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Abstracts. Trinh bay tong quan vé xtr Iy song song, thuit toan song song va gi6i
thiéu 1ap trinh song song v6i MPI st dung Visual cua Microsoft. Trinh bay vé cac
thuat toan thiét ké cho nhan ma tran thwa v6i véc to song song. Trinh bay mét sb
két qua thyc nghi¢m trén mot s6 bd dir liéu cho chuong trinh nhan ma tran thua véi
véc to song song.
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LOI MO PAU

Viéc nghién ctru thiét ké cac may tinh song song, va cac thuat todn song song ciing
nhu cac ngdn ngit 1ap trinh hd tro 1ap trinh song song bit dau dugc quan tAm tir nhiing
nam 70, cho dén nay cac ing dung clia ching da lan rong khap cac linh vuc ctia doi sdng
nhu danh gia kha ning rii ro vé tai chinh: dung dé mé hinh hoa cic xu hudéng trén thi
truong. .. H) tro quyét dinh nhu phan tich thi trudng, du béo thoi tiét... Tri tué nhan tao
nhu thiét ké robot... Xt 1y anh Ung dung trong cong ngh¢ nhan dang... Diéu khién tu
dong... Mo phéng, trmh chiéu hé thong 16n ... Bai toan nhénmatrénthuavéiveécto,
hay gip trong cac 10i giai lap ctia hé phuong trinh tuyén tinh, hé phuong trinh gia tri
riéng, véc to riéng... Khi ma tran kich thudc 16n, viéc thuc hién nhan ma tran véi véc to
lap di 1ap lai nhiéu lan yéu cau khéi luong xtr Iy 16n ma xt Iy tuan tu khoéng dap ung
duoc vi vay viéc nhan ma tran thua vdi véc to song song la can thiét va c6 vai tro quan
trong.

Trong pham vi luan van nay trinh bay ba phan chinh, Chwong 1 trinh bay tong quan
vé xir 1y song song, thuat toan song song va gidi thiéu 1ap trinh song song vi MPI st
dung Visual ciia Microsoft; Chwong 2 trinh bay vé cac thuat toan thiét ké cho nhan ma
tran thua voi véc to song song; Chwong 3 trinh bay mot sé két qua thuc nghiém trén mot
s6 bo dit liéu cho churong trinh nhan ma tran thua véi véc to song song.



Chuong 1 - TONG QUAN VE XU LY SONG SONG

Chuong nay trinh bay mét sb kién thirc tong quan vé xir Iy song song bao gdm hé
thong song song, cac mod hinh 1ap trinh song song, nguyén 1y thiét ké thuat toan song
song va kién triic cum may tinh cta trung tAm tinh toan hiéu ning cao. Luén vin di gidi
thiéu vé giao dién truyén théng diép MPI nham muc dich 4p dung lap trinh MPI v6i ngdn
ngtr C cho bai toan nhan ma tran thua voi véc to song song.

1.1 Hé théng song song
Kién triic xiv Iy song song
a) May tinh song song phan chia theo cach thiec thuc hién chwong trinh

C6 nhiéu cach dé phan loai may tinh song song, ngudi ta thudng sir dung cach phan
loai may tinh song song ciia M.J. Flynn (1966). Cach phan loai nay dua vao sy phan phbi
dr liéu va phan phéi cac 1énh trén moi bo xur ly.

Bdn cdu trac may tinh song song dugc phan loai bai Flynn d6 la:
e M5 hinh SISD (don ludng 1énh, don ludng dir lidu)

May tinh loai SISD chi ¢c6 mét CPU, & mdi thoi diém thue hién mot chi 1énh va chi doc,
ghi mot muc dir liéu. Pay chinh 1 mé hinh méy tinh truyén thong kiéu von Neumann .

e  Mb hinh SIMD (don ludng Iénh, da ludng dir ligu)

May tinh loai SIMD c6 mét don vi diéu khién dé diéu khién nhiéu don vi xtr 1y thuc
hién theo mot ludng cac cau lénh. Pay chinh 1a mé hinh may tinh phd bién co trén thi
truong nhu: ILLIAC IV, DAP va Connection Machine CM-2.

e Mo hinh MISD (da ludng 1énh, don ludng dir liéu)

May tinh MISD c¢6 thé thuc hién nhiéu chuong trinh (nhiéu 1énh) trén cing mot
muc dir liéu, nén con dugc goi 1a MPSD - da chuong trinh, don luéng dir 1iéu. Hoat dong
clia may tinh theo kién truc loai nay giéng nhu hé tuin hoan nén con duogc goi 1a hé tim
thu.

e Mo hinh MIMD (da ludng Iénh, da ludng dir liéu)

May tinh loai MIMD con goi 1a da bo xt 1y, trong d6 mdi bo xtr Iy ¢6 thé thuc hién
nhiing luéng Iénh (chuong trinh) khac nhau trén cac ludng dit ligu riéng.

Hau hét cac hé thong MIMD déu c6 bd nhé riéng va cling co thé truy cap vao duoc
bd nhé chung (toan cyc) khi can, do vy giam thiéu dugc su trao ddi giira cac bo xir 1y
trong hé thong.

Pay 1a kién trac phuc tap nhét, nhung n6 1a moé hinh hd trg xir Iy song song cao
nhit va di c6 nhiéu may tinh duoc san xuat theo kién trac nay nhu: BBN Butterfly,
Aliant FX, iSPC cua Intel, .

b) May tinh song song phdan chza theo kzen triic phan cung

Kién trac may tinh 1 mot phan rat quan trong quyet dinh hi¢u qua cua cong vigc,
dbi voi mot may tinh song song c6 mot s loai kién trac phan cimg co ban sau:
e  May tinh song song véi bo nhé chia sé

Trong may tinh song song v&i bd nhé chia s¢, bd nhé 1a chung cho tat ca cac bo xir
ly. B nhé duge phan thanh cic md dun nhd, mdi mo dun nay c6 kénh vao ra riéng. Mdi
bo xtr Iy doc dir liéu ma né can trong bo nhé chung, xir 1y chung, rdi lai ghi két qua vao
bd nho.

e  May tinh song song v6éi bo nhé phan tan

Trong mé hinh ndy mdi CPU c6 bd nhd riéng, mdi CPU truy nhap dén bd nhé
riéng ctia minh véi tbc do nhanh, con truy cap dén bd nhd ciia CPU khéc thi cham hon.
Trong mo6 hinh nay mdi bo xur Iy ngoai viée st dung dir liéu trong bd nhd riéng, ndé con



c6 thé doc trén mot hodc nhiu kénh truyén thong tir cac bd xur 1y khac ma no can, thuc
hién xur 1y, 10i lai c6 thé truyén két qua cho bo xir 1y khéc.
e M5 hinh hén hep
Mo hinh nay 14 su két hop giita cac mé hinh di trinh bay & trén, no6 dung hoa dugc
cac wu nhuoc diém cta hai kién tric trén, cac bd xur Iy duogc lién két v6i nhau thong qua
mot mang giao tiép tao thanh mot hé théng lién cum, mdi cum c6 kién trac dung chung.
1.2 Cac m6 hinh 13p trinh song song
1.3.1 M6 hinh chia sé by nh¢
Trong mo hinh nay, cac bo xu ly déu duogc két ndi t6i mot bo nhé chung, thong qua
cac phuwong tién phan cimg hoac phin mém. C6é cac co ché khic nhau nhu
khoa/semaphores str dung dé kiém soat truy cdp vao bd nhd chung do.
1.3.2 M6 hinh tuyén
Trong md hinh tuyén (hay mé hinh ludng) cua 1ap trinh song song, mét tién trinh
don c6 thé bao gdbm nhiéu tuyén thyc hién dong thoi. Moi ludng c6 dir liéu cuc bd, nhung
dong thoi chia sé toan bo tai nguyén cia tién trinh chu. Piéu nay tiét kiém cac chi phi lién
quan dén viéc sao chép céc tai nguyén ctia chuong trinh cho mdi tuyén.
1.3.3 M6 hinh song song dir li¢u
M5 hinh song song dit liéu hay gip khi phan 16n cong viéc song song tip trung vao
viéc thuc hi¢n cac tac vu trén mot tap dir liu. Tap dir li¢u thuong duoc td chirc thanh mét
cau trac thong dung, nhu mang hay khéi 1ap phuong. Mot tap cac tac nhiém lam viée trén
cung mat cAu trac dir lidu, tuy nhién, mdi tdc nhiém 1am viéc trén mot phan ving khac
nhau cua cung mot cdu trac di liéu. Cac tac nhiém thyc hién cing mét tac vu trén phan
vung lam viéc cua ching.
1.3.4 M6 hinh truyén thong diép
Trong md hinh truyén thong diép, cac tién trinh chia sé¢ v6i nhau qua cac kénh
truyén thong. Kénh 1a khai niém triru twong cta duong truyén thong vat 1y giira cac tién
trinh. Céc kénh dugc truy cdp bdi hai phuong the gui va nhén thong diép: send() va
receive(). Khi mot tién trinh giri di mot thong diép vao kénh truyén va c6 mot tién trinh
khéc yéu cau nhén thong di€p do thi dién ra sy trao doi dir liéu va su trao ddi duoc hoan
tat khi dir liéu d dugc chuyén tir noi giri téi noi nhan.
1.4 Nguyén ly thiét ké thuat toan song song
C6 thé c6 nhiéu thuat toan song song khac nhau cung giai quyét mot bai toan, tiy
thudc vao cach dir liéu duoc truy xuét, cach phéan ra dit liéu thanh nhing tac vy, cach anh
xa cac tac vu nay vao cc bd vi xur Iy va cach dong bo cac tién trinh.
1.4.1 Cac giai doan cua thiét ké thuat toan song song
C6 ba phuong phap thiét ké thuat toan song song:
- Song song hoa nhirng thuat toan tudn ty da c6
- Thiét ké thuat toan song song mdi trén co sé thuat toan song song da co
- Thiét ké thuat toan song song hoan toan mdi thich ung véi nhitng cau trac song
song.
Du sir dung phuong phap nao thi qua trinh thiét ké ciing thuong bao gém céc giai
doan sau:
Phan hoach bai todn
Muc tiéu cta giai doan phan hoach 1a tim kiém kha ning thuc hién song song cia
bai toan. Phan hoach 1a thao tac phan tich mdt tinh toan thanh nhiéu tac vu nho. Giai doan



thiét ké nay thuong doc lap véi kién trac may va dam bao thuat toan dat ra c6 do tuong
thich cao vdi cac hé may tinh song song.
Truyén théng

Sau khi bai toan duogc chia nhé thanh céc tac vu thi ching ta phai xac dinh méi quan
hé gitra cac tac vu do roi dya trén cac quan h¢ nay dé chi ra cach truyén thong thich hop
gitra cac tac vu.
Tich hop

Muc tiéu cta giai doan nay 1a dua ra cach tich hop mot sé tac vu thich hop thanh
mot tdc vu du 16n cho mdt may tinh thyc hién. Viéc luya chon cach tich hop tbt dua trén
viéc can nhic mét sé van dé nhu: cac doi hoi vé truyén thong, kién trac thyuc thi thuét
toan, kha nang va chi phi thyc hién.
Anh xa

Sau khi d3 tich hop lai thanh nhiing tac vu thich hop, ta can anh xa cic tac vu nay
vao kién trac may tinh thyuc thi thuit toan. Giai doan nay chi rd noi ma mdi tac vu duoc
thuc hién. Noi cach khac, mbi thao tac s& duoc gan cho mot bo xur 1y riéng dé s6 bo xu 1y
duogc st dung 16n nhét va chi phi truyén thong nhé nhat.
1.4.2 Panh gia do phirc tap cua thuit toan song song

Do phirc tap vé thoi gian 14 tidu chi quan trong trong danh gia thuat toan song song.
Noi chung, d6 phirc tap vé thoi gian cta thudt toan song song ta can xét dén hai loai thao
tac: thao tac tinh toan co ban va thao tac dinh tuyén dir liéu.

Thoi gian thyc hién song song, ky hi¢u la t, gé)m hai phﬁn tecomp VA teomm

t, =t +t

p comp comm *
Trong do, teomp 1 thot gian tinh ton va teomm la thoi gian tmyén thong dir liéu.
1.5 Lép trinh song song véi MPI

Giao dién truyén thong diép chudn MPI (MessagePassing Interface) 1a mot giao
dién chuan cho phép nhiéu may tinh giao tiép voi nhau, duge sir dung trong cic cum may
tinh va siéu may tinh. MPI 1a giao thirc doc 1ap ngdn ngit sir dung cho cac may tinh song
song. MPI 14 mot giao dién lap trinh ing dung truyén thong diép véi muc dich 1a dem lai
hiéu ning cao, kha nang m¢ rdng va linh hoat.

Cac kha nang cua MPI

Giao dién MPT la mot phuong tién dé cung cép cac chirc ning topo 4o, su dong bd
hoa va giao tiép giita tdp hop céc tién trinh (cac nat/may chu/may tinh) theo cach doc lap
Vo1 ngdn ngir, voi cu phap déc ta ngdn ngit, cong thém mot so déc diém khéc.

Chirc nang cua thu vién MPI bao gom (nhung khong han che) cac hoat dong gui
nhan diém-diém, lya chon topo tién trinh logic dang hinh hoc phang hay d6 thi, trao ddi
dir liéu gitra cac cap tién trinh, phdi hop két qua timg phan ctia qué trinh tinh toan, cac
nut déng bo ciing nhu cac thong tin vé mang ...

1.6 Kién triic cum may tinh

Heé thng song song clia trung tAm tinh toan hiéu ning cao c6 hai dang kién tric bo
nhu sau:

- Kién triic b6 IBM 1600.

- Kién triic b6 IBM 1350.
Chuong 2 — THUAT TOAN SONG SONG NHAN MA TRAN THUA VOI VEC TO
2.1 Ma tran thwa
2.1.1 Pit van dé
Bai todan



Cho ma tran thua A cdp mxn va véc to day v do dai n. Két qua tinh toan 1 véc to u
d6 dai m, u= Av.

Trong chuwong nay trinh bay bai toan nhan ma tran thua vdi véc to song song, tinh
thua cia ma tran co thé 1a bat thuong, khong co qui tic. Nhung that may mén trong bai
toan nhan ma trin v&i véc to thi ma tran 13 khong thay ddi trong qua trinh tinh toan.

Céc bai toan vé ma tran thua da duoc dé cap, cung vdi cac bg dir liéu tir nhitng bai
toan thuc t& d3 duoc tap hop bdi cac nhom nghién ctru nhu: Matrix maket, Harwell-
Boeing ngay nay goi 1a Rutherford-Boeing... Muc ti€u cho viéc xay dung cac b suu tép
nay do la cac nha nghién ctru kiém nghi¢m cac bd dir li¢u, cho cac thuat toan khac nhau
trén cic may khac nhau, dé co thé sir dung nhu mot tap phd bién cac bo thir nghiém cho
truong hop dac biét nhu ma tran thua.

Cdc két qua di dat dwoc

Trong nhitng nam gan day, da c6 nhiéu két qua dat dugc tir bai todn nhan ma tran
thua véi véc to song song. Co hai phuong phap da dugc st dung cho phan hoach dir li¢u
ctia bai toan, phuong phap phan hoach dit liéu mot chidu va phuwong phap phan hoach hai
chiéu. Cac két qua da dat duoc tir hai phuwong phap nay cho két qua trong tinh toan, cin
bang tai tinh toan kha tét, va cung d duoc quan tdm cho ca trong truyén thong. Hai véc
to v va u ciing da dugc phan phdi cho cac bo xir Iy nhung thuong ap dit bang cach xem
chung la cac ma tran vudng.

Trong luan vin trinh bay phuong phap phan hoach hai chiéu phan phdi dir liéu cho
ma tran, sau d6 thuc hién phan phdi cac véc to bang phuong phap phan hoach dya theo
bién dia phuong.

Dé khai thac tinh thua ciia ma tran thua, trude tién ching ta phai lya chon dugc cAu
trac dit liéu thich hop, thudng chi luu cac phan tir khac khong ctia ma tran. Tiép theo, di
vao thiét ké thuat toan nhan ma trén thua vo6i véc to song song v6i muyc tiéu dé ra la cuc
tiéu hod chi phi truyén thong va dat can bang tai tét.

2.1.2 Céu tric dir liéu cho ma trin thua

Loi ich chinh cta viéc khai thac tinh thua 13 lam giam bo nhé st dung (cac phan tir
0 khong dugce luu trir) va thoi gian tinh toan (cac phép toan véi 0 dugce bo qua hodc duge
lam cho don gian). C6 cac cau trac hay dung d6 la:

- Céu truc luge dd bo ba (coordinate scheme)
- Cau trac luu trir hang nén (CRS-Compressed Row Storage).
- Céu trac luu trir cot nén (CCS-Compressed Column Storage).
- Cau tric luu trir hang (cot) nén co gia sé (ICRS-Incremental Compressed Row
Storage).
2.2 Nhan ma tran thwa véi véc to song song
2.2.1 Thuét toan song song

Dé thyc hién nhan ma tran thua véi véc to song song hiu qua do1 hoi phan phéi dir
liéu phai phu hop voi tinh toan trén do. Cu thé, yéu cau phan phoi ma tran va cac vec to
déu khip trén cac bo xur 1y ciia may tinh song song, c6 nghia 1a mdi bo xir 1y s& c6 s6
phan tir khic khong gan nhu nhau. Phuong phap phan hoach dit liéu cho bai toan nhan
ma tran thua véi véc to song song trinh bay ¢ day gbm hai budc nhu sau: trudc ti€n, ma
tran s€ dugc phan ph01 ¢ day s€ xac dinh duogc truyen thong va cén bang tai tinh toan.
Sau do cac véc to dau vao va dau ra s& duoc phan phdi, & bude nay xac dinh duoc can
bang tai truyén thong. Su doc 1ap, riéng r& cua hai bude s& gitp cho ching ta d& dang hon
trong viéc toi wu phan phdi dir liéu.



Trong thudt toan song song nhan ma trén thua vdi véc to téng quat, thanh phan véc
to Vj can thiét cho tinh toan &;j.vj phai dat dugc trudce khi bat dau budc (2). Diéu nay dugc
thuc hién trong budc truyen thong (1). B6 xtr Iy ma phai nhén vj duoc nhén blet tor ma
trn thua dia phwong ma can thanh phan vj nay. Thanh phan v; phai nhan vé mdi b xur 1y
ma can no, n6 ¢6 thé duoc sir dung nhiéu 1an cho cac phan to khac 0 dia phuong ajj trong
cung cot j cua ma tran. Neu cot j chtra it nhat mot phan tir khac 0 dia phuong thi vj la can
thiét; nguoc lai v khong can thiét. Do do, dé thuan tién ta xdac dinh tép chi sO Js cac oot
khac rong dja phuong, twong tur tap chi sb hang khac rong ls. Chung ta nhan vé Vi néu va

chi néu Jj €Jg, thyc hién ¢ budc (1) cua thuat toan. Tap Js co thé duogc biéu dién bang
mang colindex d¢ dai |Js|, twong tu rowindex cho tap ls. Ching ta xem cac mang
rowindex va colindex nhu phan cau trc dit liéu cho ma tran thua dia phuong. Tong thanh
phan u;s ma khac 0 phai dugc gui tdi U; néu hang i dia phuong 1a khong rong, tirc 1a, néu
i € |, thuc hién trong budc (3). Cudi cung, bd xur 1y chiu trach nhiém tinh u; s€ cong cac
gié tri khac 0 da nhan dugc ui, 0 <t <P, t=#s, thuc hién & bude (4).
2.2.2 Phén phdi ma trin

Gia st ma tran thua Acod kich thudc mxnvéi m,n>1, cac phan to a;, voi
0<i<m va 0< j<n. Vécto dau vao v 1a véc to dd dai n va véc to dau ra u la véc to do
dai m. Chung ta khong tinh kha ning thua c6 thé c6 cua cac véc to. May tinh song song
c6 s6 bo xir Iy dang P =29 bo xtr 1y, >0, mdi bo xur 1y ¢6 bd nhé cuc b riéng.

Mot phan hoach k chiéu ctia A 1a mot tap {A,,..., A_,} khdc rong, cac tap con cua A

k-1
roi nhau d6i mot va théa man | JA = A
r=0

Dud¢i day 1a mot s6 dinh nghia:
Dinh nghia 2.1. Cho A 1a ma tran thwa mxn va cho Ay,..., A ,1a cac tap con cua A,
k>1.

pi 1a sO tap con ma c6 phan tir khac khong trong hang i cua ma tran A, véi
0<i<m,

g; 12 sO tap con ma c6 phan tir khac khong trong ¢t j ciia ma tran A, véi 0< j<n.

Ky higu p; =max(p, ~10), q; =max(q; ~10). Khi d6 dung lugng truyén thong

chok tap A,...., A_; xé4c dinh nhu sau:

m-1 n-1
V(Ao Ac)= 20+ 20
i=l j=
Dic biét ham dung luong truyén thong V van xac dinh khi k tip con rdi nhau déi
mot ma khong tao nén phan hoach k chiéu. Néu k = P va céc tap con tao nén phan hoach
P chiéu va néu chung ta phan mdi tap con cho mot bd xir 1y, thi V(A,... A ;) chinh la
dung luong truyén thong trong thut toan song song nhan ma tran thwa véi véc to & trén.
Dinh Iy 2.2. Cho A la ma tran cAp mxn va A,,..., A, 1a cac tap con cta A, k > 2. Khi d6
dung luong truyén thong giita k tap,
V(Ab!---’ A<—1) =V (Ab'---’ A ALY A<—1)+V (A<—2’ A<—1)
Binh ly trén 1a khai quat cho cac tap con tuy ¥, nhén xét boi Catalyurek va Aykanat,
trong truong hop ma moi tdp con A, bao gom céac cdt (nguyén ven) ciia ma tran. Pinh 1y



chira rﬁng dé xem xét truyén thong tang thém tir vi¢c phan chia mét tdp con ciia ma tran,
chung ta chi can xem xét trén chinh tip con nay.

Chung ta cling dinh nghia ham tinh lugng cong vi¢e tinh toan cuc dai ctia mot b xur
1y khi nhan ma trdn cuc bd véi véc to. Dé don gian ching ta biéu dién bing sb lugng
phép nhan, bd qua cac phép cong.

Dinh nghia 2.3. Cho A 1a ma tran cip mxn va Ay,..., A, 1a cac tap con roi nhau doi

mot cia A, v6i k > 1. Thi lugng tinh todn cyc dai cho k tap con A,,..., A, 1a
W (A A= maxnz(A).
Muc tiéu dé ra 1a dua ra thut toan phan hoach ma tran A, phan hoach P chiéu, thoa
man tiéu tri can bang tai:
W(A)

W Ay Aoy ) < (14 e)T,

va c6 dung lugng truyén thong V (A,,..., A, ;) thap. O ddy, & > 014 tham s6 mat can bang
tai cho phép. Gia tri &nho c6 nghia rang can bang tai phai gan nhu hoan hao.

Thuat todn dé qui cho phan hoach ma tran thwa, goi 14 thuat toan Mondrian, ¢6 ging
dé phan hoach ntra ma tran hién thoi theo cach tdt nhét c6 thé ma khong xét dén phan
hoach tiép theo. Khi q=log, P mdi mitc phan hoach, cho phép mét can bang taila &/q.
Gia tri €/ chi sit dung mot lan va duge diéu chinh lai cho thich hop voi két qua sau moi
muc dé qui. Ch'flng han, phﬁn ma luong cong viéc nho hon s€ cho gié tri mat can béng tai
16n hon phﬁn kia. Gia tri tuong Gng cua ¢la dya vao s6 phén tor khac khong cuc dai
maxnz cho phép trén mdi bd xur ly. Huéng phan hoach trong thuit toan dwoc lya chon la
hudng luan phién.

Két qua cta thuat toan phan hoach dé qui & trén cho ta phan hoach P chiéu ctia ma
tran A, Bo xur 1y P(s) dat dugc mot tap con | xJ clia ma tran ban dau, nhung cac hang
va cac cot ciia n6 khong nhat thiét 1a lién tiép.

2.2.3 Phan phdi véc to

Gia sir sau khi thye hién phan phdi ma tran cho P bg xir 1y, st dung thuét toan phan
phdi ma tran thua ctia Mondrian. Tiép theo ta phan phdi hai véc to v va u cho P bo xtr 1y
sao cho s6 cuc dai giri va nhan cua cac bo xir 1y trong bude (1) va (3) 12 nho nhat. Boi vi
truyén thong ctia U va v trong budc (1) va (3) twong ung thao tac theo cach twong ty nhau,
nén thudt toan dé cuc tiéu hoa truyen thong cho v ¢6 thé duge sir dung dé cuc tiéu hoa
truyén thong cho u. Do d6 & day chi dé cap t6i phan phdi cua v. O ddy khéng quan tim sb
phan tir khac khong trong mdi cot, ma chi quan tim téi nhitng bd xir Iy ma so hitu cac
phan tir khac khong nay. Va ching ta dua ma trin A cdp mxn vé ma trdn A cap Pxn
v6i & =1 néu bd xir 1y s s& htru it nhat mot phan tir khac khong trong ¢t ¢, va 8, =0

khong sé hiru phan tir khac khong nao trong cot ¢. Ma tran A duogc goi 1a ma tran truyén
thong.
2.2.3.1 Can dwéi dia phwong cho s6 truyén thong cwc dai

Duéi day 1a mot sdé can dudi cho gia tri truyén théng cuc dai
max(Nsend, Nreceive) & trén. Can dudi truc quan nhat cho gid tri
max(Nsend, Nreceive) trong mdi phan phdi véc to nhu sau:
Dinh ly 2.4 (Can duwoi 1): Cho mot phan phéi cua ma trdn A trén P b x1r 1y, khi do



max(Nsend, Nreceive) >[ V/P].

n-1 p-1 p-1
Trong d6 V = max(k(c)—1,0) = >_Ns(s) =D _Nr(s).
c=0 s=0 s=0

Dinh Iy 2.5 (Cin dwdi 2): Ma tran A di dugc phan phdi trén P bo xtr 1y, c6 P, bo xur 1y
kich hoat, ¢6 it nhat mot cot duge phan cho nhiéu hon hai bo xir 1y, te 1a [B(s)| > 0, thi
can dudi tot hon cho gia tri max(Nsend, Nreceive) cho boi:

max(Nsend, Nreceive) >[V/P, |.

Céc can dudi tiép theo dudi day khong phai 13 mot cai tién cua can dudi 1 hay can
dudi 2, n6 co thé cao hon hodc thdp hon [V /P, | hay [V /P | phu thuéc vao phan phdi
ma trén. Néu gia sir rang tat ca cac cot duoc phan phdi déu khip trén cac bo xtr Iy. Bé cuc
tiéu max(Ns(s), Nr(s)) ctua bd xir Iy s ma khong xem xét tdi cac bo xtr 1y khac, chiing ta
phai dat dugc Ns(s) = Nr(s), boi vi khi Ns(s) dat dugc bang viéc di chuyén mot cot toi
mot bo xur Iy khéc, Nr(s) lai tdng lén va ngugc lai. Muc tiéu can bang Ns(s) va Nr(s) trong
khi chung la nho nhat. Vi Nr(s) khong quan trong xem bao nhiu bd xu ly cung trén cac
cot ma xur 1y béi s: mdi cot so hiru gidm Nr(s) di 1. Vi vay dé giam Nr(s) tot nhat 1a SO
hiru nhiéu cot ¢ thé, khong lién quan t6i s6 bd xir 1y trén né. Tuy nhién véi Ns(s) thi van
dé lai 1a bao nhiéu bo xir 1}{ trén cac ¢t ma S s& hiru: va nd cang it thi cang tdt. 7V1 vay,
khi chung ta khéi tao voi tat ca cac cot dugc sé hitu bdi cac bd xur Iy khac (chang han,
Nr(s)=|B(s)|, C(s)=¢ va C(s)=B(s)), tot nhit cho s trudc tién s hitu tit ca cac cot
trong C (s) voi hai bo xir 1y, roi tit ca cac cot trong C (S) v6i ba bd xir 1y,..., cho téi khi
Ns(s)=Nr(s). Trong h:?u} hét cac truong hop thuong khong dat dugce ddu bang ma chi ting
Ns(s) nhiéu nhat c6 thé nhung van thoa man Ns(s) < Nr(s). Gia tri dat dugc theo cach
nay s€ cho ta gia tri max(Ns(s),Nr(s)) va dugc goi la local(s).

Ta thay rang tap cac cot C(s) dat duoc luén thoa man hai tinh chat co ban sau:

(i) k(c,) <k(c,), véi moi ¢, e C(s)va ¢, e C(s),
(i) Nr(s) —kg ., +1< Ns(s) < Nr(s),

voi Kg i =min g o k(C). Néu ching ta dinh nghia local = max

ta dat dugc can dudi tiép theo dudi day.
Dinh Iy 2.6 (Cin duwdi 3): Voi mdi phan phdi véc to thi can dudi cho gia tri
max(Nsend, Nreceive) nhu sau:

max( Nsend, Nreceive) > local.

V6i cac ma tran phan phdi tét c6 thé dat local < !_V / P—| boi vi cac gia tri dia

local (s) thi ching

0<s<p

phuong ciia cac bo xir Iy xem xét cac cot chi phi ré (chang han cac cot o it bo xur 1y) dé
sO hitu chiing va tranh céc cot chi phi dat hon. Vi vay can dudi t6t nhat la:
DPinh Iy 2.7 (Cin duéi 4): Vi mdi phan phdi véc to thi cin dudi cho gia tri
max(Nsend, Nreceive) nhu sau:

max( Nsend, Nreceive) > max([V / P, | local).
Pay 1a can tot dé xac dinh can dudi dia phuong tong quat. )
Dinh ly 2.8 (Cédn dudi 5): Cho tap cac cot da s hiru C(s) v&i moi bo xir Iy s can dudi
tong quat cho gia tri max(Nsend, Nreceive) s¢ la:



max(Nsend, Nreceive) > max([V / P, ], local ),
Trong d6 local ,, = max,_, local ,(s).

2.2.3.2 Phén phoi cac véc to doc 1ap

Trong phan nay thyc hién phéan phdi cac thanh phan véc to ctia v va u cho cac bo xir
1y, & day cac thanh phan vj va u; c6 thé dugc phan cho cac bo xir Iy khac nhau. Boi vay
cac phan phdi ctia U va v ¢6 thé 1a khong dong thoi. C6 nghia rang chung ta c6 thé phan
phéi vV va U mot cach doc lap.

Thuc té cho thay, bo xtr Iy ma dat s truyén thong cuc dai max(Nsend, Nreceive)
b0 X 1y Pmax, SO hitu nhiéu ¢t hon. Chiang han s6 cac cot véi k(c) = 2 1a nhiéu hon va sd
cac cot voi k(c) = 10 1a it hon. S& 1a ¢ loi néu dam bao rang cac bo xir Iy ma c6 xu
hudng tré thanh pmay s& hitu cac cot ré hon (it bd xur 1y trén nd). Pidu nay cé thé duoc
thuc hién bang thuat toan str dung gia tri bién dia phuong, boi vi gia tri bién dja phuong
nay xem xét trude tién cac cot ré nhat. Tryuc gidc cho ta thiy rang cac b xir Iy véi gid tri
bién dia phuong cao thuong dé trd thanh prax hon cac bd xir Iy ¢ gia tri thip hon. Néu
mot thuét toan c6 thé tinh gia tri bién dia phuong trudc, va roi phan tung cot ré nhét cho
bd xur 1y véi gia tri bién dia phuong local(s) cao nhit luc d6, nhu thé co thé tranh dugc
phan phéi x4u.

a) Thuat toan bién dia phwong

Thuat toan bién dia phuong (LA), dugc chia lam hai pha. Pha thi nhét duogc goi la
phan bién dia phuong thuc té va pha thir hai két thic phan phéi theo cach tham lam. Dé
thuat todn lam viéc, chung ta can gia tri can dudi dia phuong téng quat thé hién can dudi
dia phuong thoi diém hién tai. Gia tri nay c6 thé diéu chinh trong qua trinh chay thuat
toan. Can dudi dia phuong tong quat ciia bo xir 1y s duge goi 1a L(s).

Trong thuat todn, pha 1:

Budrc 1, tit ca cac gia tri dugc khdi tao.

Budc 2, b xtr Iy dugc chon 1a b xtr Iy ma chua dat dén can dudi dia phuong L(S)
ctia nd va cd L(S) cao nhat, bai vi bd xur Iy nay duoc mong doi ¢ thoi diém d6 tré thanh
Pmax dua vao thir sai bién dia phuong.

Budc 3, cot chua duge sé hitu ma ré nhét trong Cy (p) dwoc phan cho bd xtt Iy p, boi
vay C(p) van thoa man (i).

Budce 4, cot ¢ phai dugc gd bo khoi C(q), vai q = p, boi vi ¢ot nay da duge s hiru
boi bo xtr 1y khac (goi 1a p), vi vay Ci(q) phai dugc tinh lai.

Tu budce 2 t6i 4 duoc lap lai cho tdi khi Ls(s) = Ns(S) véi moi bo xur 1y. Mot b xir 1y
khong dat thém bat ky cot ndo néu Ls(s) = Ns(s), vi cai ndy s& khong thip hon
max(Ns(s),Nr(s)) va co thé ting max(Ns(q),Nr(q)) véi mot vai b xur 1y q khac. Bai vi q
c6 thé can cac cot nay dé dat duoc can dudi dia phuong tong quat.

Trong pha 2, cac cdt con lai s€ dugc phan:

Budc 1 ciia pha 2, cac cot ma 1am ting sd truyén thong s& dugce phan bd tham lam
thoa man max(Nsend, Nreceive) 14 nho nhat.

Budc 2 cac cot ma khong c6 bd xir 1y trén né thi dwoc phan cho bg xir Iy ma c6 s6
cOt dugc phan 1a it nhat.

b) Panh gia thuat toan
Thoi gian: Thuat toan mat O(nz+P?) thoi gian néu n < nz.



B¢ nhé: Tat ca n mang procindex(c)[] st dung O(nz) bd nhé, P mang B(s)[] ciing vay.
Céac mang needed(s)[] va avail(s)[] mat O(P?) bd nhé. Nhu vay bo nhd cho thuat nay
ciing 1a O(nz + P?).
2.2.3.3 Phan phoi cic véc to dong thoi

O day xét cho truong hop ma trdn vudng, cac thanh phan cta hai véc to Ui va v
duogc phan cho cung bé xir 1y. Ta néi phan phdi cua hai véc to u va v 1a dong thoi.
a) Thuat toan bién dia phwong

Muc tiéu ¢ day 1a cuc tiéu hoa max(Nsend,,Nreceive,)+max(Nsend.,Nreceive.), &
day ‘r’ va ‘c’ ¢6 nghia chi hang va cgt tuong tng. Thay vi phan mot cdt cho mdt bd xir 1y
thi chung ta s& phan mot cip gdbm hang i va cot i cho mot bo xur Iy va ta goi 13 cip
rowcol. Thay vi gia trj L(s) thi s& can cac gid tri L(S) va L¢(s) cho mdi bo xtr 1y.
¢) Danh gia thuat toan
Thoi gian: Thoi gian cho toan bd thuat toan 1a O(nz . P) thoi gian.
B§ nhé: Toan bd thuat toan mét O(nz + P?).
Chuong 3 - KET QUA THU'C NGHIEM

Chuong nay nham dua ra mot so két qua khi chay chuong trinh nhan ma tran thua
v6i véc to song song tir mot sd bo dir liéu duogc 1dy tir cac bo suu tdp ma tran thua truc
tuyén, nhu Matrix Maket, Rutherford-Boeing, ..., tir d6 so sanh va danh gia lai céc thuat
toan da trinh bay. Chuong trinh cai dat chi méi thyc hién nhan ma tran thua véi véc to
song song, nhung vé sau chung ta co thé str dung no cho viéc thiét ké va cai dat cac bai
toan giai cac h¢ phuong trinh tuyén tinh va cac hé phuong trinh gia tri riéng, va mic cao
hon, giai cho hé phi tuyén, hé phuong trinh vi phan timg phan, va cac bai toan khac.
Két qua

Céc bo dir li¢u, sau khi st dung thudt toan Mondrian thyc hién phan phéi ma tran,
tiép theo thuc hién phan phdi cac thanh phin véc to bang thuat toan bién dia phuong
(LA), voi P tir 2 t6i 64, cho phép mat can bang tai & = 0.03.

Thyc hién nhan ma tran thua véi véc to song song. bé cho don gian thi véc to v co
d6 dai n duoc khoi tao cac phan tir toan 1. Dé danh gia thuat toan LA, ta théng ké cho cac
can dudi [V /P, |,[V/P], can dudi dia phuong LB (Lower Bound), gi4 tri max(Nsend,

Nreceive), va lwong truyén thong V .
Danh gia: ) ) .

Tt cac bang két qua thuat todn phan phoi cac thanh phan véc to duya theo bién dia
phuong (LA) cho thdy, can duéi dia phuong LB ludn 16n hon [V /P | va [V /P, . Trong
nhiéu truong hop, can dudi [VIP]1la gan bang vai LB, tirc 1a nd ciing 1 kha t6t, nhung
LB 1a can dudi tot nhat. Luong truyén thong cuc dai max(Nsend, Nreceive) trong thuat
toan LA 16n hon LB, va khong qua khac xa so voi LB.

NthI vay, hau hét cac truong hop la tot, dejc biét 1a cho cac bd dﬁ’ liéu cang 16n.
Nhung van c6 mot so6 truong hop LA chua dugc tot, day chinh 1a han ché cua thuat toan.

KET LUAN
Luan van da trinh ba‘ly duoc mét s0 n6i dung sau:
e Mot sd kién thirc tong quan vé xtr 1y song song bao gdm hé théng song song, cac
mo hinh 1ap trinh song song, nguyén 1y thiét ké thuat toan song song va kién trac
cum may tinh ciia trung tdm tinh toan hiéu ning cao. Luén van da gidi thiéu vé



giao dién truyén thong diép MPI nham muc dich 4p dung lap trinh MPI v&i ngon
ngtt C cho bai toan nhan ma tran thua voi véc to song song.

Thuat toan song song nhan ma tran thua véi véc to.

e (Cai dat chuong trinh nhan ma tran thua véi véc to song song, st dung thuat toan
phan phdi ma trin Mondrian, cai dit thuat toan bién dia phuong phan phdi véc to
cho truong hop tong quat, ma tran hinh chir nhat.

e Chay thu nghiém trén mdt s6 bo dir liéu duoe léy tor bd suu tap truc tuyén,

http://www.cise.ufl.edu/research/sparse/matrices.

Tu cac két qua nhan duoc, ludn vin di chi ra ring thudt toan bién dia phuong la
kha tbt cho bai toan nhan ma trén thua voi véc to voi myc ti€u cuc tiéu hoa dung
lwong truyén thong cuc dai va can bang tai tinh toan ciing nhu truyen thong.

Trong tuong lai ludn van tlep tuc nghién ctru cic thuat toan phan phdi ma tran thua,

ap dung phuong phap phan ph01 da muc va phuong phap phan hoach siéu d6 thi, cai tién
thuat toan phan phdi véc to bang phuong phap heuristic.

References

Tléng Viét

1. Poan Vian Ban, Nguyen Mau Han (2006), Xu [y song song va phdn tan, NXB KHKT.
2. Nguyén Hiru Dién (2006), Mt s6 van dé vé thudt toan, NXB gido duc.

Tiéng Anh

3. A. Pinar and C. Aykanat (1997), “Sparse matrix decomposition with optimal load

10.

11.

balancing”, in Proceedings International Conference on High Performance
Computing (HiPC'97), pp. 224-229.

B. Hendrickson and R. Leland (1995), A multilevel algorithm for partitioning graphs,
in Proceedings Supercomputing '95, ACM Press/IEEE Press.

B. Hendrickson (1998), “Graph partitioning and parallel solvers: Has the emperor no
clothes?”, in Proceedings Irregular'98, A. Ferreira, J. Rolim, H. Simon, and S.-H.
Teng, eds., vol. 1457 of Lecture Notes in Computer Science, Springer-Verlag, Berlin,
pp. 218-225.

B. Hendrickson and T. G. Kolda (2000), “Graph partitioning models for parallel
computing”, Parallel Computing, pp. 1519 — 1534.

B. Hendrickson and T. G. Kolda (2000), “Partitioning rectangular and structurally
unsymmetric sparse matrices for parallel processing”, SIAM Journal on Scientic
Computing, pp. 2048-2072.

Brendan Vastenhouw and Rob H. Bisseling (2002), A two-dimensional data
distribution method for parallel sparse matrix-vector multiplication, Preprint Nr.
1238, Dept. of Mathematics, Utrecht University.

Cameron Hughes, Tracey Hughes (2003), Parallel and Distributed Programming
Using C++, Addison Wesley.

David Ashton, William Gropp, Ewing Lusk: Installation and User’s Guide to
MPICH, a Portable Implementation of MPI Version 1.2.5, Agonne National
Laboratory.

G. H. Golub and C. F. Van Loan (1996), Matrix Computations, Johns Hopkins
Studies in the Mathematical Sciences, The Johns Hopkins University Press,
Baltimore, MD, third ed.


http://www.cise.ufl.edu/research/sparse/matrices

12

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. G. Karypis and V. Kumar (1998), “A fast and high quality multilevel scheme for
partitioning irregular graphs”, SIAM Journal on Scientic Computing, pp. 359-392.

H. Roosta (2000), Parallel Processing and Parallel Algorithms, Springer-Verlag.

L. F. Romero and E. L. Zapata (1995), “Data distributions for sparse matrix vector
multiplication”, Parallel Computing, pp. 583-605.

M. J. Berger and S. H. Bokhari (1987), “A partitioning strategy for nonuniform
problems on multiprocessors”, IEEE Transactions on Computers, C-36, pp. 570-580.

R. H. Bisseling (1993), “Parallel iterative solution of sparse linear Systems on a
transputer network”, in Parallel Computation, A. E. Fincham and B. Ford, vol. 46 of
the Institute of Mathematics and its Applications Conference Series, Oxford
University Press, Oxford, UK, pp. 253-271.

R. H. Bisseling and W. F. McColl (1994), “Scientic computing on bulk synchronous
parallel architectures”, in Technology and Foundations: Information Processing '94,
vol. I, B. Pehrson and I. Simon, eds., vol. 51 of IFIP Transactions A, Elsevier Science
Publishers, Amsterdam, pp. 509-514.

R. H. Bisseling (2004), Parallel Scientiic Computation, a structured approach using
BSP and MPI, Oxford University.

T. Bui and C. Jones (1993), “A heuristic for reducing fill in sparse matrix
factorization”, in Proceedings Sixth SIAM Conference on Parallel Processing for
Scientic Computing, SIAM, Philadelphia, PA, pp. 445-452.

T. A. Davis (1994-2001), “University of Florida sparse matrix collection”, online
collection,  http://www.cise.ufl.edu/research/sparse/matrices, = Computer  and
Information Sciences Department, University of Florida, Gainesville, FL.

U. V. Catalyurek and C. Aykanat (1999), “Hypergraph-partitioning-based
decomposition for parallel sparse-matrix vector multiplication”, IEEE Transactions
on Parallel and Distributed Systems, 10(7), pp. 673-693.

U. V. Catalyurek and C. Aykanat (2001), “A hypergraph-partitioning approach for
coarse-grain decomposition”, in Proceedings Supercomputing 2001, ACM.

Wouter Meesen (2003), Distributing vector components of a parallel sparse matrix-
vector multiplication, Utrecht.



http://www.cise.ufl.edu/research/sparse/matrices

