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MO PAU

Nhiém vu cua Cong nghé thong tin 1a nghién ctru cac mé hinh, phuong phép
va cong nghé, cong cu hd trg dé tao ra nhitng hé thong phan mém giai quyét duoc
nhirng bai toan phirc tap cua thuc té. Nhitng van dé vé xir Iy ngén ngit tu nhién,
tiéng no6i, nhan dang du bao thoi tiét,...déu doi hoi phai xir Iy dit liéu véi toe do rat
cao, v6i khéi lwong dir liéu rat 16n. Hau hét nhitng bai toan nay, nhirng may tinh xir
1y tuan ty kiéu Von Neumann nhu hién nay 1a khong dap tng yéu cau. Mic du tdc
d6 va s6 luong cac bd xir 1y ting nhiéu trong nhitng nim qua, nhung do giéi han vé
phuong dién vat Iy nén kha ning tinh toan cia ching khong thé ting mii theo yéu
cau hién tai, cang khong dap ung trong twong lai. Pidu ndy dan t6i 13 mudn ting
dugc kha nang tinh toan cua cac hé thong may tinh dé giai duoc nhiing bai toan dap
g yéu cau thuc té thi khong con cach nao khéac 1a phai khai thac duoc nhitng kha

nang xu 1y song song va phan tan cta hé thong may tinh hién dai.

Muc dich ctia xtr Iy song song va phan tan la tdn dung cac kha nang tinh todn
clia cac hé da bo xir 1y, clia cac may tinh song song dé thuc hién nhiing tinh toan
nhanh hon trén co s sit dung nhiéu bo xir Iy dong thoi. Cung véi tée do xir 1y
nhanh hon,viéc xtr 1y song song va phan tan s& giai quyét duoc nhitng bai toan 16n

hon, phttc tap hon cta thuc té.

Céc cong cu hd tro 1ap trinh song song c6 thé ké dén nhu MPI, PVM, mdt s6
duogc tich hop san thanh chuan trong cac ngdn ngit lap trinh nhu thu vién OpenMP
trong C/C++, Fortran,...Trong khudn kho bai khoa luan em s& tim hiéu vé 1ap trinh
song song st dung PVM, cAu hinh PVM va chay mot vi du ing dung. Noi dung cua
bai khoa luan bao gdm:

Chuong 1: Tim hiéu vé may tinh song song.

Chuong 2: Tim hiéu vé may 4o song song PVM.

Chuong 3: Thuc nghiém va chay ing dung.

Két luan: Néu 1én nhitng van dé di nghién ctru dugc va nhimng han ché, thiéu

sot va phuong hudng phat trién trong twong lai.



CHUONG I: MAY TINH SONG SONG

1.1. Gi6i thiéu chung vé tinh todn song song va phan tin

Xtr 1y song song 1 qua trinh xt 1y gdm nhiéu tién trinh duoc kich hoat dong
thoi va ciing tham gia giai quyét mot van dé, ndi chung 1a thyc hién trén nhitng hé
thdng c6 nhiéu bd xir Iy dong thoi.

1.2. Trinh bay vé may tinh song song

1.2.1. Kién tric va cac loai may tinh song song

a. Tai sao phai xir ly song song
e Phan biét xir 1y song song vai tuan tur:

Trong tinh toan tuan tu véi mot BXL thi tai mdi thoi diém chi thuc hién
dugc mot phép toan. Trong tinh toan song song thi nhiéu BXL cung két hop véi
nhau dé giai quyét cing mot bai toan cho nén giam dugc thoi gian xt 1y vi mdi thoi

diém c6 thé thuc hién déng thoi nhidu phép toan.

Muc dich ctua xtr 1y song song: 1a thyc hi¢n tinh todn nhanh trén co s¢ st
dung nhiéu BXL ddng thoi. Cung voi toc do xir Iy nhanh hon, viéc xir Iy song song
cling sé& giai dugc nhitng bai toan phuc tap yéu cau khdi luong tinh toan 16n.

e Ba yéu t6 chinh din dén viéc xdy dung cac hé thng xir 1y song song:
> Tbc do xur 1y ciia cac BXL theo kiéu von Neumann di dan tién toi giGi
han, khong thé cai tién thém duoc do vy dan téi doi hoi phai thuc hién xir
ly song song.
> Hién nay gia thanh cua phan ctimg (CPU) giam manh, tao diéu kién dé xay
dung nhiing hé thdng c¢6 nhiéu BXL véi gia thanh hop 1y.
> Su phat trién ciia cong nghé mach tich hop cho phép tao ra nhiing hé
thdng c6 hang tridu transistor trén mot chip.

Van dé xur 1y song song lién quan truyc tiép dén: kién tric may tinh, phan
mém hé thong (h¢ diéu hanh), thuat todn va ngdn ngit 1ap trinh, v.v.

Hé thong tinh song song: 1a mot tap cac BXL (thudng 1a cing mot loai) két
nbi v6i nhau theo mét kién triic nao dé dé co thé hop tac véi nhau trong hoat dong

va trao doi dir liéu dugc voi nhau.



Chung ta d& nhan thiy 1a d6 phirc tap cua xir Iy song song s& 16n hon xt 1y
tun tu rat nhiéu, va tip trung chu yéu & phuong dién trao dbi dit liéu va dong bod
céc tién trinh.

Dé cai dit cac thuit toan song song trén cac may tinh song song ching ta
phai stir dung nhitng ngon ngit 1ap trinh hd tro 1ap trinh song song nhu: Fortran 90,
Pthread véi Fortran/C++, MPI véi C/C++, PVM v6i C/C++, OpenMP véi C/C++,
V.V.

b. Phin loai kién tric may tinh

Dua vao cac dic tinh vé sd luong BXL, sb chuong trinh thuc hién, ciu tric
bd nhd, v.v., Michael Flynn (1966) da phan may tinh thanh 4 loai sau:

e M0 hinh SISD( Single Instruction Stream, Single Data Stream): Pon ludng

1énh, don ludng dir liéu.

May tinh loai SISD chi ¢6 mot CPU, & mdi thoi diém thyuc hién mot chi 1énh
va chi doc, ghi mot muc dir licu. TAt ca cac may tinh SISD chi ¢c6 mdt thanh ghi
register dugc goi 13 bd dém chuong trinh (program counter) duoc sir dung dé nap
dia chi ctia 1¢nh tiép theo va két qud 1a thyc hién theo mot thir tw x4c dinh cia cac

cau 1énh.

M6 hinh SISD con duogc goi la SPSD (Simple Program Simple Data), don

chuong trinh va don dir liéu. Pay chinh 1a mé hinh mdy tinh kiéu von Neumann.

e Mo hinh SIMD (Simple Instruction Stream Multiple Data Stream): Pon

ludng 1énh, da ludng dir liéu.

May tinh loai SIMD c¢6 mét don vi diéu khién dé diéu khién nhiéu don vi xur
ly (nhiéu hon mot don vi) thyc hién theo mot luéng cac cau lénh. CU phat sinh tin
hiéu diéu khién t6i tat ca cac phan tir xtr 1y, nhitng BXL nay cung thuc hién mot
phép toan trén cac muyc dit liéu khac nhau, nghia 1a mdi BXL c6 ludng dit liéu riéng.

M6 hinh SIMD con dugc goi 1a SPMD, don chuong trinh va da dir liéu. Day

chinh 12 mé hinh may tinh pho bién c6 trén thi truong nhu: DAP va Connection
Machine CM-2.

e MG hinh MISD (Multiple Instruction Simple Data): Pa chi 1énh, don dir liéu.
May tinh loai MISD 1a ngugc lai v6i SIMD. May tinh MISD c6 thé thuc hién

nhiéu chuong trinh (nhiéu 1€nh) trén cung mdt muc dir liéu, nén con dugc goi la
MPSD (da chuong trinh, don dir li¢u).
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Kién trac kiéu nay c6 thé chia thanh hai nhom:

> Lop cac may tinh gém nhiéu don vi xtr Iy (PU) khac nhau c6 thé nhan
duogc nhitng chi I¢énh khac nhau dé thyuc hién trén cung mdt muc dir liu.
Day 1a kién tric kho va hién nay chua c6 loai may tinh nao dugc san xuét

theo loai nay.

> Lop cac may tinh c6 cac ludng dit liéu duoc gui tuan tu theo diy cac CPU

lién tiép. Pay la loai kién triic hinh 6ng, xem xét nhu sau:

Nguyén 1y hinh 6ng (pipelined) dua vao phwong phap phan doan hodc chia
nhé mot tién trinh tinh toan thanh mot s6 doan nhd hon dé thuc hién trong cac pha
lien tiép. Tat ca cac giai doan cia mot tién trinh duoc thyc hién tudn ty, khi thuc
hién xong thi bat dau thyc hién cua tién trinh tiép theo. Mdi pha thuc hién xong s&
guri két qua cho pha tiép theo. Nhu vay, trong cach thuc hién theo nguyén ly hinh
6ng, khi mot giai doan cong viéc dang thyc hién thi mgt giai doan khéac co thé nap
dir lidu vao, va dir liéu vao cua giai doan nay c6 thé 1a két qua cua giai doan trudc
no.

e M6 hinh MIMD (Multiple Instruction Multiple Data): Pa ludng 1énh, da

ludng dir licu.

May tinh loai MIMD con goi la da BXL, trong do mdi BXL ¢6 thé thuc hién
nhing ludng 1énh (chuong trinh) khic nhau trén cac ludng dir liéu riéng. Hau hét
cac hé théng MIMD déu c6 bd nhé riéng va ciing ¢ thé truy cap vao dugce bd nhé
chung (global) khi can, do vdy giam thiéu duoc thoi gian trao d6i dir lidu giita cac
BXL trong hé thong. Pay 14 kién trac phtic tap nhat, nhung nd 1a mé hinh hd tro xu
ly song song cao nhat va di c6 nhidu may tinh dugc san xuét theo kién tric nay, vi
du: BBN Butterfly, Alliant FX, iSPC cua Intel, v.v

c. Kién triuc may tinh song song

Theo su phan loai cta Flynn thi c6 2 ho kién triic quan trong cho cic may
tinh song song d6 1a SIMD va MIMD. Nhiing kién tric khac cé thé xép theo 2 miu
do.

Nhirng kién triic khdc nhau cé thé tao ra nhitng kha ning khac nhau cho viéc
xtr 1y song song. Pbi v4i nhimng kién tric may tinh song song thi muc dich chinh 1a
khai thac triét dé kha ning cua kién trac song song dé xay dung chuong trinh song
song.
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d. Song song h6a may tinh tuin ty
Céc hé théng bo nhé phén cap:

Tbc do thuc hién cac phép toan trong BXL nhanh hon rat nhiéu so v&i viée
truy cap vao bd nhd; Toe do truy cap vao bd nhé trong (RAM) nhanh hon rat nhiéu

so v&i vige truy cap vao by nhd ngoai.

Hé théng bo nhé phan cap nhu thé c6 thé mé ta nhu hinh 1.1,

CPU (Registers)

Tang vé tée d6 truy cdp

r

Cache

|

Main Memorv

|

Fixed Disks, Drum

Tang kha nang lvu triy I

Magnetic Tapes

Hinh 1.1. Hé thdng b nhé phan cap

Céc thanh ghi duoc str dung truc tiép cho ALU. Bd nhé cache duge xem nhu
ving dém giita BXL va bd nhé chinh. Su song song hoa trong trao doi dir liéu theo
cAu tric phan cap 1a cach khai thac chung dé cai tién hiéu qua xu 1y cua hé thong.
Vi du, trong khi dit liéu duoc 14y tir bd nhd ngoai vao bd nhd chinh thi dong thoi co
thé guri dir liéu tir cache vao cho CPU.

Pa chuong trinh va chia sé thoi gian.

Céac hé diéu hanh cua may tinh don bd xir 1y cho phép thuyc hién song
songdua vao cach tiép can phan mém.

Trong cing mot khoang thoi gian, ¢6 nhiéu tién trinh cung truy cap vao di
lidu tir nhirng thiét bi vao/ra chung (VD: Cong giao tiép, Pia ctimg, CD, ...). Chlng
ta biét rang phan 16n cac chuong trinh déu c6 hai phan: phan vao/ra va cac thanh
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phan tinh toan trong qué trinh xir Iy. Cac hé diéu hanh da chuwong trinh luin phién
thuc hién cac chuong trinh khac nhau.

Dé thuc hién viéc nay HPH st dung B0 14p lich chia sé thoi gian 1am nhiém
vu phan chia CPU cho mdi tién trinh mot khoang thoi gian ¢ dinh theo phuong
phap quay vong tron. Bing cach do, tit ca cac tién trinh déu duoc sén sang dé thuc
hién trén co s& duoc phép st dung CPU va nhitng tai nguyén khac cua hé théng. Do
viy, vé nguyén tic viéc phat trién nhitng chuong trinh song song trén may don BXL
thue hién dugc néu c6 hé diéu hanh cho phép nhiéu tién trinh thyc hién, nghia 1a co
thé xem nhu 1a hé thong da bo xir 1.

1.2.2. Cac thanh phan ciia may tinh song song

Xtr Iy song song la qua trinh xtr 1y thong tin, trong d6 cac thao tac trén cac
phﬁn tr dir liéu thudc mot hodc mot sb tién trinh duge thuc hién déng thdi nham
cung giai quyét mot bai toan.
1.2.2.1. B) nh¢

Mot trong cac thanh phan quan trong nhat ciia kién tric may tinh 13 bo nhd.
Mot s6 mo hinh b nhd ciia may tinh song song.
a. Bo nho két hop

B6 nhé két hop (AM — Associative Memory) bao gdm cac 6 nhé (cell) va
logic két hop. Mdi 6 nhd cia AM ¢6 4 dau vao va 2 dau ra:

Chon —»
Khoa — L »Kétqua

Poisde —»

Boc/ ghi —» L 5 Poisanh

Hinh 1.2. M6 hinh bd nhé két hop
e Cac du vao (input) cia mdi 6 nhé bao gom:
> Bit ddi s6 a.
» Bit doc/ ghi R/W xac dinh thao tac tuong tng can thyc hién.
> Bit khoa k.

> Bit lua chon s dé xac dinh 6 nh¢ thich hop cho viéc thuc hi¢n doc/ghi.
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e Hai két qua ¢ dau ra (output):
> Bit dbi sanh m chi ra dit liéu duoc luu trong bd nhd ¢6 sdnh dugc vdi bit
dbi s6 a.
> Bit két qua q.

Tat ca cac 6 nhd AM dugce t6 chirc thanh cac tir (word) va duoc xdy dung

thanh mang cac 6 giong nhau.

So sanh v4i bd nhé truy cap ngau nhién RAM thi AM dat hon nhung téc do

tim kiém nhanh hon.
b. M6 hinh b nhé truy cip ngiu nhién song song

M6 hinh tinh todn song song duogc biét dudi tén goi PRAM bao gdm bd nhé

chung RAM vé&i m ving bd nhé da 16n dé chia sé cho p bo xir 1y.

Bo nhé chung duogc st dung dé luu triv dir liéu va 1a ving dé trao doi gitta

cac bo xur . N6 cho phép cac bo xir 1y truy cép vao bd nhé dong thoi.
MO hinh loai nay ¢6 5 dang sau:
e (Céac phuong thirc truy cap bd nhé (Access Memory Primitives ).
e Mo hinh UMA (Uniform Memory Access) ciia by nhé chia sé.
e MO0 hinh NUMA (Non - Uniform Memory Access) ctia b nhd chia sé.
e Kién trac bd nhé Cache — Only (COMA).
e B0 nhd da may tinh.
1.2.2.2. Mang két ndi cac thanh phan ciia may tinh song song
Trong hau hét cac kién truc song song thi vin dé quan trong nhat trong thiét
ké 1a xac dinh su lién két giira cac bd xtr Iy va bo nhé véi nhau.
Mot kién trac 1y tuong 1a kién trac trong d6 mdi bo xir Iy déu két ndi duge
v6i1 cac bd xur Iy con lai.
C6 2 loai cAu hinh topo cho mang lién két:

e Mang lién két tinh: Mang cac thanh phan cua hé théng may tinh trong d6 cac
bo xir 1y, bd nhé duge lién két voi nhau mot cach cb dinh, khong thay doi

duoc.

e Mang lién két dong: Mang cac thanh phan cta hé théng may tinh trong dé su

lién két giira cac bo xir 1y, bd nhd 14 c6 thé thay doi dugc cu hinh.
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Mot s loai cdu hinh topo ctia mang lién két giira cac bo xtr 1y cuia may tinh
song song:
a. Lién két tuyén tinh va vong xuyén
e Trong mang lién két tuyén tinh cac bd xur Iy duoc to chuc lién két véi nhau

theo diy va dugc danh s theo thir ty tang dan:

Py P, P, P,

-

Mang lién két n bd xir Iy

Hinh 1.3. M6 hinh mang lién két n bo xtr 1y

Mic du day 1a mang lién két don gian nhung dir liéu ciing can phai chuyén
qua nhiéu bo xtr 1y, két qua 1a su truyén thong dir liéu gitta cac bo xir 1y, dic biét 1a
giita bo xur Iy dau va cubi s& bi cham lai khi s6 bo xtr Iy kha hon.

e Mang lién két vong: Puoc t6 chirc twong tu nhu lién két tuyén tinh nhung bo

xu Iy dau va cudi dugce noi vong vai nhau.

Trong lién két vong, sy trao do6i gilta cac bo xur Iy co thé thyc hién theo 1
chiéu, goi 13 mang mang don hoic theo ca 2 chiéu goi 1a mang kép. Su truyén thong

trong mang lién két vong, nhat 1a giira nhitng bd xtr Iy & xa nhau thi ciing van bi tré.
b. Lién két xdo tron
c. Mang lién két lw6i 2 chiéu
Trong mang lién két mét ludi hai chiéu, mdi bd xtr Iy duogc lién két voi 4
lang giéng: trén, dudi, trai, phai.
Co6 2 dang :
e Ludi khong quay vong.
e Ludi quay vong tron.
d. Mang lién két siéu ndi hoiic hinh khéi n chiéu

Trong mang lién két hinh khdi, cac chi sb ciia cac bd xir 1y duge chuyén
thanh nhi phan va hai bg xtr ly dugc goi 1a lang giéng v6i nhau néu nhin chi sb cua
ching sai khac nhau 1 bit.
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e. Mang lién két hinh sao

Trong mang lién két hinh sao v&i n 1a s6 nguyén, bo xtr Iy sé twong Gng véi

mot hodn vi cia n ky hiu.

1.2.3. Chwrong trinh dich va cic hé diéu hanh
a. Chwong trinh dich

Chuong trinh dich dwgc viét bang cac ngdn ngit 1ap trinh truyén thong thi
phai duoc dich sang dang mad ma phan ctng hiéu duoc nd, do 13 ngdn ngir may.
Chuong trinh dich va chuong trinh thong dich dugc st dung dé thuc hién cac

chuyén doi do.

Déi v6i cac hé thdng song song thi mot thanh phan rt quan trong 1a chuong
trinh dich song song. Chuong trinh dich 1am giam dugc thoi gian thyc hién chuong
trinh ( song song ) bang cich chia nho bai toan thanh cac khéi cong viéc va nhitng
khéi nay duoc xtr 1y dong thoi boi nhiéu don vi xtr 1y. M6t s6 chwong trinh chi 1am
nhiém vu phat hi¢én nhirng khdi cong viéc thuc hién dugc song song va thuc hién
phan chia cac don vi chitc ning, mot s6 khac tinh té hon, ¢ thé 1ap lich cho ca bai
toan.

C6 3 cach tiép can dé xay dung chuong trinh dich cho cic mdy tinh song

song:

e Run Time Partitioning and Run Time Scheduling: Céch tiép can nay phu hop
voi mot sb ung dung thuc té. Tuy nhién viéc lap lich va phan hoach duogc

thue hién luc chay chuong trinh s& 1am giam hiéu suit caa hé thong.

e Complie Time Partitioning and Run Time Scheduling: La mé hinh chung dé
xay dung chuong trinh dich cho nhiing da bo xtr ly. Lap lich phan vi¢c dugc
thyc hién luc chuong trinh chay, nhung viéc phan hoach cong viéc thanh cac

khdi duoc thyce hién boi nguoi 1ap trinh va chuong trinh dich.

e Complie Time Partitioning and Complie Time Scheduling: Phan hoach cong

viéc va 1ap lich duoc thuc hién ¢ giai doan dich chuong trinh.
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b. H¢ diéu hanh

Hé diéu hanh 13 mot chuong trinh [am nhiém vu phéi hop cac hoat dong cua

may tinh.

Hé diéu hanh da bo xtr 1y ¢6 nhiém vu tich hop cac tai nguyén tinh toan va
cac bo xtr 1y trao d6i v6i nhau thong qua mang lién két dé tao thanh mot hé théng

nhét lam viéc cho hiéu qua.
Hé diéu hanh cho cac may tinh song song duoc phan 1am 3 loai:

e Nhimg hé diéu hanh mé rong va phat trién tir nhitng hé don bd xtr Iy dé chay

duoc trén nhitng kién triic song song.
e Nhimg hé diéu hanh duoc thiét ké riéng cho nhiing kién tric song song.
e Nhimg hé diéu hanh tong hop duogc thiét ké dé cai dat dugc trén nhitng kién
trdc song song khac nhau.
1.3. Ky thuat 1ap trinh song song

1.3.1. Nhirng mo hinh 13p trinh song song
1.3.1.1. M6 hinh lap trinh chia sé by nhé

M6 hinh chia sé by nho:

B =
el

Hinh 1.4. Mo hinh chia sé bd nh&

Trong méi trudng UNIX, WINDOWS chung ta c6 thé tao ra nhiéu tién trinh
khac nhau trong hé théng va ching dugc sir dung dé mo phong lap trinh da bo xu
ly.

Trong moi truong 1ap trinh chia sé¢ by nhé c6 hai rang budc quan trong:

e Mot tién trinh c6 thé chd mot khoang thoi gian bat ky giita hai cau 1énh can
thuc hién. Gid st by xu 1y P thuc hi€én mdt chuong trinh c6 mot 100 cau
lénh, bo xir Iy Q thuc hién chuong trinh ¢6 10 cu lénh va cliing bat dau thyc
hién. Tham chi, tit cic cau 1énh c6 tdc d6 thuc hién nhu nhau thi cling khong

thé noi rang Q s& két thuc trudc P.
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e Khong thé xem céc 1énh thyc hién 1a don thé & muc cac ngdn ngit lap trinh.
Vi du, mdt 1énh don gian nhu: a = a + b s€ 1a mdt day cac 1énh trong ngdn
ngir may. Ma ta ciing biét ring, cac tién trinh va hé diéu hanh chi nhan biét

dugc cac cau Iénh cuia ngdn nglr may.
a. Lap trinh chia sé by nh¢ dua vao tién trinh

Yéu cau dau tién cua xir 1y song song 13 phai tao ra dugc mot sb cac tién
trinh can thiét cho bai toan va kha nang huy bo chung khi phan viéc xir 1y song song
két thuc dé giai phong bd nhé va cac thiét bi ma cac tién trinh di chiém gitr. Viéc
huy bé cac tién trinh phai khong can trd hoat dong cua nhiing tién trinh khac.

Céch thirc trao ddi dir liéu giira cac tién trinh:

M6t mit mét tién trinh c6 thé mudn gilt mot phﬁn dir 1iéu cuc bd cho riéng
minh, khong cho nhitng tién trinh khac nhin thay/truy cap t6i nhitng dit liéu d6. Mit
khac, n6 cling mudn trao doi thong tin véi cac tién trinh khac. Xt 1y van dé che gidu
hay chia sé thong tin nhu thé ndo con tuy thudc vao md hinh ma ching ta ap dung,
dua vao tién trinh hay ludng.

e Céc tién trinh trong UNIX, WINDOWS dugc st dung nhu cac don vi tinh
toan doc 1ap. Khi muén stir dung bo nhd chung, ta can phai xin cip phat bo
nhd va sau khi st dung xong phai gidi phong ching. Nguoi 1ap trinh phai co
trdch nhiém gidi phong bd nhd chia s¢ mdt cach tuong minh khi ching
khong con can thiét sir dung. C6 hai ham co so:
> shared(m, &id): cdp phat m byte bd nhd chia sé cho tién trinh id.
> free_shm(): giai phong bo nhé da duge cap.

e Dbi véi cac luéng, tat ca cac thong tin, theo mac dinh, 1a nhin théy duogc. Do
vay, trong mo hinh nay can phai ¢ ging dé che giau thong tin.
b. Lap trinh chia sé b nhé dwa vao ludng (Thread)

Céc ludng cia mot tién trinh co thé chia s¢ v6i nhau vé khong gian dia chi
chuong trinh, cac doan dit liéu va méi truong xt 1y, dong thoi ciing c6 vung dit liu
riéng d¢é thao tac.

Céc tién trinh va cac ludng trong hé théng song song can phai dugc dong bo,
song viéc dong bo giira cac ludng duge thyc hién hiéu qua hon ddi voi cac tién
trinh. Pong bd gitta cac tién trinh doi hoi tén thoi gian hoat dong cta hé thong,
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trong khi ddi voi cac ludng thi viéc ddng bd chu yéu tap trung vao su truy cip cic

bién chung (global) ctia chuong trinh.

1.3.1.2. M6 hinh lap trinh by nhé phén tan (Tinh toan song song phan tan)

— X

Hinh 1.5. M6 hinh b0 nhé phan tan

Tinh to4n phan tan 1 nhimng tinh toan dugc thuc hién trén co sé két hop kha

nang tinh toan va truyén thong cua hai hay nhiéu may tinh trén mang.
M6 hinh tinh todn phéan tan c6 nhitng uu diém sau:
e Cho phép chia s¢ dit liéu dugc luu triru ¢ nhiéu may tinh khac nhau.
e Chia sé voi nhau vé mot sb chirc nang chinh ciia may tinh.

e D) tin cay cao hon. Trong truong hgp c6 mdt may tinh bi truc trac thi nhitng
may tinh khac c6 thé thay thé dé hoan thanh nhiém vu cta hé thong.

e Tinh kinh té: thuong dau tu vao hé phan tan s& thip hon dau tu cho hé tap
trung.

Tuy nhién, hé tinh toan phan tan ciing dimg trudc nhiéu thach thirc:
e Nhiing van dé lién quan dén viéc quan tri hé théng, van dé dam bao an toan
hé théng, bdo mat thong tin, V.v.
e Xu ly trong cac hé théng phan tan khong co bd nhd chia sé dé trao doi dir
liéu véi nhau. Sy trao d6i dugc thuc hién bﬁng cach gtri/nhan thong bao.
Hién nay co nhiéu cong cu lap trinh dugc s dung cho tinh todn phan tdn &
nhiéu mutrc do triru tuong khac nhau nhu: PVM, MPIL,...
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a. Mo hinh giti / nhan théng bao

Gidng nhu mé hinh chia sé bd nhd, cac don vi xtr Iy song song trong mo hinh
giri/nhan théng bao 1 céc tién trinh. Mot sb diém khac nhau giita hai mé hinh nay,

trong mo hinh guri/nhan thong béo:

e (Céc tién trinh c6 thé thyc hién trén nhimg bd xir Iy khac nhau va khéng truy

cap dugc vao khong gian by nh¢ chia sé.

e Céc tién trinh phan tan trao ddi dit liéu v6i nhau qua h¢ théng mang cuc bo
hodc mang dién rong. Viéc truyén thong va déng bd hoa hoat dong cua cac
tién trinh duoc thuc hién thong qua hai phuong thire send() va receive().

e Tt ca cic bién 1a cuc bd cua cac tién trinh. Vi thé, nhirng van dé vé xung dot
dir liéu (cAn phai khod dir liéu khi mot tién trinh truy cép), hay tranh chip
thong tin (bai toan loai trir nhau) khong xuét hién trong mé hinh tinh toan
phan tan.

C6 hai mo hinh gri/nhan thong bao:
a.1. Giri/nhan thong bao theo co ché di bd

Trong md hinh nay, mot kénh truyén thong dugc gia thiét 1a c¢6 kha ning
tiép nhan khong bi gidi han. Kha ning khong gidi han duoc cai dit trong thuc té
bang cach st dung bo dém(buffer) dé tiép nhan cac thong diép gui dén cho mdi tién
trinh. Do vay, tién trinh giri s& khong phai cho tién trinh nhan sin sang nhan ma cu
gtri khi ¢6 dit li¢u. hai tién trinh guri va nhan co thé hoat dong gﬁn nhu doc lap voi
nhau va thong diép c6 thé nhan dugc sau mot khoang thoi gian nao d6 (1au bat ky)
ké tir khi n6 duoc gui di. Tuy nhién, tién trinh nhan mudn nhén dit liéu thi phai cho
cho dén khi c6 théng diép ctia mot tién trinh khac giri cho nd. C6 mot sé yéu cau

sau trong truyén thong di bo:

e Khi tién trinh A giri di mot thong diép cho tién trinh B thi sau d6 n6 can phai
dugc biét xem B ¢6 nhan duoc hay khong, nghia 1a A phai cho dé nhan dugc
cdu tra 101 khiang dinh cta B. Viéc phéan phat thong diép ciing khong thé dam
bao rang khong bi thit bai. Néu A guri di mot thong diép cho B va A khong
nhan dugc cau tra 101 tir B thi n6 s& khong biét 1a thong diép d6 da dugc giri
dén dich B hay chua? (co thé 1a tién trinh B khong nhan dugc hoac cau tra
101 cua B khong dén duoc A).

e Tat ca cac thong diép déu phai dua vao bo dém (hang doi), nhung trong thuc

té khong gian hang doi 1a hiru han. Khi c6 qué nhiéu thong diép duoc gui di



20

thi phuong thirc gtri s& bi chin lai. Piéu nay vi pham ngit nghia ciia mé hinh
gtri/nhan thong bao di bo.
Céc md hinh lap trinh dua trén co ché giri/nhan thong bao di b:

o M6 hinh huéng tdm: Céac yéu ciu va tra 101 qua lai giita khach (Client) va
chu (Server) - Bay la m6 hinh ma cac may tinh chi c6 quan hé giri-nhan dir
liu v6i mot may -- may “chu”. Trong sudt qua trinh tinh todn, ching khong
can dén nhau.

o Mb hinh “dwong-6ng”: 1a md hinh cic may tinh dwoc hinh dung 1a xép
thanh mot hang va méi may tinh giri nhan dir liéu cho 2 may ké bén.

M Y T e T
Hinh 1.6. M hinh “duong - 6ng”

e M6 hinh “vong-tron”: 1a mo hinh cac may tinh dugc hinh dung 1a xép thanh

mot hang va mdi may tinh giri nhan dir liéu cho 2 may ké bén.
a.2. Giri/nhan thong bao theo co ché dong bd

Trong mé hinh nay, tién trinh giri bi chin lai cho dén khi tién trinh nhan sin
sang nhan. O ddy, su truyén thong va dong bo hoa ludn gin chit véi nhau.

Hé thong guri/nhan théng bao dong bd hoan toan gidng nhu hé thong dién
thoai, kénh truyén thong bi chén lai trong qué trinh dam thoai. H¢ truyén thong di
b6 lai gidng véi hé thdng buu chinh, nguoi nhan phai chd cho dén khi c6 thu duoc
gui dén.

e Uu diém: Lam cho nhiéu van dé trong dong bo hod va viéc cip phat bd nhé
dong trd 1én don gian hon.

e Nhuoc diém:

> Viéc gin chit cac tién trinh voi thoi gian phan phat théng diép ciing duoc
xem nhu 13 diéu kién rang budc bo sung doi hoi trong khi thiét ké va thuc
thi chuong trinh.

> Viéc bat tién trinh giri phai chd dan dén viéc lam giam tinh dong thoi cua
hé thong.

> Ngoai ra, dé cai dat hiéu qua cac hé thong truyén thong dong bo doi hoi

phai c6 nhimg phan cting dic biét dé dam bao rang sy truyén thong phai
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cuc nhanh va sy trao doi dix lidu khong anh hudng téi su tinh todn cua hé
théng. Ma cic mang truyén thong nhanh cé nhiéu nat mang trao d6i dir
liéu voi nhau 13 rdt dit tién. Vi nhitng 1y do trén, nén hé giri/nhan thong

bao di bd lam viéc trén mang cuc bd da dugc phat trién manh m& hon.
b. Lap trinh song song phéan tan

Phéan nay chi tip trung vao cach st dung nhitng ngdn ngir 14p trinh bac cao
va cac thu vién gdm nhirng thu tuc xir Iy viée trao d6i thong diép, vi du ngén ngit
C/C++ va hé chuong trinh thu vién dé chay voi PVM, MPI, ...

Trong hé thong trao ddi thong diép thi van dé tao 1ap céc tién trinh dé thuc

hién trén nhimg bo xir Iy khac nhau va viéc guri, nhan thong diép 1 quan trong nhat.

Céac budc xdy dyng chuong trinh tinh toan song song trén co sd trao ddi
théng bao:

Budc 1: Tao cac tién trinh con

Mot chtrc ning quan trong trong 1ap trinh song song 1a tao lp ra nhiéu tién
trinh dé thuc hién nhiing céng viéc con ctia modt chuong trinh song song. C6 hai

cach tao 1ap tién trinh:

e Tao lap tién trinh tinh: sb tién trinh duge xéac dinh trudce khi thuc hién. Trong
cac hé théng nay thudng c6 mot tién trinh didu khién con duoc goi 1a tién
trinh “chu” (master), nhiing tién trinh khac dugc goi 1a tién trinh t& (slave).
bay 1a m6 hinh SPMD — s& c6 mdt doan ma chung cho tat ca cac tién trinh.
Sau khi chuong trinh nguén dugc viét voi cac 1énh phéan chia cong viée cho
tirng tién trinh, n6 s& duoc dich sang ma thuc thi dugc cho nhitng tién trinh
dé (Hinh 1.7).

e Tao ldp tién trinh dong: Cac tién trinh c6 thé dugc tao 1ap méi hodc bi huy
b6 ¢ diéu kién va sd luong tién trinh c6 thé thay do6i trong qua trinh thyc
hién. M6 hinh cho phép thuc hién tao lap dong 1a MPMD (MIMD), trong do
nhimg chuong trinh khac nhau cé thé thyc hién trén nhitng bo xur 1y khac
nhau.
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Chuong trinh
nguon
Alch theo cac bo h
Doan chwong trinh
thuc thi thuee thi

Doan chwong trinh |

l l

Hinh 1.7. Dich don chuong trinh, da thao tac dir liéu

Buéc 2: Trao do6i dir liéu giira cac tién trinh thong qua ciac ham send() va
receive():

Viéc giri mot thong di€p duoc thyc hién béng cach xac dinh dia chi cua mot

hay tat ca cac tién trinh nhan theo mot kénh truyén thong.

Dé lua chon thong diép, tién trinh nhan c6 thé dwa vao tién trinh gui, kénh

truyén thong, hay thé bai (tag) cia thong diép....
Céc dang gtri/nhan nhu sau:
e Gui thong diép cho mot tién trinh id:
send(id: int, message: message_type);
send(id: int, tag: int, message: message_type);

e Gui thong diép t6i mot kénh truyén thong: mot thong diép c6 thé gui cho tat
ca cac tién trinh trén cting mot kénh mych (my channel):

send(mych: channel, message: message_type);

e Nhan thong diép tir mdt kénh: dé nhan mot thong di¢p dang cho doi tir mot

kénh thi ¢ thé sir dung 101 goi ham sau:
receive(mych: channel, message: message_type);
e Nhan tir mot dia chi nguff)n:

receive(source_id: int, msg: message_type);
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e Néu thong diép duoc ghi thé thi tién trinh nhan co6 thé phan loai thong diép

trong hdp nhan va chon thong di¢p theo thé xac dinh:
receive(id: int, tag: int, msg: message_type);
c. Mot s6 van dé trong 1ap trinh song song phén tin
c.1. Truy vén trén kénh

Néu tién trinh gui bi ngimg hoat dong hodc thong diép gui di nhung khong
dén dugc hop thu cta ngudi nhan thi tién trinh nhan s& bi chin lai dé cho mai mai

(dan dén tinh trang treo may).

Pé xir 1y vin dé nay, hau hét cic chuong trinh thu vién cung cdp cac ham
truy van dé biét céc trang thai ciia kénh. Lo1 goi receive() chi dugc thuc hién khi cé
nhiing thong diép dang cho trén kénh truyén thong. Nguoc lai, tién trinh nay di thuc
hién nhiing cong viéc khac. Pé thyc hién duoc nhitng cong viéc trén, ching ta st
dung cac ham sau:

e Kiém tra xem trén kénh c6 nhing thong diép giri dén cho tién trinh hay
khong?
empty(ch: channel);
e Ham goi dé x4c dinh xem thong diép dang c6 trén kénh c6 phai dugc gui tir
tién trinh id va co thé tag?
probe(id: int, tag: int);//id - tién trinh nhan
c.2. Truyén thong theo nhém

Nhiéu chuong trinh phan tan can phat tin va nhan dit lidu tir nhiéu tién trinh
phan tan, nghia 1a can trao doi véi timg nhom trong chwong trinh song song. Pé
thuc hién truyén thong theo nhom, chiing ta c6 thé sir dung cac ham:

e Broadcast(): phat tin ciing mot thong diép cho tat ca cac tién trinh trén kénh
mych.

Broadcast(mych:channel tag:int, msg:message_type);

Hanh dong phat tan dir liéu s& khong thuc hién duoc cho dén khi tit ca cac
tién trinh déu thyc hién 151 goi Broadcast().

e Reduce(): thuc hién phép toan sé hoc/logic trong nhém cac tién trinh va guri

két qua t6i tién trinh dich.
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Reduce(mych:channel,op:op_type,res:Result_type,root:int,tag:int,msg:
message_type);
Trong do:
Op_type= {MAX,MIN,SUM,PROD, LAND, LOR, BAND, BOR,LXOR,
BXOR}}
Trong md hinh SIMD 1énh Reduce() s& khong thyuc hién duge cho dén khi tat
ca céac tién trinh déu thuc hién 161 goi Reduce().

e Scatter(): phan tan coéng viéc cho céc tién trinh. Dir liéu ¢ mang buff duoc
chia nho thanh n doan va phan tan cho n tién trinh trén kénh mych.

Scatter(mych:channel, n:int, Buff[N]:DataType);
Ham nay duogc sir dung dé giri phan tir tht i cia mot mang dit licu t6i
cho tién trinh thir i.

Tuong ty truong hop cua Broadcast(), 1énh Scatter() s€ khong thuc
hién dugc cho dén khi tit ca cac tién trinh déu thuc hién 101 goi Scatter().

e Gather(): nguoc lai so véi ham Scatter(), dir liéu dugc gui di theo ham
Scatter() duoc xir Iy boi nhirng tién trinh nhin dugc va sau d6 duoc tap hop
lai cho mdt tién trinh.

Gather(mych:channel, Buff[N]:DataType,root:int);
Nguoc lai ham Scatter(), dit liéu tir tién trinh tht | duoc nhan vé ¢ tién
trinh gdc va duoc dua vao phan tir thir i cia mang buf.

e Barrier(): thyc hién viéc dong bd hoa nhiing tién trinh cing gia nhap mot
kénh truyén thong. Moi tién trinh phai chd cho dén khi tit ca cac tién trinh
khac trén kénh dat dén diém dong bo hoa bang 161 goi Barrier() trong chuong
trinh.

Barrier(mych:channel);

1.3.2. Nguyén ly thiét ké thuit toan song song

Nhu trén di néu ¢ trén, khi xtr Iy song song ta phai xét ca kién triic may tinh
va cac thuat toan song song.

Nhiing thuat toan, trong d6 c6 mot s6 thao tac co thé thuc hién d@)ng thoi

duogc goi la thudt toan song song.
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Dé thiét ké duoc cac thuit toan song song can phai thyuc hién:

Phan chia dir liéu cho cac tac vu.
Chi ra cach truy cap va chia s¢ dit li¢u.
Phén cac tac vu cho cac tién trinh (b xit 1y).

Céc tién trinh dugc dong bo ra sao.

C6 5 nguyén 1y chinh trong thiét ké thuat toan song song:

Cdc nguyén Iy ldp lich: muc dich 13 giam t6i thiéu cac bo xu 1y st dung trong
thuat toan sao cho thoi gian tinh toan 1a khong tang (xét theo khia canh do

phuc tap).

Nguyén Iy hinh 6ng: Nguyén 1y nay dugc ap dung khi bai todn xuat hién mot
day céc thao tac {T1, T2, ..., Tn}, trong d6 Ti+1 thyc hién sau khi Ti két
thuc.

Nguyén Iy chia dé tri: Chia bai toan thanh nhimg phan nho hon twong d6i
doc 1ap v6i nhau va giai quyét chung mot cach song song.

Nguyén Iy do thi phu thude dir liéu: Phan tich mbi quan hé dit liéu trong tinh
toan dé xay dyng do thi phu thudc dit liéu va dua vao d6 dé xiy dung thuat
toan song song.

Nguyén |y diéu kién tranh dua: Néu hai tién trinh cing mudn truy cép vao
cung mdt muc dit li€u chia sé thi chung phai tuong tranh véi nhau, nghia la
chung c6 thé can tro 13n nhau.

Ngoai nhitng nguyén 1y néu trén, khi thiét ké thuat toan song song ta con

phai chi y dén kién tric cia hé thong tinh toan.

1.4. Mt s6 chién lwgc song song héa pho bién

Trong rat nhiéu chién lugc khac nhau dé song song hod thuat toan tuan tir co

ba chién luoc thiét ké chuong trinh song song twong ddi phd bién 1a song song hoa

két qua, song song hoa dai dién va song song hoa chuyén biét. Mic du, trong timg

bai toan cu thé viéc két hop cac chién luogc thiét ké c6 thé cho ta két qua thu vi, song

thong thudong tuy thudc tinh chéat bai toan chi mot chién luge thiét ké thuat toan

song song dugc chon nham dat hiéu qua cao nht.
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1.4.1. Song song héa két qua

Viéc phan loai céac chién luoc thiét ké thuat toan song song phu thudc vao
tinh chat bai toan. Song song hoa két qua 1a co ché tinh toan song song tap trung
trén toan bo dir lidu ciia bai toan. Mdi b xtr 1y s& cho mot phﬁn két qua cua bai toan
va cac bd xu 1y hoat dong song song sao cho cac phr:in viéc dugc thuc hién doc lap
t61 da co thé. Sau khi cac phan viéc hoan thanh, cong doan cudi cung 13 két hop cac
thanh phan dé duoc két qua hoan chinh. Cac 1ép bai toan chia - dé - tri thuong st
dung chién lugc song song hoa két qua dé thiét ké chuong trinh song song. Mdi bai
toan trong 16p cac bai toan thuong duoc chia thanh céc bai toan thanh phan. Mdi bai
toan thanh phan duogc giai quyét doc 1ap va két qua cudi cung 1a sy két hop cac két

qua ctia bai toan thanh phan.

Viéc thiét ké chuong trinh theo chién luoc song song hoa két qua thong qua

nam giai doan :

e Giai doan dau: can phai mo hinh két qua dudi dang cau truc dir li€u gom

nhiéu thanh phﬁn, déng thot xac dinh duoc su phu thude gitra chiing.

e Giai dogn 2: phan mdi bo xir Iy ddm nhiém cong viéc cho mot hay nhiéu
thanh phan va vi¢c phan chia nay phai bdo dam van dé hi¢u suat cua cac bo
xu ly.

e Giai dogn 3: xac dinh ngudn tai nguyén can thiét dé thuc hién viéc tinh toan

céc thanh phan.

e Giai doan 4: xac dinh cach 13y cac gia tri két qua ciia cac thanh phan khi

thyc hién xur ly song song.
e Giai doan 5: két hop cac két qua thanh phan dé duoc két qua bai toan va két
thic cac xu ly.
1.4.2. Song song héa dai dién

Thiét ké chuong trinh theo co ché song song hoa dai dién x4c dinh cu thé
cong viéc phai thue hién dé song song hoa. Nhu vy, dé giai quyét mot bai toan co
nhiéu céng doan, mdi cong doan cua bai toan duoc giai quyét song song cho dén
khi hoan thanh cong doan do6 va cac cong doan tiép theo ciing duoc thuc hién tuong
tu cho dén khi bai toan duoc giai quyét. Cac mé hinh ctia chién luge nay 14 chu - to,
tinh toan - tong hop - truyén thong.

Trong mod hinh chu - t& bai toan can giai dugc chia thanh cac van dé phu

thudc 1an nhau. Cac bo xur 1y dong vai tro t& trong md hinh c6 nhiém vu xir Iy cac
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van dé nay va giita chung duoc diéu phdi boi bo xu 1y dong vai tro chu. Khac véi
phuong phép chia - dé - tri, cic vin dé ¢ day khong nhat thiét cing dugc tién hanh

giai quyét, ma c6 thé duoc giai quyét song song mot cach tuan tu.

Viéc thiét ké chuong trinh theo chién luoc song song hoa dai dién dugc thuc
hién thong qua ba giai doan. Giai doan dau x4c dinh cac cong viéc can phai thuc
hién béi cac bd xtr Iy. Trong giai doan tiép theo can phai xac dinh bo xir 1y dong vai

tro di€u khién cac cong vi¢c.Cudi cung can phai nhan biét duoc két qua cong viéc.
1.4.3. Song song hdoa chuyén biét

Trong chién lugc song song hod chuyén biét, bai toan can giai quyét bao
gém nhiéu cong viéc, mdi cong viéc co dac thu riéng duge giao cho mot b xur 1y
chuyén dung. Ngoai ra hé théng cAn mot bd xur 1y gitr vai tro agent, diéu phdi qua
trinh thyc hién cong viéc. Trong mdi cong viéc ddc thu, cac phén viéc nhé hon duoc
thue hién song song. Sau khi cic phan viéc nay hoan thanh, cin tién hanh “phdi

hop” cac két qua dé hoan thanh cong viéc.
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CHUONG II : MAY AO SONG SONG PVM (Paralle Virtual Machine )
May 4o song song 1a mot thuat ngit dé chi mot tip cac may tinh don 1¢ duoc
ndi két voi nhau trong cling mot mang va cung duoc st dung dé giai quyét mot bai
toan.

2.1. Giéi thi¢u chung

2.1.1. May tinh xtr ly song song MPP

Y tuéng chinh cua viéc xtr Iy song song la chia bai toan 16n thanh cac cong
viéc nho hon dé xir Iy dong thoi. Do d6 can phai c6 may tinh chira nhiéu b xt 1y.
Khi d6 mdi bo xtr 1y s& dugce phan cong thuc hién cac cong doan nay. Nhitng may
song song MPP (Machine Massively Parallel Processors) dugc ra doi do nhiing yéu
ciu ndy. May tinh MPP t6 hop hang trim cho dén hang ngan bd xtt Iy (CPU) vé6i bd
nhé 1én t6i hang trim Gb trén dudng truyén (BUS) véi tée do rat cao. Do dé duogc
dung dé giai quyét cac bai toan 1on trén thyc té nhu “Bai toan du bao thoi tiét”,
“Thiét ké va mé phong hoat dong cuia cac vi mach trong thoi gian thuc”,...

Mot s6 mé hinh kién triic cia may song song MPP 1a mo hinh mang tuyén
tinh 1 chiu, mang vong 1 chiéu, mang tuyén tinh 2 chiéu, mang vong 2 chiéu, 1D
Hybercube, 2D Hybercube, 3D Hybercube, 4D Hybercube,... Cadc m6 hinh nay dugc
phan loai dua vao topology cua lién két vat 1y bén trong giita cac bo vi xir 1. Vi lién
két bén trong 1a ¢d dinh nén kién tric ciia cac may song song MPP 1a khong doi.
Trong khi céc bai toan trong thuc té c6 mo hinh xir 1y song song cua cac cong doan
thudng phong phu doi khi khong phu hop voi kién trac hién c6 ciia may tinh MPP,
dan dén khong tan dung hét duoc kha nang cua may MPP.

2.1.2. May tram thay thé (Cluster of Workstation)

Pé khic phuc dugc nhuoc diém ctia may MPP, ngudi ta dung may tram thay
thé. Cac may tram thong thuong co kién trac don gian gdm 1 hodc vai bo xur Iy va
bd nhé cuc bd khoang vai chuc Mb dugc lién két lai thanh mét mang may tinh.
Ciing gidng nhu may tinh song song MPP, cac cong doan ctia bai toan s& duoc phan
cong xir Iy trén cac may tram ndy. Dit liéu vao/ ra s& dugc truyén trén mang. Tuy
nhién tdc d6 truyén dir liéu trén mang khong nhanh bang toc do cua lién két vat Iy
bén trong cia MPP nhung né c¢6 wu diém 1a co kién trac uyén chuyén hon va gia

thanh ré hon.
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2.1.3. Tinh toan trén mang khong dong nhat

Trong MPP, tit ca cac bd xtr Iy déu gidng nhau vé toc do, dung luong bd
nhd, tdc d6 truyén thong. Nguogc lai, trong mang may tinh thi hoan toan khac. Cac
may tinh tram co thé khac nhau vé kién trac, téc do, dung lugng bo nho,.. Vi thé mot
chuong trinh mudn khai thac bd mdy tinh mang nay phai giai quyét cac van dé khac
nhau gitra:

e Kién tric.

e Khuén dang dit liéu (khi chuyén ddi di liéu qua lai giira hai tram).

e Toc d tinh toan.

e Tai cuia cac may (Machine workload).

e Tai cua mang (Network workload).

Tuy nhién viéc tinh toan trén mang khong dong nhat ciing c6 loi thé:
Tan dung cdc may tram nhan 1Oi.

e Hiéu suét c6 thé cai thién nho tdi wu hoa viéc phan cong cong doan cho cac
may tram phu hop nhat.

e Khai thac dugc ban chat khong dong nhét cua tinh toan. Mt mang tinh toan
khong chi gdm cac mdy tram két ndi voi nhau trén mot mang cuc bo ma cé
thé tan dung kha nang clia cac mdy trén mang dién rong (Internet).

e Tbc d6 mang ngay cang duoc cai thién lam kha ning hién thuc va sé luong

bai toan giai bang mo hinh nay ngdy cang tang.
2.2. Kién triic ciia may 4o song song PVM (Parallel Virtual Machine)

2.2.1. Dinh nghia
PVM la mot bo phan mém tich hgp nham mé phong mot md hinh tinh ton

phan tan mém déo va da ning trén mang may tinh khong dong nhat.

2.2.2. Nguyén Iy ctia mot hé thong PVM

Mot hé théng PVM dua trén tp may chu cAu hinh boi nguoi st dung. Céc
cong doan tinh todn cua tng dung sé dugc xtr Iy phan tan trén nhiing may chu nay,
tham chi c6 thé thém bot trong khi chay chuong trinh. Cac may chil ndy co thé 1a
mdt may tram doc 1ap hay mot may tinh MPP,
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Khi mot may chu (host) gia nhdp vao may 4o song song thi cac tai nguyén
clia may ndy s& tré thanh tai nguyén cia hé théng. Vi vy cac cong viée (task) khi
dugc phan cong xtr 1y trén host ndy déu co6 thé tan dung hét tai nguyén trén may dé
tham chi ca hé thong tap tin.

Mot s0 dac diém cua may ao PVM:

e Duya trén tién trinh: Pon vi tinh toan song song trong PVM 1a task. Task 1a
mét doan ma tuan tu doc lap va s€ dugc anh xa t&i cac host khi dang chay

chuong trinh tng dung.

oMb hinh truyén théng diép ( message — passing model ): Dit liéu trao doi
giita cac task trong hé thong dua vao co ché truyén thong diép. Kich thudc

ctia thong diép chi bi gidi han do tai nguyén hé théng.

e Ho tro trén mang khéng dong nhdt: PVM cho phép thong diép chira nhiéu
kiéu dir liéu dé trao doi gitra cac host c6 cac dang biéu dién dir liéu khac
nhau.

e Ho tro mdy tinh MPP: PVM van sit dung co ché truyén thong diép cil trén

cac may MPP gom nhiéu bo xtr Iy dé tan dung loi thé ciia phan cting.

e Thay déi cdu hinh theo yéu cau: Céc chuong trinh c¢6 thé thuc hién trén tap

cac may duoc Iva chon theo yéu cau cua nguoi sir dung.

2.2.3. CAu triic cia PVM
Hé thong ctia PVM gdm 2 phan:

e Phdn hat nhdn (pvmd/pvm3): La mot tién trinh thuong tra (deamon) duoc dat
trén tat ca cic mdy tinh dé tao ra may ao. N6 dugc thiét ké dé bat ctr nguoi
dung dang nhap hop 1& ¢ thé cai dit tién trinh nay trén mdy tinh. Khi ngudi
ding mubn chay mot Gtng dung PVM, viéc dau tién 1a phai tao ra may ao
bang cach bat dau mot PVM. Cac tng dung PVM sau d6 ¢ thé dugc bat dau
tir mot dau nhac trén Unix & bat ky mot may chil nao. Nhiéu nguoi ding co
thé cu hinh 1én nhiéu may ao va mdi nguoi ding c6 thé thuc thi cac ung
dung PVM ciing mot lac. Phan nay sé& duge khoi tao ciing véi may o song
song PVM trén tat ca cac host. N6 chiu trach nhiém quan ly céc task PVM
trén ting host: ddm bao qua trinh truyén thong diép toi cac task trén mdy

chu.
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e Phdn thir vién cdc chwong trinh con giao dién Idp trinh ciia PVM: gdm cic
chuong trinh con trong bo thu vién PVM. Thu vién nay bao gom cac thi tuc
truyén thong diép, sinh cac task, diéu phdi céc task va thay doi cau hinh cua
may a0 PVM.

2.2.4. Kién tric cia PVM

)
S MPP
_O

<4 4L L

ﬂ

Hinh 2.1. Kién trac cia PVM

Hinh trén mé ta kién triic dién hinh ciia may ao PVM trén mang khong dong
nhat. Cac may tram trén cung moét tram cuc by (LAN) dugc nhom thanh mdt
Cluster. Trong mdt Cluster c6 thé chira nhiéu may tram c6 ciu hinh khac nhau.
Tham chi mot may tinh song song MPP ciing c¢6 thé tré thanh thanh vién cia mot

Cluster. Cac Cluster duoc lién két v6i nhau thong qua cau ndi Bridge/ Router.

2.3. Co ché hoat dong

Mot tng dung chay trén PVM duoc phan chia thanh nhiéu task. Mdi task
thuc hién mot phén cong viéc. Trong mdi task s& chira cac thu tuc cia PVM dé sinh
ra cac task khac, truyén dit liéu vé6i cac task khac hay dong bo hoa voi nhidu task
khi g dung dugc thuc thi. Mdi task khi sinh ra dugc gan véi mot s6 hiéu duy nhét
goi 1a TaskID. Moi dir liéu truyén gitra 2 task thong qua sd hiéu nay. Mo hinh PVM
luén dam bao tht tu truyén cua thong diép giita 2 task bat ky. Ngoai ra PVM con
cung cip co ché truyén dit liéu theo nhom. Cac task c6 thé tham gia vao nhém,

truyén dir liéu cho task khac hay cho tit ca cac thanh vién trong nhém (Multicast).

Phuong thtrc thuc hién chuong trinh trong PVM nhu sau:
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e Nhimg chuong trinh viét bang C/C++, Fortran 77 c6 thé chira nhiing 161 goi
cac ham thu vién cia PVM. Pay 1a nhitng ngon ngit lap trinh duoc PVM hd

tro.

e Céc chuong trinh dugc dich theo kién tric ctia hé thong (host pool), cac tép
mi dich (object file) duoc dit vao nhitng noi ma moi may tinh déu truy cap

duoc.

e Nguoi st dung tao ra mdt ban sao cua tac vu chu (master) hoac khéi dong
mot tac vu. Mot tién trinh duoc khoi dong bdi mot tién trinh khac dugc goi la
tién trinh t& (slave). Nhirng tién trinh nay thuc hién mot s6 tinh toan cuc bo

va trao d6i véi nhau dé giai quyét bai toan dit ra.

Dé cai diat mot thuat toan tinh toan thong thuong, st dung mo hinh Master —

Slave ta c6 mot s6 budc co ban nhu sau:
Chuong trinh Master s€ lam cac nhi¢m vu:

e Sinh ra NHOSTS chuong trinh tinh todn (Slave) trén mdi may tram
(NHOSTS 14 s6 may tram hién co).

e Gui cac dir liéu tinh toan, vi du nhu s6 budc lip N, s6 thtr ty ctia mdi chuong

trinh tinh toan (nproc),...
e Nhan két qua sau khi cic chwong trinh tinh toan xong.
e Tinh tong va hién thi két qua.
Moi chuong trinh tinh toan Slave s& lam cac nhiém vu:
e Nhan dir liéu tir chuong trinh Master.
e Thuc hién cac phép tinh.
e Gui tra két qua tinh duoc cho chuong trinh Master.
2.4. Lap trinh trén cum may tinh PVM
PVM cung cdp moéi trudng phan mém dé giri/nhan thong bao cho cic hé may

tinh thuan nhét va ca khong thuan nhat. PVM c6 mot tap hop cac ham thu vién
dugc viét bang C/C++ hodc Fortran.

Tap cac may tinh duogc st dung trong mang phai dugc dinh nghia theo cac
mirc wu tién dé chay cac chuong trinh. Diéu nay duoc thuc hién trén tip may 4o
song song PVM. Céch thyc hi¢n tdt nhét 13 tao ra mot danh sach tén g01 cua cac
may tinh va dit ¢ hostfile. Tép nay dugc PVM doc dé thuc hién cac chuong trinh.
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M&i may tinh c6 thé chay mot hay nhiéu tién trinh (chwong trinh tng dung). Cac
chuong trinh tng dung chay trong cac mdy tinh thong qua céc tién trinh cia PVM
dé trao d6i voi nhau trén mang. Céc tién trinh PVM yéu cdu du thong tin dé chon

lira dudng truyén thong dit liéu.

May tinh tram

Trao d6i théng diép trén mang

VM PVM
Chwong trinh Chuong trinh
tmg dung umg dung

Ne—

Hinh 2.2. Sy trao d6i thong diép cua cic may tinh trong hé PVM

Céac chuong trinh cia PVM thuong duoc to chirc theo mé hinh chu - t&
(master - slave), trong d6 tién trinh chu dugc thuc hién trude tién, sau d6 cac tién
trinh t& s& duoc tao ra trong tién trinh cha d6. Ham phat sinh tién trinh méi trong
PVM la: pvm_spawn().

Mot tién trinh mudn tham gia vao hé PVM thi n6 phai ghi danh bang cach

goi ham pvm_mytid(). Céc tién trinh mudn duoc huy bo thi goi ham pvm_exit().

Cac chuong trinh trao d6i thong diép voi nhau thong qua cic ham
pvm_send() va pvm_recv(). Tat ca cac thil tuc giri déu khong bi chan (di bd) con
cac thu tuc nhan thi hoac bi chan (duogc déng bd) hodc khong bi chdn. Cac thao tac
chinh ctia viéc gtri va nhan dir liéu dugc thuc hién ¢ cac bd dém buffer.

Néu dir liu duoc gt di 1a mdt danh sach cac muc cé cung kiéu thi trong
PVM str dung pvm_psend() va pvm_precv().Dé mo ta hoat dong ctia hai tién trinh

trao d6i mot mang dit liéu v6i nhau ta ¢6 hinh 2.3.
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Hinh 2.3. Goi ham pvm_psend() va pvm_precv()

Khi dir lidu gori di 14 phtc tap, gdm nhiéu kiéu khac nhau thi chung phai

dugc dong goi lai (pack) dé giri dén buffer, sau d6 tién trinh nhan lai mo goi

(unpack) dé nhan vé dit liéu twong tmg. D6 13 cac ham:

pvm_pkint() va pvm_upkint() cho dir liéu kiéu int
pvm_pkfloat() va pvm_upkfloat() cho dit liéu kiéu float
pvm_pkstr() va pvm_upkstr() cho dir liéu kiéu string, v.v.

Luu y: thir tw m& goi dé lay dit liéu ra phai dung theo thir ty ma ching duoc

dong goi ¢ tién trinh giri. Bo dém buffer dé gui dir lidu 1a mic dinh va nd phai duoc

khoi tao & tién trinh giri bang 1énh pvm_initsend().

Tuong tu, cac 1énh khac vé trao d6i théng diép theo nhom nhu: pvm_bcast(),

pvm_scatter(), pvm_gather(), pvm_reduce(), v.v.

Pé d& hiéu,ta c6 thé tom tit lai giao di¢n 1ap trinh PVM nhu sau:

2.4.1. Piéu khién cic task

pvm_mytid(): Tra lai s6 hiéu cta task hién hanh.
pvm_exit(): Thoat ra khéi méi truong ciia may 4o song song.
pvm_spawn(...): Sinh ra mot task con PVM.

pvm_parent(): Tra lai s6 hiéu cua task cha (task da sinh ra task hién hanh).

2.4.2. Truyén thong diép

Céc thong diép truyén duogc luu trong cac bo dém. C6 3 bude dé truyén mot

thong diép:

Khoi tao thong diép bang thu tuc pvm_initsend(...).
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Dit liéu s& duogc dit vao thong diép bang cac thi tuc pvm_pk*() tiy theo kiéu
dir ligu.

Gui théng diép bang pvm_send(...) cho mét task cu thé hay pvm_mcast cho

nhicu task cung mat luc.

2.4.3. Nhan thong diép

Céc budc dé nhan mot thong diép tir task khéc:

Kiém tra thong diép toi:

> pvm_recv(...): S& doi cho dén khi thong diép tir task mong mudn giri toi.

> pvm_nrecv(...): Kiém tra xem thong diép tir task mong mudn da giri t6i
chua.

» pvm_trecv(...): Doi thong di¢p guri téi trong mot khoang thoi gian da cho
néu lau qua thi s€ tiép tuc thue thi cac 1énh tiép theo.

Lay dir liéu tir thong diép pvm_upk*() tiy theo kiéu dir liéu duoc dua vao

khi gtri.

2.4.4. Nhém cac task

Céc task c6 thé gop thanh nhém bang:
pvm_joingroup (tén nhém);

Ra khoi nhom bang:

pvm_lvgroup (tén nhom);

Mot task c6 thé cing mét lac gia nhdp vao nhiéu nhom. Khi task dang &

trong nhom c6 thé 14y cac thong tin vé nhom nhu: kich thude hién hanh ctua nhom,
danh séch céc task trong nhom.

pvm_gettid(...): Tra vé s6 hiéu task trong nhom.

pvm_getinst(...): Tra vé tht ty cta task trong nhom.
pvm_gsize(...): Kich thuéc nhom: sd cac task hién co trong nhom.
pvm_barrier(...): Pong b cac task trong nhom.

pvm_bcast(...): Truyén thong diép cho tit ca cac thanh vién trong nhom.
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2.4.5. Cac kiéu dir liéu dwoc dong goi trong PVM
Khi dit liéu trong thong diép duoc truyén tir platform niy sang platform
khac, PVM sé& ty dong chuyén doi cac khudn dang kiéu dir liéu. PVM hd tro cac
kiéu dit liéu co ban sau:
e Kiéu sb nguyén co6 ddu va khong dau:
» Char: 1bytes.
> Short: 2bytes.
> Int: s6 nguyén 4 bytes.
> Long: 8bytes
e Kiéu s6 thuc c6 du va khong dau:
> Float
> Double
e Kiéu dit lidu khac:
> Char*: chudi ky tu.
> Cpl*: s6 phirc (double, double).

2.5. Stt dung PVM
PVM cung cap cic tha tuc dé khoi tao cac tac vu trén may ao (virtual
machine) va cho phép cac tac vu nay trao dbi véi nhau.

2.5.1. Cai dit PVM

Phién ban méi nhat cia ma nguon PVM va tai liéu ludn ludn co san
thong qua netlib. Netlib 1a mot dich vu phan phdi phan mém thanh lap trén
Internet c6 chira mot loat cac phan mém may tinh. Phin mém c6 thé dugc 1dy
tir netlib bang ftp, WWW, xnetlib, hodc email. Download pvm3.4.6 c6 trén
Internet tai dia chi http://www.netlib.org/pvm3/pvm3.4.6.tgz.

Thong thuong PVM duoc cai dat dé nhiéu ngudi cung sir dung, hoic
cho nhiéu dé 4an khac nhau cta cing mot ngudi. Trong ca hai trudng hop
PVM déu c6 myc tiéu str dung chung.

PVM sir dung hai bién méi truong khi bat dau va chay chuong trinh. Mdi
ngudi dung PVM can thiét 1ap hai bién nay dé co thé sir dung.


http://www.netlib.org/pvm3/pvm3.4.6.tgz
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e Bién dau tién la PVM ROOT: Bién nay thiét lap vi tri cia thu muc cai dat
pvma3.

e Bién thir hai la PVM_ARCH: Khai bao kién triic ciia may chu PVM va chon
mét sd thue thi tir thu muc PVM_ROOT.

Phuong phap don gian nhat 1a thiét 1ap hai bién nay trong tap tin .cshrc. Gia
sit chung ta st dung csh theo phuong phép trén, ta ¢6 vi du cho viéc thiét lap
PVM_ROQT : setenv PVM_ROOT $ HOME/pvma3.

Can dat duong din va cac bién moi truong sau day trong tap tin /etc/profile
(dé str dung chung) hoic trong SHOME/.bashre.

Pé PVM daemon hoat dong duogc trén nhiéu node tao nén may ao PVM

trong tap tin /etc/hosts.equiv, hodc trong cac tap tin SHOME/ .rhosts.

Bién moi truong ciing phai dugc dit trong user twong tmg, chang han trong
tap tin SHOME/.bashrec.

Céc chuong trinh thi hanh bang 1énh pvm_spawn() phai duoc chi dudong dan
tuyét ddi, hoac duge luu trix trong thu muc $SPVM_ROOT/bin/SPVM_ARCH.

Té6m lai, dé cai dat PVM ta co cc bude sau:
e DbatPVM_ROOT va PVM_ARCH trong tap tin cshrc.
e  Xay dung PVM ddi véi tig loai kién tric.

° Tao mdt tap tin .rhosts trén moi may chu dé liét ké tat ca cac host muon sir

dung.
e  Tao mot tap tin SHOME/.xpvm_hosts dé liét ké tat ca cac host.

Ngudn PVM di kém voéi cac thu muc va makefiles cho hau hét cac kién tric.
Xay dung ddi voi tung loai kién trac duoc thuc hién tu dong bé“mg cach dang nhép
vao mdt may chu, di vao thu muc PVM_ROOT, va ddnh may lam. Cac makefile sé&
tu dong xac dinh nhitng kién trac no dang dugc thuc thi trén, tao ra cadc thu muc con
thich hop, va xay dung PVM, pvmd3, libpvm3.a, va libfpvm3.a, pvmgs, va
libgpvm3.a. N6 dit tit ca nhiing tip tin ndy trong $SPVM_ROOT/lib/PVM_ARCH,
ngoai trir pvmgs dugc dat trong $PVM_ROOT/bin/ PVM_ARCH.

2.5.2. Bit dau véi PVM
Trén bat ky may chi ma trén d6 PVM da dugc cai dit, ta c6 thé gd : %pvm
dé bat dau.
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Khi d6 s& nhan lai mot ddu nhic c6 nghia 1a PVM hién dang chay trén may

chu nay. Ta c6 thé lam mdt s6 thao tac sau:

PVM > add hostname : Thém may chu cho may 4o.
PVM > delete hostname: X6a céac host tir may do.

Néu nhan duoc thong bao “Can’t start pvmd” thi kiém tra van dé khoi dong

va thir lai.

PVM > conf: Kiém tra ciu hinh may 4o hién tai.
PVM > ps — a: Xem nhiing tdc vu dang chay trén may 4o.

PVM > quit: Pong giao dién diéu khién PVM nhung may 4o va nhiing cong

viéc van tiép tuc chay. Va mudn tiép tuc véi may ao, ta c6 thé gd %PVM.

PVM > halt: Két thiuc v6i cac may ao. Lénh nay két thiic bat cir tic vu nio
dang chay cuia may 40 PVM, tit may 4o va thoat khoi giao dién diéu khién.
Pay 1a phuong phap dé dimng may a0, né6 dam bao rang cic may ao dugc tat
hoan toan.

Néu khong muén gd mot loat cac tén may chu mdi lan, chi viéc nhap :
%PVM hostfile. PVM sé& thém tat ca cac may chu duogc li¢t ké cung mdt lic
trude khi diu nhic xuit hién trén giao di¢n diéu khién. Mot s tuy chon cé
thé duoc xac dinh trén co s& mdi may chu trong hostfile. Ngoai ra nguoi
dung co thé tuy chinh may 4o cua minh cho mdt ing dung hodc mdt moi

truong cu thé.

2.5.3. Mt s6 van dé khi sit dung PVM
e Néu co thong bao 1a: [t80040000] Can't start pvmd thi viéc dau tién 1a phai
kiém tra file .rhosts trén may chu tir xa chtra tén may chi PVM dang 1am viéc.

Ngoai ra kiém tra xem tap tin .rhosts di duogc thiét 1ap mot cach chinh xac chua

bang cach nhap cl phap:

% rsh remote_host Is

Néu .rhost duoc thiét lap mdt cach chinh x4c thi s€ théy mot danh sach cac

tap tin trén may chu tur xa.

Mot Iy do khac 1a khong c6 PVM duoc cai dat trén may cha hodc khong co

PVM_ROOT duoc thiét 14p chinh xdc & mot s6 may chi. Ta c6 thé kiém tra bang
cach go:
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% rsh remote_host $PVM_ROOT/lib/pvmd

e Néu thong bao Login Incorrect, diéu ndy c6 nghia 1a khong c6 tai khoan trén
may chu tir xa v6i tén ding nhap d6. Néu st dung mot tén ding nhap khac

trén may chu tir xa thi phai sir dung tuy chon “i0=""trong hostfile.

e Néu nhan dugc bat cir mot thong bao la nao thi kiém tra tap tin .cshrs.

2.5.4. Chay chwong trinh PVM
Phén ndy s& tim hiéu cach bién dich va chay chuong trinh PVM.

Sao chép mot chuong trinh vi du vao thu muyc riéng can luu tri:
% cp -r $PVM_ROOT/examples SHOME/pvm3/examples
% cd $HOME/pvm3/examples

Céc thu muc examples c6 chita mdt file Readme la makefile.aimk va n6 mo
ta cach xay dung nhiing vi du nay. Aimk ty dong duoc thém vao $PATH khi dat
cshre.stub vao trong tap tin .cshre. Str dung aimk cho phép dé lai mad ngudn va
makefile khong thay d6i khi bién dich trén nhiing kiéu kién trac khac nhau.

Mo hinh lap trinh Master/ Slave ( Cht/ T4) 1a mé hinh pho bién nhat dugc sir
dung trong tinh toan phan tan. (Trong linh vuc 13p trinh song song ndi chung, mé
hinh SPMD 1a phé bién hon). Dé bién dich bang ngdn ngit C, ta lam nhu sau:

%aimk master slave

Makefile di chuyén cac file thyc thi dén $SHOME/pvm3/bin/PVM_ARCH,
day 1a vi tri mac dinh PVM s& tim ching trén tat ca cac host. Néu file hé théng
khong gidng nhau trén tat ca cac host PVM thi s& phai xdy dung hodc sao chép cic
file thuc thi (tiy thudc vao tirng kién trac) trén tit ca cac host PVM.

Vi du: T mot cira 6, md PVM dé bat diu va cau hinh cac host. Trong ctra
s6 khéc, cd dén SHOME/pvm3/bin/PVM_ARCH va gé:

%omaster

Khi d6 chuong trinh s& hién ra sb tac vu, sb luong tac vu khong co dé phu

hop v6i s6 lugng may chu,..

Diéu nay cho thiy kha ning chay mot chwong trinh PVM tir mot ddu nhéc
dong 1énh trén bat ky may chu trong may 4o nio.
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2.5.5. Giao dién diéu khién PVM

Giao dién diéu khién PVM (dugc goi 1a pvm) 1a mot nhiém vu doc lap cho
phép ngudi dung khai dong, truy van va sira doi cic may do. Giao dién diéu khién
c6 thé duoc bit dau va dung lai nhiéu lan trén bat ky may chu trong cic may o ma
khong anh huong dén PVM hoic bét ky Gmg dung nao dang chay.

Khi duoc khéi dong, pvm xac dinh PVM da sdn sang chay chua. Néu chua
san sang chay, pvm s& tu dong thuc thi pvmd trén may chu nay, bo qua nhiing tiy
chon dong 1énh pvmd va hostfile. Nhu vy, khong can thiét phai chay PVM dé bt
dau giao dién diéu khién.

pvm [-n <hostname>][hostfile]

Khi do, tuy chon —n 1a chi dinh mgt tén khéc cho cum may chu pvmd (trong
truong hop tén may khong phu hop voi dia chi IP). Khi PVM dugc bat dau, giao

dién di€u khién s€ hién ra dau nhac:
pvm>
va chap nhan céc Iénh tir chuan vao. Mot s6 cac 1énh chuan:

e add: Thém may chii cho mdy ao, theo sau 1a mot hodc nhiéu host.

alias: dinh nghia hodc liét ké cac 1énh.

e conf: Liét ké c4ac cau hinh cia mdy 4o bao gom tén may, tac vu pvmd, loai

kién trac, toc d§ danh gia,...

e delete: X0a cac may chu tir may 4o, theo sau 1a mot hodc nhiéu host. PVM

van dugc chay trén cac host bi mat.
e echo: Doi so echo.

e halt: Két thuc tat ca cac xir 1y ctia PVM, bao gdm giao dién diéu khién va sau
d6 tat PVM. Tét ca cac tién trinh thuong tra déu duoc tit bai 1énh nay.

e help: Puoc sir dung dé iy thong tin vé cac 1énh twong tac. Trg gitp ndy c6

thé duoc theo sau boi mot tén 1énh 1iét ké cac tuy chon.
e id: In céac tac vu cua giao di¢n diéu khién.
e jobs: Danh sach cong viéc dang chay.
e kill: Pugc sir dung dé cham durt bat ky mot xi Iy nao cia PVM.

e mstat: Cho biét trang thai cia céc host cu thé.
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e quit: Thoat khoi giao dién diéu khién, roi khoi tién trinh thudng tri va céac
cong viéc dang chay.

e reset: Hily tit ca cac xtr 1y ctia PVM trir giao dién diéu khién va thiét lap lai
PVM nbi bo va hang doi tin nhan.

e sentenv: hién thj hodc thiét lap cac bién moi truong.
e sig: Gui cac tin hi¢u td1 tdc vy, theo sau 1a tin hi¢u s6 va TID.
e spawn: Bit dau mot ing dung PVM. Theo sau 1a cac tiy chon:
count: SO cac tac vy, mic dinh 1 1.
host
ARCH: Sinh ra cac may chu loai ARCH.

?2: Cho phép gd r6i.

>
>
>
>
> >: Chuyén hudéng dau ra tac vu cho giao dién diéu khién.
> >file: Chuyén huéng dau ra tic vu t4i tép tin.

> >>file: Chuyén huéng dau ra tac vu ndi thém tdi tép tin.

> @: Theo ddi cong viéc, hién thi dau ra trén giao dién diéu khién.
> @file: Theo ddi cong viéce, hién thi du ra trén tép tin.

e trace: Thiét lap va hién thi cac sy kién.

e unalias: Huy 1€nh bi danh.

e version: In phién ban PVM dang dugc st dung.

PVM hd tro st dung nhiéu giao dién diéu khién. C6 thé chay mot giao di¢n
diéu khién trén bat ky may chu nao trong mdt may 4o hién c6 va tham chi nhiéu
giao dién diéu khién trén mot may. Ciing c6 thé khoi dong giao dién diéu khién &

giita mot ung dung PVM va kiém tra tién d6 cta né.

2.5.6. Cac tuy chon cua hostfile

Nhu da biét, chi can mot ngudi phai cai dat PVM, nhung mdi ngudi ding
PVM c6 thé co hostfile ctia riéng minh. Céc hostfile xac dinh c4u hinh cia cac may
cha ma PVM s& két hop lai thianh mot mdy 0. N6 ciing chira thong tin vé nhiing

may chi ma nguoi dung c6 thé muodn thém vao dé cau hinh.
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Céc hostfile don gian chi 1a mgt danh sach cac tén may cha trén mot dong
1énh. Dong tréng s& duoc boé qua, nhitng dong bat dau véi “#” 1a nhitng dong binh

luan.
C6 mét sb tuy chon sau: (Cac tiy chon dwgc phan cach bang khoang tréng)

e lo = userid: Cho phép nguoi dung chi dinh mot tén ding nhap thay thé cho
host nay. Néu khong thi may tinh s& str dung tén ding nhap cil.

e 50 = pw: Nhic nho ngudi dung cho mét khau trén host nay. Piéu nay rat hitu
ich trong truong hop ngudi ding c6 mét userid va mat khau khac nhau trén
hé théng tor xa. PVM st dung rsh méc dinh dé khai dong tu xa pvmd. Khi
pw dugc xac dinh, PVM s€ stir dung rexec() dé thay thé.

e dx = location of pvmd: Cho phép nguoi dung chi dinh mét vi tri khac vai vi
tri mic dinh trén host nay. Diéu nay rat hiru ich trong truong hop nguoi

dung muon str dung ban sao pvmd cta chinh minh.

e ep = duong dan dén file thuc thi ciia nguoi ding: Cho phép nguoi ding chi
dinh maot loat cac dudng dan dé tim céc tap tin yéu cau. Nhiéu path duoc
phan cach bang du hai chim. Néu khong chi dinh ep nay thi PVM s& tim
kiém trong SHOME/pvm3/bin/PVM_ARCH cho céc tac vu ing dung.

e sp = value: Xac dinh tdc do tinh toan twong ddi cia may cha ndy véi may
chu khéc trong mot cu hinh. Pham vi gia tri ¢6 thé 1a tir 1 dén 1000000,
mac dinh 1a 1000.

e bx = location of debugger: Chwong trinh g& réi mic dinh 1la
pvm3/lib/debugger.

e wd = working_directory: Chi dinh mét thu muc lam viéc ma trong do tat ca

cac nhiém vu sinh ra trén host nay s€ duogc thuc hién. Mac dinh 1la SHOME.

e ip = hostname: Xac dinh mot tén khac dé giai quyét dén dia chi IP cua may

chu.

e S0 = ms: Xac dinh ring pvind & may slave s& duoc bit dau mot cach thong
thuong trén host nay. Piéu nay rat hiru ich khi rsh va dich vu mang rexec bi
v6 hiéu héa nhung van ton tai két ndi IP. Khi sir dung tily chon nay, nguoi
dung sé& thay trong tty ciia pvm3.

Néu nguoi ding mudn thiét 1ap cac tiy chon trén 13 mic dinh cho mét loat

céc host thi c6 thé dat cac tily chon nay trén mot dong duy nhat voi « * ” & dau dong
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cho truong t€n may. Cac mac dinh s& ¢6 hiéu luc cho tat ca cac host sau cho dén khi
chung dugc ghi de¢ béi mot dong thiét 1ap mac dinh khéc.
Nhitng mdy cht chua dugc cau hinh ban du c6 thé ciu hinh lai dugc trong

hostfile béi nhirmg dong 1énh bét dau tir “ & .

2.6. Lap trinh dung PVM
e Dé lam viéc, chuong trinh thi hanh phai duoc pvmd khéi dong trén cc node
cua may ao.
e Trén mdi node c6 thé c6 nhiéu chuong trinh thuc thi cung hoat dong.
2.6.1. M6 hinh Master — Slave
e Khi ding mo hinh master — slave, trong PVM viét hai chuwong trinh riéng.
e Chuong trinh thir nhat dong vai tro master bao gom cac phan nhu sau:
> M0 ta prototype cac ham PVM dé sir dung
#include "pvm3.h"
» Kich hoat chuong trinh slave bdi pvm_spawn()
> Guri dit liéu cho c4c tién trinh slave béi 1an lugt cac ham
pvm_initsend()
pvm_packXXX()
pvm_send()
» Nhan dit liéu tir c4c tién trinh slave béi 1an lugt cac ham
pvm_recv()
pvm_upackXXX()
> Thoat tién trinh khoi PVM bai ham pvm_exit()
e Chuong trinh slave bao gdom:
> M0 ta prototype dé sir dung #include "pvm3.h"
> Xéc dinh ID cia tién trinh master: pvm_parent().
> Truyén dit liéu cho tién trinh master.

> Thoat tién trinh khoi PVM boi ham pvm_exit()
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Hinh 2.4. Phuong thitc trao doi cac tién trinh

2.6.2. M0 hinh Task — to — Task
e Trong truong hop nay chi st dung 1 chuong trinh, trong chuong trinh bao

gdm cac phan nhu:
> MO ta prototype cac ham PVM dé sir dung
#include "pvm3.h"

> Xac dinh ID cua tién trinh dang hoat dong boi ham pvm_mytid() va
pvm_parent().

> Néu chua c6 thyc thé nao thi hanh, ham pvm_parent() tra vé gia tri la
PvmNoParent. V&i gia tri nay, dung dé diéu khién doan chuong trinh cua

master. Trong doan nay ciing c6 cac ham chuyén thong diép.

> Trong phan khong phai master, sit dung cac ham truyén dit liéu thich hop

v6i phan master.
> Thoat tién trinh khoi PVM boi ham pvm_exit()
e int pvm_mytid(void):
> Tréa vé tid (task Id) ctia tién trinh dang goi ham nay,
> Néu pvm chua kich hoat gié tri tra vé ctia ham 1a sb am.
e int pvm_parent(void):
> Tra vé tid cta tién trinh kich hoat tién trinh dang goi ham nay.

> Néu thuc thé dang goi ham nay khong kich hoat ham pvm_spawn(), gia tri
tra vé 1a PvmNoParent. Néu gia tri 1a PvmSysErr cho chung ta biét khong

lién két dugc voi pvmd trén node dia phuong nay.
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e int numt = pvm_spawn(char* task, char** args, int flag, char* where, int
ntasks, int* tids):

> Khai dong céc tién trinh PVM moi.

> task: chudi ky tu chi tén tap tin can kich hoat, tap tin nay dat & duong dan
chi dinh cia PVM (chuin trong trudng hop cai dit nay Ia
$PVM_ROOT/bin/$PVM_ARCH) hoic dudng dan tuyét dbi.

> args: mang cac chudi ky tu, 1a cac tham sb trén dong 1énh cia tap tin thi
hanh.

> flag: bién nguyén, c6 thé nhan cac gi tri nhu:
v' PvmTaskDefault: C6 thé khoi dong bat ky may nao
v' PvmTaskHost: Chi dinh may dé khoi dong
v' PvmTaskArch: Chi dinh loai kién trac may dé khoi dong.

> where: mang ky tu chi dinh tén may khi flag ¢6 gia tri 1a PvmTaskHost, néu
khong gia tri la NULL.

» ntasks: sd tién trinh can kich hoat
tids: bién con tro luu trit cac tid ctia nhitng tién trinh da kich hoat.

» numt: néu béng ntasks su kich hoat thanh cong, néu béng gia tri am hodc
nho hon ntasks su kich hoat con gap sai sot.

Vi du:
char* args[] = { "4", "100", (char*)0};

int numt = pvm_spawn( "slavel”, args, PvmTaskHost, "pl.ioit.ac.vn", 10,
&tids );

e int pvm_initsend(int encode):
> Khoi dong qua trinh truyén, véi tham s6 encode chi dinh so d6 ma hoé
thong diép truyén di.
> Cac gia tri ciia encode c6 thé 1a PvmDataDefault v6i kiéu ma hoa XDR;
PvmDataRow khdng mé hoa, v.v...
e int pvm_send(int tid, int tag): Pé guri dir liéu co trong ving dém thong diép
dén tién trinh tid v&i nhan tag. Pay 1a ham gui khong dong bo.



46

e int pvm_recv(int tid, int tag): DAy 1a ham nhan dong bo, gia tri trong ving

dém thong diép dugc gir dén tid vé6i nhin tag chi dinh.

int pvm_pack(): c6 cac ham tuwong trng nhu sau:

>

>
>
>

pvm_pkint(int *buff, int nitems, int stride): dé chuan bi giri nitems di liéu
tai dia chi trong buff, voi bude sai 1a stride (chiang han giri cic phan tir &
vi tri chan cua buff thi stride 1a 2).

pvm_pkfloat(float *buff, int nitems, int stride): twong tu
pvm_pkdouble(double *buff, int nitems, int stride): tuong tu

pvm_pkstr(char* buff): chudn bi giri chudi ky tur buff.

int pvm_unpack(): gdm cac ham

>
>

pvm_upkint(),
upkfloat(), ...

v6i cac tham s gidng ham pvm_pack().

e int pvm_exit(void): thoat tién trinh ra khoi PVM.

int pvm_bcast(char *group, int tag): Phat tan dir li¢u thong di¢p dang tac

dong dén nhom céc tién trinh trong group.

Pé dung trudc d6 phai tao group boi pvm_jointgroup(char * group).

int pvm_mcast(int tids, int ntasks, int tag): Phat tan dit liéu dén tap hop cac

tién trinh chi dinh.

int pvm_reduce (void (*func)(), void *data, int count, int datatype, int tag,
char *group, int root):

>

YV V VY V

data : mang chura dit liéu trén tién trinh.

count : sd tién trinh.

datatype : kiéu dit liéu c6 thé 1a PVM_INT, PVM_FLOAT, ...
root : noi tap hop.

func : ham dung tdp hop, c6 cac ham da dinh nghia nhu PvmSum,
PvmProduct, PvmMax, PvmMin.

Piy 1a ham nhin khong dong bd.
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e int pvm_scatter(void *result, void *data, int count, int datatype, int tag, char
*group, int root): Bé phan phat dir liéu data trén root dén cac tién trinh trong
nhom group.

e int pvm_gather(void *result, void *data, int count, int datatype, int tag, char
*group, int root): Pé thu thap dir liéu tir cac tién trinh trong group vé mang
result trong root. Pay 1a ham nhan khéng dong bd.

2.7. Thiét ké méi trudng hd tro tinh toan song song
Dé thiét ké mot moi trudng hd trg cho 14p trinh song song ta phai xem xét

cac yéu tb gay kho dé cho nguoi lap trinh song song. D6 1a:
e Biéu dién thuat toan song song.
e Phan chia cong viéc.
e Quan ly viéc khoi tao (sinh) va két thiic cac cong viéc.
e DPdng bo hoa giita cac cong viéc.
e Quan ly viéc trao doi thong tin giita cac task.

e Quan Iy ma ngudn chuong trinh, ma thuc thi trén moi truong xir 1y phan tan

trén nhiéu flatform khac nhau.
e Quan ly bién phan chia.
e Tbi vu viée phan cong cong viée cho cac bo xir 1y.
e Xuly, g& rdi chuong trinh.
e Danh gia thoi gian thuc thi, giup nguoi 1ap trinh hi€u chinh lai thuat toan.

e Phat hién nhitng hu hdng va khoi phuc, stra chita nhu connection lost, host

failure,...trong may 4o song song PVM.

Mot moi truong hd tro tt 1a khac phuc cang nhiéu khé khin cho nguoi lap

trinh cang tot.

bé biéu dién thuat todn song song, nén st dung cong cu biéu dién truc quan
bang dd thi cong viéc véi mdi nut 1a mot module chire ning tinh toan, cac cung mo
ta cac rang budc nhu dir li¢u vao / ra, luat kich hoat cac cong viéc tiép theo, qua do

dong bd hoa gitra cac cong viéc.
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Sau khi phan tich thuit toan song song va biéu dién trén d6 thi cong viéc,
ngudi 1ap trinh can duoc cung cdp cac coéng cu lap trinh nhu bd soan thio ma

nguon, bo bién dich, mo ta cac dir li€u trao doi gitra cac task,...

B bién dich thyc hién nhiém vu bién dich lai toan bd chuong trinh, lién két
cac module, gin thém céc thu tuc PVM dé cho phép chuong trinh chay dugc trén

mot mady a0 song song.

u Cac ma nguon C +
D6 thi cong viéc rang 5
. o g o wiiom »
Giai doan I: thu tuc PVM
A ~ A 9 > o
budéc ma nguon cua PCS dén C

M& dun thyc thi tuong

Giai doan II: C |
tng trén cdc platform dén ma dich

Hinh 2.5. M6 ta cac giai doan cta qua trinh bién dich

Ngoai ra dé tang hiéu qua cua thuit toan song song, nhat 13 trén mot may ao
PVM (g6m nhiéu b xir 1y v6i nang lyc khac nhau, toc do trao d6i dir lidu khac
nhau) phai cin dén mot giai thuat nham tim kiém mot lich phan cong phi hop timg

cong viéc cho moi bg xtr 1y.

2.7.1. Quan ly bién phan chia
Mot van dé can dé cap trong 1ap trinh song song 13 co ché truy nhip bd nhé
phan chia. Trong d6 cic mé dun chay dong thoi co thé dung doc / ghi gia tri tai mot

vung nhd.

Day 1a mot co ché can thiét dé cac tién trinh co thé trao d6i dit lidu voi nhau.
That khong may may 40 PVM (ciing nhu mot s6 mdi trudng xir Iy phan tan khac)
khong hd tro co ché nay.
a. Mo hinh quan ly bién phan chia

Trong may tinh, ving nhé duge truy xuit thong qua dia chi vat 1y. Dia chi
nay duoc quan 1y boi CPU phu thudc vao phan cimg. Trong khi d6, PVM lai khong
mo ta khai niém vé dia chi bd nhé, vi thé ta s& quan 1y bién phan chia thong qua tén

bién.
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4

(tén, gia tri)

(tén, gid tri) \4
Blé,n phﬁn Chla ‘—>
y (tén, gid tri)

(tén, gid tri)

\ 4

Hinh 2.6. M6 hinh quan Iy bién phan chia

Pé dam bao duy tri bién phéan chia va su truy nhap tir cdc cong viée (task)

ctia chuong trinh, ta can c6 mot tién trinh quan 1y chung.

(bi&n cuc bd)

Coéng viéc A

Bié€n phén chia

Hinh 2.7. M6 hinh quén 1y tién trinh
b. Co ché hoat dong
Chuong trinh quén 1y bién phén chia thuc hién nhiém vu:
e Khoi tao bién cuc bo 1am thanh bién phén chia.

e Khoi tao mot bang bam Iuu trit danh sach tén bién phéan chia duoc dinh nghia

trong chuong trinh.
e Ling nghe cic yéu cau truy xuét tir cac tién trinh khac.
e Phuyc vu cac yéu cau dong thoi.
e Quan ly vi¢c truy nhdp tuong tranh.

Céc tién trinh mudn truy nhap bién phan chia chi can:
e Guri mot yéu cau ti chuong trinh quan 1y.

e Doc/ghi gia tri bién phan chia mong mudn.
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e Nhan két qua phan hdi.

Khdi tao bi€n cuc bd ding
lJam bi€n phan chia

Khdi tao danh sdch tén bién
Khdi tao khoa truy nhap
/\ >ﬂ

Pgi yéu cau

Phan tich, x 1y, g&i két qua

U

—< ]

Hinh 2.8. M6 hinh co ché hoat dong
Mot goi tin yéu cau c¢é cau tric:
e tid: SO hiéu cong viéc (task ID) cua tién trinh giri yéu cau t6i
e command: mi yéu ciu
e value: gid tri ctia bién ( néu co)
Diéu khién truy nhap tuong tranh:

Khi ¢6 tir hai tién trinh tré 1én cing mudn truy nhap t6i mot bién phan chia,
rat ¢ thé gia tri cta bién phan chia bi thay d6i khong dung véi mong mubn cia

ngudi 1ap trinh vi thiéu sy dong bo gitra hai tién trinh.
Vi du c6 2 task 1, 2 ciing truy nhap t&i bién mang A:
e Task 1 khéi tao mang A
e Task 2 doc gia tri mang A

Néu khong duoc dong b, rat c6 thé task 2 s& nhan duoc mang A chi c6 mot

phan dau duoc khéi tao.

bé khac phuc ta s€ str dung co ché khoa ngoai tru:
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M&i bién dugce gin mot khoa va cac thu tuc nguyén thiy (primitive)
e lock sh var(): khoa mot bién phan chia bang tién trinh hién thoi
e unlock_sh_var(): md khoa. Chi c6 tién trinh khoa bién thi méi mé duoc
e get sh var(): doc gid tri ctia bién
e put sh var(): luu gid tri méi vao bién
e get lock sh var(): doc gié tri cia bién va khod lai
e put unlock sh var(): luu gia tri m&i vao bién va mé khoa
Co ché hoat dong cua khoa ngoai trur:

e Mot bién phan chia khi bi khoa bdi mot tién trinh nao thi chi c6 thé dugc mo

bang tién trinh do.

e Khi mot bién khoa thi moi truy nhap tur cac tién tinh khac s& phai cho doi
(block) cho dén khi bién duoc mo khoa.

Thiét ké chuong trinh quan 1y bién phan chia trong méi truong PVM:

Trudce hét, nguoi lap trinh cung cap mot danh sach cac bién phan chia trong

mg dung. Mdi bién gém cac thong tin vé:
e Kiéu dit lidu co ban.
e Tén bién.
e Kich thudc néu la bién mang.

Pé dam bao tinh nhat quan, voi mdi tmg dung, ta sinh ra mot chuong trinh

quan 1y bién phén chia riéng.

Danh sach bién B0 sinh chuong
phan chia cia ———
ung dung

5 » 1. 1.0 [———®sh_var_manager.c
trinh quan 1y bién - “

Hinh 2.9. Quan Iy bién phan chia
CAu trac ciia mdi phan tir trong danh sach bién phan chia:
struct {
int type ; Kiéu dit liéu co ban cua bién: int, long, float, double...

char * name ; tén bién.
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int size ; size = 0: bién don.
size > 0: bién mang.
} ShVarType;

DPé dam bao chi c6 nhimg mé dun thudc img dung méi truy nhip duoc cac
bién phén chia, ta tao ra mot nhom tién trinh trong may 40 PVM duy nhét dbi voi

moi ng dung.

Thuat toan chi tiét dé quan 1y bién phan chia:

Budc 1: Khéi tao
> Khéi tao cac bién cuc bd tuong ing voi bién phan chia.
> Khoi tao bang bam chira cac tén bién truy nhap c6 dua thém khoa ngoai
trur.
> Khoi tao hang doi yéu cau
e Budc 2: Gia nhap nhom
e Budc 3: Doi Iénh guri to1
e Budc 4: Phan tich 1énh
e Budc 5: Thuc thi 1é€nh
e Budc 6: Nhan duoc 1énh két thuc khong?
> Néu ding sang budc 7
» Nguoc lai quay budc 2
e Budc 7: Don dep trude khi két thuc.
Céc 1énh gom co:
e command ==0 : Lénh két thuc chuong trinh quan Iy
e command == 1 : Lénh doc gia tri cua bién phan chia
e command == 2 : Lénh luu gié tri vao bién phén chia
e command == 3 : Khéa mot bién
e command ==4 : Mo khoa

e command == 5 : Poc gia tri cua khda. Xac dinh tién trinh nao dang khoa

bién.
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e command == 11 : Poc va khoa bién phan chia

e command == 22 : Ghi gia tri mé1 va mé khoa

e command == 12 : Poc va md khoa

e command == 21 : Ghi va khoa
Giao thirc truyén thong giira cac tién trinh (task) va tién trinh quan 1y bién

phan chia:

e CAc task guri goi yéu cau t6i tién trinh quan 1y

e Tién trinh quan 1y sip xép yéu ciu trong mot hang doi dé dam bao thtr tir va
khong lam that lac cac gbi yéu cau.

e Tién trinh quan Iy 14y mot yéu cau trong hang doi giri tra lai thong diép bao "
san sang" (ready packet)

e Sau khi xir Iy xong yéu cau, tién trinh quan 1y guri tra lai goi két qua cho task
yéu cau.

e Task yéu cau nhan két qua, sau d6 giri théng diép bao két thiic phién yéu cau.

Manager Task

Yéu ca

‘ (name,value) L
Cap nhat vao hang dgi

S&n sang

Cho tra 101

l

Xu l)’lyéu cau

K&t qua
! (Error or Valne)
\

Poi Ihéin hoi

Tra 161

(Received or Error) D£“ ket qua

Xt ly ti€p yéu cau

vt

DBoc két qué va tiép tuc

Hinh 2.10. Giao thirc truyén thong
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2.7.2. Giao dién v&i ngudi 1ap trinh
Céc phan trén di trinh bay 1an luot cac chirc ning co ban bén trong cia mot
s6 moi trudng lap trinh song song. Ngoai ra, con mot phan kha quan trong dé giup

mo ta dé dang do thi cong viée, rang bude vao/ra, ..., do 1a phan giao dién.

Phén giao dién nay con c6 doi hoi phai dugc cai dit trén mang may tinh cho

d6ng thoi nhidu ngudi lap trinh cung 1am viée.
Nhiém vu cua phén giao di¢n:
e Lién két v6i mot chuong trinh quan 1y chung trén may chu
e B0 soan thao ma nguén cho mdi cong viéc
e Quan ly tr xa may 4o song song PVM
e Bién dich chay thtr chuong trinh va hién thi két qua
Chuong trinh quan ly md1 truong trén may chu c6 nhiém vu:
e Lién lac voi céac giao dién.
e Quan ly cac phién lam viéc cua nguoi 1ap trinh.
e Quan Iy luu trir m3 ngudn cta cac cong viéc ing vi mdi tng dung.
e Quan ly may do PVM.

e Goi chay cac (mg dung trén PVM, chuyén két qua toi giao dién.
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CHUONG 3: THUC NGHIEM

3.1. Phat biéu bai toin

Chuong ndy ta s& tim hiéu vé cach thirc chay mot bai toan don gian. Do thoi
gian va kién thirc c6 han nén ta s& tinh toan mot bai toan thur nghiém. PVM s¢€ duoc
cai trén moi truong may ao LINUX va chay trén giao dién dong 1énh. Bai toan s€ in
ra man hinh cac két qua tir cac may va dinh danh cta cac mdy.

3.2. Xay dung cac toan tir trong bai toan

e Tu tudng giai quyét thuat toan:

> S6 tién trinh cua bai todn s& gap 3 1an s6 may tham gia hé thong.

> May Master ¢6 nhiém vu giri dit liéu cho cac may Slave dé tinh toan.
> Master nhan két qua tir cac may Slave.

> In ra két qua cua timg mdy va dinh danh cua cac may do.

e Song song hoa giai thuat tuan tu:

St dung hé théng gdm NPROCS bo xur Iy, & ddy NPROCS = 3 * nhost. Khi
d6 mdi bo xur 1y s& phai tinh két qua theo cong thirc va tra két qua vé may master.

Luc nay may chu s& tong hop va in ra man hinh cac két qua do.
» Chuong trinh masterl.c:

#include <stdio.h>
#ifdef HASSTDLIB
#include <stdlib.h>
#endif
#include "pvm3.h"
#define SLAVENAME "slavel"
main ()
{
int mytid; /* my task id */
int tids[32]; /* slave task ids */
int n, nproc, numt, i, who, msgtype, nhost, narch;
float data[100], result[32];
struct pvmhostinfo *hostp;
/*Ghi danh vao PVM*/
mytid = pvm mytid();

/* Thiét 1lap sb may slave dé& bdt dau */

pvmm_config( &nhost, é&narch, &hostp );

nproc = nhost * 3;

if( nproc > 32 ) nproc = 32 ;

printf ("Spawning %d worker tasks ... " , nproc);

/* BAt dau voéi cac tac vu cua slave */

numt = pvm spawn (SLAVENAME, (char**)0, 0, "", nproc, tids);
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if ( numt < nproc )
{
printf ("\n Trouble spawning slaves. Aborting. Error codes
are:\n");
for( i=numt ; i<nproc ; i++ )
{
printf ("TID %d %d\n",1i,tids[i]);

for( i=0 ; i<numt ; 1i++ )

pvm kill( tids[i] )
}
pvm_exit();
exit (1);

printf ("SUCCESSFUL\n") ;
/* Chuong trinh ngudi dung*/
n = 100;
/* Khéi tao dir 1iéu( data, n ); */
for( i=0 ; i<n ; i++ ) {
data[i] = 1.0;
}
/* Gui dit 1iéu ban dau cho cac tac vu slave */
pvm_initsend (PvmDataDefault) ;
pvm_pkint (&nproc, 1, 1);
pvm_pkint (tids, nproc, 1);
pvm_pkint(&n, 1, 1);
pvm_pkfloat (data, n, 1);
pvin_mcast (tids, nproc, 0);
/* Poi cac két qua tu slave */
msgtype = 5;
for( i=0 ; i<nproc ; i++ )
{
pvm _recv( -1, msgtype );
pvm upkint( &who, 1, 1 );
pvm upkfloat( &result[who], 1, 1 );
printf ("I got %$f from %d; ",result[who],who);
if (who == 0)
printf ( " (expecting %f)\n", (nproc - 1) * 100.0);
else
printf ( " (expecting %f)\n", (2 * who - 1) *
100.0);
}
/* Thoat chuong trinh PVM trudc khi dung */
pvm_exit ();

» Chuong trinh slavel.c

#include <stdio.h>
#include "pvm3.h"
main ()
{
int mytid; /* my task id */
int tids[32]; /* task ids */
int n, me, i, nproc, master, msgtype;
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float data[l1l00], result;
float work();
/* Ghi danh vao PVM */
mytid = pvm mytid();
/* Nhé&n dt 1liéu tu master */
msgtype = 0;
pvm _recv( -1, msgtype );
pvm_upkint (&nproc, 1, 1);
pvm_upkint (tids, nproc, 1);
pvm upkint(&n, 1, 1);
pvm_upkfloat (data, n, 1);

/* Xa&c dinh dinh danh cua slave (0 -- nproc-1) */
for( i=0; i<nproc ; i++ )
if( mytid == tids[i] ){ me = 1i; break; }

/* Tinh toan da liéu */
result = work( me, n, data, tids, nproc );
/* Gui két qua dén master */
pvmn_initsend( PvmDataDefault );
pvm_pkint( &me, 1, 1 );
pvm _pkfloat( &result, 1, 1 );
msgtype = 5;
master = pvm parent () ;
pvm_send( master, msgtype );
/* Chuong trinh k&t thtc. Thodt PVM trudc khi dung*x/
pvm_exit () ;
}
float
work (me, n, data, tids, nproc )
/* Mot vi du don gidn: cédc mady slave trao dbéi dit liéu voi céc
slave bén trai*/
int me, n, *tids, nproc;
float *data;

int 1, dest;
float psum = 0.0;
float sum = 0.0;
for( i=0 ; i<n ; i++ ) {
sum += me * datali];
}
/* Minh hoa giao tiép node - to - node */
pvin_initsend( PvmDataDefault );
pvm _pkfloat( &sum, 1, 1 );
dest = me+1;

if( dest == nproc ) dest = 0;
pvmn_send( tids[dest], 22 );
pvm recv( -1, 22 );

pvm_upkfloat( &psum, 1, 1 );

return( sumtpsum ) ;
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3.3. Cai dat va danh gia

3.3.1. Cau hinh h¢ thong
Dé cai dat PVM trén hé diéu hanh LINUX thi trudc tién ta phai cdu hinh
dugc hé thong. Cau hinh trén 2 node Master va Slave.

e Vobica?2node:

>

>

Tao mdt user bat ky dung chung cho 2 node Master va Slave. Khoi dong
va tat cac dich vu khong can thiét cua hé théng, tat FireWall,.. .béng 1énh
setup.

Dit hostname va IP cho cac node trong tp tin /etc/hosts dé cac node ssh

vao nhau thong qua hostname ctia 2 may thay cho dia chi IP.

Chinh stra tap tin /etc/hosts.equiv dé két ndi rsh vao nhau ma khong yéu
cau mat khau (PVM yéu ciu can phai c6 file nay). Néu chua co file nay
thi can phai tao méi bang trinh vi. Noi dung cua file nay 1a dia chi IP cia
2 may.

Tao tap tin an .rhosts trén thu muc SHOME cua user. T4p tin nay ciing
cho phép rsh giita cac node khong can mat khau va noi dung cua file nay

bao gdm hostname cuia cac node.

Thém cac Iénh rsh, rexec, rlogin vao cudi tap tin /etc/securetty.

e Dbi voi may master:

>

bat lai dia chi IP tinh nhu trong khai bao cua tap tin hosts cho node
master.

bit lai tén may master trong tap tin /etc/sysconfig/network.

» Céau hinh lai tap tin /etc/exports dé tao thu muc dung chung cho h¢ théng.

Cu thé node Master s& export thu muc home dung chung, khi d6 node
Slave s€ mount dugc cac thu muc c6 trong /home ctia Master. Thém céc

dong 1énh vao cudi file /etc/exports:
/home 192.168.1.0/255.255.255.0(rw)
Tao key va cip quyén cho ssh trén the muc SHOME cua user:
$ssh-keygen —t rsa
$cd SHOME/.ssh

$cp id_rsa.pub authorized_keys
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$chmod 600 *
$chmod 755 .ssh
e Dbi voi may Slave:
> Dit lai dia chi IP va tén may.

> Cau hinh tip tin /etc/fstab dé mount thu muc public trén node Master vé.

Cu thé, thém dong 1énh vao cudi file /etc/fstab:
master:/home /home nfs rw 00
3.3.2. Cai dat PVM

Phan nay da duogc trinh bay & muyc trude. Tuy nhién, sau khi taii PVM vé can

dit bién moi truong dé PVM c6 thé chay duoc.

3.3.3. Bién dich va chay thw
Khoi dong PVM bang 1énh $PVM, sau d6 add host slave vao va chay
chuong trinh.

Vao thu muc $HOME/pvm3/examples va bién dich file masterl.c va
slavel.c:

e $cd SHOME/pvm3/examples
e $aimk masterl slavel

o Két qua file master va worker dugc tao trong thu muc
$PVM_ROOT/bin/LINUX. Vao thu muc nay va thuc thi file masterl.

e $cd $PVM_ROOT/bin/LINUX

e $./masterl va két qua bai toan ¢ hinh 3.3.
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3.3.4. Két qua

[ Slave - VMware Workstation

File Edit View WM Team ‘Windows Help

mre  @EE OE0s | @ EE @S
I&}SIave I@

printf(

pvm_exit():

exit(1);

H
pvm_initsend(PumDataDefault):
pvm_pkint(&x,1,1);
pvm_send(childrenldl,1):
pvm_recw(-1,-1);
pum_upkint Cex, 1,13
printf(
pvm_exit();

"master.c” [Newl 27L, 499C written
[cntt@slave ~15 ls

master.c slave.c
[cntt@slave ~15 _
To direct input to this WM, dick inside or press Crrl4-G, =) e H % & ]
=R

Hinh 3.1. Node Slave da mount dugc thu muc /home ctia node Master

{2 Master-Centos - VMware Workstation

File Edit Wiew ¥M  Team ‘Windows Help
mps @GR DEEE BEE @8

mee x FOCOETMR

[cnttB@master ~15 pum
pvm> add slave

add slave

1 successful

HOST
slave

Z hosts, 1 data format
HOST DTID ARCH SPEED DSIG
master 488088 LINUX 1888 BxBA488841
slave afa]z)a ] LINUX 1888 BxBA488841

Console: exit handler called
puvmd still running.
[cnttBmaster 15 ls

[BcnttPmaster ~15 1s

master.c
[cntt@master 15 _

To direct input to this WM, click inside or press Cerl+G, = =] % '&n =
- —

Hinh 3.2. PVM d3 duogc cai va da add host Slave
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(3 Master - VMware Workstation
Fie Edt View YW Team Windows Help

upe BERCDEEL DEE G5

DT - T

= [ Poweredon

@ Master
ﬁ Slave
= & Favorites
E} MMaster
ﬁ Slave
main()
{
mytid;
tids[321;
n, me, i, nproc, master, msgtupe:
datal1bd]1, result;
work();
mytid = pum_mytid();
[cnttBmaster examples]S cd
[enttBmaster 15 cd SPUM_RDOT/binsLINUX
[cnttBmaster LINUXIS ./masterl
Spawning 6 worker tasks ... SUCCESSFUL
I yot 7008.8866AA from 4; (expecting 7A8.BBBGAA)
I got 968.8668680 from 5; (expecting 908.806808)
I yot 500.8866A0 from B; (expecting 5A8.BBBEAA)
I yot 5008.8866A0 from 3; (expecting 5A8.BBBEAA)
I got 108.8668680 from 1: (expecting 108.886868)
I yot 3008.8866@0 from Z: (expecting 308.866680)
[lenttOmaster LINUXIG _
T direct input ko this Y¥M, dick inside or press Chr+6G, °) g H % ‘Ev: &
3 A 5 5 N e 7
Hinh 3.3. Két qua cuia bai toan
e o7
3.3.5. Panh gia

Hinh 3.3 d4 dua ra két qua cua bai toan. Tuy nhién trén thuc té, dé cau hinh
duoc 2 node thi can nhiéu thoi gian. Do d6 dé ¢6 thé cau hinh dugc cac node mot

cach nhanh nhat thi phai thuc hién cac budc mot cach chinh xéac.

Ap dung giai thuat song song vdi bai toan tinh toan, ta thay c6 sy khac biét
rd rang vé mit thoi gian. Thay vi viée tinh 1an luot cac phép tinh trén ciing mot
may, chia nho bai toan thanh timg phan dé cac may cung xir 1y s& tiét kiém va tan
dung duogc chi phi tinh todn. Tuy bai todn con nho, sy khac biét chua 16n nhung sé

13 tién dé dé phat trién duoc nhitng bai toan 16n hon.
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KET LUAN

Trong khudn khé cua bai khoa luan, em d3 nghién ctru, tim hiéu céac kién
thirc co ban nhat vé xir Iy song song va phan tan, qua dé c6 thé nim duoc cac
nguyén tic, cau truc, co ché va phuong phap thuc hién song song dé phat trién
nhirng phin mém khai thac hiéu qua nhitng kha ning tinh toan song song, phan tan
clia cac mdy tinh hién dai nham giai quyét cac bai toan dit ra trong thuc té. Bén
canh d6, em ciing d3 tim hiéu duoc 14p trinh trén mdy a0 song song v6i PVM bing
ngdn ngit C/C++, cai PVM trén mdy o cta hé diéu hanh LINUX va chay mét vi du
ung dung.

Tuy nhién, van dé nay c6 lién quan truc tiép dén kién trac ciia may tinh, phan
mém hé thong (hé diéu hanh), ngon ngi 1ap trinh,...d4c biét 1 lam viéc va ciu hinh
hé théng trén giao dién dong 1énh ciia hé diéu hanh LINUX nén kha méi mé va gip
nhiéu khé khan.

Vi su phat trién ciia cong nghé thong tin, tinh toan phan tin va song song s&
tién dén nghién ciru sau hon dé ¢ thé ap dung giai dugc cac bai toan 16n va phiic
tap trong thuc té.

Mic du da rat c6 gang nhung trong qua trinh tim hiéu, ngoai mot s6 kién
thirc da tim hiéu duoc, bai khoa luan con nhiéu han ché va thiéu sot ma em chua thé
tim hiéu va cap nhat kip thoi. Kinh mong cac thay c6 chi bao va gitp d& dé em hoan

thanh bai khoa luan nay.

Em xin chan thanh cam on!
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