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LOI CAM ON

Trong qua trinh hoc tap va nghién ctru tai 16p Cao hoc khoa 9 chuyén nganh
Khoa hoc may tinh tai Trudng Dai hoc Cong nghé thong tin va Truyén théng - Dai
hoc Thai Nguyén, T61 da nhan dugc rat nhiéu su gitp do nhiét tinh cta cac théy, co
gido trong Trudong Pai hoc Cong nghé thong tin va Truyén thong; Vién cong nghé
thong tin thudc Vién khoa hoc va Cong nghé Viét Nam. Cac thiy, cb ludn giap d3,
tao diéu kién cho t6i trong qua trinh hoc tap. T6i xin bay to 15i cam on chan thanh
t6i tap thé cac thay, co gido trong Truong Pai hoc Cong nghé thong tin va Truyén
thdng; Vién cong nghé thong tin thudc Vién khoa hoc va Cong nghé Viét Nam.

Pic biét Toi xin giri 101 cam on sdu sic t6i thay gido TS Vii Vinh Quangda dinh
hudng va tan tinh huéng dan t6i hoan thanh ndi dung ban luin vin nay.

T6i xin cam on cac ban dong nghiép va nguoi than da dong vién, giup do toi
trong qua trinh nghién ctru va thyc hién luan van.

Trong mdt khoang thdi gian ngan, voi kién thirc ciia ban than con han ché nén
luan van khong tranh khoi nhitng thiéu s6t vé mit khoa hoc, t6i rat mong nhén duoc
nhimg dong goép ¥ kién cua cac Thay co gido cling ban bé dé ban luan vin duoc
hoan chinh hon.

Xin trdn trong cam on!
Théai Nguyén, ngay  thang nam 2013

Hoc vién

Vo Quang Huy
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LOI NOI PAU

Trong thuc té, c6 rat nhiéu linh vuc nhu xu ly dd hoa, tri tué nhén tao, Iy
thuyét d6 thi, 1y thuyét nhan dang, du béo thoi tiét... déu din dén cac bai toan xur 1y
mot khéi lwong dir liu rat 16n dan t6i yéu cau can phai c6 nhimg hé thong may tinh
that manh mdi thyc hién dugc nhitng yéu ciu cua thuc té. Hau hét nhitng bai toan
nay, nhitng may tinh xt 1y tuan tu kiéu von Neumann 1a khong dép tng yéu cau.
Trong thdi gian gan day, van dé nghién ctru xir Iy song song 1a mot hudng nghién
ctru dang duoc quan tdm trong linh vuc toan hoc va Cong nghé thong tin. Mot trong
nhirng bai toan ndi bat 1a cac bai toan tdi wu trén mé hinh 1y thuyét d6 thi.

Véi muc dich nghién ctru van dé thiét ké cac thuat toan song song dua trén cac
thuat toan tuan tu, ludn van dit van dé nghién ctru vé Iy thuyét xir Iy song song va
g dung trén mot sb bai toan trong mod hinh db thi.

CAu tric cta luan vin gdm phan mo dau va 3 chuong ndi dung nhu sau

Phin m¢& dau gidi thidu vé huéng nghién ctru va cac muc dich nghién ctru

Chuong 1: luan vin trinh bay cac khai niém vé van dé xu 1y song song, mé
hinh may tinh song song, thuit toan song song cung mdt sé ngdn ngir song song.
Pay 1a cac khai niém quan trong lam co sé cho cac van dé duoc dua ra trong cic
chuong tiép sau.

Chuong 2: luan van dua ra cac khai niém co ban vé ly thuyét dd thi, mo hinh
céc bai toan toi wu va mo ta cac thuat toan tuan ty kinh dién giai cac bai toan tuong
ung, danh giad do phtrc tap cua cac thuat toan tudn tu.

Chuong 3: Trén co so cac thuat toan da trinh bay trong chuong 2 két hop véi
Iy thuyét xtr Iy song song, luan vin dua ra mot s hudng thiét ké cac thuat toan song
song giai cac bai toan t61 wru trén mo hinh db thi, danh gia do phuec tap cua céac thuat
toan tuong ung.

Kém theo luan van la cac phén mém thir nghiém céc thuat toan tuan tu dugc

viét bang ngdn ngir C++.
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Chuong 1
MOT SO KIEN THUC CO BAN VE XU LY SONG SONG

1.1 Khai niém co ban vé xir 1y song song
Trong nhitng thap nién 60, nén tang dé thiét ké may tinh déu dya trén mo hinh
cua John Von Neumann (Xem 0), véi mot don vi xt Iy dugc ndi véi mot ving luu

trir 1am bo nhé va tai mot thoi diém chi c6 mét 1énh duoc thuc thi.

|
B nho
e
Cau lIénh Ghi dir lidu Poc dir liéu
™
Bo xir ly +
vy

Hinh 1.1. M0 4 kién triic Von Neumann

Véi nhitng bai toan yéu cau vé kha nang tinh toan va luu trit Ién thi mé hinh
kién tric nay con han ché. Bé tang cuong stc manh tinh toan giai quyét cac bai toan
l6n c¢6 do tinh toan cao, nguoi ta dua ra kién tric méi, vai y tuong két hop nhiéu bo
xu ly vao trong mét may tinh, ma hay goi la xa ly song song (Multiprocessor) hoac
két hop sirc manh tinh toan caa nhiéu may tinh dya trén két ndi mang (goi la may
tinh song song - multicomputer).

Trong thoi dai théng tin bung nd, con nguoi cang ngdy cang trd nén ban ron
thi nhu cau cua xir 1y song song ngiy cang dugc nang cao nham xir Iy dugc mot
luong dir liéu 16n nhét trong thoi gian nhanh nhat co thé. Xu 1y song song ngay
cang dugc quan tim trén thé gidi vi 2 1y do chinh sau day:

- bat dugc hi€u nang cao hon trong khi tiét kiém duoc thoi gian va tién bac.
Vé ly thuyét, cang dau tu nhiéu tai nguyén cho mét nhiém vu nao d6 thi cang rat

ngén duoc thoi gian thyc hi¢n nhiém vu do, déng thoi tiét kiém duoc cang nhiéu chi
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phi. Hon nita, nhiéu hé théng xir 1y song song co thé dugc xay dung tir nhitng thanh
phan ré tién va pho bién.

- Kha ning xtr 1y cic bai toan 16n. Nhiéu bai toan trong thuc t& doi hoi tai
nguyén tinh toan 1én dén mirc khong mét may tinh don 1é ndo co6 thé dap tng noi.
Nhiéu linh virc méi nhu ¢4 hoa mdy tinh, tri tué nhén tao, phan tich sd, v.v. doi hoi
phai xtr Iy mot khéi luong dir liéu rat 16n do d6 can phai c6 nhitng hé thong may
tinh that manh méi thyc hién duoc nhitng yéu cau cua thyuc té. Nhitng van dé vé xu
1y ngdn ngit ty nhién, nhan dang, xir 1y anh ba chiéu (3-D), du bao thoi tiét, mo hinh
va md phong nhiing hé théng 16n, v.v. déu doi hoi phai xtr 1y dir liéu véi tde doc rat
cao, v6i khoi lugng dir lidu rat 16n. Hau hét nhitng bai toan nay, nhitng may tinh xtr

1y tudn ty kiéu von Neumann 1a khong dép ung yéu cau.

Mic du téc do xir Iy cua cac BXL ting nhiéu trong nhitng nim qua, nhung do
gidi han vé vat 1y nén kha ning tinh toan ctia chiing khong thé ting mii dugc. Piéu
nay din toi 1a mudn ting duoc kha ning tinh toan cia cac hé théng may tinh thi

dich cubi cung 1a phai khai thac duoc kha niang xir 1y song song cta ching.

Xét vé mit cong nghé, viéc xay dung, quan tri va tng dung mot hé théng xir 1y
song song ciing khong phai dé dang. Thong thuong, chi phi phai tra cho viéc quan
tri mot hé thdng xtr Iy song song trong 1 nim con cao hon nhiéu so vé&i chi phi bo ra
dé mua ca hé théng. Vi du, mét cluster ¢ tc dd tinh toan 1 TeraF lops ¢6 chi phi
vao khoang 100 nghin USD, gan bang chi phi phai trd cho mot ngudi quan tri hé

thdng trong mot nam.

Nghién ctru vé xtr Iy song song vi vay khong chi mang ¥ nghia khoa hoc, ma
con c6 y nghia thuc tién rat 16n. Viéc nghién ciru vé xir 1y song song, tir 1y thuyét
cho dén tmg dung, khong chi giup ching ta nim duoc nén tang cong nghé, ma con
gitip chiing ta nhin thay tiém ning to 16n ciia x{r Iy song song trong céng nghé noi

riéng va cac linh vyc kinh t€ quoc dan néi chung.
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Pinh nghia: X Iy song song 1a qué trinh xir Iy gdm nhiéu tién trinh duoc
kich hoat dong thoi va cung tham gia giai quyét mot van dé, nodi chung 1a thyc hién

trén nhitng hé théng da bo xur 1y.
Sw khéc nhau giira song song véi tuin tu:

+ Trong tinh todn tuan tu voi moét BXL thi mdi thoi diém chi thuc hién duoc

mot phép toan.

+ Trong tinh toan song song thi mot sé6 BXL cung két hop voi nhau dé giai
quyét ciing mdt van dé cho nén giam dugc thoi gian xir Iy vi mbi thoi diém co thé

c6 nhiéu phép toan dugc thyc hién déng thoi.
Ba yéu t6 chinh dan dén viéc xtr Iy song song:

1. Hién nay gia thanh cta phan ctng (CPU) giam manh, tao diéu kién dé xay

dung nhitng hé thong c6 nhiéu BXL véi gia thanh hop 1y.

2. Su phat trién cua cong nghé mach tich hop VLSI cho phép tao ra nhiing

hé phtrc hop c6 hang triu transistor trén mot chip.

3. Tdc @6 xur Iy cua cac BXL theo kiéu von Neumann d3 dan tién toi gidi han,
khong thé cai tién thém duoc do vy din t6i doi hoi phai thuc hién xu 1y

song song.

Van dé xu 1y song song lién quan tryc ti€p dén kién tric may tinh, phan mém

hé théng (h¢ diéu hanh), thuat todn va ngon ngir 1ap trinh, v.v.

Cac may tinh song song co thé phan thanh nhiéu loai dua vao cac dac trung
cua cac kién trac va thé thuc thao tac khac nhau. Cu thé 1a c¢6 thé dua vao cac chi
tiéu vé ki€u va so lugng cac BXL, su két ndi gitta chung, dua vao so do truyén

thdng va cac thao tac vaolra, v.v.

Phan 16n c4c hé diéu hanh ngay nay déu di hd trg da xir 1y / da nhiém va cho
phép nghién ctru, khai thac cac phuong phap 1ap trinh song song. Van dé 1a chung ta

phai c6 nhiéu BXL (cac don vi tinh toan doc 1ap) cuing hoat dong. Nhung diéu quan
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trong 14 chung phai tham gia "cing giai mot bai toan". Noi cach khac, nhitng tién
trinh thyc hién trén mdi BXL phai két hop, trao d6i voi nhau dé giai quyét mot bai
toan cho trudc.

1.2 Cac m6 hinh may tinh song song

Pinh nghia: Mot may tinh song song 13 tuyén tp cac BXL, thuong la cung
mot loai, két ndi v&i nhau theo méot cach nao d6 dé co thé hop tac voi nhau trong
hoat dong va trao doi dir lidu duoc v6i nhau.

Dua vao cac dic tinh vé sd luong BXL, s6 chuong trinh thuc hién, cau tric bd
nhé, v.v., Michael Flynn (1966) di dua ra cach phan loai ndi tiéng dugc nhiéu
nguoi chip nhan.

1. M6 hinh SISD (Single Instruction, Single Data Stream - Pon dong 1énh,
don dong dit lidu). Pay thuc chat chinh 1a kién trac Von Neumann.

2. SIMD (Single Instruction, Multiple Data Stream - Pon dong 1énh, da dong
dir liéu). Kién trac nay bao gdm cac bd xtr Iy kiéu vecto cling nhu cac bo xir 1y song
song cuc 16n (MPP).

3. Mé hinh MISD (Multiple Instruction, Single Data Stream - Pa dong 1énh,
don dong dir liéu).

4. M6 hinh MIMD (Multiple Instruction, Multiple Data Stream - Pa dong
1énh, da dong dir liéu). Kién triic nay bao gom cac hé da vi xtr 1y truyén théng ciing
nhu cdc mang may tram.

Sau ddy chung ta nghién ctru chi tiét cac mé hinh trén:

1.2.1. Mé hinh SISD: Pon luong l¢nh, don luéng div liéu

May tinh loai SISD chi c6 mdt CPU, & mdi thoi diém thuc hién mét chi 1énh va chi
doc, ghi mot muc dir ligu. Tét ca cac may tinh SISD chi c6 mot thanh ghi register dugc
goi 13 bo dém chuong trinh (program counter) duoc st dung dé nap dia chi cia 1énh tiép
theo khi xir Iy tuan ty va két qua 13 thyc hién theo mot thir ty xac dinh cta cac cau lénh.
Hinh 1.2 mo6 ta hoat dong cuia may tinh theo mo hinh SISD.
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