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Mé dau

Ngay nay v&i su phat trién ctia cong nghé thong tin, cac mdy tinh da nhén,
da 161 (multiple processor) dang dan dan thay thé cho bo xir 1y don 16i

(single processor) vi cac ly do khéac nhau nhu:

> Tbc dd cua bo xur Iy don 16i (single processor) di dén gidi han.

> Pap tmg nhu cau tinh toan nhanh cta nguoi dung.

> Giai quyét cac bai toan Ién ma vai bo xir ly don 16i khdng dap tmg duoc.
> Giam chi phi dau tu nhung van dat hiéu qua trong tinh toan.

Tuy nhién véi 16i lap trinh truyén thong 12 lap trinh tuan ty thi hau hét cac
chuong trinh tmg dung déu duoc lap trinh, thiét ké trén bo xa Iy don 16i

(single processor). Nhu vay sé& khong khai thac hét hiéu nang tinh toan ma
bo xu Iy da nhan, da 16i mang lai dong thoi kho dap tmg dugc yéu cau tinh toan
cta nguoi dung.

Mot thach thire, mot yéu cau dit ra 1a 1am thé nao dé khai thac duoc hiéu
nang tinh todn ma bo xu ly da nhén, da 16i mang lai. Khdng con cach nao khac
|l thay vi lap trinh, tinh todn tuan tu chuyén sang lap trinh, tinh toan song song.

Lap trinh, tinh to4n song song ra doi nham khai thac, phat huy hiéu ning
tinh toan cua bo xu ly da 16i, dong thoi giam thoi gian tinh todn cta cac bai toan
c6 khéi luong dit ligu 16n.

Céac cong cu hd tro lap trinh, tinh toan song song c6 thé ké dén nhu: Thu
vién MPI (Message Passing Interface), PMV (Parallel Virtual Machine), mot s6
dugc tich hop sin thanh chuan trong cac ngdn ngit lap trinh nhu thu vién
OpenMP (Open Multiple Processing) trong C/C++, FOTRAN. Trong khudn kho
bai khoa luan em sé& di tim hiéu, 4p dung lap trinh, tinh toan song song, trén co
so sir dung thu vién OpenMP trong viéc giam thoi gian tinh toan cua bai toan

tim s6 nguyén té c6 sb chir s6 16n. Néi dung cua bai khoa luan bao gdm:
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Chuong 1: Tim hiéu lap trinh song song, tinh toan song song.

» Chuong nay gigi thiéu mot cach tong quan vé lap trinh va tinh toan song
song nhu su phan chia ciu tric tinh toan song song, cac md hinh lap trinh

tinh toan song song.
Chuong 2: Giéi thiéu vé thu vién ma ngudn ma OpenMP.

» Chuong nay s& di sau, nghién ctru céu tric, cac thanh phan cua thu vién
ma nguén mo OpenMP nhu céc chi thi bién dich, cac ham thu vién

runtime va céc bién moi truong.

Chuong 3: Phét biéu, md ta va cai dat thuc nghiém bai toan tinh giai thira

va bai toan tim sé nguyén té c6 s6 chix s6 16m.
> Chuong nay s€ di vao mo ta, phan tich va cai dat bai toan tinh giai thira
ctia mot s6 nguyén 16n va bai toan tim sé nguyén td ¢6 sé chit s6 16n theo
ca hai hudng tuan tu va song song. Tir d6 dua ra sy so sanh, déi chiéu vé

mat thoi gian cua hai bai toan theo hai hudng thuc hién.

Két luan: Néu Ién nhitng van dé da nghién ciru va két qua dat dugc, nhimg

han ché, thiéu sot va phuong hudng phat trién trong tuong lai.
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CHUONG 1: Toéng quan vé lap trinh song song, tinh toan song song.

1.1 Pinh nghia:
1.1.1 Thé nao 1a 1ap trinh, tinh toan song song ?

Tinh toan song song la su thuc hién mot cach dong thoi hai hodc nhiéu
phép toan, cong viéc vao mot thdi diém, duoc thuc hién boi cac bd xur 1y khac

nhau.

1.1.2 Tai sao phai lap trinh, tinh toan song song ?

Theo xu huéng phét trién caa céng nghé thong tin, cac bo xur 1y da nhan,
da 16i (multiple processor) dang dan dan thay thé cac bo xir 1y don 18i (single
processor) tuy nhién véi 16i lap trinh truyén théng (1ap trinh tuan tw), cac cau
1€nh, cac qua trinh xr 1y dugc thuc hién mdt cach lan luot, tudn tu nhu vay s€
khong phat huy hét cong ning, hiéu ning cua bd vi xir Iy da nhan, da 15i
(multiple processor). Lap trinh, tinh toan song song ra doi nhu mdt 101 giai cho
yéu cau, thach thic dit ra 1a 1am thé nao dé phat huy cong ning, hiéu ning cua

bd da xtr Iy (multiple processor).

Trén thuc té, co rat nhiéu bai toan voi dir liéu 16n, d6 phire tap tinh toan
cao ma doi hoi thoi gian xir Iy ngan, do chinh xac cao. Vd: cac bai toan lién
quan téi xtr 1y anh, xir 1y tin hiéu, du béo thoi tiét, mdé phong giao thong, md
phong sy chuyén dong cia cac phan tir, nguyén tir, md phong ban d6 gen, cac
bai toan li€én quan dén co s& dit liéu va khai thac co so dir liéu. . . v6i bo xir ly
don 15i thi kho c6 thé thuc hién va cho két qua nhuw mong mudn duoc.

Lap trinh, tinh toan song song 1a 161 giai dap cho bai toan tang hi€u nang
xtr Iy dong thoi rat ngin thoi gian x 1y tinh toan cua nguoi dung.

1.1.3 Sir dung lap trinh, tinh toan song song dé lam gi ?
Phat huy cong nang, hi¢u nang cta bd xur Iy da nhan, da 151.
Giai quyét mot s6 bai toan 1én ma bd xu 1y don 13i (single processor)

khong thuc hién duoc
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Tang hiéu qua tinh toan dong thoi giam thoi gian tinh toan.

1.1.4 So sanh lap trinh tinh toan tuan tw va lap trinh tinh toan song song.

Lap trinh tinh toan tuén tu

Lap trinh tinh todn song song

Chuong trinh ing dung chay
trén bo xu ly don (single

processor).

Céc chi thi Iénh dugc bo xu ly
(CPU) thuc hién mot cach lan

luot, tuan tu.

MOi chi thi 1énh chi thuc thién
trén duy nhat mot thanh phan
dir liéu.

Lap trinh vién chi can dam
bao viét dung md lénh theo
giai thudt chuong trinh la
chuong trinh c6 thé dich, chay

va cho ra két qua.

Thuong dugc ap dung ddi voi
cac bai toan c6 dir li€u nho, do
phtc tap binh thuong va thoi
gian cho phép.

> Chuong trinh Gng dung chay

trén hai hodc nhiéu bo xur 1y.

> Cac chi thi 1énh dugc cac bo vi
xtr ly thuc hién mot cach song

song, dong thoi.

> M®i chi thi Iénh c6 thé thao tac
trén hai hodc nhiéu thanh phan
dar liéu khac nhau.

> Ngoai viéc dam bao viét dung
ma Iénh theo giai thuat, lap
trinh vién con phai chi ra trong
chuong trinh doan mé nao dugc
thue hién song song, dong thoi.

> Thuong duoc ap dung d6i véi
cac bai toan c6 dir liéu 16n, do

phtrc tap cao va thoi gian ngan.

Pham Hai Hung - Lép CT902
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1.2 Su phén chia cu tric tinh toin song song.
1.2.1 Phan chia dya trén quan hé giira chi thi 1énh va dir liu

Dua vao moi quan h¢ gitra chi thi 1énh va dit li¢u chia lam céc loai :
> Don chi thi 1é€nh, da dir liéu SIMD (Single Instruction, Multiple Data).
> Dachi thi [énh, don dit lieu MISD (Multiple Instruction, Single Data).
> Da chi thi Iénh, da dir licu MIMD (Multiple Instruction, Multiple Data).

1.2.1.1 Don chi thi Iénh, da dir liéu SIMD (Single Instruction, Multiple
Data).

next instruct

next instruct

next instruct

P1

P2

Pn

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)| H
store C(1) store C(2) store C(n)

Hinh 1.1 CAu trdc don chi thj [énh, da dit liéu

\4

La mot loai cia bo xtr 1y song song.
> Khi mot chi thi phat ra, tat ca cac qué trinh x1r 1y duogc thuc hién.

> MGdi qué trinh xtr 1y s& thuc hién trén mot thanh phan dit liéu khac nhau

cua cung mdt cau truc dir liéu.

Duoc chia lam hai loai:

v

e \Vector SIMD.

e Parallel SIM.
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1.2.1.1.1 Vector SIMD

AT B(7)

A(G) B
A5 B{s:
ERPICTEENH CINNE € A} + Bid)
grponent adjest A3+ B
add marrtissa A{2}y = B(2)
AnEmalize A1y~ B

Hinh 1.2 M® hinh vector SIMD

> MOt chi thi 1énh phét ra, nhiéu thao tac bat dau cap nhat.
> Chuan tuan ty thao tac, xir Iy trén mot thanh phan dit liéu, vector SIMD
thao tac, xtr ly trén vector, nhom dir liu.

1.2.1.1.2 Parallel SIMD.

nexl irnsr |next insir | | next instr |

lam e | [Aa@B@| [A®+BE)]
1 prev inst | | prey instr | | prey instr |
processor 1 processor 2 rocessor 3

Hinh 1.3 MG hinh parallel SIMD

> Khi mot chi thi Iénh phat ra, tat ca cac bo vi xir 1y thuc hién thao tac trén

cac dir liéu khac nhau.
> Cac bg xu 1y chay déng b0 trén mot nhip cua déng ho hé théng.

> Nguoi sir dung khong phai chiu trach nhiém vé van dé dong bo.
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1.2.1.2 Pa chi thi I€énh, don dir liéu MISD (Multiple Instruction, Single

Data).

prev instruct prev instruct prev instruct
load A(1) load A(1) load A(1)

C(1)=A(1)"1 C(2)=A(1)*2 C(n)=A(1)*n g

o

store C(1) store C(2) store C(n)

next instruct next instruct next instruct M

P1 P2 Pn

Hinh 1.4 M©6 hinh da chi thi don dit liéu

> Mot dong dit liéu duge cung cap cho nhiéu qua trinh xur 1y.

> MOi qua trinh xir Iy s& thao tac trén dit liéu mot cach doc lap br?lng chi thi

1énh khac nhau.
> Chuan nay thuong it dugc sir dung.

1.2.1.3 Pa chi thi I€nh, da dir ligu MIMD (Multiple Instruction, Multiple

Pham Hai Hung - Lép CT902

Hinh 1.5 M0 hinh da chi thi, da dir liéu

Data).
prev instruct prev instruct prev instruct
load A(1) call funcD do 10 i=1,N
load B(1) x=y*z alpha=w**3 -
C(1)=A(1)*B(1) sum=x*2 zeta=C(i) g
store C(1) call sub1(i,j) 10 continue
next instruct next instruct next instruct
P1 P2 Pn
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>

>

1.2.2

>

Day 1a cdu triic phd bién nhét ctia may tinh song song

Cau truc nay thuc hién dua trén sy két ndi ciia nhiéu bd vi xur Iy khac

nhau.

MOi bd xtr Iy sé thuc thi trén cac chi thi 1énh khac nhau.
Mbi bd xir 1y s& thuc hién trén cac dong dir liéu khac nhau.
Qua trinh thyc hién c6 thé 1a dong bo hodc khong dong bo.
Thuan loi:

e Céac bo xir Iy c6 thé thuc hién xtr Iy mot cach dong thoi.

e MOoi bo xtr Iy thuc hién mot cach doc 1ap ma khong quan tdm téi bod

xur Iy khac dang lam gi.
Kho khan:
e Kho khin trong qua trinh dong bo va can bang tai (Load banacing)
e Kho khin cho thiét ké chuong trinh.

Sw phén chia dua trén mdi quan hé giira bd xir Iy va b nhé.

Dua trén méi quan hé giira bo xir Iy va bo nhd duoc chia 1am céc loai :
Dung chung bo nhé (Shared Memory).
Phan bd bd nhd (Distributed Memory).

Két hop ca hai (Hybrid Distributed — Shared Memory).

1.2.2.1 Dung chung by nhé (Shared Memory).

>

Dung chung bd nhé (Shared memory) 1a tit ca cac bd xtr Iy déu c6 thé
truy cap b nhd va goi 1a bo nhé toan cuc.
Cac bo xtur ly c6 thé thao tac, hoat dong mot cach doc 1ap nhung dung

chung tai nguyén bg nhd.
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> Su thay doi trong bd nhd ciia mdt bd vi xtr 1y s€ thong bao cho tat ca cac
b vi xtr y khac biét.
> Céu trac dung chung bd nhd (Shared memory) duoc chia 1am hai loai.
e Truy cap bd nhd dong bo (Uniform Memory Access).
e Truy cap bo nhd khong ddng bo (Non Uniform Memory Access).
1.2.2.1.1 Truy cip bd nhé dong bd (Uniform Memory Access).

Hinh 1.6 M0 hinh truy cap bd nhd dong bo.

> Thuong dugc goi la SMP

> Cb6 cac bo vi xtr Iy gibng nhau.

> Bang nhau vé toc do truy cap bd nhé va thoi gian truy cap bo nhd.
> Thinh thoang con dugc goi la CC — UMA (Cache Coherent UMA).

> CC — UMA nghia 12 néu mét vi xtr Iy cap nhat vi tri trong bo nhd dung

chung thi tat ca cac bd vi xir 1y khac sé& biét dugc thong tin cap nhat.
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1.2.2.1.2 Truy cap b nhé khong dong bd (Non Uniform Memory Access)

Bus Interconnect

Hinh 1.7 M0 hinh truy cap bo nhé khong dong bo.

A\

Thuong 1a sy két ndi mang ctia hai hay nhiéu SMP
> Mbi SMP khdng thé truy cap truc tiép bd nhé tir cac SMP khac.

> Khong phai tit ca cac bo xir ky déu cé thoi gian truy cap tit ca bo nhé

dung chung nhu nhau.
> Su truy cap bd nhé thong qua két ndi s& cham hon.

> Cac SMP trao ddi thong qua truyén va nhan thong diép (Message
Passing).

1.2.2.2 Phan bo b nhé (Distributed Memory).

Hinh 1.8 M& hinh phan b b nha.
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>

>

Phan bd bd nhé (Distributed Memoy) 1a su két ni mang nhiéu bo nhd
cua cac by vi xur ly.

Mbi bo xir Iy €6 bd nhé cuc bo riéng, bd nhé cuc bo ctia bd xir 1y nay sé
khéng c6 su truy cp, st dung d6i v6i bd xir Iy khac va nguoc lai do vay
s€ khong co6 khai niém dia chi b nhé toan cuc cho cac b vi xtr 1y.

Vi mbi bo xir Iy ¢6 bo nhé cuc bd riéng nén cac bo xir 1y thao tdc mot
cach ddc lap. Su truy cap, thay ddi trén bo nhé cuc bd ciia mdi bo xur 1y sé&
khong lam anh hudng to1 cac bd xur 1y khac va nguge lai.

Khi mét bd xir Iy can trao doi voi bd xir Iy khac, thong thuong cong viée
cua nguoi 1ap trinh s€ phai dinh nghia o khi nao, bao gio dir li¢u dugc

trao doi.

Nguoi 1ap trinh sé& chiu trach nhiém déng b giita cic cong viéc.

Thong thudng mé hinh két ndi giita cac bd xir 1y 1a mang Ethernet.

Uu diém :

e S6 b nhé sé can béng voi 6 bo xtr ly. Su tang 1én vé s luong bd xur
ly thi kich c¢& b nhé sé& ting 1én mot cach can d6i.

e MOi bo xtr Iy truy rat nhanh bd nhé cta chung ma khong ¢ bat cir sy
can thiép nio va khong c6 thoi gian cho dé truy cap.

Nhuoc diém:

e Nguoi 1ap trinh s€ phai chiu trach nhi¢m trao déi dir lidu gitra cac bd
xur ly.

e Rét kho cho viéc t6 chire dir liéu dbi voi kiéu to chirc bd nhd nay.

e La md hinh truy cép bd nhé khong ddng bd (Non—Uniform Memory
Access)
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1.2.2.3 Két hop ca hai mé hinh (Hybrid Distributed — Shared Memory).

Hinh 1.9 M6 hinh két hop.

Day 1a mo hinh két no1 rdng va chac chan cua nhiéu may tinh khac nhau.

MJi thanh phan Shared Memory 1a mot may tinh c¢6 cau tric SMP. Cac

bo xur ly trén mot SMP ¢6 dia chi toan cuc trén chinh may SMP do.

Thanh phan Distributed Memory 1a mang két ndi ctia nhiéu SMP. Cac
SMP biét duy nhat bd nhé toan cuc cta ching ma khong biét bo nhé toan
cuc cta cac SMP khéc. Do vy mé hinh ndy can co su trao ddi dir liu
gitra cac SMP khéc nhau.

Hién tai né 1a xu hudng phat trién ctia ciu trac bd nhd trong tinh toan
song song trong tuong lai.

Uu diém va nhugc diém: day 1a mo6 hinh két hop ctia hai mo hinh Shared
Memory va Distributed memory nén né mang nhiing wu, nhugc diém cua

cd hai mo hinh nay

1.3 Cac md hinh lap trinh song song.

M6t s6 mé hinh 1ap trinh song song thuong sir dung la:

>

Mo hinh dung chung b nhé (Shared Memory)
Mo hinh ludng (Thread).
Mo hinh truyén thong diép (Message passing).

MO0 hinh song song dit liéu (Data Parallel).
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131

>

1.3.2

>

Mo hinh dung chung bo nhé (Shared Memory)

Trong md hinh 14p trinh dung chung bd nhd, cac thao tac, nhiém vu sir
dung chung bd nhd. Chung truy cép, doc, ghi vao bd nhd mot cach dong
bo.

Cac khoa, c& hiéu dugc dung dé didu khién sy truy cap bd nhd.

M6t diém thuan loi trong mo hinh 1ap trinh nay 1a khong co6 su nam gitr
dir liéu, do vay khong can phai chi rd sy trao d6i dit liéu giira cac cong
viéc. Nhu vay lap trinh vién dé phat trién (mg dung ctia minh hon.

Mot diém bét loi trong mé hinh lap trinh ndy 14 rat khé dé hiéu va quan ly
dir liéu.

Su diéu khién dir liéu rat kho khin va nam ngoai tim cuia ngudi sir dung.
Trong mo hinh 1ap trinh ndy, chuong trinh dich s& chuyén bién trong

chuong trinh thanh dia chi bo nh¢ va doé 1a dia chi toan cuc.

M® hinh ludng (Thread)

a.out

awi}

Hinh 1.10 Mb hinh luong.

Trong md hinh ludng, mdt qua trinh xir 1y c6 thé thyc thi nhiéu luéng

khac nhau mot cach dong thoi.
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> Ludng (Thread) 1a mot khai niém dung dé mé ta mot chuwong trinh chinh
c¢6 nhiéu chuong trinh, thu tuc con ma khi thuc hién chuong trinh chinh,

cac chuong trinh, thu tuc con dugc thuc hién song song.

e Khi chuong trinh chinh thuc thi, n6 thuc hién mbt sd bude tudn tu va
tao ra cac Thread ma sau d6 duoc thyc hién mot cach dong thoi.

e Modi Thread c6 dit liéu cuc bd nhung chung dung chung tai nguyén
cua chuong trinh chinh.

e Cong viéc cua mdi Thread la chuong trinh, thi tuc con trong chuong

trinh chinh. Mdi Thread ¢ thé thyc thi cic chuong trinh, tha tuc con

cung khoang thoi gian véi cac Thread khéc.

e Cac Thread trao doi v6i nhau thong qua bd nhé toan cuc bang cach

cap nhat dia chi bd nhd toan cuc.

1.3.3 M6 hinh truyén thong diép (Message Passing)

Machine A Machine B
task 0 task 1
recv()
network
task 3

Hinh 1.11 Mé hinh truyén théng diép.
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> MO0 hinh truyén thong diép dugc dinh nghia 1a
e Dit qua trinh xur Iy st dung mot bd nhé cuc bo.
e Céac bo xir 1y trao d6i v6i nhau thong qua viéc giri va nhan cac thong
diép.
e Sudi chuyén dir liéu yéu cau su két hop thao tac thuc hién ctia moi
qua trinh xtr 1y (truyén nhan thong diép mot cach nhip nhang).

> Lap trinh v6i md hinh truyén thong diép s& lién két t6i cac thu vién dé
quan ly dit liéu trao doi gitta cac bo xur 1y. Cac thu vién nay c6 sin trong

mot s6 ngdn ngir 1ap trinh.

1.3.4 M6 hinh song song dir liéu (Data Parallel).

h 4 h Y f \
/ . . \
/ h / by /
e e ™ v e .
o, y M
- N\ _/ - N\
do i=1,25 do i=26,50 do i=m,n
Al=B(i)*de Afiy=B(i)*delta Afiy=B(i)*delta
end do end do end do
task 1 task 2 ———— task n

Hinh 1. 12 M6 hinh song song dir liéu.

> MO0 hinh song song dir liéu (Data parallel) dugc dinh nghia la:
o Moi qua trinh x1r Iy cong viéc dugc thyc hién trén mot thanh phﬁn cua
cAu trac dir liéu.

e Thudng 4p dung véi chuong trinh nhiéu dir liu Single Program
Multiple Data (SPMD)

e Dt li¢u cua chuong trinh sé dugc chia cho cac bd xur 1y.
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e Ngudi 1ap trinh khong thiy dugc qua trinh trao d6i dit liéu.

e Thudng duge xay dung theo kiéu “on top of ” mot kiéu cua thu vién
Message Passing.
> Khi lap trinh véi md hinh nay, ngudi 1ap trinh phai viét chuong trinh véi
cdu trac dit liéu song song va dich voi chuong trinh dich dit liéu song
song (Data parallel Compiler).
> Chuong trinh dich s€ dich chuong trinh thanh ma chuan va goi to1 thu
vién Message Passing dé chia dit liéu cho tat ca qua trinh xir 1y.

1.4 M@t sé van dé lién quan dén lap trinh va tinh toan song song.
1.4.1 Dinh lujt Amdahl’s
Pinh luat dugc Amdahl’s phét biéu vao nim 1967 nham danh gia hiéu

nang ciia viéc tinh toan song song. Pinh lut duoc phat biéu nhu sau:

Hiéu ning tinh toan cta chuwong trinh dugc dinh nghia 13 phan sb cua

doan m@ ma dugc thuc thi song song.

Speedupziflﬁ-

> Néu khong c6 doan ma duoc thuc thi song song, P = 0 speedup = 1
(Khéng cai thién dugce toc do)

> Néu tat ca cac doan ma duogc thuc thi song song, P = 1 speedup ting lén
dén vo cung.

> Néu 50% doan ma duoc thuc thi song song, speedup dat gia tri max.
Cong thirc néu 1én mdi quan hé gitra hiéu nang tinh toan véi bo xir 1y.
Speedup=

E+S
N
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Trong do:
> P:1a phan s song song.
> N:1asbboxuly.
> S:1a phén s6 tuan tu.
1.4.2 Can bang tai.

Thong thuong trong qua trinh thuc hién xtr ly song song, dir liéu duoc
phén bé trén cic bd nhd cuc bd cua cac bd vi xir 1y, khi d6 khédi luong cong viee
can phai phan phdi hop 1y trong suét qua trinh tinh toan. Tuy nhién trong thuc té
khong phai lac nao diéu nay ciing duoc thuc hién, vi vay sé xay ra trudng hop
mot s6 bo xur 1y thuc hién qua tai trong khi d6 mot s6 bo xur 1y lai khong thuc
hién hét kha ning tinh toan ctia minh. Giai phap dugc dit ra 1a can bang tai dong

dé phéan phdi cong viéc cho phu hop véi cac bo xir 1y.
Théng thuong khi phan phdi xong cong viéc cho cac bo xur 1y, qua trinh
can bé'mg tai dong s€ thuc hién theo cac budc sau day.

> Giam sat hiéu niang ctia mdi bo xir 1y.

> Trao doi thong tin trang théi gitta cac bo xur 1y.

> Tinh toan va ra quyét dinh phan phdi lai cong viéc.

> Thuc hién chuyén dbi dir liéu cho cac bo xtr 1y.

Pé thuc hién dugc didu nay c6 rat nhiéu thuit toan duoc dua ra tuy nhién
chung dugc phan 16p thanh cac 16p sau:

» Can bang tai tap trung: Nham dua ra cac quyét dinh c6 tinh chét tong thé
trong viéc thuc hién phan phdi cac cong viéc cho cac bd xir Iy. Cac thuét
toan trong 16p nay sir dung thong tin hé thong cé tinh chat toan cuc dé luu
lai trang thai ctua cac bo xu 1y. Céac thong tin nay sé cho phép thuat toan
phan phdi lai cong viéc cho cac bo xur Iy mot cach d& dang. Tuy nhién

khéi luong cong viéc tang theo ty 1¢ thuan véi sé luong cac bo xur 1y do
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vy can phai c6 sd luong 16n bo nhé trén cac b xir Iy dé luu trit théng

tin. Vi vay cac thuat toan thudc 16p nay it dugc st dung.

> Can bang tai phan tan hoan toan: Trong chién lugc nay mdi bo xur 1y co
mot ban sao vé thong tin trang thai cta hé théng. Cac bo xtr 1y trao doi
thong tin trang thai vdi nhau va sir dung cac thong tin nay dé lam thay doi
mot cach cuc bd viéc phan chia cong viéc. tuy nhién cac bo xu 1y chi co
thong tin cuc bd nén viéc can bang tai khong tot bang cac thuét toan can

bang tai tap trung.

> Can bang tai phan tan mot nira: Cac thuat toan nay chia cac bo xu 1y ra
thanh timg mién, mdi mién st dung thuat toan can bang tai tap trung dé
phan chia khoi lugng cong viéc cho cac bo xur 1y.
1.43 Sw bé tic.

Su bé tic xay ra khi c6 hon mot hodc nhiéu bd xir Iy cung str dung chung
mot tai nguyén hé théng ma khong c6 su kiém soat tét. Sy bé tic xdy ra trong
cac hé diéu hanh da nhiém, céc hé théng da bo xir ly va da may tinh.

Pbi véi cac hé thong da may tinh, su bé tac pho bién 1a bé tac ving dém.
Su bé tic ving dém xay ra khi mot tién trinh doi mot thong diép ma thong diép
nay co thé khong bao gio nhan dugc khi viing dém cua hé théng da bi dﬁy.

Céc diéu kién gay 1én sy bé tic.

> Su loai trir 13n nhau: Mdi tién trinh c6 su doc quyén khi str dung tai
nguyén riéng cua no.

> Khong c6 sy vu tién: Mdi tién trinh khong bao gid giai phong tai nguyén
ma tién trinh d6 dang chiém giir cho dén khi khong con st dung chiing
ntra.

> Su chd doi tai nguyén: Mbi tién trinh dang chiém giit tai nguyén trong khi

lai doi tién trinh khac giai phong tai nguyén cho chung.
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> Su cho doi giita cac tién trinh: Tién trinh doi tai nguyén ma tién trinh ké
tiép dang chiém gilt ma tai nguyén d6 khong duogc giai phong.

Mot s6 cach khac phuc:

Céch thir nhét ta sir dung 1a do tim su bé tic khi chung xay ra va khoi
phuc lai. Mot cach khéc 1a sir dung céc thong tin yéu cau tai nguyén cia cac tién
trinh dé phan phdi tai nguyén cho hop 1y tranh roi vao tinh trang bé tic. Céch
thir ba 1a ngan cam khong dé xay ra dong thoi ba diéu kién cubi trong cac dicu

kién ndy sinh bé tac.
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CHUONG 2: Thu vién Ma ngudén mé OpenMP

2.1 Téng quan vé OpenMP.
2.1.1 Giéi thiéu

C6 rat nhidu cong cu hd tro ching ta trong lap trinh va tinh toan song
song, mot trong nhimg céng cu hd tro hiru hiéu 13 thu vién mi ngudn mo
OpenMP. OpenMP duoc cic nha phat trién tich hop thanh chuan trong cac ngon
ngit 1ap trinh pho bién nhu Fortran, C/C™ . . V& hd trg hau hét cac hé diéu hanh.
Trong khuén kho chwong trinh em xin trinh bay cic cau trac, chi thi cua

OpenMP trong C++.

2.1.2 Pinh nghia.

OpenMP (Open Multi — Processing) la mot giao dién 1ap trinh tng dung
Application Program Interface (API) dugc st dung dé diéu khién cac ludng
(Thread) dya trén cu trac chia sé bd nhd chung. Cac thanh phan caa OpenMP
gém:

> Cac chi thi bién dich (Compiler Directive).
> Thu vién runtime (Runtime Library Rountines).

> Céc bién moi truong (Enviroment Variables).

Pugc dinh nghia dya trén mot nhom pham tri phan ctimg va phan mém,
OpenMP 13 mot thu vién, gitp cho ngudi lap trinh don gian va mém déo dé phat
trién chuong trinh song song chay trén may PC hd tro nhiéu bo xir 1y.

2.1.3 Lich sir phat trién

OpenMP do ARB (Architecture Review Board) mot nhém cac nha phét
trién may tinh phat hanh véi tén API.

Phién ban dau tién 1. 0 danh cho Fortran dugc cong bd vao thang 10 nim

1997. Vao thang 10 ndm 1998 C/C ** tich hop thanh chuan ctia minh.

Phién ban 2. 0 duoc Fortran cong b vao nam 2000 va dén nam 2002
C/C™ ciing tung ra phién ban 2. 0 ciia minh.
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Phién ban 2. 5 duoc ca Fortran va C/C ** cong bd vao nam 2005.

Phién ban 3. 0 dugc cong bd vao nim 2008 va né la phién ban hi¢n tai
dugc tich hop thém nhiéu tinh ning moi.
2.1.4 Muc dich caa OpenMP.

OpenMP ra doi v6i muyc tiéu cung cAp mot chuan chung cho rat nhiéu
kién trGc va nén tang phan ctng. N6 1a thu vién ma3 ngudn mé cung cap rat
nhiéu cac ham, cic chi thi giup cho ngudi 1ap trinh linh dong va dé dang phat
trién mg dung song song clia minh.

2.2 M0 hinh lap trinh song song trong OpenMP.
Mo hinh st dung dé lap trinh trong OpenMP 13 mé hinh FORK — JOIN.

—=

{ parallel region } { parallel region }

E—

master
thread

Hinh 2.1 MG hinh fork - join

> Trong mo hinh ndy, tat ca cac chuong trinh khi bat ddu chay s& duoc xir
Iy tuan tu boi ludng cha (Master Thread) cho dén khi bat gip ving song
song.

> Fork: ludng chi s& tao ra cac ludng thuc hién song song. Cac doan ma
song song trong chuong trinh s& duoc cic ludng nay thuc thi mot cach
ddng thoi.

> Join: Khi céc ludng thyc thi cdc doan ma trong ving song song két thiic

chlng sé duoc dé)ng b0 sau do cong viée lai dugc thyc thi boi luéng chu.
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2.3 Cac chi thi bién dich (Compiler Directive).

Chi thi bién dich 1a bat budc c6 dbi voi mdi chuong trinh img dung song

song. Chi thi bién dich s& bao cho trinh bién dich biét su bat dau cua khdi ma

thuc hién song song.

23.1

Khuo6n dang cia chi thi.
Chi thi trong OpenMP dugc cho dudi dang sau:

#pragma omp directive- name [clause...] newline

#pragma omp: Pay 1a yéu cau bat budc ddi véi moi chi thi trong
OpenMP. Chi thi nay s& bao cho chuong trinh biét bat dau cia khdi ma

song song.

Directive-name: Tén cta chi thi, tén cua chi thi pahi xuit hién sau

#pragma va dimg trude bat ky ménh dé nao.

Clause: Cac chi thi nay khong bat budc trong chi thi, cac chi thi ndy s&

dua ra pham vi hoat dong cua céac bién doi véi cac thread.

newline: Yéu cau bat boc dbi vai mdi cau trac chi thi. N6 1a tip ma 1énh

nam trong khoi cau tric dugc bao boc boi chi thi.
Vi du:

#pragma omp parallel shared (a, b) private(i)

// céc khdi ma dugc thuc hién song song.
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2.3.2 Pham vi cua chi thi.
Pham vi tinh (Static extent).

> Pham vi tinh cta chi thi duge tinh tir bit dau khi khai bao chi thi cho dén
khi gap dau két thuc cua chi thi trong viing song song.
Chi thi don doc (ophaned directive).

> Chi thi don ddc 1a chi thi xuit hién mot cach doc 1ap so voi1 cac chi thi
khéc. Thong thuong nd xuét hién trong cac ham con ciia chuwong trinh.

Chi thi don doc gitp mé rong doan ma thyc hién song song cua chuong
trinh.

Pham vi dong (dymanic extent).

> Pham vi dong cua chi thi bao gdm pham vi tinh cta chi thi va pham vi

don ddc cua chi thi.

Vi du:

Pham vi dong

Hinh 2.2 Pham vi cua chi thi.
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2.3.3 Céu tric ving song song.
Mot vung song song la mdt khdi md ma duoc thyc thi bai nhiéu threads.

Chtng c6 khuon dang nhu sau:
#pragma omp parallel [clause. . . ] newline
if (scalar_expression)
private (list)
shared (list)
default (shared | none)
firstprivate (list)
reduction (operator: list)
copyin (list)
num_threads (integer-expression)

structured _block

Vi du:

Horagma omp parallel

inifi “Hello”);

A v v L 4

v

Hinh 2.3 Cau triic viing song song.

Khi mot luéng gap chi thi PARALLEL n6 s€ tao ra mdt tdp cac luéng
trong d6 ludng dau tién 1a ludng chu cua tap cac ludng. Ludng chu ciing 1a mot

thanh phan cta tap cac ludong no6 cé chi so 1a 0, cac luong thir 1 sé c6 chi so 1a i-1.
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Khi bat ddu mot ving song song, doan mi ngudn cta ving song song s&
dugc sao ra lam nhiéu ban dé dua cho cac ludng thuc hién mot cach song song.
Tai vi tri cudi cua doan ma song song, mac dinh s€ c6 mot diém déng bo dé
ddng bo tat ca cac ludng, sau diém dong bd ndy, doan mi cia chwong trinh s&
duoc thuc hién tuan tu boi luéng chu. Vay mot van dé dit ra 1a c6 bao nhiéu
ludng duge thuc thi doan mé trong ving song song. Dé biét dugc didu nay,
OpenMP cung cip ham thu vién omp_get_num_threads() tra vé gia trj 1a tong s6
ludng dugc thuc thi trong ving song song va omp_get_thread_num() tra vé chi
s6 cua ludng hién tai dang thuc thi doan ma trong ving song song.
2.3.3.1 Vlng song song 1dng (Nested Parallel Region).

Ving song song song 16ng 13 ving song song xuét hién trong mot ving
song song khac. OpenMP cung cép cac ham thu vién cho phép thuc hién ving
song song long omp_set_nested() va omp_get_nested() dé kiém tra xem trong
doan ma thuc thi c6 xuét hién ving song song hay khong.
2.3.3.2 Vung song song dgng (Dynamic Parallel Region).

Binh thuong khi mot chuong trinh dugc chia ra thanh cac vung song song
thi mac dinh cac vung song song d6 s€ dugc thuc hién bdi cac luéng voi s
luong bang nhau. Tuy nhién OpenMP cho phép chung ta gan dong cac ludng
thuc hién cho mdi ving song song. Pé thy hién dugc diéu nay, ching ta sir dung
ham thu vién omp_set_dynamic() hodc dit gia tri cua bién moéi truong
OMP_DYNAMIC la TRUE.

2.3.4 Cau truc chia sé cong viée (Work Sharing Construct).

Céu trac chia sé cong viéc cho phép ngudi 1ap trinh chia cong viéc trong
viing song song cho cac ludng thyc hién nhu thé nao. Ciu trac chia sé cong viée
dugc thuc hién trong ving song song. C6 ba ciu trac chia sé cong viéc d6 1a cdu

tric DO/FOR, ciu trac SECTIONS va céu trac SINGLE.
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2.3.4.1 Chi thi Do/for.
Chi thi DO/FOR chi ra rﬁng cac cong viéc lap di 1ap lai duoc cho boi
vong l3p phai duoc thuc hién mot cach song song. Cau tric cua chi thi nay c6

dang nhu sau:

#pragma omp for [clause. . . ] newline
schedule (type [, chunk_size])
ordered
private (list)
firstprivate (list)
lastprivate (list)
shared (list)

reduction (operator: list)

nowait
for(;..... 1)
Ménh d¢¢ SCHEDULE

Ménh dé nay chi ra réng cac cong vi¢c 1ap di 1ap lai ctia vong 1ap duoc
thuc hién nhu thé nao. C6 ba kiéu phan chia.

> STATIC.

Pbi voi kiéu phan chia nay thi cac cong viéc lap di lap lai caa vong lap
dugc phan chia mot cach tinh cho céc ludng thuc hién dua vao bién chunk_size,
sau do6 s& gan cho céc ludng thuc hién theo kiéu quay vong dua vao chi s6 caa
cac ludng. Néu bién chunk_size khdng duoc chi dinh thi mic dinh hé thdng s&

gan mot giatrila 1.
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Vi du:

#pragma omp parallel

#pragma omp for schedule (static, 2)
for (inti=1; 1<8 ; i++)

a[i]=xxx;

a[1l]= a[3]1= a[3)=

a[Z]= a[4]= a[sl=

v v v

Hinh 2.4 M@ ta hoat dong cua cac ludng thuc thi véi schedule 12 static

> DYNAMIC.

Ciing tuong tu nhu STATIC, cac cong viéc lap di lap lai cua vong lap
duoc chia lam céc chunk_size céng viéc, nhung khac véi STATIC céac cdng viéc

& day duoc gan dong cho cac ludng thyc hién.

Vi du:

#pragma omp parallel
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#pragma omp for schedule (dynamic, 1)
for (int i=1;i<8 ; i++)

afi]=xxx;

Hinh 2.5 M@ ta hoat dong cua cac ludng thuc thi véi schedule 12 dynamic.

> GUIDED

Kiéu phan chia nay tuong tu nhu kiéu phan chia dong, chi khac & chd ¢
ciia mdi chunk céng viéc khéng phai la hang sé ma n6 giam theo ham mii qua
mdi lan mot ludng thuc hién xong mot chunk céng viéc va chuyén sang thuc
hién mot chunk cong viéc mai. khi ma mot ludng két thic mot chunk cong viéc,
nd s& chuyén sang mot chunk cong viéc mai. Vé6i chunk_size 1a 1 thi ¢& cua
chunk cong viéc duoc tinh bang phép chia nguyén sb lugng cong viéc cho sé cac
ludng thuc hién va c& nay sé giam cho dén 1. Con néu chunk_size c6 gia tri k thi

c& caa chunk cdng viéc s& giam dan cho dén k.
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Vi du:

#pragma omp parallel

#pragma omp for schedule
(guided, 1)
for (int i=1;1<37 ; i++)

a[i]=xxx;

Lo e a1 [a a0 [ [an [am |

NS e == =
e
=== | a[28] a[29] a[30] Ia{ 1
EENTNESRE
chunk do ludng 0 thire hién chunk do ludng 1 thwe hién
EE;:;;;;;E;EE_E:‘:;;E; chunk do luéng 2 thwe hién = chunk do luémg 3 thaee hién

Hinh 2.6 M@ ta su hoat dong cua céc ludng véi schedule 1a guide.

> RUNTIME
Khi bt gap SCHEDULE(RUNTIME) thi cong viéc lap lich bi hodn lai
cho dén khi runtime. Kiéu phan chia va c& caa cac chunk cd thé thiét lap tai thoi
diém cac chunk bang mot bién mdi truong c6 tén 13 OMP_SCHEDULE. Néu
bién moi truong nay khong dugc thiét lap thi viéc lap lich chia sé cdng viéc s&
duogc thuc hién mac dinh. Khi ma SCHEDULE(RUNTIME) dugc dua ra thi

chunk_size s€ khéng duoc khoi tao.
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Ménh d¢ ORDERED.

Ménh dé nay chi xuat hién khi c6 chi thi ORDERED duogc bao boc béi chi
thi Do/for.

Ménh dé NOWAIT

Khi xuat hién ménh dé nay, cac ludng thyc thi trong doan ma song song
s& khong can phai chd doi cac ludng khéc tai diém ddng bo, thuc hién xong cong
viéc cia N6 mai dugc thuc hién cdng viéc tiép theo caa minh. Cac qua trinh thuc
hién ctia cac ludng 12 lién tuc hét cong viéc nay dén cong viéc khac cho toi khi

hét moi cong viéc duoc giao trong ving song song.

2.3.4.2 Chi thi SECTIONS.

Chi thj SECTIONS dung dé chia cac cong viéc trong ving song song cho
cac luéng thuc hién. Trong cAu tric caa chi thi SECTIONS c6 mét hay nhiéu chi
thi SECTION ma mdi mot cong viéc trong chi thi SECTION sé& dugc thuc hién
bd1 mot luéng khéac nhau. CAu tric cua chi thi SECTION trong C++ cho boi nhu

sau:
#pragma omp sections [clause. . . ] newline
private (list)
firstprivate (list)
lastprivate (list)
reduction (operator: list)
nowait

{

#pragma omp section newline

structured_block
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#pragma omp section newline

structured_block

}
Vi du:

#pragma omp parallel

#pragma omp sections nowait
;
!

#pragma omp section
structured Dlock

#pragma omp section __——
structure_block 2

/

Hinh 2.7 Sy hoat dong cua cac ludng qua chi thi sections.

Mot van dé dat ra 1a ¢6 bao nhiéu chi thi SECTION cho phu hop véi su

thuc thi cia cac thread, diéu gi xay ra khi s6 luong cac chi thi SECTION 16n
hon hay nho hon céc thread. Khi $6 luong chi thi SECTION nho hon céc thread,

cic cong viéc trong chi thi SECTION van duoc gan cho cac thread tuy nhién s&

c6 mot sO thread khong cd doan ma hay cong viéc dé thuc hién. Khi s6 lugng

chi thi SECTION 16n hon sb thread, cdc doan ma hay cong viéc van duoc gan

cho cac threads thuc hién theo kiéu quay vong gidng nhu ménh dé

schedule(static, chunk_size).
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2.3.4.3 Chi thi SINGLE.
Chi thi SINGLE chi ra réng doan ma bao quanh chi thi SINGLE chi duoc

thuc hién boi mot ludng trong tap cac ludng trong ving song song. Cau tric cua

chi thi SINGLE duogc cho bdi nhu sau:
#pragma omp single [clause. . . ] newline
private(list)
firstprivate(list)
nowait

Structure_block

Céc ludng khac ma khong thuc hién doan ma trong chi thi SINGLE s&
phai doi cho dén khi luéng thyc thi doan ma trong chi thi SINGLE thyc hién
xong doan ma cua minh moi dugc thuc hién cong viéc ciia minh trir truong hop
c6 ménh d& NOWAIT dugc dua ra. Trong chi thi SINGLE c6 hai m¢nh dé duy

nhat do6 1a private va firstprivate.

Vi du:

#pragma omp parallel

1

wpragma omp single ———————— |

structure_block
} Ty v \
Y

Hinh 2.8 Su hoat dong cuia cac ludng qua chi thi single.
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2.3.5 Céu tric dong b9.
Dé noi vé cdu tric ndy trude tién ta xét mot vi du sau. Vi du nay dung hai

ludng dé ting bién x tai cing mot thoi diém. Bién x luc ddu mang gia tri 0.

Ludng 1 Ludng 2
increment (X) increment (x)
X=X+1; X=X+1;

Su thye thi c6 thé theo tht ty sau:

Luong 1 nap gia tri clia x vao thanh ghi A
Ludng 2 nap gia tri ctia x vao thanh ghi A
Luong 1 ting thém 1 vao thanh ghi A
Ludng 2 ting thém 1 vao thanh ghi A
Luéng I luu thanh ghi A tai vi tri x
Luong 2 luu thanh ghi A tai vi tri x

Vay theo kiéu thyuc hién nay, sau khi hai luéng thuc hién xong cong viéc
thi két qua 13 1 chir khong phai 1a 2. Pé khic phuyc tinh trang nay viéc tang bién
x phai duoc dong bo giira hai ludng dé dam bao két qua tra vé 1a dung. OpenMP
cung cip mot ciu trac dong bo gitip ngudi 1ap trinh diéu khién sy thyc hién cac
ludng c6 lién quan dén nhau nhu thé nao. Trong cau triic dong bd cé rat nhiéu
chi thi giup cho viéc dong bo giira cac ludng.
2.3.5.1 Chi thi MASTER.

Doan ma thudc ving song song trong chi tht MASTER chi dugc thyc hi¢n

duy nhét boi ludng chu. Cau tric cua chi thi nay duoc cho bai nhu sau:
#pragma omp master newline

struct_block.
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Vi du:

#pragma omp parallel i
{ »

#pragma omp master
structure_block

v

Hinh 2.9 Sy hoat dong cuia cac ludng qua chi thi master.

Trong chi thi nay khéng c6 bat ky chi thi nao va cac ludng khac ngoai
ludng cha khong can phai doi cho dén khi luéng chu thuc hién xong méi dugc
thuc hién cong viéc cua minh.
2.3.5.2 Chi thi CRITICAL.

Vi chi thi CRITICAL, doan ma trong chi thi nay chi dugc thuc hién boi
mot ludng trong mot thoi diém. Cau trac ciia chi thi cho boi nhu sau:

#pragma omp critical [name ] newline

struct_block

Trong doan ma co thé c6 nhiéu chi thi CRITICAL. Md&i chi thi
CRITICAL khac nhau s& c6 mot tén khac nhau dé trinh bién dich phan biét giita
chi thi CRITICAL nay vo6i chi thi CRITICAL khac. Tat ca cac chi thi
CRITICAL khong c6 tén hoac c6 tén trung nhau s€ dugc coi nhu cung mdt chi
thi CRITICAL. Khi mét luéng thuc hién cong viéc cho bdi chi thi ma lué)ng
khac ¢6 ging dé thuc hién thi ludng nay s& bi khoa cho dén khi ludng kia thuc

hién xong cong viéc do.
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2.3.5.3 Chi thi BARRIER

Chi thi BARRIER chi ra mot diém d@)ng bo cho cac luéng. Khi mot luéng
hay nhiéu ludng bét gip chi thi BARRIER, ching sé& chd & d6 cho dén khi tat ca
cac ludng hoan thanh cong viéc ciia minh, sau do6 tit ca cac ludng s& thuc thi
doan ma trong chi thi BARRIER. CAu trtc cua chi thi nay cho boi:

#pragma omp barrier newline

struct_block.

Vi du:

HEpragmea omp parvallel———

2! T
#Horagma omp barier i
structure_block v
2
r -
- - barier
|

3 v v

Hinh 2.10 M& ta su hoat dong cua cac ludng qua chi thi barrier.

2.3.5.4 Chi thi ATOMIC.
Trong chi thi AUTOMIC céc dia chi ving nhé dugc cap nhat mot cach

nguyén t6. Khudn dang cua chi thi nay dugc cho bé1 nhu sau:
#pragma omp atomic newline
statment_expression.
Chi thi nay ap dung truc tiép mot trong cac cau 1énh sau:
X binop = expr
X++
++X
X --

--X
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x 12 bién mé rong, khong 13 céu trac hodc 16p ddi tuong.

expr 1a mot biéu thirc mé rong khong tham chiéu dén bién x

binopcothéla:+, *, -, /, &, ™, |, >= or <=
2.3.5.5 Chi thi FLUSH

Chi thi FLUSH duoc dung dé nhan ra mot diém déng bo. Piém déng bo
yéu ciu cung cAp mot cai nhin nhat quan vé bo nhd. Tai thoi diém ma FLUSH
xuat hién, tit ca cac bién thread-visiable phai dugc ghi tré lai bo nhd. Khuon
dang cua chi thi dugc cho boi nhu sau:

#pragma omp flush (list) newline

struct_block.

Chu y rang danh sach lwa chon ¢ ddy chira cac bién flush dé tranh flush tat
ca cac bién. Viéc thuc thi chi thi ndy phai dam bao rang, bat ky lan sira d6i bién
thread-visiable lic trudc thi sau thoi diém dong bo phai duoc tat ca cac ludng
biét dén nod. C6 nghia 14 trinh bién dich phai khoi phuc tir thanh ghi ra bo nhd.

Chi thi FLUSH duoc bao ham bai cac chi thi sau: BARRIER, CRITICAL,

ORDERED, PARALLEL, FOR, SECTIONS, SINGLE. Nhung néu cé su xuat
hién ctia ménh d& NOWAIT thi chi thi FLUSH s& khong dugc bao ham.

2.3.5.6 Chi thi ORDERED.
Chi thi ORDERED dugc dua ra dé dam bao rang, cc cong viéc ciia vong
lap phai dugc thuc hién dung trinh tu khi chung dugc thuc thi tudn ty. Khudn

dang cua chi thi dugc cho bdi nhu sau:
#pragma omp ordered newline
struct_block.

Mot chi thi ORDERED chi c6 thé xuét hién trong pham vi dong ctia chi
thi FOR hoac PARALLEL FOR trong C/C++. Tai bt ctr thoi diém nao thi chi
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cO mot 1u6ng thuc hién doan mé cho bai chi thi ORDERED. Néu mot vong lap
chura chi thi ndy thi nhat dinh n6 phai chita ménh dé ORDERED.

2.3.6 Chi thi THREADPRIVATE

Chi thi nay dung dé tao ra cac bién co pham vi toan cuc trong toan bo
chuong trinh. Céc bién dugc khai béo trong chi thi nay s& duogc str dung ¢ nhiéu
vung song song khac nhau trong chuong trinh. Khuon dang cua chi thi dugc cho
boi:

#pragma omp threadprivate(list)

Chi thi nay phai xuat hién trong pham vi khai bao bién toan cuc. Céc
ludng khi sir dung cac bién trong chi thi nay s& tao ra ban sao ciia cac bién do dé
tranh viéc sir dung cua bién nay anh hudng toi bién khac.

2.4 Céc ménh dé trong OpenMP

Do OpenMP lép trinh trén may tinh chia sé bd nhé chung nén viéc hiéu va
sit dung duoc pham vi cta cac bién trong chuong trinh 1a rit quan trong.
OpenMP cung cidp mot sé ménh dé giup nguoi 1ap trinh d& dang thiét 1ap pham

vi céc bién trong chuong trinh dé phu hop. Cac ménh dé bao gom:
PRIVATE
FIRSTPRIVATE
LASTPRIVATE
SHARED
DEFAULT
REDUCTION
COPYIN

2.4.1 Ménh dé PRIVATE
Ménh d& nay dung dé khai béo cac bién dung riéng cho mdi ludng. Mdi

ludng s€ tao ra mdt ban sao cua bién trong qud trinh thuc hi¢én, su sir dung bién
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ctia ludng nay s& khong anh huodng toi bién cua ludng khac va nguge lai. Khudn
dang cia ménh dé duoc cho boi nhu sau:

private (list)
2.4.2 Ménh dé FIRSTPRIVATE

Ménh dé nay ciing dé khai bao danh sach cac bién duoc st dung riéng cho
mdi luéng, danh sach cac bién duoc khoi tao mot gia tri ban dau. Khuén dang
ctia ménh dé duogc cho bdi nhu sau:

fistprivate(list)
2.4.3 Ménh @é LASTPRIVATE

Ménh dé nay ciing dung dé khai bao danh sach céac bién sir dung riéng cho
mdi ludng, tuy nhién né khac ménh dé PRIVATE va FIRSTPRIVATE & chd gia
tri cudi ciing ctia bién dugc cap nhat 14 gia tri ciia bién trong ludng cudi cing két

thiic cong viéc. Khudn dang cua ménh dé nay dugc khai bao nhu sau:
lastprivate (list)

2.4.4 Ménh dé SHARED

Ménh dé nay dung dé khai bao danh sach cac bién duogc chia sé, ding
chung cho tat ca cac ludng. Cac bién chia sé c6 cung vi tri bd nhé va cac ludng
s& doc va ghi trén cung vi tri ay, su thay doi gia tri cia bién cia mot ludng s&
dugc cac ludng khac biét dén, tuy nhién vi cac ludng cung doc va ghi 1én cung
mot dia chi cho nén c6 thé dan dén sai sot. Nguoi 1ap trinh phai phan bo cong
viéc giita cac ludng sao cho hop 1y dé tranh din dén tinh trang sai sot. Khuon

dang cua m¢nh dé nay dugc cho bdi nhu sau:
shared (list)

2.45 Ménh @é DEFAULT
Ménh d& nay cho phép ngudi lap trinh dwa ra pham vi PRIVATE,
SHARED hoic NONE cho tit ca cac bién thudc pham vi cua bat ky ving song
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song nao, va chi c6 ménh ¢&¢ DEFAULT moéi duoc dua ra trong ciu tric song

song. Khuon dang cia ménh dé nay duogc khai bao nhu sau:
default(shared | none)

2.4.6 Ménh dé¢ REDUCTION

Ménh dé nay dung dé thu gon gia tri ctia bién. Mdi ban sao cua bién cho
boi danh sach cac s& duge tao cho mdi ludng trong qua trinh thuc thi, tai thoi
diém cubi cung cua viée rat gon, cac phép toan rat gon s& ap dung 1én ban sao
ctia mdi ludng va két qua cia phép rat gon sé duge luu vao bién chia sé¢. Khudn

dang cua m¢nh dé nay dugc cho bdi nhu sau:
reduction ( operator: list)
Trong do operator la:
X = X 0p expr
X = expr op X
X binop = expr
X ++

++ X

x 14 bién vo hudng trong danh sach céac bién.

expr 1a mot biéu thirc vo hudng khong tham chiéu dén bién x
op 1a mot trong nhitng phép toan: +, -, *, /, &, *, |, &&, ||
binop 1a mdt trong nhitng phép toan: +, -, *, /, &, ", |

2.4.7 Ménh dé COPYIN
Ménh dé nay diung dé gan gia tri cac bién trong chi thi
THREADPRIVATE cho timg ludng thyc thi trong ving song song. Cé nghia 1a

Pham Hdi Hung - Lép CT902 Trang 43



Do dn tot nghiép Tim hiéu OpenMP va irng dung

gia tri ctia bién trong ménh d& COPYIN cua ludng chu s& duoc dung lam ngudn.
Khi gip mot ving song song bién ngudn nay s& duoc sao cho cac ludng thuc thi

vung song song do. Khuon dang cua ménh dé duoc khai bao nhu sau:

copyin(list)

2.5 Thw vién Runtime (Runtime Library Routine).

OpenMp cung cip mot thu vién voi rat nhiéu cac ham chirc ning bao gdm
cac truy van lién quan téi sd lugng, chi s6, thiét lap cac ludng dugc thuc thi
trong chuong trinh va cac ham thiét 1ap moi truong thuc thi gitip nguoi lap trinh
dé dang st dung va quan 1y chuong trinh tng dung song song ctia minh. Hau hét
cac ham thu vién chira trong tép tiéu dé omp. h, do vay dé str dung dugc cac thu
vién nay, khi khai bao tép tiéu dé chung ta phai khai bao #include <omp. h>
2.5.1 OMP_SET_NUM_THREADS

Ham thu vién nay dung dé thiét 1ap tong s6 ludng thuc thi trong ving

song song tiép theo. Khudén mau cua ham nay co dang.
void omp_set_num_threads(int)
Trong do:

> int 1a mot sb nguyén, 1a tong sé ludng can duoc tao dé thuc hién ving

song song.

Ham thu vién ndy duoc khai b&o trong ving tuan ty trude ving ma song
song ma ving ma nay cd sb ludng thuc thi can duoc tao lap. Mot van dé dit ra 13
can phai tao ra bao nhiéu ludng cho phu hop véi bo xtr Iy, sb ludng t6i da co thé
tao ra 1a bao nhiéu. Thong thudng nguoi 1ap trinh thuong tao s6 ludng bang voi
s6 bo xir Iy va nhu vay mdi bo xur ly sé thuc hién mot luong khac nhau, tuy
nhién ching ta c6 thé tao s6 ludng 16n hon nhiéu so voi s6 bo xir Iy nhung gisi

han khong qué 64 ludng.
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2.5.2 OMP_GET_NUM_THREADS

Ham nay tra vé gia tri 1a tong sd ludng duge thuc thi trong ving ma né
duoc goi. Khuén mau ciia ham nay c6 dang:

int omp_get _num_threads(void)

Néu ham nay dugc goi trong ving tuan tu no sé tra vé gia tri 1 didu d6 co
nghia 13 chi c6 mot ludng dugc thuc thi. Néu ham nay duoc goi trong ving song
song né sé& tra vé gia tri 1 tong sd ludng duoc thuc thi trong ving song song do.
2.5.3 OMP_GET_THREAD_NUM

Ham nay tra vé gia tri 1a chi s6 cua luong dang thuc thi trén doan ma ma
ham nay dugc goi. Chi sb cua ludng bat dau tir 0 t&i tong s6 ludng -1. Khudn
mau ctia ham nay c6 dang:

int omp_get thread_num(void)

2.5.4 OMP_GET_MAX_THREADS
Ham nay cling twong tu nhu ham omp_get num_threads() tuy nhién né
khac ham omp_get_num_threads() & chd né s& tra vé gia tri 16n nhat 13 s6 luong

c6 thé tao ra trong ving song song. Khudén mau cua ham nay duoc cho béi:
int omp_get_max_threads()

2.5.5 OMP_GET_NUM_PROCS
Ham nay tra vé gia tri 1a s6 bo xur ly dang dugc thyc thi ciia hé thong.

Khudn mau ctia ham ndy c6 dang:
int omp_get_num_procs()
Ham nay duogc goi trong ving tuan ty.

2.5.6 OMP_IN_PARALLEL
Ham nay kiém tra xem su thuc thi cta cac ludng c6 phai 1a song song hay

khong. Khuon mau ctia ham nay c6 dang:

int omp_in_parallel().
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Ham nay duoc goi tir viing song song va néu cac ludng thyuc thi doan ma
song song, ham sé& tra vé gia tri khac 0. Néu doan ma duoc thuc hién tuan tu nd
s& tra vé gié tri bang 0.

2.5.7 OMP_SET_DYNAMIC

Ham nay cho phép hay khdng cho phép c6 su diéu chinh dong cac ludng
trong viing song song. Khuén mau ctia ham nay c6 dang nhu sau:

void omp_set_dynamic(int dynamic_thread)

Néu dynamic_thread khac 0 c6 nghia la cho phép su diéu chinh dong cac
ludng xay ra c6 nghia 13 cac ludng cé thé thuc thi hon mot ving song song.
nguoc lai khong cho phép su diéu chinh dong cac ludng.

2.5.8 OMP_GET_DYNAMIC
Ham nay dung dé kiém tra xem c6 sy diéu chinh dong cua cac luong hay

khong. Khudn mau ciia ham nay c6 dang nhu sau.

int omp_get_dynamic()

Néu ham nay tra vé gia tri khac 0 nghia 1 c6 su diéu chinh dong giira cac
luéng, nguoc lai khong cé su diéu chinh dong gitra cac 1u6ng.

2.5.9 OMP_SET_NESTED
Ham nay cho phép hay khong cho phép viéc song song 16ng. Khuon mau

cua ham nay c6 dang:

void omp_set_nested(int nested)

Ham nay dugc goi ca trong vung tuan tu 1an song song. Ddi sd nested
trong ham nay 1a s6 ludng duoc phép 16ng trong ving song song. Néu nested
bang 0 tirc 13 khong cho phép su song song 10ng xdy ra, nguoc lai néu dbi sd cua

nested khac 0 thi sy thuc hién song song 16ng s& xay ra.
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2.5.10 OMP_GET_NESTED

Ham nay dung dé kiém tra xem co sy song song 16ng xay ra hay khong.
Khudn mau ctia ham nay c6 dang:

int omp_get nested()

ham nay bt budc phai dugc goi trong ving c¢6 doan mi song song 1ong.
Néu ham tra vé& gia tri khac 0 nghia 1 ¢ viéc song song 10ng xdy ra, nguoc lai

ham tra vé gia trj bang 0.
2.5.11 OMP_INIT_LOCK

Ham nay dung dé thiét 1ap mot khoa thong qua cac bién khoa. Khuon mau
cuia ham nay c6 dang:

void omp_init_lock(omp_lock_t *lock)

void omp_init_nest_lock(omp_nest lock_t *lock)

2.5.12 OMP_DESTROY_LOCK

Ham nay dung dé tach ra cac bién khod tir bat ky khoa nao. khuan mau
cua ham nay c6 dang nhu sau:

void omp_destroy lock(omp_lock_t *lock)

void omp_destroy _nest_lock(omp_lock_t *lock)

2.5.13 OMP_SET_LOCK

Ham nay dung dé bat bude su thuc hién cua cac luéng phai cho doi khi
khoa dugc mé voi gia st rang cac ludng d6 duge quyén so hitu khoa d6. Khudn
mau cta ham c6 dang nhu sau:

void omp_set_lock(omp_set _t *lock)

void omp_set_nest_lock(omp_set_nest_t *lock)
2.5.14 OMP_UNSET_LOCK

Ham nay dung dé giai thoat su thyc hién cua cac ludng vao khoa. Khuon

mau cia ham nay c¢6 dang nhu sau:
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void omp_unset_lock(omp_unset_t *lock)
void omp_unset_nest_lock (omp_unset_nest_t *lock)

2.5.15 OMP_TEST_LOCK

Ham nay duoc str dung dé c6 gang thir dat mot khoa. Néu thanh cong né
s& tra vé gia tri khac 0 nguogc lai nd tra vé gia tri bang 0. Khudn miu cta ham
nay c6 dang:

int omp_test_lock(omp_lock_t *lock)

int omp_test _nest_lock(omp_nest_t *lock)

2.6 Cac bién méi trwong (Enviroment Variables).

Ngoai thu vién runtime OpenMP con cung cp cho nguoi lap trinh rat mot
sb cac bién moi truong, gidp nguoi lap trinh thuan tién trong viéc diéu khién cac
doan mi song song trong chuong trinh ciia minh. Cac bién mdi trudng bao gom:
2.6.1 OMP_SCHEDULE

Bién nay ciing gidng nhu ménh dé schedule. Dung dé 1ap lich sy thuc hién
cac cong viée trong vong lip cac ludng thuc hién.

Vidu:

setenv OMP_SCHEDULE ¢ static, 4’

2.6.2 OMP_NUM_THREADS

Bién nay gidng nhu ham thu vién omp_set num_threads(). Dung dé thiét
1ap s luong cac ludng thyc hién trong viing song song.

Vidu:

setenv OMP_NUM_THREADS 8

Thiét 1ap s luong ludng thyc thi trong ving song song 1a 8 ludng.

2.6.3 OMP_DYNAMIC
Bién nay dung dé thiét 1ap sy diéu chinh dong cac luéng. N6 nhan hai gia

tri TRUE hodc FALSE, néu bién nay duoc thiét 1ap véi gia tri TRUE tuc 1a ¢6
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cho phép su diéu chinh dong cac ludng thyc thi trong viing song song, nguoc lai
khong cho phép su diéu chinh dong cac ludng thyc thi trong ving song song.
Vidu:
setenv OMP_DYNAMIC TRUE

2.6.4 OMP_NESTED.

Bién nay dung dé thiét 1ap cho phép hay khong cho phép ving song song
16ng xdy ra. né nhan hai gia tri TRUE hodc FALSE. Néu bién nay duoc thiét 1ap
v6i gia tri TRUE tic 14 c6 cho phép ving song song 16ng xay ra, nguoc lai

khong cho phép ving song song 10ng xay ra.

Vi du: setenv OMP_NESTED TRUE.
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CHUONG 3: Thuc nghiém

Trén co s& tim hiéu cac cdu tric, cac mo hinh 1ap trinh tinh todn song
song, cAu triuc cua thu vién OpenMP nhu céc chi thi bién dich, cac thu vién
RunTime va cac bién moi trudng. Chuong nay s& ap dung trong viéc giai quyét
bai toan tinh giai thira ctia mot s6 nguyén 16n va bai toan tim sé nguyén té c¢6 n
chir s, st dung cong cu 13 ngdn ngir 1ap trinh C/C++ trong bd Visual Studio
2005, c6 tich hop sén thu vién OpenMP 2. 0.

3.1 Bai toan tinh giai thira ciia mot s6 nguyén lom.

Bai toan tinh giai thira cia mot s6 nguyén 1a bai toan hay bat gap trong
cac linh vyuc khac nhau dic biét 1a trong toan hoc. Tuy nhién, trong hau hét cac
truong hop thi bai toan dugc ap dung tinh toan véi s6 nguyén bé bai vi thoi gian
tinh toan Ién va tang Ién cing véi gia tri cua sé nguyén dugc dem di tinh toan.
Véi mot sb nguyén Ién thi thoi gian tinh toan sé rat 1au do vay viéc giam thoi
gian tinh todn nhung vin dam bao ding két qua cua bai toan tré Ién can thiét.
Vin dung c4c kién thic vé Iap trinh va tinh toan song song trong viéc giam thoi

gian tinh toan cua bai toan, bai toan duoc phat biéu nhu sau:

3.1.1 Phat biéu bai toan.
Tinh giai thira ciia mot s6 nguyén 16n N.
> V6i N 1a bat ky va dugce nhap vao tir ban phim.
3.1.2 Thuat toan thuc hién.

C6 rat nhidu cac phuong phap va giai thuat khac nhau dé giai quyét bai
todn nay nhu st dung d¢ quy, vong lap... Tuy nhién, khong phai gidi thuat,
phuong phéap nao ciing c6 thé thuc hién song song, hay song song hoé duge. Do
vay viéc lya chon giai thuat dé giai quyét bai toan 1am sao cho phu hop, vira dé
thue hién tudn tu, vira c6 thé thuc hién song song duoc. Di voi bai toan nay, dé

thuan tién cho viéc song song hoa, chiung ta nén st dung vong lap.
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Khi 4p dung bai toan nay cho mot s nguyén 16n, két qua bai toan s& rat
16n, do vay dé giai quyét bai toan ndy, viéc dau tién ching ta phai 1am 1a dinh
nghia mot kiéu dir liéu méi du dé luu trit két qua cta bai toan.

Sau khi di co kiéu dir liéu 16n luu trit két qua bai toan, ching ta st dung
vong lap dé giai quyét bai toan. Cac budc thuc hién nhu sau:

Véi s6 nguyén 16n N nhap vao ta thuc hién nhu sau:

Buéc 1: Gan két qua bang 1.

Kq=1.

Buwéc 2: Dung vong lap duyét tir 1 cho dén N.

Fori=1to N.

Buée 3: voi mdi sd i1 <i<N, lay két qua nhan vai i.

kg =kqg *i.

Sau khi vong lap két thic, két qua cubi cung duoc luu triv 13 két qua cua
bai toan.

3.1.3 Song song hoa thuat toan tinh giai thira cia mat sé6 nguyén lém.

Song song hod mdt thudt toan 1a phan chia cac cong vi¢c thuc hién trong
thuat toan cho céc bd xir 1y thuc hién dong thdi voi muc dich 1a cai thién toc do
tinh todn cling nhu 1a gidm thot gian tinh toan. Viéc phan chia cac cong viéc
cling phai 1am sao cho phu hop va ddng déu véi cac bo xt 1y.

Gia sir hé thong cta ching ta co6 bon b xir Iy 1a CPUI, CPU2, CPU3,
CPU4, do chung ta str dung vong lap dé giai quyét bai toan do d6 khi song song
hod, chiing ta s& chia cong viéc ctiia vong lip ra lam bdn vong 1ap nho va gan cac
vong 1dp nay cho cac CPU thyc hién Sau khi cac CPU nay thyc hién xong cong
viée, két qua cudi cung s& dugc tong hop dé cho ra két qua cudi cung cua bai

toan. Qua trinh song song hoa nhu sau:
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Buérc 1: Chia vong lp 16n ra bén vong lap nho.
Vong lap 1: fori=1 to N/4.
Vong lap 2: for i = N/4 to N/2.
Vong lap 3: for 1 =N/2 to (N/4 + N/2).
Vong lap 4: fori=(N/4 + N/2) to N.
Budére 2: Gan bon vong 13p nay cho bén CPU thuc hién.
CPUL1.: fori=1to N/4.
kgl =kql *i.
CPU2: for i = N/4 to N/2.
kg2 = kg2 * i.
CPUS3: for i = N/2 to (N/4+N/2).
kg3 =kg3 * 1.
CPU4: for i = (N/4 + N/2) to N.
kg4 = kg4 * i.

Buéc 3: Tong hop két qua bén CPU dé cho ra két qua cudi cung.

kg = kql * kg2 * kg3 * kg4.

CPII3
for Ni2 to NiZ4N/4
KO3
KQ3
KQ = KQl * KQ2 * KQ3 2 KQ4

Hinh 3.1 Su phan chia c6ng viéc cho bén bo Xt 1y.
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3.1.4 Thuec hién song song hoa bing OpenMP.

Thu vién OpenMP cung cip cac chi thi gitip cho ngudi 1ap trinh d& dang
trong viéc song song hoa chuong trinh cia minh. Véi giai thuat song song hoa
nhu trén, ching ta s& st dung chi thi SECTIONS trong OpenMP dé chia cac

cong viéc cho cac bo xur 1y thuc hi¢n. Qua trinh song song hdéa nhu sau:
# pragma omp section
fori=1to N/4.

kgl =kql *i.

# pragma omp section
for i = N/4 to N/2.

kg2 = kg2 * i.

# pragma omp section
for i = N/2 to N/4 + N/2.
kg3 =kq3 * i.

# pragma omp section
for i =N/4 + N/2 to N.

kgl =kql *i.

kg = kgl * kg2 * kg3 * kg4.
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Sau khi cac CPU thuc hién xong, két qua ctia cac CPU sé& duoc tong hop
dé cho ra két qua cudi cling ctia bai toan.
3.1.5 Két qua thue nghiém va nhin xét.

Bai toan duoc cai dit bang ngdn ngit C/C++, st dung chuan thu vién
OpenMP 2. 0 trong bd Visual Studio 2005 sau d6 duogc chay thuc nghiém trén
may tinh Pentium R 3. 0GHz, 2 CPU va c¢6 hd trg siéu phan ludng Hyper

Threading. Sau day 1a két qua thyc nghiém ciia bai toan.

N A B Kich | So
Giai T/g thyc hién T/g thyc hién thude | sanh
STT| 7. ‘ |
thira tudn tu (S) song song (s) N ! A/B
1 100 4 1 158 4
2 200 19 4 375 4.75
3 500 180 22 1135 ~8.7
4 1000 1119 124 2568 ~9.1
5 1500 3442 360 4115 ~9.5
6 2000 7249 1638 5736 ~4.9
Bang 3.1 Két qua thuc nghiém bai toan tinh giai thira.
Nhan xét:

Qua bang két qua thuc nghiém ta thay, thoi gian thuc hién song song giam
di rat nhiéu so véi thoi gian thue hién tuan ty, tuy nhién két qua so sanh ctia mdi
lan thuc nghiém d6i véi mot s6 khac nhau 1a khac nhau, d6 1a béi vi thuat toan
cua bai toan la don gian, dé thuc hién song song hod. Do vay 100% doan ma
thuc hién tuan ty duoc thuc hién song song. Theo dinh luat Amdahl’s thi téc do
thue hién tinh toan s& tang 1&n rat nhiéu.
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3.2 Bai toan tim sé nguyén td ¢6 n chir sb.
3.2.1 Phat biéu bai toan
3.2.1.1 Tong quan vé s6 nguyén t6.
Pinh nghia s6 nguyén to.
> S6 nguyén 6 1a s6 tu nhién 16n hon 1, chi ¢6 hai u6c 1 va chinh né.

Dinh nghia udc va bai.

> Néu c6 s6 tu nhién A chi hét cho sb tu nhién B thi ta néi A 1a boi cia B,

con B goi 1a udc cua A.

Do sd nguyén t c6 tinh chat dic biét nhu vay nén sé nguyén t6 duoc ap
dung rong rai trong thuc té, dic biét 1a trong cac linh vuc nhu ma hoa, an toan va
bao mat thong tin. Trong linh vuc ndy, hau hét cic hé ma hod déu sir dung sb
nguyén to lam khoa dé thuc hién cac cong viéc mi hoa. Nhu vy tinh an toan,
bao mat ctia hé ma cang cao khi sd nguyén t6 sir dung trong hé ma cang 16n.
Mot bai toan mat rat nhiéu thoi gian tinh toan ma hau nhu cac hé ma hoa gip
phai 1a tim ra mot s6 nguyén t6 16n ¢6 n (n 16n) chir s6. Vi cac kién thic da
nghién ctru vé 1ap trinh, tinh todn song song, chuong nay s& ap dung cac kién
thire trén trong viée rat ngan thoi gian tinh toan trong bai toan tim sd nguyén t6
16n. Bai toan dugc phat biéu nhu sau:

Tim sb nguyén t6 16n c6 n chit s6 v6i n nhap vao tir ban phim.

3.2.2 Thuat toan thwc hién

C6 rat nhiéu cac thuat toan, phwong phap dé tim s6 nguyén to nhu thuat
sang Eratosthones, thuat toan test Miller Rabin. . . . Tuy nhién cac thuat toan,
cac phuong phap déu duoc cai dat, thue hién voi kiéu dir liéu co ban, nguyén
thuy cua cac ngon ngir 1ap trinh Vi du: int, char, long. . .. ( Trong C/C++) tuc la
ngudi 1ap trinh khong phai dinh nghia mot kiéu dir liéu mdi ma chi viéc khai bao

va sir dung. Tuy nhién céc kiéu dit liéu ndy thudng bé.
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Vi du:

Kiéu dir liéu s6 nguyén 16n nhét trong C/C++ 1a unsigned long c6 gia tri
4.294. 967. 295 (10 chit s6).

-> S6 nguyén t6 16n nhét co thé tim 1a s6 nguyén t6 ¢6 10 chit sd

Do vay khong dap (mg yéu cau bai toan dat ra. Dé giai quyét bai toan nay,
trude hét ching ta phai dinh nghia mot kiéu dir liéu sé nguyén méi c6 gid tri luu
trir 16n hon 10 chir s6, da niang hoa cac toan tir cho kiéu dir liéu méi nay nhu:

+, -, * 1, %. .. Sau d6 ap dung giai thuat tim s6 nguyén t6 cho bai toan
nay.

Viéc lwa chon giai thuat dé giai quyét bai toan s& quyét dinh sy nhanh
hay cham cua bai toan va két qua chinh xac cta bai toan. Déi véi bai toan nay,
do phai dinh nghia mot kiéu dit liéu méi (16n) dé giai quyét bai toan do do6 viéc
truy cap phan tir ¢6 chi sé 16n (vuot qua pham vi biéu dién cua C/C++) 1a kho
thuc hién. Vi vay cac thuat toan nhu thuat sang Eratosthones. . . 1a khé thuc
hién. Do d6 thuét toan thich hop dé giai quyét bai toan nay 1a thuat toan duyét
tuan tu ting phan tor mot. Tu tudng cua thuat todn ndy nhu sau:

Buéc 1: Pbi voi mdi phan tir A ¢6 n chit s6 s& 1am nhu sau.

Buéc 2: Duyét tir 2 t6i (A -1) dé tim udc cua nod.

Buéc 3: Kiém tra néu A chia hét cho mot s6 B (2 < B < (A-1)).

Két luan A khong phai 1a s6 nguyén to quay lai bude 1 véi so tiép theo
sau sO A

Néu A khong chia hét cho mét s6 B (2 < B < (A-1)).

Két luan A 1a s6 nguyén t6 két thuc thuat toan.
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Nhan xét:

> Néu A la sb co n chit sb thi A 16n nhét 1a 1. 000. . . (n chir sb 0) -1. A bé
nhat 1a 1. 000. . . ( n-1 chix s 0).

> Ta thay rang 2 1a s6 nguyén té bé nhat va 1a sé chin nén tat ca cac sb
nguyén t6 16n hon 2 déu 1a sé 1é. Do vay khéng can xét dén cac s A co n

chit sd 1a s chin.

> Néu A = B*C thi udc ciia A 1a B va C do vay chi can xét dén B ma khong
Xét dén C. Do d6 dbi voi mdi s A ¢d n chir s6 ta chi can duyét tim céc

udc cua no tir 2 dén A/2.

> Vi mdi s6 nguyén duong N déu cé udc khong qua cin bac 2 caa N do vay

chi can tim cac udc caa cac s A cd n chir s tir 2 dén can bac 2 caa A.
> Vay thuat toan dugc rat gon lai thanh nhu sau:

> Giasirsd X =1.000. .. (nchirsd0),sdY=1.000...(n-1 chit s 0), sb

SqrtA 1a can bac hai sé hoc ciia A.
> Buwéc 1: Duyét lan luot timg s6 X > A>Y (A 1asé 18).
> V&imdi s6 A lam nhu sau:
> Buérc 2: Duyét cac s6 B tir 2 dén sqrtA (2 < B < sqrtA).
> Bude 3: Kiém tra.
> Néu A chia hét cho m 6t s6 B (2 < B < sqrtA).

> Két luan A khong phai 1a s6 nguyén t6. Quay lai bude 1 véi s6 sau A 1a

sdl6(A=A-2).
> Néu A khong chia hét cho moi s6 B (2 < B < sqrtA).
> Két luan A 1a s6 nguyén t6.

Vay thuat todn sé dugc cai dat nhu sau:

Pham Hdi Hung - Lép CT902 Trang 57



Do dn tot nghiép Tim hiéu OpenMP va irng dung

> V6i sd nguyén td A can tim 13 s6 ¢6 n chir s6 ( n nhap vao tir ban phim).
Gia sir céc so:
» Biglnt ctren 1a 86 1. 000. . . ( n chir s6 0).

> BiglInt cduoi 1a s6 1. 000. . . ( n-1 chir sb 0).

» Biglnt sqrtA 1a cin bac hai s6 hoc ciia A. Vi A 16n nhat 1a ctren -1 do d6

s6 can bac hai 16n nhit s& 1a 1. 000. . . (n/2 chit s6 0).
> Vay sqrtA = 1. 000. . . (n/2 chit s6 0).
> Chung ta st dung hai vong lap for dé cai dat thuat toan.
for( A =ctren-1; A>cduoi; A=A-2)// Alé->A-2 ciing la 56 Ié.
{
for(B=2;B<sqrtA; B ++)
{
PK: néu A chia hét cho B ;
break ; // thoat khoi vong lap thur 2
¥
PK: néu B bang sqrtA // A khong c6 udc trong khoang 2 -> sqrtA.
KL: A 14 s6 nguyén to.
break ; // Thoat khoi vong 1ap thir 1.
¥

3.2.3 Song Song hoa thuit toin tim sé nguyén to ¢6 n chir so.

Ciing nhu thuat toan tuan tu. Su dung din va tdi uu cua thuat toan song
song ciing quyét dinh thoi gian tinh toan nhanh hay cham va két qua tinh toan
cua thuat toan. Ngoai ra chling ta con phai chi y dén cc van dé xung quanh viéc

song song hoa thuat todn dé tranh xay ra cac truong hop nghich ly vé song song.
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Gia sir ching ta c6 4 bo xir Iy 12 CPU1, CPU2, CPU3, CPU4 do Viy
chling ta s& chia cong viéc duoc thuc hién ra 1am 4 phan dé gan cho cac CPU
thuc hién va két qua cua cac bo xir ly duoc tong hop dé cho ra két qua cudi

cung.

Néu ching ta thuc hién song song héa vong for thir nhat, tirc 1a cac cong
viéc caa vong for thir nhét s& duogc chia déu cho ca 4 bo xir Iy.

Gia str cac cong viéc duoc chia déu nhu sau:

cduni ctren/4 ctren/2 ctren/4 + ctren/2 ctren

Hinh 3.2 Sy phan chia cac cong viéc vong for thir nhat cho 4 bo xir 1y.

Cong viéc cua ca 4 CPU sé& dung lai khi bat ky mot CPU nao trong sb 4
CPU tim ra mot s6 nguyén t6. Nhu vay két qua tim kiém cua 3 CPU con lai sé bi
huy. Vay ching ta di chia cac cong viéc déu cho ca 4 CPU cung thuc hién
nhung két qua st dung cudi cing lai 1a két qua cua 1 CPU, nén sy khai thac hoat
dong cua 3 CPU con lai la khdng dung véi much dich sir dung -> khong dat hiéu

qua trong tinh todn song song.

Néu chiing ta song song hoa vong for thi 2 céc cong viéc caa vong for

tht 2 s& duoc phan déu cho 4 CPU. Gia st cac cdng viéc duoc chia déu nhu sau:

Hinh 3.3 Su phén chia cac cong viéc vong for thir hai cho 4 bo xur ly.
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Khi 1 CPU tim thiy mot wéc cua s6 A ¢6 n chit s6 ( tie s6 A khong phai
la s6 nguyén t5), CPU nay s& thuc hién cap nhat tai dia chi bo nhé. 3 CPU khac
sé thay duogc thong bao nay va su thuc hién cua ca 4 CPU sé bi dimg ngay lap
tie. Trong truong hop nay, két qua cia 1 CPU dugce sir dung con két qua 3 CPU
khéc ciing khong dugc st dung. Tuy nhién mién tim kiém ciia mdi CPU trong
vong for thi 2 nay 1a nhé do vay su 1ang phi 1a khong dang ké. Nguoc lai trong
truong hop so A 12 s6 nguyén to, két qua cua ca 4 CPU s& dugc tong hop dé cho
két qua cudi cung. Nhu vay da khai thac dung hoat dong cua ca 4 CPU vao dung

much dich st dung.

Pé song song hoa vong for thir 2 ta s& chia déu khoang gid tri tir 2 — sqrtA
thanh 4 doan nho va géan ting doan cho moi b xur Iy. Vi mdi doan nho véi dd

(diém dau), de(diém cudi), va B 1a mot gid tri thudc doan nay thuc hién nhu sau.
Buwée 1: Duyét cac gid tri tir dd dén dc.
Buéc 2: Lay két qua 1a thuong ciia phép chia A cho B
Néu két qua bang 0
Géan co bang 1
Gén B bang dc
Néu két qua khac 0, quay lai budc 1 véi gié tri B = B+1.
Buée 3: Néu co khac 0 // CPU khac da tim ra mot udc
Géan B bang dc.

3.2.4 Thue hién song song hoa bing OmpenMP.

Thuat toan st dung cac chi thi SECTION va CRITICAL dé thyc hién
song song hoa. Ching ta sir dung mot bién 1am cd bao hiéu cho cac CPU khi 1
CPU tim thidy mot udc sb ciia A. Khi moét CPU tim thidy mot uwdc ciia sé A ching
ta s& dung chi thi CRITICAL cap nhat lai gia tri cua co. Qua trinh thuc hién nhu

Sau:
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#pragma omp section //Poan ma 1 gan cho CPU 1.

for B = 2 to sqrtA/4.

DK: Néu két qua phép chia A/B bang 0 // B la 1 worc ciia A
#pragma omp critical.

Pit co bang 1.

Gan B = sqrtA/4 // dung dé thoat vong lap.

DK: Néu c& khéc 0

gan B = sqrtA/4

#pragma omp section //Doan ma 2 gan cho CPU 2.

for B = sqrtA/4 to sqrtA/2.

DK: Néu két qua phép chia A/B bang 0 // B la 1 wéc ciia A
#pragma omp critical

Pit cd bang 1.

Gan B = sqrtA/2 // ding dé thoat vong lap.

DK: Néu c& khac 0

gan B = sqrtA/2

#pragma omp section //Poan ma 3 gan cho CPU 3.

for B = sqrt4 to (sqrtA/2 +sqrtA/4).

DK: Néu két qua phép chia A/B bang 0 // B la I wérc ciia A
#pragma omp critical

Dit cd bang 1.
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3.25

Gan B = sqrtA/2 + sqrtA/4 I/ diing dé thodt vong Iip.
DK: Néu co khac 0

Gan B = sqrtA/2 + sqrtA/4

#pragma omp section //Poan ma 4 gan cho CPU 4.

for (sqrtA/2 + sqrtA/4) to sqrtA

DK: Néu két qua phép chia A/B bang 0 // B la I wéc ciia A
#pragma omp critical

Pit cd bang 1.

Géan B = sqrtA // dung dé thoat vong lap.

DK: Néu c& khéc 0

Gan B = sqrtA.

K¢ét qua thue nghiém va nhan xét

Bai toan sur dung cong cu la ngon ngir C/C++, trong bd VisualStudio 2005

c6 tich hop san thu vién OpenMP chuan 2. 0 dé cai dat. Sau day l1a két qua thir

nghiém cua bai toan trén may tinh Pentium R 3. 0 GHz, 2 CPU va c6 hd tro siéu

phan luong Hyper Threading.

A B
T/g thyc | T/gthuc , So sanh
STT N hién tuan | hién song | K&t qua thyuc hién
tu(s) song(s) A/B.
1 6 4 2 9999983 2
2 8 22 13 99999989 ~2
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3 10 2275 983 9999999967 2.3
4 11 4440 2460 99999999977 ~2
5 12 13735 271954 999999999989 ~2

Bang 3.2 Két qua thuc nghiém bai toan tim sd nguyén t6 ¢ n chir sd.

Nhan xét:

Qua bang két qua thuc hién trén cho ta thay, két qua vé mit thoi gian tinh
toan cua thuat todn thyuc hién theo hudng song song giam di bang 1/2 so véi thoi
gian tinh todn cua thuat toan theo hudng tuan ty. Do thuat toan duoc song song
hoa dé phan chia cong viéc cho 4 bo xtr ly tuy nhién bai toan dugc chay thuc
nghiém trén bo may tinh c6 2 bo xur Iy vat Iy va ho tro cong nghé siéu phan
ludng. Nhu vdy vé mit logic dam bao mdi bo xt Iy thue hién cac cong viéc khéc
nhau nhung vé mit vat 1y thi mot bo xt Iy van phai thuc hién dong thoi hai cong
viéc, do dé trong qua trinh thuc hién céc bo xt 1y vat Iy van phai mat thoi gian
doc dé va ghi dit liéu 1én bd nhé khi chuyén d6i giita cac cong viéc. Hon nita
trinh bién dich ciing phai mat mot thoi gian dé tao cac threads va huy bo céc

threads. Vi vay thoi gian tinh toan khong thé giam téi muc tdi da cé thé.
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Két luan
Trong khuén khé cua bai khoé luan, em da di nghién ctu, tim hiéu vé lap
trinh va tinh toan song song, tim hiéu mot cong cu hd trg cho viéc lap trinh va
tinh todn song song Ia thu vién OpenMP. Trén co so nhimng kién thirc da nghién
ctru, tim hiéu 4p dung trong bai todn tim sé nguyén té 16n c6 n chix sé va bai

toan tinh giai thira caa s6 nguyén Ion.

Bai toan duoc cai dat theo hai hudng tuan tu va cai dat dé chay trén may
tinh ¢6 hai xtr Iy vat Iy va c6 hd trg cong nghé siéu phan ludng. Tuy bai toan con
bé va chua c6 tmg dung lén trong thuc tién nhung két qua cua bai toan da noi
lén sy khac biét rd rang veé thoi gian tinh toan giira thuat toan chay theo hudng
tuan tu va thuat toan chay theo hudng song song gép phan 1am co so cho nhiing

nghién cu vé lap trinh va tinh toan song song sau nay.

Tuy nhién c6 mot van dé can luu y khi trong tinh toan song song la khong
phai giai thuat ndo ciing c6 thé song song hoa dugc. Do vy trudc khi song hoa
mot giai thuat nguai lap trinh can cha y dé chon ra mé hinh va phuong phap sao
cho bai toan dat hiéu qua cao dong thoi tranh duoc nghich ly trong quéa trinh

song song hoa.

Véi sy phét trién caa cong nghé théng tin, xu hudng lap trinh tinh toan
song song khong chi don thuan 13 &p dung trén mot may don co bo xir ly da I8i
ma con tién dén ap dung ddi v4i nhiéu may tinh khac nhau hay mang may tinh

dé giai quyét mot sb bai toan phuc tap trong thuc té.

Trong qua trinh nghién cau, tim hiéu, ngodi nhimg kién thirc da tim hiéu
va nghién ciru duoc con mot s nhimg han ché, thiéu sét ma em chua thé nghién
ctru va cap nhat kip thoi. Kinh mong cac thay ¢ chi bao va gitp d& dé em hoan

thanh bai khoa luan nay.

Em xin chan thanh cam on!
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