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2 001063010202  PthreadsfifF it 524 2
3 001063010203 OpenMPAE ¥ it 5L 5% 2
4 001063010204 ZEA 5L (OneAPT) 2

AR

SOUTHWEST PETROLEUM UNIVERSITY



| B RS R

LGz H 7 1k
G A% 1% 07 2
, MR Alegn (80%) AR (A5
HE
BO%) | THRLSE (20%) YEML (80%)
° ’ ZH (20%)
Sy o SEIGHR A (80%)
SR R4 (100%
(20%) T (100%) 8 (20%)

oK aEbA%

TTTTTTTTTTTTTTTTTTTTTTTTTTTT



| BMREESHIH
s (—) M-

HATRE T T S, WYwE, M50,

mﬂz_éikuﬁmi 201943 H 55 1 55 97k B R

s () =,
ARG

%E%,%ﬁ%,%%ﬁﬁ,ﬁﬁﬁ
, 2012.6

WIS ARG, WHBR

th kAt

AR

TTTTTTTTTTTTTTTTTTTTTTTTTTTT



s https://easyhpc.net/
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s https://easyhpc.net/

EasyHPC

{/> BmEyu® TR TEEGERE O ¥IBE O ANEE O fE agSsER - 0 e 9 O FaEaEE A 25 ©

BR / TEEFE / WiEE / WEDIPIE

TG i e =z FX i FEHE ATEEE auE e it e
TillkFE @5V
jEEN s& T i PR

MPI OpenMP Pthreads

L] L] - L] [ ] -
in Action in Action in Action
MPI G&F2C)l| OpenMP 2Ll Pthreads RF2=Li)l| CUDA RELl|
MPI(Message Passing Interface)2—"FEIE = IViE OpenMP ( Open Multi-Processing ) 2—E3 Pthreads(POSIX Threads)2POSIXAIEEE |, & CUDA ( Compute Unified Device Architecture ) ,

AU ETHESHTIES. S0penMPHTIER... ETaHSAEIRNESEIETEIIREAP, . ST SRR — AP, — AT Unix-.. EE-E BNVIDIAEHEEETF
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https://cas-pra.sugon.com/

PRIORITY RESEARCH APPLICATION
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figdne
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PELEF.
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AL B A ) R R I FE L2

1942: Digital Electric Computer

{Atanasoff and Berry])

1947: Transistor

(Shockley, Bardeen, and Brattain)

1958: Integrated Circuit
(Kilby)

1971: Microprocessor

(Hoff, Faggin, Mazor)

1971- Exponential growth

(Moore, 1965)

@ %G DA R
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1971: 4004,
2300 trans, 740 KHz

1982: 80286,
134 thousand trans, 8 MHz

1993: Pentium P5,
1.18 mill. trans, 66 MHz

WAL ES B R R i RE2/2

¢ Transistors
i V(Trhroursarnds)

---5ingle-Thread
Performance
£ (SpeciNT)
Frequency
(MHz)

i Tybical Power
S (Watts)
[

Number
~of Cores

1975 1980 1985 1990 1995 2000 2005 2010 2015

Data collected by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammaond, C. Batten

2000: Pentium 4,
42 mill. trans, 1.5 GHz

2010: Nehalem
2.3 bill. Trans, 8 cores, 2.66 GHz

@ %G DA R

SOUTHWEST PETROLEUM UNIVERSITY
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| HKEEE

10000

00 || 1971-2004; —
Frequency doubles >
every 34 months

100 Mulfi-core (2-6x)
Hyper-Treading (2x)
10
SSE (4x)
. e
1370 1975 1380 1985 1990 1935 2000 2005 2010 2015

>1970-2004: 54340 HB—3
>1999-2014: 1T EA30 AR —7&

eI PERE IR ARG R

2004-2014:
Frequency
constant

1999-2014:
Parallelism doubles
every ~30 months

AR
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2004 ERETHA?

> 1% I W HEHE O R FE e E 4 (Power Wall)

» ARGERIHER P TT F (B A+ KAL) A BE I A2 Al
> T TR JT S22 A% HAT!

I mu P ——
Nuclear Reactor /
i~
100

5
e

= ) & Pentium® 4 processor

Peniium® i processar o entium® |l processor
10 Hot Plate
Pentium® Pro processor
FPentium® processor
* 486
1386
1 &
10 1 0.1

Critical dimension (um)

0.01

AR
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| At 3EA?

AL IEESHIREE R EIELL A ST R =R 5"
P d 0. f 3

.
Single-core

p
| Frequency > 100% |

)Performance > t 100% |
| Power > [ 100%

HRBARAER S = S HIRITANHIS B RAYAML RS, AUl
B MR IE— SRR L.

1 Brodtkorb et al. State-of-the-art in heterogeneous computing, 2010
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o BE0F

138

JeaE = BRI AT RS
JACERAS = BE S I AeFE
SRR N = A B 0

JRE = AR IERJALFRES.
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| HRIRTIZR
W FL CIEZ s E

m ‘core” = central processing unit (CPU)
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MM ABIIRE S HFITERF

o BT AN ERATIE R I 2 SR A 2R

(0]

o REAEIZ AT VR e B XK i X 22 52401
o PREIERE B A il e AT R

AV ELEX s
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HEEHA AT L

o SR, S5 TR RER —MEH IR
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Example

o TFENMEFEREEATTA D,
s PATIRIRTT

sum = 0;

for (i = 0; i < n; i++) |
¥ = Compute_next_value(. . .);
sum += X;

}

l@[’(#’f;& 37
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Example (484E)

» Hp ™M, plbn/hME£.
o FEDZPAT AU An/p E R0 A o

fZ;'my_sum = 0:

my_first_ i = . . . ;

my_last_i = . . . ;

for (my_i = my_first_i; my_i < my_last_i: my_i++) {
my_x = Compute_next_value( . . .):
my_sum += my_X:;

} t/il//ZZ////ﬁ%&%ﬁ%ﬁa%%ﬁﬁé,@j?ﬁm&
ST BT

AR
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Example (4k4E)
s EEMZOL AT E, B 1R AERR

=my sum, Z 4 7 Compute next value
PR ETT AR

s Ex8 ™%, n = 24, R )5 H
Compute next valueiZx |f]:

1,43, 9,2,8, 5,11, 52,7, 2,50, 41,8, 6,51, 2,39

@ % G DA% "
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Example (4f%E)
s —HFTEIIZEE R T EATRAAA my _sum
DA, EATEE LS R KIEATEEN
“FR7 BEALEEMmM, 53—/

@ % G DA% 0
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Example (484E)

if (I'm the master core)
sum = my_X;
for each core other than myself

receive value from core;
sum += value;

1
} else |
send my_x to the master;

{

oK aEbA%

SOUTHWEST PETROLEUM UNIVERSITY

41



| Example (4£4E)

my sum 8 19 7 15 7 13 12 14

Global sum
8+19+7+15+7+13+12+ 14 =95

my sum 95 19 7 15 7 13 12 14

AR
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o AELEFZMTE FMTE5
o 7EHERZ 75,
o B MZECKT, {FCore OI4E 5 5 Core 117
25 S AE N
s Core 2K H45 R 5Core 34 _AEMN, LA
w {5 R A BRI A B A% 6t

AV ELEX s
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s IUE, RXTEREAH

m Core QO + core 2.

s Core 4 + core 6, DL 2RHE.

s ILE, coreti4% (s,

core Of5 2 & 45 5

| AT IR (4R 4E)

% H

HHIX

AR
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| BT (4R4K)

» SANBREEE SN, XMERENEE.

o TR BATH L0007

s B — B R master AT 99942 5 F19991

V.
n 25 AN HEELL 0N RS L0 I,

s X JLFEI03E 1710045

AR
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A9 5 HATIERF?

o (1553047
o RHAESS R AR ARG, AR BIRZOR
%, 2 A 5 ST SS

. B IEAT
o OGRS A LR THAE, iR RO
B AN R L I .
o MDA E B I TR T AL R
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AV ELEX 40
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o> T - B4 AT

Bﬁ%’éﬂz#;

100 exams

100 exams

é/ Bh##3

100 exams

BN Z2i#2

oK aEbA%
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1 TN AEFFHAT

Questions 1 -5

(

Questions 6 - 10

2

Questions 11 - 15

BN Z2i#2

Bh##3

oK aEbA%
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sum = 0;

for (i = 0; 1 < n; i++) {
¥ = Compute_next_value(. . .);
sum += X;

oK aEbA%
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o TR -AEF AT

if (I'm the master core)
sum = my_Xx;
for each core other than myself |
receive value from core;

sum += value; :
\ Master core Tasks

} else | 1) Recelving

} send my_x to the master; 2y Addition
Slave core’Tasks
1) Sending

&'ﬁﬁihﬁ'g’ 55
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Pp[FE (Coordination)

s 1H/E ( Communication ) :

H 2 [T AR 7 SRk 4

n Z 52 008 g &2 AT R A TRES.

— A

s 71374 ( Load balancing ) -

WS TAE, EFEE—
oFE,

. 7/ (Synchronization) :

T LAEEE, BrCLER
% RS KT

A

H— M.

W% Z 8]
N IZ FAS 2= 1%k

HNE

B ZAA

Rz AN P AR
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| BATEAT A

- %‘Zéﬁ‘%’#ﬁﬁ%.
O 'fﬁ JCIE 5.
o EHCHI =M AFRKIT .
s Message-Passing Interface (MPI)

= Posix Threads (Pthreads)
= OpenMP

AR
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| HITRGRE

o HLELE#E (Shared-memory)
o JITA 1% 0] DL S0 A LA s 0007 TR AR
o JHIE N AZ ARG B R B S L S AR B S I B A
s AN EE (Distributed-memory)
» BZECA B CIRAE WAT.

s 2 IGERL 28 AR TH B AT WGl AE, A
I P A] o

AV ELEX s
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L T RARA

Core 0

Core 1

Memory

Core p—1

(a)

Shared-memory

Core 0 Memory 0
Core 1 Memory 1
Core p-1 Memory p—1

Distributed-memory

(b)

Network

oK aEbA%
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R

s T &%1F5H (Concurrent computing ) : £
AMESS T AAEATAAT I Z 64T

s 4T (Parallel computing ) @ 24N
5 BB ARG — )

n 73 E0THE (Distributed computing ) @ A
e 7 22 5 HARAE P A AR SR A R 1] 7L

)

AR
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il ABENZ I PR
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HALE M RE R B A T VE.
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o 2E 295 AT P T B S W R N A
s AT EE IR E S, NI, 7 ESLER
FE 7 Rl A IF KR fe.

AV ELEX 2
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