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4.1 Tobng quan

* M6t s6 m6 hinh 14p trinh song song (Parallel
Programming Model) dwoc st dung pho bién:

— Shared Memory (khong c6 thread)

— Threads (luéng)

— Distributed Memory/Message
Passing
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— Data Parallel

— Hybrid

— Single Program Multiple Data (SPMD)

— Multiple Program Multiple Data (MPMD)
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* Cac mo hinh 14p trinh song song
ton tai nhw 1a mot sw triru twong
héa trén phan cirng va kién tric
bo nho.

* Nhitrng md hinh nay khong thé chi
ra mot loai may tinh hay kién tric
b0 nhé cu thé khi can hién thuc
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* Trong thuc té, bat ky m6 hinh nao trong so
nhirng mo hinh nay ciing cé thé hién thuc trén
bAt ky phan cirng nam bén dudi.
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* M6 hinh Shared memory trén may tinh
Distributed memory: st dung hé théng shared
memory KSR (Kendall Square Research)

— B6 nh& may tinh dwoc phan phoi mot cach vat ly
théng qua cac may dwoc noi mang.

— Nhung nguwoi dung nhin thy nhw 1a mot bé nhé chia
sé don lé (global address space). Vi viy c6 thé tiép
can nhw la "virtual shared memory” véi KSR.
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Kendall Square Research

* La mot cong ty siéu may tinh dat & Quang truwong
Kendall gan MIT, dwoc thanh 14p tir 1986.

* Hé thong KSR chay trén mot phién ban dat biét ctia hé
diéu hanh OSF/2 (mét bién thé cda Unix) véi chwong
trinh dwoc bién dich béi trinh bién dich Greehills C va
FORTRAN.

* Bén canh cac ®ng dung khoa hoc truyén théng, KDR
con lién két véi Oracle trong viéc cung cap &rng dung
thwong mai dwoc song song héa véi Oracle PRDBMS.
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* Kién tric KSR nhw 1a Cache Only Memory
Architecture (COMA)

* COMA 1a t6 chtrc b nhé may tinh d€ dung nhw la
mot multiprocessor (Distributed Memory) ma
trong d6 moi local memory & mdi node duoc
dung nhw bd nhé dém (cache) - diéu nay twong
phan v&i té6 chirc NUMA, trong do6 local memory
dung nhuw la bdo nhé chinh thuce sw.

Dr. Tran Van Lang, Assoc. Prof. in Computer Science

vl

* MO0 hinh Distributed memory trén may Shared
memory: dung hé thong distributed memory
Message Passing Interface (MPI)

— SGI Origin 2000 st dung loai CC-NUMA cua kién trac
b6 nh¢ chia sé, ma & dé moi task truy cap mot cach
truc ti€p dén khong gian dia chi chung (global
address space) lan rong trén tat ca ca may.

— Tuy nhién, c6 thé str dung MPI dé glri va nhin thong
diép nhr mét mang cac may tinh distributed memory.
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Str dung mo6 hinh nao ?7?

* Thwong la mét sw té6 hop cia nhirng lwa chon
mang tinh ca nhan

* Khong c6 mo6 hinh t6t nhat, mac du c6 nhirng mo
hinh khi hién thwc chic chan t6t hon m6 hinh
khac.
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4.2 M0 hinh Shared Memory (khong cé
threads)

* Trong mo hinh 1ap trinh nay cac task chia sé
khong gian dia chi chung ma cac task nay doc ghi
bat dong bo.

* Cac co ché khac nhau nhu locks/semaphores ¢
thé str dung dé kiém soat viéc truy cip dén
shared memory.
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* Loi thé cia mo6 hinh nay la ngwoi 1ap trinh khong
can chi dinh viéc truyén dir liéu giira cic task;
chwong trinh dwoc phat trién thwong dwoc don
gian hoa.
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* MOt nhwoc diém quan trong:
— Khé dé giir lai dworc tinh nguyén thay cta dir liéu khi
ma nhiéu b6 xtr Iy dung cung dir liéu nay
— Viéc kiém soat dir liéu mot cach dia phwong la khé
khan déi véi ngwoi 1ap trinh trinh d6 trung binh
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Viéc hién thuc

* St dung céc trinh bién dich c6 sdn ctia hé théng.
Chang han, trén may SMP doc lap, day la van dé
khong phirc tap.

* Dung trén may distributed shared memory,
chang han nhw SGI Origin, b nh& dwoc phan
phdi mot cach vat ly xuyén qua mang cac may,
nhwng phan cirng va phan mém dwoc dac ta toan
cuc.
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4.3 M0 hinh Thread

* La mo6 hinh thudc loai lap trinh véi shared
memory.

* Trong mo hinh thread ctia chwong trinh song
song; mdt chwong trinh c6 nhiéu tién trinh c6
thé c6 nhiéu cach dé thuc thi dong thoi.

Thread
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* Don gidn nhat dé mo ta thread dé khai niém mot
chwong trinh bao gdbm nhiéu chwong trinh con:
— Chwong trinh chinh (vd: a.out) dwoc lap lich dé chay
trén may v&i nhirng doi héi can thiét
— Ngoai ra, chwong trinh chinh thwc hién néi tiép mét
vai cong viéc va lap lich dé cho cac task (cac thread)
thwce thi mot cach dong thoi.
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— Moi thread c6 thé c6 dir liéu dia phwong, nhwng ciing
c6 thé chia sé toan bd dir liéu ctia chwong trinh chinh.
* Diéu nay giup tiét kiém chi phi lién quan dén viéc st dung
lai tai nguyén cho moi thread.
* Moi thread c6 loi ich 1a van chia s& khong gian b nhé véi
chwong trinh chinh.
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* RO rang nhit dé 1a mo ta cong
viéc clia moi thread nhw 1a
mot chwong trinh con trong
chwong trinh chinh.

— Moi thread cé thé thwc hién bat
ky chwong trinh con nao tai
cung thoi diém véi cac thread
khac.

20
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* Cac thread giao tiép v&i cac thread khac théng
qua bd nhé chung.

 Diéu nay doi héi phai xdy dung sw dong bo dé
dam bao rang nhiéu hon mot thread khong cap
nhit cing mét dia chi chung vao bat cir lic nao.
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* Thread c6 thé dén va di, nhwng chwong trinh
chinh van hién dién dé cung cip cac tai nguyén
chia sé can thiét cho dén khi rng dung hoan tat.
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Viéc hién thuc

* D& lap trinh, thread dwoc hién thuwc theo mot
trong hai cach:
— St dung ham thw vién dworc goi la tir bén trong mot
chwong trinh.
— St dung cac chi thi tryc tiép trong chwong trinh
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* Trong ca hai trwedong hop, ngudi 1ap trinh phai
thé hién su song song trong chwong trinh.

24
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 Viéc hién thuc thread khong phai la mot cach

ti€p cdn maéi. Béi cdc nha san xuat phan cirng da

tich hop cac phién ban thread doc quyén riéng

cua ho.

— Nhitng phién ban nay khac hoan toan véi phién ban
cuia cac nha san xuat khac.

— DPiéu nay lam khé khan cho ngwoi lap trinh khi viét
nhirng rng dung thread mang tinh co dong cao
(khong phu thudc phan cirng)
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* Viéc n6 lwc d€ chuin héa cac thread khong dat
két qua.

* Ngay nay c6 2 phién ban hién thyc thread hoan
toan khac nhau:

ol A

— POSIX Threads e [ e
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POSIX Thread

* Dung cac ham thuw vién; doi héi
phai song song hoa

* Duwoc dac ta boi IEEE POSIX
1003.1c standard (1995).

* Chidung ngon ngir C. =B
* Thwong dwoc goi la Pthreads.
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* Hau hét cidc nha san xuit phin cieng hién nay
cung cap Pthreads riéng cuia ho.

* Viéc song song hda rat ro rang, nén doi hdi nguwoi
14p trinh phai dac biét cht y dén tirng chi tiét khi
viét chwong trinh.

* POSIX Threads: computing.llnl.gov/tutorials/
pthreads
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OpenMP

* Str dung cac chi thi truec ti€p trong chwong trinh;
c6 thé viét theo ki€u tuin tuw.

* buoc xdy dwng béi mét nhém cac nha san xuat
may tinh lon

* API ciia OpenMP FORTRAN dwoc phat hanh vao
28/10/1997; cia C/C++ vao cubi ndm 1998.

OpenMP
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Thoa tinh portable /multi-platform, bao gobm
platform Unix va Windows NT

Chwong trinh c6 thé viét bang C/C++ va
FORTRAN

Dé dang sir dung

OpenMP: computing.linl.gov/tutorials/openMP
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* Hang Microsoft cling c6 phién ban Thread cua
riéng.

» Khong lién quan gi dén UNIX POSIX chuin hay
OpenMP.

.........
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4.4 M6 hinh phin tan/chuyén thong diép

* M6 hinh Distributed Memory/Message Passing
c6 nhirng dac tinh nhu:
— Tap hop cac task str dung bo nhé dia phwong trong
sudt qua trinh tinh to4n. Nhiéu task c6 thé nam trén
mot may vat ly va/hodc trén mot s6 bat ky cac may.
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Machine A Machine B
task 0 | task 1
send() recv()
network
task 2 task 3
recv() send()
——————————d ——————————————————eeat
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— Task trao doi dir liéu théng qua viéc truyén thong boi
glri va nhan thong diép.
— Viéc truyén dir liéu thwong doi hdi hoat dong hop tac
dworc thwce hién béi maoi tién trinh.
* Chang han, thao tac giri phai c6 mot thao tdc nhan phu hop.

Machine 1 Vacrine 2
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Viéc hién thuc

* St dung cac ham thw vién c6 san dé hién thuc
thao tac chuyén thong diép.

* Cac ham nay dwoc goi trong chwong trinh, nguoi
lap trinh chiu trach nhiém xac dinh sy song song
cua thuat giai.

\ [ 5
Chameleon._ x\\‘ / e
TCAMEG C A
MPI-2
MPI (+/)

Dr. Tran Van Lang, Assoc. Prof. in Computer Science

* Twr nhirng nam 1980 da c6 mot loat cac thw vién
chuyén théng diép khac nhau dang Ké.

* biéu nay giy kho khan cho ngwoi 1ap trinh Khi
mudn phat trién nhirng &rng dung linh déng trén
cac moi treong khac nhau.
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* Nam 1992, MPI Forum dwoc thanh lap v&i muc
dich chinh la thiét 14p giao dién chuan cho viéc
hién thwc chuyén thong diép.

* Phan 1 ctia Message Passing Interface (MPI) ra
doi vao 1994. Phan 2 (MPI-2) vao 1996.

* Nhitrng dac ta MPI c6 tai: http://www-
unix.mcs.anl.gov/mpi/
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* MPI hién nay la mot chuan céng
nghiép khong chinh thirc (is now
the "de facto" industry standard)
trong viéc chuyén thong diép,

* Thay thé hiu nhw tit ca cic hién a
thwe chuyén thong diép khac dé tao

ra rng dung.
ES\WMPI

High-Performance Message
Passing Middleware
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 Hién thwc MPI t6n tai hdu nhw trong
tat ca cac platform tinh todn song .o SEio
song thong dung. 1

i
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ﬂ

m— ]
* Ciing lwu y rang, tit cic cac chwong =~
trinh déu bao ham moi thi c6 trong ‘
ca MPI1 va MPI2,

* MPI: computing.llnl.gov/tutorials/
mpi
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4.5 M0 hinh Data Parallel

* Data Parallel Model (M6 hinh song song dir liéu)
c6 nhirng dac diém nhuw sau:

— HAu hét cac cong viéc song song tip trung vao viéc
thwc hién cac thao tac trén mét tap hop dir liéu. Tap
hop dir liéu nay thwong dwoc to chirc thanh mot ciu
tric chung nhw mét manh hay mot khoi 1ap phwong.
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— Tap hop cac task lam viéc cung voi
nhau trén cung ciu trac dir liéu.
Tuy nhién, moi task 1am viéc trén
mot phan khac nhau cua cung ciu
trac dir liéu.

— Task thuc hién thao tac giong nhau| E==
trén phan cong viéc cia nd. Chang
han, ”"thém 4 vao mdi phan ti clia
mang".
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do i=26,50 do i=m,n
A(i)=B(i)*delta A(i)=B(i)*delta
end do end do

— —
task 1 task 2 task n
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* Trén kién tric shared memory, tit ca cac task c6
thé c6 quyén truy cip dén cau tric dir liéu thong
qua bd nhé toan cuc.

* Trén kién tric distributed memory, ciu truc dir
liéu dwoc phén ra va thwong tra nhw nhirng
khuc, nhirng khoang (chunk) trong bo nh¢ dia
phuwong cia moi task.

Dr. Tran Van Lang, Assoc. Prof. in Computer Science

Viéc hién thuc

* Lap trinh v&i mo hinh song song dir liéu thwdng
dwoc thwe hién bang cach viét mot chwong trinh
v&éi mot ciu tric song song dit liéu (data parallel
construct).

 Nhitng ciu tric nay cé thé goi dén thw vién
chwong trinh con song song hoac nhirng chi thi
bién dich dwoc chidp nhin béi trinh bién dich
song song.
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FORTRAN 90, 95 (F90, F95)

* Chuin ISO/ANSI mé& réng tw
FORTRAN 77
— Chira moi thir c6 trong FORTRAN 77

— B6 sung thém tip hop ky tw nhw 13 dinh  [Srs 90/95
dang m(’):i_ for Scientists and Engineers

— B6 sung vao ciu tric chwong trinh va
thém nhitng 1énh mai.

— Thém bién, hanh vi va doéi s6
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— Thém con tro va cip phat bé nhé dong.
— Thém viéc xr Iy mang (mang dwoc x ly nhw doi
twong).
— Thém chirc nang dé quy va cac ham cap thap.
— Va c6 nhiéu chtrc nang méi so véi FORTRAN 77
* Viéc hién thuc c6 hiéu lwc trén hiu hét cac
platform song song pho bién.

46
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High Performance Fortran (HPF)

« M& rong tir FORTRAN 90 d€ ho tro 14p trinh
song song dir liéu.

* C6 moi thir cia FORTRAN 90

* Cac chi thi dé trinh bién dich biét cac phan phoi
dit liéu dwoc thém vao.
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» Nang cao viéc t6i wu kKhi sinh ra ma may.

 Cau tric song song dir liéu dwoc thém vao.

* Trinh bién dich HPF compilers twong déi ph6
thong vao nhirng nam 90, nhwng bay gir khong
con dwoc dung thong dung.
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Str dung cho Distributed Memory
* C6 thé dung thu vién MPI trong viéc phan phoi
dir liéu.
» Viéc chuyén théng diép dwoc an phia sau.
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4.6 Hybrid Model

* Hybrid model (m6 hinh lai) la sw két hop cadc mé
hinh mo ta trudc day.

« Chang han, hién nay thudng c6 sw két hop gitra
mo hinh chuyén thong diép (MPI) v&i mo hinh
threads (OpenMP).

— Thread thyc hién cac tinh toadn dung dir liéu dia
phwong cia node tinh toan.

— Khi truyén dir liéu gitra cic tién trinh trén nhirng
node khac nhau dung MPI.
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* Vi du twong tw va ngay cang phé bién khac ctia
mo hinh lai la dung lap trinh MPI véi GPU
(Graphics Processing Unit).

— GPU thyc hién cac tinh todn manh dung dir liéu dia
phwong trén node.

— Truyén thong gitra cic tién trinh trén cac node khac
nhau dung MPL

Distributed GPU
Computing With MPI
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4.7 M6 hinh SPMD va MPMD

* SPMD (Single Program Multiple Data)

task 1 task2 task3 ... taskn

* MPMD (Multiple Program Multiple Data)

task 1 task2 task 3 ... taskn
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Single Program Multiple Data (SPMD)

* SPMD thuwc sw 1a mot mo hinh 14p trinh cap cao,
c6 thé dwoc xay dwng dwa trén to hop tuy y cia
cac mo hinh 14p trinh da dé cip truwéce dob.
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* Single Program: tit ca cac task thi hanh ban sao
cda cung chwong trinh mét cdch déng thoi.
— Chwong trinh nay c6 thé la thread, message passing,
data parallel hay hybrid.

MATLAR code to dictributs and

" Corel — Core2 — Core3 — Cored |
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 Multiple Data: cac task cé thé st dung dir liéu
khac nhau.

* Chuwong trinh SPMD thwong c6 nhiéu phan khac
nhau, can cr va mét sé diéu kién dé c6 nhirng
phan thwc hién trén cac task twong rng.

— Nhuw véy, cac task khdng nhit thiét phai thi hanh toan
bo chwong trinh, ma chi cin mét phan cta nd.
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* M6 hinh SPMD dung l4p trinh chuyén théng diép
hoac lai ghép.

* Piy la mé hinh l4p trinh song song ph6 bién nhat
cho cac cluster vé&i nhiéu node.
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Multiple Program Multiple Data (MPMD)

* Ciling giong nhw SPMD, MPMD thwc sw 1a md
hinh 14p trinh cip cao.

 Multiple Program: cac task c6 thé thi hanh
nhirng chwong trinh khac nhau mét cach déng
thoi.
— Cac chwong trinh nay c6 thé 1a threads, message
passing, data parallel, hodc hybrid.
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Multiple Program Multiple Data (MPMD)

 Multiple data: tit ca cac task c6 thé dung dir liéu
khac nhau.

« 'ng dung MPMD khdng phé bién nhw rng dung
SPMD, nhwng cé thé t6t hon trong mot sé loai bai
toan.

* Dic biét dbi véi loai bai toan dwec phan ly thanh
cac task theo chirc nang (functional
decomposition).
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