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Abstract

The KLIC system, a portable implementation of a concurrent logic programming language KL1, is being
developed in ICOT. However, the current implementation is less efficient compared to procedural languages.
We propose an optimization method using static analysis. Each process is dealt with independently for efficient
mode-type analysis, which derives data types and dependencies. With the analysis result, efficient execution
of process by optimal scheduling and reduction of physical messages by optimizing message generation are

achieved.
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main :- drive(10,8),stack(S,none)@node(1).

drive(M,8) :- M=:=0 | 8=[].

drive(M,S) :- M=\=0 |
S=[push(M) 1501 ,50=[pop(N) |S1],
Ni:=N-1,drive(N1,S1).

stack([] ,D ) :- terminate(D).

stack([push(X)IS],D ) :- stack(S,p(X,D)).

stack([pop(X)IS] ,p(Y,D1)) :- X=Y,stack(S,D1).

terminate (D).
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TR SHROERICOV T, ROSHGEEITR
It D,
1. F—1b% B SHAREDS B ov T, s
LEIBONBCRESNS,
272U Bl v € VE UV DB, m(v;) = in
TH5b,
2. H—=FIT—=)g e GgllonT,

(a) =(v;,atomic)
— m(v;) = in

(b) =(v;,f(v},...,v?))
— m(y;) = in

(c) =(vs,v;), vi,v; EVg UV
— m(v;) = m(v;) = in

(d) =('Ui,vj), v; € Vg, v; € Ve
— m(v;) = m(v;)

3. RF 1T~ g; € GploWnT,

(a) =(v;,atomic), v; € Vg U 1%73
— m(v;) = out

(b) =(v,~,f(v}, sul)), v €V UVp
— m(v;) = out

(C) =(visvj); ’U;‘,'Uj € VGUVB
= m(v;) = m(v;)
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5. m(v;) = in THIHENYT - FIcH 2B,
m(v;) = out ThH B HMBNH — ¥ EITEET 5,
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main

:= drive(10,V(0:b,_,_)),
stack(V(0:b,_,_) ,none)@node(1).

drive(V(2:h,i,0),V(3:h,0,[1))

:- =(V(2:h,1,0),V(0:g,0,1)),
=(V(3:h,0,i),V(1:g,i,[1)),
equal(V(0:g,i,i),0)

| =(v(1:g,0,[D), D).
drive(V(6:h,i,i),V(7:h,0,%1))

i~ =(V(6:h,i,i),V(0:g,0,1)),

=(V(7:h,0,%1),V(1:g,i,%1)),

not_equal(V(0:g,i,i),0)
=(V(1:g,0,%1),

[push(v(0:g,i,1)) [V(2:b,i,%2)]),
=(V(2:b,0,*2),

[pop(V(3:b,0,1)) [V(4:b,_, 1),
subtract(V(3:b,i,i),1,V(8:b,0,i)),
=(V(5:b,0,i),V(8:b,1,i)),
drive(V(5:b,i,i),V(4:b,_,_)).
stack(V(1i:h,i,[1),V(2:h,_,_))
= =(V(1:h,i, [, D,

=(V(2:h,_,.),V(0:g,_,.))

| terminate(V(0:g,_,_)).
stack(V(3:h,i,%3),V(4:h,_,_))

:= =(V(3:h,i,%3),

[push(v(0:g,_,_)) IV(1:g,_,01),
=(V(4:h,_,.),v(2:g,_,.))
| stack(V(1:g,_,.),p(V(0:g,_,_),V(2:g,_,.))).
stack(V(4:h,i,*4),V(5:h,i,*5))

:= =(V(4:h,i,*4),

[pop(V(0:g,_, D)) IV(l:g,_,01),
=(V(S:h,i,*5),p(V(2:g,_,.),V(3:g,_,_)))
=(V(0:g,.,.),v(2:g,_,.)),
stack(V(i:g,_,.),V(3:g,_,.)).
terminate(V(i:h,_,_))

= =(V(1:h,_,.),V(0:g,_,_)).
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5. 2~

4.2.3 FOtXKEN

BB OFRETIC, E7TLANDE-F - ¥
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Hpjnis By L35 E, LT ORBEGIRILIT S,

E—=F mode = zw,eH,,/,. (UBy/ms m(z;)—{-} &F
KRN {VmleJ € Hp/nz U Bp/n, nm(z']) =_} ikow
T m(x;) = mode

247 type =3 iem,,. B, HE) —{} ET
& {Vajle; € Hpjnyi U Bypjnyist(z) = -} 1200
m(z;) = type

12EL, F A7V € Hp/,,,iUBp/n,i T EUH
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B o 0MRE T 5 EREE dep(vi) 12, LTFD LS
ICRETE S,
1. goal(vy,...,vp)€ Gy U B LTV, =
Em(vj)=in 5, Vo Zm(u,-):out Vs 2 R AN
Vo € VI L. dep(vg) « V;
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main
t= drive(10,V(0:b,0,*6)),
stack(V(0:b,i,%6) ,none)@node(1).
drlve(V(Z h,i,0),V(3:h,0,[1))
- =(V(2:h,1,0),V(0:g,0,1)),
=(V(3:h,0,1)V(1:g,i,[1)),
equal(V(0:g,i,i),0)
=(V(1:g,0,[1),[D.
drive(V(6:h,i,i),V(7:h,o0,*1))
:= =(V(6:h,i,i),V(0:g,0,i)),
=(V(7:h,0,%1),V(1:g,i,*1)),
not_equal (V(0:g,i,1),0)
=(V(1i:g,0,*1),

[push(v(0:g,i,1))1V(2:b,i,*2)1),
=(V(2:b,0,%2),

[pop(V(3:b,0,1)) |V(4:b,i,*6)]),
subtract(V(3:b,i,i),1,V(8:b,0,i)),
=(V(5:b,0,1),V(8:b,1,1)),
drive(V(5:b,i,i),V(4:b,0,%6)).

*1=[push(i)) | [pop(V(i)) [+]]
*2=[pop(V(i)) [+]]
*6={[]1 , [push(V(i))|[pop(V(i))[+]]1}

7 aE X stack/2

stack(V(1:h,i,[1),V(2:h,i,*5))
i= =(V(1:h,i, [, 0),
=(V(2:h,i,*5),V(0:g,0,%5))
| terminate(V(0:g,i,%5)).
stack(V(3:h,i,*3),V(4:h,i,*5))
- =(V(3:h,i,*3),
[push(V(0:g,_,_)) |IV(1:g,0,%*7)]),
=(V(4:h,i,*5),V(2:g,0,%5))
| stack(V(1:g,i,*7),
p(V(0:g,_,),V(2:g,i,%5))).
stack(V(4:h,i,*4),V(5:h,i,*5))

= =(V(4:h,i,*4),

[pop(V(0:g,_,_))IV(1:g,0,%*7)]1),
=(V(5:h,i,*5),

p(V(2:g,.,.),V(3:8,0,%5)))
=(V(0:g,_,.),V(2:g,_,.)),
stack(V(1:g,1,%7),V(3:g,1i,*5)).
terminate (V(1:h,i,*5))

:= =(V(0:g,0,%5),V(1:h,i,*5)).
*3=[push(_) [*7]
*4=[pop(_) | *7]

*5=p(_,+)
*7={[] , [push(_)|+] , [pop(.)I+1}

X 3: 70t ZAHENER

2 H—FIT=NVT in OEREEY V,,
goal(vy, ..., vn)€ By, Vo = 3y ymous % €T
Bl Vo € Voilht L. dep(ve) «— Vs

3. BFE p(vy,...,vn) KHLT o = in D& &,
dep(vi € Hpjni) — Bpng, vi = out D& &,
deP('Ut eBp/n z) ‘_Hp/nz

4. v; € dep(v;) D& &, dep(v;) — dep(v;)
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=(V(1:g,0,*1), [push(V(0:g,i,i)) |V(2:b,i,*2)]),
=(V(2:b,0,%2), [pop(V(3:b,0,1)) |V(4:b,i,*6)]),

4

=(V(2:b,0,*2), [pop(V(3:b,0,1)) |V(4:b,1i,*6)]),
=(V(1:g,0,%1), [push(V(0:g,i,i)) |V(2:b,i,%2)]),

M 4: 7o+ 2AREEL
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7272 L. By/m & Po/n OETT — % OHEKER
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reply._stack_2_1(V0)
:~ unbound (V0)

| put_buffer(variable,V0).
otherwise.
reply._stack_2_1([1)

:~ put_buffer(atom,[]),

reply_stack_2_1([V0|V1])

:- put_buffer(list),
reply_stack_2_1(V0),
reply_stack_2_1(V1).

reply.stack_2_1(push(V0))

:~ put_buffer(functor,push,1),
put_buffer(variable,V0).

reply_stack_2_1(pop(V0))

:- put_buffer (functor,pop,1),
put_buffer(variable,V0).

othervise.

reply_stack_2_1(V0)

:- put_buffer(variable,V0).

reply_stack_2_2(V0)
:= unbound (VO0)
| put_buffer(variable,V0).

otherwise.

reply_stack_2_2(p(Vo,V1))

1~ put_buffer(functor,p,2),
put_buffer(variable,V0),
reply_stack_2_1(V1).

otherwise.

reply_stack_2_1(V)

;- put_buffer(variable,V).

X 5: stack/2 DF—FEEI—F
B F

HE & D#EER 27 R T2 T 4%
= EHFRE OBRICERE L,
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