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BLAST (Basic Local Alignment Search Tool) is one of the most widely used search tools,
which identifies statistically significant matches between newly sequenced segments of genetic
material or proteins and databases of known nucleotide or amino acid sequences. Such
searches allow scientists to make inferences about the structures and functions of their
discoveries or to screen new sequences for further investigation. Although BLAST has been
designed and optimized for speed, the major drawback of BLAST is that it consumes large
amount of CPU-time, memory, and I/O. It takes a very long time to search a large number of
queries in a large database. Preliminary study of BLAST indicates that BLAST’s running time is
proportional to the size of the database. BLAST shows the highest efficiency if the whole
database can be fitted in the memory. As the genome databases are enormous and doubling
in size every 1.3 years, it is important to improve the performance.in the limited main memory

environment.

This thesis proposes to separate the database into-smaller parts, which each part fits
the available memory and then search each part separately in each node of a parallel system.
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THE STRUCTURE OF ODNR

one helical turn
= 3.4 nm

Sugar-phosphate
backbone

Base

Hydrogen bonds
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2.1.2.1 tRNA (transfer RNA) Ha11aanann Dauwsd tRNA azgnadietiuun

Tnaaanarduiuaa nAdweReiuafiduetingy]  wiuaresiuinisaauulas

al 1

a a Ry o 9 o dl 1%
WaENNNNuNg e liRnEnnanizianzasluruaun1sdansziidsiu nanae danaaiu

i
=

wilaas tRNA aziuauflanau (anticodon) duifluuandugiulaiuwaniiusia ise

IAAaL (Codon) Lug1s mRNA doutans@ansnuaed tRNA NutnAininsaesiluseniy
Ansusiasananqatinimansaiiuatawalding luntsdannsililsfutiues

2.1.2.2 rRNA (ribosomal RNA) aufdnAullsmulsznatidulsTylas
(ribosome)

2.1.2.3 mRNA (messenger RNA) Liluanfifue naumumddnigalu
NNIRMLAANAUARINTAe LR lunNaEsaaafuTuInan i Ing  Fatliwary mRNA ilusdady
o o g - o | o4 St i, o o o !
AdaanmEuEe Tnenensa luglaesa A uanGeNaaiuag luaeue  1uaunstnenen

o dyd 1 a2 o . .
IVRANITUNTN NI1UAATUT (transcription)

2.2 Aan kg lun1sAumigu [18]
wasanlddnyanazlisauuaznaaaulilsunsuudoazsoaaanisnldlunisfum

1 1 v
g1 A1u5Uaalaesin lUN ldlunn s A Ui g LEieanse 3 33 Aa
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1. A3n7fFaUe AT A LA AILEUTTINGN anafinaalalne v Augne
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g udayalisnn (Search by Sequence Similarity) Tsunsu BLAST
aa a o [ % v a
']ﬁﬂq?l;]_'?‘?;mL'V]ﬂ‘]_l@qﬂU@ﬂﬂLﬁueLuﬂf]?ﬂuﬁqﬂu
ac a -dl dl [ o =

2. FIMLTNUNNELTaITLNNTATLANNTLAAIRANTBNEW  (Search by
Signal)- 38tazmdausiag | AdaAnylutin. diu daultlsTumaes (Promoter)

13N sl lrusn4u(Ribosome Binding site)” L3OMUAAILANNNIAZIY

' v
a % =

l1lsAu (regulatory.elements). ARBNAWIBIE - (Start Coden) ANALLLATN
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(repetitive sequence) LavndEli CpG Islands UFAUNNATHEN poly-A
uss ivanaslddne iz Aranidas lun1sAurngy

3. FampuaNTTEneatfressdualuaufBwe (Search by Content) 38
49/ v aa -dl [ o a @ 1 dl a dl
tagldaanfinesiunuantifzeshidue  Wu WAl lunsfauan
AUUUT84IANBURNN] ANHANANNEAUAMND NNTRANTAR LA 11
11arne] Andaunisldlaneu (Codon preference) 1flusu avA1manlay

1
= a o
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2.2.1 uannisulsauiguaaudadtdu
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AIMHAXNTEARNINU (Slm”al’lty) ﬂ@ﬂ@qﬁﬂmﬂﬂﬁqﬂﬂL@uL@V?@Iﬂ?mu@ﬂﬂ@qﬂ N’a"lWWJ‘V]

Fulal1s 2 1sznnspa

1 v
a Aaa o a

A ~ ~ Ny o a DA e
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= £ =K o
AMLNAMUARNEAAINU
a a @ " A Ay e N/ A a ~ o
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ao = o g wo o a Aaa ) a A Y =2 o
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(convergent evolution)
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2.2.2 yannisilsauiguainudaadulnaldisnisiaigulydsunsNuULNaIn

(dynamic programming)

aa ¥ XK o o o A a a aa dl A o o o
1BN1IATIRADLANNARLARITUTBIANALILLAVTEN AR A UANIEUIIAD  HUNAAL

I ]
g Y Y [ a

a o = = ] i o ,
e afFaLmeuNGavuugiu (align) lulnanenaudnliadaiuuinigawinnay

' o

duwhlld  Tunnstiuaiienasassenliaiduman ldasaiveggiuting - iseanliiia

¥ 1

V¥ 1 1 1 1
dasinauinaialidaunadnaiuldacdiv WenFaumausisuwa 2 a1 waidulille

kTl

TuwsazAuveAe 1) Hiugvidensnazilimilanty (match) 2) WavFansaasl AW

v 1 v
Yusnaf (mismatch) way 3) 1NATe9IN9 (gap) Tuandugnauile o Awvsain g

[ o

WRauweuady 2 areasiinisizesdn lugdunmdullSiduiiueunnn - desinnng

i

WheumsulunisiFassonngyuunmmull i LADARLABNNNTEENFZLILLLTATEA
Tnewinlufiasiitloyuuandn azdnauesngladngluuunisgeauunlanidnsocindfesiv
wnfge  nnsazsindulaldnassiesiinisliazunuNanIEETsa N THANINA19 T8 LAY

Y v o %’/ % A a dl =2 v ] 2 o o dl
sandnfeiunasaiaidursaiisunanlarsazuanls Wy enaldiazuuuduiuwadn

o a1 N 2 lan o A @ - e
peariuiAntuuon  AzuuudniuiuanilinsanuiAnduguditeat  uazAzuwwALFY
An3uTe9979 (gap penalty) ASEUNISEENFALAATILILILATHAZUILLAINARTE (similarity

o

dl ] o = o dld A ' = dlddl
score) NWANANNTI N13EeNFa b sULULNRAZIUNgIgAqzad iy nsiEesianangn

q

v
o

' o o A = Ao [y = p Lo o
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avpaNievua lenaw@edn.  nsAnAuAzkWNIesguLLaeInIsGeesa vl 1A
annalaanisiavinlFesasidinauiunninull - duliRsndusssieddirsediowas

BN eeNaweiioy  danesnunadeullaunsiuuunadn Tegn Needleman uay

] 1
o aaa

Wunsch B4 (iidsnsnnsnennase fansnsadoaungiluuiinisGenaonangs Insly
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= a @ [ aa
2.2.3 mMsulFaunaumauLa 2 #18m2898 Needleman wag Wunsch [8]

i laEnNs BeNan A UILaRaN AL IaN e VT LTI UAULAILINTIANT N UAE
Fednduvesansfigasluuunfounousnaesana aniagliazuunluusiasednag
(cell)  anupILUGAAIUEE ImﬂmLLuu‘LuLuﬁimfdm%Lﬂuﬁmuu‘ﬁ'mﬁz@mmmLLuu
Fapielail

1, ALULLI9ITesdULLLINAUANLSLTRRanTe9dn

2. ATLLUTIRITRELEN AN AR ST IR AR NT 099N

3. ATuULTesTeId L e AnMduIanIeY INAL AT ey
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AzuULER e uA (mismatch score) Fiualunniaua e
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(deletion) 109U AEALBWLE (@9azn N Ta9971918N19% N9EFeaRR) HilasndnAnues

n1sudasgil (point mutation) m@ﬁwummmuuu%ﬁN@ﬁiﬂgmmumﬁmGﬂﬂumifmﬁq

1
ddd

Nange i uueAAIFuNAAINTede ganan Az miﬁmﬁf;ﬁdﬁ@m

pd)}

FR9I9ATIUTIee  Waal FRuANANSS AL WNRMRAALSUTR A NTeedNe AN

o t% = o ddd‘ | o
11N Az N9 eeFNA ‘Vl@ﬁ DANIWNATUIUNINLNU
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AMNAIREN AN 2.1 WUNITEFLNANA NQA 3 UL wuLf 2 TelRaneeeiunig
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ALEN 1 W 2 Aunkilngdiu dnasiilenafeaulddesnduuud 1 uazuuud 3 T
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'
o

vt ldfunnnlunnasuuaei e fufiRnandesdneia ns
Auua R Azude Werffudady (inear function) 289AYINENRBITRET Tlaungai
finnsaasdauunnazaugaliinisinue Alfufiinaindesing Gadunzuuuaudi
Lﬁm'%unﬂﬂ%ﬁlﬁm'@mmm ANLFURRAANNANINA N TBITR TN (gap  extension

penalty) Failupzununazamiuaunienauazinlilauan azuuuaNAdIE

AN997 2.1 NalFauaufLaue ATGCCCTGACCGGAATGCC fuALfuLa
ATGCTGACCCCAATGCC meRs Needleman-Wunsch algorithm

AlT|G|]C|C|]C|T|G|]A|lC|]C|G|G|A]JA|T|G|]C|C
Al 1 -1 -3 -5 l 9 [ 11|13 | A5 | A7 | 19 | 21 | -23 | 26 | -27 | -29 | -31 | -33 | -35
T 1 2 0 -2 -4 -6 8 | 10| 12 | 14 | -16 | 18 | -20 | -22 | -24 | -26 | -28 | -30 | -32
G| -8 0 3 1 g F3 3] =7 9 | 11|13 | 15| 17 | 19 | 21| 23 | <25 | -27 | -29
C| -5 -2 1 4 2 0 # -4 0 8 |10 | 12 | 14 | 16 | 18 | -20 | -22 | -24 | -26
T -7 -4 -1 2 4 2 1 il =) -5 =74 9 |11 |13 |15 |17 | 19 | -21 | -23
G| 9 -6 -3 0 2 4 2 2 0 -2 -4 -6 -8 | -10 | 12 | -14 | -16 | -18 | -20
Al-11| -8 -5 -2 0 2 4 2 = 1 -1 -3 -5 -7 9 |11 ] -13 | 15| 17
Cc|-13]|-10]| -7 -4 -2 0 2 4 2 4 2 0 -2 -4 -6 -8 | -10 | 12 | -14
C|-15]|-12] -9 -6 -4 — 0 2 4 < . <! 1 -1 -3 -5 -7 9 | -1
Cl|l-17]|-14]-11| -8 -6 -4 2 0 2 5 4 5 3 1 -1 -3 -5 -7 -9
c|-19]|-16|-13|-10| -8 -6 -4 -2 0 3 6 4 5 3 1 -1 -3 -5 -7
Al -21|-18 | 15|12 (10| -8 -6 -4 2 1 4 6 4 6 4 2 0 -2 4
Al|-23|-20]|-17|-14|-12]-10 | -8 -6 -4 -1 2 4 6 5 7 5 3 1 -1
T|-251-22| 19 | -16 (14 | 12| 10 | -8 6 -3 0 2 4 6 & 8 6 4 2
G| -27 -24 | -21 18 | -16 | -14 | -12 | -10 8 -5 2 1 3 4 4 5 9 7 5
C|29|-26|-23|-20|-18]|-16|-14|-12| 10| -7 4 -1 1 3 4 6 7 10 8
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ANAN NN 2.1 Tpsiuuanwieandyu (match) Wl +1  AZLUBLLIERRNGTY

(mismatch) 101 0 wazdRNTRNTR9919 (gap) azlimazuwndy -2 Tudesnandulsan

1 1
o o

1 % ¥ =2 = a dl | = ddd‘ dl 3|
TNATUUUTVEDNTANHASLLUGINE R LﬂuLLu'J?J'ﬂﬂ’]ﬁ‘Lﬁ‘ENWWWWl@G] doupziuunLiluen

1 3 !
aa

=~ = =< A o Yo o A o a A . A

weaiuanuunilaidulU1ddmiunisGasdanangaainanseiiuanina  alignment 915

4

Nqnha

ATGCCCTGACCGGAATGCC 138 ATGCCCTGACCGGAATGCC 3R  ATGCCCTGACCGGAATGCC

ATGC—-TGACCCCAATGCC ATG-C-TGACCCCAATGCC ATG--CTGACCCCAATGCC

2.2.4 mafFaufausaa1AUgaLdun289s Smith Waz Waterman [9)]
danasnunnlsulilsunsuuiinadngsgnAnfulag Needleman uaz Wunsch ag

M duFun1sunnaFaesarsdng (global alignment) TaifunsiFauifauafuiaduans

1 dl a @ = a g dl = o v ] ] d!
are  wililasannasuauaslishvataldaunulsauisuiuliinesdauladounilannalu

v
[

Tuanas dwiulunatsionn Smith uar Waterman lhAnRdW danesiuduiunisminiaies
Fiaaniialuany (local alignment algorithm) TUduRENSUTeLNE LA ALLLATRIALE WD 2
anavsaaaunInazlluaasiwauliling 2 ane Tneweouednamasludauladauniialy
angiinluianasinannainnissnuiladanasviuaad  Needieman uay Wunsch  Iagl
. y . =il o 5 RE L

Aua azuuutestampnauduguduazians iazuuwsie l Gasaunssisazuuumnn

1o L dl ¥ KX o = o dld { ' dl o
ARUWNARAUTAIILN 2.2 La9ANAN8BNNIFE LRI NNAIINENININNIIAIANIUUANA

| [ o‘dJ P = o b2 o & = o 1 d}
WunaansaelunsidrauinaunisBasroana liuadnsaaanisizeasianig lunnnnidnmils

] D ] 0 0 ] 0 0 0 0 0
EFl o D 0 0 0 Y 0 0 0 0 ]
‘\'\\. k
Ao i) i 5 i 5 1] ] 0 0 0
L ;\
W 0 0 D 0 2 0 0= 12+ 4 i} 0
., L L
HY) %0 (N TR F- D 0 i} 12 8 B 6
! 4w & L LY .
Eq o 2 6+~ 8 ] 0 4 10 18 28 20
| TN v v s av
il 0 0 5 21 + 13 5 )] a 10 20 27
!\_ .r t\\ "‘\ "M 'i\\ i\\
E 0 0 6 13 18 12 «— 4 0 4 16 76
AWGHE
AW-IE

From Curbiniet d. 1993
317 2.2 nanaumsulaslddanasiunes Smith waz Waterman
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2.2.5 Basic Local Alignment Search Tools [1] [11]
Wasannmisnreumeullsiuaingudeyaldarunsagninlélnanisianig

Ao do e o
WrauweullsAuasssadimiouiung 7 vide lliflasannlUsauntanwaeilndideaiu
mqgﬂLmumfwiﬁmmwwﬁmﬁu@@ﬂiﬂLLﬁimmmmmhLmuﬁ“uim uwargudeyanes
Tsmumantdedl  dnmaszsarmnziiesannisiunivsinuisetinenadenes lulsauan
a dJ % 1 o o 3'/ =K 1 F3 o ¥ nI/ d‘ d‘
aianilelfatneaesin  Aaenasliannnsaldezuudanisgiudeyarialliveiiazldlunis
%3 o U a b2 gJ/ %3 U al A o
dpnsiugudeyaredlsiuld  mmzastiuszuudnnisgiudeyaredidsiuvzesiants

[ = % = a 173 o = a o A }%
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Tunisusnue Q/‘VI‘H’WIﬂ’W‘W NI mi‘]_l?mu ﬂwmvmﬁ@uﬁﬂﬁ

FEEEEErrrrer 1rred
GO AT TG CCCACATCCCTCTARTCCICTTETTCCCCACACT G,

TTTTTTTT T AR AT T T AT CAR TR A TCTTETTECCCACECTCCACTCCAATCECCECARTCTCAGTT Query
Frrrrerrrrrer i
TTTITTTT TR T AT TTTAT CAT CCTEEETTCCACRACTACARTCCCTTTTCCCCTCATTTC Suhjecl 2

‘]Jﬁ 2.3 mmmmm‘luma‘wmm‘lﬁﬂﬂmmumw

TTTTTTTTTMCAGAGTTTCMTCMTCAA[CTTGTTGCCCAGGCTGGITGCMTGGCGCMTCTCRGTT QLIEI}I"

CTTTCCTAGTGCCARATTCCC  Subject 1

yangd lullswnsui  lunisamsiziatfuiapnate meaesaLawe (DNA) e ans

<

Wule (RNA) wise arnureansnaziiuaeaddng (peptide) vialdsiunldainnimeans

o o

o A = - Ao Aa o s o A oA
NUATALUBDNUA ﬂ@I@VLV] @Vl?@ﬂ?@@zﬂiumﬂ'ﬂ%luﬂqumﬂﬂﬂmﬂ\‘]u@’]@qumqﬂ’]ﬂﬂ?ﬂuW]ﬂ‘].ﬁ/]

u
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o - E L 2 1. o o & ~ > o ~ o o aa
V]’N’ML‘]J?EULVIEI‘LI@’]@UW\?LLG] 1 27001 @urﬁ‘:m\‘]L']_l?‘ﬂuLmﬂumﬁﬂqum'ﬂwﬂ@LW@M'T@’]@UV]NZQ']U
Yy o v o eall ¥ @ p A o o o 4 a
ﬂ@qﬂﬂuﬂ\iﬁﬂﬂi‘@ﬂN@@‘Wﬁ‘ﬂ‘lﬂ@°’Lﬂu@’)uLMﬁJ@uﬁ?@m”Juﬂ@’]ﬂ"ﬂfﬂ\?ﬂqWi.lﬂ@ﬂ“‘] mﬂﬂtﬂ?mu

WQMQJ@@\‘I‘J‘?J‘V] 2.3 LL@@QlﬂLﬁuﬂﬂ’&fJUﬁ ANARIEAUAINNNALTLREL

% gy o - ) b Y A o 9 A .
m@aﬂamimmnma‘mummmm@wﬂu LNITLTRHALNEINUUUIN (Functional

I
o v

information) WsadayainaaiUddmuIng  (Evolutionary information) #ieadeariuans

o =]

AFUNANAIANE
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2251 AANASANUAILANEN [11] [13] SanasnuaasLaIaiAnsulas

Altschul, Gish, Miller, Myers a2 Lipman lutlam.1990 ungulunisifsauineunqnu

[ -8

A A v o = dl dl o o o =
wiNewsa IndiAssiuaeddlsmunineaiuiugAans  Tnasaldsunsuazinnisidsauimey

Q

'
o o ¥ o

a o 17 Al 1 ¥ g a = =R
avduresldsiudunn ) deyandeglugudeyalnenislt  Heddudnainisdnmndaiin

99

(Heuristic Function) daglun1si/5eunauing AnainnnsawniAIannAANUnasdl i

o

891 Auaningdulavand (Substitution Matrix) TnanisnivueAzu (Score) WriunIg

2

o a % al v o v o a dl U 1 U o
32199119 RBRAININN1TIINATUUBLA NN T LR U AT UL LA T 19T a AN
= ] % % = 1 o = v o
uwazvsziansing o lugnudeya (database records) dwnndazuuuminiusize ndlAesiu
1 v v
InelsiifunInA A nn U ld  (AUUAARNARYNGL 3)  ARTRINIABNTUAIUTRY

sAunnuaingudeyatiuieianing

TunnsAurnIaIuaIdiazne e N B Uis LA s ludausias

—~

Local)

ge

ynnInaziluiaansy - (Global)  IeglunisninisiBauieuansuludausassiuasld

[ a R 1 '8

FANDINNNTAIN AUAUAITH ANE IDLADF-LINL (Standard Smith-Waterman) [9] GRS

NITLNUNNIAUNIIN UGN iidanasnNBasLAariazl3ulsedanasnutiine iy

v b3 v 1 v
ANNNLTY Tmﬁﬁumuﬁuﬁm 3 dUAAY AB BNANNTUABULINUANETAZA59AR6 (list) 194

1 (% 1
o o A 1

nnarsungnutailudAudn 7 uda NEandRind (Words) TearldiiuAiAziuunien
QI o = Z// 1 s % a 4? %’ o Aac dl

FurnnsdFauiey ludupausaNILagiasAuunn1anaTuT fwAsed  delu

o X o . o X o D v v
nezuauNfumiiesandfadiluadudu o Awiasanisofumlige uazaimiem
¥ v = é/ ] o = o as v
A fazigenau dexmasaniFeumeuiumn < wa (Base - A G T C) 10935n4udn
v = 2 v [ % 1 o 1 -dl o Y %

azfiadingliazuuy - (Scored) wanny  uazaglusnundsinsaiudasarlinzuuu
4940 Tuanenuaassiuusausiutagliaziuuaamn wid dwdeuiiasas i

AZLUURAAL ANNATINIBNALLULNTUARZIN S dazin lNAN TN L AL ANN AR eI

'
a <

AmiuRindniinzuuugs 7 axFandtlaanesedniuiuned (High-scoring segment pairs)
190 HSPs| uan@siasnentnuyn . HSP 9aNign (NAzuungenga) Iagwgnenuivunis

= a Wy o PP . e . & = o A o«
LLG‘F;I'LILVIEIUSLN 2 NANIY @umzmim AMUNNAZULUUAINGN NITUNTT LNNTNNADNIIEN

WS (Maximal- scoring segment pair) ¥38 MSP
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The BLAST Search Algorithm

query word (V= 3)
Query: GSVEDTTGSQSLAALLNKCKTPQGORLVNGWIXOPLMDENRIEERLNLVE AFVEDAEL RQTLOEDL

FOG 13
FEG 15
FEG 1%
neighbeorhood PG 14

PG 13
words oG 13

S 13
PG 13 neighborhood

i Score threshold

FON 12 (T=13)
...

= - -

Query: 325 SLAALLNECKTPQGURLVNCWIRQPLMDENRIEERINLVEL 355
+li44l+ TP G R+ +U+ P+ D +ER  + &

Shjco: 290 TLASVLIC TVITERMGIRMLERWL PRI TRESLLERQOTIGA 330

High-sceoring Segment Pair (HSP)

7171 2.4 danasnnaesllsunsuuanaslunismn HSP

anglil 2.4 waaslidiudsmsWisuauedardlaansifTauiuRTad

I8 TUNNAIALIULANNARILARITEY PQG AT PMG azdAwinty 13 daluanaansuls

2.3 lilsunsuuanan

2.3.1 NCBI BLAST [11] thaz WU-BLAST [12]

p - & A A P

wuddlauaiad (NCBI'BLAST) lag 9-Landn (WU-BLAST) luLATasHa (tool) 9
o o as & }7% c Ao 'S o d? 3 L
ihdanesnuuanavianld  Tae Wuatlauanad gniawnauleaunlasudansauma
wAlulaBTan nuiTaR Uszmeanigewdni vive 1Wwiille (NCBI) i g-uanasi iluan
14 (version) 19UAAVINWENWNTLIAL Dr. Worren Gish UAXNGNEWMUIAIN NM3NLNAE
12T9FU (Washington University)

dua il leuaaiinuiul lunisimunivenia s Faumsudungs (Multiple-
sequence  profile)  meAREINALY-UAATIREWNTUNEUNABAANTLER9 1Az NNg
o o o o Qigo’ o a o 434’ o a o 1 dy @ aa o‘d‘ [~
ApnsiuaAungi Ineddeilazinniddaeguuingueeaduillauaiarimady

nmsgun lFauiuialy
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o

¥ Y o ¥ 1 [ % =R R ] ! d} = Yo o
mmmigﬂugmmmﬂaimme@mﬂu@mmmmﬂmq ] m%gmiﬂﬂhmuuﬁma:mmi

(Executable File) 717891 blastall Insusiazdanesnusne) awmsngniEenldine ity

¥
W13Rmas (Parameter) 1a4alilsunsnsasallil

blastn  LullsunsndvsuFauie uAN AU ALVA AW T UANFLILLE
a @ alln v

1a9mdueietlugudeys

blastp  uldsunsndrmsuuFauiauaisunsaesiiureainawldindiu

andunsnariluaasinawlyndietlugudeys

blastx tulilsunsngniuFaumaualsunsaaziluie 6 N2aUN1987% (6
. dl9/ o O o a @ dl

reading-frame) N lFa1nnisudasiaaiduiuaresansaieuienaula  (an

o o a @ ij/ al @ O o a

AFLLLATBIAANLS 2 478)  IeeFeumauiuaisunsaazTuaaaln

auldndneglugudeya

tblastn  flullsunsndvduFaumsuaisunsaazi luaasiwalyd ing i

o o a dlaz o O o a @ dll

adiunsneziily  AlAainnisulasiasisuiuaresaneniduenelugiu

dayansuiis 6 nsaunisaulnse s liuazlunandudmiunnaai

Tl Faasniewullsmu

tblastx ulilsunsndvsunlFaumauaisunsaazily flaainnisulasia

APLIdTIe9AN e AReNAaLla (INAPLLIATRIAEWRNY 2 d18)  Ime

RaunauiuatsunIaasilun ldannnisulasi@aanAulLAua9AN e ALawLe

4, o
Paglusudana
u a9 a

TsunsnduadlevaarijuusnazldimndasdaslunisGaesanesandu il siuusily

duaiileuanainesdun 2 viraBananatienilean uinviuanad (Gapped BLAST) lign

o 1 va a 1 1 ¥ o b4 dl Yo 1 1 é{ J
NR ﬁ]'ﬂll'ﬂ,ﬁllﬂ’]ﬁ‘LﬁlNﬂj'ﬂ\‘IQ'\\‘ﬂﬁﬂ’ﬂMN@Vﬂﬂﬂ’m san 7N AN NI A NN ENY

=)

29N8
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A

AaFauauannilsunsunduddlauanaiainnsoniles 4 35aa
1. PaslAduLatgy (www BLAST) WlunnslfiEnisanuniadulafaaardud
TlaTaeluss http:/Avww.ncbi.nim.nih.gov/BLAST
2. duAusazlauuadyl (Standalone BLAST) @1un90ldidsunsuuanasiu
dl a 'S [~ al o U dl
wraspaNameiresses Tnafluniareumeuiuguleyanemiiesd
a = % = PR , o =
Hag vizegudeyanaquluanunainian Wuan NCBI Iagsiesiden

Tsunsulvinsaiuszuud fusnisildes

a

3. wAsatauanal (Network BLAST) filaqiiududillaliisnis Blastcl3 du

o

WugFuiEnisasetne (BLAST network client)  Inffldi3nnsanunn

1
o G

densanUATadLansaaewEtlalaeldinoeing nan/len  (TCP/PI
&I o =
protocol) ienanIsiFe sy
4. Dwd (Esmail server) linstungldusnasliaznoniazmensedumesiin
Tneeinudaslafiy ldamnsannldlaanisdsdmdnugluuy (format) 7
Aue Ieguuulidssideyaasuiaviansaasilullf@udueninsa
blast@ncbi.nim.nih.gov PAIAINTUAL LA FUDNANAUNINFDNALNANT

lFeILien

2.3.2 stluuuraInisdsianInIn
annsndednsiusesdemmsiiialiuaaiiiiunsnnsilfuaegluoy Tag
a1adslugLluun Bundagtuunviagn (FASTA format) visa Suuisrunaslid (GenBank
flatfile) wrald Faszugilius (Identifiers) Salnefnenzisansasia il
1. gduuuam GudulnELIT T ALINAZ T LATAIANENNNNGN (>) ATNEEAY
PY998840UAUIYL 113997 A - FendnussiataaNnagnn (FASTA definition
line) ' dounssvisselihfugsudeiiadaund iy 80 meduil (Rau

o o

1 1 o/ o/ 1 1 dsj
AIDN L FLASTAIING mm'amqm'a”l,ﬂu

>gi|532319|pir|TVFV2E|TVFV2E envelope protein
ELRLRYCAPAGFALLKCNDADYDGFKTNCSNVSVVHCTNLMNTTVTTGLLLNGSYSENRT
APTEVRRYTGGHERQKRVPFVXXXXXXXXXXXXXXXXXXXXXXVQSQHLLAGILQQQAKNL
LAAVEAQQQMLKLTIWGVK

o o

2. anudaas (Bare sequence) axnsndeansuilan o Inelaisiasiiussiin

o o

fenuraniaaf le viraanaluasunisoauin v uLAazu e Lazs
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] ! nl/ o ] dJ = | = . & o | ] dI
TANIWNAUNN 10 AN TELTENAN m&mmuﬂ@mM@ fulludaunile

9049 WA eanEuLLNAsasnatinsa il

1 gikdllvsss tdldttlviv naiyfkgmwk tafnaedtre mpfhvtkges kpvgmmemnn
61 sfnvatlpae kmkilelpfa sgdismivil pdevsdleri ektinfeklt ewtnpntmek
121 rrvkvylpgm kieekynlts vimalgmtdl fipsanltgi ssaeslkisq avhgafmels

181 edgiemagst gviedikhsp eseqgfradhp flflikhnpt ntivyfgryw sp

3. saszygiuuy NN 3 uuuABMEIEAINIA (Accession number), $UNA
(Accession version) 1138 I?T']i?zqgﬂl,m‘l_@uumﬁ(GenBank Identifier) L

p01013, AAAGES81.1, 129295 UANANHENANNINAIF T3 ULLAUA

' '
= 9 o

w918 uE T la (NCBI sequence identifier) TR UATILLIAG (|) AL (113

gil129295) fils

4. siluwuumstiufinanaduWusa A uas1eEa (Abstract Syntax Notation

i
%

Sequence — ASN.1) tlugiluundayangnivmunaulnanguauina lu

u

Y o Y

v 1
gAANMNITNABNNIALT ANt NCBI Aniunimuiseeldiudeyasing

a
1

7 FuTaanen i dayasiauiiapale Indvransaeasiily uaunvegEu

deyaineaiueynsutou lnsvaiaresiiuana naanaudayainaniu

¥
¥ A

ussniaungy i illsunsnsing o andeyamanil uazazaanuninisinly

u
b4

Anszvisia bt adslsfiangluuuildmangiuniseurendanalneau
dl = = v o Y =R o ¥ dgj 17 o &
\Hesanisneazdannniaradududan aauinldgluuuiifudeyaindg

@n3ulsunanFag o 8NN
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2.4 wann19saulUsLnTNLUITUIY

a & = o P A
LLIAALLRN mu‘ﬂ‘ﬂ\iﬂq?mﬂuiﬂ?uﬂ?m LA ULNUNIN ﬂ'ﬁN&lﬂﬂﬂ’]i‘Lﬂﬂﬂﬂ?LLﬂ?u LNB

nanunilsing ldirsasnaniamasizamisedszunananant | ndaeAsNazaINig

uiiiToymeanidudou tes o autinianinauainau o weslumbalssunanala < 1

dandaetlszananaay 7 lwsruulpaddunewiuaisudsgii 2.5 Ineiiseaziaenmsil

Decomposition

O O @

L

e”? P1—P2

Assignment
Crchestration
Mapping
¥

O O
0 ot o e| | pbe

Sequential
Task

Parallel Managed

Tasks Processes B cosses Processes

3171 2.5 dupenlunisaaullswnsnuunauny

AraNlU&du (Decomposition) - tunsatuunileyraanidudu - a1uun
savn idmanauuwanssiwldauusazilogun  andaattdulunstian
BLAST  grudayazesszuuiiauinlunjuinuaznisiFauianaunsauiy
aaniinowiudaw lddsiusasiinisulegudeyasenidudou) e
) = v XK o ) ::ll ] ] [ %

NNszauisULAasinAnaun e uAazutine s vanamaN1 TNt Tu

= o o Y [ 1 = ?xj/ dJ al o
YUELAEIIAUAIUIUTAANDINABNITTL L ALATIVTINNANUIUNIN 1971879

anmnuLidafnineandudon WeuanfulthFeumeaylumiae

v =K o [ I8 [

v ¥
dszananasi1 Auliudaasinadnsnnsaniuluniands fatlisaasiinig

=

wanlagnnsuentlymnainaiazaunmutsiulddmigilszanana
;N4 ethaiiauuaniieandunenlunssefuesssuinamioe
ﬂi:m@m@LL@:LW@@@%@H@%QQEU?:M@m@ﬁmj Aavanu

waslzuinus (Assignment) - nsutianullianisatlszunanasiig < ags

azaNnsautsLlimiaalszaanasing < THatnaminiu

1
al 1

2AALASAWNTTY (Orchestration) - tHuniseanuuudayanuiinlsziiang

' Y vy
= o

azdeniulagaziiniseenuunlideyandsmniulawn alannganeiing

q

Lﬁm@Wm:uuﬁﬁmmmmuﬂ@ﬂLﬂumuﬁmq ALUNIININUUB9TELIL

= ] ! L4 1 dl o A dl ¥ [
a1afN19aUsia lnaeszuianaauniise LL@ﬂLﬂ@ﬂuﬂlﬂNﬂ@ﬂu
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& . | y o o
4. winile  (Mapping) - funisdeniaessuudnfaaiuinaenanniian

A071TMENIINURITZLLANINITADN LI (System Architecture)

2.5 289U ANENINURITTULNTUTENIRUALUITUIU[]
N199AUTEANBNINURITTULUTENIALALBITUIURZTAAINDNTINTLIIAITIN LG
(Speedup)  #7aANNLETAITANTULRITT UL U AT da1aR9AN SRR tAansTLLNIg

tsrunananldruagdszinanaiasnilasAafuAINLFNTalaaInssuUl s NIaNA

BUAUUTU

SpeedUp (P) = Speed(P)/Speed(1)

pnnneRdpilunan dnsn1s1aaNFaziludn g uIadna N n leannszuL
1srinaNaunIuIATUINAINS A ldaNnss LN vanaman ML s aNa LN eaLae]

a
LR

SpeedUp (P) = Time(1)/Time(P)



22

2.6 SMUARLNLNLIU D

TAUNLLNNNINNENAZ AU s ANTNINN1Ieuaasllsinsnuanavias)

U

!
a o a

WnnguaznudAsnlszana g G luniainlsyansnnluniafsauimeudeyanes

Tdsunsnuanavinsesalli

2.6.1 N199iNTamIaNUUIY (Parallel Query) tasldanananass [4] (BLAST Script)
azuinguieuresdasnnean llmuniseilszananasepieriinisseumey

= < , % 1 = o v o =

G P TN AT T Y et L Lo e B b P B S bR I L i A IS o o gl T

v = 2’/ ¥ o ' Y o QI o d"

N e IR I VS N G T R e S Ot S Y NN BN TS T R TP VE RIMA T EGR

dl ' ] d; o =
auLssnuaanidunang g @QMLW@VI’mW?Lﬂ?HUL‘WHU

Input Query
Seq 1

Seq 2

Seq 3

Seq 4

. A
A
BLAST
Seqn BLAST
BLAST

—_————

Output File

» Outl

»  Out2

»  Out3

» Out4

Outn

71U 2.6 nsvindemnnnaununildeuialy

a1nglil 2.6 deAininazgnsautiveanluniumoslsssnanasie aesszuy tne

1 i = 3 o—dl A o 1 1 o
winzvatlszananaazignudeyaredidsunsnuanainiauiues lunn e ndsann
nslszananaudaziinadnin indunisenuindagad miuiiunadns  udonos

1 v
Uszananaaziinisradanininlusiaunssisinaiadunndefinis
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2.6.2 Efficiency of Shared-Memory Multiprocessors for a Genetic Sequence Similarity
Search Algorithm [3]

Imel Ed Huai-hsin Chi , Elizabeth Shoop , John Carlis , Ernest Retzel , John Ried|

a o d” o o % o o 6 o
UIREUNINIRRUNTZUL AN ARANA1 T T TN TNLanaYi Tnennsinldsunsu
UA1AR N9 ULWATES  SMPs  (Shared-Memory — Multiprocessors)  WasnIN1$im
dsz@ninmnisineuasslilsunsy wanismeaasannnagllddnarunsadnailymae
o d‘ v ' T Aa o 1 o 2 =y 2 1 o

219A1NNNIALLAEUTRYA sedneanfaRariuazringANAn IR kAR daugd1mdaa A INan

snresssUUeFesanlvnnenazagudayaiomala

2.6.3 High-Throughput BLAST [4] [16]

Tael Nick Camp, Haruna Cofer, and Roberto Gomperts gniieuntngiLiFsm Silicon
Graphics Co.,Ltd. (SGI) muﬁﬁaﬁﬁqmiﬂ?ﬂﬂg\iLmzﬁmmiﬁmﬁmﬁu (source code) U84
Tsunsuuanarilusiuaglimad HT-BLAST Taalisunsuiigniiudganavinnisufseumen
¥ o o o 9 v % [ ¥ ] [~3 10 %
faAnusuuniniugandeyanany o gaudaganianiuliednmnialngluisniuses

salvidaAnula 7 N9uasa llne

2.6.4 TurboBLAST [14]

Ime3¥n  TurboGenomics, Inc  MANIIWAUITTULNNTLTE LS LLLILAUI UL
Tsunsuuaailu@ondlad  euddaignimuilaensfnudderniuuazgiudeya
aanifludan < 99309RINAINN70 TWN90NEMN92a899ELIL (load balancing) taan1evin

a U o o d‘ dll dl dl = o d‘ ]
n7FeUaudaA1In N WILHINEBLATRA tALAT B s UL RN NN NININNE NATNN
manfsauieuld nIvuauNseeddnnIsssUL (system manager process) AzfiNAg
nezanedannnnlydarteniu o wazilasannanfdeiignimunlaaldnimanen (JAVA)

a o

asamsanaginnisdsrinanauuurwidllinldsendnegiuwan (Platform) 4134l
ANNIOUARAIANANNT0a AN E L IR s Al Saile SaTladw (superlinear speedup)
79 uANAINITNVBIT LU SEHIANAULILIU LN AN TN TAA T ATBIN LD

LANATYA (Amdahl’s Law)
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2.6.5 BlastMachine [15]

IPe139 Paracel Wulilsunsni@aniaiad Mn1swmunszLLFaudeuLuLIung
uu‘mmmuummﬁﬁgﬂmLﬂ?"faﬂmi (reengineer) uaziinnseenuuuafawas (hardware)
Lﬁﬂﬁlﬂumﬂ,ﬂ?ﬂuLﬁﬂugmiﬂgmiﬂiﬁuimLfa‘quim J¥UL189  BlastMachine  8guu
ﬁugmmm@:uum@ﬂ@xmm@meumﬁ'ﬁﬂﬂdﬁamﬂmmimmmﬁmme’ (clustered
architecture) Ine e nlismameasuasduma  (Intel Pentium  processors) Wa
seuudfiRnisaynd  (Linux operating system) uaz1dTlsunssdinag Paracel l@vinns

W Inailnednuguanidsunsuuanaiiaseeduiile

2.6.6 BioScan [7]

Totr Singh R, 7nsimunansauafAmiunisnlsaumeudeyaiugaans
TmﬂLﬂWWzﬁ’qmwaﬁmmmw«;zﬁqmﬂ (VLSI - Very Large Scale Integration) ANSANaINN
1e9uaaY lnednees BioScan Usvneumiedned (CMOS - complementary metal-oxide
semiconductor) awa 1.2 Tulasiums, uazienmenmds 32 wnzdimd Tnaluszuuazgn
anRfAdlng ARANUIIANNAINENITBIAALTNF AN T TauINe Lnernazyinnng

al o o/ =l 4ﬂl o o < 1 1 vl (=3 1 o
whrsuauasuaesllsiuszunmindsaluguusn ldlgimnuidannnansyuuilagiii

LU o 3 o/ o 6 1 dl < é’ al o ﬂl
WATN NN AU A FARTIUIUN TN s A NAN T Tun1sn N sTen Ty

FEULNNTUTZNIALALINULN LS

2.6.7 Improving the Performance of BLAST in a Memory Limited Environment [10]
Imel Warin Wattanapornprom, Natawut Nupairoj ka& Prabhas Chongstitvatana
NuARsINslselalszdnsnmasslilsunsuuanarunisufrauinaude Aainanuou

F73 1 = 1 = 2’/ d” a o dg/ % ada o a a
wn teeldundatlszananaieamicenas  welliadeilfianedsdiudqalss@nnan
raslsunsnuanaiiaennssinuisgudesasendludouden | ieiinisfsaunauiie
Aneddeiinudnllsunsnuanaviazidss@nsningegn  Wegudeyaressruuanunm
FanulEluminepnonanldnenneaniznn1sEeu@ey - InanaraNI LIS e N1y

dse@nanmaesnisnrauinauldmins Beilauegivauinresgudeyauazaninuwandan

UBNTSUU
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w

a 4 Qs = a a" [ 4
mfa"aLﬂ'a"]zmmzﬂiuﬂgqﬂimwﬁmwLummumaﬁﬂﬂmsuumaw

3.1 madaszitlszAnsnwaaddsunsnuatan

aNNmAsesiINinlszAnininaesilsunsuuanarinuiaaAnuA AN WG
e g uanaiidulusunsuniaonudiesnisld  wasaaudnaesssuugauay
Tsunsnuanaiazlitlss@nsn1ngaganseiieion AusInanaNnsaLss g udnyauny
o A % ¥ 9/?1// o dl % A % v o
nnsduAudayaldvisunn  aanean1vaaedlaenisdunani lfannisauAudanins
o 1o ¥ = o dl ¥ o a [ dl
AU uTel ARt TURanMIIAdeNNNI R iU At Ay
WUIRANA AN VBITTLILIFN 7] A9

;139971 3.1 ngaLlszAnsnanaaalilsunsuuanast

lupnsauAndayanuuaeANA 1 TUIA s

PUIEIAIHNA AUIUTR A NA T
ﬁsl,‘ig]/ 10 50 100 500 1000
(e lus) AN 1N19UTZH AN (1)
128 9 33 70 351 706
256 2 15 37 180 364
512 2 14 37 180 363
800 —
@ Ram 128 MB
700 +— m Ram 256 MB ]
O Ram 512 MB
600 -
= 500 A
s Q
g 400 | =
=
= 300
200 1
100 4
0 hh
10 50 100 500 1000

Number of queries

dl a a A Y v d‘ ' o ] o
g‘]J‘VI 3.1 ﬂﬁ‘iﬁ@‘l’lﬁﬂ’]W?l‘ﬂ\‘lTﬂ?LLﬂ?NU@’]@Vﬂuﬂ’]ﬁ‘@Uﬂuﬂ@H@WMuQﬂﬂQ’]N@’]ﬂuﬁ@ﬁl’]\'l”lﬂu
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800

700 .

600 —+—RAM 128 MB
—=— RAM 256 MB
500 RAM 512 MB

Time used (Min)
B
8

300
200

0 - T T ; T T
0 200 400 600 800 1000 1200

Number of queries

ai a a A 7 dl 1 o ] o
919 3.2 ‘ﬂ?SZW]ﬁﬂWWﬁl’ﬂ\‘lIﬂﬁ‘LLﬂﬁ‘NU@’W@VﬂuﬂW?@Uﬁu‘ﬂ@ﬁ#@%ﬂu'}ﬂﬂﬁ]’m@qﬂluﬂﬁ[ﬂ’]\?“]ﬂu
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UMW n 1AL BLASTServer azyinisddmidcuaziouLlsiainlunistszioanazes

TUsunsnuanavilieianday BLASTClient midatsunawuaslasizuann CIDO1, CIDO2,

Y Sy
o

CID03, CID04 WAy CID05 AINANAL mﬁ%@mﬂim‘mﬁ”‘ﬂﬁmﬂ@memfm"ﬁﬁuﬁﬁmﬂ
gm%’mﬂ@ﬂ' BLASTClient Suilingavias] Tagprtasaniuzanduiitndegnifon ey luusias
grudayaargnunuiifadasiaes BLASTClent il Bunifien

ila BLASTClient 19 ‘v‘hnmﬂ?ﬂuLﬁﬂm"q@T‘uLL@:gm%’mﬂ@ﬁﬁwumlﬁm%@éu%
MN9lisuLindayanadWsasiu Share Storage aavin1sudanau iy BLASTServer 41
IansuReuiiouiaieduuda wdsant - BLASTServer astmstiufinaniuzuds

nuuauindayatindinlusd iy BLASTClient thanianasulaaumesialilfagiln 4.7

)
DB1 DB3 DB4
Sequence -1 -1 CID03 -1
Sequence2 CIDO5 CID02 0 CID04
Sequence3 CIDO1 0 0 0
Sequencen 0 0 0 0

dl o ; ° ~ Yo o o LA o
g‘ﬂ‘w 4.7 [F]Q‘ﬂﬂ'Nﬂ’]?ﬂ’]uu@@ﬂquzsﬂﬂ\?ﬂhlﬂﬂ?ﬂuLV]HUIVﬂU@’]@UIMNLN@Nﬂq?LL@QQ’]ﬂ

i v
BLASTClient 39198 uiie uaNALT IHFUNaUUNNHRUG AR
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angt 4.7 niuuald BLASTClient 3a CIDO1, CID02, way CIDO4 %1nn3

RauauaAuUN lAsUNaLUMNNeE5aAY  BLASTServer  AyiInNI12ilAtuan UL AN

1
[

o a = =1 dl 1o o al/ % o = (-3
/1 umqnm.l?aumaunﬂummu: -1 WAUBNINATALI UL 1®QﬂWWﬂW?Llﬁ‘ﬂULWEUL@T@

FruFesudn naaa Nt BLASTServer aznuauiludayatindnlndls BLASTClient 10l
dszananalaenisunuianiuy 0 Fausiares BLASTClient Liveuandiansulanngagn

IE2GRIAR
WazuIN BLASTClient wiatlantiagnilangali/ainszuy BLASTServer azinnievin

nsneunIsasnziieuaananszuuWiiy BLASTClient siaius Inenisulaaudisianes

¥

v i 1
BLASTClient faaifsssiupe 0 ashunaaiaunlddiniudnivuazuangudayafisosin

]
o a

nafuiingeuiiu BLASTClient sinee] Aegil 4.8 wasinnisnlaauaniuzaesafud

BLASTClient 1w nnasinanuag iduensasumuiinegy 4.9

a ) C D D
E/ENRNE
0 CIDo2 CIDO3 CID04
CID05 0 0 0
0 0 0 0

7119 4.8 FraginaN1INauNIsasnELlENTed BLASTClient

angUn 4.8 sinllesnnanzili 4.6 BLASTClient 39a CIDO1 7iN9URANAAYED

wgneanllainsyiy BLASTServer Awinniatliudnaianes BLASTClient iilusnsiasiu

WNaULAN
Sequence -1 -1 CID03 -1
Sequence? CID05 CID02 0 CID04
Sequence3 0 0 0 0
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Sequencen 0 0 0 0

717 4.9 FivatenisdiunlaauaniuzaesdduLie BLASTClient

Qﬂﬂ‘ﬂuﬂ@ﬂ‘ﬂqﬂﬂ’]ﬁ‘@\‘m&ﬁﬂu

|
1 A

ANgUN 4.9 siaitiesnangli 4.7 sWAEe9 BLASTClient wisngiaai CIDO1 gnuf

b

©

'
o A v v oA

TinduaugAssiunaaynyaliinnsfsaumeudiing BLASTClient aulélunianaa
wingwdeyalalifunisnffauineuaniadaudadiagy 4.10 szuuazinnisinvun
giudayaldi  BLASTClient #iuRnzeugiudayatiulifuiaseuireumeaugiudeyaay

sialiaageli 4.11

ALY
DB1 DB3 DB4

Sequence -1 -1 CID03 -1
Sequence? -1 CID02 0 CID04
Sequence3 -1 0 0 0
Sequence4 -1 0 0

Sequenceb =1 0 0 0
Sequenceb -1 0 0 0

717 4.10 Faeeienasivungaudaya v Wiy BLASTClient

a

ANl 4.10 MILAHRIHIUAALRTIINA 6 A1AL waz S WINAIALe 6 14gn
WldnfFeuiauiugmudeya DB1 Auadduudaiwaziinlidnanuzaessfuisunngn
P o . o o & = Y . A A
wagwan 0.4 -1 Iae BLASTCIient 3%a CID05 i uauiaiaduidaunayiiinumasan
BLASTServer agiansnnvungiudagalil BLASTClient $9ia CID05 $93tie BLASTClient
oo dy o y . 4 . . v
AR Nivdateuguieys DB1 ag Tnanisaauddeyaluwnisfuresgiudeyaiy
-1 iweluiaynyald BLASTClient vinnsamzideulddnudaasimmungiudayaludliin

BLASTClient Mpaiiunnteug1uinys DB1 atjdagi 4.11
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DB4
-1 CID02 CID03 CID04
-1 CID05 0 0
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7171 4.11 Feeianisnszanadadniundiaininvungudesya Wiu BLASTClient
dl o v o . dl o P 1 dl
Angln 4.11 Amualieaauiu BLASTClient Niszuuiuldne 5 wioe Wesann
BLASTClient 9@ CID05 #innqaulseuivieuiasaauuda BLASTServer Asliaymye
BLASTClient annsnidinaangilieuuaziuiasenugiudeya DB1 ianaslaauadesyalu
wnanu iy -1 waginvua sl BLASTClient vinnnsiuiiazeugiudeyaduunuinglunil
A2 DB2
nstvungudeyalsl < BLASTClient  mnasaaundnazlafugiudeyalusdosli
| 4 aly d {8 - . L, .
BLASTClient  Geilutindlunisulaumandesalisasinisdunlaaurdagyanesmion
pNAANAUAuTuIndeyals wenaintiudanissinuiisdeAnneanidudouten €
ANNNINULNNNTEIUTRUsIA: BLASTClient Miatiawinianiu sandaaainaininlunig
nauhiManisszunanadilefadaianainteaiainain BLASTClient Tiaunsnyinanu

Y o o

sl lAvial eI TNAfEIAazeessL InevaninAARINARINIa LT L LAALIIUIANIN'T

3

s Ntas A AN TANYITaaAAU BLASTClient ainss danuszuulsansae)
3\// g o o 2 o <K K dl a d’f %
il lunawmunseuy aduazdasaisdetlyminisdszaunan feraniaauls
(synchronization. problem)  He9aNnN1981LLALTEUAILUMUREANNA AR AN
a o i’/ 1 d‘ Y o 1 =l = o o o £ )
weaiu wsgariuneunazayana N1 uTaliguasuuunafy Afuazfioain
a 1 o dl o 1 = N dll = all a ai
n3tlemne (lock) MUILAIINANNAZNINIBIBBAZITE LA UNANANLAENANNEANAIAT

oL W\
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4.2 AURUUTEULNSUsENaNALEsIuUg s U s nsNUATEN

1 ¥
FuluUszuunslszananadsunudmiulsunsuuaiarin lavianiswmunaugn

dl dll v a a 1 o =K 1 a o o s
ANTRALNR IﬂLﬂﬂ?mLLﬂ@ﬂf]HUﬂq?ﬁﬂE’qqq ﬁ‘tu‘]_lﬁﬁ‘gﬂr.]@m@Lmﬂmuqu@qﬂﬁ‘lﬁﬂ?LLﬂ?NU@q@W
wiegnaansainunanenat (Chulalongkorn University’s Parallel System for BLAST — CUP

BLASTServer WA

BLAST)  Taadoungnimunilsnaazissauivldiiiudesdsunae

BLASTClient dvgnaanuuuisaldnismiaulilsunsuidisisng (object-oriented programming)

o A

utsaaniiuaagunALna (package) Al

1. BLASTServer
2. BLASTClient

4.2.1 wwALNAa BLASTServer

o/ ¥ o

WNANA BLASTServer dnitiinsnuiisderinineaniudqutesn tnaazaesiunig
awnzilleuaes BLASTClient 51097 daziinnianinungiudeyasmnrisnasdnnisdenidaly

nn9lszananavaslilannsnuanayiiiusday BLASTClient wnlliszunananannauianis

o o [ % o

MUMNLAzITaNsaNaansAlaannaszinana  IngaslaaaNANATYAILLILANABIAATE

Tugi 4.12 dasialiil

BlastServer

Frame Manager Ipdaemon

-server : Ipdaemon
-ManagerOBJ : Manager

+Frame()

+BlastBT_actionPerformed()
+DBBrowseBT_actionPerformedy()
+QutputPathBrowseBT_ actionPerformed()
+QRYBrowseBT_actionperformed()
+QRYPathBrowseBT_actionPerformed()
+server_connected()

+server_datain()

+server_disconnected()

+server_error()
+StartServerBT_actionperformed()
+RegisterClient()

+PreProcessQuery()
+PostProcessOutput()

-ClientQuan : int
-ClientTable[] : int
-DatabaseQuan : int
-DBName[] : String
-QRYName[] : String
-QueryQuan :int
-State[][] :int

+AssignDB()
+AssignTask()
+AssignTask2()
+ClientConnect()
+ClientLeave()
+IsAllTaskDone()
+IsDBDone()
+LookForDB()
+LookForQuery()
+Manager()
+~Manager()
+RemoveFromDB()
+RemoveTask()
+TaskDone()

+Ipdaemon()
+getRemoteHost()
+setDataToSend()
+setLocalPort()
+disconnect()
+isConnected()
+SetListening()

917 4.12 UUILRNABIARIAEUTLUWAINA BLASTServer
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4.2.1.1 Aa4 Frame upaianifludiusatlsyauiugldam uazinuinm
Tunmsdszrnanaiessiulnanissinuiedanineenduuiindonsntess) nasnauienis
o/ c Y b o/ v o o dIO % o/ ] z
uNaaNSIdNAe iU UsznaudaasanszniniandAtysesallil
1. StartServerBT_actionperformed() usianszninnisnlddmiuEen
T server M liunisdeyauazBunisifunisameidauann
BLASTClient snsin13a5198auians server aulpeifianszninistiay
gnizenldlaenseannyldanusyiiy
2. BlastBT_actionPerformed()  usianszinnisng ldazinnisizeanli
Tsunsuuanavignzanldanu Tnanisaiedauians ManagerOBJ
uaNAIUgUTRyaLazdINtaA N INgnute  iallsanszin
é’ 1 }7 b2 1 = Y o o
n13tagldanunsaldnlsaundiaszanlgsangzinnig
StartServerBT_actionperformed() na
3. PreProcessQuery()  Llusinnszinnsildduiusmaudsdaniniu
aeniuuiindansates Insazdndanonlidudfuman
4. PostProcessOutput()  LUAINIZNINITNAZNINITIIUIVNNAANEN
Y = oty o ~ o P =
THanmaslumsudnseaiuazgnizanldiasianisuFeumsy
AUgAa3
. . | o o = o = X o
5. RegisterClient() tuFanszianisNazsinnirameideudoasiuuas
ARALITATDY BLASTClient Wweuanlissuuzan il
BLASTClient latiangansnsagdedamionldilszananals
6. server_connected() flusanseinnisignianldamuiiiein
WAN1TRINA BLASTClient Tudaaninigameidedngsyiiy
7. server_datain()- flusnszianisnignEanlddalaiunisdedoya
31N  BLASTClient lagazyinnisuandetians - ManagerOBJ 191
BLASTClient  l@nan1sufFeuinauansun e susaunuisigsagi

%
A1
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. @ o o S = P 4 o
server_disconnect() \usianseinnisiignienideuiieinn
wAN13aiiiinan BLASTClient wngldannszuuvize¥esaasinnng
naunnsamzlauaInIzuL

% o dl o v KX Y dl Y o
server_error() lusianszyinnisiaziinistiunndaya edauians
server U BLASTServer \inmdnuEawanavza liainisnldanuls

ansialil

¥ o

4212 Aad®  Manager (uaananluinndannisiunisamzidauseg

BLASTClient 97 uaginnanimungudayasuisaesdnnisdendalunislssaunang

gaalilsunsnuanarliusiay  BLASTClient  tinlillszanaua  Ieasfansznanisngndoy

sapialilil

o

o

AssignDB() Lﬂuﬁqmzﬁﬂm?ﬁ%ﬁﬁmiﬁmumgﬁwﬁmﬂﬁuﬁmmu
sy BLASTClient Ingiaznszanennsylfiinnisduldnurdaya
luusiaz BLASTGlient Iiifosiian

AssignTask() Lﬂuﬁqm:ﬁﬁm?ﬁ@xﬁqmﬂﬁ@ﬂLLﬁu%ﬂH@ﬁﬁLﬁqLL@z
fundndslugtununsFenduitunssianmfendaasauls
@iusiner ieds s BLASTClient il lszunann

AssignTask2() Lﬂuﬁqmzv‘hmiﬁ@mmmfmm@udwzgmiﬂga
197 ﬂﬁfag’m%g@%wm gulFeuiauasausn Lariansudnay
fsunlst BLASTClient lulfufingaygoudayaiusednyielulnein
nsaanizanldfangznanig AssignDB() uaz AssignTask() A
Heulaiinaty

ClientConnect() Lﬂuﬁqmzv‘hmiﬁ'm@mﬁwumgmﬁ@gmﬁﬁm@u
wsn Wi BLASTClient 7ilé¥nmsameidienudnanlusyuy
ClientLeave() dhufnasinnasiiasinnisanidnnsamadeuaes

1%

BLASTClient waznansUiy Lﬂ&imu@mummﬁﬁﬁuﬁﬁﬁmgﬂ
BLASTCIientd‘ﬂIQﬂLszixieLﬁﬂ@’]ElLﬂu@ﬂ’m:é{/ﬂ FuiernnisUszanana
Tyl

RemoveFromDB() usanseiannfaznaunisamaieuues

BLASTClient aaninaazgnizan’dinasanseyinnig ClientLeave()
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o

7. RemoveTask() lusanszninisiaasil5uilasusnuzaasasui
a dl a al =l o ]
gnenidnilefianisnaunisameiieulagasgnizanldlnesionsziii

N9 ClientLeave() L1111

4213 Aa1d  Ipdaemon umpatanNutinNdudouselsantenwiy

BLASTClient Itaaazyinuthiugliuinisasetdnelneniultlslnneauuy  TCP/IP  H6in

o [

o dl o da’
neENINANAtyAsRe U

o

1. getRemoteHost() Hugansyrannfasyinlimsuieviazes
BLASTClient ﬁgﬂﬁmumﬁyuimﬂﬁmiuﬁﬁ Fafnsdeusieann
BLASTClient

2. setDataToSend() Lﬂuﬁqmzﬁﬂm?ﬁ@zv‘hmmﬁmﬂ@iﬂﬁq
BLASTClient

3. setlocalPort()  lluFangz1N137 M N 12U AN NN LATURIT AN

1n/@ante3deya

4. disconnect() {lusanssiann i ddmiunisfanisdensaty
BLASTClient

5. isConnected() usanseiannilddmiunmaaasdn

o

BLASTClient #Mnn1sitiasiaatdeineliasivialy
6. SetListening)  ludanssinnisieZnaensunislitsnisssuy

\AFadNekLIL TCP/P alif BLASTClient andnsaidnidansals

4.2.2 unAtna BLASTClient
uwAna  BLASTClient Hutiiilunisiumdsuazsioulaasudmiuuilunseyinnig
blastall | AaasaudeAInnuuazgIudeyad dusauvane e g lunsuFaunauineasd

pRNENAAALLIAaasAaaTugLN 4.13 Aaslalild
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BlastClient
Frame2 Runtime Ipport

-client : |pport

+client_datalni) rexec(} +eatRemoteHost()

+StartClientBT_actionparformed) +satRemotePort()
+eetConnect])
+eelDataToSend()
*ipport()

9117 4.13 UUILR18BIARIAAUTLUWALNA BLASTClient

42241 aAmra Frame2  fupanafiflugauseilssauiudidon uasin
i lunsEunnsldans BLASTClient Tmmzﬁﬁfmaf:ﬁﬁmiﬁz%ﬂﬁtyﬁqﬁ
1. StartClientBT_actionperformed() Fhunszinnafildifesunns
neszIUAzgnEentaafldfaussuulasnsygulidauians
client Gumsiaulngamaiaudngszus
2. client datain() dusnszinnisfigndeniiedmanisalliiudeya

1N BLASTServer

4222 aad Runtime lupatanidudaumentlszaruivuszuulfiznig
TnaBanldauuiungzyinnig blastall fansennnandAtymae
1. _exec() tfudansznanasi dGenuiiunszinnis blastall gniEanld

NuenludRiadadalilscunana

4.2.2.3 ARN4 Ipport lupanafifhudaudentlszanuiy BLASTServer tnu
TnsTmmreauuL TCP/IP Tngasiifanszinsiian ”mﬁqﬁ
1. setRemoteHost() usanssinnnsilddmsusaiilefiueninsg (IP
Address) 184 BLASTServer nagidnaamzidiens
2. setRemotePort() Iuganssrinnefilddusuaindaamiadnenn
2193903a7511979 BLASTServer uaz BLASTClient
3. setConnected() usanseinnn i ddmiuGunisdenseiy

v

v
BLASTServer IngiiailazfiaannnissiaanlafiianinsdiazANmadnig

©

in/aenvesdeyasiesianeiinig setRemoteHost() WA

setRemotePort() A8INat



49

4. isConnected() flusanszninisnldnagatin  BLASTClient £
‘dansiail BLASTServer atj1i3o 14
5. setDataToSend() udanserinnisn g unisdedayalile

BLASTServer

4.2.3 dyusialszaunugld
dnusatlsvauiugdaessruutlszananaiuaunuiiieaniiuassdoumuiien
v
AuunAnarvaaslngaziisaaniduniidediuiu BLASTServer  Uasutinp191es

BLASTClient Ingiazaanuuylildeuladnandinisldany blastall auing

4.2.3.1 WINFIN BLASTServer az711n190uny16 WiE lauinnisiaandug

¥ k7 X d’ [ ¥ ) ¥ o =K
wingudeyauazuindaaniaduiideyaiidizesuilunszinns blastall AasAauds
Ay n W Hiaendunauds lwnisusaumaunlaiawaliassuiuma blastx uaz blastn
Mg ldanuazsiasinnadentdung (path) dviudnlgscuuudaiignuils (shared file
system) ULLAFRNL3NUHN (file server) Hldvauazfiasinnisnailu Start Server Wiayinn1g
BFUNNINUIBITTLLNAZNALN BLAST! iiNaiiunisiszananalnaasideuaninadeay
LANDNADIUEANT  20IMNINNLUAZILOLRARIAINANME209n13N9 Tagazuan

\udmnsdaunasanuusuisunai i liuaassgi 4.14
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_lolx]
Database Port
IBLAST\DatabaseiDatabase =] 4444 Start Server BLAST!
Query
|I:18hunGunInput‘LElPs_shntgun.dhs ||j BLAST algorithm
Query Share Path ———
i) (® hlastx
I._I:IShareInputl ”j L
Output Share Path 1 hlastn

|J:15hareOutpuﬂ ||j

0% j{ aly’ /A 100%
I r = 3

& Pl byr #r 43
e 222

-~

. |

9109 4.14 »i1F19 BLASTServer

L1l

angUil 4.14 viedsing BLASTServer agiivfufiayaaliddauisandug
wilndayasine dunilnpnianRuesgudeyauazuiindieyateAmnunaenauianisiaen
dunmedmiudndrzuuuiiufignuds Sjadendondunendalunsa Baudleussuuy
ﬁuﬁmmmmmmmu:ﬁhﬂ 9szAL, uAzHALUdRIAN AT R Teildd

uuazsiasi s Trestesn1adn/aantesdayaliinseiuius1ee BLASTClient

4.2.3.2 wEN BLASTClient §lfmanuaiuazfiasnivuaidunisany
wilnnszrinnig  @unseesgudeyaiigninuts  nassauduniadnldssuuuiiniignus
paanAulefilannsd uay uNIEIAlTesTeInId/aanvesdeyates BLASTServer Adgt

4.15
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FABLAST Client _|Ol =
2]

BLAST Manager IP Address Port
192.168.200.64 4444

’Pr_ugram Path ”
.|

Database Path Connect

Query Path

Output Path

| 1772

' L v,
rd { £

7117 4.15 nri16ine BLASTClient

angUlfi 4.15 wiiasag BLASTClient aziltlailidldaudanugduniafiy
wilndayasine desivunlefiuennsa uaz FeenuaneaIedTeImnINd/eenT8
feyares  BLASTServer AABANUNHUTIMARIAIMERIszILI N NdwansiBeL ey
dnduuazgudeyalneg lne BLASTClent airswldfreidioldinnndense s
BLASTServer a1nAIsnatla Connect V”Tqﬁ"ﬁmgmﬁumqmﬂ paanauiadayaed

BLASTServer azfiaagninuualinauniazaiunsnldanuszunls

4.2.4 N1SHIUARITTUL

AN L AL A T U109 11N FNUAN AV ITNAI NN TR A9 LATE
a = X Hde o o o \ % @
1FN19uiy wza SharedServer Tnenisutiaiienidniuimawa uuindoyaiuULGnanw
AeAnguuy uazinnisldssuuuda (mount file system) iy BLASTServer uaw
BLASTClient ~ ynutedisiasnisldeusecuy  udavinnisdpawsanidunisdmiunisdnlg
sruLnin1siiy BLASTServer WAz BLASTClient waiaziung ineieilldunieaasszuuudud

\@ie1/81 1189979 BLASTServer WAz BLASTClient azfadmaarig
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User

| StartServerBT _actiochperfomned

Setlistening

BlastServer

gﬂ‘ﬁ 4.16 LLmumwéi']ﬁumeinﬁﬁ@@%ﬁmmzummﬂm Start Server
gldnussuuBEenlduetndn (applet) BLASTServer el ldeussy Tna Gy
AINN13NALN Start Server UNNTINA1Y BLASTServer Tmﬂgﬂ‘ﬁ' 4.16 Az FLTUARNS
fnudledldenszuuionenatl - -Start | - Server . azndumsidanldsanaziinig
StartServerBT actionperformed() ANt TN sias U BanldFanseyianng
SetListening() lupa1; Ipdaemon: iiteiiulthiimaweiednsuun- TOPIP « uazsafunis

\iansiea1n BLASTClient tWaasztaudngsziy

dl 2 O = Y v =] o dl '
Waszuueyaaliiinisamaeulfudadlitsazaiunsaiinisiiesse
BLASTClient Iasin1snaii]y  Connect twavinnsasnzidedngszun sty ldazdes
AuaAnlafiuennsd  desnnuusnugatrestamndeenteddays  aaanaunadu

N9N779N T ULLAN AR UNAZN I UN RN NN TaNAan U BLASTServer
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ElastServer Client ClientFrame

Uszar
StartClienBT_actionperformed :

saetConnact])

Raguest Connect Message J

BlastClient

a

30 417 wnunwasuwansafded fnussunnaa Connect

anguf 4.17 fedldvinn1anata Connect Luuiinging BLASTClient aziflunsis
Banldfans=innn?  StartClientBT actionperformed  @9agsinnsGanidmnszyinnng
setConnect Lnga1an client iiievinmsiesisialagnisdeinieseeluda BLASTServer

uaziflefifnfasgnaadanain. - BLASTClient . azutslfidusasnsdielunsdifif
A EinmeddlfssuuGuinaniauifetudouas Wnadng el B daldszuuinnnsg
ey

yndellldd IR erunBuinsuSauiioy BLASTServer assinnisaanzidle
Hesdiulifu BLASTClient Tagnstiufindnd BLASTCIient wialathaievenidsrunin
anizilil  BLASTClient  latheiianansndedemnnialduszananald  sdsanntduazin

BLASTClient #ifawmzilauiesrullameidewiusellinefuiaseugiudeyandaainy

gldnnnsdeliFuBeumeuanAusagli 4.18
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Conlrol Siring
1

| setDataToSend

|

| Control String

I =4

T

ManagarOf) ServerFrame sarver BlasiCliant
I I ) I
! [ ! I
: : Request Connect Message |
: : ! . server_connected :
I RiegisterClant I
1 : 1
1 1
: ; if ManagerDB) exists :
[ [
[ ClientConnect) [

W ‘ . W
LD AssignDB(] ,
[
1 AssignTask2 I
[
A TaskDar| j==0) |
# DR Done cannection|di =1 { AssigriDE ) :
fesignTask() :
[
[
[
[
[

BlastServer

gﬂ‘ﬁ' 4.18 WNUATWATALWMANNIRII89 BLASTServer flafif¥emeamzdouan
BLASTClient

anglit 418 edamanisal  BLASTServer dfudndeseamuidauan
BLASTClient fanszyinnng server_connect() 4848a1Lane server azgnizan RNt
wniflunnsameieuaiauenganszinns server_connect()-agnin1s@anlgsanszyinnig
RegisterClient() Wevinnnsasnefauiesfulngaziiumiaues BLASTClent auuslsd
ServerFrame wassnédlad IdssunBinmsnFaudienudalaaunndgevians
ManagerOBJ WA3  Serverframe AinNN3iFenfianszfninig  ClientConnect() Imel
ClientConnect() @:ﬁwﬁfqﬁﬁmumgmifmﬂﬁuﬁmmﬂﬁﬁu BLASTClient() ANt
ServerFrame() ALPINN910888NE AT N 2B nuiuN TN NN T A eduL LBy
pine7) TaennaiFansanszinnis AssignTask2() aangeuians ManagerOBJ 1aeinn3vinanm
mmﬁfaﬂizﬁqmmmﬂuﬁqgﬂﬁ 4.19 amiuazdsrnuanesnusldedeuand server ivads

dayalilela BLASTClient Tneifianszinnis setDataToSend()
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Start

i
.|

If AllTazskDone

no

If IsDBDone YES — AssignDB

ng

+

AsslonTask

9117 4.19 F9UABIFINIENAINT AssignTask2()

AINgUN 4.19 N19MN9UBRIFAINIZIIINIT AssignTask2() AZEFNAINNIIAIIRAELIIN
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sduuunam (FASTA format)

stutuhan gL uiuasil

>gi|14090356|dbj|AP003233.3|AP003233 Oryza sativa genomic DNA, chromosome 1, PAC clone:P0037C04
TTACTTTTGTTTTCCTTTCGCCAATACTCTTCTGGACACAGGGCAAGTTTAGACCCTATTTAGATGGGAC
TAAATCCCTATCATATCGAATGTTTGGATACTAATTATAAATATTAAACGTGGACTATTAATAAACCCAT
TCTATAACCCAGAACTAATTCGCGAGACGAATCTATTGAGCCTAATTAATCAATGATTAGCCCATGTGAT
GCTACAGTAAACATACGCTAGTTATGGATTAATTAGGCTTAAAAAATTTATCACGCGAATTAGCTTCTTA
TTTATGTAATTAGTTTTATAAATAGTCTATGTTTAATACTCCAAATTCATCCGTTATGACATGGACTAAA
GTTTAGTCTTTGGATCCAAACTTATTCTTCAAACTTTCAACTTTTCCATCACATCAAAACTATCCTACAC
ACACAAACTTTCAATTTTITCCTTTCATATCGTTCTAACTTCAACCAAACTTCTAATTTTAACGTGAACTA
AACACACCCACAGTACACATGGGAAAGAAGCTGGTTCCAGGGTTAAAGGTCCTGCACTGCAGGCGTTGGC
TGCGCTGGACAGAAAAAAAAATGACCAAACCAAAAACCGAACTGAATTAACAGAGACCGAGAAATTCGAT
CATCAGTTGTGACTAATTGAATTTAACACTGTCTTTTAAAACGAAATAACTGAGCTGACCGAATCGATGT

7171 n.1 F@Eng FASTA format

stutuNanENARIALLSIALINAZRATANUNIENINNTY (>) ANNAEAIUSIENE
RMUIU 1 UTINA Fundn FASTA definition line Tyazuaniienil Accession number 1178
GenBank Identifier bay Locus number d911139%msa liliiluarsumeiaanundelamg 80

[

ARANI (FINAIBNHIUAZTDII)

dmiudnestainldunuiliaale ndisensnesiiuseaiulniuninsgn

IUB/IUPAC #ail

famalalng ;

A UNW adenosine M- LA C (amino)
C WU cytidine S WU G C (strong)
G WhU guanine W i AT (weak)

T unk thymidine B uwnu GTC

U W uridine D und GAT

R W1 purine H uwi ACT

Y WNU pyrimidine Vo und GCA



K unu GT (keto)

UnU gap

n7ARTN L

A
B
C
D
E

T o ™M

z

Wi alanine

W1 aspartate or asparagine
Wi cystine

W aspartate
Wi glutamate
Wi phenylalanine
Wi glycine

W histidine
WU isoleucine
Wi lysine

W leucine

LN methionine

Wi asparagine

X N < = < ¢ 4 o ®»mn p T

*

W AGCT (any)

N proline

LN glutamine

W arginine

WU serine

Wnid threonine

Wi selenocysteine
i valine

Wi tryptophan
N tyrosine

W glutamate or glutamine
WNi any

N translation stop

W gap of indeterminate
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Improving the Performance of BLAST in a Memory Limited
Environment
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Phayathai Rd., Phathumwan Bangkok 10330, THAILAND
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Abstract: BLAST has become an important tool for the research in
bioinformatics areas, since it can help scientists to make inferences about the
functions of proteins. The BLAST’s database is enormous and has been
growing every day, and this causes the lower performance of the program.
This paper presents an alternative way to improve the performance of
BLAST in a single machine by reducing the overhead of disk swapping.

Key words: BLAST, Distributed database, Parallel search, Clustering,
Memory Limited

1. Introduction

BLAST (Basic Local Alignment Search Tool) ™ is one of the most widely
used search tools, which identifies statistically significant matches between
newly sequenced segments of genetic material or proteins and databases of
known nucleotide or amino acid sequences. Such searches allow scientists to
make inferences about the structures and functions of their discoveries or to
screen new sequences for further investigation.

Although BLAST have been designed and optimized for speed, the major
drawback of BLAST is that it consumes large amount of CPU-time, memory,
and 1/O. It takes a very long time to search a large number of queries in a
large database. There were attempts to reduce the searching time using many
approaches such as upgrading computer hardware, using some parallel
approach such as parallel queries search or using multiple processor
machines. Our preliminary study of BLAST indicates that BLAST’s running
time is proportional to the size of the database. BLAST shows the highest
efficiency .if the whole database can be fitted in the-memory. -As the genome
databases are enormous and doubling in size every 1.3 years', it is important
to recognize the performance limitation due to the limited main memory.

To overcome this problem, we propose to separate the database into smaller
parts, which ‘each part fits the available memory and then search each part
separately. We find that the time used for searching all separated parts is
almost equal to the time used to search the whole database with the memory
large enough to hold it. This provides us the maximum efficiency for a given
memory size.
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This paper reports on our progress to design and develop the parallel system
environment for BLAST. The paper is organized as follows. In Section 2, we
begin with a preliminary experiment to the better understanding of the
behavior of BLAST and the essential knowledge to improve the performance
of the program. Then we describe the process to improve the performance
and the result of the improved system in Section 3. Section 4 concludes the
paper with status of the current prototype implementation and discussions of
some future work.

2. Background

From our preliminary study of BLAST, we find that BLAST needs high
bandwidth of the main memory. BLAST will show the highest efficiency if
the whole database can be fitted in the main memory while searching. In the
experiment, we vary the memory size while maintaining the other system
environment such as CPU or hard disk; we find that the system with memory
less than the size of the database will take longer time to process large
amount of queries while the system with excess memory will not increase the
performance of the search. This problem is called “memory-bounded
problem”, a problem in parallel processing .

Memory Size Number of Queries

(Megabyte) 10 50 100 500 1000
128 5 33 70 351 706
256 2 15 37 180 364
512 2 14 37 180 363

Table 1 shows the performance of BLAST at the different system environmentS

From the sample experiment, we use database named NR size 234 megabytes
to represent the performance of the program because this size of database can
fit.into 256 megabytes of memaory or higher. We can see that the performance
is improved when we use larger size of memory. But if the-memory size is
too large, the system can no longer be improved. As we can see in the table 1,
the performance of BLAST at 512 megabytes of memory cannot improve the
performance from the system with 256 megabytes of memory at all.
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Figure 2 shows the linear performance of BLAST at the different system environments

The behavior of the searching process can be described. BLAST tries to copy
the whole database into the main memory while searching every single query
in the database. If the database is too large to fit into the main memory, the
operating system will automatically allocate the memory space by swapping
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the memory contents. The disk throughput is normally much less than the
memory throughput, so the time is wasted by swapping between disk and
memory. Since the memory which can hold the whole database at running
time has to be enormous and expensive, moreover the systems that can install
large size of database are scarce, the system should be improved to solve this
problem.

We find that the database can be divided into smaller pieces. BLAST’s
database structure is simply a text file. Each database record is started with
character “>" followed by necessary fields separated by “|” and ended up
with protein or DNA sequence. The database file can be cut at the end of any
record which is just before the “>”.Output from the separated database can
also be merged by just concatenate the result of each query together.

CKLSIKRATVIYEGERVAIQNKFKNGMLHGQKVSFFCKHKEKKCSYTEDAQCIDGTIEIPKCFKEHSSLAFWKTDASDVKPC

> gi[129249|sp|P02820|OSTC_BOVIN OSTEOCALCIN PRECURSOR (GAMMA-CARBOXYGLUTAMIC ACID-
CONTAINING PROTEIN) (BONE GLA-PROTEIN) (BGP)fgi|538590|pir\|GEBO osteocalcin precursor -

bovinefgil8|emb|CAA35997A1| (X51700) bone Gla precursor (100 AA) [Bos taurus]fgi|720|emb|CAA37737.1

(X53699) Gla protein precusor [Bos taurus]

Figure 2 shows an example of the BLAST’s database records

3. Performance Improvement

The system performance is hypothetically better if the database size is fitted
the memory size while searching. To avoid the overhead caused by swapping,
we propose steps to reduce the time to search a large number of sequence
queries as follows.

1. Preprocessing — separate the database into smaller parts to be able to
fit in the memory (the size should be almost similar to the available
memory) then create index files for each of the.

2. Processing — Search all queries in each of the splited database parts.

3. Postprocessing — Concatenate the output.

We proof this hypothesis by separate the database into different sizes which
are small enough to fit in the main memory then process all queries and
concatenate the output together. The experiment is carried out in one machine
to eliminate the overhead of communication between machines. The total
time is the sum of all processing time in each separated databases and
postprocessing time. The preprocessing time is not counted because the
preprocessing is done only once before processing any query.



n
ttotal :Zti +tpost
i=1

Where
tom = Total time used.
Epos = Time to concatenate all output.
t = Time to process database part i.
n = Number of separated databases.
No. of D Database Time MRE USed Total time
atabase / to
separated Part No Ve LY concatenate used
Database “ | (Megabyte) (min) (min) (min)
1 1 234 70 0 70
1 109 17
2 1 38
2 125 20
1 100 16
3 2 100 15 1.5 38.56
3 34 6

Table 2 shows the performance of BLAST at various numbers of separated databases.

The experiment is done with the same database in the section 2. We separate
the database into different sizes and process the same 100 of queries at the
fixed memory size at 128 megabytes. We can see that no matter how many
parts the database is separated, ‘if each part of the database fits the memory,
the time used to process all of them will equal to the time used to process the
original database in the environment which memory can contain the whole
database at runtime. The time used-to concatenate the output depends on
number of separated databases because the more output file will.need more
time to concatenate. The performance of the proposed method, can be
measured using “speedup”. Speedup is the ratio of the normal execution time
to the improved execution time. In our experiment, the speedup of the
improved system is the total time used in an improved system divided by the
time used in a single database search which is 70/38 = 1.84 times faster.
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The results show that the time used to search through the separated databases
at the limited memory size is equal to the time used to search in the
environment that memory size is large enough to hold the whole database. In
fact, there are some overhead in merging the outputs which depend on the
search result and the number of separated databases. The overhead is less
than a minute in this case and will take longer time depends on the pieces of
the separated database.

4. Conclusions and Future work

In this paper, we have studied the main factor which slowdowns the
searching process of BLAST and have found the way to solve this problem.
Since BLAST’s databases are enormous and have been growing larger every
year and main memory cannot hold the whole database at running time, so
the overheads are generated by swapping of the memory contents. We
propose to separate the database to be able to fit the available memory and
search through each database part separately. This provides us the maximum
efficiency for a given memory size. Form the results of our experiments,
BLAST shows that the performance can be doubled when we apply our
technique. However, the improvement can be varied depended on the
database size, the disk speed and the size of memory. Our proposed steps are
not only enabling BLAST to search through the whole database at the peak
performance, but also reducing the access time. The access time of the disk
is reduced due to the smaller database fits in the given memory and requires
no disk swapping.

We plan to expand our studies to apply our techniques to improve the
performance of the searching on the clustered computers by distributing each
database part to each of the clustering node and performing the search in
parallel, and we expect even greater performance improvement. We are in the
process of designing an optimized system at different number of processors
to maximize the performance of the system.
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