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Some Experiments on the Distributed Shared-Hashing
Method for Searching Game-Trees in Parallel

NOBUHIRO SATO,H? MASAYA SHINDO,"32 KOHEI NOSHITAt
and YASUICHI NAKAYAMA'

In game-tree searching, transposition tables are used for eliminating repetitions of the iden-
tical computation for reappeared positions. For parallel searching on a distributed parallel
computer-cluster, two types of the shared-hashing method are presented for implementing the
global transposition table. For evaluating our method in terms of various overheads as well as
the computation time, a certain selection problem is used and two parallel algorithms are im-
plemented to solve it. As one of our experimental results, more than seven-fold speedups have
been achieved on eight processors. By our method, several instances of the problem have been
solved, which could not be solved on a single computer. The experiments have proved that
our distributed shared-hashing method is efficient enough to show a good performance near
the maximum on a distributed parallel environment with slow interprocessor communication.
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Fig.1 The centralized shared-hashing table.
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Fig.2 The distributed shared-hashing table.
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Table 1 Hit rate of the transposition table for U(13,4).
oo ooo oooo 000 00000 %0
3 536993 525854 11139 97.9
5 487062405 487037942 24463 99.9
7 11225076 11224317 759 99.9
9 18017 18013 4 99.9
11 20 20 0 100
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Table 2 The exact values of U(n,t).
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Fig.3 Schematic diagram of Tree-Splitting.
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Fig.4 Schematic diagram of PVSplit.
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Table 3 Computers used in our experiments.
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PE1 Celeron 500 MHz 128 MB 751
PE2 Celeron 500 MHz 128 MB 751
PE3 Celeron 500 MHz 128 MB 751
PE4 Celeron 500 MHz 128 MB 751
PE5 Alpha 533 MHz 256 MB 485
PE6 Alpha 533 MHz 256 MB 485
PE7 Alpha 500 MHz 256 MB 518
PES Alpha 500 MHz 256 MB 518

0300 U13,4) 00000000000 ooOn
O0oooOooooOoOoO0 PE1IOPE20D---0PESOO
oooooo

O0OD0D0D00O Local HsshOOOOOOOOOOO
Global Hash OO O OOOO0O 32MBOOOOOO
goobooobooooooooooboooboooooo
ooooooooNOOO0OO0OOO0OO000O00000
gooooooooooooooboooooooboo
o0 NOOOOOooOooooooooboooooo
goooooooooo

1
st T T W
T 1> Tn
00000000 400000000000000
000400000000000000000000
00000000 0o0oooogoooooooooo
gooooooOopDOoUUOoooOo<cooooooo
0oo0doooooooooooooooo
3.4 ODOOOOOOOO
O0o0ooooooooooooooooooog
O0000o0U0oUoOoooOoooooUo 5)012)
00000000 00oooooooooooooog
ooooooooooo
Time Overhead
oTooUoooooooogno g
00o0oooo NOOOooooooooood
gooooUoooooooOooogooooo
ooooooooooooooo
Communication Overhead
ocoooooooooo o
oooooooUooooooooooogooo
00000 OSearcher 00O Controller 0 00O
00doooooooooooooooooog
Searcher 0 Table Manager 0 Global Hash OO
0000o0oooooooooooooooooa




Vol. 42 No. 5

ooooooooooooooo cooood
Search Overhead
osonoooooodo g
NOOOOOODODOoooooooo1oood
000000000 0oooooooooooooo
NOOOOOOODoOooooooooooog
000o0oooooooooooooooon
Synchronization Overhead
oSyoooooooodo o
Searcher 0 OO0 OO0OOOOODODODOOO
Searcher 000000000 0OOODOOOO
J0o0oO0o0oooUooooooooog syo

ooo
000000000000 00000
B N o Ty
TO=Tyx 7 ~1=g5g 1 (2)
_ Teprit +Try Toprae +Trm
o= /N 000 )
so=5%_4 (4)
S1
SY =TO - CO — SO (5)

Ty : NOOOOOoOOooooo
Tie - 0O0OO0O0OOODOOO
Try @ Table Manager 000000000
Sy : NOOODOODOOOOOoDoo
000oo0oooooooooU0 »y/NOODOOo
0000000000000 00000000000
0000oooooooooooo

4. 00O OO

uooooooooodobooooooooooobo
goboobooooboooooooocoooooooon
goboboooooooooooooboooboooooo
oooooooouooo Uu(n,t)D0O0OOO

4.1 00O0O00ODO

Os00000000000D0000D0ODOO
U(13,4) 0000000000 Tree-Splitting 0 PV-
Split 0000 O00O0DOOOOOOQOCOOOODO
gooooooood

goboboooooboooooooooooobz200

oooboooooooooooboboooooooooo

pPvSplit 00 OO0 OOOOOOOOOOOOOOOO
goboooboooboooooooooooooobooo
goooooooooooooobooooobobooobooo
00o0o0oooooooouUu(13,4)00000oooo
gooosgsooo000oooooboobDboonooboOon
gooooooboooooooboooooooon

goooooooooooooooooOobDoboOoo 1203

— Tree-Splitting 0 0O ------ PVSplit 0 OO
——Tree-Splitting 00 —--PVSplitO O

—--00a0

60 T T T

o

05 0O00000O00O0OOOOOOO0OOOOOODOD
Fig.5 Comparison of computation time with/without

the global transposition table.
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Fig.6 Comparison of computation time with the
centralized/distributed shared-hashing tables.

goooooooooboooooooooooon
gooooooooao
ooobooooboooobooobocoooooon
gooooodoboboboooooboboobooobooobo
ooboooooooooooono wooboooo
gboooooobooobooooooooooooon
gooooooooooooobooOoooooDoo
gooooooobooooo 200000000DbO
gobooooooooboooooboboobooboo
gbooooooboooooooooooooon
gooobooboooooboooboooooooooaoon
ooad
4.2 J0O0OO0OO0OOOOOOCO
0000000000 O00ooooooon PVSplitd
oooooooooooboooooboooooobooo
gooooboooooooogoenonOn
gooooobobooooooobobbbooooo
ooooooobooobooooobooobooooooon



1204 gooooboooo May 2001
TO - CO —— SO —--SY TO - CO —— SO —--SY

2001 : : : : : 201 : : : : : q

g | : s M z
O L ] O r ]
O L ] O r B
O 100~ b O L -3
O [ ] O [ ) =
- C ] m] r P
O £ ] O C R ]
m r 1 o 0 777 E
OL*ffff_’*"'_i_T_ ------- s ] _5: 1 1 1 1 1 ]

2 3 4 5 6 7 8 2 3 4 5 6 7 8

goooo gooaoo

07 0000O0OO0OPVSplitODOOOOOOO
Fig.7 Overheads for PVSplit without the global
transposition table.

O00O0D00O0O0dTable Manager OO OODOOOO
00000000 DOO0O Searcherd OO0 Table
Manager 00 00000000000 O0OOOOO
00000000o0o0o0o0o0oooOooooooooo
oooodooooooo
O0o000DoOooooOoOoooouood PVSplit
OO00OCOO00o0ooOOoO pvSplt0O0oOooonog
000oooUooo0oDoooUoooooooooo
O0O00oOd PpPVSplt 00 OO0O0OO0OO0OO 70000
000000000000 Search Overhead O O
O 0OTime Overhead D OO O OO00OO0OOOOOOO
0000000 00Search Overhead OO OO OOO
000000000000 000000000000
00000000000 0000ooooooooo
goooooodopOooOoooooooooooo
ooooOooOoooOoooooooooooooooo
000000 0oooooooooogooooooo
O0000000oooOooooooodoCommuni-
cation Overhead 0 0 00O OOO0OODOOOODOO
00o000oooDooO0OoDOooOooOoooooooon
O0o00DoOoOoo0ooooooOooOooooooog
00000000 0oo00oooooooooooo
00000o0ooooooooooooooooon
000000000000000000000o0o0
000000 D0O0O0OdController—Seacher 00 OO
ooooodoooooOooDoooooooooooo
Synchronization Overhead D OO0 O OOOOOODO
O0000000D0O0O0O000OOdSearch Overhead
O0oooopooooooooooogooo
0000000000 PVSplit0OOOOOODO
0800000 7000000 0OSearch Overhead
000000000000 00 O Search Overhead
0000000 Time Overhead 00O 7000000

08 O0OOOOODOOPVSplitDOODOOODO
Fig.8 Overheads for PVSplit with the global
transposition table.

J0000o0oooboobboooooooobooono
Jdo0ooooo0ooOoDoOooOoboooog Search
Overhead DO OO OODODOOODOOOOOODOOO
dooooooooooooooOoO0n0doCommu-
nication Overhead D OO0 000000 O0O0O0OOO
0000 Table Manager 00O 0OO00O0OODOO0O
0000 7000000 0Table Manager0 0O OO0
000 Communication Overhead D 0O 00000
gooobooooooboooooboooboooboo
gdoooooboobDooboooooobooooon
00do0oooboooboooooDbOdd Communica-
tion Overhead D OO0 0000000 DOODOOOODO
d0@doodbo0odobDOoo0oOoloooboooo
0o0o0o0000odooooooobOoDoooooono
J00D0DOO0OD00O0OTable ManageO OO OOOODO
0 00 O Communication Overhead 0 0000 OO0
O O Communication Overhead O Search Overhead
doooopoDooooor00O0oDoOD 80oOOoOO
Search Overhead 0 150%0 0000000000 8
0 Communication Overhead O 10%0 000000
Search Overhead O OO0 OOOOOODOODOOOO
0o0bo000ooobOoboObOooOoOooooooooa
ooooooo

Synchronization Overhead O 5%0 000000
000000000 Synchronization Overhead O
Time OverheadO Search Overheadl] Communica-
tion Overhead 00 000 00000000000 OO
000000000000 Synchronization Overhead
00000000000 00D0O0CO OSearch Overhead
godo0ooooobobooboooboobooooog
g0o00o0o0obOobOOoooooboooboooono
Jdddd0ooopoDoooDoooooooooooono
000000 bO0ooOOoDoOoOO0oO0ob0oooooooo



Vol. 42 No. 5

oooo
\

2 3 4 5 6 7 8
ooooo

09 0000
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