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Parallel Computing of Association Schemes
N

slave —,| make
process atrices| rel. mat.
slave make
process rel. mat.
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ALTWET, ERATAHEMI. 87 05, Pentiumll, 800MHz, #%E Y— 256MB TF, User IZi% A
% Y — 100MB OERHIRNEH Y 9, X v b7 —21F 100base. AnyLAN T,
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2 Association schemes

TIvx—ya s AF%—ADERK : A set of (d+ 1) matrices Ap,A;, - -,A4 of size n X n is an association
scheme of order n if itsatisfies the following.
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1. A; {0,1}-matrix, Ay =identity matriz
2. Ao+ A1+ Az + - - + Ag = J(all one matriz)
3. for any i, tA; = A;« holds for some ix
4. AA; =380 pij kA
The relation matrix A of the association scheme is defined by A = 04y + 14; + 243 + - - - + dAg.

A searching tree of a backtrack method
root g 1-st row

level -th row
level \ ‘ 5-th row

A

relation matrix A Z{FE->THHET 3,
# : input [[1,1,1,2,2], [L,3,2,4, 5]]

the root a node at the deepest level=an association scheme
(012384 4 535) (0123 445 5)
1o - - - < .. 1 03 2 4455
3 0 32 0155 4 4
A= 2 -0 , A= 231055 44
4 0 4 4550123
4 0 4 45 5 10 3 2
5 0 5 5443201
\ 5 0 ) \55442310)

a node at level 4 (4 17 H ¥ T5EMR L 7 relation matirx )

(01234455\

1033244755

32015054 4
Al 23105544

4 4550

4 455 0

5 5 4 4 0

\5 5 4 4 0)
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nodes at level 5 ( children of the above node )

(01234455 (01234455\
10324455 10324455
320150544 320155 44
23100505 44 2 3100505 4 4
4 4550123445501 3 2
445510 445510

55443 0 55442 0

\5 5 4 4 2 o) \s5 443 0 )

SITTEOREDIHY (&, FZLoTEED5FEDOERD IR OLBBRD,

3 ANHK

Our parallel computing:(Step 0) — Step 1 — Step 2 — ---

Step 0 to Step 1

-

Step 1-1 Step 1-2 Step 1-3
@ saved for re-starting step 1 when computing interrupted.

Save whether subtree searches in - are finished with
a time limit in case for re-starting step 1. ‘

oz, BXIE. relation matrix ® 5 THETRERLEZ B DD S LDO—HoaERDZ, LT, Bzt
FIETO 51TE ETRRL 2D relation matrix # £ TRDBZ—FHT. Bbii- relation matrix DENEH
WHRLT, #lxid, 30 DORFMEIREBIT T, £OXDTHE/ relation matrix 2 ¥FNCHET 3, Z DM
2. BRLEERZEROLOB/LND, KRERDHDRERD step ~D input (272 5,
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Step 1 to Step 2

xsearched in step 1
@remained and saved in step 1

L— distributed to generate ® in step 2
Distribute ® & @l for subtree searchs in step 2
within a ceratin time limit.

Save whether subtree searchs in E] are finished
with a time limit in case for re-starting step 2.

ADH o BIZIE 6 4T £ THRERL 7 relation matrix T, FEERINTVWRNLDOEL2TRD T, B

NIATHNI R L T step 1 & FHKIZ . RMHIRA T, £ b D TR relation matrix ¥ HHW T 5, &5
NEERONET step 1 & FHEIZT 3,

Step 2to Step3 and ---

< searched in step 2

@ rﬂn.ained in step 2
distributed to generate ® in step 3
Distribute ® & @ for subtree searchs in step 3

within a time limit.

Step 2 & FliR72 3B % K572 relation matrix 23 T T 222 < 2 3 ¥ THRIET,
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Step 1]~ f
) | interrupt: interrupted
Tre-started
v Assemble the
Step 2= interrupt input. interrupted
re-started
Assembile the
\ input.
Step 31 Repeat this step until all the 1
! nodes are visited by the \
v

INETIX, HEXFEEIN TS, ERLEND step THRFEL TRV data % > TH start TE 528,

How to compute beyond interruptions

backtrack search.

Copy almost all
the data saved.

Copy almost all
the data saved.

/3

@ step IZFT TikED R o, LA, FFEINDZOBREHEE 7D T, RO step IZ#EIT TiddEdeZ &

TEZTWhots,

4El, FERL 7« relation matrix A5} D data % B start RHCHH A7 7 A 11T —

LT, ENETORRBIIHERXLILBMT 0BT a5 L5 %EL T, BBIAIC, RO step ITREBEL
TH#EDBLIC L, TORKR, ERT—FLERBBND X diciheoTe,

4 HEARR
27, YFIHEOT —FREFELBECHNIRMERORTHEL /=, FHARFMOBAIIETS 2V R B
TS '
Basic data for input {[11,11], {2, 1]]
Comparing with parallel computing with one slave
Ordinary computing 30 sec time limit unlimited
CPU time wall clock time | master=slave | master#slave | master=slave | master#slave
2250720 milli-sec 2251 2288 2284 2265 2262
Accelerating data for input [[11,11], [2, 1]] with the time limit of 30 seconds ( 4 trials )
Number of slaves | 1-st | 2-nd | 3-rd | 4-th | unlimited
5 663 | 633 | 471 | 493 471
10 342 | 316 | 253 | 259 306
20 184 | 172 | 139 | 141 218
30 145 | 124 | 101 | 100 | -
40 109 | 103 | 95 | 94 -
50 116 | 94 84 88 -
60 108 | 84 73| 76 -
70 86 73 72 70 -
Lz, —oD AN T slave DEEEX TRMZ o7, FFMBIREZRTRWVWHFETIXZ. HKD subtree ®

search {Z 215sec 23025 DT, 30

slaves A EIXEREL 7=,
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Some fast results on input [[11,11],[2, 1]]

209

Number of slaves | 30 sec 90% busy | 12 sec 90% busy | unlimited 90% busy

5 471 458 472 457 471 447

10 249 223 246 230 306 282

20 140 113 133 115 218 100

30 99 73 98 75 -

40 93 59 76 57 -

50 84 41 69 43 -

60 73 29 63 37 -

70 70 18 58 30 -

ZOBITIX, HIFRFEHE 12sec iZL 2FR RV SiIcBbh 3, Zofilit, 3 steps

D 3EIDHBEREMD/INT L 20 128ec D E ZIT RV L BEHLEX B,
WFRIZL TS, 70 slavesid. LOFITRBTE 2% TH B, ROFTIL, BFHEE S N oTW

5L5THS,

RDORIZ. WAWAZR level TD node ORDTN 3B, (

Do TWNEBER, *

Date for input [[13,13], [2, 1]] under the time limit of 720 seconds

num. of slaves 73

number of steps

4

timing

91905

90% busy

89797

interruption I once in step2, three times in step 3

) NOEL, WFIHETRD step ~DAH L

LT o7 node HTT, BEDHTIX, node KOS HNEARI T, HEICE -7~ 4 node 15 . level 17
THEIZE D children BHTL BZ LR, ZORDETREN B,

Number of nodes in the searching trees

Level | [[11,11],[2,1]] | [[13,13],(2,1]] | [[1,2,2,2,2,2,2,2,8,8],[1,2,3,4,5,6,7,8, 10,9]]
5 164 1067 (425) 10
6 601 15794 (2497)
7 3769 428728 (4) 18
9 114 (39)
11 1003 (263)
13 9893 (1228)
15 58011 (4)
16 17387
n—1 104 4508 767

Data of the 4 nodes at level 15 of

1,2,2,2,2,2,2,2,8,8},1,2,3,4,5,6,7,8,10,9]
node number | number of children | timing
1 4948 3312
2 1137 1098
3 1392 1320
4 4748 3116

28-6



210

ZNT, FTOLIIZHRLARWVWE | WFHEPKITTE R o7,

Data B2 BOEH :

Slave % input 23{@H % &> TV 5, relation matrix DEFTTFI% %> T, input 1 HL2fTFEHETL T3
By3,

# : input [[1,1,1,2,2],[1,3,2,4,5]]

Send a node at level 4 ( BBAKI L Y deeper level DBEHLH Y ):

012 3 4465 5
1 0 5
3 2

2 3

- o W
O = N
[ < BN

45 5
5 4 4
5 4 4
Receive the children at level 5:(51TH DA% X 5)

(44550123), 44550013 2

Distribute the nodes at level 5: (BFID 41T ICXBM -5 TE 2 M THE3,)

e

012 3 44565 01 23 445 5 :
1 0 3 2 4435 1 03 2 445 5
320155 4 4], 3 20155 4 4
231055 44 23105 5 4 4
4 45 5 01 23 4 455 01 3 2

Receive the results ( D the inputs to the next step ).
o X3zl T, MEREDOHITIX level 15 ? node % slave {232 T level 17 D-F & L T relation matrix
D16L1T7TITEDAEZERMDL L THFHEEHITTHZ LB TER,

2 & X B
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