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An Abstract Machine for a Compiler System of
a Temporal Linear Logic Programming Language

MUTSUNORI BANBARA,t KYOUNG-SUN KANGHf
and NAOYUKI TAMURATtt

A number of logic programming languages based on linear logic have been proposed in the
last ten years. Although these languages can add and consume resources (limited-use clauses)
dynamically, they run into difficulties with time-dependent properties of resources, in par-
ticular, when we have to describe precisely the order of the moments when some resources
are consumed. This paper describes an abstract machine for a logic programming language
based on a fragment of intuitionistic temporal linear logic, called TLLP. TLLP is a superset
of Prolog and LLP which is an another linear logic programming language. TLLP allows to
specify the time-dependent properties of resources. TLLP Abstract Machine is based on a
level-based resource management system and is an extension of WAM and LLPAM (LLP Ab-
stract Machine). Our extension is mainly for efficient timed-resource management: especially
for resource addition and consumption. Our prototype compiler produces 1.6 or more times
faster code compared with a TLLP to LLP translator.
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life_game(glider, P) :-
size(20) => period(P) =>
b(1, 2) -<>
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b(2, 3) -<>
b(3, 1) -<>b(3, 2) -<> b(3, 3) -<>

loop.

loop :- loop(1).

loop :- erase.

loop(P) :- period(Q), P =< Q, !, loop(l, 1, P).

loop(L).

loop(I, J, P) :- size(N), I > N, !, P1 is P+1, @loop(P1).

loop(I, J, P) :- size(N), J > N, !, Il is I+1, loop(Il, 1, P).

loop(I, J, P) := \+ \+ next(I, J), !, J1 is J+1, @b(I, J) -<> loop(I, J1, P).

loop(I, J, P) :- J1 is J+1, loop(I, Ji, P).

next (I, J)
next (I, J)

count (I1, J1, C)

:= b(I, J), !, count(I, J, C), 2 =< C, C =< 3.
:- count(I, J, C), C = 3.

:- 10 is I1-1, I2 is I1+1, JO is Ji-1, J2 is Ji+1,

count_b([(I0,J0), (I0,J1),(10,J2),

(I1,30),

(11,32),

(12,30),(12,J1),(12,32)], ©).

count_b([], 0) :- !.
count_b([(I,J)|IJs], C)
count_b([(I,J)|IJs], C)

H b(I: J):
:— count_b(IJs, C).

! ,count_b(IJs, C1), C is Ci1+1.

01 TLLPOOOODOODOODOOOOOOOO
Fig.1 A Life Game program in TLLP.
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Fig.3 IOTL: IOT-model with level indices for propositional TLLP.
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RES[R] .box := false;
RES[R] .level := L;
RES[R] .out_of_scope := false;
RES[R].pred := A,0000000;
RES[R] .code := Aj;
A000000000 100000000
ROODODOOOOODOOODDOOOOOOO;
R :=R + 1;
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0A000 6, 000000000000000n
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RES[R] .time := TI + n;
RES[R] .box := true;
RES[R].level := L;
RES[R] .out_of_scope := false;
RES[R] .pred := A;,0000000;
RES[R].code := Aj;
A000000000 100000000
ROODODDOOOODODOOODODOODOOOO;
R :=R + 1;

e add_exp_res A;LJA;
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RES[R] .out_of_scope := false;

RES[R] .pred := A;0000000;

RES[R].code := Aj;

A000000000 100000000

ROODODOOOOODOOOOOOODOOOO;

R :=R + 1;
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p/n: pickup_timed_resource p/n, Ap4+1, L’

try_timed_resource L

Lo: restore_timed_resource

pickup_timed_resource p/n, Apt1, Lo
retry_resource_else Lg

Li: consume Apy1, Apio

execute_closure Apy2

Lo: trust_resource L'

L': p/n00000000O0OO

(3)

og
oo
od
oo
oad
aod

04 00O p/nO00000O0
Fig.4 Code for p/n.
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p/n 000000

00000o0oUooOo (1)000 call p/n0O

execute p/n 000000000 (2)0 (3)0

000000000000 000000 LLPAM

gobooooooobooboooboooooobo

Oo00ooo0 40000 p/nO000OOOOOO

gooood

try_timed_resource L

WAMODO try LOOOOODOOOOOOO TIO

ROLOUORIOR2O0000000O0O0ODODOO

oono
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Jo0o0oDooO000O00O0OdOTIOROLOUVORIOR2
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found := false;
while R1#nil A —found do begin
r := car(R1); R1 := cdr(R1);
found := RES[r].pred = p/n
A consumable(r);
end;
while R2#nil A —found do begin
r := car(R2); R2 := cdr(R2);
found := RES[r].pred = p/n
A consumable(r);

end;
if found then
A; =1
else
P := L;

/+* RES[11 000000000000 00000 =/
function consumable(i)
begin
if RES[i].out_of_scope then
return false;
1 := RES[i].level;
t := RES[i].time;
box := RES[i].box;
return 1 = 0 or
(L=L A t=TI) or
(L=L A box A t <= TI)

: boolean

end;

0 5 pickup_timed_resource [J [

Fig.5 The pickup-timed_resource instruction.
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OOOORES[A;JOOOOOOOANOOOO0O0O0O
execute_closure A;

000 LLPAMODOOODOOOOOOOOOA;
goooog

oo p/nl][ll][I[II:IDpickup_timed_resource
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;- op(1060, xfy, (&)).

:- op( 900, fy, [!,#]).
life_game(glider,P,T,RO,R) :-
loop(T,

goooooooooooooooo
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[('size(20),0), (!period(P),0), (b(1,2),T), (b(2,3),T),(b(3,1),T), (b(3,2),T), (b(3,3),T) |RO],

[('size(20),0), (!period(P),0), 1, 1, 1, 1, 1|R]).
loop(T,RO,R) :- loop(1,T,RO,R).
loop(T,RO,R) :- subcontext(T,R,RO).
loop(P,T,RO,R) :- proveA(period(Q),T,RO,R1), P =< Q, !, loop(1,1,P,T,R1,R)
loop(_,_T,R,R).
loop(I,_J,P,T,RO,R) :- proveA(size(N),T,RO,R1), I > N, !, P1 is P+1, T1 is T+1, loop(P1,T1,R1,R).

loop(I, J,P,T,RO,R) :
loop(I, J,P,T,RO,R) :

loop(I, J,P,T,RO,R) :

next(I1,J,T,RO,R)

:- proveA(b(I,J),T,RO,R1),

proveA(size(N),T,RO,R1), J > N, !, I1 is I+1, loop(I1,1,P,T,R1,R).
\+ \+ next(I,J,T,R0, _), !, J1 is J+1, T1 is T+1,

loop(I,J1,P,T, [(b(I,J),T1)|ROI,[1IR]).

J1i is J+1, loop(I,J1,P,T,RO,R).

!, count(I,J,C,T,R1,R), 2 =< C, C =< 3.

next(1,J,T,RO,R) :- count(I,J,C,T,RO,R), C = 3.
count(I1,J1,C,T,RO,R) :- I0 is I1-1, I2 is I1+1, JO is J1-1, J2 is Ji+1,
count_b([(I0,J0),(10,J1),(10,J2),
(11,J0), (I1,32),

count_b([], 0,_T,R, R)
count_b([(I,J)|IJs], C, T,RO,R)
count_b([(_I,_J)|1Js],C, T,RO,R) :

proveA(A,T,I,0) :- pick(T,I,0,A).

pick(_T,[(!'s,0) 1], [(!s,0)I1I], S).

pick( T,[(#R,TO)|I],[1]1], S)
pick( T,[(R,T)II], [1l1], )
pick( T,[RII], [rRl0], S)

select((R1 & R2), R)
select(R, R).

subcontext (_T, [], [

:— !, (select(R1, R)

(12,30),(12,J1),(12,32)]1,C,T,RO,R) .

:- proveA(b(1,J),T,RO,R1), !, count_b(IJs,C1,T,R1,R), C is C1+1.

count_b(I1Js,C,T,RO,R).

:— T >= TO, select(R, S).
= \+(R = (1)), \+(R = (#_)), select(R, S).
:- pick(T, I, 0, S).

; select(R2, R)).

).

subcontext( T,[(!S,0)10],[('S,0)11] ) :

subcontext (T,

0, D.

subcontext( T, [R1/0], [(#R,TO) |I]) :- (R1 = (#R,TO) ; R1 = 1), subcontext(T, 0, I).

subcontext( T, [R1]0], [(R,TO)ITI] ) :- \+(R = ('_)), \+(R = (#_.)), ToO >= T, (R1 = (R,TO) ; Rl = 1),
subcontext(T, 0, I).

subcontext( T, [R|0], [RII] ) :- subcontext(T, 0, I).

06 0O0OO00O0O

Prolog0 00000000000 DOOOOD

Fig.6 A Life Game program in Prolog.

try_timed_resource 0O O0OODOOODOOOO
000000000000 Rr1OR2000000000
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ooogoo
J00o0oooooo0o0ooO00oOogooooo
0000000000 0Orestore_timed_resource

gobooooOoboooboboboooooo
pickup_timed_resource 0 0000 OOOODOOO
O000000000 Otrust_resource 0 OO0
godooOoOoODOO0OOO0O0Ooooobooooog
go00ooofoDoOoO0OU0doDoooobogooboooao
retry_resource_elseJ 00000 ODODOMO R1IOR2
0000000 consume [ execute_closure 0 00



Vol. 42 No. SIG 11(PRO 12)

life_game(glider,A,B) :-
(forall (C\size(20,C)))=>
(forall (D\period(A,D)))=>

goooooooooOoOOobobOOoOooooobOOoOoOoonooonoo 63

b(1,2,B)-<>b(2,3,B)-<>b(3,1,B)-<>b(3,2,B)-<>b(3,3,B)-<>

loop(B).

loop(A)
loop(A)

1= loop(1,A).

:— erase.

loop(A,B)
loop(A,B).

loop(A,B,C,D)
loop(A,B,C,D)
loop(A,B,C,D)
loop(A,B,C,D)

:— period(C,B),A=<C, !, loop(1,1,A,B).

;- size(E,D),A>E,!,F is C+1,G is D+1,loop(F,G).

:- size(E,D),B>E,!,F is A+1,loop(F,1,C,D).

:= \+ \+next(A,B,D),!,E is B+1,F is D+1,b(A,B,F)-<>loop(A,E,C,D).
:- E is B+1,lo0p(A,E,C,D).

next(A,B,C) :- b(A,B,C), !, count(A,B,D,C), 2=<D, D=<3.

next(A,B,C) :- count(A,B,D,C), D=3.

count (A,B,C,D)

:- E is A-1,F is A+1,G is B-1,H is B+1,

count_b([(E,G), (E,B), (E,H),(A,G),(A,H), (F,&),(F,B),(F,i)],C,D).

count_b([],0,4) :— ().
count_b([(A,B)|C],D,E)
count_b([(A,B)|C],D,E)

:- b(A,B,E),!,count_b(C,F,E),D is F+1.
:- count_b(C,D,E).

O7 000000 LLPOOOOOOOOODOOOOOOOODO
Fig.7 A Life Game program in Prolog.
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goooooooooooooooo

01 0O0O000OO0OO0O0ooDo20x20000000000
Table 1 Results of Life Game benchmark (glider on 20 x 20 board).

ooooo TLLP LLP Prolog

ooo Ooo0o0 0000 ooo oooo ooo o0oooog

10 380 (1.0) 613 (1.6) 9,403  (24.7)

20 773 (1.0) 1,640 (2.1) 30,570  (39.6)

30 1,183 (1.0) 3,070 (2.6) 63,190 (53.4)

40 1,603 (1.0) 4,953 (3.1) 107,503  (67.1)

50 2,050 (1.0) 7,233 (3.5) 163,293  (79.7)

02 PrologOOOOOOOODOOO
Table 2 Results of Prolog benchmarks.

oooooo SICStusD OO0OO0 | TLLPOODODO | SWID OODO
browse 1,310 2,266 3,498
cal 197 517 916
chat_parser 40 60 93
ham 970 2,490 2,218
poly_10 68 89 212
queens 8 (0 0O) 84 154 442
queens_10 (0 0) 1,882 3,578 10,686
queens_18 (0 10) 5,622 11,328 35,543
zebra 57 96 104
gooooooo 1.0 1.9 3.8
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