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Abstract

In this project, The problem of
designing a parallel agorithm to
generate al the well-formed parentheses
strings has been studied. We have
designed a cost-optimal systolic
algorithm to generate all the well-
formed parentheses stringsin this
research project. The systolic algorithm
isrun on alinear systolic array that can
generate one well-formed parentheses
string each three time steps.

Keywords: combinatorial object, linear
array, parallel algorithm, systolic
algorithm, systolic array, well-formed
parentheses string

89 7 31

[1-2]

(Combinatorial Objects)

[ 1! 3_7] [ 1’8] [1'
2, 89 [10-12]
[13-17])
( [18-25]
[26-29] [30-31]
[30] [18, 32])

(

well-formed parentheses
string)

S® (9]|SS|/
I
(OOMWO0)

[13-17]



[1832] Ak

Stojmenovic
[18]
(PE)
(
PEs
PEs
)
1998 Vanovszki  Palo
[32]

CREW PRAM (Concurrent-
Read Exclusive-Write Parallel Random
Access Machine)

(cost-optimal)
(systolic array and systolic
algorithm)
[33-34]
semisystolic array and
systolization[35-36] space-time

mapping|[ 36-38]

(Combinatorial Object)
[25, 27, 31]

31

( OuoN) )
(2). Bitstring Sequence[ 32]:
101110001100
1 (0 (
(2). Weight Sequence[32]:
112312
)
(3). z-Sequence[ 18]:
1345910 (

(4). Left-Distance Method[39]:
011122 binary tree
inoder

(5) Tree Permutation Sequence[40]:
021010 4

preorder traversal
inversion table
(6) Zerling's Code[ 13]:
011012 (4)
hitdring
bitstrings 2n bitstring
(2n)! o
=—————  bitstrings
" n(n+1) J
b,b., ;. . .b, bitstrings
bitstring  (10)"
bitstring; 170"
32
bitstrings
(dependence graph) Figurel Figure
2 [36] Figure 3

/ column(



1 column) |  null
Figure 3
bitstring data
if v=1 thend'=d,
if vt [ then
a=d,
if (2z+3£/£v+2z+2)
or(2z+23 j3 land/=o0dd)
then d'=0;
if (v+z+3=1)
or(2z+23 j3 land/ =even)
thend'=1;

(gpecetime mapping mérix)
(systdicaray)[3]
é3 1
D 1
Houe4d
33

(v, 2
) (L0, a, -y
| 0

|

(1,

Figure5
2n

Akl and Stojmenovic[18]
Vanovszki and Pallo [32]

[1] Reingold, E. M. and Nievergelt, J. and Deo,
N. 1977. Combinatorial Algorithms: Theory
and Practice. Prentice-Hall. Englewood,

Cliffs, N. J..

[2] Nijenhuis, A. and Wilf, H. S. 1975.
Combinatorial Algorithms. Academic Press.
New Y ork.

[3] Sedgewick, R. 1977. Permutation Generation
Methods. Computing Surreys, 19(2), pages
137-164.

[4] Ord-Smith, R. J. 1970. Generation of
Permutation Sequence: Part 1. The Computer
Journal, 13(3), pages 152-155.

[5] Ord-Smith, R. J. 1971. Generation of
Permutation Sequence: Part 2. The Computer
Journal, 14(2), pages 136-139.

[6] Schrak, G. F. and Shimrat, M. 1962.
Permutation in Lexicographic Order
(Algorithm 102). Communications of the
ACM, 5(6), pages 346.

[7] Johnson, S. M. 1963. Generation of
Permutations by Adjacent Transposition.
Mathematics of Computations, 17(83), pages
282-285.

[8] Semba, I. 1984. An efficient algorithm for
generating all k-subsets (13 m3 k3 1)of
theset {1, 2, ..., n} inlexicographic order.
Journal of Algorithms, 5, pages 281-283.

[9] Stojmenovic, |. and Miyakawa, M. 1988.
Applications of subset generating algorithm
to base enumeration, knapsack and minimal
covering problems. The Computer Journal,
31(2), pages 65-70.

[10] Djokic, B., Miyakawa, M., Semba, |.,
Sekiguchi, S., and Stojmenovic, I. 1989. A
fast iterative algorithm for generating set
partitions. The Computer Journal, 32(3),
pages 281-282.

[11] Er, M. C. 1988. Fast algorithm for
generating set partitions. The Computer
Journal, 31(3), pages 283-284.

[12] Semba, I. 1984. An efficient algorithm for
generating al partitions of the set {1, ..., r}}.
Journal of Information Processing, 7, pages
41-42.

[13] Zerling D. 1985 (July). Generating Binary
Trees Using Rotations. Journal of the ACM,
32(3), pages 694-701.

[14] Er, M.C. 1983. A Note on Generating Well-
formed Parenthesis Strings Lexicographically.
The Computer Journal, 26(3), pages 205-207.

[15] Zaks, S. 1980. Lexicographic Generation of
Ordered Trees. Theoretical Computer
Sience 10, pages 63-82.

[16] Pallo, J. M. 1986. Enumerating, Ranking,
and Unranking Binary Trees. The Computer
Journal, 29, pages 171-175.

[17] Ruskey, F. and Proskruowski, A. 1990.
Generating Binary Trees by Transpositions.
Journal of Algorithms, 11, pages 68-84.

[18] Akl, S. G. and Stojmenovic, |. 1996.
Generating Combinatorial Objects on a
Linear Array of Processors, from Parallel



Computing: Paradigms and Applications., ed.

Zomaya, A. Y. International Thomson
Computer Press. Pages 639-670.

[19] Akl, S. G. 1987. Adaptive and Optimal
Parallel Algorithms for Enumerating
Permutations and Combinations. The
Computer Journal, 30(5), pages 433-436.

[20] Chen, G. H. and Chern M. S. 1986. Parallel
Generation of Permutations and
Combinations. BI T, 26(3), pages 277-283.

[21] Lin, C. J. 1990. Parallel Generation of
Permutations on Systolic Arrays. Parallel
Computing, 15(3), pages 267-276.

[22] Wu, B. Y. and Tang, C. Y. 1990. An
Optimal Parallel Algorithm for Generating
Permutations on Linear Array, from Proc.
First Workshop on Parallel Processing.
Hsinchu, Taiwan, Republic of China. Pages
106-110.

[23] Tsay, J. C. and Lee, W. P. 1994. An
Optimal Parallel Algorithm for Generating
Permutations in Minimum Change Order.
Parallel Computing, 20, pages 353-361.

[24] Ak, S. G. 1992. A Simple Systolic
Algorithm for Generating Permutation.
Paralldl Processing Letters, 2(2), pages 231-
239.

[25] Lee, W. P. and Tsay, J. C. 1994. A Systalic
Design for Generating Permutations

inLexicographical Order. Parallel Computing,

20, pages 775-785.

[26] Chan, B. and Akl, S. G. 1986. Generating
Combinationsin Paralel. BIT, 26, pages 277-
283.

[27] Tsay, J. C. and Lin, C. J. 1990. A systolic
design for generating combinations in
lexicographic order. Parallel Computing, 13,
pages 119-125.

[28] Lin, C. J. and Tsay, J. C. 1989. A Systolic
Generation of Combinations. B/ T, 29, pages
23-36.

[29] Lin, C. J. 1989. A Parallel Algorithm for
Generating Combination. Computers and

db ua yb pa z iV
o /7 I /
vy /

Mathematics with Applications, 17(12), pages
1523-1533.

[30] Djokic, B, Miyakawa, M., Sekiguchi, S.,

Semba, 1., and Stojmenovic, 1. 1990. Parallel
Algorithms for Generating Subsets and Sets
Partitions, from Lecture Notes in Computer
Sience, Vol. 450: S GAL'90 Algorithms., ed.
Asano et. a., T. Springer-Verlag. Pages 76-
85.

[31] Tsay, J. C. and Lee, W. P. 1994. A Cost-
Optimal Systolic Algorithm for Generating
Subsets. /nternational Journal of Computer
Mathematics, 50, pages 1-10.

[32] Vajnovszki, V. and Pallo, J. 1998. Parallel
Algorithms for Listing Well-Formed
Parentheses Strings. Parallel Processing
Letters, 8(1), pages 19-28.

[33] Kung, H. T. and Leiserson, C. E. 1979.
Systalic arrays for VLSI, from Proc. 1978
Society for Industrial and Applied
Mathematics. Pages 256-282.

[34] Kung, H. T. 1982. Why systolic
architectures? Computer, 15(1), pages 37-46.

[35] Leiserson, C. E. and Saxe, J. B. 1983.
Optimizing synchronous systems. J. of VLS
and Computer Systems, 1(1), pages 41-67.

[36] Kung, S. Y. 1988. VLS Array Processor.
Prentice-Hall Int. , Englewood Cliffs, NJ.

[37] Moldovan, D. I. 1983 (Jan). On the design
of algorithmsfor VLS| arrays. Proc. of the
IEEE, 71(1), pages 113-120.

[38] Moldovan, D. I. 1982 (Nov). On the
analysis and synthesis of VLSI algorithms.
|EEE Trans. Comput., C-31(11), pages 1121-
1126.

[39] Makinan, E. 1987. Left distance binary tree
representations. B/ T, 27, pages 163-169.

[40] Knott, G. D. 1977(Feb). A numbering
system for binary trees. Communications of
the ACM, 20(2), pages 113-115.

yb pa ud
0 2" ua
n 27 11a+1




	page1
	page2
	page3
	page4
	page5

