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Tém tit: Su phat trién cua tri tué nhan tao, phan tich dir liéu lon, mé phong khoa hoc va cac vng dung tinh toan hiéu
ndng cao lam gia tang nhu cau khai thac dong thoi nhiéu don vi xie Iy, Tinh todn song song vi vdy tré thanh mét thanh phan
quan trong ciia kién triic may tinh hién dai, tir bg xir Iy da 16i dén hé thong gom CPU, GPU va cdc bj tang toc. Bai viét
trinh bay khdi qudt vé tinh todn song song, cdc dang kién triic theo dong lénh va dong dit liéu, sw khdc biét gitka thuc thi
dong bg va khong dong bg, dong thoi tdp trung vao mé hinh lap trinh OpenMP. Bén canh céc cdu triic truyén thong nhi
viing song song, chia sé cong viéc va dong bg luong, bai viét cap nhat xu hieong OpenMP trong ho tro task, quan 1y dir liéu
va offloading trén cac thiét bi tang toc. Qua do, bai viét lam 16 vai tro ciia OpenMP nhiw mét mé hinh lgp trinh twong doi
don gidn, kha chuyén va phit hop dé khai théc tai nguyén tinh todn da 16i va hé thong di thé.

Tir khéa: Tinh todn song song; kién triic song song; da 16i; OpenMP; lgp trinh da luong; tinh todn di thé.

PARALLEL COMPUTING AND OPENMP PROGRAMMING IN THE CONTEXT
OF MULTICORE ARCHITECTURES AND HETEROGENEOUS COMPUTING

Abstract: The development of artificial intelligence, big data analytics, scientific simulations, and high-performance
computing applications has increased the demand for simultaneously exploiting multiple processing units. Parallel
computing has therefore become an essential component of modern computer architectures, ranging from multicore
processors to systems integrating CPUs, GPUs, and various accelerators. This paper provides an overview of parallel
computing, different parallel architectures based on instruction and data streams, and the distinctions between synchronous
and asynchronous execution, with a particular focus on the OpenMP programming model. In addition to traditional
constructs such as parallel regions, work-sharing, and thread synchronization, the paper discusses recent developments
in OpenMP, including tasking, data management, and offloading to accelerator devices. These developments highlight the
role of OpenMP as a relatively simple and portable programming model for effectively exploiting computational resources

in multicore and heterogeneous systems.
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I. PAT VAN PE

Trong nhiéu thap nién, hiéu ning may tinh chu
yéu duoc cai thién thong qua viéc tang tdc do bo
xtr 1y. Tuy nhién, nhitng giéi han vé nang lugng,
nhiét lugng va cong ngh¢ ché tao khién viéc tiép
tuc tang tan s6 khong con 13 huéng duy nhat dé
nang cao hiéu ning. Thay vao dé, kién trac da 151,
xu ly song song, bo xur Iy vector, GPU va cac bo
tang toc ngdy cang duogc st dung rong rai. Tinh
todn song song cho phép phan chia mdt bai toan
thanh nhiéu phan c6 thé thuc hién dong thoi, tir
d6 rat ngin thoi gian xtr 1y dbi voi nhimg bai toan
¢6 khéi lwong tinh toan 16n (Nguyén Kim Khanh,
n.d.; Pham Van Cuong, n.d.).

Trong thuc té, tinh todn song song da trd thanh
nén tang ctia nhiéu linh vic nhu mé phong khoa
hoc, xir 1y dir liéu 16n, tri tué nhan tao, d6 hoa,
phan tich tai chinh va tinh toan hiéu nang cao. Tai
Viét Nam, ndi dung kién triic mdy tinh song song,
mo hinh 18p trinh va OpenMP da dugc dua vao
chuong trinh dao tao ¢ nhiéu co s& gido duc dai
hoc, cho thdy vai trd ngay cang rd cua kién thirc
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song song trong dao tao nhan lyc cong nghé¢ thong
tin (Ngd Vian Thanh, 2009; Trudng Pai hoc Pong
Thap, n.d.).

Mot van dé quan trong 1a kha ning chuyén
mot chuong trinh tuan ty thanh chuong trinh song
song khong chi phu thudc vao sé luong bo xtr 1y
ma con phu thudc vao cach phén chia cong viéc, t6
chtre dit liéu, chi phi giao tiép va dong bo. V1 vay,
nghién ctru kién tric song song can dugc gin voi
mo hinh 1ap trinh va cac co ché kiém soat thuc thi.
Trong s6 cac mo hinh 1ap trinh hién nay, OpenMP
cung cap phuong thirc twong ddi don gian dé khai
thac bo nhd dung chung trén cac hé théng da 15i,
ddng thoi hd tro cac hé théng c6 thiét bi ting tde
(OpenMP Architecture Review Board, 2024).

II. KIEN TRUC VA MO HINH TINH
TOAN SONG SONG

2.1. Tong quan vé tinh toan song song

Tinh toan song song la phuwong thirc t6 chirc
trong d6 nhiéu phép tinh duoc thuc hién dong thoi
nham giai quyét mot bai toan chung. Mtc do song
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song co thé dugc khai thac & nhiéu cép, ttr mure bit,
mue 1énh, mirc dit liéu dén mirc tac vu. Trong kién
trac hién dai, by xir Iy da 161 cho phép nhiéu luéng
thyc thi dong thoi, trong khi GPU va cac bo tang toc
cung cap kha nang xir Iy song song quy mé 16n dbi
vé1 nhitng bai toan co6 tinh song song dir li¢u cao
(Nguyén Kim Khénh, n.d.; Pham Vin Cuong, n.d.).

Hiéu qua cua chuong trinh song song khong
don gian ty 1& véi s bo xur Iy. Khi phan chia bai
toan, phén cong vige tuan tu, chi phi tao va quan
1y ludng, trao ddi dit liéu, truy cap bd nhé va dong
b6 c6 thé lam giam mirc ting téc. Do d6, danh
gi4 chuong trinh song song thuong quan tam dén
speedup, efficiency, kha ndng mo rong va muc st
dung tai nguyén (Nguyén Kim Khanh, n.d.; Pham
Vian Cuong, n.d.).

2.2. Cac kién triic song song

Mot céch phan loai kinh dién 1a phan loai
Flynn dua trén sb dong lénh va dong dir liéu.
SISD tuong ung véi thuc thi tuan tu; SIMD thuc
hién cung mot Iénh trén nhiéu phén to dir liéu;
MISD c6 nhiéu dong 1énh xir Iy cung mot dong dir
lidu va it phd bién; MIMD cho phép nhiéu dong
lénh xtr 1y trén nhiéu dong dir liéu va 1a mo hinh
phd bién trong cac hé thong da 15i, da bo xir 1y va
cum may tinh (Ngé Van Thanh, 2009; Pham Van
Cuong, n.d.).

Bén canh céch phan loai theo Flynn, kién tric
song song con ¢ thé duge xem xét theo t6 chirc
bo nhé. Hé théng bd nhé dung chung cho phép
cac ludng hodc bo xir 1y truy cap mot khong gian
dia chi chung, thuan loi cho 1ap trinh da luéng
nhung doi hoi kiém soat truy cap dit liéu. Nguoc
lai, hé théng bd nh¢ phan tan st dung nhiéu nut
tinh toan voi bo nhd riéng va thuong cin co ché
trao doi thong diép. Trong thuc té, cac hé thong
hién dai c6 thé két hop nhiéu mé hinh, hinh thanh
kién trac di thé gom CPU, GPU va cac bo tang toc
(Ng6 Van Thanh, 2009; Pham Van Cuong, n.d.).

2.3. Pong bd va khong dong bd trong tinh
toan song song

Trong thyc thi d@)ng bo, cac luéng hodc tién
trinh phai tuan theo nhimg diém phdi hop xac
dinh trudc. Pong b giup bao dam thtr ty hodc
diéu kién can thiét khi nhiéu ludng cing truy cap
dir liéu, nhung néu st dung khong hop 1y co thé
lam phat sinh thoi gian cho va gidm hiéu nang.
Céc co ché nhu barrier, critical va lock thuong
dugc sir dung dé kiém soat truy cap va phdi hop
giita cac luong (Ngd Vian Thanh, 2009; OpenMP
Architecture Review Board, 2024).
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Trong thyc thi khong d@)ng b0, cac tac vu ¢o
thé duge thuc hién doc 1ap hodc tiép tuc thuc hién
trong khi mot cong viéc khac dang cho dir lidu
hodc tai nguyén. M6 hinh nay dac biét cé y nghia
v6i cac bai toan co su phy thudc khong déu giira
cac cong viéc. OpenMP hd tro lap trinh task va
biéu dién quan hé phu thudc giira cac task, giup
chuong trinh khai thac t6t hon mirc song song dong
(OpenMP Architecture Review Board, 2024).

Xu huéng chuyén tir mé hinh chi dya trén cac
vong lap song song sang két hop song song dit
liu, song song tac vu va thyc thi bét déng bd phu
hop véi céc bai todn co cAu tric phuec tap, dir li¢u
dong va hé thong di thé (OpenMP Architecture
Review Board, 2024).

I1I. LAP TRINH SONG SONG VOI OPENMP

OpenMP la API 1ap trinh song song dya trén chi
thi, thu vién thoi gian chay va blen moi truong, hd
tro C, C++ va Fortran, chu yeu cho cac hé thong
bd nh¢ dung chung. Vi mo hinh don gian va kha
chuyén, OpenMP cho phép bd sung cac chi thi
vao chuong trinh tuan ty dé t6 chirc thyc thi da
ludng ma khong phai tryc tiép quan 1y timg ludng
(OpenMP Architecture Review Board, 2024).

OpenMP st dung md hinh fork-join: khi vao
ving song song, luéng chinh tao nhom ludng dé
thuyc hién cong viéc; sau do cac luéng duoc hop
nhét va chuong trinh tiép tuc thyc thi. Cac ciu triic
co ban gém parallel, for, sections, single, task va
cac co ché dong bo. Trong do, parallel for thuong
dugc ding dé song song hoa cac vong lap c6 cac
lan lap tuong ddi doc 1ap (OpenMP Architecture
Review Board, 2024). Tuy nhién, song song hoa
khong phai ltc nao cling 1am chuong trinh nhanh
hon do chi phi tao luéng, 1ap lich va déng b0; hiéu
qud con phu thudc vao kich thude bai toan, can
bang tai, bang théng bd nhé va phu thude dir ligu
(Nguyén Kim Khanh, n.d.; Pham Vin Cuong, n.d.).

Dé bao dam tinh dung dan, OpenMP cung cip
cac co ché critical, atomic, barrier, reduction va
ordered. Néu nhiéu ludng dong thoi truy cap va cap
nhat dit liéu dung chung ma khong c6 co ché phu
hop, co thé xay ra race condition. Trong cic bai
toan tinh téng hodc phép toan két hop, reduction
cho phep mdi ludng tao két qua cyc bo roi két h0’p
& cudi, qua d6 giam tranh chap va chi phi dong
bd so voi su dung critical (Ngd Van Thanh, 2009;
OpenMP Architecture Review Board, 2024).

OpenMP ciing cho phép xac dinh pham vi
dir liéu bﬁng cac thudc tinh shared, private,
firstprivate va reduction. Trong do, shared cho
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phép cac ludng cung truy cdp mot bién; private tao
ban sao riéng cho timg ludng; firstprivate tao ban
sao riéng va khai tao tir gia tri ban dau; reduction
tao cac ban sao cuc bd va két hop két qua. Xac
dinh ding pham vi dir li¢u gitip han ché 13i canh
tranh, giam dong bo khong can thiét va nang cao
hiéu ning chuong trinh (OpenMP Architecture
Review Board, 2024).

IV. XU HUONG OPENMP TRONG TiNH
TOAN HIEN PAI

OpenMP dang chuyén tir mo hinh chi yéu
khai thac CPU da 161 sang m6 hinh hd trg cac hé
thong di thé. OpenMP 4.x di dua vao kha ning
offloading 1én thiét bi ting toc va cac phién ban
moi tiép tuc mo rong kha nang quan 1y dir liéu,
thiét bi va b nhd. OpenMP 6.0 tiép tuc phat trién
cac kha nang vé tasking, phu thudc task, tmyén
dir liéu va quan ly tai nguyén by nhé (OpenMP
Architecture Review Board, 2024).

Diéu nay co y nghia dic biét trong bdi canh
cac ing dung tri tu¢ nhan tao, m6 phdong va phan
tich dir liéu ngay cang st dung GPU hodc cac bd
tang toc. Thay vi phai xay dung toan bo chuong
trinh theo mot md hinh phan cimg riéng, OpenMP
huéng t6i viée cung cap mot 16p 1ap trinh co tinh
kha chuyén, cho phép lap trinh vién mé ta mirc
song song va dir liéu can xir Iy trén thiét bi dich
(OpenMP Architecture Review Board, 2024).

Mot xu hudng khac la khai thac task-based
parallelism. V&1 nhiing bai todn ma cac cong viéc
dugc tao dong hodc cé quan h¢ phu thudc phic tap,
viéc mo ta ting task va quan h¢ phu thudc giup hé
théng thoi gian chay ¢6 thé 1ap lich linh hoat hon. Day
1a huong phu hop véi cac tmg dung ¢6 cau trac khong
déu va yéu cau khai thic dong thoi nhiéu loai tai
nguyén (OpenMP Architecture Review Board, 2024).

Do d6, viéc hoc OpenMP hién nay khong nén
dimg & cac chi thi parallel va for, ma can huéng
dén ba nang lyc: phéan tich kha ning song song
cua bai toan, td chue dir liéu va déng bd dung,
va khai thac tai nguyén di thé khi can thiét. Cach
tiép can nay giup kién thirc OpenMP gén véi yéu
cau thyc té cta tinh ton hiéu ning cao va cac ing
dung dir li¢u 16n.

V. KET LUAN

Tinh todn song song la mot hudng quan trong
cua kién tric va phat trién phﬁn mém hién dai, dic
biét trong bdi canh bo xir 1y da 16i, GPU, dién toan
hiéu nang cao va tri tu¢ nhan tao phat trién manh.
Viéc phan loai kién trac theo dong 1énh, dong dit
liéu va to chirc bo nhé gitp 1am rd nén tang phan
cting; trong khi cic mo hinh dong bg, khong dong
b va task-based cung cap nhiing cach thirc khac
nhau dé khai thac mirc song song ctia bai toan.

OpenMP cung cap mot mo hinh lap trinh tuong
d6i don gian nhung c6 kha nang mé rong, tir 1ap
trinh da ludng trén CPU dén hd tro thiét bi ting
toc va hé thong di thé. Cac co ché viing song song,
chia s¢ cong viée, quan 1y dit liéu va dong bo 1a
nén tang dé xay du’ng chuong trinh dung va hiéu
qua. Su phat trién cia OpenMP 6.0 cho thiy lap
trinh song song dang chuyén manh sang tasking,
thue thi bat déng bd, quan 1y b nhd va offloading
(OpenMP Architecture Review Board, 2024).

Trong dio tao cong nghé thong tin, viéc két
hop kién thuc kién tric song song vé6i thuc hanh
OpenMP c6 thé giup nguoi hoc chuyén tir tu duy
lap trinh tuan ty sang tu duy phén chia cong viéc,
quan ly dir liu va danh gia hiéu nang. Pay cling
1a co so dé tiép can cac mo hinh tinh toan hién dai
nhu GPU computing, heterogeneous computing
va high-performance computing.
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