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A Static Analysis Method for
a Classical Linear Logic Programming Language

KYOUNG-SUN KANG," MUTSUNORI BANBARA't
and NAOYUKI TAMURAT'tt

We propose a new static analysis method applicable to a classical linear logic programming
language.

Andreoli et al. proposed a static analysis method for a classical linear logic programming
language L.O, but their method cannot handle multiplicative connectives, which can be seen
as the most important connective for a resource-sensitive feature of linear logic.

Our method, in contrast, covers multiplicative conjunctions in addition to multiplicative
disjunctions and linear implications. Abstract proof graph, which is an AND-OR graph rep-
resenting all possible sequent proofs, is constructed from a given program and goal sequent.
The graph can be repeatedly refined by propagating information to remove unprovable nodes
from the graph.

We applied the result of our prototype analyzer to a sorting program written in Forum.
The sorting program was improved more than 1000 times faster for sorting 6 elements.
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m (Id) ‘II}A17A2_—’A17“'7A71:A17«42
’ (provided A1+ pAn :— B C € )
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(provided A1 - pAn :— 1 € ) (provided A1p---pAn :— BpC € ¥)
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Notation | Stands For Meaning
B {1} one B
B? Bz two or more B’s
B’ Bio.1} at most one B
B” Bl0:2} zero or more than one B’s
Bt pin2 one or more B’s
B* B{0:1:2} any number of B’s
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Th HmBEREERL T LWV, i, 6 FETHA
DERHEITOT 3 b # A T DR—RTI2 D P(Me) 1T
BLTIERLDOK SREEEE ).

T/ AR MBRECE, BRI L - TSI
MEHTCE 585, ZDOa X MNEIKREL 2B,

P(M)-=VFEEIES F ROLK % DRIX BiC
HLUTHIHIR/D MEDEETHS. T7ebh, P(M)-
T NFEEE M-~ VFEEDESY T,

EFE 4.2 X & PM)-wVFEELTBL, |X|
RO L DITEESND M-vLVFEEOERTHS.



Vol.41 No.SIG4(PROT)

IX|| ={Y | Y is an M-multiset s.t.
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b o KIBRHETWAZ LEEKL, (Ve E
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5. ¥z, TRHADERU 26 b, TO/N—H
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m — 1
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Fig. 6 Links for (®)-rule.
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Table 2 Analysis result of sorting program in Forum.

nodes arcs CPU(msec)
Initial proof graph 57 220 1530
1st refinement 25 53 o 11720
2nd refinement 15 29 2160
3rd refinement 15 29 2110
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Table 3 Execution time of sorting program.

TR TR
5 BROY—T AV 120 0.940
6 EROY—F 4V 3570 1.300
7 EROY—F 47 | 163080  1.730

4 EEEZWBES RS T LOMFHER.

Table 4 Analysis result of producer-consumer program.

nodes arcs CPU(msec)
Initial proof graph 78 143 ) 1440
1st refinement 67 127 13860
2nd refinement 67 127 12310
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Fig. 7 Initial Abstract Proof Graph.
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Fig. 8 Refined Abstract Proof Graph.
/Producer_starts
:/—‘\ i \]-ee———————-—————

|

s ) |
Producer_works S\d{nptgﬁbuffers r/(h:msuner_uaits
¢
.,
// ~
/" \\\
3] ) / o g

5
\__,(i)ata_readg
.

e

Ly S
’ Semaphore
-——»—-——=°§. v
/ :]

TN
Jf a T Raading_dat7

l v’é)ata_in_buffer

-—Z-—-\ Consuner_works

Writing_data

9 AEELEBELATARZRTSMYRY b
Fig. 9 A Petri Net for a producer-consumer system.

producer_starts :- data_ready.

data_ready  empty_buffers { semaphore :- data_in buffer { producer_starts { semaphore.
data_in_buffer @ semaphore % consumer _waits :- empty_buffers { data_read { semaphore.
data_read :- consumer_waits.

® 10 AEHFLHEBREVRT LEMHL Forum 707 5 A,
Fig. 10 A Forum program for a producer-consumer system.
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Table 5 Analysis result of Petri Net simulation.

nodes arcs CPU(msec)
Initial proof graph 28 49 630
1st refinement 25 46 6100
2nd refinement 25 46 5910

MiEgE BB L, FEEIC Forum TE»iEY —F 10
T7aT T LB LR, 6 ERD Y —F 4
CITRL, BEIREATL QO RWEA O FITEEIC
~ 1000 fELA B L 2o 72,

SHBOBEL LT, REOHNENTEL RN
M (&), EBERTE (=) REEBICELOHE
AFEMHTTEDLOICHETEIZILE2ELTVAS.

7, BE (—) L RENHHEE () EHEA TWVLAR
W s 5 ML Tk Andreoli SASRER L 72BN 5
EOIPRBERGL 250 HERH 5. FUHRER A
232 B AT, |EMI A? &5 (P(M2)
WZEDSL) Foea D FEELEST, Andreoli HMREL
T FEAT T IBITR B SR EOZFN LN T & = — 2
Yh — AREETAHV—T N — A, BWHH
LERETIHEEDT — A, B EFELUTE26TH
%. Andreoli LB BR LT FiEE &R (—) &2
ERIRRER (@) b T AL 2 ICBET B Hikd
B0, LOVPERVBITFIEERRT S 2 LIX5%D
MEEE 2B

WEE BB, EFREFOF &£, S a5 I
THESITBWTEEREE AL T S o 58T BE
Wiz ¥

2 £ X #&

1) Andreoli, J.-M.: Logic Programming with Fo-
cusing Proofs in Linear Logic, Journal of Logic
and Computation, Vol. 2, No. 3, pp. 297-347
(1992).

2) Andreoli, J.-M. and Pareschi, R.: Linear Ob-
Jects: Logical Processes with Built-In Inheri-
tance, New Generation Computing, Vol. 9, pp.
445-473 (1991).

3) Andreoli, J.-M., Pareschi, R. and Castagnetti,
T.: Static Analysis of Linear Logic Program-
ming, New Generation Computing, Vol. 15, pp.
449-481 (1997).

4) Girard, J.-Y.: Linear Logic, Theoretical Com-
puter Science, Vol. 50, pp. 1-102 (1987).

3) Harland, J. and Pym, D.: The Uniform Proof-
Theoretic Foundation of Linear Logic Pro-
gramming, Proceedings of the International

A e
FEin

Jun. 2000

Logic Programming Symposium (Saraswat, V.
and Ueda, K.(eds.)), San Diego, California, pp.
304-318 (1991).

6) Hodas, J.S.: Logic Programming in Intuition-
wstic Linear Logic: Theory, Design and Imple-
mentation, PhD Thesis, University of Pennsyl-
vania, Department of Computer and Informa-
tion Science (1994).

7) Hodas, J. S. and Miller, D.: Logic Program-
ming in a Fragment of Intuitionistic Linear
Logic, Information and Computation, Vol. 110,
No. 2, pp. 327-365 (1994). Extended abstract
in the Proceedings of the Sixth Annual Sym-
posium on Logic in Computer Science, Ams-
terdam, July 15-18, 1991.

8) Hodas, J.S. and Polakow, J.: Forum as a Logic
Programming Language: Preliminary Results
and Observations, Proceedings of the Linear
Logic ’96 Meeting (Okada, M.(ed.)), Elsevier
Electronic Notes in Theoretical Computer Sci-
ence, Vol. 3, Tokyo, Japan (1996).

9) Hodas, J. S. and Polakow, J.: Early Observa-
tion on Forum as a Logic Programming Lan-
guage (1997). Unpublished.

10) Hodas, J. S., Watkins, K., Tamura, N. and
Kang, K.-5.: Efficient Implementation of a Lin-
ear Logic Programming, Proceedings of the
Joint International Conference and Symposium
on Logic Programming, pp. 145-159 (1998).

11) Kobayashi, N. and Yonezawa, A: Typed
Higher-Order Concurrent Linear Logic Pro-
gramming, Technical Report 94-12, University
of Tokyo (1994).

12) Lincoln, P.: Linear Logic, ACM SIGACT No-
tices, Vol. 23, No. 2, pp. 29-37 (1992).

13) Miller, D.: FORUM: A Multiple-Conclusion
Specification Logic, Theoretical Computer Sci-
ence, Vol. 165, No. 1, pp. 201-232 (1996).

14) Miller, D., Nadathur, G., Pfenning, F. and
Scedrov, A.: Uniform Proofs as a Foundation
for Logic Programming, Annals of Pure and
Applied Logic, Vol. 51, pp. 125-157 (1991).

15) Tamura, N. and Kaneda, Y.: Extension of
WAM for a Linear Logic Programming Lan-
guage, Second Fuji International Workshop on
Functional and Logic Programming (Ida, T.,
Ohori, A. and Takeichi, M.(eds.)), World Sci-
entific, pp. 33-50 (1996).

i E=S

Al V—FavF7assh
Mi1 tHi2@3%«Y X b 3,2, ]| BE2 650~z
L&, V=T a7 Eshle) AR [1,2,3) 2RO BEE



Vol. 41 No.SIG4(PRO7) HHRIGHRBE 0 7 5 &

v B BB OHIERT 55

X=[1,2,3

v — m([27 3]1 [1]7 [1’2’3]) W s(X) — s([1,27 3])

¥ — m([s]v [2]7 [213}) ‘II; S(X) I S([21 3])) S([l})

¥;s(X) — s((3)), s([2]), s([1])

s()

¥, S(X) - P([s’ 2, 1])
¥; — sort([3,2,1],X)

®11 Y—F v 77 al T r0ETHET S LL OHERR.
Fig. 11 An LL-proof for sorting program.

X =1,2,3]

Tis(O\s(X) — m([2,3], [1}, [£,2,3D\ T\ — s([1, 2, 3D

¥; s(0\s(X) — mn([3], 2], {2, 3], s((ED\s([2])

W s(x)\ — s([2, 3]), s([1D\

s\ — s([3]), s([2), s([1]),

s(D

W5 s(X)\ ——>P({3 2, 1D\

W\ — sort([3, 2,1}, X)\

® 12 Y—=F 427 ul I As0FEFCHETS 10 OFEHK.
Fig. 12 An IO-proof for sorting program.
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5. @11 M2 T RUFOY =T 77 as
S L ThHD. £, sortedid s, merge iXm, spawn
2 p THIBIZRILL T 5. EL T, merge DFETR
EOESITERL TV D
V=T 4y 77ars I A
sort(L,S) :- sorted(8) —o spawn(L).

spawn([1) :- sorted([1).
spawn([HIT]) :- sorted([H]) % spawn(T).

sorted(L1) g sorted(L2) :-
merge(L1,12,L) ® sorted(L).

merge ({1,L,L).
merge ([HITI, (1, [HIT]).
merge ([H1|T1], (H2{T2], [H1IL]1) :-
H1 =< H2 ® merge(T1,[H2|T2],L).
merge ([H1]T1], [H21T2], [H2IL]) :-
H1 > H2 ® merge([H2]T2],T2,L).
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