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o JHH, U ARG A R HE Y BB —— A B YA
BATBHIR

s A parallel computeris a set of processors that are able

to work cooperatively to solve a computational
problem

=R, BlaH R

BZEHAM, BlundgmiEiE T E
BB, #linsystem functions




o MBI FRINGE M A R
o LEA R REH: UMA. NUMA
S AR R 4570 : CLUSTER (UP)

O AT-FE AR R S5 . CLUSTER (SMP/multi-core)

-M@#%ﬁﬁ'

= MISD
= SIMD
= MIMD

FEN A SR

T RN E

)
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22>
=




2R

KRG

]

FITITENA S ZE: Flynnd ZE5E5(GTHIHIE)

SISD
Single Instruction, Single Data

#0474 H AL (von Neumannit 55
L)

SIMD

Single Instruction, Multiple Data

ik PR A PR (ATMPEG2E T

W TR AR

JLHC T 5)

MISD
Multiple Instruction, Single Data

IR GERMBE, X
AR

MIMD

Multiple Instruction, Multiple Data

LI FEAT T SEALAR AT A 2R

MPP/Cluster/SMP/4 7 3E T

Cachef*JMulti-core (Intel. AMD)




NS FEAML. &AL CELL. GPU
TR R v, Blan: FEA.

n G

SIMD

MPEGEI Y, 25 B I iz 44

prev instruct

prev instruct

load A(1)

load A(2)

load B(1)

load B(2)

C(1)=A(1)*B(1)

C(2)=A(2)*B(2)

store C(1)

store C(2)

next instruct

P1

next instruct

P2

e
[ KRR ]

AL BRI

prev instruct

load A(n)

load B(n)

C(n)=A(n)*B(n)

store C(n)

next instruct
A

Pn

3wy



prev instruct

load A(1)
C(1)=A(1)*1

store C(1)

next instruct

MISD

prev instruct

load A(1)

prev instruct

C(2)=A(1)*2

load A(1)

store C(2)

C(n)=A(1)*n

next instruct

store C(n)

next instruct

awn

KRG
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1+

MIMD
H. 4 N2 4D S
5 L AT AL
prev instruct prev instruct prev instruct
load A(1) call funcD do 10 i=1,N
load B(1) X=y" 2 alpha=w**3 -
3
C(1)=A(1)*"B(1) sUm=x"2 zeta=C(i) L
store C(1) call sub1(i,j) 10 continue
Y
next instruct next instruct next instruct

P1 P2 Pn
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w WA HITHFEIR R G

G R 4 )
= UMA(H T 32 /& SMP)
= NUMAQGH 5 2> SMP H_EX)

s AL R G5
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O3 A - E R A AT G AR R 45

)

= GET UKA Ja— B H] network
HIIFAT AL I T g

JE KRB TREH DM &

Rt HALIE K Ak R 451

= IBM RS/6000 SP3: 474
M BT RUL6AICPU

« HP Cluster: 12875 14,
AN 2 BICPU

FFCacheffJmulti-core

« —PCPUHH ZMHATIZ
(execution core)

« A PATIZA B OHALI)
—2fscache

&

Intel Corefst 2844
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HEFDMABImulti-core
Cell BE Block Diagram
SPE
ngu | |ngu | Pg§u |
o s T s

[EEU
sxXu | | sxu |
v
LS
I? [ mFc ] Lq [ mec_]|[_mFc_]|[ mrFc_]|[ mFc_]
Y l b v Y Y Y

EIB (up to 96B/cycle)

PPE 16B/cycle 16Blcycle J' T

F

v
LS

P——— |
c
w
I o<lex
» 71e

PPU mIC




KR

BURTHIRTRYE  (menns
= A parallel machine model is an abstract TS pL: )
parallel computer from the programmer’s %’f*ﬁi(g
viewpoint, analogous to the von Neumann Al
model for sequential computing S%Z@H/JAP')/

mERE, fimErErE
iEtRA: WitiE S « BB API
B = BB, mmﬁwﬂ‘”u

B HITIEF: SIMD/MIMDZMISD
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B FITHRIZIRE
o UHPEREP I K IARE, FEIAT IR EALRI A3 O R
« ZALPEEZSmulti-processor: FEJPisATIN, HAE—AubRE, H
Al AL HE 2 AN I K I AT A
UERE: OSHIBEPR 3 Be By o — DR — NS, it
FE T A A E BB S A5 XA 25 R B AT 1y
ZeFE: AOTHAS BT YR IR BE BT
s ZiHEPlmulti-computer . FEFBITH, A2 AR
TR P 1 — 5B 2ds . AT 30 T EAESS
SRR Z MG EME: [F2. A E
= Multi-processor
= Jf & threads
pthreads: POSIXJf & FEpx Y
OpenMP
CELL BEZFEfiAY
= PRAM (Parallel Random Access Machine: H i)




KRG

= Multi-computer
= Message passing
= Data parallel
= BSP (Bulk Synchronous Parallelism: Fig##, [FE X T —
MR, AU IR T %)
s TR PP AR S5 1)
= SPMD: Single Program Multiple Data. w5 —/MFEF, KEA
FIH A5 . AR TS, AT I HRANF]
R .
pthread. OpenMP. Data parallel. Message passing(ifi % FH
SPMDIFATH )
= MPMD: Multiple Program Multiple Data. 4’5 Z M8, 4
ISR ABAS R B T4 55
CELL BEZfEfizil . Message passing(GZ HMPMDIFATFER)
- ﬁiﬁ%iﬂ: TR SR, e T I T EA R AR e RE A




12 F R ER B BYMulti-processor

o AR H A A 2 ]

o BEMALPRAS AT LLE 5
U7 ) AR A A7 i i bk

IR WA R U PANES i
PRASICEAT T ) TE

C Cache M Memory D Disk

C

shell

P

NIC

KRG

]

shell

NIC

Interconnection network

Shared
Memory

Shared
Disks

P Processor NIC Network interface circuitry

shell

A custom-designed circuitry that interfaces a

commodity microprocessor to C, M, D, NIC
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Threads model
a.out

= a single process can have T1 T2

multiple, concurrent
execution paths

= Master thread ( the main
program ) performs:
serial work; fork/join
slave threads

T3

w1}

Masfter
Thread

S

> Parallel Regions”
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RN HE 43 0l FHOSIH i AN [F] I CPU iz 4T
MWAFAE S A A S, B2 R0 &R (L5 CREP X LE)
= Master thread: main function

= Slave threads: subroutines called in the main
function

Master thread5slave threads3t =174 2% ]

= main function and the called subroutines share
global variables

Master thread5slave threads# ] LLA H I FAE R

= Both the main function and called subroutines can
declare local variables

-




MIEFIBATAT NI R, Bz LB R R (= Cﬂ‘z”E)%,{%fjiM* ]
= main function
= call—/subroutine)5&, f5i1EH W TAE, HI
subroutine 14758, M4REL H AR TAE
= Subroutine iz {71 5 global memory space
U7 ] AL
= subroutinefEiz T4 W n, W LU I IR [FIZ 50k 45
f&if 25 main functionff)local memory space
= Master thread

« fork — slave thread)i5, 284 A ) 1TAE, By
slave threadJ© & 4T

= slave thread 2 62 A CLIF 45 3 E Filglobal memory
space

= £F/Mthreadiji vl global memory spacelt|, 75 %7% &
EH 2 thread iR (45817 . =55 F")




(AR = @)

B+ HENDNTFNHEEZEH
o AIWTKGE ZEN L KANRERE[2, X2 (R 2= B
s X2 <K< (x+1) 2
= KI3TFUh
. T
primes[5000];//17-4it 21 =4

totalPrimes; /33 EEREL
pthreads=0; //forkJZFE sl 4k

K=3;

main(){
k=3;
primes[0] = 2;
primes[1] = 3;

totalPrimes = 1;

LI —H 26 F

searchPrimes();

LI O I A FEST AT, I pthreads=0;



(AR = @)

s FENEAEPAT
pthreads++;
searchPrimes();

pthreads--;

s searchPrimes(): MF| {2 dE B — 1N e /DIREIK, - A
Wr'e e S AR A, B RN TEE TN AR EER A B 5 0
1Ee BIVERISEI AR Y, HT AT
“Bi"lock,: FAREENKEBEEL—IX
“Bi”lock, : THIREEIR AT —DEFEEX pthread AT B . H I

N
“Bi”locky = WHIREEIKIAE — AR primesi A Twrite i AE
“fi5 5 &"signal: iR =L primes M/ 21 R 1-fifs
2| —N=Hprimef5, BEMAGN T PMREEGZ
prime, Hl: primes[totalPrimes+1]==prime??
WR A, F2primes[totalPrimes+1]#% A% (145 5 H 21
AR AW e G, ok e Rw i, # AT
— R EE K+1
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OpenMP
BT g R T
AC/C++HFortran; ml# At T A [H] 142 M
AT PR IR e iR RS IR B, AR AT I
HATHE Y
A 2GR [R] 57 AT DA AR S5 PRASE ) il 2 1L ) B

Split-up this loop between
multiple threads

void main() void main()

{ {

double Res[1000]; double Res[1000];
#pragma omp parallel for
for(int i=0;i<1000;i++) { for(int i=0;i<1000;i++) {
do_huge_comp(Resli]); do_huge_comp(Res][i]);
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PRAM

o (ERATREFEET, RH von Neumann computerZ)im

ST B AT Rl ) 6 e R 22
o FATREP IR MRS = B A s A (] 5 1)
AN SR, HIE1O(N).  O(NlogN).
O(N?), .
- /l\ﬂﬁ%ﬁ-‘l:ﬁ IR RST8] Bk
AR R . TR AT E e B =
CPUIH
MEMORY [ 25 4 A7 B &
= X Fmulti-processor
o WHATE VRO ARE PP I A B A i — 250k ) i 2
o WA AT B HATRE S IR AR ?




( M ) EEE
k N

s PRAMIR KX multi-processoridi 4T,  Zi ) H v %

P fie HAS AR IR A AL
= N AR EEES
» D EFEBANAATE, BN AR AR I

o AN RS A 1T DL S 2R 0 2 B ) e £
AT T2
o KA R R AT TG 2, A5 BBR 7 1] TT 4 2
MR

i
]
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PRAM_ERIFITIZFF
s —PNIFATREE HINSprocess (HEFE 23R 5 15 26 Fa 56 45 1&)
Mk, BINHFESL TIPS I
o BN S — IR B2 74
« 1EERFIHAE] 2 (basic time step/cycle) |, &3
e PAT—45F5 %
B mts %
GV puk R s R
RS TR 4
1/018%
NULL}54 45
o GEFEZ [A)E N A AT

2

Ch.
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L AU 0] P 5% ) il ——— 2507 J U (conssistency

/

rule)
= EREW(exclusive read exclusive write): 4&:/~CYCLE

E, AR i Rgec— RV 1]
= CREW(concurrent read exclusive write): %#:/~CYCLE
F, WA A Ll iR R, (B2 H R
— RS
= CRCW(concurrent read concurrent write): &1
CYCLE [, ZA#Er B, 5 F—NAFH T4
Wi M2 RGP, R AU € B U n) S
il R 5% ) et
common: Frf RS s AH 7]
priority: &AL AN 2ERE 'S 23

arbitrary: LV TR HHE

1+




(AR = @)

PRAMXtPthreads. OpenMPIEFFH A BIiES
s UEREZ (045 I CYCLESH T HEE [F) 25
o B R HLEISE B 3l ANULLER 4

= SUMITERE [

ES

s AANHEREF RS HE: IR HF 2 CYCLESL

s CYCLE T 2L 1) S I [H]

« FEFHNULLFE A B8 = HATFE P RIEFFICIENCY
o FEE I HATRE I BE B SR

= SUEIY

IR HERE P A AR 15 S 4K

o ACTAES RIS 00 930D AR S5 Z Ta) B AR A 5%
o AR WA HITE S 93D N SEIL A D i 2

NULL¥54
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PRAMFF AN A %l E multi-processor & 4t

INTEL 1] 1A64 40 P 2%

« 7 bundlek4H 2R v AR H 1+e 2, i/\bundlez%
Zn] DI FE34% EFEI?’ HrAp ] LA FENULLTE 2

 fZ M bundle i AT HIFER,  bundle HI$5<IF
ﬁ%ﬂ

1A64 5 PRAM

= Bundle VS CYCLE

= NIAGATT K Im I AT SCRF R Gt AL 1AGA LATIIR
KHFortran. C/C++. JavaZHEiTiE=

ﬁf%%%m%ﬁ%,mm%%ﬁu@%&~ﬁﬁ%ﬁ

AL HE 25 FPRAM

vhEEFE T A EE, 1ABARSGARIE— G Von
Neumannil&Z#l,

q.




o HHTE S FIEA

(AR = @)
FGHE A% A R AR BOR (mulit-core) :

B LRA Z SRR

s G R IFBOREH U] OpenMP 5515 1))

JFortran. C/C++. JavaZitE =9 5T

G s FEAT SR R G DT8R IR 2 T

gl

AR s AR H o6 LIAT

s SRS . ZFE(POSIXZFE. CELL BEZ:F::

)

o SRME— NS — B AR 7R ?
s /N2E (2?2 ) . C/IC++ V.S. X86 and 1A64

o FENE S THEHLRAR R M HA T2
MU IR e B e R IS eI 45 G M2 N D2 11

i
N/

= N

JE PSR T A N I RE 7, AEAN AR R 46
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= Shared disks
= HPF(data parallel)
=« BSP:Bulk Synchronous

parallelism

Node 1

e
P

NIC

1 ggMulti-computer

= Shared nothing
= MPI( message passing)

Node N

NIC

C Node 1
shell

M P

D
NIC

Interconnection network

J
SR

]

Node N

NIC

Shared Disks

Interconnection network
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Message passing
A set of tasks that use their own local memory during
computation
= Each task is implemented as a process
= Multiple processes may reside on one physical machine

Tasks exchange data through communications by sending and
receiving messages

Data transfer usually requires cooperative operations to be
performed by each process.

This processes are coded with some serial language and a

library of routines for exchanging data between processes
machine A machine B

network
P data

send(data) receive(data)



Data parallel

= The parallel computer is NUMA (Non-Uniform-Memory-Access)
= A set of tasks work collectively on the same data structure
= each task works on a different partition of the same data

structure

KRG

]

= Tasks perform the same operation on their partition of work

o AT T LU U

HPF$
HPF$

REAL A(100), B(100)
PROCESSORS procs(4)
DISTRIBUTE BLOCK ONTO procs::A
DO k=1, num_iter
FORALL (i=1:100)
A(1)=B(i)*delta
END FORALL
END DO

) utichp7, DBPP

array A

IZ\ /

do i=1,25
A(i)=B(i)*delta
end do

task 1

IZ\ /

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

task 2

IZ\ /

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

task n




o 2455 @
s TG IE A
= FEALPRES Z IR UR] o3 A 2 s

= WRECT B nT LIHT AT Y
HPFFE HPFFE /7 IH AT

® KbELEESLIRIAT HIHRAE
n TR RAE
= A LENULL
o BN AENULLIP3AE AT
XS PR E IE 5
s FEANAENULL A AT
CUE$ V) 1) 42 R A7

N 7 T B RN

NUMA NUMA @ MCF A A )[R 2P

@ HPFE LR (I G B A B T LR i (B

oo R)ia s, Wl UM R &2 EdkE iR G is



BSP
» fEmulti-computer f: i &MPI. IEEHPF,

)

EEaS

s FERESACFLES BT IR 2 v SE A RS T

T R e P A

o BEANTHATRE R AR AL BESS B AR e e A T B

B - ORI R Bl B AR
o (EBTHSANIT K HATRE PN, 7 2558
s FAT ALK SEELHE B 1

s AT AHLHIR S BOR L FE AR I R HERE Z [R] Y

B[R] 2D

m LA S BV RSOOSR A TR P e B 5 2

(EFER(EPSNENIPNAN

TH B BUR -1 0 B e PR A i R A T 1R ) DL
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= BSPiR &% multi-computerii 174l 4
= RRZEHR]): N/MNVon Neumann Computeriffi it W 2% i 5t
K

s BEARBEER SN AT A H ML I SR R A ]

= REAMAEPESR R BEXT B 2R R s iR T i Hie H

= REFLES VTR B ORI 2 TR) 2k o0 3% 1 B3z vy 1 Ab P 2
L NAIAT G B (1) 3

Iz BEFE2 e #H#En

; A1) FE(2,1)

1 i fi(1,2) A (2,2)

 FWP2) (2,2

722 (n,2)
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BSP LB FH1TIZF
s —PDIATER HINASprocessdl ik, SEIN RN T 5814
AbFESS |
l/\lﬁ}ﬁﬁmﬁéﬂdx}&hﬂﬁx’fﬁﬁ% EI/J#/\%? fi}?ﬂ
s PR S0 | BUAAE A B AT RE P 1) 2

superstep
o BN FHATIE B ™ 45X 47 M-~ superstep
s HEFEZ [A)4% M supestepEAT A5
= fEsuperstep P I v B AL 13 SR U T E s AT Hi
o PR EBIN, BPRgk] 2SR, A EAE E B
RS b 77 = ) H
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o BEBACHEASE AR =00, HKkan

= Computation operations: 47 % J& A 25 R

BIECEBE, RE2HEEwW eycle
= Communication operation: #4175 H W 52 [H]

E[/(J ‘]%/ /%\/ﬁ;% y

% % i 4egh~cycle

AT M EiComputation operationsh 5 i) 7 Hh

Bl 5o

15 N —1~Computation operationsis 2 3L 1)

ARG

= Barrier synchronization: 5&f[ED, Frfg #ERE4AR
K58 T 2477 f)Computation operations#!
Communication operationji, A A LIAT T

A5
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BSP EHITIEFBIEREST TR
s SCM AT RE P RERO IR £
= SUPERSTEP[1) % &

« 5FNSUPERSTEP I, &/ FECOMPUTATION
OPERATIONSH) ¥t : M & F- T RE 1Y
EFFICIENCY

= B PNSUPERSTEP L, AZHIH SR/ 203 Jry i1
o FATEEFRIRATES[A]: ZEE 1 superstep ) $ AT i [A]

= SEINSUPERSTEPHIFAT I TE]: MAX {HEFEIZE R 14
SUPERSTEP I [fJCOMPUTATION OPERATIONSH} [f]
+COMMUNICATION OPERATIONH ]}




(AR = @)

s P AT RE I BE I SR K
o AT WA ER D BN R P Y
COMPUTATION OPERATIONS
o A TAES IR b TR 2 R B A o, dkE
% COMMUNICATION OPERATIONH A5 [ HE A8 #r
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fEmulti-computer KRN FNBIEEREL
s R3S, N)RIO3 em A i Bx
s HEANACHES— R — DB AN B — eSS 552
MR B FH2 LB A

s BRHRUHSE R BUR, Rk BRI 45 R AR E AN 25 e i Ak 2

i

B EIRI =

| SR LEAL PR IS | SR iR
| SRR D A 284 K AR




Multi-computer_t

= Single Program Multiple Data (SPMD)

s FEREALEEER

ae DHI RO E B QR T8 %

If (rank ==0) {
dest = 1; source = 1;

rc = MPl_Send(&outmsg, 1, MP1_CHAR, dest, tag, MPI_COMM_WORLD);
rc = MPl_Recv(&inmsg, 1, MPlI_CHAR, source, tag, MPI_COMM_WORLD,

&Stat);
}else if (rank == 1) {
dest = 0; source = 0;

rc = MPl_Recv(&inmsg, 1, MPI_CHAR, source, tag, MPI_COMM_WORLD,

&Stat);

| S
MP1_Finalize();

rc = MPIl_Send(&outmsg, 1, MPI_CHAR, dest, tag, MPI_COMM_WORLD);

task 1

2 | e N IR R R R G

-%ﬁ%@ Liﬁﬂ*AT%ﬁﬁﬁ,bﬁ%%@

[

KRG

]

TR PP A RD SE H BUSFE

. At

task2

task 3

task n



= Multiple Program Multiple Data (MPMD)
s FATHE P EEE 2 0 PUTHE P

= 1R

_I

A

task 1 task2 task3 ... taskn
= KM Message Passing. BSPHZ 4y 5 4 THE
= BE AR SPMDIFIEE 7R 7] LI MPMD K 78
= 1 K HISPMD R R 7~
= i Data Parallel#i ! 9m'5 HATHE T
o JHATREI IR 2R 7 HH 9 154 1 0
= BET R AHSPMDIZR 7R ] L MPMD 2R 7
= 1 K HISPMD R 7~

KR

‘ T, YRR TARS 8 IR
PracHb it AT 5, Bt AR AT U TR
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FH&ZFITIEFR =R
s FATHER H BT
= SUIF
n JRiktE
= HPF. OpenMP
s T1ITK
= Pthreads. MPI. CELL BE[{JC/C++¥ &
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FITEFENHITR

20tHALT7OFARS , g BB A AR AR T8
MNATTA5 T FFortran, CIXFFHI R AT 5 T R N FHFR P

LA TARZ RS AR N A
HOBT O B TAEEIRH K
SRR WX I 1A R R

Iml

s G PEROAR B MRS AS B s AR S MEREA T O3 Hr

FEZH T

R85, SHATFFHAT TSR

D

/

R D

e o AT KA S

s GIEPORAREX IE SR AT AL, RIEE B 1 Al A0,

MELUAIE B 1T FFATA G 5>

1) HEE AN 7] 24,

s G — BB & RIS A O IR BB S, WAl g

PR R 4
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void main( ){

int number: 7/ PDFENEIEBAE

int primes[n]; //Mprimes[0] - primes[number-1] R4 KK E
%

int i, j, k;
primes[0] = 2;
for(i=3, j=1; i<n; i++){ //\BEIHHERE i BRAENER
for(k=0; p[k]*p[kl<i; k++) 7/ #KIXKE | BB LI EITE KR

BEER

If( 1 20 p[k] == 0) break;
if(p[K]1*plK]=i){ 77 WR | A ReHE T 2 BEEER,
// WK EE N R EEANTA
POl =1;
j++;
¥
¥

= SMRIEIAAR, WE{}EH}%TMT{E{%(%%ITﬁ/ﬁﬂ:ﬂgﬁﬁﬁﬁ

[

TH LA R B AT LR AR R REHIER)



e
[ KRR ]

1T 4m1FIE S5 A
s XEATIEESY R, WS TeSEA) . HATHE T
o R BIE REAIRIESL SRR iEAs
o MRS R LI AT 84T 1Y
B ET IR I RCR
- /fjtibﬂ
o IEMREST K, HATRE R S5 B AT P I 22 AR
o FEIP DA R IFFATRE S B 3G I i) AR = e A/ )s
s Ja PR
s —EEFHATIE UK IR ERA T 8BS A RER A 256
PIFHATHEAG R, CnMs ke e v 5
o IR TE, AT IR R A R A 2] U I H bR
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LAFIT AR B/ N TN £ ER =S
s O EEDEEK, TEEKS[2, X]Z IR BRI
SR o IX e BEAN ] 1Y 3= B0 85 B A8 (hotspots)
s X2 < K< (X+1) 2
s EIFRITATEEPI, E A E¥rhotspotstil ) (partitioning)
PIAFE A S b IEAT ic}fh
o TSR AP AT T &R
= Multi- processor MR EEBK, S — AL g
VAl [P iy
= Multi- -computer: 3, N)YKIGrpemAS B, 47 7]
— MR R P R R A
= Multi-processor I, “8"F1“{5 5 &I FLE I AT i 5

T KIN#SN T4 (parallel overhead), m@%mﬁ)?‘f{%ﬁ‘é

E’Ja%%@ o AT EATT AR A T BN R e Y 2
(bottleneck)




= Multi-computer I, SNMGCEEBRTE N B =

Jo, EHUEE R R4 HAR ) AL T S

H A YN IT4 (parallel overhead)

« AT (load-balancing):
B IR B R K

=« 15 H4H (communication):

AT

R
KRG ]

s, XAk T T

A K

[ K ZE ) BRiA

WAF JA BIHIREL BRI

o P2 AT Bk E (granularity), BT AR H g e i35 )

ol

= RF[3, N)ERIGFemA~ B, 41l

TN

—MAE B AR I,




(AR = @)

o (HIFAT IR E G
= FLEE /N (fine-grain), G 0 4E - AN K
= $7 K K (coarse-grain), KRyl Jy I o)

n AL E5ERE T[S, X RN F K, B A BKOE A5
SR, Hx2 <K, FTEMNE[X+L, y]2 8132 He
HERRK (Y2 < K < (y+1)2), 84T Rk H I iRE

o A2 ACPRES LRI BOIS M EL, B T Bk
K, PEGEA I

= %Wﬁlﬂ%ﬁﬁ@ﬁ@ﬁ%ﬁﬁ‘éﬁ%k, AR LA 1 i) iR AIE A A
{
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HFiTIEF

&% K BY o) f

o B EIFEATE AT FRATERE I R A 2 TR R HOKE B AT RE
PG BE 2 A Rl b B2 B AT
= Identify hotspots(ili it 4 e A H 3hiR B4 ¥E )
= ldentify bottlenecks (G it 2 PEd AR H 8 U0 HE D)
o AN, FFERIEFTR A F T e i AH Ot (G I
FEROR Ao, —ECRATEAR)
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« [A20 10815 (blocking ):
require some type of "handshaking" between tasks that
are sharing data

other work must wait until the communications have
completed

« 7815 (non-blocking )
allow tasks to transfer data independently from one
another

other work can be done while the communications are
taking place
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= Point-to-point : involves two tasks with one task

acting as the sender/producer of data, and the
other acting as the receiver/consumer.

» Collective: Involves data sharing between more
than two tasks, which are often specified as being
members in a common group, or collective. Some
common variations (there are more):
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