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Abstract

In the field of the bicinformatics, it plays an important role in predicting functional information or structure
information to search similar sequence in biological DB. Biological sequences have been increased dramatically since
Human Genome Project. At this point, because the searching speed for the similar sequence is highly regarded as the
important factor for predicting function or structure, the SMP(Sysmmetric Multi-Processors) computer or cluster is
being used in order to improve the performance of searching time. As the method to improve the searching time of
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BLAST(Basic Local Alighment Search Tool) being used for the similarity sequence search, We suggest the nBLAST
algorithm performing on the cluster environment in this paper. As the nBLAST uses the MPI{Message Passing
Interface), the parallel library without modifying the existing BLAST source code, to distribute the query to each
node and make it performed in parallel, it is possible to easily make BLAST parallel without complicated procedures
such as the configuration. In addition, with the experiment performing the nBLAST in the 28 nodes of LINUX
cluster, the enhanced performance according to the increase in the number of the nodes has been confirmed.

» Keyword : M2XEsHBioinformatics), MPi(Message Passing Interface), MZZ44 Sequence Search)
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2.1 BLAST &¢X2|&

BLASTE 2709 A€ sloledolx Wl 48zt
e Mg HEE B3 M AW opF)dteld 47
AMEE 23 a4 g 7%y 5L dohlled 530
At

NCBI BLASTE blastallolghes shie] d3ads &
8] blastn, blastp, blastx, tblastn, tblastx®] A2 o}
& il 7IA Z2a#S shie] dEHolAE o8 &
& 4= gk o)2% NCBI BLAST =238 (§ 1)3
ol ZHAsiele dlojejuolxe)l Aol Nl HAd wlal
Uizt

E 1. BLAST =273
Table. 1 Traditional BLAST programs

Program Database Query
blastn Nucleotide Nucleotide
blastp Protein Protein

Nucleotide
blastx Protein translated into
protein
Nucleotide
tblastn translated into Protein
protein
Nucleotide Nucleotide
tblastx transtated into translated into
protein protein

BLAST Zmelde (¥ 1)F zZo| dae dah=
Aol NP2RE 3749 oo} 1174e] Fr2 o]F
oA e AA(words) S WHETH oln wEoRE Fe
Age 412 538 78 & Ut I8 S} 500-bases]
ofuicake} AL & 498709 AL HAL BE F Yok

Maximum words = L -w + 1
(L = Ee| MEe] & 2o, w = 3(0[a[dh), 11(7)) -+ 4{(1)

B de AYe T ofeate] $AMIE Uehix

o E8 29 BLOSUM(Blocks Amino Acid Substitution
Matrices)628 A3l A (T o139 H+E 715
ke 2E £5¢ 74Ith BLOSUMG2E & ofnlicile]

g ojuiito s v 1A & F oAty fAME
vehdth. BLOSUM6E2 A5aldeA e F ofnleit
o] MZ & viE & A& A$E ovldd, &5E F ol
bl M2 A v e ASE At 02 58 o
o] glo] F oln|iite] £433] W F Ye A4S g

. F AEE HadA Havt g2 15 (homology)
7 d iz B 4§ 7).

7AA # ol &2 MY EEH NE glo]Elslo] 29|
A AR MEE ot MY dlolEMlo] 20N k% vk
o2 Aol gl 24 AHY ez HPsH Bt FgE
ok & MQE dle|ejdlo]2~e] MY F U4 4 ol HSP
(High-scoring Segment Pair)E 713 AMEEL 323
o ol FEHR e 717 HSPES 43 HAE
& AA a7do] A3 A3E YHPH3.4).

query word( H=3)

Query: GSVEDTTGSQSLAALLNKCKTPQGQRLVNQWRKOPLMDKNRIEERLNLVEAFVEAFVEDAD

PQG 18
PEG 15

PRG 14

PKG 14

PNG 13

PDG 13

PHG 13

PMG 13 Neighborhood score threshold
PSG_13 (T=13)

PQC 12

PQA 12

PQN 12

etc...

Neighborhood
words

Query: 325 SLAALLNKCKTPQGQRLVNQWIKQPLMDKNRIEERLNLVEA 365
+LA++L+ TP GR++ +W+ P+ D + ER + A
Subject: 290 TLASVLDCTVIPMGSRMLKRWLHMPVRDTRVLLERQQTIGA 330

a2l 1. BLAST 234 amiE
Fig. 1 BLAST search algorithm
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Hg dujic
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2.3.1 3l=giof Wst
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of o]2AlA ol AFE Y A&l AMggct DeCypher 9
A#lo|ele FPGA B=0)| #2813 Tera-BLASTE F3sio]
BLAST ¥212-S 48%H10). l21% sl=glo] 7uke] BL
ASTY] &% 342 W2 o] BLAST A4 Al fr83iA A
£ Z2E Hoh A vl§oE 1EY ¢ uke
o) 9ix|ut, BLAST 2ol E3=lo] HEAo) Holzl
o 23l Utk

2.3.2 Ho| 2&g S5 wysl

BLASTS] o] £&2 53 W¥sl= Fej2Hy 7t =
= T= SMP Av)e) CPUEE Z9| NES BEdsla 43
she Wos (I 2)9 Zo] MR YE Helg WHE=R
g £ o). o] e 7 k=9 24 (i 47
9] FHoaF EAsle delEMojze] 3l £¥E
g it o 354 "rhi1l,12).

Queries ‘Worker nodes

>BLAST Query 0001
TTGAGYCCGGCTTGAGYCCGGCTTGAGYCCG
GAGYCCGGCTTGAGYCCGOCTIGAGYCCGOCTTG

>BLAST Query 0001
TIGAGYCCGGCTTGAGYCOGGCTTGAGY!
GAGYCCGGCTTGAGYCCGGCTIGAGYCCGGCTTG

>BLAST Query 0001
TTGAGYCCGGCTTGAGYCCGGETTGAGYCCG
GAGYCCGGCTTGAGYCCGGCTIGAGYCCGGCTTG

>BLAST DB0001
TTGAGYCCGGCTTGAGY CCGGCTTGAGY COGGCTT
GAGYCCGGCTTGAGYCCGGLTIGAGY CCGGCTTG

>BLAST DB0002
TTGAGYCCGGCTTGAGYCCGGCTTGAGYCCGGCTT
GAGYCCGGCTTGAGYCCGGCTIGAGYCOGGCTTG

>BLAST DB0003
TIGAGYCCGGCTTGAGY OCGGCTTGAGYCCGGCTT
GAGYCOGGCTTGAGYCCGGCTIGAGY CCGGCTTG

gl 2. Ee| 28
Fig. 2 Query segmentation
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BLASTS] dojelulelx E&& 53 Wdste (18 3)
3} o] zk Z2AXMY FY2EY k& g2 NE Ho
Ejilo| A8 =z og sl FAMske WHoE <13
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4 Z71 Wt AFE B8 FHE S A Bl A
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o

BLAST7} 9lt}. TurboBLASTE f32sHlolds VEYS
E3 dojejulo| 2 B2al ¥k 43S £35H, old] Tur
boHubE %3l ~AER7 2l sadshy S84
B} 3] A3l AL 4 gUoH13).

dlo|EfHlo] A F&e] & t}E FHL parallelblast® Sun
Grid Engine/PVM #8743} € 7ie] 23YERZ A= Q)
o} aeyv SGE/PVM #73& Zaz ddhe dio] dot
(14).

mpiBLASTE BLAST ¢32lE Ale $431A ¥,
ZaA 2 Aloje} A, el Bl 75-& 7k BLAST
=Zgg#oltt, mpiBLASTE diolHuo)lxr} $&slol 34
ARAAR A A= e A% mpiBLAST @7} zt A4t =
Tojx HAgs F 9AlR ooz} mpiBLASTS] 74
e 40 83 dolguolx Held & dAle 4
A A4 &4, o A HF AR A Uso] A
Z, Foizl Argal Aelo) tial Pazt wlojejuola el
2 4 AR =22 Bxeta, BAE 4 sElR Yol M9
9 A AAE Y% 3 A449] HEH] g AN 2
F& H¥she AL ARG,

Queries ‘Worker nodes

SBLAST Query 0001
TTGAGYCOGGCTTGAGY CCGGCTTGAGY COGGCTH
GAGYCCGGCTTGAGYCOGGCTTGAGYOCGGCTTIG

>BLAST Query 0001
TIGAGYCOGGCTTGAGYCOGGCTTGAGY OOGGCTT;
GAGYOCGGCTTGAGYOOGGCTTGAGYCOGGCTTG

>BLAST Query 0001

TIGAGYCOGGCTTGAGYCOGGCTTGAGY COGGCTT]

GAGYOCGGCTTGAGYCOGGCTTGAGYCOGGCTTG
Database

>BLAST DB0001
TFGAGYOCGGCTTGAGY COGGCTTGAGYCCGGCTT,
GAGYOCGGCTTGAGYOCGUGCTIGAGYCOGGCTTG

>BLAST DB0002

>BLAST DB0003

TIGAGYCCGGCTTGAGY CCGGCTTGAGYCCGGCTT
GAGYCCGGCTTGAGYCCGGCTIGAGYCCGGCTTG

02 3. Hjofesfola 2t
Fig. 3 Database segmentation
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2.4.2 MPI(Message Passing Interface)

FH2HE 753k 7P 2 olfve B A4E o
2 2o o] wEA A4 HelA olzd B4
< A3 ¥E ZaAA ol EE F2E 7oA
F2 AMgEe ZRogy g BE Zzogdeldn
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dole] ¥d Zz oy zd dHolHE Bkl 7
Z2AM7E delElel 54 g Algdle wWyer o
Hg =z2 oy 292 vlojg HE PRE JlR Taay
= A =3 o] dg AYde Az ey
< A% jof gt viAA AP Z2ay e o
MY ZRA27F EYAQ wme] 37HE AMgsle] wAlR]
g FaeodA HE AE $Y5e Yo o] Fde
94 =2 agolut, o] T2 o)k wkel SIMD(Single
Instruction Multiple Data)®} MIMD(Multiple Instruction
Multiple Data) 2 tFrelzlt}, SIMDE BE Z2M 27} 2+
& T2 YR A2 PE HolHE AMeshe d
Yo, MIMDE Z20:% dHlo|g)7} Z2Aanit) )a
7A$E 23

= Z2oew 2de shio] Taaa ok og
e} 2H =g Fol FAld] o2l AU YT ¢ Ye
Hog ol JAAL g Aol 0, a3
AU 2Y=F AU T2 QS Aol
g}, diEH o2 C9| pThread glo)Eeig)s} Auke] Thread
F227 Sick16,17,18).

WAl A Zzeay 2dE T dalde WAl
A A< go|Baely} Yagh, o)AL TeAx T )
olBlE Fiiy] 93A AME"C PVMI19), MPI, PBS
(20)F°] o eelBd &3ie, 714 Bo] AMEEE ¥
H& MPI(Message Passing Interface) 2 ZF#AH &
HARAE AR Fuel AME HEHor FPITE
A, dlofEe F7134E $330H18,21).

M, E8 ME 24 oxiel & oduelE

€ AolAE nBLASTS] HE3E A% dueldy k=
HEE AG3ly] 1@ AR TR dieiA AvEc

31 MPI 7%t &3} of7|8lx| CIXtol

228 B4 598 24 glo] MPl Z2adS
Sel 99 x20Y 7 UERD A B AT 5
o oJsl @AY A% Ak S 9ok wehd ol
% A2 WA HaME wohe] Bat B4 o)
oty ol Ba AL ME ZoaHe A
¥E 4 CPU, #lxe) HE 59 AuA Fud o) 2
P28 7t e gale] A9 9% FH 59 U8 @
. o) sleE wue] 23 glo] FSW A PujE
B8] Zeizvie A% ASE A ¥ 5 ok

2 Fole x=Sd dg JRE B 9T 1)
AR FRT olaE wmsh AR wsgde valx) A ®
ol thela] Al

3.1.1 L= Y HAX] =08

o128 M FHsaal e AGE 4 A »
zd| 2ul& w load average@toltt CPU %slo wa} o
W AL 7Rz AYS Puiskeri iid Oy A
WA So] ZAlgtt. Fay d7AdAMe Condor, PBS,
LoadLeveler, Torqueue 59| 53} £4F A|25]E0] A2
o2 e Ba) Babg AFstn QoH20).

nBLASTE vhxB ==sh A4 w=3te] BLAST 29
< EHislr] 93 wyez 7} »rd) @3E o] uf
HE(Nid), CPU9 4 A2 (Ncpunum), == CPU
o] AR (Nepw), =29 187 2= FH (Nlload), ==
o] Al~"ll 2= ¥ (Nload), =29 24 Hof JFH(Ngtat)
g U8E P olF B9 o AL T JHE B
&7 €}

oo pfHE(NidE 4 == 488l 9% 448
A2 ARSED, Al2f] 2= FH(Nload)E 41(2)9 2o
1% 3209 Al2g 2=(Nload)dl ¥ CPU 74 (Nepu
num)é] HE2 ZZ FRI} 50% vlwe] S gsiA
Ao e 43 jm wFSkm 50% o)l sl
M A0S BHlEkr) e

Nload(Node Load_Info) = Ntload(1 min load) /
Nepunum(number of CPUS) * 100 e 42
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A =9 2] Bao] o] ¥ (Nstat)= nBLAST 2ol
oo @REdERd o FEE Jeldth (& 2)E n
BLASTeIA vlrH =9} 2 w=7te] B4 Al AHH
£ dARle] g HAjo|th

x| g8 AEE nBLASTVE A4 Ade BEde
A% Aol FHo] g 7Fed == FRE FJ, Wt
Bihg 53] nBLASTE 331 €ch. =% T dig
AHE BP0z Y=o Fej2H A Y 4 T
9] ALE ke A

E 2. nBLASTE| = MY oAjx]
Table. 2 message of nBLAST

x| HE cliole Bt
Nid LEo| IR Al HE Integer
Nepunum =9 CPU 7H% Integer
Nepu ool CPU AlSE Integer
N1load eo 1R Re HY Integer
o AlaE 2 JE
Nload 0 : 50% ofxt Integer
1: 50% o|gt
‘ol sletE X o
Nstat 0 : Ziglo| sid=lx] Q43 integer
1 : Zlgjo] &gt

3.1.2 ojAIR| Met =E

g8 28 §73904¢l nBLASTE 35171 T whaH
weo} At wezle] WAlR] Ag MPI SolBegE ¥
sl /94 s Bdh (¥ 4)& vhaE xssh AR
w2 HAIR] 4/ oBEAE deth vlaE ==
£ HEsE A% 29 $¥% x= FHE Ve B
4L Bjsln, 292 AP Eoh AL === v2H
2R QS ol o8 FPsin, AAE ALt
' 98-S 3 ¥o

MPI Based Cluster

oo et e m
N .
; Master Node !
H Split Query '
} o Execute Job

; by Distribute Jobs

L Collect Result

E / ) WorkerNodes%

Receive Queries .:
Execute Job
Send Result

37l 4. ORAE| e=eh AR = op R

Fig. 4 the architecture of master node and worker nodes

32 Mo & yH 8 Adn2F

nBLASTe|X9] BLAST ¥#3e vlrg o) A
o B BRow JRAL mlAH kxTe YHE A9
Baeln »E FEE Fd dojA g shiter A9
Fg x=g A¥sle 33T A =Tox d3gd
A9E Ak B 29t A =2E v2E x
o282 Agy g £Ysn npaE ktof T FH
9 de] 27E dgdg

(1% 5)& nBLASTS] vkrH ko] ¢ae|E2 3 MPI
Bkl Aoz Algsia MPI BAAE aAEeEH
Zg9. vl2E =9 AL BLAST e #3938 &
AE A =71 EAgche 24 A AREdD. AL
w7t AP 7 AR wsd A2Y Ao E A
Htt o714 "ol BE AL BE FAH k=i A
g5ie Ao oh)g vhaE weEollA o]RolxiAl Hrt

ln au

Aol M X3t Q = {g1; q2; ¢3..}

gelEix| P2 He| Unassigned

Elopy| $8=[T UX| 2 == Unsearched
BAE A = FE W = Wi w2 wa..)

Eo|E sieiie M =9 FE F = (F1; F2 F3..}
SAROIM XpAOf 2HDIAE] ZZ2AM|X 0) jproc
SAKjolM BE ==0| & nproc

indude MPI Library f/ MPI &l
MPI_trit [MP1 SAIKIS MotsiCt

if W = 0 /AN ==0t Exfstolat SiCh
if iproc = 0 [JOKAE =0l P
Split query and save JZIS| H&tS HEICL

while |Unassigned| = 0 do /2E =ofA| 2oyt sigt 8
7R
Send a query G to a worker w JJ2ISIS HlA =0
Bt
Remove g from Unassigned jZIo|E ElESIX| ph2
Zojol|lM Bt
Add g to F JEIQIE SEie AN e TS| F018ict
end while

Receive Broadcast message from workers f/Al4 = 25E]
ZlojE slet BRich= MAIKIE AIBICE

while jUnsearched| = 0 do |2F AN ==0| EoE aligt
7R
Recsive a message from worker wy [/l o= 2E2E{ F9|
ZoE sAsict,
if message is SEARCH_COMPLETE /A&t 32 tiAXIE
Tl
Receive result f/R12| ZTIE Al BH=Ch
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Remove F; from Unsearched /| Rl $8lS|X| gl= =82
Eiisich
end while
if iproc = 0 JlOIAE] =0l HP
Merge the results f/Zz} %8t
end if

MPI_Finalize //MPI SAIX} aix|

O3 5. OfAE = LdTRE
Fig. 5 algorithm of master node

nBLASTAME MPIE Z7|3kshe #yelA 2267t
o] AR F/40E AT BAAE A g R
7} QoA ole Y& FARE vl == 7))
W&o, EAAZE 0 vhAE ws=ojMut B AL 43
FEE ) o] BE AL A k=it BA(N2E 2=
ZH (Nload)7} 50% ulTl A4t x=7t 248 o) & o
AFBIEE slo] UESAS] A Fo= % He #AE
ApAd] 2t

2 A & AAY A9de RE x=v) AdE EF
Be 0 7R A x=goA A9E ddeln e T
G e AN e AoE £33 Al w= AP T
=2 F7} A7tk BE Aoy} At =dA @3] =
A AN =58 BLAST #9e 3t}

[

Recevie query q1 from master node /21915 gieHk=C}.

Send back ASSIGN_COMPLETE //RISlE & il S93ic)
Read query and running BLAST //ZIS|E $85iC)

Send result // 22| ZIE ORAE] LL=0f SMSICH

Send back SEARCH_COMPLETE [/RI2| 2IZ HIAIXIE NM&3iC

28| 6. A = UdDRIE
Fig. 6 algorithm of worker node

A x=o] guzlEd (29 6)22 npiH pegf
B &g w2 oo gisld AejE Y ugke-L ERE
1 AQE Fy gt $39 Fyl 28HW vkrE
x=d Ao AnE $Alstm 2o 43 tARE Al
AL x=9] e gt

v, 7%

nBLASTE ZHEHATY FAAAE S kgene T2
EollA $Eion, Alag] Qe (X 3)7 2.

X 3. kgene ER{AE{Q| 7
Table. 3 Specification of kgene cluster

SHHK =20
Master Linux 2-way p-ll 1.2GHz CPU
(1e=) | (Kernel 2.4.18) 1 GB memory
Worker Linux T-way P-IV 2.0GHz
(28-=)) (Kernel 2.4.18) 1 GB memory
Storage Linux 2-way p-lll 1.2GHz CPU
(1==) | (Kernel 2.4.18) 1 GB memory

kgene Z2]AH+E RedHat Linux 74t $3AAE
ARRELI Qler, & 28%T9] A4-=g 100Mbpss] Ul
ENF d9EL /K3 A 2E8A] xEe EE Adbe
=9 NFSZ 264 vl2E ¥QEE AFI) nBLASTY
vlojuie] sz} Aol fUEL MPI #7344 3571 9|
Bl vlaE =} AN 29 FF tjATd] AT}
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