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0 Pay la bai thuyét trinh bao gébm céc kién thirc co' ban clia tinh toan
song song. B&t d4u v&i nhivrng kién thirc tdng quan va mot vai khai
niém va cac thuat ngi tinh toan song song, cac chl dé vé cac kién
truc song song hoa va tim hiéu vé cac mé hinh lap tr|nh song song.
Cac chl dé nay sé dwoc di kém véi cac bai thdo luan vé mot sb van
dé liéen quan trong viéc thiét ké cac chwong trinh song song hoa.
Phan cubi cling clia bai thuyét trinh sé di vao nghién cru cach song
song hoa mot sb bai toan 1ap trinh tuan tw.

0 Diéu kién tién quyét: Nguyén ly hé diéu hanh
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GIOI THIEU VE TINH TOAN
SONG SONG

Introduction to Parallel Computing
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“Tinh toan song song la gi? (1)

0 Théng thuéng, phdn mém duoc viét cho tinh toan

tuan tw (serial computation):

OBbwoc chay trén may tinh don véi moét bo xir ly trung tam
(CPU).

M0 bai toan (problem) sé dwoc chia thanh mét chudi cac cau
Iénh roi rac.

0CAc cau lénh dwoc thwe hién mot cach tuan tw.

OTai mdi thoi diém chi thwe hién dwoc mot cau énh.

l instructions
N 3 2 t1
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Tinh toan song song la gi? (2)

0 Y nghia don gian nhét cla tinh todn song song 1a viéc st dung déng
th&i nhiéu tai nguyén may tinh dé gidi quyét bai toan ve tinh toan.
01Dé chay trén nhiéu CPU
0 Mgt bai toan dwoc chia thanh cac phan riéng biét ma cé thé dwoc giai quyét
dong thoi.
0 Méi phan dwoc chia nhd hon dwoi mét day cac cau 1énh
0 Céc cau lénh clia méi phan thuc thi ddng thai trén cac CPU khac nhau

problem instructions

-~ | -=
-~ |-
-~ 1 1-E
-~ | -=
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~ Tinh toan song song: tai nguyén

0 Céac ngudn tai nguyén tinh toan cé thé bao gém:
M6t may tinh don véi nhiéu bd vi x& ly (CPU);
M6t may tinh don véi mot hodc nhiéu CPU va mét sb tai nguyén
chuyén dung nhv GPU, FPGA .. ;
OMét sb lwong tuy y cac may tinh dwoc két ndi bdi mot mang may
tinh;
UHoac két hop cla ca hai loai trén.
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"Tinh toan song song: van da tinh toan

0 Van dé tinh toan thuworng dwoc thé hién qua cac dic
diém nhu kha nang:
LChia thanh cac phan riéng biét cac cong viéc dé co thé giai quyét
cung mot luc;
OThwe thi nhiéu cau l1énh chwong trinh tai nhiéu thoi diém;
JIGidi quyét bai toan trong thoi gian it hon voi nhiéu tai nguyén tinh
toan hon la thye thi chi trén mot tai nguyén tinh toan duy nhat.
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'?Tl'nh toan song song: dé 1am gi? (1)

0 Tinh toan song song la sw tién hoa cta tinh toan tuan tw dé cb gang

moé phéng cac trang thai dién ra trong thé giéi tw nhién: rat phirc
tap, cac sy kién lién quan xay ra cung mot thoi diém, nhung trong
cung mét chudi.
O Vidu:
1Quy dao hanh tinh va thién ha
1 Cac mo hinh thoi tiét va dai dwong
0Kién tao dia chat
0Giov cao diém & Ha Noi
0Day truyén I&p ghép 6 to
LCac hoat dong hang ngay trong mét doanh nghiép
L1Xay dwng mét trung tdm mua sam
Q...
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“Tinh toan song song: & lam gi? (2)

13

O Tinh toan song song c6 thé dwoc coi 1a “tinh toan hiéu
ndng cao” va la déng lwc dé mé phdng cho cac hé thdng
phtrc tap va giai quyét “cac bai lon” nhu:

JDw béo thoi tiét va khi hau

01Cac phan (rng hoa hoc va hat nhan

0Cac bai toan sinh hoc va gen nguoi

_C&c hoat dong dia chat

LCéc thiét bi co khi — nhw chan tay gia cho tau vi try
0 Cac mach dién tor

C&c quy trinh san xuét
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“Tinh toan song song: dé lam gi? (3)

o Ngay nay cac tng dung thwong mai dang la dong Iwc thuc day cac
nha phat trién may tinh va phan mem tao ra cac may tinh co toc do
nhanh hon. Vi cac trng dung nay yéu cau xtr ly mét so lwgng Ion dor
liéu va co do tinh vi phirc tap cao. Vi du nhw cac rng dung:
0OCac co s& di liéu song song, data mining
0Tham do dau khi
[1Cac may chd tim kiém, cac dich vu thwong mai
LIMay tinh trg gitp chuén doan trong y hoc

LQuan ly cac tap doan quéc gia va da quéc gia
[1Cai tién dd hoa va do hoa
1Video mang va cac cong nghé da phwong tién
0 Méi trwdng lam viéc cdng tac

2 Cubi cung, giai phap tinh toan song song nhan cb gang dé téi da

Phqa_ nhirng yéu v6 han nhwng dwdng nhw ching ta van can thém
Oi gian.
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w':Tai sao phai tinh toan song song? (1)

2 Day la mét cau hdi xac dang! Tinh toan song song la
phirc tap theo nhiéu khia canh!

O Nhirng ly do chinh cho viéc s&r dung tinh toan song
song:
OTiét kiem thoi gian
LGiai quyét nhirng bai toan Ion
X ly déng thoi cung mét luc
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) ?Tai sao phai tinh toan song song? (2)

0 Céc ly do khac c6 thé bao gom:

0Tan dung cac ngudn tai nguyén nhw khai thac tai nguyén tinh toan
c6 s&n trén mang dién rong, hodc tham chi sir dung Internet khi
céc tai nguyén cuc bd han ché

LTiét kiem chi phi — st dung nhiéu tai nguyén may tinh “ré” thay vi
phai dau tw mét con siéu may tinh.

UKhéc phuc nhivng han ché vé bo nhé - Cac may tinh don cé tai
nguyén bd nhé rat hiru han. Béi véi nhivng bai toan I&n, str dung
bd nhé clia nhiéu may tinh c6 thé vwot qua tré ngai nay.
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~ Céc gidi han cla tinh toan tuan tw

0O Cac gdi han dé tinh toan tuan ty - Ca hai ly do gi¢i han vé vat ly va thuc
ti€n dat ra nhirng han ché dang ké dé xay dung dwoc ing dung chay
nhanh hon trén may tinh tuan tuw.

a Toc do truyén dan — Téc d6 cta may tinh tuan tw phu thudc trwe tiép vao

tbc dd di chuyén ctia dir liéu trén phan ctng.

0 Gi6i han tuyét ddi 1a tc do cla anh sang (30 cm/ns)

01 Gioi han truyén clia day déng (9 cm/ns).

0 Viéc tang tdc do truyén can tang téc do x& ly cac phan t&? (1 ns (nanosecond) = 10¢s)

0O Gidi han dé thu nhé - céng nghé bé vi xr ly ngay cang cho phép téng s6
transitor dwoc dat trén cac con chip. Tuy nhién, tham tri ngay ca cac
transitor cé kich thwéc la phan t&r hodc mdrc nguyén tir thi so lwgng tich
hop trén thiét bj cling s& dat tdi gidi han.

0O Han ché vé kinh té - Gia thanh sé cang dé&t khi tao ra mot bo don vi xtr ly
(VXL) chay nhanh. Sé& kinh t& hon néu s& dung mét sb lwong b vi xt 1y
nhanh vira phai nhung co6 thé dat dwoc hiéu suét nhw bo VXL don chay
nhanh (hoac tt hon).
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~ Twong lai

0 Trong subt 10 ndm qua, xu hwéng chi ra rang mang may
tinh ngay cang nhanh hon, c¢6 nhiéu hé théng phan tan,
va céc kién tric may tinh da vi xt ly (bao gdm ca may
tinh @& ban) cho thay ré rang song song la twong lai
cua may tinh.

0 Sé rat da dang, pha tron gitra cac giai phap théng dung
va ca cac giai phap chuyén dung nhw IBM Cells,
ClearSpeed, GPGPU tir NVidia ...
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~ Cbng nghiép va thwong mai
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CAC KHAI NIEM VA THUAT
NGU

Concepts and Terminology
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~ Kién truc Von Neumann

0 Trong hon 40 ndm, hiu hét tht ca cac may tinh da di
theo mét mé hinh may tinh phd bién dwoc goi la may
tinh Von Neumann. Bwoc dat tén theo nha toan hoc
Hungary John von Neumann.

0 M6t may tinh Von Neumann st dung khai niém chwong
trinh Iwu trér. CPU thwc hién chwong trinh duoc lwu tri
dwoc chi dinh béi mét chudi tac vu doc va ghi trén bo
nhé.
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Thiét ké co ban

0 Thiét ké co ban
0B6 nhé dwoc st dung dé lwu triv div liéu (data) va cac cau lénh
chwong trinh (instruction)
LCé&c cau lénh chwong trinh dwoc ma hoa dé “néi” cho may tinh lam
mot cdng viéc nao do
0D liéu chi don gian la thong tin dwoc st dung béi chwong trinh
0 BO x ly trung tdam (CPU) nhén cac cau Iénh va di liéu
tr bd nhé, gidi ma cac chi dan va thwc thi tuan tw chung.

Control Arithmetic

Unit Logic
Unit
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“ Phan loai may tinh song song Flynn

0 C6 rat nhiéu cach khac nhau dé phan loai cac may tinh
song song. M6t trong nhirng cach phan loai duwgc st
dung rong rai tv nam 1966 duwoc goi la phan loai Flynn.

2 Phan loai Flynn phan biét cac kién trac may tinh nhiéu
b6 vi xt ly theo hai khia canh chi thi Iénh (Instruction)
va di¥ liéu (Data). Méi khia canh nay cé thé c6 2 trang
thai: Single hoac Multiple.
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““Ma tran Flynn

0 Ma tran bén dwéi dinh nghia 4 phan loai cé thé cé theo
Flynn

SISD SIMD

Single Instruction, Single Data | Single Instruction, Multiple Data

MISD MIMD

Multiple Instruction, Single Data | Multiple Instruction, Multiple Data
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“ Single Instruction, Single Data (SISD)

0 May tinh tuan tw (khéng song song)

0 Bon Iénh: chi c6 mét dong lénh dworc thue
hién trong mét chu ky dong ho

0 Don di liéu: chi cd mét ludng dir liéu duoc
s dung lam dau vao trong mét chu ky
dong ho

0 Thuce hién theo mét trat tw xac dinh

0 Ra doi lau nhat va van dung cho téi gan
day, thinh hanh nhat cia may tinh

0 Vi du: hau hét cac may tinh ca nhan, may
tram va may tinh I&n mét CPU

2w}l
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"”"’-Single Instruction, Multiple Data (SIMD)

- Mot kiéu may tinh song song

0 Don dong 1énh: Tat ca cac don vi xt ly thue thi cling
dong Iénh trong cung xung nhip dong ho

0 Pa div liéu: Mbi don vi xt ly c6 thé thao tac trén cac
muc d¥ liéu khac nhau

0 Kiéu may nay thwéng co mot diéu phdi lénh, mot
mang néi bd cé bang thdng rat cao, va mét mang rat
I&n ctia cac don vij 1énh.

SIMD | Instruction Pool I
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“ Single Instruction, Multiple Data (SIMD)

a IF’hu Eo’p nhét cho cac bai toan dac biét co do tinh toan cao nhw xtr
y anh.
0 Tinh toan déng bd (khoa theo cac buéc) va xac dinh
0 Co hai dang: Processor Arrays and Vector Pipelines
0 Vidu:
UProcessor Arrays: Connection Machine CM-2, Maspar MP-1, MP-2
OVector Pipelines: IBM 9000, Cray C90, Fujitsu VP, NEC SX-2,

Hitachi S820

prev instruct prev instruct
load A(2) load A(n)
load B(2) load B(n) jad

C(2=A(2)*B(2)]  [C(n)=A(n)*B(n)| ‘3‘
store C(2) store C(n)

next instruct next instruct h

P1 T P2 Pn
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" Multiple Instruction, Single Data (MISD)

0 Mét lubng don di lieu dworc nap vao nhiéu don vi xi ly.

0O Mo don vi xtr ly hoat dong trén di¥ liéu doc lap theo hwéng cac
dong Iénh dbc lap.

0 M6t vai vi du thye té cha Iép may tinh song song nay da tirng
ton tai. Mot thtr nghiém clia may tinh Carnegie-Mellon C.mmp
(1971).

0 Mot s6 ing dung c6 thé sir dung:

CNhiéu bo loc tAn sb hoat dong dwa trén mét ludng tin hiéu duy nhat
0 Nhiéu thuat toan m& hoa cb gang dé bé khoa (crack) méot mat ma duy nhét.

prev instruct prev instruct
load A(1) load A(1)
C(2)=A(1)*2 C(n)=A(1)*n §'
store C(2) store C(n)
next instruct next instruct

Pn
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* Multiple Instruction, Multiple Data (MIMD)

0 Hién nay phé blen nhét trong may tinh song song. Cac md hinh may
tinh hién dai nhat thudc loai nay.

2 Dalénh: m&i bd vi xir ly o thé thwe thi mét ludng cau 1énh khac
nhau

0 Da di¥ lieu: mdi bo vi x ly cé thé duwoc lam viéc véi mot ludng div
liéu khac nhau

0 Thuc thi ¢ thé 1a déng bo hodc khong ddng bd, xac dinh hoac
khéng xac dinh

0 Vi du: hau hét cac siéu may tinh hién nay, mang may tinh song song
dang “lv6i” va cac may tinh SMP da b6 vi x& ly — bao gom ca mét
s0O loai may tinh ca nhan.

prev instruct prev instruct
call funcD do 10 i=1,N
x=y"z alpha=w**3 -
sum=x"2 zeta=C(i) E
call sub1(i,j) 10 continue
next instruct next instruct

Mot sb thuat ngir song song

Ciing giéng nhw cic linh vue khac khac, tinh toan song song ciing c6 “thuit
ngit” riéng. Mot so thuit ngir thwong dwere sir dung gan voi tinh toan song
song dugrc liét ké bén dudi.

0 Tac vu (Task)

M6t phan logic riéng ré clia cong viéc tinh toan. Mot tac vu
thwong la mdt chwong trinh hoac tap cac Iénh gidong chuong
trinh ma dwoc thuwe thi b&di mot bo vi xiv ly.

0 Tac vu song song (Parallel Task)

M6t tac vu c6 thé dwoc thuc thi bdi nhidu bd vi x&r ly mét cach
an toan (cho két qua chinh xac)

2 Thwe thi tuan tw (Serial Execution)

OThwe thi tudn tw mét chwong trinh, mot cau 1énh chi thye thi tai
mot thoi diém.Y nghia don gian nhat & day la viéc thwc hién
cac cdng viéc trén mot may tinh don bo vi x ly.

OTuy nhién, hau nhw tat ca cac tac vu song song sé co mot sb
phan cltia chwong trinh song song ma phai thuc hién tuan tw.

1/1/2015 Tinh todn song song 28
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"Mét s6 thuat nglr song song

2 Thuwe thi song song (Parallel Execution)
LUThwe hién mot chuong trinh béi nhiéu tac vu, Vo méi tac vu cé thé thuc
thi cling hoac khac cau Iénh tai cung moét thoi diém.

0 BO6 nhé chia sé (Shared Memory)

OTheo quan diém hep vé phan clng, mo ta mot kién tric clia may tinh ma
tat ca cac bo vi xtr ly o truy cap trwc tiép t&i bd nhé vat ly chung.

UTheo quan diém Iap trinh, n6 m6 ta mot mé hinh & do cac tac vu song
song c6 cing mét “hinh anh” clia bo nhé va co thé danh dia chi truc tiép
va truy cap téi cung vi tri bé nhé logic.

2 Bo6 nhé phan tan (Distributed Memory)

0OTrong phan crng, de cap toi man? may tinh truy cap bd nhé dwa trén co

s@ khong dung chung bo nhé vat ly.

0Trong mé hinh 1ap trinh, vé logic céac tac vu nay chi co thé “nhin thay”
nh& cla méay cuc bo va phai st dung céc giao tiép dé truy cap bo nhé tren
cac may khac ma & do céac tac vu khac dang dwoc thie hién.
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M6t sb thuat nglr song song

0 Truyén thong (Communications)

0 C4c tac vu song song thuwéng can trao ddi div liéu. C6 nhidu cach c6 thé
duwoc thwe hién, nhw qua bé nh¢ chia sé bus hoac qua mang. Viéc trao doi
di liéu thuwong dwcc goi la truyén théng, du chung thwe hién bang bat ky
phwong thire ndo.

0 Poéng bo (Synchronization)

OPhéi hop cac tac vu song song theo thoi gian thuwe, thuwdong hay dwoc thue
hién bang cac truyen thdng. Thu’cyng duoc thiét Iap béng viéc thiét lap mot
diém ddng bo cho trng dung ma moét tac vu co_ dirng lai doi cho dén khi
cac vu khac dat téi cung diém t&i han hodc diém logic twong dwong.

EIE)ong bd hoa thu’o’ng lién quan dén che doi it nhat mot tac vu, va do do co
thé gay ra thi gian thuc hién cta trng dung song song ting l&n.
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Mot sb thuat nglr song song

0 Tinh hat (Granularity)
OTrong tinh toan song song, tinh hat la thwédc do chét luong cua ty 1& tinh
toan voi giao tiép.
UHat thé (Coarse): s6 lwong twong déi Ion cong viéc tinh toan duoc thirc
hién gilra cac sy kién truyen théng
UHat tinh (Fine): sb lwong twong ddi nhé cdng viéc tinh toan dwoc thwe
hién gilra cac sw kién giao tiep
0 Téc dd quan sat(Observed Speedup)
0OTbc dd quan sat clia code da duwoc song song hoa, dwoc dinh nghia la:
Thoi gian thue hién tudn tw
Thoi gian tinh todn song song
1Bay la mét chi sb don gidn nhét va duoc st dung réng rai dwoc st dung
dé do hiéu nang ctia mét chwong trinh song song.
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Mot sb thuat nglr song song

O Chi phi cho tinh toan song song (Parallel Overhead)

OLwong thei gian can thiét dé phdi hop cac tac vu song song, nguoc lai véi
thoi gian dé 1am cong viéc hivu ich nao do. Parallel Overhead c6 thé bao
gdm céc hé sé nhu sau:

L Thoi gian khdi tao tac vu
0Pdng bod hoa
01 Giao tiép div liéu
1Chi phi phan mém ng&m dinh béi cac trinh bién dich song song, cac thw vién,
cac cong cu, hé diéu hanh, v.v.
L Thoi gian két thic tac vu
0 Massively Parallel

LDé cap t6i phan clring cho mot hé théng song song - c6 nhiéu bo vi x 1y.
dé thwe hién phéi hop song song.

OTham khao: https://en.wikipedia.org/wiki/Massively parallel (computing)
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Mét sb thuat nglr song song

0 Kha nang mé rong (Scalability)
0bé cap dén mot hé théng song song (phan cirng va’hodc phan
mém) c6 kha nang chirng minh duoc sy gia tang thém nhiéu b vi
xt ly s& twong &ng ty 1& téc d6 tinh toan song song. Cac yéu t6
gép phan vao kha nang mé réng bao gdm:
LIPhan ciring — d&c biét 1a bang théng bd nhé - cpu va mang truyén thong
OThuét toan
0Lién quan dén chi phi cho tinh toan song song
LICAc dac diém cla trng dung cu thé va cach thirc 1ap trinh

1/1/2015 Tinh ton song song RX]

CAC KIEN TRUC BO NHO'
MAY TINH SONG SONG

Parallel Computer Memory Architectures
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~ Cac kién trdc bo nhé

0 B6 nho chia sé - Shared Memory

0 BO nhé phan tan - Distributed Memory

0 Lai bé nhé chia sé va phan tan - Hybrid Distributed-
Shared Memory

1/1/2015 Tinh ton song song 35

“ B0 nh& chia sé

0 Céac may tinh song song v&i bd nhé chia sé rat da dang, nhwng chung
nhat la kha nang tat ca cac bo xt ly truy cap vao bd nhé giong nhw 1a
khong gian dia chi toan cuc.

2 Nhiéu bod x& ly c6 thé thao tac déc lap nhung chia sé cling cac tai
nguyén bd nho.

0 Nhirng thay ddi trong mét vi tri ciia bg nhé bi dnh hwéng béi mét bo xd
ly thi cac bo xtr ly khac cé thé nhin thay.

0 Cac may chia sé b nhé co thé dwoc chia thanh hai nhém chinh dwa
trén thoi gian truy cap: UMA va NUMA.
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BO nh¢é chia sé : UMA véi NUMA

0 Uniform Memory Access (UMA):
UNgay nay hau hét la cac may da bd vi xt Iy déi xing - Symmetric
Multiprocessor (SMP)
11Cac b vi xtr ly giéng hét nhau
UBinh dang truy cap va thoi gian truy cép t¢i bd nhé
0D6i khi dwoc goi CC-UMA - Cache Coherent UMA. Cache coherent c6,
nghia néu mot bo vi xt ly cap nhat mét vi tri trong b nhé chia sé thi tat ca
cac bd nhd khac sé biét vé cap nhat nay. Cache coherency dwoc thuw hién
& cap d6 phan cirng.
0 Non-Uniform Memory Access (NUMA):
UThwong dwoc lam bdi lién két hai hodc nhiéu SMP
QMG SMP c6 thé truy cép truc tiép bé nho cia mot SMP khac )
0Khoéng phai tat ca cac bd xt ly cé thdi gia truy cap bang nhau véi tat ca bo
nho.
0B& nhé truy cap qua lién két thi cham hon

Néu cache coherent dwoc duy tri thi cling c6 thé dwoc goi la CC-NUMA -
Cache Coherent NUMA

1/1/2015 Tinh toan song song 37

BO nhé chia sé : UMA véi NUMA

UMA vs. NUMA

Memory Mod ules
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My | | M, M,
Ml - o E‘
= o
Y ¥ ¥ - N E
Interconnection Nekvork M, (= ol
i F F [
L s L ;
r r r
bl @ B
1 2 3 Ml = >
Fun ila Snce 1997 15
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~BO nh& chia sé: wu va nhwoc diém

3 Uu diém:

LKhéng gian dia chi toan cuc cung cap & mét khia canh than thién nguoi sty
dung lap trinh v&i bd nhé

LIChia sé di¥ liéu gitra céc tac vu la nhanh chéng va déng bd nhe khoang
cach gan nhau gitra b nh¢ t&i cac CPU

0 Nhuwoc diem:

QThiéu sy m& rong gitra bd nhé va cac CPU. Thém nhiéu CPU vé phuong
dién hinh hoc cé thé tang Iwu lwong truyén gitra bd nhé chia sé va CPU,
va cac hé thong gan két cache, tang lwu lwong truy cap lién quan dén
quan ly v&i cache/bd nhé.

C1Lap trinh vién c6 trach nhiém ddng bd hoa gitra cac cAu tric d& dam bao
truy cap “dang” bé nhé toan cuc.

LIChi phi: cang tré nén kho khan va tén kém dé thiét ké va san xuét ra cac
may chia sé bd nh& véi viéc ngay cang tang s6 b vi xtr ly.
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B6 nh¢ phan tan

0 Gibng nhw hé thdng bd nho chia sé, hé théng bd nho' phén tan rét da dang nhung
chiing ¢ nhitng d&c diém chung: Cac hé thdng chia sé bo nhé yéu cau mét mang
lwdi truyén thong dé két ndi bd nhé clia cac bo xi ly.

0 Céc bd xtr ly c6 bd nhé cuc bo riéng. Bia chi bd nhé trong mét bo xtir ly khong anh xa
toi dia chi ciia bé nhé khac vi vay khéng co khai niém vé khong gian dia chi toan cuc
trén tat ca cac bo x ly.

0 Vimdibo xtr ly cé bd nhé cuc bé riéng, nén cac thao tac 1a doc lap. Cac thay doi
duogc thuc hién & bod nhé cuc bé ma khéng anh hwdng téi bd nhé trén cac bo xir ly
khac. Do dé khai niém ve cache coherency khong dwoc ap dung & day.

0 Khi mét bo xt Iy can truy cap di liéu & mot bo x& ly khac, thweng la nhiém vu cla
l&p trinh vién can dinh nghia twéng minh cach thwe hién va khi nao div liéu dwoc trao
doi. Bong bd hoa gilra cac tac vu la trach nhiém cla nguwoi lap trinh.

0O CAu tric mang dwoc st dung dé truyén di liéu rat da dang, méc du vay dé don gian

c6 thé dung mang Ethernet.
<+ Il I| »
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“B6 nhé phan tan: wu va nhuwoc diém

3 Uu diém
0B& nhé c6 khd ndng mé rong vaéi nhidu bo vi xir ly. Tang sb lwong b vi xt
ly va kich thwée bd nhé tang twong trng
LIM&i bo vi xt Iy ¢6 thé truy cap nhanh bd nhé riéng clia né ma khong co sy
can thiép va khong co6 cac chi phi phat sinh xay ra khi co6 gang duy tri lién
két bd nhé cache.
CHiéu qua chi phi: c6 thé str dung linh hoat vé&i cac bo xtr ly cé thé d& dang
thay dbi va mang may tinh.
2 Nhwoc diém
0Lap trinh vién phai dam nhiém nhiéu viéc lién quan dén giao tiép gitra cac
bo xtr ly.
1CO thé sé gap kho khan dé anh xa toi cac cAu tric di liéu ton tai voi co s&
bd nhé toan cuc va véi cach t6 chire trén bd nhé nay.
0 Khéng déng bd thdi gian truy cap bo nhé (NUMA)
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~ Lai bd nhd chia sé va phan tan
Tom tat mot vai dic diém chinh ciia bo nhé chia sé va phan tan

Kién trac CC-UMA CC-NUMA Phan tan
Vidu SMPs Bull NovaScale Cray T3E
Sun Vexx SGI Origin Maspar
DEC/Compaq Sequent IBM SP2
SGl Challenge HP Exemplar IBM BlueGene
IBM POWER3 DEC/Compag
IBM POWER4 (MCM)
Giao tiép MPI MPI MPI
Threads Threads
OpenMP OpenMP
shmem shmem
Kha ning mé rong dén10 bo xtr ly dén 100 bo xtr ly dén 1000 bd xt ly
Céac han ché Bang thong Memory-CPU Bang thong Memory-CPU Quan tri hé théng
Khéng déng b thoi gian Khé khan trong phat trién
truy cap va bao tri chwong trinh
Phan mém c6 sén dén 1000s ISVs many 1000s ISVs 100s ISVs
1/1/2015 Tinh toan song song 42

5/11/16

21



"Lai bd nhé phéan tan va chia sé

]

Cac may tinh Ion nhat va nhanh nhét hién nay déu st dung ca hai kién truc

o - -
‘- —.

Thanh phan bd nh& chia sé thuong la mét may SMP véi cache coherent.
Cac bo xt ly trén SMP c6 thé danh dia chi bd nh¢ may tinh nhw toan cuc.
Thanh phan trén bd nhé phéan tan la manﬂ may tinh cta nhiéu SMP. Cac
SMP chi biet vé b nhé riéng cta ching, khdng phéi bé nhé trén cac SMP
khac. Do d6 cac giao tiep mang la can thiét dé trao doi di liéu tir mét SMP
nay t&i SMP khac. ) ) )

Xu hwéng hién nay duwdng nhw chi ra réng kiéu kién tric bo nhé sé tiép tuc
chiém wu thé va tang kha nang tinh toan trong twong lai. '

Céc wu va nhuoc diém: ké thira cac wu nhwoc diém cla ca hai hé théng bo
nh& phan tan va chia sé.

network
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CAC MO HINH LAP TRINH
SONG SONG

Parallel Programming Models
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“N6i dung

0 Téng quan

0 M6 hinh chia sé bd nh&

2 Mé hinh luéng (Thread)

0 M6 hinh gri théng diép (MPI)
0 M6 hinh song song di¥ liéu

0 Cac mé hinh khac
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“Téng quan

2 C6 nhiéu md hinh 1ap trinh song song thudng st dung:
0Chia sé bd nho
ULudng
OGi thong diép
1Song song dir liéu
OLai cac mé hinh

0 Cac mé hinh Iap trinh song song ton tai nhw mét sw triru
twong hoa trén cac kién tric phan cirng va phan mém.
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\’Tong quan

o Mac du co6 vé khong ré rang, cac mé hinh nay khong cu thé cho mot
kiéu kién trGc may hay bd nhé nao dac biét. Thuc té vdi bat ky ma
hinh nao (vé ly thuyét) déu cé thé ap dung cho bat ky kién tric phan
cwng.

0 Mo hinh chia sé bd nho trén may tinh c6 bd nhé phan tan: theo
cach tiép can Kendall Square Research (KSR) ALLCACHE.

B0 nh¢ cla may la phan tan vé vat ly nhung duoc str dung nhw mét bo
nhé chia sé don. Thwcrng phwong phap nay goi'la “bd nhé chia sé do” hay
"virtual shared memory".

L Chu y: mac du KSR khéng con dung trong thwong mai nhung cling khéng
c6 ly'do gi viéc trién khai mot hé thdng twong tw béi mét nha cung cap
khac trong twong lai

£ M6 hinh gi thdng diép trén cac may chia sé bo nho:
MPI trén SGI Origin.

LSGI Origin st dung kiéu CC-NUMA ctia kién tric chia sé bd nhe, & d6 méi
tac vu co quyén truy cap vao bd nhé toan cuc. Kha nang glri va nhan
mongdmpv0|MPIduacthuchmnthongquanmngcacnmycobonha
phén tan, Tuy nhién chirc nang guvi thong diép khéng dwoc thue thi nhung
nd van duoc st dung trén hé thong nay.

L'/ 0\\”&

l‘l'l'A

Tong quan

2 Viéc lwa chon mé hinh ndo s dung thuéng la sw két
hop cai co sdn va lwa chon ca nhan. Khong cé mé hinh
“t6t nhat”, mac du vay chéc chan c6 mét vai mé hinh 13
t6t hon nhixng mé hinh khac.

0 Céac phan sau mé t& méi md hinh dwoc dé cap & trén va
thdo luan mét sé dw an trién khai thye té ctia chung.
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“M6 hinh chia sé bd nhé

0 Trong mo hinh 1ap trinh chia sé bd nhé, cac tac vu chia sé khong
gian dia chi chung ma chang cé thé doc/ghi khéng ddng bo.

0 Cac ky thuat khac nhau nhw lock/semaphore co thé dwoc st dung
dé diéu khién truy cap tdi ving bd nhé chia sé.

0 M6t thuan lgi ciia mé hinh nay tir khia canh cua Iap trinh vién la
khong c6 khai niém vé “quyén sé hiru” dir liéu vi vay khéng can
phai xac dinh mét cach ré rang vé giao tiép di liéu gitra cac tac vu.
Vi vay, phat trién chwong trinh thwéng cé thé dwoc don gidn hoa.

0 M6t nhwoc diém quan trong vé hiéu suét, né tré nén khé khan trong
viéc hidu va quan ly di¥ liéu cuc bd.

1/1/2015 Tinh toan song song 49

Mc“) hinh chia sé bd nhé: cach thwe hién

0 Trén cac nén tadng bd nhé chia sé, cac trinh bién dich
gbc dich cac bién sir dung ctia ngwdi dung thanh dia chi
bd nhé thue té, dia chi bd nhé nay Ia toan cuc.

2 Hién nay khong con trién khai trén nén tang boé nhé phan
tan. Tuy nhién nhw da dé cap & phan téng quan, cach
tiép can KSR ALLCACHE da cung cip mot cach nhin vé
chia sé bd nhé cua dir liéu b nhé vat ly cua cac may
nay.
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M@ hinh ludng (Thread)

a.out

Q

Trong lap trinh song song theo mé hinh thread, mét xt& ly don cé thé chuyén
thanh da xt&r ly bang cach thuc thi dong thoi theo cac cach khac nhau.

Bon gian nhat d& mé td mé hinh thread, chiing ta phan tich vi du trén véi mot sb
tha tuc trong chwong trinh:

0 Chuong trinh chinh a.out dwgrc Iap lich dé chay trén hé diéu hanh. a.out nap va yéu cau
hé thong va cac tai nguyén can thiét deé chay chuong trinh.

U a.out thue thi mot day cac cong viéc, va roi tao ra mét day cac tac vu (cac thread) ma
co thé dugc lap lich va chay dong thoi béi hé diéu hanh. ‘

01 M6i thread cé di¥ liéu cuc bd, nhwng ciing chia sé toan bé tai nguyén cua a.out. Didu
nay tiet kiém cac chi phi liéu quan dén tai tao tai nguyén cua chwong trinh cho mai thread.
M6i thread ciing cé quyén véi bd nhé toan cuc vi né chia sé khong gian bd nhé cua a.out.

(1 Coéng viéc clia thread c6 thé dwoc midu ta t6t nhw mdt chwong trinh con trong chuong
trinh chinh. Bat ky thread nao cling c6 thé thure thi bat ky chwong trinh con tai cing thoi
diém nhuw cac thread khéc.

01 Cac thread giao tiép voi nhau qua bd nhé toan cug (cap nhat vi tri dia chi). Diéu nay doi
hdi cac cau tric dong b dé dam bao rang khlxcé nhiéu hon mot thread thi sé khdng cap
nhat Ién cling dia chi toan cuc tai cting thoi diém. B

0 Céc thread c6 thé chay Iuan phién nhau, nhyng a.out van git lai trang thai hién tai d&
cung cap céc tai nguyén chia sé khac cho dén khi trng dung két thuc.

Céc thread thuwong dwoc két hop vai cac kién tric bd nhé chia sé va hé diéu
hanh.
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swiy

Thwce thi cac moé hinh Thread

Q

Q

Q

Tir khia canh Iap trinh, @& thuc thi thread thwéng bao gom:

0 M@t thw vién céac chwong trinh con ma dworc goi tir bén trong ma ngudn song song.

1 Mét tap céac chi thj bién dich dwoc nhing vao ca hai ma ngu6n tuan tw hodc song song.
Trong ca hai trwong hop, 1ap trinh vién phai cé trach nhiém xac dinh thanh phan
nao can x& ly xong xong.

Thyc thi thread khéng phai la méi trong tinh toan may tinh. Trwdc day, cac nha
cung cap phan cirng da thue thi cac phién ban thread riéng cho phan cirng clia
ho. Viéc thiee thi nay co ban la khac nhau va né gy khé khan cho cac lap trinh
vfn phat trien &ng dung thread dé chay trén cac nen tang phan cirng khac
nhau.

C6 hai chuan khac nhau trong viéc thuce thi thread: POSIX Threads va
OpenMP.

machine A machine B

task 0 task 1
network

KN - KN

send(data) receive(data)
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"“’:Céc mo hinh thread: POSIX Thread

0 POSIX Threads

OThw vién co sé, yéu cau viét ma song song

UPac ta theo chuan IEEE POSIX 1003.1¢ (1995).

0H6 tror ngéng ngir C

OThwong dwoc goi la Pthread.

0HAu hét cac nha cung cip phan cing hién nay déu tich hop
Pthreads

0Lap trinh Song song hoa rat khac biét, doi 1ap trinh vién chu y dén
trng chi tiét.
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%Threads Model: OpenMP

0 OpenMP
UDwa trén chi thi bién dich (compiler directive); c6 thé sir dung ma
tuan ty
Ubworc dinh nghia va phéi hop bdi mét nhém cac nha cung cap
phan clirng may tinh va phan mém. OpenMP Fortran API dwoc
phat hanh vao thang 28 thang 10, 1997. C/C++ APl dwoc phat
hanh vao cudi ndm 1998.

OPortable/multi-platform, bao gdm cac nén tang Unix va Windows
NT

OThwe thi la ¢6 sdn vdi C/C++ va Fortran
1IC6 thé st dung dé dang va don gian — nhdm muc dich “tdng
nhanh cac rng dung song song”
2 Microsoft thue thi riéng cho thread, khéng lién quan dén
chudn UNIX POSIX hodc OpenMP.
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"M6 hinh Message Passing

2 M hinh message passing c6 mét sb cac déc diém sau:

LMt tap cac tac vu sir dung bd nhé cuc bd riéng ctia ching khi tinh
toan. Nhiéu tac vu c6 thé cw tri trén cing mét may tinh hodc qua
nhiéu may tinh.

Céc tac vu trao ddi di¥ liéu théng qua truyén théng glri va nhan
message.

OTruyén di liéu thuweng doi héi cac hoat dong phéi hop khi dwoc
thwe thi bdi mbi xt ly. Vi du, thao tac giri phai dwoc so khdp véi
thao tac nhan.
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-Thch thi m6 hinh Message Passing: MPI

0 T khia canh Iap trinh, thyc thi message passing thwéng bao gdm
mot thw vién cac chuwong trinh con dwoc nhang vao trong mé
nguon. Cac lap trinh vién co trach nhiém xac dinh tat ca cac xt ly
song song.

a Trwdc day, tir nam 1980 d& c6 mét loat cac thw vien khac nhau. Cac
thire thi khac nhau dang ké va gay kho khan cho cac lap trinh vién
phat trién cac ng dung linh hoat vé&i cac nén tdng phan cirng.

0 1992, Dién dan MPI dwoc thanh 1ap v6i muc tiéu chung duy nhat la
xay dwng mét chuan giao dién cho thuc thi message passing.

0 Phan 1 cla Message Passing Interface (MPI) dwoc phat hanh
nam 1994, Phan 2 (MPI-2) dwoc phat hanh 1996. Ca hai dac ta nay
¢6 san tai dia chi: www.mcs.anl.gov/Projects/mpi/standard.html.
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Thwc thi mé hinh Message Passing: MPI

0 Hién nay MPI 1a mot chun cong nghiép, nim trong chuén "de facto” cho két ndi
gitra cac nit chay mot chuong trinh song song trén b nh¢d phan tan.

0 Véi kién trac bd nhd chia sé, thyc thi MPI thuong khong st dung giao tiép céc tac
vu qua mang ma thay vao do chiing su dung bg nhé chia s¢ (ban sao bo nhd) vi cac
ly do hi¢u nang.

0 Téap MPI thuc thi bao gém thu vién céc thu tuc sao cho c6 thé goi dugc tir cac
chuong trinh Fortran, C, C++ hay Ada

fff\ /

do i=26,50 do i=m,n
A(i)=B(i)*delta A(i)=B(i)*delta
end do end do

-\ /

1/1/2015

M6 hinh song song di¥ liéu - Data Parallel

2 M6 hinh song song di¥ liéu thé hién qua cac dac diém sau:

0HAu hét cac cong viéc song song tap trung vao thwc hién cac thao tac trén
mét bo di liéu. B di¥ liéu nay thuwdng dwoc td chirc thanh mot cau trac
chung nhv mang hodac khdi (block).

LMot tap cac tac vu Ié‘m viéc trén ciing cu truc’dtr liéu, tuy nhién méi tac vu
lam viéc trén cac phan khac nhau cla cung cau trac di liéu.

DCéctécvuthuch@ncunghénhd@nghénphénvungcéngv@ccﬂa
chang, vi du “thém 4 t&i mbi phan tir ciia mang”.

0 Trong kién truc chia sé bd nhé, tat ca cac tac vu phai truy cap toi
cau truc di liéu théng qua bd nhé toan cuc. Trén kién trac phan tan,
cau trdc di¥ liéu dwoge chia nhé va ct trd nhw cac “khoi” trong bd
nh& cuc bo clia moi tac vu.
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" Thwe thi mé hinh song song di¥ liéu

Q

Q

Q

Lap trinh v&i mo hinh song song di liéu thwo'ng dwoc thwe hién
bang cach viet mét chuong trinh v&i cac cau truc div liéu song song.
Cac cau truc nay co thé goi thw vién tha tuc song song di¥ liéu hodc
Ir]tlén biét béi cac chi thi bién dich cua trinh bién dich song song di¥
iéu.

Fortran 90 va 95 (F90, F95): chuidn mé& rong ISO/ANSI cta Fortran
77.

L Chtra moi th(r ctia Fortran 77

0binh dang ma ngudn méi; bd xung bd ky tw

0Bb xung cAu tric chwong trinh va cac cau lénh

0OThém bién, phwong thire va cac dbi sé

DKiéu con trd va cdp phat bo nhé dong

DX ly véi div liéu kidu mang (mang coi nhw cac déi twong)

0 Bé quy va thém cac ham

01Va nhiéu cac dac diém maoi khac

Thuc thi déu c6 san trén hau hét cac nén tang song song phé bién
nhat hién nay
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“ Trién khai mo hinh song song di liéu

Q

a

a

High Performance Fortran (HPF): Phan mé réng Fortran 90 hd tro
lap trinh song song di liéu.

1C6 mai thir trong Fortran 90

0OThém cac chi thi bién dich dé didu hwéng phan phéi dir liéu

LThém phan dinh gia dé c6 thé cai thién ti wu cac ma 1énh

0Thém céc cAu tric div liéu song song (hién nay ndm trong Fortran 95)
OThue thi da c6 san trén hdu hét cac nén tdng song song phd bién hién nay.
Chi thi bién dich (Compiler Directive): Cho phép cac lap trinh vién
chi dinh sw phan bo va sap xép dw liéu. Hién cé san trén hau hét
céac nén tang.

Thwe thi bd nhé phan tan theo mé hinh nay thuwdng co trinh bién
dich chuyén doi chwong trinh thanh code chuan két hop véi viée goi
thw vién message passing (thwong MPI) dé phan phéi dir liéu cho
tat ca cac tién trinh. Tat ca cac message dwoc thire hién “trong
suot” vai lap trinh vién.

task 1 task2 task3 .. taskn
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*Cac mé hinh khac

0 Co6 cac mo hinh 1ap trinh song song khac van dang tiép tuc phat trién du
cho thé gi6i co su thay d6i phan cting va phan mém may tinh.

0 C6 ba mo hinh khac thong dung dugc dé cap o day.
UDang lai - Hybrid
USingle Program Multiple Data
UMultiple Program Multiple Data
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= Hybryd

2 Trong mé hinh nay, hai hay nhiéu mé hinh Iap trinh song song duoc
két hop v&i nhau.

2 Hién nay, mét vi du phd bién ctia mé hinh hybrid 1a két hop ctia md
hinh MPI v&i mé hinh thread (POSIX threads) hoac mé hinh chia sé
bd nh& (OpenMP) M®é hinh hybrid tdn dwng mai trwo’ng phan clrng
ngay cang phd bién cla cac mang may tinh duwoc két ndi theo
chuédn SMP

- M6t vi du phd bién khac ctia md hinh hybrid 1a két hop di liéu song
song véi MPI. Nhw da dé cap trong mé hinh di liéu song song phan
trwéde, thuc thi div liéu song song (F90, HPF) trén kién tric bd nhé
phan tan str dung MPI dé truyén di liéu dira cac tac vu va trong
subt v&i lap trinh vién
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" Single Program Multiple Data (SPMD)

0 Single Program Multiple Data (SPMD):

0 SPMD thyc sw la md hinh 1ap trinh “cép cao” ma co thé xay dung
dwa trén viéc ket hop cac mé hinh 1ap trinh song song da dé cap
trwde day.

0 M6t chwong trinh don duoc thwe thi ddng thdi bdi tAt ca cac tac vu
cung mot luc.

0 Tai moi thoi diém, cac tac vu cé thé dwoc thye thi gibng hodc khac
nhau cac chi thi Iénh trong cung chwong trinh.

0 Céc chuwong trinh SPMD thwéng c6 logic lap trinh can thiét dé cho
phép cac téqvu khac nhau duwgc phan nhanh hoéc thuc thi\co’ diéu
kién métphénchucqgtﬁnhrnéchﬂngdwqctMétkébandéu.Qéc
tac vu khong nhét thiét phai thuc thi toan bo - c6 thé chi mot phan
clia no.

0 Tht ca cac tac vu co thé st dung di liéu khac nhau.
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" Multiple Program Multiple Data (MPMD)

0 Multiple Program Multiple Data (MPMD):

0 Gibng nhu SPMD, MPMD thwc sw 1a mdt mé hinh lap
trinh “mirc cao” ma cé thé dwoc xay dwng dwa trén viéc
két hop cac mé hinh lap trinh song song duwoc dé cap
trwoc day.

0 Céac kiéu r'ng dung MPMD c6 nhiéu tép dbi twong thuc
thi (cac chwong trinh). Khi mét (’ng dung dang chay
song song, méi tac vu c6 thé dwoc thwe gibng hodc khac
nhau chwong trinh gidng cac tac vu khac.

0 T4t ca tac vu co thé s dung di¥ liéu khac nhau
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THIET KE CHUONG TRINH
SONG SONG

Designing Parallel Programs

1/1/2015 Tinh toan song song

“Noi dung

2 Song song hoa ty dong va thid cong

0 Hiéu bai toan va chwong trinh

2 Phén ra (Partitioning)

0 Truyén théng (Communicatiion)

0 Ddng bd (Synchronization)

2 Cac phu thuéc dir liéu (Data Dependencies)
0 Can bang tai (Load Balancing)

2 Tinh hat (Granularity)

0 Dau vao/bau ra (1/0)

2 Cac gi¢i han va chi phi cta lap trinh song song
0 Phan tich hiéu suat va hiéu chinh
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NOGi dung

2 Song song hoa tw déng va thu céng
Q

a

a

a

Q

Q

Q

Q

a

a
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0 Thiét ké va phat trién cac chuong trinh song song c6 déc trung 1a
mot qua trinh rat tha cong. Lap trinh vién thwong chiju trach nhiém
cho cd hai viéc: xac dinh va thy thi phan song song.

0 Code lap trinh song song thwéng mét thoi gian, phire tap, dé gép 16i
va xt ly lap di lap lai.

0 Vainam tré lai day, co rat nhiéu cac cong cu cb sén tro gitip cac lap
trinh vién chuyén d6i chuong trinh tuan tw sang song song. Hau hét
cac kiéu cbng cu nay la mét trinh bién dich song song hoac bd tien
xt ly song song.
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0 M6t trinh bién dich song song hoa thwong lam viéc theo 2 cach
khac nhau:
OTw ddng toan bd
L1 Trinh bién dich phan tich m& nguén va nhan dién cac thanh phan cho sy song
song.
01Phan tich nay bao gdm nhan dién cac yéu td can tré sy song song va cé thé |a

cé chi phi ma trong do c6 hoac khéng song song sé céi thién hiéu nang tinh toan.

L1Vong I&p (do, for) Ia muc tiéu thwéng xuyén nhét cho song song hoa ty déng.
0biéu hwéng bai 1ap trinh vién
LSk dqng “trinh bién dich diéu huwdng" hodc cac cd bién dich, 1ap trinh vién cé thé
yéu cau twdng minh trinh bién dich thwe hién song song code.
L1Ciing ¢6 thé str dung két hop & mot mire d6 nhéat dinh véi song song hoa tw
dong.
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2 Néu ban dang b&t dau véi code tuan tw dang cé va cé thai gian
ho&c ngan sach han ché thi song song hoa tw dong cé thé 1a mot
phwong an. Tuy nhién, cé mét sé canh bao quan trong khi ap dung
song song ty déng:

Obuwa ra két qua sai

D Hiéu ndng thu sw co thé suy giam

Lt linh hoat hon so v&i song song hoa thi céng

L1Gi6i han trong phan nhé clia code (chl yéu 1a cac vong 1ap)

L1C6 thé khong thue hién song song néu phan tich bai toan co nhiéu tré
ngai hoac code qua phtrc tap

0Hau hét cac cong cu tinh toan song song tw déng la cho Fortran

0 Phan nay ap dung cac phwong phap thi cong dé viét ma song
song.
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u bai toan va chwong trinh
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0 R& rang, buéc dau tién trong phat trién phan mém song
song la hiéu bai toan ma ban mubn giai quyét bang song
song. Néu ban dang bat diu bang chwong trinh tuan tw,
cling can thiét phai hiéu nhirng doan code d3 co.

0 Trudce khi danh thoi gian dé thir phat trién mot giai phap
song song cho mét bai toan, can xac dinh c6 hay khoéng
kha ndng bai toan co thé giai quyét bang song song.
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~ Vi du vé bai toan song song

0 Bai toan nay c6 thé dwoc gidi bang song song. Mbi phan
t&r dwoc xac dinh la doc lap. Tinh toan nang Ivgng toi
thiéu cho méi cu tric ciing 1a mot bai toan song song.

1/1/2015 Tinh todn song song

“Vi du v& bai toan khdng song song

0 Pay la bai toan khéng thé song song vi viéc tinh toan
day Fibonacci nhw trén doi héi cac tinh toan phu thuéc
hon 1a chi déng lap trén moét biéu thirc.Tinh toan gia tri
cﬁg k+2 phu thugc vao k+1 va k. Ba biéu thtrc nay khong
thé duoc tinh toan doc lap va do dé né khdng thé song
song

1/1/2015 Tinh todn song song
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et

Xac dinh nhirng «diém néng» cla
chuwong trinh

2 Nhan biét nhirng phan cong viéc thuc sw can duoc giai
quyét.

0 Xem xét & nhiéu khia canh va st dung cac coéng cu
phan tich hiéu nang c6 thé tro giup

0 Tap trung vao nhirng diém néng song song va bé qua
nhirng phan ctia chwong trinh ma chiém dung it CPU.
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3 ]
et

Xac dinh cac diém that trong chwong
trinh (bottleneck)

0 Céc phan chwong trinh song song khéng can déi sé lam
cham hoac gay ra viéc song song bi chan hoac bj tri
hoan, vi du nhw vao/ra - 1/0 thuwdng lam chwong trinh
chay cham lai.

0 Co6 thé cAu trac lai chwong trinh hodc dung cac thuat
toan khac dé gidm hodc loai bé nhirng phan cham khéng
can thiét.
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~ Cac mdi quan tam khac

0 Xac dinh nhirng can tré cho x(& ly song song. Mét can
tré phd bién 1a sw phu thuée di liéu nhw vi du day
Fibonacci & trén.

2 Nghién ctru cac thuat toan khac néu cé thé. Pay cé thé
la mbi quan tdm quan trong nhét khi thiét k& mét (ng
dung song song.
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Phan ra (Partitioning)

[N I Iy Ny oy N Ny Ny I
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Bwdéc dau tién trong thiét ké chwong trinh song song la
ngat bai toan thanh cac “khdi” riéng biét clia cong viéc
dé c6 thé phan phdi t&i nhiéu tac vu. Céng viéc nay goi
la “phan rad” hoac “phan tach”.
Co hai cach phan chia céng viéc tinh toan theo cac tac
VU SONg song:

Phéan ra theo mién di liéu
va

Phén ra theo chirc nang

Phan ra theo mién di liéu

Trong kiéu phan ra nay, di¥ liéu bai toan dwoc phan ra.
MOoi tac vu lam viéc trén mot phan cua div liéu.

5/11/16
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“Phan viing dir liéu

0 C6 nhiéu cach khac nhau dé phan vung dir liéu

CYCLIC, = * CYCLIC CYCLIC, CYCLIC
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| ""‘?Phén ra theo chirc nang

a 1Tongcéchﬁépcénnamtépnungvaotmhtoénséduqcthucrﬂém
khéng quan tam dir liéu duwoc thao tac. Bai toan dwgc phan ra theo
céngv@cphéidwqc;huch@n.MSi%cvusaudéséthucthnnét
phan cla cdng viéc tong thé.

0 Phan ra chirc néng co thé thue thi tét cho cac bai toan cé phan chia
cac tac vu rd rang. Vi du nhuw:

LIM6 hinh hé sinh thai - Ecosystem Modeling
LXe ly tinh hiéu s6 - Signal Processing
LIM6 hinh khi hdu - Climate Modeling
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5/11/16

41



'Mb hinh hé sinh thai

0 M&i chwong trinh sé tinh toan quan thé cia mét nhém
nao dé ma sw phat trién méi nhém phu thudc vao hang
xém clia chung. Theo thdi gian, méi tién trinh tinh toan
trang thai hién tai ctia chung, réi nhivng thay déi thong
tin v&i cac quan thé 1an can. Tt ca céac tac vu dwoc tién
t&i tinh toan trang thai & thoi gian ké tiép.

- - R s 2 > -~ —
to P5 to P1
E - > > > > —
= 2
s
&
o
- -—> > > > —>
v
P1 P2 P3 P4 P5
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X ly tin hiéu s6

0 M6t bo di liéu tin hiéu am thanh dwoc truyén qua bdn bé loc tinh
toan. Ma6i bé Igc la mot xt ly riéng biét. D liéu sé chay qua cac bd
loc tlr thtr 1 dén thir 2, thtr 3 va thie tw.

data \ F

P1 P2

time
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M8 hinh khi hau

2 M6i thanh phan ctia mé hinh c6 thé chia thanh cac tac vu riéng. DAu
mdii tén miéu ta cach trao dbi di liéu gitra cac thanh phan khi tinh
toan. M6 hinh khi quyén tao ra téc d6 gi6 dwoc st dung trong md
mnhdaidwong,métﬂnhdaidwongI@taorad&ﬁéunh@td@bé
mat bién ma dwoc st dung trong mé hinh khi quyén va tiép tuc nhw
vay

Land/Surface Model

0 Két hop hai kiéu phan ra bai toan 1a phd bién va tw nhién.

1/1/2015 Tinh toan song song

Truyén théng (Communicatiion)

[N I Iy Ny oy N Ny Ny I
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~C6 can truyén thong?

2 Nhu cau truyén théng gitra cac tac vu phu thudc vao bai

toan cua ban
0 Khéng can phai truyén théng

Mot vai kleu bai toan c6 thé phan tach va thuc thi song song ma hau nhw
khong can cac tac vu chia sé di¥ liéu. Vi du twéng tucrng thao tac xt Iy
anh can chuyén cac pixel tir den thanh tréng thi chi can dao ngwoc mau
séc. D@ liéu anh nay co thé d& dang phan phéi dé xt ly song song nhiéu
tac vu trén méi phan di lidu.

UNhirng loai bai toan thwong duoc goi song song dep (embarrassmgly
parallel) b&i vi ching thue hién theo moét “dwong thang”, rat it giao tiep

gira cac tac vu duwoc yéu cau.
0 Can phai truyen thong
OHau het cac ng dung dung song song thwdng khéng don gidn va ching
yéu cu cac tac vu chia sé di¥ liéu v&i nhau. Vi du bai toan khuyéch tan
nhiét 3-D yéu cu mot tac vu phai biét nhiét d6 duoc tinh toan béi cac tac
vu lan can.Thay ddi di¥ liéu hang xém cé thé anh hwéng truc tiép téi div

liéu cua tac vu nay.

2 r ~ r4 A J 4
Cac hé sb6 can xem xét (1)

0 Mot sb hé sé quan trong dé xem xét khi thiét ké truyén
thong gilra cac tac vu trong chwong trinh.

0 Chi phi truyén théng
QOTruyén théng gitka cac tac vu ludn dwoc tinh trong chi phi song

song .
QCac chu trinh va tai nguyen cla may nén duwgc st dung cho tinh

toan thay vi dwoc str dung dé& déng goi va truyén di liéu.
EITruyen thong thuong yéu ciu mdt vai kiéu dong bd glua cac tac
vy, ma co thé két qua trong céac tac vu phai mét thoi gian “doi” thay
vi lam viéc.
EITruyen théng canh tranh ¢6 thé bao hoa bang théng mang, lam
tram trong thém van dé vé hiéu nang.

5/11/16
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~ Cac hé sb can xem xét (2)

0 Do tré va Bang théng

0D tré 1 thoi gian can thiét dé giri mot tin nhan tdi thiéu (0 byte) tw
diém A t&i diém B. Thwong theo don vi micro gidy.

LB&ng théng la sb lwong dir liéu cé thé truyén trén don vi thoi gian.
Thwéng biéu didén bang MB/giay.

QG nhiéu tin nh&n nhé co thé gay ra do tré chi phdi chi phi truyén
thong. Thwong hiéu qua hon déng goéi cac géi tin nho thanh géi tin
I&n hon nhw vay sé tang hiéu qua bang théng truyén théng.
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~ Céc hé s6 can xem xét (3)

2 Mtrc dd nhin thay cla truyén théng

Ve mo hinh Message‘ Passing, cac giao tiép 1a rd rang va thudng
“nhin thdy” va dudi diéu khién cla lap trinh vién.

LV6i mé hinh Data Parallel, cac giao tiép thwdng xay ra trong subt
v&i lap trinh vién, dac biét trén kién tric bo nhé phan tan. Lap trinh
vién tham tri con khong thé biét chinh xac cach nao gitra cac tac
vu thue hién giao tiép véi nhau nhu thé nao.
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Céc hé sO can xem xét (4)

2 Truyén thong dong bo va khong déng bo

OTryyén thong ddng bd yéu cau “bat tay” gitra cac tac vu khi chia sé di liéu.
Diéu nay co6 thé la chi ra rd rang trong code bdi lap trinh vién, hodc xay ra
& mirc thap khong duwoc biet den. .

LTruyen thdng dong bo thuwdng dwoc goi la truyen théng khod (blocking)
khi nhirng cong viec khac phai doi cho dén khi cac truyén thong hoan
thanh.

O Truyén théng khéng ddng bd cho phép cac tac vu truyén di liéu doc lap
v&i nhau. Vi dy tdc vu 1 ¢é thé chuan bi va glri message cho tac vu 2 va
ngay lap tirc bat dau lam coéng viéc khac. Trong khi tac vu 2 nhan dwoc div
liéu hay khong khdng quan trong. .

L1Cac giao tiep khéng dong bd thuwdng dwoc goi la truyén thdng khéng khoa
(non-blocking) khi cac cong viéc khac c6 thé van dwoc lam khi cac truyén
théng dang dien ra.

LCAc tinh toan dan xen cuing véi truyén thdng mang lai lgi ich rat 16n cho
truyén théng khéng dong bo.

732

N
(Frra

Truyén théng ddng bd & khéng ddng bd

.
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~ Cac hé sb can xem xét (5)

2 Pham vi truyén théng

CIBiét dugc tAc vu no phai giao tiép voi nhau la rat quan trong trong
th@tkéchqongtﬁnhsongsong.Céhaiméutnwénjhéngrnété
bén dwdi déu co thé thuc thi dong bd hoac khdng dong bo.

LUDiém téi diém (Point-to-point) — lién quan dén hai tac vu véi mot
tac vu dong vai tro nguwdi glri/san xuat div liéu, va tac vu kia dong
vai tro la ngwoi nhan/nguoi tiéu thu.

ElTép‘hovp (Collective) — lién quan dén chia sé gilra cac tac vu
(nhiéu hon 2 tac vu) ma thuwdng dwoc dac td nhw cac thanh vién
trong mét nhém chung hay tap hop.
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* Cac truyén théng dang tap hop

O Vidu

PODDSON
AN Zatia s

broadcast scatter

©000 0000
/ \ / ~
o ¢

gather reduction
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~ Céc hé sb can xem xét (6)

0 Hiéu qua truyén théng

OThwéng cac lap trinh vién sé lwa chon cac hé sb lién quan co thé
anh hwéng tdi hiéu suét truyén thong. Mét trong sb d6 dé cap &
day.

M6 hinh thie thi nao nén dwgc str dung? St dung mé hinh
Message Pasing la mét vi du, thwe thi MPI c6 thé 1a nhanh hon
trén mdt nén tdng phan clrng hon nhitng thue thi khac.

OKiéu truyén thdng nao nén dwoc str dung? Nhw da dé cap phan
trwdc, truyén thong khong ddng bd co thé cai thién hiéu suat téng
thé chwong trinh.

OPhwong tién truyén théng mang — Mét vai nén tang cé thé cung
cap nhiéu hon mét mang cho cac truyén thong. Cai nao la tbt nhat?

1/1/2015 Tinh todn song song

~ Céc hé sb can xem xét (7)

O Chi phi va d¢ phire tap

1/1/2015 Tinh todn song song
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~ Cac hé sb can xem xét (8)

U Cuoi cung, nhan ra rang day chi 1a m¢t phan danh sach
nhirng diéu can xem xét !!! ©

1/1/2015 Tinh toan song song

DPdng bd (Synchronization)
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Céc kiéu dbng bd di liéu

Qa

Rao chén - Barrier

O Thwong am chi rang cac tac vu co lién quan véi nhau .

0 M0di tac vu thwe thi cong viéc clia ching cho téi khi cham téi nguwdng. Roi nd dirng
lai hoac bi “chan lai”. ] )

L Khi tac vy sau cling gép barrier, tat ca cac tac vu la duwgc dong bo.

Obieu Q1_| xay ra & day. Thong thwong mot phan tuan tw cla cong viég phai duoc thwe
hién. h[ong cac trwong hop khac, cac fac vu co the giai phong de tiép tuc cong viéc
clia chung.

Khoa/bén tin hiéu - Lock /semaphore

01 C4 thé lién quan dén bat ky tac vu nao

0O Thyong duoc st dung dé tudn tw (bdo vé) truy cap téi di liéu toan cuc hodic mot
phan cluia code. Chi'mot tac vu tai mot thoi diem co thé dung (sé hiru) moét fock/
semaphoref/flag.

0 Tag vu dau tién yéu cau mot khoda “thiét 1ap” nd, Tac vu nay cé thé sau dé an toan
(tuan tw) truy cap d@ liéu hodc code da duoc bao vé. ]

0 Céc tac vu khag co thé cd gang yéu cidu mot khoa nhwng phai doi cho dén khi tac
vu st hiru khoa nay giai phdong no.

1 Co6 thé 1a blocking hoac non-blocking

Cac hoat dong truyen théng dong bo .

Q1 Lién quan chi nhivng tac vu thwc hién mét thao tac truyén thong .

0 Khi mét tac yu thwe hién moét hoat dong truyen thong, mét vai hinh thirc phoi hop
duoc yéu cau cy %VC’I cac tac vu khac tham gia vao truyén thong. Vi du, tredc khi
mot t&c vy co,thé thuc hién thao tac gui, trwdc tién n6 phai nhan moét xac nhan tw
tac vu nhan rang OK dé gui.

1/1/2015 Tinh toan song song 99
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2 Cac phu thuéc dir liéu (Data Dependencies)
Q

Q

Q

a

Q
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“ binh nghia

0 Sw phu thuéc ton tai gitra cac cau lénh chwong trinh khi
thr tw cac cau lénh thyc thi anh hwdng téi két qua
chwong trinh.

0 Phu thuéc dir liéu (data dependence) xay ra khi cac
tac vu khac nhau sir dung cung mét hoac nhieu vi tri lwu
triv.

0 Tinh phu thubc la rat quan trong trong lap trinh song
song b@i vi chung la mét trong nhirng can tré chinh
trong xt& ly song song.

1/1/2015 Tinh toan song song 101

Vi du 1: Vong I3p mang phy thudc di liéu

DO 500 J = MYSTART,MYEND
A(J) = A(J-1) * 2.0500

CONTINUE

0 Gia tri A(J-1) phai dworc tinh trwdc khi tinh gia tri A(J),

do dé A(J) thé hién sw phu thudc dir liéu vao A(J-1).

X ly song song bi ngan can.

2 Néu tac vu 2 cd A(J) va tac vu 1 c6 A(J-1), tinh toan
duang gia tri A(j) can thiét phai:

UKién truc bd nhé phan tan — tac vu 2 phéi chira gia tri gia tri
cta A(J-1) ttr tdc vu 1 sau khi tac vu 1 két thuc tinh toan cla
minh.

UKién tric bd nhé chia sé: tac vu 2 phai doc A(J-1) sau khi tac
vu 1 cap nhat no.
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tédc vu 1 tac vu 2
X =2 X =4
Y = X**2 Y = X**3

0 Nhuw vi du trwwée tinh song song bi can tré. Gia tri cda Y la phu
thudc vao:

DKién trdc bd nhé phan tan — khi gia tri ctia X dwoc giao tiép gitra cac
tac vu.
0Kién trdc bd nhé chia sé - tc vu sau cling lwu tri gia tri ctia X.

0 Méc du nhan dién tt ca cac phu thudc di liéu la quan trong khi
thiét ké chwong trinh song song, cac phu thudc thwe hién vong
lap 12 d&c biét quan trong vi cac vong I&p cé thé la muc tiéu phd
bién nhat cGia nhirng nd luc thuwc hién song song

1/1/2015 Tinh toan song song 103

~ Lam thé nao dé xt& ly di¥ liéu phu thudc?

0 Céc kién tric bo nho phan tan — truyén di liéu theo yéu
cau tai cac diém déng bo.

0 Céc kién truc chia sé - ddng bd céac thao tac doc/ghi gitra
cac tac vu.
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0 Can bang tai (Load Balancing)
Q

ad

ad

ad

1/1/2015 T (S S s 105

%E)inh nghia

0 Can bang tai dé cap dén viéc thwe hién phan phéi céng viéc gitra
céac tac vu dé tat ca cac tac vu ludn “ban” trong tat ca thoi gian.
N6i cach khac 1a giam thiéu thoi gian rénh réi gitra cac tac vu.

0 Can béng tai rat quan trong trong chwong trinh song song vi ly
do hiéu suét. Vi du néu cac tac vu phai chiu dirng lai & mot diém
ddng bo, tac vu cham nhét sé xac dinh hiéu suét tng thé.

| WORK |
- ol
WAIT time
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~ Céch nao dé dat can bang tai? (1)

0 Binh dang phan chia cong viéc cho méi tac vu nhan
V& cac thao tac mang/ma tran & dé méi tac vu thwe thi méi cong
viéc twong tw nhau, phan phéi déu div liéu d&t gitra cac tac vu.
QVéi cac vong l&p, cac cdng viéc dugc lam & mai lan 13p l1a twong
tw nhau, phan phdi déng déu sé 1an I&p cho cac tac vu.

2Néu mot hé théng cac may khong déng nhét véi déc diém hiéu
suét khac nhau dwoc st dung, can st dung mét vai cong cu phan
tich hiéu suat dé phat hién sy mat can bang tai. Hiéu chinh cong
viéc cho phu hop
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~ Cach nao dé dat can béng tai? (2)

0 St dung khéi gan c6ng viéc déng
oMot sb I6p bai toan dan dén sy mét can béng tai ngay ca khi div liéu la
phan phéi ddng déu gitra cac tac vu:

1 Céac mang thwa — moét vai tac vu sé co div liéu thuc té dé lam viéc trong khi
nhirng tac vu khac hau nhuw "zeros".

1 Céac phwong phép ludi thich (rng — mét vai tac vu cé thé can tinh chinh lwéi cia
chung trong khi nhirng tac vu khac thi khong.

1 Céc mé phdng N-body - & d6 mot sb hat c6 thé di chuyén toi/ tw mién tac vu gbc
t6i cac tac vu khac. O d6 cac hat thudc sé hiru clia mot sb tac vu doi héi lam
nhiéu céng viéc hon nhitng cai dwoc s& hiru bdi cac tac vu khac.

QKhi s6 lwong cong viéc clia mdi tac vu la thay dbi hodc khong thé
dw doan duoc, sé hivu ich néu dung cach tlep can lap lich cac
cong viéc (scheduler task pool). V¢i cac tac vu két thuc cbéng
viéc clia no, hang doi s& nhan mét phan coéng viéc mai.

[1Sé tré nén rat can thiét thiét ké thuat toan tim ra va diéu khién
khéng can bang tai nhw chung xay ra déng trong code
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2 Tinh hat (Granularity)
a

a

a
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“Dinh nghia

0 Tilé tinh toan/truyén théng:
0Trong tinh toan song song, tinh hat la dai lwong do chat lwong cla
ti 1é tinh toan/truyén thong.
UGiai doan tinh toan thwéng tach biét véi giai doan truyén théng
bang céac sw kién dong bo.
0 Song song hat min
0 Song song hat thé
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jSong song hat min

0 86 lugng twong ddi nhé cong viéc tinh toan
dwoc lam gilra cac sw kién truyén théng

0 Tilé tinh toan/truyén théng thap

0 D& dang can bang tai

0 Am chi chi phi truyén théng cao hon va it cé co
hoi d& nang cao hiéu suét

2 Néu tinh hat Ia qua min, c6 thé chi phi yéu cau
cho cac giao tiep va dong bo gitra cac tac vu
mat nhiéu thoi gian hon so véi tinh toan.

swy

[l communication
I computation

1/1/2015 Tinh ton song song 111

:Song song hat thd

2 Sb lwong twong dbi Ién cac cong viéc
tinh toén‘du’o’c thL_rq hién gilra cac sw
kién truyén thong/dong bd

2 Tilé tinh toan cao/truyén théng

2 Am chi ¢6 nhiéu co hdi cho hiéu suét
tang

2 Kho dé can bang tai mot cach hiéu qua

awl}

Y

[ communication
[ computation
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~ Cai nao la tét nhat?

0 Ti1& hat hiéu qua nhat 1a phu thudc vao thuat toan va
mdi trwdng phan cirng ma noé chay trén do.

0 Trong hau hét cac truong hop, chi phi gén voi cac
truyén thong va dong bo la cao hon so véi toc d6 thue
hién thi sé rat thuan lgi dé c6 dwoc tinh hat thé.

0 Song song hat min c6 thé gitp gidm céac chi phi do tai
khéng can bang.

1/1/2015 Tinh toan song song 113

DPau vao/Pau ra (1/0)

[Ny Sy Ny Iy Ny Ny [y Ny

(M
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"Van dé

0 Cac thao tac I/0 thwong dwoc coi la can tré xir ly song
song

0 Céc hé thdng 1/0 song song van yéu kém hoac khéng cé
sén cho tat ca cac nén tang

2 Trong mdi trwdng ma cac tac vu cé cung khong gian tép,
céac thao tac ghi sé dan t&i tép bi ghi de.

0 Cac thao tac doc sé€ bi anh hwéng béi kha nang phuc vu
cac file dwoc diéu khién béi nhiéu yéu cau doc tai cung
thoi diém.

2 1/0 phai dwgc giam sat qua mang (NFS, khéng cuc bd)
dé tranh gay tdc ngh&n nghiém trong

0 M6t vai hé thdng tap tin song song da ra doi, vi du:
LIGPFS: General Parallel File System cho AIX (IBM)
OLustre: cho Linux clusters (Cluster File Systems, Inc.)
OPVFS/PVES2: Parallel Virtual File System cho Linux clusters (Clemson/
Argonne/Ohio State/others)
UPanFS: Panasas ActiveScale File System for Linux clusters (Panasas,
Inc.)
LHP SFS: HP StorageWorks Scalable File Share. Lustre gL_fa trén hé théng
song song tép tin (Global File System choLinux) san pham tw HP
0 Dé&c ta giao dién lap trinh song song 1/0 cho MPI da ¢c6 sén tr nam
1996, mét phan ctia MPI-2. Nha cung cp va cac thyc thi “mién phi”
hién nay thuwéng co san.
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Mot vai tuy chon

O Quy luat #1: Giam tdng thé truy cap 1/O cang nhiéu cang t6t

& Co lap I/0 trong nhirng phan cong viéc tuan tw, va réi str dung cac
giao tiép song song de phan phéi di¥ liéu cho cac tac vu song song.
Vidu 1, tac vu 1 co thé doc mot tép tin dau vao va sau dé truyén di
liéu can thiét cho cac tac vu khac. Tuong tw nhu vay, tac vu 1 cling
c6 thé thuc thi thao tac ghi di¥ liéu can thiét tir tht ca cac tac vu
khac.

0 Va&ibd nhe phan tan chia sé khong glan tép, thwe thi I/O & cuc bo,
khong chia sé khong gian tép. Vi du m6i bo xt ly c6 thé c6 khong
gian tép /tmp. Diéu nay thwéong hiéu qué hon nhiéu thye thi 1/0
théng qua mang cia mét thw muc dung chung.

0 Tao cac tén tép duy nhat cho mdi tac vu vao/ra tép

1/1/2015 Tinh todn song song 117

[EUI Iy Ny Ny Ny Ny By

21 Cac gi¢i han va chi phi cta lap trinh song song
a

1/1/2015 Tinh todn song song 118

5/11/16

59



~Luat Amdahl il /

u Phat biéu luat Amdahl: kha ning ting ,
toc do chuong tinh dugc xac dinh boi ti 18
code (P) co thé dugc song song:

0 1 2 3 4 5 6 7 8 9
Fraction of code that can be parallelized

- Néu ti 1&é song song P = 0 thi téc do = 1. Néu tat ca
code 1a dwoc song song, P = 1 thi tc dé la vé han
(theo ly thuyét).

2 Néu 50% cta code duoc song song thi téc dd téi da
= 2, nghia la chwong trinh chay nhanh hon 2 Ian.

1/1/2015 Tinh toan song song

~Luat Amdahl

2 Khi sb bd vi xt ly thue thi song song cac phan cong viéc,
mdi quan hé cé thé dwoc mé hinh bdi

0 Trong do P =i 1é code song song, N = s6 bo vi xr ly va
S =i Ié code tuan tw

1/1/2015 Tinh toan song song
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- Luat Amdanhl

0 R& rang c6 nhirng gi¢i han khi mé réng song song, vi du
voi P =.50, .90 va .99 (ti 1& 50%, 90% va 99% cua phan
code song song), thwc nghiém cho két qua:

speedup
N P = .50 P = .90 P = .99
10 1.82 5.26 9.17
100 1.98 9.17 50.25
1000 1.99 9.91 90.99
10000 1.99 9.91 99.02
1/1/2015 Tinh toan song song 121

~ Luat Amdahl

2 Tuy nhién mét vai bai toan chirng minh viéc tang hiéu suét khi tang
kich thwéce bai toan, vi du:
LICé4c tinh toan lwéi 2D mét 85 giay chiém 85%
UPhan tudn tw méat 15 giay chiém 15%

0 Chung ta c6 thé tang kich thwéc bai toan bang viéc tang gap doi
kich thwéce lwdi. Thi gian thye thi:
L1Cé4c tinh toan lwéi 2D mat 680 giay chiém 97.84%
0OPhan tuan tw mat 15 seconds chiém 2.16%

0 Céc bai toan tang ti 1& phan trdm song song v&i kich thwéc cia
ching cé nhiéu kha nang mé réng hon nhirng bai toan cb dinh
phan tr&m thoi gian song song.
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Do phirc tap

& Noi chung, cac (rng dyng song song la phirc tap hon nhiéu so v&i
cac rng dung dang tuan ty (xet ve cung loai trng dung va thuat
toan). Khéng chi riéng nhleu ludng chi thi Iénh duwoc thire thi tai mot
thdi diém ma con c6 ca cac ludng di liéu trao ddi gitra chung.

0 Céac chi phi vé do phtre tap dwoc do bang thoi  gian 1ap trinh theo
moi khia canh ctia vong doi phat trién phan mém:

OThiét ké
L1Viét code
OG¥ rbi
0biéu chinh
0OB3o tri

0 Tuan tha tét phwong phap phat trién phan mém la can thiét khi lam
Viéc v&i cac wng dung song song.

1/1/2015 Tinh toan song song 123

= Tinh twong thich

0 Nho viéc chuén hoa trong mét sé API nhu MPI, POSIX threads,
HPF va OpenMP, céac van dé twong thich cla cac chwong trinh
song song khong con la van dé nghiém trong trong nhirng nam qua.
Tuy nhién...

0 Thuong cac véan dé tuong tich clia mot chwong trinh tuan tw két
hop vgs’i chwong trinh song song. Vi du nhw néu ban sr dung nhirng
“cai tién” cta nha san xuat cho Fortran, C hay C++, lic nay tinh
twong thich sé la mét van de.

0 Mac du cac chuén ’Ec‘“m tai trong nhiéu API, nhwng viéc trién khai sé
khac nhau & moét sb chi tiét, doi khi doi hdi phai stra d6i ma ngudn
dé thuc hién twong thich.

0 Hé diéu hanh c6 thé déng mét vai trd quan trong trong van dé tinh
twong thich ctia ma nguén.

0 Céac kién triic phan cing co cac déc diém rét khac nhau va co thé
anh hwéng dén tinh twong thich.
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R
i FITA
«»mf/

Yéu cau tai nguyén

- Muc dich chinh cta chwong trinh song_ song la glam thoi
gian thyc thi, tuy nhién dé thyc hién diéu nay, yéu cau
nhiéu thoi glan cua CPU. Vi du code song song chay 1
glo’ trén 8 bo x(r ly thwe chat né st dung 8 gi® thdi gian
cua CPU.

0 Sé luwong bé nh& doi h()i cho code song song ¢6 thé 16n
hon code tuan ty, do can tai tao di liéu va cho cac chi
phi két hop clia cac thw vién hé tro song song va cac hé
théng phu tro'.

0 Péi voi cac chuo’ng trinh song song nhé, cé thé vé mét
hiéu suat n6 kém hon thuc thi bang tuan tw twong tuw.
Chi phi trén lién quan dén viéc thiét lap moi trwdng song
song, kh&i tao tac vu, cac truyén thong va két thic tac vu
c6 thé bao gbm mot phan dang ké thai gian thye thi

R
i FITA
«»mf/

Kha nang mo réng

0 Kha nang mé rong hiéu nang cua mot chwgng trinh tinh
toan song song phu thuoc vao nhiéu yéu t4 lién quan
dén nhau. Khong don gian la viéc thém nhiéu may tinh
thi s& cho két qua tét hon.

0 Mot thyat toan co6 thé co nhivng gidi han von co dé mé
réng. O mot vai diém, viéc thém tai nguyén gay ra hiéu
suat glam

0 Cac yeu tb phan ctrng dong mét vai tro quan trong trong
kha nang mé rong, vi du:
0Bang thong bus cla bd nhé va CPU trén cac may SMP
0Bé&ng théng mang truyén théng
0Ssé lrgng b nhé' c6 s&n trén cac may hoac thiét 1ap trén cac may
0Tée do xur ly ddng hd

0 Cac thw vién hé tro _song song va cac phan mém hé
thong phu tro c6 thé giéi han kha ndng mé rong doc lap
clia trng dung.
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Q
0 Phan tich hiéu suét va hiéu chinh

1/1/2015 Tinh todn song song 127

0 G& rbi, 1an vét va phan tich thyc thi chwong trinh song
song la mét thach thirc dang ké hon so véi cac chwong
trinh tuan ty.

0 Hién nay c6 s&n mot sb cdng cu cho phép theo déi thuc
thi va phan tich.

0 Hay bat dau vai tai liéu hwédng dan céng cu phan tich
hiéu nang: Performance Analysis Tools Tutorial

0 Cdng viéc van con phai tjé'p tuc, d&c biét 1a trong phan
kha nang mé rong hé thong tinh toan song song.
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CAC Vi DU SONG SONG

Parallel Examples

1/1/2015

“Noi dung

O X ly mang

0 Tinh toan sé PI

O Phwong trinh nhiét don gian (Simple Heat Equation)
0 Phwong trinh séng 1-D (1-D Wave Equation)

1/1/2015
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- X ly mang

3 Vi du nay giéi thiéu cach tinh toan cac phan t&r mang hai chiéu (2-D)
v&i viéc tinh toan trén moi phan tir mang la déc lap véi cac phan tor
mang khac.

0 Chuwong trinh tuan tw nay tinh cac phan t&r theo cach tuan tu.

2 Poan code tuan tw cé thé md ta nhw sau:

do j = 1,n

do i = 1,n

a(i,j) = fen(i,j)

end do

end do

0 Tinh toan cac phan ti 13 doc 1ap véi cac phan tir khac — déﬁy |é‘-,ba\i
toan song song “dep” hay song song “hoan hao” IR

0 Bai toan nay can dwoc nghién ctvu xau hon. ‘.

1/1/2015 Tinh toan song song 131

X ly mang: giai phap 1

task1 task2 ... task N

Cac phan tr mang dwoc chia thanh cac mang con cho mdi bo xt Iy riéng.

Cac tinh toan la doc lap gitra cac phan t& mang nén khéng can giao tiép gitra

cac tac vu. ) )

0O Phan chia cac, mang con c6 thé theo sb mot sé tiéu chi khac nhau vi du nhw
theo bwdc nhay trén so tac vu. Phan chia theo don vi buwédc nhay sé toi wu dwoc

viéc str dung cache/memory.

Viéc lwa chon ngi canh phan phéi cac mén%pon phu thudc vao ngén ngir 1ap
trinh. Xem thém Block - Cyclic Distributions Diagram.
0O Sau khi mang bj chia, méi tac vu thuc hién trén cac phan clia vong 13p twong
ng v&i di¥ lieu riéng. Vi du khoi div liéu phan bo nay duoc thye hién:
do j = mystart, myend
do i =1,n
a(i,j) = fen(i,j)
end do
end do ) . .
a tChL’J y rang cac bién Iap vong lap for ngoai cung khac v&i phan thuat toan tuan
w.

[mp i
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70
X ly mang: giai phap 1
Phwong phap trién khai kha thi

0 Thue thi theo md hinh SPMD.
0 Tién trinh cha (Master) khéi tao mang, gtvi div liéu toi
céc tién trinh con (worker) va nhan két qua.

0 CAc tién trinh worker nhan thong tin, thwc thi di¥ liéu chia

sé tinh toan va gtri két qua vé master.
0 Thuat toan: mau dé |a nhirng phan thay déi cho xt ly
song song

1/1/2015 Tinh toan song song 133

70
X ly mang: giai phap 1
Phwona phap trién khai kha thi

find out if I am MASTER or WORKER

if I am MASTER
initialize the array
send each WORKER info on part of array it owns
send each WORKER its portion of initial array
receive from each WORKER results

else if I am WORKER
receive from MASTER info on part of array I own

receive from MASTER my portion of initial array

# calculate my portion of array

do j = my first column,my last column
do i = 1,n
a(i,j) = fcn(i,])
end do
end do

send MASTER results

endif
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5/11/16

\EYXW ly mang: giai phap 2

Pool of Tasks

0 Giai phap 1 vé xtr ly mang 1a giai phap can bang tai tinh:
Méi tac vu cé mot sé lwong cac cong viéc cb dinh phai lam
QOThoi gian nhan rdi sé dang ké gitva cac bd x& ly nhanh VGi cac bo

x ly chay cham hon do d6 sé anh hwéng téi hiéu suét tong thé.

0 Can bang tai tinh thwong khéng 1a mdi quan tadm 16n néu
cac tac vu duwoc thye thi cung so lwgng cdng viéc trén
cac may giong nhau..

2 Néu ban gap van dé véi can bang tai (mét vai cong viéc
sé thye thi nhanh hon nhirng céi khac), sé cé lgi neu
ban st dung chién Iwgc “pool of tasks”

1/1/2015 Tinh toan song song 135

= Xt ly mang: giai phap 2
Chién lwoc Pool of Tasks

0 Hai bg xtr ly dwoc thye thi
0 Tién trinh Master:
0Gilr cac tac vu cho cac tién trinh worker lam
O Gwi worker tac vy khi dwgc yéu cau
OThu thap két qua tlr cac worker
0 Tién trinh Worker: 13p lai cac cbng viéc sau
ONhan tac vu tir tién trinh master
O Thwe hién tinh toan
DG cac két qua téi master
0 Cac tién trinh worker khong biét trwéc thdi gian chay ma chung sé
Xt ly va c6 bao nhiéu tac vu chung phai thic hién.
0 Can béng tai doéng xay ra lic chay: cac tac vu nhanh hon sé nhan
thém cbng viéc dé lam.
0 Thuat gidi: mau dé la nhirng thay dbi cho phan xt ly song song.

1/1/2015 Tinh toan song song 136
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1/1/2015

=X ly mang: Gidi phap 2 cho chién lworc Pool of Tasks

find out if I am MASTER or WORKER
if I am MASTER
do until no more jobs
send to WORKER next job
receive results from WORKER
end do
tell WORKER no more jobs

else if I am WORKER

do until no more jobs
receive from MASTER next job

calculate array element: a(i,j) = fen(i,j)

send results to MASTER
end do

endif

Tinh toan song song

137

"Tinh toan sé P

0 Gié tri cta PI co thé dwoc tinh theo cac cach khac nhau.
Hay xem xét mét phwong phap sau dé tinh xap xi so6 PI:

LMt vong tron ndi tiép trong mét hinh vudng
UPhat sinh ngdu nhién cac diém trong hinh vuéng

LXé&c dinh sb diém roi trong hinh vuéng va cac diém roi vao trong

hinh tron

0bat r bang sé diém trong hinh tron chia cho s diém trong hinh

vubng
OPl ~ 4

0 Cha y réng cang phat sinh nhiéu diém, dé chinh xac cla

sO Pl cang cao

1/1/2015
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~ Thao luan

0 Trong vi du vé “pool of tasks”, mdi tac vu tinh toan mot
phan t&r riéng lé cia mang nhw mot job. Ti Ié tinh toan
trén giao tiép cac tac vu dwoc coi la tinh hat min (finely

granular)

3 Cac giai phap tinh hat min phai chiu chi phi giao tiép
nhiéu hon dé gidm bét thdi gian nhan rdi cla tac vu.

0 Mét gidi phap ti wu hon niva cé thé 14 phan phdi nhiéu

cong viéc véi méi job.

1/1/2015 Tinh toan song song

139

“Thuat toan tuan tw

npoints = 10000
circle count = 0
do j = 1,npoints

0 and 1
xcoordinate = randoml ;
ycoordinate = random2

if (xcoordinate, ycoordinate)

circle count + 1
end do
PI = 4.0*circle_count/npoints

generate 2 random numbers between

inside circle then circle count =

= Chu y: hau hét thoi gian chay chwong trinh nay

danh cho vong lap

m Dan dén mot giai phap song song “dep”:

- Khéi lwong tinh toan Ién
- Téi thiéu giao tiép
- Téi thiéu 1/0

1/1/2015 Tinh toan song song

(2r)2 = 4r?
1:r2Ac
4 x—
Ag
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Tinh toan sé Pl
Giai phap song song

0 Chién thuat song song: ngat vong I&p
thanh cac phan ma cé thé dugc thyc
thi b&i cac tac vu khac nhau.

0 Vé&i tac vu nay sb Pl xap xi:

M@ tac vu thue hién phan céng viéc I&p
trong vong mot so lan

QMBGi tac vu c6 thé lam phan viéc cla
minh ma khéng can yéu cau théng tin tw
cac tac vu khac.

0S8 dung mé hinh SPMD. Mét tac vy
doéng vai tro la master va thu thap ket
qua.

0 Thuat gidi: mau dé la nhitng thay dd
cho xt ly song song

[Itask 1
I task 2
[Ctask 3
[Ctask 4

1/1/2015 Tinh toan song song 141
<=’ Tinh toan so PI
Giai phap song song
circle_count = 0
p = number of tasks
num = npoints/p
find out if I am MASTER or WORKER
do j = 1,num
generate 2 random numbers bhetween 0 and 1
xcoordinate = randoml ; ycoordinate = random2
if (xcoordinate, ycoordinate) inside circle
then circle count = circle_count + 1
end do
if I am MASTER
receive from WORKERS their circle counts
compute PI (use MASTER and WORKER calculations)
else if I am WORKER
send to MASTER circle count
endif
1/1/2015 Tinh toan song song 142
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Phwong trinh nhiét don gian

Simple Heat Equation

HAu hét cac bai toan trong tinh toan song song ddi hdi giao tiép
gilra cac tac vu. Mot trong sO cac bai toan pho bién la giao tiép voi
cac tac vu “hang xom”.

Phwong trinh nhiét mé ta nhiét do thay déi theo thoi gian, khéi tao
phan bo nhiét do va céac diéu kién bién.

Mot lwoc qf‘: hiru har) phan biét dwoc X —

str dung dé giai quyét phwong trinh nhiét :

sb trén mot vung 6 vudng.

Khéi tao nhiét dé la 0 & dwong bién y| [UXY | Uxy [uxsy

va cao & gilra.

Nhiét dé dwdng bién dwoc gitr la 0 U x,y-1

Bai toan hoan toan ré rang, mdi budc

thuat toan dwoc st dung, cac phan tlr cla x >

mot mang 2 chiéu dai dién cho nhiét do tai cac diém trén hinh
vubng.

~ Phwong trinh nhiét don gian

Viéc tinh toan mot phan tr phu thudc vao cac gia tri cua
phan tir hang xém.
Ux’y=UX’y

+ Cx - (de,y * Ux—1,y -2y

)

+ Cy = (Ux’y” + Ux,y-1 -2 Ux’y)

Code chwong trinh tuan tw cé thé:

do iy = 2, ny - 1
do ix = 2, nx - 1
u2(ix, iy) =

ul (ix, iy) +
cx * (ul (ix+1,iy) + ul(ix-1,iy) - 2.*ul(ix,iy)) +
cy * (ul(ix,iy+1l) + ul(ix,iy-1) - 2.*ul(ix,iy))
end do
end do
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P D

lai phap 1

Thuwc hién theo m6é hinh SPMD
Toan bd mang dwoc phan chia va phan phéi
nhw mot mang con t&i tat ca cac tac vu.Mbi tac
vu s& hiru riéng mét phan clia mang toan cuc
Xac dinh phu thudc di liéu
Céc phan t&r ndi tai thudc moét tac vu la doc 1ap voi cac tac vu khac
Cac pr]én ttr bién la phu thudc vao di¥ liéu clia cac tac vu hang xém, doi hoi phai
giao tiep
Tién trinh Master gli théng tin khéi tao cho cac worker, kiém tra do
hoéi tu va thu thap di¥ liéu
Cac tién trinh worker tinh toan giai phap, giao tiép voi cac tién trinh
hang xédm néu can thiét
Thuat giai: mau dé 1a nhirng thay ddi cho xtr Iy song song

‘Parallel Solution 1

find out if I am MASTER oxr WORKER

if I am MASTER
initialize array
send each WORKER starting info and subarray

do until all WORKERS converge
gather from all WORKERS convergence data
broadcast to all WORKERS convergence signal
end do

receive results from each WORKER

else if I am WORKER
receive from MASTER starting info and subarray

do until solution converged
update time
send neighboxrs my boxrdexr info
receive from neighbors their boxrder info

update my portion of solution array

determine if my solution has converged
send MASTER convergence data
receive from MASTER convergence signal
end do

send MASTER results

endif
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Truyén théng va giao tiép chong lan

0 Trong gidi phap trwdc, gia dinh 1a cac truyén théng chan (blocking)
duwogc str dung bai cac tac vu worker. Truyen théng chén doi xt ly
truyén théng hoan thanh trude khi tiép tuc chi thi Iénh ké tiép.

0 Trong g|a| phap trudc, cac tac vu hang xém giao tlep v&i div liéu
bién, réi méi tién trinh dwoc cap nhat mét phan mang ctia noé.

2 S 1an tinh toan thwéong c6 thé dwoc gidm bang cach st dung
truyén thong khong chan (non- blockmg) Truyen thdng khéng chén
cho phép cong viéc dwoc thue thi khi cac giao tiép dang thuc thi.

O Méi tac vu co thé cap nhat di liéu bén trong ctia mang hién tai khi
giao tlep di liéu bién xay ra, va cap nhat dwdng bién sau khi giao
tiép két thuc.

0 Thuat gidi: mau dé la nhirng thay ddi cho truyén théng khéng chan.
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=’ Giai phap 2

Truyén théng va giao tiép chong lan

Find out if I an MASTER ox WORKER
if X am MASTER

initialize axxx»ay
send each WORKER staxting info and subar»xay

do until all WORKERS convexge
gathex f£frxom all WORKERS convexrgence data
br»oadcast to all WORKERS convexrgence signal
end do

receive Tesults from each WORKER

else if I am WORKER
receive from MASTER starting info and subaxrxxay

do until solution convexrged
update time

non-blocking send neighbors my bordex info
non-blocking receive neighbors bordex info

update interioxr of my poxrtion of solution axray
wait for mon-blocking communication complete
update bordex of my poxrtion of solution axray
detexmine if my solution has convexged
send MASTER convexrgence data
receive from MASTER convexrgence signal
end do
send MASTER xesults

endif
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“*Phwong trinh séng 1-D

1-D Wave Equation

0 Trong vi du nay, bién do 1a déng nhéat, chubi d6 thi dwoc
tinh sau mot khoang thoi gian xac dinh.
0 Viéc tinh toan lién quan toi:
1Bién d0 trén trucy
Qi nhw 1a chi s6 vi tri theo truc x
0CAac diém nut dat doc theo do thi
1Cap nhat bién d¢ theo thi gian khong lién tuc

!
Q
£
®
=
]
< -1
Position index (i)
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| "'"’:Phu’o’ng trinh séng 1-D

0 Biéu thirc nay gidi quyét bai toan phwong trinh song 1-D,
& day c la hang so:
A(i,t+1) = (2.0 * A(i,t)) - A(i,t-1)
+ (e * (A(i-1,t) - (2.0 * A(i,t)) + A(i+l,t)))

0 Chu y: bién d6 sé phu thudc vao budc théi gian trede dé
(t, t-1) va cac diém hang xém (i-1, i+1). Sw phu thudc di
liéu sé& doi hdi mot gidi phap song song sé lién quan dén
cac giao tiép gitra cac tac vu.
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Phuwong trinh séng 1-D
Giai phap

Thwce thi theo mé hinh SPMD

Toan bé mang bién dé dwoc phan chia va phan bd nhw cac
mang con t&i cac tac vu. Moi tac vu sé s& hiru riéng mot phan
mang toan cuc.

Can bang tai: Tat ca cac diém yéu cau so lveong céng viéc nhw
nhau, nhuvaysodmnwnenduoccmadeunhau

Viéc phan gid moét khdi can phai phan chia cong viéc thanh cac
tac vu nhu chia khuc, cho phép méi tac vu s& hivu hau hét cac
diém d liéu lién ké nhau.

Cac giao tiép chi can xay ra & cac dir liéu bién. Kich thudc khoi
I&n hon thi cang it giao tiéep.

1

i

Arplitude (4) at time t

Position index (i)

2 Giai phap phwong trinh séng 1-D
£ind out numbex of tasks and task identities

#Identify left and right neighboxrs

Jdeft_meighbox = mytaskid - 1

right neighbor — mytaskid +1

if mytaskid = first then left neigbox = last
if mytaskid = last then right neighbor = first

f£ind out if I am MASTER ox WORKER
if I am MASTER

initialize array

send each WORKER starting info and subarxay
else if I am WORKER

receive starting info and subarray from MASTER
endif

#Update values for each point along string
#In this example the mastexr paxrticipates in calculations
do t = 1, nsteps

send left endpoint to left mneighbox

receive left endpoint from right neighbox

send xright endpoint to xight neighbox

receive xright endpoint from left neighbox

#Update points along line

do i = 1, mnpoints
newval{(i) = (2.0 * values(:l.)) — oldval (i)
+ (sgtau * (values(i-1) (2.0 * values(i)) + values(i+1)))
end do
end do

#Collect xesults and write to file
if I am MASTER
receive results from each WORKER
write xesults to file
else if I am WORKER
send xresults to MASTER
endif
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