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Parallelization and Dynamic Load Balancing for Modified PrefixSpan

MAKOTO TAKAKI,* KEIICHI TAMURA,tt TOSHIHIDE SUTOU!*
and HAJIME KITAKAMIt

A motif is the featured pattern which is biologically meaningful in the amino acid sequences.
The motif is discovered from the frequent patterns. In order to extract the frequent patterns
that can become motifs in the amino acid sequences efficiently, a high-speed frequent pattern
extraction algorithm is required. In this paper, a parallel Modified PrefixSpan which extracts
frequent patterns in parallel on an actual PC cluster is presented. Then the dynamic load
balancing for the parallel Modified PrefixSpan is proposed. The parallel Modified PrefixSpan
exploits a master-worker parallelism that distributes tasks among the computers on the PC
cluster. In the Modified PrefixSpan, the bias of load of task is very large. Moreover, the
processing time of the task cannot be estimated. A master-task-steal methodology is pro-
posed for the dynamic load balancing technique under such situation. The master-task-steal
methodology is the technique which gathers all tasks located in the worker processes’ task
pool only when the bias of the load arises.

F—T7RRATAEFEMNFEHEIN TS, £#2 T, £

1. B U ®I F—T BN ) BN — v R T 3 BRI L

BF =737 I BEES EIC BT MG N Y —
YTHY, EMELOBETRESINTE S N7
BOBICERBLTWELEEZONRTWS, £F—7
RROITHT I ETY X7 EORRERKEBEEI % 3
ETAHIENTEL, F—FXA =V TOUEID,
73 BENSSEY E LB RNy - L) E

T IR BWALKRFERF IR E R
Graduate School of Information Sciences, Hiroshima
City University

11 L BT K EHA
Faculty of Information Sciences, Hiroshima City
University

* g, NEC YAF AT 2 /07 —HRaH:
Presently with NEC System Technologies, Ltd.

138

PORRET L0, BROT I/ BRECH| D LTS
y— AT AL EELREE D,

BEOT I BESN 2 LHE Y — 2T 5
72D T VT X4 E LT Modified PrefixSpan Y
PIRE SN T5,. Modified PrefixSpan i3 Prefix
Span #23) IR L72bDTH Y, BEOT I /B
BEFI»SHEEETANFI— F2&UGHEB/ NNy — V%
HWETHZENTES.

KFH L TIX PC 75 A% ED Modified PrefixSpan
EOHEFILED D 2R, FOBMEMSHTEICD
WS, BHTF— 7 Oy — 2T 5
MBI AREE LTSN TBY, EHB
BRI CHEI Y — 2 BT 5 2 LR LT

NI | -El ectronic Library Service



I nformation Processing Society of Japan

Vol. 46 No. SIG 10(TOM 12)

B FFIZT I ERECHTNIHMEATR & (R TH vy —
YR BT, I SY — Ui IR R A
A, PC U IA5TOERFULIZE Y, Th T
HMTE o7k ) B/ Y — P ERANLERET
MHTE2L )i S,

%1 Modified PrefixSpan i£ T3 EIf <2 ¥ -
7= AROTE (2L EHURE AT . w2
7 - 7= AN X %% Modified PrefixSpan T,
RSk DEHSY -0 HORE (k4 1) DO
INE — VHHAE A 5 R 7 LEET A, KL TIE,
ZDERAT R KKEY A7 LIER, Z— D7
Tk TTYRAY 7O XA THEEINY — > OB % 4T
WV, RSN KKES A7 BT RAY TOEAD Y R
T = WIIEEBT S, YA S VhOKKES A Y
Z1DOFTOT = T7Tat AZE ) Y4 T, KEESY Y
ERAMZ T =T RCKBESY A7 BRA I
Eh BT TWL,

YR T =ARN KBTI, B4 DAk
&5 A7 DULERRE R ARG 72 205 UL, BIFOR
DIFFEAELLZW. L2 L%dS, i%5] Modified Pre-
fixSpan {EICBIT A KKES 27 OMEREIZ 7 3/
BRECHI DR B L, BIICKE A RET .
ZOFBICL ) PCEOARIMRD, +4%AE—F
Ty To@BAHIENTELRVEWIMEND S,

FEREOMES 2 RIS 572012, %] Modified Pre-
fixSpan EOBHWAMSHFEL LT, 2% - ¥ R
7 ATANERRET S, YRY - TR - A5A
VEORERIE, LWTFTD3-5TH 3.

(1) T7=h70LADIYARZ T LEEE

(2)  /MRHES A7 %HFAE

(3) TARFTOELRAIZLBET—HTutANrs

DEATEANID

KWL TIIRS EPOLES (k+1) DY —
BT AN ENRES A7 EEHRT S, NRESY
A7 ZFATT B EF T ANRES Ay (B (K+1)
5 (k+2) OB SY — CHBALE) ARSI,
YA TAXAPINI, TRTOT—HTatRicsy
A T=NVaFiloE, 7= 70 A3 ICER S
NINKES AT % HEDY A T—VICEAT 5.
INIEEEY AT SE A0 T—=Nd b7 e b T T/
AT EI AT T—=NHho 1 DFOR) L, /N
FAT DETEHEYRT.

YA TORADY AT T VPRI ok &,
T—=HNTORRADY AT T—= Vi b/NKIEEY A7 k4
HHEZEDPAETHY, 74 FIVIREEOT —H ot
NG AT DEFEET) ZENTES,

Modified PrefixSpan #0511t & B &5 8 F ik 139

BNEM T EE LTYRAY - 22 - 254 )L
&2 F o5 Modified PrefixSpan E% 8 L, £
W PC 7 Ay EiilEn PC 7 9 A% Tl
RERFA 24T - 72, MERESFMEIC X 0, IREFHIAMNHD
RO ZBETEDL L EMA L. SR MaEm L
HRONDI L OMHRTET.

RRLDOBRIILTOLEBY THAH. 2% Tld Mod-
ified PrefixSpan FEDMBEFIE% B4 5. 3ETIE
BIEAFIEIZ DWW TIRRG, 4 ETIEVAY - 7—H Al
WL AT E OB SRICOWTHBT A, 5ET
YRS X7 - ATANEORERITH. 6 ET
PRERFMIIZ DV Th R, BB 7TETRRZLL T &
Db,

2. Modified PrefixSpan %

ARETIL, Hl% v T Modified PrefixSpan % #38
L, FOMHEFINELFHET 5.

21 LB EH

TI/BREH T - R—2% S LET. 12507
I/ BREHN R sgq EERTE (sid BRFIOHBHTFT
bHb), SIEY TNV (sid,seq) DEGELRB. 1DO0D
T3 E Ssia = (ara2-am) EERBTH. T
I BRBCE sgiq E20HOT VT 7Ny R R AL
bELLTHITHER NS, 73/ BEFICETN
NFEREFEOEA* L ={A,C,D,E, F, G, H,I K,
L, M,N,P,QR,S, T,V,W, Y } LEHTH L,
a; € DY LD,

T 3 VBRI seiq D § BB OXFERIIATF—
7L LT sualj] TEH-EHFHFTEL. 22T, &1
T I/BRENIOBIE LTEZS, SE2o08 7L
POEREND. so = (MSPNPTNHTGKTLR) T
HY, sl =“M” TH 5.

22T, REkO8y— 2% (pat®) = (A, —z(ir)—
Ay —z(iz) — - —x(in-1) — Ax) EEETS. iiF
A B0 XFDTNVT7 7Ry bDH b 1 LFEDOLFE
BERZRT. i85 2(i,) QEEET AV FH— FEE
ERL, i 7 ANV KNI — FEBOE S 2ET. 8
O, BE) LABEWICEREL TWAZ L AEH
THLHDRETTH 5.

7ok 2IE, Fxxx K« A E\nH Ny — U %EZ L. T
FER X BEBOLTER (TAVFHI—F) 1X
FEMT., ZDNNY = (F—2(3) - K —z(1) — A)
ERBEND, 2(3) 3T ANV NI — F 3 LEDVHELE
THIELERLTWED,

Modified PrefixSpan #Clid, & K74V KH—F
BEBET S, MRTANVEHI— FHUL, /8y —

NI | -El ectronic Library Service



I nformation Processing Society of Japan

140 TEHILE F & am 30EE

£1 73IBEFVOH

Table 1 Example of amino acid sequences.

sequence id | sequence
1 MFKALRTIPVILNMNKDSKLCPN
2 MSPNPTNHTGKTLR
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Fig.1 Example of projected tree in the MPS.
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Fig.2 Example of projected tree.
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FIE
Fig.3 Parallel pattern extraction steps in the Parallel
Modified PrefixSpan.
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Fig.4 Processing time of all frequent pattern extraction

after 2-frequent pattern from each 1l-frequent pat-
tern (Kringle).
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Fig.5 Relation between support and processing time
(Kringle).
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Fig.6 Relation between the number of element in

projected database and processing time (Kringle).
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Master Process

|.-global task paol

steal request

task request

local task pool

Worker Process 1 Worker Process 2 Worker Process 3 Worker Process 4
B7 <~x% - %27 - A54NVE
Fig.7 Master-Task-Steal methodology.
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®2 ALSIT— 5 OFM
Table 2 Details of sequence data.
o LT e D) | R OO | THE O0S08) | RKE 0S4 | B 051 1)
Kringle 70 23,385 334 3,176 53
Zinc Finger 467 245,595 525 4,036 34
Leucine 370 139,422 376 3,224 3
£33 NFTRA—¥
Table 3 Parameters.
ING A —4F - s .
Bl BAKR (BAIREE%) | BR7ANVEA—FH
TF—=&+y b
Kringle S 1 14 (20%) 5
Sl 2 14 (20%) 7
Zinc Finger ELa it 140 (30%) 5
SHE 2 117 (25%) 7
Leucine FEAM 1 37 (10%) 6
S 2 37 (10%) 9
I T &, FOU AT E L AICIZLEF O/ 6.1 BE5|F—4

YA OHEELEZNIEIIRD, TORBOHK
WCRAY TR ADPRES A7 o7 ZlT
o TwiiFhuE, §XTO/NES R 7 &L
LEZI2Z LR B, A D/INIES X7 DFELT
SRR TS 2DOT/IKES X7 DB EZFED
TAFVEERIZZERLLLTH L (62 [HEE
] TR,

5.3 BIFOEHMWERSMFEE DS

YAY - ABOBMEFMTHRFEL LT, HIR
Blw g - 7= PEET 5.

HIRREIw R & - 7 — H{EIE T 5 RRE I #E LT
Wh, T—H Tt ATL—FPBEL-REFT TS
A7 RERL, FRENIF A7 2~ A ¥ TO LA
RTZET, REBRENTES, YA 7L AIIE
L7228 A2 %7 — A 70 2AZESRTAHI LR
BEDT, ¥ AZKEIMIL 2D, SOMy AR
DR Y OIFFEDTREL 05, LI LS, ErEn
TAY AL RAZRETDOT, BEDF—INNy FITK
X %5,

RAY - FAY - AT A NVEE, BRDMR o B
TORT—HTALADTRTDI A HTAY T
T AZEDEDOT, HlREI<RY - T—-HEEEEE
32T, HLBREXOMrLARSEEIT) 2L
T&3%.

6. ™ AE &Y il

PC 7 5 A # 125 Modified PrefixSpan £ % 323
L, 5t & #DEBWBRTHRFETHLEIRSY - ¥
A7« AT A VEOHREEEE % 1T - 72.

Z OEERTHEA L72FH 57— % 13 PROSITE '® %2
fit LT %, Kringle & \9) £F— 7 2 & LES|T— %
(LLF, Kringle 7—#%+t v b &%) &, Zinc Finger
E\W ) EF— 7R EUESIT—% (LUF, Zinc Finger
F—%tvy FEESR), Leucine E W) EF— T (&
LEH7T— 4% (LT, Leucine 77— %+t v b) %M
L7, BEFTF—7 O« 2 IR,

6.2 &M 1 : /R T 5 X & TOMBERHE

16 BTHK I PC 7 7 A% CHREFHE LT 7.
HETEROMEEIIRD LB TH 5. Intel Pentiumd
Tat v 253GHz, 1.5GB A€ 2|, &it
BHIL 100 Mbit/sec 1 —HF Ay P AL v FTERS
NTWw5hB, OSi2ld RedHat9.0 ZfEH L, #fEIZIEV
v hlfg & MPICH'® o version 1.2.5 % MPI
A7) LTERLA. 8¢ 1, FHii2 THERL
BEINDINT XA — 5 %F3 IIRT.

8, 9, 10 (Zif%] Modified PrefixSpan %
DEWERSEBTEL LTy 2y S VI X 2BIE
HARFEOHA FIRR<RA S - 7—HHETIELW)
REALHEOMRERELERYT. v A5 7Ok
TOREIL “Threshold n” & FHT 5.

YRS T ATORELY KE T 5 EHRELTA L
LTWAHZ A5, K8 L1, Kringle 77—t v
N COMRERE T, 16 B TR 14 fEOMRER L2%5
BRTW3, YAY 7O ATOMEL KELRET
B ETHEBREINDKKES A7 ORESMNL %25
NHThHbH, KNESAZONERXMNPT5ILT,
HOLRERNESY A2 OBWEH—IZTHILDTE,
¥ A7 T =N X BB ER S B ESR R IR
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AR b ()
S

R (&)

X8 Maem bl (¥ A2 7—), Kringle)
Fig.8 Speed up (Task Pool, Kringle).
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Fig.9 Speed up (Task Pool, Zinc Finger).
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OREE TOMHE (WY 278 SR MLV Ay 7
o TLE)WREENHAH. 42T, Leucine 7 —
Yty bCFHMzEIT-o72E EDTAY UL ATH
BRUE £ C OALERIF RS SR D ML BRER R O AR RE %
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Fig. 10 Speed up (Task Pool, Leucine).
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Fig.11 Speed up (Master-Task-Steal methodology).
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x4 LHEEEE (W)
Table 4 Processing time (sec).
B (&)
= =
1 2 4 1 32 64
F—&+t vy b 8 6
Kringle 5,098.982 2,385.872 1,201.855 597.019 297.027 149.664 79.775
Zinc Finger 14,111.351 6,980.963 3,484.779 1,738.217 872.557 439.467 224.565
Leucine 2,071.000 1,755.243 653.764 288.179 128.780 68.684 38.529
45 70
“ I I iy 60 Yy
% T R /’
50
% | /
8, % —ldeal
B ﬁ -~ Kringle
g20 H £ -%-Zinc Finger
3 230 - Leucine
# /
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10
0 L 1 | 0 1 1 1 1
12 3 4 5 6 7 8 9 1011 12 13 14 15 16 0 10 20 30 40 50 60
7—h70+RID HERY(A)

12 £7—% 70t 0MNERHRM (Kringle)
Fig. 12 Processing time of each worker process (Kringle).
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MR7ZDDTHA. FATT—NVIZBITATAY T
T ADOBEIZ2 EREL TS, FHLAEYF—¥
12 Kringle 77— %t v hTHE. ¥277— L2k b
BNAMIRTFEEHWSGE, V- 7o AHD
BEAMR - TWBZ EDGhAD, A - ¥ AT - R
FANETIE, &7 —F 70t A OB H—I12
o TBHBY, K11 ISRT &9 BRI
VI EESY (AN

%1 Modified PrefixSpan #: DBy & 3-8 TFkE &
LTIRY - 3Ry - AT A NEZERALIEE, 16
BREDOPCIZ7I5RA5TIE 16 BTH 5L, shE
MR LI g S hz. REHEBROBRIE—IC
o TWAZ L LMERTRX.

6.3 &Ml 2 . PRE T T X 2 TOMEEETM

64 B THERE N2 PC 7 9 A% #HH L THEESEM
iTo7. REFMTIATASY - ¥ X7 - AF A VEICD
WTORHE 21T ). KFTEBOMERIIADOLB) TH
% . Intel Pentium4 712+ v 4% 2.8 GHz, 1.0GB A
Y WL, KETER 1,000 Mbit/sec 4 —H % v
2L v FTERINTVS, OS I2iF Fedora 2.0 %
ER L7z, FHMCHER L-KBHD/NT A — 513K 3
WKWRTEBYTH A,

13 MEMER (FAX% - Y22 - AFANVE)
Fig.13 Speed up (Master Task Steal methodology).

®5 WY AT AR LS 228
Table 5 Initial task generation time and the number of
initial tasks.

TSy b | MY A ERRER (B) | ¥ A2 (H)
Kringle 0.0045 20
Zinc Finger 0.0576 20
Leucine 0.0314 20

FT -8y FCONERMZER 412, MEREE B
2B 13 IR T. K13 £V, 16 BLL EOFHE#&LE
M LT% Kringle 77— %+ v I, Zinc Finger ¥— ¥
t v FTOFHEIZEB VT, 64 B TH 64 15 & BAEM: AR
M Bk E FRkOMEER LA SN T A, Leucine
7T—% kv NTOFHEIZBWTIE, 64 5 TH B3 ED
PERem EEAE S N TWA, Leucine ¥— % v MiC
BT, 41TRT LT, 32 B505MEHBEEH
L72E, $TICTOMBEECTREIRTLTWED
T 64 BEHL-BAETD 53 BREEOMEEN F L2
Bohihot.

MEAS A7 R T BB LD L nigE,
FA7ZE DB TONLVEIEEEH L L) BIEZ
M@ TETHWE2HMNA, ‘5 ICRTEIHIZ, W
YAZIETRTOF =1y MZBWT20HTHY,
20650 BB VEERELERA LGS, Ay X708
DL TONLVEIEBIHIET S, L LEds,
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6 VAY UL ADRTERLBERNK

Table 6 Amount of sending and receiving and frequency in master process.

o7 | e | EEEK B | BER (Kbytes
Kringle 32 H 4,837 3,664
64 & 7,382 4,600
Zinc Finger 325 4,499 47,202
64 & 8,016 75,335
Leucine 32 & 8,164 25,968
64 & 9,761 26,882
ZT—5+ty NTOWRERLER LD, ¥ X7 HE ) 4
200000
ToONLENWT— A TaOLvANFEREL TV EnEEZ S
180000
NB, YA - F A7 - AT A4 NiEDEREDS R EIIC o
@Jb‘ TV»a. 140000
RS 2 EREOHEINT 5L, A5 TuLXT i
DREHKE MV Ay 7102 EFHMTEL. 22T, % on
TAYTULRTOMBAE Ay 21> Tk O
VI, _—
IV, YA 7O ATOREY A 7 AR OLER 0000
Blafix7/. BHIZTAY TR ATOMEISY 2 7 4 20000 s
BCOMLERRF ] 2 7R3, WA A 7 AR O ALEREFR IS 1 0
$¢{) ﬁ‘?b") _C:B roj-, ﬁﬁfi&?ﬂ}ﬂjﬂ@b:ﬁb‘f*}]%ﬁ 1 485 969 1453 1937 2421 2905;3;1]3;7(3@4;5)74841 5325 5809 6293 6777 7261

A7 ERMBERMVA Yy 212252 &,

T4 D/NKLEES A 7 OFELITRRIZ, 0.001 HEET
#T7$ 5. Zinc Finger 77— % & v MZ & % MEEZEM
DBRIZB A D/AINKLE & A 7 DETEBZEHH L, T
BrEEBLAEIA, 0.001156 W THo72. Lo T,
528 DT — A 7O ADMBFTIEICR L&D 1T,
YA 7B DBEI/AIKES 27 DETRHLIZLS
TA NVKRIEEEL2WEEZ TLW,

RiZ, HT7—F+1y b TOWREFEICB AT RS
TUEADFEZER L BENRERGE IIRT. K6 &
D, B7—% Xy MIBWTHEEIHENTAZ LIz~
AFTOLATOMRERE, FXEEEL HITHMLT
Wb Z e A5, Zine Finger 77— %tk MZ L5
FHECRER TEM N A PORZERPEELTWA,
L2 LA, SEtERE 1,000 Mbit/sec £ —H % v
AL v FTERESNTBY, ERTHTSM /N1 +
DOBERIZITF— ANy FOEBELLZWEEZ T LW,
Kringle 77— %+t v F, Leucine 77— %t v MIBW
THEKTH 5.

14, 15 13, 64 FRAV:723E8 D Zinc Finger
T—4%ty P CTOMREFMICBIT A BEEOFME
Y. BENHIEIERE LV, 8016 MFEEL T,
14, K15 £, A% 7Ot A TOREMBUIIT
BREL Y D500, lHe0BE0REELARD L
EEELVDBZEEDIIHI NSV, ThiE, A% 7

14 ZEROFFM (Zinc Finger, 64 &)
Fig. 14 Details of sending in master process.
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Fig. 15 Details of receiving in master process.
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Fig.16 Idle time in worker processes.
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