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MO PAU
1. Ly do chon dé tai

Nhu ciu tinh toan trongihh wc khoa lac, cdng ngh ngay cang
cao va ti thanh nat thach thic lon. Tir d6 cac gii phap nlim ting
téc d¢ tinh toanda dugc radoi, tr nam 2001dén ram 2003 éc do
cia Pentium 4fi tang dip d6i tir 1.5GHz léndén 3GHz. Tuy nhién
hiéu ning aia CPU (Central Processing Unit) khd#aggd tirong xrng
nhu mic gia ting xung éa CPU va \§c gia ting tc do xung ¢ia
CPU nhanh chéng am phii ngudng i da ma @ thé trong khang
thoi gian 2 rim tir nam 2003dén nam 2005 éc d¢ cia CPU clting
tir 3GHz lén 3.8GHz. Trong qué trining ¢ d6 xung dia CPU céac
nha @n xuit d& gip phii van d& vé nhiét do cia CPU 8 quéa cao va
cac ghi phap &n nhiét khi da dén maic t6i han khéng tlé dap ung
dugc kh nang lam mét khi CPU hab d6ng & xung qué cao nhvay.
Vi vay viéc gia ing xung hat déng aia CPU khéng &n thi mwn
ciing € di vao k¢ tic.

Truée tinh hinh nay, cac nha nghiéfucvi xir ly da chugn
huéng sang phéat &h cong ngh da I8i, nhéu I8i, v6i co ché xir ly
song song trong cac may tinhanhting hiéu ning va tét kiém nang
luong.

Mot trong cac céng nghxu ly song song ratoi d6 la GPU
(Graphics Processing Unit ékxi ly do hoa). Bandau, viéc ché tao
GPU chi véi nhitng muc dich céng véc phu yp voi kha nang la ing
toc do xir ly dd hoa, ding nhr trong nganhtro choi la chi yéu.
Nhung dén thoi diém GPU NV30 éa NVIDIA ra doi, GPU kit dau
tham gia vao nimg cong vc khac ngoaidd hoa nhr: Hb tro tinh
toan diu chim dong don, b tro tinh toan 1én £ ngan énh. Vi thé da
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nay sinh ra y tong ding GPU1é xir ly, tinh toan song song fihg
chuong trinh khéng théc d6 hoa.

Cau Ioi duoc dit ra 1a 1am th naodé ang duing GPU vao Vic xir
ly tinh toan song song? Céawimay nhanh chondugc giai quyét
bang céng ngh CUDA (Compute Unified Device Architecture —
kién trac thét bi hop nhit cho tinh toan) i NVIDIA ra doi nam
2007. Wi CUDA, cac hp trinh vién nhanh chéng phatétricaciung
dung song song trongitr nhiéu linh wc khac nhau nit Pién toan
hoa hc, sip xép, tim kiém, md plong cac mé hinh at ly, chuin
doan y khoa, thm do diu khi, ... CUDA la b céng @ phat trén
phan mém trén GPUdugc xay ding king ngdn ng lap trinh C. \&i
CUDA céc hp trinh vién dungté diéu khién GPUdé xir ly, tinh toan
song song cacidiéu lon.

Viéc tang ¢ trong qué trinh tinh toan khéng imy doi hoi
nhitng thét bi GPU c6 ki nang xir ly téc d6 cao i dir liéu khong
16 ma én phai c6 nhing gii thuat song song i hiéu.

Xuét phéat fr nhu du trén téi clon d tai: “Nghién aru cac gai
thuét song song trén & théng xir Iy dé6 hoa GPU da I6i”.

2. Muc tiéu va nhiém vu nghién aru

Pé hoan thanh mt dich y tréng dé ra én nghién éu cac vi
dung nhr sau:

Tim hiéu cac gii thuat tinh toan song song, cac cacléthié mau
trong tinh todn song song.

Tim hiéu ciu trac @ia GPU

Tim hiéu va trén khai hp trinh song songdr CUDA

Phét béu, phan tich, cadat giai thuat cho bai toantit ra.

Xay dung ghi thuat va ing dung ap ang gii thuat tinh toan
song song trén téi bi d6 hoa GPU.
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banh gia kt qua theo yéu au cia dé tai.
3. Pdi twong va pham vi nghién aiu

Déi twong nghién aru

Trong khuon kB luan van thupc loai nghién gu vatng ding, toi
chi gisi han nghién éu cac vn dé sau:

- Ly thuyét tinh toan song song.

- Chuyén déi mot sb giai thuat xu ly trinh tr sang tinh toan song
song sao chaddt do6 tinh toan nhanhdn giai thuat cii, phat béu bai
toan thrc t# c6 ap dng ghi thuat trén, caidat va giai quyét trén thét
bi xir Iy d6 hoa GPU ling ngdn ng lap trinh CUDA.

Pham vi nghién aru

Nghién diu chuydn mot sd giai thuat co ban tuan tr sang song
song chy trén thét bi d6 hoa GPU @a NVIDIA bing ngdn ng
CUDA.

4. Phwong phap nghién @&u

Phwong phap nghién éu ly thuyét

- Nghién a@u ly thuyét vé tinh toan song song, cacigihuat tinh
toan song song.

- Nghién @ ly thuyét vé co ché haat dong tinh toan trong GPU.

Phuwong phéap nghién éu thuc nghiém

Sir dung phrong phap nghiént 1y thuyét két hop voi nghién
ctru thuc nghém:

- Thiét ké giai thuat song song va caiit baing CUDA.

- Trién khai xay @ing ung ding.

- Chay thir nghém va bru trir cac Kt qua dat duoc, saudo danh
gia lai két qua.

5. Y nghia khoa hoc va thuc tién cia dé tai

Y nghva khoa hpc
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- Nam duoc cac ghi thuat, cac ndu thiét ké tinh toan song song.

- Khai thac cac & thu vién CUDA SDK ing ding trong ngén
ngir 1ap trinh song songing CUDA.

Y nghva theec tién

Viéc nghién @u va dé xuat giai phap dé “Nghién aru cac gii
thuat song song trénéthdng xir ly dd hoa GPU”,1am oo so dé giai
quyét mot sd bai toan én luong tinh toandn vai dit liéu khdng 6.

6. B6 cuc luan van

Luan van bao ém 3 chrong sauday:

Chuong 1: G v ly thuyét tinh toan song song. Tronguaing
nay gbi thiéu tng quan ¥ tinh toan song song mhLich sr phat
trién song song, phandokién tric song song, cac mé hirdip ltrinh
song song valanh gia hdu qua tinh toan song song. Trinh bay
nguyén ly thét ké giai thuat song song, @i thiéu mot b mau thiét
ké giai thuat song song dng phrong phéap chiaté tri, phrong phap
cay nh phan. Gbi thiéu bai toan &p xép, bai toan tinhdng ding
giai thuat song song. Quday dua ra cai nhindng quan bn v tinh
toan song song.

Chuong 2. Guu trac 1§ thong xir Iy 6 hoa GPU va céng ngttinh
toan I$ tro song song @l liéu CUDA. Chrong nay gbi thiéu vé thiét
bi 46 hoa GPUda 16i aia hdng NVIDIA @m cac vn dé: lich sr phat
trién, mé & kién tric, nguyén ly ha dong va nhing ang ding trén
thiét bi 46 hoa nay.Pua ra nling so sanh khac &icia CPU va
GPU. Trinh bay ngdn niglap trinh song song CUDA trén éhibi do
hoa GPU @éa hang NVIDIA. Ap ding giai quyét mot s bai toan
cong ma tén, nhan ma #n, ...king phrong phap song song ding
ngdn ngi CUDA thuc thi trén thét bi do hoa.
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Chuong 3. Xay dng thg ding ap ding gii thuat song song trén
hé thong da 16i xir ly d6 hoa GPU cho bai toanab cip trinh .
Trong chrong nay trinh bay 6t s6 khai ném oo ban \é tin sinh hyc:
AND, protein, ... Tr d6 tap trung mo 4 bai toan so sanh trinky &
dung ghi thuat Smith-Waterman va &ji quyét bing ghi thuat song
song ing CUDA dua ra nling danh gia ¢ loi ich aia viéc sr dung
giai thuat song song.

CHUONG 1: COSOLY THUY ET

Trong chrong nay gbi thiéu tbng quan @ tinh toan song song
nhu: Lich sr phét trén song song, phandokién tric song song, cac
mo hinh &p trinh song song v@anh gia htu qua giai thuat tinh toan
song song. Trinh bay nguyén ly &hké giai thuat song song, @i
thiéu mot sb mau thiét ké giai thuat song song ing phrong phéap
chiadé tri, phoong phap cay nihphan. Géi thiéu bai toan 3 xép,
bai toan tinhdng dung gii thuat song song. Quddy dua ra cai nhin
téng quan bn \é tinh toan song song.
1.1. TONG QUAN VE TINH TOAN SONG SONG
1.1.1. Téng quan W tinh toan song song
1.1.1.1. Lich s#radoi tinh todn song song

Trong nhing thip nién 60, An tang dé thiét ké may tinhdéu dua
trén md hinh da John Von Neumann (Xem OHinh 1.14i mét don
vi xir ly dugc ndi véi mot vang kru trir [am B nhg va ti mot thoi
diém chi cé mdt 1énh dugc thuc thi.

Céu Iénh Ghi dir ligu Doc dir liéu

Hinh 1.1. M6 4 kién trdc Von Neumann
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Vi nhitng bai toan yéuau V& kha nang tinh toan vaulu tri 16n
thi mé hinh kén trdc nay con 4n ché. Bé tang ardong sic manh tinh
todn ghi quyét cac bai toandn cddo tinh toan cao, ngi ta dua ra
kién trc moi, voi y tuong két hop nhiéu bd xir ly vao trong mt may
tinh, ma hay g la xu ly song song (Multiprocessor) #o két hop
sac manh tinh toan &a nhéu may tinh da trén Kt ndi mang.

Ké tir ltc nay,dé khai thacduoc Sic manh tiém tang trong md
hinh may tinh nku b xir Iy song song, ing nhr trong md hinh
mang may tinh ¥ ly song song thi cac aithuat tuan tw khéng con
phu hyp nira cho nén ic xay drng thiét ké giai thuat song song la
diéu quan tong. Ghi thuat song song c6 phan ra cong ¥t trén
cac phn tir xtr ly khac nhau.
1.1.1.2. Tai sao phii tinh toan song song
1.1.1.3. Mgt 6 khai niém xi# ly song song

Pinh nghia \é xit Iy song song

Xt ly song song la qué trinhinty gdm nhiéu tién trinhduoc kich
hoat ddng thyi va cuing tham gi quyét mot bai toan. N6i chung,ix
ly song songiugc thuc hién trén nling hé thong da b xir ly.

Phan bét xir ly song song vauk ly tudn tw

Trong tinh toan tn tr véi mot bo xir 1y thi tai mi thoi diém chi
duoc thuc hién mot phép toan. Trong tinh todn song song théuhi
bo xir Iy cting Kt hop v6i nhaudé giai quyét cing ndt bai toan cho
nén ghm duoc thoi gian xir Iy vi mdi thoi diém co tié thyc hién
dong thyi nhiéu phép toan.

Muc dich cia xir ly song song

Thuc hién tinh toan nhanh trérved sir dung nhéu bd xir ly déng
thoi. Clng i toc do xu ly nhanh, véc xir Iy song songing € giai
dugc nhing bai toan pixc tap yéu du khii lugng tinh toandn.
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1.1.2. Phan laai cac kién tric song song

1.1.2.1.  Kién trtc don dong Enh don luéng d liéu (SISD)
1.1.2.2.  Kién trtc don dong Bnh da luéng di liéu (SIMD
1.1.2.3.  Kién tric da dong Enh don di liéu (MISD)
1.1.2.4.  Kién tric da dong Enh da luéng di ligu (MIMD)
1.1.3. Cac md hinh &p trinh song song

1.1.3.1. Ldp trinh by nhé dung chung

|«—» Tacvu B
Tac vy A Bé nhé dung chung
|«—— TacvuC

Hinh 1.6. M0 4 lap trinh gira cac tac v dung chung & nho

1.1.3.2.  Lap trinh truyén théngdiép
1.1.3.3. M®b hinh song song #& liéu
1.1.3.4. M6 hinh hwéng déi twreng
1.1.3.5. M@ hinh logic
1.1.4. Panh gia hiéu qua tinh toan song song
1.1.4.1. Thoi gian thuc hién

Thoi gian tinh toan

Thoi gian truyén théng

Thoi gian i
1.1.4.2. Tang tc va hiu qua
1.1.4.3. Tinh qui m6
1.2. THIET KE GIAlI THU AT SONG SONG

Trong phin naydé cap dén phrong phap thit ké giai thuat song
song cho bai toan, quéa trinhahké giai thuat that sy khéng & dang
dé co tré rat gon thanh mt cdng thirc don gian nhr céng thic giai
hé phuong trinh lc hai, ghi hé phuong trinh tugn tinh, ... ma yéu
cau cO s sap xép tr duy sangdo. Muc dich aia phin naydua ra not




-8-

khung thét k&, mot sy danh gia mang tinh toarpti nlim giam bot
nhitng chi phi do pi quay lui ki sau khi tra clpn phrong an khéng
hop IY.

1.2.1. Nguyén ly thiét ké giai thuat song song

Khi thiét ké giai thuat song song,an phai thuc hién:

- Phén chiadliéu cho cac tacw

- Chi ra cach truy @p va chia & di liéu.

- Phan céc tacweho céc én trinh (cho b xa 1y).

- CAc tén trinhduoc dong bh ra sao.

Khi thiét ké giai thuat song song,an tuan thi 5 nguyén ly sau:

Cac nguyeén lyap lich: Muc dich 1a gam i thiéu cac b xur ly sir
dung trong gii thuat sao cho tbi gian tinh toan la khonging (xét
theo khia enh do phic tap).

Nguyén ly hinhéng: Nguyén ly nayduoc ap ding khi bai toan
xuat hién mot day cac thao tac {{T Ty, . . ., T}, trong d6 Tiyq thuc
hién sau khi T két thic.

Nguyén ly chiadé tri: Chia bai toan thanh hg phin nhd hon
twong ddi doc lap voi nhau va gii quyét ching nét cach song song.

Nguyén lydé thi phu thuoe dir liéu: Phan tich @i quan 1§ dir liéu
trong tinh toandé xay drng do thi phu thuoc dir liéu va dra vaodo
dé xay drng ghi thuat song song.

Nguyén lydiéu kién tranhdua: Néu hai tén trinh cing mén truy
cap vao cung it muc di liéu chia ¢ thi chung phi tuong tranh wi
nhau, ngka 1a ching c6 thean tro 1an nhau.

1.2.2. Nhan thic vAn dé va chirong trinh c6 thé song song héa

Trudc khi dung thi gian va $c luc ntim phat trén giai phap
song song cho & van dé, hay xacdinh c6 pli d6 la ndt trong
nhitng Van & ma trén tixc t# co thé song song hédurge hay khong.
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1.2.3. Thiét ké giai thuat song song fing phan ra phuc thuéc
dir ligu

1.2.4. Thiét ké giai thuét song song ing phweng phap chiadé
tri

1.2.5. Vi du thiét ké giai thuat song song cho bai toan tinhéng
1.2.5.1.  Xay deng gidgi thudt tuan tu

1.2.5.2. Xay deng gigi thudt song song

1.2.6. Vi du thiét ké giai thuat song song cho bai toanip xép
1.2.6.1.  Gidi thudt sip xép tudn tw

1.2.6.2. Xay deng gidgi thudt song song

1.3. TONG KET CHUONG 1

Trong chrong nayda trinh bayduoc mot s ly thuyét co ban vé
lap trinh song song mh Phan lai cac kén trac song song, cac md
hinh Bp trinh song song va cachathdanh gia hdu qua giai thuat
song song.

Ngoai ra, trong clong mot con trinh bay it sd nguyén ly thét
ké giai thuat song song cho bai toan chii&tri, phan ra ph thudc dir
liéu, ... va &p ding xay drng gii thuat song song cho &b s6 bai
todn © ban nhr sip xép tir d6 4p ding dé song song hoa ¢h bai
toan trinh .

M®i truong dé trién khai cac dii thuat song song trong fm vin
dung ngdn ngg CUDA thyuc thi trén thét bi d6 hoa GPU @a hang
NVIDA. N6i dung chi tét vé phin naydugc trinh bai trong along
hai.
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CHUONG 2: CAU TRUC HE THONG XU LY PO HOA GPU
VA CONG NGHE TiNH TOAN H O TRQ SONG SONG
DU LI EU CUDA

Chuong nay gbi thiéu V& thiét bi dé hoa GPUda I6i aia hang
NVIDIA gdm céac vin dé: Lich gr phat trén, mé & kién trlc, nguyén
ly hoat dong va nling iing ding trén thét bi d6 hoa nay vadua ra
nhitng so sanh khac éiicia CPU va GPU. Trinh bay ngénintfip
trinh song song CUDA trén thibi d6 hoa GPU @a hang NVIDIA.
Ap dung giai quyét mot sb bai toan 6ng ma tén, nhan ma fn,
...bang phrong phap song song ding ngdriiM@UDA thyc thi trén
thiét bj d6 hoa.
2.1. CAU TRUC HE THONG XU LY PO HQA GPU
2.1.1. Giéi thiéu cbng ngté¢ GPU

Bo xu ly db hoa (Graphic Proccessing Unitdigic [a GPUdA tro
thanh nét phin khong tlé tach bi caa kg théng may tinh ngay nay.
Trong sau #Bm vira quada danh diu ar gia ing 4n tugng trong héu
Suit va khi ning aia GPU. GPU Hin dai khéng chi 1a mbt cong @
xur ly d6 hoa manh ma con 1a @t bo xir ly hd tro 1ap trinh song song
& mic cao, giup gii cac bai toan&hoc cin kha niang xir ly sb hoc
phicc tap va king théng  nho ting hon dang K so Wi CPU cuing
loai. Sy tang tc nhanh chéngi@a GPU trong & kha niang 1 tro 1ap
trinh va rang luc tinh toan ¢a noda tao ra ndt xu hréng nghién ¢u
mai. Mot cong dong d& nghién Gu va da anh x thanh céng it
luong l6n cac vn dé phic tap doi hoi tinh toan én vao GPUDiéu
nay trong B luc chung nm muc dich tng ding GPU vao dii
quyét cac bai toan B nang cao éa tinh toan Kin dai. Tinh toan
muc dich théng dng trén GPU |a @t thay tié hip din cho CPU 4i
trong k& thbng may tinh Hin dai. Trong mét trong lai khéng xa,
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GPU € dam nhin thay cho CPU riing cbng wc nhr xa ly hinh
anh, d6 hoa, cac tinh toan it tap thay vi ch dirng ki ¢ nhitng ang
dung tro chvi 3D.

2.1.2. Kién trac GPU

GPU la ndt bo xir ly véi du thira tai nguyén tinh toan. Tuy nhién,
xu huéng quan twng nhit gan day d6 1a tung bay kla niang tinh toan
d6 cho cécdp trinh vién. Nitng rim gin day, GPUda phat tén tir
mot ham & dinh, B xu ly chuyén dng i bo xi ly 1ap trinh song
song,day du tinh ning doc lap véi viéc bd sung thém céc ¢l nang
cb dinh va céac circ nang chuyén kit. Hon bao g hét cac khia gnh
vé kha nang lap trinh @ia b xu ly chiém vi tri trung tam.

2.1.2.1. Pwong éng din dé hea

2.1.2.2. Tién hoa aia kién trac GPU

2.1.2.3. Kién tric GPU hign dai
2.1.3. So sanh GPU va CPU

CPU la 1§ vi xi ly trung thm dung#é tinh toan va & ly cac
chuong trinh vi tinh, @ kién... vadong vai trodiéu phbi hoat dong
cua cac thit bi khac.

Con GPU la b vi xir ly chuyén % Iy cac dr liéu vé hinhanh, d6
hoa. Ngay nay £ CPU va GPUdéu c6 ntiing bugc phat trén than
téc, mit GPU cao ép c6 khi nang xir ly dat téc do hang ¢ phép tinh
trén giay ( TetaFLops /s).

Control o o —EENNNSESENNENEES

ALU ALU = ‘

= I
Cache =

‘DRA.VI ‘ |I)RA M ‘

CPU GPU

Hinh 2.1. So sanh & tric CPU va GPU
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Hinh 2.1. cho thy sb phan tir toan ke GPU nhéu hon hin CPU,
diéu nay mangtén cho GPU rat kha niang xir ly song song ec ky

hiéu qua.
2.2. CONG NGHE TINH TOAN H O TRQ SONG SONG O0U
LI EU CUDA

2.2.1. Giéi thiéu cbng nglé¢ CUDA

CUDA la tr viét tit cia thuit ngi Compute Unified Device
Architecture, 4am dich |a kén tric thét bi hop nhit cho tinh toan.
CUDA bét dau xuit hién tir thang lay nam 2007 i vai tro bandau
la mot bo cOng @ phat trén phin mém dya trén ngdn niylap trinh
C. Bay gb CUDA dang tén héa thanh K tricdién toan GPU, hay
con @i 1a GPGPU éa NVIDIA. CUDA c6 mit trén Hu hét cac
GPU doi méi cua NVIDIA, tir dong GeForce gianh choagtri dén
Quadro gianh chdién toan hinranh chuyén ngldp va dong Tesla
cho tinh toan KU nang cao.

Bo phin mém CUDA c6 cacdp md & trong Hinh 2.3. ém: Bo
diéu khién cho pln aing, API Bp trinh, mdi toong thre thi va hai
thu vién toan kec mirc cao fon cia cdc ham tinong dung: CUFFT va
CUBLAS. PHin aing duoc thiét ké dé hd tro bo didu khién hang nke
va lop mai trong thec thi. Tir d6 cho tc do cao.

CPU ,
Ung dung

CUDA thur vign

CUDA méi truong thye thi

CUDA trinh diéu khién ‘

‘GPU |

Hinh 2.3. Kén trac B phan mém CUDA
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2.2.2. Ung dung aia CUDA trong cac nh vec céng nglé
2.2.2.1. CUDA cho nganh cong nglfip tro chpi
2.2.2.2.  CUDA cho céaa#ng dung video 8
2.2.3. M0i trwong ldp trinh véi CUDA

Pé chuong trinh CUDA hat dong duoc trong mdi twong
windows hdc linux, én phii c6 cac thr vién hd trg. Cac thr vién
nay do NVIDIA cung &p ¢gom cé cac phn sau: Trinhdiéu khién
thiét bi dd hoa cho GPU &a NIVIDA, b céng @ phat trén CUDA
(goi la CUDA Toolkit) va i CUDA SDK.
2.2.4. Co ché hoat dong mét chirong trinh CUDA

Dé hiéu cach hat dong mbt chuong trinh CUDA (Xem Hinh
2.6.), én thdng nhit mot sb cac khai rém sau:

Host: La nling tac w va du tric pfan orng, pln mém duoc xir
Iy tir CPU.

Divice: La nhing tac w va du trGc phan éng, ptin mém duoc

Xt 1y tai GPU.

Sao chép dir liéu Sao chép dir liéu
tir Host dén Device tir Device dén Host

Hinh 2.6. $ db haat dong truyén dir liéu giira Host va Device
Céch hat dong dugc mod & nhu sau:
Buéc 1: Dir liéu cin duoc tinh todn luérd trén b nho cua Host
vi vay budc dau tién 1a trugn di liéu cn tinh toant bo nho Host
gua ld nhs Device.
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Buéc 2: Saudd Device 8§ goi cac ham riéng i@ minhdé tinh
toan dr liéu d6. Sau khi tinh toan xongjrdiéu cin duoc tra V& lai
cho B nhy cha Host.

2.2.5. M@ hinh Igp trinh

2.2.5.1. B dong xi ly da lusng mec cao

2.25.2. Gom 6 cac léng

2.2.6. M0 hinh bj nhg

2.2.7. Tim hiéu ngén ngt ldp trinh CUDA

2.2.7.1. Ngbn ngz ldp trinh CUDA la my rgng ciza ngdn nge
I@p trinh C

2.2.7.2.  Nhang mé régng cia ngdn ngr Idp trinh CUDA so i
ngbn ng#r C

2.2.7.3. Tirkhéa phum vi kiéu ham

2.2.7.4. Tirkhéa phum vi kiéu bién

2.2.7.5. Theec hién ciu hinh

2.2.7.6. Céc bén Built-in

2.2.7.7. Céc bnh diéu khién

2.2.7.8. Cac knh b nho

2.2.7.9. Bién dich wi NVCC

2.2.8. Vi du tinh toan song songdng CUDA

2.2.8.1. Cpng hai ma tgn

Mb ta bai toan: @ng hai ma tin A[n][m] va B[n][m], két qua tra
vé ma tén C[n][m].

Aln, m] Bln, m] Cln, m]

Hinh 2.9. ®ng hai ma #n
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2.2.8.2. Nhan hai ma tgn
M6 ta bai toan: Nhan hai maatr A[n][k] va B[K][m], két qua tra
vé ma tén C[n][m].

Blk, m]

Aln, K]

C[n, m]
Hinh 2.10. Nhan hai maam

2.3.  TONG KET CHUONG 2

Trong chrong nayda trinh bay Kn trac @a thiét bi dd hoa GPU,
so sanh s khac nhau gia GPU va CPU, cagéng dung trén thét bi
GPU da 18i. Trinh bay s luoc Vé ngdn ng lap trinh CUDA, céch
bién dch mdt chuong trinh CUDA chy trén thét bj ¢ hoa GPU éa
NVIDA. Viét mot s vi du V@ 1ap trinh song songjrtdo thiy dugc
stc manh tinh toan trén tht bi dd hoa GPUda I6i.

Trong chrong tiép theo, trinh bay cach xayrdg gii thuat song
songdé giai quyét mot bai toan chy bing CUDA.
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CHUONG 3: XAY DUNG UNG DUNG GIAl THU AT SONG
SONG TREN HE THONG PA LOI X U'LY PO HOA GPU
CHO BAI TOAN SO SANH TRINH T U’

Chuong nay § van dung @ s Iy thuyét vé 1ap trinh song sonda
trinh bay trong ctiong mjt va sr dung duing cong ngh lap trinh
song song CUDA trén tii bi d56 hoa (GPU)da trinh bay trong
chuong haidé giai bai toan ¥ tin sinh k¢ so sanh trinhitbang gii
thuat quy hach dong, gai thuat Smith-Watermanbé tim hiéu giai
quyét bai toan so sanh trinfy,tchrong nay con trinh bay #h sd khéi
niém oo ban V& tin sinh k¢ nhr: AND, protein, ... Tr d@ mo # bai
toan va gii quyét bang gii thuat song song ¢ CUDA. Pua ra
nhitng so sanhdanh gia ¢ loi ich aia viéc sr dung ghi thuat song
songddi véi bai toan nay.

3.1. GIOITHI EU

Phin nay gbi thiéu nhiing kién thac co ban \é tin sinh kc va
mot sd khai ném \é tin sinh ke nhim phuc wu cho vic tim héu bai
toan so sanh trinly theo ¢ gen.

3.1.1. So sanh trinh tr

Trong qué trinh phan tich trintr thi khai ném so sanh trinhut
déng vai trd quan dng. Pay |a rén tang @ ban cho véc phan tich.
So sénh trinhut gitip cho qué trinhwbdo & giéng nhau ¢ chac
nang aia cac trinh, du béo &u tric kic ba @a DNA, protein.
Trong viéc tim héu mdt gene ndi, moi ngudi thuong quan tandén
viéc xacdinh nhing dac diém dé phan bit geneddng thoi dua ra
nhitng gia thuyét vé chac naing adia gene. \c dua ra nling gh
thuyét vé chirc ning aia gene thong dra vao niing gii thuat danh
gia sr giéng nhau, tong déng gira cac trinhut.
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3.1.2. Pinh nghia so sanh trinh ir

So sanh trinhut (con @i la phép gidong hang, giond® la qua
trinh nghién éu ar gibng nhau dia cac chéi trinh tr (sequence),
do luong sr gibng nhau gia cac trinhit. Cach tic so sanh gia hai
hay nhéu trinh tr dua trén véc so sanh Bt chbi cac thanh pin
(ky tu) cia trinh tr dé tim ra nhing diém twong dong, gibng nhau
gitta cac trinhit. Cac trinh & duoc dé cap trong plan nghién éu
nay la cac chai trinh tr DNA, RNA haic céc trinh & amino acid
(protein).

Xét 2 chdi: ACGCTG,CATG T véo luong sr gidng nhau
gita hai chéi nay. Hinh 3.1. 1a @t vi du vé két qua do luong sr
gibng nhau ¢a hai chdi trén. Tiéu chidé danh gia s giéng nhau

cia hai chdi trén $ dua trén nat hamdanh gia (scoring function).

AC--GCTG
—CATG-T-

Hinh 3.1. Vi di Vé so sanh hai trinhrt

Ky tu “— duoc goi la mot gap, gap té hién cho y ngka trong
sinh hyc d6 & ndt phan cia trinh tr ¢4 b mat di do, cac hanh viia
qua trinh t#n hoa sinh § nhu: dot bién, sr mat di mot thanh pén
trong chii trinh tr. Gia ti hamdanh gia cang cao thékqua so
sanh trinh cang ét. Xét mt hamdanh giadon gian nhr sau: Nu
hai thanh phn trong chéi la gidng nhau thi handanh gia & co Kt
qua +2, réu hai thanh pin trong chdi khac nhau thi handanh gia
tai vi tri nay § co Kt qua -1. Nhr vay két qua so sanhd trén $ co
gia ti hamdanh gia la: 3*(2)+(-1)*5=1.
3.1.3. Héthéng ky tw

Tap hop cac pln tir c6 thé xuét hién trong trinh i goi [& Mot hé
thong céac ky i (Z ). Trong ADN, s dung mot thé thong ki r = =
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{A, C, G, T, A} trong d6 A, C, G, Tdai dién cho Ibn nucleotides:
adenine (A), cytosine (C), guanine (G) va thyming L 1a ky tr dac
biét dai dién cho ndt khoang tdng la ndt vi tri ma khéng co
nucleotide tixc €. Trong hu hét cac trong hop, ky tr gap (=) c6
thé dugc ar dung dé thay thé choi. Bat ky mot trinh ir nao ding la
mot s thé hién boi cac pln tir ¢ thé xudt hién trong trinh & va
duoc dinh ngha trong .
3.1.4. Céc phép bén dbi

Phép thay tr Xg, Xq,Xp, X3, Xg, X5 = Xq, Xy, X3, X3, Xg, X5

PhEp Chen — X6a: Tofi % TsTes = o2 s Xy e s

Phépdéo ngroc: Xp. Xy . X0, X5, X5, X = X, X1.Xy. X3, X, X

Phép dch chu;én: Xp, Xq ,Xp, X3, Xg, X5 = X, X, X4, X5, X, Xp
3.1.5. Khoang cach
3.1.6. Sip hang trinh tw hé gen
3.1.7. Céc thuit toan sip hang trinh tw hé gen
3.2. PHAT BIEU BAI TOAN SO SANH TRINH T U’
3.2.1. M6 ta bai toan

Goi S1 va S2 la hai cléi, mot sy so sanh trinhgt gitra S1 va S2
tao ra hai chéi S1' va S2’ ting cach thém céac kyrtgap “- vao S1

va S2, tronglo:
*|SY=[S2]]
* Néu loai bo cac ky tr - khoi S1' va S2' ta & c6 S1 va S2.
Véi | S1|, | S2jh luot 1a chiu dai @a S1 va S2.

Si| AeGETG S| AC--GCTG
S;| CATGT > sy <CATG~T~

Hinh 3.2. So sanh hai trinh t
3.2.2. Huwéng giai quyét bing giai thuat quy hoach dong
Phin nay gbi thiéu huong gii quyét bai toan so sanh trinhy t
bang phrong phap quy hach dong. Ky thuat nay cho phép xayuhg
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mot phép so kbp ti vu. Xét hai chéi trinh tr S1 va S2, [S1| = n,
|S2| = m, mc dich 1a tim kém mjt phép so kbp ti uu cho S1 va
S2.

3.2.2.1. Giéithigu Vé gigi thudt quy harch déng

3.2.2.2.  Gidi thugt quy haich dgng cho bai todn so sanh hai
trinh tee

binh ngha 3.1: Xét dinh ngha & mot co ché danh gia nir sau:

- Néu a va b 1a hai kyutdai dién cho cac amino acid (nucleotide)
trong hai trinh &. Goi o (a,b) la hamdianh gia éa ap a, b trong
trong ma tfin danh gia.

- Ham gié tf caa gap ph thusc vao r > 0 va cku dai k § (k) =-

r * k), trongdo r 1a hing $.
- T la mdt chibi, dinh ngha |T| Ia chdu dai @ma chdi T. Gia ti

phép so kbip A cia hai chidi S1, S2 i két qua S1’, S2":
Yo(sclilsi)-r.r  (1.14)

Trong do, wi K1 1a tip cac phn tir khéng 1a gap, |[K1|=I1, 12 la
tong chéu dai @ia gap, 11 +12 = | S1'| = | S2.

Phép so sanh trinkr téi uu 1& phép so kip co gia ti 16n nhit co
thé c6 aia hai chéi [6].

Dinh ngha 3.2: Goi S(i, j) la gia ti cia mjt phép so sanh trinky t
t6i vu aza hai chidi S1i (S1[1], ..., S1[i]) va S2j (S2[1], ..., S2[i))
(=i <n,1<j<m). Nhrvay, S(n, m) & la gia ti caa not phép so
sanh trinhu t6i vu cia S1 va S2. S(i, Juoc dinh ngha nhr sau:

S(0,0)=0

S@, 0) =S(i-1,0) -r,i>0

S, ) =S(0,j-1)-r,j>0

Tur dinh ngha aia S(i, j) ta c6 cbng tke tinh S(i, j) nlr sau:

S(i,j) = max{S(i-1,j-1) +a(S1[i], S2[j]) , S(i-1,)) - r, S(i,j-1) - r}
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véii>0,j>0 (1)

Trongdé S(i-1, j-1) |a gia trcaa mdt phép so sanh trinky toi vu
cia hai chdi S1i(S1[1],.., S1[i-1]) va S2j(S2[1],...,S2[j-1]) I6

Cong thic S(i, j) cho phép &dang dn dung ky thuat quy hach
dong. Xem vi @ sau: Xét hai chai “ACGCTG” va “CATGT".

Hamdanh gia: g(ab):{_zl :;E

Cho r = 1, thudugc ma tén gia ti S(i, j) aia hai chii trinh ty
nhue Hinh 3.4.

BREBEEE
i cla|r|Gc|T
0 o|-1]2]3]|-4]|5
A |-tf-1|1]o|a]-2
2 e |2)1fo]o a2
HEI KIEREN AR
4 (C|4|ala|a]1]1
5 (T |-5|2(-2{1]0]3
6 [G|6|3|a3]|0|3]2

Hinh 3.4. Ma tin danh gia S(i, j)
Tir ma tén két qua nay cé S(6, 5) = 2. Nhvay, gia ti phép so
sanh trinhit toi vu cia hai chdi trén |a hai. Tr két qua nay, tadi tim
cac phép so sanh trinfn i uu cho S(6, 5) = 2.Bdung ky thuat luu

vét co duoc ba trong & cac Kt qua nhr Hinh 3.5.
iTol1]z][3]4]s
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Hinh 3.5. K&t qua giai thuat quy hach dong cho bai toan PSA
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Dua vao cac comuong duoc sinh ra do & thuat luu Vét trong
qua trinhdién gia ti cho ma tin tir S(m, n)dén S(0, 0), c4c so sanh
trinh tr duoc sinh ra ¢a trén nguyénit:

Néu conduong di theo hréng duong chéowr S(i, j) dén S(i-1, j-1)
thi hai ky tr dai dién cho S1[i] va S2[jHugc ghi vao Kt qua.

Néu conduong di theo hrong tr S(i, j) @én S(i-1, j) thi ky tr dai
dién cho S1[i] va *-‘duoc ghi vao kKt qua (phép chén it gapduoc
thuc hién).

Néu condudng di theo hrong tir S(i, j) dén S(, j-1) thi ky tr dai
dién cho S2[j] va ‘-*dugc ghi vao Kt qua (phép x6a it gapduoc
thuc hién).

3.3.  THIET KE GIAI THU AT SONG SONG
3.3.1. Xay dung giai thuat

Nhu da trinh baye muc 3.2.2. gdi thuat quy hach déng da gii
quyét bai toan so sanh hai trinth gen kha dt. Tuy nhiéndé nang
cao Hc do tinh toan cho bai toan nay, c@ thiai quyét bing phrong
phép tinh toan song song tréréthii d6 hoa GPU @a hang NVIDIA
bang céng ngh CUDA.

Nhgn xét: Tai bugc xay drng ma tan danh gia ta ndn thdy khi
tinh gia ti cho cac pin tr nam trénduong chéo ph khéng ph
thuoc 1an nhau, dai6 cé tké tinh toan riéngé tirng pan tir trén tng
ludng khac nhau.

Tur nhan xét trén tali xay deng gii thuat song song cho bai toan
so sanh trinhuthai k¢ gen nlr sau:

- Véi ting pHin tir cia dudng chéo éa ma tén danh giaduoc
tinh kdi mot ludng riéng. Nl vay dudng chéo co n gim tr thi cin n
ludng dé tinh gia ti chodudong chéo( Xem Hinh 3.6.).
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Hinh 3.6. Pirong phap song song tinh gif¢ac pln tir ma tén
danh gia

3.3.2. Cai dat giai thuat trén CUDA
3.3.3. Kétqua
3.4. PANH GIAK ET QUA CHAY CHUONG TRINH
3.5. TONGKET CHUONG 3

Trong chrong naydd mé & bai toan o ban trong sinh hc, bai
toan so sanh trinlwtcac & gen. Xay d@ng gii thuat song song ing
CUDA chay trén thét bi ¢6 hoa GPU Geforce 310Mia@ NVIDA. So
sanh hiu ning gii bang phrong phap quy hach dong va phrong
phap song song.iTdo thiy duoc sr can thiét cia gai thuat song
song trong cac bai toan ¢ lsiong tinh toan kéing 1.
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KET LUAN

Xir ly song song rdoi voi muc dich lam ting kha nang tinh toan
cia may tinh bng cach Et hop nhéu b xa ly tham giadong thyi
vao qua trinh i ly.

Vi sy phét trén cia kién trGc may tinh va amg may tinh cho
thdy rang trong trong lai xr ly song song khéng nimg dugc thuc
hién trén nling siéu may tinh ma coé&lkduogc thuc hién trén cac tm
lam viéc, may tinh ca nhan,ang may tinh. Nhng hu hét cac thit
todn ngay naytéu la nhing thift todn tdn tr. Cho nén an xay drng
nhitng thuit toan, du trdc di liéu cho phép & Iy song song rdm
tang higu st tinh toan.

Két qua dat dugc cia luan van la trinh bay dng quan ly thugt
tinh toan song song, phanmi@ac kén tric song song, cac mé hinh
lap trinh song song vdanh gia hfu qua viéc ar dung thufit toan
song song. Bm duoc mot sb nguyén Iy thét ké giai thuat song song,
trinh bay nét 5 phuong phéap thét ké giai thuat song song nin
Thiét ké giai thuat song song dng phan ra pinthuoc dir liéu, thiét ké
giai thuat song song dng phrong phap chiadé tri,...Trinh bay
phuong phap nn dang mdt chuong trinh ¢6 th chuyén sang 4p
trinh song song. Nghiénira mjt sb bai toan o ban dua ra gai thuat
trinh wr va gai thuat song song. I dé dua ra bi ich ap ding gai
thuat song song.

Luan vin da gisi thiéu cong ngh hd trg tinh toan song song trén
thiét bi d6 hoa GPU @a hang NVIDIA va trinh bay ngén figap
trinh song song CUDA. Aputhg ot sb bai toan o ban nhr: Cong
hai ma tan, nhan hai ma an, ... gii quyét bang phrong phap 4p
trinh song song trén #tibi d5 hoa GPU i ngén ngi CUDA.
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Xay deng ung ding gii quyét bai toan so sanh trink trong tin
hoc dung ghi thuat Smith-Waterman dng phrong phap quy hach
dong va plwong phap song sonddua ra ndt s6 két qua tinh toan
trén cac chdi co do dai ting din bing hai gai thuat trén. NHin xét
loi ich dung gii thuat tinh todn song song trén éhioi hd tro tinh
toan song song GPU gilipagi rit nhiéu thoi gian fon so Wi dung
giai phap tén tr. Chuong trinhda gép phn vao véc giam thoi gian
tinh todn bai toan so sanh céac trimlirong tin loc. bay la ndt trong
sb cac bai toancban trong tin foc ludndoi hoi thoi gian tinh toan
[6n.

Bén anh nhing két qua dat duoc, luan vian nay con c6 nimg han
ché sau: Chra trinh bayday da mot sd giai thuat co ban tudn tr sang
giai thuat song song, &vi du giai thuat song song ara nhéu.
Chuong trinh trong tac Wi nguoi st dung & dang dong énh, chra
truc quan, sinkdéng.

Tir d6 huéng nghién Gu va trén khai tép theo @a luan van |a:

Chuong trinh én thir nghiém trén cac &théng thiét bi dd hoa c6
nang hrc tinh toan mnh ton, ap ding wi di liéu 16n hon dé danh
giado so khop tin ciy hon.

Nghién aru cii tién thém thdt toandé chuong trinh co th chay
nhanh ln, nhim nang cao Bu suit va co ti tinh toan wi khdi
lwong dau vao bn.

Xay dyng giao dén do hoa tnrc quandé dé dang trong tac i
nguoi ding. C6 th chuyén ung ding nay lén trang web & gilp
moi ngudi trong linh wrc tin sinh ke cé céng ¢ hd tro dé nghién
ciru.



