, nil, Out, Out) : -1,
peval rest(P, (A, B), Acc, Out) : —
peval(P, A, B, Ace, Qut).

- £ 13 peval(P, Subgoal, Suf, Acc,Out) . P R ¥4 i+ B & % B #. Subgoal 3%
YW TEWR S RFHALBENELTE AcBRERSHNEBL LR Ouw
AREGR,
i 7] peval/5 # & ¥ & .
(1) & Subgoal BE AN FHEH S, MR ERBRE D GBS FEIF,
(2) % Subgoal 2 B ™ F B R M 2", W 5 3R W& F B $.
(3) 4N & Subgoal Yy i¥ 18 ¥ & true, 0 # 5 2,
(4) I0 SR Subgoal A B/ B hil, WA HHESHE HRERAGR,
(5) # Subgoal 24y & nil, R #k 2% 4 ¥ /5 & F B I%,
(O) MRFEBRFRFEELEDT T4, HLfES5cubgoal LR, M BEHNERS
i Subgoal, R fF *‘ﬁg Zo
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() B EIE RSB Prolog ZH N —~BAENK AFTRAN. BHORTER
ABREER MEAIMMN - HEETWATHE DRTFHSKRRHAES
W, MEdmE—RaRmEEH. EFdFpevalS BB -4 TFTRP R
clause(A, B) ST 89 B — M — B AL AL H 0, W) ) 4F — B 4L B (B, Suf)d, i o — K
4 55 (P, Acc)b.

BA2MEAAEHESN IRABFEMNEBRFOEEL EIid
Wi ceval/S BB — A F A B, 3 clause(4, B) 8958 H ¥ % W T 18 B &9,

§3. BEEFNHEFLD

1A R H A TE
§92 P bR M R X F & Prolog B FF £:

member(E,|El]).
member(E, L]} - —member(E, L).

BE B -memter(I L), RO EEMBRABRAF R

mernber(E, [E|]).
member(E, {_, E|.]).
member(E, |, E|]).

R OFRTESREASE LAY ‘

Lok, Pole BEMWHHER M BIFHNSLD Wik fTREN SR,
MRESIDH M AR YERYKERTTEN ROEF L HENIBR
RSB L, ST, B0 Polg BIFNEENE FEIE 5 B IFHSLD
WASELAEEFSALSTHER MBEMNERSUTESIRS, A%
IR O e ﬁ%“’ﬁﬁﬂ%ﬁﬁﬁﬁﬁﬁ *ﬁﬁﬂﬂﬁﬁ‘z‘ﬁﬁﬁi 3
XFEREF VLR R

il A md%ﬂ){j? -~ Ay, ";A:‘,"';‘iq;Aa‘%ﬁm?‘Eh‘s EAWERH®
BRET WA GBBSINE R .

DEREMABMSHES ABEIMATRANTHRESLHE

REZEEMTELBEBZE S$ERXHFHAFERSHERBA R -4,
FEHRNBAHESRBRMREBRRT A ITERBRABEN S — 84,

HULRZLBFE Fezd BT -member(B L ERBIUHATHRAR
FEEBEERFRTSHERE.
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WAMERLBERBTHERNEIRN. B, BHELETFPogBE
MEARUTEXARMS BDHSO0 SEMPIRN, HANMETFFEA
AERFHEF N RREZ L |

EXI RERSHANTFARE DA, A, SHFER YA, EF
EFEMNANSF<i-1), 2 _

NAS5ARWH NBRETHERRZIN e &x

(VA AT BHARANIH. WHASA WEHE BF AR
(% J5) 78 3% F B 47,

EXLRBAUHBEHYMFEREA BARSLD BB I B R 0 AL Ay
ERERDPAGC>), A A 31k, M%A%Am&ﬁmﬂﬁﬂ Aﬁ%@
BT % 3 F B ¥R,

B3 @A T 5% d 5 8IS % K XA Prolog B

-append_list(L1, 1.2, L3) : —append(L1, L2, L3).
empts] |).
cons{E, L, [E|L)).
append{L, R, R) : —empty(L).
append(L1, L2, L3) : —cons(E, Part1, L1},
append(Partl, L2, Part3),
cons{E, Part3, L3).

B BAR —appendlist(L1,L2,13), EXMHBERMEH BEF LB, W4 it
BERRABFE:

append_list([ |, L,L).
append list([E|- L1}, L2,|E|L3|) : —append(L1, L2, L3).

append(| |,L,L):
append(|E|L1], L2, [E|L3]) : —append(L1, L2, L3}.

MALBEAMKNEHBETLE MNEIAEEHNBRARER
append.list(L1, L2, L3) : ~append(L1, L2, L3).

append(| 1}, L, L).
append(E|L1}, L2,[E|L31) : —append(L1, L2, L3).

3.3 FEIRIQ T A9 M BE 5 45 FIE 4
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Fra=41#EEirsyix

M. PR-HEEERNEXSOHEFTFEHRFEIRT2ARA.
MBEZHATEY KRZ2HATEN, ~ P FERNBFHIRELNK. R#H
HERBAECHTAMSLON MR —£HENEN NEFHAA-RILFTERE,

() EHE. TR HEERRIEIESS AP TFERFEEZENRAHA
RER WHBZHEHY RZITREHN. —ITTEARNRFHRIELH,
RHEMKBFEHROSLD M LET R U R B8 & S ﬁ%ﬁ*ﬁAm
57 i B .

(&Eﬂﬁum%~ﬁﬁ&¢%MW§ﬁ%mﬁ,M%Zﬁﬁﬁ%;ﬁz
A% B,

ELRSAHEEED TESRRE ERRYSSHENREHEME
B AR EUESATENSIIMBESAEFMANBNNE BHUHER
REREAMN - EERE,

EdHEIBRFNHN MBS XTERFANEEFRENRY T ®E R
ERYE N - R

(AR ERATEN, BEHRANTEHEERE LY H— F
BEWNORBRACL(WERUR) XEEH ErR N FE maySLD & L s —
EsEBHER E- FERIATERBATHTTRAMES RLSLD &
TR A— S LT ER. HE RIMNEXH EPogBFHBSITRP &
MEFEEZXERLEE FARTNTRATRE-MHHSBAR WA
B, MEBEWSIDM EEN—L£LTHFER HDEFS N 85 A E K Prolog
7 37 AN

QEERVUGAHELYERERTRAMRN X2E N 5 RWH,
FTHRTHETRCELANHNNIHTESEEB TASHSEAML TR BE
Bl R &SR BB TS AR T 8 append(| X1, X2,X3,V,2) 5 — 2
REEMEBNER. BE E-1MTEROBTRELSHABRKN, ¥R
RWM L BRI EMER Ak MEFEFABIHELESR KR
&1 BB FF (L B — ).

C)HERM G KRB R T IR,

EFU LW RBIMIABHFETAT-THPEARBRYIIE——RHSRBT.

4. FEHRBL MO —MEAEE——REKRN

R RN o -
{)iﬁﬁ%%ﬁﬁm,%ﬁﬂﬁ§~¢#ﬁ$&w%5%$%&ﬁ,
(2) A% I & 45 K FB W SR T P B SE
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loop(L) : —assertz($$38$(L)), retroct($8888(L1)),
cleuse(L1, Body), loop(L, Body, nl,| ).
loop(L, (Subgoal, Body), Suf, Unfoldings) : I,
Suf == nil— > (Body0 = Body; Body0 = {Body, Suf)},
loop( L, Subgoal, Body0,Un foldings).
loop(L, (Subgoal; Body), Suf,Un foldings) : —!,
{loop{L, Subgoal, Suf, Unfoldings);
loop(L, Body, Suf,Un foldings}).
loop(_,nil, ., ) : =, farl.
loop(L, Subgoal, .,Un foldings) : -
(rot(not(instance of (Subgoal, L}});
length(Un foldings, Breadth), Breadth > 15},
loop(L, Subgoal, Suf, Unfoldings) : — |
system(Subgoal), evaluable( Subgoal), !,
call{Subgoal), loop(L, Suf,nil, Unfoldings).
loop(L, Subgoal, Suf, Un foldings): -
(system{Subgoal);
not(not(instance literal(Subgoal, Unfoldings))})), !,
toop(L, Suf,nil, Unfoldings).
loop(L, Subgoal, Suf,Un foldings) : — _
assertz($8838(Subgoal)), retract($3$$$8(Subgoall)),
clause(Subgoall, Body),
loop(L, Body, Suf,|Subgoal|Un foldings}).

instance literal(L,[H|]) : —instance of (L, H).
instanceliteral(L, || Ls]) : —instancetiterel(L, Ls).

HP, bop(l) AT EN Y FERLEXRXNBRIBGRESTERE
#,

75 1815 loop(L, Subgoal, Suf, Unfoldings), L B &5 4r i+ M 69 4 3 F B 4% Subgoal
LEBIFRAPHEEDSFEE SufRUIERIFR P Subgeal 8 )58 F B R Unfoldings
B Subgosl TR RAMWE TERMME, loop/aBIFT L REBRY KRBWEAFAH
GEE—T R BRI HEEELESE B oA IBERAUFT=XE
| o o

instance.of (Ty, To) FIT) B & N To 19 %% 51 (& B 1),

evaluable(Subgoal) ¥ Subgoal H BT £ & 7] R {f, ‘
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— i, MTABEANESTE SAHARSH(MERILFEHKHT
ERHARTTR), MERHB RS HRERNLER (re Riail) FTRF. H%K
B R T4 (Mvar/L 89 5 3 N8 B), H B & 5 T R3S SRR (W
/0 SEBOHE A 1R), W 3% A4S AT R T b AT AL E

B4 A T 5K B R & Prolog B FF:

factorial(O) : —write(l).
factorial{ N} : =N > O,write(N), write('+’),
N1is N — 1, factorial{N1).

# % H 4R factorial (5), B 43 11 B 5 A 7R R 2T R

factorial(5} : — write(5), write(‘*’),
— write(4), write(‘+’),
— write(3), write('+),
— write(2), write(*+"},

~ write(1).
R, ARETXLEFARETEL NS EMNHEFRNSYL EE
HSID MM RL L= rEm, B, HMiProlg WA T EMNERE, Me
Prolog 8 R B R IA L M & (V4L H,

4.1. [/~
— e, BE-HATRNTRETRAAEARE XL ERMAY
XA HHBOARBARE TFTAEAEEIFEAREGERAER,
#5 it A& T 3 Prolog & ff:
p{X) 1 —var(X},q(X)
g{a).
#5E BAn -plX), i 4 Prolog B #F M T R AR B B
p(a) : ~var(a}.

MFEEI—p(X), BRFNEAEEX = MARKERF N TDEHENO (MR

.2, _
BEBSUHEOEBRR AL Ay An, P, ARYMIIFES BRA
ATRFGATEE X, X EHAEA PHHAIBERGE —RALOE

B ONXT A MBAIE R
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(1) Al‘Mﬁ":%%i%(-’ihxl=Y1:"':Xm=Ym);£q:’i Yl)stES;FEE(
PR m A xR,

Q) AMBGOASi<mBRAL, A FXTXHNHHFER FEAHH
BHIUREBOTERFI AL, - AL

G)EAWTEERAAL, #RITH IR

MRBERPHEAY, WRY, REHHL X, 5Y; #i7—2k

G HERBERTHEFHLE.

HLERLBBFE HSHRABFE:

p(X): —var(X), X = a.

42 @ B — B4

AENRBEES ToHEREERYTM, EMHERRRANSMATEETNR
AT —BREIEEE EFTRBEERFARNHRE, K
FoUH et ARMER AR G — B (k= m AT — B {E 8.

fi6e A T 3 Prolog # [F:

p(X) : —rnot{not(q( X)), write{ X).
a(a).,

#58 B o —p(X), 3% S Prolog B B 53 i B, ARR TR PR

pla) - —write(a).

MFEME? o X, BFRFONHURETX, IRABEFHNEHEN &a .

WHAHEHEER -4, Agdig, - As B AR S4TF B B
X, X BREAFEAFTHFAABRERAN —RAENELT VABHIHE
B : :
(1) ZEBB FE IEAH T A newP(Xy, - Xo) : — Ao

(2) R4 W B R —newP{Xy, -, Xu)o

(3) FE B ¥R —newP(Xy, - X, ) ERABRKE F, WREHnwP(X,, -, Xn) 8
F ‘8] 44 34 Bodies, th 8] 19 % & & “B ().

(4) A; B9 i1 B 45 'R B 55 Bodies,

(5) BURI - B M A, T B

R4 BENE PleMBABFR

p(X} : —notfnot{X = a}), write( X).

4.3 Bl 1EH
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MFERUSEATFALEE, ZR0EWRE X5 f 808 R
o R % AL,
#7. A T 3 Prolog ¥

Program(X,Y) : —write(title),
' databuse{X,Y), ni,
write( X}, tab(5), write(Y).
database{a, ).

database(a, c}.

8558 B IR —program{X,Y), ¥ 48 Prolog 0 S 4310, B EB R B

programi2, b} 1 — wrate(title), nl,
write({a), tab(b], write(h).

programia, c) : — wrete(title), nl,
write(a}, tab(s), writefc}.

MFRET-program(X,Y), BREAF MM B F RA —Piitle; HBEABRFHOR
i & 2 E WA title,

BRSHEMBIRED A, - AL Ay, A BP ABYMTFER A
EWBEERYAR TR X, X, BEHEE(A, - 4) B (dir, -, 40) F
B AE %L, MA SIS R R:

MEBBFFBEBATTF GrewP(Xy, -, X)) ~Aig1, -, Ao

(2) aﬁﬁ"ﬂ'i 2] ﬁi —newP(Xl,-‘-,Xm)o

(BB —newP(Xy, - X ) RSB F D, WEL HnewP(Xy, -, Xn) B
F 4] $5 3X Bodies, {5 8] B K K £ P (). '

(4)lA.-R‘Jﬁﬁ?%%i’gm,(“im,---,m)B‘Jﬂ‘ﬁi&%%j’ymdieso

S)EW RBPEFHEREPSHES R,

BmrR#BTE FATHEARERFE

program({X, Y} : — write(tetle),
(X = a,Y = b,nl, write{a), tab(5), write(b);
X = a,Y = ¢, nl, write(a), tab(5), wrete(c)).

44!

B S Prolog MY #H 51 i B, “" WHE S H I T H A M A&

MmBE—BALAREET @ DAAETHARXR, W EEIEHR.

QESYENTFEGERNTFEAF S LKBFITHE T SR
#HE.
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8 A T 3 Prolog &
p{X) : —a(X), r(X), s(X).
Pl )i—-

r(X) : —t(X), ! u(X).

& 9(X), o(X), ¢(X) #0w(X) ¥ K R I (M0 9 3K i§ i7), ¥ 28 Prolog 9 8 53 3 W,
B#: -p(X) MERREFR:

p(X) : -—q(X),t(X],!,u(X),s(X).
R T

XE HFA(X)HRA CHEAGEETETOTFEML () NKT
dX)MBHEHNRETES BEFEERFSD DX RWSRAX) AR,
¢X)ERTEW, ) FIBFEpAETHE MERBFP " HWHER
{69 F 8 #r/1, X {1 p/1 R £ K

“CIHIEABO)NTEABEEEEF-FTRRK XTHQQAEE RMNODH
40 3 J5 ik £

BRBIHEHEED —Ay- A Ao, A P, ARYWTEEG B
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