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118 5H((A) >

5 ET Rt (3)

#=5E 118 8H(JK) 3D LSIEEHBERTZ—FT9Fv

AVE1—3V AT L

ol 11812B(A) ~4oya7atwyY-7—xT79Fr()
1A 198 (A) BRAR—tt&OTyvoavEa—T429
o] 118 26RA(A) <4078y Y - 7—xTIFv(2)
£9[E 128 3H(A) R—/NavEa1—4

ofr] 12A17H(A) IT&STIX

F11E 12H268B (B) &#HARNL—TFTAVIT L RT LA

BRIl



E5EHEMD 70T 5 L

m JOJSYDEE

- RERBOFHESREEICLDHEFTOTSLUNIELSGHEL

- C(++), FORTRAN, PASCAL
- VNS KHBEFAEFIME
- BLOFELELTHLL
~ fork/join, DOALL/DOAGROSS
- Ayt—IaE(E: send/receive
- [@HA: sync, barrier
- T—A50
- £GE5avtIh I35 495
- BB EEE: Lisp, ML, Ph, Id
- WEEREFE: KL/1, FLENG
- BAIZERITNIEBRIZES SN D
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5. WavefrontfEl g8

Xij = Xi-1j + Xi, j-1

- c7Rv34L (BEFE)
intitialize();

for (i=1; iKN; i++)

for (j=1; j<N; j++)
X[igl = XO-1101 + XG1G-1];

- AN LR

S1: load R1 X[Ri-1][Rj]
load R2 X[Ri][Rj—1]

aAVE1—3VRT L

add R3 R1 R2

(i=0,1,...N-1, j=0,1, ... N-1)

w
~

N |WOIN -
(@)}

G R R

add Rj Rj 1
store R3 X[II[]]
blt Rj N S1
add Ri Ri 1
blt Ri N S1

W—TRARADOGELRILRBEIL
L—F7oa—yv¥y,
VI 2zT7INATSA4=25
E—7HR—ILRiE{E

— A—NRAAFREOEEILE (AL)
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Wavefrontf &8 : JL— 7 [l iifi 1) AL 38

Xij = Xi-1j + Xi, j-1 i=0,1,...N-1, j=0,1, ... N-1)

IL— RO KESE

L[1,1] — L[1,2] — L[1,3] — L[14] .....
! ! ! !

L[2,1] — L[2,2] — L[2,3] — L[24] .....
! ! ! !

L[3,1] — L[3,2] — L[3,3] — L[34] .....
! ! ! !

L[4,1] — L[4,2] — L[4,3] — L[4/4] .....
ool ! !
L[5,1] — L[5,2] — L[5,3] —» L[54] .....
L ! !

Azl

ON O

1
2
3

4

(RN [FIRY FERG RN PR AN A

Lij): Xi &R B IL— TAA L -
AB : BRAIKET S LR T Eﬁ?ﬁ;ﬁé” FIFEFIIZ LA

— BEMHRTIX, ELHBTAETTS
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WavefrontfgED 541 (1) : BE)FIE

Xij = Xi-1j + Xi, j-1 i=0,1,...N-1, j=0,1, ... N-1)
- c7RIy3L4L (BEFE

intitialize(); 1|1|1(1f1f1|1j1]1 ]2
for (i=1; iKN; i++) 112134
L 113]6
for (j=1; j<N; j++) 1] 4
X061 = X0-1101 + XOIG-11; i
1
- AV SHBETIEINET B 1
- RTFIERRAT 1
- F—aikE (70— -
- WiKF
— HIEMKRTE

- MFMEa— FDAERK

—  WavefrontQBITHLHNSE K HIZ, —RRIZEEEH|{EITEE L L
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WavefrontfiZE D At 514t (2) : i 5L T 2T T D EL bk

Xij = Xi-1j + Xi, j-1 i=0,1,...N-1, j=0,1, ... N-1)
- C7RISL (AEFHE)

intitialize(); 1|1|1(1f1f1|1j1]1 ]2
barrier(); i é 24
for (m=2; m<N;m++){ /* EE=H */ 1] 4
forall (i=1; i<m; i++){ 1
J=m-—i i
X001 = XG-110] + XOG-11} 1
barrier(); ] 1

for (m=N: m=2N-2: m+t)[/* BT T=fH */
forall (i=m—N+1; iKN; i++){
J=m-—j
X[ig] = XG-110G1 + XG1G-113)
barrier(); }
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- { (BFfFOCPU) *x N} THFL (FBE®D) Hge%xs|
EHIZEMNTES

- WHNERITFIEN KL < OIS
- TINT &S (Brnld) HUogy
] Fﬂ%ﬁ)ﬁ
- Jngs<vnaiatE
- ARSI ZSIESHE S EIXE 540
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FDEA

[t
[
ik

[

BIZSEE: Val Id, Ph, ML, KL/1, FLENG..

- MDA RERNZFDEETAT S LIZES

- BAIETZRELGL

- WA EZEIFIZEE R L7ELY (implicit parallelism)
- BAROLFIEABRICHEENS

- B—XARRBIC KSR FREFZRDEME
" TRTOEHA—EILMWRITESNAZLN =86,

T—ERFUN DIRTFREFRAFEELGL

- BA#E: BRTRIEEIRETTREN—EITRES
- [51H—BEKEIDRNEITEBZIEELL

- Z DD

- E3433E1T7. lazy evaluation, polymorphism,etc (¥2ZE TIZWOBH7LELY)
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Wavefrontf5 g2 D ifi 51| AL (3) : & gk

;'l_jFé]

BICKD

[
[
iu]]]]]
auji

Xij = Xi-1j + Xi, j-1 i=0,1,...N-1, j=0,1, ... N-1)
- dZ7agsLQ)

X = make_matrix ((O,N-1), (0, N-1)) (f X) 111111111 1]1 2
def £ X(ij) = if i == 0 then 1 Tt
elseif j == 0 then 1 114
else X[i-1, j1+X[ij—1] 1
1
- RIS L(Q) 1
X = {matrix ((O,N—-1),(0,N-1)) of 1
0,0] =1

i, 0] =1 ||i < 1to N-1
0, j1] =1 ||j < 1toN-1
G, j1 = X[i-1, j1+XLg-11]] i < 1 to N-1; j < 1 to N-1}
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-BEZHYDEFICERT LI L
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- 17T

FlIEFa Ea—2ICEENEE LKL

] Eﬁ%ﬁﬁ%
- BEOTOT S LNLDERKE
- [FRTEF—HWTHRIES] HRE

- 3 lﬁlj

ETFIENTAT IR AL

- BRZGICER - FlE9T 50OHE L LY
- E2ITRFIZHM L EER (Write/Read D IEFESIE) MNIHE
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. THDONTE

Cij = 2, Aik * Bk i=0,1,...N-1, j=0,1,...N-1)
- c7RYySL (EIE)
for (i=0; iKN; i++)
for (j=0; j<N; j++)
for (k=0; k<N; k++)
Clilli] = Clilli] + ALlk] * BLkI[I;

W 5L T ZE HIGF
DT DB YIEL . .
- JIZoVWTo#gYIRL
— Al k] * B[k, j] ink loop
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THIFED A F{E(1)

- AN Ik BEEHSE
- iDRYRL,jDBYIRLITEE . IL—THEICEKEFERERLZL
- Alllk] * BIKI[1Z8 Y HENILX, HF{EATHE

- WHIME T E T4 TDEA
forall (i=0; i<N; i++)
forall (j=0; j<N; j++){
forall (k=0; k<N; k++) D [il[k][] = A[i1[k] * BKI[];
for (k=0; k<N; k++) C[il[j] = CLilj] + D [il[k][J; }
- JAYJI7. avnRA S ELICEEIT/NEL
- ASNEA+ZITERY HE S
- MWHNEITFIENA LS LIS

— {TIBEEETHIE, REFEEREICLST0IT S LOEELS
EPTVEZT4 TDBABETENESS
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THIFED A FIME(2)
- BEEREHEICLHTIIR

C = {matrix ((O,N-1),(0,N-1)) of
| [ij] = CLij] + ALi,k] * Blk,j] || i <- 0 to N-1:j <— 0 to N-1; k <- 0 to N-1: }

. Co7adS LIXEBMTEAEL

— EITATSLEXREGVN, AHMOERELSLEL
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m A G A=t ! PN /N /N

i 51 1% o> 4 PRIE# HAOEE AR
ETRL—R - TR g S ##
f5e EilREE

LG

- WHIEDBAEEE :  Data Parallel, Fork/Join, Directive/PragmaZi &
-BEZATIY . MPIGE
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- EFHmSE &L
- ANRDBESELSANBDEEDT=-HIZA
XD
s TETEHOMI?
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- E = MC2: IRILF—LYEDLH
- BREEE: EEEE
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[{THIDOMTE ] BRIFEZIZ?

Cij = 2, Aik * Bk (i=0,1,...N-1, j=0,1, ... N-1)
= CTRAYIL (EFER)
for (i=0; iKN; i++)
for (j=0; j<N; j++)
for (k=0; k<N; k++)
CLi[1 = Clilli] + Alillk] * BIkI[I;

W54 T E S EF
- iDL TORRYERL 0 _ ]«

- JIZONTORYIRL
— Alik] * B[k, j] ink loop

= FTEE0(N3) — OUog,N) : ALU/FPUDFIREITHE A 1-1E

s 5ER : AGIK]. BKIGHEZWDRIEFZRAE ENEMN?
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sTEET—F

m AllLK] :

i —~loop T1RE, j-loop TNE, k-loopTI1E, HEINEFRAH L

= BIk][] :

i —loop CNE, j-loop TI1E, k-loopTI1E, B8EtINEFEAH L
BK,j] /+\
Ali K] N A A

Ali K] B[k,j]

C#’Léd)ﬁ"‘—’ﬂ?ﬁ“—rk—ﬁﬁ'?Lh‘njué’%ﬂjﬂ'ﬁih\of:&ﬁ'é
&, RIETHON)DETEHBLMMNDSZ LIZHEDS

— JAtvyH TG, TREYHICT—2Z2#|ETHLD
(AEU. NR, XY bT=973E) DREEEZLTLD
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SIMDZY 3ifi 51| 51 & 1

m SIMD: Single Instruction Stream Multiple Data Stream
- 270ty Y HE— DS TEE, Data Parallel[ 23T LY
- MR CEICHMERBRZ - BMER TRZINRZSNTINS

(an mEADEH)

- R (1. 50 S TR RIS R, BRI X AL

|

mEEBET D

[ Instruction
CPU| |CPU |...... CPU
mem/| |mem mem

Network
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MIMDE i B 5T EHD T —F T U F v

m MIMD: Multiple Instruction Stream Multiple Data Stream
s Oy AEY, RYRT—VDEER

- TALUDEF 11D 1ERDBKYLBLTIZSHDOALUIZT—3%F G
IT5EDIERFIFTIHULN

s BRAKXOERE(T2TESE

CPU| |CPU| ....... CPU Memory| [Memory| .. .. Memory

cache| |cache cache | t
I CPU||CPU ....... CPU
| cache| |cache cache

Network A A I
Memory| """"*"" Memory Network
Kig A€ & BfrAE)H
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TT—A2XHEREAFITO M 5 AN T8 5 4
- B AEYR
- BTy TEBRTOLANEWNNIEE AT ZGAES
JTAHCETT AR EAZITOLH MR T E %

[ ;ﬁF:ﬁ
- LI BRARX-BEOTEEMN. TNEETOTIZY
JETILDEZI
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- 2?27?2727 (INhRE)
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Iytz— 38

LA I 51| 5 F A
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- BFRBFE T LO6T Aty S LLE)A D

- BRTAEYH

= e

aA—H7
0455 .4

ISION

H1/F

- BEDES|LE

+ Ay —UR

SEND#r 5
(System Call)
Ayvt—IUKR
= ANYSHER+HE
Iyt —IFEH

Ny IT7Yo5

J Y ET—=5

IL—Z H{ERERO 0
DMA

EER/ —F
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k5815 - R HA

Ayt—TIEE
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1—4T 055 LICHEBT

N IT7Yg

A—47
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Iyt—IURKBO AR [Culler and Singh]
» EIEIE (IREE)

- EYF: ZTFEISLDackEF->-TCA—FTORE=EHRHTS
- Z+F:. oOSHAA—5TJARRICT—42ZaE—Lbhof=&=2, FEY
FlZackZBEL. a—TORZHRTS

= (GERIER) 7 Ovx P
- EYF: AvtE—UMNOSICESERIFICA— 70 REBHT S
- ZFF ZFFOOSAAI—HTALRIZT—4ZaE— L& hof=&E.
A—HTAERAZEEBHT 5 (GEYF(TackEREIELY),

= GEREEH) />o0Ovyx s
— XU F SENDRITERIFICMIEBEFBET S
- ZTF ZTFOOSHNZET A LFRO-FaTA—YITO0ER%E
BHETS
— SEND/RECEIVE& (L AIIZ, PROBEAA K E
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Ayt —U MBI DERIEF

Name and Syntax

Function

CREATE(procedure)

Create process that starts at procedure

SEND(src_adr, size, dest, tag)

Send size bytes starting at src_addr to the dest
process, with tag identifier

RECEIVE(buffer_addr, size, src, tag)

Receive a message with the tag identifier from the
src process, and put size bytes of it into buffer
starting at buffer_addr

SEND_PROBE(tag, dest)

Check if message with identifier tag has been sent
to process dest (only for asynchronous non—
blocking message passing)

RECV_PROBE(tag, src)

Check if message with identifier tag has been
received from process src (only for asynchronous
non—blocking message passing)

BARRIER(hame, number)

Global synchronization among number processes:
none gets past BARRIER until number have arrived

WAIT_FOR_END(number)

Wait for number processes to terminate
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HEAEYR

s FEAA
- INRIE . KigAEYE
- KIRE: BREE: TRIEKEATYR, FEEBFAE)ER
n e
- ARYFRAEST: BATAERVIKREAER)LIZERAE)L
—¥#k[Zread/write 95
- AE—#HE. Tvuia
- [RHEAGERS
- AR
- AEYOvy
- N\ 7[R HA

s E
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AEYHBFRIOERIEE

Name and Syntax Function
CREATE(p, proc, args) Create p processes that start executing at
procedure proc with arguments args
G_MALLOC(size) Allocate shared data of size bytes
LOCK(name) Acquire mutually exclusive access
UNLOCK(name) Release mutually exclusive access
BARRIER(hame, number) Global synchronization among number processes:
none gets past BARRIER until number have arrived
WAIT _FOR_END(number) Wait for number processes to terminate
While ('flag); or WAIT(flag) Wait for flag to be set (spin or block); used for
point—to—point event synchronization
flag = 1; or SIGNAL(flag) Set flag: wakes up process that is spinning or
blocked on flag, if any

AVE1—3V AT L BRIl




0% 3L 45. Equation Solver

= BEFTATIL

int n:
float **kA, diff = 0;

main(){

read(n);

A <- malloc(a, 2—d array of size n+2

by n+2 doubles);
initialize(A):
Solve(A);
}

aAVE1—3VRT L

Solve(A)

float **A;

{int i, j, done = 0;
float diff = 0, temp;

while(!done) {
diff = 0;
for (1i=1;1<=n;1++){
for(j=1;j<=n;j++){
temp = A[1][j];
A[][G1=0.2*(A]G1+AL][-1]
+A[1-1][JFA[L] [ FAL+T[));
diff += abs(A[1][j]-temp);
}
)
if (dift/(n*n)) done = 1;
h
h

BRIl



517007 5L(Gy—IU KA (1/2)

int pid,n,nprocs; Solve({
float **myA; int i, j, pid, n’=n/nprocs, done=0;
main(){ float temp, tempdiff, mydiff=0;

myA <- malloc(a 2—d array of size
[n/procs+2] by n+2);
initialize(myA);

read(n); read(nprocs);
CREATE(nprocs—1, Solve);
Solve():

WAIT_FOR END(nprocs—1); while (done) {

} mydiff = 0;
if (pid '=0)
SEND(&myA[1,0], nksizeof(float), pid—1, ROW);
if (pid = nprocs—1)
SEND(&myA[n’,0], nksizeof(float), pid+1, ROW);
if (pid '=0)
RECEIVE(&myA[0,0], nksizeof(float), pid—1, ROW);
if (pid '= nprocs—1)
RECEIVE(&myA[n'+1,0], n¥sizeof(float), pid+1,
ROW):;

AVEL—3VRT L BRIl



5700 5L (AytE—UK B (2/2)

for (i=1; i<=n"i++)
for (=1;j<=nj++)
myAl[i][j1=0.2%(myA[][]+myAli][j-1]
+myALi—1][]+myAL[+11+myAli+1][D);
mydiff += abs(myAl[i][j]-temp); |
]
if (pid 1= 0) { }
SEND(mydiff, sizeof(float), 0, DIFF);

RECEIVE(done, sizeof(int),0,DONE):
]

else {

if (mydiff/(n*n) < TOL) done = 1;
for (i=1;i<=nprocs—1;i++)
SEND(done, sizeof(int),i, DONE):
}

for (i=1:i<=nprocs—1;i++){
RECEIVE(tempdiff,sizeof(float),*,DIFF):;
mydiff += tempdiff;
}

- ERADEENS <
ik %, [ {E]

l
ol ﬁa

=6 Tl
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B A )

int n,nprocs;
float **A, diff;

LOCKDEC(diff _lock);

BARDEC(bar1);

main(){

read(n); read(nprocs);
A <- G MALLOC(a 2-D array of

Solve(){

int i, j, pid, done=0;

float temp, mydiff=0;

int mymin = 1+(pid*n/nprocs);

int mymax = mymin + n/nprocs—1;

while ('done) {
mydiff = diff = 0;
BARRIER(bar1, nprocs);
for (i=mymin; i<=mymax’:i++)
for (j=1;<=nj++)

. temp = AL][I;
size n+2 by n+2 doubles); Alil[j1=0.2%(AL[1+ALI[-11+AL-1101+ AL[+1]
initialize(A); +A[i+110D);

CREATE(nprocs—1, Solve, A);

Solve();

WAIT _FOR _END(nprocs—1);

aAVE1—3VRT L

mydiff += abs(A[i][j]-temp);}
LOCK(diff_lock);
diff += mydiff;
UNLOCK(diff_lock):;
BARRIER(bar1, nprocs)
if (diff/(n*n) < TOL) done = 1;

BARRIER(bar1, nprocs);

] BRIl
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n A —ORBICRDEAFAEIDER
- RO&SAvt—SERETRIEEN

ia: AEURIEODA -t sEH
ma: AT ) Eih

(ia, ma, I‘/W, da‘[a, ra) r/'w: BRAH LNEZFIAADDRXA
data: EEFAAT—4H
ra. R ZEH

- ZFFTIE. AAYE—UIZE 2 TAERYEBREZTS
s XEFARYIZKADAYTE—U XD EIH

- A DEEBHMADNDETAHAFZAHHL

- REIHAE{E (R R[5 5 test&set) AN E
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HIRIEE :  CM-2
- S IMDf
$ERIEE - GF-11, Iliac-IV
INAFEEEY. SUN Fire , CMP
WHIETERE < Kig A €&
AA Y FHEEE . VPP500, Cedar

MIMD? { BFiAEYE : T3E EM4, RWC-1

BEEE (LI : BAT. T4 : X&) : SR8000, Origin2000,
DASH/FLASH, Jump-1

T Single Instruction Stream Multiple Data Stream: —{ED T #EEFICEHO T 0t v Y TULIE
9 %, DataParallelt, CDEEEIZAND Z EAZ LY, FEMEEG LA, BEZENIEEFR,
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