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TOM TAT - Bai todn tim kiém motif trén trinh tw ADN la mét bai todn phuc tap va mdt nhiéu thoi gian dé giai quyét. Pé c6
rdt nhiéu thudt todn dwoc dé xudt va gidi quyét tot cho bdi todn ndy, nhung vé van dé thoi gian van la thach thire I6n. Bén canh do,
hién nay cong nghé tinh todn song song trén GPU rdt phé bién, vi vy thuc hién song song héa bdi todn tim kiém motif trén GPU sé
la gidi phdp nham cdi thién van dé thoi gian. CUDA va OpenCL la 2 cong nghé Idp trinh trén GPU phé bién nhdt hién nay. Trong
bai bdo ndy, ching t6i tién hanh song song héa thudt toan Pattern Branching tim motif trén GPU bang hai cong nghé CUDA va
OpenCL nham déanh gid so sanh hiéu sudt giita ching.

Tir khoa - motif ADN, CUDA, OpenCL, song song, sinh tin hoc.
I. GIOI THIEU

Trong vai thap ky qua, v6i sy phét trién manh mé cua cong nghé sinh hoc, mot khéi lugng 16n dit liéu sinh hoc
phan tir (gene, protein, genome) di duoc thu thap, luu trit va chia sé tai cac ngan hang dir lidu thé giéi nhu: GenBank,
EMBL, DDBJ, PDB... Trong d6 bai toan tim trinh ty motif nham tim ra cac doan trinh tu nucleotide hay amino acid
pho bién trong cac day trinh tw DNA, RNA hay protein, ban than motif dai dién cho chirc nang, céu tric hodc thanh
vién trong ho, tir 6 phén tich ching gop phan xac dinh tinh ning sinh hoc. Viée di tim nhiing mau trinh ty twong tw
hoic so véi nhitng mau c¢6 sin dé tim ra tinh ning sinh hoc ciia gene gitp ich rat nhiéu cho viéc nghién ctru va dua ra
phuong phép chita tri va ngén ngtra cac can bénh nan y.

Di c6 nhiéu thuét toan dugc thiét ké dé giai quyét bai toan nay, mdi thuat toan c6 nhitng wu khuyét diém riéng
cua nd. Nhin chung, dya vao phuong phap ti€p can cac thuat toan tim kiém motif dugc phan lam hai nhom:

Nhom phuong phap tiép can dwa trén khong gian mau nhu Consensus, Gibbs sampling, MEME, cac phuong
phép nay thuc hién kiém tra dua trén mot tap hop mau cho trude tir d6 xac dinh cac vi tri xuét hién truc tiép cua motif,
mic du phuong phap tiép can dwa trén khong gian miu c6 nhiéu sy lya chon md hinh thdng ké phu hop (Stormo and
Hartzell 1989; Lawrence et al. 1993; Bailey and Elkan 1994; Hughes et al. 2000; Workman and Stormo 2000; Thijs et
al. 2001) tuy nhién n6 van phu thudc nhiéu vao mé hinh Iya chon déu tién va yéu cau phai chay nhiéu 1an dé ting xac
suat tot hon cho thuét toan.

Nhom phuong phép thir hai tiép can dua trén chudi mau nhu thuat toan Teiresias, MITRA, bang cach sir dung
mot chudi trung tim (trong ADN duoc biéu dién bang 4 ki tw alphabet) gia dinh nhu 1a mot motif, phuong phap chudi
mau thuc hién tim kiém vét can trén tt ca tap 4! motif ing vién cho mot motif véi chiéu dai | va dam bao réng motif
t6i wu dwoc tim thay. Tuy nhién cac phuong phap nay doi hoi rat nhiéu thoi gian va khong gian tinh toan.

GPGPU (General-purpose computing on Graphics processing units — tinh toan chung trén b xir Iy dd hoa) da
hoan thanh nhiém vu tinh toan ma ban dau duogc thyuc hién bai CPU, véi bo xtr 1y db hoa dugc thiét ké dé phuc vu cong
viéc dd hoa da thuc hién duoc cac phép tinh toan thong thudng khong lién quan dén xir 1y dd hoa. Do co ché song song
cao ctia cac GPU hién dai va tinh gian 1ap trinh, mot bo xtr Iy dong (stream processor) c6 thé sir dung dé xir Iy cac cong
viéc khac d6 hoa, ching han nhu giai phuong trinh vi phan. Dic biét, véi md hinh SIMD (Single Instruction Multiple
Data — Pon dong 1énh da dir liu), qua trinh t6 chirc va chuyén doi dir liéu sé ton it thoi gian hon gitp hiéu suét trén
GPGPU la tot hon nhiéu so véi cac chuong trinh trén CPU truyén thong. Pay 1a cong nghé méi trong nhitng niam gan
day mic du GPU dugc trinh bay trong nhiéu nam, lap trinh véi cac ngon ngit nhu C van rat kho, cac lap trinh vién cam
thay kho khian trong viéc dich cic van dé toan hoc vao trong d6 hoa. Nam 2006, khi NVIDIA phéat hanh CUDA gitp
cho viéc 1ap trinh dé dang hon nhiéu, GPGPU tr¢ nén pho bién.

Su phat hanh CUDA cua NVIDIA da lam nén cac phan mém GPU va cac hé thdng phan cimg tinh toan di liéu
song song trén thiét bj. CUDA khéng can dung giao dién 1ap trinh Ung dung dd hoa (API-application programming
interfaces) va co thé sir dung mot cach de dang dé xu 1y, sir dung ngo6n ngir C phat trién, do 6 khong can phai hoc qua
nhleu cu phap moi. Klen trac CUDA gdém phan cung va phan mém: phan cimg hd trg cong nghe CUDA (ttr dong G80
trg vé sau) va phan mém bao gom cac trinh diéu khién c6 lién quan, trinh bién dich nvce,... Ca phan cing va phan
mém phai dép g cac yéu cau dé chay cong nghé CUDA.

OpenCL (Open Computing Language) la mot framework méi cho 1ap trinh trén platform khong dong nhit.
Platform d6 c6 thé bao gom CPU, GPU va céc thanh phan khdc cta b vi xu 1y giap ho tro tinh toan. OpenCL duge
xay dung vdi ngdn nglt dua trén C99 cho ham nhan (ham chay trén mdt thiét bi OpenCL) va mot API dung dé dinh
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nghia va diéu khién platform. OpenCL ciing twong tu nhu 2 tiéu chudn mé khac 1a Open Graphics Language (OpenGL)
va Open Algorithms Language (OpenAL). Hai tiéu chuan duogc st dung trong d6 hoa 3D va 4m thanh may tinh.
OpenCL 1a mé rong ning luc ciia GPU do d6 no ¢ thé dung cho cac cong viée khac dd hoa. OpenCL duoc quan li boi
t6 chirc phi loi nhuan 1a Khronos Group. Pau tién nd dugc phat trién va mang nhan hiéu ctua Apple va sau d6 dugc
hoan thién béng cach hop tac véi d6i ngili k¥ thudt tr AMD, IDM, Intel va NVIDIA. Sau d6, Apple da d¢€ trinh dy thao
nay qua cho Khronos Group. Bay gio GPU ciia ca NVIDIA va AMD déu hd trg OpenCL.

Thuét toan tim motif du tién duoc song song hoa dya trén thuat toan MEME. Trién khai cua CUDA-MEME
trén cac GPU duoc trinh bai trong [1], thuat toan MEME da duoc song song hoa va chay trén GPU cai dat bang cong
nghé CUDA. Duya trén phan tich hiéu suat ciia chiing, toc d6 binh quan cia CUDA-MEME tang 20.5.

Thuat toan mCUDA-MEME [2] 1a mét mé rdng cia CUDA-MEME. CUDA-MEME chay trén mot méy tinh
don vai GPU, trong khi mCUDA-MEME chay trén mdt cum may tinh véi GPU. Cac CUDA-MEME sé€ trao doi cac
g0i tin v&i nhau thong qua giao thire gitra cac GPU.

Trong viéc thyc hién CUDA-Gibbs sampling, ngudi ta chon gid tri Sypaaring theo yéu cau thay vi Iya chon ngiu
nhién. Loai b cic yéu td ngau nhién lam giam co hoi tim dugc motif tot. Tuy nhién, bu lai d6 sé lugng miu thir ting
1én. Cac chién lugc toi wu hoa thuat toan bao gom: cai thién cach tinh diém PSSM va sap xép lai cac tién trinh nham tdi
thiéu SIMD (Single Instruction Multiple Data) phan ky. Bang chién lugc nay thuc hién trén CUDA, toc do thuat toan
cai thién tot hon 10 lan [3].

Chuong trinh song song [4] trinh bay mdt cach tiép can song song hi¢u qua khac cho bai toan tim kiém motif
trén GPU sur dung phuong phap BitBased. Thuat toan BitBased ban dau duge dé xuét cho CPU [5], n6 di giai quyét bai
toan tim kiém motif voi 1 =21 va s dot bién k = 8 trong 1,1 gio.

Bai bao ndy thyc hién song song hoa thuét toan Pattern Branching, thuét toan dugc dé xuét boi Pevzner va Sze
[6], thudt toan dugc cho la trién vong so v6i tim kiém motif bang phuong phap ngau nhién hay phuong phéap chon mau
bang xéc suit, thut toan duoc cai dat bang CUDA va OpenCL chay trén GPU nham danh gia hiéu sut giita 2 cong
ngh¢ nay.

Céc phan cia bai bdo nhu sau: phan 2 gidi thidu vé bai toan tim motif, phan 3 trinh bay vé thuat toan pattern
branching, cong ngh¢ CUDA va OpenCL, dong thoi trinh bay cach thirc song song hoa thuét toan pattern branching
trén GPU. Két qua dat dugc s€ duoc trinh bay trong phan 4 va phan cudi cung 1a ket luan.

II. BAI TOAN TiM MOTIF
A. Dinh nghia motif
Motif 1a mét trinh tu nucleotide hay amino-acid c6 (hodc cé thé c0) chirc nang sinh hoc nao do.

Bai toan tim motif trén ADN c6 thé dugc dinh nghia nhu sau: Cho mét tap trinh tw ADN, tim cac chudi giéng
nhau hay gén giong nhau (trudng hop mdt vai nucleotide bi dot bién) xuat hién trén tat cé cac trinh tu.

Vi du cho 5 chudi trinh ty nhu sau, truong hop khong c6 dot bién:

1. cctgatagacgctatctggctatccacgtacgtaggtectetgtgegaatctatgegtttccaaccat
2 agtactggtgtacatttgatacgtacgtacaccggcaacctgaaacaaacgctcagaaccagaag
3 aaacgtacgtgcaccctctttcttegtggetcetggecaacgagggetgatgtataagacgaaaattt
4. agcctccgatgtaagtcatagetgtaactattacctgecaccectattacatcttacgtacgtataca
5 ctgttatacaacgcgtcatggeggggtatgegttttggtegtegtacgcetegategttaacgtacgte
Chuing ta tim dugc motif trong tép 5 trinh tu trén 1a: acgtacgt.

Trudng hop vai 2 dot bién, xem tap 5 trinh ty nhu sau:

1. cctgatagacgctatctggetatccaGgtAcgtaggtectcetgtgegaatctatgegtttccaaccat
2 agtactggtgtacatttgatCcgTacgtacaccggcaacctgaaacaaacgctcagaaccagaag
3 aaacGtaCgtgcaccctctttcttcgtggetctggecaacgagggctgatgtataagacgaaaattt
4. agcctcegatgtaagtcatagcetgtaactattacctgecaccectattacatcttacGTacgtataca
5 ctgttatacaacgcgtcatggeggggtatgegttttggtegtegtacgcetegategttaacgTacCte
Chting ta tim dugc cac motif nhu cac trinh tu nucleotide dugc in ddm & trén.
Vén d& tim kiém motif c6 nhitng su kho khan nhu sau:

— Khéng biét dugc cac mau ctia motif
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— Khéng biét dugc vi tri xudt hién cta motif trong trinh tu.
— Céc motif c6 thé khac nhau trong céc trinh ty.

B. Khodng cdch hamming va ldng giéng ciia l-mer.
- Khoang cach hamming

Mot dog}n trinh tu nucleotide ngén v6i chiéu 1a 1 ki hiéu 1a I-mer, khoang cach hamming cua 2 doan I-mer dugc
tinh dya trén s0 ki ty khong khdp cua 2 doan I-mer d6.

Vi du: d(ACGT, ATGT) = 1, ACGT khac ATGT tai nucleotide thw 2.

Goi S 1a tap cac trinh ty ADN gém ¢6 n trinh tu, khoang cach hamming giira mot doan l-mer A vdéi tap trinh tur
S duogc tinh nhu sau:

Bude 1: Tinh khoang cach hamming cua doan l-mer A d6 dén céc trinh tu Si
d(A,Si) = min{d(4, P)|P € Si} (i=1,..,n
Trong d6: P 1a biéu thi cho mot doan 1-mer trong Si.

Bude 2: Tinh tong khoang cach ciia doan l-mer A dén miu S.

d(A,S) = Zd(A, Si)
i=1

Khoang cach hamming ctia doan I-mer dén tap trinh ty S chinh 13 diém sb dé danh gia doan 1-mer nham tim ra
doan motif t0t nhat.

- Léng giéng cta l-mer

Lang giéng cia mot doan 1-mer 1a tap l-mer B dugc dinh nghia boi cong thire sau B = D_;(4), trong d6 D 1a
khoang cach cua cac l-mer trong tap B dén l-mer A bang 1.

Vi du: Cho I-mer A (TTG), tap lang giéng cua A 1a:
ATG CTG GTG TAG TCG TGG TTA TIC TIT
- Lang giéng tot nhat: M 1a 1a lang giéng tot nhat cia A, M € D_;(A) va d(M, S) 1a nho nhét.
III. PHUONG PHAP
A. Gidi thudt Pattern Branching

bat mot M 1a mot motif — duge xem nhu 1a mot pattern co6 chiéu dai 1, va dat A0 1a mot thé hién cua M trong
mau voi chinh xac k dot bién, goi d 14 khoang cach Hamming, ta c6 d(M,A0) = k, tirc khoang cach Hamming cia
pattern M dén chudi A0 bang k, ta néi M € D_, A0, D dugc dinh nghia nhu mét tip hop cac chudi véi khoang cach
chinh xac tir k dén A0. Thuat toan Pattern Braching s& dinh nghia mot ham BestNeighbor nhim tim duong di tir chudi
A0 dén lang giéng tot nhat Al ciia n6 trong tap D_; A0, theo cach d6 thi mot nucleotide bi thay ddi. Rdi tir lang giéng
t6t nhat A1 d6 ta tién hanh xét dén pattern ling giéng t6t nhat A2 trong tap D_;A1. Ctr nhu vay ta tién hanh tim lang
giéng t6t cho nhét cho A0 khi dén k dot bién cho phép.

A0 — Al -5 A2 — ... - Ak.
Thuét toan:
Piu vao:
Tap hop céac chudi trinh tu S = {S1,S2,...,Sn}.
Chiéu dai ciia motif 1a 1.
S6 lwong dot bién 1a k.
Piu ra:
Motif c6 chiéu dai | voi k dot bién.
Thuat toan:
1. PatternBranching(S, 1, k)
2. Motif « arbitrary motif pattern
3.  Foreachl-mer AOin S
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4 Forj«—0tok

5.4

6. If d(Aj, S) < d(Motif, S)

7 Motif «— Aj

8 Aj+1 « BestNeighbor(Aj)
9 OutputMotif

10. }

B. CUDA va OpenCL

CUDA va OpenCL cung cap 2 giao dién khac nhau cho 1ap trinh GPU NVIDIA. Ca 2 déu goi mot doan ma thuc
thi trén GPU thong qua ham nhan kernel. Tuy theo moi ngén ngir co su khoi tao, khai bao khac nhau. Sau day 1a mot
s0 dinh nghia tuong dong cta 2 ngdn ngir.

Su tuong ddng giita cac don vi tinh toan va khong gian bo nhé:
Bing 1. Sy twong dong giita cdc don vi tinh toan va khong gian by nhé
CUDA OpenCL
thread work-item
block work-group
global memory
constant memory
shared memory local memory
local memory private memory
Cu phap ham nhan:
Bang 2. Su tuong ddng cac ca phap ham nhan
CUDA OpenCL
__global__ (ham) _ Kkernel
__device_ (ham) khong can khai bao
__constant__ (bién) __ constant
__device__ (bién) __global
__shared__ (bién) _ local
_syncthreads() barrier()
Su khac nhau vé mot sb API khéi tao nén tang, bd nho:
Bang 3. Mot s6 API khai tao nén tang, bo nhé
CUDA OpenCL
Khong c¢6 ham twrong dong ~ clCreateCommandQueue()
clCreateProgramWithSource() or
cuModuleLoad()
clCreateProgramWithBinary()
Khéng c6 ham twong dong  clBuildProgram()
cuModuleGetFunction() clCreateKernel()
cuMemAlloc() clCreateBuffer()
cuMemcpyHosttoDevice() clEnqueueWriteBuffer()
cuMemcpyDevicetoHost() clEnqueueReadBuffer()
cuParamSeti() clSetKernelArg()



Nguyén Tén An, Trin Vin Lang, Nguyén Gia Khoa 741

Khong c6 ham twong dong; ham nay 1a mot phan trong
clSetKernel Arg()

cuLaunchGrid() clEnqueueNDRangeKernel()
cuMemFree() clReleaseMemObj()

cuParamSetSize()

V€ cau tric cia mot chuong trinh:

Céu tric ciia mot chwong trinh CUDA don gian hon so v6i mot chuong trinh OpenCL, do CUDA chi st dung
trén nén tang cic GPU NVIDIA hd trg CUDA, trong khi OpenCL lai sir dung da nén tang chinh vi vy qua trinh khai
béo truy van thiét bi OpenCL twong ddi phirc tap hon 1a CUDA chi can chon GPU dé truy van. Dudi day 1a ciu triic
chuong trinh gittra CUDA va OpenCL:

Bing 4. Ciu truc chuong trinh gitra CUDA va OpenCL

CUDA OpenCL
1. Chon GPU. 1. Truy van céc thiét bi OpenCL.
2. Cép phat by nhé trén GPU. 2. Tao context lién két OpenCL va thiét bi.
3. Chuyén dit liéu tir CPU vao GPU. 3. Tao program chira mi ngudn.
4. Goi ham kernel d¢ tinh toén. 4. Dinh nghia kernel dé goi thuc thi program.
5. Chuyén dir liéu tir GPU sang CPU. 5. Tao memory objects trén host hay device.
6. Lap lai budc 3 dén 5 néu can. 6. Sao chép dit liéu vao device.
7. Giai phong bo nhé. 7. Cung cip cac dbi s cho kernel.
8. Dua kernel vao hang doi dé thuc thi.
9. Sao chép két qua tir device vé host.

10. Giai phong ving nhé.

OpenCL 1a mot chuin m& dung cho ca GPU, CPU va cac thiét bi khac con CUDA chi danh cho 1ap trinh song
song trén GPU NVIDIA, chinh vi vady OpenCL khong thé hoan toan cung cap day du cac tinh nang c6 thé sir dung trén
GPU NVIDIA nhu CUDA, chang han: ma OpenCL trong ham nhan khong hd trg ham printf, diéu nay gay kho khan
rat nhiéu trong viéc kiém tra két qua tinh toan, OpenCL 1.2 trd 1én méi hd trg bd nhé texture 1D trén GPU NVIDIA,
bd nhé texture 1a b nhd toan cuc chi doc cé kha nang truy xuat nhanh hon so v&i bd nhé toan cuc global, trong khi
CUDA d3 hd tro bo nhé texture 1D, 2D va 3D.

C. Song song giai thudt Pattern Branching trén GPU
- Té chire dit licu

O mot hé thng da xir 1y s& bi gidi han boi sé lugng cac thanh ghi, tir d6 néu mot ludng sir dung mot sé lugng
16n thanh ghi thi s6 bién trong hoat dong trong ciing mot khdi s& it hon, giam hiéu ning cua GPU. Dé cai thién hiéu
ning GPU thi can giam s6 lwong thanh ghi s dung cang nhiéu cang tét. Vi mdi trinh tur dau vao co chiéu dai L ¢6
L-1+1 doan I-mer, néu doan I-mer dugc biéu dién bang cach sir dung mang ki tu thi moi doan I-mer s& can dén 1 byte bo
nhd, nhu vay khong gian bo nhé dé 1u'u céc doan l-mer nay rat tén kém, thay vao d6 ta st dung mang 5O nguyén integer
dé biéu dlen 1 l-mer, nhu vay chi mat 4 byte hodc 8 byte cho 1 I-mer. Vi du , 4-mer CGGA ¢ the biéu dién bang cach
sir dung 1 s6 nguyén, con sb nay s& dugc biéu dién dudi dang nhi phan 1a 01101000 (trong d6 mdi nucldeotide s& duoc
biéu dién bang 2bit, Ala00,Cla0l,Glal0vaT lall), véicach biéu dién nay voi doan I-mer ¢ 1 < 16 chi can sur
dung 4 byte s6 nguyén, 1 < 32 chi can ding 8 byte sO nguyén va voi cach biéu dién nhi phan nay ta c6 thé tinh khoang
cach hamming gitra cac doan l-mer dé ~dang bang cac phép tinh bit. Do d6 c¢6 thé chuyén mang ki tu ctia chudi trinh tu
dau vao thanh mang s6 nguyén, m01 sO nguyén tai vi tri i s& biéu dién doan 1- mer tai vi tri i cua chu01 trinh ty du vao.
Bing cach chuyen sang mang s6 nguyén nhu vy, mot ludng trén GPU chi can doc mot con sd nguyén thay vi doc
1 byte ki tw. Bang cach d6 chuong trinh s& giam sb lwong thanh ghi trong qué trinh doc ghi dit liéu dau vao. Cac doan
l-mer dau vao 14 dir liéu khong thay ddi trong qua trinh xtr Iy thuét toan ta sir dung bd nhé toan cuc cua GPU dé luu
chung.

- Song song thuat toan

Véi cach t6 chire dir liéu nhu trén, véi mdi doan l-mer cia mot trinh tw, s& dua vao thuc hién thuat toan Pattern
Branching trén mdt ludng, cac luong s€ thuc hién dong thoi s€ 1a giai phap song song hoa thudt toan Pattern Branching.

Qua trinh xir Iy ctia thuat toan trén hé thdng CPU két hop GPU nhu sau:
Input: Tap trinh ty S ¢6 n trinh tw, mdi trinh ty c6 chiéu dai L, chidu dai motif 1, s6 dot bién cho phép k.
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Output: Motif M.

CPU: Khdi tao tap tAt ca cac l-mer tir tap dir liéu trinh tu dau vao cho GPU.
GPU:V6i mdi thread € {0,1,...,(L — L + 1)} ctia cac block € {0, ..., (n — 1)}

e Thyc hién thuat toan Pattern Banching véi mdi I-mer twong tng véi timg thread.
e Xuét motif M twong tmg v6i mdi thread.

CPU: Tong hop tap cac motif M tir cac thread. Tim motif M t6t nhat.

So dd song song héa thuét toan Pattern Branching:

Bit ddu

Phan chia tap hop trinh ty

Tép hop gom S cho n block xi f

trinh tw

Tép hop g(')m Téap hop gém Tép hop g(')m
Siblock Siblock S/block
trinh tur trinh tw trinh tur

Pattern Pattern Pattern Pattern Pattern Pattern Pattern Pattern Pattern
Branching il Branching Branching Branching @l Branching Branching Branching il Branching Branching
(I-mer 1) (I-mer 2) (I-mer n) (l-mer 1) (I-mer 2) (I-mern) (I-mer 1) (I-mer2) (I-mern)

Téllg hop tép Motif két
qua M tir céc tien trinh

Xudt tap motif két qua
tot nhat

Hinh 1. So dd song song hoa thut toan Pattern Branching
IV. KET QUA THU'C NGHIEM

Thuét toan Pattern Branching dwoc cai dic xir 1y song song va tuan tu trén hé thdng CPU intel Core i5-4210U
1.7Ghz, 4GB Ram va GPU NVIDIA Geforce 820M. Chuong trinh xt 1y song song duoc 1ap trinh trén hai bd cong cu
1a CUDA va OpenCL dé tién hanh so sanh hiéu suit ciia chiing. Chuong trinh s& sir dung bé dit liéu tir [7] dé tién hanh
danh gi4 két qua cua thuat toan Pattern Branching xtr Iy song song va xir 1y tudn tw. Cac tap trinh tu thir nghiém gdm
20 trinh tu v6i chidu dai mdi trinh tu 13 600, day la ) lugng trinh ty va chiéu dai duoc dat ra trong bai toan thach thirc
tim motif [8], chidu dai va s6 dot bién cua cac motif cdn tim khac nhau trong timg truong hop. Sau dédy 1a bang két qua
va thoi gian thyc thi thudt toan (khong tinh thoi gian khoi tao).
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Bang 5. Bang két qua so sanh thoi gian thuc thi

Tap dir
liéu

(1L,k)

Motif két qua

Thoi gian thwe hién thuit todn

Tuan ty
CPU

CUDA

OpenCL

9.2.txt

9.2)

GTTCAGCGT (1)
GTTCAGCGT (2)
GTTCAGCGT (3)
GTTCAGCGT (4)

19.11s

5.51s

2.49s

12.3.txt

(12,3)

CCTGCCAGAAAA (1)
CCTGCCAGAAAA (2)
CCTGCCAGAAAA (3)
CCTGCCAGAAAA (4)

18.89s

5.13s

2.69s

15.4.txt

(15,4)

ATCGAGCTTTGACAA (1)
ATCGAGCTTTGACAA (2)
ATCGAGCTTTGACAA (3)
ATCGAGCTTTGACAA 4)

24.22s

6.88s

4.18s

17.6.txt

(17,6)

ATTAGAGCGCACATTCT (1)
ATTAGAGCGCACATTCT (2)
ATTAGAGCGCACATTCT (3)
ATTAGAGCGCACATTCT (4)

26.62s

8.87s

4.99s

18.5.txt

(18,5)

TGTAAGAATTGTACCTTC (1)
TGTAAGAATTGTACCTTC (2)
TGTAAGAATTGTACCTTC (3)
TGTAAGAATTGTACCTTC (4)

30.41s

10.07s

5.84s

19.6.txt

(19,6)

TACATCAGCGGTGGATGTT (1)
CTACATCAGCGGTGGATGT (2)
CTACATCAGCGGTGGATGT (3)
CTACATCAGCGGTGGATGT (4)

30.1s

9.08s

5.46s

21.6.txt

21,6)

GCGCGACGGACTTACGTCTTC (1)
GCGCGACGGACTTACGTCTTC (2)
GCGCGACGGACTTACGTCTTC (3)
GCGCGACGGACTTACGTCTTC (4)

36.32s

12.39s

7.9s

23.7.txt

(23,7)

TAATCGTGCTTTGTACCCCCGGA (1)
TAATCGTGCTTTGTACCCCCGGA (2)
TAATCGTGCTTTGTACCCCCGGA (3)
TAATCGTGCTTTGTACCCCCGGA (4)

35.76s

12.69s

8.58s

24.7 txt

(24,7)

AATTACTTTCCGATAAAGTGGATC (1)
AATTACTTTCCGATAAAGTGGATC (2)
AATTACTTTCCGATAAAGTGGATC (3)
AATTACTTTCCGATAAAGTGGATC (4)

41.11s

14.66s

10.21s

27.8.txt

(27,8)

ACAAAATTTACACCTGGGCTGTTCGCC (1)
ACAAAATTTACACCTGGGCTGTTCGCC (2)
ACAAAATTTACACCTGGGCTGTTCGCC (3)
ACAAAATTTACACCTGGGCTGTTCGCC (4)

52.46s

17.41s

12.76s

28.9.txt

(28,9)

TGCCCTGTGCTATCATTCATGTACAGCG (1)
TGCCCTGTCCTATCATTCATGTACGGCG (2)
TGCCCTGTCCTATCATTCATGTACGGCG (3)
TGCCCTGTCCTATCATTCATGTACGGCG (4)

41.78s

15.18s

11.98s

29.8.txt

(29.,8)

AGCAGGCCTGTGCACGGGGATGAAGTCTC (1)
AGCAGGCCTGTGCACGGGGATGAAGTCTC (2)
AGCAGGCCTGTGCACGGGGATGAAGTCTC (3)
AGCAGGCCTGTGCACGGGGATGAAGTCTC (4)

45.33s

16.69s

13.2s

30.9.txt

(30,9)

CTGCCATTGGAAGGAGCATTCGCTGCTACT (1)
CTGCCATTGGAAGGAGCATTCGCTGCTACT (2)
CTGCCATTGGAAGGAGCATTCGCTGCTACT (3)
CTGCCATTGGAAGGAGCATTCGCTGCTACT (4)

52.28s

19.82s

15.54s

(1): Motif két qua cua tap data test.

(2): Motif két qua ctia thuat toan Pattern Branching xtr 1y tuan ty.

(3): Motif két qua ctia thuat toan Pattern Branching xir 1y song song bang CUDA.

(4): Motif két qua clia thuat toan Pattern Branching xir Iy song song bang OpenCL.
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Bing cach song song héa thudt toan Pattern Branching xt 1y trén GPU, thdi gian chay cua thuét toan nhanh hon
tir 2 dén 3 1an so véi xir Iy tuan tu trén CPU. Tuy nhién nhin chung toc d6 cua thuét toan con phu thudce vao sb dot bién
cua tap dir liéu dau vao va doan motif, vi du nhu & 2 tap dir liéu kiém nghiém 1a 27.8.txt va 28.9.txt, véi tap dir ligu
27.8 tuy co6 chidu dai 1 dau vao 1a 27 ngén hon so véi tap dit lidu 28.9 co chiéu dai 1 1a 28 nhung thoi gian lai xir 1y
cham hon, do ¢ tap dir li¢u 27.8 c6 s6 doan 1-mer ¢6 chi sb score tot nhidu hon nén thoi gian tinh toan cua thuat toan
cham hon. Ngoai ra thuat toan van chua hoan toan chinh xac 100% so véi tap dir liéu mau, trudng hop tap dir lidu
19.6.txt, diém s cua doan motif thuat toan tim duoc 1a 121 so véi doan motif két qua cua tap dir licu kiém tra c6 diém
s6 1a 125. Truong hop vai tap dir lidu 28.9.txt, thudt toan tim ra motif khac v6i motif mau tai 1 nucleotide do qua trinh
tim lang giéng s& chon nhiing nucleotide ¢6 diém sé t6t nhét, tuy nhién trong truong hop nay lai ¢6 2 nucleotide ¢
diém s6 bang nhau nén thuit toan chon mot trong hai loai nucleotide 13 lang giéng tt nhat tiép theo. Tuy nhién xét vé
s6 d6t bién cho phép thi doan motif tim duoc nay van dung.
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o
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o
1

o

9.2 12.315.417.618.519.621.623.724.727.828.929.830.9
Chiéu dai motif va s6 dot bién (l.k)

Hinh 2. Biéu dd so sanh thoi gian thuc thi

V& mat thoi gian thyc thi gitta CUDA va OpenCL, OpenCL ¢6 thoi gian thuc thi nhanh hon khoang 3,4s so vé6i
CUDA, mac du thoi gian khoi tao ban dau cho cac platform va b¢ nhé dém ctia CUDA 1a nhanh hon so véi OpenCL
(Hinh 3), do trong OpenCL, mé ctia ham nhén dugc viét thanh mot ma riéng, trén d6 khai bao toan bo cac bién ciing
nhu cac dinh nghia ban dau, vi vay tat ca déu duge chuyén vao thiét bj dé thyec thi, giam thoi gian truyén dir liéu tu host
vao thiét bi, riéng CUDA, trinh bién dich nvce cho phép ngudi 1ap trinh viét cac doan ma ding trén host va GPU chung
v6i nhau va trinh bién dich nay sé€ ty tach riéng chiing khi bién dich, chinh vi vay mét s6 dinh nghia va bién khai bao
ban dau duoc viét don gian hon, tuy nhién khi goi ham nhan né lai tn nhiéu thoi gian dé 1dy dir liéu tir host.

1.2
1 _W
0.8 —— N\
8
w 0.6 %’%
5 == OpenCL
=
= 04 e CUDA
0.2
0
9.2 12.3 15.4 17.6 18.5 19.6 21.6 23.7 24.7 27.8 28.9 29.8 30.9
Chiéu dai motif va sd dot bién (1,k)

Hinh 3. Biéu dd so sanh thoi gian khoi tao gitta CUDA va OpenCL
V.KET LUAN

Bai b4o nay di trinh bay cach thiic song song thuit toan Pattern Branching xir 1y trén GPU béang 2 cong nghé
OpenCL va CUDA. Thong qua két qua trong bai bao, do chinh x4c cuia thuat toan khong thay ddi va vai viée xir Iy
song song trén hé théng GPU d3 cai thién duge van dé thoi gian hai dén ba 14n so voi xir ly tudn ty trén CPU, mat khac
bai béo ciing cho thay thoi gian thuc thi thudt toan nay cia OpenCL mang lai cho thudt toan nay 13 nhanh hon so véi
CUDA.
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IMPLEMENT PARALLEL ALGORITHM ON CPU-GPU SYSTEM TO
SOLVING FINDING MOTIF PROBLEM
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ABSTRACT - The finding motif problem from DNA sequences is one of high complex problem and take a lot of time to resolve.
Many algorithms were proposed for well solving the problem but excution time is still a challenge. Beside, now parallel computing
on GPU is popular, so parallelizable approach to solve finding motif problem on GPU would be a solution to reduce time excution.
CUDA and OpenCL are the most popular programmings on GPU. In this paper, the parallelzation Pattern Branching algorithm is
implemented on GPU by OpenCL and CUDA to compare the performance of them.



