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Chuong I — Gi6i thiéu vé tinh toin song song

I. Giéi thi¢u chung

Theo dinh luat Moore : “ Sé lugng transistor trén mdi mot inch vudn s&
tang gap d6i sau mdi nam”. Khi sb luong transistor ting thi tbc do tinh
toan ctua CPU ting theo, tuy nhién tan nhiét khong theo kip téc d6 cua
CPU.

Trude day, phﬁn mém dugc viét theo kiéu tuan tu (serial), khi do
chuong trinh s& dugc chia thanh nhiéu cau Iénh riéng biét (instruction) ,

mdi 1énh chi chay duoc trén 1 CPU, tai mot thoi diém. ..

problem

instructions

N 3 2 t1

Hinh 1.1. — Tinh to4n tun ty
Vay tinh toan song song la gi?
Tai mot thoi diém, van dé s& duoc giai quyét nho vao nhiéu tai nguyén
tinh toan khéac nhau.
Chuong trinh dugc chia thanh nhiéu phan ma c6 thé giai quyét don 1é,
va timg phan s& dugc xtr Iy boi cac CPU khac nhau.
Khai niém :
Xk Iy song song la qud trinh xir 1y gom nhiéu tién trinh dwoc kich hoat
dong thoi va cing tham gia gidi quyét mot bai toan, néi chung xir Iy

song song dwoc thwc hién trén nhitng hé thong da bé xir Iy.
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problem instructions
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Hinh 1.2 — Tinh toén song song

- Tainguyén ¢ day 1a :

o Mot may tinh c6 nhiéu bd vi xir 1y (processors)

o Nhiéu may tinh dugc két ndi v6i nhau

o Hon hop ctia 2 thanh phan trén.

- Vay nguyén nhan phai st dung tinh toan song song:

o Tiét kiém thoi gian va chi phi: R rang van dé dugc xu 1y bang
tinh toan song song s& nhanh hon, va xay dung mot hé thong
song song s& ré hon so voi xay dung nhiéu hé thong don 1é.

o Xulycac van dé phuc tap: Xur Iy anh 3D, du bao thoi tiét, ...

o Kha nang xtr ly dong thoi : C6 thé xir 1y nhiéu van dé ciing mot
lc.

o

- Xu ly song song lién quan truc tiép dén: kién trac may tinh, phan
mém hé thdng (hé diéu hanh), thuat todn va ngén ngi lap trinh, v.v.

- Hé théng tinh song song: 1a mot tap cac BXL (thuong la cing mot
loai) két ndi voi nhau theo mét kién tric nao do dé c6 thé hop tac voi

nhau trong hoat dong va trao ddi dir liéu duoc véi nhau.

II. Kién triic may tinh

Thanh phan chinh bao gom :
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- B6 nh¢ chinh ( main memmory)

- Pon vi diéu khién (CU — Control unit)

- Pon vj tinh toan s6 hoc va logic (ALU - Arithmetic Logic Unit)
- DPon vi vao/ra (Input / Output)

Control Arithmetic
Unit Logic

Unit

Hinh 1.3 — Kién trac may tinh
B0 nhé chinh 13 bo nhé truy cap ngau nhién (RAM — Random access
memory) duoc st dung dé luu dir liéu (data) va cac cau 1énh (instructions)
cua chuong trinh. Trong do, cac cau I¢nh 1a dit liéu dugc ma hoa ( code)
1énh dé cho CPU biét phai 1am gi. Dir liéu (data) 13 cac thong tin dugc st
dung boi chuong trinh.
Khéi CU c6 nhiém vu léy dwr li€u hodc cau Iénh tr b nhd, sau do6 giai ma
cac cau lénh va thuc hién.

ALU thuc hién tinh todn cac phép s hoc.

III. Phan loai may tinh song song

Theo Flynn phan loai may tinh song song thanh 4 loai sau:
- SISD : Single Instruction, Single Data

- SIMD : Single Instruction, Multiple Data

- MISD : Multiple Instruction, Single Data

- MIMD : Multiple Instruction, Multiple Data

a. SISD - Single Instruction, Single Data
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May tinh loai SISD chi c6 mot CPU, & mdi thdi diém thuc hién mot 1énh va
chi doc, ght mdt muc dir ligu. TAt ca céc may tinh SISD chi c6 mot thanh ghi
register dugc goi 1a bd dém chuong trinh (program counter) duoc sir dung dé
nap dia chi cta lénh tiép theo va két qua 1a thuc hién theo mot thr tyr xac dinh

cua cac cau lénh.

SISD Instruction Pool

PU

Data Pool

Hinh 1.4 — M6 hinh SISD
PU — Processing Unit

M6 hinh SISD con dugce goi la SPSD (Simple Program Simple Data), don
chuong trinh va don dir liéu. Pay chinh 13 mé hinh may tinh kiéu von

Neumann.

load A
load B
C=A+B

aw)

store C

A=B*2

store A

Hinh 1.5 — Qua trinh xtr ly ctia mot SISD
Vi du cac may kiéu SISD: Cac may mainframe cii, cac may PC hién nay.

b. SIMD - Single Instruction, Multiple Data
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May tinh loai SIMD c6 mét don vi diéu khién dé diéu khién nhiéu don vi xtr y
(nhiéu hon mot don vi) thuc hién theo mot ludng cac cau 1énh. CU phat sinh tin
hiéu diéu khién téi tat ca cac phan tir xtr 1y, nhitng BXL nay cung thuc hién
mot phép toan trén cac muc dir liéu khic nhau, nghia 1a m&i BXL c6 ludng dix

ligu riéng.

SIMD | Instruction Pool

———|PU|

———|PU|

Data Pool

———|PU[

PUI-

Hinh 1.5 — M6 hinh SIMD
M6 hinh SIMD con dugc goi la SPMD, don chuong trinh va da dir li¢u

prev instruct prev instruct prev instruct
load A(1) load A(2) load A(n)
load B(1) load B(2) load B(n) ~
C(1)=A(1)*B(1) C(2)=A(2)*B(2) C(n)=A(n)*B(n)| -
store C(1) store C(2) store C(n)
next instruct next instruct next instruct
Pt P2 Pn

Hinh 1.6 — Qua trinh xtr 1y cua mot SIMD

Vi du vé& mét sb may kiéu SIMD:
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Hinh 1.8 — M4y Thinking Machines CM-2

c¢. MISD
May tinh loai MISD la nguogc lai voi SIMD. May tinh MISD c¢o6 thé thuc

hién nhi€u chuong trinh (nhi€u 1€nh) trén cung mot muc dir 1i€u, nén con duoc

goi la MPSD (da chuong trinh, don dir li¢u).

MISD Instruction Pool

PU PU

Data Pool

Hinh 1.9 — M6 hinh MISD



Bai giang mon Tinh Toan Song Song Nguyén Doan Pong

Trong thuc té, MISD rat kho san xuit, theo mot so tac gia, may tinh co kién
trac ciia duong 6ng ( piped-machine) 1a mot kiéu ciia MISD.

d. MIMD - Multiple instruction multiple data
May tinh loai MIMD con goi 1a da BXL, trong do mdi BXL c6 thé thuc hién
nhimng ludng 1énh (chuong trinh) khac nhau trén cac ludng dit liéu riéng.
Hau hét cac hé théng MIMD déu c6 bd nhd riéng va ciing c6 thé truy cap vao
dugc bd nhé chung (global) khi can, do vdy giam thiéu duoc thoi gian trao dbi
dir liéu giita cac BXL trong hé thong.
Pay 1a kién tric phirc tap nhat, nhung né 13 mé hinh hd tro xir 1y song song
cao nhat va da c6 nhiéu may tinh dugc san xuét theo kién trac nay, vi du: BBN

Butterfly, Alliant FX, iSPC cua Intel, v.v.

MIMD | Instruction Pool

PU|

— |PU|

—PUl L |PUl

Data Pool

—[PU|H ' [PU|

el

—|Pul~ |PU|«-

Hinh 1.10 — M6 hinh MIMD
MIMD dugc chia ra thanh 2 loai : shared memory system va message passing

system ( hay distributed memory)

< Interconection Network >

Gloge

Hinh 1.11 — Shared Memmory MIMD
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< Interconection Network >

b &

Hinh 1.12 — Message passing MIMD

M

Trong shared memory system, cac bd vi xtr ly s€ dung chung mdt nhé (
¢ day la by nhd cache), Cac processor ndi v6i bd nhd qua Interconection
Network. Mdi bd vi xtr 1y s& c6 kha ning doc/ ghi hay tdc do truy xuat téi bo
nh¢ 1a nhu nhau, vi vdy ma n6 con dc goi 1a SMP (symmetric multiprocessor).
Vé6i mod hinh ndy, gia thanh san xuat s& rat ré, va phat trién phan trén n6 s& dé
hon rat nhiéu so v6i mo hinh Message passing.

Trong mo hinh Message passing, mdi mot bo vi xur 1y s€ c6 mot bd nhé
riéng (dugc goi 14 node), cac bod vi xtr Iy duge ndi v6i nhau qua Interconection
Network . Do khong c6 bo nhd dung chung, vi vy mudn trao d6i dit liéu giita
cac ndt (node) s& dung tdi cac ban tin ( Message passing). Cu thé 1a s& bang
mot cap ban tin Send/Receive, va s€ dugc viét trong cac cua ing dung.

So sanh gitra hai mo hinh, thi Message Passing MIMD hay Distributed —
Memmory s& c¢6 kha ning md rong sd lugng processor, Shared memory sé&
khong thé, tuy nhién shared memory systems c6 gia thanh ré va phat trién tng

dung trén né dé dang hon.
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Chuong II — Thiét ké thuit toan song song

Budc dau tién trong qua trinh thiét ké chuong trinh song song 1a phai
that hiéu dugc van dé cta bai toan. Néu chuong trinh 13 tuan tu thi bat budc
chung ta phai hiéu toan bo code ctia chuong trinh. Khi bét tay vao giai quyét
bai toan, chung ta phai xac dinh duoc phan nao ¢ thé chuyén sang song song
duogc, phan nao khong thé chuyén duoc.

Vidu 1:

Tinh tong tir 1..100.

Giai quyét van dé :

Chung ta c6 thé chia thanh 2 phén : tinh tong tir 1..50, va 51..100.

Vidu 2:

Tinh tong day Fibonaci (1,1,2,3,5,8,13,21,...) bing cong thirc

F(k+2)=F(k +1)+F(K)

Giai quyét van dé:

Bai toan trén khong thé chuyén sang song song dugc, vi theo cong thiic
Fibonaci, mudn tinh dugc sb k + 2 thi can biét k+1 va k, do vy ¢ su 18 thudc

1n nhau, Chinh vi thé khong thé chuyén sang song song duoc.

I. Phan chia dir liéu
Chung ta s€ chia dir li€u thanh cac doan ri€ng biét dé cac tac vu lam viéc
voi cac dir ligu do. Bay dugc goi 1a phan hiy hay phan chia dir li¢u.
C6 hai loai phan chia 13 : phan chia theo mién va phan chia theo chtic
nang.

a. Phéan chia theo mién

Problem Data Set

10
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Hinh 2.1 — Phén chia theo mién
Trong phan nay, dit liéu duoc phan chia thanh cac phan, mdi phan
ung voi mat tdc vu nao do.

b. Phén chia theo chirc ning

Problem Instruction Set

Hinh 2.2 — Phéan chia theo chtic nang

Néu chuong trinh dugc chia thanh nhiéu chtrc ning (ham) khac nhau,
cac ham khong c6 su phu thudc 1an nhau, chiing ta s& chia cac ham cho cic tac
vu dé thuc hién.

bac biét, trong phan chia theo chirc nang c6 mot kiéu 1a duodng 6ng
(pipelening).

Vi du : Xt Iy @6 hoa 3D trong may tinh theo 4 budc sau

Model Project Clip Rasterize

Néu thuc hién tuan ty thi s& phai xu ly tuan tu theo ting budc madt, nhung néu

chuyén sang song song theo pipeling:

11
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Model Project Clip Rasterize
Tac vu 1 s& xtr Iy 1 phan dit liéu caa Model, sau d6 xu 1y tiép 1 phan di
liéu cta Project trong khi d6 tac vu 2 s& xir 1y tiép phan dit liéu con lai cta
Model.
Nhu hinh 2.3, dit li¢u dugc thuc hién trong 4 budc, c6 4 CPU tuong

duong véi 4 tac vu riéng biét. Khi d6 mdi bude dir liéu duoc chia thanh 5 mién

dir liéu ( data set 0 dén data set 4).

CPU O CPU 1 CPU 2 CPU 3
-

N

Data set O

Data set 1

Data set 2

Data set 3

Data set 4

\.

Hinh 2.3 — Vi du vé xir Iy dir liéu bang pipeling

I1. Giao tiép giira cac tac vu
Khi nao khéng can giao tiép gitra cac tac vu :
Khi ma céc tac vy dang chay song song ma khong can chia sé dir li¢u.

Vi du : Trong qua trinh xir Iy anh, churong trinh thuc hién viéc chuyén

12
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cac diém anh mau den va tring thanh mot mau khac. Dir liéu cua birc
anh co thé phan chia theo mién dé thuc hién song song, va cac tac vu
song song nay chay doc 1ap vaoi nhau.
Khi nao can giao tiép gitra cac tic vu :
Thuec té, phan 16n céc tac vu song song yéu can trao doi dir liéu véi
nhau. Vi du : Trong qua trinh xtr Iy 4nh 3D, khi tinh toan mot pixel nao
d6, né can biét thong tin cla cac diém anh bén canh, do vay khi céc tac
vu chay song song, can chia sé thong tin 1an nhau.
Céc tham sd can quan tam khi can giao tiép giita cac tac vu:

- Do tré va bing thong

- Podng bo va khong ddng bod

- Pham vi cua giao tiép

III. Dong bd
a. Barrier
Barrier 12 phuong phéap dung dé dong bo céc tac vu voi nhau. Cac tac vu
thuc hién nhiém vu cua minh, khi gdp barrier s€ dung lai ( block) , va
doi dén khi tac vu cudi ciing gip barrier.
Vidu 1:

double area, pi, X;
int 1, n;

area = 0.0;
for (i = 0; 1 < n; 1i++) {
x = (1 + 0.5)/n;
area += 4.0/(1.0 + x*x);
}
pi = area / n;

What happens when we make the for loop parallel?

13
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Vi bai toan trén, khi phan chia song song, ching ta s€ dung phan chia theo

mién, tuy nhién bién “area” s€ bi tinh toan sai.

Value of area Thread B
11.667
15.432
15.432 -
+ 3.563
18.995 =
v
Vidu 2:

struct Node {
struct Node *next;
int data; }s

struct List {
struct Node *head; }

volid AddHead (struct List *1list,
struct Node *node) {

node->next = list->head;
list->head = node;

Gia su ban dau ching ta ¢6 danh sach sau :

node_a

data

data
next g

list
:

14
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Tac vu 1 chay ham AddHead :

hode_a

list
-
node b m_ll'
Tac vu 2 chay ham AddHead :
hode c
hode_a
list

data

L

hode b

Tac vu 1 sau khi chay ham AddHead :



Bai giang mon Tinh Toan Song Song Nguyén Doan Pong

hode c

hode_a

o B

list

hode b

Nhu vay chung ta thiy, sau khi cac tac vu chay xong ham AddHead thi danh
sach két nbi da mét lién ket.
Giai quyét van dé:

int flag = 0;

vold AddHead (struct List *1list,
struct Node *node) {
while (flag !'= 0) /* wait */ ;
flag = 1;
node->next = list->head;
list->head = node;
flag = 0;

Chung ta st dung 1 bién flag dé dong bd cac tac vu voi nhau :

16
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flag Thread 1l Thread 2

int flag = 0; .

volid AddHead (struct List *1list,
struct Node *node) {
while (flag !'= 0) /* wait */ ;
flag = 1;
node->next = list->head;
list->head = node;
flag = 0;

b. Lock/Semaphore

Duogc dung dé bao vé vung dir li¢u toan buc hodc mdt doan code nao
do, chi cho phép mot tac vu tac dong lén ma thoi.

Khi tic vu nao dé dén vung dir 1iéu hoac doan code do, “lock™ s€ dugc
thiét 1ap, sau khi thuc hién xong, “lock™ s€ dugc bd. Trong qua trinh

thiét 1ap khoa, cac tac vu khéac phai cho.

IV.Phu thudc dir liéu
Su phu thudc 1a trong chuong trinh c6 su quan hé gifta cac cau Iénh khi
chung ta thay d6i tht tu cac cau 1énh d6 sé anh huong toi két qua cudi
cung cua chuong trinh.
Su phu thude dit li¢u 1a cac nhiém vy khac nhau st dung cung mot vi tri
luu trit nhiéu 1an.
Su phuy thudc rit quan trong trong viéc chuyén tir tuan tir sang song
song.

Vidu:

For i:=1 to n do
al[i+l] = al[i] *2;

O day c6 su phu thudc, mudn tinh a[i+1] thi phai biét a[i] va a[i-1]. Vi vay

muon chuyén sang song song la rat kho.

17
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Néu gia sir, tac vu 2 c6 a[i] va tac vu 1 ¢6 a[i-1], dé tinh toan gia trj chinh xac
cua afi] :
- Trong kién triic b nhé phan tan: tac vu 2 phai co gia tri a[i-1] ca tac
vu 1 sau khi tac vu 1 két thuc.
- Trong kién tric bd nhé chia sé: Tac vu 2 phai doc gia tri a[i-1], sau khi
tac vu 1 cap nhat thanh cong gia tr1 do.
Chu ¥ vé viéc xtr Iy phu thudc thudc:
- Trong kién triic bd nh¢d phan tan: giao tiép giita cac tac vu can phai dong
bo.
- Trong kién triic bo nhé chia sé : Su dong bo vé doc va ghi dir liéu gitra

cac tac vu.

V. Vidu
Vidu 1 : Nhan ma tran.

Hay phan chia mién dé thuc hién nhan ma tran 2x2
A Al Biv Bz ( G G2 ‘
Axq Axn )\ By Ban Cr1 G

Chiing ta co :
Cri=A11B11 +A12B2)

Vay néu phén chia thanh 4 tac vy thi :

Task 1: C1 ) = A1 By + A12B2)
Task2: C12o= A1 1B12+ A12B22

Task 3: Co) = A2 1B + A2287

Task4: Cro = A2 1B12+ A28

Mai tac vu s& thuc hién tinh toan mot C; ;.

Vidu 2:

Cho day s6 : 4,2,7.,8,5,1,3,6. Hay sip xép ting dan.
O day ta thdy n = 8.

Chung ta s€ sir dung thuat toan pipeling.

18



Bai giang mon Tinh Toan Song Song Nguyén Doan Pong

Gia thiét dit liéu duoc luu & nhiing tién trinh chén 12 B va ¢ nhiing tién

trinh 1 13 A. Thuét toan song song theo hinh dng dugc mé ta trong MPI nhur

sau :

Tién trinh chan
Pi,i=0,2,4,..,n-2 Pi,i=1,3,5,..,n-3
recv(&A, Pi+1); send(&A, Pi-1);
send(&B, Pi+1); recv(&B, Pi-1);
if(A>B)B=A; if(A>B) A =B;

Tién trinh 1¢

Pi,i=1,3,5,..,n-3 Pi,i=0,2,4,..,n-2
send(&A, Pi+l); recv(&A, Pi-1);
recv(&B, Pi+1); send(&B, Pi-1);
if(A>B) A=B; if(A>B) B =A;

VI. Cac budc tao mot chwong trinh song song
D¢ tao mot chuong trinh song song ching ta c6 4 budce :

- Decomposition : Phan chia dir li€u
- Assigment : Pua dit liéu vao tién trinh (process) hoic luéng (Thread)
- Orchestration : Pong bo giita cac process hoic thread v6i nhau

- Mapping : Pua cac process hodc thread cho cac vi xu ly

19
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Overall Computation

(D
(W)

)
)

Grans of work

«—Juswubissy—— -e-uonisodwosoq—

Processes/threads

)
(W)

)

D

uonesay2IO-

Processes/Threads

N

-«—bHuidde

Processor

C )

Hinh 2.4 Céc budc tao mot chuong trinh song song

a. Decompositition

Phan tich bai toan, phan chia bai toan thanh cac van dé nho.

Xéc dinh cac van dé nao co thé chay song song hoic phu thudc vao nhau.
Hay str dung cac phuong phap d3 hoc dé phan chia bai toan, phan chia di
liéu.

b. Assignment

Xéc dinh co ché dé ching ta chia bai toan cho cac threads :

- Phan chia chtrc nang:
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Chiing ta s& gan mdi chirc ning cho mdi thread, tuy nhién, chiing ta phai
xac dinh sy phu thudc gitra cac chirc nang d6 véi nhau. Khi noi dén phan
chia theo chirc nang chling ta s€ lién tudng td1 phuong phap pipeling.

- Phan chia theo mién/ dit li¢u

Phén chia theo mién/ dit liéu 1a cach phan chia don gian va dé hiéu nhat.
Sau khi phén chia, ching ta gan cho mdi mot mién mot thread hodc process
dé thyc thi. Pon gian nhat 13 trong cac vong lap, vi xtr 1y j s& xu 1y dir liéu
tir j*n/p dén (j+1)*n/p-1. Chung ta s& xem k§ hon trong vi du.

c. Orchestration

Céc Threads/processes thuong hay chia sé dit liéu, dong bd véi nhau, vi
vy chung ta phai diéu phdi hoat dong cua ching, boi vi cac dir liéu thudng
c6 lién quan dén nhau. Ching ta phai phan tich k¥ tir budc tim hiéu bai
toan, bai vi khong phai 1a chuyén sang song song s& tot hon 13 tuan ty. O
day chung ta s& dung cac phuong phap dong bo dé diéu phdi hoat dong cua
cac Threads/Processes
d. Mapping
Pay 1a budc gan Threads/Processes vao cac vi xir Iy. O ddy chung ta quan
tam la c6 bao nhiéu Threads/Processes, viéc truy cap td1 6 nhé chia sé. Cac
vi xtr Iy truy cap t6i bd nhd cache ( private memmory) rat nhanh, nhung khi

bd nhd khac qua kénh network s& rat cham.

Proc Proc

T fhast

Cache Cache \\
\ slow
really /r/
) emory Memory
slow ' '
& Network @

Hinh 2.5 — Téc d6 VXL truy cap cac bo nhd
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Thong thuong trong qua trinh 1ap trinh song song thi ching ta khong
hay quan tam t&i1 viée cac threads/processes s€ do vi xur ly nao dam nhén, viéc
phan cho VXL 14 ctia hé diéu hanh dam nhén.

e. Vidu
Tinh tong sau : S = f(A[1]) + ... + f(A[n])

Decomposition
o Néusé VXL p > n thi mdi vi xir 1y s& xtr Iy mdi f(A[j]) Stinh
téng S
o Néusbd VXL p <n - phan chia theo mién/dit liéu.

Assignment
o thread k tinh : Sk = f(A[k*n/p]) + ... + f(A[(k+1)*n/p-1])
o thread 1 tinh: S= sl+ ... +sp
o Céc thread chia sé s v&1 cac thread khac.

Orchestration

o Cho céc Threads chay

o Thuc hién déng b6 cac Threads véi nhau dé truy céap vao bién S

Mapping
o VXL j s€ chay thread j

Chuong 3 : Cac mo6 hinh l1ap trinh song song
I. Gioi thi¢u
Nhu chiing ta di biét, c6 2 loai kién tric may tinh song song theo bd nhé :
- B0 nh¢ phan tan ( distributed memory)
- B0 nh¢ chia sé ( Shared memmory)

Céc cong cu lap trinh tuong ing

Shared memmory Distributed Memmory
Cong cu hé thong Threads (Pthread) Socket
Cong cu chuyén biét OpenMP MPI
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Pthread PVM
Globus Toolkit 4

IL. Lap trinh chia sé b§ nhé dwa vao tién trinh

Yéu ciu 14 bai toan phai thiét ké thanh cac tién trinh dé c6 thé xur 1y song

song, tuy nhién khi cac tién trinh két thuc, né s& ty dong giai phong bd nhd

va cac thiét bi ma n6 da chiém giir, vi vay khi hity bo phai dam bao khong

anh huong t6i cac tién trinh khac.

Tao N tién trinh :

id = create_process(N);

Khi d6 s& c6 N+1 tién trinh duoc tao ra ( 1 tién trinh chu - main());

Phan cong nhi¢m vu :

switch (id)
{
Case 1 : do

}

join process (N,0);

id = create process(N);

Taskl

Case 2 : do Task2...;

; break;

break;

Case N : do TaskN..;break;

Cau lénh join_process(N,0), khi d6 cac process s& phai chd nhau, dén khi

process cuoi cung két thuc thi process chinh maéi thyc hién cau 1énh tiép

theo.
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Sequential code

Parallel code

Sequential code

Hinh 3.1 — M6 hinh xir 1y song song theo tién trinh

Vi du: Cho truéc mot doan chuong trinh sau va chuyén sang song song:

for(i = 0; 1 < N; 1i++){
C[i] = A[1i] + B[i];
}

Gia sir ta c6 M tién trinh. Chuing ta c6 thé chia N phan tir thanh M phan
(thudng ta gia thiét N chia hét cho M) va gan timg phan d6 cho mdi tién

trinh. Chu trinh trén c6 thé viét thanh:

for(j = id * N/M; j < (id+1)*N/M; J++){
C[j] = A[3] + BI[3];
}

Trong d6, id 1a sb hiéu cua tién trinh, chay tir 0 dén M-1. Tién trinh thir ; xir 1y
N/M phan tir lién tiép ké tir i*N/M+1..

Hoic ta c6 thé cho phép céc tién trinh truy cap xen k& vao cac phan tir ciia
mang nhu sau:

Tién trinh Pi bt dau tir phan tir thit , sau d6 bo qua M phan tir dé xr 1y phan tu

tiép theo, nghia 1a no truy cap dén i, i+M, i+2M, v.v. Khi d6 duoc viét nhu sau:

for(j = id; j < N; j+=M) {
Cly] = A[J] + B[3];}
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III. Lap trinh Thread

Cdc ludng ciia mot tién trinh c6 thé chia sé véi nhau vé khéong gian dia chi
chwong trinh, cdc doan dit liéu va méi trwong xir Iy, dong thoi ciing c6 ving di
liéu riéng dé thao tdc.

Céc tién trinh va cac ludng trong hé thdng song song can phai dugc dong
b0, song viéc déng bo gitra cdc luéng dwoc thuc hién hiéu qua hon doi véi cdc
tién trinh. Pong bo gitta cac tién trinh doi hoi ton thoi gian hoat dong cua hé
thdng, trong khi d6i véi cac ludng thi viéc dong bo cha yéu tap trung vao su
truy cép cac bién chung (global) ctia chuong trinh.

Nhiéu hé diéu hanh hién nay ho tro da luéng nhu: SUN Solaris, Window
NT, Windows 2000, OS/2, v.v. Hién nay da c6 mot chuan cho viéc lap trinh
song song dua trén cac ludng d6 1a Pthread ciia IEEE Portable Operating
System Interface, POSIX.

IV.Lap trinh Message passing trong Distributed Memmory

Mo hinh Message Passing
M6 hinh Message Passing c6 nhiing dac tinh sau:

- MO0 hinh Message Passing dugc danh cho kién trac chia sé bd nhd, nén
cac may tinh c6 nhitng bd nhd riéng, cac tic vu nam trén mot may tinh
chi c¢6 thé truy cap vao bd nhd riéng nay.

- Céc tac vu trén hai may tinh khac nhau muén chia sé dit liéu s& st dung
: send message va receive message.

- Khi stir dung ham send va receive phai phu hgp véi nhau.
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Machine A Machine B

task 0

network

Hinh 3.2 — M6 hinh 14p trinh Message Passing
Lap trinh MP ciing gidng nhu 1ap trinh mang, khi cac cic tic vu giao tiép
v61 nhau bé‘mg message, khi dugc nhan né s€¢ dugc luu trir trong bo dém,
khac véi trong kién trac Shared Memmory 14 chira trong hang doi.
Lap trinh MP khé hon 1ap trinh theo ludng hay tién trinh trong Shared
Memmory. Va dac biét 1a khi mot chuong trinh dugc viét béng MP c¢6 thé
chay t6t trén kién trac Shared Memmory, va nd c6 thé chay rat nhanh.
V. Cac m6 hinh khac
a. Hybrid
Trong mé hinh ndy, ¢6 nhiéu hon hai mé hinh lap trinh gop lai. Thuong thi
mo hinh hybrid s& két hop mo hinh Message Passing v6i md hinh Thread
hodc M6 hinh Shared Memmory( Open MP). M6 hinh nay s€ cdi thién moi
truong phan cimg cho mo hinh Shared Memmory.
b. Single Program Multiple Data(SPMD)
Mo hinh nay 1a mé hinh 1ap trinh bac cao ma n6 dugc xay dung dya trén

cac mo hinh da co.

task 1 task2 task 3 ... taskn
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Mo hinh SPMD
Mot chuong trinh c¢6 thé duoc thuc hién bai dong thoi 4c tac vy. Tai bat ky
mét thoi diém nao, cac tac vu co thé thue thi cung cung mot cau 1énh hodc
cac cau I¢nh khac nhau nhung cua cung mot chuong trinh.
Céc nhiém vu c6 thé st dung dir liéu khéac nhau.
c. Multiple Program Multiple Data (MPMD)
Gidng SPMD, MPMD ciing 1a mét mé hinh lap trinh bac cao.

task 1 task2 task3 .. taskn
M6 hinh MPMD
Ung dung MPMD chia thanh nhiéu déi twong co thé thuc thi dugc, khi tng

dung dang chay song song, mdi tac vu c6 thé thuc thi cing ddi twong hoic
khac dbi tugng véi tac vu khac. Va mdi tac vu co thé sir dung dir liéu khac
nhau.

Chuong IV - PTHREAD POSIX (Portable Operating System Interface)
I. Gi6i thiéu vé Thread
Theo dinh nghia thi mot thread 1a mét luéng cac cau 1énh doc 1ap duogc sép
lich sdn d¢ duoc thuc thi béi hé diéu hanh. Thread 1a mot ban tién trinh, nd
c6 stack, code dé chay. Khong gidng nhu process, thread c6 thé chia sé bo
nhé cho thread khéc.
Trong mot Process co thé c6 nhiéu Thread, chung chia sé cung mot by nhd,
va truy cap vao bién toan cuc, bd nhé heap, va c6 cung mdt mi€u ta chung.

Céc Thread c6 thé chay song song.

27



Bai giang mon Tinh Toan Song Song Nguyén Doan Pong

code data files code data files
registers stack registers registers | I registers
stack stack stack

thread —» g 3 g g <4—— thread

single-threaded multithreaded

II.

Hinh 4.1 — Miéu ta Thread trong Process
Vay loi ich cua Thread 1a :
Trong tmg dung duoc 1ap trinh theo thread, thi tmg dung c6 thé chay
dugc ¢ ca may tinh tudn ty va may song song.
Van dé chinh cua cac chwong trinh 1a d6 tré khi truy cap vao 1/0, bd nhé
chinh, va giao tiép giita cic chuong trinh. Néu chuong trinh lap trinh
theo thread, thi rd rang van dé do tré sé khong con.
Lap trinh theo process ( tién trinh) thi van dé overhead ludn 1am cac nha
1ap trinh dau dau, tuy nhién néu lap trinh theo thread thi van dé overhead
khong can quan tam nhiéu lam.

Dé dang 1ap trinh va debug.

Co ban vé Pthread
Tao va két thiic thread

Prototype cua ham tao thread :
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#include <pthread.h>
int
pthread create (
pthread t *thread handle,
const pthread attr t *attribute,
void * (*thread function) (void *),

void *arqg) ;

thread: Mot dinh danh ID duy nhét cho thread mai

attribute: Luu trit cac tham sd cta thread méi, méc dinh 1a Null

thread_function: Pia chi ctia chuwong trinh con ma chung ra can chay
trong thread m&i nay

arg: Cac tham s6 cua chuong trinh con, mac dinh 1a NULL

- Két thuc thread :

pthread exit( void *ptr);

- GOp céc thread:

int pthread join (
pthread t thread,void **ptr);

Chu y rang, trong céc thread co thé tao thém cac thread khac.

thread 3

thread 1 thread 2

thread 5 cu thread7

time

Hinh 4.2 — Vi du vé tao thread trong chwong trinh
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#include <stdio.h> // standard I/O

#include <pthread.h> //c&c ham pthread

void* PrintHello (void* data)

{
int my data = (int)data; // Nhédn gia tri tu thread
pthread detach (pthread self());
printf ("Hello from new thread - got %d\n", my data);
pthread exit (NULL) ; /* k&t thuc thread */

int main(int argc, char* argvl[])

int rc; // gid tri tra vé khi tao thread
pthread t thread id; /* thread's ID */
int t = 11; // truyén dit 1liéu vao thread

/* tao thread va in ra ch 'PrintHello' */
rc = pthread create(&thread id, NULL, PrintHello,
(void*) t) ;
if(rc) /* néu tao thread 18i */
{
printf ("\n ERROR: return code from pthread create is
$d \n", rc);

exit (1) ; }
printf ("\n Created new thread (%d) ... \n", thread id);
pthread exit (NULL) ; /* két thic thread */

Trong chuong trinh trén, ham main() c6 khai bao bién thread id véi
kiéu 1a pthread t. Pay 13 mot s6 nguyén dé dinh danh trong hé thong. Khi
chung ta goi ham pthreate_create(), thread s& duoc tao ra. Ché y rang, tham sb
thir 2 trong ham pthread create(), tham sé nay duoc sir dung dé thiét lap cac
thudc tinh cho thread, chung ta truyén vao la mdt con tré6 NULL, day la gia tri
mac dinh, vay khi do, néu ham pthread create() tao thread thanh cong thi gia
tri tra vé s& 1 0.

Khi thread dugc tao thanh cong, chuong trinh s€ c6 2 thread, thread
chinh la ham main(). Hai thread nay s€ chay song song v4i nhau.

a. Pong bo giira cac thread

Gia stir chung ta c6 hai thread lam viéc song song vdi nhau, va cac thread
nay lam viéc trén cing mot dir liéu, va ching c6 tinh toan va lam thay doi
dir liéu d6, khi 6 néu ching ta khong dong bo giita cac thread nay thi rt dé

lam duwr liu b1 sai.
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Chuing ta xét vi du sau :

// M&i thread sé& cdp nhat gia tri best cost
if (my cost < best cost)
best cost = my cost;

Gia st Thread 1 c6 gia tri my cost = 75, thread 2 c6 my cost = 50, va
best cost 1a dit li¢u chung va c6 gia tri = 100.

Vay ching ta mong mudn gia tri best_cost = 50, tuy nhién néu thread 1 thyc
hién Iénh gan sau cung thi gia tri best_cost = 75.

Trong API lap trinh thread c6 cung cap cho chiing ta dong bo giita cac
thread bang mutex-locks.

Mutex-locks c6 hai trang théi : locked va unlocked. Tai bat ctr mot thoi
diém nao chi cho phép mét thread c6 thé khda mutex-locks.

Trong API c¢6 mot s6 ham dé xtr Iy mutex-lock. Ham pthread mutex_lock

sir dung dé khoa mutex-lock. Prototype ctia ham pthread mutex_lock :

int
pthread mutex lock (
pthread mutex t *mutex lock);

Néu ham duoc goi thanh cong thi gid tri tra vé 1 0, nguoc lai c6 161 xay ra
(xay ra trong truong hop deadlocks).

Khi ham duoc goi n6 sé& thiét 1ap khoa cho mutex_lock. Néu mutex-lock da
khoéa trude do thi thread goi ham s€ bi khoa va chd mutex-lock mé khoa,
nguoc lai mutex-lock sé& bi khoa thanh cong.

Trong truong hop muén mé khoa mutex-lock, chiing ta s& dung ham

pthread mutex unlock. Prototype ctia ham :

int
pthread mutex unlock (
pthread mutex t *mutex lock);

Tuy nhién chiing ta can khoi tao mot mutex-lock, trong API ¢6 ham khoi
tao la pthread mutex_init, mac dinh mutex-lock khéi tao la trang thai

unlocked.
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int
pthread mutex init (
pthread mutex t *mutex lock,
const pthread mutexattr t *lock attr);

Vi du vé mutex-lock:

Tim s6 nho nhat trong mot danh sach cac s6 nguyén

#include <pthread.h>
void *find min(void *1list ptr);
pthread mutex t minimum value lock;
int minimum value, partial list size;
main () {
minimum value = MIN INT;
pthread init();
//Khdi tao khba
pthread mutex init (&éminimum value lock, NULL);

}
void *find min(void *1list ptr) {
int *partial list pointer, my min, 1i;
my min = MIN INT;
partial list pointer = (int *) list ptr;
for (1 = 0; i < partial list size; i++)
if (partial list pointer[i] < my min)
my min = partial list pointer[i];

/* Thiét 1lap trang thadi locked vi cé su thay dbdi gid tri voi
bién dung chung*/
pthread mutex lock(&minimum value lock);
if (my min < minimum value)
minimum value = my min;
/* M& khoéa */
pthread mutex unlock (&minimum value lock);
pthread exit (0);

Trong vi du trén, bién minimum_value dugc bao vé béi khoa
minimum_value lock. Khi do, cac thread s€ phai thuc thi

pthread mutex_lock dé c6 thé truy cip vao bién minimum_value, tai mot
thoi diém, chi c6 mot thread giir khoa thi méi c6 thé truy cap vao bién dung

chung.

b. Cac thudc tinh cua thread

Ham pthread_attr init cho phép chung ta tao cac thudc tinh cho thread.
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int
pthread attr init (
pthread attr t *attr);

Ham nay s€ tao cac thudc tinh cho atrr cac gia tri mac dinh. Néu thuc hién
thanh cong ham tra vé gia tri 0. Mudn xo6a bién attr chiing ta diung ham

pthread atrr destroy :

int
pthread attr destroy (
pthread attr t *attr);

Ham tra vé 0 néu thyc hién thanh cong.

Ngoai ra, néu chiing ta mudn thiét 1ap cac thudc tinh riéng 1¢, APT cung cap
cho ching ta cdc ham sau : pthread attr setdetachstate,

pthread_attr setguardsize np, pthread attr setstacksize,

pthread_attr setinheritsched, pthread attr setschedpolicy, va
pthread attr setschedparam.

¢. Normal-Mutex

Trong Pthread API cung cap cho chung ta 3 loai khoa. Tat ca cac khoa déu
c6 hai chirc nang 1a khoa (locking) va mé khoa (unlocking). Mt loat
mutex-lock 1a normal-mutex. Loai nay chi cho phép mgt thread dugc phép
khoa tai bat ky mot thoi diém nao dang chay. Tuy nhién néu thread nay ma
goi t6i ham khoa 1an thr 2 thi s& bi deadlock.

Vidu:

Tim phan tir trong cdy nhi phan. Dé dam bao cac thread khong lam thay doi
cdy nhi phén, trong qua trinh tim kiém chung ta sir dung ham tree_lock dé

khoa.
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search tree(void *tree ptr)
{

struct node *node pointer;

pthread mutex lock(&tree lock);
if (is_search node(node pointer) ==

print node (node pointer);

return(l);

}

}
printf ("Search unsuccessfull\n");
pthread mutex unlock(&tree lock);

node pointer = (struct node *) tree ptr;

pthread mutex unlock(&tree lock);

else {
if (tree ptr -> left != NULL)
search tree((void *) tree ptr -> left);
if (tree ptr -> right != NULL)

search tree((void *) tree ptr -> right);

d. Thao g& threads — Detach threads

Trong Pthread API cung cAp ham pthread detach dung dé giai phong bo

nhé cua thread khi n6 két thuc.

int pthread _detach(thread t tid);
Vidu:

34




Bai giang mon Tinh Toan Song Song Nguyén Doan Pong
#include <pthread.h>
#include <stdio.h>
#include <stdlib.h>
double X[10][10];
double Y[10][10];
struct DATA
{
double x;
int i;
int j;
o
void *thread f(void *arg)
{
DATA* a = (DATA*)arg;
X[a->1i][a->]] = f(a->x);
return NULL;
}
void main ()
{
Int rc;
pthread t thread;
for (int i=0;1i<10; ++1)
{
for (int 3=0; 3j<10; ++3j)
{
Y[i] [J]=1+];
}
}
DATA *arg;
for ( 1=0,;1i<10; ++1i)
{
for (int j=0; j<10; ++3)
{
arg = new DATA;
arg->1i = 1i; arg->j = j; arg->x = Y[1i][]]>;
pthread create (&thread, NULL, thread f,
(void *)arg);
// chia thanh céac thread
// giadi phéng thread
//rc = pthread detach(thread);
//printf ("Trang thai % d \n",rc);
}
}
}

e. Cacvidu

Vi du vé truyén tham s6 khi tao ra thread :
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#include <pthread.h>
#include <stdio.h>
#include <stdlib.h>
#define NUM THREADS 8
char *messages[NUM THREADS];
struct thread data
{
int thread id;
int sum;
char *message;
}i
struct thread data thread data array[NUM THREADS];
void *PrintHello (void *threadarq)
{
int taskid, sum;
char *hello msg;
struct thread data *my data;

sleep(1l);
my data = (struct thread data *) threadarg;
taskid = my data->thread id;

sum = my data->sum;

hello msg = my data->message;
printf ("Thread %d: %s Sum=%d\n",
pthread exit (NULL);

taskid, hello msg, sum);

}

int main(int argc,
{

pthread t threads[NUM THREADS];
int *taskids[NUM THREADS];

int rc, t, sum;

char *argvl[])

sum=0;

messages
messages
messages
messages
messages
messages
messages
messages

sum =

for (t=0; t<NUM
sum + t;

"English:

"French:

"Spanish:
"Klingon:

"German:

"Russian:
Sekai e konnichiwal!";
Orbis,

"Japan:
"Latin:

Hello World!";
Bonjour, le monde!";
Hola al mundo";

Nug neH!";
Guten Tag,
Zdravstvytye,

Welt!";
mir!";

te saluto!";

THREADS; t++) {

thread data arrayl[t].thread id =

thread data arrayl[t].sum = sum;

thread data arrayl[t].message = messages|[t];

printf ("Creating thread %d\n", t);

rc = pthread create(&threads([t], NULL,
&thread data array(t]);

if (rec) |

printf ("ERROR; return code from pthread create()

re);

t;

PrintHello, (void *)

is %d\n",

exit (-1);
}
}
pthread exit (NULL);
}

Két qua :
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Creating
Creating
Creating
Creating
Creating
Creating
Creating
Creating

Thread
Thread
Thread
Thread
Thread
Thread
Thread

Thread O0:

N oUW

thread
thread
thread
thread
thread
thread
thread
thread

English:

o U bW NP O

7

French:

Spanish:
Klingon:

German:

Russian:
Japan:
Latin:

Hello World! Sum=0
Bonjour, le monde! Sum=1
Hola al mundo Sum=3
Nug neH! Sum=6
Guten Tag, Welt! Sum=10
Zdravstvytye, mir! Sum=15
Sekai e konnichiwa! Sum=21

Orbis, te saluto! Sum=28

Vi du vé str dung mutex-lock :
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#include <pthread.h>
#include <stdio.h>
#include <stdlib.h>
typedef struct

{

double *a;

double *b;

double sum;

int veclen;
} DOTDATA;

/* Define globally accessible variables and a mutex */
#define NUMTHRDS 4
#define VECLEN 100
DOTDATA dotstr;
pthread t callThd[NUMTHRDS] ;
pthread mutex t mutexsum;
void *dotprod(void *arg)
{
/* Define and use local variables for convenience */
int i, start, end, len ;
long offset;
double mysum, *x, *y;

offset = (long)arg;

len = dotstr.veclen;
start = offset*len;

end = start + len;
x = dotstr.a;

y = dotstr.b;

mysum = 0;

for (i=start; i<end ; i++)

{

mysum += (x[i] * y[i]);

}
pthread mutex lock (&mutexsum);
dotstr.sum += mysum;
pthread mutex unlock (&mutexsum);
pthread exit ((void*) 0);
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int main (int argc, char *argv([])
{

long 1i;

double *a, *b;

void *status;

pthread attr t attr;

/* Assign storage and initialize values */

a = (double*) malloc (NUMTHRDS*VECLEN*sizeof (double));
b = (double*) malloc (NUMTHRDS*VECLEN*sizeof (double))
for (1i=0; 1<VECLEN*NUMTHRDS; i++) {

alil=1;

blil=al[i];

dotstr.veclen = VECLEN;
dotstr.a = a;
dotstr.b = b;
dotstr.sum=0;

pthread mutex init (&mutexsum, NULL);

/* Create threads to perform the dotproduct */
pthread attr init (&attr);
pthread attr setdetachstate(&attr, PTHREAD CREATE JOINABLE) ;

for (1=0; 1<NUMTHRDS; i++)
{
/* Each thread works on a different set of data.
* The offset is specified by 'i'. The size of
* the data for each thread is indicated by VECLEN.
*/
pthread create(&callThd[i], &attr, dotprod, (void *)i);
}

pthread attr destroy(&attr);
/* Wait on the other threads */

for (1=0; 1<NUMTHRDS; i++) {
pthread join(callThd[i], &status);
}

/* After joining, print out the results and cleanup */

printf ("Sum = %f \n", dotstr.sum);
free (a);

free (b);

pthread mutex destroy (&mutexsum) ;
pthread exit (NULL);

}
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Chuong 5 : Lap trinh MPI
I. Giéi thiéu vé MPI
MPI ( Message passing Interface) la thu vién 1ap trinh cho may tinh song
song dya vao phuong thirc giri nhan tin. MPI ¢6 thé duogc viét bang C/C++
va Fortran.
MPI duoc lap trinh cho cic may tinh cé kién trac bd nhé phan tan, tuy
nhién nd ciing c6 thé ap dung cho vai kién trac chia sé bd nhé vi dy nhu
kién trac SMP/NUMA.
I1. Xay dung phuwong thirc Send va Receive
Trong lap trinh Message passing, thi send va receive la hai phuong thirc co
ban nhét:
send(void *sendbuf, int nelems, int dest)
receive(void *recvbuf, int nelems, int source)
Trong do, sendbuf la con tré chtra dit licu dé gutri di, recvbuf 1a con tro
chtra dir liéu nhan vé, nelems 13 s6 luong( don vi) dé guri va nhan. dest 1a dinh
danh cua tién trinh nhan dit liéu, source 1a dinh danh cua tién trinh guri dir liéu.

Chuing ta xét vi du sau:

PO P1
a=100;
send(&a,1,1); Receive(&a,1,0);
a=0; Prinf(*“%d”,a);

Trong vi du trén, tién trinh PO guri gié tri a cho tién trinh P1. Tuy nhién cha y
rang trong tién trinh PO, sau khi giri gia tri a = 100 cho P1 thi lap ttrc PO thay
doi gia tri a = 0. Vay gid tri ma P1 nhan duogc la gia tri tai thoi diém PO gui di
va gia tri dé 1a 100.
a. Co ché Send/Receive khong by dém
Trong trudng hop ndy, ham send cta tién trinh giri s& khong két thuc dén
khi ma chua giap ham receive cua tién trinh nhan phu hop. O day, cac tién
trinh yéu cau phai tién hanh bt tay giita tién trinh giri va tién trinh nhan.

Tién trinh giri s€ gtri yéu cau o1 tién trinh nhan, khi do, tién trinh nhan sé
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guri dap ung lai cho tién trinh gui. Vi vay s€ khong c6 cac bd nhd dém ca

bén guri 1an bén nhan.

sending receiving sending receiving sending receiving
process process process process process process
send request to scnd
request to se sond request to send ‘
okay 1o send vccenvc send okny 10 send receive gang raceive

ok.ay send

l[ data _- l[ data _. G .

(a) Sender comes first; (b) Sender and receiver come (c) Receiver comes first:
idling at sender at about the same time; idling at receiver
idling minimized
Hinh 5.1 — Co ché guri nhan khong can by dém
Trong hinh 5.1 chung ta thay rang, truong hop (a) khi bén gui va nhan
khong cung mdt luc thi s€ gay ra lang phi vé thoi gian. Trong truong hop
(c), bén nhan cho bén gui.
Trong phan nay chung ta phai luu y vé truong hop deadlock. D6 1a hai tién

trinh déu yéu cau gt cung mot lic. Chung ta xét vi du sau:

PO P1
send(&a,l1,1); Send(&a,1,0);
Receive(&a,1,0); Receive(&a,1,0);

Khi PO yéu cau gui sang P1, tuy nhién P1 ltic ndy ciing yéu cau giri sang
PO, khi d6 ca 2 tién trinh déu chd nhau dé dap tng yéu cau giri do, do d6 sé
dan dén truong hop Deadlock.

b. Co ché Send/Receive c6 bd dém

Trong co ché nay, bén gui sé dugc cép phat mot bo nhg dém dé guri tin, bén
guri s€ sao chép dir liéu vao by dém, va sau do tiép tuc lam viéc khéc. Ciling
hoan toan tuwong tu vo1 bén nhan, ching dugc dua vao bd nhé cé dia chi xac
dinh, khi tién trinh bén nhan c¢6 phuong thirc receive(), no sé check trong b

nhé dém.
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sending receiving sending receiving
process process process process

send send I

l !&., . Data copied to

buffer at receiver

] ,
data )

| ]receive I

i

Hinh 5.2 — Co ché Send/Recevi c6 bd dém

Vidu:
PO Pl
for(i:=0 ; 1i<1000; i++) for(i:=0; 1<1000; 1i++)
{ {
produce (&a) ; receive (&a, 1, 0);
send(&a, 1, 1); consume (&a) ;
} }

Trong vi dy trén ta thdy rang, tién trinh PO s& sinh ra 1000 gia tri a va gui
sang cho tién trinh P1. Néu tién trinh P1 khong xtr 1y kip, khi d6, cac gia tri
a s€ dugc luu trong bd dém cua P1 dé cho dé xur ly. Vay néu bd dém cua P1
bi d;ﬁy thi tién trinh PO s& phai dung lai dé chod cho dén khi bo dém cua P1
xur 1y hét.

Chu ¥ trong truong hop nay co thé xay ra deadlock:

PO P1
receive(&a, 1, 1); receive(&a, 1, 0);
send(&b, 1, 1); send(&b, 1, 0);

Trong vi du trén, ca hai Process déu cho nhau dé lay dir li¢u tir bg dém ra dé

xu ly.
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III. Lap trinh MPI
Trong thu vién MPI ¢6 t&i 125 thi thuc, tuy nhién chung ta thuong chi can

dung té1 6 thu tuc sau:

MPI_Init Khéi tao MPI
MPI_Finalize Két thiic MPI
MPI_Comm_size Xéc dinh s luong tién trinh

MPI_Comm rank | Xéc dinh tén nhén cua tién trinh

MPI_Send Gt mot tin

MPI Recv Nhan mot ban tin

a. Bit diu va két thiac MPI
MPI_Init dugc dung dé khéi tao mot méi truong MPI, chung ta goi
MPI_Init mot 1an trong sudt qua trinh chay chwong trinh. MPI_Finalize
duogc goi khi két thiic, né sé thuc hién don dep céc tac vu da két thic. S&
khong duoc phép goi MPI_Finalize néu nhu chua goi MPI Init.
Int MPI_Init(int *argc, char ***argv)
Int MPI_Finalize()
Tham sé arge va argv ctia ham MPI_Init dugc nhan thong qua cic cau lénh
(command-line) ctia chuwong trinh C. Néu hai ham MPI_Init va MPI_Finalize
thuc hién thanh cong thi né sé tra vé gia tri 1a MPI_ SUCCESS.
b. Communicators
Muc dich dung MPI chinh 14 truyén tin giita cac tién trinh v6i nhau théng
qua communication domain. Céc thong tin vé communication domain duoc
luu trong MPI_ Comm ma dugc goi 1a communicators. Cac communicators
duogc sir dung nhu cac tham sb trong céc thi tuc(ham) MPL
Céc tién trinh mudn truyén thong cho nhau vai nhiéu cach khac nhau théng
qua communication domain, vi vy v&i mdi cach s& twong g véi mot
communicator. MPI dinh nghia ra mdt communicators méc dinh 1a :
MPI_ COMM_WORD.
c. Lay thong tin
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Ham MPI_Comm_size va MPI Comm_rank duoc sir dung dé xac dinh s6
luong tién trinh va tén nhin cua tién trinh.

int MPI Comm_size(MPI_Comm comm, int *size)

int MPI_ Comm_rank(MPI_Comm comm, int *rank)
Ham MPI_Comm_size sé tra lai cho bién size vé s lugng cua tién trinh ma
c6 communicator 1a comm. Nhu vay, néu nhu mdi mét bo vi xir 1y xir 1y
mot tién trinh thi size chinh 13 s6 lwong processor trong may tinh.
Moi tién trinh cia mot communicator ¢c6 mot dinh danh 13 rank. Rank cta
mo tién trinh 12 mot s6 nguyén tir 0 t6i kich thude tia communicator -1.

Vidu:

#include <mpi.h>

main (int argc, char *argv[])
{

int npes, myrank;

MPI Init (&argc, &argv);

MPI Comm size (MPI_COMM WORLD, &npes);

MPI Comm rank (MPI COMM WORLD, &myrank);

printf ("From process %d out of %d, Hello World!\n",
myrank, npes);

MPI Finalize();

d. Gui va nhan tin
Ham co ban dé giri va nhan tin trong MPI 14 : MPI_Send va MPI_Receive.
int MPI_Send(void *buf, int count, MPI Datatype datatype,
int dest, int tag, MPI Comm comm)
int MPI Recv(void *buf, int count, MPI Datatype datatype,
int source, int tag, MPI Comm comm, MPI Status *status)
MPI_Send guri dit liéu dugce luu trong mot con tro 1a buf. Buffer nay chira
kiéu dir liéu dugc chi ra trong bién datatype. Dung luong ma buffer duoc
chi ra & bién count. Trong méi truong C c¢6 loai kiéu nao thi trong MPI ¢
loai kiéu do, tuy nhién trong MPI c¢6 thém hai kiéu ma trong C khong co, d6

la: MPI BYTE va MPI PACKED.
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MPI_BYTE tuong trng vé1 1 byte (8 bit) va MPI_ PACKED tuong g la

mot tap hop cac dir 1iéu ma dugc tao boi béng cach dong goi cac dir licu

khong lién tiép nhau.

Trong ham MPI Send, dest 1a dinh danh cua tién trinh nhan, va mdi ban tin

c6 mot bién integer d6 1a tag, né dugce dung dé phan biét véi cac ban tin

khac, gia tr1 cuiand tt 0 — MPI TAG _UB (= 32.767).

Trong ham MPI_Recv, bién source 1a dinh danh cua tién trinh gt tin. Bién

tag duoc chi ra trong ham gui cua tién trinh gui. Néu source c6 gia tri la

MPI_ANY SOURCE thi khi d6 bat ky mét tién trinh nao ciing 14 ngudn

cua ban tin.

MPI Datatype C Datatype
MPI_CHAR signed char
MPI_SHORT signed short in
MPI_INT signed int
MPI_LONG signed long int

MPI UNSIGNED CHAR

unsigned char

MPI_UNSIGNED SHORT

unsigned short

MPI_UNSIGNED

unsigned int

MPI_UNSIGNED LONG

unsigned long

MPI_FLOAT float
MPI_DOUBLE double
MPI BYTE

MPI_PACKED

Trong ham MPI Recv, sau khi ban tin dugc nhan, bién status dugc luu

thong tin vé ham MPI_Recv.
typedef struct MPI_Status {
int MPI_SOURCE;
int MP1_TAG;
int MPI_ERROR;

¥
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MPI_SOURCE va MPI _TAG thi ching ta da no6i ¢ trén. MPI_ERROR luu

ma 101 cua ban tin nhan.

Viduy: Tac vu 0 s€ ping tac vu 1 :

#include "mpi.h"
#include <stdio.h>
int main(argc,argv)
int argc;
char *argv[]; {
int numtasks, rank, dest, source, rc, count, tag=l;
char inmsg, outmsg='x';
MPI Status Stat;
MPI Init (&argc, &argv);
MPI Comm size (MPI_ COMM WORLD, &numtasks):;
MPI Comm rank (MPI COMM WORLD, &rank);
if (rank == 0) {
dest = 1;
source = 1;
rc = MPI Send(&outmsg, 1, MPI CHAR, dest, tag, MPI COMM WORLD) ;
rc = MPI Recv(&inmsg, 1, MPI CHAR, source, tag, MPI COMM WORLD,
&Stat) ;
}

else if (rank == 1) {

dest = 0;

source = 0;

rc = MPI Recv(&inmsg, 1, MPI CHAR, source, tag, MPI COMM WORLD,
&Stat) ;

rc = MPI Send(&outmsg, 1, MPI CHAR, dest, tag, MPI COMM WORLD) ;

—

rc = MPI Get count (&Stat, MPI CHAR, &count);
printf ("Task %d: Received %d char(s) from task %d with tag %d
\n",

rank, count, Stat.MPI SOURCE, Stat.MPI TAG);

MPI Finalize();
}

IV.Truyén thong tap hop trong MPI

Truyén thong tap hop bao gom tat ca cac tién trinh trong pham vi ciia mot

communicator. Mdc dinh thi tat ca cac process déu thudc communicator

MPI_COMM_WORLD.

a.

Cac loai hoat dong tap hop

Synchronization

Data Movement : Broadcast, scatter/gather, all to all

Collective computation : Mot thanh vién cua nhom thu thap dir li€u tur
thanh vién khac va thuc hién thao tac trén dir li¢u d6 ( min, max, add,
multiply,...)
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b. Cac thu tuc
- MPI Barrier
Barrier ding dé dong bo giita cac tac vu voi nhau. Trong MPI st dung ham
MPI_Barrier:
int MPI_Barrier(MPI_Comm comm)

Trong ham trén chi c6 mot tham s6 14 mot communicator. Nhu vay, trong
mot communicator, tit ca cac tic vu déu phai dung lai cho dén khi tat ca
déu goi dén MPI_Barrier.
-  MPI Bcast

Guri tin nhan tdi tat ca cac process trong nhom

MPI_Bcast (&buffer,count,datatype,root,comm)

MPI_BCAST (buffer,count,datatype,root,comm,ierr)

MPI Bcast

Broadcasts a message to all other processes of that group

count = 1;
source = 1; broadcast originates in task 1
MPI Bcast(&msg, count, MPI INT, source, MPI COMM WORLD);

task 0 task 1 task 2 task 3
7 -«—— msg (before)
7 7 7 7 -—— msg (after)

Hinh 5.3 — Broadcast
- MPI_ Scatter
Phat tan mot tin nhan tir mot tac vu t6i tht ca cac tac vu khac
MPI_Scatter (&sendbuf,sendcnt,sendtype,&recvbuf,

recvent,recvtype,root,comm)
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MPI_SCATTER (sendbuf,sendcnt,sendtype,recvbuf,

recvent,recvtype,root,comm,ierr)

MPI_ Scatter

Sends data from one task to all other tasksin a group

sendcnt = 1;
recvent = 1;
src = 1; task 1 contains the message to be scattered
MPI_Scatter(sendbuf, sendcnt, MPI INT,
recvhbuf, recvent, MPI INT,
src, MPI COMM_ WORLD);

task 0 task 1 task 2 task 3

-—— sendbuf (before)

1 2 3 4 -—— recvhbuf (after)

Hinh 5.4 — Scatter
-  MPI_Gather
Tap hop tin nhén tir cic tc vu trong nhom t61 mot tac vu.
MPI_Gather (&sendbuf,sendcnt,sendtype,&recvbuf,
recveount,recvtype,root,comm)
MPI_GATHER (sendbuf,sendcnt,sendtype,recvbuf,

recvcount,recvtype,root,comm,ierr)

48



Bai giang mon Tinh Toan Song Song Nguyén Doan Pong

MPI Gather

Gathers together values from a group of processes

sendcnt = 1;
recvent = 1;
src = 1; messages will be gathered in task 1
MPI_Gather(sendbuf, sendent, MPI INT,
recvbuf, recvent, MPI INT,
stc, MPI COMM_ WORLD);

task 0 task 1 task 2 task 3

1 2 3 4 | -=—— sendbuf (before)

-—— recvhuf (after)

Hinh 5.4 — Gather

MPI_Allgather
MPI_Allgather (&sendbuf,sendcount,sendtype,&recvbuf,

recvcount,recvtype,comm)

MPI_ALLGATHER (sendbuf,sendcount,sendtype,recvbuf,

recvcount,recvtype,comm,info)

MPI_Reduce

Ap dung mét phép toan thu gon 1én céc tic vu trong nhom va dua két qua

té1 mot tac vu khac.

MPI_Reduce (&sendbuf,&recvbuf,count,datatype,op,root,comm)

MPI_REDUCE (sendbuf,recvbuf,count,datatype,op,root,comm,ierr)
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Céc phép toan :
MPI Reduction Operation C Data types
MPI_ MAX Maximum Integer,float
MPI_MIN Minimum Integer,float
MPI_SUM Sum Integer,float
MPI_PROD Product Integer,float
MPI LAND Logical AND Integer
MPI_BAND Bit-wise AND Integer, MPI BYTE
MPI_LOR Logical OR Integer
MPI_BOR Bit-wise OR Integer, MPI BYTE
MPI_LXOR Logical XOR Integer
MPI_BXOR Bit-wise XOR Integer, MPI BYTE
MPI_ MAXLOC | Max value and Float, double and long double
location
MPI_MINLOC | Min value and Float, double and long double

- MPI_Alltoall

Moi tac vu trong nhém thuc hién mot phép toan phan tan, giri mot ban tin

t&d1 cac nhom theo thi tu.

MPI_Alltoall (&sendbuf,sendcount,sendtype,&recvbuf,

recvent,recvtype,comm)

MPI_ALLTOALL (sendbuf,sendcount,sendtype,recvbuf,

recvent,recvtype,comm,ierr)
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MPI_Alltoall

Sends data from all to all processes. Each process
performs a scatter operation.

sendent = 1;
recvent = 1;

MPI_Alltoall(sendbuf, sendcnt, MPI_INT,

recvbuf, recvent, MPI INT,
MPI COMM_ WORLD);

task 0 task 1 task 2 task 3
1 5 9 13
2 6 10 14
~—— sendbuf (before)
3 7 11 15
4 8 12 16
1 2 3 4
5 6 7 8
-—— recvhuf (after)
9 10 11 12
13 14 15 16

Hinh 5.5 — All to all

Vi du : Thyc hién phan tan theo cac dong ciia mgt mang
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#include "mpi.h"
#include <stdio.h>
#define SIZE 4

int main (argc,argv)
int argc;
char *argvl[]; {
int numtasks, rank, sendcount, recvcount,
float sendbuf[SIZE] [SIZE] = {
{1.0, 2.0, 3.0, 4.0},
{5.0, 6.0, 7.0, 8.0},
{9.0, 10.0, 11.0, 12.0},
{13.0, 14.0, 15.0, 16.0} ¥
float recvbuf[SIZE];

MPI Init (&argc, &argv);
MPI Comm rank (MPI COMM WORLD, &rank):;
MPI Comm size (MPI_ COMM WORLD, &numtasks):;

if (numtasks == SIZE) {
source = 1;
sendcount = SIZE;
recvcount = SIZE;

source;

MPI Scatter (sendbuf, sendcount,MPI FLOAT, recvbuf, recvcount,
MPI FLOAT, source,MPI COMM WORLD) ;

printf ("rank= %d Results:

f $f $f $f\n", rank,recvbuf[0],

recvbuf[1l], recvbuf[2], recvbuf[3]);

}

else

printf ("Must specify %d processors. Terminating.\n",SIZE);

MPI Finalize();
}

Vi du : Nhan ma tran moét chiéu

Theo dong :
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RowMatrixVectorMultiply (int n, double *a,
MPI Comm comm)
{
int i, 3J;
int nlocal;
double *fb;
int npes, myrank;
MPI Status status;

MPI Comm size (comm,
MPI Comm rank (comm,

&npes) ;
&myrank) ;

fb = (double *)malloc (n*sizeof (double));
nlocal = n/npes;
MPI Allgather (b, nlocal, MPI DOUBLE, fb,
comm) ;
for (i=0; i<nlocal; 1i++) {
x[1] = 0.0;
for (3=0; j<n; J++)
x[1] += al[i*n+j]*fb[]];
}
free (fb);

double *b, double *x,

nlocal, MPI DOUBLE,

Nhan theo ¢t :
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ColMatrixVectorMultiply (int n, double *a, double *b,
double *x,
MPI Comm comm)

{

int i, Jj;

int nlocal;

double *px;

double *fx;

int npes, myrank;

MPI Status status;

MPI Comm size (comm, &npes);

MPI Comm rank (comm, &myrank);

nlocal = n/npes;

px = (double *)malloc (n*sizeof (double));
fx (double *)malloc (n*sizeof (double));

i<n; i++) {

0.0;

; j<nlocal; j++)

+= al[i*nlocal+j]*b[j];

for (i=
px[1]
for (3=
px[1]

0;

70
}
MPI Reduce (px, fx, n, MPI DOUBLE, MPI SUM, 0, comm);
MPI Scatter(fx, nlocal, MPI DOUBLE, x, nlocal,

MPI DOUBLE, O,

comm) ;

free (px); free(fx);
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