Tinh toan song song va phan tan
PGS.TS. Tran Van Lang

langtv@vast.vn

Tai liéu: Introduction to Parallel Computing
Blaise Barney, Lawrence Livermore National Laboratory
https://computing.linl.gov/tutorials/parallel_comp/

m

Intraduction to Parallel Computing

o B By, Liveons Loevees Vot Lobiei

Takhe of Cantases

Dr. Tran Van Lang, Assoc. Prof. in Computer Science 1

Table of Contents

|concepts and Terminology

von Neumann Architecture

« Named after the H i thy ician John von

2. Khai niém va thuat ngir

1. Kién tric may tinh Von Neumann
2. Phén loai kinh dién cua Flynn

3. Mot vai thuat ngit song song

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

Kién tric may tinh Von Neumann

* Puoc dat theo tén caa Nha toan
hoc ngwoi Hungary - John von
Neumann - ngwoi dau tién dua
ra nhirng yéu cau cia mot may
tinh dién ti (electronic
computer) trong cong trinh ctia
Ong vao nam 1945.
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* Tl d6, hAu nhuw tit cad cdc may tinh déu tuin theo
thiét ké co ban nay.

* Sw khac nhau giita cAc may chi la su sap dit cia
cac hé thong diy két noi ctrng (hard wiring).
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* Theo Von Neumann, mét
may tinh dién tr bao gbm

4 thanh phan chinh:

— Memory :

— Control Unit | Ari::gliztlc
— Arithmetic Logic Unit Unit

— Input/Output
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¢ Memory: b6 nh& doc ghi ngau nhién lwu trir cac
lénh chwong trinh va dit li€u khi thwc thi
— Lénh chuong trinh (Program Instruction) dwgc ma
héa dir liéu dé yéu cau may tinh lam diéu gi dé
— Con dit liéu (Data) don gian chi la thong tin dwoc st
dung b&i chwong trinh
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* Control Unit: 14y cic Iénh chwong trinh va dir
liéu tlr bo nhé, gidi ma cau 1énh réi phéi hop mot
cach tuan tw cac phép toan, cic thao tac dé€ hoan
thanh nhiém vu dwoc l4p trinh sn.

registery

ALU ALU
cache

control unit
1/0 unit
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* Arithmetic Logic Unit: thwc hién cac phép toan
s6 hoc va luan ly co ban.

« Input/Output: nham giao tiép v&i nguoi st dung
hoac thiét bi ngoai vi

Memory (Program and Data)

| l,

Control Unit ’

Arithmetic and Logic Unit

I
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Kién tric song song

M4y tinh song song van giir
nguyén thiét ké co ban nay; chi
nhan s6 bd phan (Unit) 1én nhiéu
lan.

* V& co ban, kién tric nén tang con
lai nhw kién tric may tinh tuin tu.
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Phan loai theo Flynn

 C6 nhiéu cach dé phan loai may tinh song song.
Mot trong nhirng phan loai dwoc st dung rong
rai c6 tw nam 1966, do6 1a phan loai Flynn.

Single Multiple
Instruction Instruction
Stream Stream

L

Single
Data
Stream

Multiple —»
Data
Stream
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* Flynn phén biét kién triic may

tinh song song dwa trén so Flynn's Taxonomy:
o A A Simd, Symmetric
trang thai c6 thé cua cau lénh Multiprocessing, Mimd,
\ ~ 1:A Flynn's Taxenomy, Multi-
va dir 11@11. Core Processor, Von
Neumann Architecture

* SO trang thai & day la Single
hay Multiple.
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Books LLC
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Ma tran phan loai theo Flynn

MISD
Multiple Instruction, Single Data

Dr. Tran Van Lang, Assoc. Prof. in Computer Science 12




Single Instruction, Single Data (SISD)

* La m{t may tinh tuin tw
(non-parallel) load A
* Single Instruction: Chi load B
mot dong cau lénh dwoc
tdc dong bai CPU trong C=A+B
su6t mot chu ky dong hoé.
* Single Data: Chi mot store C
dong dir liéu dwgc dung _
nhw diu vao trong sudt A=B"2
mot chu ky dong ho. store A v
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Single Instruction, Single Data

* Pay la moét loai may tinh lau doi
nhit, dong thoi 1a loai may tinh

phé bién nhat trong thoi dai
ngay nay, chang han:

— may tinh 1&n thé hé ci,

— may mini,

— may tram va

— hau hét cadc may tinh PC hién dai

ngay nay.
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Single Instruction, Multiple Data (SIMD)

* Loai may tinh song song

* Single Instruction: Tat
ca cac don vi xtr ly thi
hanh cung cau 1énh & moét
chu ky dong ho cho truwérc.

* Multiple Data: Mdi don
vi xtr Iy c6 thé thue hién
thao tac trén phan ti div
liéu khac nhau.

mem prev instruct prev instruct
load A(1) | load A(2) load A(n)
. load B(2) load B(n)
| [c@-A@rB@R)| [cm=AnIBm)|
L G store C(2) store C(n)
mn\nﬂn‘l next Instruct next instruct
P1 P2 Pn

D{r liéu A, B, C khac nhau
trén cac don vi xtr ly P
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* Loai t6t nhat phu hop cho nhirng bai toan
chuyén mon doi hoi toc do xtr ly cao nhw xtr Iy do
thi, hinh anh.

 Thi hanh mot cach déng bo
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* C6 hai bién thé ctia loai SIMD nay:
— Proccesor Arrays: Connection Machine CM-2, MasPar
MP-1 & MP-2, ILLIAC IV
— Vector Pipelines: IBM 9000, Cray X-MP, Y-MP & C90,
Fujitsu VP, NEC SX-2, Hitachi S820, ETA10
» Hau hét cac may tinh hién dai, dac biét cac
Graphics Processor Units (GPUs) st dung chi thi
SIMD.
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Processor Arrays

ILLIAC IV MasPar
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Thinking Machines CM-2
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Vector Pipelines

IBM 9000
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Fujitsu VP
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Multiple Instruction, Single Data (MISD)

* Loai may tinh song song

 Multiple Instruction: Mdi don vi xtr ly hoat dong trén
dir liéu doc lap thong qua dong cau l1énh riéng biét.

* Single Data: M6i dong dir liéu duy nhat duoc dwa vao
nhiéu don vi xtr ly.

prev instruct prev instruct
A(1) dwoc dwa vao cac load A(1) load A(1)
P dé tinh ra cac gia tri C(2)=A(1)*2 C(n)=A(1)*n
C khac nhau
store C(2) store C(n)
next instruct next instruct

P1 P2 Pn
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* Daylalop phan loai dé day da, khong ton tai loai
may tinh nay bao gio.

* Tuy nhién, c6 mot vai du an thir nghiém. Mot
trong s6 d6 la may tinh Carnegie-Mellon C.mmp
(1971).

MISD [ Instruction Pool ]

3
=
=
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» Mot vai ®tng dung cé thé twdng twong:

— B6 loc nhiéu tan s hoat dong trén mot tin hiéu duy
nhat

— Nhiéu thuit toan gidi ma c6 gang crack mot tin nhan
duy nhat dwoc ma hoa.

Instrogion Sueam J

Iostruction Siream 2

Dz Stream

Instruction Stream n
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Multiple Instruction, Multiple Data (MIMD)

* Loai mdy tinh song song M5 b xtr Iy P thuc hién mot
* Multiple Instruction: sd cau lénh khac nhau - 1énh
Mbi bd xi I c6 thé thi th2,3,4,5
hénh d(\)ng Céu lénh khéc prev instruct prev instruct prev instruct
nhau. load A(1) call funcD do 10i=1N
= X« A 9 load B(1) x=y*z alpha=w**3 -
* Multiple Data: Moi b0 xv ommnl ooz — B
ly c6 thé lam viéc voi store C(1) cattsubt(ij) | | 10 continue
dbng dtl’ lléu khéc nhau_ next instruct next instruct next instruct
P1 P2 Pn
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* Viéc thwc thi c6 thé dong bdé hodc khong dong bo,
c6 thé xac dinh hodc khéng xac dinh (non-
deterministic)

* Hién tai, loai may tinh song song hién dai nhat,
ph6 bién nhit thudc vao loai ndy. Chang han:

— Hau hét cac siéu may tinh hién tai,
— Cum va luéi (clusters and grids) may tinh song song
no1 mang,
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K Computer, siéu may tinh cua 11/2011

— M4y tinh da xt ly d6i xirng (multi-processor SMP)
— multi-core PCs.

* Lwu y: Nhiéu kién triic MIMD ciing bao gém cac
thanh phan con thi hanh dang SIMD.

29
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Cray's Jaguar supercomputer upgraded with
NVIDIA Tesla GPUs, renamed Titan (Oct 29th 2012)

[BM POWERS HP/Compaq Alphescrver Intel TA32
> m — -
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Mot vai thuat ngir

* Supercomputing / High Performance
Computing (HPC)
— Linh vuc str dung may tinh nhanh va 1én dé giai
quyét nhirng bai toan lon.

— Thiét ké thuit toan dé xay dlrng chlmng trinh tinh
toan song song - ,
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* Node

— C6 thé coi nhw 1a may tinh nam trong mot chiéc hop
doc lap (stand-alone)

— Thong thwong bao gdbm nhiéu CPUs/processors/
cores.

— Node ciing c6 thé 1a mét mang (cac may ndi mang
cung nhau dé bao gobm mét siéu may).
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* CPU / Socket / Processor / Core
— Pay la nhirng bién thé khac nhau, tty thudc vao ngir
canh trong cudc noéi chuyén.
— Trong qua khit, CPU (Central Processing Unit) la mot
thanh phan thuc thi duy nhat tir mot may tinh.
— Sau d6, nhiéu CPU dworc tich hop vao mot Node.
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— R6i mot CPU riéng 1é dwoc phan thanh nhiéu Core -
la mot don vi thuwc thi duy nhat.

— CPU v&i nhiéu Core thinh thoang dwoc goi la Socket -
tuy theo nha san xuat.

— K&t qua 1a mot Node véi nhiéu CPU, moi CPU chira
nhiéu Core.

B_SL55 LocalMem W SL55 RemoteMemn
B Fedorai3 LocaMem — - Fedorat3 Remotedem
B Natve LocalMem W Native Remotelem “

RS q
INTEGER |

FLOATING-POS
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* Task
— La mot cong viéc giong nhw mot
chwong trinh hodac mot doan _
chwong trinh tuin tw thwc thi trén 32 A%
mot bo xtr ly. |

Supercomputer - each blue
light Is a node
Node - standalone
Von Neumann computer
CPU/ Processor / Socket - each
has multiple cores / processors.

n . Communication ‘—“A’.. _\\_\

— Mot chuong trinh song songbao e /22270
A A A A N, Combined Task:

gom nhiéu task chay trén nhiéu bo &\ G
X& 1}”. Fi;al Program

Z
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* Pipelining * Shared Memory

— TAch mot task thanh ra nhiéu bwéc dé thuc thi trén — M6 ta kién tric may tinh ma tat ca cac bo xtr ly truy
nhiéu don vi xtr ly khac nhau. cip mot cach truc ti€p dén mot boé nhé vat ly chung.

— Khi d6, mdi don vi xt ly c6 thé nap mot bwdc méi vao — Trong ngit cdnh 14p trinh, bd nh& chia sé dung dé mo
dé thwc hién trong khi dang thwc hién mot buéc ta mo6 hinh ma nhirng task song song cé cung “btrc
trwde d6 giong nhu mot day chuyén lap rap. tranh” cia bo nhé. Nhivng task nay c6 thé truy cap

— bay 1a mot loai tinh todn song song mot cach truc ti€p dén cac bién trong b nhé ma

: khéng cin biét sy ton tai thwe sw cia bo nhé vatly &

dau.

39
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* Symmetric Multi-Processor (SMP)

— Kién tric phin cirng & dé nhiéu bo xt Iy chia sé mot
khong gian dia chi chung (global address space) va
truy cip dén tit ca nguon tai nguyén

— C6 thé néi day la kién trac dé thwce hién tinh toan véi
b6 nh¢ chia sé.

AMP SMP
{same CPU)

Heterogeneous
{imegration of multi systems) (same CPU)
COC T
cruA | cPUB CPUA  CPUA CPUA  OPUA
T | mampes
[
i LIIE R T L
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* Distributed Memory
— Vé mit phan cirng, viéc truy cip bé nhé vat ly cia
may tinh mang thi khong thé dung chung cho cac
may trong mang do.

— V&i mo hinh 14p trinh, mét task chi c6 thé “thiy dwoc”
vung bo nh¢ dia phwong ma trén dé n6 thwc hién.
Nén khi task nay muon truy cdp mot vung b6 nhé
trén may khic, thi phai théng qua sv giao tiép.
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 Communications
— Nhirng task song song thuwong cin phai trao doi dir

liéu.
— C6 mot vai cach dé diéu nay cé thé hoan thanh nhw
thong qua bus bd nhé chia sé hay truyén thong diép

trén mot mang may tinh
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* Synchronization
— Sw phoi hop dé thwe hién cac task song song theo

thoi gian thuec, trong d6 viéc giao tié€p duoc dién ra

mot cach thuwong xuyén
— Sy dong bo hoa thwong lién ?"I ‘

quan dén viéc cho doi it nhatla
mot task khac, nén thoi gian
thwc thi song song bi kéo dai
thém.

locaty whie offine
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* Granularity
— Trong tinh todn song song, granularity (do chi tiét) la
dd do chat lwong cuia ty 1€ gitra viéc tinh toan
(computation) va viéc giao ti€p (communication).
— Co 2 gia tri:
* Coarse (thd): mot lwong cong viéc tinh todn twong ddi 1on
dwoc lam gitra cac sw kién giao tiép.
* Fine (tinh): mot lwong cong viéc tinh toan twong doi nho
dworc lam gitra cac su kién giao tiép
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* Observed Speedup

— Do tang toc quan sat dwoc (Observed Speedup) cua
mot chwong trinh dwoc song song,

— Pinh nghia nhw la ty so gitra thoi gian thi hanh tuan
tw va thoi gian thi hanh song song

— Mot trong nhirng chi s6 don gian nhit va dwoc st
dung rong rai nhit khi quan tim dén hiéu nang
(Performance) ciia mot chwong trinh song song.
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 Parallel Overhead
— Luong thoi gian cin thiét dé€ phdi hop cac task song
song. Chi phi song song (Parallel overhead) c6 thé
bao gdbm cac yéu to chi phi nhu:
* Thoi gian khéi dong task (start-up time)
* Dong bo hoa
* Truyén dir liéu
* Chi phi phdn mém bi ap dat boi trinh bién dich song song,
cac thw vién, cac cong cy, hé diéu hanh, v.v...
* Thoi gian két thic task (termination time)
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* Massively Parallel
— Song song quy mé 1on dé cip dén yéu té phan cirng
bao gom mot hé thong song song c6 nhiéu b xt ly.
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* Embarrassingly Parallel
— Giai quyét nhiéu tac vu S e kv |

A 1a . a |

twong tw nhung doc lap mot | " W
cach dong thoi ma khong o
can dén sw phdi hop gitra
.
chung
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 Scalability

— Kha ndng mé& rong: dé cap dén kha nang (ca phan
cirng 1an phan mém) cta hé théng song song, qua do
minh chirng sw tang 1én twong rng cua speedup khi
b0 sung thém nhiéu bd xtx ly.
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* Do6i khi con dwoc hiéu theo nghia kha nang tao ty
1 gitra b xtr ly va bd nhé dé bdo dam speedup
— Nhirng yéu t6 gép phan cho kha ning mé rong:
» Bandwidths va giao ti€p cia mang.
* Thuat toan
* Chi phi song song lién quan
* Dic diém ctia chwong trinh
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