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A Distributed A* Algorithm Based on the Hyperplane Function and
Its Application to Multiple Sequence Alignment

YOSHIKAZU KOBAYASHI ,T1 AKIHIRO KISHIMOTO 1
and OSAMU WATANABET!

Parallelizing the A* algorithm in distributed memory environments plays an important
role in both achieving speedups and improving its solving ability. This paper presents a new
work distribution strategy based on the hyperplane function, which is combined with simple
but scalable parallel A* called Hash Distributed A*. The performance was evaluated on a
cluster of multi-core machines and the presented strategy was shown to scale well up to 384
cores in solving difficult instances of the optimal multiple sequence alignment.
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02 Zobrist 000000 HDA*OOOOOOp: CPUOOOONn:00DOO

p =12 p =24 p =48
name time idle time idle time idle

n (speedup) SO time LB (speedup) SO time LB (speedup) SO time LB

BB12022 218.19 0.25 4.18 1.21 106.07 0.25 1.24 1.14 54.31 0.21 1.30 118
5 (8.71) (17.92) (34.99)

BBS12023 300.44 0.24 7.71 1.17 146.74 0.14 6.78 1.22 75.06 0.16 3.88 118
5 (10.07) (20.62) (40.32)

BBS11037 311.67 0.09 1.97 1.20 164.31 0.15 2.67 1.13 85.11 0.14 3.12 1.15
5 (10.91) (20.69) (39.94)

BBS11026 29.57 0.04 0.75 1.04 14.69 0.05 0.00 1.04 7.74 0.05 0.20 1.04
7 (10.55) (21.25) (40.31)

BB12036 175.08 0.04 7.22 1.04 86.26 0.04 1.90 1.05 44.80 0.04 1.81 1.04
7 (10.57) (21.45) (41.29)

BBS12010 288.49 0.16 0.00 1.14 140.09 0.14 2.01 111 69.30 0.13 0.48 111
7 (10.29) (21.19) (42.82)

BBS12032 39.33 0.01 0.47 1.00 20.19 0.01 0.51 1.00 10.18 0.01 0.22 1.01
9 (11.35) (22.11) (43.83)

BB12023 694.53 - 16.75 1.18 297.81 - 13.07 118 140.07 - 4.02 1.17
5 (=) (=) (=)

BB12003 970.38 - 25.26 1.04 478.98 - 13.36 1.03 237.87 - 2.72 1.03
8 (=) (=) (=)

BBS12005 631.41 - 19.31 1.03 311.99 - 797 1.04 157.94 - 0.77 1.04
9 (=) (=) (=)

BB12032 1709.26 - 54.00 1.01 844.25 - 13.48 1.01 42821 - 9.06 1.01
9 (-) (=) (=)

p = 96 p =192 p = 384
name time idle time idle time idle

n (speedup) SO time LB (speedup) SO time LB (speedup) SO time LB

BB12022 30.25 0.23 2.53 1.14 14.99 0.32 0.78 112 > 600.00 - - -
5 (62.84) (126.82) -

BBS12023 39.21 0.19 1.50 1.15 20.40 0.29 0.90 1.12 > 600.00 - - -
5 (77.18) (148.33) -

BBS11037 4271 0.12 1.04 1.11 21.84 0.14 1.00 1.10 > 600.00 - - -
5 (79.59) (155.67) -

BBS11026 4.98 0.14 0.26 1.05 343 0.26 0.40 1.07 34.98 4.11 14.63 1.16
7 (62.72) (91.05) (8.92)

BB12036 23.46 0.02 0.97 1.04 48.27 0.60 12.04 1.61 64.87 1.23 20.90 1.38
7 (78.87) (38.33) (28.52)

BBS12010 41.02 0.27 0.88 111 87.26 1.87 16.41 1.26 79.76 2.11 32.06 1.29
7 (72.36) (34.01) (37.21)

BBS12032 5.70 0.02 0.22 1.02 15.76 0.41 4.25 1.11 9.53 1.55 3.93 1.16
9 (78.35) (28.32) (46.87)

BB12023 7373 - 4.92 1.14 39.78 - 4.96 1.13 > 600.00 - - -
5 (=) (=) (=)

BB12003 123.00 - 3.69 1.04 139.30 - 23.82 1.39 135.69 - 31.01 1.27
8 (=) (=) (=)

BBS12005 82.36 - 0.43 1.04 51.70 - 6.24 1.16 99.00 - 20.46 1.81
9 (=) (=) (=)

BB12032 264.09 - 21.75 1.10 157.44 - 26.60 1.16 162.67 - 33.53 1.26
9 (-) (-) (=)
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03 0000000000 HDA*OOOOOOp:CPUODODOOn: 0000000000000

p =12 p =24 p =48
name time idle time idle time idle
n,l (speedup) SO time LB (speedup) SO time LB (speedup) SO time LB
BB12022 207.04 0.26 0.75 1.28 108.71 0.29 3.17 1.31 51.32 0.29 0.41 1.28
5, 1280 (9.18) (17.48) (37.04)
BBS12023 280.52 0.19 6.40 1.19 144.55 0.27 5.15 1.19 70.35 0.27 4.15 1.26
5, 3481 (10.79) (20.94) (43.01)
BBS11037 325.26 0.19 5.89 1.16 157.65 0.19 3.97 1.14 80.09 0.17 2.46 1.19
5, 1870 (10.45) (21.56) (42.45)
BBS11026 30.12 0.02 0.59 1.04 15.58 0.07 0.00 1.04 7.74 0.04 0.16 1.05
7,604 (10.36) (20.03) (40.29)
BB12036 169.91 0.02 3.21 1.05 87.97 0.03 227 1.06 44.09 0.03 2.84 1.04
7, 1499 (10.89) (21.03) (41.96)
BBS12010 261.03 0.13 0.00 1.08 130.86 0.14 0.03 1.12 65.23 0.13 2.10 1.15
7,2221 (11.37) (22.68) (45.49)
BBS12032 40.99 0.01 0.99 1.01 21.03 0.01 0.49 1.00 10.59 0.01 0.25 1.01
9, 586 (10.89) (21.23) (42.16)
BB12023 567.77 - 6.91 1.17 286.19 - 10.52 1.24 133.43 - 8.56 1.26
5,3593 (=) (=) (=)
BB12003 956.58 - 10.81 1.04 492.05 - 5.19 1.03 244.59 - 5.47 1.04
8,586 (=) (=) (=)
BBS12005 610.53 - 6.74 1.03 310.29 - 8.05 1.05 153.60 - 3.83 1.04
9, 1815 (=) (=) (=)
BB12032 1688.52 - 15.71 1.01 880.70 - 12.48 1.01 442.14 - 11.16 1.01
9,613 (-) (=) (-)
p = 96 p =192 p = 384
name time idle time idle time idle
n,l (speedup) SO time LB (speedup) SO time LB (speedup) SO time LB
BB12022 23.77 0.25 0.89 1.36 12.17 0.28 0.74 1.30 6.75 0.36 0.36 1.23
5, 1280 (79.95) (156.19) (281.75)
BBS12023 3232 0.18 1.45 1.23 16.52 0.20 1.86 1.24 10.50 0.27 3.03 1.43
5, 3481 (93.63) (183.22) (288.34)
BBS11037 38.04 0.20 0.99 1.20 19.12 0.20 1.16 1.21 10.54 0.18 1.71 1.31
5, 1870 (89.37) (177.79) (322.67)
BBS11026 4.28 0.05 0.15 1.05 2.45 0.12 0.23 1.07 1.86 0.23 0.51 1.18
7,604 (72.88) (127.15) (168.12)
BB12036 25.92 0.06 5.15 1.16 15.88 0.07 5.44 1.37 15.03 0.11 9.57 2.39
7,1499 (71.36) (116.49) (123.11)
BBS12010 32.36 0.11 1.81 1.11 16.67 0.24 0.47 1.14 10.14 0.47 1.18 1.18
7,2221 1.72) (178.06) (292.56)
BBS12032 6.70 0.03 1.08 1.06 3.64 0.04 0.74 1.06 2.68 0.07 1.02 1.33
9, 586 (66.58) (122.58) (166.75)
BB12023 62.91 - 3.54 1.24 32.96 - 4.52 1.23 21.78 - 7.57 1.59
5,3593 (=) (=) (=)
BB12003 175.67 - 38.50 1.11 66.00 - 3.01 1.07 42.31 - 10.31 1.31
8,586 (=) (=) ()
BBS12005 79.72 - 5.73 1.03 42.22 - 1.57 1.05 33.78 - 9.80 1.30
9, 1815 (=) (=) (=)
BB12032 221.28 - 8.91 1.02 117.66 - 9.50 1.05 74.97 - 19.85 1.26
9,613 (-) (-) (-)
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04 ONO00O00 0000000000 000000000(0
p =96 p =192 p = 384
name n distribution reopen reopen reopen
BB12022 5 ZOBRIST 26,931,867 45,206,738 -
PLANE 31,406,029 | 34,649,396 38,539,535
BBS12023 5 ZOBRIST 37,192,810 55,657,404 -
PLANE 29,155,948 32,080,412 36,633,254
BBS11037 5 ZOBRIST 37,750,926 45,495,779 -
PLANE 61,706,272 63,877,579 57,623,110
BBS11026 7 ZOBRIST 1,389,909 3,010,496 52,432,014
PLANE 139,358 296,010 823,296
BB12036 7 ZOBRIST 791,046 34,342,573 75,757,905
PLANE 1,016,997 1,544,408 3,479,174
BBS12010 7 ZOBRIST 12,153,632 85,180,615 107,473,282
PLANE 1,265,006 1,507,513 2,237,737
BBS12032 9 ZOBRIST 57,683 1,603,316 6,203,252
PLANE 100,910 115,733 243,561
BB12023 5 ZOBRIST 43,100,914 68,259,973 -
PLANE 75,639,061 73,777,509 66,966,386
BB12003 8 ZOBRIST 292,734 20,701,650 40,359,186
PLANE 8,779,841 443,640 2,027,297
BBS12005 9 ZOBRIST 240,489 884,404 24,526,060
PLANE 164,489 718,479 1,067,810
BB12032 9 ZOBRIST 4,446,211 5,857,432 14,637,606
PLANE 288,224 725,350 3,063,362

8. DOOOOODO
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00000000000000000000%0000000000000 HDA*ODOOD
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