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

MUTSUNORI BANBARA,! KYOUNG-SUN KANGtt
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) =>
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b(1, 2) -<>
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().
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) :- b(I, J), !, count(I, J, C), 2 =< C, C =< 3.
next(I, J) :- count(I, J, C), C = 3.

count (I1, J1, C)

:- 10 is I1-1, I2 is I1+1, JO is Ji-1, J2 is J1+1,

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

(11,J0),

(I11,32),

(12,J0),(12,31),(12,J2)], C).

count_b([], 0) :- !.
count_b([(I,J)|IJs], C) :- b(I, 1),
count_b([(I,J)|IJs], C)

!,count_b(IJs, Cl1), C is C1+1.
1= count_b(IJs, C).

01 TLLPOOOOOOOOOOOODDODOOD
Fig.1 A Life Game Program in TLLP
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000000 (000 pickup_timed_resource O [
ooo)o
4.3 OO0 oGOOOO
00 oGoOO0DOOOO0OOOOOOoOOD
begin_next
000 Goooo
end_next
goooooooooooooo
e begin_next
gboobTTiooboobobooobogon
e end next
gboobo TIo00obo0obOoboDbo
44 OO0 TOOOO
g00O TOOOOOOODOOObDOOoOooooo
top
Jo0o TODOOODODDODDODOOOOOOOOoOoOOoOoo
0000000000000 0000DO0DO (000
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oo0ooOoooooooOooooo)yooooo

gooooboooooooooobooooboobooboo

goooooooooooocooooobooobooa

0o0oobO0oooooooooontep0bOOOO

goooooooo

e top
oooO00ReESOOODOOOOLOOODODO
Oout_of_scope U UODOOOOODOODOOODO

gobooooooboooobouvbooooon

4.5 J000OO0oOOobOOobDOobDOobDOg

000 R—-oGUOOOUOOO ROODDODOOODO GO

000000000 ROOO O™S1 &+ & Sm) O

00 o"o(S1&---&Sn)00000000

000 RoGOOOODOOUOODOOOOOOD

(1) DODDODOUOUOR(DOOODOUD)OOO
goooooooooyw,oboboboo

(2) ODODDO0D ROODOUDDODOUODDOUODO S O
00000 RESOOOODO RO m OO
oOo)yoooooooooooooooao
goooboooobboobboboooo
O time 000 TI +n OO00OOR O
O"(S1 & &Sm) 00D0O box OOOD
false OORO O"O(S1 & & Sm) 0000
true 0000000

(3) DODODODOODOOOOO S, 0000OUDOO
O0sOn000OD0ODODOO

(4) DODGULOOOOO

(5) 0OOODOD RODOODODOOODDOODODOO
gooooobooboboboboooo

(6) v,OUOooUOoUOoOUOOOOOnOOOMmM
goooy, 0oy, +m—-1000000000
O0out_of_scope OO0 trued 00000
00O00obOo0o0oobOouobDn falsed O
goooovy,0o0bobobobooboooo

000 S=GU0000000ouooo (2)oo

000000 SO00D0000000000 (time O

00box 0 true 00 0)00OODD0O0DDOODDOOOO

000 (5)000000000000000R—oG

gooogodg

o000 (2)0oooo0 soooooooooa

gbooooooooooon

e add_exact_timed_res A;, Aj, n
000000 O™(S1&---&Sm) 0000000
S; 000000 RESOODOODOODOODOAO
A,0005,000000000000000n0
oopoooog

gooobooobooOooooooooOoboOoOoooooooOOboboo 9

RES[R].time := TI + n;

RES[R] .box := false;

RES[R] .level := L;

RES[R] .out_of_scope := false;
RES[R].pred := A,0000000;
RES[R].code := A;;
Aa00D000000D00DOO00DOO0OOOOg
rROODOOODOODOOODOODOOODOOO;
R :=R + 1;

e add_timed_res A;, Aj, n
ooooooo"o(S:1&---&Sw»)000000
OS5 000000RESOOOOOOOOO0ON
Oa0008,00000000000000O0On
gobobooooo

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;
A0000000000D000D000O00O0
rROODDOOODOODOOOOODOOODOOO;
R :=R + 1;

e add_exp_res A;, A;

000 S=GO000000000000000
0000 SOoO0DO000RESOOOOODOODO
00A0 SOO00000AM00000000O0O0
RES[R] .time := 0;
RES[R] .box := true;
RES[R].level := 0;
RES[R] .out_of_scope := false;
RES[R] .pred := A;0000000;
RES[R] .code := Aj;
Aa0000000000D00obo0oooog
rROODOOODOODOOOOODOOODOOO;
R :=R + 1;
oooo (1)3)(s)(6) 0000000000 DLL-

PAMOOODODODOODODOOOOOOOODOODODOO

gooad

4.6 JO00OOOOOOO
TLLPOOODOOOOOOLLPOOOOODOODO
gooooooooooobooooobooooooboooboo
gooooooooooooooooooooooboo
gobooooooobooooobooobooooooboo
00 p/n0000000000O0000O0OCOOODO
(1) DODODODOOOODOOOO0OOOODODOO
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p/n: pickup_timed_resource p/n, Ap41, L’

try_timed_resource L

Lg: restore_timed_resource

pickup_timed_resource p/n, Apyi1, Lo
retry_resource_else Lg

Li: consume Apy1, Apio

execute_closure A,42

Lo: trust_resource L'

L': p/n000000000DOO

(3)

og
ogd
og
oo
oo
oo

04 00 p/nO0000000
Fig.4 Code for p/n

o0oooo0oooOocOo0ooOOOO0O0O000O00
00000000000 20000008R10O
rR2000000
R1IOR2000000O00O00OO0O p/n0O0O
0o0o0o00oOo soooooooooooo
(a) S Oout_of_scope0 0D OODOODOO
ooo00o0Ooooooooooooo
ooo
(b) SOOOOUOOOOOOOOS(UOD
ocoboOo0oooooooOoboOooooo
O00)oooooooooo
(¢) SOOOOODOOOOOOO
ooooooO0O00000000ooooooo
p/nO000000O
00000000000 (1)000 call p/n O
execute p/nO0 00000000 (2)0 (3)00
0000000000 (000000 LLPAMDO
o0oooo0oo0)oooUooooooooo
o0 (04000 p/mO0000000OO0OO
ooo
try_timed_resource L
WAMOO try LOOOODOOOOOOOO TI,
R,L,U,R1,R200000000000000C0O0
restore_timed_resource
oooooooooooodrI, R, L, Uy RL, R2
O00o0oooooooooooo
retry_resource_else L
000 LLPAMODOOOO0OODOOO0OODOOO
000000 R,R2O00000000BP(ODOO
oUo0ooOooUoo)oooooeR,R2O00000
Loooooo
trust_resource L
000 LLPAMODOOOOOODOOOOODOODO
000000000000 Loooooooo

pickup_timed_resource p/n, A;, L

goooooooo ooobooooo

Nov. 2001

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[i] 000000000 DOODODDODDOOOO */
function consumable(i) : boolean
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
(1=L A t=TI) or
(L=L A box A t <= TI)
end;

0 5 pickup-timed-resource 00
Fig.5 The pickup_timed _resource instruction

O0O0O0ORL (RIOODOODOODOOR)UOOO
000000000000 p/AO000O0O0OOO
000000000000 0AD000000 (O
gobooobooobRrReESOO0OODOODODOAO
O00o0oO0)booooRrR(DO0OOR2)0DO00O
gbooobooboooobboboooobo
gbobbobooboboboooooboobobo
00000000 LOo0o0ooooo (o s00)0
consume A;, A;

000 LLPAMOOOOOOOOOOOOOAO
OO0OO0ODO0O0O0OO00ORES[A;]ODODOOOOO
gboooooooobooboobboooboobo
gbooobooboooooboooobooDobo
ggoobobobbbodouybooooooobooboog
ODOOO0RES[A;]O0O0O0O00OO0O0ADO0O0O0D0O0O
execute_closure A;

OO0 LLPAMOOOO0O0OOO0O0O0O0O0A
gooooo

00 p/n 0000000 pickup_timed_resource
gooooooooDbOooooooooooono
000000000D0DO0000 (000 L) O
goodooooooooooooboooooao
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01 00000000000 (20x2000000000)
Table 1 Results of Life Game Benchmark (glider on 20x20 board)

goooo TLLP LLP Prolog
ooog ooo (oo) ooog (oo) ooo (oo)
10 380 (1.0) 613 (1.6) 9403  (24.7)
20 773 (1.0) 1640 (2.1) 30570  (39.6)
30 1183 (1.0) 3070 (2.6) 63190  (53.4)
40 1603 (1.0) 4953 (3.1) 107503  (67.1)
50 2050 (1.0) 7233 (3.5) 163293  (79.7)
02 PrologOOOO0ODOOODOOODO
Table 2 Results of Prolog Benchmarks
ooooooD SICStus (0DD0D0O) | TLLP (DO0O) | SWI(OOO)

browse

cal

chat_parser

ham

poly-10

queens 8 (0 0)
queens_10 (0 0O)
queens_18 (0 1 0)
zebra

1310
197
40
970
68
84
1882
5622
57

2266
517
60
2490
89
154
3578
11328
96

3498
916
93
2218
212
442
10686
35543
104

gooooooo

1.0

1.9

3.8

try_timed_resource D OO OOOOOODODODO
OooO0ooooooo (Ry,RR2O000000000O
O00000D0)Dconsume O 0O0O0OOOOO
OO0O0O0OOexecute_closure OO0 O0O0OO0OOO
goooooo

goooooboobobooooouoooooog
0000000000 Orestore_timed_resource
gobooooooooooboooooooobooo
pickup_timed_resource U DO OO OODOODOONO
0000000000 trust_resource J OO0
goobobboooooobboobobboooooo
gboboboboooooooboooboboooboog
retry_resource_else U0 OO DOOOOOO R1, R2
0000000 consume [0 execute_closure 0 0O O
oogd

gooobooobooobooobooosp LoOO
OO000Orestore_timed_resource 00O OO0O0O
gooogoog

5. 0000

000000000 TLLPOOOOOODOOO
0000000000000000000 (SICStus
Prolog 000)000000000 (COOOOD)
000000000000000000000000
000000000000000000000000
00000000000

0000000000000000 (01)0000

0000000000000 00000000000
oDoooooooonog
0000000000 60 Prolog 000000
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0)00000O00000 (0O0O0PrologdO00)
00070 LLPOOOOOO LLPOOOOOOD
0 (00000 045, LLPAMOODO)O0OOO0DO
0000 (00D000000000000)0000
ooo

Prolog 00 00D0O00IOTOOOOOODO TLLP
0000000000000 D00D000000000n
0000000000000 000000OLLP O
ODO0O0OOTLLPOO LLPODOOODOODOOD
07 00000000000000 10 TLLPOO
0000 LLPOODOOOOODOOODOOOOD
00000000000 OLLPAMODOOOOOOO
0DO0oooO00o0ono

0100000000000000000000 380
0000000000000 613000 0Prolog O
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000 Prolog00000000D0O00000ODOO
0(0200)000000000000000000
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:- op(1060, xfy, (&)).
:= op( 900, fy, [!,#]).

life_game(glider,P,T,RO,R) :-
loop(T,

[(1size(20),0), (Iperiod(P),0), (b(1,2),T), (b(2,3),T), (b(3,1),T), (b(3,2),T), (b(3,3),T) IRO],

[(!'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(I1,_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) :- proveA(size(N),T,RO,R1), J > N, !, I1 is I+1, loop(I1,1,P,T,R1,R).

loop(I, J,P,T,RO,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]).

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

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

next(I,J,T,RO,R) :- proveA(b(I,J),T,RO,R1), !, 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) :- IO is I1-1,

I2 is I1+1, JO is Ji1-1, J2 is J1+1,

count_b([(I0,J0), (10,J1),(I0,J2),
(11,30), (11,32),
(12,7J0),(12,J1),(12,32)1,C,T,RO,R) .

count_b([], 0,_T,R, R) :—- !

count_b([(I,J)|IJs], C, T,RO,R) :- proveA(b(I,J),T,RO,R1), !, count_b(IJs,C1,T,R1,R), C is Cil+1.
count_b([(_I,_J)|1Js],C, T,RO,R) :- count_b(IJs,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]1I], S) :- T >= TO, select(R, S).

pick( T,[(R,T) 111, [1l1], 8) = \+(R = (1)), \+(R = (#.)), select(R, 9).
pick( T,[RII], [RlO], S) :- pick(T, I, 0, S).

select((R1 & R2), R) :- !, (select(R1, R) ; select(R2, R)).

select (R, R).

subcontext (_T, [], 1 ).

subcontext( T,[(!S,0)|0],[('S,0)11] ) :
subcontext( T, [R1]0], [(#R,TO) |1]1) :
subcontext( T, [R1/0], [(R,TO)II] ) :
subcontext( T, [R|0], [RITI] )

06 Oooooo

subcontext (T, 0, I).

(R1 = (#R,TO) ; R1 = 1), subcontext(T, 0, I).

\+@R = (1)), \+(R= (#_)), To >= T, (Rl = (R,TO) ; R1 = 1),
subcontext (T, 0, I).

subcontext (T, 0, I).

Prolog 0000000000 OO0OOOOOO

Fig.6 A Life Game Program in Prolog

00000 SWI-Prolog (DOOOO 3.26)0000 oooooooo1%0o000000
O0200000000000000000 SICStus 000000000 TLLPOOODOOODOOODO
Prolog (DOD0OO 3.7.1,00000000)000 gboooboooooboobooooboooboooo
goboobiogoooooooooooooon aon

O000LLPOO0OODOOODOOOOO (BO0) 0000 1002000000 (0O0000O0)OO

O0000LLPOOOOOOOD (DOOOO 045) 00000 Pentium 200MHzOO OO 9sM OO OO
goooooooooooooooooooobobo Linux OSOOO0O0O0O0O0OO
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life_game(glider,A,B) :-
(forall (C\size(20,C)))=>
(forall (D\period(A,D)))=>

gooobooobooOooooooooOoboOoOoooooooOOboboo 13

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).

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

loop(A,B,C,D) :- size(E,D),A>E,!,F is C+1,G is D+1,loop(F,G).
loop(4,B,C,D) :- size(E,D),B>E,!,F is A+1,loop(F,1,C,D).
loop(A,B,C,D) :- \+ \+next(A,B,D),!,E is B+1,F is D+1,b(4,B,F)-<>loop(A,E,C,D).

loop(A,B,C,D) :

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

count (A,B,C,D)

E is B+1,lo0p(4,E,C,D).

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

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

count_b([(E,&), (E,B), (E,H),(A,6),(A,H),(F,G),(F,B),(F,H)],C,D).

count_b([],0,A) :— ().
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).

07 000000 LLPOOODOODOOOOOOOOOOODOD
Fig. 7 A Life Game Program in Prolog
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