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LOI GIOI THIEU

Nham gop phan lam phong phti nguén tu lidu phuc vu nghién ciru, hoc tap cho
sinh vién va ban doc Cong nghé thong tin, khoa Cong nghé¢ thong tin va
Truyén thong, Truong Pai hoc Can Tho, Nha Xuét ban Pai hoc Can Tho 4n
hanh va gi¢i thi¢u cung ban doc gido trinh “Lap trinh song song” do Tién si
D06 Thanh Nghi, Tién si Nguyén Vin Hoa, Tién si D6 Higp Thuan bién soan.

Gi4o trinh gom 3 phém chinh va 06 chuong, giéi thiéu vé khai quat vé tinh
toan song song, thiét ké giai thuat song song, lap trinh song song v6i bo nho
chia sé va b nhé phan tan. Thém vao do, cudi mdi chuong con co nhidu tai
li¢u tham khao hiru ich cho ban doc. Giao trinh 1a tai li¢u hoc tap cé gia tri cho
sinh vién nganh Khoa hoc may tinh ciing nhu cic ban yéu thich mudn tim toi,
hoc hoi vé 1ap trinh song song.

Nha Xuét ban Pai hoc Can Tho chan thanh cam on céc tac gia va su dong gop
¥ kién cua quy thay c6 trong Hoi dong tham dinh truong Pai hoc Can Tho dé
gido trinh “Lap trinh song song” dugc ra mat ban doc.

Nha Xuét ban Pai hoc Can Tho tran trong gidi thiéu dén sinh vién, giang vién
va ban doc gido trinh nay.

Chan thanh cam on!

NHA XUAT BAN DAI HOC CAN THO






LOINOI PAU

D3 trai qua nhiéu thap ky, ching ta ching kién su phat trién cua nganh khoa
hoc may tinh. Xuét phat diém tir .cong nghé¢ ché tao phan cung, lap trinh cap
thip, dén cong nghé thong tin, td chirc, quan 1y va xir 1y hidu qua hé thong
thong tin. Hién nay, nganh khoa hoc may tinh dang budc vao thoi ky cong
ngh¢ tri thire, & muc triru tugng cao hon, 1am may tinh tr6 nén thong minh
hon, dé ¢ thé gitp con ngudi giai quyét nhidu van dé phu:c tap trong thue tién.
Nhimg doi hoi nay da dat nganh khoa hoc may tinh vao giai quyet cac van dé
16n, phuc tap, doi hoi dung lugng bd nhé phai 16n, can nhiéu thoi gian tinh
toan dé hoan thanh. Mot chuong trinh tudn ty trén mot may c6 bo xur ly don,
mat rat nhidu thoi gian tham chi 12 khong thé hoan thanh viée xur 1y cac van dé
phure tap nay Trong khi, chuong trinh song song sir dung d6ng thoi nhiéu bo
xur Iy dé giai quyét mot van dé, da tr¢ thanh m6 hinh thong tri, cho phép tiét
kiém thoi gian, chi phi, dé xur Iy cac van dé 16n va phirc tap. Chinh vi véy, 1ap
trinh song song tré thanh mén hoc chuyén nganh rat quan trong cua chuong
trinh dao tao cir nhan, k¥ su va thac si cong nghé thong tin. Trong thoi gian
giang day vura qua, ching t61 nhén thdy c6 qua it tai liéu tham khéo trinh bay
mot cach co hé théng vé 1ap trinh song song. Chinh vi ly do do, ching t6i da
thuc hién bién soan quyén gido trinh “Lap trinh song song” nhim muc dich
cung cap thém tai liéu tham khao bang tiéng Viét dén doc gia 1a sinh vién
chuyén nganh cong nghé¢ thong tin.

Gi4o trinh dugc soan dya trén kién thirc, kinh nghiém hoc tdp nghién cuu,
giang day ctia ching t6i trong sudt tir nim 2000 dén nay va céc tai li¢u tham
khao chinh duoc trinh bay trong muc tai li¢u tham khao cua ting chuong.
Chung t6i chi cung cp cac kién thirc co ban va cac giai thich nham don gian
viéc trinh bay céc giai thudt hoc. Cudi mdi chuong co bai tap gitp doc gia on
tap lai kién thirc ciia chwong va trao déi k¥ ning thuc hanh. Gido trinh dugc to
chtrc thanh sau chuong:

Chuong 1 trinh bay cac kién thirc co ban cia tinh toan song song bao gdm céc
dinh nghia, cac tai nguyén, hinh thuc tinh todn song song, nhu cau va cac tng
dung cua tinh toan song song trong thuc tién.

Chuong 2 gi6i thiéu kién tric may tinh, phan loai may tinh song song dua trén
kién trtic bd nhd, cac md hinh 1ap trinh song song va céc tiéu chi danh gia hi¢u
nang cua tinh toan song song.



Chuong 3 trinh bay nguyén 1y thiét ké gidi thuat song song. Noi dung gi6i
thiéu v€ mo hinh tac vu/kénh (task/channel) va tép trung trinh bay m6 hinh 4
budc thiet ke giai thuat song song cua Foster.

Chuong 4 cung cip céac k¥ thuat 1ap trinh song song trén kién triic da nhan véi
bd nhd chia sé nhu: song song hoa ty dong, lap trinh song song véi OpenMP
va lap trinh song song v6i Pthreads.

Chuong 5 tap trung trinh bay ky thuat 1ap trinh song song véi by nhé phéan tan
st dung MPI (Message Passing Interface).

Chuong 6 gidi thiéu cac cong cu dé ghi nhan thong tin va phan tich hiéu suit
cua chuong trinh song song.

Noi dung gido trinh dugc giang day cho sinh vién k¥ su, thac si cong ngh¢
thong tin trong thoi lugng 30 tiét Iy thuyét. Giang vién c6 thé phan bd thoi
gian day 1y thuyét két hop véi cac tmg dung minh hoa cua 1ap trinh song song.
Chuong 1, 2 ¢6 thé duoc giang day trong 5 tiét ly thuyét. Chuong 3, 4, 5, 6
nén dugc giang day trong 15 tiét Iy thuyét va 20 tiét thuc hanh.

Trong thoi gian bién soan tai li¢u, chung t6i nhan dugc sy hd tro quy bau vé
vat chat, tinh than tir Khoa Cong Nghé Thong Tin va Truyén Thong, Truong
Pai Hoc Can Tho, Khoa Ky thuat - Cong nghé - Moéi truong, Pai hoc An
Giang. Chung t6i dic biét gui 101 cam on dén Quy Thay Co thudc Bo Méon
Khoa Hoc May Tinh, Truyén Thong — Mang May Tinh, Tin Hoc Ung Dung di
nhiét tinh gép y cho ban thao.

Do thoi gian ¢6 han va lan dau tién bién soan, tai liéu khong thé tranh khoi
nhitng thiéu s6t. Chung t61 mong nhan dugc sy gop y chan thanh tr quy doc
gid dé quyén sach ngay dugc hoan thién hon.

Can tho, thang 11 nam 2013
NHOM TAC GIA
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PHAN I
GIOI THIEU

TINH TOAN SONG SONG

KIEN TRUC TINH TOAN SONG SONG
MO HINH TiNH TOAN SONG SONG
PONG BO HOA

PHAN TICH HIEU SUAT






Chuong 1
GIOI THIEU

Trong nhitng nim qua, tinh todn song song dugc sir dung pho bién dé giai
quyét cic van dé 16n va phirc tap. Pé 1am quen véi tinh todn song song, chung
t6i trudc tién gidi thiéu tong quéat cac khai niém co ban vé tinh toan song song.
Chung t6i tap trung gidi thidu ngin gon vé dinh nghia, cac tai nguyén, hinh
thire tinh toan song song, nhu ciu va cic Gmg dung cia tinh todn song song
trong thuc tién.

1.1 TINH TOAN SONG SONG

Ngdy nay, nganh khoa hoc may tinh giai quyét cac van dé 16n, phuc tap, doi
hoi dung lugng bd nhé phai lon, can nhiéu thoi gian tinh toan dé hoan thanh.
Mot chuong trinh tuan tu trén mot may c6 bo xu Iy don, khong kha thi cho xir
Iy cac van dé nay. Trong khi do, chuong trinh song song sir dung ddng thoi
nhiéu bo xu ly dé giai quyét mot van dé, da tro thanh mo hinh théng tri, cho
phép tiét kiém thoi gian, chi phi, khi xir Iy cac van d& 16n va phic tap.

1.1.1 Tinh toan song song la gi?

Tinh toan song song 1a mot hinh thic tinh toan trong d6 nhiéu phép tinh duoc
thuc hién dong thoi, hoat dong trén nguyén tic 1a nhimg van dé 16n déu co thé
chia thanh nhiéu phan nhé hon, twong ddi doc 1ap véi nhau, sau d6 dugc giai
quyét dong thoi (song song) trén may tinh c6 nhiéu bd xir Iy hodc trén nhiéu
may tinh.

Theo truyen thong, phan mém may tinh duoc viét cho tinh toan tuan tu. Dé
giai quyét mot van d&, mot giai thuat duoc xay dung va thuc thi tuan ty theo
cac dong 1€nh. Nhitng cau lénh nay lai dugc thyuc thi trén mot by xu 1y trung
tam (CPU - Central Processing Unit) cia mdt may tinh. Van dé duoc phan
tach thanh day cac chi thi 1€nh ro1 rac. Theo trinh tu, chi c6 mdt chi thi Iénh
dugc thuc thi trong mot khoang thoi gian, sau khi chi thi I¢énh nay két thic, thi
chi thi 1énh tiép theo méi dugc thuc hién, cr thé tiép dién dén khi chi thi 1énh
cudi cung két thic. Khi d6 van dé& duogc giai quyét xong. Hinh 1.1 minh hoa
tinh toan tuan tuy.
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Hinh 1.2 Tinh toan song song

Tinh toan song song sir dung ddng thoi cac tai nguyén tinh toan dé giai quyét
mot van dé. Viéc ndy dugc hoan thanh bang cach tach van dé 16n can giai
quyét thanh nhiéu van d& nho doc lap, sau d6 mdi van dé nho duoc tach ra
thanh ddy cac chi thi 1énh roi rac, cudi cing cac day chi thi 1énh ciia timg vén
dé nho duoc thuc thi dong thoi trén nhimg bo xir Iy khac nhau. Hinh 1.2 minh
hoa tinh toan song song.



Tai nguyén tinh toan dugc dung trong tinh todn song song c6 thé 1a cac dang
khéc nhau nhu:

1. mot may tinh don c6 nhiéu bo xu 1y,

2. mdt si€éu may tinh co nhiéu bo da xur ly,
3. nhiéu may tinh dugc két ndi mang,
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. phan cung chuyén biét, chang han nhu cac bd dong xir Iy Field-
Programmable Gate Array (FPGA), by xtr Iy da nang cua card d6 hoa
General-Purpose Computing on Graphics Processing Units (GPGPU) ,

5. hoic c6 thé 1a sy két hop cua nhimng dang trén.

Tinh toan song song giai quyét mot van dé 16n, phic tap c6 thé 1a mot trong
cac dang sau day:

1. phan hoach van dé 16n thanh céc van dé nho doc lap dé xir ly mot cach
dong thoi cac van d€ nho,

2. thuec thi nhiéu chi thi 1énh & bat ky thoi diém,

3. xir Iy van d¢ trén nhiéu tai nguyén tinh toan nhanh hon so véi chi sir
dung tai nguyén tinh toan don.

Tinh toan song song ¢ thé thuc hién dudi nhiéu hinh thirc khac nhau nhu:
song song cap bit, song song cap 1énh, song song di liéu, va song song tac vu.

Giai thuat song song thudng rat kho thiét ké hon so véi nhitng giai thuat tuin
tu. Trong thyuc té, khong dé dang phan hoach hiéu qua van dé 16n thanh céc
van dé nho doc lap dé xir Iy mot cach dong thoi. Hon nita, thuc thi song song
céc van dé nho phat sinh sy tuong tranh trong truy xuat dir liéu, su phu thudc
vao dit liéu va xt 1y, dong bo héa xir 1y, tao ra nhiéu 13i tiém an.

Trong truong hop ly tudng, kha nang tang tdc tir tinh toan song song 1a tuyén
tinh so vé&i so luong thanh phan xu ly. Tuy nhién, rat it khi giai thuat song
song c6 thé dat duoc sy tang toc t6i uu nay. Hau hét cac giai thuat song song
chi dat dén gan muc tuyén tinh khi s6 thanh phan xtr 1y 1a nho, va tiém can dén
mt gid tri khong doi khi s6 lwong cac thanh phan xir 1y tang 1én.

Kha nang tang tdc cao nhit c6 thé dat duge cua mot chuong trinh khi duogc
song song hoa trén nén tang tinh toan song song, tuan theo dinh luat Gene
Amdahl dé xuit trong nhitng nim 1960. Néu tén tai mot b phén nho cua giai
thuat khong the dugc song song (thuc thi tudn ty) thi kéo theo han ché kha
ning tang toc tong thé cia viéc song song hoa giai thuét. Ching 61 s€ trinh
bay chi tiét vé dinh luat Gene Amdahl trong chuong tiép theo.



1.1.2 Tai sao cin tinh toan song song?

Tinh toan song song cho phep tiét kiém thoi gian va chi phi. Theo suy dién
mot cach ly tudng, neu su dung cang nhiéu tai nguyen tlnh todn cho mot cong
viéc thi s& cang rut ngin thoi gian hoan thanh, c6 thé tiét kiém chi phi vé thoi
gian. May tinh song song c6 thé duoc xay dung tir cac thanh phén gia ré.

Tinh toan song song cho phép giai quyét cac van dé 16n va phuc tap. Trong
thuc tién, c6 nhiéu van dé rat 1én va phic tap ma chung ta khong thé xur ly
chung trén mot may tinh don, dac biét la han ché vé bd nhé cula may tinh.
Chang han nhu du bao thoi tiét, thim do khai thic mé, mo phong hé phirc hop,
cong cu tim kiém Web, doi hoi khoang 707 FLOPS (FLoating-point
Operations Per Second) va /0’ Bytes tai nguyén ctia mdy tinh.

Mot tai nguyén tinh toan don chi co thé lam mot viée tai mot thoi diém. Nhidu
tai nguyén tinh toan co thé dugc lam nhiéu thi cing mot lac, co kha nang
cung cap dong thoi. Vi du, nhu Grid Access (www.accessgrid.org) cung cap
mot mang ludi cong tac toan cau, ma & d6 moi nguoi tir khap noi trén thé giéi
c6 thé gip gd va tién hanh lam viéc trong méi truong "ao".

Tinh toan c6 thé duoc thuc hién tir cac nguén tai nguyén phi cuc bg, chéng han
nhu st dung tai nguyén tinh toan trén mot mang di¢n rong, tham chi Internet,
trong khi cac tai nguyén tinh toan cuc bd bi gidi han. Vi du: SETI@home
(setiathome.berkeley.edu) c6 hon 1,3 tri¢u nguoi dung va 3,2 triéu may tinh,
gan nhu trén tat ca cac qudc gia trén thé gidi (tinh dén thang 7 nim 2012). Hay
Folding@home (folding.stanford.edu) c6 hon 450 000 CPU trén toan thé gidi
(tinh d&én thang 7 ndm 2011).

Dé cai thién thoi gian xu ly cua tinh toan tuan tu, chung ta can phai phat trién
nhimg may tinh tudn tu ngdy cang nhanh hon. Tuy nhién, dleu nay ton tai
nhiéu han ché vé& mat vat ly va thuc tién dat ra. Trude tién 1a tbe do truyen dan
cua mOt may tinh tuan ty phu thudc truc tiép vao toc do di chuyén dir liéu gitra
céc phan cimg. Gidi han tuyét dbi 1a tbc do anh sang (30 cm/nano gidy) va gidi
han viéc truyén tai ciia day dong (9 cm/nano gidy). Tang téc do doi hoi phai
ngay cang thu hep khoang cach giita thanh phan xu 1y nguyén t6 (processing
element). Ngoai ra, viéc ndy con gip gi6i han vé kich thudc thu nho. Cong
nghé vi xtr Iy cho phép tich hop s6 luong ngdy cang tang ciia cac dén ban dan
(transistor) dugc dat trén mot con chip. Tuy nhién, ngay ca véi cac thanh phan
phan tir hodc nguyén tir, vin c6 mot gidi han vé kich thudc thu nho s& dat
dugc cuia cac bo xir 1y. Phat trién cai thién toc do ciia bo xir 1y don thi dat tién
hon so v6i sr dung mot sO luong 16n cac by xu ly thong thuong, dé dat duoc
cung mot hiéu suat giai quyet van dé. Kién trac may tinh hién nay dang ngay
cang phat trién, dwa vao phan cimg song song, dé cai thién hi¢u suat: nhiéu
don vi thyc thi (multiple execution units), chi thi 1énh dang dng dan (pipelined
instructions), da nhan (multi-core).



1.2 NHU CAU TiNH TOAN SONG SONG

Trong thyc tién, nhiéu chuyén nganh phai giai quyét cac bai toan rat 16n, phirc
tap, can nhi€u tai nguyén tinh toan va thoi gian dé hoan thanh. Tinh toan song
song tr¢ thanh mo hinh thong tri trong cac chuyén nganh nay.

1.2.1 Tinh toan song song cho kham pha tri thirc va khai mé dir liu

Trong nhimg nam 1990, cudc cach mang ky thuét so cho phép s6 hoa thong tin
dé dang va chi phi thap, thém vao do la sy phat trlen cua cong nghé thong tin
bao gém ca phan cimg 14n phan mém, cong nghé truyén thong, web, internet d
g6p phan dua may tinh vao cac sinh hoat thudng nhat ciia con ngudi. Hé qua la
mot khéi luong 16n dir liéu dugce sinh ra va Iuu trir trong cac co s¢ dir liéu. Tu
nam 1999, Gido su P. Lyman va cic cong su cua 6ng ¢ Dai hoc Berkeley da
tién hanh théng ké dir liéu dugc sinh ra hang nam trén toan cau (tham khao &
dia chi http://www.sims-.berkeley.edu/research/projects/how-much-info-2003),
dir liéu toan ciu ting 5 Exabytes (5x10'® bytes). Van dé dit ra Ia lam sao ching
ta co thé rut trich tri thirc quan trong tir cac kho dir liéu khdng 16. Céc tri thirc
phuc vu cho céc to chirc, co quan, cong ty bao gom viéc phat hi¢n quan trong
trong khoa hoc, cac dy bao chinh xac vé thoi tiét va cac tham hoa ty nhién,
nhiing tri thirc cho phép ta xac dinh duoc nguyén nhan va phuwong phap diéu tri
cac can bénh hiém nghéo, du bao dich hai, etc.

Su ra doi cua cong ngh¢ kham pha tri thirc va khai mo dir li€u [6] trong nhimg
nam gin day nhiam dap Gmg nhu cau can thiét cia céc t6 chiic, co quan, cong
ty v& phat hién tri thirc tir cac kho dir liéu khong 16. Cac ting dung thanh cong
ctia cong nghé khai mé dit liéu co thé tim thay trong rat nhiéu linh vuc nhu:
tiép thi, ngan hang, bao hiém, y té, sinh hoc, méi truong, phat hién gian lan,
tim kiém thong tin, loc thu rac, phan loai van ban.

Xét tmg dung vé tim kiém hay phan 16p anh dugc mo ta trong [5]. Tap anh voi
khoang 14 tri¢u anh, 20 ngan 16p dbi trong (ngudi, xe dap, xe 0to, cdy, etc).
Van d¢ 1a chung ta 1am sao x@y dyng mo hinh phan 16p dbi tuong (gan nhén)
tu dong cho tung anh véi 16i thap nhat. Do dit liéu anh 1a dir lidu phi cau trac,
cong viée dau tién can giai quyét 14 trich chon tir dnh cac dic trung (t6 chirc
d6, biéu dién dic trung khong doi, etc) va tim cach biéu dién anh (thuong la
dang véc to). Cac dic trung ndy cho phép phan biét tot nhat giita cac 16p ddi
tugng. Tuy nhién khong c6 bat ky mot dic trung nao 1a t6t cho tat ca cac
truong hop. Chinh vi 1y do d6, ngudi ta thuong két hop nhiéu dic trung dé co
két qua xir Iy t6t nhat. Thoi gian cho rat trich timg ddc trung hon mot thang
trén mot may tinh ca nhan, sir dung hang trim GB b nhé. Do d6 can phai
phat trién cac giai thuat cho phép thuc hién tinh toan song song trén may tinh
nhiéu bd xir Iy hay trén nhiéu may tinh dé ting tbc qua trinh xtr Iy nay. Hon
nira, cac dic trung duoc rat trich mot cach doc lap, didu nay cho phép dé dang
thuc hién song song. Sau budc tién xur Iy trén, tap anh duoc biéu dién dudi



dang mot bang ¢ 14 triéu dong va 100 ngan cot voi 20 ngan 16p ddi tugng
khac nhau. Budc tiép theo 1a xdy dung mo hinh hoc phan 16p 20 ngan dbi
tuong tir bang dir ligu vira thu dugc & bude tién xir Iy. M6 hinh hoc phan 16p
va nhanh nhat hién nay cho van dé nay la may hoc véc to hd tro (SVM [7]).
Tuy nhién, dé huan luyén mot mo hinh phan 16p SVM, ching ta mat hon mot
nam thyc hién trén mot may tinh c6 bo xur ly don. Do d6, nguoi ta thuong tap
trung phat trién cac giai thuat hoc song song dé xu ly dong thoi cac van dé nho
(dugc phan rd mot cach twong dbi doc 1ap tir van dé 16m), trén may tinh co
nhiéu bo xtr Iy hay nhom cac may tinh.

Xir 1y song song 1a nhu cau can thiét, nham dép mg rang budc vé thoi gian
cua cac ung dung ve phat hién tri thirc tr cac kho dir li¢u khong 16.

1.2.2 Tinh toan song song trong sinh tin hoc

Tin sinh hoc (bioinformatics [8], [9]) 1a mdt linh vuc khoa hoc st dung cac
cong nghé cua cac nganh tin hoc, toan hoc ing dung, thong k€, khoa hoc may
tinh, tri tu¢ nhéan tao, hda hoc va hda sinh (biochemistry) dé giai quyét cac van
dé sinh hoc. Tin sinh hoc phat trién cac giai thuat, 1y thuyét va cac k¥ thuat
thong ké va tinh toan dé giai quyét cac bai toan bit ngudn tir nhu cau quan ly
va phén tich dir liéu sinh hoc. Trong khi do, sinh hoc tinh toan (computational
biology) thién vé kiém dinh céc gia thuyét (hypothesis) duoc dit ra ciia mot
van dé trong sinh hoc nhd may tinh thyc nghiém trén dir liéu m6 phong, voi
muc dich chinh 1a phat hién tri thirc vé sinh hoc, chang han nhu dy doan méi
quan h¢ tuong tic gilta cac protein, dy dodn cau truc bac 2 phan tr cua
protein, etc. Cac nghién ciru trong nganh sinh hoc tinh toan bao gom:

e Dbit cdp trinh ty (sequence alignment),

e Dbit cdp ciu triic protein (protein structural alignment),

e du doan céu tric protein (protein structure prediction),

e du doan biéu hién gen (gene expression),

e tuong tac protein - protein (protein-protein interactions),
e vamo hinh hoa qué trinh tién hoa.

Nhirng mdi quan tim chinh trong cac duy an tin sinh hoc va sinh hoc tinh toan
la viéc sur dung cac cong cu toan hoc dé trich rat cac thong tin hiru ich tur cac
kho dir li¢u rat 16n dugc thu nhan tir cac ky thuat sinh hoc.

Nhitng bai toan dic trung trong sinh hoc tinh toan bao gdm viéc lip rap
(assembly) nhiing trinh tw DNA chét luong cao tir cic doan ngin DNA thu
nhan duoc tr k¥ thudt xac dinh trinh ty DNA (shotgun sequencing), va vi¢c du
doan qui luat gen (gene regulation) véi dir li¢u tir cic mRNA, microarray hay
khdi phd (mass spectrometry).



