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It 2 BT R

M 1986 £E 3] 2002 47, BALEIFEIPERELIF B4 50% MEE KR [(27]. XH LA
FletEEERT, ERAFPARFTEARRRESES T -AMLBRH NI, MEwRBNAR
FFEPERER T, (BR, M 2002 5745, BAEBHEERREAEEFREDSFERN 20%, X1
FREKRH: MRUSESO%HHEERTT, %10 FRUMMERHOMESRA 60 5, WlL20% &
BB, 10 fFE RBRERA 6 &,

Sesh, HREIRFEEMEF OB IHMB A T AHEFHBTT. B 2005 £, K> EREOHLE
RIS Y O R B I AT R R R T A E AR AR . MBI AP EREETT R BE SR A 4
HEER, MEFHEE S ATBHBLBHERE - MERBEEER L.

XN RAEFEARERTERHER. KERETEFEEEMEESR EETH, &
SENHRBEMELH L BRARBGHERANOEERT. BOBFAXBRASMEERNE
, EME—-NZAERRR LETHHEE, GE5ESAERREN— M EEE LEFTHHERE
HR,

A X—45 | T 6.

1) AFARMERCHT? BABERREARCERBRTG? EREEFE 20% HHEERA
IR AT

2) AtAMAEBHERARAETHERNBLEBRRR? I 2BEHRFTRE? K
H 2 ERHI A BERE?

3) I ARERERFF, HBRTEF ASIFE LA UL F AL A ERKHTERE?

THERMGRMEE EREE, B0 FERENERAE-BAENH. A, BF
20% K HERER A X K B M ABRFFRAEREEHRET o

1.1 AHABEREHRABELE

AEILHEFR, AERAKNHTERACEZRIFZ CERETER (NR¥, KN, 85
F) WBRONER. Bl ARERMBE, EHEMMOETRR. FEREFHOMBER. FALH
BT, MEATITREINER, B, BAEMNER, AERSNANTHEEARIE
LML, HEATRRLH, BE, RIFEHRE TR, BEITREENRES, RNEXE
R RIRE R ZEE N, MTHRE—&H T
o REMM. ATEFHERIREL, RNTEZEMERETEEY, XHERLAQHE
KRR e, R A RR k) ZBIRAHE R R, RITTENSFER MR ELRIR
HMIEAE I .

s Zafidk: AMIHGHRIBNEARSTFETR. WEHR. EERRESFRRE T
YTERERER, ERARITEEETERH THRERS T (WEBAR) SRS,

o HHEA. FREEITHERNTUNARR T HRAFNEERT. flm, BFEHEYH
R —/NMEBERR . RITTLLEIFHEMMTITRRERENEFRERITRANEY,
{HR R/ E KR EEE T HE T
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o fRBRAL: ABHESKITEES T AREEAR (MXAREIL, KHERMRAERH)
PR PR RO R , BB A BB S oL B BT I R RE TR IR R B

o BENN: BREESHERENEE. B, SREEFHENEESFFEE—F (28],
T X L8 H A KBRS TER B AIPTRIR T, FlIn, T# A DNA WBHRFIIEH
ERARN, TEMXNFINAEMEREE, URERIMSHELRR, FERIE
MBERST. BT EEAY, RMBEFHEP L (CERN) KRB FXEL. BEIr L
B, RIWFT . MERRFIEGL-ERRNERE, HREXNXEHIEHET AR T,

ARk 2 i) R LA e A [ L ) A R AR T B SR KT B T

1.2 AtAREMBRITRS

BB ERIEBERANIERNZ —, EAXMMAEREKRAEEEE (AEEEH
THE) . HEREERSTHE/N, REERGEEEER, EREBBENEERER. HE,
BEE RIAEEEAEH, EIINERAHENEN, XEHEEERUMBHERNERE, Z—RER
B AER AR, MATHRAE, 21 HEMNE 10 £, ASKBANERBEK
BRBE HE 2558 TR [26],

B, o ks R R B AR R S A AR R T BB AR AT, R B
mEENFERIEN, FEARSRFE—BRE, WA, BRITBEFENRERNAENTRNA
BEEMMSIMER, BASERIEERATEEIREVENEYIN. &5, 0555 &N
TEedk N TR . BIFMER, MATREMSEEK,

BATIETH AR EREE M BAEEEE? BREH 7, FREBRHERAREKR: 5HEM
EE, EREANALTEE, FERNER LRESMEN SRS, B AL R R
RBWALTE ., BMOLHR P RAEBRERE CPUKRLIA, EXHNRET, FEHWRE—4
CPU BB RN ER R A,

1.3 A ALREREHITER

REBAERGAGRRREWRFREAASRLES. BRATUESERE LETT— 8
FFRIZAZH), EXHREXAK, Fian, 2 MEEE EET B ZRTEREF S LF5F
FREMNTFTEN, BRNFTEXNEXMEFES EREET, AEMEENER. b THBX—H
0, RREHBTRFRENFTEF, IERE I HREF AR TEFHEIIT
By, RASRARRSFRZE, FENE, MREAREASHBTESF (HI0CHC ++ 4
BEHEF) HREHTEF LS RK,

BIFARSNRT, RERMTURE —LB)F, ibXERFHRBTRFNE SN, 3FA
X LSS R TR MG, (BHALE R R R R LRETH ] RERER. Flm, W
A noxn WAERHETE B2 SRBEERK—NFS, EREEEERITUR—RIIFFITH
THRRBE, BREZRE LEITHRIFERT,

— N RITRFHBECHTER TN RES R ER T E—MERNBUHFTEIRKS, H
R, BREFEFFITHERTERBL LS EY, RERA—SFHEERRBH

IR, BRRNBEIE M RNERRMKAM, 0T ERTAH.

sum = 0;

for (i = 0; i < n; 1+ {
x = Compute.next_.value(. . .):
sum += x;

}
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RERMMBILAE p ML, Hp /AT n, WBAGMEEBIHTE KA n/p MIREFF RIKM, L
i

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;

}

HWAETE my REBIEBREHACHAELT R, A IMZEBEM L FHMBERMITZR
B,
BMEEPITEMABE, & ny_sum FEE 76 A Compute_next_value FGHEKN
M, Fan, R 8 MK, n=24, 24 )R¥EA Compute_next_value FKBINTFAIE :
1,4,3 9,2,8 5,1,1 6,2,7 2,5,0 4,1,8 6,5,1 2,3,9
XEEAEMETE my _sum HHEE .

¥

my_sum

0
8

1 2 3 4 S

13

19 7 15 7 12 14

XE, ROBEMHEREEO, 1, -, p-1 KRS, p BEH S
HBEAZEHTEREAH my_sun{E)5, B ACHSERERRAL —TIEERN “master” K
(E8), master B EEIHOER MR MRS 2R L.

if (I'm the master core) {
sum = my.x;
for each core other than myself {
receive value from core;
sum += value;
}
Jelse|
send my.x to the master:
}

ERNTOEFH, BU master ZZ 05, ERHIMBMRLERAFME +19+7 +15+7 +13 +
12 +14 =95,

BE, IRAEEEI—ITEFNFE T —H5 2SN E LR S MFHE, RAEH mas-
ter BITE AN RN TAE, TLUESMERAEY, 0 SR AT S 1| SEAE
SrFfng:, 2 SR ACHESMNE 3 SRS, 4 SBBEECHRS NS S SE
g, UREE. R, SERBRELERRMAEHM: 0SEME2 S, 4 5%
k6 S, LIREHE, mE 1-1 firR, RERRYAEAEENMN, kiR -1 2EECH
BAMEEBT —H, MERR—NBERBD - EEROTSESHC RGNS
FA

ERFEFIBELBEMABEER, master % (0 54%) KRB TESHN TR, BIMEFITE
2R B E ST master KB E, £8 NMEKFEMLT, F—F AP, master ZHFE
WAT 7 WIENERE, M _F kT, master BT ENIT 3 I kERE, BRE_FITELSE
—RE 2, YEELZNEE, BENERE R, £ 1000 MEAFERLT, E—RTEEE
999 WA INFAERIE, MB _FITERFE 10K, #E T 100 15,

EFHAR, F—MIBEL2REMHFTREMNBITRABFEN—BL . RN TIEEZZE
Koy, ZREMRETELBIMZIE, master HHRMEE BITRFPEAMNBTRM, WEH
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p %, master BEEITE p MEAMEN, MBE_FHHELRENM T ESERNBTREFRA
EF S

A1-1 ZMEERAHTRERER—2REMm

FEREEE: RIFFEELZEFI2—TRAKRSRNEE, SNIMEEFASKTHE
ERE_MtE2REMEITE, ERFNE, B R5HFORNBTRET, BHERITE
XHFRRBOHTRAERE,

BIPEELRERS, R E RO BITER, HEETHRAFITE, EHESHA
N BR, YRIVEHENNATEERRASTEFN, RAISHWHEEEHEREE, K
HEE MR T R AR BB A T fE, _

Hitt, WOIAEEHSALE AR T RTRF, RIIDARSHITEFREZESRLEFHE
TEMERE

1.4 ERRSHITERF

HFEAE, AERARORITR. ABAFROERBABERERRNOIES S s
B HFMIERANTE . EEFTRMEIT. 547 REEHERIEEREENGT
BB AMES S IBIE M LT o TRCE 34T R0 5 8 I B T 78 4 S O R A R4 51
B, BB MRS BT RBORIERE.

RGBS, BMPHEHT “KEXLAE" GBIE, BF 100 M4, B4 4 T HH
(Teaching Assistant, TA), A %4, B&. C 2%k D%+, LMLERNOAIE, EfT—Rkgi%
W, AMURAIE S B, BT R%AEITS, PEEMMAN BT I F ARSI R,
BARRG—NAETS; REGLENRS B, BARK—E, 020 ek,

ERFHOTRS, P EEAMA BB M0 €2, B—F 0 BT LA N BES 1T 0B
Fo A5 MESBEHIT, WAE— TS, SE A RETH - SBE M EETS. 4
R, BMTHATEOEEER RN, LN B HNERETHLEEN, $ RETHE
BXTHRAEM, FTUPHEMBMBHEE “BHRRNES"

BEoMFTRTUANEREFTOAT. “WE" B¥ENET, EARNE (TAA) Z
EES, AT KBRS “HA",
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TAVE L3 WHRASGHELRENWHATF, EPE WMo TLLAAREEIFITH—E
W, FimR@Eit Compute_next_value BB RIME, B MEENMRFHRIEE L IFTRBAMH
Ef#ME. EEA Compute_next_value FREUFNFEMEIE, HEEEEmMRKB4aM, itEL
REMAIFHE MBI LUANRESHTHLH, BEAHEMES: —MEF i master B
7, MFTERAHAEE RIS, FENBL4M; B—-MMEEFHEMZRST, fFEACHT
BB B MF 5> F15 3% 45 master

LEMEM TN, REHTEFELSRTEFEARE, HYEZAIFEE TIEHN,
BMEBERT. EE_MNMIELREMNE T, RERTHWNEEHREAESER, BLRES
BB ES, HRIFL3MIFL 4, FRENE, BZRTEHFNHHELERE L,

ERMEEREMBE TS, hALTEREERES:. —T8EIMEHACHBIMNSE R LR
BHMAE, R, ZHFHRBRTHETENZARTEE, RREAFALHBNAR, BRHE
8, RNHFBLHEBMZSERBAHRIY EOBIERITE . MRENMELMETE RSB EIE,
AHMHZE S L RBRXNERERES, EINITERER SR T,

BEMAREMHEATAERBY. fln, BRFEENMNEEAFERELITESRE, MRS
HEMIA (stdin) BRI, & x B— DA, 7FH master BIEABREHE -

if (I'm the master core)
for (my.i = 0; my.i < n: my.i++)
scanf("%1f", &x[my_i1);
EXBURLT, BIEARAMBRAYE, MESMEEACHZREFTHE, EXTHTH, &
master W IEIL5E x BB HA S MR 2, REBEMBF BT, FikH i
HEFHITRESMZE, TEERF:

for (my_.i = my.first_i; my_i < my_last.i; my.i++)
my.sum += x[my_.i]:

TREEVRL x AT REMOMZEMA—NMEL A

Synchronize_cores();

XEBEREER, BMESTE Synchronize_cores B %R, HEIFTAMBREHAZET—
PR, DHELE master ik LB

HEl, RSB RKNFITEFEETIZAGHTEMREEN, AT B CREY BC++
HEM. XEBFASTEXMHTES: 0 SEMIT0BESF, | SHIITI SE% FTER
ZEIMEIESE, HiXHFRFEERE SR, W, F—RENELAESHNEHRS REAIM L
BITHARE, HWERIEE,

R, MATTLUAHKMFEREEHTEF (WEEAMNES), HEXMERRNFLRIES
T ) T R A M RE SRR TF & BRI

1.5 M\ A

BETXR, RIVESFEINEARE EXFTHERTF, BIWERRE: $2MHCIESMCIES
K=1AET B EBIEIREN (Message-Passing Interface, MPI) , POSIX £¢#8 (POSIX threads,
Pthreads) 1 OpenMP EHREEA M7 F. MPL fl Pthreads £ C IES WP RBE, WU C 2
@AY BHKRE X, B¥ME; M OpenMP A& T — N BELI T C 4RI B,

HATRESEER: HHARINTEEI CESHFARAMNT BIHARE—M7 MENERSX
ZRYRUBFHTRGEHMER, RMNEXENFHIEHTREEER:. HENFRAEASHRAE
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R, EHZRERET, BIEESLEGRITEINAE, B S8 IMBRGIE. EAFK
BrA K. BEA] OB I FE F I E AT PRSI AR M. MR, EXTXNTFRR
H, GMEEBEE BCHRENE, BZHKERERRYN, LAFERARUTEMSETRIEHR
BIHLE, B 1-2 45 T FFP RS HR 28 , Pthreads A1 OpenMP BN ILENHF RS MR T IRITH,
TATRA RN RHLE; T MPLR SRR RENFRIIRITE, EREZRELMN
Bl

o ( o A0

1 \— 3| WFF1

WH
L Ed

#p-1 Hip-1 Hfp-1

a) v b)
B1-2 a) HERNFRL; b) HHAAFRE

BE, Bt AXFENERENRETEAMMNYT B? XEEY, OpenMP BXf C IHEFHNE
HERBY R, i, ERgEER—MIRKERIEY

sum = 0;

for (1 =0:; 1 < n; i++) {
x = Compute_next.value(. . .):
Sum += X:

}

¥ ZMAEIR AT, T Pthreads T B4 5 6 F P AABIAEAF. 5 —J7, Pthreads 247 — 4k
£ OpenMP s AT FIEI P AMIE . OpenMP A B ¥R Z 74716, T Pthreads 2t A1 — Lty L,
W& T IHAT AL — R EEE S

1.6 #H&. #17. 46X

MARESHMA R THER DR, HEEMN EERSHFTIHEMEXNER, BARE
TRESBEIM T NAIE: HEITE (cocurrent computing) MM HXITE (distributed compu-
ting) , REERBA X HFT (parallel) . 307K (distributed)  J£& (cocurrent) Z[8] {4 3 H 7 AL
Z—MER, BFEEERFRECIIZEENTXH:

o TEHERUHEY, I EFHNEZMMEFER TN ATLIR i #4T [4],

o EIRTIHEY, — M RFELEZMES R F i ERERIEN R,

o EAMRITAEY, —NMEFFESHMBET UMERMBIEARE,

A ITRFMGAREFHEIIEY, BEERFNSESFBREREERIFLN, BHRAD
FEEfTEEEIS L, 2MMEFBBER—BRATHE R B 64T, 7EITRF MDA NEFZHE
BE—%BRMA AL, ERFITEFEEARNAZMEEHTEZMES, XBEBEYHEEEFR
O, SIEHENFREESSEMEHEEE, H—FHE, AN BFEEEN “BEE7.
EFREZMTEY LT, XEHBEVZEMABRREF TS EdaMr RN EFRTERN,
BAIRE, RITBTHNF MTEEESRMNRFRIFTH, MNEEEERFERSARNM,
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EFEFENE, XURBEZANXIFREEBRNAE. G, FREERLZNERRF
B CHT OB, MESHRXAFRFEM A" K. ENHEAERE, &RHRNEBE
FHTRF, DEREGHEMES IMERBIENREHER

1.7 EBHEREBS

T A R BB R AR B HATRIF?

B, MREMNRERBRXNE, AMEREETEFERFITERF, REBERENRENEHSM
RUAFTH. %250, RINSHHFHTRENEA— AN EB N7 EEXEE, Ao
BT BTGB AT, 2 BRBMTTRT, FRERTTHRIESA —EHFE T RO, B
DATT AR o — 2, 3 75 B9 i385 T A 22715 i AR D5 S Sk B

ABRBOEHSRBIFANEOE, £33, 4. 5 ELHAHMEMT R CiEF A MPL, Pthreads
1 OpenMP RB B HTERFHIEFEANA A, HIRXEFEFHREEX C HEEFTHB T,
BAIRAEX LT E M, B UM REE BR, A TESEWZEMELY
3, FEEEEALEN, IUREX=Z2PNEE—F0N, EREMMEN T LIS gk —
HEEHNAA,

%6 B BAMEEY FHERNMR, HATEFWAKENSHE RILZERNFREND A
KNFRGEHEF. BMERETE3, 4. SEPH—F, LEGEEIFNIERF. BTERKT
— S — BRI THREOR D

1.8 ®&&

AR ZHET, BITERE—T, (MUERERGEHTEFARKBEAN, HEAATHED
Bt R RRF, SESLE. 8N HTRFESEL - IETRF. BAFEHAS 00
MERITTH, BUGRBHTRFSELRTREFEMRE SR, £hiRE, BEF8E%, Bit, ik
HHFZIATERFHRENERLZ LT RBTRFHENEE,

1.9 =ZEY%E

AT ERIT 7.
o BIF. BRSEEFETARMEMANBEE,

/x This is a short program =/
#include <stdio.h>

int main(int argc, chars argv[]) {
printf(*hello, world\n");

return 0;
)

o ENREEXFHHE, EXHRERARERR fln:. —MHITEFEBHAHZ

o

o UREREKBFITRMIFRE, AT —MIEHE UNIX # shell, I H A $ FR shell K2
RN
$ gcc —g —Wall —-o hello hello.c

o FHIEANIBERAST -MTHEASEIRNEESEIIER, N, RBEHLTEIEK
abs, 7E std1ib FEFANMTEERR:



i
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int abs(int x); /# Returns absolute value of int x %/

St FEEMEERGH, RIVERRES < >KRALTBRARE, MHES [ ] RRAH
RN, Bl C e 1 f BaA T RIEERK:

if ( <expressions )
<statementls>

[else
<statement?>]

UL, i EEBAAE —NEESTRIER, FAEGESRERER—MER. XA
B LABR— else 747, HATRAARER, HEWRR T else, AT else FHARR—
MEH]

1.10 NG

ZER, RIN—EEZELBFEEANMBPFERORE. BHE, ATYE AR, Z45
AR ERMERE IR T H R AR MR, AT RS HEBMERS, ShHEHTHRENSHRER B,
Bifesp gt i R 2G5 A BA A SE R B

LEMRITEFEEE RO ESEN . FRMAZSEEENERF. HITEFEFEARAZ
MEHEF. BREFATREAREFANBTERFTENEL. EIREFREALR, BRI
TBEEIREH TR

EREHTEEN, RINFEDASIEHTIE. IPREIENES. AHEEUR
B,

RS, RIMMEEINMAMREFTERF, NTTRRKELEFROMERE. BITEER CEF
MPI, Pthreads L} OpenMP, MPI FI T4 %R NERLEHHRE, 1 Pthreads fl OpenMP i THER
FARAEHRE., EAHRANFERET, BMEARAFECHRANE, MEXENFRSEY, E
N A eevi B4 N X,

HEBRFEEEZMESE—BEEINREHIT, MHATEFNSARXBEFENEZMEFEER
—B 2 —BHAT, HTERFMSARXEBFZRIRFEFARNR G, REEFITEES, 2ME
FRAN EBEREH,

HORF—BERBERY, FTUERTFHNERRFRATEFREEREEN,

1.11 3@

L1 ARERBAFIFH ny_first_i fMmy_last_i #F—HAK, FEEENR . EERF., Hix
ARMELRBERBAHREIRITEICE ., &7 L£HE n B p BRIOBE,

1.2 RIEZREMBEEXRAA Compute_next_value BB ITH TR S H M KA Compute_
next_value BREFPATH TR ABAHMNF, HE, WRY =L AAX M BRATERY =0 WHEHX
ANeRBETEE Ak + 1 A%, BMnRE-K (1=0) FRATE2EH, F2K (i=1) HHATE4. %
B, =K (i=2) FARATE6ZF, DIREHE, WA TR 1, RO EL?

1.3 =RAEHE -1 PREEHRRSREANHhAE, BRENEEE2 HF (1.2, 4, 8%), &F,
fERER divisor RIRE MR EREZETSMAEREYERSM, divisor BRIARME R 2, HAE
POEUGHE. AR core_difference @b M5 3T A1E, EMMKAEN 1, HFASK
B, Flin, EF—KERPO % divisor =0, 1 % divisor =1, L0 S&AFRER
o, 1 SRR AE, BEFE -REMXHFO + core_difference =1, 1 —core_difference =0,
L0 BE 5 | SEESE—RERPEE.

L4 {ENRIHEE S —fFE, TSR CIESHIRERTHEREEHNRERAN., ITTHREE



1.7

1.8

1.9

F1E AHAEHTHE -9

e TAER, BT SRS RIERFRN, ERSTHBAHLEENRI R,

HE
%

1 2 3
0,, =000, 1,, =001, 2, =010, 4, =100,
1,, =001, 0,, =000, x x
2, =010, 3,, =011, 0,, =000, x
3, =011, 2,, =010, x x
4, =100, 5,, =101, 6, =110, 0,, =000,
5, =101, 4, =100, x x
6, =110, 7o =111, 4, =100, x
7,0 =111, 6,, =110, x x

ARPRATTUFER BB, 8MESE_#HRSHRAMNARRS KK, EE N
BSR_#HHSHSHRAE MARART RN, B=RERSH#HASHEAESNANARRS
RRECRE . BNk, INRFESB—BrBUA BEHI R (DIt mask) 001, BB 010, H=KBH
100, , ARATE LA K G S o X DL HERS AR F Ay B o — SR BOBUSOR RGBT K S S, L ENE T 7
BBRAERERALE

ERNRRARERE LB RERT HAERIH LRRE,

IREHBERR 2R (FIN3.5.6.7), MAEIE 1.3 REIH 1.4 PRHREFNHABEEE

787 SRR, EEEBRERMMERL T IIREEETT.

ETIER T, #IRAARN 0 SEPIITHRE S IMERIENKE,

a BHIKRLRHBMEHE,

b. WBEHR LR B,

FIE—SkFR LB X PR B SRR 2. 4. 8, -, 1024 BF, 0 SEMITH BB S ML RIER

KE

2R EAFTHNE—RY (8MEMNFESEATTRER), EFARREEIFITHMNT; mH

—REREMFIFHE AW (B MEEETTE B GG R EE L master #, master ZHF X L8

HMERMKM), WARESHT. BoALRAFATHRHE RS (FMEEARNELSH RN

ENRERS ), BEFEHITHEFERESIFTHHF? 4

BINREHEIMENLEELE DN RE,

a TEHESERSME, MAIREMESAENLEM, UEREFIHT? A HREFEMHES
BB [RIRT 4T .

b. BIMFERFHN—TEF BEERTH, B RMMHEETES L ESRBIRIHT?

o Wit—MEFHTIEREHFTHRE SO HTEREERS (WRBUTHTAERKKR, TRUEBERE
). .

B —RIXERMREBR T M RER T REMRENE, XBOb#E R R mAERAFTH, e

BHE S IHATEREAEIHT?
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TR T8

M ERMARTENB - SH RN IR EREEHTRFREETTN, HE, HTH
BH&eHTREF, RINFTEMKBHEFMALREAT T #. BRARREIFTREHMX
HIREAH RS, UL, AFEEEESFEFNRAE IR — iR, s ElA g gy
MR R F RIFTRIFNTTE, BEXRENRR, BRITENBEARBHHABIE RNITFRIE,
AL LA B — SRt

FEREMAMEER, AFREHRLETZ, EEREER, /Ra] ARS8, @SN T
BAZHANE, AREEEMEYH, MRMENMREHEFLZARNFEN, ATLURRIAZEE
o FEHIM, 2.2 PR 2.2.1 TARRE M, LIR2.3. 1 FH2.3.3 FHAE, AL
Fedkid

2.1 HRHMA

FABGHMATRERMEEN — KRBT RENMEF R BITHEGMBTRETRR R,
BrEAR T B BT REMBUR, RITEHL T H—T BT RENRFE

2.1.1 8 . FikEEHN

“E” L - BRBEMEEER. PRAAHEATT (Central Processing Unit, CPU) fhHESE
B, UIRTEFAHFMCPU ZENEEEH., FFEPAFESXE, 84 XEE T F#HESMEE,
B XA — bk, AT LAE a4 ok S 1) 48 R 4 X8 B X3, o 7 B B s g 4

H R b S B IT A A FE T E ARB BT (Arithmetic Logic Unit, ALU), &#{SIGHAFR
ENZPATRF P HEiEES, T ALU A RIMITHES . CPU FMEHEABRFEHITHARESER
FHEERRMIREFEN R, PEFES. BRI - MR FFE, UEBFITESE, A
KRBT — &84S ML,

R4 MBEE CPU MEFZ RN EESHITER. XMEESHEERERAL, 54848
FE—HIFITHR U B SROES, G - SRSV KT — &S, 8&ESH—I%
EHITERME, WE2-1,

LBAESIE S N EFEXE CPU B, RITRBERESANFETIRHEHEN . SHIERE
S M CPU BB e, RITRPIBRIELSBTAREEANET, FHM CPU ZRIMH K
RE - ERERHA, IRFNEEGEHWRE THEASNBEHNNER BFETHEENKRELS
BAEMIB S A M CPU RE T, 22010 4F, CPU TS HEE RN THHEIE S B
100 4%,

KT BB S, RIOATUER - KEBELVAERIMMEE -4 (CPU), &
A—THEF-NMEE (£F), EL] MCEZIRIRA —-ZNEE LK, £ REREM
BEFRECES, FAMHRAEZRMTLE W FEHECE S, R HEFHERETAT
JEA R s, IBAMSHBACEEE, T W T ANYSEANANBSE, B4
BERR(RA =3,
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CPU

ALU 5
FHEH 2
[ ] [ I
{ ] [ ]
{ 1 [ 1
Hik
Hiht HE
[ [ ]
[ [ |
[ I ]
oy

E2-1 4. RS

AT R - ERS RS, NEEMERIE, 28 CPU MR, TR IERIMAMERCEAE
BWEIEXBEAKNG - HREGHMITEBN . EITRREBERAT, LRIEL AR EINEEY -
WRKEREMAERE LB TR,

2.1.2 #%E, IEFRERE
WIERS (Operating System, 0S) —FAREBHEI RGBT RN EZHKM, BR
Ef A BRF BT AR ARMEETT . EEWEBETPRFNAFES UL EWEE, FMRE5
B,
HRPEfT - RFR, BERGLUE - #E. #BRRETENBRFN L6, —i#
REEI T LA,
o AIPITHIPLEE S BIF,
s —BRANFEE, GEAPTAE, —NRARBENTERNERAK, M, UR—&H
A X
o RERG TS HBRNTEMRFF, WICHH#RE,
o TARER, FlanER R fe e Ui n] PR L B A4 915 B
s ABRERFR, AINARETHRELRSHFRERRE, FHEBANE, UEXTHEFHES
6] B 5 B o
REBANBERERESESH . XERERIERERUA RN ETE2OBIFHF X
MTRERGERRTITH, FAS R REfT—/NetE (JLZR), Fi—1THEk. £
PMRFITT - RET G, BERERDERTRAET. M 2EFRERKREE
I TR RERVIBEITHREIF, B 15 R L AR X B B
E—NEEFRERE S, MR- THBRTESHFEIRR, GIMFENIBOEESIZH

1
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1, BLMEE, XUKYE, WERAHILET, MERATUETLBER, BE, FERFRE
Wk T AR M BE 1T A4 LS RS VI, (AN : ALBETRE RYeAE— L B S 51
FrETBRERS, 75— PP R AT A . ST RIRGT —HOLE, R
HHEAKEMSL OIS, BRAESRBEM IS . SN, EXZHRLET, ZBH
HR R RE R, EARBHN TABM SR “RER K, AREAELRT, 5K
LR AT LU FARR AT AT AT, SR MR 10 B, SR L, U gt
BT RE, EILERBOASEOR. ENZARKNENEE BBE— A 0RF
SRR, (RS HIEST.

MBHBRUITH ELE", KK 4
BHERRRHREL, BARNTUER e / N
HRACHTFRBN TR, 4 RETF \ P
she EM&&*mi(hm)m% % AE
TERBEER, ERH (join) BIHEF, W
& 2-2 fi7Ro

2.2 3G - ERSEBREH

EMBATHEREIN, $— AR TRFHENRAE 20 240 FREEN, HAHBERA
HEHLTRITHEAND - BRBAWC M T RERH. FEUEBRN TRIND - HKEM
B, WAFSUHERRRT i CPUER, A% d, RILBEZHUAEN: B (caching)

E2-2 —AHBESHIMERE

O8] EilfetEas (BEHANF) . RERHT.

2.2.1 Cache E&li&iR

BHEEBIG - ERKERTME ZHEANFEZ—. A TEBEFEENEE, RI1HEX
FZRTE B Fo. — M RESIVAEENMMEEF 1L (CPU), AR —TMHELE—-ITEE (£
fF)o BT MEEZRIRAE —FNEEBAMK. BFEZHETUBRTT M4 EZBE 8RR
IR EEE, HPZ—-RMRBAR, 53— FEREIB LT XELCE, HEEI - ITHE—H
T MEE. EREE TR TS, AER—RKER—RESTE-NRIE, MR EERE
mE, EE—XKAFEHAEBELELHEENEESNES, MH, FERERA NEEE NG
ST ERS, TR SRR E R AE— N RIE CPU FHS N FHSE R,

— R, XEIEZMTEOERR (cache, TIFREFE) BV B] A 8] b It 77 4% DX 3 9 15 [] st )
H. TEARBH, KiRBZHEH, —BIENE CPU KL (CPU Cache) , CPU Cache 22— AL TF
F%, CPU geE e sifiRl B NERX K, CPU Cache i T5 CPU 6] — M e T HMAB N A
L, BHREEMANFS R EERBIE .,

A T Cache J5, —MREAB KRR M 2RI EHE MBS BB EE Cache H, 38 FIH HE R
ETTEMNFE: BFETRUESAZINESMBEE S RIE TR 0#E S FREEDE E2LS
AR . ERITTE—RESE, BREESPIT T —&ES. A, YBFHR—IHAFEXSE
B, BESVRYRMBRLINT - MRE, — A FREGAREARN, ZETEAER.

float z[1000]:

o - 00

for (i = 0; i < 1000: i++)
sum += z[i]:

BAENFHRESRSAEHN, FTLUFME 2[1] BHEXNFXESEREFME 2[0] HRFRKBE
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W, Hit, RE 1<999, i z[1] WEEZE SRS z[1 +1] ABEE.

BRSNS RE T RN, XM FERVEHBE. iR —1 N
HEXE (48 EEE), BFSAEAARNKR (HEmiet) Rk XsE (SEREHE) .

HTERRERERE, REGHE RO EESWRTRIBENES, W2 —KAFEDR
BEFBR —RRABMEE, MAREAKRESMPLEEE, XERFRIBEEFRIEREZE
7. —THRENEEZFTEHFHES ~ 16 FEMNEXENER. ARNMEFH, R —-15
R LAGER 16 MR AE, KT sum+ =2z[0] m, REATEEIEEA z HFIHEM 16 T
. z[0]. z[1]. -+, z[15]) M EFFiES Cache F. AM, ZEFHM IS KMEEES, FE
i F W3S 2 2 7F Cache W,

MEEE E, IRE 5 CPU Cache I\ N8 —254, {B3XFF L, Cache S AARRME (level),
B/—F (L) B/MBEHR, EEJE Cache (12, L3, --+) FEXEMHNHEIE, 2010 £, KEHES
WAE Z/LHZE Cache, H=JZ Cache BIEFEERAY, Cache FH RARFHEERBHNEHERPE
BHEIZE, ATRIAKNIKZ Cache (R, E/N) BHJZ Cache #y Cache, LA, —MNERFHELE
L1 Cache #, H&7FHE7E 12 Cache H, {HZ, HEEZE Cache A E H D ELEHMZE Cache 7
ERE B o X TiXF Cache, L1 Cache FHEBARESIFETEHRMIZ Cache 1, [BLFMHAEEFH.

YCPUFBEYIRIE S N EBIBET, ESIEH Cache WEKRLEME FTEIM: HEEMA L
Cache, %3 12 Cache, LIBtHsHE, BJa, W3R Cache PEAMTFEEMNELE, MSFHEE., MM
Cache ZEifJ{5 BB, NI Cache FA(EHE, WHN Cache fyh s Eddh; MBFEEAREE, WFHK
b Cache 5 s E ke, ALK ZEMXT Cache EME M, HlN, % CPURERIENER
B, FRAIfE L1 Cache ft%, T L2 Cache {5,

TE, FRSBUVIRMARIEFEL (read) ME (write) WiG A T Cache, HIMIEATIATLLM L2
Cache H1i—4k#84, WATLI[M L1 Cache B¥(#E,

% CPU 2R EHIE R EIE AR, MB LA Cache Bk, BARSMNEHPIEHBEHREER
FIBANREEF, X CPUSHE, ANETFESHFEEHNEBAFAE . AFEIRTTLUE R
THRBRFMNIES, EANEFPREFAFARERERS. B, M0 2[0] mf, RS
SHEZEEREHE 2[0] HWEERFHRMNEFHEEE Cache H1,

4 CPU [g] Cache R EHHEET, Cache FHESFHFHHERSAREEZEAR—H (inconsis-
tent), AWM AT ERBERINA—BEME, FEFBEEHIX (write-through) Cache 1, 4 CPU [q]
Cache EEHERT, HHEBFITEMNBEAFZHFY., #£5E (wrte-back) Cache 7, ¥R L B
EEHAFEHFT, MEERABEEFNEEZFTIRICEME (dity), YE4EREBFTERN,
WiC MR EEFITHE AEET,

2.2.2 Cache M54

7 Cache WitH, B— I RIBRRBEZFETNIXTHEFAMNE, YATFEFRE -1 E®
Zrirnt, MIZIEXNEESZFTHEES Cache FHH AME? XM FRIBEMNERBELTNF, —
MMiip 22 MEEX (fully associative) Cache, B MNEEEBEFITREB B E A Cache FHEEMNE., 5
— PRI R E MY (directed mapped) Cache, B NRHEEFITIE Cache FHME—HME, AT
PR RGP R BT R n BREMBL (n-way set associated ) , 7E n B AHEX Cache 1, BN EHSE
FEATHERRR A B Cache ¥ n NAF KA B ) —1, BN, 782 BEAHEK Cache b, B EESE
AT ARG B 2 M B P —1

B EFA 16 17, B0 ~15 Fxic, Cache H4 17, A0 ~3 frid, ELMHBEBE S, T4
R0 SITREMIRET S Cache PO, 1, 2, 3 {FE 17, TEE WSS Cache 1, TATLIRIE EHF

3
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B B THRRICMER L 4 R4y, FKASTE Cache RS, ML EFEH 0. 4, 8 STLBREF
Cache f70 547, XHEHH 1, 5. 9 BT8R E| Cache B9 1 547, LABLAHE. 76 2 BRAIAHEK Cache
o1, M Cache M4, 0 51T 1 BfTHMM—14H, RAI0B4; 2 573 SiITHER -1
H, A 1S4 REEFPTHRCK 2 BB TR Cache FARRTIS. EFH 0 SITH
PABRETE] Cache 155 0 LHH A 0 B8 1 517, WK 2-1,

#®2-1 %16 {THOEFFRRETEI 4 1T#) Cache k£

BEEGHHUE
mERSI
iE) BHikmg 2 PR
0 0,1, 283 0 0= 1
1 0,1, 283 1 283
2 0,1, 253 2 01
3 0,1, 28%3 3 283
4 0,1, 283 0 01
5 0,1, 23 1 253
6 0,1, 283 2 0E1
7 0,1, 283 3 283
8 0,1, 283 0 01
9 0,1, 283 1 283
10 0,1, 283 2 081
11 0,1, 283 3 283
12 0,1, 283 0 01
13 0,1, 283 1 253
14 0,1, 283 2 01
15 0,1, 283 3 283

YHEFHIT (Z2F—1T) BEHBE 2 Cache PHENAREMME (LA n BAAMEE)
B, BEREFHRREIRE Cache TH—1T, ERTHA 2 BAMBKKEFh, BEETHEFH
0 4T FFHETE Cache 90 547, EHTE2 STE M Cache 91 51T, MAEHFH4 517
RO NiZFHEAESER? R ANBER T EERERVER (least recently used) . JHiH 8 X,
Cache iBRZ N RPIT M RE, BRETHMKRERDHHR, MEERFHFENOSTH2 S
FRARMES, R4 2 BFERSH BTN Cache, E7EJER Cache WL BB B KR HEHE
%4 57T
2.2.3 Cache f1#2fF: —/~ %46l

EHEEMN— & CPU Cache B RAEMRZHIM, MREBARFARNEEERET A
PR A8 4 D iZFE Cache H, (B, T #8232 FME Ao 8] 234 BT LALER AN Cache A
seipEEEM . i, CIETLU “fTER” R B, RE_BHRHE L ER—1ER
W, BEANGFEE RN —HHH. BT EFFHEEXT, CHEM _S#BHNE 17, B#EE -
7, ARSEHE, TEHRWHERES, BT RERFLE - MRE[RAEELNERE, BAEIR
R IR) S R BB .
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double A[MAXI[MAX], x[MAX1, y[MAX1;
}*.Iﬁitfalfze A and x, assigny =0 %/

/% First pair of loops =/
for (i = 0: i < MAX: i++)
for (j = 0; J < MAX; j++)
y[id += ALT10JI=x[J];

/% Assign y = 0 %/
}*.Sécond pair of loops =/
for (j = 0: J < MAX: j++)

for (i = 0; i < MAX; i++)
y[i1 += ALTI03I#x0J];

AT EHF WG, BB MAXET 4, BAKH A PRNEELER:

RGBT M A RRTTE
0 A [0] [0] A 101 [1] A [0] [2] A [0] [3]
1 A [1] [0] A[1] [1] A1) [2] A [11 [3]
2 A[2] [0] Al2] [1] A 2] [2] A [2] [3]
3 A [31 [0] A [3]111] A [3][2] A [3] [3]

Bk, A[O][1]#e#E A(CJ[O ]/, M ALL][0 1767 A[O][3]1AETH .,

BIRNIF 4GS, Cache F1IEA A BAMEMTE, —MNHEZFETTULEK A KL TE,
FEAQ]JO]REBEFITHME -1 ILER. &5, BiX Cache R EHBEBEA, HEE7RME A B4
8 LR, MANEEEFT (RIIAKEXHY) .

WA EAE IR E LV A[0)[0], ERIEARTE Cache H, BFLLXH T Bk Cache %k,
RIERGHLE A[O][0], A[OT[1]. A[O][2]. A[OI[3]1MATIIFHiEH I+ B A Cache #,
E—MEIRET R SMKVIE ALOI[1], A[0][2]. A[O][3], Ef1#BLE Cache #, Wi F—i¥k
Cache SRR ZAEERBYR A[1][0]HEHE, B EEHNST, RITTUBRIE - MEHRE
TS A TR, BILE 4 4 1K Cache B, BITRE—R, HBEEWE, RI@EMN
Cache HEEF PN BHEEFAT, 8 PMLE, BEE=FTHE- I TEMNENTHE T E
Bf, Cache HEFAEMITULH R . —BEFHBELRE X, - -MERRASE R EZ
TR,

HEREATTRBE B A Cache /5, SHE-ANFEIRFEP R A[1][0]. A[2]1[0], A[3]
[0], EREANTERALE Cache H, FTLATT B =K UTA] A 0K 53K Cache Bk, M4, W Cache H
BN, HEA[2][0]RA[3][0] &' P% Cache A MFTHER Y, FHFAL2][0]17E2 BT,
BEZTERR0 SREEFETHERE L, MEAB][0]458 SRESEHFETHRERY X, &
PATR—KARERG, BURAO][L], HEEXRFEN O SHEZETCAUERHEET.,
FRURAIFTLIER, S#RBEAMNITE, HEELE—K Cache B3, FFLIE - MEFREILEE 16 1k
Bk,

Hit, BATTUBRUE - HRE/ALE - NEBSTEER. FELFRBITHNE, X MAX =
1000, B HrEFAMNBITEEL 3 FRTE - MRERR,

2.2.4 ERIFFGES

Cache {75 CPU R V(A 77 M5 MBAR R T e, HE, WREBT T KEMNER,
REBRFREVIRARBEESE, WARERIESIEBRETRELEFRAR T XMERESE
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FRERGFIE KE; ATAEBRFRRT EES—FHEBFRERMNETHEE, T -1
B 6] BB AT 48 A ABIB e E7F . Bk, EXEFBRERES, BMEEFEEX, F
ZETPBRFLILEET A TE, WA, XFLZLTH R ENTE TR EEE SRR
P, REPHMBIFViRE,

FIR BB R (REBRE), FEEFETLENEENER. CESEEF RN
BPATRF RS E RN, Sfl AnEfmsmRE:; Rt AR MBS FEERTFRR
W, PRAIEHEE (swap space) H1, 5 CPU Cache Z5Ml, HEHIFEAEERUL 2 X R SR AR S Bkt
riefE, XUHUEEFR AT (page) . BNFRIEHF TR NFERILTIRE, FLUTEE LE
Ko REBALGFHABEERK/DMHTT, M4~16kB K%,

MR AERIFEF AR TR EWHEANFIL, FAMSBARE ., FAXEBNIE, BF
FHE RO OTHEE—RANERER, FEEFREREY, RSB NBFEFAMR
BINTEER . AT EEXARE, fFERFRFE, SRFHNIRTEUINS, XBRFETH, A8
— W BRI TS M R E ., BESTHME A E M, XA TR R
R Ry MNTRNAEHRIERGEEHE, BARBRIERFERAMNNEAS S HME
FHEANAFES,

FHRENBEE, SEHNEFEXEMEENE. B, SERTEFEPH—£ES,
TERFEREZESNEDMN, ZENFHFFRINZESN, FERBRI RSBt H
TREBH BB, FEEAEFTIREEZE SN IE, BUTTS/ER BRI —K
SFEfE. BIEEIMEEA 32 7, TUK/E4KB = 4096 F55, BRAR LA 12 fRARIRTL R K%
AFEH, XEE R 27 =4096, FHitt, TUAAB ALK 12 fREM T AFEY, mE T A H
FEMT, HERE2-2, BT SHEEEEMNELBIEFITEHR, MARHVFE, B2, —85H
BTEYUIS, MEEHRAR, ¥R SHERYER S, MERFEENTEALE Cache
B, MREHTAREF MRS Cache J1, MM/, ALK M0 k7o 3 ALY B b HE FF 3R BL
TERNIES,

®2-2 EEHSAFBS: EUTSHRAFHRER

B

BT S RAFWRER
31 30 - 13 12 11 10 o 1 0

1 0 1 1 0 0 1 1

DR, FEET. REZIMBFULENERIEEFT, BEARERSMNEF SENE
T . ATHEX N EE, SRS AF ML THIERROER, UWIHREEEENEX
( Translation-Lookaside Buffer, TLB) , TLB 7ERFEFEHENHHEF T —TRNWLE (GEERH16 ~
512 &%) . FIARTREIFZ E) R ERE, KEBOFEMEEIUI MY E il © 474578 TLB 1,
XT F A TR MU R GRS KRB,

TLB H)ARIEH Cache FIARIE—FE, ME WA AL FB TS TLB i, FrK TLB -4 ; 0
WRAZETLB f, FRATLB 8% . HE, HHAFEHRARR, RMEBEHRATARENGTH, IHE
FIZAEE SRRy, R ARG R L, BAXRKIIEHRATTEER (page fault) .

BE ST T AR B B S A BN R — BN IE R, B—, 7€ CPU Cache H1, AILIE
HABEARES B FRREETHRREE, BEEBLUALES, BAFEAN KL, FERTHEH
B, TUBPAEEERASHTR, TUEAFRTASINTRE 6, RRZAEEHESN
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o WREKIHESST, MERANFFFREEN, FELECEA#RE, =, FHI@EKTIF
RE, EEFTRMEEBAFEARERGRTR. B, BFANEEEERNEMALT. CPU
Cache R GBEAHER], MEMNFRMRZEEGMRERE —EEHL,

2.2.5 EBELEHT

S HHIT (Instruction-Level parallelism, ILP) 3EititZ />4t 38 85554 5 5 Th 8k B T [R] B 44,
FHESEREEAHEBAOMERE, AR IETERLHIESHIIT. RRENSEE., RAEREE
BT BRH; SEHEERILEZEESFNGS. XA EEIRN CPU hHAFF A,

ke

WAKLHWEES T MERRKLERLY. —NMNEBKENSIERBEE LR, 55—
MNERE—-NDECAESNIRGEETESS . FMAN51%E, SHERE=A/NIEE
WNNACZEREESHE L EE, ¥ —PXTHENGF, BEMAZEZHSE9.87 x10°
6.54 x10° #8hn, WATTLUERAMT LR,

o g B ® BIE— BIERZ &g R

0 HHREH 9. 87 x 10° 6.54 x10°

1 H B 9.87 x10* 6.54 x10°

2 B — MRS 9.87 x10* 0. 654 x 10°

3 AHhm 9.87 x10* 0.654 x 10* 10. 524 x 10°
4 R ERAE S 9.87 x10°* 0. 654 x 10* 1.052 4 x 10°
5 SEANGER 9.87 x10* 0.654 x 10* 1.05 x 10°
6 B R 9.87 x10°* 0. 654 x 10* 1. 05 x 10°

XE, ROMEARERLL 10 AEE, =URARELF-NRBERFENMANEN. B, 7
XAEFH, SRR R R ARSI — R, FRREBRAEAR=MET

e, MRBRBELSE L S (1078), BAMEREFTELR T A8, L, MEHR
T T A

float x[1000], y[1000), z[10001;

for (1 = 0: i < 10005 i++)
z£i] = x[i] + y[i];
AB4 for PE3FFH ELE % 7000 4%,

BEA—NFR, BEAEUNESFRNGRT MG SE e, F—1TETEREA
BAER, BB, DI, BiF— IR TE T E T - Sk on A, IR
MBI EE R TTR M BB IL S RGBT A . —RFRBOINEIES 7 4ifbntE), HE,
AT for JEERET, FTLAIZELLEE x[O]F y[O )84T ERE x[ 11 F0y [ 1], E—MRui, BEEEMAT
WATT RIEASH T DMARBE. WERFE2-3, ANEX2-3HAIIFE, MBS 5, RABRRE1H
g 1481, MABRES 7 A/ —K, TR, T for 1G5 A ST [E] A 7000 24 F0 [ K 2]
1006 #F>, 85 TiE7 5.

SHRUL, EANBTKEATTREAE kAR E. B, MRSFIIGEATKET
BEIARE, MENHEMNAESEEITE BB TRISHTIRESRI T, WA, FRIER (HlmERFEHRE
B) WoEMRKELMEE, XTRKLZWERE, TUSESE2.1,

7
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®2-3 WMAZME, REPOBFRIREY ERATR

wiE m 2413 B m M MERA 7l
0 0

1 1 0

2 2 1 0

3 3 2 1 0

4 4 3 2 1 0

s 5 4 3 2 1 0

6 6 5 4 3 2 1 0
999 999 998 997 996 995 994 993
1000 999 998 997 996 995 994
1001 999 998 997 996 994
1002 999 998 997 996
1003 999 998 997
1004 999 998
1005 999
E.2 11

WK S8 oK ThRE S B2 B B RE SR ShRE BT, B BRI Sk B tERE,
Z RS AL B4R E i 2 FIThRE B OCR R PATEF R MARE S, B, BRAFEANZEHE AR
IMESR, NIRRT mIEE TR B A

for (i =0: i < 1000: i++)

z[i1 = x[1) + y[il:
HE—AIMESRITE zZ[0]n, SETAMESITE 2[1]; 48— mEksitE z(2]8, 24
TWE z[3]; AR,

WRINEERITRAEGRENFER, WKRZZEHREEABESL L5 MREABTHEE
B, WHREZEHAREERADISERG . — M XRFHBLRHTHLEBEFR A BIZR (supersca-
lar),,

Lk, ITEEBHHAEL RS, RELFRDEBFRNBTHES. BP-—HBEENERE
¥l (speculation) , ZEFMEBLA N, WIFHBEFLIEBIXN —FHELSHTHN, KI5 7ERH A EAR
EWATRE, — ARG, ETERORES, RERN z=x+y WER z ATENER, B

HPHATREARIE w = X,

Z=X+Yy;

if (z > 0)

W= X;

else
w =y

AT, EAEES

Z=Xx+y:
W = =xa.p; /= a.p is a pointer %/

RALATRETPTRS a_p AE@ z, HivRkB RS AT PR NRERE,
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ELL ERAE T AT R G ARE , FthIT AT RN 24, EE—-TRFP, W
Bz=x+yWEIMBENT, FTEBRBHH, RERTw=y, EE_4HTH; BRna_piE
Mz, WREEHFRITRMEREw= *a_p,

IR T T AR 2k, A TEEARBPRANRIEGREIETN A IESRE, MR
SR, MEPATEERE. BUhEEETNERE, CEB BRSBTS RETHE
—ANErhiRh, WRTRIES, ZHBETHHNESERATFAERENT: WRTRNEE, WE
HEFHRNBEES, BSEFIIT.

REEZENRZEEBILFNTES, BERTHESE D, HESENFMER, HITHE
RBHEIFFEZH, BHESHNEREEEBFTHENIIFEAFHFRANTEFH,

B—7H, mERNAEAREIESHETEFHEF. BRMNSAEREED, X—BEANE
ERNFHREEERRW,

2.2.6 EHIZEKRE
BEGOFTRBEMNAMEN, BNBRFFAFSHRIZHFERBCR, Fln, BEEITEER
ARRHL

f{ol] = f(1] = 1.
for (1 =2; 1 <=n; i+4)
flil = f[i-11 + f[i-21:
RS, LR ERARA W] LR e AT 82

LIELIH1T (Thread-Level Parallelism, TLP) i@ R0 AT A RRBERBEHTHEH. 5
ILP # e, TLP 2 4tp 250K EHH1TH:, NRNPRTHEFEEAST (R8) HARNENERRF
BT (BKRIELS) BERSEEM,

W% (hardware multithreading) AR GEM T —FULH, FHH LAIHITHIESEHE
B, REEEBULEHMA RN I, i, WRAHEFFESHFIIENRNERIESY, BAEH
LUE S AT HMEBEMA RS YaTRER LI T MR, ATHEIMIEHER, RELH
XREABEMRET S, i, E-REREHRE D, —IRBHEET AT —HR, B
2 2 (8] 14 i B (8] 2 PRATHE & i [a] B B T4

FEQRE (fine-grained) ZL&BYT, LRBREGEBOPWITREVIRER, MWmBkid#HEE
IR, X R R e R VBT S ELSATEI MR %, BEMBER, TITREK—B
BeWEBEITERECHHNBRRTESF . BBE (coarse-grained) HRER T B HiX 7]
B, RUIBRSRESHFRRKINEIAEERRE (MW EFPMER) THHZENRE, XRLH
KRR, AREXRERKNYIE, BE, BB LEEAEHEENSIH, LRERMYHRE
HREFBUER,

Fl4 Z %% (Simultaneous Multithreading, SMT) R4k F ZLREHNTH ., CEHI LG EZIE
B RIEHE A2 AR TR A FI R B AL AR PR . RN E “thk” KB, WAk
—ERE LEREBERERN S, MEXRBRIEEZHKEOIRENRE,

2.3 HTHEH4
B ZAEHMIhEERTT, FASRSMPAKRTLGANRHITEG, B, XMIETH

EEXBRFRRATILE, BTURIMEENSRERRL - HKBEWNT R, ROWEL

&, AT ZRUR TXEF A AT a8, SeaiEil, aRaEEE 18 R AB T & 3
FrHEsE LS SIRRBRIT R HTHE, IWARMARXFE RIS,

9
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UMY R

AHATITE S, Flynn 536545 R TR REW#HTIT R, B EERERNEERRY
AWK HMBERB B RESE, BBBHNG - ERERAARRESCREKEBR (Sin-
gle Instruction Stream, Single Data Stream, SISD) &%, HAE—-KIfT—FHES, —KER—1
BRI,

BIES ®MIETR (Single Instruction, Multiple Data, SIMD) RL&ERIH T RL%. L B X,
SIMD Z 45l it %4 & A B AT A R A48 4 T S BAE 2N BRI b R 4E . FTRA— TR
SIMD R4 AR A — MR BT LN ALU, —FIWSNEHR BT HE LD ALU, 4
ALU 8B 7 SR80S FATHRASE LA TE MRS, fim, BEREEHRGT -4 “@mEmE”, 8
HAEABRAx My, 8MFAE n ALK, BELEy HRTERME X F.

for (i = 0: 1 < n; i++)
x[i] += y[i]:

{840 SIMD RZErh A n A ALU, HATREHHE x[ 1170 y [ 1 1NBEBISE i N ALU A, RIFIESE
AALU B x[ 1 1R y[ 1 14000, BIGWEREMAE x[1]d. WRELE m N ALU, HH m<n,
B2 BB — KR EIRT AT m D ICR I, Flan, BiEm=4, n=15, ATLIEKEEHTH 0 ~3 K X
My QCEAEM, BER4I~THLE, RAER8~11, BERE 12~ 14 HImEEM, &, &N
BlFhEE—HETE (LK 12~14) Mk, BX x My W= EEE, L4 ALU i
— P TERRE.

FrA 8 ALU ZEAPATHF 184S, B4R L TERRSHE RS EHFEK SIMD REH
R, Flan, WRREIE y[11KT 0 B ASATINERLE:

for (i =0: i <n; i++)
if (y[il > 0.0) x[i] += y[i]:
EXFEL T, RITLEHE y 8 —TEMRB] - ALU F, REHEREHRIE, MR y[i]
RIE, SRk AT Mk, FW, MET y[ 1160 ALU b T RRAE, WHME ALU $U1T
.

ER, & "8 HSIMD RESF, ALU LIRS EIE, NET-KRELSFHITZE, &
A ALU SR 4%, BuAh, ALU BAF S FFMEE, FTEL ALU A REME o 77 6 16 2 R 5B R 117
o :

RS, EWMRMNE—TEFP BRI, SIMD REEES T X b ¥ K RIS i 8] S HE R L AT I
ik, BEERSECH 2RSS, AFIEENT BB AMERESRBERIE FELHHF
Tt EXFIFATIRABBHIT, SIMD HATHAERBEHIFITRE LEFAM, ERELEAM
FHATREER AT

SIMD R4£: 0 TAEMFIE, 720 th4g 90 FEH, SIMD REMHEE (Thinking Ma-
chine A7) RIFTHRETEVBRRMFESL . HE220 42 90 FRK, ME— Z 4K SIMD
ARG EERGER, Ik, FEABBATT (Graphics Processing Unit, GPU) M&XLA CPU F A
T SIMD 8 75 T B AR

[ i 4 2 R

REMBLEROHBEFEREET L, BE(INEERACRBENRHARERESE
HEATERAE, WIfE4EE) CPU Bt BB MBI R SUE AR T3, E4ER, ABRMARZFWT
FHE -

s AEFAR, EREBFMHZ N RIERERKAER, HHEERNYHAFH#TREN
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HESR, MBNEKEHRSGRE, N43128 164 MmEA

o HELAAKLASREL, HE, MEARBTHENTEFTEMETTRG XHEE
BIF Mk a8RlE, XSEREFTEMHAT N EE FHENMALES L. Hik, mEET =
SIMD,,

o G EHS, XELEENE FREMARERE LBENTES, RFREMKER vector
_length, BBaXELSHINEHEY T MEANBEAER, W,

for (i = 0; 1 < n; i++)
x[i] += y[il]:

AFE—RMA. —KINEM—KEMBRERTR TXKER vector_length B¥iE
BREHREE, TEEAMRETESBIERT AN TR AMAIAITMER . EMFEHERE,
o AXAME, AFERFEHEZINE K" A, S R ERESEMI IR, iR 5E—
AMRFEZE, BRVIREZHNEER - ER, HIEETRAFEDRIEVR 5
—MHEE, BaeBREsED R, AU, NERREPHEITESHFESFRANAGTE
o, AR ATER A/ PG EERT GE )L P TR # i [A]
o T RXAMBIFFAPREHM/ RE, AEKAFHEVNT, BFEBUMREPREE
ERAMITE, FlInEEELIEE 4 RIS, FEITE. BN TLES, (EFX
) HH/ BERENTAERRAEIEFTER (RE) A5 (8. flairEg—4»rx
. E-NnR. FOMTER. F/AANTESE, HAKEE RGE TR AR R4k
B K AR M R T R BRAE
A BT 2 N FIERA A, BATEITEERMAES#H. mERFEHREK TR
BRI, ok, EMIEIRIEAREm BN EA T HBRBEEA AT LARENRLHER,
Hit, APEMEFEERBLUZFnEAMBARNRE. MERZEFRENNFEFE, 81
MBHRBIRESHEH, REET Cache NEEAREREMNATEEFTPHNEITE. HE, E
RNEEALBAFN MBS AR HITEW, XXM BERNRE, T RERIEES
MEE KRB, FE—TETEEKEANERNMENEZEZRERENS, FF—REALE
i AN B AL EE AR B B AR RN B BRHITY B AT Ik R G m &R
HRE S, XK EHTRIENCESZEEHE™MH, EERR.

B abEHT (GPU)

THEEMNARBEOERS,. &, ZABXRRPENERT. EIEAERLBRRKE
( graphics processing pipeline) #ARIMHI N B ERFERN - RENRE. X MEERA GBS
EiItBHRERE LEREE, BALKMFEHEBERTHEEN. THRERBENITAITELER RS
(shader function) EiifA, MAEIMEGRE—MLLEE, 8% RAJLITCRE, BRAENIGE®L
HAIRERPHEMITE (FIINTE) b, FAECER—BRERSIHTH., MBECEFHE
o RS SRR MR, GPU aT LS A SIMD FH47 ket fe, BAERTA R GPU &R H
SIMD 347, X2ELFEE GPU A5 AKERN ALU (#1080 4~) RIKEH,

HEAANERRTEERRNOEYE, HakXMWEBSRRREEN., FHit GPUFELRFREN
BEBEE, B4, I THENFHRERMER, GPU ™ EHKHMEGHLAE., AR RLAKD
AN EERENRE. TRELEMBERBTECRRTENTR (FnFFE) K
B, GPUHBLERFTEFSLHEKXBEIB IR E 4R ALU BICER, [T REZE/Ma i ab 28 4
BEAANT 2,

FERARR, GPU RNRAKEY SIMD R4 . REE—-NMAEH LM ALU T SIMD 317,
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EBRRH GPUH LMK, B BESREM S IATH S Mo
| GPU f:@ AR Rt B rh R MM AT, FRMIFZET, BRAFTUAMBENMEE. ¥
W&H3E [30],

2.3.2 MIMD &4

£H5S B HIBR (Multiple Instruction, Multiple Data, MIMD) REXFEFRNEZ NS MES
MBIER e, Bik, MIMD R E ¥ A~ &M WA RTHREZ, S MEEATER
EWEA O WS BTN ALU, b, AFF SIMD £4, MIMD RZ&HE % EREH, &N
AR EEB R TN A W RIETT, 5% MIMD R4+, RAELRE, WAARLESE L6
ARz EREBABKEN, LhEL, BRIERFREGIRS, R HATH EIRT S
B, 7EEEE 2T 887 fBth AT A R BiE4] .

FEMRATESE 1 EHERBK, MIMD REA WM TENLR. XEAFREMSHANNEFR
G, GHEAFRGET, —HHBEWEEHE L EEML (internection network) 5 HHFRGHE
EE, 8N EEES RS NNERE, ELENERSGS, SHESET R RENBEESN
FBRMERE. ELERANERSED, SMESRSEFHCAENRNAESRE, LBEHE - NEXZE
BEAEENEHEEEG. FUESFRXNERSES, LHEFZEBEIEXEBEREHHRREN
BRBOK i) HAh b FER N A, W7 BNl fE. WHE2-3 1 2-4,

CPU CPU CPU cPU
E |
AT

E2-3 —PHBAFRSE

CPU CPU CPU CPU
Eallii=aiica
A
| = |

2-4 M HANFRS

HERFERA
RITEEANKENTREEA A RE S SBAEE, EWE 1 Fhihigs, —1E2%
eI —BE R LA B CPURERK. @%, ST EBAFMLAR LI Cache, THAEH Cache

AR ZEILE, W LIARKE,
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EHAE N EROBBNEERNFRE Y, EENEALERENEESEEER R, K
EWr e HESERER—BA BH1 iy )

. B A AR R B AR R EE R TR lﬁlll &2J EREE
& A~ R0 2 AT LAY [R) 9 7 P B oA R

W 2-5 ME2-6. EEHE—FREF, &
AR A AP A ] — A K3 Y B (] AR [ i |
HE; MERE _FHRLET, ViRSKE
BE BRI N X D5 R N 7

KIRBERMBE, HHifE b ER S A
FEELH—-BEHR. B, B—FF :
BRI —H M FWHE (Uniform Memory E2-5 —4 UMA BB %

Access, UMA) E%, ME _FMERHRNIE—BHATFEE (Nonuniform Memory Access, NUMA)
A%, UMA REEFE WEASHRE, BRABRTFAASAHEOARINEXRYAFIFRE, 7€ NU-
MA #45i4, M E5BEEEENAERBMITREERR, KEXTHTHRENN S, H NUMA R
e UMA REFAEXERMNT,

Bh1 HH2
| & || #2 | | B || w2 |
[ ws ] [ m& ]
W p:d

Bl 2-6 —A NUMA ¥ ES

SHXNERSE

BITEHERANSTXNTFRARNER (clusters) . EfIm—ARMLREHR (F0PC),
W R ERE (BIINLLRR) , LR L, XEREPMT R GELEE P8 AH L E N
YIHEET), EEHREA M RES I EHRABEENRZATRE. ATHXMRGE SARE
AHANTFREDTT, IMEARLBEHRAIBERSE. BE, BF AV - ITEBELIMLEANF
TR

RAER G —Fh ARl ey, (B E M EN KB NEERR— M RN FERSE. &
W, IRNARER A M6, NN AREHRRKEGFHER.

2.3.3 HEMZ

H &M% (interconnection network) FEFHANFREMBEENFREFTHDET —MRE
HRfa, BMEATEBMAFLLIEK, BR800 5% MY A E R A TRFE I
FRFEAERE, ERLIB2. 10,

REFGEHEEMEREBL, BEREBREMNES, RITVLFAMBLBENFERLEMIHRNNE
RS HE EME X HXTH,

HENEFEEEMLS

EHERGFESETY, BRREHANWMP EEMNL R EE (bus) FIKNIFLERE (crossbar)
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BEREH—AHTEFBRNEHXN SRV RKEFERN, SRORCRIEREZI SR LR
HEHEE L. SEAARRAMREEMLS, 2 MRERELUNMNIBSMNTHELRT 82 L
BE, HAEFLRELEN, HEMAERISKRAENES, FTELNBRER, SKRHT
BMRES T, MR KRS S BRERE, RATUNELBERSEHEFHRAL. B
I, BEXENFREMCENEA, SRR E B EE MR,

BB, XBEEMELAZHRE (switch) RERHMELERGEZENBELE.
B 2-Tafk— AN ERXFKIERE (crossbar) , KFRXUELEFEER, HRETIERENFER, HE
TN

BMA RSB ARMARRIRE, A 2-7b Fin, EEMAXMHZHS, FHFEAFRRALL

BBLRHERT, HWABE AN FERN, EMRTEEE— KRR, flm,

E2-TcBART, 4 P1E MBI, P2 M3 Fi%dE, P3N M1 PR, P4 M2 PEH
fEnt, BT HBRBAELEEL

P4

M1

M2

M3

O—O—0O0—0O— 2

O—O—0O—0—| 3

O—O—O—0— 3
O—O

M4

O

-]
S

® (i)

b)
s il Wil
A
=R S
oo
e . T T T

c)
B 2-7 a) — R4 AMALIDE (P) M4 NATERR (M) WIS FFLER;
b) ZENTFRAEREABRIACHAS; o) BRI R
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X FFRER AR RS Z MR ETERE, FULSRERER, R, KRBMER
R FH WA . —DEARETARARE LSRN ET LT REERRE

AHRXNFEEME

SHEANELEMGER SRR ERELESAREE, AEREET, B TRFS5—
ASREFRES - WAEXT HEEAE, KSHSZMEHEERE, B2-8 HH T —13F (ring) M—1 4
IREMHE (toroidal mesh) . MBTHE TR, BEFRRCHE, FTHREFAESE, LFrNEE (o
o HILHBARESATR, RAEAFFESNEERN KL R, fEAHEFPLHERH L HE
BARTARBFEAHELD, HEBHGTREUBES. FEMKILIFH S, BAXHRSEME
B RFTMBTEBE LIS MEBRMARE3 A, WRA p MEIEIF, 725018 P &85
BER3p, BEFRPRR2p, BRENREMIET, TTUARMBENEREEEFTNE, X
ol pon e i

el

i
E(j\

Ve

uf

@ﬁ“

a) b)
E2-8 a) —4%; b) —N4EFRHE MR (toroidal mesh)

i “FIMBEREREE" & EEE B MTHEREEE (bisection width) . H
THEXME, BEITREWT BB, BHOHA LR BERE T L. EXPBG
ZEIRERF R A B EEYR? TER 2-9a 1, AT —A 8 WAMAFHMAE, BHAWNSTH,
ENZERANEZEEFEHREA N2 (CATEEEFER, BE I YA 5ENZRSIFE—E,
REEAEELE). HEE2-9 F, BHWARMAEY, EEfZERERNEZE 4 REF. B
2, HARFEFRER? FNRERETRAFORMGITH, FMUESFRER2 WAL 4.

./
N/

v N N

A B A B

N 7 N 7

a) b)
B2-9 —AREMFHED: o) ERNESZEMEFERECT2; b) ERMNESZRMEFHBECY 4
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AT R — MO SRR R R R R AT S S, R BB RO R
LHGE, WRA-NEFBH_EIREME, B p=¢ MFE (¢ NEL), REELHRKR—L
oA GKTEEREA “EIZET BOKTEERE, MR A RFR . WE2-10 PR, XERES
ARERLER 2q=2Vp. L, XAR/NUTEEEKE, —AETE = SR R0 %45 %
BEBE 2406

SRR (bandwidth) BITHERBIRNERE, EEAKCEDRERFHELRIR,
4359 (bisection bandwidth) B FIRERMEHWFRE, THEARERL., HE, BHER
RETEEEFA S 2 RS, TETEERNEE. fi, WRARE, SROSTERE
10 204580, IRATRISHHFIRE 20 {ZA1 s H 2000 JKfiE#b,

BEENEEEEMEGESHERNE, e THESE AN RBEEEE, 0
B 2-11FTR, SRSARER p /4, B, N A% ERE0 R SHI R 1 H % W 4% R AL

B8 frfl, BN TRERI 2 +p2 KR, MHENCRERETES p KM%, HE, XL
A IS TR EERIL, RN AR A T R RO

/
S
N\
[ [ ] | o N
/
o U =
B2-10 — AN _HEAREmMIREES B2-11 —A2HEMS

BIFERE—FMELATERRAETRNRELEMN TR EMNS, B ERBIAMERN.
—HET T ERAERMEERNEEERE . @ TR R -4l TR E R, FFEd
“HIRL” KIZCHASHE, W 2-12 iR, Bk, BEN d BT EA p=2' MK, HFEKEd
ST, BB S LB d AN R R EERERE., XRNELTRNES TERE
p/2, FTUELRHRRENREMEEEEER, HREFRRNTHRSE, BIENTRFLIFF
1+d=1+log, (p) #EXK, M _HEFEMBEHTHRIMATES FEL. FTLAEE— p N RH

(391 A7 7 (AT 3 M 4% LU S — 1 e 3R RIA% 38 B 3t

Hﬂﬁg

a)
E2-12 a) —2'@ b) 4 e) :zﬁﬁ¢7¥ﬁi
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EEEENEETERET —MEANEE, ERELENSES, SBES—ESLHEEE
Bk, EITEE R SRR —44BBHE, SMCEEAE —MRA RN — 5 &5
B, XSCEERGEN B MG ERE, WA 2-13,

3 R FF X SEREH omega W4k 2 8] B P 4% P AR X T LB B o BT, RAVE R T 6 AU
BRI BN NIFLERE (ME2-7), E2-14 FRXIFLEMET ARt EamAN
Fo B, RERMEESAZERSE—MMEEEERE, WA RNLES RS RN 5H A
ALEASE L

=1 —

%
Z R :L( I ;
e SR eN ;

B 2-13 —/NEREE RS B 2-14 —PHTaAARFRHZTRERETEMS

omega P& L& 2-15, RHAmR—N2 x2 WRIIFHRERE (LE2-16), EE, SHXIFXK
EEARRE, F @ ELERNHET. flan, £E2-15 %, 40 LKL 6 KX —1H
B, XAAhEEER 1 SEARERIM AL TEAR 7 RRHE . H—JTH, omega ML X XIT KB EE.

omega 2% { ] T;_Pl()gz(}’) NREeR, BOZHRIBFRE N2 x2 DT RERE S, LS

AT 2plog, (p) NACHEE, TIRNIFHRAEMMEH p° MN#HAR
[ \
— Q. () ()
- VQV
:: 4"‘.!iii§>0
||
=X
L g

K 2-15 — omega W&
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WEEEEMSE VSN RERCRE R, RIE2. 14, EEBRRFEN: K555 BKA
MEMFEHRS, HBEEFISIZRAEELE -
5, BREELSTEBRE DN ENERA EERAS
SARFEEE . —4 p xp KBTI L5 855
TR p, Ti—" omega MM EHTIER p/2,

RN A

WAL BRI, AT OHIERA B M E L N .
Lo, T BAERTE SFER Cache 2555, 7 N~
Cache MIZ AL 0], ZEMMAANAFZN, HREAEFH  F2-16 omega MK HH— 1 HEE
A TEXNERERERE RGN A2 MAMER, XMELHELE, TARAISEHEER
HEMS (REEAERE) MM BB (laency) FIHE (bandwidth) , MR R4 M K %
T HG 15 808 B B B0 TF A 38R 2 RO BT 1] . 4595 245 B #0 H7E TF 14 2 MOS8 J5 2 o84
BOEERE . TR — AN EEMSNERE &, #HE b FHED, NEH— I n FHHHEEE
L3I ol

HEEXBETE =1 +n/b

BE, FEESHE, XERBEEERRNSE FEMH, G0, 1R i 7R
B R BT, Bt RRER R BER B ENE T, i, WRESBRNERSEE
HFAT R Z RN, MEP AU & EEEEE, T ErafmEE et . Bt
hh, HEHBRSHRANANKE ., RESRRRBOEAS, L, AXHERT, EREHKAE
LRI B BRI | R F S A S A 1] . ZESR MO T B R B I () . AT o
B R B 1) LA JR A 0 S A7 A A e ) 0 S
2.3.4 Cache —%t&

42 —F ., CPU Cache B R MRS, BIF AT RHTHENLEH, X oNit
ENFREHKMEEROPN, N7 EMXE, BOLZENERETEAFRAE, BMEEH
RO HIAKHE Cache, TLEEI2-17, MR B R X 62 48 647 3%
Wik, WARSREFMEOE, B, x B— A EZERIFE

i

2. y0 R0 REE, yv1 21 b i, mrem | L2 ||| L&
s 5 FEAT T T0I4D
i o - |mmsro | | | [mmamm|
0 y0 =x; yl =3 xx;
1 x=7; EHEAE x §9iER)
2 BAHAE x WiBA  z1 =4 xx;

[ i

Ay MAFXKHEERAHBAE?L, vy HAFXHSER
H6, BE, z1 2BBHAHERRRRELT, F BRI

B, B0 7E 21 WRERTH x FHN 7, Fibd 21 7T LIEE] 4 x7
_28. R, FERFEO B, X ELARTER | 60 Cache i, BT | L% 1 2] ] |
S, X R H O B Cache, REBEHMBA 1 1
Cache F'; EHRA LRER, EEFRSHABRMME X =2, T o | =] |

71 21854 x2 =8,
HE, XMAATMMT NS RZRAERAE EHEE ( write- B 2-17 ARENEBERPIA Cache
through) $RMEIERE I (write-back) FWEE X, WFMHE Hik HILEAF RS
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s, EHESES x =7 WRETMEN . HE, X541 9 Cache AKX K. MERGEFEHATM
RHE, BAYER 21 BF, x fE4% 0 Cache T HIFHEXTZ 1 BAATHBY,

BR, XRB—1TME, BAFRX Cache fr ARHEE & A HiEHS, HFLURBFAGERITIRE
ERRLEN, BAUEFEDNN z1 HHiEA. SEAFESAE, BFEELEN—HE, s
HEARARGN Cache SN THRMBRAFRERIE: BEEEAET, £ M Cache FEEHRZ B A
A, Y—AabIRESFEH Cache PIZERMBIARS, HALAMBAZMEZEECES, BHAMmL
2 Cache HIBIA MR ZEH . XFRA Cache —F P [E)FE

M0 Cache — BN

AR EE MR RIE Cache B—FPE: MAF Cache — B ML AIEE T H R &9 Cache —F
P, MITHIMREXE TETERANRSE: 2 MEHENLR, B4 L ERNE Sk
POEEDELMAAERZ B . A, 440 EHTE Cache th x WRIAR, MR ERHEXIANE
FEBESL LI, FABNZ] EALWEALR, RATSAHEXELEHT, #HAC
Cache F1HY x BIBIAHRIC HAELAY . XL AT Cache —BUMETH LB THEEHR , RATHTR S
LIREIr I Z BB RZNET, THSEMEMZE S X BB Cache IFELFH, MAR
HEA x E#Hi

KT, AILELHEZEN, £, EENERA-ELTELL, REEBIHENES
AbFERTREBI A A HRRE, B, W HHMNEESETS HiAME B Cache EARRETAE, JEM L, W
REEMEA R BRAKEY, Cache FLE, IR RS Hik Cache, I AMA T EH I H 1% W%
T, EREAEHEEE Wl 5, MR RSN Cache, MAMRTEEHIEE, FRX Cache
RIS AL R RIA G NTE-

B FH%# Cache —E 14X

AR, FRAME L, NEREE S AM, BT Cache —E WM B EH—NEEM
TWE-KITHE (LI 2.15), FrLAMEY Cache —BHEMUEART T RBE, RN TRE RS,
EESRUENTRE, M, BUE—1TEEXASARNGELEN (WE2-4) HES, BES
3t F A N RAt A k2= (8], FrLL, %0 REBimE 1 NEPHEE x, REER AT
—&iBA], My =x (YR, HRHEMEHAELSBAECSH R NFEEREE, EXER
Sh—tE), WER LR, SENRAEBT RIS, BE, B Cache —BHINYBERE
AR, A 7E HE M2 6] A T A T R R N R A 1 8,

#TF B F# Cache —H M hSGETHH M E R (directory) BIEIELE WM ok L EAY
W, HRFHEENNATRRSES, —fuh, IMEBENES AN, ERNMF T, 81
¥/ N R — B B %o X4 B FARiRBIEATES N R EEFETHRAE. Bk, 4
~NEEFFEITHIEAR, W#%0 § Cache, SXNMEEEFTHMNAE RTRKLSEH, ER
BOAXMTHEI A, B— M TRFEEFHN, HeENER, HETEAS AT RERERET
BRIk,

BREJFFEKRBFINIGEHER, HE, M— Cache TEEFHH, ABESEMBIANE
BAMEZY (WRMESEREXMEL)

A=

CPU Cache B2 EMRILHA, ICARX—SEFEE, HAEGEN SEEETHETEREN
MARX MR HITHRE, XMESTRLSAEEH RN ERE, 260k, BNEER
BEEA-AER (1,0, HETERERNE— 4 mE+.
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int i, j, m, n;
double y[m]:

/% Assign y = 0 =/

for (i =0; 1 < m; i++)
for (j = 0: j <n: j+H)
y[il += f(i,j):
AT HBEHTE, RITTLUEINEEARANZRERIELE MBS ERLEE, BROA
core_count 4%, TEEILEE —/ m/core_count PERASBMBE ML, F—/ m/core_
count MERDBELAE M, LILIHE,

/% Private variables x/
int i, j, iter_count;

/x Shared variables initialized by one core %/
int m, n, core_count
doubte y[m];

iter_count = m/core_count

/% Core 0 does this =/

for (i = 0: i < iter_count; i++)
for (j = 0; j < n; j++)
yLil += f(i,j);

/% Core 1 does this =/
for (i = jter_count+l; 1 < 2xiter_count; i++)
for (j =0: J <n; j++)
y[i] += f(i.j);

REBREZATFREERIE, n=8, DEEFLBKENS 7Y, REZHFTR M4 F
T, yYOIFBEREEFTHELVE, —TREZFTRBFHES MOUEEELAH, vy 58
MRERFT. HZ0 M1 AT ER, 2REHAEHR? Bh y KA EERFHESL
MEEEFATE, UK IMERTER Y11+ =1f(1,0)N, BEEFTRIRE, H5—
MERERPITREAN, RLTANNFPEEFINRERTITRH ., U, MR B, RE
B0 Fg | Al y X EILE, ERMETHE, KEOBREREY[I]1+=F01,))&W
B EF. XHEAD{E, BARERANFREZRMEELR y,

EE, WHERSFIRERER, BR, EHSIEIZALENURE, BEBFHMEE, o
LUGE R 7E SRR B E AR P I TR AR IR, PG B 7 ok B B0 ST B S A A R R Db L R 7 ok
MW, %4 FTAE S BRHTX R,

2.3.5 HERESSHGRAAE

HTHBENHFAENENERNTARRFAEN MIMD R4 HELENEN, RAIKEHERF
RRESE T R HR MR S A BN TR, hBAMEXHEERS| A, HXBEE
—EE, RITESETEHAHAXNBERLXENFRENER—&, HE, FENEF ST RHRER
HEMET REAM, M LRt EmSs, HRAKEEPROTEERA, FUARES
TFRELHEBBERPHNRE ., KEMZNFRERERET B R, UG A KRR X IFA5ERE
HENRGHRKEDL LN, H—FHE, 4HXNAFEEMNS, B FE ., HEmMEaTEE
—& ARTLEANEESHTTARRERREAXHEEMSSELMWEN, Bk, 24K

FARAZLBES TREFEEREREM TR NRE,
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2.4 FHTHE

HATEMAHMETREZET . LPFHAHE VMRS BWMHEAL . EXFTREAEM.
BRTHRIERG, BIRERL. Web [R5 8340, BRISES XM A TEAF SRV KGR,
E%E | FHTRFN, AHESEEA MmN N AR ERREE KT, RINEAT9E
ESR R A RE RN AT LK, M RARLRELSREEBF AL ENFRE SN
FRREMENIWPIRF . AW, RIEEMYESIREIFTRE LT R KEZH,

HRR—EARE, BE, EETHEAFREN, 2E81—MEMK#HE, RABIRE (flk)
HENRR, FTULSRIMTREHRBEAFRFN, RIMENREEPITESNERE, 5—T@E, 4
BITBITAHHXAFRFN, RIVEAWESNTLBES, FURMNBHOEEEIITESF N,
A ZAFRENTHFRANFREREAN, RIBHEIITEFHRERELE,

2.4.1 FHFEmM

EHENBZH, FEBRREATH LR, B, EAXABATHES R, RIMRitie
MIMD R/ &M, Blin, REMEH CPU N FTIHHEN FEAREN L, B GPUMNHRBRRF
HTBE O SHRAER MIMD i APLARARE . W, RATERAE, RIIAP R R ELH RS
AMARERFEARENGE,

BE, RINETEXENERNEEFSHEM (Single Program, Multiple Data, SPMD) #
FF. SPMD BFAREB M L BT ARMERF, #HK, SPMD BN A& —BATHTHB, &
i ERAAAERER, ATUEX—BRBERTHERSREAERNELES FHTARNER,
filn,

if (I'm thread/process 0)
do this;

else
do that;

ALLER, SPMD B/F e LMBEEI AT, i,

if (I'm thread/process 0)

operate on the first half of the array:
else /+ I'm thread/process 1 */

operate on the second half of the array:

MR—-ABFRELHEF RS, PAHENHBRFRERILIFT, WKREREHHT
(task parallel) , #—MFIFHREMEY, SPMD BIFLAEBITIMESIHITH (task parallelism) ,

2.4.2 #HENEEAHE
RELERDEOBEALT, KBUFRFTHRERES K, Hln, BUOAFHINRA, RITEER
B,

double x[n], ylnl;
%o} iint i =01 <n; i+t)
x[11 += y[i];

HTIHATAXEBAE, AREREEAFTHCESBALRBEREHRE, Flin, BuEp MR
/R, BATEELFR/ R0 (MAIFRHN 0 SHR/RRB) RFHLEO, -, n/p-1 KN, #
FB/ERBR1AFK n/p, -+, 2n/p -1 TTERKAM, LUHIEH,

UL, EXAETFH, BFERATEMR.

(1) BESFEHB/ RBEZFESE



32 - FITRAFEITRIR

1) XA HE/ RERBRBMHEFNTIER, JH

2) XM EAUFRFENREFRER/NN.

FEAEHAR/ B2 R LN AEAESNTHEEME 1), XKRNAFHINE (load balancing) , 7
EESFERENIFNMEHEENS LY, BUREFEEN, FFEBEHT, REEXNEN
HITEZHMES, BIEFERFARNEAMET/ERMEFERFEI AR TAERNBLTA
TEEE, B, 56 EHHRERRE.

BRI R E B R TRF NS BRI HIT (parallelization) . FELEFRFF, NRAE
383 R BT 5 S EC A R/ R R LT, RITRZBEFESHTH (embarrawngly
parallel) , RERR, BFRREHIFITHEFHAZS, MK, MRERINEITH ML
AR AT B, BBAXEE—KEH,

BE, KEAREERMERIFITHFEN, EMES 1 EHREFAN, MTFXERE, BNFE
EMEHR/ RBEZENTE, EXERF T, BFEFE:

(2) HH#R/ RBZRIMED

(3) TR/ RBRZRER

BEWHAMEEEEMEXN. i, #oAXRERFS, %8R ERERBRA A

B, MALERNERSE Y, 2FFERSFRSRLALERMER. RITSET HIEHMEK
TP ) R

2.4.3 HXEAQTF

EMFEAIFERTHERZIR, Ti‘é?ﬂ\]ﬁ%ﬁﬂlﬂ BERATLIEHZN (shared) HEFREH (pri-
vate) , HELEAUPEMLREE, 5, MAEZERBPRIMERTN . KRG E2ET
HEARLTH, %u@ﬁ%ﬁ%’%’tﬁ‘], TI‘ET%EJCE’JD

HREREMBESLE

FEIFZHELT, AENFEFERNRNSERE. EXMEF, HNELE, FEEM
W ZIEAE —H LR (THAE), EREEWEFIMAER (Flm, EdmME), H—NF
REGER, EIRAEH - TALKBERPITRIER. STELBRENES, 2L ERGTHEEIHE
FaBET . XMEXEIFATRENRE, HAKERENRFERAELBLF BTN ER.

A—MBRFETEARBSEENNA, EXMEh, TRBETRLTNRER, RES
AW, £ LESRAFANREREETT. YANKERGHAERER, FEBTE
M—EHEETE (NBERAT), REHRRE, AFERAMATE, XMEATEARRER: W
REBZW, BHOEE (R, BFEIHESRS) FRBEEN. BR, KBMIREMSIFRERR
FERTHY . BTRAMMBHRWRERE TN, SEBERAAE T U SLBEREERNLEE, Ed
EMEE T onAFREF B ZEANER, MARSLKEAXERT -—MNRE, REAT
A-MRLGE, Hit, RIMTGEFEABRSLEEX,

EREM

FEAEf]— MIMD REEH, WRAESFLHIT, WARATELSIIREREE. HENBA
RE AR A, XA EROVIEREE . MRS IMERBMLHGES, BREITHENZR
BAIKEEAEAHR, BABRFREREAR. 2MRBHE T, ARILE, —MREFRO,
AR, BALERA A RAEZRE Ny X, ZROHTny_x fERT, WMERL B ny_x #E

219, tsh, REPINLRBERIT T EAARH.

printf("Thread %d > my_val = %Zd\n", my_.rank, my_x):
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T RE R

Thread 0 > my_val
Thread 1 > my_val

EdhA TR

Thread 1 > my_val
Thread ¢ > my_val

Fhr b, O ATBEERRE, — MRBHRLATRESS — N RB AR ATITH . R, XEK
HHR, EARBMN ST M SRERKRE, PIT - PERB M —BIR M T LRI [
FEARRKGPATRREAR, BT LAER AT B FB A RTINS .

EFZEOT, EBEEIF AR, ERIMNHF T, HREITEREHIRC T LRBEAR
5, BUBMHHIIFREARRT . BEHMBAT, LHEEXZNFEFT, EHEHER
MR, BREMNRASSBREFER FTaE—REENHT.

BiZEMEBITE - int BB, X1 int BREFHEREER ny_val f1, RIZHA
B my_val MEMBEIFENFR x &S, x ¥R 0. MALBEERIT T @ aRH:

my_val = Compute_val(my_rank);
x += my_val;

—WMEREREFEAMNEONRBFFS. MM, REFESER, B THEIBERE AL,
BiREmEN, BENEHFHERMBEIFaF; EFEN, EREENFEEFERER P,
TR — T R B S ARG -

]
—_
“<©

ot

19
7

Bt i8] 0 #1
0 SR my_val HIRKE E£ETEH Compute_val
1 B x =0 KBAHHFR SRR my_val wBt{E
2 #my_val =7 RPAFHFH X =0 KBAFER
3 #¥my_val =7 5 x4 #omy_val =19 iR AF775%
4 i x =7 #my_val 5 x 4Him
5 FriR R T i x=19

BARXARKNEEY, BWRESHELS, FHMFHEFSE N X HAERE, X8
FAERE RN R BEKFE R EHNFERE x TEmRN . MELBaE B 2 F et E— A4 ¥
By, XMYiREsI kR, RIMETHBFEESRSEH (race condition) , FAKBREHEL GO
FEERET., IEFNRHKETREEFHERSELRE. ARNMVEFH, KBREFHIIT
X+=my_val, EXMELT, RIFE-NTKEBES —ITLKBEIHA, HRER X+ =my_val,
FERAREHN ., —KAEH M REIITHADREAERE (critical section) , i#H & F
AMFERFIEERMEUIAIBRX, RaER, RMNITFTERIENR-TEKBEGR X PHRITR
H, HibXBETFESFHERERARXS,

FIFE RPITHREE FHVLEREE RS (mutual exclusion clock), siEHFER (mutex), sF
M (lock), EFRBEEHEHFZIFH—MERERON R, BABRAREESMRAXH—-MIXRE
¥, E—TREEBHITHRF X P HALEE, ELTETAR -NMEFREREORERER &, 7
PATE IR F XA, B AAREECREREFE. S—1KRE “WA" gisf, BAEAM
B R BOR FHE R R VAR eR BaT, HABLR R 2T I R X 5 A 59 06 75 76 V8 A Jn 48 o8
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%ﬁﬂ
Eit, ATHERBIEREST, RIOILAERRE, FHEFERR:

my_val = Compute_val(my.rank);
Lock(&add_my.val_lock);

X += my.val;
Unlock(&add.my_val.lock):

XRETEBREE —ALRBHITER x + =my_val, XEBERBELRE L&A ML E HIR
FFo BUASRIE O SUELHRE | BEBEIIT x + =my_val,

AEELENE, FHEFREMBETHRRXM BT (seralization) , HAFEKAXF, —
WEE - ERBEEHATRIG. RBEAERhRThT., Bk, RIMFEREBRTERIHETHR
X, FEIERXRAgEHE,

BEHMTUEREFEN TR, ELERF (busy-waiting) B, —NMERBHA—IEIF, X
MNMEREY H B BRI — & . ERITHE P, BITEEER ok_for_1 #ithikR false, T
BB RIE RAELRTR 04 ok_for_1 BX wre J5, KRB 1 ABEEH x.

my_val = Compute_val(my_rank):
if (my_rank == 1)
while (tok_for_1); /« Busy-wait Toop x/

X += my_val; /% Critical section x/
if (my.rank == 0)
ok_for_1 = true; /% Let thread 1 update x =/

FTLA, BEEIRRE 0 34T ok_for_l =true sE/7, &#E 1 —HMERN while(! ok_for 1),
GO XAEFFHFRA R, ARAKBIUESHEG. XTEFNEARS TEAMLH, BE,
ERBREVHER, HANELBEBERY, TRABNEKERSETNEERTERAIR
RIX, fESHR (semaphore) SHFREM, REENWTAMATHLTFAR, MRLERBHMLK
B, fAGSRXARLHAERFRBIAERE, KHMEF (monitor) BEHEERZWRIIEME TR
7o HHMBR-IXR, XTPXNRITE, —KARE IR ESIT. RITEES 4 BPiTER
R MES R,

Hul, RARERMES FEEERRRS, BEEFH ZHER. EHZIBLZXENRE
%M#F (transactional memory) , HEHEEEHRL R, EFEARWRBEENBAL B, A
REHEE K P W ARA SR P #R K 1000 T, MITRGMNENNR—-IHE, FURGERSF
BETMARKSZE S0, A REERP RSB WREAGELS TIREER, PR E
M, AREHREIMARHZIREKS, BFREDER, BAFER, BFNRELLTHHNGT, B4
HBAPIT. FFAFEEHERABRREAREAFRAETHRAXERES . BA—1TRERY
R R XAS, BAFANSIERER, hFXAHELNT.

ZEREN

ERE ., EARKBMERT, HITBRFRGEMISTRFFRORHK, HEARLTER
., BE, A-BAEBEINGIS. NT CEFRKR, BERHHSRERSSRHEERKR
¥, W@ CEFTRBER (ERBTHHANER), BEARERTOELRXN. RIS ERESR
HORR, FULER CRFEERAAN. B, ERBTFHNHEILE, ERIARNAR
SRHE. Hit, BN TEESPRAMARBNEAERE, XS IBAETMAALENER,

Fltn, CiEF Sting FEeRHK striok, H—TMRAFHBEIRESNFFRHH, YEE-K
R, EE—FARNTASR, MEMENAMAT, EREEFOEEN TS, ERE K
VA, Bl — S char « BERBEREBELEN TSR, BE, RRARILBEEF
FRHBRTFR, HiL, KBOX striok #ITTHREM, ABELE 0 ZRSFFRBMET
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BRAT, KB 1BMHAT T striok WERFEM, IRSIBLBEONTRHRERNEES, €M
FREANEXBERE 1 WFH,

Kl striok XBEMRBAREBREN, XEKE, MREHUSLABEFER, Masi™
EHERBERANGER, S—-BABARLER 2N, E¥EFNNIARKNEBREDFILZHHE,
Hit, EMBRNEDHN, MEFALRTEFESESABREFTR20ERH (MEMNRLELS
#), BFAMARTREEGCAREETIBTRFRENELE, RITEES 4 EME S ZEH5H
REBEE,

2.4.4 HHRANF

ESHAXNERF D, E MBS EERVIRBCHAENF. BRIELA TIFZ W MERAY
AN FRE APL, BE, B EHEAMNEHEEE. FLU, BFTY, BROETENBHEE
B, R, RIMNSHMBEEHMK . BB APL

BN FARRANFNARTFHEEBEORR, BEEEZEN—SRE: EORELREAFE
HEER. XELERUTH, MTREFAR, RENEZE LELZNESSRAAE w it =
B, HENMRBER, FEAEREEERESLIFFENER,

EMEMETEREAG, PHANFEFEBEIGTEIHEEMARSIERE, XERIELA
KAFRGE P, AEY “HITHELE" BEMIH CPU P HRERE LIETTH, BETER
BHRARMT UGS — MR R "2/ #R, FRAREERETFHEN TS EHRERE
EHHREXR,

HBkR

HEMZEH APL (ED) BREHE-AREXM -1 ZRRE #EZEHELENMNFS
(rank) BAHRA. FSHBEEMNO~p-1, K p BRHARK IR B, #HB1 (RATFKE 1
Si#R) MUERTHAAABREERI REHE.:

char message(100];

my.rank = Get_rank():
if (my_rank == 1) {
sprintf(message, "Greetings from process 1"):
Send(message, MSG_CHAR, 100, 0):
} else if (my_rank == 0) {
Receive(message, MSG_.CHAR, 100, 1):
printf("Process 0 > Received: %s\n". message);
)

XBH Get_rank BEGRFEIAHS#BRNF S, REHBEMNIIEKBETENNFS, #B1IHCHK
KRR sprintf RBBIERNE, HHEFM Send ERHEAHRE O, KETAANSERKE:
HE . HETEAEE (MSG_CHAR) . HEHRTEMMH (100), HHEHBHFS (0), B—
HHE, B0 MEATHISEEA Receive ¥l HHCHEZRKRZINENAZR (message) ., HA
TLRRRR, R FHEEETEN MM ARHEHENFS, 7EEHRIAM Receive J5, #20
FHBITED R,

XBAHIJLEEBEE, $—4&, BERLE SPMD, FA-#EM AR M HTIH, BT
AR, EXMFLT, ENFRTNRERBTENNFS. $28, ERR#ERERF, &
B message MEARRIKMNFER, BFAZL¥EELMEHAI my_nessage, local_message X
FERNERZREBAX K. F=&, BRIMIRLRB O BEBE stdout, BHHEHRT, BEHEE
B AP BH BB, ERSELHANHBEEN API BEHAFRERN#RUIR stdout Al
stderr, RATEEE@EHF—FHFIT VO,
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Send 1 Receive EREEIITHT A RER, KERIHBIGE AP EHEZ R IR 0 A%
W pE B, A Send BRI B LAITRHEMEE (block) HEIXTRIA Receive BREIT if W
ik, XEWHKE Send REGAAA SR E, HEPEIXTR K Receive MBI N IE, 7 —FFEEEA]
IR, Send BB HENN AR R A CRENEHSRY, EREEHEZ G BIENE, Re-
ceive MEMEEWAMTHEMENDINEEW, Send 1 Receive R AH HMLAl6Ed LM
FR, RITELES 3 Ehitie,

HMEIETE B L APL R IR T A S HMA RS, Fltn, BHEEHMH “E£87 (collective) HIF
BIRR%, a0r-#& (broadcast), 7 BT, BN HBREXMEINEEL A WHR, X6lw
V344 (reduction) , FEIHAEE T, BENTHBUTBENERILAR—1TER. Hlw, &I HER
HEHOEANIR AR, £ - EEHARNEABESHRGEHERRE. X FHE%E, &
WK APl 2l 81580 (Message Passing Interface, MPI), TS 3 TP HEAHT,

HEEREFZHTRFNFAS, LR EAAETERRITEN LMBTFHREHATHEHE
fhig. BR, TRIIFENKEN, BFATETEREZHY. flw, 7 —-1NRITEFIHFITE,
BEEREESERTIET. BFPHRESHEARS M HBES, E4aEXthamES
B, Wi, ESRFAEEERTH. DRI EELSHERFFHE ISR, EHTH
N EARESTHRZS, ERAEMETRE, IENRNSHERR. Bit, HEERE
BERR “HITRBOILRIES, RLBAFEZ2ETT EH s mXAFE APL ¥k,

BEiERE

EHSERF, —MHBLSFTEA-EZEZEE, FERERBLHSH - HE AR
WRBARLE, EMAEGFHEFERIAERNES S, ERMHEIEE (one-sided communication) I{
HIERNTFIE (remote memory access) 1, PRI FH R, EX B, REH
RAA - NHENEXEHREAGT, XEFEAKE FRAMSERNEERTRNE, X7k
BEHEE, AAERBFE—HENSYS, I, EXRHEETRANSREIR LSO, Bt
PR TSRO, BBUN T — R (RESEFRW) , Wi,

B, EhREHPMFEESERELIHN, Fn, MEHEFOK - MEEHAHARI K
AFEZES, B2HERODNTE - LHFERNEERNRENE, BACTRSEELENFXE
B, #B 1 QOFF - ETERDEFANBNERBHEER T, B—TEEMUELTER
WA, BEDHBRERER, E_MRETUESZS - KELREGFEH - ‘& T8
kg, INMHELTREAHBOZHEHNRIN, £ —Fikd, #21FTERNE
(poll) tREZR, HIEHBI I EAEHWBHECLTHANE., #81 LHARMREERE
TRHE, BB - 1TEHRUHRBOCEZTRES . DR, 05 [RIEES KK Hb 1 i f5 255 545
BFHE. BERMEER, BB NERRRABSRNZE, FULBRAGFRESSIBERIFA
TRMERE B BR .

MoeRibitsEMNIES

WERBALRKN, HENTFRELHBSGERERLMERENRSIA. AHHIT/NEERE
FEAFESARXNEEG LERAXEAFERNFTRBIES . XM ERIAEE, W
RARMEMBE —NRiZSE, IMRESETHRARETHETBHEAFEETH - KNE, 3
ABRFHEREESLEE, IEERFNELT, BFEEEEARTHRIUMN ., ISR -7
HERVIF, EVRKMTIERRINE, DRBTHRPITENANE, Wt RTmNE, BET
HMEHNE. ViRamAEAREEVRRRAEHN BN EEEERTE. 210607, %8
TEf L EH TR &M A
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shared int n = .

shared double x[n] y[n]

private int i, my_first. e1ement my_last_element;:
my_first.element = . . .

my.last.element = . . . ;

/x Initialize x and y =/

for (i = my_first_element:; i <= my_last_element; i++)
x[11 += y[i):

BAFHARNMLERA x My, RAGEHBFSHEM L, RIMNTREBPTRE “BT" B#E
B, ERUMBHZE, BNHBEENSESRAN x My BA PN ATEMEmMRM, mE
X, Yy ARG HENTER EFFHEESTZHBNEFHEARONE S, BARTAEH
BESIEER. B, WRFAE xBANWTERSTREKO, Bif y BANTRBIERAAE],
MARFHOEESIETEE, BAGRBITRERE (1] +=y[1]8, #BRRFTEVRZE
W

¥ 52 FEMitZ 8 ( Partitioned Global Address Space, PGAS) iEEE#HM T —HIEZNERF
HBALE . EMNABRFREET -2 TH, B4 EEiTeHRIEEE, AAEREBTERFNZN
RN S EY R, XERESHPHEENSEaBRFRER. U, BFAmBEkERa
BT R REHBHEBANFD,

BEREZUIFIM BEMI PGASIESHI ., W [7, 9, 45].

2.4.5 BARGHE

RITNZEED, EXUESELEREHNREZPHEHEBARBEFR, MEN A EMHHALE
W APL, METSEEEEA LS HBRNIE AP, BN, HE, E¥X ENAFIREE
RGHERNRSGE, HAVRERS APl WE R FEESEF A AREEE., sTAS%E 3k [(40]
B F. —MIEOLT, XEERRGEE RS HANNFE AP R A AT SR AHEE

2.5 HAFniH

BEERMREAGWAMNSGL FEARE. XEERLER, AU RREENR, HT7H
AHi . ENER ST EARE MRS, TUEITH-AHkER, mSE3H (35], H
K, RNFEHRBESBFNEROABMAMAL . E11E. EHNEEEEE/D, BESE SR
HEC B printf, fprintf, scanf #1 fscanf kEH, HE, RERNBIOFEAHAX LR,
BEMEATRES IR A, B mBRRE C BB —84a, mCRPTES, FHFRAEE
ERXERHBEARWHAREAAN, SkEF2, F—FH, 2V #BREKHZSILBEHE
stdin, stdout #1stderr, {HR (EEMRMEBRHN), B2 ARBERIE stdin, stdout
o stderr oy —48t, EREFEREN, RETNESEEM A

LNEANHBRAA printf @A, EAFEAR, RITEEERBHAERE -T2 —-RAEH
BRBEL, INRERKNBIBFHREVR, LHELE, KEIREHREX MM, BER]
RBEHANERERRIE, RAEAIESM—LHMmpy. fla, RE - #BFERME stdout &
stderr, HEEBEAHEFAFR stdout 3 stderr,

HRMTBITEHE, HA scanf GBS REMNAERRBRHAR ., BASKEZS N HRE
B HERE-PHBEEAM scanf 7 KEAREARFEL— P HBEREA scanf,
HERHKE, MAERZEAFEL, BRA—E, AEREARFEMHARRREA scanf B,

HBEAHBEB DR stdout, stderr (& stdin B, WMARETHEER, %A BID7 A H

55
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FIRFERIEREN . TRl BETHES —KEBEFSTRURRSGTF HRE, SEEREEYN
B, —MHBREEES - MR EITE., NTERA, IEE—RKEANANTEH 2, #
LZWEITH, BMHEEINBEERNFRN,
BT B R IOX R, YHITEFEFERA/EHEA, RIISM— R+ HE—
SR .
o ENHANFERE S, DFEME0GE®INE stdin, ELZRERFEYD, DATRER
T2 0 BEBIFIE stdin,
o TEAMANEMBEZENFRLG S, A HE/ LBEEE®E VA stdout f1 stderr,
o BE, RNz stdout WIEREMEIRT, KEHFEAT, RA—-ITHBE/KBLKES
REH P stdout, HRMHBABFNGERE NP, EXMERT, RAFEINHE/LK
#BE stdout,
o O —HE/EBRESRiTE-—-MK stdin, stdout 8#F stderr S 93T, FTLL,
B, SIHE/KBESITFECRENXH#ITIE. 5, BREAEM I B/ RBAE
FTFF A8 BRI 305
o R AR A A S R, MXEEHE/ RBNFS SE BRI,

2.6 1ge
HEFTEFNEZ BN YRERSGERE, BARINMZHBEM A7 NiZELHTFNRRE?

2.6.1 iRtk FnsgE

BE, RMNBAEAINE, EFEZZEEHIE, XAXIEMESIABIK TR,
MERMEED AR Hir, Y% p REELBITERF, 8MET - HERELE, HTEF
HIETEERRPITEFEEN p . MRRNMKRBITETHEN Ty, HITBITHEN Ty,
IBABAEM TR Ty = Tar/po BB, RITHRFIITEFELMEMBEEE (linear speedup) ,

LhR b, BAIAFTREREBLREMEL, AAZNHER/EBER S A—8RM, Fn, It
ENFEFEFHAGRX, FEMA—EEIRNE, WERFR, AALRERBTEFEAN
K, FAEFERSBHIFTRFRITRITERXRB, MAGRAFBRFEREEEMEE
WBE, XLURRBAFTHRIESE. AR, POBFREXEFIIGTSYE, Hit, £3—4
BREEHEMELAFITRFRIEEARAESHN, IS, BEHB/LXBIRNNE, FHBLEA,
FEMABREREFZNABTFENNKAR, ELNABREREELZHEETEEMEER.

Fbl, ROTESHTEFHMELE (speedup) £:

gD
T$ﬁ
SAEMBELL R S =p, XBIEFMHLUERIN, Mo, HEE p BN, HE S MR AR
HIERH po X B AT LA —FP i R38R . S/p BEE p M BRI/, K24 AT -1 HEEP B
A5fk, S S/p BMBIT. S/p W{ES, AN MHEIHFTRFHRE, WESHRAXPH S, 7
PIBBIERALUIER N

© DXEFEERAEIE, FARK3I-6 K3,
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F2-4 —DIHTEFIELL MR

p 1 2 4 8 16
s 1.0 1.9 3.6 6.5 10.8
E=S/p 1.0 0.95 0.90 0.81 0.68

#2-5 AREAMEN—ITHITRFOMELINYE

p 1 2 4 8 i6
— s Lo 1.9 3.1 4.8 6.2
E 1.0 0.95 0.78 0.60 0.39
Itk s 1.0 1.9 3.6 6.5 10. 8
E 1.0 0.95 0.90 0. 81 0.68
WA 5 1.0 1.9 3.9 7.5 14.2
E 1.0 0.95 0.98 0.94 0.89

BR Ty S, ERKET p, HABRHEXRBENRE. BFEICE, Th. S, E M T BKH
FRIBAHLL, B, R 2-4 PRETHREME, TLABRIER2-5 PRME LA E, X
AR L L 2-18, AR ME 2-19,

FEXABTFH, ROTATIE B S A AAEA KA, N b ARCRE I, 2R AR AR /et
IR LRI EEK . XRIEFEN, WEFTERFESHTEFNES 23k, EfB/LBZR S
B, JEIM T LOFEN HATHE, WERIGEG. B, MRA T, RRHTHE, B4

Tyr =Tau/p+ Ty

MeAh, BEE RN, Th, b T, 8 KE8, 23T 2.16, AR SHIFK, SE/
SBAEZMES M, BTHAHER/LBN TEMFTENHEXMEEZEDST,

BREGEEZENRERE, EITEMBELLMBEN, TRt AH AEEEIIN Ty
MZRERRNZ L7 BITRFHRERNE, MXhL, F2EERRTEFEFRTRELE
MEREFTIEIVER Ty o BT, MBEFEIHAT shell HEF R RUMRERT, B—AhELERRES 5
H— M BT R ERHIF SR EH Sy, M _AEESEFITREN - B L BT B1TH
shell HE/F . BHHELT, RITEASZfIE.

16

—T
i B

K3 Sl T
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é ll! (IS é 1I0 1[2 1l4 16
b
Fi2-18 7RI F 3 TR OIS b
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2-19  A[a] R BB F HATRF R

=
a
T

2.6.2 PIMHARER

EE20 fit22 60 4F4L, HE - FIA/RMWE (2] B -MFLHNEH: MBERER
(Amdahl's law) , ZERHA T XEAN—PBL: KB L, BIE—IBITEFHIITIVE-SHEIT
T, B/W, NegEZ/OALFANZ, ST EmmE a2 2R, ik, —1
BITRFY, AL TESH 0%, #t—B R, TR “BEBE” &, wtEi, mRHEH
p %, MBFERSHTIRDME LR po HEHBFBITRAZBITHIE Ty =20 B, NI4T
fe, HPmrliards (B 90% #1384r) MSiTaEERE (90% x Ty, ) /p=18/p ¥, AHJ
HATIB A BBEATHTRI R 10% X Ty, =2 #0, IBA, BFEHITRAEMEIBITHIEIN .

Tois = (90% X Ty, ) /p +10% X Ty, =18/p +2
S A

§= Ty __ 20

(90% % Tgp;) /p+10% X Ty 18/p +2
FEE p 938N, BIFIHITEHSEITHE (90% x Ty, )/p=18/p SHKREHM T 0, BHE, BF
HATRAR S BT BRI GE/NT 10% x Ty, =2 8, B, M
Tois 20

10%5':@,3,5ﬁ =2 =10
WE R, S<10, XEFRITXHE—FSL. EMEEHA 1000 NS EERS . BRI F 4 90% /Y
AT XTI T HITib, tWATTREB B 10 FEFsgmE L,

HEFE BB, BITEFFWRA RSN r SR HFT4, WA RS KR E
HER B B S e LR T 1/r, A LEEIEFH, r=1-90% =10% , FFLLAAT L, 10 BTy
Lk, B, R RREITERFN KRBT B4, BEEHTEISFGHHE, ]
ATREIRBLF T 1/ 9t BIGE - JE¥ /N, fltn, R 17100, BIERFIER —MEE L T4
MBI RS, AT EEIRISIF T 100 BINE L oo

XUTERIEE S AR, BEEMT X AL TIE, MBREY. B2, ChREHHIFAED
W, AXEEIJLANEEFTROERITAR S 215 BRI A R E R RNER, Bk, MikRE
YR AEZERBEMAE, N TFFEZREMS, YTEHMBSME, FEARHIT5450 69 5

S<
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HAER/AD (AR ARAECEMA, 20 Gustafson g [25]) . Hik, AH¥ERMTRIT
FrAMEFS, FRAE ETMESHARNFRGETRE TRREMELL, Bia, DEIINE L EE
PEKRE R EIFSHR T, BB~ 10 WMERRERES T, BHEIETARRK
NREFFRIF TR

2.6.3 HHREY

‘AR XNHEASMEREAEXMMR. FXLE, RMNCLXENXFEHTRERXA
i, HEETE, MR —DBR LB EE, RAERET R, B2, X
FHABRFMMEETS, T RBREA - PNERERXME L, REBIET -1HE B EH#HRHL
BHEENHTRF, FEENAANBREEREN, MARMNTLUBRE -MEREE HE, R
AR T B R/ R, R AN LA R B KRB R T, ZBRFNY
RE—HMERE, WARMNEKRZBFRATT BRI

BAGT, BERBRFBITRANEBITER Ty =n, Hd, T, WAMENY, n TEME
B, HH, BREFFITRAMBITRIER Ty, =n/p+1, B4, BRERN:

n n
E=p (n/p+1) =n+p

MRBFEAYRE, L AERESHR/LENEE, FEESCREE N ENERT, K
(Rl B AL SN LE B o SRR/ RBEIN B, BN kp, R AHARARR G IR 2, &
R JTRRRSR B « BME

n xn

=n+p xn +kp
MPx=k, A xn+kp=kn+kp=k(n+p), W;

an kn n
xn +kp=k(n+p) =n+p

BANER, RAESEEAEEMAEER, SHB/ BB ERHERN, RE4SEEER.
MR R AT R,

XFR YRR, FEFRT S - EREMNEORIE. mREMMR/ BN K,
A LAZERR B BROR, AR A, IEABRFIR BRI RBA (strongly scalable) , fii#
TESG AN/ AR BRI, A LUAE [R5 2 38 i [a] B0 A AL 4 RE (O R R R A ZE, B A8
FFRPR AR R (weakly scalable) , HATHIHEZEMBIFHEH Y EBH,

2.6.4 itet

2.6.3TH, WFREFMXFEN—NRE: To 5 Ty BURREABEMN? HE, FRE
MAR T EREZIPIME. o TIHATRE, MM 8RR R T APL, AT, & —&%
W EREE, BUFREILX A HER SRR Aok,

B—, ZLOHEMANARKEGIERAITZ R (taking timings) . ERFHIFELES, KT
i@ R ERFRETIHFARTERIMEENRE, L, ¥F - HER
P, BATVBXMEBHRER, MBBNEFHEET B0, MERAEIRK, IBAKEATUE
R, BITWSEARE O A EREEE, 5—-FE, —BERMNTRTRFNA L, RIE
HEAEX MR OERERIRE 48, WTRAKRETNE, Rt TFEFmaited, RITRANY
BHEERARAS, X FHE—Mite, BEREEYFANGE, TRFEMERFES—H44
ABEFT T ZORE, WTMERSTERE ., Xt THE_Mite, ROAFE-AHANKME. &
T EER RS _MERKITa . X FHE-MER, TLLUEDES JE 2. 22 Kyt —t
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B ERRBT 7% o

B, RITEAEXN TEREMNIFA DI R E A E H RN, RIT—8 R BFRENST
SRENMEB, I, RE—TERHEFORERRF, RITERAEXOCHFRRIE T Z00tE, WiT
BE I BORS s Br R R RS ], BATR AL EMIEA, Bknl fE T REALF UNIX shell 54
B time &4, HXNZAGSEFRBNME—NEFAFFHRRGSRMEITHE.

B=, RITEFHBITHIBER “CPU” WAl RB%HER, XRhirdE C KE clock Fr e et
B8], RFHZRFHITBE EATE, X0 EEERTRIME B E, $hFT pow B sin
R, AAHRLRE (Wprintf fscanf) FAEMEHESE, EALERFSHRE
FintE, XEEN—NEE, glm, £ 1Ta0XNERFY, MRS ARERER, W
REREFFHFEERXM NS —NHERBITHN O ZZBE, KNBEREAERKHBESFAT
Bt FRIRE, XS REHRIFEARSTEA CPU BT, [N i I8 4 451 o BOs 5 3h B9 #E 78
W, R, ENEEETHEISMEITS, SHBRMEZICERERSY, BACHILEEFNE
SLHFHEM—F5r. MBRBRPATEFE, HBREHOHTERF—BERE, RAZRERFTER 255
IR LPRETH R,

B, YREMZE—SHARHTRFEITHEICER, XEFHSITHEEEHENE 55
e mhE. XA E A ERBAFEIRATRIRTA R SRR, XAERRITLEX
631 .0, IRAPATLUMERRFHNT, BAEBFARMTHIR—2, BT THENOTR
8, ERFEIERITOR—Z, ETTERE, IRERMTM 85 Eatsh” BEl, M4R7T, b
BEARNRENHAT, ERMATBBRIRRE, RO TH/RMXHE:

double start, finish;

start = Get.current_time():
/% Code that we want to time x/

finish = Get._current_time();
printf("The elapsed time = %e seconds\n", finish-start);

Get_current_time()R—EMA RS, BREMRND ZEEME-ZIAE, BERHEY
B, XB, EREMRMFER, ELFRNBED, RREKEABRRTEER APL, #l,
MPI 1) MPT_Wtime pR%, ILENFE4#E OpenMP API FHBRHE omp_get_wtime, XA K
BOR | (AR 245 L phad ], mAR CPU BfE),

KTitet k%, TRESHATHK S HE (resolution) [FJEH, F-HEERTE T EF25 00 B [H] W &
A, RitESETRAOIRPBENERHEIEE, FRitS0sRENED, X—-4ESH
BTREI T 1 Aifbet, ATRERB TN B AR B RIEZReEE, BFECLSWITT LE A &H
4. W APL RGBT 2 BERA R, 5 —2 AP ZER —ANad 2800 018 — NS E B4 3
F, NERBHER, FARBAR, BTFERLEXLME,

LN TR, ROFENINAFREELHN TR, A THNEGF+, RINFE
HE R ARBERAIRESHE AR/ RBIT, XHIFBEGEHH p NiEfTHE,

private double start, finish;

start = Get_current_time();
/% Code that we want to time s/

finish = Get_current_time();
printf("The elapsed time = %e seconds\n", finish-start):

R, WALERBOGEBOFRBNRE, DRBE—THE/REFRIT, PR —THE/RE
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FIRZEAERMEE, —BARERSF IS R, FATR-HEBRNE NS - ERY
R Z EEARREE—B BTIA, RITEHIR—NTPIER, KBUWTFFR,

shared double global_elapsed:
private double my_start, my_finish, my_elapsed:

/% Synchronize all processes/threads %/
Barrier():
my.start = Get_current_time()

/% Code that we want to time =/

my_finish = Get_current_time():
my-elapsed = my_finish — my_start;

/% Find the max across all processes/threads x/
global_elapsed = Global_max(my_elapsed):
if (my_rank == 0)

printf("The elapsed time = %e seconds\n", global_elapsed):

XM Frb, BATERBIT T BE (bamier) W, FEAMNBE/ LR, RITBEFEH
BERR/ R AR RO A B R e BUR A B s R 1E1, {BRE # HBBARIE 2455 — A R/ R TR MK eR B B
B, MAKNER/ RBEEFRAAZER. RE, REENEF—-H#RTRE, A IR/
KBUETEMERWEE, 5, FANTR/LBRBH- I 2REXERK, ZRFORELAN
HEB/ RBRFERMNEARAE, B0 SHE/ BB ZEITE X,

RINVEFTEZBIUETH H L (variability) , BEZRIITE—NRIFH, BREFTHRERMN
W E T RE R A MY, BIERITBREARENAARZGEFEREN AL LETER, XTMERN
REEN ., BEREITFWARIERERABTHERRSEE BT RMPAK, HE, Rolk
HTFREIMNREMY, FRFHEITEESTEMMRENREETHE, UL, RITEEREWER
FBATRTR], AR V1855 17 s a) Bl o et ]

MREBMFTETET - IHEE, I2BEMINTEHNS T, FEENE, IRES
MEHBITENERE, REBABALBREANMEZHITAE, HEFHBSITABRNETH
|, Hit, MRIE—MELEEBEITEIRE,

BiE, BARINWERARZ G VO Frikith, RITEEAEREMSTRESEEE LV
0 Btd],

2.7 HiTRFEH

MREELE T —IBRITEF, WAEZHFTEHR? E—-RELT, FEHILEH#HTHES, ik
HoMESTHE/ LB T, S8 M ERFREN TERKEBAEE, JFEEEFREE/D. FTUR
ZHOT, RINETELHHABR/LBZANRE S5EF, FEOE, RIMNEEBELHATEEH
FREE LR AR, B, ROAKTURE-NEF, AEEHREE - BTEF, E2H17
b, ERERE 1 FRAGIE, RERMMTAKENTHEFRBEART — iR, EXPRE—IB
il IR I B[R

SRTM, lan Foster 7ZEfBEIZELR L F 45 (Designing and Building Parallel Programs) [19] 1, %4
T—MHTUPER:

1) %4 (partitioning) . ¥EHATHIESMBPFE LB ARSI RS REN/MEF . XK
REBETIRBIH AT LU T HATHES

2) @15 (communication). B £ —F BTtk MME S Z AT BEHITILREE



44 - HTRFERITRR

3) BENXEA (agglomeration or aggregation) , ¥ FE—F B ENEF SHEGFE T HEKRH
£5, B, MREE A LFETS B ZARIT, BAKEINRER—ITHENESEFTERE
oL K

4) ## (mapping) ., ¥ L —HREFHITFHEIMEB/ LB Y. X—FPREFEBFERER/D
b, &I HER/ RERBINTERRBE,

XA IRAE B EFR A Foster 7573%.

SE61

kE—-EHRKEE, BEE—-TEF, XKEFAERKENTEREOPEEFEE - M EA
B, ITHEEIFE -—ITENERMNERZ, TLUE-TRENETE, BEkEEFERNT
B, A AEREIENERNSRILANRSE RN FXE, SFHENH. RERETIHEHHE
BN, HLeH—AEFE, URRSEMEPEENEE. - HRNE T, RZEWER:

1.3, 2.9, 0.4, 0.3, 1.3, 4.4, 1.7, 0.4, 3.2, 0.3, 4.9, 2.4, 3.1, 4.4, 3.9, 0.4,
4.2, 4.5, 49, 0.9,

XA HEO ~5 Z [, MBERNEATAME, B2EFTEHSHRE2-20 L m
ABEE,

RITERF

KRE—NTEREHENRITRFEESS . RNTRFTEBREFILE, UERESMATREY
N, REHTENHERFEE, ATFAZRVOMER, MURNBBEENRENER SR
Eo BTLL, BAIRG R

1) BIEMIE data_count,

2) —KR/hRh data_count YR S #EAE data,

3) BEEB/MERMREPHE/IME min_meas,

4) AEFRERAMEMMATRRKE max_meas,
(661 5) MERANEL bin_count,

8+

4+

0 1 2 3 4 5
B2-20 —4EHHE

MR- A, BEHPHENTRME TRPEEN IR, ATESRBMRE IR,
R B BERS .

- bin_maxes —AK/NK bin_count 9IRS E
- bin_counts —ANK/NR bin_count BREUEA

bin_max FAFMYES MR LR, T bin_counts HAFMHUREZLEES MR ENBEN
B, hTEmMEE, RI1EX:

binwidth = (max_meas — min.meas)/bin_count
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W bin_maxes HMPIIRLTRER:

for (b = 0: b < bin_count: b++)
bin.maxes[b] = minmeas + binwidth«(b+1);

I W, EAERE b PETE SR MERE (measurement) HERIIZFE T HXTUEE:

bin_maxes[b—1] <= measurement < bin.maxes(b]

BHR, XPMARXANEIE =0 BHHRL, H0 BILEN:

min_meas <= measurement < bin.maxes[0]

XHBERE, RINTEEHMEO TSR ENATE, IMTHERLHRESR.
—BWH4LT bin_maxes $t#, F¥ bin_counts MBENILERERE N0, MTLUHTH
B 8 2 - HE

for (i = 0: 1 < data_count: i++){
bin = Find.bin(datalil. bin.maxes, bin_.count, min_.meas?):
bin_counts[binl++:

}

B Find_biniBEIKE data[ 1 ] B THARNMHEES. XENHEMEEERERH. KHER
bin_maxes 4, HEAAHHLE T HRGFHFED:

binmaxes[b-1] <= datali] < bin_.maxes[b]

(iXH, bin_maxes[ —1]f{E A min_meas,) WEMMKEFRERE, MAFAKREERHAT
AT, HE—H#HMNBELEZ, SA-SBRGSHERIFRE,

HITHBITER

W data_count bk bin_count KIB%, BMELE Find_bin BEHRE-AEHK, BML
BRI TARRSETERE bin_counts AR ZENITLER/NWEA S, AL, HITHhH
TN RBAEXMER L, RAI1EH Foster AR LIMIFATI . BABETFERZ, Foster ik
B-EROEE, AR —REN. FTLEEM—SF, WRFEER TARKFE, R4
R

B, NAEPEMLS: R dota WHAPTTEMB THIRANAHE; ZMBEXFTRA bin_
counts FATEM 1,

B, WHEWRS, MRS XA bin_counts FATEM 1, BEIZE—~EFEEF. W
RRAWMEAXRZRES, AFERRAEFZAMNER, BABE—RMIE 2-21 ZAMER
M, XHB, tridk dataliJMIESRET datal 1 JETBRME, #Rid R bin_counts[b] + + @
fE55% bin_counts[b]&{E M1,

Find_bin eee.

bin_counts

MBI

ee(bin_counts{b-1]++)>(bin_counts[b]++) eee

F 2-21 Foster kBT R B

T data BAFMEITEETLE, 5 “RECERAEEARORS" 5EF “¥ bin_
counts[ bl 1" MUBRESHE—E, BAGHE RALENETRZEAEHT,

Rif, BHTIREWAELSEN, RIEH, WEFINHBERLES AW data AT
ERTE— b 8f, ENERHIT bin_counts[b] + + X &KiFEM, WE bin_counts[ bl
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I (Fin, bin_counts FUAHFRHAERERNTR), XBIFHEEES, MR bin_counts
BABHRSBE MR/ LB, EHZBETHNTERTEN R/ RRBZRIMNER, —Mikhek
£, fEfE bin_counts &4 “A#” BlIA&, A Find_bin i#47/E, *asbiladeEml,

MBI, B bin_count BWEARRIER K, MARETEM4ARBE, FFURMEHEHR
FERAXMATE, RALTENTEEATRSE, AREAAAANFERE, IR TEHEH.

EXMZET, FEFHESFE, E_MESESEBHM loc_bin_cts[bIME., &
MEFERME=EEFES, ¥E&4 loc_bin_cts{b]miEx, MMmMAE bin_counts[b]H
B, W& 2-22 fiR, WE2-22 AT UEF], MBEMEHB/ RBEESL T — loc_bin_cts
B, IAESTTLUS AR '

1) ¥ data BAKNTESEAZ M HBR/AE, UBEESMHB/RESIANTEIRARK
i

2) BMNEER/RERESTANTE, EH loc_bin_cts FHAPHE,

Find_bin ... Q@éé{i{}}ﬁ) .o

F2-22 EF5EENS—FMELHR

BJG, FEHLA Toc_ bin_cts[ bl#miERsk, MMEE bin_counts[blMME., MPEHE
/EBB AR ECERR A, IBAPTE KM @
BIEERAT LR A B R/ REE TR
ISR BT K TR/ KRB, BAH
PR A BE N EBR/RE D, AR
fiifr s data B AiAE. WRBER/RE
Bk, ATLCRAS 1 ENENREEWR
MERRMERRUFTE, H—5Z/H
BRZRRMEARFNRZ, REHB/R
BEXHRE—THA, BiHER/ BN
BERAMEXRNBENHH, F2-23 8
RT—EAH S MHE/RBOATF. & E2-23 AMMAMM
tH—BHHa/ABERENE—IMHB/SRE. AFE-E5F _EB2ZNH, BEESNHE/ &2
A UBR RS HHE/ RBRATRMEN Toc_bin_cts A, FHEIANEMBECKEL, &
BCESEZBZE, REEBE4I BEROTESRS B4 ERAOABRELT FEALNER
B, BAIBEAKES, HI0 SHB/LBITEH bin_counts ¥HME,

2.8 HMEMEITHITERE
w3, LEFERFAEFNFEEER vi & Emacs XM ARBEZ RN, BEET
GATTRE B BRI ITET, Ff, FARBb—BETHOTRRMAE, BZE, RITTU
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HIEMHERTF EIFE (Integrated Development Environment, IDE) FARBFF, HBEKFF R
4% | Eclipse, LIRHEABITRINE, B (16, 38],

EMES/PIEENERER, BITRMHNRERSZEE, EARZEH#HTEERE., 7
XERG L, REXNEEFEFEH DEREMSTES. —HEzE, BF -RELEH&
(console) FEEMRMATIRMERM A (stdin), FKes b s s b 2R R T (stdout) FtR
WEARAE (stderr) H, EEAKMARSE Y, TIRESHE —MHAMEES, BLFES, HF
A ER—ERENE, FEETHIITHREMRA/SHNMNE GEEESFEMES LX),

ERANIHERNFEREMREESE S, A—6BFUHEINARHAPRN TSR TE F
WEGRAKNMLERSG, ARBLENFHLBRE, A —REZEZSATFAPRETA,
THBTES. BTFESHNESIER YR EERAGEMNER, LRAE3I—BE - 4B
Mo Fidn, MPLARF@EH i mpirun B mpiexec MMIASRIS ),

RTFD 8 ¥ 8RR “ B3RS (read the fine documentation)

2.9 Ri%

WMETHTER, RATE TS LR MIMD &4, HASGHHA TSNS HHERE, BF&EHE
SPMD 8, HIlt, RMNEEHWE—NHEAR ST IHENTRT, HBRESMEHEHER, HR
HHE, RINBBE, BRI EEEZ AT HBERER, HEEHARSHBERERE. &
AER, RISEZEASR--RETFRFAHERERE, FEECNERNGTH, £EAEH
—AfRI R LB

HRERTFHITREWNARFREZEOEXTHRRBIES . BAEH APL X R HEE
FHYR, TLESERE (MHEEAEEREE) LY E; WU RBATRTIREANRFE,
A REF L. RITEFERANE CIESHHTY R,

LRAVE B RN HBRIFNBTRFN, FH UNIX shell B4 FER, 3# goc HwiFR, S
gcc MEMY R (mmpicc), ME, WHMBLSTREHRF. Flam, MARKRIEER Kernighan
1 Ritchie ZHE Y “hello, world” #JF [29] MHRFSHIT, SHANGEENT:

$ gcc —g —-Wall —o hello hello.c
$ ./hello
heilo, world

Hrp, $ 52 shell WARER, RITEHEFANT HHRFIHRE:

o —g RFFEHERSE.

e —Wall B4,

o —o<outfile> ZHFEHMRTIATCHI LA outfile,

o FEXTRRFITETE, WATA —02 IR IFHRFSFFHABHTHAL

EXRARGES, AFHEREIXHRERNEATEAHAER P HRITHRE LS. T
PA, BRATEERTPATXHRISCHZ BTN E . A4 H AT $UT U B2 .

2.10 /MG
ARERTRTHAZAR, —IRBRHSER ARSI, TEHRIMTEEEE B84,

2.10.1 =BITES
AEMHEEERN BITEA BT RETSE, TEVEGNIRERERD - B84, &
PATH RN R RALEAT (CPU), UAFHEBERIESCHEFAM. CPUSEHFAIEEFER
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RB - EESEE, AN REESIITHESR,

HEHL L REENRAF TR RRERE, EFEITRINEER. KBS ARBRERERE
BEEM, NEEFEEFSMEESRRER, BdNITRFETREDR, BRIERLETLIH
M EFRETHERE. —NMEERTHERFHRI—#E, i T - T ERNSR M
SBTTH, ERESTESAXMEENGE. MERHERR S, EAFERLEEHHER
FR, MUKERNKILSTELERERBE,

TEHEPBES, ETF (cache) BFFMATH—F, SHMAMBTHIL, RIFHNTIRE
. CPURMFRTE CPU FHF RS EHZ MM TS, TEBNEMERIFHMMER, &K
FIAT — SRR, BI5 T30y R A RO R 4R A S8 FT RE 7R R A BB R T[], 24— 4R 48
LTHREEEBVIRING, MRECEKERFR Y, RINMMZIARFeR. WRAESZFRE, KA
BRK. ZEMITEVEAEEEE, URF G RaEEEEH A

FHUMUGEAEME “RFESNESF. HEFNRERSLELIEMAERER. —KHEL
T, BFPHRAESNBBEASBAHEE LR, A ARGy, TH A 20
FHE_FFHEZHRE@E, 5 CPURF K., BRI ZE LM 8 IE S HRR (K
MIFRATT) #EATEME, BUINAARR AR T R, TERAERRIE, 5EREY
Bt AR ST o W EE AL S B I Ik RO X D OR RAF AR TE EAF R SUREL . BRI M RS & ik
RG] AT WA T O AR T OB 5484 . Bk, MARMANARBREF @M T AR EE
Bk BEH KRR, MTEAT R, BREFEHREFR, FEWRVIFERF: —KEKR
FUARIA, AT HGE B R 10 bl B X R BN AR B B 55— IR X R U 9] B AR AT S PR
vilsl, A TR AEE (EFVIREREIEM), CPUAR MR URES, MZ RS
#Z&pas (TLB), Frlfif i FEIHTIRI .

BEHIHAT (ILP) FHRHEBRTLUFBHFITEZMES, AWM EER ILP: RAZNE LS.
MFRUKLE, ABHARATHEKKES], Kb HEHEN S —TRA. SR
B IRERITTALER, BT EIESRETES — BT AL T 2R, FARY)
REETT W E R, AHEE A AR RN BT F T ZRARBES .

SR$ITHRSAR, BHSRERMNEITARNERE, HLSMHARN IS LHES 2
. MM, FrA XS EERE T REFELR R Z BT VI Bk i 4 B A5 /2 vl R b ik, 2
— AN REREBEFAEPITIESCZATLAERN (WA TEFHFER), BHELLRBERNH
EE, ARSSLBRIHE, FRNKETUE— L R4BENFRRERLZ A GRAT. H
TREZEHSMECHRN, ARNRITSHEREHIT (TLP) L ILP EAENE .

2.10.2 HITEEH

LG TNEBRIOLTRERBRMFTHE, AREFAT, eNheBEmRERg Rz
#, MARHBEFREEEN. MABKRAGE: WRFTEN TREFRARTILE, RAEEHR
FIFATH, BRSO LGE B SRR T

B A Flynn & 3EXIHATREARET R, Bl R LI TE ST B MR R EE %k
XAFAFE G - HKERGEHA LI SCHMADNRBER, MUERBESCHBER
(SISD) &A%,

BIRSCSHIBA (SIMD) REAML M EIT KBS, HEZHE LS ZA BT
T8, RERFELERPSIITHS: B FELCRMNMAERANEET L, KAEES 4
84, MK, XMHTRGEEERBEFTEF, EREFTRFE, BRENF AR
R, FTBREEHERNESFIDRLE, aRL4EFSEMLERRT (CGPU) —RUNE
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SIMD 4t ., RERILH GPU 1 LS ZRBH AL,

7E SIMD R4 H, X4y XA EER : iEARLRA xR H 20 32482 r AL T 48 40
FEWRE. XFITHEHE SIMD REFEFESEHT EEFHTE, BILHEBIGT—TA
FEIES . SIMD RGEH ZAREGHEA LK BT HTHRE,

N FEESEHBER (MIMD) RE, [EMHEL, RERMNHKTEZNMESWH, BMESRA
ACHBER. XLhrl, MIMD REEZN A EABESHES, B MCEBTLURBRECHITR
B17, AR MIMD REM T EXHET: ENREAZAERE, LESHRAAERS. AHLERN
FERER, BNMCESHELTLUEENFANNFRITHTUIR; MEFHTXANEFRER, &
AREBESA T HCHRE N, KZHAR MIMD REHLEBARS, RhE MMM/ adtE
MNTERGE S MR EERLBRN, AEXLERRE, PIMNHEAGFREANKAITR, A%
MIMD 2 RBMAL, LBBFWA AR, FlI0, WH L5 CPU H—4> GPU R4 8k
B NREERL. MME—NREPHIALEFTEMERASGHY, BaERMY.

EHZNFREF, LEESHFZESAARNEETX, R, E2HANFRERS
Ao, HEBFZEOASHARMEET. XHENFRET, BEBEHOERTERE
MEXFRERE. MOMRXNFREA N RBNERERL T, 0 4520 R FE 7 i,
AR NI REFEME R M B X KB EE T MENHEEFHEIEERES TR
FKIFM, RRERMG L LRMNBER. X THLEENERE, BIT—-BIHEER N ERM
HE.

HERNFEREN—MEEREREFE B, AREETHUFBERN N ARENEFS. W
R—IEEH T ERE, A—TTHAANEZERCEWNET . AWM EEFRATLURIERHE
M—2tE: BWAEHER. KR ERELESHN—NEFEH S E K AE RS &G
BHEES . BREMFRNIMABIELE, EFEE—REFTHER. EF-EHIIHTHE
NHFRBERA—MEE: AHRE, E-MHEH T -1EFETEETENER, RS —TEE
BRI —SRAT LR A AR, MAESBAEERF, NAERF-BHENRMET.
W, BT RANBERTMNEFTHRES T, EXARECENRNNERRIIFREA
B,

2.10.3 FITRHE

A9, BATKRERME MIMD REMBHFT R, KEREHNRBIRFRANEF, H@ELH
ZIERLHFT. IMBFEERNABRFZHER (SPMD) B, EXEANFRF S, HIE
FERTHESF LOIRANLE; EoTXNERFR, RITREMIHE,

BRIEFEESHITH. FTEFOARELFTESEHBERLBRNGRTE, EE, UK
R,

EHENFRFD, BEMRETURARAENEAENE, EFEYEIHETRRTR. X
LIRSS S PATH, SFEFBEMRRE, BER, X TF-TRENHEA, BFENFHRKETESSE
AR R XN NENRE, HHUREXENFREFR, IRAHEEEARILR
AEVIRMHEREmS &8, HFHESIH-MER, BAXBFRARIEE B2 EE. =
FROBUBFANLTRERRE, KFAXE— MR, EEENE SR - DMRBALHRT
ZANER . R ENT APLE, BRAXMERTHBRAERHRERR (mutex) KX
FERLH, BAXMZE/DBYE, BAEFBRIET EEERNERALF-IRBEGR X AR
7, x&mERBBTEL,

MTHENFERFHE _MEERERKRREN., ¥ MBEBREEINRBETHAET
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ERE, RZAKBEREN., FETRFIEHEESEAANERERLZLEE, sln, HE%
B, BZEBREFE, IREALZHELSEER, SHREARLEREH,

HHERANFREGBREARZH APL 2HBMER., EHEEE APLF, ZPAWITARAM R
e —AEERHA—NRERR, YHBTFEERFN, —NHEBEARERE, 5 MR
KRS, XL KETT LLE SR RTREAT . BN, RKXREPEES SR, HEI R AU ek BOT
thigfy, SE, HEGRRERESEEEANE A CHERTEN, RE#BETLUEZERTRZ
BUBLE E, B—REEINIT AR, HEHESRKEARARHERS, CARSHHEGEREY
il B D (MPL) , B7EME RN KX R EIRA TSI,

SR RGEER LA A EEFRRETRE. EEGEBRTUGRE THAEBRORE.
MRS ERMUZEEFENTANFRETRE T — LR ZNFIE,

2.10.4 WAFNEH

E—-RAWHITRER, 2MEAUPREN _RFHRE. BRITASRS FRZNGENRE
Fo R, RITEAENEFE, KPRt BS&B T UyiRinER A (stdin), Frf#
R LATEAR MR (stdout) FRMESREE (stderr), R, BT ARER, BT
Bsh, EE R NHERNKBEVFARER H (stdout),

2.10.5 148
WRAp MEBRIABERBIT—NHTERF, HEBMERPESRE - ITHE/LE, B4
BERET, HITBFETEENZZEBTRFE p ff. XTVEEMEL, HXPFE, S
B EARMESLC I, WRBATVA Tos RBRBTRFHEITHE, H Ty RERHTRFNEITH
&, BBAHITEFRMEL S P E AT HIATAXSHEE:
T

S= i 15
Tyw

Y

PxTyy

B, XFFLMEmMBEL, S=p, E=1, LhiL, RINBINLERILEERE S<p, E<1, MER
TIEEEBARE, B2 p e, EEFERB/DN. MRBINEEHE/ LBOBE, YRITH
KIMRRHI AR, S A E #E.

FTABIk RBERM T —NHTRFITLUESMMELH R MEREFHRTRFP IR
BRI EBNBF PR GHILEAR r, WAERFEHZOH#B/RE, BRAMMELHLEET
1/r, {HEEBRE, RENRTEFHREESBBRENMEL, PEX-FEHEETER: SREM
B RET, TBIFATHER AR F R IATERA B & I L 2 R

A REX—-REABREZMER. —RNS, WR-DHEARTLAEE S M6 B,
MABRNTARE AT R, EXWRRBR: —MHTEF, MREEKMES HR/ RBEEE
Pl—ER R, MR AF—-NERE, BAZHTRFRETY BA . R SRR
AT, WAZBRFRFRAERT RN, MRREAEHK/NHEEHZ/ RBROBKSMAEREK,
A ZEFRAR AR RA,

R THE T M Ty, BATEFERD BB R Z R B, ROTHBIA mBR AR L
B gpatiE], mMAR CPUBTHE, XFEZEREEN, X CPU TR, BIFMHARAGERE “WEah” 8 (0%
F—RHEB) . I THEBITITEIEE, EiretSFRZE, BFFERS#HE/ LR, HFaEita
G, RHHR/EBPHERKETHE. HARGEHEENE, —REZRETEF, FHIERT
BAERIZEITHE, A TRES T, BRSENETHE, B¥EEMLEBREEIT-MEE,
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2.10.6 HTEFEIT

Foster ik T TRFN— RIS T, XL EA . WO REHRINES; EEF

FIRFIEDSITHOEE; BRARSEFEZEREANALS; BRSEFSBEAE/ LR,
2.10.7 {Ri&

BRI XENTERARZEARZS AN MIMD R4 EMNHITRFF R, RITREEH

SRR/ LAY SPMD RB)F, XU B/ KBERFITRIITHAER, HEBFEREA KA.
HIMEBRBEREFHE M EREET— T HERER,

2.11 3

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8
2.9

it A gomEnt, RO A ERE e RTRERMFI MR B, MREMRGS ST

FETR 2 iR, HAWENMRIERSR 1 A8,

a TELERBET, SMESBNEERR L0 E?

b. EFIKER 1000 Xt F S B A HNE BAES, S5 DAt iE]?

c. WKL 1000 Xt i s3 BNk E#E 31 25 Dt (8] 7

d NRBER/ EREHERRRONFERR L, B2RGLS 504 T EFE R E o] gL 2 519E
R, BTN —REF L BEIR/ RS ER 2 A8, N_REF EBRE/ 5 SERES N, A
FHEUBE/ 18 S EFER 50 idb, MPATEERS, BHEFT-MRERN, RET -R—REFE
B, WMARKEEREMNATER? MRXRE _RBHERY, XRER?

HRBAE CPUBHEIAN NS, BEAERTLURES HAFEERF (write - through cache) #)

PEE,

[EIBR 2 B — MBI e MR, R — BRI K BB AR A0 T B A X ik

TEIREPEREAY? AN MAX =8, ZHFFAT LIFFME 4 NEAFAT, BN S RERN? 75— SHREEF x4

A BYEERME, SRBERESDWKRHT BSHREEFRTHRBKRBENESD?

ER2-29, RS 2 NFHTRBEN 20 MHEMRSAHAR. IR-ITBFETHNARSE LHE

XM TADMBUSIESE, XMERFALDOH?

L - WKERETMAZFEMEBBUAFRET R SISD REMERL? IRMARKLER? £X

HEBEH L LR

BR - AELERNNFRATER 10 MNABMAAFBRA - 64 (LF, AT E—-TBARKF

BBAREA—NABMBA—IF, TELZLOIAFE (memory bank) ?

HiTit CPU S & MEBITU T BN RFRZAL

sum = 0.0;
for (i = 0; i < n; i++) |

y[i] += a*x[i]:

sum += z[i1*z2(i];
}
MR EGZRBLHEBWAKERE, HHBTEIMERE, HRBAITRLHEHIFOEES TR,
TEXRTHATEAFHITEP, A Flyon KR IAFI =FIFFTR S SISD. SIMD il MIMD, 1Sk
REPEAEBHEOHAREMRS, REFRN MISD R4, 4, MISD £G R TIEWIR? 36
.,

2.10 BE—MRFTEST 0" FESRBR-NHEEE, —NRLAHEBREATLIEL B (KA11.6

x) WER. L, — AR AGTHEHET10° #5545, BEBRRFCALMIETL, o]
LEAHRANERLE LEFT. VTR p ML, M 0HEBHT 107/p 3551 UA K
#10° (p-1) £KME. PATHERFR, RLBEFIMOTER, BE M EEESIITEIE 4 H K%
RRANBRAZE, BERERT, MASHERENSHEASEMF=ENER, Ba,
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(78]

(791 2.20
2.21

a BIREREZE-FBEESFERD 107, MEBRFHA 1000 0385, §M0EFREBEMEN L
RBTRABFNEE—#, BAKBEFHETHEEZ/PEE?

b BiZEE-REEFERRI107H, MEBRFMEM 1000 MEER, BAZBFHENTES
AeE] 7

EE AR RN AFLEE R SRR RER,

a BTEABEIEHFREE ( “wraparound” link), F{E M4 (planar mesh) F1 43R M 4% ( toroidal
mesh) BHMUK, FE— M FENBHEIREREL D7

b. ZHMB S FAMNERMALL, BT =£MNEHAEREXMEEN. Hh—MZEMNEHESTRE
EREL?

a. THE H—A 4R RS

b. AL T ERNIAGE ORI RN SRR p/2,

HTEXEEMENESTE, RITELHES[AFH, SHAE —FHENLES. RE, X

HEEE ARSI, HAZRARE%E. BRAIB/DMBEHREZMENESTE, LR

SRR, WIRE AN R R R, WMRRMEREE— RN, HEH -1 8 x8 MEIIF

FEENSEFRENTFRET 8, FHEH-IHE 8 MEHEEEN omega MBNEFTE /N TFHFET 4,

a BE—-THERNFEAFEALEREF -BHHMUNIERZEF, FARRISBENEFEELE X,

HPITRERS x=5. | SEMEFERATERE X, B0SEEHT x5, 1 SEFBRERRITY =

Xo ¥ BRHERZL? AA?

b. BE FHAWEENFRAFANEETHROML, Wy HEEREESD? HftA?

c. VREETE AT AP B & BLAY (o) B 42 i e 87

a BE—NPTRFENBITIIER Ty, =n’, BITEHEREANED, FTEFNBITHER T,y
=n’/p +log, (p)o XF nMlp WAFRIME, FE—NEFIHFRHEXNERFIELFKRE, fEn=
10, 20, 40, - 320 Mp=1, 2, 4, - | 128 EREHER FBITEBFE, Y p i, n GIFHEE
B, AR AL Bl ? 2 p RIFEE T n 2 mMOE?

b. B Ty = Tayz/P + Ti s EANEE p K/, FHEMERE R,

o HMBBUIR Ty tb Te B8, HEREMERNEM, HT8EOEEM,

o HEBUR Thgth Ty AR, BENSIEAEM, FHFT8REREE.

WR—IFTRFFARBNME LTS p GEERSREHNE), MWRIEEBZIFTRFRE

B MEEL (superlinear speedup) , AT, WEEEHANHERER “FEBH" ®ORFE IR

BFHEEMEMEL, fn, Y- RBEFETE-LLBERKLMN, EAAERA_REFH, YiE

THE-NROAHRAFRE Lo, ETLUEMERERRER EF L, FRHBAN—-A6F, #

R R ARFERR S, HIRIBRTF p BN LA,

HRERETEIREFRRIAETH =BT, SEBRFFAERERIARBLEPITH? LEE

MR NET, BT TR &0 LB &w g7 sk E R RBAHR?

B Ty =n, Tos =n/p+log, (p), BHAZAAINEER, WHLMESR kM p, B4 TIRISHEMA

WiEE, FEIMIEM n? FEBARN, MRBATEHEREON 8 mEE 16, W » MMM EEZ D7 &

HATRFRAY REIG?

— A LR R R N LR I BSE N R G EHER

Bob AR, MXITEIASBIESITIHE, input_datal # input_data2, R THEBRFRMATEE

BRI —oei s, M AMABEEAM UNIX #7 shell 454 time, BT TR

$ time ./bobs_prog < input_datal

real 0m0.001s

user 0m0.001s

sys 0m0.000s
$ time ./bobs_prog < input.data?

real 1ml.234s
user 1m0.001s
sys 0m0.111ls
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Bob FH MY (B] RIS BN ZERD . Bob RV % (8 58 — AL 454 AR (6] ok RO X L B9 B2 PP £ A7 3T G g SR
A% _HBER? EosERERMAERANER,

EMBAFESIE 2. 21 FEFEDA, UNIX & shell a4 time REMFafE . REERTE, UK “EKR"
A SR A FRFE SR BIRTIA] . fRIZ Bob 5B XL T LAUF X L60] LAY C BFAM MR HL

double utime(void):
double stime(void):
double rtime(void):

FE—ARECE PR AR IT IR T P et B BT R B B, B MEEME RGN RBH, B=
MREMEBE, KB L, AFHRAEIEEREATEREREITHORAAABAESKE,
sin # cos R, RAMBFEREMETEREREISTHRLE, Wprintf f scanf B,

a K= ERBENBEXRRENH 2488? BERFEAFTWOTAB:

u
S

double utime(void):
double stime(void);
double rtime(void);

HEH U, s M r ZERARMREX (AT LHBSE B o B ER MK EER)

b. 7 Bob RS L, FEMEHR, MR- MPIHBESHFHEE, WEERHEBEARITA utine F
stime, WittA rtime, % Bob RIMTARIEXERARHFE 1 MPLABREESHHE L
FERT T E0 .

c. Bob {4 T Selly ftui)HET RS, AT, Sally REEMM RS L, — MPIHBESHFHE LM
At IRIRESR it AR P Bt A, A4, Sally AT LAA Bob HIBR B F KM — > MPL B R BAESHHE
ERBTEEHEIG? HREE,

FERNIBLA Foster MR E T E RS BT, RMNELE LR data AMTEKAHNREESF

#o. —MREAABHBFNTERE, /A bin_counts HANTERVHNBESHES, FU—TBEESF

£Hbin_counts[b]#gsin, FRE b A9 Find_bin REMEMATAR, HFRBENXEEARET

BEFFTEIRIES

IMRGESR | EERA TR, BARRERENLEHHLRRNGHRE, HERES Toc_bin_

cts MARITRHITRM, HEBBELENFOHL T RMALHR. HEZRITANFHFLRL.

EXZAFNRELT, WEERRIER, PLERHMN?

£

[81]
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An Introduction to Parallel Programming

Rl MPI #4790 6 RN fE g 12

FA8—T, KMPHITERLSZHERITEN, BONSHTARNERENXZRFEREN
M. NBFRNAES, M XAFRRHNEERNY - AFXNHESAR, SEHEXEK
MIRNFE R BE V. N 3-1 fim, H—TTH, NBFAKNAKEE, HEAFRFHENE
BER, FAEEREED-T2RREENE, BEE8METURRAFERME, WE 3-2 7
Ao AEH IS EBERRN R NTFREHTHE,

izl

| i ]
B3 A RRERG

EHEERBEYD, BITE—ME - NEXM LHBFEERI R, BB LS

VAR RECEHATERS: —MHEARAZRE, B MIABKER., RITEFEHNEBEENE

BUFR A E B 530 (Message-Passing Interface, MPI), MPI H AR—MFHIES, EEX T —1

AILA%E C. C ++ 0 Fortran B MM EE A, RITHEFET MPL M — L RF K RX SEBEE,

BHZEI B U RETRINHEN “2R7 BEEN. IERFRIERER. X

MPI BT, RINTESTH - EBREEHSERBFNEARRE, NEHEQ>EMSH
KHRFRLEFH /0, RITEBERXTHTRFHEREN —2/E8,

PRAMET  PREEET  PREERT R
l { | l
| L |
{
patr

3-2 AN HEERERS

3.1 ﬁﬁ'*ﬂiﬂ
RITP KBS AL~ BF AT EARZ M Kernighan F1 Ritchie #2238 “hello, world” ¥
(29] Wik '
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#include <stdio.h>

int main(void)i
printf("hello, world n"):

return 0;
1

iERATH MPLRBRE — MUK “hello, world” BF, AEENHBER AT —FHE,
K, ®IMMEREFH—THEBATEL, MEMHBRAEEXETEONHER.

EHGHRET, FAEBREREABICRHTHEREEE L. MRA p MR, WX
BEHRST RO, 1, 2, -, p-1, ¥FTRMHEHFFT “hello, world” B, AEIRO SHEN
witE, ARABRERRHE. 2RERF 3L

3.1.1 HKEFHHIT

FIFHSETERFNEATIFERRTRE, FUMRTRFEAREFBER, R, HRITFE
HWER AT, RIISBEFA-AXARBSRREEFAE, FEAGSTRERAREE
FMEITRE, FEREEAFN mpice BASRMBPEES:

$ mpicc —g —Wall —o mpi_hello mpi_hello.c
HEESLT, mpicc B CEFTRIFMNERME (wrapper script) , BENANTE B REST
EAETF, EXMELT, BFHE CIEFHIFS. EdEHRFSAMLEBREFEERL XS,
A PE R BRI R %, WA LI g iF S HIE 1T,

BF3-1 fTEORkAasRaKkiEan MPI E2F

1 #include <stdio.h>

2 #include <string.h> /% For strlen */

3 #include <mpi.h> /x For MPI functions. etc =/

4

5 const int MAX.STRING = 100;

6

7 dint main{void) {

8 char greeting[MAX_STRING]:

9 int comm.sz; /% Number of processes s/

10 int my_rank: /% My process rank */

1

12 MPI_Init(NULL, NULL):

13 MPI_Comm.size(MP]_COMMWORLD, Bcomm.sz):

14 MPI_Comm.rank(MPI_COMM_WORLD, &my.rank};

15

16 if (my_rank != 0) {

17 sprintf(greeting, "Greetings from process %d of %d!",

18 my.rank, comm.sz):

19 MPI_Send(greeting, strlen(greeting)+l, MPI_.CHAR, 0. O,

20 MPI_COMM_WORLD):

21 ] else {

22 printf("Greetings from process %d of %d!\n", my_rank,
comm.sz);

23 for (int q = 1; q < comm.sz; g++)

24 MPI_Recv(greeting, MAX_STRING, MPI_CHAR, q.

25 0, MPI_COMM_WORLD, MPI_STATUS_IGNORE);

26 printf("%s\n", greeting);

27 1

28 }

29

30 MPI_Finalize():

31 return O;

32 ) /% main =/

© ELHS $ 2 shell BT, EAREBRA. HRIUERKNEH, BNBREEBNR Cnu C HFEH, gcc, BM—
MESEA-9. -Wall F -0 EF, ELRERERN2.9 %,
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BTE RS FH mpiexec 4 REZIERF:

$ mpiexec —n <number of processes> ./mpi.hello

FrLk, RTH1A#HRETERF, RITEA,

$ mpiexec —n 1 ./mpi_hello

Bk, AT R4 MHBBTERF, RITWA,

$ mpiexec —n 4 ./mpi.hello

F 1 AHEBEBRF, Wi,

Greetings from process 0 of 1!

X4 NHEBOBF, Wiy,

Greetings from process 0 of 4!
Greetings from process 1 of 4!
Greetings from process 2 of 4!
Greetings from process 3 af 4!

nfa 8 2AA mpiexec A4 A4 ML FER? mpiexec G4 EHRARL/I 3 <number of
processes >4~ <mpi_hello>BFEHLAl, ERFESERRABN AR LiBTT,
MHRBIBITE, MPLARIEHRE T L EA#EE,
3.1.2 MPIEF

RITFE—SWEIN R, 8k, RN CESERF, EEET CIESHIMELTH
stdio. h fl string. h, E&AA—MREM CEFTEF M nain K, AN, BFPHRFE
WAHERFN. FE3ITEET mpi. h 330, KUFEET MPLREMIETE . EE X, EREX
%, ERAETHEFEMPIEFTEEMN2TE L SEV,

BATUERINSE HFER, A MPLE XHRIRFE R F/r 8 MPI_FF iR, TRILENE—
ANERKE, #REEL M MPLE LKA, MPI E X HENEBHNFEEEHREKRERN, XM
Al AR 434 MPLE X, fFARRPRBFEENH,

3.1.3 MPI_Init#aMPI_Finalize

FL 12479, ARAMPI_Init BATHM MPL REHITHALEMBBILRE. #ln, &4
AREFENHBEMX SEAEMSEH, I EBEEHESS, NER LE, EEFEM MPI_
Init 87, AR MPI B8, EREREHEN:

int MPI_Init(
intx argc.p /% in/out =/,
charxxx argv._p /% in/out x/);

S¥ argc_pMargv_p BIEMSE argc M argv MR . R, YBRFAEHXESHAT,
AR ER NULL, SEERKER/ A MPT s —4E, MPI_Initi&E—4 int BU4EIRMY,
FEXHIERT, RITBIRX LR,

30479, WHAMPI_Finalize AT &M MPL &4 MPl L& RS2, Jy MPI 4Bt &9
RS IRER AT AR AL T o BRIEREHRE .

int MPI_Finalize(void);

—fimE, EEAMPI_Finalize 5, BALNZEA MPL &5 T .
i, —AMsaREg MPLEFA I T EARHESR.
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#Finclude <mpi.h>
int main{int argc, charx argv[]) |

/* No MPI calls before this «/
MPI_Init(&argc, &argv);

MPIFinalize();
/% No MPI calls after this =/
%eiufn 0:
}
MmME, BIE&ME, RIFA—-EBERMPI_Init 4% agrc f1 argv M364E, WA—-EEE
main pRECPIEAMPI_Init MIMPI_Finalize,

3.1.4 i@{EF., MPI_Comm_size #aAMPI_Comm_rank

£ MPIL H, #{EF (communicator) MR —HLAEMEXHENHRBES, MPI_Init
WHEP—IEHY, REAPBSERS, EXHAPBSNIEHERAdRMNERFT. XEE
FHRA MPI_COMM_WORLD, ZEEE 1347, B 14 7R B 0T DIRHL A F MPI_COMM_WORLD f#
BB XERBAIBELLER .

int MPI_Comm_size(
MPI_Comm comm /% in %/,
intx comm.sz._p /% out %/);:

int MPI_Comm_rank(
MPI_Comm comm /% in %/,
intx my_rank_p /x out x/)

XA RS, BT BSRR—-NEET, CBRNEEE MPLER T2 XWRFHREEL: MPI
_Comm, MPI_Comm_size MEAETHE S K ERFFEEFHHEREL, MPI_Comm_rank &
HECHE AN SHERREEARAHAABREE S FHRHES, 7 MPI_COMM_WORLD &% H
4 comm_sz FoRABMEE, A ny_rank ERAHRS,

3.1.5 SPMD #F

ER, RINARFGREANERF, MARNENHBRHIFARNEF. RE O SHBER
FHEEESHMERRR, 0 SHBIPMNE, FTELYRHBERMERHEN, ERE
BWHBITE R, RIHTHRBPREL, BLE, X5 MPIEFHREXATH, wWHE
R, RE—TENEF, AR ERRSE, SRR, #aibtREREiInEE
FREEBFD X X—IT RN ARFZEHER (Single Program, Multiple Data, SPMD), %
16 17 ~ 55 28 1789 11 - e se IBAHARAMBRF L SPMD £,

FOHREERNE, RIOWEFFEN LTLETERERN#HE, RIVENERETLUEL
NI 4 ANHB LB, HMRREE RBHEIE, IATLIZE 1000 4, EE 10 FA#E LET.
B8 MPI FARERF LA XFNEYE, HRERINEE-HXERTRERF, BZTUBTEER
H#HE. SERNRIMEFE LR NETHNFRIARE LD, fim, HER 120 %K
Y, HEERTESHE 1500 B RS,

3.1.6 & {x

S 1T TS 18479, BT 0 S#B4, EMERBERT —£BELXR 0 SHEMER
(sprintf W¥R printf BECRL, TALEHIRAS Y stdout, TR HE—NFEHFSE
o BI9TAE 20 ITNBHHEREXB O EHE, B—HE, 0 SHBEM printf B
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87

BT BATEIH R, RiGH—14 for B BBGHTEIHR 1, 2, -, comm_sz -1 S#HBAKIEX
IS B . 5524 TR 25 1T ¢ SR AR EMER, HF, ¢=1,2, -, comm_sz -1,

3.1.7 MPI_Send

B, 2, -, comm_sz -1 SHBWITHREHLRMBELSRN, RITTLLGE-PHEEFRE
RN, SN AR LHEAMPI_Send LB, HFHEEHWRA.
int MPI_Send(
voidx msg_buf_p S dn o/,
int msg_size /% in x/,
MPI_Datatype msg_-type S oin o/,
int dest /x in %/,
int tag Swoin o/,
MPI_Comm communicator /x in x/);

BI=/484, msg_buf_p., msg_size M msg_type EXTHBMAR, MTFHSH, dest,
tag A communicator EX TIHEMEHNH,

F—NBH msg_buf_p B—MEHAEEHERNENNERNIEH ., ERMNMUBFH, X
—MLETHBEMERS greeting (FECIEFH, BABNERFBHRYE, HELENME). £
ZAME=A2%, msg_size fimsg_type, METEEEZNEIEE. ERINMWEFS, 28
msg_size BRIEBFHEME CESHFHBLRMA \ 0T ENFHEE., S8 nsg_type M{E
7= MPI_CHAR, XH MBS —ELEMAAEMNELREHE strien(greeting) +1 NER,

FA CIEFHMAER (int, char &) FEEEISEGRLRE, BTl MPLE LT — 5%
. MPI_Datatype, FIFE¥ msg_type, MPI W X AMHREIE X T~ E, F£3-1FH
TERR—HERR,

;31 —EREENM MP HiEHR

MPI %28 CEBURHR MP| $iE R CiEsRRAER
MPI_CHAR signed char MPI_UNSIGNED unsigned int
MPI_SHORT signed short int MPI_UNSIGNED_LONG unsigned long int
MPI_INT signed int MPI_FLOAT float
MPI_LONG signed long int MPI_DOUBLE double
MPI_LONG_LONG signed long long int MPI_LONG_DOUBLE long double
MPI_UNSIGNED_CHAR unsigned char MPI_BYTE
MPI_UNSIGNED_SHORT unsigned short int MPI_PACKED

BMEER, FHFBgreeting /M5 msg_size fimsg_type A ENHEEHNRDIR

HE. #iin, HJATA4 MHERSTREN, SBREENRKEN 3 NFH, HRMNSBRKEN

100 M ERFHE X RAEM greeting ZfrE, R, EARXRBEEH KNI TFRETEFXH
KN, BFEHRE greeting FHE,
B S dest IMETEBRHEMABNHAES, EL M2 H tag BN ER Iint B, B

TRAELEZL-HHHEB, #ll, BE! SHBEERO SHBERABAY, Hbh—&E2H
BREITEHE, WA LA TIE. B4, MPL_Send WaT 4 MSEOF AR EMMMIER,
MTRE SRR QERTETEH, WEXRATITEN, B, 1 SHBTUH, G2,
tag BN 0 BLRAHERETEHN, X1 HRRXHLEEATIHER,

MPI_Send WE/F— 1 SHR—MERFET. AP KEREH MPL KEEHE —MEREF2H.
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HBETREEMNHNZ —EREEFEE, S TFHEOE—4A TUEHAEHENHERNES
Rk, —MRETHHHBERZLNHEERERES —MEETROHBRTER, & T MPIi2{#
TRIEHEE TR, BEEFX—SEaUATERER, HFRIEHEARSEBIIMBESR
B b 7 BB

BAG T B — e, BURRIIEARFT SRS BAL, HAREEHER THANEEK
B, —NARMHBRASBHITEE, 5Nk HER LS EFTEE, 4R, XFHNES
fERT MPI, XEAEARSFFEIH, FMUEMZEARSHEERE, EEMNEAT LU#HTEE.
KIMNWTHERRREEZCORE, RMNFEFRN—THEER, ERIE-TEXZEHHEASES
R — N EFRER, BITTRESAHARERFHEHATR: KEKEEREFHFREO0, |1
n-1; MERKEGRATEE . n+l, - n+m, PBAFREER T LIS ERTEELS H W
BRIRE, R, — P EXNERAOFEREAERE FREN, ROTAFTENRHAKRSERERH—
TEFET, AN EETHREBEEREET T,
3.1.8 MPI_Recv

MPI_Recv MIBiATSH R T MPI_Send MRIATMESEK:

int MPI_Recv(
voids msg_buf_p /% out */,
int buf.size IC IR LT
MPI_Datatype buf.type [x Tn %/,
int source /% in %/,
int tag /e TN %/,
MPI_Comm communicator /x in x/,
MPI_Statuss status.p /% out */);

Hit, Bi=12%38E T A THERESMNE: msg_buf_p FEmMNFFR, buf_size IETHF
HpBEFMENRAEE, buf _type IHBAT X RMER, REN=TSHEAXRAHHER. 38
source IEE THKMHEEN ZAB M HBRETK, 2R g BEELZXHBHNSH tag ML
B, 2% communicator W5 REHETHKER THICE, fEbirBSH status_p, 7
KEMERT, AARBEAEHX NS, MERIIH “greeting” BFPIE, BTHRFEKN
MPI & MPI_STATUS_IGNORE 347 T o

3.1.9 BRIE
BsE ¢ SHBEHT MPI_Send s/ .

MPI_Send(send_buf_p, send.buf.sz, send_type, dest, send_tag,
send_comm);

HFHEHEBE r SHBEEHT MPI_Recv ¥

MPI_Recv(recv_buf_p, recv_buf_sz, recv.type, src, recv.tag,
recv_comm, &status);

N g SR MPI_Send BB R MTE ST LA r SHRFEM MPI_Recv sR¥ilk, R

recv_.comm = send_comm.

recv.tag = send.tag,

dest = r, #B8

src = q.

R, XEZHFERABUFEHEE TR SR, fI=XS 8. send_buf_p /recv_buf_p,
send_buf_sz /recv_buf_sz 1 send_type /recv_type LIS ERANENX, ﬁééﬁlﬂ’liﬂ
0, SR MPI-1 38 [39], KREBEHE, HETEAMUBRATLLT
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o % recv_type = send_type, [Fif recv_buf_sz = send_buf_sz, B4 ¢ T
BEXRIHS A g r SRR

YR, — MBI UBREZ N HBRERNEER, BRI N 50 ok 52 & 3% T B 8

FFo BN, B0 SHBEITSFSES 1. 2, -+, comm_sz -1 S##&, FHI1, 2, -, comm_

sz -1 SHBAESERITEMBERELRS 0 SHE, RSEATNHEN TIEFEFERKNE
REAEHWA, 20 SHERLEMEL BT R TENNIUT. R0 SR RER A%k
BHBES M FER SR, MEER1 SHBEMNGR, BBl SHBRNEER, DIk, #
H, g commsz -1 S#BRREE R ITIER, IWAHETTEE comm_sz -1 SAFERFH Mk

B0 BMSER . KX TERX R, MPLEMET gk # & MPI_ANY _SOURCE, ATLAME#4S MPI
_Recv, XEE, MR 0 SHBHIT R, AT UERBHETR TEMDTRERERT .

for (i = 1; i < comm.sz; i++) {
MPI_Recv(result, result.sz, result.type, MPI_ANY_SOURCE,
result.tag, comm, MPI_STATUS_1GNORE};
Process.result(result);
}

Ky, ~MHBOAARBEKEARES - THEBNAERRRENEL, I HBBGERE
FAMEBEHBRERIT, EXFELT, MPIEME TRHER MPI_ANY_TAG, AT EIE4A
MPI_Recv &% tag,

U “HEAF" (wildcard) ST, FILEAFERMA.

1) REBEETUGEHERMFSH . REZLTAHEE N HBSS - ERBERE., B
U, MPI{ERIMRETIERY “#” (push) BEEVLH, MALE “H” (pull) BEHLH.

2) BEFEERAERN, ZREMBRERLTEESERET.

3.1.10 status_p &¥%

INRARF AR RATATRAX LA, RS ZIBCE T ATEAR B AT B RS R F ik
HE:

1) HEPHREER,

2) HEWERZEE, &K

3) HEMRE,
2, ElERNMEHXEEN? BIE—T, MPI_Recv MIEFE— 1S5 KRKAE R MPI_Sta-
tus «, MPI2(BI MPI_Status B— P EZEP=EAELSM, MPI_SOURCE, MPI_TAG #1 MPI
_ERROR, BEBRTFEHMTHEN:

MPI_Status status;
4, ¥ dstatus ERBE - MSRIEES MPI_Recy REGHAREE, TUBLRENTH
A RERTE B E AR,

status.MPI_SOURCE
status.MPI.TAG

BWEIMBEERNRFEEN ARF T EEG RIS D, ERAPE R MPI_Get _
count lREFREIXME, B0, Bt MPI_Recv iFAS, BWEMRX AR R recv_type,
Bk g &status 2%, NWTEE

MPI_Get_count(&status, recv_type, &count)

iR [E count SRBRBIMITREE., —MME, MPI_Get_count MERELEW R .
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int MPI_Get_count(
MPI_Statusx statusp /x in =/,
MPI_Datatype type /% in =/,
ints count_p /x out x/);

EE, count EIFAREMSMIMEN MPI_Status TRMMA BRI, HAEHRRTEREK
BEMAE, Bk, BEXENIBRTE —RITR (NBRBEINFHE / 8MMROFITEH)
MRXNEEANRLHE, MARMNBLERT HERERR—KIHTHE,

3.1.11 MPI_Send #1 MPI_Recv HJiEX

LURIEHEN-THBERERI S —THEN, SREF2? XIEPHIFSATRIETAE
BIARSE, BRITTUAE—S—BIMEES, REHBEENE, fln, B LRELELNEER
mfER” BR. “FH” FRAFERHBHNHES . AXHENHRS . K. EETF, YU
EHBKRNEFER, —BHRHETE, WE2EMK, AR TEEME: REFBRATLUIEHHE
B, WAl LIBHZE (block), MR EEMEL, W MPI REHSIEHE (AEMEMNGE) X8
EHCHAEAMESE, RRE MPI_Send BiRA,

B—FE, MREGZEAHEE, BATK—E%ET, ERTLUFBEXHEE, HFALERME
xf MPI_Send My . Bk, mREH MPI_Send, M4@BuRE, LRFELEHAAMEHEEEE
ZrR¥EbE, RORMEHBEFANFHEX, WREENK, TUSBFEREH, MERNE
BEHEHBRTEZAX YL, IELRHERBTELKEH ERATERLL MPI_Send @A/ L8P
BE, IRAT LA MPI A R X E BB T, RITESEMGY I X &R ER DM
-1

MPI_Send X812 th MPL EB TR EM, HE, MBNIATEA - TRANER
“BUE" K/ (“cutoff” message size) , WPR—RHEEHK/NDNF “BIL” K/, BHEES; 0
RRFEIEK/N, B4 MPL Send lRECHBIFHE

5 MPI_Send R[E, MPI_Recv R ERMEN, HIEWA —KLENHE, Ak, X4
MPI_Recv lREUAMREIN, MAE— KX HECAHMEZERENRFT (BRIEZETHIR),
BRUUHE BB RIHEEEREY, RERERGAE —ALEMHEEFRE, MAEEHNXPAEERE
HE CETHEAIEHEZEERFNSEY, HFRLIE6.22),

MPI ZRHERAATEBEH (nonovertaking) , BIMNR ¢ SHBEXETHELHELS r SR,
B4 g HBRENE—FZHEENTEE _LHEEZATH, HE, NERBELEXRARFHBEK, O3
HBEMBELERFRBEERN, BURq SHBEM: SHBHA r SHBAETHE, Bfiq S
BESHBEAXHBEZHEACHHEREZENET, AER s SHENEEE : SHBY
HEZAT— B r SHBER, XAHEREN MPI RfEX MERNHEEEABHEER, #
m, R q SHBEXE LREEIE LERT, W r SHEM: SHBHEIHLSILHE— Y8
LiEfT, HH ¢ BHBHREA  SHBERHEZIN I WAL RETHE, AEK ¢ SHEHN
HEZE  SHEZARL, BAGHEM,

3.1.12 BERKEB

MPI_Recv M X & 2B MPI i HE0— MEEREBE: MR- HBRREZBHEL, BRE
HEENHEE, BoZHBAPUKEHEEERE, NAREE, Bk, ERIHBFH, BNF
BEREES A BRUEA - SRR, TREEENE, RERBN, E&MNOUBIEFERE
FAMPI_Send #1 MPI_Recv HiEEiR, Hlin, MRHE (1ag) FILE, SEBHERNERS
SRABRKNHESAHRE, BABERSEEREEMLET, XSRB—- M H#HBEHEER, &F
AREECE A, BN EERICE B — AR KN,
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fsasit, R EA MPI_Send R4 THE, HFHEAMELENEK, BaXHERSE
'X, H—THE, MEEM MPL Send #Z&m, HEAALIAMEY, MAHSHHER

3.2 H MPI LB E
HETEIR (BN B NRT LR, — RSB AMKE, BFGRETRIF. @

2, RINALRGEITHHENER, ETRE-NENARANETF. BdREREFRLARE
R BB R %

3.2.1 BERSE

RATAT ARSI R Bk T RE y =f (x) WEBRT, WERERSE « MIZE XKD,
WE3-3, EABHEE, ¥ EWXEMSR n MEKNTFXE. KEMEHHTTRAEERE
AF X AT XA TE R, SERELE « LR FXE, MAZEEARSE T XA NS
HHL, PUAMRFFEEL S REEBRTHZHFNT R ZEANES. E3-4 fix, BF
XEES RN 2 M x,,,, BATEEBKE b =x,, -x. FF, PHREEXBHKESHN f(2)

BB ER = 2-[f() +/(x..)]

y y

a b X a b X
a) b)
E3-3 BERSE: a) BEfHTHWEE; b) RABELLHNRE
HF o N FREREFSH, BENRAEAEERXAERKBHAR TN s=afx=b, 4
b-a

n

R, MRRBLARITER x,, BAAKSSE R «,, WE:

h=

%=a,%5,=a+h,x,=a+2h, - ,x,_,=a+(n-1)h,x, =b
X R BT A BT B E AR AR
BRI E AR = h[f(%,) /2 +f(%,) + -+ +f(x,_,) +f(x,)/2]
A, —RTRFHHRGSE TREERREIEN: y 100
/% Input: a, b, n %/ fo)+---= a
h = (b-a)/n;
approx = (f(a) + f(5))/2.0; Fisa) 7= = -
for (i = 1; i <= n—1; 1++){
x.i = a + ixh;
approx += f(x_.i);
9 } X = hax ; )I(,- x;IF X
appro hxapprox; 1
h
8.2.2 FHIFUBHEREE E3-4 —ANEE

EMEE 1 8BS, KEHATEFOBRFREER T REREBTEFRE LR
HARFHERE,
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mAE—TF, ATUROTEALSRERIT—THTERF:

1) ¥R R 7 R E T EF -

2) EEFFRAHBENEGFFE.

3) BEFESHESES.

4) BB EAEEEES.

RGO B, BITEHRERBHRTEEHES . X THRERIE, BATTLHARH B
£%: —FERBAENMERXRWER, F—-MEITEXEXRKERM. REFHAEFRER
BME—MEF S -NB M SHEERE, LE3-S5,

BB

B3-5 BHERTENESSERE

2, IMIREGESFEESEBE LR ERERRN, ERMBEEE, AiHERBE
. bR MiZERARIIEENRE, B, BEAREREIHNNE, FEBBEXIR
HRNITERESA, LAX—BHRH—MRERNTERESXE (o, 6] 48 comm_sz 4
FXHE, fnR comm_sz A[AEBR n, BPRRIEEE, IAKATAT LA R HTE n/comm_sz PHEETEA
T comm_sz A~Fas i _ LW ABSE R, 8BS, BRIMTTUAMA#ARBIRNE -1, o S3#E,
R e m A THE RSk, EREMTELRE,

RATE BB comm_sz BERER n, WX NBFHHABIT R,

1 Get a, b, n;

2 h = (b-a)/n;

3 local.n = n/comm.sz;

4 local.a = a + my_rankxlocal_nxh:

5 localb = local_.a + localnxh; .

6 local.integral = Trap(local.a, local.b, local.n, h);
7 if (my.rank != 0)

8 Send local.integral to process O;:

9 else /x my_-rank == 0 x/

10 total.integral = local.integral;

11 for (proc = 1; proc < comm.sz; proc++) |
12 Receive local.integral from proc;

13 total.integral += Jocal.integral;

14 }

15 )
16 if (my_rank == 0)
17 print result:

RITEERHEREERBANEE, MAEH . b Mo AR E, XBRSBARFI2 iR
B MPLF2fF, Trap RER— 1 HIERSENBTEH, LEF 33,

EE, RITHRRARNEE, RATRSASTESLAHTER, RBEERAEGRHENIN®H
BAEN. BERSERFEPRFFH: Tocal_a, local_bfilocal_n, MMREEBAEHA B
BPEHAY, BARTERERAILRER., ZBFTHMGFAE: TR a, b#Mn, X5KRERE
SRR EZBIMAEARR, ERESVLRL, REEEENEEN RBEWAELTR, MLRATE
RRHA R UEINER, B, XASIIRIEE, FEXNRE#ES LT XA AR K
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80 R R T R

3.3 I/0 438

A RANHITHEBRSEBFANEHNAR . EREER 1024 MEEIHE (0, 3] XH
WEFSY . SRR A=THRERL, RERNERFFABXHEENTAERAE R, BERR
MEEMRBPBMAGEG, HHEHTERFRANER, RITG—FEH L EEEEER, £
28, RIMMTSTXFAEE, FURREICHEMN TAGEE RS NS, AR LIS
TAY, EHEM3.3.2 FiREE.

3.3.1 #HiH
MR BEAMSERSERFT, B0 SHBEERTRRER L stdout, BIEXS
printf BEHEARRITFTIAENIT A, BN MPLARERA £ € WPLL R AT LADT R 10 &%,
BB JLFE B4 (9 MPL SCBUER 721 MP1_COMM_WORLD EL&y 7 A RS ERREVTRIFRHER th stdout FIbRHESS
R stderr, BrLL, KESSMEY MPL SZBUR A TR BBEDAT printf f fprintf (stderr, =),
BR, K#4E MPL L REAE X VO ARG ESIREE. SREH, mREB#
BiXESEER S stdout, AXEHBNMBIFFRELEERNEK, REQRE—THBNR

- HBA R AR AT A

BF 32 BRERYEMPIEBFNE—IEE

1 int main(void) {

2 int my.rank, comm.sz, n = 1024, local.n;

3 double a = 0.0, b = 3.0, h., Tocal_a, local.b;

4 double local.int, total_.int;

5 int source;

6

7 MPI_Init{(NULL, NULL);

8§  MPI_Comm_rank(MPI_COMM_WORLD, &my.rank);

9 MPI_Comm_size(MPI_COMM_WORLD, &comm.sz);

10

11 h = (b—a)/n; /% h is the same for all processes =/
12 local.n = n/comm.sz; /+ So is the number of trapezoids x/
13

14 local_.a = a + my_.rankxlocal_nxh;

15 localb = local.a + local.nxh;

16 local.int = Trap(local.a, Tocal.b, localmn, h);

17

18 if (my_rank != 0) {

19 MPI_Send(&local_.int, 1, MPI_.DOUBLE, O, O,

20 MPI_COMM_WORLD);

21 } else |

22 total.int = local.int;

23 for (source = 1; source < comm.sz; source++) f{

24 MPI_Recv(&local.int, 1, MPI_.DOUBLE, source, O,
25 MPI_COMM_WORLD, MPI_STATUS_.IGNORE);

26 total_int += local.int;

27 }

28 }
29
30 if (my_rank == 0) {
31 printf("With n = %d trapezoids, our estimate\n", n);
32 printf("of the integral from %f to %f = %.15e\n",
33 a, b, total.int):
34 }
35 MPI_fFinalize():
36 return 0;

37 )} /% main x/
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Fiin, BEET— MPLEF, SMHABRRRMAMIT-REL, LEF 34,
ERMWER L, WRAS M EBRIITX—BF, BRESTENTAERIINEL:

Proc 0 of 5 > Does anyone have a toothpick?

Proc 1 of 5 > Does anyone have a toothpick?

Proc 2 of 5 > Does anyone have a toothpick?

Proc 3 of 5 > Does anyone have a toothpick?

Proc 4 of 5 > Does anyone have a toothpick?
B33 RS MPIEFER Trap &Y

1 double Trap(

2 double left.endpt /% in %/,

3 double right_endpt /+« in %/,

4 int trap.count /% in %/,

5 double base_len /% in x/) |

6 double estimate, x;

7 int i:

8

9 estimate = (f(left.endpt) + f(right_endpt))/2.0;

10 for (i = 1; i <= trap.count~1; i++) {

11 x = left.endpt + ixbase.len;

12 estimate += f(x):

13 }

14 estimate = estimatexbase_len;

15

16 return estimate;

17 } /x Trap =/

BF3-4 STHBREHNI-%HEER

#include <stdio.h>
ffinctude <mpi.h>

int main(void) {
int my.rank, comm.sz;

MPI_Tnit(NULL, NULL);
MPI.Comm_.size(MPI_COMM_WORLD, &comm_.sz);
MPI_Comm_rank(MPI_COMM_WORLD, &my_rank);

printf("Proc %d of %Zd > Does anyone have a toothpick?\n",
my_rank, comm.sz);

MPI_Finalize();
return 0;
} /% main «/

B2, LA 6 MHEETRFN, MHTRBFRATTRNT .

Proc O of 6 > Does anyone have a toothpick?
Proc 1 of 6 > Does anyone have a toothpick?
Proc 2 of 6 > Does anyone have a toothpick?
Proc 5 of 6 > Does anyone have a toothpick?
Proc 3 of 6 > Does anycne have a toothpick?
Proc 4 of 6 > Does anyone have a toothpick?
qE:

Proc 0 of 6 > Does anyone have a tcothpick?
Proc 1 of 6 > Does anyone have a toothpick?
Proc 2 of 6 > Does anyone have a toothpick?
Proc 4 of 6 > Does anyone have a toothpick?
Proc 3 of 6 > Does anyone have a toothpick?
Proc 5 of 6 > Does anyone have a toothpick?
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X—BE 4 W FEE R MP1 #BERAME “5HH”, UBUBX I EHHIE ., RSt std-
out WA, BRATAA BT R A R UERNITFHS, XFMEFSIBOAFENE, HE
YGEFT i SE PR AT RE & 24k

MRRAEH BB UV B3, BARMMAZE A CHEERERE, s,
ERT 0 SHBLUSMIHEMAHER 0 SHBEXRTHRAL, RE 0 SHEREHRS HIBFFITE
WER ., XRRBRIE “AMR” BIFPETEH.

3.3.2 A

5@ ARR, K46 MPL 328 R A2 iF MPI_COMM_WORLD A1 (9 0 5 i# %2 U7 (R #r #E S A
stdin, XEAHEBEH: MRS HBEEEVEIRHERA stdin, IBAEA RN ZE 2@ AR
B HBA SR 0 SHBN KB RE I FRY?

RHTHREREBMA scanf ) MPLRERF, RAIVRIEHBSRERER DL, 0 SHE R FIER
BiE, BB ELLHMHE, flin, Z8ERMENHTEF (BF3-5) P8 Get_input
PREL, O SHBHEMPHIER o, b M n W, X =MERRAHMEHE, BT 05
BEREREAEMHE, HiaE A RREREES, BRF3SHEATE “HE” BFHRMNER
BEGEM,

RTHEAZEE, RIOTUETEBFFEHABBATZERNAR. BEENE, RIMLH

TEVILRAE my_rank F1 comm_sz J5, A BEFAIZEE:

MPI_Comm.rank (MPI_COMM_WORLD, &my.rank);
MPI_Comm.size(MPI_COMM_WORLD, &comm.sz);

Get_data{my_rank, comm_.sz. &a. &b, &n);:

h = (b-a)/n;

EF35 —1TATERRRBAHEN

void Get.input(

|

2 int my_rank /% in x/,

3 int comm.sz /e Tn %/,

4 doublex a.p /% out x/,

5 doublex b_p /% out %/,

6 intx n_p /% out */)

7 int dest:

8

9 if (my_rank == 0) |

10 printf("Enter a, b, and n\n");:

11 scanf("%1f #1f %d", a_p. bp. n_p):

12 for (dest = 1; dest < comm.sz; dest++) ¢

13 MPI_Send(a.p, 1, MPI_.DOUBLE. dest, 0, MPI_COMM_WORLD):
14 MPI_Send{(b_.p, 1, MPI.DOUBLE, dest, 0, MPI_COMM_WORLD);
15 MPI_Send(n.p, 1, MPI_INT, dest. 0, MPI_COMM_.WORLD);
6 }

17 | else { /*x my.rank != 0 %/

18 MPI_Recv(a_p. 1, MPI_DOUBLE, 0, O, MPI_COMM.WORLD,.

19 MPI_STATUS_IGNORE):
20 MPI_Recv(b_p, 1, MPI_.DOUBLE, 0, 0, MPI_COMM.WORLD,
21 MPI_STATUS.IGNORE):
22 MPI_Recv{n_p, 1, MPI_INT, 0, 0, MPI_COMM_WORLD,
23 MPI_STATUS_IGNORE);

24 }
25 )} /% Get_input =/
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3.4 &£8EME

MEETE, A—ERMNASHBERSERF, RNIRSKIULGTIUREEFEEN
H, HHREBHUREEES I ABNER T ERBSBMESZEN “£RRA" (gobal sum),
BT, NERNEAS ZETARE—FETF, BAMBEIH 7 ETAERE—ANMA
F, REBMITNTHTREEAR, RIISEBFENRIESETME, BXBRE2RRM0HFHK
B: BAHBEATOMHARE “SH0 2#BEAM”, ASKATERLT, BIM#BEATO
BHBES F R CHXMEMBAREX", 0 SHBEHLRRAMWFE T,
BILEH 2SR, AEHE, XTERAFEETURENRE X, HNREHK—THE 8 &2
H, BANEEAE—ARE, HTRX S MEMER, MRS 7 ¥ AR ACHRERSA
A FFHEEHITRATAE, RIOTTLUEE—AEATVNO TSRS, iy

3.4.1 BIREWREE

IEIRATES | Eh RBIOIEE, TMER—RERE 3-6 B X5, £ 3-6 4,
—FFih 1 SR, 3 SR, SSHRE. T SHBRENPWEINERE 0 SHRE, 2 5H#HAE. 4
SR, 6 SHBE, RAE05#RE. 25
HE, 4 5B, 6 SHEBRMENIINE
mEIEMNBCEENEL, B MIRBER
B

1) a 2 5SHBHN6 EHBRENMN
BED R ELL O SHBEML SHE,

b. 0 SR 4 SHREGEEAINE
B EfIMEFE L,

2) a 4 SHBBEBRFWERESO
SR,

b. 0 S RHEKBIMEME E R
HE L, 3-6 WiEEHRE/RKRM

XAEI T RAIREAREIEAN, BAHT ¥R (1 5#BR.35HE. S SHBRMNT 5
HE) WTHRSFEAFERMAR. HE, NERIMFHAEE, BSRAFRAETFRRE O SHEE
o comm_sz -1 =7, M7 XME, MFHFRF0 SHERIFTE 3 WEKM3 Kk, FEH
R i SN e ABE 2 K, WA, FHHARWAEXHENSE, MFEZTHERHAR
ERH TR, Fin, EE—INERE, 0 B#HE, 2 SHE, 4 SHE. 6 SHEBNEKS
INEEERVERT LARBT#FT. BT, R FBRILEERMNBEHN, FA2L£RRKNFEW LKL
SHBFEME, BI3 REWRES 3 OmE#E, Bmid T 50% wEatE, 5H56,
REAELHHE, HETUBAIAEFMLER, S, mHE comm_sz=1024, MEHFRREI S
HERNAT 1023 KRR R MEEREE, MRAFFR, 0 SHBATE 10 KEBEREMERE (B
3.5, XEHFEFROMEREST T 100 £ [0z

HERBXHHEALET, ERAEREEARBELEZTEMFZ TE, SLAEREL
3.3, B L, XMRBEEEAEEMEM, fln, B ETRESHOLSRERM, #2H
TARK “HBEX", XMPERTLETITN. W, EE—NES, TLESHRS54 5
HRELX, | SHES S5 SHRMR, 2 SHES 6 SHEME, 3 9HRBE 7 SHEMEER. £F
ZHE, Ko SiHR52 SHRBEX, | BHBS3 SHBEREN., BE, ¥0S5HES1 SHER
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. BRE3-T, SR, FAEGTEZHMATENEE, RIESHEB N FRESMLHG? MR
AL, £REEXMTEE, B—FFEX
F /N MWBEEWRERKKN, TR —f
FEMT “K” HRESHRENK? B
KRR —MARTBERSZ A LER
ey, MB—FFRERLEB LER
i

3.4.2 MPI_Reduce

BT HFESFEEN:, 58 MPIRBF
REERE HBRENESRRNBEELRE
HE, Fril, MPLHRE&T2RKMKHE
B, UEFBEFREZERTIHENEFL
fho XA, BEBFRILKENHB B 3-7 RGH RIS —FHIR
MPI BT EASR G L, MAENABRFNIFEARS L, Bi& MPIZBLAIFF & A G Xt 68 44 F0
RERHHNZE REHNTH, XA REE e LI,

MR, “FkfeE” FEHEE. AW, 5 MPI_Send s¥F MPI_Recv sE(F M BCXT
AR, FRRMEBHRATREESY EFANU EHNHR, BLE, ZEHERSEERES, EWEMPI_
COMM_WORLD AR, ZEAMPIE, B RERFETFFHIAHBENEERBERANERER (col-
lective communication) , N T X484 E 5K M MPI_Send #1 MPI_Recv XHEAI K%, MPI_
Send # MPI_Recv @ # A3t &if{E ( point-to-point communication) ,

LhrE, 2RRMERREESEFRBXNPH—-MFHFA TS, G, RITATEEIER
BAME SR AEZNHR LM comm_sz H.EM, MRABMERKERR/ME, REFLHFEH,
o & HoAh i £ 0T BEAE B0 P AR — DT PR I 25 SR . MPI X2 R R R B ITHEEE, (X sl gk
P AR — N ERRE A LA R Bk S -

int MPI_Reduce(

voidx input.data_p /v in %/,
voids output.data.p /* out =/,
int count /% in %/,
MP1.Datatype datatype /¥ in =/,
MPI_Op operator /% in =%/,
int dest_process /e in %/,
MPI_Comm comm /& Tn x/);

XA BB LBETE S NEBH, operator, BEWIERIN MPI_Op, B— 1K MPI_Datatype
1 MPI_Comm —RETE X MPI K80, XAKBA LA BENME, RE3-2, FEMUEXBED
FIZEAF, £ MPL-1 4R¥E [39].

X8, RITEFHANZSER I MPI_SUM, M X MEBE operator 285, BTTLUERF
3-2 RS 18 ~ 28 ITIRIB A R R BOR AR E -

MPI1_Reduce(&local_int, &total_int, 1, MPI_DOUBLE, MPI_SUM, 0.
MPT_COMM_WORLD);

FBEXENR, MR count BFKTF1, 4 MPI_Reduce sREAT AN FBIFA L, mAULE
MNHAERENIRE E, TENRETUHAT A NEnENNE, 8/ MHREE—-1HE:

double Tocal_.x[N]. sum[NI:

MPI_Reduce(local._x, sum, N, MPI_DOUBLE, MPI.SUM, 0O,
MPI1_.COMM_WORLD):
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F£3-2 MP! hHENMBAXDBER

ENHE & X EHFE & X
MPI_MAX REBAE MPI_LOR B
MPI_MIN RE/ME MPI_BOR RAE
MPI_SUM sk & MPI_LXOR BB
MPI_PROD RERB MPI_BXOR S
MPI_ LAND b2 25} MPI_MAXLOC REREMRAEFENNE
MPI_BAND i S UA] MPI_MINLOC SKEB/ME B/ MEFT R B

3.4.3 ESEESRAMAEE

i, EA4EFSEAMNAEFES I TEEARL .

1) EEFETFHINAAHBRBLIAAAERNESEFEE. fll, KEK¥ - HBPHY
MPI_Reduce SR — 1 #BE MPI_Recv AR MBEFSHE, KNBFSHEEESH
A,

2) BNEREES MPLESEFRENSEUIRE “HEN", Flin, mBE—HEKO1E
2 dest_process MELEA R, B - MEEME 1, IAaxt MPI_Reduce 8 A = A 49
HERMEHIRN, BFETRESHERSERSR,

3) &% output_data_p HA7E dest_process b, 8, IEHABRNFESLRE -5
output_data_p MXT M AIERFRSE, BMEERMERE NULL,

4) B ARG REUEES IS MEE FREEN., E4EGFEEAERAES, LELHEFE
FREAGAR AR BEITIA, SN, FFX3-3 PR MPI_Reduce B, BTSN H#HBREA
MPI_Reduce ¥ HZBERFE R MPI_SUM, FRA Bt 00 S, HigmE T 8®kE, &
PR MPI_Reduce f5, b W{ER3, T d WER 6, HE, AHFEIITHLFS MPI_Reduce
MEARETX, BBRARRIRFRE TR R, AT D PAFREERERE1+2+1=4, d 5
FHEMEHRE2+1+2=5,

%3-3 It MPI_Reduce B1%4iBA

B iE) 0Bt 1 8t 28R
0 a=1;¢c=2 a=1;¢c=2 a=1l;¢c=2
1 MPI_Rdeuce (&a,&b,... ) MPI_Rdeuce (&c,&d.... ) MPI_Rdeuce (&a,&b,... )
2 MPI_Rdeuce (&c,&d,... ) MPI_Rdeuce (&a,&b,... ) MPI_Rdeuce (&c,&d,... )

Bja— 8 WAOTRFSE KA R — A2 v X [R5 1 2 80 A 8 38 A MPT _Re-

duce, #ifn, HATEKBHFAAEE x 2R EM, HAE X WERRE SHBE, ©iFs
RE XA

MPI_Reduce(&x, &x, 1, MPI_.DOUBLE, MPI_SUM, 0. comm);

HE MPI B, XMEAGTREEEN . ENGERERTHULN . EWERSE—MERGR, &
RERHEFASR, HRUTRFEERNER. EZ2HURERN, TEFRRECH REESENY
B, FTSEIRERNER—RANE, ENZRARFEINEFE, MPLE R ASS S
EAEAMSHAIFNEG . Hl MPI LIRS Fortran i55 5 C 55 M4 9 MP1 R AT §E—%, Foriran
BERILERANA S, EREGITH, MPLRM T —FE ARG, TUASMRSX—
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B, W6 1.9 BT,

3.4.4 MPI_Allreduce

BERSERESD, RITRITHER, IURA-/T#EXBALRANNSERERER
o R, FEBREXHE—MER, FEABRSEBILRAMNER, UETUEE—1E
AHERITE, AXMERT, BANRESRA B MRIBELEMERIN, fn, A& Rk
HELREM, RITTLEDT “HiE" (reverse) BifPkEHm2REM (WE3-8), &FH—
FEATE, TLAEHRZ AIHAERHRE LR, MARERNMES. XFEGEEATRTERE
(WE3-9), HARMEELEH, URNARESRBEAARBEERE, BRERFRAHFEZHNT
e, EiZMRE, MPLEEML T —4~ MPI_Reduce MZER, FILISHEFEFHRMAHERFHER:

int MPI_Allreduce(

voidx* input_data_p /% in %/,
voidx output_data.p /* out =/,
int count /% in */,
MPI_Datatype datatype /% in */,
MPI_0p operator /% in «/,
MPI_Comm comm /& 0N %/);

SEFRHILE MPI_Reduce M EMRFEIR, BRTEA dest_process XS, HIFAHESR
BBEISE,

7
(2)

B 3-8 2RRMHBSREEM

3.4.5 i&
ERERSERF T, WRARNBERGEERRE 0 SHBARIERNE, ATRAL
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FRRFRIYERE, BB ARMBZRRAT IR ERATRAREN LM, FLE, MRRRMBE
MELRRME “HE" @, WE3-6 FiR, RITATUERME 3-10 Fia B EmERER,

H BB ERATRABENES, E—-TESEFT, IRET-TMHEBRNEER KX
B FHRMA SR, XENESEFRUMIHE (broadcast) , IRATHEELFRI T, MPI {2
X — AT R

int MPI_Bcast(

voidx data.p /% Tn/out =/,
int count /* in ®/,
MPI Datatype datatype /% In */.
int source_proc /% in %/,
MPI_Comm comm /% 0n ®/);

B3-9 HELMKERRA

3-10 WBSHHKI &

SR source_proc BHERK data_p Fr3 | HWAFERNB KXE TEE T comm AT
HHR, BF3-6 S MIERRER 3-5 9149 Get_input EB¥, S TLIH MPI_Bcast &%,
SEHUL MPI_Send fi1 MPI_Recv &%,

EAAERTEREY, SARESEE - EEEARRREAMBENE, KXt MPI_
Bcast %k, data_p SPFEHESH source_proc MR P E—-TMAASE, ERMHERS
E-MaHSH, Bk, YEGEFEREPHENSRERICHRA/RE (in/om) B, BEWKE
AR EHBPERRASHE, ELb#REP_E— M RESH.
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36 —/EMEMPI_Bcast #g Get_input BR&MEA

1 void Get.input(
2 int my_rank /% in s/,
3 int comm.sz /* in %/,
4 doublex a_p /% out x/,
5 doublex b_p /% out %/,
6 intx n.p /% out /)1
7
8 if (my_rank == 0){
9 printf("Enter a. b, and n n"):
10 scanf("%1f %1f %d", a.p., b_p, n_p);
11 |
i2 MP1_Bcast(a-p, 1, MPI_DOUBLE, 0, MPI_COMM_WORLD);
13 MPI_Bcast(b_p, 1. MPI_DOUBLE, 0, MPI_.COMM_WORLD);
14 MPi_Bcast{n_p, 1, MPI_.INT, O, MPI_COMM_WORLD):
15 } /* Get_input */
3.4.6 HESE

WRBMBRE -1BF, ATiTERERM.
x+y =(%,% %) + (Yo, 157" 5 ¥aut)
= (% +Ys%, +Y, s Xy +Yay)
= (20 AN A )
=z
WA double KBIBAIRF R MR, TLAHBITMER TR RERM, RBWMRRF 37 R,
BEF37 mBRMEHRTLHR

void Vector_sum(double x[], double y[]., double z[], int n) {
int i:

for (i = 0; 1 < n; i++)
z[1] = x[i] + y[il:
} /% Vector_sum %/

B e —

wnfa A MPL SEBLX MR R? TR TERmBEME N B4R MAR, FRURMNTEAE
EERMMES KM NS E. X, FMEFRABEERE, MERNFTNERNERASEIRE
EEURBENIERH L, RSB ANECH n, FFARNTE comm_sz MEREHE, BAT]
Ly Bp stbobr 42 1ocal _n MRIESBITWRAIR, SRS HEY, RI4WEIFEBRTY
n=12 H comm_sz =3 B EFF. XAPEEEEHRIEEHRYS
BERHMNSHNB AT EEBERYS . EERAUS T, RIARENFTRAEZsEEES
ﬂ B, R34WHE4FIRRTEn=12 H comm_sz =3 BEHF, 0 BHBBETHRNOS
09 &, | SHBEBITISHE, 2 5HBEBAT2EHE, 0 SHBXEITISHE, Uk
%K,

®3-4 HEINHED, HF 12450 ROFRAYNSFX

sk
e
b R H5 B - IR BRI =2
0 0 1 2 3 0 3 6 9 0 1 6 7
1 4 5 6 7 1 4 7 10 2 3 8 9
2 8 9 10 11 2 5 8 11 4 5 10 11




$3%F HAMPIHITHHFAANFRE - 73

FE=FRSTEMR - AR S, BATEE, AT EARIREZTBRAMRE K, T
AEGRBAEBIR. FUHEBERERBK/D, 0FR comn_sz =3, n=12, FHRK/PHb=
2, B - TEIRI RN 3-4 A 4 FUET B ARE

—BpugmmlsEe, RERAS MRS RENHITINERE: 8N AR IR RAMREE
FiamalmmEagmiEsk, ME, THRERABMILTE, SNEREEHR localn tEE
SR, RTHEFRZE, £ MHEBEIA—NRE Tocal _n PRENBAFEXESE. B
i, SNEBREEITRF 38 FrERiRE. BR8N THRERE AR ERKHs et
T8, RERBFAITYE, B BHEEESFRESTRENINER K,

38 mERMMHIITER

void Parallel_vector_sum(
double Tocalx[] /% in =/,

1
2
3 double local.y[]l /% in «/,
4 double local_z[] /x out %/,
5 int localon /% in %/) |
6 int Tocal.i;
7
8 for (local.i = 0: local.i < local.n; Tocal.i++)
9 local.z[local.i]l = local_-x[local.i] + local.y[local.il;
10 } /* Parallel_.vector.sum */
3.4.7 #5

BAERRRMNEMARBMER, SERERHOEE, REEREE X @R y 2Ry7E 0
M. RIICHMMMAEREERLERE. 0 SHBRTIA,, ERBAE, RRHEBAHBHER,
BATTRTT LUARMN 3B & : 0 SHBZRAmME, REBENT BAHbtE. HXH
ERR%. WREI1041HE, ARA 1 AR, BABNHBERFTEN 1 ANTENARS
FEMEZE, B8 MERRAESHE 1000 Mo RO FHE EHTRE, A, BRERIEHRYS
%, AR 0 SHRE R 1000 ~ 1999 S4BEKLS 1 SHRE, K 2000 ~2999 SHpEFEL 2
SHR, Dk, AxMrE, 1 -9 SHBBAREANEMNERERN RS RO H
],

Hit, TUREREGZXHE B, 0 SHBEEABINEE, BEAKTBREATESIEYN
HAb#ERR . MPLRHET XHE— N R%:

int MPI_Scatter(

voids* send_bufp /+ in «/,
int send_count /x in %/,
MPI_Datatype send_type /% in %/,
voidx recv_bufp /% out =/,
int recv_count /% in x/,
MPI.Datatype recv_type /% in %/,
int src.proc /¥ in %/,
MPI_.Comm comm /% in x/);

WEEETF comm & comm_sz FF2, IF24 MPI_Scatter ¥4 send_buf_p Arg| FHAEIE
T comm_sz f, H—HA0 SHER, BoHA 1 SHRBR, E=M4A2 SR, Dk, 4
n, BMBRIMERARNSE, HE0SHECLKH —NE n M ENEEREMEA send_buf_p
th, W0 EHBRSERIE—4 local_n=n/comm_sz M4rE, 1 SFE¥MERET—4 local_n
MorR, L, SMABRNIRE A mEER recv_buf_p SHME, ¥ local_nfE
J recv_count ¥ MME, send_type # recv_type B HEER %2 MPI_DOUBLE, src_
proc ZSEMMENIZE 0, S AWIFHR . send_count BEMEHIIZE 1ocal_n, FN send
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_count SEERMNRLLINEMARBYKIET, WMAR send_buf_p IS AN FEREIER.
SR P RI4r B F MPT _Scatter ¥k, RATATLAINERR 39 Bizn, F Read_vector sR#E
BAME,

FEAEBWE, WPI_Scatter m¥l send_count PMRIRITHBME M RRELTOS
BR, B T—1 i send_count X RATHARMRAEZ S T 1| SR, DA, Bk, XFiE
B RBARBHT S REHATRUSE, FARMEBERSE N - o7 IR comm_sz M1F
Mo BATHEZET I 18 thihib A BB R LA B3R - TEIRRI M EM T BRFT R, MEBEMNER

FREN (23], BRITEEAETE3. 13 ihig T8 n REEEEER comm_sz MHFH.

BF39 —1ENHFSZ@RHRE

1 wvoid Read._vector(

2 double local.all /% out x/,

3 int local.n fein %/,

4 int n feoin o w/,

5 char vecnamel[] /x in x/,

6 int my.rank /e In %/,

7 MPI_.Comm comm Fx o in o w/) |

8

9 doublex a = NULL;

10 int 1

11

12 if (my-rank == 0)

13 a = malloc(n*xsizeof(double));

14 printf("Enter the vector %s\n", vec.name);
i5 far (i =0; i < n; i+)

16 scanf("%1f", &alil);

17 MPI_Scatter(a, local.n, MPI_DOUBLE, local_a. localon,
18 MPI_DOUBLE, O, comm);

19 free(a);

20 ] else {

21 MPI_Scatter(a, local.n, MPI_DOUBLE, local.a, localmnn,
22 MP1_DOUBLE, 0, comm};

23

}
24 '} /+ Read_vector =/

3.48 B&

FRIEFLEABMENGR, ENNABRFRIAKN. FIURMNEERS — 0 LTS 4K
ERE R, XNMREEHMBRFEIBRBRER 0 SHEL, REd 0 SHBEE AT
EpthiR. XABRETHEEH MPI_Gather AT,

int MPI_Gather(

voids send.buf.p /% in =/,
int send.count /% in =/,
MPI_Datatype send_-type /e in %/,
voids recv_buf_p /% out %/,
int recv.count  /x in %/,
MPI_Datatype recv_.type /% in %/,
int dest_proc /% in %/,
MPI_Comm comm /% in %/);

7E0 SitEH, & send_buf_p 5| M N X HEIRFMIE recv_buf_p M-8, £ 1
SRS, # send_buf_p Ir5| AN ANFEX WBIEFMHE recv_buf_p WE- A, DIk
. BTUA, MRS, BT ERF 3-10 iR, THRLAXARITEHEK, & &,
recv_count #§ B HEEEBINEER, MARMEREEAINEIEREN BH,
R MPI_Gather pREUMBRE S6ER MPI Scatter s¥APRHIRRMIN: RAEMHRLY
S, FEHEANREOI/MIRRERT, fTENRECT BIERZTT.
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BEF310 —MTHSHXEREABEE
1 void Print_vector(
2 double Tocalb[]l 7% in x/,
3 int local.n /% in %/,
4 int n /% In %/,
S char titlel] /% in %/,
6 int my_rank /% In =/,
7 MPI_Comm comm /% in /) |
8
9 doublex b = NULL;
10 int i:
11
12 if (my_.rank == 0) {
13 b = malloc(n*xsizeof(double));
14 MPI_Gather(local.b, local.n, MPI_DOUBLE, b, local.n,
15 MPI_DOUBLE, 0, comm);
16 printf("%s\n", title);
17 for (i =0; i < n; i++)
18 printf("%f ", blil);
19 printf("\n");
20 free(b);
21 } else {
22 MPI_Gather(local.b, local.n, MPI_DOUBLE, b, local-n
23 MPI1_.DOUBLE, 0O, comm);
24 }
25 } /x Print_vector =/
3.4.9 2ERE

BE—MIF, RIKBEENASRE - MPLEF, ZTREEMEREKOHRE, MR A=
(a;) B—Pmxn R, x B— P RAE M IENERE, Hay=AxgE—ITE n MoEBRE
B, RITATLIAABE 175 x HEBORKRELy 9% i Mor& -

YiSQpXg + QA %, + Qpxy + 00t +ai_n_,x

LA 3-11,
Hik, AR ITERERES S T R,

/% For each row of A x/
for (i 0; i <m;y i++) {
/% form dot product of ith row with x %/
y[il =0.0;
for (j 0; j < n;y j++)
yUil += ACII0G 1%x[ 1

n—1

) ao| S ) Yo _
a0 | an e Ain-l - Xp - Vi
) : : | ey
; ST : =
L ao ain Aip-1 [ = | ¥i = apxg +ai1xy +-..+a,~,,,-1x,,‘1‘
| B | Xn—1 - - - -
An—1,0 | Am—1,1 Amn—1.n—1 Ym—1

B 3-11 R - m) ek

BZE, XA CIEERHE, ECERFELE _SRANA -LRHNZL (LIE
3.14), U CESHBFREERA KX “Eal”

FHEER—TEHE. flm, —454,

“HME. BRERHNMERE—TAR
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114

o 1 2 3

P 5 6 7]

8 9 10 1
Ve — SRR S XA -

o 1 2 3 4 5 6 1 8 9 10 11
EABIFH, MREATM O FFEFATFIHIT IR, AATFM7E A B = #9258 2 4758 1 FIRIoT
% (9), BE—EHEAFNAAEN2x4+1=9, EARMBERR, WRELAA 5, WY
i PR M, FEOETESE (1758 BB R A — BB A PR BBA i xn +jo MEAIXF—
LM, FTLIBEET 3-11 HATR M CIEFE R

B 3-11 B - MR BITIRE

I void Mat_vect.mult(

2 double A[] /7% in =%/,

3 double x[J /x in x/,

4 double y[] /% out */,

5 int m I In o/,

6 int n Feoin w40
7 int 1, Jj:

8

9 for (i =0; 7 < m; i++) {

i0 y[i] = 0.0:

11 for (j = 0; J < n; j++)
12 yUi1 += Alisn+jlex{jls
13 }

14 } /« Mat_vect.mult =/

WA EREF 7 — N RMEES TR A M— MRS x — 10 BAE%K, JFEHXA
FARMEl y — B, WHER, THREANE - RITE—MES:

y[i3 += A[isn+j1sx[i];

FriA, sk y[ 1 )4 E% ¢ SR, ¥ AKNSE i THARE ¢ SHBSMRAE, LR, A
BT RIS . BRATATAASRR 405k . BRI EER R - FE3R 3 s e st i 7 R4 . 78 MPI A,
RS R G REREAKN, FFLIXBX A NiT#fTHRR4S, A SEE 8, | comm_sz 7]
DAREBRATHL mo

XT A HFTITRIAR A y[ 1 M EA S ITFER A RRTR, BTLIX y AR kR4
BI, R AR iITHRET ¢ SHE, y B I M EUN ISR ¢ 5HE,

BE, yITIWHBEET ANE i fTHRHAENITER, URks NTESE, RITTUG RE
B xR BRSRABHHRE, REFEFER/ME. AT, EXHFNAT, FINEEMIFE
B, BN - MERERAMNEFEEEPTERRERE, FAN—KRRERESIANRRE
y HEBAREESR T —RERTRE x WA, B, Lk, BEBEST x KRIS53y
B s = i il S

FRRA, HnSR x H—HR14, ﬁﬂﬁﬂﬂ%ﬁﬁﬁ&ﬁﬁ?ﬂﬁ%mﬁﬁﬂ¢ﬁﬁﬁ%wﬂ
X A SRR

for (j = 0: J < n; j+8)
y[1] += Alixn+jIxx[]];
FHELBRNESERE, RINTUAERIT K MPI_Gather AR, $4F—WK MPI_Bcast i
Ho EFRAAIRBREO T, XS EMMIBEMNERE, RSB EFEEMAESBSEFK
Ko FrLL, MPIRMET AR R — AN B0 A R 55
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int MPI_Allgather(

voids* send.buf.p /x in =/,
int send_count /% in x/,
MPI_Datatype send_type /% in %/,
voidx recv_buf.p /% out =/,
int recv.count /« in =%/,
MPI_Datatype recv.type /x in x/,
MPI_Comm comm /% in */);

XA RO B SEE send_buf_p AERBEXR, FHBESHERK recv_buf_p B+,
BEH, recv_count HEEMHBERMEER. FTUKBABERT, recv_count WE5 send_ M3l
count BI{EHR .

e, WITHAESQEF 3-12 PRI IER - mEHTRE. WRXTBEHEEZ KA
A, TR x fER— AN S HE AR R, XM —SREHE.

2/ 3-12 MPI &8 - mREEER

void Mat.vect.mult(

|

2 double local A[] /% in /.

3 double lTocalx[1 /% in =/,

4 double tocal.y[] /% out */.

5 int Tocal.m /¥ In %/,

6 int n /% In *x/,

7 int local.n /% in %/,

8 MPI_Comm comm /e in /) |

9 doublex x;

10 int local.i, j:

11 int Tocal.ok = 1;

12

13 x = malloc(nxsizeof(double));

14 MPI_AY1gather(local_x, local.n, MPI_DOUBLE,
15 x, localm, MPI_DOUBLE, commj;

16

17 for (local.i = 0; local.i < localum; local-i++) {
18 local.y[local.il = 0.0;

19 far (j = 0: J < n; j++)

20 lTocal.y[local_i] += local_A[tocal.i*n+jlxx[j]:
21 }

2 free(x);

23} /x Mat_vect.multl =/

3.5 MPIiRESEIRE

FEILFRERSHAAFRESD, BELABITEFHAR S, flln, A—PFIRE—1
double KHWBERI A — MK, FEHRHEE LFMET S AFEHP double KEIME
HmMERNNERKMREL, MH, AEAHEERE—ERENERE, VBLKAA-RHBREE
B¥EEn, Fln, ROTTUBME, TEHHRXX for HIFHLENKER/ BRNERRES.

double x[1000]; 116l

if (my.rank == Q)
for (i = 0; i < 1000; i++)
MPI.Send(&x[i], 1, MPI.DOUBLE, 1, 0, comm);
else /x my_.rank == 1 x/
for (i = 0: 1 < 1000; i++)
MPI_Recv(&x[il, 1, MPI_DOUBLE, 0, 0. comm, &status):

if (my_rank == 0)
MPI_Send{x, 1000, MPI_DOUBLE, 1, 0, comm):
else /% my.rank == 1 %/
MPI_Recv(x, 1000, MPI_.DOUBLE, 0. 0, comm, &status):
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Lhh b, ARNRGE, KEMBRERILIGE S0 FHnE, EA—-ITMRER, 1FME
BHRPRATE R B 100 fFR96FE] . Hit, WRBOEENHESEE, KEERIRTF TR,

MPL St T =EARAFEREATIEFELAHBWEE . AREFRBH R count B8,
WABIRHA, LK MPI_Pack Unpack ¥, RITEENE count S8, BV LIATRHE
SRBUHTRESERAR —~FZAMMER . AFTRITEHE B AEBELRMA T L. EIH
F, BITKE S QIR SRR A M AR AR A MPI_Pack Unpack EEEIT B,

#£ MPI 2, i3 [E B A BB T MR R A R ENTENFE R RNV E, TRESEXER LA
FEANFPEETNEEES. HFEEHAR . MREZEHENEENELBET LR KE
WEPHIETMESHHENAE, ST AERBEIHEREHEZHEANFPERETRRERR, X
folsth, BRI R BORT DAZE BRI T 4 s S e SR T 4> R B E 17E WA ISR B Arstshit b
B, ERERAEEEY, BEEA MPI_Bcast BE=K: —RST AR S o, — S BE
Wi b —IKITIEBIER AN n, A—-FERTERE: B - MEMATRERELRRY, REIER
B double KARIIEM—1 int HKERIBIEAM ., XHE, RFEERFAMPI_Bcast —k, #O
SHBYF, o, b H o E—REBOAR P ERZEE; MERXMERS, XK &EOR P
B,

Eati, —MRAESUERRRE —RFIM MPLEARERBA — 5g prn
FMRERB RS AR . TERTBBRAENPIT, BRE0 S . "
HBEAR o, b A n LN HAE NI R - "

7R 4 T IR A O S B T L i B R - "

{(MP1_DOUBLE,0), (MPI_DOUBLE, 16), (MPI_INT,24)}.

BH—XERERNE N TEEHEIELE, E_ATERERBETMHEY T 442 EHRE,
BIIRAEZEEMN a FFih, W a RN 0, HATEARBMN s WERMNEFIHE, RBELUZF
TN, BB D R a MR R40-24 =16 F¥5, BB c IEE a MR n =48 -24 =24
F4,

FATTLUH MPI _Type_create_struct cREBIB AR ZRABIERB K TERNEARNIESE
WEAR .

int MPI_.Type_create_struct(
int count /% in */,
int array.of.blocklengths[] /% Tn %/,
MPI_Aint array.of_displacements[] /x in x/,
MPI.Datatype array_of_types[] /% in %/,
MPI_Datatypex new.type.p /% out */);

2% count FHHEBFIBABF LR N, FFUERMTOXDMTFF, BENEZEN3. 81 M 84S
HEA count NMmE, B4, array_of_blocklengths fiFAMMBIBEMTERE 1
WA EFHA, B, MRAE-NERE—NE5 M ENEE, B2aE:

array_of_blocklengths[0] = §;

BEERNQBITH, BAHTRELRE, BrIAa AR RE .

int array_of_blocklengths(3] = {1, 1, 1};:

MPI_Type_create_struct BE=1"2%array_of_displacements #E TEE N AN
BENRBER, BACHFEN, LA

array_of_displacements[] = {0, 16, 24}:
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HTHRE XM, ST MPI_Get_address pR¥K:

int MPI_Get.address(
voidx location.,p /% in =%/,
MPI_Aintx address.p /% out */);

EREIFE Tocation_p FFrEE M NFRITH ML, X MFHRBRE MPI_Aint BBHAE, ©
MKERUFERZS AL, Fik, I THE array_of_displacements BHIEAME, FATATLU
ATEARE.

MPI_Aint a_addr, b.addr, n_addr;

MPI_Get.address(&a, &a.addr);

array_of.displacements[0] = 0;

MPI_Get_address(&b. &b.addr};

array.of.displacements[l] = b.addr — &a.addr:

MPI_Get.address(&n, &n.addr);

array.of.displacements{2] = n.addr — a.addr;

array_of_datatypes fFFAEMRITE M MPI BIERR, RATTLIE X
MPI_Datatype array_of_types[3] = [MPI_DOUBLE, MPI_DOUBLE. MPI_INT}:

XYL TAESERZ )G, BUAT LUES R A B LA R e AL
MPI_Datatype input.mpi.t;

MPI_Type_.create_struct(3. array_.of.blocklengths,
array_of_displacements, array.of_types.
Rinput_mpi_t);

FEE B RBCTRY input_mpi_t ZHj, RITLICR—TREERAEERE:

int MPI_Type_commit(MPI_Datatypex new.mpi_t_p /+ in/out =/);

B AW MPLEEEN 77685 RBUAE R X —BEEAE, MABERMHNTER.
B, ATMAnew_ mpi_ t IPFHEWEAR, FEES/ B EAHMPI_Bcast:

MPI_Bcast(&a, 1, input_mpi_t, 0, comm);

BTEA, BRATAT LUMBEEA MPI ) EASHRISE — R LA input_mpi_t 381,
TEHEFBIERRANT RS, MPLLHATREEE NSRBI NFMESE, Hik, BRIME
RAFEBEERRET, oA R E BB

int MPI_Type_free(MPI Datatypes old.mpi_t.p /« in/out x/);

XE, RITEALRSRE L TAILIg Get_input sREUAAR Build_mpi_type se¥, X
— MR L BB YT A Get_input ERELER 3-13,

3.6 MPI ZFaItEaE T

BTk, ROVSIER - MRFERFII. ERERFN, RTEERFITL, By
BRINFEMRAF FER, FHTRFLRTRFEITEER. B4R M MIERX— SR RITE
2.6 WHERIWE T XA, AriAR]5E R B — e B2 A,

3.6.1 itmt

B, RIIASXEFNTTHETRERBSITHFRERGN BRGE, Fln, £84 - HEfk
B, BRIOT—BASI AR B RETIE RS BOGE, 7 QXY 55 bR A Rk 12 8B
BRI RBIGER . FIUREERIRAR, MASKEA, it REEEFRBAGERFTZTH
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. MPLRYET XAFE— K3, MPI_Wtime, BiREIMGER— AT 6 & B

double MPI _Wtime(void);

BEF 313 ERREMBHABL Get_input B

void Build.mpi.type(

doublex a.p /% in %/,
doublex b_p /e in %/,
intx n_p /x in %/,
MPI_Datatypex input.-mpi_t.p /% out =/} {

int array.of_blocklengths[3] = {1, 1, 1};

MPI_Datatype array.of_types(3] = {MPI_DOUBLE, MPI_DOUBLE, MPI_INT};
MPI_Aint a.addr. b.addr, n.addr;

MPI_Aint array.of_displacements[3] = {0};

MPI_Get.address(a.p, &a.addr);
MPI_Get_address{b.p, &b_addr);
MPI_Get.address(n_p, &n.addr);
array-of.displacements[l] = b.addr—a.addr;
array_of_displacements[2] = n_.addr—a.addr;
MPI_Type_create.struct(3, array.of_-blocklengths,
array_of_displiacements, array.of_types,
input-mpi.t_p);
MPI_Type_commit(input_mpi-t_p);
} /% Build.mpi_type %/

void Get_input(int my_rank, int comm.sz, doublex a.p. doublex b_p,
intx n_p) |
MPI_Datatype input_mpi_t;

Build_mpi_type(a-p, b_p, n.p, &input.mpi_t);

if (my-rank == 0) {
printf("Enter a, b, and n\n");
scanf("%1f %1f %d", a_p. b_p, n_p);
1
MPI_Bcast(a.p, 1, input_mpi_.t, 0, MPI_COMM_WORLD);

MPI_Type.free(&input_mpi_t);
} /% Get.input /

Xt —A MPIARES B #1730

double start, finish;

start = MPI_Wtime();
/% Code to be timed */

finish = MPI Wtime();

printf("Proc #d > Elapsed time = %e seconds\n"
my-rank, finish—start);

HREBITRBEEITHN R AT ELESE MPL &, 7£ POSIX Ehi#g—14 K gettimeofday
R, EREASENE-RESBHNAZETEL028, BEAKERFAEE, £L30H
timer. h HRHET —AN% GET_TIME, fRWTRIRBHMIE FRIZIMH . BEBEEANSER
double HHEIAY .

#include "timer.h"
double now;
GET.TIME(now);

PAT GET_TIME J5, now BHhoriENd B MAL MEE, WRFBEREHESTRD
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R EDRetE, wTLLETTT AR
#include "timer.h”
&oﬁbie start, finish;

GET_TIME(start);
/+ Code to be timed =/

GET_TIME(finish);

printf("Elapsed time = %e seconds\n", finish—start);

A—RTERANE: GET_TIME B—4&, FIUABER&EN HERBARNALES, B
B, EREEX double RIS EBATIRIE, TR A double KAIBIBMIEE HTHRME. I
5h, timer. h RERGEMRINBEEN, MREUAERFIERFFN YRR AN, Bt
AHUEERRESEHILREIE., A, timer. h 7 /ome /peter /Mmy_include BERTF, R
FLUT a2k gmid— A GET_TIME REHEFF.

$ gcc —g -Wall —I/home/peter/my_include —o <executable>
{source_code.c>

MPI_Wtime 1 GET_TIME #RiE B34 Lot 4ratfE]. EIE—T, CIEFHH clock BREUR B
&2 CPU BT[] (EFEAFAE. ERBURRE AR HFENRE), BEAQESREE,
MEHTERFD, REFRTHEZRERRE. Fln, AR MPI_Recv &IHFEIR B MBS
HEWEX, TR EREES T RRERMEaE, SFESRERRE,

BT —&REEAFRR, B, WHER, FABRFEIENHEBRRE K comm_sz &f
|, BRMNFERBS 1 SaaMmatE, BEELR, FANABRRNTFHSTERERE, 48
JE— MR REER, SBRBRMAFHRBEIRE —MERSRZ AR EFHE, RaEd, e
BIRRT “Hi8” #BRERKNNE, X—iEFART2HFE, HRRMITERIENA ERE
FHTR—ARER, BhEgErBEnagRnE, MPIRESEERHE MPI _Barrier f26
BRE—TEETPHRRAERRTRARZRRZA, BAHBREBRITER, ERERE:

int MPI_Barrier(MPI_Comm comm /x in x/)

T X B AT LA SR — B MPL 257 #H 7 IR & B fT it e .
double local_start, local_finish, 1ocal_elapsed; elapsed;

MPI_Barrier(comm);
local.start = MPIWtime();
/% Code to be timed x/

local_finish = MPI Wtime();

Tocal_elapsed = local_.finish — lTocal.start:

MPI_Reduce(&local_elapsed, &elapsed, 1, MPI_DOUBLE,
MP1_MAX, 0, comm):

if (my_rank == 0)
printf("Elapsed time = %e seconds\n"., elapsed);

Hrp MPI_Reduce R MPI_MAX 2R, EFREWHMASH TR EBARM Tocal_elapsed,

2 ERA, RN\FEEBRBRIMNAEA. REERNBASH—H, #BEHERE, B77
REWBAEEUE, BERETRA—-ERF, IRATRLSAIZTHEIAETH. BIRGEHSE
W, LHERERGZKWER, BATHAN, X—REMHWEFLE, GEEFATRESTELE
“TTHR” REFTER, RIBEFESMERIBSTHRIMAZFHEE (BEAESHER, #
H (5] :

[121]



82 - FTHRAFRITS®

BjE, 4 MPI BFETESHKLERYRERE LN, EEMTREREBT—1 MPLER,
AT AR S R R3S, MRS EAZEITATE, WAEBAETR AR,

3.6.2 #R

#3-5 REEM - MBRERFHITNEGR., SAEER—TE, W W UZBREAM, FHRE
B2 AN, comm_sz ¥y 1 W ARRESHANFRET RN LETRTRFNNE, &
R, WREE comm_sz WE, WK n, ILAEERI/PRFHSITHE RN, HBRBAERT
BB, n 3K FRAMEETH EEREREY 445, RMYHEBERSH, BAKXBMARLT

#3-5 K- mEFENBRITMHFTEFNETHE (R EY)

, BRI

comm_sz 1024 2048 4096 8192 16 384
1 4.1 16.0 . 64.0 270 1100
2 2.3 8.5 33.0 140 560
4 2.0 5.1 18.0 70 280
8 1.7 3.3 9.8 36 140

.16 1.7 2.6 5.9 19 71

WRRIIERE n, K comm_sz, MABITHHEWD, FX L, MFEBKE R, #
BEIEKARRE S — R BT, R, XSENAK R, MK comm_sz KEBHRKPER, &
N, X n=1024 B, FHEEHM 8 WK 16 5, BiTatEIBA HIMAELL,

XA R IE R A I ATIEI AR, HWRIPERRBHIE, B/76tRBHEZAELR, Tt
BE S, BRXANEE, MINERTUSRNAE (i REF— SRR, BTgE
HERIZIAE ML (HAnETT 16 N HBRMEN) . M MBHEBREE, STHESE—-THERB/N. R
i, REFEAFEBTHAETEESTFHRESBEE, 1024 REENFBLT, HHEEHM 83 16
A, RATHBEIXMES

XFMARKMERE . RTEFHBETHESMNMHETEFRNSTNEELRNEKR, Bz
—TF, TasRBBRITHE, BTFEBRRTRAE R, TAEERHN Tu; (n), RE, HiTEFTHR
6] Ty R TFHAME o FIHBEE comm_sz =p, MR Ty (n, p). B2 EELER], FHiTE
o RTRRM TAESRESMHE L, EXSEMBIINITE, RILFSR:

Tyw(n,p) =Tum(n)/p+ Try
7 MPI P, BNk 8 TEE, TRERTZ 2 REENREMERENEm,
BATERE - nBREBFIHAETH, FTENBTEEILSE 5T for EIRKBRE.

for (i =0; 1 <m; i++) |
y[il = 0.0G;
for (j =0; J < n; j+t)
yOil += Alisn+jlex[i];
} .
R SN2 REEEHTITH, NHRERESIAT n RIEM o KINE, Bi2n RFEER. K
RPATT m KNZEEI, WBAT L HXBEAE SHEFTE 2mn WiBE . LY m=nhf.
Ter(n) = an’
e BEY (F5~BEREFALUET).
MRBITERFBEIIT o xn EES - n M BHEE, HAFHTRERFFENHBHIT /P xn
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ERES n R RAER. §—1RANOERE - OBHERENT M /p RELEE, IESMEBRNTIE
BH#HIRT p &
R, HFITEFERITEAMER - mERER, FERAMPI_Allgather R#. HEKITH
Bl .
Tyw(n,p) =Tez(n)/p+ T.u;.um
me, BETHHBEEOMELZR, p HE/DE n BEAN, AXPRESHAUMNE Ty (n) /
po BERMHM p B/ (M0p=2, 4), AW p 1M1 £, KATTLISEITRIEEA>—24, .
Ty (4096) = 1.9 x T, (4096,2)
Ty (8192) =1.9 x T, (8192,2)
Ty (8192,2) =2.0 x T, (8192,4)
Ty (16,384) =2.0 x T, (16,384 ,2)
Ty (16,384,2) =2.0 x T, (16,384 ,4)
me, mEEp BEEB/ME (Wp=2, 4), REWEMr, HEUFSHMBITRFEF n HIHFE
EXRLE, Hlm.
T\ss (4096) =4.0 X Ty (2048)
T, (4096,2) = 3.9 x T, (2048,2)
Ty (4096,4) = 3.5 x Ty, (2048,4)
Ty (8192) =4.2 x T, (4096)
Ty (8192,2) =4.2 x T, (4096,2)
T, (8192,4) =3.9 x T, (8192,4)
XEMELERERN: HTEENESETEENEERE (B Ty (n.p) AFTF Tox(n)/p). i
PA T e RHPERE R R E LB KW,
B—JHE, Y E8/)., pEEKE, FESHNOSEAR, Flm.:
Ty (1024,8) =1.0 x Ty, (1024,16)
Ty (2048,16) =1.5 x T, (1024,16)
AR Yo EHBD, pEERN, AXPEN T, BEFRENSEL T

3.6.3 imELEFIRE
mE k2% FARERBITERMFTEENEZBNXR, BRRRSHITE 6 5476 E K
HOAH -

T..-
S(n,p) = BIT(n)
H#47(a.p)

S(n, p) BEBHGERRE p, AR S(n,p) =p, VEAHAE comm_sz =p MHBEHHITERFRE
THRLBTEFRpF. XHBERIMNHIVEEMEL B FLEBROBI, £3-6 AHTHE
B -MBRREEFEMPELTHIMRLER. Ep B/ n BANERLT, RNE/BTEMTR
FEMINEE L, AT, X p Bk, n BB, A0EE HNGEE /DT po BEH—FERE n=1024 1
p=16BF, HIGHIT 2.4 Y,
Abh, FTHRBHRIENTHENEERERZ —, EHIRE “S0#E" BmEL.
S(n,p) Ttaﬁ(n)
En.p) = PP =PX‘T#ﬁ(u.p)

AUMERHYTHOTERp/p=1.0, BE, BERHBNF 1,
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126l

#*3-6 FITERN - AR XML

ERN%
comm_sz
1024 2048 4096 8192 16 384
1 1.0 1.0 1.0 1.0 1.0
2 1.8 1.9 1.9 1.9 2.0
4 2.1 3.1 3.6 3.9 3.9
8 2.4 4.8 6.5 7.5 7.9
16 2.4 6.2 10.8 14.2 15.5
R3-7 HTER - ARREHBE
SERERIR
comm_sz
1024 2048 4096 8192 16 384
1 1.00 1.00 1.00 1. 00 1.00
2 0.89 0.94 0.97 0.96 0.98
4 0.51 0.78 0.89 0.96 0.98
8 0.30 0.61 0.82 0.94 0.98
16 0.15 0.39 0.68 0. 89 0.97

HI-TBITHERE - QBRFREBFOFTHE. H—WERA, Ep8/D. n BRHHERT,
FIEMEHERRE; MR, Ep BX. n B/MIFERT, EEEABRERE,

3.6.4 TWHEYK

RITHER - MBRENBF LSS o B/, p RANBISRKMEMEL, FBRERNREREX
AR—AHERFR? AEZHTEVRERA Y RYE” REEXME, Hutil, RS-
BU—ERERE A, ERREAE R INTREE, BARTLUANBFEETYT RH.

XM EX R WUZAET “FMBEMAELU—EHERER-" REFIHTRF AMB, B
Rp=22, AEEEBHHAK, BF A KBBERL0.75, AS—1IHITEF B, p=22 H1000sn<s
625p, BFF B KIRE R n/ (625p) , MBEAIN “E X", BABFHRETT RN, WM TRF A,
HERFR TR Z B R AR N A0 0; WX TR BRUL, WREM n WER 5 p —H
R, BaRkESRF—MEEHHE, FlI0, n=1000 Mp=2 i, BHHFEH0.80, MEEpH
WAEBIME N 4, FInEBMMETIRER n =1000, FLABRFHBEESHES0.40, HE, TR
IREHE n tuighn 1 £53) 2000, AABENBRFHBERBRELIFFE0.80, FILANXEXE, B
FF AL B R FY Bk, HEMEBHRERNX TAY RIE XL,

FER3-TPHHTRE, TUBIEE - MBEREBFEELDE5BF A KRNI R
te: ARBHEOAT, YpiEmet, BRBLER. H—HE, XMIHTERFALEMUFERF B:
Lp=2, L2 R MEHFERRME p Mo, HITRERLRRT, MBI EELEp N2 KB 41,
HHHBERERE AT RN, —BEBREp BEEFKHHELT. Hp M4 HAA8, &K
EN8IKF 16, n LI2 WAEBIEMN, BFRAFTHEOSEM.

ERF I LEAEMESM AT R T ARMEERE, MARBFHRIWEBTY B, 4
EEMEEM, B AHBECRERBFREN, WABTT R, BF A RiiE, BFBE
JGE, RITMER - mEREBRURBTY BN,
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3.7 HITHREFEE

FENFHRANFERGE LML IATHFRREE? “WA" M B SRR tA7 BRBET
TFEHFOREFHER, TUEBRFFRSGERN, SREMES M #ERT, BTl R SR
BB, A, BIDRTE— MO HREENIR, RPREESRAS I MHE L ERE
YR 3.8 t, RATHFITE R RES LS — M HBRREE.

REHA n ANMREE, p=comm_sz MR, KENERSE/p MRE (SWE—#, BE
n BB p BER) . FRERET, RXSERLLiR(A /3B RIMRA B ELARR®, SRR RS TR AT

o BAHERR FIBENZUFFH T M,

o #H0sqg<r<p, MABRAHRE ¢ WE-MRENZNTFTHRAHRE r NE—-MEE.
FriL, iRk Rt R SR ETREHS] (BIERARO MEE, HERE LB, DILRE),
FrA MR E BT LRI FHES . AT RIERIAHFER 1, BIXRBEBELEN int KH,

3.7.1 HRMBITHFEZE

FiRHEFRT, ERMNABFE - HAENBTHFEE, TRETRAZHRE R RHTFE
(WA 3-14) , ¥4 o FHERHFHRME, BAHMFREERHHFEFORE, Bl pHEn
ARME, BEESTHETRERR/AD: alo]5all]tk, ali]fal2]te, BAsE3eHE, RBETHIM
FAX, REMZHRAE, 4 1ist_length=nnt, BE-KINBEFBEHE, FHIFPHRAE
wHE aln-1], FEBHERBE— LR, HFERROTEBA a[n-2], KU, BEHF
Tist_length Mmid, BRSBEESHFFHNTELZEERANER,

B 3-14 BRITEEHF

void Bubble_sort(

|

2 int all /= in/out =/,

3 int n /% in */) |

4 int list.length, i, temp:

5

6 for (listlength = n; 1ist.length >= 2; list.length—)
7 for (i =0; i < 1ist.length-1; i++)}

8 if (ali] > ali+1]) {

9 temp = afil:

10 ali]l = ali+l];

11 ali+l] = temp;:
12 }

14 | /= Bubble_sort =/

Hoy HEA B BT HER S, O ERBEEEURA. Biali-1]1=9, a[i] =5,
ali+1]=7, BELEHEI S HAH, RGHBEI M7 Rk, 825, 7, 9 89H5l, A
B, WRUEREAGREIFWN, Hln, SHES M7, BHEIMS, KEREBAINFEILES.
9.7, Hilt, “HE -T#H" HWIRFENBEENEREEFEE,

BRHFN— I EHEFRTHRERF, ZEEEIE STk, XBETHBRLLE - Tk,
E B —-RPIM R AR, XEHES 2 FRE, FERHEYEL, i - Mt LIRS 4T

(a[0],a[1]),(a[2],a[3]),(a[4],a[5]),,
T 4 B B ey AR B0t g AT LU - A0 e
(a[1],a[2]),(a[3],a[4]),(a[5],a[6]),,
XBHAN/NIF -
Frik: 5.9.4.3
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B HLER - (5, 9) (4, 3), H|FFIS. 9.3, 4,

FHME: LB -ZH] (9, 3), HBFIIS. 3,9, 4

A LB -3 (5, 3) A1 (9, 4), KIBFFI3.5.4. 9,

THEK: KB -XH’ (5, 4), REBFIIZ. 4.5, 9

XA E O BORHEF IO TR 3R — BRI, BB RERES L, TEHHX N ER
RIETRIZZH n ABBHFE n MK

BE: RAR—AMAH o AREATIE, HAFBIRBATZGRAN, R2A2HE 0 AR
B, ARBHTA,

R 3-15 B T — B Tar BB i T R

BEF 315 FREFEFNSETARE

void 0dd_even_sort(

|

2 int al[]l /= in/out =/,

3 int n /% 1N ®/% |

4 int phase, i, temp;

5

6 for (phase = 0; phase < n; phase++)
7 if (phase % 2 == 0) { /x Even phase =/
8 for (i =1; i < n; i +=2)
9 if tali-11 > a[i1) |

10 temp = alil:

11 ali] = ali-1]:

12 ali—=1] = temp;

13 }

14 } else [ /x 0dd phase */

15 for (i = 1; i < n-1; §i += 2)
16 if (ali] > ali+1]) {

17 temp = al[i];

18 alil = ali+1]:

19 ali+1] = temp;

20 }

21 }
22} /« Odd.even.sort x/

3.7.2 HTHBLHARE
REEHE . FEKHRHEFTLEREFESHTH, BERE—ITBRAIE ML - X
ERBE R BT AT
LB Foster JTAH R ZATREMIIME, X BREF—4:
o E5: ENE; GRMTE al 1 E
o B2 WE a1 JHMESTESHMBE a[ 1 +1]18kF a1 -1 IWEFHTER, H
W, FERTB) GRE, a1 IMERERRENB +1 SRaHE al 1]1#1E,
Bl 3-12 B/ TX—3, BOITAH a1 R4FEHRE a[ 1 [EKES

CH=ED @I
D @D e

E3-12 —RKHFBEHFPEFEERG. A el i I RIFICHE al 1 1MENES
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RIMNFEE.: EHFERFHMERGE, K8 HBIE/p TRE. FHiL, EXTHEL
T, BEPHREMSIRBS B RBAHBRREEN . LRNEELUTHFEL,

Yn=ph, E3-12FEFFERMHERT HEERMMAHTHR, REGER, #8 aJHYSRTH
CHf o[ 1 [MERRAHR -1 SEHB i+, AN, ERMZERFEERR -1 EHE
+1 BfE, RETREREFANETHTARAT B B

R, BELLE, AKAGEEn=p WIEL T BT ZEL, HAAATERANE LTS,
FAh, EMEAXHKAES:, 5 -KIE - Hkn, REXMEEGEESERBS R AHEE™E
MR EfTRI A, 124, EEFHEE “RE” HE (I ") TR,

BEHNHEBRFE/p>1 DT (o BES p BER) ., KERHBBERFR? XEF FTHHGIT,
BIREATE p=4 MR, n=16 MBE, FRR3-8, MWOELAFEMHBENREEHREN ST
HEFHE, GnA CIESEM gsort BN REMEEH#THF. BE, NREIMHBRE—-ITE,
AB 45472 O FHAR | LR, HEHR 2 FIEE 3 SHMEE . RITIAELHE 0 FIHE 1 THEER,
R 2 AR 3 RHBE, MAHABOMRESH 4 st B | PRIB/IHITE, MHRE2 WA 4
SRR 3 PR/ PIT R, XBRK 3-8 13 TR, BRE-THEBRPRE I TEN
BlF, 7EBTBL L, #HRE 1 MR 2 ZHITK, MHARO AR BEREK, WRER1 FHERIY
—SeER, MR 2 WHBKH—LTR, MARBBR3-8 FEITHHR. REiLREHRE
BETT 2 OB, BEERBHITFRgIR, e MNERMRELUAFHES, HE, e<r, &
ML g MRELE/ D TRETHIHE - (8 E.

Hx b, RIVFENHFELRZREMEERENNIELT .

#3-8 HANFRLHBHAE

priz: S
B (8]

0 1 2 3
Tk 15, 11, 9, 16 3, 14, 8,7 4,6, 12, 10 5,2,13, 1
RS 9, 11, 15, 16 3,7,8, 14 4,6, 10, 12 1,2, 5, 13
B0 S 3,7,8,09 11, 14, 15, 16 1,2, 4,5 6, 10, 12, 13
MBS 3,7,8,9 1,2,4,5 11, 14, 15, 16 6, 10, 12, 13
ME2E 1,2, 3,4 5,7,8,9 6, 10, 11, 12 13, 14, 15, 16
B3 S 1,2,3,4 5,6,7,8 9,10, 11, 12 13, 14, 15, 16

EE: wRdyp MRABEFHTHFBIBIALE, Wp ARERE, WAFAHATE,
FAEEN T ATHEYREE 2 B

Sort local keys:
for (phase = 0; phase < comm.sz: phase++) {
partner = Compute_partner(phase, my.rank);
if (I'm not idle) {
Send my keys to partner;
Receive keys from partner;
if (my.rank < partner)
Keep smaller keys:
else
Keep Targer keys:
1
1

R, FEILKBILRE N MPLEFAT, RIMNTELBEE - LHTRE,
B, EAEEMZETHA-MHEBNARS? A HEBRSHN, BT HE RS

=0
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27 TE{EHME, #BRBRTHESHES my_rank -1 SHBEIHTER, MHERSRERMN
HEE ny_rank + 1 SHBRESHETE; EFREERER, LRRXTEFHER. AW, XFEX
AR TR . B my_rank =0 &# my_rank =comm_sz -1, IBAEHEMNHABSHLE -1
®F comm_sz, & partner = -18 partner =comm_sz, IAEHKBNZESHK, TR
# Compute_partner X@RE - MHBREZEMN,

if (phase % 2 == 0) /* Even phase */
if {(my_rank % 2 = 0) /x 0dd rank x/
partner = my_rank - 1;
else /% Even rank =/
partner = my_rank + 1;
[131) else /% 0dd phase %/
if (my.rank % 2 1= 0) /% 0dd rank */
partner = my_rank + 1;
else /* Even rank =/
partner = my_rank — 1;
if (partner == —1 || partner == comm.sz)

partner = MPI_PROC_NULL;

MPI_PROC_NULL gy MPI s XH— B, TERMAEFET, WEFrE#HRNE B iritE
MBS, e, FARABEGREESEEREE, Rar-EEmmiEsE,

3.7.3 MPI EBFiH=RLYH
MEEARRZ RN, RATATLLES A MPI_Send #1 MPI_Recv R LILEE .

MPI_Send(my_keys, n/comm.sz, MPI_INT, partner, 0, comm);
MPI_Recv{temp_keys, n/comm.sz, MPI.INT, partner, 0, comm,
MPT.STATUS.IGNORE);

BEXTRELSSHBFEERE A, E2—T, MPLIFHERYF MPI_Send LB fl A 8] i 77 =3k 58
. R HEERE MPLZEMNE X IR E, E ERIX K MPI_Recv tHBLRTARRH 2,
At FE MPLEEERIRE T RGN Z PRI ER )iy BE, BT/ B3 H MPI
_Send &np, BXFREEBIEREEHERN, WRSNHREHIEEMPI_Send £, MEHH#
BE&EPEM MPI _Recv, KN BFRSEMEERE, SN HERESHF - IFLSRENHH
KA,

KT MPL L Z LG RAREN, IHNBFEST - ERAERNEERE, BA
BB AT H b AR SRR B SR, XBEMEH MPI_Send #1 MPI_Recv, BFEARK S, A
BB n AR/, BFEEAFRE, H—HB o Z X, MEKFRSHERNTSBERESARIS,

XEG T a8,

1) —fkit, BAFARBR—ITBFERELZL2M?

2) RIVEREGEGHTABXHRAIFEFMNEGTRE, FHE2?

BRI 1A, RATAT LA MPLARER MR 5 — 1 R B E MPI _Send, X BHE
MPI_Ssend, X/MEUSMYFEE “s” RERF, R MPI_Ssend {RIET H BT I B WIT IR ET,
Ri&m—EHMZE, rLL, RITESHE MPI_Send H#h MPI_Ssend kR EBFREE L, ME
MASEMEM comn_sz, BFERAHEREZENG, BAERNBFRERZLH, MPI_Ssend 5

MP1_Send FAMSEEMEFRIH,

int MPI_Ssend(

voidx msg_buf_p e in %/,
int msg-_size /e in %/,
MPI_.Datatype msg_type /e in x/,
int dest /x 1n =/,
int tag /e in %/,

MP1_Comm communicator /x in x/):



#w3E HMPHTIARAERE - 89

FMRERBRTEREMER ., EREFALZ2NBERKARETZ M ARERNKEH
B, FRMEEER . RITEREMARZAINBEZRRERLF 0T H—-IFTFE “3FR
838", BNHR g B ¢ + 1 REXME, HR comm_sz -1 B 0 ZXHA:

MPI_Send(msg, size, MPI_INT, (my_.rank+l) % comm.sz, O, comm);
MPI_Recv(new.msg, size, MPI_INT, (my_rank+comm.sz—1) % comm.sz.
-0, comm, MPI_STATUS.IGNORE).

RMNTEEERIFANEFRE, F—ABERRHERLEANE, #ln, aTRBUK:

if (my_rank % 2 == 0) |
MPI.Send(msg, size, MPI_INT, (my.rank+l) % comm.sz, 0, comm);
MPI_Recv(new.msg, size, MPI_INT, (my.rank+comm.sz-1) % comm.sz,
0, comm, MPI_STATUS_IGNORE).
} else |
MPI_Recv(new.msg, size, MPI_INT, (my.rank+comm.sz—1) % comm.sz,
0. comm, MPI_STATUS_IGNORE).
MPI_Send(msg, size, MPI_INT, {(my_rank+l) % comm.sz, 0, comm);
}

R comm_sz BABE, ABAXFEMUBISBERIFHIR, Bifn comm_sz =4, MIHRE 0 FHRE 2
LAEMPERE 1 MFR3 RENE, THE1 MFERE3 SHERckAHE MR 2 MHEE. M
TR -BEE, R HER - MRFERAREHEE . HE 1 M#R3 RXEER
HERR 2 MR 0, WidhE 2 MR 0 BUCkA#E 1 M3 MR,

B2, %4 comm_sz RAE (comm_sz>1), XMHHATRERALLEK, BE comm_sz =
5. B3-13 BR T H M4SN —FATEMINF, SRTLRVTENER, BEAFLRTKERFLEE
EHTER

MPI 24T HOHEEEFH O, RITIEXREFRI MPI_Sendrecy:

int MPI_Sendrecv(
voids= send_buf_p /% in %/,

int send_buf_size /x in =x/,
MPI Datatype send.buf_type /+x in =/,
int dest /% in %/,
int send_tag /x in %/,
voidx* recv_buf_p /% out =/,
int recv_buf.size /+ in «/,
MPI_Datatype recv.buf_type /x in =«/,
int source /x in %/,
int recv.tag /% in %/,
MPI_Comm communicator /% in %/,
MPI_Statusx status_p /% in %x/);

®

@O o 1 @\® ® @
B#l’ilo BTI"JI B [l 2
E3-13 s M HBRZEMELSERE

BRI ER, EEaHPIT—RKEEXABEZEM — KB EEW, dest M source K
JUAFRGATLEE. ERARAZAET, MPLESH TEGEAE, GBRFAHEERRAR. R
MZERABRRESR, FEREHBSRARLEB/E, HET SR FAM MPI_Sendrecy
R, MRRFEMBWERAGRR—ABWHEX, 2 MPLERRET —RE:
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int MPI_Sendrecv.replace(

voids

int
MPI_Datatype
int

int

int

int

MPI_Comm
MPI_Statusx

3.7.4 HTHBXBHFEINEENE

buf_p
buf.size
buf_type
dest
send.tag
source
recv.tag
communicator
status.p

/%
/%
/%
/%
%
/%
Sk
/%
/%

infout =/,

in
in
in
in
in
in
in
in

*/,
*/,
*®/,
*/,
«/,
*/,
=/,

*/);

[34] FIELWIH T FHRBFITAERFREE:

Sort Jocal keys;

for (phase = 0: phase < comm.sz; phase++) |
partner = Compute_partner(phase, my.rank);

if (I'm not idie) {
Send my keys to partner;
Receive keys from partner;

if (my.rank <

partner)

Keep smaller keys:

else

Keep larger keys:

}
}

MEZLEMRABER, WLMEA MPI _Sendrecv SEBLH B HHEWAIAIL .

MPI_Sendrecv{my_keys, n/comm.sz, MPI_INT, partner, 0,
recv_keys, n/comm.sz, MPI_INT, partner, 0, comm,

MPI.Status.ignore):

BTk, MBEEMARMNER/BELEET . BIRRITREBRIWEE. B2, RIOFEE
2n/p NMRIEHFIRFFB/N n/p NMREE. — A BT 5 L5 RS R TR BT HEIX 2n/p 4
BEHATHF, REREFIRMAER. AT, HFZEXMITHELBERNRE, BARMNELE
2AEE np MEERCHRFIIIE, RARTERLESHFENN—FIFBAT UV EREITFH,
L ERALUEBELN, BARMAFTEZENHF: —BRIA TR/ n/p MEE, TR

T BARZBULER 3-16,

HTBUS B n/p NMRIE, RANTRRBRESIFONF, B Tocal_n -1 FF# M5 EET
WIRERH, BF, BF AR BeR R AN R8s (TR 3.28),

39 B "BRAMRA” FEIHRTABAEFEENBINE. TUES, MREBTEREZLHE
#BE, EAERAHFRPRETANSITHERE, IREHEF, MARTEZREF, REERZ
AbFEES b BT E AT AR o BRATPRAE ST RE 3. 27 IR A BT FTIX LE ] (8] o

®3-9 FATFRHFEENETHE (84 F)

. SENWE (R4 T)

R 200 400 800 1600 3200
1 88 190 390 830 1800
2 43 91 190 410 860
4 22 46 96 200 430
8 12 24 51 110 220
16 7.5 14 29 60 130
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BF3-16 FITAEHEFEERN Merge_low BRE

void Merge_low(

int my_keys[], fx in/out */
int recv_keys(]. /% in */
int temp_keys[], /% scratch */
int localon /x = n/p, in /) |
int pxi. roi, toi:
m.i = r.i = t_.i =0;

while (t.i < local.n) {
if (my.keys{m_i] <= recv._keys[r_i]) {
temp_keys{t_i] = my_keysim.il;
toi++; moit++;
} else {
temp_keys{t_i] = recv_keys[r_i];
Lo+ roi++;
}
}

for (m.i = 0; m.i < localn; m_i++)
my-keys{m.i] = temp_keys{m.il;
} /% Merge.low =/

3.8 /NG

HEfEEED (MPD), B—AATLAB C. C++ Fl Fortran BFFAMNEEE. FELRGHEH
mpicc 4gi¥ MP1 B¢, FHilid mpiexec BT EN]. C MPLEBFEEEMIE mpi. h B9k 304 A REH
FH MPI g LB R B,

MPI_Init pR¥{Er MPIRRF, ENZEEH M. H#BFAEM argc Margy, ATLLEE
£ A NULL,

EMPILH, —NEEFR—AHBNES, ZESGTHHBRZRETMUMELETNE, MPI#
FRshE, MPIAEM A SR AmMERET, #RA MPI_COMM_WORLD,

HFEATERFEHAEFSHIBR (SPMD) HFE, ASREARNABEEBARHEN
S3EA, BRET-NEFRESREBETENAFBFANE. F%E MPL/E, ic8EAA MPI
_Finalize ML EHEF.

BN — MPLHBERBERA R — 82, "TLLER MPI_Send %L, i MPI_Recv ¥R
FAkBEWEE . MPI_Send lBMSEHIR T BIEMNEMEM BRI, T MPI_Recv BEMSHE
R T RATHHEERRIBAENZE WX, AR ARECEE. MPI_Recv ZBRERY, BIVEMA MPI_
Recv &, HAIH B WS (HBFEEE—MHEIR) B, ZBHALIEE, MPI_ Send #4720 Wi gy
MPI fJSEBRE X, ERTLIRHZESER EXMNHEE . YTEHER, ZEHMMNBEREINEARASER
H; MRERHEE, MPI2BEEHZI A WEMSE, —BEH M, MPI_Send g4HR [,

WE MPLEFE, EREEN —SREXSBRBEEMNSRTERE., REFEEREHTEXLEH
WAERE, MERERMMEAT2REHE. EHERIENBRRE S, BENL2EEE 212
RER, BMHBREINE. ARESERBER,

KEBETEFERERN, ERERNEFAR-ABFETHRANBESINERE—#
B, ik, FHITRF—REEXMEE, MBEAHBRMTZET, A THEBEHIIMES, &N
AREEA R RS EZTEARNERF. Bit, FrEFEERELEN, AENEASBIAREN
i, R MPI BIFH A HBEAITOR B MR, RAGREFEITHTE HEMIPUFER
R, BAXAIREA, MPLEIFA—A R (#HE0) AFITNERERF LN FE, 4R, #
BRI MBS 2NN, AFFSTHBRITH& ANERKER.

135
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KBSy MPL LB fL i B B9 IR 45 SR ATERE] stdout #1 stderr, &M, f£8—1 MPIZE
ERR R AR (—Mfd A MPI_COMM_WORLD PRy 2 0) EHUM stdin B ABIEEE.

EABEAR TR EFHAHEEN MPI_Send #MIMPI_Recv, EW Ek—1TEFEFHHFAE
B, ATXHXFMEFEHR, MPI_Send f1MPI_Recv ¥¥ I AX RIEIE-

BN EENESEERKE MPI_Reduce fMPI_Allreduce, MPI_Reduce #fig< HEEM
R (WskeRERM) P ErsEE, MPI_AlTreduce M RFMAEF T HHLEHERES,

AT MPI_Reduce #9 MPI iR ¥, TTHESH RN SHLRIM AR HBENX f,
XBHUSRFEASHANE, MPI B0 TSRS HMESHHRE.

BAIFI TREEEMN MPL ESEFRE:

e MPI_Bcast NN #HEBEFI—MREFHHOFARBHEBRAEZHS, X1 REEEHFH,

Blan, #FE 0 M stdin A ARIE, MXEHIEFTELLAHMHIR,

e MPI_Scatter ZEZANHBEISE—MEHAMITE., WRBAR n NTE, HBEBE D,
ME—HE n/p MCEREEHBO, E_Hn/p M TEELIIHAR 1, DIHIEHE,

e MPI_Gather B MPI_Scatter ) “##fE”, MRABIHBHAETEHE n MLENT
¥, A4 MPI_Gather WM EXM TR - MEEWERY, ENHREBORETE,
RIGRHRR 1, LULAHE,

o MPI_Allgather K{l-F MPI_Gather, (BEWERAKTEHSRENBHHE,

e MPI_Barrier FikFE###&; AR MEGEFPOFAABREBZAEE, AERAA
MPI_Barrier HgrB# ARER[E,

NEANFRAREA2RLEREN, FUERS MPLEBFR, e o535zl
BENHBRERXEBLE, MTFLENFESHE, RIOTAFEHARRS . B304 Kk - 1B7FR
5o MREREEBRIHAE n LR, FEFE p MR, ARSI HEITHEN n/p M TLRA
HEO, BT EM/p MTENMAHEL, LIMAHE, BRYIFIUBERFX4ETE, F—FK
ROEHR0, LA TERSRHRL, -, Bp A TESEHERp -1, FHEFENp M LE
5, BAE—ITHBAHRSEE_SLH p MR, LULEHE, B - BRI HTENRLTERR
ST B SN HR

5RB X CPUMEFNERIEML, EXHENFHE “BR” M, mMAB, ARTERISMK
BREREZHHEBTUNTEITH, FUES I HESH I T HERERRBRFHNET
o MPI BT =5k BEREHPH count 28, IRAEHEAAIF MPI_Pack Anpack
R, MABELBAETEENEERMUAENENFEFHEMN G ERH R ERLBESHOR
. ERTS, RIEE LB T M ER MPI_Type_create_struct B R4 KIEHRE,
EIEF, RIS EMOFE, FAFEMPI_Pack Unpack,

YR TEF T EBAREN, RIT—BWXES TS ERENY 8% - afshatE”,
Bl T —B R EEMNE, CaBRAPAMAE. Eif. APrRBRAA RS RS iTE
PR ZS PRATE] . PR B e3R8 AT 8] GET_TIME FIMPI_Wtime, RijZ & time. h & LM
E, TUNEBHME TR, ERTRBPHERTENT:

ftinclude "timer.h" // From the book s website
double start. finish, elapsed;

GET_TIME(start):
/+* Code to be timed =/

GET_TIME(finish)
elapsed = finish — start;
printf("Elapsed time = %e seconds\n", elapsed);
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i MPLi24E T s MPT_Wtime SREAX GET_TIME, i m#fTRFILBITRFERESL, &
HEFLAT, RMBEEABHTLERLEI#HE, EREMHRZRAHGREE, MPI_
Barrier sR¥tREIEH T (EHFL R, AAEHNH#BESHETIE R THHAAHBREREAT
KRR, BRI RBRAR ST E MPL R F RS TR E .

double start, finish, loc.elapsed. elapsed;

MPI Barrieri{comm);
start = MPI Wtime():
/+* Code to be timed x/

finish = MPI _Wtime():
Toc.elapsed = finish — start;
MPI_Reduce(&loc_elapsed, &elapsed, 1. MPL.DOUBLE, MPI_MAX,
0, comm):
if (my_rank == 0)
printf(*tlapsed time = %e seconds\n", elapsed):

HAFBRFIE S — M EER, SRETRERBENITREREARL, Flin, BERLT
A — P EHRENHABRS AL R REET, Bk, RIFESKETERENAIRZEN
2R,

giitseatElfE, wTRARI AN b S M ORfG B PR, N L R BT E TR Rl 5178
A2 th, TRCEREME LRSS Mt aEELntE Kk p, BB, MEEHK
RE1, BII-BAMRKEX2FHER, HEKBEINERELRTEN, LHRE, Xp B/
i R EE A n BB KA, TR ITRFBITHEIN—a, BHNRRNERBTEFERTH
BIrEE] . 2 MPLREF S, T8k A TEA, X%p RAM - 800, FTAHHEZENE
BITATEIRIER 8, AN L A R AR RS, WM BMHE (n), FEHE p MO8, BB
Higw, WelURZFTEFERT RA,

MPI_Send BEW] LARE ZE B 7] LAE WA, IR —1 MPI BFHIEHIT AR T MPI_Send IE
EZEMRAA, WERTREN, XEFRETENABE-WHAHAMPI_Send, RiGHEAMPI_
Recv M1EBL. anRIAA MPI_Send RRAZH X, MAENIe—HHEEEBIMMA MPI_Re-
cv HiAA, AMXMERHAAGEARSZAE, Flin, #H20 fHE1 BEME AR, WEHE
EEHBEHEER, #B0LSFFHE 1 A MPI_Recv, Mt 1 M —HMHEEAE MPI_Send,
FFHEOFEMAMPI_Recv, B, #HEHREMT, WHEHHEEHSH/HAARENEG LA,

MPI B FERE @ B A A MPI_Send #1 MPI_Recv mMECERM B R HX 4., MPI_Ssend
A5 MPI_Send HMRIMISE, HE—EHMERAXMBRRTRE, XMHIM “s” FHAE
B ¥, R MPI_Ssend ) MPI BFRIFBERNMANEGHEERBTERT BT, Wiz
FREEZN,

— AN AZEM MPILBFALLENZMFEERIREN, BFALIEE MPI_Send M MPI_
Recv (3R (WBEFSHHR) SEA MPI Send, MHEAMMAE (MHFHFSHHR)
SciEF MPI_Recv, B4, ATRAEAI MPI_Sendrecv 2% MPI_Sendrecv_replace, etm@¥K
FEEREMBHR—KHELE, ENEERIIEBFASHBREIEY . MPI_Sendrecv Bk % METBUE v
FERARIMSH, T MPI_Sendrecv_replace NiE MRS,

3.9 3@

3.1 ZFERMERSFD, B strien(greeting)f&F strien(greeting) +1 RiEHEL, 2, -, comm
SZ-1 REWBHKE, 2KREMH AW IEF MAX_STRING f£# strien(greeting) +1
RERH AR RUTLIERX s R
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3.2

3.3
3.4

3.5

3.6

3.7
3.8

3.9

WA RS L, HAEGTE comm_sz KB n BIRMEA T, EWMMGHERSE (R n=comm_

$Z)q

BERSERFPRETRERTRY, BERLEHH?

mpi_output. c BT, BN HBRITH—THE. BRERF, ERFEEHARSHIFFITE,

Bp, #F0 S, REHE1, DUk,

TP EFENRB GG AN B

B, XEREHRKEFRIZRGESHRE,

H-MEM FERBA 2N THEAN

X X, § M TERRE

HAAF R XA AR EE XK, W

E3-14 fim, FEEHESIEN: mRT

B—BEE n M FHEENTLETIXH,

A FEEHBEEN log, (n),

Bk comm_sz =4, x 2—MHAF n=14

MLENEE

a. W] R R R 43 iR A — N R P A R (]
S% x WTE,

b. 40fA AERR R EE—- MR PR E LK « K.

c. AR b=2 K/ - B RE— TR WHRE S E « HE,

YRS 7 3 7 10 I v R ABSR, E36 comm_sz M n BUAEARGE B, MRBDIXEMRBSE “AE”,

W g }r BAEEN 2 3R, 48 ¢ Fr 18 2 SR B RUR A RN,

MEBEFETREE—MER, FSEM MPLESBEREIFISHMT 4.

B comm_sz =8, n=16,

a. W—SRECULIASER 0 B n M URMBA, EHEREA conm_sz MR KRB S5 &R
JSCELMPI_Scatter,

b. W —FRE SRS comm_sz M REM » MUE TR B HR 0 RF, BEMANESH
HEEREH MPI_Gather,

RE— MPILBFZAMBSREMEFELD REESEMINE. APFERA 2 R MIE,

BB O A B A HALER, HHERABHAR O HEMEE, HELAHHAROITEHE, BEM

BTk n ] IR comm_sz BER,

E3-14 —#EL Xk

3.10 ¥ 3.9 #y Read_vector /¥, LBREMAT Tocal_nfEX MPI_Scatter 82 A BEXREH

3.11

send_count I recv_count, R4 BFREEE#E1T?
R n MR RERN
Xo X +r +x,
X n MEUERBIZM (prefix sum) & n NERSTH:
Xp, Xg X, Xg+X +X, v, Xyt 4 tx
RATRME L FRREE SR —Bik, EARRKH o MK B,
a WIt—PRITEERRITE » MUERANITEN,
b, %H n MHBEMNARE LI (a) MEPRITHNETERE, SMIEREE— x_1 H.
c. ®n=2", ENEBRYK, Rt HTEE, RSB XEERFTL, GEXIMHTEENEE LA
BEEHE,
d. MPIE{t--MNEAEEEH MPI_Scan, FRITERIZM:
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int MPI_Scan(

voidx sendbuf_p /% in %/,
voids« recvbuf_p /% out x/,
int count /¥ in %/,
MPI_Datatype datatype /% In %/,
MPI_0p op /% in %/,
MPI_Comm camm /% In x/):

BZEREIA count IR GFAMTHRIE, sendbuf_p il recvbuf_p #RIZH EA count
A datatype BRSTEMABIES ., op Z2HFIMPI_Reduce H1i) op —#, RE— N MPIBFHE
A~ MPL £ A count MTEMBEVEEE, THEWEMIFITEILE R,
T RABREARE B SN SRY, ERRAREMY, RA p MR, 50 q B
g+ 1 BEHPEAE (HRBp-1 MHRE 0 RXEFE) . I —IBREBAEENAABHREBRENER.
KM AUTRBERALFY.

sum = temp.val = my.val;
for (i =1; i < p; i++) |
MPI.Sendrecv.replace(&temp_val, 1, MPI_INT, dest,
sendtag, source, recvtag, comm, &status);
sum += temp.val:
}

a HE—MPIBEFLAX—FHL, SREEHWHSAAMLTL, ©EHEREIfT?
b. EHRIAMET, THENNEE.
MPI_Scatter MIMPI Gather 7F7E—LEfR%&], BEMEA-HERR U A% S & U RS SR, R
RXEERYTE, B A MPI_Gathery M1 MPI_Scatterv 5XBj4 MPI 4. ZHE S mEIE
F, BBFNTTE RN, MER SRR AR » R comm_sz BRAIEN
a WE—-PRITWCEF, EERBPEL—PTHES, ERUTAHNEE:

int two.d[31[4];

TE X RECT WA IAEA, RETRAREETENHE . T bR B B A0 F BTAR

vaid Print_two.d(int two_d[JL], int rows, int cols);

MESEEHEERGIFRR, RIESHEN T AR RE L HRiIFG7
b. 2% CIHEHE (40 Kemighan i Ritchie [29]) BHBFF, HHESRAKEIFET. EHR
EA—A 2 4k C 3.
BAE 2. 2.3 IR "R RA, B “fTRE" FHE3. 4.9 VRN U - RBAFHA T4
BR&?
B comm_sz =8, MBx= (0, 1, 2, -, 15), HEFHRUBITBEAIE x HE A, BERRH
BB EEMERE x PR,
MPI_Type_contiguous ATRAMBAA P EABHILE, REAIRIREBELE, EHEERRE:

int MPI.Type.contiguous(
int count /% in %/,
MPI Datatype old.mpi.i /x in %/,
MPI_Datatypex new.mpi_t.p /% out %);

&8 Read_vector Ml Print_vector s, iLEATREEHEH—Fr MPI MOBUHE KR, XM EURER
FiEdE A MPI_Type_contiguous 4 s &Y, 7EE A MPI_Scatter 1 MPI_Gather &%,
count ZHIMENR 1,

MPI_Type_vector o] LAFSRA S04 H s BB S 4 A i R TR A BB 26, ek MER], 73
AR RFERN. TRIEEE.

int MPI_Type.vector(
int count /€ in %/,
int blocklength S In %/,

142

143
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int stride /% in =/,
MPI_Datatype old.mpi_t /% in %/,
MPI_Datatypex new.mpi_t_p /% out x/)

Bilin, &% 18 4 double REBIRA A x, RATBEL - MELRE, X0, 1,6, 7,12, 13
fERITE, WAL
int MPI_.Type_vector(3, 2, 6, MPI_DQUBLE, &vect.mpi.t);

BIEAN 3 MRS, BRA 2K, BERAIMERN 6 4 double BITTE,

H4E Read_vector # Print_vector ¥, ¥R 0 SREBURITENLASR - 1E3F R4 J7 B4y #I 80
M, HRERE. REGAMPI_Scatter 5 MPI_Gather %, AXH /R HIEH
MPI_Type_vector gI@#RBE LT MEAKERE (0 [23]), ## 0K Read_vector &
B LR, #RO0M Print_vector REEFMBIINEHE. HeMNMRE LA — & MPI_
Recv #MI MPI_Send siEZ B E 1% Read_vector il Print_vector FIEMH., #E 0 MR H
MPI_Type_vector A piMiEES, HAFE R count ERS LR SEFERE, BREN
BB/ KRNI RE G SR MR+,

MPI_Type_indexed sR¥(rl LARDRE VB EEHATENIRE BUERRE, EMWIBER.

int MPI_Type.indexed(

int count /% in %/,
int array_of.blocklengths(] /% in %/,
int array.of.displacements{] /« in =/,
MPI_Datatype old.mpi_t /e In %/,
MPI_Datatypes new.mpi_t_p) /% out */};

5 MPI_Type_create_struct A, MPI_Type_indexed pEHHER old_mpi_t KW, WAL
FURENRBBAENA, HHMPI_Type_indexed IB—MRAEFIEERY, HHTF—MERESNE
ZHAMWEEE, W04 x4 HEHE,

0o 1 2 3
4 5 6 7
84 9 10 11
12 13 14 15

EEZAMAMITRSFINO0, 1, 2,3, 5,6, 7,10, 11, 15, #2E 0 LUER—EHHANHTRFEA n
xn fERE, QUEIRAEMBEREE, FELSRA—KMPI_Send RXERERN L =ME0. HE1ELA
FIMPI_Recv HEWGX BRI TED

3.20 KB MPI_Pack #uMPI_Unpack 4T M4 A BB P L REBIWER NS —MF ik, MPI_

Pack BREH —RERX BB P RUER WX, G b X B LA BB AT LUR B3R
W, TTRAGEH MPI_Unpack Bl E b X I BEME . MPI_Pack MiBILN:

int MPI_Pack(

voids in.buf /% in x/,
int in.buf_count /x in */,
MPI Datatype datatype /% 1n x/,
voids pack.buf /% out x/,
int pack_buf.sz /% in */,
intx position.p /* infout =/,
MPI_Comm comm /% in /)

AT AR T E AR T A U iR B AR -

char pack.buf[100];
int position = 0;

MPI_Pack(&a, 1, MPI.DOUBLE, pack_buf, 100, &position, comm);
MPI_Pack(&b, 1, MPI_DOUBLE, pack-buf, 100, &position, comm);
MPI_Pack{&n, 1, MPI_INT, pack-buf, 100, &position, comm);
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3.22

3.23

3.24

3.25

3.26
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XeR position B8, MM MPI_Pack &Y, BN ZIEE pack_buf hEE—NalfRITER
rE; X4 MPI_Pack BFIE, ZB¥IER pack_buf EBRITBEE N TUHG RO E, T
BL, M3 0 ST X B RISe, P&t a LA MPI_Bcast:

MPI_Bcast(pack.buf, 100, MPI_PACKED, 0, comm);

HE, ATERITRE WX MPI HIEHKEE MPT_PACKED, BR7E, BRTHER 0 LISH, Hib#HBRAR
AL MPI_Unpack efi e .

int MPI_Unpack(

voids pack_buf /% in */,
int pack_buf_sz /% in */,
ints position_p /% in/out =/,
voidx* out_buf /* out */ .
int out.buf_count /x in */,
MPI_Datatype datatype /% in */,
MPI_Comm comm /% in */);

MPI_Unpack sR¥iLA MPI_Pack MR ML BHITERAME, M position =0 Wi B —RERERIE,
HARERSERE S — Get_input ¥, ZEBTELEHBRO LA MPI_Pack W¥, }H7E
HAnit AR EfEA MPI_Unpack s%,

FHBREMRMO AL L BRERAHEZI? RNEE - IEBREBEFNEANEIZEL? 4F
comm_sz 1 n BHE/SBTE] LB AZER? GREFER/ME . FREERPAIEHHT?

fEF MPI_Reduce AT LM BIF LT E/TEE, MEREBBENRE n? E—TH
NEFTESE) . FIEATRHE LA BB TR B P A . Lb A R S Bl infa e B TR BABIE, K
INHBERSEEAIT RAG?

RERNAHE MPI_Reduce BNFPEMARLH, ARIVFMEMHEATRMU-XROEH, WRHT

gk, BITARIEHEITRELL log, (p) MBEKEME, EA - XWH KA log, (p) B (p=comm_

sz), PITHERSERFRETHESBEG N n RIEL, FTRFHEMNETHBLE v
M, STERRASTHENTELBEENSRIN v/p MR, REEMA MPI_Reduce £
AHBETESRATHAREM, BRINFERT MO THERLIBFESETREAR.

Ty (n,p) ~a * %+blog2(p)

a b EH,

a SEA B, TRE3. 22 PR DIRIRE FSEITERF (0 MATLAB), @3 8/N %k
A3t a F1 b B

b. A LEMARFA (a) MEPHETEIN o, b ERIHAZBTEHE, XS T B EH
WHE.

BEERBREW T, HEEXBELITHMMABAEZAE count BN 0 MIFR FTRBBERET. R

A% L, Ycount =08, SEAHAHER? KERBENHALE 0 ZHHBENRSETEO BKE

Fregng 7

WF comm_sz =p, WAVANBBMMELLLRp, FRAFEBIATTNSER?

a. —MIERBRMEFTERE, DRI RBEMKNTES (BIRERANEHOE), RAE
BEA BB R IRIG L p EF R L7

b. BFHMEBEERT p AINEL, WHRIBRMEMEL, RIIWAEROIBFAERR “FIHERB
H” A GEIRBBRYEIE L, AULERRE? BIFA T RERTREFERHHHFL T REHE
P02 g

BITNHFEZHRAEFEEHEF — n TRFIEN, FFANBREET/NT n, Yﬁjb—/\w#ém%% m

FRMANFIRCETLHITRT, BERTZEO B,

a HE—HIT [s_sorted B¥CEHENE AFRBREEFC2HF,
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147

3.27

3.28

b. B RTHELREFRE, SHESINBERBRNUFIIRETCEHSER.

c. MEFIRBH n NTEREIER, BAREFIREEC2HEFHOSREBEELP AR
sreefRig TRkt ?

HEIATABEFEE O ME L AEE, BFRKEKREMELD? By RKG? BEATTRKY

EREAY RA?

BUOHMTHEZRAEF B, i Merge RBERAR/PRBATEG RE R R ZRBARH, 17

AliX — BB ST TR AR BB T R & B R AR 7

3.10 HWiE{EMk

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

A MPLEER 2. 7. | iR E AR, #2 0 EBURA KNSR, K ENSTRBHKHRE, &F
#HRE 0 TP KA B

BRRAIE —NEHTE CERMEVIERHE CE, CERIAKA 2 ER, BLEEPR, BEEHE
WEBT 32K 1 HRME, @FN « FFER., IR CELHPRTEHNEIBETHIAN (K
ISR E X)), W EE KA KRR KRB RS

HTFEASERKE_ o
SRERKE 4

FATAT LAGE X AN NS & BB B2 R AT o B9{E

number.in.circle = 0;
for (toss = 0; toss < number_of_tosses; toss++) {

x = random double between -1 and 1:

y = random double between —1 and 1:

distance_squared = x*x + yxYy;

if (distance_squared <= 1) number_in.circle++;
gi-estimate = dxnumber_in.circle/((double) number_of_tosses):
XA RIETE, BAEEATRIGE CCERHE).
RE—-TAFERBRIEMT 7 MPLER, #80ZASMNBREBKE, HEEM BA&A #E,
i/ MPI_Reduce R i m#ZER number_in_cycle MAREM, LR 0 TEIE., & PEMARL
WA BB REZEME A Long Long int BRENBUERFR, N THREBEHE « f51HE, XD
BERNHER L,
wmE—N MPI 87, RAWERGFEHWRITESREM, §EITH comn_sz &2 WREMEKRER, &
BB IERETT, WEZEFHERERTHA comm_sz M{E.
WE A MP1 87, RAREEFSEWITELREM, HEiHE comm_sz &2 MFRRFERER . K
TR EHEA T EEREMHED?
LA S W BRRMEF, HAPEREUSARAISER, #8 0 BEUNARNERM, REHEFLE M
HRDRBE, BEEMR »xn EF, n REBH comm_sz BER, RATRETELEEF T MPLREHMPI_
Reduce_scatter MR F s,
LW nxn EESHBARNERS, HPEFUFERRIBALSH. BREOBIHES I HERED,
iR, SR EBBNMERE, FEESR I TERERRAHAHARE, B} comm_sz M ELF
Fg, B /comm_sz BERRIEFEAIM no
ping-pong B—FhiE(E, HIBMME A EXBIHR B (ping) | ARG UL EHR A (pong) . Fit—B
[ FE I EE ping-pong FIRKBRBMAITTRZKEFIBTAHME R L. ERNARE LA CIEFTH clock
PRSIt —A ping-pong BIFHYETTAI[E], 7€ clock ¥ HAE O HIETTHIEIRT, BEFEBTEA?
Fl clock lRBUSRIRTTRTE RS M MPT_Wtime BB METIE ML, AERMKH]?
HATEFHHEFF (merge sont) BIFEFIRET, ¥ n/comm_sz MEENRKABNHE, BFEERNH,
A KBESIEINFFREEHEO b, ITHIAXSR, EFATRINEHHE2RSNBFRAAZIN
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WREHWEFEN, YHEBERD S - HBNORERN, ERXRESFEACHEFHRETIR

o, HE—TERFEIITEHF . HEOBKEA « (E, BHI"BAHARR. 8 MHBRTE

H FAREVLEE SRS R AR n/comm_sz FRE int WEEFIR. BMEREHFZANRARIIR, R
R 0 WARIHTELX B RIIIER, R, ILHBREANPARERSIHLRIIREHRO0, T
ENRAGIR

HE TR ERESHN S BT AT ENAM . MBS 877 MR 2 R IEFHR

7, RRUEZKAE? RIKE? 143
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An Introduction to Parallel Programming

Fi Pthreads 3§73t 5 A 17 4a #2

MNEFRAEE, HEAFRETHEELESEMEBGHRAFAHNFXS (LE4-1),
Hik, HEgMEEBE TN Tk, REEENARFRE®RN "2, XRIHfTHESD
HWIK . B, RIS ELER.: MMARLEFANFTEFRERLEERTHRET
B EARES, RIISEINHHEAFTEN—LEE, XERBSESHXREFRBKEE
NGB

l { ] l
I % |
HTF

E4-1 —IHENFERG

B, EFE2EPRNED, WRARHLEZIESRXEFLEZRNERE LR EHH
#, BALRHEEXBHAETETN ., RITEXNHEAFXEHTEFRHRBEFRIBERR
(critical section) , ZEABH, WATEFBIM R X K — L4, I 2B HIF X U5EH— L&
T,

RITEH TR ZNFRENHBEENED, EXEAFRES, BOE-TLES LD
—MRFLFIFRALE (FET MPL, 7 MPI fHCH#E), RIVEIWMRILLE, itEBIE
BAEHMERT M TSR RMNFEINMAL—-IMREBHF ARRRE BB FEAN K486
%, BRITHBRBI—FE, MigFXRBR. KW, BMED, BFPHHEETHR, TN KRABE
BATERLAL TR, WL BF R EZMIAR LT, RITED, FARHEZFELRL
S ENFEFHOEERK, &5, RITEEFD, EEZNFEAZE “SFRE", TS
BA—BEEHROGER,

AEMH POSIX @ REBERLHAKENFHN, BS BRI HENFRBEF E:
OpenMP,

4.1 HIE. Z&FEF0 Pthreads

B1Z%% 2 HRFIWIEATRE, KBEE—ESBRE LS MPL#HREM, RN, K&EE, €
Gl RREBEMNHRE, #REREEET (RER) NEFH—ALH, BT THRTABSYS, EF
IECE
* tRE
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B,

RRENH BRI FRBRFT, R RE.

BEER, B RFR BB AR B I

BRABRSNER, IHBRTESETRELESHFLEIRRE, FEBPHAE
(AEBFETRENE) %,

EREERGEF, ERURET, —MHENAEREAEN. Hb#BEEEENN, B
EREREHTTE . XARITRABNY, MEFEFAIHRESERF (—MNET X%
HBMNHE), BEAFENERE (5—MHB) B XHREREHEANRNERE, X—T
EZRAPRETERNEE, — MR MHERENAS RFIRHALR P #BRE NRER,

R, XEHFAERINEZAXZEANEEFHFTITEN, REBET, RINFEFEKE
A HBRERAHAN, Hit, BAMILERE “HR” AT HREEMEERSHENAFRE,
TS tE X, HmtzExt stdout iFAEl, B L, BT E1& BHEE M
BEHEESSN, I THE, ENEXRLTUXZEREFEMXE, Y THEEHE, —BRAKITE
2: Ba— 1 iR, AEhINHBERIE “BER” #8E., BRAERHAHBL,

FHEHANAREREE, CRAT “BHARE" MBS, EHEEEEFTH—MERFET,
HUELNHBRFHAREEHRAERZAFENEF S, — 2P LA E MER &R,

BMNZA#ED, AEFAKE POSIX KEBE, HhEEFRN Pthreads 8% %, POSIX [41] £
—ANK Unix #/ERS (40 Linux, Mac OS X) FERHERE, EEXTHRENUBTTFIERESE L
BTitE, REREEX T —ES4£8RBNEARFRERO,

Pthreads NEHBIET (40 C =X Java), MRS MPI —#¢, BIHA - AT UEEE CRBES
M &, 5 MPI R[E&, Pthreads i) AP1 24 7E X% POSIX I &4 (Linux, Mac OS X, Solaris .,
HPUX %) EAAN. 5 MPILRRMNE, NEHANSRBHEBLAMRE, 4 Java threads, Win-
dows threads, Solaris threads, Fr A HWEBERER IFHF—MEANES, I—B2E5 T @A
Pthreads TR F M &, FIHMER APL BRI T,

Y Pthreads 2 —A~ CIEFE, FFLABTTLIFAZEC ++ B, R, HMENC++ {EZAE
KEE (C++0x) EFED, WIFHREC ++ BFEYP, XL E L F Pthreads EHE
A1,

4.2 ‘“Hello, World” #FF

JeRFE—A Pthreads ¥, HERF4-1 %, TRPBPHTENEE, BIKBITEA—-KHEL,
RiaiB o

4.2.1 BT
WIFZBFHTESHFLEN CBFR—HN, RIET, HFEEHE Phreads KB ©

$ gcc —g —Wall —o pth.hello pth_hello.c -Ipthread

—-1pthread EiRfR % iF 2%, NI E 6 8 Pthreads KRB FE, F &, B - Ipthread M KX £ -
Ipthreads, ZERERE L, LHT/M - 1pthread {MsmiFEH S A EEEIRE,
BEETHREFOER, RESZA

$ ./pth_hello <number of threads> 153

© ETHS S Rshell RAF, XNMFSREFETHN, HAPARLEA, el THWH, BEFEM Gl C KT
#gce, HE-HEEBET -9, -Wall f1-0, W29,



102 - #ITRFEITSE

BF 41 —4 Pthreads “Hello, World” #&F

#include <stdio.h>

!
2 #include <stdlib.h>
3 #include <pthread.h>
4
5 /x Global variable: accessible to aill threads =/
6 int thread.count;
7
8 void+ Hello(void« rank): ./« Thread function x/
9
10 int main(int argc. charx argv[]) {
1 Tong thread; /x Use long in case of a 64-bit system x/
12 pthread_tx thread_.handies;
13
14 /% Get number of threads from command line %/
15 thread_count = strtoi{argv[1], NULL, 10):
16
17 thread_handles = malloc (thread.countssizeof(pthread.t)):
18
19 for (thread = 0: thread < thread_count: thread++)
20 pthread.create(&thread_handles[threadl, NULL,
21 Hello, (void*) thread);
22
23 printf("Hello from the main thread\n"):
24
25 for (thread = 0; thread < thread_count: thread++)
26 pthread_join(thread_handles[thread], NULL):
27
28 free(thread.handles);
29 return O:
30} /% main =/
3t
32 voidx Hello(void* rank} {
33 long my_rank = (long) rank
/% Use long in case of 64-bit system x/
M4
35 printf("Hello from thread #1d of %d\n"., my.rank,
thread_count);
36
37 return NULL:

8 ) /4 Hello #/

pln, BT RAE-MRERERF, BA.

$ ./pth_hello 1

AT

Hello from the main thread
154 Hello from thread 0 of 1

BITANMEBOERF, #A:

$ ./pth.hello 4

AT

Hello from the main thread
Hellgo from thread 0 of 4
Hello from thread 1 of 4
Hello from thread 2 of 4
Hello from thread 3 of 4

4.2.2 HAEIE

RIMFHBFRRBRT 4-1 B, Bk, RIMNEED, XNMHAHCEFRAE main KM
— PR, BFEPESTRITARA stdio. h M stdlib. h WA, U —HEHEHAR
Zht. BFME 3 TAET pthread h kX4, X Pthreads &8 Bk 30, FIkA B
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Pthreads #R% . #EMLRLE,

HOITENLT 14 B4R thread_count, 7 Pthreads 27, &RTERGEHIARBHE
E, MERFPEHNHBEREN GEE) APITZEENLERFAA., MRS ELBREET
A—mE, e KBEHAE ACHRAERBEENRESENEIA, RE MEEBHREEC
MARRR, RAXFHEITEEEN,

TEICHEN—SE, 2REBTTHRSERFEPSI A4S ARBHER, M, RNE—1F2
RER int x WBF, B f ARE -1 X NRHER, BRIMNASTEREFEHXNR
AR x, FEFERALSEFHRAEEELIN, BIEE f ARIRLEEE x, RMAEET
B, BEHRE THRENER, XEH2REE X588, 3TILEK, RIMINARXASHLEATE
x BEREMNREHE R f. REZBEN, NZBRHEALRETE, RTHIFZHINE
Bloh, Rz MR,

BEHME IS TRRAGSTPERFELRMNEBEHE ., AET MPI, Pthreads 2 FF 1%
BRITRF—H, BREZHET. BOMTSEENEGAEEARE, ARHEKBNEE
AR A —FE AT ER T, BERFAUERFX Rk,

striol EREWIIRERE FRFBRIAN Tong int (KER), ©7 stdlib. h dFEEH, BH
EEER N

long strtol(
const charx number_p /% in %/,
charxx end.p /% out =/,
int base /x in %/);

EiREfH number_p B8 MM RERBINKERE, S base REAXAXIBHMENRA
BB (EATHEH) o InE end_p A2 NULL, E##ER number_p ZH R hE - ERFEH
(EBEFH) .

4,.2.3 Bih&iE

EEMRMCZRBI, Pthreads R[] F MPL #25, EAREMBEAREsHH, WREEHTH
TRERS. IS —EERE, BARMNTELERF PIRMAANAARER SRS 3L
2, HHEBFERREENBIESM,

RAS5E 17 1T AHEMNEBK pthread_t SARASBATE, pthread_t HIBEWARERAER
HEAFEE, Bl pthread h F#,

pthread_t MER—NMREFEAXNR., MRPERMNBEREREREH, AAERBLE
BHIEWRIF B HEHEIE, Pthreads FRAEIRIF pthread_t MR FUHAEEEBZHELE, BLUitE
pthread_t M EXERFMNBRHEEAITHE—FRIE, BIN. Pthreads A — /N ERS, FIHEXEH
AL BREENER pthread_t ¥ R; FH —4 pthreads B, EIRETW LR
pthread_t M RKRMEENRBEIR —IRE,

5 19 ~21 FTBH, WA pthread_create BECRAE ML R, ©5 KL Pthreads
PERRB—HE, A/ 804 pthread, EHIEEN:

int pthread.create(

pthread_t= thread_p /% out */,
const pthread.attr_tx attr_p /e In %/,
voidx (xstart_routine)(void=) /% in %/,
voidx arg._p /e in x/);

B—-NBEE—FRE, BEXTHIH pthread_t X452, EE, pthread_t R AEH
pthread_create lR¥rE K, LMAFA pthread_create EEATHL M pthread_t 3t& 4>
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WMNESE, £ASEAR, FTURBERSEAMRIENLL FBAS8. F=1SRERFXK
KBHESITHER; BE - TSRER—MES, BREREH start_routine BBH, X
&%) Pthreads BHFAEEEHTRREBEALRPETHEER. N THBIERE, £FE (U

- RARBEMHNE) $, RIT—MEHE Pthreads sBHHE EHE.

TR, RIVFERREREHANSH, h pthread_create EFFETHRBM KR —1
UL F T T ek B A R -

voidx thread_function(voidx args.p):

ERE void « ATAFE# N CIES TR E KA, L args_p AU —1 3%, &
Pl a1t ELA thread_function BEEEMB(E, 25flah, thread_function iREA
BERTUR—TMEE -1 RESMEMFIER, RIS, EA pthread_create KT,
ARG —TSERAT T EHAET. A8 1EREBRTFTH—8 int BB rank, RIRLK
BHHE, Bk, RINERB—TXAH0HESE, RE5FHEEETIAM,

EZEUTEE.: BT —MERTHANELRR Pthreads )7, Y HF-TRBEB TR,
BATRF R AT A R RN R R L TSR RITACRER S pthread_t X%, A
HERRNEHN. MRRMNEGILBHNBRTFE - ITLKBRS R0, F-IMRBRSH1, 4B
THREEPRENRSREEE RS AM R EBHET

BESRER AR PR AT AR void » RBMBH, RATBMTLIZE main B P HEBNEEHE—
A int BB, FAXEBRARTARKNEE, YEsiAEn, EEm% int BSHME
k45 pthread_create ¥, AT, BF A SAXMHEBRAHLREE: RARLE main &
AR int RIS, MEEEFTE thread F{h void » KB, RISELBERE hel -
ToH, #EXNMSEHAEIFEEN Tong B (FE3347),

REHBHNERE “REEX “H), BXEH C RFFAFXAM. Ak, WRBHAERM
KRR HIBRBSHEEEBAR, EHFHRSBBIES. ERNMNERAOVLS L, LR
64y, Wint BE32 AL, FTEETE, RIMA long RFNT int B,

REEBENE, RINTAIE-NLEBSEAERANRESRENT HFEFER, FX L, pthread_
create QIEARHBEAERUFERERES, BRAERVAESRERSH—TLRE,

AEFREEBNE, HEd TER LNFEETHAE BN RBRESTRENER. —MBE
17 hello BEWIFEIRF, 55— DNEREBALLEFT goodbye ¥, BS54RS MPI ¥ 7 524,
Pthreads BFHLRA “BEF, ZHE” HHTERX, IEIMKBERITRIERLZELL, E7T
AR BN AR GEEREEARREA AR,

4.2.4 BT
BT main REEWEBE—BHRNERE, U, BEBRIE, STH—a.

Hello from the main thread

Fat, A pthread_create frd LB HIEIRTT., XL BRE LS 33 ITHRBFELRN,
BHEESANRS, AGTHSEAHE, B8, YLBERH, A TENREBNERE MR
EH, IBARBEBRNIZRF—NME, FEARGR, REREFTEHFIRERME, AL KR NULL,

7t Pthreads i1, BFRAHEEHABER M LE1TC, % pthread_create &, &
HSHATREER MM LZETERR. KBNAERABERERERHN. ERBRMBENRLE L,

© RERSE (Flm, R Linx HEAEE) AFBFRECKBETEBIEL, EXSESRETEBHEE.
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AR REREITER — MK Lo FXE, MREKBIMERTHENEL, BeHASIRRET
- L. MR, MERMLTERRES, RERARLE N FRBEHERAX .

4.2.5 {EILEER
RIBEIEE 25 1TFEE 26 FTHEBNEREBIEA — WK pthread_join ¥, A —& pthread_
Join ¥ %% pthread_t X RATRBRMINRBE R, pthread_join BEEN -

int pthread.join(
pthread.t thread /% in %/,
voidss retval_p /x out */):

BASEATLERBE RS pthread_t SR FTRBKIBNLRE =4 R BME, FERITHAEFF,
BARBYIT return, BE, FRBIVAA pthread_join S SBERHBAER,
X A B A4 R pthread_join £#0
MEEE, SMEFEEATERBOE sun / N\
MR, ME4-2 fin, BRELBER \ ,/
hE—%EHL, HH pthread_create
JERBIE T ER B — Ko LRE, £
KA pthread_create A HIM L& E4-2 FLRBERESEHFIEE
XBIRE, X pthread_create GIEMRBLE RS, NE 4-2 RATLIERBED], XEHS X
BEX4&# (join) BIFLKBHELT,

4.2.6 HIRH®E

ATHERFRERE, RIEBTHFEE “KE” BFPELNEENAT. BT PRREF
(URBEFAMBRF) REFHROBER—BSREZHF GHA BEREROBA, WL, K%
— MR, BF—TRARERSTSE; AFNE, TTUREMANLFRLABRERTS
B, MRVRARBRMY, AU TFR—-PESERERKENET.

735t ¥a#E e Pthreads pREGE B AS RIS ME —MFhk, LHEERRIFFHRERXAE,
Xt B ) R BT BE RN 6 4 BGR B EHR

4.2.7 REIHRBHEMEE _

EROTHIFH, APESEGITRASECRREEBEONER, AR b EXBERER
XY R KRB, YRBETH, TREQXTOHE, KESHHARBLEH. IMEREN
WIS MPL IR IELML, 7 MPL R4+, BaBs—4#8, RESHEMNNRER.

Ril, BF—MELARAWERBEFRI TR, £XFHTES, BHKRRETENR
o BT, —ERITAEHS ISR ERABAAG RN Web 5525, Bk ZLBEUH
R, BBHKBERHR, PER KRR A, TERARCUMEER, HATKRES &, &
SHABTMER, FHik, Bt Web IRESBH—MEHRWBOLE, HRKBZE, FEBRRED
MBI B HITE R H,

WEMENE, KABNESIWRAFHM. Bah— MREIE AR B T 3T — R
BEENEZ, U, “SREHLR" 07 R0 RENARFEERELNEE T %,
EXFEOLT, THEEARMERERNER——MES SRR RO, R8T
DERF - sl ST A MR, M- NRBBAa TN, FRGRZRE, WAL
REBL TEPRE, ARSI ENBEIITHESF . ERBIEL 4.5 FRIVERIT M0 LR
XK

&R
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4.3 K- EERE
LA Prhreads B— MR - MERERF. MR A =(a,) £~ mxn GEE, x=(z,
5, o %) B n BEBUEES, M - ERORA Ax =y B m BMFINE. ¥ = (o, 1,
Yoot FRIEE i AR v, RAERE A B9 {1715 x BRAR:

¥, = a;x,
i=0
_aw | an | | @oa-r || Y0
Caw | an | [ @ bw | L v
¢ B
o 2 B '
| 7 | =
e | m || om0 yi=aetetannt @i
| E i | Xn-1 1 l o R
| An—10 | dn—1.1 An—1ln—1_ - \ Ym—1

E4-3 HEeE - mERE
WIEE4-3, - HEREN S ABFEHRBITHAR,

/% For each row of A %/
for (i =0; i <m; i++) {
y{il =0.0;
/% For each element of the row and each element of x %/
for (j =0:; ] < n; j+o
y[i1 += A[i1031* x[j1:
)

BRI THESRABSITEBERERF T, —FOE T ERELEINZE BRI R, 8418
BitE y f)—#Ba, B, Wik m=n=6, LB thread_count (=ZHt) X3, WHETRIFK
THMERAE

&z y H—&4 %2 y H—&4
0 y[o] ,y[1] 2 y[4], y[5]
1 y[2], y[3]

AT y[0], KB KHITRE.
y[0] = 0.0;
for (j =10; ] <n; j+y)
y[01 += A[OI[jI= x[Jj);
B, REBOFEHRERFAMNEOTLUEANE X PHE—-INMLE, BE—ftH, #HouE yliil
160l RLEBE AT .
y[il = 0.0;
for (j =0; J < n; j+H)
y[i] += ALi1031%x[j];
Hit, ZABFTEHREEANSE THRE X WTETE, RITRE, BIMEBRTHHNE& A
SEEBIRERE A K 1 ITUR Yy RS, BBEVIR X BN TR XBKRERMKBET, B

© igEEMMERNTIRAO . b B—TERRERR, o' RRENHE,
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EHE X, MBEARMy BRAKE, BELEFRERT "RAFEXENEEA B IERE
B MEN, BITEEIETHE—SHRITER A Ry HRWERNHHFL, BEE2RIAEEN
BREALZREERE —EBXM, WREHF ANy BREER, £ REOpT LA £ 108 i3 B
HERA stdin RWIAMLAERE A, FRmE y WAl LIRAS 8 ELBITERIH.

o LRATE, RITRERTE - IXRBHAB, HESIMKEHTER —HI0 Y. A
TR, BiZm 5 n HEES  BER, EHIFP, m=6, 1=3, BMEBESED m/t ITHEZE
HEE, mH, KBEOLEE BN /T, B 1 AEE IAH e 1T, LAERKE, BT
S8 ¢ HEPEFITE:

gﬁ“‘??ﬁ q X‘gl

BE—17: (¢+1) x%—l

A TREAK, BITHMES HPUTER - MEMRMLERE. REF 42, EXIEF42H,
B A, X, y. m#n HRLFHLZETE,

B 42 Pthreads Ry4ERE - M TEE

voids Pth_mat_vect(voids rank} {
long my_rank = (long) rank:
int i, j:
int local.m = m/thread_count;
int my first_row = my_.rankslocal_m;

int my.last_row = (my_rank+1)«Tocalm — 1;
for (i = my.first.row; i <= my.last_.row; i++) |
y[il = 0.0;

for (j = 0: J < n: j++)
y[il += A[TI051#x[31;
l

return NULL:
} /% Pth_mat_vect x/ I3

MRRELEINE MPLET, REKICH, A MPIRS—MERE - M BRB:MEF TIE
BEER, HAENBESEHLARSARE, BE MPI R REEENRACHRERN
o Bril, 7E MPLIUEBH, REEA M x SRBE—MARNNTE . ANXIMBIFEF, B5E—
THEAFNFTBRFUAESAANFHEFES, BRITSERSEFD. RENERF LS
BERZHER.

4.4 [FHEX

RAFEANTFXEERBENEER TR, TLERE - mBRREMRBRES RS, £
Folteicsa, KB RERRT vy DSMITAER., BIEERKAIBRERE, BT vy LS, BEE
MAETRFENE. BERyY, LEGIMEEBEEANERTHACEENE—RLY, BAHINRH
MU LSRRI R y BFEL . TRERET2EN? NREMEBETEEHR—AF
BOTHBIE S ER? BATMES 2 EME S EPTe XN EE, FUNRE 2 RETXEET,
RATREE £ ME TER . HRITEREXRE 16+,

BERAXMEE n EHFF, AREARMALXTUARMEE », KPRERHNE:

1 1 1 . 1
me(lgeg g (2D gge)

EARUE w MBEANX, BASXARETHERETUE A REHESERLBER, ExRITkK
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B, FEHERITREZBIT
BARK B ATBERABE:

double factor = 1.0;

double sum = 0.0;

for (i = 0; i < n; i++, factor = —factor) {
sum += factor/(2*i+1);

}

pi = 4.0xsum;

ROVEZRFERITEYS - NEREN T ERFTUXNIER: ¥ for BAIRERESENEBEL
H, ¥ sumiheRER, ITELAHE, RIERER thread_count, fRIFR t REE BRI E
B¥on, Bn=nt, PBLAKBROMLE WMo, FHiL, TFLREO, BFHEER 1 WAERELE

0~n-1, BB 1 E WM IR, BATENBEEZ~2n -1, BB, ¥TRREq, 18
TREROTEER: _
gn, gqn+1, gn+2, -, (g+1) n-1
ME, 53, WAL o MRS, Hon B, HFESAIE; ":’rqn RAHE, FEHHA. &
BENATEIES 4-3 FiR.
BE43 HHE T BREY

1 void« Thread.sum(voidx rank) {

2 Tong my.rank = (long) rank;

3 double factor;

4 lTong long i;

5 tong long my_.n = n/thread_count;

6 lTong long my.first.i = my.n=smy_rank;

7 long long my.last.i = my_first_i + my_n;

8

9 if (my.first.i % 2 == 0) / my_first_i is even =/

10 factor = 1.0;

11 else /x my.first.i is odd =/

12 factor = =1.0;

13

14 for (i = my_first.i; i < my_Tast_i; i++, factor = —factor) {

15 sum += factor/(2%i+1);

16 }

17

18
19 1}

return NULL;
/x Thread.sum =/

TR 2 MNMEBIEBIT Pthreads BF, HH n 0{ERMHEITB/NKE, BBARITE I Pthreads
BENGERSETIHTE nBFWERERL, BYn AN, MEER—BEHNER, B
o, XA FRITKE T UTHER:

n .
10° 10° 107 10°
w 3.141 59 3.141 593 3.141 5927 3. 141 592 65
1 MR 3.141 58 3. 141 592 3.141 592 6 3.141 592 64
2 MR 3.141 58 3. 141 480 3.141 369 2 3.141 646 86

WLIEER, FEE - s, RRBHGRLRODEBRBER, FXE, » BERTHEBRER
BEMEHENER, n=10" 8, = EBEBB/MEURE S O; n=10° B, WHB/NEEE 6 1%,
063 FARBHEELERG n=10" Bf—8, AW, X T n HERAHHEL, NRENITEERETWE
M. FXb, ERETXMUEERF, R o R, HERNERBRA BE, XRERMN
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RHKEIEA TR EL: “BE, HEIMRBHREHA - HZREN, SHA—E"

RMEBEERITAESIRME, §kidd, mNMERNENEEHS&VSES, o, A
—% CBAKAEMERET y AR MEIFE AT x F&:

X=Xx+y;
LA B — R XA R FEME S, BR X My RRERFEAETEIN IR, TEE
BHTNEEE, BEAREIMNAEFPMED CPUMFERTE, FERHATIMEEHE, HER
TR, LDIEERBENTFRENFRHIIETT.

BIRA 2 MR, BNMRBEMIEREACAAER y PREHRTHE. BREXERE
HRMBAEAR x 1, ERBW x WMHEEN . BIMRBITIUTRS:

y = Compute(my_rank);
X =x +Yy;

BRLBOHEHRNERy =1, KB 1 HEHNSERy =2, W “EH" FREZE x =
3. [HE, AHESHALITHL.

Rt i8) &R0 %21
1 BEEERD
2 V8 Compute() HERBREG
3 REY=1 A Compute()
4 ¥ x=0Ffy=1 HAFHFH BEy=2
5 40 A1 1 AHA o x =0y =2 MAFE
6 B 1 FEAELETEAEBAIT X ¥ o2
82 TP TEFE i 30T X

IRFELTR O A EMERAT, KB 1K x MENNFERBIFFSE, RAKBOHEH
MERRSBRB 1 NEEE, MERTERIR. WRKEE 1 CLOBEE, RS x WERS
WEEOMEES, FXLE, BRE—ITRBERMBEABRAATFZR X ML EERAEHETERN
7, B “ERE NEREEXY “BRE” EE. iz

EMFIFRBRTHZNFREN — M EARRE: A MRBEAEH M EERR (EXE
RIEAR) B, SRUTBELEANUN,. F—, Y2 IMKEHREHRIEETRBRILEZH
XHHILERERN, MRESHF-NREBEFHRE, WAXETRRATESIBOLRHER,
BAHRZ A TS HKY (race condition) , RATHIHF T, K THEABSEERKER, FERIE
—BRANAERFHPIT x =x +y, RMKEECRTEAAEIITIHRE, Hik, RBx=x+y
RE—MEFRE, HERXERE - NEFLERERNABE, —RAF R EREPITRAGE,

4.5 MZ%F

L0 BT x =x+y B, EFBELEBMNGE | UNBEEBSTREMER, —BLE0
WG, EREERENE, SAKE 1 EENEEAPRTZEL, UBILLRE 1 42 0 M
fESERET, PUTRIBATMRBUHE, &E, Y480 ZRREE, CREBIREhE, HHK
71 EC25RTXMEANSIT, &1 AT UZBITXRETT .

—AAYEFBRENHAITEREEAREER, RiaK flag B—M4EEH int LR,
FEBEHYBA R0, MH, ¥ TIRBMBIRINTEF .
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y = Compute(my.rank);
while (flag != my.rank);
X =X +y;
flagt+;
BELE 1 ATREOZRE L ITHRE, HEZBTHE21TH while AR S ERER? F4MN
8, RERAXN white BANEIEFHFER, WMREKM flagl =my_rank K, MALE1 &F
—KPSTIEAN RGN, B L, BEE—HITTEEHB KGN E. LSRN P| &4,
A LB T EPIT X =x +y XKIBH,
EX flag MAIRMEN O, FFLUEBILRBO TR flag+ +/1, &8 1 HEEWIT x=x+
Yo B L, WMAMEM, BRIFLE O REXBKERHIR, FUENHEREZEREZELLE L,
UL 0 PUATIEIRR, ENFRMERER, FUSPITHAXFE x=x+y, EREEHIT flag+
1651 +, MIM{HLTE 1 KATHABRX.
XBAREAE —SRBXE. EXE0MIT Tlag+ +47, L1 RE#ABRE ., MHE™HKH#
BB BIRFRIATGHIE, REREEILBEO M, LT | BLAIEAKRTX,
while fEFMEMBMEILERFH— 6T, EIUEHFD, KENMEFHMKENFME, BERF
b, BRENFEHBEZR (ERMWEFH, B flagl=my_rank &M4H false) , XM XA
REFH
FEEEME, "SR XMHTEAROIRE, “RbEBRERFRITAB" . W
RAHFHRNA, RAmFFHTHREABRAN TSR EWEICERNIERHIIT, RIFHSET
EHERFEETANZLREN, FTUBEARMESTE x M flag WESHEALRER. Ffw, wR
EATHIAES

y = Compute(my_rank);

while (flag != my_rank);

X =x+y:

flag++;
HE—1EBENIT, A white(flag ! = my_rank) fl x =x +y iBGHPRITIHFRAHEET,
HIERAR T RAF AT, TLOGREEANINTERER, B4, RBERESER:

y = Compute(my.rank);

X =X+ y:

while (flag != my.rank);
flag++;

XBABSMETERRM. T H L HIXMFRL, BERKITERRECARFRANETR, &
B4 3 HRITERBAF—FITE, FREZEXANAEDT,

Hit, RITRACEFARER R XBIFHTE. &8 1 EHEARRXET, REg—BX—
BHHAT Flag+ +, WREEO  TRIEREWEEHAER, MALE1 HLR% CPU Y,
REHHITTER AR XX EEARREEN, 5350, M HRiFaRM A2 T R A b & B AR
Bk,

ML T —NEEZAT, ERITEZEF 43 71 « HERF, HEERERCE/FRRB,
IS TREXMRHEFNRFX, HE, SERBITRRAKE, WRERERHAMIE flag KA
1, Makia flag WERSHAEKE X, IRSSBHIAFLERLEBREABRK, X
AEFRRAEAMGRXE, SRR RREE AP TR R A AT, Tok9ksE/s m i

66l 1. BTIARAIABER Bsixt flag (AN 1, HEE -1 WAGERIXE, Mk flagEEENRO,
TER flag + + WIETH N

flag = (flag + 1) % thread.count;

£ W9 -
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BF 44 ERANESHRLBENN Pthreads 2

void« Thread.sum(void* rank) |

1

2 long my.rank = (long) rank:

3 double factor;

4 lTong Tong i;

5 Tong lTong my_.n = n/thread_-count;

6 Tong long my_first.i = my.nsxmy_rank;

7 long long my.last.i = my_first_.i + my.n;
8

9 if (my_first.i 32 ==0)

10 factor = 1.0;

1 else

12 factor = -1.0;

13

14 for (i = my_first_i; i < my.last.i; i++, factor = —factor)
5 while (flag != my_rank):

16 sum += factor/(2%i+1);

17 flag = (flag+l) % thread_count;

18 }

19

20 return NULL;

21} /% Thread.sum =/

R 44 BEBUSHRIE, MRHFXBFEHTE2ARBREITXNEF, SREERM. R
i, #mTHEETRENAEE, BRIERYn=10° &, HTRMEIFTRMR, EXZES
d, WEBBTXBEAREIN 19.5 7, MBITEERE 2.8 #1

I ALXEE? RASIKBEMGIHEAESEOITHG? WTLIRE —1 R £/ Pthreads 25k
HBE—T:

void= Thread_function(voids ignore: {
return NULL:
} /% Thread_-function x/

BRI, EHFEENRELET ERRE, NEaiE 1| MBEISHE 2L ARBZRIKZEH
gatfEl b F 0.3 ZH, FUSBETEBMEEAETRERGHNFH. #—HFEMEXHA
TIERARBEERE, RIMNBFILBHNBRAXZEFNE 1617, flag MRk mM{ERO, FrLlE
KBORERGRXBEIK flagnl 287, LB 1 LHEHF. KB 1 FEH#HABRXE, &B0
WRESHEE | TREE, T, KEAMEHESHMETZETR, BRARFFURMZHE
{Hin 1 HBREFEBRAKSITHEEEMT 7 £,

BF 45 RARRAKBREREF/FMHEY

voidx Thread.sum(void* rank) {
Tong my_rank = (long) rank;
double factor, my_sum = 0.0:
long Tong i;
long long my.n = n/thread.count;
tong lTong my_first_i = my.nxmy_rank;
long long my.last.i = my_first_i + my.n;

if (my_first.i % 2 = 0)
factor = 1.0;

else
factor = -1.0;

for (i = my_first_i; i < my_last_.i; i++, factor = —factor)
my_sum += factor/(2+i+1);

while (flag != my_rank);
sum += my.sum;
flag = (flag+l) % thread.count:
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return NULL;
}  /+ Thread.sum */

TESEREAPIERAR MMk, B, FAREEFRTE, R, BIKRXH
RIARED— R R BB — A REET, TR R A R R X, #65 BT TR R
WM, WRENE, RIINZER/MEBATERK MR, BB KEEREHEN—ITER.
IFARBREAATERIFES BT, RIS for B —UWHE A B2 RINZE— &
BHEM, EXERELETRFE4S, n=10°8, ZEENEBI 1.5, FTERLY
B o

4.6 ERE

H R ab TS KRB IR A CPU, Fr LU 7 A 2 PR &l ik 57 X 17 5 4 B BB AR 75
68 ¥, X8, ARITEFNFE: ERENESE. ERBEZ FYMNER, TR MFHEAR
AR, SR ARNEE, EREVUARBHER A —ITREBEAABRX, ©
RERET-ILBREEAR, HALBEAKBESHE ARG RARMNER T, A
A
Pthreads tR#E N E R BB T — M 55kKRL, pthread_mutex_t, 7EfA pthread_mutex
_t KRR RRT, WFh RGN TR, PIRAEEINT .

int pthread_mutex.init(
pthread.mutex_tx mutex_p /% out %/,
const pthread.mutexattr_tx attr_p /% in x/);

RINAFEAE NS, BAXNSERME NULL BV, X4—4 Pthreads BF AT EREE, ©
VA LR

int pthread-mutex.destroy(pthread_mutex_t* mutex_p /+ in/out =/);

BERBIER KBV, KBTHEM:

int pthread_mutex_lock{pthreadmutex_t* mutex_.p /% in/out */);

HEBRBHRAXE, BHZER:

int pthread_mutex_unlock(pthread.mutex_.t* mutex.p /% in/out */);

WA pthread_mutex_lock & &B%ER:, HERARMEERHEAKRX; A pthread_mu-
tex_unlock MEEMRAZRECETEMR T KA X FRBHHIT,

EIFH-IT2RNERE, FTRERSEMNEBFPALFERBL S, FRKEXNER
BTGk, RE, HAERFREELRTERFNEERE, ZLBEAKR XA pthread_
mutex_lock, EMITEIEAR P FAERESEHERA pthread_mutex_unlock, ZRRERFF 4-
6. H—EM pthread_mutex_lock WARBENBAX “4477, HMZBINRBAEHALR
RX, WEEHLFAH pthread_mutex_lock, Xy T pthread_mutex_lock IR EH LS
FAEHEE, HIAS - TRBEEFKRAX, FFUREME - ITRBEHEBT pthread_mutex_un-
lTock J§, REASNIREHENLBEPER—IMRBEHAANBERAX, XMEBREHNT, &
B AT A B L TR AR 52 B 5 X B BRAE o

XA XFHT L8 M RE” HFARFERAERENE M. BFEREESUHE, A
pthread_mutex_lock RPGRMMAER “KBTELRE" H “€BTH"; FEH, AR

pthread_mutex_unlock %N “BN" —MIREFE,
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BF46 RERFRTHZRBRN

1 void* Thread_.sum(void* rank) {

2 long my.rank = (long) rank;

3 double factor;

4 long long i:

5 Tong long my.n = n/thread.count:

6 long long my_first.i = my_nsmy._rank;
7 Tong tong my_last.i = my_first.i + my.n;
8 double my_sum = 0.0;

9

10 if (my_first.i % 2 == 0)

11 factor = 1.0;

12 else

13 factor = -1.0;

14

15 for (i = my_first.i; i < my.last.i; i++, factor = —factor) |{
16 my.sum += factor/(2xi+1);

17 }

18 pthread.mutex_Tock(&mutex);

19 sum += my_sum;

20 pthread-mutex_unlock(&mutex);

21

22 return NULL;

23 '} /x Thread.sum =/

EE, AFAERENZEABERY, 2MEBEABRRNIAFEMILY, £—1AH
pthread_mutex_lock MIZLBEEHFAKRX, HTEHNRBIFNHRERFT A, Pthreads
TBAEL BRI pthread_mutex_Tock MIRFREHFARAX KB, BERMNNIRE
F, REARIMRBEZRKBUHNFTEN, BAES—ITRBHRLSFEY,

BRAVEMEH N BA LSRN HETF . R MEF, —MERATEHITE « SRER
F (EAEHABRRX), F— T REFERF. RIEH, RELBEEAKRTEHNME (A
F£4-1), IR MEFREKBETHE SZRBRANZITREZ LASFTLER, 8

T..
“Bf thread_count
T#ﬁ

IR thread_count NFEHEFEBE N B Top/ Ty A Mz, HIELLETEREHR
Het, ghikE “HAR” MHERNKEmigL,

HEMFRATS/NERBENBFEE, YREMD TR, RO E TR
EHBEMKERN . MXNRALHFRT, BEABIMEBRASHABERX —K, FFLUKRERKER
X AR B# Pthreads MEMIZITHEE, FNRBEFHEAGRXYHREHEALBLK. H
2, MEELBREEMBELTZHIE, BARALFEERFOERBIIRERFAT, AN SHRE
PR S T R

®4-1 HHwEE, R N=10° M EE, T AN 4 ZLBRORE LEGHE ()

SENE i HER &
1 2.90 2.90
2 1.45 1.45
4 0.73 0.73
8 0.38 0.38
16 0.50 0.38
2 0. 80 0.40
64 3.56 0.38
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RITAUEE, FACSHNSKERFERBRBIZO M, HRETHS. XA
BH, B, BA 2 MEMS MEE, BRRABEOENTERAX, K8 1 LTILEFRE,
KRFB2, B3, KB4 BRERGERE, Y880 RREFXKRIER fTag B 18, £R1
HEARRX, BERGTLURAELRE2, KB 3, KB4 PR, BRRBERRAERLES,
BT while B LA SAF, LR BEM TIRFXERE, B flagitn 2, RERGEHATL
FEARE 2 L4, MREERTRES, WERE3 KR4 BFEICERFDER, HIRER
SREMNPH—TEE, HRAEXRE2, ¥R 4-2,

4.7 4E - HBRERTMEESE

RAEMZH B ERS CPUNKE, BERRNESHAN, BFERESEIITERRRD
IR RE AT S0 RENT, RESE], BTREBE 2%, NERATRE, BAW
ARTBIETE AN X AR5 GO B R RENLE I . BB A ANIE THE R T Ay, BTLL m iR
G R ZRBIITIUF M, B2, AEHE, PREFA—LER, SELHLEHEA
WERE B, fi, BREMERAER— nxn B, REHELESM0ITFRRES NS
R REAIR , (EERAIR P R R ARG, R B AT B2 B — S (A

/% n and product.matrix are shared and initialized by the main
thread =/
/% product.matrix is initialized to be the identity matrix =/
voidx Thread.work(voids rank) {
long my_rank = (long) rank;
matrix_t my_mat = Allocate.matrix{ni;
Generatematrix(my_mat);
pthread_mutex_lock{&mutex);
Multiply.matrix(product.mat, my_mat);
pthread.mutex_unlock(&mutex):
Freematrix(&my_mat);
return NULL;
} /% Thread.work =/

F#4-2 RANES, HEKBRIMES TRNIMEN, THOKESITIRF

®hE
B 6] flag
0 1 2 3 4
0 ] PATIR R X % 4E =il i HilE
1 1 ik HATIE R X =iz 55 H#il
2 2 — =313 HiE 555 %R
? ? — — PATHE R X wEik U4 TF

EERZNHTH, BMAEREMEMER “REHR". Hl, BREEIIAE thread_
count B AR, B0 AR | RIXER, 4B 1 MAE2 RHER, -, KB -2 m&R-1
ZHE, G -1 MEE0ZEHE. H—1TEE "Bl —KHEE, EITEHEHFLLE, AT
LBHBREE, SR T — char KEIMKEHH, BIMEKEMBANERE, BHiEX MR
HPRIEHHENERENHEE. N TR HARASE LHEH, TREEEERAPHEIER
SERA NULL, BURS R 47, YENERA LB ETRAMERBENEFN, RINZAHBHE

© RABWBITHE. YERCER, FERKBNEES S0 MG, Bf7atEaHBRRREL,
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RUE, Flin, ELE -1 EHBEH R message HAFI, BESTHEBEOBLEER, X—
HMAS AEF, WRESE 12760 if ENERRTEHF0 while B, RBHATLISRIFR. '

while (messages[my_rank] == NULL);
printf("Thread %1d > %s\n", my_.rank, messages[my.rank]):

R, XINMFTEAEFAEACSHFRFRANRE, FURMNEESSEARMNITE,
B 47 {£R Pthreads &% M E—FhEid

1 /+ messages has type charsx. It's allocated in main. =/

2/« Each entry is set to NULL in mgin. */

3 voidx Send.msg{voidx rank) {

4 long my.rank = (long) rank:

5 long dest = (my.rank + 1) % thread_count;

6 long source = (my_.rank + thread_.count — 1) % thread.count:
7 charx my_msg = malloc(MSG.MAX«sizeof(char)):

8

9 sprintfimy_msg, "Hello to %1d from 21d", dest, my_.rank);

10 messages[dest] = my_msg;

11

12 if (messages[{my.rank] != NULL)

13 printf("Thread %1d > %s\n", my_rank, messages[my_rankl);

14 else

15 printf("Thread %1d > No message from %1d\n", my.rank,
source);

16

17 return NULL;

18 } /+ Send.msg */

FESATSESE 10 ITREFRRGE, RINHE “@M" LESH dest AR, EALHETEHAET,
A RER S 5L

messages[dest] = my_msg;
Notify thread dest that it can proceed:

Await notification from thread source
printf("Thread %1d > %s\n". my_rank, messages[my_rank]);

BERAKBEELRBRTAEX N HE T, RINEAEFEHLHA pthread_mutex_un-
Tock 3k “BH” RS A dest KB, AW, EREVHLELTF4RE, AUFEEEWHRL
message[ dest J4TiI—MABAAEFE L8, B2, REETF, RITEENE A A ELR
B 472 A pthread_mutex_lock, 73

AT URMNHERREFE, RIVLEKBUABRHNBEL T ELFREHS, 8— P RBXN—
TEHFR, RE, RIONZXEMTEOTHE:

pthread_mutex_lock(mutex[dest]);

messages[dest] = my_msg:
pthread mutex_unlock(mutex[dest]);

pthread.mutex.lTock(mutex{my_rank]);
printf("Thread %1d > %s\n", my_rank, messages[my_rank]l);

=~ RN I Y R L

BfE, BEAWNMRE, 4B 02THERERE 1), LM EERSE 7 78 pthread_mutex_lock

B, 481 ANIRGSEITRISE 2 17, SRR 0 KB, FHMEPIT printf i8A), XLPHLE 03| HEHE

& (Hed, 0Ky messages[my_rank 3B NULL, —iF&1E), REHEBEMEFEHRB.
BRAEFI—EHFEUATUETIEREBRXWE, SRIE4.7, R, POSIX KEED
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BES MR RIER XA E: (ESR (semaphore),

FEERTTLLOA MR —FEEERIM unsigned int ERFSERER, TRARENO, 1, 2,
KEBHEHERT, RACHWMEM L, XMIAFOM EXNESERI-—AFESE. HegH, 0Xf
NFLETHHERE, | METREBMNERFE, B NESEAMSEREN, FELERE
SERNEASAN 1, PHFRE, EEGRPNRFXEIAASRE sem_wait, LBIHTH sem_
wait A, MEESENO, ABRRLEMHE, MRAFSEEEOE, RB1 FHABRKX,
BT ZEAX NS, BEH sem_post X{ESBEMMEM 1, EB7E sem_wait HHEENH
fth R AR RBAB K SEIZ T o

FEE BRI EVARI¥RK Edsger Dijkstra 78 [13] P HKEXH, EREL HEHEGERAHN
VLR &, FAXRBEBIAEREAIE, KREH—-THRERREEENNBRAR, LEH
FirFrE e, SUERTLGES; MA4ERAGETERN, BENFIELHE LS, XN Fik
FRXEER, BMBATRRESENMEN; MAEH, WRRESEMEN O, A sem_wait
1 sem_post BN FIIEREESEBERB/EZMMHES .

FEESEREBRARNXIETFEFSEREREMNMAENN, FTREBFTENESEWRL
0, B “mei”, KB EMES 2 sem_post fl sem_wait sE¥, Hik, mP

ERESE, Send_msg sR¥ LIINRFF 48 FHEERT,

BEF48 ERESHLKBLEXHER

I /% messages is allocated and initialized to NULL in main %/

2 /x semaphores is allocated and initialized to 0 (locked) in
main x/
3 voidx Send.msg(void* rank) {
4 long my.rank = (long) rank:
5 long dest = (my_rank + 1) % thread.count:
6 charx my.msg = malloc(MSG_.MAXxsizeof(char)):
7
8 sprintf(my_msg, "Hello to %1d from %1d", dest, my_rank);
9 messages[dest] = my_msg;
10 sem_post(&semaphores[dest])
/% Unlock ' the semaphore of dest x/
11
12 /* Wait for our semaphore to be unlocked x/
13 sem.wait(&semaphores[my_rank]);
14 printf("Thread %1d > %s\n", my.rank, messages[my.rank]);
15
16 return NULL;
17 } /% Send.msg x/
AAESBERAIEERN:
int sem_init(
sem_t* semaphore_p /x out x/,
int shared /% in %/,

unsigned initial_val /¥ In x/);

int sem_destroy(sem.t* semaphore.p /x in/out x=/);:
int sem_post(sem_t* semaphore.p /+ in/out x/);
int semwait(sem._tx semaphore_.p /x in/out =/);

BAIAER sem_int: WEHE-NSE, WEANMSBABHEARRONT, &8, FSERR
Pthreads AR FEM— T84, FTUAREAMAGSBROBFI LML IHS,

© FHERS, WM 05X, RIFXEMNESE, SMNIF—MHEN ‘8" FESBNESE, B sen_wait
1 sem_post {AARATAH, H sem_init E# sem_open, T sem_destroy MK sem_close # sem_un-
Tink, BTTLATEA BRI L RBIHELHH T
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f#include <semaphcre.h>

BiE, FEHKHEME. BF48 FHEEBEBABRKGRAK, MEEZAER —BAB—K
REEP— T RENST, MR TLRE ny_rank L2 source FHHEEM —HBMHE, XfH—
MEBTFESHR - IMERBRITEMRENRSE TR, ERFEIEFTE - RERSHE,

4.8 HMEMEHTE

ETREMNBELZAFRBRNS —TRE: @dRIEFFRKBEERFFL TR -MIEX
RSB, XTRLA TR (barrier) , A TARBEMEIERE, LB BREETT
%, BN HEEEREL,

BEARENA. L2 FheItN ZRBETF, FERNAKBESER —MESF R
e, ERE-TERBERR ( “RI87 WLR) NEREHE, BENREA.

/% Shared =/
double elapsed.time;

/% Private x/
double my_start. my.finish, my_.elapsed:

Synchronize threads;:
Store current time in my_start;
/% Execute timed code x/

Store current time in my_finish;
my_elapsed = my_finish — my_start;

elapsed = Maximum of my.elapsed values;

R E, BBTRRTERBARBEMR M E L LidFk my_start,

HES - EFEENNARARERF, ENRTREEEFRMN, MIFTRFRAHERN,
R¥EghE BRI E LR, SR, TLLHLBMREHITENHE, XX EBTAREN
A, EAITENRHEBBRBEE, XTERIEMT .. BENARBFRIET S -k

point in program we want to reach;
barrier:
*if (my_rank == 0) {
printf("All tnreads reached this point\n");
fflush{staout);
]

1% Pthreads FSCHIANRMLIEEE, A THEEFAATEHYE, RINFEACTHKE, £
BEHERLUREE, RITEAKITEEFRN=IE, PP e 2E 2t N23,
=R M T #HY Pthreads %42 : £4 % ¥ (conditional varialble)

4.8.1 MNEHFHNERE
AEFMERERTHRBELEER: RIEA—-IHEFEEPOLE TS, 4iHH
BHERHEIRBHPELSHEABRAX, FELSBRTUEFTZEHRET,

/% Shared and initialized by the main thread «/
int counter; /x Initialize to 0 +/

int thread.count;

pthread.mutex.t barrier.mutex;

void* Thread.work(. . .) [

/= Barrier =/
pthread_mutex_lock(&barrier.mutex);
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counter++;
pthreadmutex_unlock(&barriermutex);
while (counter < thread.-count);

!

YR, XIFELRASHSHMBEATSHFRF—HFNRE: KEBL FrEFHEHINRATIRS
CPU A, FEMUBFHHLBRE LT TR, BRHOMESEL TR,

B—AAEETHEER counter, IRRIVEEZIHE 2 MBREIFEFHHEA counter X
MRS, WBAasREHARILR? BB BEETHRA, counter F{ER thread_
count, BBRIEER counter fY{E, HUE I EREHNTEIF &M counter <thread_count —H
AETF false 7, BEEEHRMEEEERRET . Wi, KEH counter HEENO LFEEIRM,
MERGE—ITERBHEAWEFIFEE counter ff, PARHM—BLTEERAOLXBEKTEAD
counter = =thread_count &MWL, HAEMA FiLER/FP, MREBESSIBEFEE
counter{f, P—HEBABATENRCLHFATE I BE, AXERESIER counter
HIMEMERNERBMER, XISFBAALRBHEREE - MEREMOTSERT, TR, MREE
R AT R, WAZONBERLFTER S PN ARRMLE counter ZFR 1T
G

4.8.2 Sk
BMTARSEHNNE. RERMAGSERSIMRE? MARTL, EREMBIRATCESFNE
FRLHBERN T XN EH B FE? ME— MR EIER: SREE

/+ Shared variables */
int counter; /x Initialize to 0 =/

sem_t count.sem; /% Initialize to 1 =/
sem_t barrier.sem; /x [nitialize to 0 */

void* Threadwork(...) {

/+ Barrier x/

semwait(&count_sem);

if (counter == thread.count—1) |
counter = 0;
sem.post(&count.sem):
for (j = 0; j < thread_count—1: j++)

sem_post(&barrier_semj:

} else |
counter++;
sem_post(&count_sem);
semwait(&barrier_sem);

)

}

FEM SR, FRA—MTRRANE S VREHATRE, EXE, RIRARD
fE5&: count_sem, AF R iH42; barrier_sem, ATHEECZH#ABBEHLE,
counter_sem [FSBHMHALN 1 (FFERE), BN BEBENLREAA sem_wait /%, W
PSR SHHEE FIRR IR RS MR, Y— M EREE TR RSN, ERE
counter <thread_count -1 BREFM, WRE, KB HIBNEM IF “Bg”
(sem_post(&count_sem)), RiGHETEMH sem_wait(&barrier_sem) SHE, 5—1FH,
# counter = =thread_count -1, Bg— P H#AMBENERBEEITH[NENO, HEITHA
Hi sem_post(&count_sem)3k “f8i" count_sem, #¥F, EREHATE NEBYLEELT,
FRLAE % pthread_count -1 A PHEETE sem_wait(&barrier_sem) B84 547 —WK sem_



4% H Pthreads H{fTHEAFRE - 1

post(&barrier_sem),

MBHAXFHEL: RERETHBTERNIT sem_post(&barrier_sem), FEHMLERIER
A sem_wait(&barrier_sem) @8ia7, MEL L WA sem_post, XMHHFREAEEN,
58 R unsigned int KEIWER, A sem_post &XTEMEML, AAH sem_wait B HEE
BEARAROEE 1, H¥EKOH, AAXRBNAEARSHHEEIFSEMMENER., L, &
HAnREER sem_wait(&barrier_sem) mpHERT, {HH4T sem_post(&count_sem)Ff
ALHRFWIERYE, BARKEGHENLBESKI barrier_sem MERNEH, REENS
W IZEFHGERIETT T %,

MIZBERNR . RBRHHEELE sem_wait AaiHFE CPU FH, BRSBTS BERKN
AT SRR R EE, 2, MRBIEERATE R, TTIAERE -/ KE
E € ol

counter RAJLAEHN, FAERARBEEFREEN, E£ PN HMEEBET, B, count
_sem LA LAE M, FNLEEITHELN, CELEERN1 T, BTH barrier_sem, R4
sem_post XM —4 sem_wait, M MLKBIFHEIITE BN, barrier_sem ®{ENIZRN
0, BIRH2IMEE, REBOASE - EELRBE sem_wait(&barrier_sem)mHZE, MATLL
B 1 EBFHIT sem_post, RIFMIERERIALB O L TERAREEHHER, #HFLB 1 4
ZPITEBEAEE, HK counter = =0, FTAESIRIT el se FHHIEH, 7Ei#1E counter {H
J&, EFT sem_post(&count_sem), RI5#FT sem_wait(8&barrier_sem),

R, WERLEOMARLTHERSE, BAEHALER barrier_sem{f, FHHHLE]
iK% sem_wait(&barrier_sem)B}, barrier_sem BEIR K1, B RER BN barrier_
semig 1 FAREBITT £, ISFEARNERRE: EBOHEFAFEZ/TH, SYHEES
— - sem_wait(&barrier_sem)4t, MAR 1 ZLXBOFAST /I BENRCZET T ZHE
B, AfRLEM barrier_sem ST —1ER KM,

4.8.3 #UHTE

7E Pthreads P LHBBMEF T ERRA&H LT, FHERETHENR, ATFERE
RAMEE XA RFFRENRL THERS, YEOREHREN, H-PERBETLLELSE $%
BREHENEE, —TROTRERS - NEFEMREK,

FAERE— MRS TERAHAEIEM.

Tock mutex;
if condition has occurred
signal thread(s);
else |{
unlock the mutex and block;
/% when thread is unblocked, mutex is relocked */

I
unlock mutex;

Pthreads ZX 8 FE P RO AE B 2K RIH pthread_cond_t, A%

int pthread_cond_signal(pthread.cond.t* cond.var_p /% in/out x/)

HYER RMS — AN HERLRRE, TR

int pthread.cond_broadcast(pthread.cond_tx cond.var.p /% in/out */);

HIER RS A BHENRRE ., B

int pthread.cond.wait(
pthread.cond_t=* cond_var.p /% in/out =/,
pthreadmutex_t=x mutex_p /% in/out =/);

19
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Q
&

MER 2B EFE nutex_p REELE, HIHMAEBREAM pthread_cond_signal &
pthread_cond _broadcast RB#E. HLBRHYE, CEHRKEBLFE. FUKXKL,
pthread_cond_wait #i% FREIBUFHIT T AT BIREL:

pthread_mutex_unlock(&mutex.p);
wait_on_signal(&cond.var_p};
pthread.mutex.lock(&mutex.p);

THEREARBRAFFERLHHRE:

/% Shared %/

int counter = 0;
pthread_mutex_.t mutex:
pthread_cond.t cond.var;

void* Thread.work(. . .) |

/% Barrier s/
pthread.mutex_lock(&mutex)
counter++;
if (counter == thread.count) |{
counter = 0:
pthread_cond_broadcast(&cond._var):
} else |
while (pthread.cond.wait(&cond.var, &mutex) != 0):

}
pthread_mutex_.unlock(&mutex);

]

HE, BRTHA pthread_cond_broadcast pa#, HMMFEEH G0 EEERENRER
g (Butenhof 45 [6] % 80 WA TEMMH T M), Hik, k¥ pthread_cond_wait —M#
WETF while 5K, MMBLBAEL: pthread_cond_broadcast = pthread_cond_sig-
nal ¥, MEHHMFEAMEREZE, R2KREDR pthread_cond_wait REMEEERN
0, BRERMHENLZELSHRIITZEE.

MR -NEBRGEGRE, BAESREETEANREHRTERE -TRERETHE. ERMN
#flFr, RMEA pthread_cond_signal MNP EERIAEMNRREBRE, EHEETZ
AT, MIXKEEEE counter = =0 BEMI., A HFREZBAHLTEER, REAHHRERN
KRSEBETEMNHATESZMGFORE, URESIMKREBEGRBSEHERERT, THELZILANY
BERHBE, KRG L AERRES,

HE, M THREMERYE, LSUUFMA pthread_cond_wait kM, MERAF X/ Rt
HRBEFHITHEY, RARE - TRERHFARE, ARMYRRIGHEEEX pthread_mutex_
Tock WAL, TE—FHABEHLZEGHEEST pthread_cond_wait WAL, W
iR,

BREEENE, EREMEXERM pthread_cond_wait AERE, LFREHEHM
i, MM pthread_mutex_lock FAIHRE, Bk “HKE” 8, Hik, NWiEERX—ZETHE
Al pthread_mutex_unlock “B” #i.

55/REMFESE -, ZATEONZMBAMBS, XA KRR

int pthread.cond_init(
pthread.cond_t= cend_p /x out =/,
const pthread.condattr.tx cond.attr.p /x in x/);

int pthread_cond._destroy(pthread_cond.tx cond.p /x in/out /)

HATAEEA pthread_cond_init M - A28 (AR EE NULL ERSHE) .
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4.8.4 Pthreads &

FESRET —MEEZET, RITEER—T Open Group, XAIETEFF K POSIX tRHERI/MAH, ITE
7E 4 Pthreads & BB O, AW, FUORITELREDN, ENFEAFAER, BERITRAE
ABIHEE., TUMNTE 4.9 PHEBE R APL 4,

4.9 ESH

B, iIERMNBBEXRME: S—PKE. HEH ., BEHLETARRENEFTOBIESH
BT R, AT RHAREW, BIREEMRBENE - int BISEEMER, MERNERE
# Member . Insert #l Delete,

4.9.1 HBRAEY
HRAGH—HE LA, BMERE-TMRERIRARGH . — M RBEIEN—E®
T—MESHEH . TR E XA

struct Tist_node.s {

int data;

struct Tist_node.sx next;
!

head_p 2 5 8

E4-4 #HE
BF 49 Member &

int Member(int value, struct list_ncde_sx head.p)

}

2 struct list_node.sx curr_p = head.p;

3

4 while (curr_p != NULL && curr_p—>data < value)
5 curr_p = curr_p—>next:

6

7 if (curr.p == NULL curr_p—>data > value)
8 return O;

9 else

10 return 1;

11

12 /% Member x/

— AW EERINE 4-4 iR, —4 struct Tist_node_s * KAIFFEE head_p FEmERFTH
BN EE, BE—MEERN next AR NULL (ZEBEFHSHL (/) £R),

Member st (BF49) A R4 REFEER, ERERABHAERENEBRESE
ERP, BARRERAERFN, Y curr_p #4HE N NULL BF, SX5 2R0T45 s 768 00 B8 8L 5
KT BMES, RERES—MER (BREAEZEERS).

Insert /¥t (BF4-10) BAHEREROMERBAFTE R, BIEREAFHN, TUE
PH—HERERRI—IEE, e deta RAKTEBAKN Value, RBIXNGERGE, BH
BRBARZE ST E, NHAERRRANN, FAEFRF—RBEXSEE “HR" BXIMERZ
MM E., AENHFETUMIX RS, & XHE A4 pred_p, $5EM/14SHET—1 %
Ro HYRITRBBAMMEI BB EREIFH, pred_p BELEEM next RAFTEEF NE
MFEANLSE S, LE4-5,

Delete ¥ (BfF4-11) 5 Insert WEAM, FHNEABERBERERS S0 E A7 ER
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B MRS SRTIR S . BTIREE A next R FEABERAREES ., WE4-6,
BF 4-10 Insert A¥

int Insert(int value, struct list_node_sxx head_p)}{

I

2 struct tist.node.s* curr.p = xhead.p:

3 struct Jist_node.sx pred_p = NULL;

4 struct lTist._node.sx temp_p;

5

6 while (curr_p != NULL && curr_p—>data < valuell

7 pred.p = curr_p;

8 curr.p = curr_p—>next;

9 }

10

11 if (curr.p == NULL curr_p—>data > valua)|

12 temp_p = malloc(sizeof(struct Tist.node.s)):

13 temp._p—>data = value:

14 temp.p—>next = curr_p;

15 if (pred.p == NULL) /% New first node */

16 xhead.p = temp_p:

17 else

18 pred.p—>next = temp.p:

19 return 1;

20 } else | /% Value already in list %/

21 return C;

22 }

23} /% Insert x/
pred_p curr_p

head_p 2 5 ¥ 8

temp_p 7

B4-5 HHFERPEA—-THER

4.9.2 ZLEEHE

B, iLRITREFFE— Pthreads BF P H X E R, AT XMERILEVE, ¥ head_p &
XA2RAER, X R Member, Insert 71 Delete B9pRE L, FAARTELH head_p — KR
head_p f#REr, AEEAREHANE, HE, WRA ST EREBRNMTX =10, ERESE

f+a7
N
head_p 2 * 5 8
T
pred_p curr_p

E4-6 MeERFRER—IT R
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BF 411 Delete B

int Delete(int value, struct list_node.sxx head_p){

|

2 struct list_.node_sx curr_p = xhead_p:

3 struct Tist_node_s*x pred_p = NULL

4

5 while (curr_p != NULL &3 curr_p—>data < value)|
6 pred.p = curr_p;

7 curr.p = curr_p—>next;

8

9

10 if (curr_p != NULL && curr_p—>data == value){
1 if (pred.p == NULL) /x Deleting first node in list %/
12 xhead.p = curr.p—>next;

13 free{curr_p);

14 } elsef

15 pred_p—>next = curr_p—>next;

16 free(curr_p):

17 }

18 return 1;

19 lelse{ /% Value isn’t in list %/

20 return 0;

21

22 } /% Delete %/

ZNERBALARSE R EA R — N RFEEIT, BB EELENREEE R HIT Mem-
ber B¥, 5—KiE, Delete fil Insert RPTREE NI, WRIKEILXERESHMEBRIER
BHAT, IRATTRESA I, Hlin, RiZRLR 0 IEAHST Member (5), SR, K& 1 fEHR
1 Delete (5), HEEMUMREWE 4-7 Fim. —THBARBE: WRLRE 0 E7EHRIT Mem-
ber (5), E¥#iES fEEET, AMELL, STRELBOREANABEMBRT . E-1HE
Ry . INRLERE O EAEHAT Member(8), &R 1 ARESTEL TR 0 BB 8 ML SATAR
AR 5 SR, REHAEN free LHIAERRBMAFE, BRAFELRRE O BLRZATHT
TEHMR, BaksmEmRmNEE, i, MRAFEEFI>EATEMAR, MARENR
HBROGH, BAKE 0L IR next HABLRERNRR, HAEEDIT

curr_p = curr_p—onext;

Ja, ¥t curr_p ¥ S| AREES S EEBEM .

£#0:
curr_p
head_p 2 5 8
T
5 3 SL81.
pred_p curr_p

E4-7 RN RBER AR

HWHE, AJLAERIEIRLE R . EHAT Insert o Delete WRIA AT HMEBRIE, ELBRRFRA
17 Member #4E, BlERZESERAHEN; BYEIMRBRMHRERLZSE -ITLEBELE
EAT Insert 2 Delete #2fE, BB XL AN, BARELH (WIE4L 11),

BANTRIXAEER . EXERFTHRIFEMYBE—TEMES LM FT R, fln, HAX=
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R T ERALFRRRY, BrL AT IA TSR F 84 Member A

Pthread.mutex.lock{&Tist.mutex);
Member(value);
Pthread_mutex.unlock(&1ist.mutex);

EAFTRUBERETS RAEE: LASBTHANER WRMERKBIEVIEREER
Member, BBASKKZE T H LGNNI, H—JE, MRIERKBIGTIERIER Insert
flDelete, XFRERBIFHMAIAR, EAKBSHNRERTZESTIT, MRXIHRTRR

BEHEN.
: BATEENTRE CHRE" 8. TRIER EREANSS LY, MARMEBN R L
o flan, WIATEESRSSANSERRRN— 1T ERE:

struct list_node_s {
int data:
struct Tist_node.s* next;
pthread.mutex.t mutex:

}

B, BRUIE—AEER, LIS ZE SN BB, XBERHE 15 head_p 184 #H
KEWEF &, Bk, LR 4-12 R @ e AR HE SC 8 Member %, XA SEHLELFOR B9
Member BREEHME B i, ERLFRMLHE, BABKIIR—NG R, ELFUE s

(86 Ffgsi, FrLAG—KMG SR ZHINMKREER; A5, MREABTEEHF, X2
MEMEEER . Eift— S 2 ERNEER, S/EA8ENT —NERESE, XLRGMT B4
RMFHBHFTR, B5 7@, ANENYAREOR - EEEFROTR. HH R 450
BOGBE G NS, B SNRBERRMNRERNARRBS, FEEMNERTHAHRAE.

BF 412 FASIMEREARE VBRI ERLH Member HH

int Member(int value) {
struct list_.node.sx temp.p;

pthread_mutex_lock(&head_p_mutex);
temp_p = head._p;
while (temp_p != NULL && temp_p—->data < value) {
if (temp_p—>next != NULL)
pthread_mutex.lock(&({temp_p~>next=>mutex));
if (temp.p == head.p)
pthread.mutex.unlock(&head_p.mutex);
pthread mutex_unlock(&(temp_p—>mutex)};
temp.p = temp._p—>next;

if (temp.p == NULL {| temp_p—>data > value) {
if (temp.p == head.p)
pthread.mutex.unlock(&head.p_mutex);
if (temp-p != NULL)
pthreadmutex.unlock(&(temp_p—>mutex));
return 0;
} else {
if (temp.p == head_p)
pthread.mutex.unlock(&head_p.mutex):
pthread.mutex.unlock(&(temp_p—>mutex));
return 1:
}
} /% Member =/

4.9.3 Pthreads {£5%5 §i
ATARMNINBTHRLRSEBHERN T, XWHFEHARLLEAERSIT Member BEAIL
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BRAFUFSEERMEES R, BT EEE—RARARF-IMRBHARIMEER, B2
NI EEE—Z R AT RBYEE— B EL A, Pthreads KRS 84T LUIEN 5 —MAT T
K. BTREFNTRPLS, EEYEALSEREEREL, XMW RE, F— A NkBREN
EERHAITME, EoNABRENETUHAITIN . K688 1T R 1 R 2 R B K45
9, BERA -1 LRBRELSRBEREE . Bk, MREMLBENA 78, WEMFHKRE S

WEBKBEASYRENEA L, MHE, WREMKBRA TEY, WEMABRBUZRT 8
LR B ZETE B IR A B R B I o !

{fi Fi] Pthreads BIZ T 81, REA THIMABRPEERRL (28 REUR EH)

pthread.rwlock.rdlock(&rwlock);
Member(value):
pthread_rwleock.unlockt&rwiock::

pthread_rwlockwrleck(&rwlock):
Insert(value):
pthread_.rwlock.-unlock(&rwlock);

pthread_rwiockwriock(&rwlock);
Delete(value):
pthread_rwlock_unlockt&rwlock):

X ANHT ) Pthreads pRECATIETL 2 :

int pthread.rwlock.rdlock(pthread_.rwlock. .t rwlock.p /+ in/out =/);
int pthread.rwlock.wrlock(pthread.rwlock.t* rwlock.p /% in/‘out %, 1;
int pthread.rwlock.unTock(pthread_rwlock tx rwlock.p 7+ infout =/);

HBRENNEFHRRN—RF, B RENEMY, - AEmY, BE— AT 187
S5ERFE—#, EEHUEGRARAZIHL, Eﬁ%!‘ NS AR ARAIAL

int pthread_rwlock.init(
pthread_-rwlock.-t* rwiock.p /% out =/,
const pthread_rwlockattr_tsx attr.p /% In x/);

SEHFE—H, PMERASZASEK, ARREEE NULLE, T SERER— MRS

int pthread.rwlock_destroy(pthread.rwlock_-t+ rwlock.p /# in/out */):

4.9.4 AEXHARMMEELE

R, RIVEPEX=ATHBNE "B &, ARBRINRE T —-NMER, HPEEX
=ML, ARFR, FLBEENSHFPRAAPEERENBEILERVEE. BEEER
ME, BIEBNERIITRAFAEERENERE, APEERESELEME (Member,| Insert,
Delete) FrMIBER K. AT, BIRERELUENBNREFITRERR T — 1 BEOLEE R
o Bilin, APAIEESTEE: A 1000 MEER B SHEER S, LB BT 100 000 1~
€, MH, W §ERXEHEE 80% BH/ER Member, 15% & Insert, #TH 5% & Delete, R
i, HTFRERBIAERK, BrLILBRAGERTT T 79 000 4~ Member J§H, 15500 4~ Insert iA
H, 5500 4~ Delete @M,

F24-3 IR 4-4 FIH T X — ¥ EE 8 1000 8 E B4R AT 100 000 4~ 1E B 4E 4 1 18]
(BALHE) . MABHESE—THA 4 PEARBNRSE WA,

F4-3 W T 2499.9% e fER Member, ®ITFH90. 1% 8 Insert #1Delete BIEHMR
AT, F24-4 LEH T 80% RYMRIER Member, 10% & Insert, 10% 4 Delete #AEFTTE
HymfE, RATEZD: ERIRTD, JEBECH 18, EEUSRERELHHNITH AR —FF
B, XRHEF: BARAMNEEHNEFENES, XEBRERBITHRITH, XPFSSHATT
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PR & X RATRETH BB AR R N REORR, A—TE, FRESIMER—18H
LHBRR, XURFERN, RAERKANEGSAWUE, H2A 2 ME (—Rmgt. — K%
), RILFHER, ~

*4-3 SHFRIRIERE: 1000 MK EE, 100 000 4~#R{E, 99.9% Member,
0.05% Insert, 0.05% Delete

&R B
M
1 2 4 8
=] 0.213 0.123 0.098 0.115
BIMEER—TERE 0.211 0. 450 0. 385 0.457
SMEA—TERE 1. 680 5.700 3.450 2.700

F4-4 HRIBERTE: 1000 /155518, 100 000 1 24E, 80% Member, 10% Insert, 10% Delete

KEME
xR
1 2 4 8
EEH 2.48 4.97 4.69 4.7
BN NEER—ANERE 2.50 5.13 5.04 5.11
BIMES—1TERR 12. 00 29. 60 17.00 12.00

BEENMRBWELT, M E—1TERENERNRERFHLMAE. SHMAHLHME
b, SEEmMBARE X AN LR R K,

FANEBBEEENARZLARFET: EEZLBEAT, EESHUMRLEFBELAMHEXT
B, % Insert il Delete ffE+4/0n, EEHEHFTHRERELH, BARTFBELRPIT
LT A RBRfE, XBkEF, IR Insert fl Delete +4r/0it, 5 BN 6 F MR E L
BRI, B—HmE, WREHEXMNEK Insert 1 Delete B (Hli, KAEN10%), EEHM
BHFBRIIAMERILFRAEEN., FHEXEERRERN, EEHEERIEBANEERT, B
HET Insert # Delete #E+ 4 MBHEA 1T,

RMNAEFES: MRFA-NELFEREEBIMEE—IELRFE, RABRFESLBTETE
R RBIF—TREBHERRE R, ME, ¥ insert M delete I BEHEMB AN, &F
BMEZRBEERFOHAKBR, XXM TRERFBLIREFAATE, BAXERNE R0 RS

089 178, XM FiREYELHR, YA ARBEHREN, SHAKRZHUTS, SEMHEEE TREMRER,

Bz, EEMLALETREBNENMEEA-NEFBEWIHEL, BRI insert M delete

BAERT 5 L BIRN, BN BITEHEREIFHNTR,

4.9.5 ZLWMESH

JR3REY Pthreads tR#EFHF A FEE S, Hit—E BRI Phreads AR TIEE S L
B (fin, W [6]), BEBNESYHLHCEX T MRIESGH, ZEWERRNEETE (—
AXTR “EE”, AN “BE”) -1 ERE, ITBESEHEAS—%RA, 438
FER: |

(1) ZDiEEWAEL, BIH L LLERBESE,

© 4R¥E Butenhof FriR i MSBUN IR A KA,
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(2) BLEEERFHFRBBL

(3) REA—NSEHAY.

(4) ZLEEIEERFHFHRM.

EFREATRPESHNBESH . LM ERBHALXPHEE - R (8. 5
gi. @Y, ELTMEREEFE, FETRAN T REZR T XERBAAFTH—1F, B
FIRYERE, EXREFERE, KERETENEBERARRERTRT 4, A, MRE
MEHTIRVE, RREREA - INEEYNHAAS. WREH, EXESEE (BIRNENK
) BEEML, RERENTHENERE NREF-NEANEFE (F-1EEHEHN, EE
5), ASHRBMBMIEENEERN ], FAERERGTE LR —IRESERF. HEBEENH
MRS, THEESHHEEORRR 1, MEHREFNKREM ], FREPITHENEE. §
PR B SCBLS iE B PR BRI AL

BHERBMIRERRTFABE - MEEER—IEE, MREKBE—EE, HRAHMBK
EHhitE, HHNBEEESER, RAENERRHAXESENEE, FEERERKOR
e, B—TrH, WRLBETE, WARRANAEENSE LS, RHEKBERTERE EMM
FRELRTE. BABHELHEFVINE, RUBREEEERBY. Hit, FEXALTEER
e, WBIEN 4. 6 H—BRIT T XHEHHNE,

4.10 &%, EE—BHEMHHEEC

ZEX, ABRBHORTEER TR EFTRENEERE L. R - MBI BREBIELH
MNEFEPEHE, BATHERKEANBEIEFERENNTFPLRL GBI EAEE. AT 4AEX
AR, SREITARCEAG BN THIREMANF. IPERBATREREEF (cache
memory ) ,

FEMRITEFETHREMNSEFMEEER: RO BEE ViR NEM]E x, B4
RATBEEAE— R BT BRI « MNFEGE ., IR EBSTEVRIEFMNE <, 4
BMAREW « WABEEA () £, MEN—RET « HNFREA () EF, BRITEXH
—HRNERANBEFETRERFR,

F2.3.4%%, RIELEFEINEFWEHSHNEENEFRRROEM, XERTA? HE,
ZEBETHEE: B x 2—MHEER, HXS, KBOM 1 x MAFRAENSANERE,
HAENHREERITER:

my_y =X; )

XE, my_y B—TERANEREEXHNRAETR, BAERERER O BITE:

X+ +;

BfE, BiRLRE 1 EARIT:

my_z = X;
my_z BA—NHEER

my_z M{ERZR? BSWB? FHHERL6G? MEET: x (£2) A3 EIE, —NEFHE
B, —PMELBOMWERFD, —NMEXB 1 NEED, ULBOHIT x+ +8, THFEHNRE1 8
FHMESREM2ZL? XREF-BMEE, RIES 2 Hitidd. KBLRELALILS
ERANCAFHEEESEEL, BERBOIT X+ +/5, KB x WEFETEBIRCAIT,
R my_z = x 8], BITERE | WEMERIICHERY x MEAC 2T, X8, 8178

© BEMAWEEES BRAIHE, MRKELBTHR—2, TLBLTXESS.

190}
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B0 MBEAEBAES x £EFPHEIA, REETRE | WZENEFED x WEHE. EXH
T2 &,

BEBHTEAMAZEAFRENERAERNEW, ATHIAR—K, RINHEXRES
Pthreads %5 ff - MIBREMHF: ERBUHL—T mxn WEFA, UR—-TnEHXHEx, &
ARBEAFTIHERBEE Y =Ax B m/t M. (¢ BERBEEK.) A, x. y. m Mo WEESRELR
HEW, ITHTSH, RIERBFIBHEETAE,

R Ty RBOTBFPITHINGE, Ty ZIFTBRFITHE, FTRTFHRHEEZMELL
S BRULBE:

(2)
pos M) Taw
t ¢ tXTyp
BH S<i, FILES], £4-5 51T TARNEEEMARHLBEE, B - HERERFH
BATH [ AR

R, AR A S HUR 64 000 000, FTLIMIR AEEBEARIEH, T
mRE . RARLKERTEX 3 HRANERNNEMHEAS, R, REABH, HHRHFARX
B, BRIEITRS, 8 000 000 x8 MR Si Lk 8000 x 8000 MRS TE X 14% HyafjH, 8 x8 000 000
(9 FR 4E L 8000 x 8000 M R AT B L 28% KN [E], X DEFIBHAE TRF AL,

2 4-13 Pthreads 46/ - ARTEREF

void xPth.mat_vect(voidx rank) {

I

2 tong my_rank = (long) rank;

3 int i, J;

4 int local.m = m/thread.count;

5 int my first_row = my_rankxlocal.m;

6 int my.last.row = (my_rank+I)«localm - 1;
7

8 for (i = my_first.row: i <= my_.last_row: i++) {
9 y[il = 0.0;

10 for (j = 0; j < n; j++)

11 y[i] += A[TI0J1#x[j1;:

12 )

13

14 return NULL;

15 } /% Pth.mat_vect %/

®4-5 EF - mBRFEMNESTHREMBET (BE LD RA)

SERFRYE N
BEY 8 000 000 x 8 8000 x 8000 8 x8 000 000
R & HE B8 HE B ) HH
1 0.393 1.000 0. 345 1.000 0.441 1. 000
2 0.217 0. 906 0.188 0.918 0.300 0.735
4 0.139 0.707 0.1i5 0.750 0.388 0.290

U NMEREAEH I AERFPHERSN, ek 4E B4 % (write-miss), EIBFAF
Bl EF, BESVEE (H0 Valgnnd [49]) K YEFiz1T 8 000 000 x 8 s ANT, HoHAh2 Fhi
AREELZHNBEHFEREK, KBPEREEEAREIFT, BAERAE y WLEBBTTATH
BRI AREERMEITE (8 000 000 58000 5 8), M HEBNMTELMBEMEL, HlkX—17
718 T 8 000 000 x 8 M4 ARRFF BIBRATH A S AT .
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Y- AMRE R — MR EZEFPHEERN, MaR4E#48K (read-miss), AFIFUHV]
6l X%, BESTIRETLEFESFTS x8 000 000 % AR, HHAM2 AL kETLHEHRE,
RIS 11 17, ARXNRFOEARE (MIFE4.15) RH: RRZAFEETY
X B, XREBEARS AT, WX HEA, x TEEA 8000000 Mok, MBIIFEHBMAN x B
£ 8000 2% 8 MILETEIEA,

FESENE, FoAHMHNEAZEMAKBERFERFRRAEBRL T HOHENEE, Mo, R
MEBEZEBELAE (R2.2.4%) EXESEREFARBANERE, CPU TR EFTIERN
wmEZEE L7

BATERMBHE, SRERHEMA, BFEPRITHRERABRKYAHR. HAR 8 x8 000 000
B DR TR PR FF OB L4 A 8 000 000 x 8 #11 8000 x 8000 IR FER R JLFK 20% , % AR 8 x
8 000 000 FJUULRRERFF LLEI AL 8 000 000 x 8 MR P ELL 60% , Lk AH 8000 x 8000 K7
FERIR R (R4 L 60% , RITEEZTIEH AN 8 x8 000 000 WHLBBRFHERSN, Hit, %=E
ARPHFFHEKX:

e BTz T} 8]
HATHE = mmm < et a o
FHam Ak 8 x8 000 000 HELBBIFHHREEI AL

BRE:. ZHFARHE, RITKEF-THUERBHUITHER. B A% 8000000 x8 B, y&
8 000 000 NTTE, ML BEHELH 2 000 000 MILE. AN 8000 x 8000 A, LS EE
2000 1~ y BIITER, HAH 8 x8 000 000 B, BIRBHEI 2 MR, ERIFEANRSE L, —
MERETR 64 NFY, y NRBEIUEER AR, N8 AFY, —MBFITREFHE 8 IS E 2
=t

FHE—BHR “THR” K, URER, SREFTHPHEM—TMEERET, RxfTHE
EF NGB BREET, AREEEHNIME, ERMMESE LHEINBFTHSTLR. R
FRMNARSER 2 MZAESS, 8MMEBRETACHERF. BXAERLBONKE ] SRS
— AR FEES, RTR2 f13 HEA D —MEHEEE . RAHRESTT 8 x8 000 000 fEIEE, FFA 8 y #F
BE—NEBETF. B—KE y WEANTE, BEitE -1 0bEBPHBET LK. Fln, 8K
KEOAUTERES y[0]:

ylil +=A[iI[3]*x[J];

WRLRE 2 AR 3 T MMB (ATEH vy WEMTE), ERARBREFNR v. 84
KBEFEHE—IToLE, HLEH 8000000 K, BRITEFD, EXMEBIRANEFETIENEE
T, FALBHABAETME v # 5K, XMFRE—NTLERE - LBRNERT BE
K4, B, REXRBO YR y[0],

BIRBHESMHMERATH y TERHATER, WIRELLER 16 000 000 K, REXEE
P AR BERBUINERF, BEPPRSERERIGEEF, XHNHILH (false sha-
ring) . BiZ2 MAFA S HEFNEBVNBTR-ZFTHARLR, B#—SBEELE -4
KBREFTENER, FANFRELBES M ERBIEEMHANTR, ZHREMHBNRSEE
MBRETTEFBRBEXBANNERBERNE, EBRHAARAKELMER (BT —1EET), H
KBWMHNFEIRATHFRENEERE-NTE, HEIEXHARMEAHEE,

- Ath B HARE LA RARAREE? RIT1EE— T AN 8000 x 8000 & %4 14,
BIGEE 2 WA — SR, KB 3 ARAFI—MLEFE (LFRE, RIBFARME PR
BomA s, LEASRIE4.16), LE2 AFIHE:

y[4000],y[4001],---,y[5999]

29
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SHE3 AR

y[6000],y[6001],--+,y[7999]

BB 8 L MIURIETE S8, W— T B R I T A RES B

AMEZEKNED, Flm, — P RIFTNRESE:
¥[59961,y[5997],y[5998],y[5999],y[6000],y[60011,y[6002],y[6003]

RIS REAEXNRIFIT £, R, KB 2ETH for T BIRNBBIHHEE:
y[59961,y[5997],y[5998],y[5999]

L7 3 1E for 1 JEIFAYITH151R] .

y[6000],y[6001],y[6002],y[6003]

PRI AR AT R 422 T8 2 UI0] y (5996 16, £k 3 BASEA 1 BT XX P4~ ] .
y[6000],y[6001],y[6002],y[6003]

K, LR 3 iR y[6003 )6, RATRELR 2 B BA FIAVIFA:
y[5996],y[5997],y[5998],y[5999]

Bk, 7E4 A Y 8000 x 8000 Bf, y TRMMIERGRERMB. KL, E#H AN
8 000 000 x8 i, y MAXEMAKARSFIERE, RITEERED: FLKHEL AFE x t96h
HE, BNENMHENRRSZBER - mEARGRBEN,

AR T R AR - MRREASTEANIE, —NTRRBRTREN
BEOLR “HRE" y MR, ATRLI-TEBROERASERS T ERBRNEFT. A— A%ﬁ
NREBIMEABEREEANGERAEACHAEFMHE, ﬂFﬁmﬁFEﬁ%Eﬁ%ﬁ
418,

4. 11 ZiERed®

BETRBITRTHREXENFRETS T AIBSREWRE: 885444, IR—-ITRDB
WL R BRERTMASIERE, BATRRERSHN.

B, RBEFEAZIRERI —DXHFHTT A" BRI ST b8 B E R,
BT EE SR, tab BT R AR EENFERFS, BRREN— TR T ER:
BEMAXMSRTT, BE—TRIFFBEE. E1TAKE0, B_THLRB1, -, 74
KBi-1, Br+1TALEOE,

ﬁﬂTuﬁﬁﬁ%:%ﬁﬁﬁﬂﬁAﬁ%ﬁw BE, E—1TRBET1TRAR, Tkt
XX —FTHIT A — DN HERMA string. h iy striok ®¥, EMERNT.

charx strtok(
charx string /% in/cut =/,
const charx separators /x in */);

ENRERAEARFIE: F—KEREH, string SEBZREHFEMAHN AR, ERIAH T
FRE-fTHA. FEHAATR, string ZH MR NULL, ERERRE. £ —WHEMN,
strtok @480 string MIEsH, AETRELZMNEAT, strtok BENBEHEHAI AT
SR AESNE, BRSBTS ED separators BREARE. MiZHFRHSE" \t\
n" gk separators S8 EA B,

© EXWOINFERS BPHARR, MBECLELI—F, HOTLBEXHT.
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BF 414 SBREHSABNE—TEEHERF

1 void« Tokenize(voidx rank) {

2 long my.rank = (long) rank;

3 int count;

4 int next = (my.rank + 1) % thread_count;
5 char xfg_rv;

6 char my_line[MAX];

7 char smy_string;

8

9 sem.wait(&sems[my.rank]):

10 fg_rv = fgets(my.line, MAX, stdin};

11 sem_post(&sems{nextl);

12 while (fg.rv 1= NULL) {

13 printf("Thread %1d > my line = %s", my.rank, my_line);
14

15 count = Q;

16 my_string = strtok(my_line, ™ \t\n"):
17 while { my_string != NULL ) {

18 count++;

19 printf("Thread %1d > string %d = %s\n", my_rank, count,
20 my.string);

21 my-string = strtok(NULL, " \t\n"):
22 }

23

24 semwait(&sems[my_rank]);

25 fg.rv = fgets(my._.line, MAX, stdin);
26 sem.post(&sems[nextl):

27 1

28

29 return NULL:

30 } /+ Tokenize */

SEU LR, RINFBUORF 414 IRHEBRR, TEBWKRLE—-NA  MEERIHY
(BB, ABONESEWSBEAN 1, IARMKNGESEWHBEAR 0. F9~11 ITHR
BRHEKBENFHIRMAT. KBELEAS 1T, WHTARBHKREHEERE sem_wait
Fo HLMEO0WAT sem_post i, LB 1 HEITERA. EEIMRBECLETENE—TRAE
(RELRBXMHR), EZTIMIMASTESR 24 ~26 T A, foets BRBEATIE—TRA, T 19
$B15 ~22 TATHRIIR—THR. HA-ITKRBETX/ RPN, ERERLMEARKTZ
Wl BIVE—RA2IMERBBITEXNER , BAR:

Pease porridge hot.

Pease porridge cold.

Pease porridge in the pot

Nine days old.
M RERN, R, RITARENRARKSTINMER, B2 TIIME.

Thread 0 > my line = Pease porridge hot.
Thread 0 > string 1 = Pease

Thread 0 > string 2 = porridge

Thread 0 > string 3 = hot.

Thread 1 > my line = Pease porridge cold.
Thread 0 > my line = Pease porridge in the pot
Thread 0 > string 1 = Pease

Thread 0 > string 2 = porridge

Thread 0 > string 3 = in

Thread 0 > string 4 = the

Thread 0 > string 5 = pot

Thread 1 > string 1 = Pease

Thread 1 > my line = Nine days old.
Thread 1 > string 1 = Nine

Thread 1 > string 2 = days

Thread 1 > string 3 = old.
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XREEAFAE? BELE—T striok MAXMATHITERF. EELHAH—1 storge Kk
BTRELINMNBMATHER. FBAFKAAZTRAMZE, FEEXMERETHES—E
PRE., BAENE, INMBEENTFHFERILEN, MARMAR. Hit, K& 0RAA striok
SHRA RIS 3 ATRIT R, BETERERE | A striok BABMAKLE 2 fTHERF.

strtok BERRAABEEN: NRENMEERMNERE, SHTERFERK. BRHNE,
5T CIEBENERECRE, KBAZLERE KN, Fln, stdlib. h FEEEHLEE KA random
A time. h FEBTEIFEHR AR Tocaltime MARKBEEN, EREFHLT, CIRERERE—
TERE . KBEEMEERA, FELLE, striok A—IMERBEELSHRF .

char= strtok.r(

chars string /% Tnfout =/,
const chars separators /% in ®/,
charsx saveptr.p /% inZout x/);

“r" RRREETEAY, “AEA" AHAMKBRSNENLE, BEMITHNSHS str-
tok B—HH, striok_r AR _p & saveptr SUMERBERAFHRPHALE, BE
2 strtok MBI P EERETMER. B strtok_r M strtok, ATLIEIEFRM Token-
ize . REEWHRMAH - char » TRIFEARE striok_r BE=1 S8, #HHAT
58 B SR B P R R4E 16 FTFI%E 21 47

my_string = strtok.r{my_-Tine, " \t\n", &saveptr):

my_string = strtok.r(NUCL, “ \t\n", &saveptr):

RIERMBIEFF BE~ £ EERRIHIH

RATEER, FRMOABRFHBFEREIRE. 5—WH 2 MESTEFH, BF>™
A EFRE S, HRIZENFRERT, BNAEA—MER. FENER, XEFTRFFAERE
AREIE, ERENFRFPREIE L. BAXHSRF, SBRREHMIEITH, EMm®R
BIEE BRI, EHTKEAFIIRERERN. Flin, RITAMELE 1 A EE—RARH
striok, MREHERAREEELBOELMNE I THHEZE, BMAE L THEAFRMIFERLI
RIEHBK, AT, MREE 1 ELEO ZAN 1 ITHTRZATAA striok, 4% 0 AR
BRLRBE 1 FHRANE, B, EFRAZNERFN, RERA-IBFFET EROR
H, WAEE - ERERH, RITSZEHMAETHEM.

4.12 Ih&

5 MPI —##, Pthreads 2 5 FIRLHHTRIF W EEE, 5 MPL AR, Pthreads T3
BIENFEHITHE.

EXENFHFET, KBRENYTHARXANFRBEIOER. RN, KBSEHHBRER
2%,

TE Pthreads BF ', FiWARBRMEVINLREE, HEBHEEXN TETRFREERNR
RAAR . I T M Pthreads, AN ZFA pthread. h k3xff, FHERFERFE, ELEM
S1TH N - Tpthread H W /F4E#E Pthread FE, K14 MEH K pthread_create
pthread_join RJa s #fz L —1M&E,

UENMRBRNITE, EARBRTEANRFERYREREN. Y204 BKE D R—
MEEEFREN, AN MREEER —AEEXMN, FEREPEPLHE -NMRIEEHRE, X
MR RES S BAER, SBERNAHRENE, RINHIMHARNESREM (race condition) , 4
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BEHERNEFEFNBEEENESZ —MAERNMELERESEM, EHRE (critical section) &—4
@Bk, EXMBES, TENZRE TR EEEEFLERR, Hibin R X e HRiT
%R R BT RBHIT. Hilt, FEiETEFN, MR mFERARAX, 3 EERSRR XM
ZR AR .

AEMBRMERRERHAMERTE: UEF. EREMNESRE. SR (busy-wait-
ing) TWUA—/MrELEREAM—NSEIRRLH, HE+H45R% CPU RS, mMRITHRFRMAL,
EXEATEY, A—RRREHERENESESETT,

HRFR (mutex) AJLUBEBRGRXH—ES, BIEF R MREEXTEA XS EF U6,
7E Pthreads &, L8 B EHZ A A pthread_mutex_lock RFEME FE (&), FETHHA
pthread_mutex_unlock RBHEFE (8), ¥— TR BIXEXR—ANELEFANERFE
B, ESiBHZERE pthread_mutex_lock b, XERFZEEBL—HSHRHEIREALTCH. S
B (semaphore) R—NEHRNRE (sem_wait M sem_post) WEAMSEER. WRESEE
ER, X sem_wait WiEARFRAMEESER 1; MRESEEST, A sem_wait MEER
LHEHIGFSEAEN, KR{ESESE 1, AFKRBMNAATIRE, sem_post B{EMES
Binl, BrRMES B UMMEREFH, K4, sem_wait Xt pthread_mutex_lock, sem
_post Xt pthread_mutex_unlock, i, FERIEEFENEER, HITIIEEMHRL
HiEfEffE. MR, BAGSEESR “HEM, FAKXEHRESHY LENESEHITHRY
FERERRAESMAXLHETE -HBRERS, ELETEF -HBAERLH, — “HBRE"
SBEEREETHFESFF - LAGRBESE £ 8" 4B0U0E, F5ET R Pthreads H)—&
. RTHEREN, FERA semaphore. h sk3tff,

—/BRME (barrier) REFPH T4 K, KBV IHERIFANEBRIAETXASE
R BILMARMWESBEN L, Kb —-MERT RGETERE, £4 TR (conditional variable)
R—TRRHEENER, EAXEE-NLBOBTERENRBGL2E. —BRERE, 5—H
KBREEH - M RAFES R ROET BREEENER,

RS 81) Pthreads f1E ZiET P (read-write lock) , M BN RBRIN &K 24k — IS
M, ATLMEAEEM; BnREAETEEURE S RAEEME, AEklE, RE - 12126k
BUT) iz AR

BABUE BB M AEERBE N TTRIETE], B8R A 28 38 45 W) 78 45 2K B0 14 3
FRUIEARFRGH EHWEHFR — B (coherent) , B HEF B REALME —NBIEIT (cache
line) SBIFR (cache block), EEH LL—NFEF KR, FTLLXFTEESHR AN . WAKREA
REEEGHARKNAERT, YW IMETRETR—AEFTH, FF-BHEFLSERIWIL
BRIEEHEF-TAFRT, XF, MR -IRBEH TENANFRT, ZREMNEBRLEE
BEHETIRMANFERT (SHEABIMMBEFNAERTRAE -NRET), BABARMNEFEFK
B, SiRil, ZF-BHEEGREZENMEBEERFEELEZER —THFET, IR IR E
(false sharing) , ‘B HHBERILENFRFHOERE.

it CIEFRBESFEY static TEMNMAERKEAHZAZFRE. Y2 MREBAMIZE
s, ATRES SRR, ANEXKBZRIAEREEME, U IREEBESS - IMREBOK
B XFEMBEBAREERRLH (thread-safe) , REME, ECIEFTEFERLOXEMNEL, R
i, AiSf—SIERBT 2T KT IER.

MEFEHALKBEALZLRMNERF, RNRAGLAEFINERE: FRAZIMEBAETSRAZ

TRfFe, BERFREHERN, EANGSSEERRNBE., SERFIEEMNKTBE~4T
IEFREH , MATHEERER ERIESRK, ZRRIA KA TENES KM,
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4.13 3@

4.1

4.2

4.3

YR - MERREN, RITEEBE m fa, BVEBFOITERMIIE, MBS BER, « REBEM
M B, MR m Hn KRR BREOKME, AR ALK RS EEE?
REEYHE S —-NERIRSHASTRED, BHERR, HILBESWIAR RS ILER
WL, RNZLOBREZE=HE:

a. BORLEHIR B ERBU AN BRI S

b. BARLAMEMBYIGRIL? EFmaIL?

o FEFHAHMRRATHEE, THEEREIRSMT EREM?

ROVERPE —FEEM - HERERFPHE—-IRE RNFIENGE X RAANXRER
M, RUABERZEIE. R, ¥TEEARMRBER y, FE (2) SFREEAfyY B9TE
DRELNTERT,

ATIERBSRS ARy, RIORMBAA? 50y ARMWAE, BLE LU — R AR5
WATH y TR, AR, MEE A, SMESE - RAEKREEIRATH A BT, FE
BHER - MR, ILBRFTLUSSIXF RSP NS BRA S NERE KA
DL “JEEET MAFERIDGEIBRRARIEA A FFEATENE y W7 ARy WA T RES LB WAER -
R REMEITEE 7 (EITHEAEERA L) .

WEHRERAE-MSEN CBRFRETESLRE, Hilt, WM THRICSHO&EMRIL. (EE:
REBMAANZERELRE . FMEERETR.) SHELKARIEML, FOERS—1T&
Rek: AACKBF volatile Ripil—~LHETR, HRFEEFXETHRARIFSIRBLE.
PR, SIEIRELAE XY RX ST RAEOARMARK, TEXBABEGGHH T 42 MERKE
B—AREER S MHBEERAMRAN, RS RANICERBRITE:

/% x and flag are shared, v is private w/
/+ x and flag are initialized to 0 by main thread x/

y = Computelmy.rank):

while (flag != my_rank);

X =X+ y:

flag++:

Mox BRI, RIFRERH whileiBAM x =x +y WUFHNEEN. ENNREMABRBEEN, XK
BT BINRFF AL SRS R , (B0 R 4RI E 8 T 55 X P 58] B e R 48 8 FFAE 48 9 AU
R, SRERERN,

{HIn RN IHEE X -

int flag:
int x;

B L.

int volatile flag;
int volatile x;

SIFSERLAIE x f flag SR HMEBREY, EHASEAREANIIUT .

StF goe HiFeE, BAEABR T AMGIERA. RETTUIERFGSTHRM - 00 EIRHE T AK
k. FRALURIRE, STERATERMUIRKFRNAYN o B BF (pthopi_busy.c), HEEESLRE
HEMALZBHAEMELER N BEREARFRAEETINMET, EHEA gco i, H-02 %
WEAL —00 £, MERATRAHR, HEREANRINTKRBETZER?

T witERFED, PSR NIZRICH volatile? XS RME XL, EEAIHRIEH volatile,
FasERAMAERRAERETZRY, SREBREFHL, SRWMA?

4.4 WFSEMLRKAN, EEELAFERAKN CPUKE, RMNEZACEAELFEN o iTRBFHRMERILFR



4.5

4.6

4.7

4.8

4.9

$4% 4 Pthreads #{THANERE - 1

BARAE, XMRREIARLZ AL B LAELR?

HEREAELFERN v iTERF, FERRE for BN, X MEAKMERES FORKIT SRHFRAMLL
a7 RAITEMRETE?

HEREREREN »itERF, B CHEAGSERREARE. X MANERESERERAML
a2

REEFE -HBERLRAGSRBAS IR, BEORALRERIHN, BAMEERR: ib4A™
ZABAHBRERBRENERE, A—-TMEELBWHRNEN false HREERERRTRREE TG
AR B . XFAMREMBITINT

while (1) |
pthread_mutex_lock(&mutex);
if (my_rank == consumer) f{

if (message_available) {
print message:
pthread_mutex.unlock(&mutex);
break:

!

} else { /x my_rank == producer =/
create message;
message_available = 1;
pthread_mutex_unlock(&mutex):
break;

]
pthread.mutex.uniock{(&mutex);

}

MEFHBERBE LEHARF, CLBHRATHNGE (message_available ik false) H#
M pthread_mutex_untock 5i&E], HRAAXRBER L RIR, HALFHLBETHELS. F
RE—-TVEBEERF, TAXMIANETE -HRERL. RV LUEXTEFE—RAE? iLERE
BAT 2k MR, HPHRERBRHERE, BRRBRLEFTE, 515, BEF RIS IMERBREE
FEENRHERE, WEMEID? fin, KB REELX-FBERALE (¢+1) modt, XENLRE
(g-1+t) mod t HW—KFEE, WARERF? EFATSHFWY?

R -ITEBEEHEL-TERE, HEEUARKIFFRRRELFE, BFESEY. Wi
i, RETRESKEBHESHER—M. filn, BR—TBFERMEERESH (W0, AN
HAREFNER), 8MEESHE - SHMXBNERE (8). mH, RNMBRSIMEIELEE
BERBRBBURS AN IR BEHUIE (EWER).

a FARNMERBETRF. BREET TIPS

Bt 8 %R0 ®e1
0 pthread mutex lock (&mut0) pthread mutex lock ( &mutl)
1 pthread mutex lock (&mutl) pthread mutex lock (&mutQ)
SRERAT

b. INREBFFEATERS (RAWMIELEER) BREFE, £FREW?
c MREFHEAGTEFREIFE, SFMEW?
PAUF B—4k Pthreads 58 MBI BEBE ¥ AYSETL, SR%L:

int pthread_barrier_init(

pthread.barrier_tx barrier.p /% out %/,
const pthread.barrierattr_tx attr_p /% in %/,
unsigned : count /e in %/

BTN — BEXNR barrier_p. —RELT, RINSBWBE BB, Heid NULL EHXAD
SH. BE—N"SREEELABEBREZITAIILRNAREENORER. BEAS R LUT REMH

35
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203

-

int pthread_barrierwait(
pthread_barrier_tx barrierp /% in/out */);

5 R4 FLAfA Prhreads X R —H, A — B EL

int pthread.barrier_destroy(
pthread_barrier.tx barrier.p /* in/out =/);

B A B E0—RERF, LT MR Pthreads # B, R — X FF Pthreads BBEIHRM AL,
HAARARENRBAERE LETROBRT . XMEF RS AR a7

BRREZ FHREELFREN—NEF, iLEMA 4.8 WHHLHKX BE it ATiHHESd
AR, PRATIAGE AR B RIs LB RFEL UM timer. h @R GET_TIME, HEXNEHLS Hi%
LrBt4b (wall clock) BffE], AR CPURt[H, R EEE. BAERE, IMEEEEBREECHNSE.
Blan, R TER:

Store current time in my_start;

YRET LA
GET_TIME(my_start):

[ES: X
GET_TIME(&my._.start);

HIE ERELBIEERE Y ROUE BRSBTS

elapsed = Maximum of my.elapsed values:

% BN R U BT ERATH U MERIE, THIMEIERIETT e SR RE .
a. B4 Delete #AERIRTHRAT.

b. —4 Insert fl—4 Delete #ERMHAT,

c¢. — Member F1—4 Delete MAIEFEMHNAT,

d. 1 Insert @AFHAT

e. — Insert fI—4~ Member E]E#4T,

HRBAE Insert fiDelete AN ARIMHEBAR. EH MR, IR M EEEIAERFEA -
FfE, EAERENREGSNMEE, EE—NBRVREERHER, B8 -NWBREABA M
S, BoaMB—FENG R, HE, MERBFRYE, EXMERARAES MM REAMAL
+oE . WMTXERE, B—RBAYEERAER, REE I RBA BREE.
MREFE - BREA MRS RRET LS EE _NBRAGYRMERETL 2 HRER
MER,

HEMAN  TREZBHEREF. AROGHA T, ERBEFSWILFAREEW, BT 0TS
Hof) e 4 A S5 B BR BV E M B

a FFETEE, THAERANERMEALRE.

b, EFBETEE, LRAFEIANARMMBREE.

PR L L B MBTTEE LA ARFE? A TR S AE B — N EFeET 7

£ CIEEY, W_HEBUENSEYRELMESEII R TR ERANTIE . BT CEBFHAX
W, REA—-S5ERRE LY, BERE BRI ZEHEH X Firdt 8 % i — 450
HW TR, fBH Pthreads MR - MBRERT, AN —SERHRKRERE, FEARERE - R
BB, XHENRELEWETEEG?

EMA BRI R bR BRESCH: pth_vect_rand_split. ¢, NI RFHITMETHEF
(#I40 Valgrind 2 [49]), HIRBEFMEMMT MRS RFFRT (FEFSKRNZLRIF
4k gcc —g —02...), BERERNIELSBITERIF, FHAZMHARRE HBMAkx (k-10°), (k-
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$4Z A Pthreads #HITHERNEHRRE - 137

10°) x (k-10°) F1 (k-10°) xk, PEHEKHN L, FXEMWAFELE —MH-_REFHRIK
BF 10° RS

a XZRRAFTBIEN —RBHEBRELRED?

. X =HR AR RN - RBHEEHREE H L7

c. WAMBREEECERE? BHRBANSHRERE? FREERENHA57

d. X=HE AR —RBFRER B

e XEMBAFTEIRE _RBERBREHEN?
f.
&

=

KESHESE & A E? RS AMERAREE? KRERBRITLE?
HRRAX=FBAZTRE, BRAERAZESHR. ERMIATEFETRR? BIMEAT
BFEITRE? R EFERENNERAREXNENG? IR

ESER - m B IEEAIE Fh, RAI 8000 x 8000 %A . BB 4 M ERBIETT, KRB0 MLE?2

BRI F ML LIEFT. MR —TEFETRNG 64 FHE 8 1 double BIB, FALREO0 MERRE

2 ZE&xtER y BEM—Ea RAEILEWE? RHitA? MPLREO MLE 3 B REARG LS

SR EfZESx y MR —ER5 R &It Ew?

M - MBRENHTFH, KA8 x8000 000 A, ik double BIEIE 5 I 8 F I MFF MR,

—AMRETRNN 64 FF, FRBRIRRSA 2 MIZAL S,

a BOTREELNBIFATREMAE v

b. BETFEZPANEHFTRFREE y?

c MRBEBHETHHRBREMES FHHY double BXF, HELRHARMFTRNE y HTESEE
177

d. IRBITRBE—MEBILE - NLHEE, TUAEZOHARB TR 4 M EBLRBLHEE L2
XERNTBUEF — L LT Bt E— R,

e. ERNWBIFH, BEA-TRABTRIZHETHMR, UREZBIALBEENIMF R, FB5E%
BAORELEAW? BAERE, REEFBISED - MMEBENENMEE, ENEaSEFN Yy /Y
LEREFRAR -AZEETD, THALEE LETREF2RIN y WTRFEHEERARNERE
7L

F. A2L0MEELRIAEHFT. KBILCHEBOIACITR?

g EXESBAIRT, FEILHRSRBILELE?

a BUEN - MBRERF, AVREEOLERERAR y. HE y MEKE, WEKBRUL
PAT, B8y MARNEFEOATREFIMRESIMEBHRE, Flm, BE—DBETLUFEHE
8 /4~ double BI¥y, RATH 4 MEBIITEF. MRRITH y FEZES 48 4> double BB M FfiEZ
|, A, EHK for | FIRETAREEA 2 MRB R U5 RE—NEFT,

b. BEER - MBREET, LB MREE for | EHPERARATEREHTHEAY y IS,
Y _AKBITERECHCHIERS vy B, BEEMARBREERIEMEIBNETR/P L,

c. SFEGEBFMAL, XRMERTROEERIM? B2 B4 XX anfT?

RE strtok_r BEBEZLN, BEA - IMAKFHFE, REREECSARBERATRANERS,

HRE - MEBELELF AR UM AFR RN TR,

4.14 HmE(EAL

4.1
4.2

HWME— Pthreads /7, THHE 2 EMNHTERT.
BERAIA - EF RS LR E, BOEEFR, REMKMESRE 2 BZR, FHER
BF—-TRSHERYT., BRF2RR1 %R, BRE » PHFER, RERSERE LRSS HH
(RINBEHPEFE), WA CEEPRGMEELURESR

Bt =

BRBEE 4
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206)

4.3

4.4

4.5

4.6

HARMERSENTENERZ LA 774,
AT LA AR A A KA — BV E AR w BfH.

number.in.circle = 0:
for (toss = 0; toss < number_of.tecsses: toss++) |
x = random double between —1 and 1:
y = random double between -1 and 1;
distance.squared = X&x + yxy:
if (distance_squared <= 1) number.in.circle++;
1

pi_estimate = 4xnumber_in_circle/((double) number_of_tosses:;

XEH CRRERWET bk, BAEAATHEIE (B8,

45— Pthreads B, HARKFREFEMAE . HERBIZALMNRBE, KRB HMEEE T
e Eoxt B A9 Ay P RO PR BER (A Yong Tong int (%) B, AT « B#TERNMEE,
XEMELRBE R,

HiE — Pthreads BFFLIMBMIER Sy, AT HEXBRFORIAXKBHELEROEM, MRMHEH
%R, EFRENGESERFIERFXWER . SMHEMRSMBE S MET A7

HE— Pthreads BfF, ITHRNAKLRAL - MREFFEHTHINE, KBOKESHWFE
BatE g mRE, Rtar

HE — Pthreads BFLH—1 “HEFAF", FXBEHFAFESHBHOLE, IHGBSHERRA
FREANRMATLEER, EEBRERGHMRKBRTHESR:; BREEBR—FOESSR, o
LSRR HFESHRE-ITEE, Y- IMREZREFROWITE, EXSEREGSRF, SE4E8
TR THANERESE, ESRBEFENLRHTE, BrFUREESHNESERT. FA—-I&MHF
IHEGEBERTERRE, BTENENL, HESRAERERE.

HE — Pthreads BIF, AR RAEEM—ANERFREXRER-MEEY, TREA Pthreads i£H
BT RERERF, BUZEF, ILEERAFRMNETY. B S EM AR E ST IEREANE
FFEutERE. HHATRABL.
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An Introduction to Parallel Programming

Jl OpenMP #1473 =N 750 %%

5 Pthreads —#, OpenMP J&— M4t X L ZE N FIITHFZ M APL, OpenMP Hfy “MP” 3R
“ZhE”, B—NE5HBERNEHFTHER XHARE, Fit, OpenMP 2N MK RETILITH: &
R R BN LSRR RTEEUT R BT A AT i M N X . X4 A OpenMP RAERRT, WATHR
i E M- HEE CPU MES, EITEEENRIER, W 5-1 Fim,

CPU CPU CPU CPU

| ik l
!

WEF

Bs5-1 —THBEANFNRE

JR%E OpenMP FI Pthreads &f 24 X I EZNFE IR APL, HEMBHFLEARFEH AR, Pthreads
EREFRBERMHBENRENIT R, MK, OpenMP A ANBFR HHFEMN AR
RIBRLZHAITIAT, MHRIFFHNBITH REKRRER KB EEMTH NI S, XBLEKRE
OpenMP #i Pthreads i 55— AEZA4L, Bl Pthreads (5 MPI —#f) B EES#HEEEE C 7
IR E, HIt RBERGE A Pthreads E, Pihreads R FHIAEW BT E C RIFHMEH. MR,
OpenMP K 4R i 88 X FF 2634, BrLASE 2 vl BBAR 5 A 00 40 73 4% G148 OpenMP 2 15 47 % i
HATRA,

AR E WU T AL ENFFRBSE W5 APL: Pihreads K2, HHBEH TR
PAH R 5 (T Al MR RAT BB ST, AT, XAThReR —E WA H: EN NERBITINE 414
EEHBEIMBCKE L, MK, OpenMP RRIFHRIFIRFMEZETH RE KR ELBIT NI —L4Y,
A Bt F OpenMP X4’ E —HATIT N ER S . BAMBRMREN —&LEZNARELE#HITRE,

B RMTEYB SR IT R OpenMP B REZ . 1A R F 18 W Pthreads () APl 3R4RE K
M BRI P LA T . 18X T OpenMP #ift, HF—INEHHER L F EILEZNER
JFo FL L, OpenMP BH#R M T AT LA RN E A W B TREF 17 2 X374k, XXNF
MPI 2 R ATHERY, 1T Pthreads 1 2404 EIXEM .

AFERMNIE¥E OpenMP BRI AR, 2 J W[ OpenMP HERIF, UK HIFHME
T OpenMP ¥, # Tk, HITE 2% EREFIH OpenMP £38 KM IAEF I — 1 HFEXE
RIGFTLOBHRBIFATUFFTRIF L RITH for 1B, FATE2F F OpenMP f)— 26 H Al 4E1EF
FEFHTHMBERERFAL ., RITESFR-LAEXZENFRETORERE. ZHENEENEF
wBREW, UISRTRE (BHE - 1TETE) g— N ENEREF AR EE MR,
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5.1 W&HIA

OpenMP 4t “HTHH4” WHLBENF AP, XEWKRE: £ CHC++H, F—-HRBHEMBL
HES pragma, EREFPMATLEEES —BEARAFARER CIETHRERINGTH.
A3 pragma MGRIFE RS ZRE pragma IS RRAIRLIES, XHERKAFMER pragma #9#
FEAXFENWEES LB, Eit, £Ee L, MRERFHARE —1 OpenMP BFF. THEAEL
EEAHE C HREFEBHNRLE L HHIFMIBIT, TXiCHmIFLEEE IR OpenMP,

7E CHIC ++ ', BiAbFEBRES Lspragma Fk, #%, RIVEFEFHRAESE -5, FEBRHE

P10 fhFiALERAEIE S —H, BB SMFRTS, FEMBTHREXNF. SHAMHLEIEES—
B, pragma MRRIAKER—17, HIWRAE —4 pragma E—THHAT, BaHTHEFEH
“E T ——RIEM— BT “\7, #pragma FHEERMAANE, TEBURTIEEME AL
B,

BT ERAHF——AEH OpenMP ) “hello, world” fF, MBEF5-1 iR,

BF 51 —/@EfH OpenMP i “hello, world” #BfF

#include <stdio.h>

|

2 finctude <stdlib.h>

3 {finclude <omp.h>

4

5 wvoid Hellolvoid}: /x Thread function =/

6

7 int main(int argc, chars argv[l’ |

8 /% Get number of threads from command line »/
9 int thread.count = strtoltargvl1l, NULL, 10);
10

It # praama omp parsllel num.threads{threaa_count)
12 Hello():

13

14 return 0;

15 } /% main x/

16

17 void Hello(void) |

18 int my_rank = omp.get_thread_num();

19 int thread.count = onmnp_get_num_threads():
20
21 print¥("Hello from tnread %d of %d\n". my.rank, thread_count):;

23 '} /= Hello =/

5.1.1 %HwiFFIETT OpenMP 2 FF
KT H gcc RIFXANBF, FEME - fopenmp HEIMH°:
$ gcec —g —Wall —fopenmp —o omp.hello cmp.hello.c

ATETRREF, EadiTPHREBRHN. o, FEANIMREBBITEF, REA.

11 $ ./omp_hello 4

R, T RER

Hello from thread 0 of 4
Hello from thread 1 of 4
Hello from thread 2 of 4
Hello from thread 3 of 4

O HEZAH gec FTEEAAE OpenMP XiF, R E, HMENREBHFARANGSTRILVRERFLES
BE—> OpenMP BFF, ERBMXFHRIF[MAAMMY, HF29%,
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R, MiZFEENLBEARZSHRRERY, BEARIES S SREBHRS HIUFH. 6
m, e drTRER

Hello from thread 1
Hello from thread 2
Hello from thread 0
Hello from thread 3

Hello from thread 3 of 4
Heilo from thread 1 of 4
Hello from thread 2 of 4
Hello from thread C of 4

S H AR B S S .
MRBMNRABA-IMRBETERF, WTLEA:

$ ./omp_hello 1

RATHE B

Hello from thread 0 of 1

51.2 BF

BRIVRE—TEFS-1 FHORNRB, RTHESESSH, OpenMP h— M RBAMEEAN, H
HEMERTEQS M RBIMEE LH% 3. OpenMP Kk ICHE omp. h, BFKE 3 1T
BETE,

fE Pthreads B, RITEMSTEEEXELE, OpenMP BF A H X AM. FITER9
77, A stdlib. h Ay striol RBORKBEER. X BBHIEER:

long strtol(
const charx number p /¥ In %/,
charx* end p /% out x/,
int base /% in */);

BT SRE—-IFHR (ERNBBITFH, ERBGHITSE), BENSHRERENBHERRN
AR (ERMNOAFHRI10 (T#H)) . RIAEAE-ASH, BHAREA— NULL
(=) 1Bt

MRFCLTH CIESHRE, BARAXENERINBEBENBFHOANE. YRIMNNwSTE
ShBFN, B#ERLERI—MPRBHHRE, #BRBIT main BRPHRE. R, EABRFHE
1117, BETHART . XEHE—&KR OpenMP 154, HHTKRBEREFNIKEH &8, 81
B)a S Z AT Hello sR¥, HE HLEM Hello HAR BN, BTN BRBLIL, BIFER
T return IEA]ET RN ZWAK L.

BFEAORBLAGZERKMNRE. MRREITHESIE, HSEERNUNTIFSRBERIKEK
% (forkk) FIEIH (join) BANER: FEABNERBHNEKREH S BREEZR, FEFEH -1
for fEHREHE/NERE, HHEHB - for HARLKIEX LR, Hik, B8 E OpenMP
Pthreads EIRE&H,

RITCAZED: £CHMC++, pragma SLL

## pragma
YERFFEE.

OpenMP ) pragma £

## pradgma omp

41
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BRI,

& pragma JFHEME— &SR —%&Kparallel 5%, REFELHH. fA- parallel £
RRFRHAZ FHEMUERIEIR (structured block, WATLIFRAERLR) BiRE LN KBEHFITHIT,
—ANERERE & CEARERA—IPAOM— M OM—HES CiER, BEXNMRG
B AR exit B XNE XA E S TR AR B AR B

2232 (thread) B I IFZE 42 (thread of ®wE
execution) E‘Jfﬁ%o XNBFERRYE DB st / \
FHRITH— RSB, i, LBEHRE— \ /
MHERBIRE (fork), XBEEBLERIE a
TR A4 YR (B, X7 AR

AR H ), AR EA T A M52 —RERMSIATARGOKE
SR AR, Y ABEERT I, THRXAHE (on) SEADTHEESR, LR
REEB RN A, W S-2 PR, BAMAT 2 S 4,

BeitAR parallel $84T AT M AR F R

# pragma omp parallel

BITEMARBROLEEERETHRGERE, XBHANEER 282, 405 % OpenMP 4R
#HE [42], MRBFHMEBRRES), HABLTREBEEME LET-TMERE.

WRTERB M, AFSAEGLITERELRBE, Fikk parallel #8430 num_
threads 4. 7F OpenMP 1, FRIH B —SHRBHIES HI LA, num_threads FajPEE M
B parallel #5849, XHERAFERT RIEEPITERBRALEL:

f# pragma omp parallel num_threads{thread.count)

FTEEENE, BFULGINEABRETRSZ R E XMRE . OpenMP 5 3 AR IE L i
BLTRE R Zh thread_count A&E. &, BRIAMANRASREBRIBMALZHTIEE,
LR IERRE B s 282, FN—BEXTRITILEAEEHIAITERE LR,

LEFEL parallel #5840, RES KL A7 Eparallel 287, BFRBEH-I 2
B, MARFFHRNTH, FERFRE3. YBFEL parallel FE40F, FRMEZREEH
T, Z4h thread_count -1 MBS, 7E OpenMP iBdkth, WATHITHRHNEERES (BEH
HEBMFNLRE) HAIREAR (team), FIFMRBEHRANELRE (master), FIMIREIRIM
LR (slave) ., BNMERBATHARBRENIT parallel H45EHABR, HEERNWATS,
BARBEHAA Hello ¥,

LRE TR, RN TR, HLEM Hello HATREIR, H— X HEE,
XEKREZRABRAXEBEESFERBATNFTA MR ERABR—TERNNE T, —
PMEETM HelTo HAMLRESHEABAP A HMLERNE, YEHALKBRIER T RBHR,
MRBEEX I, FRBBRERTZRHRE, ERMNOOFH, FTRBEHRTE 14 1TH
returniff], BFELILL,

HAEMEBEEETHCKEE, FTU—MUT Hello ML B ESR PR BRTAC WA
ARER, ERMNGEF+, MR A, &3 78H OpenMP jF ¥ omp_get_thread_
num # omp_get_num_threads, S RBESHERATHRES id, UREHEADHREH,
KBRS E B, MERO0, 1, -+, thread_count -1, XEERPHIBEEE

int omp.get.thread_num(void};
int omp_get_num_threads(void);
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B AFR S BT R BRLE, FUESIREREGHIT printf 560, THENKERS
LR, SRIPERIG—F, X TRERHAVIFEA AR, HRLBITHENSGRNEL
PRIBLF B B RE B9 o

5.1.3 #£i=Zi&E

JTHERBEREE, iENERE, RIVEFARIEMEREE, 4%, XEERKM,
BEbr b, KETRMAERFENMNETREE- TN ER, EETUHRELFH. £X4
BlFh, HE—FEREMSTSHNGEE, WRFENE, AAMA strto] FHNZKREHERS
RIEMN, AEREY parallel 384 LHREIENEBES thread_count BEHF—#F, BHEXA
BlFH, IHAEE,

BoMBEREN R R R IEM8, MREHEBRARIH OpenMP, FRATH HZHE paralle]
45, Am, XECE omp. h k3L A&IAA omp_get_thread_num Fi omp_get _num_
threads #5 B4R A TAHEXLERE, 6 UARETLESEE_OPENMP BEFE X .. IRE X
T, WFEATRESAEF omp. h 4/ OpenMP phi¥l, HATWREXT R BT FIBL

AARE$EEE omp. h

#inciude <omp.h>

RAAEBEERXEEE omp. h ZEITCARZ_OPENMP 9% 3.

#ifdef _OPENMP
# include <omp.h>
flenaif

BF, RITTAEEEERT_OPENMP X, MMHE R AR OpenMP BR¥K:

# ifdef _QPENMP

int my_rank = omp_get_thread_num(};

int thread.count = omp_get_num.threads();
# else

int my_rank = 0;

int thread.count = 1:
#  endif

XE, 5 OpenMP LELfHA, W Hello R RRLERN, Ak, REBNRSWRO, &8
B, eisl
ERBHRLANE E, A XSRS NZRARFRRNRE, b T 68520 aE i,

BESEEAAET EROBHEREE,

5.2 BERRE

HITKE-AELA (MERESR) BT ASERSBEGTHEA T rFaRnEHR, [z
—TFE32W, fiRy=Ax) BE—"TSEMNRE, a<b BHHMEIH, MARMEBMIT(2) B
BESEEL x=a, x=b M FHFABEMRHKBRNOER, TEREXE [a, b] 48 MFXEHF
RN T XE EER - EPORIE AT X SRR WA S-3 8517,

BEMZ—T, RSN TEXEARERTEE L, FEEL h=(b-a)/n, x,=a+ih, i=0,
1, =, n, WAELMERHR:

hlf(x) 72 +f(2,) +f(%,) + - +f(x,,) +f(x,)/2]

Bk, AL T IR M BITE .
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/x Input: a. b, n %/
h = (b—-a)/n;
approx = (f(a) + f(b))/2.0:
for (i =1; i <= n=-1; i+t
x.1 = a + ixh;
approx += f(x_i};

approx = hxapprox;

HER3. 2.1,

a b X
a) b)

B S5-3 SRS o) TEMITHXE; b) ERBEITHREHELEA

% — OpenMP &
BHZ—TF, BRATRLH Foster B 4TRF T HEMBE Rkt Th, RESE (L
216 3.2.2 %) WF,
(1) RANPBIES:
a. BPMRIEEBKMITE,
b. 7 EARIR A,
(2) 71 (a) WEFSP, BEEFEMEE, BEX—4EFTHE8—-MEFEHS 1 (b)
M5l
(3) BEBEMBERKTENEE, TRELSHABNMEESREZWBER (MG B—
MER) ORBEMLS . IHARHKHEE (q, b] MAREARNTFEE, 8/MEEMEHFR
[B] P8 Sp R SR AT RRTE R0k . lF ILHE 5-4,

Y 5% 1)

VR
/5’ N

4 4 | & | 2|
a [/ \ /b x
55 ]| &3

5-4 BHESERARITRE

© RTHLRXNHERMEMPLEFSH, FXERIMNEANEERTMARRRE,
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A, THERRAHRT, BIETERNRBHER, RS, HF-IMRITREEHA -
ERRENFARENN, SIEETLEETENRTER RMBLELRP, ILEIRBR
TR T mEIEH] -

global_result += my_result;

AR, FMRINCLERN, XBXFH—T4ERE global _result H—mREA (FFE
%) BRRAERMNITXZER], BLASREREATHIIA, i, ik global_result B84
BB KR0, KRB EIBH ny_result =1, KB 1 E2L1HEH ny_result =2, WA,
BRL BRI L T oy [E R ATIESA) global_ result +=my_ result:

B [H] £E0 57
0 global result =0 X AFHFH SEH my_result
I my_result =1 % AFHFeE global_result =0 A FHFLS
2 # my_result fin® global result & my_result =2 % AFHER
3 & global _result =1 # my_result m#E global result
4 b5 global_result =2

RINBFBLRBOITEHMME (my_result=1) BREB1EBET.,

YR, LRFRETN, BHAFFITESARR, BRIE- I EBEEMKBAARERTIHE
global_result +=my_result, FMERBERAEH M, IHER-NERFEH (race
condition) MIBF: ENMEKBREE VIR —ITHERKE, FAELHP—-MIBREFHF XL ERE,
XAIEESFHME R, 5IBEF AT global _result +=my_result, HAIBRE. Ik
AXE—IMHENEHLERHENLXBRTHORE, FERERR KA -1 RBET.

AN FE-BHERBR - KRE - RBEHNIT global _result + = my_result, 3H
BN RETRBRERN, BAERMANRBRETHRTXBNATE, 7 Phreads 1, FHEFEHE
S8, 7% OpenMP 1, {fif critical 4.

# pragma omp critical
global_result += my_result;

REES ERAEBRTERTHEBM FINRBREFTERVE, B—KRA I RBESIT
TR, IMRANRBERES2 B, RIS2288 TSR0, BEK TR
8BS (x) BT,

BF52 ¥—1 OpenMP BERNERF

#include <stdioc.h>

1

2 #Hinclude <stdlib.h>

3 {JHinclude <omp.h>

4

5 void Trap(double a, double b, int n, doublex global.result_p):
6

7 int main(int argc, charx argv(]) {

8 double global.result = 0.0:

9 double a, b:

10 int n;

11 int thread.count;

12

I3 thread.count = strtolcargv[1], NULL, 10};
14 printf("Enter a, b, and n\n");

15 scanf("%1f %1f %d", &a, &b, &n):

16 # opragma omp parallel num_threads(thread_count)
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17 Trap(a, b. n, &global_result);

18

19 printf(*"With n = %d trapezoids., our estimate\n", n):
20 printf("cf the integral from %f to %f = %.1l4e\n",

21 a., b, global.result);

2 return 0;

23 Y /x main x/
24
25 void Trap(double a, double b, int n, doublex global_result_p) {

26 double h, x, my.result:

27 double Tlocal.a, local.b;

28 int i, Tocal.n:

29 int my.rank = omp.get_thread.num();

30 int thread_count = omp.get_num_threads();
31

32 h = (b-aj)/n:

33 local.n = n/thread.count;

34 local.a = a + my_rankslocal_nxh;

35 localb = local.a + local.nxh;

36 my_result = (f(local.a) + f{local_-b))/2.0;
37 for (i = 1; i <= tocal.n—1; i++) {

38 x = local.a + ixh;

39 my_result += f(x);

40 )

41 my_result = my_resultxh;

42

43 ## pragma omp critical

44 %global_result.p += my_result;

45 } /x Trap */

Emain BEP, F16 TZAIWRBREALEN, ERAMKBREABEABA (e, b ),
16 58, parallel ¥54 B Trap BN %% thread_count NMERBIMIT, 7EM Trap i
FiREE, {Ef# parallel 4 B3IMKTRBHL L, BF RA-ITLXBREHIT. XTMERE
ITENERHAK L,

#E Trap @¥F, SMERERRENRS, UREKRBHPE parallel H4EHLEL
. K5, SIMEBEHRETIIE:

(1) BREENKE (8£3217),

(2) ABITLBESEIBIER (F3317),

(3) XEIMZE. s (B4 TMEIST),

(4) 3t global_result FERAIFDF (236 ~41 17),

FESE A3 EAE 44 17, KBBELR I MEREME| global _result REMBE,

SR AF R ARE Tocal SREATHINMES main R HXTREAE Fidn 1ocal_
an[fEy a AF, REECREAEZG LRSS,

HE: BRIEn# thread_count #Ex, HNURATEER/NT o NHBERMEHE global _re-
sult, #in, I8 n=14, thread_count =4, ME LEBEKITE

local_n=n /thread_count =14/4 =3
H BRI REMA3 MEE, global result 4 x3 =12 MEEIHEH, AR 14 4. B
DIZESEREE (ERFHRERAER) 8, RITANTHRERKRE » RS thread_count k.

if (n % thread.count !=0) {
fprintf({stderr, “n must be evenly divisible by thread_.count\n");
exit(d);

}

BASIARBESWBE T Tocal_n MRERE, FFHUBIMSBERNXERKERRE local_n=+h, &
e R R
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thread 0: @ + Oxlocal.nxh
thread 1: @ + lslocal._nxh
thread 2: a + 2x1ccal_hxh

FESE 34 17, BTN WA
local.a = a + my_rankslocal_nxh;

me, AAEMEEXBIMREER local -n=*h, FLUIEHARSER

Tocal_b = local.a + focal.onxh;

5.3 ZTEHERE

HERITHRBES, TR ASREBFPHERTLIGHE AL SHR. flin, 7 C R/
Fipb g AN EA “REVEE" MERER, e RegERmfEdhgiin, 5—Fm, —14
fE. C XML SERNERE “SUEAEE" ERE, RN EEE SO B 2R B A R K
#REEE VT MIX R . 7F OpenMP b, WREMIEREIN KT parallel Ry GEFE T FIZERML
BES., —MEBHEKBATHWHIELBUINGEEWHARZERE, M- REgAM 2N
I RIHARBERSE.

7 “hello, world” BFH, HEMEXBHEHNTE (my_rank # thread_count) 7E Hel -
To ¥ BEAB, XAREAE parallel RPBIAH. 4R, 8N ELBHERHNTEEREN
(RE) P oik, HEFANETERAERAERAE. XS5BRERIERFHERLF—#, B
Jparallel AR MREFEAM, HHTE Trap RETPH BN REBFRANTEAEXREBARS
5.

BE, FEmain HPFFHKNZE (a. b, n, global_result # thread_count) *{F
AL BH P parallel B4 RHNARBETYIEM, Hik, 7 parallel RZATHAHKY
TR AERBEELEN., XL E, RINCEBABEATENELBEPHRE LR
Trap AT ER a. b n ME, EXXNERAKRER parallel 3B, FFUYEIIAHEK
BRGNS HE, BMEBEEEWHR ., bRIn, X—SEFEE,

ME, 7 Trap %, K& global _result_p BFAZR, HESIAT global _re-
sult ZBf, XNEREAEmain BRI EE parallel 84 2ZHIFHKER, global _re-
sult MIERITHAMEE parallel RZEMITENGE R, FILAERD

xglobal_result.n += my_resultt;

i, XF +xglobal_result_p, MAXLEZEAEEREEN. IREMENMRBRERLRFY,
AATEMA critical 84, o, MRERAAK, T parallel RERE, HBRELE
main BEFE global_result B9{E.

B2, fEparallel BAMCEEFHNER, HAARLBATHAFLREBR ML ZERS,
MERTFERNERE (Fln, SPFTHRBLEE) PERFEAS. F4b, F parallel F
BAAMEETEAE, SHERE paralle]l RZEME—F, fEparalle]l RELE, ZEE
FIE 2 R A1

BN EBEB—-NEEMKE ERERGHEMIES WA, OpenMP 4L T A4 R
K FH.

5.4 [ FHA
MEFELABH RS ENRITERS, RNTHESER IR ERRNREER, W
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AR

void Trap(double a, double b, int n, doublex global._result_p):
EATTRESE X+

double Trap(double &, double b, int n};
xR AR SR

global.result = Trap{a, b. n);

XEAGEMR, MTRTHEHOESHPEZISIAN, ZHTETREEARS S,
REBIBHBEERRARNETEREMRENRBITRAERME global _result, R, &
fITaT BB A1) T LA T B R B A -

double Local.trap(double a, double b, int n):

BRTEARARXS, Local _trap WA SEFS2 % Trap WEBKE—HKN, mH, 81
RRRKRIR XA E, Bl my_result WBRAME, MRMBHEXAEE, AIfES %A paral -
Tel iz F/E EEZITFRIR:

global_result = 0.0;
# pragma omp parallel num.threads{thread_count)
|
# pragma omp critical
global_result += Local.trap(double a, double b, int n);:
1

PREEE H E X BRABEEN— T REE? RIVHEEMKES HERNER. BE, BN
fEERIE A X R

global_result += Local_trap(double a, double b, int n);

Xt Local_trap B9 — W REEBH —MRBIIT, FUXBMAY TREENRBIFHRITHE
Bk, MARRIMMEEXMEARSTRE], HERASIMEBETEBEF TR E—IRES
(RIS 3),

AT parallel RAFFH - RAXEMABRAXBE RBAAZERBREX D
(e 3«

global_result = 0.0;
# pragma omp parallel num_.threads{thread.count)
{
double my_result = 0.0: /% private =/
my_result += Local_trap(double a, double b, int n);
# pragma omp critical
global.result += my_result:
}

BAE, Xf Local_trap WIBAZERAX Z4, XHESITREREEFRIEHITI Local_trap BA
. MHA, BN my_result #7587 parallel SREB, FLULERAAN, ERRAXZHENTLK
BT my_result BRPEFHERBSIHHTBESER,

OpenMP 44t T — A~ 4T MY 7 s K &5 Local _trap MEB1THFT: # global _result
FELR—1 )24 (reduction) AFE, JRLMMIER (reduction operator) Z—JCHEfE (Hilfm. in
BAEE), BORREHERNALBRERES N ARRERTFIIREH —NERATE, B
b, ABRENTRSEREEER —1TEE:. BHYFER (reduction variable) , i, MR AR
—ANA n A int RIREREA, HHE.
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int sum = 0;
for (i =0: 1 < n; i++)
sum += A[i];

B—H4, HAREFENE,
7E OpenMP 1, AU E—NHATBEFZRPAMNGER, I TEESINLERME, B paral -
lel #E4FHm—4 reduction ¥4, ERATMHFFE, BHRARBWT IR,

global.result = 0.0:
# pragma omp parallel num_threads(thread_count) \
reduction{+: global.result)
global.result += Local_trap(double a, double b, int nj;

Bk, & parallel EAAFIT, 7 CiBFH, FABBROBREFRT RAE 47, HL®RA
FEEITM—AREHT (\) k¥ LIBRITH

REHABT global _result B—NEAAERE, MS ( “+") HREABREFREME,
OpenMP A ENMRBAYHAUET - MRELEE, EANEEEXTRATRIEBENIELEN
iR, OpenMP hAIE T —MERR, HFHEXMERKP, BEBERETEPWMERITHEM,
E i, X Local_trap MiEREEBIFITHIT,

reduction FHIMIELE L.

reduction(<operator>: <variable 1ist>)

FECIETYH, operator AJEERRMERF +. >, - & | |, ", &, | | FHEE—1, BHEAH
BEBRESH—RNE, BABEAREZTRENGSE, fln, S5,

result = 0:
for (i =1; 1 <= 4; i++)
result — i;
7E result HFEREMZRE - 10, R, WMRBRITEERMSBIWAKRED EZIIT, LB 0 HR
12, RB1EE3I A4, BAKBOKES -3, KBI1HBER -7, BR, -3-(-7) =4,
Hig b, RSN IXEIEAKES BNE RS ENZEMEM (-3+(-7)=-10), LBk,
LR B RIXFE . ST, OpenMP 4R#E (42] FXRIFARIEX— K,

BEEE, MR -TMAATEER 1 float X double BIHHE, 2 BEAARNRHLEMHLRE
B, SRVBSAFEFAR. XEHTFTEREASZEARELE SR, fln, e, b cRBES
B, A (a+d) +c JREASHERMET a+ (b+c). RIS, 5,

B ATEFLITHE—/ reduction FaIPE, TERFGELEHN, AW, KBAPHE
MEBHURECHAELE, fEparallel 38, 84 -TMERBITEEXNEEMIZEAN,
EEANHLTERATR, Yparallel RERE, RARETHEBESI I HELRET,
Ht, RATEIARAHRDR:

global_result = 0.0;
# pregma omp parallel num.threads(thread.count) \
reduction(+: global_result)
global_result += Local.trap(double a, double b, int n);

XBEABHITER SR ENRAHAE (TFR) HE.

global_result = 0.0;
ff pragma omp parallel num.threads{thread.count)
{
double my_result = 0.0; /x private */
my_result += Local_trap(double a, double b, int n);
# pragma omp critical
global.result += my_result;

49
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BIEBEEBN—AR, KENAETEMBRLR 0, XIWMML ny_result 50 B—HH,
—fRiR, WIEARMERIESR, reduction FARIRKAA LR KA NHFENE, Flm, W
RBERFRRE, NWAAEEMBLN 1,

5.5 parallel forigs

Ve R4 5 B R HFT LB &R, OpenMP 27T parallel for #84 ., EHZKIES,
RATEEE AT BITH LR,

h = (b-a)/n:
approx = (f(a) + f(b)1/2.0;
for (i = 1: 1 <= n=1; i++)

approx += f(a + ixh);
approx = hxapprox;

HERERE for BHRTNE—KIES:

h = (b-al)/n;
approx = (f(a) + f(b)1/2.0;
# opragma omp parallel for num.threads(thread.count) \
reduction{+: approx)
for (i = 1; i <= n=-1; i++)
approx += f(a + ixh);
approx = hxapprox:

K oparallel $§4—#, parallel for HESAER—AHLBRRPITREMNSHALALBI, AR,
fE parallel for #5422 EWEWILINFR for 5, BHoh, iEH parallel for 54, R4
it LR R R EIFERKIFTI for B, WL, parallel for 3545 parallel 543
HAR, EAFE parallel BAZATHAHR, —BORFEHE TELMHEBRA G HELREZERS5 .

E—ABE2% parallel for #84HATILE for G T, KBRWGKREN S FXEH RS R
EH, KSRGS FHRRY, WNEE m RER, WAL m/thread_count kMR
WAMPILRO, ETPRH m/thread_count IR ECEILAE 1, LISH,

ER, XEE approx ERH—-NALTREVER, MBERIHFEY, SHE - SENEE
g, JENMETH

approx += f(a + ixh):

ek — I ERPHBRX,
Am, REEME, Eparallel 4%, ALRNGREMERRELZN, BE paral -
Tel for F, WREHTER | BHAZH, WMATEEH | + +HUEE—IRRAPHEFX, Hit,

FE—gparallel for fHLITRNBERT, BALRBNREFEAGELA S, FRRITHNG

7, BMEBATHABRBAERCH 1 a4,

5.5.1 &4&

KR4 R FHEBRAE . BRI —&ME R parallel for 184, BMAEEHITIh KM
for TEIFFRE A BATREF . WAl BB ARG MEF AU E parallel for 354, k&R
WIFT I BTET,

R, FEALHRE LR M, X parallel for WEAA L NE%, B5%, OpenMP
H&H471k for 1836, EARSHAITIL while 5L do —while EFF, XU FARRE—NMBABRS, &
FAETEF while B8 do —while fEF MR BA BRI N FRNMA for MHMABE. R,
OpenMP HEEFFATACARLE ] IZE N T B 0L T B E 2R RIK B For 1E3F -

o i for iER)AE (B for (-5 -5 ) KWL,
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o TEFEIRATZRIHE o
flan, “ITFRIEH" .
for (5 ¢ ) |
} Lo
REEBIFATIL. Hli, TEIR

for (i =0; 1 < n; i++) |
if (. . . ) break:
1

WAEEHITIL, BAERBOREAERN for BAPRRE, X4 for TFHFBUAR—IFEHL
B, BN break BMTH —-MIEFRRHMH O,

B/ |, OpenMP HEEWIHTILEE AR for 1538, MM for ERRABF 53
H—MER. IMERFHERAZERNFE L1208 E MRS :

o AR index U RBAILHERM (N, EREER float BIEEE).

o EiEA start, end M incr BAE—IFAEWKE, Hlin, @R index B—NHE4EH,

B4 incr LEER,
o RixAK start, end #1 incr REREATEAITRIEI AT,
o EIEFATRAE], TE index REEBH for iBMHH “WERIEIRX" B,

BF5-3 WHITLE for BANAERRIEEN

index++ B26]
++index

index < end index- -

index <= end --index

for | index = start : index >= end ; index += incr

index > end index -= incr
index = index + incr
index = incr + index

index = index - incr

X SRR RVFEFTR REAETEIF TR # 2 BB
BTN REVFREBERITHIREERAEE, HE -GS 0E. ABAEKPTUE -4
exit WA,

5.5.2 HEskEmitt
SR for MEIRAHERG B LR BT 2 AN i BUMEfT — 2%, MB2amiF[JHRHEMELT. Flm,
BEBEMNAE R IF— LM ERESF -

int Linear_search(int key, int A[], int n) |

|
2 int i:
3 /+ thread_count is global »/
4 # pragma omp parallel for num_threads(thread_count)
5 for (i = 0; i < n; i++)
6 if (A[i] == key) return i;
7 return —=1: /x key not in Tist x/
8 1
M4 gcc GiFBMRE -

Line 6: error: invalid exit from OpenMP structured block

— AN EREMRBEEEENTOER T EXERS, SRPAHHERET - HELE



152 - #TEFRITHiE

BTHIEEAREE R . BN, BETRRI, HEA - IR (Fibonacei) ¥
fibo[0] = fiboll] = 1;
for (i = 2; 1 < n: i++)
fibe[i] = fiboli-1] + fiboli-21:
REWERPAWEE, ERITEEFA— parallel for #4HITHXA for 1B
fibo[0] = fibol[l] = 1;
## pragma cmp parallel for num.threads{thread.count)
for (i = 2: 7 < ni i+4)
fibo[i] = fiboli-11 + fiboli-21;
FIEFEAE AT AT, AT, MRKEAZT - IMEABEENE, BN2RIALGRER
AW e, S, ERII—1RE L, WRKEERRAELBEITE 10 M ERRRLE, U
BAAN B3]
1 1 2 3 5 8 13 21 34 55
XEIEHE, R, RIOTGATEREREBH.
p27] 1 1 2 3 5 8 0 0 0 0
REEETHA? PIFEBITI ARG fibo[2], fibo[3], fibo[4 ] fibo[5]MitH 7>
BT —/MRE, WiH fibol6], fibo[7], fibo[8], fibo[9]REAET H—1&E. (iL
f£: BN 1 =2 FFih.) BERFH—HETERYT, GRZMUERRHN IHEIES fibo[2].
fibo[3], fibo[4]# fibo[SIHARES — MBI HERIMER TIHH . KW, X FHAE
TER, YB_NKRBEIE fibo[6]Hf, B—MRBEEAITHEL fibo[4]f fibo[5], R&
¥ fibo WMADHBARAO, B ALREMMAME fibo[4] =0 1 fibo[5] =0 kit& fibo[6],
RIGEMSEMEE fibo[5] =0 1 fibo[6] =0 itHE fibo[7], LIMEHE.
XHE, RINEIWAEA:
(1) OpenMP ZRIFESAREY parallel for #HIHFTRIEINET A& ML A KERBC R,
T2 AR 5 R IRGX K R o
(2) —NBESNERERRE T HAARAAHIER, —BF 45 OpenMP EBHIF1TL,
fibo[6]#1 fibo[ 5 T EEMEKB KRR A BBmKHM. T Fibo[5]HEE &M FIT
B, HERAEZENERPHER, ZEKBCRE BT FRATERKE (loop-carried dependence) ,

5.5.3 FHMEIHF&EH
LRATAEMA—4 parallel for #4M, HEMZEENE: BEOORIBHREH, &
TIARTER.O—ROSIEK ., B, ETFFERS .

1 for (i =0; 1 < n; i++) |
2 x[11 = a + ixh;

3 y[i] = exp(x[i]):

4 }

FES 2 fTA05 3 I Z A — M EERRE ., AR, T A TRRARE,

1 {# opragma omp parallel for num_threads{thread.count)
2 for (1 =0; i < n; i++) |

3 x[1] = a + ixh;

4 y[il = exp(x[i1);

5 )

WR x[ 118 ESEE T ROEAEREBIMA R — LR,
HATLRZMER], BREERNER, HPEP-REASEFHESERLR., Fith
THRMIERKE, RITATREEAMEGEENEER TR, BRI IZTRAE TR PRI
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BYE, MEA—TERPETHEE. RITPREILBIT.

5.5.4 w{afhit
— A%t EE T R T AR,

T = 4[1 - %r-+ ?%-_ 7;.+ ".] = 4,ji E_Z_Lli

ATREB A ST P LAX 2

1 double factor = 1.0;

double sum = 0.0:

for (k = 0; k < n; k++) |
sum += factor/{2xk+1);
factor = —factor;

}

pi_approx = 4.0xsum;

(factor BYKEIR double, AR int 2 Tong, I AXEREE?)
RA/EHEA OpenMP RIHATILE? AT RE R Bl m FX B

double factor = 1.0;
double sum = 0.0;
# pragma omp parallel for num.threads(thread.count) \
reduction{+:sum)
for (k = 0: k < n: k++) |
sum += factor/(2+k+1);:
factor = —factor;

}
pi_approx = 4.0xsum:

R, MLIERHER, 785 K RENPXME 7 1780 factor FEFHET RS k + 1 KENA
hXTE 6 fTH) sum B RINR —MERKEL, R kK KEAPLEL TR, W k+1 K&
REDELFH—NEE, WRITAERIESE 6 779 factor MERIEMEK, EXFHELT, #A
RESE 1 4 2 R R 1B S X AN RN -

N A w1

F-2E- N B SRV R e N

B

¢ (-1)

,z:, 2k +1
RATTUER: A% L RERP, factor WEMEZRE (-1)' ME L 2B, HAEL +1;
mE k2T, HE-1. Bk, WRETHRRH:

1 sum += factor/(2xk+1);
2 factor = —factor;

BN

if (k%2 =0
factor = 1.0;
else
factor = —-1.0;
sum += factor/{2+k+1):

BE, RATEEEM A THA “7." 8ER.

] factor = (k 4 2 ==0) 2 1.0 : —-1.0;
2 sum += factor/(2xk+1);

BUHER T IR
R, BENRAREZERN, MRERNOAZELEHAW I XBETERE, Fitn-=

s —

o WHMGH ~ ENEEFE, BAETEHSTRGBH - SEMERNGER, AT, RITIAXEFERNGE,
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1000, ARALRRMERK, F,

1 With n = 1000 terms and 2 threads.

Qur estimate of pi = 2.97063289263385%
With n = 1000 terms and 2 threads,

OQur estimate of pi = 3.22392164798593

H—FE, WRAA-TMERBETERF, RIEZEG3

1 With n = 1000 terms and 1 threads,
2 Our estimate of pi = 3.14059265383979

BRBEREE T 7

EE—T, E— I EE% parallel for F{SIHFTUHHMBRP, SREEHL TETEBFATEH
AR (M-SR BEREER) ERBRBELZH, Hit factor gitkZ, i, KRB0
RESHTERME ], BEEHAXMEER sundl, LB 1 ARG ERE -1 7. Hik, BRTIHE
HE factor HEKTEMKESS, RITEFEREBIMLBAEECH factor BlE, BMER, X
THEABER, RIIFTERIE factor FREHEAE. BLBHIN—4 private FaF| paral-
lel 184 HRELHX— Bir.

double sum = 0.0;
i# pragma omp parallel for num.threads(thread.count) \
reduction(+:sum) private(factor)
for (k. =0:; k < n; k++) {
if (k % 2 =10)

factor = 1.0;
else
factor = -1.0;
sum += factor/(2xk+1);
}

#ZEprivate FARFIEHER, EEMBLBE - MR EBIAKUE, Hik, ERIIMHF
i, thread_count MEBEHFHE—-TBEEHCH factor TEMEI A, B—IMLKEBEST
factor WEHRASEWHS —REM factor fH,

FicEWEEN—&SE, — M ARAERBNZRENEL parallel e parallel for
BT R RIS EM. THEZE parallel 8 parallel for MR EHEREEH., F
wn, FHRREFRME— printf BaMEERIEREN, BAECHIE WAL HRITE T
RATE x, X, BAWprintf B wRIEREN, BREE parallel RERZET
EP X,

Bt

DT~ b

1 int x = b;

2§ pragma omp parallel num_threads(thread.count) \

3 private(x)

4 {

5 int my_rank = omp_get_thread.num();

6 printf("Thread %d > before initialization, x = %d\n",
7 my_rank, x);

8 X = 2«my_rank + 2;:

9 printf("Thread %d > after initialization. x = %d\n",
10 my_rank, x);

Il }

12 printf("After parallel block, x = %d\n", x);

5.5.5 XTFEREMNE X EE

XTAR factor WAER® RAEPKR—, RITEHTEZERLE parallel ok par-
allel for RFWBNEREERM, Hit, SHik OpenMP REFNMERMEME, BEAMIL
BREFRARR P BT ERAEAE. FXLE, OpenMP #4tT —F4 default, EFH Bt
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FEORBATXHA . GREATEIF

default(none)

#lparallel g parallel for 54, MAHFFHERRINHABRAX MR PEANET TR

HESERZIINFEHURERNERR. (E—-IMRTPEVANEEHEDEHN, HAENSHIE

HERBIIRR.) R3D
flin, @A defautt(none) T4, Xf w BRI TR,

double sum = C.0:

i pragma omp parallel for num_threads(thread.count) \
defaulti(none) reductioni+:sum} private(k, factor) \
sharedin)

for (k = 0: k <
if (k% =
factor
else
facter = ~1.0;
sum += factor/(2xk+1);

}

XA, BRATE for EAFEH 4 NER, HT default 74), RIIFEHRENTEY
EAE. FUNMRMNELERZMN, sum B—MAATE (RHEREMEEZEANMERE).
EMNMEZ£EES factor MEHAER kK A MAERR, MK parallel g parallel
for RPEHMTE, WXMFFHHMn, EBHEETLHLE, SHRAEETELRR, XETEAER
HNEATE parallel H parallel for RZBIREHE, ERZENESHANRE —EH
B Hit, R n FERZ AP 1000, W7 paraliel for B EHEEXME. FH
£ for TEAPEBAE XA, FUAERHERE EHRFXME,

5.6 EZXT OpenMP f{EIR: HEFF

5.6.1 BiH~F
X —HBEH R BT § A AR ARE S I T L8

for (list_length = n; list_length >= Z; Tist_length—)
for (i = 0; i < Tist_.length—=1; j++}
if (ali) > ali+11)
tmp = alil;
ali] = ali+1];
ali+l] = tmp:
}

XE, B a 776 n A int BUEH, BERAENARFES. SMERE ARBIFIROBE R TEIHE
e aln -1]9, REFRMKKMTEIFFAE a[n-2]4, DIULEE, FHit, B-80BL2HEK
MR, BRABERT BRRTRINIFETE, ELE -1 PRENFIR, DR, 232
WIEF LB M RIFI R P RZELTTEN , HRIA-XMRIFHEE (ali]>ali+1]), B3
BENT. XAKHAEEBIHBEARHTREED “ U5 FIRNOKRG, M TIITRARNTIE.

alojd, al11., . . . . a[list.length-1]

B, HINBEHAPH DR, ESNRIEIRREM R, HRT5 R N AR
FHMBBEIRIAT— UG, B, WMRAEBEIFGEN, a=3,4,1,2, MASMBEIREE _RER
RextFl 3,1,2 #1780, ERN4ES - RERFNZCEFEBHEFIRNBET . HIRFH
UG RREIEF T, A AT ZRBERNABRIIREE 4,

NIIEF A TEINMR B RE S R 7S i KB, BHBHTREBTE i -1 KR,

N
o
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RS (- L YRR, ali—11Hali 1 BA s, A i KERMEal 11/ ali +1],
ST, MR -1 GEASRT ali-11Mali], A% i KRR a1 —1]
(MR ali]) Mali+1], B, ERSEFIRE 13,1,2), WA i=1 0, RIHHED
A2, [EMR =0 A i=1 SRR &S, MELHTE =1 KERSHE 2,

RINZLABBERERELESBRNEL TBREN —MEFRB. B, BERITE
RERBETRKE, E AL ERTRBRE. WTFHTHL for BIFME, parallel for
SR R— BRI TR

5.6.2 F{RITIRHF
FAETHREFRE- TS ERAFAUNE L, BEEANERERSHF T, HE—-TF3.7.1
W BT AR, AT

for {phase = 0; phase < n; phase++)
if (phase % 2 == ()
for (i = 1; 1 < n; 1 +=2)
if (afi-11 > alil) Swap(&ali-11.,&ali1);
else
for (i =1; 1 < n=1; 1 +=2)
if (ali] > ali+1)) Swap(&alil., &a[i+11):
FIR a FEfl n DNEH, BEXENHITAFHS, £—1 “BHE” (phasek 2==0) &, &
METHE (1] S5EER T ali -1 MR, WRENERAHIFFN, BTN,
E—N “THR B, M THARSEAUMTEHLE., WREMNERAHTFY, MK
BEefl. AEBiEs.: E - MHBRE, JIRTIATZHHER .
e —AERHEF, Bixa=19,7,8,61, £5-1 BATEHENMERNER. XM,

BEHHBEARLEN, BEREHFRAEITEIEIRAENIRETELAF.
#®5-1 BITHTRELRHF
B TR

[~ S - N - S D D B B~ i B =]
L B BN - S - - N
0 o0 0 W O O O 00| N
DO O O o 00 o | W

AHEE BISNRERA —ENKBE B, BEeE a=19,7,8,61 281, ZEMEROH, A
EER LB (9, 7) A (8, 6) XMXHMILE, MM FRM, B FHE 1, FRE
217,9,6,81, FHEHB1H (9, 6) FHILRBEILEFLHR, AW, WHRHEO FYTE 1 [F6f
AT, WZEBTE 1 PERRENFTEER (7, 8), BEFN, Hoh, BT AW NG HERX A7
BREE, HLIHATIOME for TERR AR — T H0ERE

BE, AR for EAHEHEMBI KB M, EERNBEEFR S, TR ZaHK, U
FTRANFES E, 0, i=jMi=k, {j-1,/} 0 k-1, k} HRAAM. (alj-1],
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aldl) # (alk-1], a[k]) Br/=t a9 LLBEM AT REAY S e BE BB IR R 31T o

FRLA, BATRESARERT 54 WREFTAAEERESF, EEESE -SEBENRE, 8§
%, REEM—NMEHBEEARFAKBEAX B EAmEN, BEREEAFTEER, X p HTEM
p+1 BIBRAARRXHEN. RNTERSHEEM—IREBHE p+1 WERZE, FIAMKBLHE
SERp BYEE. SR, R parallel #843BkE, parallel for EAEEHAERME BB
B, Hit, EAAMABRZRYMER (MR p) ZH, RAKBEBHAANT KB, B
p+1HE,

Hk, RUBASHELBATH. OpenMP LH TR ESAEE — BRI BBEATUNEMNEIH
thread_count MEB, £5-2 ME—TER T XM AFIELE 20 000 MK, ERIMERLEL
BT 1. 2, 3, 4 N ERBRHNETTRE,

B 54 BTRAFAE—1 OpenMP X

for (phase = Q; phase < n; phase++) |

l

2 if (phase % 2 == 0)

3 # pragma omp parallel for num.threads(thread.count) \

4 default(none) shared(a, n) private(i, tmp)

5 for (i =1; 1 < n; i +=2) |

6 if (ali—=11 > alil} {

7 tmp = ali-17;

8 ali-1]1 = a[il:

9 alil = tmp;

(0] }

it )

12 else

13 4 pragma omp parallel for num_threads(thread.count) \

14 default(none) shared(a. n) private(i, tmp)

15 for (i = 1; 1 < n=1; i +=2) {

16 if (ali] > ali+l]) ¢

17 tmp = ali+1]:

18 ali+l] = a(i];

19 alil = tmp;

20 }

21 }

22 }
F5-2 MEHK parallel for iIBAHER for IBRIESITHFHEHFHAE (B )
thread_count 1 2 3 4

Fifk parallel foriEH] 0.770 0. 453 0.358 0. 305
W& for &4 0.732 0.376 0.294 0.239

XUnt EFERIF AL, ERERIMBBEERESERMBEN. BRUTHTHERN, A
FHEENZE. BERQE —-KER, FEBRKARBIRMHITHREMEN, XBMBETERE
. FBHIE, OpenMP At T A F X MM IE L, M parallel WAL ESIMRBHFARE
thread_count MABHES. R)5, RINAEBRATER TR QR HHNLE, TEMHE
R—1~ for 18, &V OpenMP FiEH WLRBERIITIL for 1E3F, XTEH OpenMP LI Fh
BRERFSS &,

RIFSS FMAFKE1 OpenMP %3
# pragma omp parailel num_threads(thread_count) \

default(none) shared{(a, n) private(i, tmp, phase)
for (phase = 0; phase < n; phase++) |

w9 —
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4 if (phase % 2 == 0)

5 # pragma omp for

6 for (i =1: 1 <n; i +=2) {
7 if (ali—11 > alil]) {

8 tmp = ali-11;

9 ali=1]1 = al(il;

10 afil = tmp;

n }

12 }

13 else

14 # pragma omp for

15 for (i =1; 1 < n=1; i += 2) |
16 if (ali] > ali+13) {

17 tmp = ali+1];

IR ali+1] = alil;

19 alil = tmp:

20 }

21 }

22 }

Y parallel for fHAARFEMEZE, for O ACREMERE, BEEACEE parallel Huhgl
23 BT, ERANKER —TRAMBEE, ABREGR (BAIIR) FRELSFEAHFTENR
AR BRMER—,
ZHBHEF P ZAMRA RS TR BRTER 5-2 B 7. HEAMIRELSRREN, A
iz for LM ABE BB L parallel for FAMMANR 17%, Bl FXMRETS,
HIX R B TR E /N INGS S AR

5.7 EWEE

YE—wiaE| parallel for #5408, BRIMNBIEZSREASEALBEHBRERHRFATN
Bo #RTI, KE4rH OpenMP LI FURM RS fE AR08 WREBITHEATAE n WENR, BLE
HATIEIRH, BT n/thread_count PMERSELLREO, BT R n/thread_count MNMERSE
BRI, DIEH, REEE, SRR EEAERKEN. S, BRBABZEITRIEST.
sum = 0.0;

for (i = 0; 1 <=n; i++)
sum += f(i);

236] [RIAt, RN f REARAFEENRESSE MA/MIERL, BAE5HEELTE 0 W ITIEML,
S EAERRR thread_count —1 MTHERBMXNE KR, —M"EFHLETEELM S BLABHNTIE
(FBEARD) . EFEARRSF, FWRERYE “BH” B—K—-THSHALRE, Bikt=thread_
count, IBA—MEFRISHEINT HEETKIENA:

g %R %E X g
0 0, n=t, 2n=t, - : H
1 l, /t+1, 2n/t+1, - t-1 t—-1, n/t+t-1, 2n/t+t-1, -

KT TN BRI TERERER, RINRE TWTRF.

double f(int i) {
int j, start = ix(i+l)/2, finish = start + i;
double return.val = 0.0;

for (j = start; j <= finish; j++) {
return_val += sin(j);
}
return return.val;
} /e %/
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BB S (i) FRAIK sin B #Ia, 77 (2) BBREJLERIAT S () et EHPE,
% n =10 000 3 E RA— M RBETERE, S1THER 3. 67 #, BAWNI LB MERE 2
FR (50 ~5000 YWERSEALTEO, 555001 ~10 000 ERDEAKRE 1), ETEFEH, 8
FTEFE]R 2. 76 5, MEAUH 1.33, R, LSBfTHALEFRABARL S, &7 RS
B 1.84 Fb, SHLBBEFTHLL, MBEHHK1.99; SNEE. WRoEMLL, MEER 15!
BNBI—NFHERD ST HEREA B KM E M, 7€ OpenMP 1, MEARFEALKER
HXWE, schedule FAIATFZE parallel for & for HAHHTERIE.

5.7.1 schedule ¥4
EHF, ROELHMEMMAFEEGREEE. REEHM parallel for 84 F1 reduc-
tion +4].

sum = 0.0; B37)
# pragma omp parallel for num_threads(thread.count) \
reduction(+:sum)
for (i =0; 1 <=n; i++)
sum += f(i);

ATHMEBRBETAE, ATUARIM—4 schedule FH% parallel for f54H:

sum = 0.0:
ft pragma omp parallel for num_threads(thread.count) \
reduction(+:sum) schedule(static,1)
for (i = 0;: 1 <=n; i++)
sum += f(i);:

— &, schedule FAJHEMMTIEA:

schedule(<{type> [. <chunksize>])

type ATLLE FFUEE—1:

e static, HARBBABAMITRI LR E.

e dynamic 5{ guided, HAEB/AIMITHEILLELEE, ARE-ITLEBITHR T EMNY

HERESE, TRMNETHARGEHHREL,

e auto, RIFMMEBITR RERERAEH XK.

e runtime, FEEBITREE.

chunksize f—E#H, 7€ OpenMP 1, 3k IRE7E T &3 o E P AT I — BREIE
a), RPREARRER chunksize, Rf static, dynamic f1 guided JHBEAH chunksize,
XERE THREREY, BERNBBLRIKET type,

5.7.2 staticigg#n
¥ static WEE, REURENWHFRSE chunksize AMERABIELE. flin, BiR
H12AERO, 1, -, 11 MIEALRE, MBELE parallel for & for 4 i F schedule
(static,l), EHMTHE -
Thread 0. 0, 3, 6, 9
Thread 1: 1, 4, 7, 10
Thread 2; 2, 5, 8, 11
R schedule(static,2), EMRMMTHE.:
Thread 0: 0, 1, 6, 7
Thread 1: 2, 3, 8, 9
Thread 2: 4, 5, 10, 11
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MR A schedule(static,4), EMRBTHE:
Thread 0: 0, 1, 2, 3
Thread 1: 4, 5, 6, 7
Thread 2; 8, 9, 10, 11
HE,, F4 schedule ( static, total _iterations/thread_count) #i# X% T8 KH 4
OpenMP SZFLFT i A BRE T .
X8, chunksize ATABRZMG, IR TR T, chunksize BUIEMISF total_itera-
tions /thread_count, :

5.7.3 dynamic #1guided IHEEZER

fE dynamic EEH, EAMP AR chunksize MEGEAME, BMERBIIT -, 3FH
W AR R A, NS REERS 3, HRIFAWENRTR. Chunksize @
ARk 2% . MR ARET, chunksize K1,

e guided HEHR, BMRBEHIIT—H®, Y - IMRBER—BE, BiFRS -, R
Wi, £ quided B, MBRERE, FRHOKPSEAD, Fln, ERMNORE L, R par-
allel for #§4# schedule(guided) FHAIRETHERSERF, A2 n=10000JFH
thread_count =2 B, QKWK S-3 FHEDEL. PH RIS TR T ARG UL B
BB R/ K 99992 =5000, BHAA 9999 N RBATERRE, BB/ R 4999/2 =~ 2500,

%53 EAquided AEATNMRESRBHEIRDEN 1 ~9999 Jikf

%R B SREGHRN BT BRI
0 1 ~ 5000 5000 4999
1 5001 ~7500 2500 2499
1 7501 ~8750 1250 1249
1 8751 ~9375 625 624
0 9376 ~ 9687 312 312
1 9688 ~9843 156 156
0 9844 ~9921 78 78
1 9922 ~9960 39 39
1 9961 ~9980 20 19
1 9981 ~9990 10 9
1 9991 ~9995 5 4
0 9996 ~9997 2 2
1 9998 ~9998 1 1
0 9999 ~9999 1 0

Eguided WEH, MEEAEFE chunksize, AR K/PHF1; P ET chunk-
size, BRABBIAR/DEER chunksize, BT &G —HBK/NATLLIE chunksize /N,

5.7.4 runtime AEXRR
AT M schedule(runtime), RITFEEE—2IL, T8 THRETR, FINLFHE
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Ry, RETREEGEETI REHVIRKGAE, WEMNERFHAELTRITEN, —&2
WA AR EAT B R PATH, HOME F1 SHELL, PATH ZEEEAHE T X4 — AT HRAT 4B shell
ROZE AW H %, EEHE7E UNIX 1 Windows R E L, HOME ZRIEEM/P EBRNME,
T SHELL ZEBFEE I P shell BRI HATAIE . X 5E W 5 L7E UNIX R4, 72K UNIX R4 (B
0 Linux 1 Mac OS X) #1 Windows 1, FEEREBAGSTHRAMEE, EX UNKX ZREH,
B shell f4-47; 7E Windows 1, HEEFEBIT KM W L1To

flan, RBATEM bash shell, EE MR EBNERIFTERA

$ echo $PATH

RATREBAER export A4 RiIETE—IABELTERE

$ export TEST.VAR="hello"

WMAKREMEERERENIARTE, FEASBEREN TR,

% schedule(runtime)igEnt, REMAARELERE OMP_SCHEDULE 78 1E 470t Bk < a1 i3
FEPE3F, OMP_SCHEDULE AR RS EIEMEER static . dynamic 5 guided EEREAKRE,
B, BigERFETAE —%& parallel for 84, FHFHEBZ8 schedule(runtime) & T, I
AR bash shell, FREBETHPATU T a8 — MEX TS RIRER I BRALRE:

$ export OMP_SCHEDULE="static,l1"

BIE, YABRPATEREN, REKAEE for BAMNEMA, SMWFERHHF4A schedule(static,l)
BT parallel for 54 HRkE,

5.7.5 BE%xIF

WRFEIFATH—A for 183, ABATRATUN{AT g2 AR —Fp A B chuncksize fyK/h?
- bRk, B—F schedule FRIFARFMRETFH. dynamic MEMNREFHE KT static
WEE, mouided AEMREFHE=MFATHEAMN, Hit, WREAFH schedule FAFE
ZIRB| TS AWENER, BATFEFHEITERNWTIE, B2, MRERIMFLERIAEERERERT
AT, ARAFRATAT LAXT & FhiE B AT IR .

EATHREENFH T, ERFHEAFINELENERT, R schedule(static,1)XE
BOAFBERS, ANEEELA 1,33 3hn% 1.99, HAZERNMRBHEZMET, MELRLFAATEEL 1.99
HiF, BN AR AR SR HAAAE X, E40E AHRNREF B~ B0 10 000 8945
LT REEE, MRMESHRAE, SELROMHERMKRE, RITESENR: RENHEE
FRREALRENNBAERMR SRR E K.

IRFRATH BB 77 R T, ARNSBMAKENIXE R IFIREMH AR XM
HBRKE EHTTREN UG, BRITTREN, XEERRABIREAIMTR, BED
— PRI BE AT LA R o3 B E A HERE R T+, RABMEL 5. 4 R XHEM— BT,

BEFREFLT, MiZHes B LRRE.

s MRFHAHBRERFTEILFHRMITREER, BATERANEEF XEBRERTFN

HEEE,

o MRMEEEANMT, BAMOITHRLEBEE (REBB), WARMALE/IK chunck-

size fy static JHERESRM BT MM,

o MREBRERNFAHELRERE, BARTRFTELAGEHELSHRRNAEEE, 7EX
MIEET, WY@ schedule(runtime) 747, @i T & OMP_SCHEDULE R
B BB R LA [R] 1) B SR B T 2 PR i

61
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5.8 H£r=HMiEFHREEID
A BiHE— A ARELSH parallel for 34 E# for 84K IF1TLARIE,

5.8.1 BA%l

BB — R R M BIELSH, BATEEITREAZIAIE B, WEBOLRe, B
3 “E” MITRBORFEH MNP BB, BAFI T LUE MR 788 1 b S R4 3000 T 38 38 il
£, INIIFRMTLERHERE, FNHERE DA HESFIGIMER, T3 ITHFF]
B R HEE AU SKERITH 28 &

B MR BAZITI R, BERXMFHITER “AKR” T H—PTEMRF
Bk BB BERE, EHRXNICE "W T,

BAFIZE T EARL R REAR AT o i, MRA S R, S MERRKERELEE AKE,
ATHBRERAE - THBEESEE, —MEAMRKNITEREHBAL NG, BAER, H
FEBAFISE— R R M AT RA R ERNMERE, £ REERNTTRR; HEAERSIE
AR HEAE A S S — N R R R RS R BRI AR, DAL

BRI R AR BN ARF PN MHBINBESH. S, RIOFLD “EFE" KBEM
JIA “HBRE” &R, £ERR R NRFFLEHFR—BW LA RERONE, T
HRERBELRAME R (Flin, HRTBRERO®) R “HE" FR, ATELRBEEE
RABN, TEREXKBEAERAAIIHBH . EXMITH, RALYHBERBEEROBIER
R ELEN, #BRA W,

5.8.2 Bk

HEEEMEREREENN AN ARERZEAFRE L LAHBLEE, B— 1 4EE
— A HEEHEBY], ¥ LRBEMAS-IERE “EEXRHE” I, EHERRABREENE
BEBAFI g, —ARRREUOE AR HE T B BT LB BRI R

XERIMTELHA-THROEBEBERT, EXTETR, BIMERBEENZEEYR “HE”
MW EGSE, YAE—KHEEE, SBEHAMARSENMARTIF, HREHEZ
J&, ZERBEETHCHHEEMRIIUETNEEREKAI THE, MREKRAITHE, BHAEHH
BHBAFITENZEE, BMEBEBFRENBREE, AFFEREEIMAKBEXHEWERE,
L ARBREZFEHHEES, ZABRKERNEEILMIE WRBHCTR, KNFE
HRBELERT . BMERBHHRBWT:

for (sentamsgs = 0; sent.msgs < sehd_max; sent_msgs++) |
Send.msg():
Try_receive();

!

while (!Done())
Try_receive();

5.8.3 RZEHR

TEERRE, WAHSAIIFEHEBAR, THEE-—ITEAX, RERMNEBARAMF
FALIH RS, ERIEETRFERA - MERRBRERIIIMER, #lm, EH 18
FORLIH LIS, ERMETXMEFNIINETR, RE, I THBMET ANRIE, FEAH
B EERERNIEE ., S—RFHBAWS, FERENEF X INBRE, IRANMEERE
FEHITXERE, MAMELER—FELHHP—IRBARNHEE. (AXKERBAHT
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HEXFER) WNMRENERSEENR, HHARREER THAX,
Send_msg () BEHARILINT -

mesg = random();
dest = random() % thread._count;
# pragma omp critical
Enqueue(queue, dest, my_rank, mesgj;

EEELHHEHS, AFRBAEACREHRE.

5.8.4 EWHE

BRHEENFALRNES X HEAEARR, REHBMNINEEE (BBERERE) WLNAS
ERHBBFIRKBEE . MABHEMATITZEDLEREAHEE, RARBERAHA—KER, B
2 INERAEFIAN I IRMEREAR AT RErh R, EILIEAFIRELE AN S, B BEAFIM /B
Al LB RAEAIE A (FIAN critical $64) o

PLTE B [R] R A AR BASI K/, IR REEA— N ERREMEAFIN KN, IBLXTREEN
BESERIEARAX, Rmel LIEARMANZER: enqueued F1 dequeued, AR-A BT 7H B #IAH
(BAFIBIR/N) BEHR

queue_size = engueued — dequeued

JH, BB EH dequeued MARBRRHENIINHEE, TUFBRE —-ITREMA en-

queued HEBAFIR/N queve_size WER, HI—PMRERTLIES enqueued, K T HREX#
oL, BEHRE g E7EHH queue_size, BRAEH SR enqueved HMREIHME, X4
queue_size LFRMER 1 RE 26, KRB g THEEH queue_size RO HH 1, HXHR4L5F]
BEF—-EWEER, MAXSIEEFER. WF queue_size KNZE 1, #HEHENO, A
LA q IR —BAT AESREEIFITEBFIMK/AD; IR queve_size RN ZE 2, HRITEN
1, MALRE ¢ BPITHR XIS, BRAXEEERLEN,

B, FTRASRBRIN T B AL Try_receive;

queue_size = enqueued — dequeued:
if (queuesize == 0) return:

else if (queuesize == 1)
# pragma omp critical
Dequeue(queue, &src, &mesg):
else

Dequeue(queue. &src, &mesg);
Print.message(src, mesg);

5.8.5 #tbW
BTk, RAKITMALI Done R, He, RNAH - “HE” WEH, HXNEH
B (A1 -

queue_size = enqueued — dequeued;
if (queue.size == ()

return TRUE;
else

return FALSE;

MRER v PITXERE, WABATRALLERE, MERB v, ERE v ITEH queue_size =
0 Em&E u KE—FIHE. BAR, ZB u B H queue_size = 0 FHLILE, MAKBv A%
HEHHEBRKEAETERD,

R, ERINHBRES, 8IMEBERITE for BHREHEABRZEMMBEE . HiaAEm
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—ANHH$a done_sending, @RI for EFEHFHILITEEFM 1, Done MSLHATF .

queue_size = enqueued — dequeued;

if (queue_size == 0 && done_sending == thread.count)
return TRUE;

else
return FALSE;

5.8.6 B#h

LVRFFHRPATH, FRBERIAGITSEOFENIE - M RASRAEHENS, BT4E
SR E—MH RS, B TENEBETUEEMESHARERHE, XA AN XA
MABRLE, MASI M KRBEWURAEM - MEERIIBA—FHE. HEWS (£4) AL
Fit -

» HEFIF
BAEEET SR T
BAEHE ST BRI
ABNH B R%H
HBAH BB H ,
BOFR A BT MRS, I THROSEEERN B K6, RiFRAKAEHE
24 RS BAREBH B BT, Wik, —EERBAE T AFISA, MATLMER parallel 34 7F
WHPATERRE, SREW LY 8 CHASI D EAHE=E,

XE-ANEENAER. - TRESIMABTHRAELMBERBEZERENAIISE, IRX
MAE I T, A5EMD B LR AT B2 B IF 46 M AT 50 ST A S 2 BL R AR R X TH
B, HSBRFAR. Hit, RIILABRGREFA—NRBELIENHHLBERER T SIS
BEATFHRREHEE . BT, ZARITIL—L OpenMP 154 G5 RN R AR A SR EE, BME
A —MRBRHRLAEDEPIANEBRER T ENMEFRE AT LEESRITREAB., R, &
XAFFH, RAILET parallel SREGHE, FTLARMNIAGEMKE T OpenMP $245 i) o =X B e
AN S AEA MR, ZIZHE, OpenMP AL T HNKHES:

# pragma omp barrier

MARBRBER, PHEHE, HIAHEPHENRERAE T XN, SAFIE LB
BR T XA R, X ERLRBR BT DI A T AT
5.8.7 atomic {54

RESERANBERE, 8MEBEPTERENEAUFERERNEEZE, FEX done_send-
inginl, B4R, *f done_sending M EEMERKRX, WLUED critical #4kFEPE,
SRTT, OpenMP $R4LT BN —FAIEBEMERMIES: atomic 54

# pragma omp atomic

Hceritical #4AR, EREBFRPH & CESTREBOAERNEBERX, W, ELHE
UFILMIBERZ—:

x <op>= <expression>;

X+t

X

x—;

—x;

<op > A LLEUTHEREN ZTRER.
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%, —, £, 8, T, ], KL oo o).

XHEZE, <expression> AEESIH X,
FEXENE, RAE x NEBMEETURERZRYY, GnETEAHRBS.

# pragma omp atomic
X 4= y+t+;

HABLRE x MEHFLAEEZRBEN x WEHGRZE, BEX y HEHAZRY, BRERF
BIGE R EAAT B AT o

atomic #ANBARITE L EHFRMAETHRR - B% - 7£4E (load - modify - store) &
4, BAXMEITHHESTA SRR ER X AERSH, TLERBHATERX,

5.8.8 IFX N
J T BT BARERFTE, RINTEHE—SHFABIIT OpenMP critical FHSHMAE,
EERMHFD, BFREAA -MRAKX, critical ISBEAANEABRM XX EHAITERF

Pild, FEXNBFT, BFRXOFAEEME SR, RIKERRBHEFER3 MFE critical Ha-

tomic 545 H AR

e done_sending + +

e Enqueue(qg_p,my_rank,mesg);

e Dequeue(qg_p,&src,&mesg);
R, ROIATERES 3 MUBREHITER R, EERTERGXE 2 M 3 MUK
HATEENE R, Flin, KBOEMLRE 1 HHBIIIEHEMEN, L8 1 aLlimLiR?2
FIEEAFIEHE . (R, HRHE OpenMP BWHLE, 52 NI 3 MUBSRES critical #5414k

B, 7 OpenMP B3, RITHWBFAFANARMKRKX . B atomic #HSRFH done_

sending + +f1 “E&” WHFX, & “HE§" mAXF, BFERMEEHE.

SBHLBEK LR 2ERFHIPATRIT. OpenMP FRIABI ML 25 BT A By ie 7 XAUFS R4
HEGHEAXM—ES, XAUERELAFTEFHOMEE, OpenMP R4t T critical #5445 M
FAaliop A

# pragma omp critical(name)

REEE#ITRX, WARAARLFH critical B4R EUBRER T AR AT, BRI T
KBROHBAIINKFAXERARANAT, HEGFXHEFEERFRFLBRTREN, HIE,
EMNFBFEEBFITHABRTRERARNAT . HEFBERINNZE, YRITBEDTRARRAS
FIL AR A AR D R A R B RAS kAT, Biar i critical ISR RERERITMEKRT .

T REMAB (lock) ©. Bt —MUBSAHME VEX MRS L RRAR, X
PREUERRF LT DL B R R X I R X AT R U5 R SR AT LLRE AT T B DR AU
R

/+ Executed by one thread s/
Initialize the lock data structure;

/% Executed by multiple threads =/

Attempt to lock or set the Tock data structure;
Critical section;

Unlock or unset the lock data structure;

/% Executed by one thread x/
Destroy the lock date structure;

= MRRCLRIED Phreads FY, HAKRCE TRSYLE, TLIBEF/SHE OpenMP SIRIIEEIL .
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247

B BIR S M BDATIR F XS BATILE, XBLRPHEIERE (NFELHE) Swhadl. m
PR R ERME RS, RN LA FTHE.

FE—NEBHARFXH, EZ0E3HASRER L8 (set) . WRTAHHMHLEIERE
PATIHA XA, RAEHEBBOFHEARAX . BERABRPTRIEAXORGE, SRR
SHRREUHEAL (relinquish BLE unset) 81, DAEHAMLRE AT LIZKBH,

L REFA B, HMRSRBRARIEAZRR X, B4R 2ol o # A9R gt A
R R X S R S REGB R E, W2 R KRR BN, XELRET
MIRANRBLRER, MHAREHEE.

OpenMP H P fi4){: #8 (simple) BIFIHRE (nested) P, 1A HBTE BB AT R REIRAS —
W, W— RSB AT LI Rl — MR AR B LK, OpenMP RS AIAAR omp_Tock _
t, %SRBI PR TS

void omp_init_lock(omp_-lock.t= lock.p /% out */);

void omp_set_lock(omp_lock.t= Tockop /% Tn/out /)
void omp_unset_lock(omp_lock.tx+ Tock.p /x Tn/out */)
void omp_destroy_lock(omp.-lock_tx lock.p /% infaut /)

FEREZERI A BREUAE L SCHF omp. h 7B, 5B —1 R B PE I R AT 00468, BT LA LAY 84 T ##
BORAE, BAEY, WREAERERATRX . B REERREY, mRRY, AAZER
RIRRR AT ABREE AT ; INRRIN, EHZRBN LR HELE, ISR MLBERR. F=4
BREORERE, DMERMRBET LIRS RS . B RBHRY . AU R AR, WRET W
BREMMFIR, TUEE (8, 10] &EF [42],

5.8.9 #EHBRMEBEFDMER

ERTEXT critical 84 AR RZAMITIET, RITER, EHEEBRFED, RITEERR
HY X B BT HATE R Ui, MARN F—MMEEmimEs, SimUBBRITZHXNE
B #% omp_lock_t RAMBIEM RS ENFIGH b, W LI A% omp_set_lock
ERBORTR AT I B AT E R, B LACHS .

ff pragma omp critical
/% q.p = msg-queuesldest] =/
Enqueue(q.p, my.rank, mesgj;

AT T RIBARE:

/* q_p = msg_queues[dest] %/
omp-set.lock(&q.p—>Tock)
Enqueue(q.p, my_rank, mesg):
omp_unset_lock(&q_p—>lock);

R, RS

# pragma omp critical
/% q.p = msg.queues[my_rank] =/
Dequeue(qg-p. &src, &mesg);

AR RUF R

/% q.p = msg._queueslmy.rank] x/
omp_set.lock(&g_p—>lock)
Dequeue{q-p. &src, &mesg);
omp-unset_lTock(&g_p—>Tock)

BAE, H—MERBRRAEERREERNEET, B FATRER b i B 1 1) AR 19 1 B BA S B 4R AR
%, HAS—MESSIHAAERRANE. ARMNBEMAZHS, REBBNE B R
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5, BRHRE-TLETUKIEHR
FTEEENRE, XPREBH A AT LR FEA S K% Enqueue f1 Dequeue #, fHE, X7

Hf% Dequeue RRELAIPHERE, 7 BB H A FI A/DAYILES (enqueued - dequeued) i % De-

queue BREP ., IRAXEEM, BRY Try_receive RPN, Dequeue REMBEEAN
BAF, A TRIFEERGHLEH, RITEXS omp_set_Tock i omp_unset_lock B i&E MM %
Send #1 Try_receive RE .,

R R IATE 28 AT AR B S 7 T AFIRI ST, FrRARRATAT LAHEXT 840 1L AR iR
BN s ess BB A eR B, T XF B A 44 S I AT LA el $8 9 A B R FR FE B B BA S BT 52

5.8.10 critical 4, atomic 4, #iE0LLE:

FI BT RIE ., A SFHUE AT LSS BN R X AT, 1R B SR #0148 0 0 75 AR R 5 50T B2
UREH—F ., —BWE, atomic ARLHE FiFMERATE, Hik, mMEKFXH
BEXAMWREEDAN, WEHatomic IESEELAS AR EE, R, OpenMP #
i [42] seifFatomic #EXREFFAA atomic HEAFICHIER X HTRAELFRTHD—E
Kepgcritical AW THEFR. MERXMITANEREER (Fln, BFHPEZ I RRH
B atomic #HAERPMIERX) M SERAGLEM critical 4R FL. Flin, BRERFEF
F—1TEBRIT TEALNRE, MBI KBRTERHRE:

# pragma omp atomic # pragma omp atomic
X++; y++:

BIGE x #0 y A RFK AL, ETE—-MREENT X+ + BfER, HAKBRF RN T
Y+ +, REEEWE, IMTAHRLEALEN., MRPEBAAFZEFEIHE atomic
BBy, ALK L OpenMP LHLIEX W RIEAUAAFABIEF X, RESHIES. 10, H—
T, AMEHALUMIAERLE, BUFE—-ZENAREAEEIYE TR MBR K,

AHERIMELFR T &R critical S ARZL. RN, FRRAKRMEM criti-

cal AR EMAM critical 48145 FHEH. W, RN HHEE OpenMP HCH
i, R critical ARPIBAX SHEASRIPRAXELHELERAERKRHEMN. L., MR
RITEXLEMFEH atomic $54, AEBMEM critical 48, AT HMAH critical 4,
PHHEATRELFRWERMAEEHT AR RBHRAELR

5.8.11 £1&

EMEAERIMTTEEMXEEREARNYSEER, EfFERIIE—ETENHERE, TEH
AT ENENES:

(1) SFE-—MEF XA L REERARNERFRIE. flm, —MEFEET M
FrEt:

# pragma omp atomic ## pragma omp critical
x +="fly): X = g(x);

A MARE x #irEd, HERKE atomic HAERMER, UBFRARXAT critical
84, B Fcritical #4M atomic ARSI FHIT, IUBF RSB IAERNER,
BFAREES R g, HHEHE atonic HLERKER, SHEBFAFTER critical
SRS R R ER,

(2) ERFPITARIEAFE, SRR HATEERMRESE — HHEE USRI R X 0
7o Bl MRS

67



168 « FITRFRITFiE

while(l) {

t pragma omp critical
x = g(my_rank);

H

18 | AIRE — EPHE LISFRFIAT x = g(my_rank), MHAMKLENER EHITXFBREET.
LR, WREFRELR, WA LHMFRERASRFE, FIMEFESLHT, KBKBARB LS
IRFHARRX, EXMIELT, LHNRERAREE,

(3) “HME" HRHEHTRLTEETHAANEGR, flm, —MEFEETHUTFHR MG
B

# pragma omp critical
y = f(x);:

double f{double x) |
# pragma omp critical
Z2=49g(x): /% z is shared =/

}

RBERBEEEFEERY. Y- MERRREASAB - MER X, SEBIGEHRE, R 1R
B u EPITE— N EFEXFHAB, WATEARMANEBRIGE MR FX P 5, R,
MREE u FHEUSFSHFHEALZ - MRAEX, BAEHKEAXEFE-IMEFX, L&,
ERBKEHEE,

EXABFH, BRAIVER AR KRR EEHRRE, RITEFABNT:

# pragma omp critical(one)
y = f(x);

double f(double x)
# pragma omp critical(two)
z =9g(x); /+ z is global =/

!

R, CREMABMARXAERBRNEE, flm, WR-IBFERITGEKEARX (one f
two) HHRBRXEURFMIF#HARREX, BAEHMATRELE. Flin, RIFLE v HEAWK
HX one WFEIATLRE v EARARX two, RELRE w KEHARBRKX two MFARE v iLEBA
IKE?%EK one.

B} (8] SR u SRV
0 HAIEFRIX one HABRK two
1 REHEAGERX two REH# AR K one
2 FH 2 PEEE

A, LB u o WP ACEHHEEUSFFHARR X daT L, (UER & F KR 2 LL#
R L T Y [ B —— R L AR AR %R HR LAAR R e O sk A e 37X

5.9 &%, BF B, =
EER, MBBONTRECSTLET T EMMKEFFIRBUROEE, FFA0RALE S

© BERAMAETES I HCENGEH, MARCEET, BWATURLIXEINE.
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ME— M REREAEFETURIEE, BAENKSENEHRESHEENEFFRL, AT
fRoLX A S, BRI ARELBEZITMAT LEFERNTHESE—EF (cache),

FENRITH R T o A f s @ A R LB ENE  Jil T EfFak «, A
RATREEES FEHAEE N DIR EFPREEL « Mk, Hik, WREBMBEIR E7 I
2, WAL—EE x PHENERIBERBEAZFTRENEFFZL, MARUE « FRNA
BAZHERENEFPEL, IENFERUBEFTHERER.

RINEATE2.3.4 WHEIAZRFHERAMN TRENFAEERNPZWE, LRNEZ-TXEHR
fta, B, ZERTHENAFR, BEREEER « OEN S, BNEHRTTEHNRB

my_y =X;

B AR AR 0 FNZRAR | 80 3 BN AR R « BEAEAINEF . EXE, my_y B451E XER ML
BAMHFRAER. BITLRE 0 HRIT T EME:

X+ +;
&5, RITLRE 1 REEHFT:
my_z = X;

my_z B XELBNBH S —TRAER.

MEmMy_2 L4 SER6? BEMENER (£) FEI A xMEEX. —MEEFD, —
MEXRBOMEFT, — N ELE 1 WEFD. SRR OHIT x + +5, EFPHLE | HEF
A X BN AR fLIR Y X ELRS 2 EIHEMBRF BN, RINBIRBI RABEREF
BRI TN R FERBIEANE., HREOPIT X+ +8f, &R 1 x IENFRFREIRICH in-
valid, TEPATRIEER my_z = x ZHj, BTRE | HEHELRA x HECEIN T, FHiiEfT
KB NMBLIER x EAFFHEIE (AEREER &), BT4E | IZENEFPHER
AEEHLH x AR, ERFE2 &,

FHE--BHEMERAMEZEATFRENERAEERNEWR., FTEHHXSE, RITRE-FE
B - B ERENHTF. BiZA=(q,)) BmxnElE, x BEn A RENEE, EMMRy=Ax £
— M mATENER, AR AN TEy, A BE T HARBH:

Yi=apXo taux, +--ta, %,
W 5-5,

FriL, iR A FEE 0 MR, x My D — 45, WnT IER T AR LR BT

LR AERE - [ Rtk

for (i =0; i < m; i++) |
y[i]l =0.0;:
for {(j =20; J < n: j+s)
y0il += ACT10j1#x0j1s

. Qoo | aor | don—1 | - 0
apo N aj L al:”_liA X9 :\'[

Yi = aijpxo +aixy ++ i p-1Xn-1|

I Aip—1.0 | Am—1.1 ) | (Imjl.n—il‘ Ym—1

B s-5 fEEE - mBERE
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B A F x SBAHE, B | RERREHER y[ 1], FUELEERAEPIIMEREE B K
B EESMER B AR ARRNLRE, oL EEARBHTL:

## pragma omp parallel for num.threads(thread_count) \
default(nane) private(i, j) shared(A, x. y, m. n/

i

2

3 for (i =0; 7 < m; T++) {
4 y[i]l = 0.0;

5 for (J = 0; J < n: j++)
6 yLil += ALT1031#x[31:
7 1

B Ty RRITBRFHBEITHE, TR TRFNETE, HFTRTFH8E E 2 ME R L
B .

()
S Tyss Ty

S<t, E<1, £5-4 B T RATBIER 1 BREAESRSIEEMKBRET MsTaf BARE,
®5-4 EF-mBRRERETEE (B B) MR

EEENSRE
®E 8 000 000 x8 8000 %8000 8 x8 000 000
B8 BE i e B 18] S
1 0.322 1.000 0. 264 1. 000 0.333 1.000
2 0.219 0.735 0.189 0. 698 0. 300 0.555
4 0. 141 0.571 0.119 0. 555 0. 303 0.275

FEEMBOT, FA5UNSSREERIERN BEER 64 000 000 K, REEBEEAREEREE S
N AL BB TRFE =M ATRNER FTHRETHRERHEREN, AW, X5RITEIHNLHE
O M. *FF 8 000 000 x8 X —H A, HAE 8000 x8000 5, RATE 22% ML REFFE,
&% AR 8 x8 000 000, WFTE 26% WERBTE ., XFAKARBSITEE, E0WaREEEH
FFHERES RN,

URRAEBRAEZGFIHNERN, 254 Bk (wite-miss), BB ABLH R ERE,
BESVTE (Valgrind [49]) REAXSBEFHH AR 8 000 000 x8 B, HHAh AT+ ELHNE
B3 &, FEREBHBHREEREAEI T, BREXHERLT, MEy PEOBBIER K (8000
000 5 8 000 8% 8) , HE— N ILRALIOEL, A 4 7TV TER AR 8 000 000 x 8 B #14T
EERERAEFRZRT .

URAEERAEZFTINEEN, SREEREK (read-miss) , WA E W LR FERF,
BV ERRYVITERM AR 8 x8 000 000 B, FLH by AP~ EBMEEREL, ERAREEBFR
F61T, FHMRERF (WJES. 12) 4k, SEAFNFEFEEENER x HIiER, ¥ FH
A 8 x8 000000 s, x4 8000000 AJLE, mixt FHAMARA 8000 M x#HE 8 Mok, X
R TR KRB,

FHFERICHE.: FELBEEEWMARERFEARFRATOERE. flin, RITLE%
EERNFE (12.247) BREEWMERERRBATHRT, UK CPUTRIZHFERTEN
SR

BAIBBMNEBHELALBH AN BIFHEN T, X TNEENERF, BEFAEBAN
8 x 8 000 000 K} EL7E A 7 8000 x 8000 F18 000 000 x 8 At REE L FHET 20% , Xt T 4 B RRHY
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FRRF, TRFEAER AN 8 x8 000 000 Hf H7EHI A & 8000 x 8000 F1 8 000 000 x 8 A HEEE LV FHET
50% ., 4, MHAFEH AN 8000000 x8 AT, ZEFBEFHHESIXAZR?

FEE, XMURESREA R, ILRIFHARRT 4 MERBERRF. 7% AN 8000 000 x 8 i,
y 4 8 000 000 PNITE, FrLAREMREESEL T 2 000 000 NTE; 7EH AN 8000 x 8000 i, 44
MNERABCT y 1A 2000 NIEE; FERIA K 8 x8 000 000 B, A IMERBAE Yy FH2 MITEK,
AR RGES, —INEFREMAFY, ATy BPRBEREAR, —MUREZATRHL8F
, FIA— D EIFRETLUETE 8 1NAUE i A&,

FIF—BMERE “SETRN ERATH, BaiEik, REEFETHRNENTERTT, B
HMBHEF M T ZTERE, 2B INEFETRIEAREE— AR RPN R, &
FHRMARLE 2 PGS, SMEESHEACHER. REHNLREO AR HES
THAH— A, L2 MAR3 SMAT HIb—T . BRI R AN 8 x8 000 000
B, ¥y BIFTATTEEIEE— AT, BABRM y hInE S &% S SO b ab 2 28 o i 22
FRTRE. B, - REBROETHAERFES y[(0]

y[11 += ALTI03D%x[J];s

DR 2 ELRE 3 EANTERF, RAENLAEHREA y HE. BT EBHBEEFHEA
CHITLE 8 000 000 K, HAIF 2, B TXEMEER, FHNKBERLMEHFEA vy & 5
REF-ALEVNR Yy PRHEE—ITR, ERBARSEE—HIRELEO0 UM y[0],

BANEBREEHEA y FHITER 16 000 000 ¥k, HHHF WA LSHEFH 2B LB
EfF, EMEFRTEADEE, BREEEARNEFNRINKBYRR - TEFTHNARREE, &
BRELH - NLBEEF TERNE, SMERALEMNEEBRHIT TEYN, BEFEHBLE
BNMEATRE, N EMEBAEFPRIERNE. XESBRZRBRALEEMAER
(REFLXETR-1TEFT), BREMIREFRTAEBERFGENKET - ER, FTUX
BRI F

At AFEHAMMAT, HHEFALWREEI? ERITEF7ER A K 8000 x 8000 A #2512
FTHROL. BEHERR 2 S T HTH—MEEE, MAR3 HEST A — MBS (R
AREMEFR M RIE SR B TR b EER, (BRESRRY (% 5.13) ZASWERTAR
). ZfE2 IR ‘

y[40003, y[40013, . . . , y[5999]
Mg 3 MBitE
(6000, y[60011, . . . , y[7999]

MR —-NEHEIAE 8 MNELM double BITE, AR EZEHWEE LS ECENEREA, BN,
BgE—1EHERaE
y[5996], y[5997]. y[5998]1. y[5999]1, y[6000], y[6001]1, y{6002], y[6003]
AB AR ATOILIX AN BIFRATRE R A Dh4E . SR, 2078 2 7F for; TEINAEAR L RETiA]
y[5996], y[5997], y[5998], y[5999]
TERAR 3 7k 4R A 46 s [a)
y[6000Y, y[6001], y[6002]1, y[6003]
FRUAIRA I RETELAE 2 Plnl, ELANGE, y[5996 16+, L3 B E L5 T X

y[e000], y[6001], y[6002], y[6003]
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255]

MIHE. [IRE, ML 3 Uik, i, y[6003 )6, £ 2 RATERRA IR

y[60001, y[6001]. y[6002], y[6003]

e A 8000 x 8000 B, y TTRMAILEWREASHRBTENHE. FEER, EF
A 8000000 x8 i, y MW ERAREASERAKROEE, FEEENE, FATEHELOIA
A ox BIE, ERENTRENRESE BER - M RERFERd.

FEMAESET AR, RO S ERRLER - ARRERFHMHILER? —F1T
WA REAMEREASZAR v, UREREPEE T LENEFASERHEMABRNRF
7o AS—AATHRRITREBIMRBEARNEEAREFHE, REEHTETREEFRLE
i (RS 15),

5.10 #iE%ei4°

EFHFTELXENGFREFS - DlfeR NS, 42540, X—MBRELIL
BRI TR A=A R, BAXNMBRELERSHN,

R THFEE, BREFERZMEEN—ASCERT A7, BE XA 30 S E#3EC
XARMAR, BMRAERE—-NEENTFRFIEBERAZA/MS (556, #IE8, RERT8) S5HMEs
AR, — A RRMTEREITIE ASSHH TG, REURHHO T X ToERAESD
%R BIITHRARTEO, L2ITHMALE]L, -, BFrITHMALE -1, T+l (THESR
RO, DI,

B XA L ZRBRANEEE, BT —1FHFR, REMHH parallel $54#1 schedule
(static,l) FAMEITHRA S TR,

AT HATH N — R RRMEA string. h kX striok B, B M REURE
wmr:

charx strtok(
charx string /% in/out %/,
const charsx separators /% in *x/);

CHEFERALFERRIFEZL: SX T REE - REAAR, string ZHRRER a3,
ERIWBIFPRERBANTT. EETROARS, ENZE NULL, HIES—KFE A,
striok REIEFTIEM string f938Et, EETRMEAAT, ENEFEE A g [l %52 17

256 4, HEEAHKF N MTE separators ki, BTLMEE "\t\n"fEk separators HBH,

BF 56 F—13&BMAR

void Tokenize(

1

2 charx lines[] /% in/out =/,

3 int line_count /% in ®/,

4 int thread_count /% in */) |

5 int my_rank, i, j:

6 char *my_token;

7

8 {# pragma omp parallel num_threads(thread.count) \
9 default{none) private(my_rank, i, j, my_token) \
10 shared(lines, line.count)

11 {

12 my_rank = omp.get.thread_num{);

13 # pragma omp for schedule(static, L)

14 for (i = 0; i < line_count; i++) |

© XEMAMBTER I ERENME. WRECSIES, THUBEXTIAE.
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15 printf("Thread %d > line %d = %s", my_rank, i,
Tines{il):

16 J = 0:

17 my_-token = strtok(lines[i], " \t\n"):

18 while ( my_token != NULL ) {

19 printf("Thread %d > token %d = %s\n", my_rank. j.

my.token);

20 my_token = strtok(NULL. " \t\n");

21 J++s

22 }

23 } /% for 1 %/

24 1 /% omp parallel x/

25

260 } /x Tokenize =/

RT3 RE, RITTUKEBEFE 56 KLH Tokenize B, FRHBELWMBILT lines
B, BTLATE 1ines FEIFTHRASE, M line_count 2FFE7E Tines wE/MEMEE. R
BENBFENINERE, RBE lines EABASE, HE striok mEXTBEASE 1ines #f7
THk, Hit, 2 Tokenize lREEREIR, lines BEABHBEIGT 7. YUBRLBRAIERBITRE
FEat, 2T EEIERR X AT . BIFMEARN

Pease porridge hot.
Pease porridge cold.
Pease porridge in the pot
Nine days old.

FRANKBEE—KETEF, BETERNESR. AT, BRETRFM, S8 TEME .

Thread 0 > 1ine 0 = Pease porridge hot.
Thread 1 > Tine 1 = Pease porridge cold.
Thread 0 > token 0 = Pease

Thread 1 > token 0 = Pease

Thread 0 > token 1 = porridge

Thread 1 > token 1 = cold.

Thread 0 > line 2 = Pease porridge in the pot
Thread 1 > line 3 = Nine days old.

Thread 0 > token 0 = Pease

Thread 1 > token 0 = Nine

Thread 0 > token 1 = days

Thread 1 > token 1 = old.

Rt A HBXREEIR? EE—T, striok RFEIFH - static HEXRNTER
ZHEHAT, XHESBEEEXNERYHESA L TRARREAIT—-NMEAH, AEHE, X
MEFNAARTRERERN, MARREN, HHER 1 B 2 THENMGASERX strtok
HITHAAH, BREZTRBOHAE 1 EMASEARSEETERHME., FEENERE, &8
0 BRI T —AHia ( “days”), WiXAHEAARDIZELE BI8H

HiL strtok RBRALBEZL2KN: MRSNEKRBRGEHEE, ErESERNERNKTE,
BEME, CEFEPHERERAREBELN, Mk stdlib. h fhAYREHLE ™ 4 2%
random Fk 3 time. h BRI RE Tocaltime ARKRBL LM, EFREFRT, C
PRERME T AR . KB ELNRBRA ., Lhl, strtok BEH - ERBEZLSHEA .

strtok:
charx strtok.r(
char* string /% infout x/,
const charx separators /% in */,
charsx saveptr.p /x in/out %/);

“Urt RURBETEAN, EREEATTEASEBL2NERE KM, IF S5
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0 striok REFHISBMERMR, saveptr_p S8 striok_r RMBAIRREREUEREL
BEFRHWAMLE, BHEYT—ME striok MR R, ATLLEG A striok_r &
BB striok BAEOREERVIM Tokenize F, BITUFESH—A char » TREENSE3
NBEE RS RS, oA T EARBESRSE 17 f7ME 20 7THREA

my_token = strtok.r(lines[i], " \t\n", &saveptr):

ﬁyitéken = strtok.r(NULL, " \t\n". &saveptri;

AERHEFTHSTFEERNER

BINBWIRA S ARFE A REBENBFHR: F—KEHA2 MRS TEFN, 72
FRes T EW BRI AR, 52 KETTH, BREASHTHRNSER, FEHE, XMEREHF
ARFEFSEEY, MEXERNFEFPXMEREMER. MERNERATF LT EZH MK
B, KERMER T, KBZREMEMSETH, BT RS EEAREE. fla, RITAGE
BELE1 SHEHA striok mE, MREBIX striok WAMREELBOBCENE 117
SAEZE, AN | fTHTHRANEREERK ., RN, WHRELR X striok BERAA
FHETELRTRE O XEE 1 fTHASE AL AT, FRAMRE WTRELTR O NEEAM S 1 IT P BT A 8, AT
UEFRLEZAEREN, FERAIBEFAH T ERNSERMNEBFEERN, RITE/NOX
HARBZRIMTE R KM,

5.11 NG

OpenMP 22— M HRENFRG FHEERE, TEAEITHRKEFA B EEFE S pragmas,
Ff A5 Pthreads F1 MPI R[F], OpenMP FE4RIFH AL HF, OpenMP BREEMIFAZ —HE BRI
HHER B A LS HFTLE R M RITRTF, MARMNEFHBREIFITET.

OpenMP BFFHEZRBMARLHE, ABRLEHABEMRESR, BRTHAHCHRAIESF
AR, AR MNRRET DI R R L A MR,

hT A OpenMP 1 (1 R EUFIR, TEW omp. h L X & 7E OpenMP B 7 1, A JLA
OpenMP $§ 4] LIFF/H S48, ¥ MR parallel 54

# pragma omp parallel
structured block

XMESEIFESTRN REIFTIRIT TENSGR, BIRE (fok) HEFRBIHEZTRBERIITIZ
B, SRARERERE - TAD—H OB, RESHARBRATFRACE
¥ exit, WRINKRENBERBE TERE, BRREBREELSHIE - TABIFR -TLE,
47 block of code WEEBMESUMBREA, HFH - PMERETE parallel LS ZHEIIAT,
X ELE, HAW parallel #4FEHLBUMMER., YTENREREHRG, M
SBEEEILRERH (join), T EEBHEMITEMILMABIZEHRE,

%% OpenMP 154 AI LA F R (clauses) B, #ABMEME num_threads F47, X ff
FH OpenMP 54 i shR B pt, FLLES B num_threads FAIRIESIFENH VLR,

X OpenMP j33) T —HAERE, $E LR BIE - TLREHRS (rank), FEHHEELO,
1, ---, thread_count -1, & OpenMP FE &% omp_get_thread_num iR (vl & B 1% B8 00 2%
BHE, B omp_get_threads [RFEIMETRBAPLEMNEE,

FRIEENFRFHHI—TFENERABEEESEE. RFRFREESINEGERZIA
iR —MHERE, HELE-MIRIEEFFERLT . XEUiE TS EE R SR HGEH
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— P REEHNAEFTROREYHERR, Fit, MRS ELBHAEEH 2T E, BF
HerEdme LM, EFZTEARBRBAIER X, OpenMP 4L T £ Fh L S B iG F X 689
ERUAE, RATFEI T HPRE MR

1) Critical #4HE—KREA - LEBRITEBRLABESR, IREZIMLXBEXEHRITRA
XFERE, BRTEFHENRRSI, HETFRNREREER A XgHEE, YRaBsiin
RAXfE, HZBASHFBHEAGTXHZ,

2) BEFAUMAGAK critical #84, EF AR ER X EHEIATIIT. BNMREBE
ABEAFLERXN SEBABEAGEERRNTALHE, BEEANEETLURN#EARTER
A& HiE X o

3) atomic S HEEHEE LN x Cop > = <expression> x+ + + +x x— — ,8HH
- —xXBYIERXF, X840 LR R OO B4R AR S0 B, BT LU He 8 il S X AT
B,

4) FAYREERMERFR, 65 REOE LB IG R X B E R0

omp-set.lTock(&lock):
critical section
omp.unset . tack(&lock)

WMEANLBAA omp_set_lock Bf, RA—1EKBVLHAGBRX, Hib&BEgHE, 53
BB HEA omp_unset_lock f5, HM&RBEAAIRBRBISHABRX,

FIERERFRILGBLSBRYIHEN™ENE, FUMERAFERATE S/,

for 54 AT LUK for TEAHMERALBRRAHAT . XMELSAIEFE—HEE, MEK
for [EAHTHMERN T A EEFAENKBATHEARE. WREN VRN EEFG —HEE, W
AL parallel for 84, X FHREAEHATILE for IEAMBERE — LR El: BEANREN
WHRIITET, BITHR RELTREBHE BEFEERHRE. ERLEF 53,

SR LI BRHE AR R AR for BAHEMEHER, EXLTREEMEXHBERK
T, BIMMELEAE—TNEFNEE—RERTHEREE, NEH - RERFHE . OpenMP
ALWMERKS, RAMHEBREAEKBEN TEGRREFR AT R, ARERMREAESHEE
B, WEHZTER SRR IHITIE

BEREEOLT, £ KREHASEFITILE for ER P ERE RS, WRFEFEILE 0
WIER, PBoL—BEEME n/thread_count IRERSDECLEEFRE0, B TFFRM a/thread_count
WERSBELREBE, DR, AT OpenMP R TFZ BB XY, METHEETEANER.

schedule(<type> [,<chunksize>])

type IR static, dynamic, guided, auto 8{# runtime, 7 static #ED, ERENRE
FFHRPATRH R BLA LR, 7 dynamic M guided HEY, EREWTIBFLELRLE. 4
KBTR—MEARSR (—RELEPVENR) B, EFERIAS-DERBR, WRRH auto FAE,
FERBHRAFERRNESITHRARE, WERA runtime BEAE,IRARE RS ESTRETH
ZE AR OMP_SCHEDULE BBk HE .,

HA static, dynamic #1 guided JAEH chunksize, £ static ¥EH, chunksize
KMHERRURER TN MAELRE, 7 dynamic WEH, §/MEBEHE chunksize &
R, HERNLEBEREHERRE, ESERF—NERH 7 guided FES, EMABRKKAD
BEA EA R FFT D

7 OpenMP 1, BREIERBREF LR ZEENZBHNES, HHEZ OpenMP #H4RITE X
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MAEREATEEPA AN, BRER, FANABREHET R ZER, ERERASEAT
REXTE for fEHEH parallel for yEhHAR, EMRREN, WA, SIMEBHAX
TROBIA, & X OpenMP i F W EBAMAERE, BHENIRAEEEIITHEREN
B

feh— gk, PABRFEEERRENMEFNER. XTLUELEAEARTH

default(none)

&k parallel Zi# parallel for 84 REM, XK FALEFRLE T —7E OpenMP ik i
AT EMERABLHERE L. EREHBHENT, TEERASME LT RGED private 5]
% shared FHRIEH,

RITEBRME—FISNERATR, BAREFE N ZOBRER (Fln, mER), m—
WIHAITEX —PMREBUFFI EE M RMHEN S ARIER, NTEE— I rE—RgE R, b, iF
HERAER PR R RFHEER — A R—RAATEF. Fln, RITARE N TENE4Y,
AT AR

int sum = 0;

for (1 =0; i < n; i+8)
sum += A[i];

BN AZEE, HAREFRmME, BATEERE sum, WRBITXEFITEXINER, HAE
g ZFE EARMATRMLZTRNER, TR, RINFEEMEEREETENEREK
sume, (HERAERBLE RN, RIUFEAEN sun Z43 - NHmay, LEW sund, Bk
OpenMP 24t 7 15255k R B3 448 B FHREFT .

barrier $54 0 LIPHER —H FHER AR FA WL BEHA T KZES ., RITEZLET par-
allel, parallel for #1 for 84 7EGW LB RK K BAA BBy,

AR AL R RS M I B LA R AF U WIS 4 1 R0 & 1 TR0 RE /-8
RERFRLEBEF LHBEFE—BN, RAEHF—-BHERAN, SHETREER, —#KIL
—AMNEHFFR, UL —SEER: BAKRBYTETNAEPHRRMCE, ERYXHEA
L8R TR—TFFTH, EHFE—BUEEATRIAH R ML T RIF X R LB RN EN
FHgE— MM BE—WRER A REBER T R E, B2 BN TRR
EEREEG RN EFRIES, EABANEFHRIGLE, HEiE, EA4REixLBER By
BEXETAR, HEXMELARIBHE, XEAKBEILENERFERELRE,

R CWEGESA static AR, EAREREZRSEEE, Y2258 Z a5,
XA RERBEURR. HABSHFREZINMEERLE, - MREBEVUEEES IR BROEE,
AHMBHAERBREN., FEME, 7 C BEFEPAE —LXEMRE, ATMANERBRES
B R ETE R AT AR B LR B R LM RRA,

ARMNOBFS, BOBA T -MEAESREMNAIE. YRMNEEEFHAA, HFHEA
SRBREITETE, REERFEE, HEANKESARERMNER, BEENRBEA L EHRY
ERFARBRIIEFREERY, FERMNACERHTERNEZS RN,

5.12 &

5.1 MREEEXTE_OPENMP, ERE—1 int KEKN+HEK. HE -TBFITOEHE, IMIMHE
MR A7

5.2 MAHRMEE LT8R omp_trap_l.c, 3FHMER critical #4, AEEBREZHRXBMBEBAN n
RBFMBITERT . MEFE - BERE, KENSHEOKEFHRZD?



5.3

5.4

5.5

5.6

5.7

5.8

5% fOpenMP #fTHERNFHE - 1

BB THEMERES omp_trap_l.c
a. EERACER
b. @ 1{# A OpenMP &¥ omp_get_wtime() X} parallel {AEBHITEF, EEKE

double omp.get_wtime(void)

CREIAG EZHEANERIGR, EE&EEE0H8. HRBANHERL 264, A5, FREERNR
OpenMP £ barrier 354 .

# opragma omp barrier

MERH—NELAERMEHRSE, SiTRFENTHR T ST,
c. —MERBH—NMEBKE
d. FWMERBERMREREA/NY R
SRS ARG R? WABHMY L T8 omp_trap_ 2. c. XEFAERES omp_trap_l.c i
tEREMIHL N7 MR IRER,
OpenMP NIFATRBIBAALTE, XELFTENEKBALBRERNRLYHBK. fn, wmRA
YHRER RN, MARRE BB N0; MO REFERE, MARETEMHBILN 1, Yk
TERFST B0 && 11 & VB, RREEEOIREATA?
{RSETE Bleeblon i+ B ML I, 1F SR BESFHE/ MGG 3 VBT, ENERATHSTLUEH/MOL
EAL, FFHEEENREARER, SRTEFEIBENSEANNNURE 3 . HERE—A CEF
AT A
float al]l = {4.0, 3.0, 3.0. 1000.0):

a H0RTE Bleeblon iFEH EizfT TEACIBR, BSR4

int i:
float sum = 0.0;
for (i = 0; 1 < 4; i++)
sum += a[iJ;
printf("sum = %4.1f\n", sum);

b, %0 MRS
int i;
float sum = 0.0:
## pragma omp parallel for num.threads(2) \
reduction{+:sum)
for (i =0; 1 < 4; i++)
sum += alil;
printf("sum = %4.1f\n", sum):
BILEITE REEWIENR 1 =0, 1 FMALEO0, K& 1 =2, 3 PMHELKRE 1, IBATE Bleeblon it
BilL, zRFRRNERGA?
$RE— OpenMP ¥, WEIHAT for IEHAMBNFE K. BFNRANZEERHKE, TBF
i LR RFPHBRERER - RBNIT. N, AEFRIMLEBRNUKRENR, Ma@wha
BERL:
Thread 0: Iterations 0 — 1
Thread 1: Iterations 2 — 3

RATE— KBTI v HETHRFHELRFERN ., b, RIOUEBFERRBRME FETHE
RUERRYE, IER T EFENER PTG H THRNER ., ERERIIM4 “HE" BFER
LB TBITBENGER.

% E T HBES

77

263
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264

5.9

5.10

5.11

5.12

al0) = 0;
for (i =1: 1 < n; i++)
alil = ali-11 + 1i:
ERXMERF RARER Y, FAETE o[ 1] fILAER ali -1] BfE, HRERD—FHrkH

briEIAMkHs, I BT NIRER,
i parallel for #54XBEUMERSEESF (omp_trap_3.c), AT LL{# A schedule
(runtime) FakfEtk parallel for 54, AFIEAR OMP_SCHEDULE B-FARIME, R5EFT
ZRF, e fRER A LB imgT. J:EH‘JI{’EHIL‘JEH?ET%H/I‘ﬁn/I‘ int KA R EH
iterations, F7 Trap BREHIEHEIRS § LIS R%k omp_get_thread_num() 78 FIMIE E 45 R
Wey iterations[ 1 11BLIEH, R RERANNBEIHRIE I XEM 47 guided FHENRE A HH
ER?
BRMrAM critical I BHMGHMALRBRME T - MRAMKBERX ., A, HHELHKatomic
4, XEHRLSERNEARNERN, EfIEAERHEANE M HERX?
A LARE—/NEREREE LA EE. 2ARARILANEBREPITEL T ERRE:

int 1;

double my_sum = 0.0;

for (i = 0: 1 < n; i+

it pragma omp atomic
my_sum += sin(i):

AILLA parallel #5438 EEAI{LES.

f# pragma omp paraliel num.threads(thread_count)
{

int 1.

double my_sum = 0.0:

for (1 =0; 1 < n; i++)
# pragma omp atomic

my_sum += sin{ij;
}
BT my_sum F1 1 #FETE parallel REFHE, FRUBIM RBACHEXWNTEHLEBIA,
REWRBNFHTERKRE o WEL T, BFEWT thread_ count =1 fl thread_ count >1 #iE
fritiE), ek MAE thread_ count NTREVTHAMWEKEE, MRARELREX my_ sum+ =
sin(1) BMPITBRMARFR KR AKX, MATERLBANSRERET, BFRSTHREXEAER, 0
REARLEI my_ sum+ =sin(1) BHRITHANHEMKER X, BaABKBIFETHETeE R Y
HALBHE FRFNETHEKBEL. HE 1 OpenMP 8B LRIE, RIGHIBEERRE
g atomic #5RYHE, IRETHAK OpenMP SLHLR T A VF R B PAIT E AT IRAE7
FECHETT, U_EBAEISHEMRELTESHEIRPRATIE, FUCEFREY REH—
HRH, RS R BRE TR TR E TR, BSA B OpenMP EIF - 1 BR %R
. RA—HBARRER.
AA BRI - T EIRAH omp_mat_vect_rand_split.c, FH—1TR (H/40 valgrind [49])
HTREMT, FHRBEFS RN SORRRIERFF (Hit0, EMHEH valgrind B, REF SRR
£, ERmSgce —g —02 ), RERBEESTHEXRTHELSKETERE, BFENRAL
BIAk x (k-10°), (k-10°) x (k- 10°) FI(k - 10°) xk, k IEMIKEHK, ﬁﬁj_ﬁi&%/\ﬁ?)\‘lﬂ
FOH A ALUMES 2 REFRRB KB BERA 10°,

a BMEAZEZLOR | REHFTHREK?
b. BMEMAZE LR 2 REFBHREK?
c. RKIBATHIERATEMRERLE? M—HaASREIEEL? ERBERT4.
d BREWASHEZLOW | REFILERE?
e. BMMARAZ LR 2 REFERE?
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f RESRIEREEHE LA B—FEAZRAERE? HRBENTA.

g FLEN3 MEASIETER, ARAEFEREESI IR, ER—MAAT, BFETERR?
EW—FMAT, BFZTRIE? BEEEAERIRBRFNERMAR,

AT %2 8000 x 8000 YE M2 RIRIAERE - MR REBRFNE AN ZEFOEE. REXE O LR 2

PABRAT AR ELR., MR- BFTES 64 FHEE 8 MIUFER, BAELEO NLRE?2

Zial gt A R RE R R v MR fTH 7 A7 MRER 0 MKRE 3 giHis T AR

3, AL EA ARG REERE y T H 7

FA122£ 8 x 8 000 000 150 Z BT AR RE - [ BT M A BHZ B IFHtERE . BESERERADE

8 T, MEIFITHR/NE 64 F¥, HRAGH BN DL HEE.

a ATHHARY, BOFELOIEFT?

b. ATHERR Yy, BEFELLNEFT?

c. MRBEATHHRMIEERNHREXR —H, Wa—RAGZLH Iy PUTESBRAS
1717

d MBRNAFERMEEILT SR, BAERNKITEN L 328 2085 M%7
SEAFERR? RINVRERR—EERS LW AREERE,

e. ERNTMBITH, HRAH M3 HEHIERAMTEBRSE TS AR BAIEHR,
Xt FALFARRL IS AR, TN AELBRARENTEASHAER —MEFTH.

. HELRHITEENBTESRAEFITMERBSEA LR

g TEXEAET, AEOSMBRFRAHNILE?

a BHEN - NEREEF, BATETEHEEN, BFSETFE vy, YEBUBEHT AR
FTmt, SEFERMHRE - BFEITRN Yy WLERSER AU EMRELE, flw, R’
BN RFTEX 8 MIEER, RIVH4 NMERERETER. MRRIA y ZELHET 48 T
WERNEMESE, MAEEK for T BHIRMERF, RUTRESHENRE R PEF— 12
F4To

b. B - ABRERF, FEEINLERERE for | BHRNMEBELHENERE y WTERBARAERF
i, H—ARBITEHEREN Yy FHLEE, EHXEXEAENTEEHANETR S,

o YULBMHFESRMNFEML, M WEML, M

R strtok_r REELARELMN, BEECSAVLERBERRAAFRR, FRE-ITLKBL LKL

RER, ZRBASBERRAFTE,

5.13 HmEMEW

5.1
5.2

{# A3 OpenMP LI 2 FEiHEMIHTEF BLHEF,
BERNE—-AEFEETLBEIRECE, BOATES, BEFokKER2ER, RRE—THEHN
YMTHZEHFERF, BARMERRIER, BRI« FHFER, IR VELEPHAESISDGH
(A REAREETET), A CEEER NN ZHE I R T K %=
REBEEANKE _ w
CEEEEAMRBRE 4
AR A EHE RS ENEEHHN ER 74,
FAT AT AN 2 A B A 2 R A i B{E -
number_in.circle = 0;
for (toss = 0; toss < number_of_tosses; toss++) |
x = random double between -1 and 1:
y = random double between ~1 and 1;
distance_squared = xxX + y*y:

if (distance.squared <= 1) number_in_circle++;

] .
pi_estimate = 4xnumber_in.circle/((double) number_of_tosses);
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5.3

5.4

BFRRA T RENL (BEOLIRDE) WTIEEFRARIFRIE (Monte Carlo) J7¥k,

HE — - RARFFRIETIER OpenMP BFM I w M{H, B EMEIBATEBENTR IR EH
reduction FAIHE WBEFHRAKNRE, EEHFHANKER, TOSER. I THIHH—-TEH
8w, BERBLAEER K, AR MEIRKEBAE PR RIREEREA Tong int BRER,
HEHEFR AR BITRE, BT

void Count_sort(int al], int n) |
int i, j. count;
intx temp = mallac(nssizeof(int));

for (i =0; i < n; i++) |
count = 0:
for (j =0; j < ny j++
if (aljl < alil}
count++;
else if (al[j] == ali] &8 j < 1)
count++:
temp{count] = a(il;
}

memcpy(a, temp, nxsizeof(int)):
free({temp):
} /% Count_sort =/

HABHEEMNIE 2 PGSR ali], i a1 IS EN M. REAZREREN FIF,
¥ al i [ BAFMIIES, YFRFATHEFENTRN, HREFA AN EE, B eils
B BIFFRPHE—MIE, ATHEIGXEE, ATLUEEHEFRTEAO TR, MR alil==aj]
Bj<i, BRaikFali] “/MF" alile
FEHEPITERG, B FARERE memcpy Wik FIR P W T EEHEIBIMFIR S,
a WMRBATHAE T for 18H (JFETER), TRV YEARFR, AR YRILER?
b. IS FATE FIRTHEE L HERIRR T for (B3R, REGFLBIMKE? ERBHROELS,
c. RITBRBRESHAT3T BE memcpy K7 RITRFRESBERRND, HEXHEMUBTLIBHF
167
d. HE - EIHEHEFRFIFATLTIRN CEF.
e. SHRTUAITEHFBREMLL, FT0A g R P 58T ERK gsort 4
te, FAT LR ECHE R B W RE A0 T 2
Rt BN, RIONLERABFHHELEMS Ak, SHETEESTRER— nxn BEER
HEZfR4ERE,
o K—frhnBBs—F7 L
o WiTH ¥
o TRl —ME0 BH
HE—NL=/AERER, ELARETAMNMAKTRITELNO,
Filan, KHEFBRAH:
2x0 — 3x; =3

dxg — 501+ xp=7
2xg— x1—3x =5

LA = M.

2xp — 3x| =3
X1+ x=1,
— 50 =0

RN E=MEETLURASBFEL . SELIRE—1SXE8 ,, REALFE _-1%XB38 =+, BF



5.5

5.6

$£5& A OpenMP #ITHENEFHE -

RS —1 X8 %0
AT RAB RTS8 %, HF “HRAfT" MREE:

for (row = n—1; row >= 0; row—) {

x[row] = blrowl:

for (col = row+l; col < n: col++)
x[row] —= Alrow][colIxx[col]:

x[row)] /= A(rowllrow];

H
ﬁi,%ﬁﬁﬁﬁﬁmm%%ﬁﬁﬁﬁﬁmﬁb¢,:ﬁ&ﬁ%%ﬁﬁﬁ&ﬁﬁA*,ﬁ%%ﬁﬁ&
WA x P, BI—FF “EHMEF" HFEWT:

for (row = 0: row < n; row+t)

x[row] = blrow];

for (col = n=-1; col >= 0; col—) |

x[col] /= Alcolllcoll;

for (row = 0: row < col: row++)

x[row] —= Alrow][collxx[col];

}
M “EmAT" WERNINEEARE T,
. HBE CEET WEENGNERFREATHTHR.
. Fl “EEF” WEERSNEEFET A HTE.
. HIM “EMFT MEENAERIREE AT,
- RURIAH AT LI IETRE MR E — 1 OpenMP BFF, single 4 EX Bl fE&H A—nR
— MBS ATIAT, TRIBRATLIg#pragma omp single 888, MAEK TR Z
HEEH— M REHAT. EERTHRBATHRBREXNMESNARBHEE, HIFARNKER
Mo :
f Al schedule(runtime) FaBBRMNITER, HASHEETINKFNOEF. WRFHE=
AR 10 000 48R, R —FhiE B SRER M RER I 7
{1/ OpenMP RE —MEFLIASHMITE (ZRHEKNRE) . FITUBREHANTBARTEENT
T,
i F OpenMP LIETE - HAERF, HP—BRKBRAETE, A - LEBRWERE. EXMHE
&, BMEFEHI—A 0, AXHPERBOCE, EATHE S M XARFTHA R — RS
B, HHRE NG R BU XCARST, XA HITHE, HFORMTAMNIFHRE, SHRFLA
— A HRAE, ERRRARHE stdout,

o oo TP
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An Introduction to Parallel Programming

TP R

ERIER =&, RIOTANEITHANARFRBRED, WFRT —%/DHFTEF, X
EHATRFW RHTERNEHN, EAED, RSB -EERUAET: o RRIBEMIRTE
AR TFE—-NEE, RIEREBTEE, REXWNSTHEMBUE. E2R] Foster 7k
THBFER, RMNEAFRLZAFEBFNSHXAFBFARZERZ L. RITE R LI
FTRIBHR AP R AT E, EAHTRFR, RITRAALRELANTI G, BRI
s g

6.1 nERIFMIABHMHBRAZE

15 n ARIEIE R, RAOTAE & — e M E R ATROR T7E— BR ARG QU L B M. Bilfm, KX
2 AT REAS A S BRI BAERE, TR RS FREETFOAEMERE, o &
(5 A e e 7 SR S S AL T AT S IR Bk n KRB RORR R, MBS ARR FHFRE, BT
EF R AL ERER ; Bih— RN TR P ET R ENAE, RERERT
£ FA P 35 58 BB 1) B2 R B RIS

BRITERTFE—ANBLK n BT, REHFEZHENIGRNEREIFTHIZBT
BE,

6.1.1 (o]

AT HEEEEMERE, RITWBEFEMUEREETERZT, RIMEASEE _s3E /M
TR JIERRBEMBRNEE, Bk, WRAT g 7ERE ¢ R ENR s, (0), BTk FERE ¢
B E s, (1), AT kERTERT ¢ EERFERI TN

Gm m,
Su(8) =~ |S,l(t) —5, (1) E [sq(l) -5,(t) ] (6-1)
CRAAHS %L (6673 x10""m'/(kg +s*)), m, Mim SFHRBRRF ¢ Mk HWHEE,
Is,(¢) —s,(t) |[BRBF gk ZEMER, FEEENE, 8, #E. WEEMI—RE LM
B, FUABRMAR R ETR, AfARREtrE . £&, FlmsE: araEs IER G,

MFEE—RT, @EAK (6-1), ﬁﬁ?ﬂﬂ@fﬁﬂ@ﬁ?&‘ ZR T EBERT T, Mg E)
ZRFRRZEIMESER ., BIRKTFHRSHO, 1, 2, -, n-1, BAKT ¢ IZEMNSEM
J1R:

F,(¢) = Equ == 6m Z s, (1) —sk(t)l’

REEENE, MEERUBEH B, #Wﬁ%_LdJmfii%'ﬁfﬁJﬁE%wiﬂﬂfﬁ}ﬂﬁ%?%
R RERLIEMMERE, FLINRRT ¢ MIEER a (1), A F, (1) =ma, (t) =ms, (1),
Hes) (1) Bus, (o) B, HERITTLUMHK (6-2) 45@]**?!1 B’Jhﬂﬁg

s (t) = 2 m[s (¢) —5,(2)] (6-3)

[s,(6) - s.()] (6-2)
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FIERATRI—MESFTE (BRSHMNFTE), RO TAERITE NG ¢ B FRAE
s,(8) FUEEE v, (2) =s/(2),

BE = E T A ET E

t=0, At, 2At, .-, TAt

TRFRCBAESE, EAELAFELE, RIOIUUFETE S TA 6P FHUBMER, TH
At R, FTUBREMBAR n (BRRFRANED . A, THEMR FHRE, MBRNLEN
WA, FEEAMNME TR, CBMEERE=SmE, HEITHEREEMEL, RER
FHAYE B, FRAEREREREN.

BRI R n DR EIEK O, A, 24, -, TArBFMBEFMEE, 3E REN T
W] TA: BHEOQL B AR, A THRARLR EAH S, TTLSIN— AT, AP TLGEs
XA ETHA AT ERENMEMEE,

6.1.2 WIRITERF
HBITH n KR T E— R T e S

Get input data:
for each timestep {
if (timestep output) Print positions and velocities of
particles;

L S

4 for each particle g

5 Compute total force on q;

6 for each particle g

7 Compute position and velocity of q:

8 }

9 Print positions and velocities of particles:

aTAMEAERF SERARARX (R (6-2)) kAL ERBABFHBEERINEL~51T:

for each particle q {
for each particle k !=q {
x.diff = pos(ql(X] — pos[k1[X];
y-diff = pos{qlLY] — pos[kI[Y]:
dist = sqri(x.diffsx.diff + y diff*y diff);
dist_cubed = distsdistxdist;
forces[ql[X] — Gsmasses[ql+masses{k]/dist_cubed * x_diff;
forces(qJ[Y] —= Gxmasses[qlxmasses{k]/dist.cubed % y_diff;
}
)

XA, BERTFERZEMERS forces MR pos IZHBARNE NiFiE. RITEXHE X =
OFY=1, MUK FE B ERZMMEM NN forces[q][X], Ty B EZBNEM N
forces[q][Y] (MERNHEE—LHRABFORESEH)

BRATS=ENER, ERAMRERIRBN UK. FIHFPE G EREIERD
WITEWE, WRNT kXPORT ¢ IERIR S, BA o Xk RERNRE -f,. Bk, &N
] LR AR 6-1 BuCTEER AR, HTEFBEFEXNMIE, BIEERIRBN—
TR

0 Jo fn " j;m-l
~Jo 0 Su fl,n-l
~Jfo -fa 0 “ Sono

—f().n—l _fl,n—l "fz,n-l 0

83
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73]

(R LA AL EWITERE 0?) BUMBEEEABEE  THWHAETREREMSE forces
[q). ZEBUGEMBEES, M q=0r, fEFHME for each particle Q BFTEE 0 TSR INE
forces[0]d, Xtk=1, 2, -, n-1, HOFIKE L PTELME forces[ k], FE, Hq
WERBE ¢ FEMASANMITEMES forces[qlH, RFHE ¢ FIEMNALRUTHTES
BIANEIAERER T AR S p, kR, K kAT EME forces[k]H,

BF6-1 HE nEERIMEUHREZ

for each particle g
forces[ql = 0;
for each particle q {(
for each particle k > q ¢
x_diff = pos{ql[X] — pos[kI[X];
y-diff = pos[qllY] — pos(kI[Y];
dist = sqri(x_diffax_diff + y.diffsy diff);
dist.cubed = distxdistxdist;
force_qk[X] = Gemasses[ql«masses[k]/dist_cubed » x.diff;
force.gk[Y] = Gsmasses[qlxmasses[k]/dist_cubed » y.diff

forces[g]{X] += force_gk{X];
forces[qllY] += force_gk[Y]:;
forces(k][X] — force.gk(X];
forces[k][Y] — force_gk{Y];
}
}

RGBT EER, DHES I —MEFRFRILRL forces B, HAITEERANINE q
wikMtLssm forces[k] (k=g+1, ¢+2, -, n=1) MMAE, MAREIHE forces[q].

RITRAXFHEFES, RITIEEIITEERNSN n RBEEWEE KB, SulE B R MM
BB,

RAERTFEITERMBEMERE ., RITHERTF ¢ BmEETTAEST AR

a, (1) =s"(t) = F,(t)/m,

HEH/E, s7() Bs, (1) WS, F (t) BRFqEntE  BAAZRMER . RITH
HEE v, () BB s (1) B—BSE, FFURMNEFEMBEERBRMERIEE, REEEE
ERBES BRI

Fiart, RITANATUBESHRAAERX (63) PERBNAEH S, Rifi, FHREHUE
BNIRAXF T EARE: SREDEERMOER s, Ms, (MUERE ), FrURIIRAL
E M ERGHUBEE, XER, RIIARRI - REMAARK, TRE %R
] ER PR, B S T CRANKRES S, EREBRITRA TEMSBM—F . BRAH
%, ITHTEUELREBERKAL (17071783 ) M4, RN ITEF, ERVLEL—
MR, ERERBHER. WRRITFEME ¢, MBEER (1) WEURBHSE (1), A
HATFERTE] ¢ + Ae K@ g(2,) AAMLIEHBE g(t, + At) ., B6-1 REFEH—MF,
BAMRRMMETER LH—DE (4, g(t)), MENBE (1) MAEKMFREATUE
|

y = 8(t) +8 () (1t —1ty)
E RN RBGBAE £ =1, + A BT REE, BFLAA
gt + At) ~ g(8,) +g'(5) (¢ + At —t) = g(t,) + Atg'(¢,)

EE, Hg() fy RmER, EEHAXNMARER: Hg() My BMER, ¢'(1) iR
2, IR AEKNERES /MR A MR mEAE,
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y=9(lo}+g'(t) (t-1o)
glto)+g'(ty) At
g(t0+At) b

g(to)

I
|
|
I
|
I
1
|
to to+At t
E6-1 fAIZRER— RE

PERNAELERE 0 BHE s (2) M s'(¢), RITEFAWE U R B s FE AR E
s, (At) My (Ar):

s,(At) = s, (0) + Ats (0) = 5,(0) + Aev (0)
v, (A1) ~,(0) + A’ (0) = v,(0) + Awa,(0) = v,(0) +AzLF,(0)

RS R AR s, (200 s, (240), RAVEHSEWEAHLRR, HARIAR T3
Hs,(A) Fs,(A) BNERRIE. AT, WSXTs,(A) Fis',(A) SKIEBUER EIFR, B8
LRI LA R B B AR E] 5, (2A0) F1s!(2A0) WARIFHEIE . SXALEIRIARPTE M

B (LE 6-2) . BAERNTLUNAHERE
I BB B 52 S TR n 44k 70 v 0 B
r,

pos[gl[X] += delta_txvell[ql[X];
pos[qlEY] += delta_txvellqllY];
vel[ql[X] += delta_t/masses{qlxforces{qllX]:
vel[qllY] += delta_t/masses[ql«xforces[ql{Y];

XB, 48/ pos{q].vel[q]#n forces
Q)R F o L E . EHEFETZRIME

. /
T TR BT RFZAT, WAIEHTR—

s(t)

d——— e — —

+ —>

S

-+

B
ey

S +—————

T BB, R B 2R A g
8- to+Al  to+3At

fidefine DIM 2 M6 ERiE

typedef double vect_t[DIMI;

WAl M AR RBRAFEm R, AW, MREAKH, SBFLE=4REN, F
E, RBEEWEE DIM. MREREHE, BasrBEESREUREEFHITER,

MTFFE—MHT, REREERN:

o i,

o (8. ' 278

* HE,



186 - H{TRFRITFiE

* M#EE.

* FIZAERN
HTFRIRANEFEYRE, UG- PR TFHRBHEYE, BREAMMNELHERFNE
FTAKSEE. WRRMNEBERDLEN, §41E HXeFR7EREA 0 EL G EN, EFRk
MERANERET . fim, RITAGETNT 6Rk.

new_pos.q = f{old.pos_q);
new.vel.q = g(old.pos.g, new.pos.g);

gesh, nEEEE S RPRITEEE, EMEAESITEERAEH, ATUBRMAFEER ke e
2 2 B AFAE N

MFG-IRTF, ROAFEFEEWEE . Y608 . EERFZEMS, TR HE
X TUNER, ASHERAFEIAERTHRE. S8, RINNARFESH SR FHXKE
BEFftEs iy, wal SRR BIESBERRNKE B, RITAEEER. LB ME
BEFEE—AEWET, TS T ZERAFEERE T, SRERNSFHEEEFPESEN
sosik e, FATRTLAGE PR AR, B0 memset, FEERAF RN EEFTEHTEERO:

#include <string.h> /x For memset */
vect_t+ forces = malloc{nssizeof(vect_t}));
for (step = 1; step <= n_steps; step++) |

/* Assign 0 to each element of the forces array »/

forces = memset(forces, 0, nxsizeof(vect_t);

for (part = 0; part < n—1; part++)
Compute_force(part, forces, . . .)

} R

RN TR REMENE R, MAEARXEEHFH ERELGKE, XFERITLHE
g8 M for B BN TREN O,

6.1.3 FHITH nfkHE*%

Xt n AAB PAH A Foster ik, RINBRWHN BN EEEBEITENMES, FH AT LUK S — 6 E
B E . EEMFZERAANTERN—MES. ERxFBED, N FRZNEERATI
HEESEAARX (6-2) HEBH, BT o EHE  MAZERAF,(1) WIHERESMRT -
MGE s, (1) MEE v, (t+At) WHBEFEN—NZMEE v, (1) ME—NZHERSF, (1),
BIE, 3ts,(0+A) BIHEREs, () My, (1), FMEFZAMEENE6-3 B, X EEH
g, AREHEFZARBEFRREESEMRTFERNESD, FADRRITER s, (2) .
v, (1) #MF (1) BWIHERRE—MEST, EFEMEFSRAEL (LE6-4), HAETEFSH
FAEXIRL, WATERE 6-4 hIMEFEIME R REST THRic. Fl, EFREB B, BRF R
BT r EFLFIRT ¢ OALE s, BRig.

X FRAREE, BTHRNERHER. Wik, FTHHEs (t+1), TEs, (0) v (2);
HTHE v, (c+A), BEv (1) MF, (1), Hit, RITALERSEMEFHENTERSEE—
MEEESFP,

HEEEES, RONMATERANIBOYES, = -f,. FFULR /M Fr, AN ES r 2E
F oG SERETB R P HEGHE ATHBEF (t), BF ¢ TENES r HKBs, (1),
AT, MAESH ¢ BIESH r BBEAER s, (1), RN F rEREN T EWERAD, BIf,. R
& 6-5,




HO6E HITEFFEL -

K¢
S
v
F,
S/ (t+At)
t+At T S
for(t+a0)
Ee6-4 EAnABETESESZHWER Ele-5 fEfkn ABERPESESFZMWER

Foster J7 ik B RIS — S RBUT . MEA n MRTRMNES K T, B2 RRIEEARE BiE R
BB P SH nT MES. X XEFE o KFEEEBRRT EAMEF, B n RE
AT B H AT AR B0 RO L SRR, IR T A RS A T T R R/ 3, BTk, B Y
BT S BB, RECC MR, AT, WREEKAIENEE, IR IR RN Z
5 AR TR B IR B AR R R R R . e 8 s, (e + A1) Fw, (¢ + Ar) B, BK
RIS HE R s, (1) . v, (1) FMa (), B, WEKRT g R ¢ 0 EIES S TRAH o
TIARLT g ZERHIED ¢ + At B B9 AL 5 M BCER A ¢, # o, FRAMITM ¢, ¢, f5 s, (£) . v, (¢) F
F (), SR, MBART g 7ERHE ¢ ABHE ¢ + At BHOMES BB BIR A8, AR4 L RB0E S8t
RARBEHT, Fbl—EBRT g ERT— 8 5 BRI ¢, RITRIEERT ¢ T —A 6%
AR5 MBS BH b, RARITRSFRIITR T ¢ ERAA AR ZRES . Bk, %55 b
BRI R E R T A AR .

E—FiEN, WBE LKLY n/thread_count MR, HR T 5B 4B AT L6
BARHRBTE. XS TREAEERTRY, BAEEAEE T HESMNAE, &
BEAVEAI M TAE AR, R, LB s B e, RIS HERAEE
M B REEA TRASSNERFBERIIER, HTHIx—5, RIARERGLEES
HERT ¢ BBAER N R LD

for each particle k > g {
x-diff = pos[ql[X] — pos[kI[X];
y-diff = pos[ql[Y] — pos[kI[Y];
dist = sqri(x.diffsx_diff + y.diffxy diff);
dist.cubed = distxdistxdist;
force_gk{X] = Gsmasses[qlsmasses[k]/dist_cubed » x_diff:
force_gk[Y] = Gsmasses[qlxmasses[k]/dist.cubed » y diff;

187

78
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forces[ql[X] += force.qk[X]:
forces[qllY] += force.qk[Y];
forces[k][X] —= force_qk[X];

] forces[k]1[Y] — force_gk[Y];

Bi, *q=08f, AR for each particle k> qffn -1 ikt Mhg=n -1 &f, K]
BABUEMTEA . FHik, X FRAEE, RITHAEXRFRT IR 5 g R 7358 5 1947 1 7 B
RS

AT, TEHENFRESD, BRHENTFRTEEIEEE LR T RBELSHEFHRK;
MEFBRNERET, BFEFBEEGFREARTRILRIUSESBOERGRERRER (R
6.8 M#6.9),

Hitt, X TPRSEMRFAERNTBRHSE - NESEFHETTE L, BITAN TSR

(1) nikRIERFFEAR R FARR ok 2A BHFAMEEE.

(2) Xt FRER, EFRRSTERETEERINORBRENE ., ATRMIZR ST
BHRNEAFTESRENFRETRAEENORME, 2 X ANERET B E 5 R A
A

HTHERAEF RSB EMBET B, BRITTEEM—LLR,

6.1.4 XFI1/0

HAREEAEER, RE VO REEMANBRTEESTRLEFERE WA, EXFIHTH &
MEREEHITEHFEAEE R VO B8, BRITEZHN—LEFTHEZRITIRT VO B, ARIIET
RS U0 BENZ AR, AR LB FIEA /0 HLH B ERBUR B o tEsE. B4 10 P &
HELBNEBHABRBFLITN, YZIMEERFLITHBLEVR V0 ZrhXEt, RERSHE
FEEMKVIE, flin, mREA-LERRER T

BR0] printf("Hello from thread %d of %d\n", my.rank, thread_count);

25 HEITFRA TR . BFEHE, - RENRHARHAER—1TE, MEHXK
A H AL R 2 Eh 2B

Hit, EMRATZATETRBIFAR, RERFRBFHEL, SURMN—BAFIE IR
B/HBERITA K V0 84, SEHYTHERBRFREITR BN, A FX A LTT N R 24 # it
Bl B5h, BRMNASHXEHBEETREIETHEF,

LR, BMEZRE VO BRIERITH, RITUAREBENFE, RIVEEITRIFTERFLZIM
AT T IS E L,

6.1.5 H OpenMP H{T{L BEAH %
RATN G 4R OpenMP ¥ n &[] BE A gk h WAL &/ B F LS 208 EUR? iERATEE
— T RITEFHRG.

for each timestep {
if (timestep output) Print positions and velocities of particles;
for each particle q
Compute total force on q:
for each particle gq
Compute position and velocity of q;
}

RBF RPN NBRIEFE R RN THTENAK, FUEL L, HTAXFEIHE for BHREH
EF/ R TREAZL, RITTREZEER T EXFERAD.
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for each timestep {
if (timestep output) Print positions and velocities of
particles:
it pragma omp parallel for
for each particle q
Compute total force on q:
# pragma omp parallel for
for each particle g
Compute position and velocity of q:
}

FLR, XBERBLSETRERABRENSIHRE, ITFRRNASER, HRELEXD
BERT, IERITEREBR/AA L. RNTERNERSFEOEHRBE RATFRE,
EEARET, F—NEFRERMNT .

# pragma omp parallel for P81
for each particle q {(
forces[q](X] = forces[{q][Y] = 0;
for each particle k =g {
x.diff = pos[ql[X] — pos[k][X];
y-diff = pos{ql{Y] — posCkllY]:

dist = sqrt(x.diffxx.diff + y diffsy_ diff);
dist.cubed = distxdistxdist;
forces[q][X] — Gxmasses[qgls«masses(k]/dist_cubed « x_diff;
forces[ql[Y] — Gsmasses[qlsmasses[k]/dist_cubed x y diff;
}
}

B for each particle q ERMHARELBZE, BN TEENRT 9, RA—TERETLU
Vil forces[q]. ARBILBBERA L) pos KA mass FAMMRITR. KW, EEHFH
AR L. HRTEATARBERNEAKNEREME, HFEENTUEREHN, FHit,
HATUEAEERNE MRS LHRAEMEFRE.

B_AMEAIBRLT

# pragma omp parallel for
for each particle q {
pos[ql[X] += delta_txvel[q][X];
pos{qllY] += delta_txvel[ql(Y];
vel[ql[X] += delta.t/masses[qlsforces{ql[X];
vel{qllY] += delta.t/masses[ql«forces[qllY];
}

e, SFEEHBN T ¢ RAE—TKREVM pos [q). vel [g]l, masses [q] # forces
[q], R RAEE, AU TIEX M ER R SH R MTSFRE,
IFRMEDEEREMSHEBERE, EHRBE, 7

for each timestep {
if (timestep output) Print positions and velocities of
particles;
# pragma omp parallel for
for each particle q
Compute total force on q:
# pragma omp parallel for
for each particle q
Compute position and velocity of q:
}

BIMNEHFTHBEHFEEPRBE TRUMNEE (R5.62%), FRMGTH, RITERSIE
MITESR AT T parallel 84, WX AREIEIFEA T OpenMP i) for 4, I4, HEIH K
EXESARERR? et Rd, RATAIAR LT MR IE?
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# pragma omp parallel
for each timestep {
if (timestep output) Print positions and velocities of
particles;
# pragma omp for
for each particle q
Compute total force on gq:
# pragma omp for
for each particle g
Compute position and velocity of q;
}
XFER BB EER A for each particle fH LA RN EHRE: R—APHEBELSHEX
FAHNEERASNZER AR FEAR. AT, RITEE2ER LB LAZIRE. RBIHAE
Mg, S RBREATEC B AR, TRAREE— AR /0 B4, OpenMP Yy Ff
MBHET single 84 HF—AKBRITHEMMULHR, HEXNRBRPHE o LeEpix s

LBHPR—IPIT. A single #54)5, RITEIWTHHRB:

# pragma omp parallel
for each timestep {
if (timestep output) {
# pragma omp single
Print positions and velocities of particles:

}
# pragma omp for
for each particle g
Compute total force on q;
# pragma omp for
for each particle g
Compute position and velocity of q:

]

BHERAE - BREFEMER, RYEEENEYN—KIEAH NS —KIBRK, AREH
XEHRE, BN, BESLBOAKE ZHTRTE 4 for each particle /G35, EH
BFEHE A for each particle fERHFEH THARALATEHA FHMNENEE, BR, XBH
LB 1AEH— for each particle FATHEHATEFIHMNE, AT, FEFER. A%
I for A HATIHE ML KBEEA —ZR SR, FUIIMRLEO FLRE 1 AR
THE—THBIES, WMATKEEE, BRKRE 1 (MHEMITERSRRE) TR TE-THHE
W, HFEEHMITANKBRITEE - NRNEBERN, EXASTFHEPTEITHRBER, X
Lt EEEE B IRBRTHE R, UETEEMRBERTRZE - NN BEFIRA S T A
BAMBE, k

#single 4 EHAEREWIRE, REEXMBEFTRERALER, A@HiENAE
HE RN, FTARMRR LIRS B R AT DT T — 1R 1A, E—4 for I
EEARREEFHT forces 4, FUEARLEIIHITRBIBAMNEKBITHAREHNE, RNAE
—MNARERKBRBEEE, FFLOEE - RBETT R B R i A BT e NN EBERE
FrorEMEE., FERIIETRIAH nowait FAMEBH single #4 . NE OpenMP #5454 Hy LB+
XAFA], BATMNESHEE single BARIAWEERE, X FRMERHTF for, parallel for
fiparallel 4, FEFEMNE, WHEA nowait FAARSAEMERE RN ERET,
E X P4 for each particle EXRARAMEEEE, MARIAKNBEASAGTENMRBALME
BRAPAT R EZ B,

BiE, ATHEBRFERRBSR S, TEESD for BAZMM E—&KFEE 74

# pragma omp for schedule(static, n/thread_count)
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6.1.6 F OpenMP 1Tk E{L &%

BRI T — M BSMNONFRIER, ¥ forces AHTHTEEN 0, MEXS R EFE
BRI AT, MM for B4 HTLXMER, WRXEM, SREMFAR? BEE
U, W MR AR IR SR S AR S R

# pragma omp parallel
for each timestep {
if (timestep output) {
# pragma omp single
Print positions and velocities of particles;
}
# pragma omp for
for each particle g
forces[q] = 0.0;
# pragma omp for
for each particle g
Compute total force on q;
f pragma omp for
for each particle q
Compute position and velocity of g;
}

FHAEERZ EEEERAMKE, Frlixt forces A BIHIFFTILIREH ARE, WMELEE
X r B R ER S EAEEAMRE, FLAIRNT forces BB REMRE, AR NEENY
RIEHH,
FEMHITHSEREZMITE forces AW ERER? ERAEEF, BAREUWTH
B
# pragma omp for /x Can be faster than memset »/ P84
for each particle q {
force.qk[X] = force_gk[Y] = 0;
for each particle k > q {
x_diff = pos[ql[X] — pos[k1[X];
ydiff = pos[qllY] — pos[k1lY];
dist = sqri(xdiffex.diff + ydiffsy diff);
dist_cubed = distxdistxdist;

force.qk[X] = Gsxmasses[qlxmasses[k]/dist_cubed % x_diff;
force.qk[Y] = Gxmasses[ql+masses[k]/dist.cubed * y.diff;

forces[q][X] += force_qk[X];
forces[q](Y] += force.gk[Y]:
forces{k]J[X] — force_gk[X]:
forces[k]J[Y] — force.qk[Y];
}
}

MLABT—RE, HATBNEBHERREZ pos., masses Ml forces, T HMER RSERANENR T
vilEl, HLRRAER, WA, pos fimasses WAFHILER RN, FEFEH. FHlt, R
HEEPR forces AHMTE. SEABEARR, EfFAEERF, —MRBTHRER forces
BHEPABTHRAZEZBRFHLER, M, BEAERTREMOMNET, HFENRETFRAT
BRI4, RLRTF 3 R ESERNE:
F} = ‘j& _fh —jk

s, KBOBELE S, WMRE1 BEHEf,. Bk, 5 forces3INEHEELT4EES
RE. —RITE, X forces WHATENEFHSFHESFRE,

XA HER— N ERERKFRITREMM critical AR forces HATEMWIN
®Wo ZAOHFILMGTRTLUERIZ AN, MRERMFERE critical H4MIEX forces
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HEH A

# pragma omp critical
{
forces[ql[X] += force_gk[X]:
forces[ql[Y] += force.qk[Y]:
forces[k]l[X] — force.qgk[X];
forces{kI[Y] — force_gk[Y];
}

R, XFPHFREMEEXS forces WHTENVTRIBRITHT . —IKRBBEH forces FHPH

—AaE, MHEAXMERAREFTESSFEEFOERIEM TR, W3E6. 3,
BHU—FAIITH TR R M E - MR FREL—NMERX . A, WENIHAERR, OpenMP

EARREHZFERXEE AT, FUFEAS MR TFMY, MYIEHRBIT.

omp.set.lock(&locks[ql);
forcesf{ql[X] += force.qk[X]:
forces(qllY] += force_gk[Y];
omp_unset_lock(&locks[ql);

omp.set_.lock(&locks[k]);
forces[k][X] —= force_gk[X];
forces[k][Y] — force.qk[Y]:
omp_unset_Tock(&locks[k]);

XBEABRBEELBELR T - MEEHRE, KPS MRF— 81, MAYEH forces A
JURE, BITEAZRBUIN THE. MEXIMTECELENMRFXNEREA TRE, B
BERILA FBITRFAEE, LIE6. 4,

S —FAITHIRRR T R IHEA BT B BB B BT Hr BT, S0 LR
THITE SHRMIFTERFFRITEMRE; mARRE, BETRNSREFREE A CHAERNIE
Hrp, WG, EREZABED, ST ¢ BRI LR MEETR KRBT ZEH
SIS, B LERGITFF, SR BEHE -f, -f,, MER1ZBHE -f,. EEMEEHITEH
DERLEERHER R aRE, ME TR 3 LR | B RHX W MEANE RN T 3 28 aER 1,

UEBRIMNBEFER-LHFT. BEA=ZTXRBAANDRT . WRBENXBFREBRR S, B
AHE—NHBENITEmE6-1 iR, ARTPBREZJITUFHEINEBAETTESIER T FHE
Mo BECABBREKHES, RPBE-FINLEBEXTENI BRI SITRM, LUSB LR T BT
ZEER 1z,

FEEENE, XRFRUSE, BAH#THARNNER, £6-2RARTEMKFRARE
HRIaf et BB, HR6-2 K 6-1 ML, RITRIMEFR R ARV msEER.

£6-1 RYSHBUNEEE —THROITH

gn mF an
0 1 2
Y 0 Jo +for +fos +fou +Jos ] 0
1 —for +fa +Fis +fia +Fis 0 0
1 2 —fo +fu S S +1is 0
3 ~fo -5 S +futfs 0
2 4 —fu—fu ~Su-JSu Js
5 ~Jos ~fs ~fis ~fs ~fes
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#6-2 BEAYUMHMUARZEE—ITHENOITH 236
&%
g T o ] 2
(] 0 Joo +foa +Fo +hou + s 0 0
1 1 =fo Jo +fa +fu +his 0
2 2 ~fu =S Su +hu +fs
0 3 ~fo +fu tfs ~fis -fx
1 4 ~Jou —Su =fis +fs ~fu
2 5 —fos —fss ~fis —fes -

BREHNEREE-IHESZIMNEERHERE, RREEIMBEITELNERDMAEAS
M F¥4H 1oc_forces i,

# pragma omp for
for each particle q {
force.qk[X] = force.gk[Y] = 0;
for each particle k > g {
xdiff = pos{ql[X] — pos{kI(X];
ydiff = pos[ql[Y] — pos[k1[Y];
dist = sqre(x.diffex.diff + y diffey diff):

dist.cubed = distxdist=dist;
force_qk[X] = Gxmasses[ql+masses[k]/dist_cubed = x.diff;
force_qk[Y] = G#masses[q)smasses[k]/dist_cubed % y.diff;

Toc_forces{my.rank]J[qJ[X] += force.qk[X];
Toc.forces{my.rank][ql[Y] += force_gk[Y]:
loc.forces[my_rank](k]1(X] — force_gk[X];
Toc_forces[my_rank][k]{Y] — force_gk[Y];
}
}

EE AR, BAMREN L RBRBHELNERS, SHARA T WA T2 EE
I
# pragma omp for
for (q = 0; q < n; g++) |

forces[ql(X] = forces{ql[Y] = 0;

for (thread = 0; thread < thread.count: thread++) {
forces(ql[X] += loc_forces[threadl[ql[X]:
forces{qlLY] += loc.forces[threadl(qlLY];

}
}

FEHSEHMTAHEZA, RIUTBERNBEADOHSIATHHESRS. EE - BB+, 28
HAG—NLRBHREE HCNFRA, FTUM Toc_forces MEHALTIAZESRE, W, &
BoABET, RART HREELRR A RE forces[q], FILEEZIBBEFHALTIA
RS BE, HTENHTEEN for BRNBARTHORE, BERNAHECEE LR
PATHRR, UZETECHAARRARERTNBLNTR; REXNMEBETELE, UETE
A E 2L BRERg TR,

6.1.7 iEfh OpenMP 25

FELHBEABAMNBME LN, RIOITERE WAEHTLY for BF, M TFRAE
&, RIVBEIEMEA RS THAI A RB R EREEBASIFNITERREE (—BREBEER
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H—ANEE/M) . BITWEER], XTI =4 LIEA s ELNEFFRE. B,
ATA N B B E AR BT R R

fEfEfeE R, MERAIN, S—MBHERIMITEZRG R, RILER S REEL
WA S B AT RAE, FERITHIHFAT for fGHH (3 Toc_forces AWML,
YER DRI BOTE . MEMEENES) SRERFESNTERRBAER. Hit, Bl
MHE ., XEBEHRR AR EESTEL., RN, SN—MEFREESER S —MEA R
fie (WJE6.10), FFLANES —MEFRH THEFFE R, X A 0G5 R B 7] 88 & R
FRFFRIHERE.

% 6-3 Bon T AEXIREE T, WA T V0 BIEMN 0 BEFARNRLE LR, EIEKF,
# 400 4K FF1 1000 4SBT ] 55, “Default Sched” FJ43H T 24 FrA 6 A EBIBEIRE K AR IN R A B
i, OpenMP fRifLE ¥k iIZ1TATIA], “Forces Cyclic” Fj45 H T 85— M B VE B3 11T &SR FIIE SR VA B,
T LA P A IR SR BRIA VA B A O RR PGB 1T H B . “ ALl Cyclic” B045 H T B A i SR OB R &R K FH
TEFRFERT, BFMBITHIE, RTEENSTESREBBITREEMNRBEENT 1%, L
BAHEAERG6-3 P15,

#6-3 H OpenMP 4Tk n ki ERIEITR A

- o LK $73 ‘rﬁiﬁ;‘i&' ?ﬁiiﬁi.i
Default Sched Forces Cyclic All Cyclic

1 7.7 3.90 3.90 3.90

2 3.87 2.94 1.98 2.01

4 1.95 1.73 1.01 1.08

8 0.99 0.95 0.54 0.61

FE, FHEANEBEETEAEESN, BRAAE LB EENETHEIEK 50% ~75% , 7E
XMERT, SR ATEREE LERRAREEL, ARV R MR R A AT LI T Hi5R
*NEFEGRA R I

TP NRBETHEAES, AREERATTENE - MEFRRABAENRERES
R A MTEAER K FITE St (R B SR B M LA, MERBMIZEAR R, AT, MEmMLBHKERE, WA
TEAMERR RIS P EE R AR M RE TR A T B . EXAMEIFrh, HEAEZNEBRETRIFE, HR
BAWES RO FTFHENTHEESROTFH.

B, BEABEHAEERATENRABRAEAENEAEERTESERBENZITHME, B
ISERERWANAZR A AN, fEEBRETF—%, R, I THMEBERS, WEE
BHMEE thread_count FERANFES R, UMK FHABBEMEYS K, FHBHLEEERE
Al4T,

6.1.8 H Pthreads 17L& %

Fi Pthreads 3474k n {RIRIRE MBI B 1k 55 7 OpenMP HATALX B ANE LMW, REZ A
NTETFEZMMAT b, FTLIRATKHE ) Pthreads 5 OpenMP ZE3L 3 E =B AR, MAREER
MNZaEwitie, FANRMNbBYEMHEZE—~SEERMHEMUZL,

® 7 Pihreads 7, S EH TRAREREMREN, MAENLETERELRN,

® Pthreads H1 ) E B 5 OpenMP FHBHRZEMAEF : mIEh — 4k double BIFAR

A, TR FHER. MEMEERFRAESEHES, RTFMZNERNEHEERDRER
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A,
* jHi3l Pthreads 324 b 553 OpenMP #F]: TRBHRMASITSH, HEMFHBELEER
BaESH,

® Pthreads SZBl 5 OpenMP SCH YA [E] F BARIAE X WEEAFH T4 L, AN Pthreads
WAL TF parallel for K354, FTUALF B MR ERMNMEATEXTN FLELN
HH. BTHE, RERE Loop_schedule RHE .
o TEIRA B MWIAE
o EFTRMBEAE
o EIRTRMIEE
ZERB AR
o HHIZRENEERS
o KBHEKE
o SHEEAEK
o MERAREELRIENHENSE

e Pthreads 5 OpenMP LA 53 S — M AREIZALE FENT#IEEE . OpenMP f) parallel for
EAEREMKEE, MXE+TSEEMN, Hl, RMNABENREERAEFRBEMTE
RO REZAITREHAME, FHATETRSHEABNERIEE, MEhRBENS
R EE B . NR7E Phreads LB, FAMIBEBERRSBEANENR, HAEN
I for EAHKBASABE, AHESFAETESRE, B, BHENBERTRET &
FRENH T B HF FHBERE, Pthreads fpE U & T HEEE, ERAERESEHBAELH
T, FFURNMEN T —1 &A%, @it Pthreads &4 B SO BREE, MTiER 4.8.3 1,

6.1.9 M MPIHTHEXREZE

B EBRANRFHEXNITBERA—-NESES, HEAMPIHTAEAER+S2ER. £52
BIBEFNNEEEITEER N, BMES/ N TFEERBREME FHMEMESE, MPI_A11-
gather MBEIRFITAXMERKITH, HESHEIMEEBNEMEBRERENGFER. B2
KB : KA BFOERRL, LRSS FsRIsR L,

EHERFHZHRST, RITESREMRFHEHNER (F&E., LB, #F) BE—1 40k
B, AT, WRE MPIHEHPFEAXNMEEEY, WFEAERAAMPI_Al1gather BH# A TRY:
BAEAR, W IR B KA B 5 A e A A MPL BB R BIAEH1E. Hik, AU EM
FRMEBE S AR, (EMEE, HFHEAFERTAR TR EFEEAE— TR Ha
i, MR- HBERBHNE, BAXEEEEATUFEEARORA S, LBrE, MEA
FRY, BB UAMENRERYE, BARBASUE, A EMNERSEN R
Rfe# .

B—FmE, MBEAESHER, BLHL MPLESERFTER “in-place” %55, ZERN
BB, RIEEAH pos BrTLATFME n MRLFHNAE, vect_mpi_t B—NTEEPINESE doub-
Te EIfYy MPI BB H R, » B LAIEE comm_sz B¢, H loc_n=n/comm_sz, IFA, HBEWHLE
{5 BIEE7E ML %2R Toc_pos &, ATLLEMA MPI_Allgather iR IERA MM EBEL.

MPI_Allgather(loc_pos, loc.n, vect.mpi_t,
pos. loc.n, vect.mpi_t, comm};

nRARESY Toc_pos BMHSMGFFET M, AT LUEHR ¢ W ERA AL BT pos TS ¢
TMiE. WRE, S0ERKNA A EN RS MR pos FAMMRRF,
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Process0: pos[0], pos[1l1, . . . . pos[loc.n—1]

Process1: pos[loc.n]l, pos[loc.n+l], . . . ., pos[loc.n + loc.n-1]

anésﬁ:. poslgxloc.n], pos[gxlocn+ll, . . . , pos[gxloc.n +
loc.n—11]

B AT AW E A HERRE) pos $AH, BATLUHRBIT 7 =M MPI_ATTgather,

MPI_AT1gather(MPI_IN_.PLACE, Toc.n, vect.mpi_t,
pos, loc.n, vect_mpi_t, comm);

EXNEAS, ZBE—N loc_nfvect_mpi_t S, AWEE TR AR PR,
ELAHNERFF, NBBEWHHUTRE:
s BNMHEFHENMEMANTHENESREA.,
o FGNFHBMNFAH— n MLENBLRFHEVLERFEL,
o GNP LIEE Toc_pos #51 pos Wbk, Fik, X F##0, lTocal_pos =
pos; X TH#EME1, local_pos=pos+loc_n, LI,
RYEXIE, R 6-2 Framth RS AE s, #H8 0 B Bad a8, Rt EiRidh
AFHITERGE R, EE—1T, HBOFEMLRMA, H Get input data ] AR T HELH.:

1f (my.rank == 0) {
for each particle
Read masses[particle], pos[particlel, vel[particlel:

}

MPI_Bcast(masses, n, MPI_DOUBLE, 0, comm);

MPI_Bcast(pos, n, vect.mpi.t, 0, comm);

MPI Scatter(vel, loc.n, vect.mpi.t, loc.vel, loc.n, vect.mpi.t, 0,
comm) ;

FRLL, #ER2 O MHRBURA MBI, HEA n THEY Y, FAES M RES, EREIFaET

BIBTE, Frll masses 8k #&. pos MBS %, HAB N HBETEAE for BHRHATE—

B ERITE, RELRAONEBRY., AW, EENAERMER, FAREGCEMERE, i
DIREH vel AmBI&AN R,

BFF6-2 nkinEELRER MPI THRHKE

1 Get input data:
2 for each timestep {

3 if (timestep output)

4 Print positions and velocities of particles;
5 for each local particle locq

6 Compute total force on loc.q;

7 for each local particle loc.g

8 Compute position and veliocity of loc.q;

9 Allgather local positions into global pos array:
10}

11 Print positions and velocities of particies;

W, AR 6-2 (95 O FTAME for BIMKE, WEEFHIOMERE, XRETRER
B 4 R LU AT L. MREBTEE— M HESNER, HHERD 2R E LA
FIMPI_ATlgather, ikt 0 WEFARTHMEREE, T4 TUMBR—MARE0ES
SEEAR . MSME for TEFRIR I L FTAEERT, WL F E Dy AT

Gather velocities onto process 0;
if (my-rank == 0) {
Print timestep;
for each particle
Print pos({particle] and vel[particle]
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6.1.10 F MPI 1T LEHEZ

EELHMEERES 4R, EiHEERANN, SMMBEFEREMENTE, MEKR
HHESE, BMHBBERTHERNERN, F5EEKANERIRT, B6-6 BRTHE=
AR, ARTF, HERRISERTARAHBHENGT, HBRZAKEFHEL, TLUR
W, SRAEFFEER, BESTEAEMESR (WJE6. 13), HRXEFHERTULHM. R

i, BRIEFELERA Y/, BUEBFLSEBRE,
b330 #R#1 i v
BT 0,1 2,3 4,5

HH
feRiA

kg
M

-

E6-6 n{kREIECEIERIREE MPISCH A 8E TR

EEHE, TURABII—FEMETENTR-—FRIHEER (ring pass) KBEFEW,

s, #BRTUEBEA - FHEEE (LEG6-7), #B0HESHE AR
comm_sz -1 @{5F, MHE1 SHEO MHRE2 EE, LILEH,
ERBAER RSN BT, EE— I HES, sirsrn O !
REBREMHSHBEERE, MrSERNHREREE. B
I, #BO LM #RE comm_sz - 1 £ %4, MR 1 K
P SRR 1 MHFER 2 S BUE, TR O A R, LA H,
BHIRGL, #HEqHH#ER (¢-1+comm_sz)% comm_sz £ %
%, MR (g+1)7% comm_sz BWHHE, E6-7 HEREMKII

WTEA G L ERE MBEWMEREEE, TUESE TR
HEEBRBUTAN FRMLERFR. EF -1 NE, S HBEHMERSR/NHESARERIES
EHRRFIMNERL, MiSEENHSHBERSEAZEBNETHMERS, T 16
BY, BMHEREERES - THBREREIMAERFR. XTI BE&EE comm_sz -1k, H
FFANHBHERAFTENTHMUEFER., B6-8 /R TEHR 4 MR, 8 MR T, REEFY
SRERT, =AMBERENR.

BrE BrE2 BrE:3

§3 87

515 85 §2 85

So 84

E6-8 fiEfFEAN LR
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MR, BB E, BT f, = —fu FURMNABETERART X ¢ # & ZEAEH
o RTHAX—A, ERAHEAKEAEERS, BB R1ER AT LIS A e 20k T SRR 1
FHFMRTF BAER N B LB, fitn, BIgH 6 MEF, A EERRNT RS
BF 3 M AERT

Fy ==fy =fis ~fu +fu + s
LS T RITEAER MR NEERAIPREIHERNRREMES/HTIHEN, T
A3 BAER A HRER A RIZES/ R FARSITE, Bk, R 3 Fr2 8 60k W KER 8T
BESSEWT

{,ﬁmj] f03 f|] f23 fM fJS
EE/HF 0 1 2 3 3

FRLL, BREREAL#R P, NUERE Toc_n =n/comm_sz MRFHAMAEFEL, FNHESR Toc_
n MRFRERT, BAES— TR, —MHEBETL:

(1) HESRATHRE T SRR ER BB FRINER .

(2) —BRTFREERIBIESRT, HRHAT LU X /e R Bk 1 1 = 38 7E F
S, AR EEREIRRFERERS.
BEEETAAATFEFER [15, 34],

BUERIIT A 4 MRLT | 2 MR, JEHRFAEIESER FRIT R IA#HITH (RE6-4),
Toc_pos #4af loc_forces AR FIFEHHWERTHMBEMERANGER, XEFEERSEH

BZEMEE#, WEASRZEZENEAE tmp_pos #1 tmp_forces,

®6-4 EXRBEEZPHRERNTE

piet 18] TR #EOo HE
Fois Toc_pos 5., 8, $i, 5
Toc_forces 0,0 0,0
tmp_pos S, 8, S, 8
tmp_forces 0,0 0,0
AR Joc_pos Sor 82 e
loc_forces fu, O fs, 0
tmp_pos So, 52 S, 8
tmp_forces 0, -fu 0, -fi
B_WEEE loc_pos 50, 8 51, 8
Toc_forces fu. 0 fis, 0
tmp_pos S, 8 Sy, 5,
tmp_forces 0, ~fi 0, ~fo
B HHEE loc_pos Sy, 83 Sy 8
1OC_1COFC€S f;n +foz +fo_1 > fn flz +f13 ’ 0
tmp_pos S, 8 S0y 82
tmp_forces S+ ~Sfo-Fi-Fx 0, ~fu-fu
WSS loc_pos S5, 8, Si, 8
Joc_forces Ju e +Sfus Fa fotfs, 0
tmp_pos 5o, 8y 5, 8
tmp_fOl"CES 0, —fu-Ffa ~fo, —Jou—fis =Sz
RS loc_pos Sps 8 Sy 5y
loc_forces Jo tfo o, ~Jo-Jo+fs ~for +fa ~Jis
tmp_pos S5, 8 S, 85
tmp_forces 0, ~fo-Jo ~So, ~fo-fs-Sn
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BERAE BT AET, FRMENSARARBR FRMEHTHSRL, BEFEEERDNRA
FHTTEEEN 0, EFXBARETHN, SMREAEHTESRACHR FRINER N, #R8
0B f,, HE1IHE S, XEEHME] 1oc_forces RXTRKIALE, FH M tmp_forces &i&
B0 B P X el

BAER SRR A E S tmp_pos #1 tmp_forces, JHELEA EITHA TR KR #A
FHEKERN ., ERLEES, HFSRENES/BFAFITE., #BOHES, . fuflf,, T
B1ES,. SZai—#, iHHHAERIME Toc_forces @mysutitd, FHM tmp_forces
Eopriop bl aaah

HTRREE, FEEREH tnp H4E°, SMHBRBIEEHHN tnp_forces 5, AU
— R R R RRAEE

loc_forces += tmp.forces

LSRR .
B 6-3 nikKiaMELEER MPI STHORA
1 source = (my.rank + 1) % comm.sz;
2 dest = (my.rank — 1 + comm_.sz) % comm.sz;
3 Copy loc_pos into tmp.pos;
4 loc_forces = tmp_forces = 0;
5
6 Compute forces due to interactions among local particles;
7 for (phase = 1; phase < comm.sz; phase++) {
8 Send current tmp_pos and tmp_forces to dest;
9 Receive new tmp_pos and tmp.forces from source;
10 /% Owner of the positions and forces we're receiving %/
11 owner = (my.rank + phase) % comm_sz;
12 Compute forces due to interactions among my particles
13 and owner’s particles;

14}
15 Send current tmp_pos and tmp_forces to dest:
16 Receive new tmp_pos and tmp_forces from source:

Eit, RATATEAFIE AR ERF 6-3 A RBEHECEE T IERANNITE, &
BEHEME: KRB MPLEEE, #B817. £917. F1517. %26 77 MPI_Send FIMPI_
Recv IKMARRFEERALEN, BAYRERARBHEEN, EMNatiEE. AXFHER
T, MPIi£4tT MPI_Sendrecv M1 MPI_Sendrecv_replace, BEN{EHTHE W NEEHESE#
BB IR RIS, FRLATTLIEA MPI_Sendrecv_replace,

Fia—&HEHERIFFH LXK, BT LA LOGE 68— A F et 745 tmp_pos #1
tmp_forces M RFEGEGRM . B, ATLUGEAA tmp_data 43ECATRAFERE2 x Toc_n 4> vec_
t RN RS E, HPagloc n MIERFH tmp_pos, MifE loc_n MIBEFH tmp_forces,
RIG1EFEE tmp_pos F1 tmp_forces 43345\ tmp_datal[0]F1 tmp_data[loc_n],

ELEE 12 77 13 FTERMITER, FTERERAEYHRBETETRESRA X
HBARFHERBNEEENNFRIGHAEER S, MRHEELBEER (BF6-1), 154
FoRTITE S, (g<r). AT, loc_pos # tmp_pos (HFEF A& tmp_pos 1 tmp_
forces W) FRAMERB TR, MARELR TR, BB, HihHE Toc_pos FEH—
JTLER, AN THREO~Tocn-1H, MAREO~n-1K, FRURIMAEHZBINTHHRB

© ZEWL, EEEWNESFRITNEERR tnp_forces,

99
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298]

[297]

LHXER BT R

for (loc_partl = 0; loc.partl < toc.n-1; loc_partl++)
for (loc.part2 = loc.partl+l; loc_part2 < loc.n; Toc_part2++)

Compute.force(loc.pos[loc_partl], masses[loc_partl],
tmp_pos[loc_part2], masses{loc_part2],
loc.forces[loc_partl]l, tmp_forces(loc.part2]);

RINTSRBJLANEE, B, masses BRE—IT2R/RHE, MBIMARETHAVIEERT
#; Hwk, local_partl # local_part2 MM K/IHREEREREMNZITHE EINZEKE
B, BERSRTHRRESEAANITE. g, AR T, IOHE, SENAEHHER
04T, BR44 Tocal _partl =0 &, NEPEFRFEM Tocal _part2 =1 Fiamdkid 1ocal _
part2 =0; $Rifi, WRRANRMEFRAE, local partl =0 MRMELRKRTFO0, Tocal_
part2 =0 SFHRESRRT 1, WA ZITEX AR FRIGHEEERT

B, MBETRMNEHTRERF TR, MARLANF TR, B, AXBAHEFAE
B, RATATLAMERMREE, #HEFEFERERNFTRER:

for (loc_partl = 0, glb.partl = my_rank;
Toc.partl < loc.n-1;
loc_partl++, glb_partl += comm.sz)
for (glb_part2 = First_index(glb_partl, my_rank, owner, comm.sz),

loc_part2 = Global_-tolocal(glb_part2, owner, loc.n);

Toc_part2 < loc.n;

loc.part2++, glb_part2 += comm.sz)

Compute._force(loc.pos{loc.partl], masses[glb_partl],
tmp_pos[loc.part2], masses{gib_part2],
loc_forces[loc_partll, tmp_forces[loc_part21):

BR¥ First_index BT HMAMHRE LR TR glb_part2:

(1) HiF glb_part2 4FEHGHSH owner IR,

(2) glb_partl <glb_part2 <glb_partl +comm_sz,
BE%t Global_to_local ¥—A2RALF T I — AR+ T45, &% Compute_force
BT ERANRFEBMEEER S, RI1B25E ML Compute_force, XX B k¥ ML
MFERLSE6. 15 N> 6. 16,

6.1.11 MP| #2018k
£ 6-5 ULHA T 7E 800 KL T, 1000 ETEL L EIARAET . PIS n KRR F7E Infiniband SE AR
EHEITEIE], BTA AHEH R E — MR RET - ABRNER T AN, ROTRENIES
B ] 5 A AR MPL B FF BB TTRSE B9 1E 1% LI, BRI 6-5 FBASIH
REEAFERATEFRYER, HERARNUCBENERIEE TESRE, fln, E48
HRTE 16 M LRI R 0.95, MRTLHE A 16 115 A L RIPEEEAZY 2 0. 70,

F£6-5 nikiEEME MPISSILAMERE (BHE: 7))

B EANE LA 55
1 17.30 8.68
2 8.65 4.45
4 4.35 2.30
8 2.20 1.26

16 1.13 0.78
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%6-6 n{EEIFEHEZE OpenMP F1 MP] SLIRpEeE (B )

#E aEN OperkP MP!
ER MR EEH® R
1 15.13 8.77 17.30 8.68
7.62 4. 42 8.65 4.45
4 3.85 2.26 4.35 2.30

FERFN— AR, @k MPL B % W EA MPL BB e E A MMM NG, EABEES I H
BHEHEN n MLEEBREFESH, WEARERFTEN n/comn_sz M EHM n/comm_sz
MER T REBSMNIFERE R, FrUEARENEINHBERAZLHAEENEREZFE comn/
2 fEMFFRESE IR, X n F comm_sz 4 kA, XAREAUREREREHIARLN EFEERE
RAE P = RAFEAE LR ]

BEATHERETA B AT A0 4 M, FTLATT LA b4 B OpenMP S B0 & ¥ BE Fn A MPT 52
BLAIMERE (WFK6-6), BATAILIB B OpenMP R L EA MPL B FBREL, XMEREE
MEy, A MPI_Allgather BIFEBR R, Rii, S ABIFHE, MLl MPL MRS
OpenMP T2 /7B HEREA X,

WA 5 H|EF OpenMP BT HI MPI BF 2 ITH IR EMN AT, BIRE n MET, p MR
BER, B -MERFREBSNEHUEERNRHEEEEASRHR KA E, MPL&F
AN B TEC n 4 double BRI EAEZ RIFF IR R, 4n/p 4 double BRI FEAEZS M AF 1L tmp_
pos # tmp_forces 4, FILIBRTRFMNEBEFEEMEEFESN, MPLEBFIENHBDE
B

n +4n/p
4~ double BIAF &, OpenMP F2 /% AL E 2pn +2n 4 double BIAR B TEMEVEA /1, n 4 double AR
BRAFHERE, FURT RGN EMEETEN, MFEEE, OpenMP BELSHE

3n/p +2n
4~ double BAF B HIFFAE 2 (E] . [F ULk OpenMP F2/F ty MPI 2%
n—n/p

4> double R A TR R, BAEYHR, AR ok, OpenMP BFFxtRERAE 42 18] T
RERTF MPLEEF . FTLA, X FAEMRBEEGHEE, MPLEF LU OpenMP 27347 H
RAREAEAL . 2R, W FRECE P E M5 R, FTLAGE AT A0 MPT 2 30 B AR A5 T 6B o AT LA R B9
OpenMP LR HE A, BTLL MPIARFF AT LLEAT i B KU A BEHU LE OpenMP 2% AT LU AT A9 B¢
RAREBIABT L o MPIARA i R B L HABARAS M PT3 RAE T4, SRR ERA n 1R
BRI BT T 28K

6.2 WEHEER

WA LR WL B R A, 2 HRMEF, ZERITH (Traveling Salesperson
Problem, TSP) [F&R, 7£ TSP W&, HATRIA — R B35 FR AR5 H Z R AR17
T, MEDGREMRTN W, FHFEEBI R ART . BU7E K I BUR A0 33X ME 55 B TR B
Ao —FHKUAM BT hi A RS —K, 3 E LU RN & R B2 0 = 5%,
TSP [a] S E IR AR B/ B,

AEHE, WRITHEEHIEYNE NP 522 (NP-complete) [a8, #ealifit, HAE&AH
— M EMEBE R AL TR HERK T, FEREREFRE -FATHTR, RER
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SRR, TSP IR AER MY R0 B RS T H AR E S K . BUA0, 7E n 4
ST ) TSP FLEHIRIN— VAT, BN n — 1 REEORTATAR. UL, SR 4 AT R TSP
LS 6 ANTTATRR, {55 MR TSP EIEAIA 4 x6 =24 ASTIATR, 6 AMRTTHTA S x24 =120
AFTATR, T AT 6 x 120 =720 AN AIATAE, RUCHEHE. SCFR 1, 100 Mt By T A7 A o I B¢

BUFHHETFNREEES,

415 TSP FIREHEI R IR EF OB, T4 TR M NP 524 (I FRE W IR E)
RN, FHE RN, ERAREI LSRR E 6 TSP MENERE, HRRMGA
KA E.

B IA AT TSP ELERYR? H A — S A ek . AT, RAESRITIRE 5
B, RMTRBRENERE, HABRRAR DM HE R, R T4 ST —
FOEIBE, 00 H A 55 250 I 943 T B 0 T 964 B
W, R AR B

P AR Y, BB R R, T
LIRS B R i S R M, WEREE A
H AR B NGRS B, A0SR B R T A 5
MM NG E B, SRR BRRA E T (L 6
9 fME6-10) ,

7 6-9 o, BT —-HFARIC A0 o BT T IO
A6 TSP . AL AHANES. BABTHARET  geo
R GAMARBERE, DA —HELE). MR Ep
RIS SR AR, RATRRZ SRR, ERAEIT A, 4 8 % S M T TSP A
R, MR TR 2 RS, 21 ROARICR R TR Z MR A B, Mk
O BRI 1 B4 1, IR 1 BRI 0 BORH N 5,

4 Mg TTRY TSP [a]

0.0

T

0-»>1,1 0-»2,3 0->3,8

NN N

0->1-523 0->1+3,7 0>2-51,21x 05>2-53,13 031,12 0>3>2,20x

| | |

0->»152-53->0,20 0-»2->1-»3->0,34 x 0->3->1>2->0,15

0512352->0,20 0-5>25>351-20,22 0-»3-52-51-50,43 %
B 6-10 4 3T TSP [a) a9 =

MRBATEBORT 0 VENMRITR M HRRT, BARITERA HE, BT B4 (5 B
HEROHEM, RMN0, Hik, E6-10 FARMAERMM EAL R0, BRMN0, NELOH
&, BRATTLAGMEEG 1, 452 WELE3, RNGFIH 1. 3 M8, EE6-10 1, #EKRE 3
MFER . BENERER, RIEH6 MY 3 MANHRIAEE, BNRA 4 MR, U

B0 —HEHFET 3 MRTHE, BRAETENERT,
e, ERRHB/MINEBRATEERE M., MBRAREI L, HH&%AK—~
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AEREREEER, AREREERYIRES, FERTRFHENMNLEH, —BBRAMT
HERERRIRTRESIE/NMMAEERNLES, AT EERBPEA RGN FE K “HiE”
g8, IHHEFERTREENEPH— T8 R,
ELEAGFS, AMRGESFH, —AELABREINFEMTFEE, micailh.:
0—1—-2—-3-0, L4k 20
RIG LR EFRIC N 01 M4, BREARTRIMN TSR, $E5XHMRAMTE R, Rich:
0—1-3-2-0, LR 20
SRR, FLRBIRE S, %HBR S -3, BERCH -2 MR, BTRERTFE
s, Wieh:
0—-2—1, #frR21
BERESE, MATERSEETREHRT, BEXEELA 21 KNt/ EE, [
BRI S 02, FFBREVRERGEHRMNFE S, BEAREE/DMMNBIERE.
03120, 1Bk 15

6.2.1 BRIAMEELERR

HEMCEEI U RG Y M BN AE/NMNNE S, HENAHEARE®
iR (WEF6-4), BBF6-4 HEE8 ~13 178 for IR, AR X H 8918 B € I0F,
MAMUBESEZIBIE . FTLL, RAOVBEB T B V5 RIFF B3I T AR ics g i, MIRT 1 5
Wiin-1,

BIEMRERCBEREHUT I 2RER:

e n: TSP [a]@H T % &,

o digraph: REMAR M EMBIELEH .,

e hometown: fARENHEWN O (MRTENR S REREK) ML,

e best_tour: RELFEERBHBIELEW.

¥ City_count FIFIAERSEIEE tour, EMAEBEEFTCEWRT o M, MER,
BT LUK [m R S 3 R — KB AT . SRJS A Best_tour R IiZ L B BUMRM EDTH SiiE
fEEBRAARHM /DN, REAHMED, A Update_best_tour, AHEEHMR HATMHEREE,
TR, KA Depth_first_search ZH7, 2R best_tour Nix#IE LR AL E AT 6E
B B AE B B AR KBV

WARERSF GG tour BEAE Vilel n MR, H2MTFERES THERT £, RAiEdR, 2
MRy [ B i B ST — NI iR Rk s Ui AR B U R R T . EMBIX A, FEMSH—E8
TEPE, B¥ Feasible AATRNSE SEFEHEIRLGE, MBARAEE, SwEMHEER
%Al REARAR E /DR [ B . NSRIXAMRATEATATA (BPRTREZRE /MR I BRANHY) , BB e
AFBEEF, ARG Depth_first_search, %M Depth_first_search ;g EAf, M
e B R BRI, R D9 7R RS AR IR A P 8 T — D ERER DR R

BFF6-4 RITHRMEREARERERROHRE

void Depth_first_search(tour.t tour) {
city.t city;

if (City_count(tour) == n) {
if (Best_tour(tour))
Update_best_tour(tour)
} else ¢
for each neighboring city

0~ O\ BW N —
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9 if (Feasible(tour, city)) {

10 Add_city(tour, city);

11 Depth_first_search(tour);

12 Remove_last_city(tour, city):
13 }

}
15 } /x Depth_first_search =/

6.2.2 IERIPMREMERR

B AR FUE R FFERA, FTUBARASETHRE. AN, E2fTd8+ A SiNE
SRR, BORE M R ATRIER S SR TR EA H MR B I R T R R & 2
I &2

B HARERCRRETRELIN, EARBERELLEFLH, #F00REE AT LLE TS
B4 ETE R R B RS EABITHERRE I, B, EHAER—-EHOWIIZH, E-BLE
HBEEEA AT KR, LGB XRM TRk BARE. AREEWN (TREREXTH T4
A, HATRERERE - AU RBAEFBNSR) , SPITHARRE,

BF6-5 MITAIEAERAREREREROHARS

1 for (city = n=1; city >=1; city—)

2 Push(stack, city):

3 while (!Empty(stack)) {

4 city = Pop(stack);

5 if (city == NOCITY) // End of child list, back up
6 Remove.last_city(curr_tour)

7 else {

8 Add_city(curr_tour, city):

9 if (City_count(curr_tour) == n) {
10 if (Best.tour(curr.tour))

11 Update_best_tour(curr.tour);
12 Remove.last.city(curr_tour):

13 } else {

14 Push(stack, NO.CITY);

15 for (nbr = n—1:; nbr >= 1; nbr—)
16 if (Feasible(curr_tour, nbr))
17 Push(stack, nbr);

18 }

19 } /x if Feasible %/

20 } /= while !Empty */

7 6-5 LHT L IRBHESHMIERFEREERNEER. EXMRER, —FRIEFE—
AN, H—RIDFRHARE, ZETRMARRES, EREARAR, BFEERRFAAEICE
ViR TR — T RBFMHFTASLE A, BEX—RE, RPBRAcBERMEMHETHAA

B33 Depth_first_search MiEshic®, REBFREZERITL Depth_first_search A&,
EIEBEEREAR, BFENEERFSWRS 3 ~20 T8 while J83F, TEARK LM RMG4 R
HE . REERNAUET X, SRERIRRESH. ERBREHIT, RITEERHBSMA
T, FEFENE, XNMRITRBEMOEFEBERF RS, A a-1~1, XERHRXAD
BAREH “JEALL” WEESREN . WX MIFRER, XEERAIE T AR A T PiE R e
JBUF 55 i A A P R —RE Y

FERERD, FSHTEHELRBETRGRER NO_CITY, ZEER TR RREE SHF
AFHERBELGIET .. MRAAXNEE, EEREM ANBRIRITEIWRE, Bk, &
ERLERNTE TEREAMRR (B 15~1717), FEENO_LITY AR,

Xf_EIRAEBITEACRAE ] LAK 75— URA . AR BIBSVE MR P HIE R (RBF 6-6),
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AR ERGE T BRI AT, XMRANPIITEESZER, AYARBRRELE
BEARPIRECRXMBEMEIA, K TRAX—K, BFPEMKRE Push_copy ¥, (0
S DR SR ] AT BB B0 FR ST EE AR, SMBTARE?) BRXIMEANBFREEES
W, XASRKMAE, BR, S ERIEAFE BMEH A B EEMRENK . EXMEE
L, AR E SR K ERAFE B CHBERSMY, LIETERS Push_copy FIIE &R
HBOE [ g bt AR s A A malloc, MMTREE EIRERIERI T8

B 6-6 RITAEEMIERARERERRNS —FHR

1 Push_copy(stack, tour); // Tour that visits only the hometown
2 while (!Empty(stack)) {

3 curr_tour = Pop(stack)
4 if (City_count(curr_tour) == n) {
.5 if (Best.tour(curr.tour))
6 Update_best.tour(curr_tour);
7 } else {
8 for (nbr = n=1: nbr >= 1; nbr—)
9 if (Feasible(curr_tour, nbr)) {
10 Add.city(curr_tour, nbr);
11 Push.copy(stack, curr_tour);
12 Remove.last.city(curr_tour);
13 }
14 }
15 Free_tour(curr_tour);

16 }

AT, BEER TR, BRSERDM THMAKES . BB ERRTER
¥, FUSARB/HBERATLUTERE AFREIRE, MRMR/DOETRIT, RASHETEF
FIESM:, EZAMIEBNEARER, —MRIERHE—MRT, ERARBESHIAGER
ERMRINYAMERIBFLEHHE,

6.2.3 HBITXHFANBESEN

B P EANBFEEWOEERE, AraEmR (ERRLHPEERE) . BEmR—RA
BREMETR . EEFWILEE TSP FEF, B HEE —BEMELBD (T 100), REAFERkK
KA FBBEERE, FTURIMTARARME o +1 M. BARNTTEEE S KR4S B B R
KRS EREAM, FMURMNASHESARANRERRRAE, REHNENRAE
16 AT A . W SRS E R

AT ERBABA A EEEGE, ARAESEFRENENEATE, AT, BhExd TR
IR R — B, FIUTEMRIT AP EER “FRE BREIMRENER, X “FR
#7 REBTLIER TIEE, BRARENE. S, RITTEFBHAKEHR.

/% Find the ith city on the partial tour */
int Tour_city(tour_.t tour, int i) {

return tour->cities[i];
} /% Tour_city =/

YBRFIER TR, RATATLATEEEREN.

/%« Find the ith city on the partial tour =/
fidefine Tour.city(tour, i) (tour—>cities[i])

EH—MEBHKERERAT, RAR—ERTHE - HBRE (int), MH, EEHZ2ERS
REFBRE /2 MHEF, R o XWE/D, BT LUK BB BRI, RAKASMRR
R, HIERPTROMBBRFMER. Hik, Push ATLIATEKABLHR.
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void Push(my.stack.t stack. int city) {
int loc = stack—>1list_sz;
stack—>1ist[loc] = city;:
stack—>list_sz++;

} /% Push x/

FES _FAEB SRR R, RPHITREEE, RITETURAKHEERRER, AR
F T AR

void Push_.copy(my_stack.t stack, tour_t tour) {
int loc = stack—>list.sz;
tour_.t tmp = Alloc.tour();
Copy-tour(tour, tmp);
stack—=>1ist[loc] = tmp;
stack=>1ist_sz++;
}  /* Push «/

BoS) T H, MEhITE VIR A LU ERLB,
A ERNBEREHT LA ZRHLHER, SHEENAKLE SR, EREBTFRNLATR
Ko B, ARMNOBRER, WMRRASAZAMLEENARAEE, 4l 2587 Wi
G5 E I MMRARR, AESHANE. TUREFEERARANRE, RHMERE
B LLEERAMWESE, WHR n xn MFERE, 45010 B4 ) B ROAUE SRR SR { 1758 SR
R, BONTUEEFRXMUE, MATEROER. EFENAREMRTE (B T8 5]
MXT®) WAMA, BElREHERO,

6.2.4 HITSCEIAYERE

ER=FBTLHMBEITHE IR 6-7 Fin. MARAEEEAE 54148 (BEEHA),
=ZRBEEVI TR 500 FMME L, B-DENRA LB EBERN 5%, 85 PEAM
FHBIARAZEEA 8% . IEMBTHBERIAREE, F— N RARAR L T REE R & H0H A BT X
BITHE, R A RRERA S TEE WA T RBBREEWTETEER. R, B BN
FE L TLIIFAT, HIERMEEIRNEERFTURERER,

#®6-7 WEERO=MBITHIHRAETHE ( B #)
L VEES E—NERESF E-MEREF
30.5 29.2 32.9

6.2.5 WEERNHITHL

EEEWEREWIHTHITR. ROSEHWERBIMEBEWE SORKIMES . RN, £
FHREERONETHRE: LEAEE—IFHBIEREFE S, B, BRIEKXLEHEE, &N
FHEARSEBSXE AEE.

RIVEFEZ BN EAEFBAEF MR, 80ME5 #0805 B 4E B B R A E S 75E 4l
BEBMITREYNTREARETEEMARM, MBE—MES (BEMHTLEAR) HETHE
BARMER, MARLSEHRIERR, RERALHFNHTETLES S RAWE S NS RE

B, BREZFED, BERBEEEHSENSIIE. EBRNEIRIERRANBERE, Ak, BF
BWIN—MES R E T ERER ., ZESBE MG SPRESREEE, BAEE0oEE Rk
HFESNEE, ZEFEXENFRETERBES IR, BHESGRAAFRZE P LHRERNLE
KITfE,

ESBCHBRGHES B, — N ERTMAKMERE - TFHRHIERSG—INERB/HE, hEI LK
B/HBRITTREOFTEES. i, F3 4/ RBREAR (A 6-10 Fimw), ATLIHE0—1 HR
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TR ARB/HRB 0, LI0-2 AR FRIGTARE/HREL, L0-3 HRFRFSARL
B/R2, '

RREHRIER AT

T TR ASRE/ S BREREREE, flin, —TRE/FBRVUBTRG —MHEAK
BITREREEER, HIAMELE/ #BRMR BT — KM E B, XAEBTT LIS B — & E
BB — R/ HE, BERAHRFENNER:. RESEENTHREERY THERE, T,
AT RBBGEN ARG, TUSEHARMUT ERAEBROFERRE TR,

I FHERME, T ERAHRAREFREKIAR TR g s, BHik, mRx
-k EhaER, HAERIMIER, HESHELPHF thread_count 5 HE comm_sz,
MU UEX—ERIMES, 6. 18 HEIFHMLH,

BERRAOMELN

ERXENFRAE, BERBHOBIESEW AT IR, ZAXMHIFET, Feasible R AT LA £
X N BARE W, R, X NMBEHRWEFSISHES, FEXFGHITHETF Sk # GiX %
iR TELIVUHTIRAET, RITSXILEES B ERAHE.

ESARANFREE, MRERBHLBAESHERE, BENEAN—FEILS M EEMI T
£, EFIEMIABER TXH& B FHNBEER, EXHREE, M IBFEFRECHEMER
B BXANASHLE By 2 B AE IE] B 5 RS i YR TE Feasible IR AA, I HE7AESTKIAA Update_
best_tour BREIEH ., UMANEBRBETH T &FANEER, ETERIT-1T286K0EF4%
ERR 2R EEE, BNRAEREE.

XA LRI, BAFE— R, AR HBIESR T A Me R EER— R
FEERAeREERBN TR Bk, NMZiEYiieREERKST FHRENHRBEBT R, RINE&E
11t MPL SCELAT 45 BRI o

BHEMEHES

BRNTBEZENE - NMOEEHRBANE, REGEHT EREBETUREREN S8 TR
FIELKESE, BEAARBRIEEIIARARNTIERR. T2ATEFEIENER: HEREA
EAMRE/HBRTFROEBRANES, AREXNFREFREENEER, BiTRE, B 515
B TR, AR/ HBEEH RMER, ERHAKE/ #ETRESF I,

TP LEREE, —TBERWFREDTESE. #IHEFTEP, Y- RE/H#ABZR
SERAEHESE, BATUNR —NRE/HRIFE S RRGEIINIIES. ERINBELIHAN S
TREMRERERE, RUEMNMCEE- o R, FAXFMHEEEN, TMREBE/#BBT LU
B ACRPHEABTEISEIERLS —NRE/HB, XEMATRES B BEF IEfM A a3,
HANMRE- M EBRENE 2 TIELI2RE S —MRRE, AWS S Uia M F A ] fE

R, RAVITEIEM: HoRARNTFRARNEMERE/ SR, WS FE#R
AERBTRERLCERENNFTT. ELht, REEHRIE: i “HE” —&%® “BR" 2§,
BARERIEREANSE SO S — MRS S22, X—ARELHAREE, HAy—1 80
EIRETHRAERN “HE” GAMBETTHENSHEART A, Flin, £E6-10 f, H&54[H
B% 02 AR R YATI AL S8, §F MK 021 WS SEREART, HREXFHIMEER
SFERS, B, 02 HLER, WREWMBRE S, B2 MG, BASEE
B,

A—MEHERBIESTE (ROERZEAFENFERT) SHALER. KW, RIMATLGER
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AR AR, MR- NERERTEEBRARMORBIERNFRIEER, BAGTLEEES

MRS EE, FITRFOERETESLBTEFES, Xht, XWRERALFR/SFHTH

EEER MR EE, WRESKEM Push fl Pop RERBERKRAX —K, BFRESEMTE

£EE, B, RINSIEBMEBREAME, RELERRITAEILER. RITASLAXMHE
BO8l R, HEME 6.7 A FIEHMITIE,

6.2.6 XA Pthreads SLIAIERAHITHREER
ERSHITHS, AMERBERARERAERENEBHERTEE, XEEEIMEAEZPNER
&I ERE. REEMEREMNSIERACHEEHTEREE, 8METLUURBAWBRFG6-7 R
AEDRE, AEREEMNE, MTERXKSHRNRHAMA (Hl Best_tour, Feasible, Add_
city), FEFRAREZEMEMNSEER, UMEALBSTFEFRARNE, XE IR E8HR%E,
FUASSBLEBRINT SR,
12/ 6-7 TSP EBMMMAHITH Pthreads SRR E

Partition-tree(my.rank, my_stack):

while (!Empty(my.stack)) {
curr_tour = Pop(my_stack);

if (City.count{curr_tour) == n) {
if (Best_tour(curr_tour)) Update._best_tour(curr_tour);
} else {

for (city = n—1; city >=1; city—)
if (Feasiblie(curr.tour, city)) {
Add_city(curr_tour, city);
Push_copy(my_stack, curr_tour);
Remove.last_city(curr.tour)
}
}
Free_tour(curr_.tour);
}

XEMHRBSE AN ERETTHENIRBEEZEE U MARKMFTE:
o KA my_stack kFf stack; BABIMKBERAEACHFFERR, FFLUMER my_stack
YERREPRINEF, MARA stack,

o FREIWRIL.

e Best_tour PAFAISCHL,

e Update_best_tour lREIAIEH.,

ERITEHRT, REOVBAEREEREESHMBSEEBEARY, EHTHEEERE, RIMNE
BEAERED thread_count FEMF 4 EIEE, X LR ESEARBATHEI LR, BN
RITZATHEMERHEE, ibERANKRBHTT ERARE, ERFRXRELH thread_count A~FH

FHER, XETUAERZED thread_count &R (FEEBENR: IXKRELBNEERNIX
INF (n-1)1), RE, FIAERNEBERTUCRARRY SR BXEREE, HFBEMNIHINEARE
BEWRAERRS . JE6. 18 XA HEMAKEIT,

JTEEH Best_tour pi¥l, BNERERTEL A C YREENAN 52 RBAERBARMH#
fIXf . AR AIGREN ViRl 2 R E R AAS, XMABFERESRIN, R, Best_
tour ¥ R & BRERBRERBEOAY, FUXEEBBEZAASHFENE, MR —-1%E
EEEFHERBERBHRN, KA - TRBENEFRESERRARNNE, B2HEEATHE
EBRBINEAE, BAIREEHTNE. YR, RIMNFEZRIIMEEFE, HEORASARHA—
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B BRI A BB RIEIE MBI R EF S ME, Fln, HEPIT Best _tour g(#F Update_
best_tour HLEBAREEA —TEREBELES/H, IETURIERALBIUES -IMEER
REEEMNMEEERE, AXMEta=s - FinE: aREe, —KIgE -1 L8
A A RAER AN, BTLCRARBYkBX N, EXHyRbaRalfEA—AH
Best_tour W&k, M TR - ITLBEFRMEEKMRNMTHEE, FU L, XWTERGFHR
KR, B EEHESSSMEYME, Fit, FTREEBR/BASHIEBELFRMTEURS
i, ANESBE T —EA Best_tour RAE RSB BIE B o 69 B 4E B B a4,

B—Km, @A Update_best_tour &ELBRZRIFEN GBS hE, I TBEX 0
B, AIUAAERERGEY Update_best_tour ¥, AEXAERE, FEFRITREEM Best _
tour Pt BRERBEANKRE SEHE Update_best_tour MMBIZE, AATEESR 1R ER
BRSO EH B E R BN, mMX MBI EESNTE KRB Best_tour PRI R E
B, EHi, Update_best_tour IEHEICHAABMZEL T,

pthread_mutex_.lock(best_tour.mutex);
/% We’'ve already checked Best_tour, but we need to check it
again */
if (Best.tour(tour))
Replace old best tour with tour:
pthread.mutex_unlock(best_tour_mutex).

RHEREERMUTFALLRSE, BERMRREAMOEFRARMMEHNIE, WALERLEHH Best_
tour &g false, MAJLFATEM “ " A,

6.2.7 XH Pthreads SEIRMIZIAHITHRHE R

MR FRMB USSP BRAS NI REBN TIERE BT, BLaBSFHITRR0 Ik T/EH#
TTEFHE. BEFEDH “/N FROKERSBREREETE, FNFEFEBKFHEOL
BHSHETHE, SHIAERE.: ENMEBREENMEREPLHRMR/D, TEMLER B0
MR EI R R RN R, ITHRREXAEE, TUSRETENSIBRHSEFHR
T4,

HTHMIX— A, BRITAERZAREEEN white B3R! Empty (my_stack) & 1T
%iF, HEAFEE: Y- MEBMETIELE, B Empty(my_stack)3Esg false i}, &2
AL BEFF while 13, MEEHFERTABI—ALKBAIURBEELHN T, B—FHE, W
R—IMRELA TETLUE, FNEZRERMKBEE TETLUY, FATCHREAELHEAME
BEF, ZEEATL “HBET EHOKR, BEREEEN TERBARGEBREER.

Pthreads MR AR T — MBI BM FERITHA L REYE, Y- ELBMETHEE, ©
W pthread_cond_wait, REHAER, S— M ITEMTHHNKRBEAZELE —MEBIERE
HFRA RIS, EOEAEBCHIRE, ZARBIEA pthread_cond_signal MiEE4 TEEIRESH
£, BMRENRERBESEART LIS IR R TERE,

XANBENTUTBEATABLENRIL, WREFR—-—ESHEHLELT pthread_cond_
wait RE, BEMATHERBRUCESH thread_count -1 MRBELA FEFLEITEZFHR
A6, ERFTLIEA pthread_cond_broadcast, iLFr# EIRMLEBESERN, XA S & HEF
ANEBEER T TIE, BIafLUBHPITT o

#£IERE

WATRT LAGE AR FF 6-8 fim Terminated AR EE R white 1EFA A9 Empty 3k
STER R,
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BF6-8 Terminated R¥ERY Pthreads {H{ED

1 if (my.stack.size >= 2 && threads_in.cond.wait > 0 &&
2 new.stack == NULL) {

3 lock term.mutex;

4 if (threads_in_.cond.wait > 0 && new.stack == NULL) {
5 Split my.stack creating new.stack;

6 pthread_cond.signal(&term_cond.var):

7 }

8

unlock term.mutex;

9 return 0; /x Terminated = false; don't quit =/

10 ) else if (!Empty(my_stack)) /x Keep working »/

11 return 0; /% Terminated = false; don't quit =/

12 } else { /+ My stack is empty =/

13 Tock term.mutex;

14 if (threads_in_.cond.wait == thread.count-1)

15 /%« Last thread running =/
16 threads_in_cond.wait++;

17 pthread_cond_broadcast(&term_cond.var);

18 unlock termmutex;

19 return 1; /% Terminated = true; quit =/

20 } else { /x Other threads still working, wait for work =/

21 threads.in_.cond_wait++;

22 while (pthread.cond.wait(&term.cond_.var, &term_mutex) != 0);
23 /* We've been awakened x/

24 if (threads_.in_.cond.wait < thread_count) { /% We got work =/
25 my_stack = new.stack:

26 new_stack = NULL:

27 threads.in.condwait—;

28 unlock term.mutex;

29 return O; /* Terminated = false %/

30 } else { /* All threads done x/

31 unlock term.mutex;

32 return 1; /x Terminated = true; quit */

33 )

34 } /% else wait for work =/

35 } /x else my_.stack is empty x/

X, AIINMETEEE# SN, £ —PMEREESEHCOWRZITTERITHR
BHEYER, ERENEL ~2 7B

o RERTEGHAZLWAER,

s KERBAELEBEER,

o WA E new_stack B&N NULL,
BELZEEAAEGIT/ENERBERE. WRRBEXICRLTFHEE, ‘908" REOBRERSTA
AN, REFEPANLRBZRINAGCES. EIRBHEE-SHFEENENA.

MARBEENRE: WREFLBEFES, STERNBERERALEN, &5, WREEL
BESAETEHANK, BEGKABHARAREFREST NS, WRtRil, et new_stack! =
NULL, RARB—TEIFNRENFRFTEENRERSIRBLHE. BEEENE, EIMEE
ERE new_stack j§, iR EH new_stack Bl AW my_stack B, LI new_
stack EA NULL, XHMEEEALE,

MR EEANEZGEHEL, BARTUSHEIBLREAC R, RIONFEXIHTRPEH
L& MH (threads_in_cond_wait, new_stack &R WERFE. R, &M

threads_in_.cond.wait > 0 && new._stack == NULL

Bll MR EFBERERBEXBAERBZ M EXBRAEAKRE, FriisiEk Update best
tour —#, RERRERRELFEERMHFRRHE (B417). —BIELTENFHRFRE,
AR U Bk, MEXANSHARE, S#YUERE, REREEIAE,
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WIRE | ITHE 2 ITHREN fase, WARERE-TEERATEFTEM, WREEIZ,
MER, RREETHE; WRAR, @d%F. AREIEREHERFRE (B 1317), BIIRLEKR
BEFS, —BEBTHRE, RARMAREX:

o XRBE—ITHALKILFIMNERE, Wk threads_in_cond_wait == thread_count

_10

o AHMERBIRETLE,

B—MEAT, mRMEEMHMAELECEMET T/, ANZEBUTHTES, RaWER
BATAZRIE T, Hik, "TLIAA pthread _cond_broadcast A K&, R5EMH
true, ZEPRATI HERT, BIE BEEGEFIANEBNEKMEERERNR, & thread_in_cond_
wait hFEEmM 1, Bl R threads_in_cond_wait ANEER: U/ T thead_count #f,
ERBESKBHEE; YEET thread_count i, BIREFMAWEKBEMET T/, MK
BEITT o

B_FMELT, WLIEM pthead_cond_wait (582247), RESHE®E, - MREH
BIRE#ERR T pthread_cond_signal Fl pthread_cond_broadcast LASPRYFRIER R, EH I,
A pthread_cond_wait 7 while TEXRH, XHE, MRAHMFHF GREIMMEIEC) MER
BT SS B pthread_cond_wait,

—B R, MEELIEWNAER:

e threads_in_cond_wait < thread_count,

e thread_in_cond_wait == thread_count,
EE AT, RIEA—-ELKBECLHETHOHER, SR TEZHN T, BETLUEER
A REREH B A CHRE RS, FiRE TR new_stack X NULL, FH¥ threads_in_cond_
wait w1 (5825 ~2747). HERE, ¥ TRBARXGEFFREN, SRR TREERZHE
KMEFE, ARERMAG, FERRERFE (%2817). EF_FMERP, BETUHMHT
YE, FTLABERCE F B3R A true,

LS, RINEIBFGERBA ML NEHERIEE TE, Bk, sTInTEX:

typedef struct {(
my_stack.t new.stack:
int threads_.in.cond.wait;
pthread.cond_t term_cond_var;
pthread.mutex_t term.mutex;

} term.struct;

typedef term.structs term_t;

term_t term; // global variable

IR, & X—Hl%¥, —THETIHRE term Z R, —1HATERETEMEHBR.
EVHE A BRI EEAT, FEEE N EETENKREAE LIS BRATE TEERR LN
B term_mutex, HMZBIHTBEASBE NN, WATREAHSTHASE, ME B3
XA AR, Pihreads 4L T — M EHEMNHER TR (FNK pthread_mutex_lock), HH

pthread_mutex_trylock:

int pthread.mutex_trylock(
pthread_mutex_t« mutex_p /% in/out */);

XA EBEIRKB mutex_p, HE, RZEFBEE¥WI LT, FABALE/HNEHER
E, MRFAREEIARTERE, M2REERO; BN, BEIE0, /ENDBREBRIENS
BRERBMBERFTE, BT LUAM pthread_mutex_trylock, IMEMRIIIKE T term_mu-
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tex, BEATLAMZATEUARARARSENAT; MREH, HaHBEER,

SEE

EARAMM B R FEEKBZ MM AR, FURMMIBHAFRTESOEES EERE
FAES HBE . RIOTERMAENEN B EBITHEERTROLERTIERESL, U
AT TTRERIEXME S HATH BRI . ERTLIRMAZ MBS R TRETTE: ARNER
FEER B SR TT BRI IF 46 R B PR BRI ESH . B RPN IRl B B 3T RO 3R 40 [B] B AR
A REAEES B L REIE BN, FLUTUET AN ERI MR BRI #E R E 7R
WIRE, BEBEECHREE Iy ERLEAFR, T— MRS R ERRREERER
W, RIE IR T £

FRBEE AL LI, FOARR O o [ B A BRI . BRI, WRRIE
BRI, BARICRAAREEDBEBRNEE ., FSERITIE—NE  FA0E0 BEREEA
BRE, RWEZETHCRBA b BE L -1 Kl TUMRBIRIRT GRS, FHRRIE R R E
ARtRAFTR S, PrLAERE 0 S EAEIRRS, EiE1 4R S, Rk 2EBEBRS, K
WRESBE T £, MRREA—EIBREERLIAK, MAMTEN BRHET “ELH", LMK
R B HE A ERE - ERNE B, MRRERASERRLAN, MALEIITESRT

AL —HE R, HARSETHRIEBASSEMEN TAERR, FHRLHGXERS
WRETARERR N Bkl D —A “#bR/N" (cutoff size) , HIRMTH R A /DT ZHE L
KA, MAEFHEAES . ERZFAFHRAZTHRANRORET, BREE (BT
SEFBFRPEEFESLRNBROFAE, BrLloBARe EH i E A N5 BRI 4,
KRB 6. 6 FiTibX Rk,

6.2.8 Pthreads ki B2 AT 4L

#6-8 BT FANE 15 MMRATHY Prhreads 2P I HERE, “H17” FIAH THE _MHERAFR
(BB~ FREBEAR) WEFHE, EHS%, RPHS— A ERAEMTE 67
BIMiK ¥k, Pihreads MIERATLBIARRIER — P RE T WK, BT RN AN, EEHEK S
MARKRFETHEZAMES R, SRR B RRE

% 6-8 PHEE Pthreads BBEIEITRIE (84 #)

i F—1BE $ =4

BT B g BiT i s
1 32.9 32.7 34.7 (0) 26.0 25.8 27.5 (0)
2 27.9 28.9 ) 25.8 19.2 (6)
4 25.7 25.9 (47) 25.8 9.3 (49)
8 23.8 22.4 (180) 24.0 5.7 (256)

MIEFTRTRIBI LAE H, RRBEBSA AR, flin, ERBSUSNETFEEES—
AR L RBAF B BRISHF . AT, EEAREL, BSUARTFHERESRBERANF 4K
R, MshBRPRFNA TG, BRI, SISALRFHTY RIELBSNSBIFEL,

PEELBEEREM, BARNADNEED, HREKBLERS BEERTIE, T LAY
2, YRELBLTERREN, HAKBLHACHR, TUMEXKBEENOM, SERK
BfESHhn . XA RIBRARIESS 13X H .

BERERNE, WREMARNEEZT-117#, SRER, ARMERAE RN/,
XFMBRFHGERERAREN, ERSEFE, RERBOIITRE TRBITHORE, X4
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P PR ST, SIS BRFE, SRARESREN, BNARRAEITA ST B
RIS AR FEBCEAR M T R AR . XeRBOBTTRIE, RHRSHESFTHEIZE LR X BIS

6.2.9 A OpenMp LMWIHITUHERERF
XA R B R OpenMp SEHLEF S MENEHATIRBEEERF, A LEIEPITF Pthreads K AHK
ko
EHIHIT T, F A OpenMp F1E A Pthreads JLEFBHH ARE., BHE, WE —BESE
e 7E Pthreads H i — ANl ST R BRIATE IR 4 AARD R, WK .

if (my_.rank == whatever)

Al A% OpenMp B354 :

# pragma omp single

R,

XHEMEER R E T RNEMARBRAIKBHATH T LB, MANELMBLELS
REIZKBIITER (EREROBRFRE - RAHEE),

M whatever T 0Bt (IEZN Pthreads 72 /¢ B IR AIARHE ), 7T AR OpenMp #1354

f# pragma omp master

ZZ AW
XHEERET IR R R 0 RIATH T RS HLASHR, AT, master ISR SEMRBRH
BEEERAMKRE, FFUBRELEERBRHBGEMA—% barrier 54,

o Pthreads Bl FRIBAFR BT RBATLH — K critical $545ER, XMRETL
K47 Update_best_tour AT EF A Update_best_tour EREETI, XEEW
BB EREEH NI ER ST, LR critical 4 A2FBEHEAN
KE—-HME,

AT BRI Y Pthreads LB = F K H T Pthreads () %425 &, T OpenMp WA X #H#—
MNRUMEH, FREAA Phreads fAASF] LIRZ 5 b 55304 OpenMp {88, SLFr L, OpenMp #
FR R TIEHERAR omp_set_lock, REMYIXITRAERE omp_lock_t, THEHAFEIKE
FURE U Y PR

void omp_set_lock(omp_.lock_t« lock.p /% in/out =/);

void omp_unset_lock(omp_.lock_t* Tock.p /* infout =/);
BERRE 7R

int omp_test.Tock(omp.lock_t=* lTock.p /% in/out */);

AR T pthread_mutex_trylock; B2 EKEMB « Tock_p, MBRIMNKE, 3K
[3E 0 H, WRZRYPELPHMLBIKRT, EMLAERO E,

MEEFE—TEF 6-8 & Pthreads Terminated M ARE, ML RKMHN T 4 Pthreads iR
AAEB K OpenMp FER, FTEEMEI Pthreads £ G5

pthread.cond_signal(&term_cond_var);

pthread.cond_broadcast(&term_cond.var);
pthread.cond_wait(&term.cond_var, &term_mutex);

X = REA RS HIERFHSE 6 17, 28 17 T7AIE 22 17,
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EZ—TF, KEESUATRAREARZSFR:

pthread.cond.wait(&term_cond_var, &termmutex):

XHENEASSERFRMHES.

o BNMRBEENBTHCHWR, IFNEESHFNRBARTES

* FTARLKBEER T T,

£ OpenMp B, HIKZMAERFBRMA AN —MMERRERTERF. HASFERERTELEMN
NRM, TTDTEERHET BEANSARNER,

/* Global variables =/
int awakened_.thread = —1;
int work.remains = 1: /% true %/

while (awakened_thread != my.rank && work.remains);

EXEANERAOVAAEEFEERN. MR awakened_thread IR AFRELBHLERS, B4
AR S T EIM while fEFF IR, (XA ] BERA THERT LAf, i, R work_re-
mains ¥EELR 0, IRARTAE MLRRBERS LB while FEFF R HFHER AT

IEfNZ Bi4r#rid i, Pthreads FEHIRENRBHARMGSHEH, ESBRBUSAHERMEXHE
F&E, UFBRE-IRBUTUSARZGERRERF SREBEEFER, EHiL, ATLIEFH while
PEIRRIREIAE Terminated sREP MBI,

WM—AERFEM Pthreads ZFERFR IR, EABRBSFHTEMXNERE, XREFEE
B, BEAMRELMBAKEBERT T, BATHTERRGFERAETFROLERIELS K, H
M, SRR ERM LM T

/+ Global vars =/
int awakened_thread = —1;
work_remains = 1; /% true =/

6mb-&nset-1ock(&term_lock):
while (awakened_thread != my.rank && work.remains);
omp_set.lock(&term.lock):

MEEE—TF 4.5 WHEZFEMIE 43 Bitie, MABRBPETHESIHSHFHEANRE
WITEFHR . (B%IFEFRRRIZXT omp_set_lock #1 omp_upset_lock T EHHEF. A,
SHAERMEH AT USERHER, LR EASIFREMAL, RFEFXEREMEM volatile
FKREFEHITHEYH,

%414 #% (condition broadcast) HEIIEBEEN . ¥ TRBREARNERF TEFEHRT
Bt (P 6-8 RIE 14 47), KA H (B 1717) AIUATEMAREIAEN:

work.remains = 0; /% Assign false to work.remains x/

B R MARRAUMKEIRERHRELBRE work_remains Jy false SRRy, W0R
EXHE, B Terminated iR, &[EMEN true,

X &M (S5 & (condition signal) MEMTEZM— K TIE. CEMETRNEABTELR
B IEA TRERECRENLRE, HIE awakened_thread ZFRBE N Pk F B RELBHK
BY. Hit, E0REF AL TERRRELBHARS IR, BRI REE—4 624
BR, HH-IMEBRSHENS ., HRIMERERTF G, REHFATERBINLEHLE
SMABIAIIF . H—MRBESERE, T LLES DA RFEE - EIRER, HEE
A
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got.lock = omp_test.lock(&term.Jock);
if (got_.lock != 0) {
if (waiting.threads > 0 && new_stack == NULL) {
Split my.stack creating new.stack;
awakened.thread = Dequeue(term.queue);

}
omp.unset_lock(&term.lock):

}

EMNRAEE Terminated BREUREIRT, BiMEBEHNREEEEE awakened_thread K -1,

HiRBAERRBAEEEFREYNTHRERRAE T ARLEN, RE new_stack B3
NULL (%), BASHELBERSER, NEHBARSHERBRERP—-1EE, U, R -1
LR RN EETRBYAHEA Terminated, M2 MBEMHEREIESH, BIIHSIE
B, REMRENNRAE, EIRSHFASTR,

6.2.10 OpenMp LI HY1ERE

#6-9 BH 15 MK IKAT R RS A9 PI 7 OpenMP SLHLA) 2 fTHT ], Bk &5 Pthreads L3l BIEl

MBTMXENRBERE -8, HAEETER -1 RER, 3T HEXK, RITEFHT
Pthreads SCBLHEFTHI ] o BATHS (R AR M AL, HEMNEBFRETLHBERER 41 E
WH

F6-9 BHARM OpenMP F1 Pthread SLHEERE (£4E: #)

E—1iEd $ =4 i
&R Lk BE B LS
OMP Pt OMP * Pth OMP  Pth OMP Pth
1 325 327 337 (0) 34.7  (0) 25.6 258 266  (0) 27.5  (0)
2 277 21,9 28.0 (6) 8.9 (7) 25.6 258 18.8 (9) 19.2  (6)
4 25.4 257 331 (75) 25.9 (47) 25.6  25.8 9.8  (52) 9.3 (49)
8 28.0 238 19.2 (134) 22.4 (180) 23.8 240 63 (163) 5.7  (256)

FEREMES T, OpenMp SEFLF] A5 Pthreads LM REMY ., XHASAGRA, ENE
HEFTE-NN\ELEL, TEHEHFHASBRERREMN SAEE, REFHBIREENRE,

X — AR, AP BB, KR8 MERBEMNERA OpenMp SEH M HERELL
Pthreads SCBLAIMEREE 2, KA 4 MR 3NZ OpenMP LI L Pthreads SEBIRYMEREE 2=, X ARk
RHATEFHAREESHN, FERNEFET AT ERE,

6.2.11 A MPl a5 ok LRAHEER

X H Pthreads 1l OpenMP E‘J%k#ﬁwﬁﬁﬁé*é@ﬁgﬁﬂﬁﬁﬂ EHEBEEHELEE 1217k
ERMERNLH., Lhrt, B—RWARRIZAAR, ELEF B AR HERI 2 Update_
best_tour pA¥, RERMNAE MPI LI RFES XA ITLoOEBEY, LHREHBER
mi.

MPIEFF—-TELNAEETESTMBMANBEMRELE R, A THE —KZEBMEEE,
HBEENE - ITEARE-RBEAZESNBEFZE S8, Bk, x8—4mA B g6 IR
7, EEEERRE R P I T X R A — T —FU R, ELinRE 4 H B UEREAS
REEERSTHHE, FESEEMT S RN BA 8N, BERITE 100 Mg, &

R iR ] BE TR ZE M 80 000 FITHIAFME ], Bril REGHR 0 RBUERE IR 4L X A b2 3

Ej‘uTO
—HBEANMHBRA THARERNRE, KEBEWERESHT LIS Phreads F1 OpenMP 3L
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MAEEHAIT, HPERFEMNAERET:

o RI5#E,

o MR FNE B R AERIBE

o EMRARILE, RIEHEOE - TRERBMNAIAHTRL.
BAPHAE T RIS L m A R,

pilb ol

£ Pthreads 1 OpenMP RSCELE , ZRF20 R BMMAH R KEERN, EERSEBHBES
R thread_count A&k, SRE, BNRBERIERNZGBIMAIAERS FHE, HAOcsEFEE A
HORRAERT ., REAE, MPL AR O el IR —ASE N comm_sz M&BHFEEE. R, Eh
AERXERNFRSE, FTUREREEFORIBSERERASENHER. AT LLENT - EXEH
KX TAE, MR XLER IS B EEMBRELRMT MPI_Scatter, PR L, AEEMEH MPI_
Scatter MmME—JRER, ¥R EFEAEE L comm_sz FrikR, MRXMRFEELE, #E
0 REE A EHASENERA S HE, (HMPI_Scatter BFELLHARBRMIRALENHE,

FEZWRE, FFE—1MPI_Scatter #9484k, MPI_Scatterv, B[R EZEAREEN
XRARNFKHER, Bk, EB—T MPI_Scatter #iEd.

MPI_Scatter
int MPI_Scatter(

void sendbuf /x in %/,
int sendcount /% in %/,
MPI_Datatype sendtype /x in %/,
voids= recvbuf /% out %/,
int recvcount /% in %/,
MPI_Datatype recvtype /* in %/,
int root /% in %/,
MPI_Comm comm /% in x/);

## root M\ sendbuf %&3% sendcount 4~ sendtype WX R 45 comm h & #HFE,. comm h i
FAHERIEW recveount 4~ recvtype ISR B recvbuf &, KF4EHE], sendtype i re-
cvtype E—H#:#y, sendcount #l recvcount HLR—FERY, TEIEMIERT, BHEHE root
MR EM R B HXTRG T HRER,

B4, MPI_Scatterv BiERIIT .

int MPI.Scatterv(

voids sendbuf /% in %/,
ints sendcounts /% in %/,
ints displacements /¥ in %/,
MPI_Datatype sendtype /x in «/,
voidx recvbuf /* out =/,
int recvcount /x in x/,
MPI_Datatype recvtype /% in %/,
int root /% in %/,
MPI_Comm comm /x in x/)

MPI_Scatter Ff)Z% sendcount WM B SE sendcounts Fl1displacements Fr{t#,
XRMEEEH comm_sz MTE: sendcounts[ q]RERAMNE ¢ By sendtype HKREIMITR
B, s, displacements[qlHERELRLHE g WRAER S, MBE (displacement) #)
HERL sendtype Rafif, FrLL, 8 sendtype & MPI_INT, 3#H sendbuf XA int
*, BAKEHHRE ¢ WBIENREBEER:

sendbuf + displacements[q]

SRR, displacements[ q]RRHERE ¢ WEIEA sendbuf FRRBE., BiEmM “Haf”
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P& FE 1 sendtype B HLA7 TR EEAEF] . .
K, MPI_Gatherv aJ LIS #E MPI_Gather,

int MPI_Gatherv(
void* sendbuf /% in %/,

int sendcount /% in «*/,
MPI_Datatype sendtype /% in %/,
voids* recvbuf /% out x/,
intx recvcounts /% in %/,
intx displacements /% in %/,
MPI_Datatype recvtype /% in %/,
int root /% in */,
MPI.Comm comm /% in x/);
Y35 A [E B

IEMMIEATATE IS HAT W R BT B (9 H0EE, i8N HRE BT B BIEF BB
ERBESTELNRSE, HAALEEENRER K TREL KM FEAHE XS HFBEALMH K
(W36 .21), Hit, 3—MHBERT —NFHHRERK, ENXEXNRHEREEAHE
ik

HABFEMNE, ¥ 1MHBRAT NN SEREN, EREFEEXZRERBAR
BHALSERE, B HEAEEH Best _tour Y LA MU R ER B, MR, BT HEE
TR, EAXO E—RERBREENET; ERELE-MRERKORHE R
B B A Tl B AR R

EHTRE RIS, Y- HBFEREFNRERNBKAARM AT mAEN, REEMEH
MPI_Bcast, 3 MPI_Bcast RPHERK, MEERFTENE N HBELMIAH MPT_Bcast,
AT, TEFFTMEERD, SEFTERIT BRI - HRBERR T FRERBEMAR, m
REMAMPI_Beast, i EMBAVREMEAAAL ARERE, FHAEEME—HH MPI_Bcast
B, B, BONFEREHFHEE TR, XMFXALERELHBEKAHE,

MPI 2t T LM AT . BEEHTERELZAFTHBEER MR EH MPI_Send,
FERE & 2% R A H byt ss .

for (dest = 0; dest < comm.sz; dest++)
if (dest != my.rank)
MPI1_Send(&new.best_cost, 1, MPI_INT, dest, NEW.COST_TAG,
comm) ;

XE, ERFPMERT —MEREOIRE, NEW_COST_TAG, B&IFEIGHRE, HER—THIMR
#r, MAREMARMHE (i, F%), '

BARER A LU R A 5T A B E R A0 Bk . RBEGA MPT_Recv Wi E, BEH
TREERMN; WR-—A R '

MPI_Recv(&received_.cost, 1, MPI_INT, MPI_ANY_SQURCE, NEW.COST.TAG,
comm, &status);

%Zﬁﬁ%ﬁ%ﬁﬂ—ﬁ@ﬁ%%ﬁﬂﬁom%ﬁﬁﬁaﬂﬁ(MW&%&EE%%%%E@%
), MakBHHER, FEME, MPLES/T - MHRURXESEEETHNER; EXR4
FOEGORE . XA R R MPI _Iprobe, ERYIBLINT

int MPI_Iprobe(

int source /x in %/,
int tag /% in %/,
MPI_Comm comm /% in %/,
intx msg_avail.p /% out =/,

MPI_Statuss status_p /% out x/)
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EREEEFTFPRENAR source, InEN tag MEEEETH. MEXZHETH, ¥«
msg_avail_p BE K true, ¥ « status_p WRAR TS YSME, Hin, % status_p—sMPI_
SOURCE BFHEWEIHERENLBEE ., WREAFHAMNER, # «msg_avail_p BEN false,
Z¥ source 1 tag SRR LAREESRF MPI_ANY_SOURCE 1 MPI_ANY_TAG, Frik, R THEFR
BE—#REAFANMEE, TLEA:

MPI_Iprobe(MPI_ANY_SOURCE, NEW.COST_TAG, comm, &msg.-avail, &status)

R msg_avail J&true, IFAPTLIESEH MPI_Recv RBWEH G,

MPI_.Recv(&received.cost, 1, MPI_INT, status.MPI_SOURCE,
NEW_COST_TAG, comm, MPI_STATUS.IGNORE);

BRI — N B B S A7 B 7E Best _tour BRI, 7ERZE R 753 69 18] B2 B 4 18] B AT
ATLARIRRFF 6-9 w iU SR B0k 18 Mt B2 (3 [l B AR 1Y o

EF6-9 HWERMEDRANEH MPIRE

MPI_Iprobe(MPI_ANY_SOURCE, NEW.COST.TAG, comm, &msg.avail,
&status);
while (msg.avail) {
MPI_Recv{&received_cost, 1, MPI.INT, status.MPI_SOURCE,

NEW_COST.TAG, comm, MPI_STATUS_IGNORE);
if (received_cost < best._tour_cost)
best_tour.cost = received.cost;
MPI_Iprobe(MPI_ANY_SOURCE, NEW_COST_TAG, comm, &msg_avail,
&status);
} /% while %/

X B AR A W IR L BT I A9 B R B A4 . B IR B AT A A S R b 4 80 oA B B AR AN/,
4B E best_tour_cost BELBBEL,

HREBRAXFMFEBEFEMER? MREXEBRAZ P8, BAX MPI_Send KFEFREA
SRBREHBEEER R~ MHLRAZER. WREMFAEEBESERTEER, BakE
HERSHEER, FUMEFRARMPI_Send BREL2H,

MPI £+ 35X AN RIRBRE T ZR Mgk EEEMAERERE, THITEE AR, JE
6.22 1TipdERHE L %,

iR FE R E

MPI y RZBRAERHE T W74 : #R#E (standard) . @ (synchronous) ., BE#E (ready) FI
& (buffered) , NEHERN T REEBBEARFANIEE, BITRIFHE T EH MPI_Send B7
HER . EAREXT, MPIZHREEREENANEEHB A CNEMEN, F2—HEES
— MR BB EBER R . ZERSERT, %R ES—HHEZ— ML E BB B E
B, EREEAXT, AERBRETESAE - ML MNBURESRER, TMNEERIERRER
Mo EZEMEXT, R MHLERZERERERRAEEAS, R4 MPILHLHE RN ERA
A [E], A FAEZS R AAAT R P R F R AL, MR MPIs2H, '

BHERIE - ASEBEE: MPI_Send MPI_Ssend . MPI_Rsend #1 MPI_Bsend, {HiXss
BRE A SHHE S MPI_Send #4L,

int MPI.Xsend(

voids message /x in x/,
int message_size /x in =/,
MPI_Datatype message.type /+ in =/,
int dest Jx in x/,
int tag /x in x/,

MPI_Comm comm /% in x/);
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PEELMPI _Bsend i FIAGZ wh X 7018 FH R B MPT _Buffer_attach k¥

int MPI_Buffer_attach(
voidx buffer /e in x/,
int buffer_size /x in »/);

S¥ buffer BB AP BIFIEMN —RAFZ EHEE, buffer_size BXHaE AT
AEAERAN ZRT " MR AL T T 8 R HE

int MPI_Buffer_detach(
voids  buf.p /% out %/,
int* buf_sizep /x» out »/);

SZH buf_pREIMEZ IS ARNANMEL, *buf_size_p 2HNFHMA/N. WH MPI_
Buffer_detach &4H#ZEHT| buffer RKHER GRS, ER buf_p REHS%, FrLUINIZFR
FABRER &, 0.

char buffer[1000];
charx buf;
int buf_size:

MPIBuffer_attach(buffer, 1000):

7+ Calls to MPI.Bsend x/

MPI.Buffer_detach(&buf, &buf.size);

FRFEMEERRITER, REERE AP ERNEHRX, U, MREFESNRATRMN
R RERE, WREETGEWEEO /DN SR, ROFREMEREQORI K, BRITHE

TR — B AL R B 7487 o, HEATTHBRAEMHEE A MPI_Bsend BRBRE commm_sz
-1, FESKEASRZE— int B, RIOTTUBE R BITENENXH RN #

2k MBUHE T B I 2S R K /AT LGB 3 VA MPI_Pack_size it®. 324
int MPI_Pack._size(
int count /% Tn %/,
MPI_Datatype datatype /x in x/,
MPI_Comm comm /% in %/,
ints size_p /% out x/);

WMUSBEHT —AHBHRER AN LR, KMXLERE, BTHEUS, —RHEEEFE
FRAEERBRM, iR, BETEHER, UM TELAHLE, $HEELSR/OFFEH. MPLEXS
XSRS T E R ¥ % MPI_BSEND_OVERHEAD, ¥ F&K) #, FTHHABRET
TR tE = B E R/

int data_size;
int message.size;
int bcast.buf_size;

MPI_Pack_size(l, MPI_INT, comm, &data.size):
message.size = data_size + MPI_.BSEND_OVERHEAD:
bcast.buf.size = (comm.sz — 1)sxmessage.size;

AT AR BRI E R, SRIEFL, bcast_buf_size, MEEBBAETEREENEMX KK
/Mo

i R EE B

HBRFPERE, RINFEITOHRERBAMEHMRMN, FUETEREBELRLEHEO, FF
R, ROCVEMT U 4. SMHBEEEECABKRERE, SR RBESRE, SN
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325

BIEACHRERBRMMESFRERBRMET LR, WRREMA, H2HEBRALACH
MR E B R X AR 0, AT, XEBIFEILANEIE, B—, TSP A ERA TRAFESTHE
RO WRERE, BRRKNSEREEARNFRMER, MRXMELRSE, BAFTHBREE
REZENMECHBRERBAHERO, RT - TRELSMY M ALBHSHN R MPI_
Send i, =, ARA MRS MHEBRAZRIRFNRERBLY, ENEER
RE(EEEAHEO,

AT LU TR RS L EREE: itE I ARFEE R EERRE, A
BEREREHAMMPI_AlTreduce, HALRARERBOABRLIT UL ERAAHEEO, T
A UIBR AL T IFA R TR -

struct {
int cost:
int rank;
} loc_data, global.data;

loc.data.cost = Tour_cost{loc_best_tour)
loc.data.rank = my_rank;
MPI_Allreduce(&loc_data, &global.data, 1, MPI_2INT, MPI_MINLOC,
comm);
if (global.data.rank == 0) return;
/+* 0 already has the best tour =/
if (my.rank == 0)
Receive best tour from process global.data.rank;
else if (my_rank == global._data.rank)
Send best tour to process 0:

XEFXBREMAMPI_Allreduce B ERAKNERIE, MERMAMPI_MIN, eBMELREHER
AR RS, BEREMEERNRBAE T, KW, MPLEEMT —/NHie CHBER: MPI_
MINLOC, BEfEAF—XES8E. F—-TSPEREREGAMN, BE-SEEEBE/NMUN S,
B B kR A RN HES . RES - HERAB/MUM G E B, Hhhb R s R A
BESRMR/AME. ZEREAMPI_AlTreduce B, MIATBMBEMEEER N BRAMEH. HIRL
MRS RN, FTUURGAEA int kkm. MPIEMLT MPI_2 INT kR XMAR, #HH
MPI_Allreduce iR[ERt, A T EFA LR,

o MEHBOCKEATHRARE, RNAWABEERE.

o BN, WABERAIEREERERBRALHEO,

FEWHHE

EMEAIZATISEIREE, FEHBBATRAEFTARERNIBPHREMRA #ER, —
THBARBEREHABRARENRIICAEERTTHEHN TR, XERAZSHBEFRHERN
R, WISHMAEMNSEEFAAT MPI_Allreduce, R BIE 4R M AR MPI_Allre-
duce MEAA &IRE, HNE S IERIRESE/MUAAER, TR0 SBUBGXARE,

R, REBEWREHB LS EE MPI_Buffer_detach 8 MPI_Finalize @& m—eBu,
RN HBEEFREZPXPERGREWHEEL, ZHEBTTRLSEXEEA L, TUEE
% H MPLAT, ATLAEA MPI _Iprobe 2 ARk M B . XERBRLUTFERSF
6-9 FHFMAFT I RAEREAMHRBE, SREF 69, Lht, -REHESEFELENH
BREXZAHROMWRERRE, URMBRERBKAMNN #, MRELHBELASSHRAE, MPILE
FEFERSBIZGERER, TURATEIHRR BRI RERRE,

EHERBHENRE (FELSITRE) b, FAEMMHEFELE, OF—SBRAHNH
B, ITHMXFES, ATLM{ERAB MPI_Iprobe REIME% status RBEMBMAN, HE
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VEANESREEEMNFETERE (Z2186.23),

6.2.12 XA MPI fnzh&il o kLMK E R

FATAT LAIE 13 #E$0L Pthreads F1 OpenMP R Zh AR AWM F R LH MPL i EWME R, &
Pthreads #1 OpenMP IR FH, RBHERABESAES— while TEIRFEREH —K B{E K
IRBIBIRE Terminated, ¥EANARBERTER, HWRBRCHRATH, REEBRSHALRH
%% (Pthreads) HEFIFFRF (OpenMP), HE|IEHRWIFHNAEFXEFBIEELEFEMNT
7T, EE—MELT, TERELHREERRE, EFE_MELT, ESBRBIIT. RPFEHE
AR MERORBESHE—ERES AL TEHEHPRENEE,

XEFEA U HRAFAEPEIEN, Y HEBTRESFE, EHATSEE, &5
BEWEZHNTAEREBRRIIBRFRILNGES, L, — M FREFAIMAHRER LIRS TR,
EECHWIERBE NS RHE,

KBHARZLET, XBRE - NAHHABREFEFOEDXGEMS, FrLUERER 51
B RHEAS BE T B b X — 2 IE R SRR FE R 40AT 10 BABRAE , 558 1] Bt 3 F R4 pthread_cond_
signal, ERE “ME" B HBLTEHFESORE, FrBEAXESFSIZHER, Hik, g
B HEH AT EFREAREFEL L, TREFHFRNZRZIFEREFHEBALHMHER, W
R, MB#HEBHEA Terminated R¥E, ELRERTARIHMBBAHERESHER. W
RE, HHZH#ABUEAATMMTE, KRB -MEEMHEE. Bk, A XHNEREYP,
Terminated sB M HAAES AT LL AR T 6-10 FiiR,

Terminated BRETEF BRIt SR BAHBRPATEANERE (F117); MREFZELPHEF
“EBEZE" WEK, TEiEM Fulfill_request (¥247), Fulfill_request &EHBEE
RELBNBERMESFHEE . WREFREBEK, HEEER, EXMERLT, MM Ful-
fill_request IREIGE, BEM Terminated iR Bl 4ksEig &,

MRFAHHEREA RV PREBLELEWER, Terminated B A Send_rejects (%5
1), REETAHEREFHHEE, FEE - “BAETHE" (no wok) MEELHEMERME
SR, 5, Terminated REFAHABRRTE TETMH, WRE (RFEZ), EHEE
EIHSERE,

LEAHRRE TETHWEE, EHSTRBRER (F917). REEFTERAE -1
#f (comm_sz=1), AAHBEN Terminated ;& BB 1T, MRABEL —MHBRFE,
MAABRERACRAESAIMT (B1147)., X “SHARLIERUEDS" WS TH, R
SERESENE. B, fALXZEAFNLILRNERERTTAY, B EABRIERE LT
Falp RS BN TR EEFE,

BF6-10 (/A MPI RHEh&N 48 TSP @& Terminated B

if (My.avail_tour_count(my.stack) >= 2) {
Fulfill_request(my_stack);

return false; /« Still more work =/
} else { /« At most 1 available tour =/
Send_rejects(); /= Tell everyone who's requested »/
/x work that I have none */
if (lEmpty_stack(my.stack)) {
return false; /+ Still more work =/
} else { /+ Empty stack =/
10 if (comm.sz == 1) return true;
11 Qut_of.work():
12 work.request.sent = false;

-3 IR WV R R
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13 while (1) {

14 Clear.msgs(): /% Msgs unrelated to work, termination =/
15 if (No.work.left()} {

16 return true; /+x No work left. Quit =/

17 } else if (!work.request.sent) {

18 Send_work_request(); /+ Request work from someone */
19 work_request.sent = true;

20 } else {

21 Check.for.work(&work.request_sent, &work.avail);

22 if (work_avail) {

23 Receivework(my.stack);

24 return false;

25 }

26 }

27 )} /% while =/

28 } /+ Empty stack */

29 } /+ At most 1 available tour =/

TEHATRIER white (5513 47) f7, iR BT E work_request_sent 3 false (412
1) FMBAFHR, INTREBEAIAZRAHLMABLERXRIERESHOHELE; RA, ARET—
ZWERAHMHBRA, FESFHFRAECZIARHEBEN BNHERNERMTS, SESH KK
HRWEAK “BRERSEMES WIHEE.

while(1)fEFF R OpenMP T EF RN AR ANFRA, HEFES/FEIEREISEK
EFREFERTIEELEHANEER.

FEHEA while(1)FEIRG, TTLAZESS 14 FTAbBBEMRBIRHHEE . TTEESE W R B (H
AR A E ST, hrl AR EIERTSHHEE . TS ERESHHER, KELSH “BAA4
BES” HERRALEN, XA BRIEAREFEFHNBELTENAS—HLTEEHRE,
XX FRAAERBARNMAEFURENFTENESR, BAXEBTUBRKALAEBHEZHKEHY
ZE |,

BT REUMELRS, ERBESERBLUT SREEHTT:

e HROCATHM, BHPITHE 15 ~16 17,

o WHEKEEMESFER, TURE - THBHARBREFHHELE (F17~199), T

A — S iTe R EE RGN 3R,

e H—-NREBAEFHER (F21 ~25%7), MURMUAZIBERETERIVEESL, W
RESTH, WARBEWHF O TEFRESEHE,; NEERIBELMHEE, HXE
work_request_sent 24 false 4R S HATIEAERIE, MRIERBEBE TR B BAE IS,
ALK SETE whitle(l) TEFF B AT,

THEAH— SRR ER:

My_avail_tour_count

¥ My_avail_tour_count ;g BLIEFBRRIIK/N. ERTLUMER “BILKE", Y—1Ho
FIBEEZ U5 TR REFORTH, XBRFREZEAOEFRBLT . BERHEZR T EEREE
R ERRR, AT R RERDFRILR SRR, £586.24 f, BATHEB LN
B2 RETR RN,

Fulfill_request

MR- HEBEHEBHIESIM, DNATUENMSE R, FAMBEHEE FUIfil_
request (5£247), Fulfill_request fifI MPI _Iprobe Wik g KB EHER,
REEXHENIER, BHERE, FoBECHER, SRECHTHEARZRFERTFHENIHR,;
WMRBAHXERMER, HEMMKEHT T
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SER

pR¥ Split_stack B Fulfill_request EAHM, © A E S Pthreads 1 OpenMP
R, BUEDT split_cutoff MRHAEER, FEERHRESFHHER, R,
ERENFRF T, HABMEREHERE () 25k, FENR, XPRFRAEE, X
PERBIRGMAER B R IR A H A (WL 6.25), Bk, MPIRRZARY Split_stack 4l
PN FITERESNTFEEN, REIEHIESEHNFREL X, HFhBRERATIATC
TR R

MPL {24t T R MP1_Pack, ATITEHEIIEENAFERFRK . EERRE TR MPI_

Unpack, HITMEHE, EIH6.20 h, RAVEGAMART Al HB—TFENIMNDE.
int MPI_Pack(
voids« data-to_be_packed /x in %/,
int to_be_packed_count /% in x/,
MPI_Datatype datatype /% in */,
voidx contig.buf /% out x/,
int contig.buf_size /% in */,
intx position_p : /% in/out =/,
MPI_Comm comm /% in */):

int MPI_Unpack(

voids contig-buf /% in */,
int contig.buf.size /% in */,
“intx position.p /% in/out x/,
voidx unpacked_data /% out */,
int unpack.count /% in */,
MPI_Datatype datatype /% in */,
MPI _Comm comm /% in x/);

MPI_Pack #2 data_to_be_packed gy iEITA A contig_buf B, H¥ + position_p &
RTE contig_buf b, MR B MAIRt, BRI%ER data_to_be_packed Fm
AR contig_buf ffAMB—MIE, KREGREG, WiZfEm data_to_be_packed gimA
Ja contig_buf £— 4 BEHE,

MPI_Upack Hy#4E5 MPI_Pack IEfFHIR . B1E contig_buf BHEERM AT unpacked_
data, WHKRENT, *position_p WZRKMERE] config buf WE—ATTHME., BHK
R [EEF, *position_p RixBEIEMUE contig_buf T HKNME.,

i, BRR—BEREFASTEHNEX:

typedef struct {

intx cities; /« Cities in partial tour x/
int count; /* Number of cities in partial tour s/
int cost; /+ Cost of partial tour */

} tour.struct;
typedef tour_struct« tour_t;

Rg, RITATHEMHRBEELERS tour_t HER:

void Send.tour(tour_t tour, int dest) {
int position = 0;

MPI_Pack(tour->cities, n+l, MPI_INT, contig.buf, LARGE,
&position, comm);

MPI_Pack(&tour->count, 1, MPI_INT, contig.buf, LARGE,
&position, comm);

MPI_Pack(&tour—>cost, 1, MPI_INT, contig.buf, LARGE,
&position, comm);

MPI_Send(contig.buf, position, MPI_PACKED, dest. 0. comm);

)} /x Send_tour »/

R, BATATLURA T EAARREREEY tour_t AR B30
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void Receive_tour(tour_t tour, int src) {
int position = 0;

MPI_Recv(contig-buf, LARGE, MPI_PACKED, src, 0, comm,
MPI_STATUS_IGNORE):

MPI_Unpack(contig_buf, LARGE, &position, tour->cities, n+l,
MPI_INT, comm);

MPI_Unpack(contig-buf, LARGE, &position, &tour->count, 1,
MPI.INT, comm);

MPI.Unpack(contig_buf, LARGE, &position, &tour—>cost, 1,
MPI_INT, comm);

} /% Receive_tour %/

£ MPI B, HTRBMBEBETEZE hX HEEEHERE MPI_PACKED,

Send_rejects

PEC Send_rejects (B517) HUTIRFHNRAERPEMERE. E#H MPI_Iprobe 4#
RIERIEFHHE . XFEMEBPTLA MBI Mtk -0, Flin, WORK_REQ_TAG, #REIX
FEMHEBFRBRZER, REHE “BREAEEAAEN T HESEHERFREFHHER, I
B, FRERRES MW E B BT, HRIESFHHEANEALAE TENHEERTLUINESE
0 Mg, MEXRNEERAEHALRFHNASE, FHOUFELESNE, XEHIWFERRER.

SHRL BT

PR¥ Out_of_work #1 No_work_left (55 11 47FI%E 15 17) LM T &I IE %, EWHET
AN, AHEAFRFREHAXIERNELAXESHBE, ATHRAX S, BREED
HBEFH TR oow, ATHRRRA TETHA#BE. ABRF IR, oow BHRENO.
BRENHBERTES, g E —FEESAEMAEEREHRE, FHIANEERS
S A SR oow BlIASHEATIN | #4E, K, Y—AHBNS -t EZEERE THEN, 3
TEABNMHBREAMERENLE, REE T HBERSIE AW oow BIAMITRE | #/E, R
BigA 3 MR, #E2MRAEFEN, EEABOMERIELERTSANES. ZED
2 6-10 BRI BHREINT

£6-10 SHHRWLILHE

B i8] HEo #E #e2
oofflﬁz, BRI MR 2, ooiﬁi{’ﬁ, BAEGHREO MPRE 2, TH. oow =0
1 RAEFRGHE 1, oow=1 REERGHER2, oow=1 Bk AR 1 BERA, oow=1
2 oow =1 HHOR HHR O MER, oow=2 HUUORAME | MiEKR, oow=1
3 oow=1 oow=2 RRETIELBHRL, oow=0
4 oow =1 HBUCREHE2 T, oow=1 BHCRAHEO M@, oow=1
5 oow=1 BHBRO, oow=1 THE, oow=1
6 oow =1 Hlok AR O FFR, oow=1  ETH, EHBEOMHEL, oow=2
7 Bk AR 2 09EM, oow=2 AHETHEMLHEO, oow=0 REFRGHB L, oow=2
8 HlckaHAR 1 AEM, oow=3 kAR 2 MM, oow=1 oow=2
9 B HBCE R 2 i9IER, oow=1 oow=2

XEREMERE: #B1 AXAHBONITHEZRT . FERAROARIIHREL E#

WEITEMEME, SREHB2 BAEFKNEN. IMBREMASRE, BROFERE

BTTRE. BN, #HB 1 HRERETE, UETHIHRE 2 R 2MHEBEEE, #81 frek
&k
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FR%G MPL{RE T PR A ZX TR B (9 B &M EMARMIRF BRI, BEH5R
BEMRIEARIH R A XN BNBERURTF ., ZEIRFAMNSEBLHA TSHERERRAHRITEE, H
NS RRE S EREN,

SHRL RN E— N EARBEENRE, BT, AFEFRIEERRQME ERESHEE S
ZHEANETIRE T, MES L, XEBRPEEHAN—-MHREER -1 TFHEHE, XIMFHEEW
DT E ., RIMHRXNTHEENEE (energy), FHRERETEN. ERFHESRL, B
BAE I MRNNER, Y- HBZRTHES, R CHWEBERXGHE O, H—THERN
T—RiERES/ERE, MICACHEE—SN -, HOCE -, A —HBEXRGKBERES
7., BAEERETEN, EBROMGEE comm_sz AL, FURBF SRR O HEWH comm_sz
EARRERF LT,

B Out_of_work 7ERERR T # 2 0 LISMYHBIITH S REXERAHE0, 0 ATLIHE
B received_energy i RREEI. A% No_work_left ki TR EH#R 0 FAHKEEHHM
HERAM., mEHEOEA, Mkl h Out_of _work RiXMIHEE, H AL E received_en-
ergy, HnSR received_energy ¥ comm_sz, #BOMARE—TARILER (BEFKELE
BEMHE, B—-5E, EOHBESNRARETE - MrENLRIEMEE,

XEUKEEN—O R, EWREBARERNKL; MEXA float 3 #F double KA FK/R
e, Ma—ESHAMNE, HAERERENSSIETE . F YRR M EE AT LLUH I 45
ek, BT DOSHM A N HBH M ESBCRRABEN., #EFER2 R, FTLURA
A2 ARMB L, BEX—NKAERE, 4 FNATRSE R, AW, MRXERTRE, &
A AR TSR ERNRE (FIInGMP [21]). B —RBRFEETEG6. 26
#HiFiTE,

LXERESHNHER

—HYRETHAPANHBERFER, RALLEE-TKERO, frER “HRKTI/E" HHEA,
SR, 7EvEE BirifE LB LLTATRE,

1) AR FREATRKRKETEER, B(my_rank +1)% comm_sz K&, Sk—
AFEERSIE BB E M 1, XHMTREFENREER, FIMEESEA ‘RE", HEE
BRI EHBEZEREFOHEE

2) ZHAROEP -1 2RBEGHABRKNER. YN HBREHESE, TEHEEANHERO0FK
LHT2R B #BRNE. #7180 EEMMEREZEITM | BE, IHERBETEMEBREAR
— BRI AREE, BRABHERO SRS,

3) B BER - EYBRE RS RA B, YSREEF T RE S SN HBFRNE—
MHBEXZER, RIEEVNAERBIRERSEREE N ERER FERRA—HBHTEE,

BATEIE 6.29 B IJLR TR, WAlLiSE [22] XFXEEIT K3,

KEMERES

—HEHBERXRTHERESFWHEE, ZHERTEESHREESA BRABNEE, L
L, BPZAET, REHABRFEAERIGHBEREEENTEIER “FEFTUSER” TR
“THEFFTUSE" . MREAXEFBIAEMHAMBERETERABFWHBHNEE, BE TaESH
“IRE, BEKERBRABIEEDRAES. Flin, — M kE BR#BERESFHER, AW
BB EREFHENFEE.

Hitk g% Check_for_work HEEKRMERE RN “AEFIHE” HHEE, MREAXH
FIEE, MRERUREERS “WAMEFAISE” WER. MRAEFFISE, B Receive_
work FILIBKREHESHHEL, HBOHNYNERHEBEHRT. AINEFE, FFERUXH
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BirtRAERE.

MPI 2Ry 1E8E

#6-11 B/ 7T HE N 15 MRATAIPEA TSP (AR MPT BTt aE, XM MR SRITZE0
FA Pthreads F1 OpenMP i3 i3 [FIEAR Rl . 5B 470 R LARY 24, 5 5 P RBF IR Ao
A BERRHIRE ., BUS XL R R KRR T 280 Pthreads FR F TR ERSL . YR hHIiLXS
R B F B Ptheads SZBLZ RIBRFT 2018 B MR B /R 3k, B ABG4H Bk T A SR Mt e XARAHY
HERA 4 M, FrLA Prhreads MZE R AETE 8 B 16 ZAE L, MPLIZBLET, S% cutoff B E
12,

%£6-11 FHERA MP| #1 Pthreads SLIRAYMERE (8843: #5)

] % 1mg P
i*;/ P P BE o
Pth MPI Pth MP! Pth MP Pth MPI

1 35.8 40.9 41.9 (0) 56.5 [€+)] 27.4 31.5 32.3 (0) 43,8 (0)

2 29.9 34.9 34.3 (9) 55.6 (s) 27.4 31.5 22.0 (8) 37.4 (9)

4 27.2 31.7 30.2 (55) 52.6 (85) 27.4 31.5 10.7 (44) 21.8 (76)

8 35.7 45.5 (165) 35.7 16.5 (161)

16 20.1 10.5 (441) 17.8 0.1 (173)

BEMRENB—TESAE—NDMEMLERERS, HERAXZEREANERF LI AR
AFBFER. FIUESMEOLT, Pthreads SCBLAMEEEYE T MPI L3, BT LABEMRMY,

7E MPLSCHLE, SrEtRRfER0fUH LR s BRTEGIFHLISh, T aBRFER . L
X FRABLOHBHN/NEAE, 78 MPI TR BEMRTEH 1T, R, 8 #HFEM 16 HEH
SEREY, MRNEABEGERRIEER SR, RazhE MPLRFNTY RIEERE, HiEd
El e, FIT RS TRATECOY 17, HRECh 16 (Y TSP [RIBENE T X — & : 317 MPL SEBAEFT
[ 296 #F, EFASLBANBITHE DY 601 £

T AEME, 716 MHBAHELT, 0.1 B EHITI R 6 K AR K M 0 3
oo BRI, BAHRASEEF LR MER RN ERBNEE LHABRRONERT HE,
B B B AR 2 (B 4R B IR T 2

6.3 BEF

FEFTRETXT n ARRIERAD TSP WOMRERITRAT, BESTRERRNNEEFZEMR, MNERIHFT
WEEE, BEMMRINIALERBTEERRRE, BE T LIRS KN A i E 81T
Bk, Rk, BOAMZBEBITIRHTRRTERRFN. BRIREFHEE, n ERET LS
Wo2], #oumERTUS N [22],

6.4 EFEEA API

AT E MPI, Pthreads, OpenMP A Bf— MR #t X 32> B FA#2 1 BB APT B8 — MR UL,
TEZRAFZAR, FRUFTEFINNE, AW, TE-HEIRRINBEEEN:

B, REXAMTANTFERLZNT, B THHRE, £FBNARTENENENE
B, —BELT, MHXAGRRGEURENTFRERUESHAEZE, FUMEHREAER
K, ATLAERAE A MPI SRS I HRF

B E N RGBT R M NFFR R, RRATLIEERA MPL, RADHXAFERER
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HEAZAEFERGEEZBEHORERST, TLUER, ARERNFREPRENTREEFFIEREYN
BE, FEABRESTRAAFRAETHTRETREEZTHRE, GRRBIEMANLR
3:i8

A, MEELFAITXAFRETRANSEFRBARAMMERREA, MRELAT
—MNRMERNBTRF, FREMMAMEEAFBRFURARELHN, EFEHELT, ARENEF B3
EFFAURESRANERRPERESHHTRE, BTRESHTUEARMREELE
HNERGEF, AXFHELT, FRETHEATFRENBEFIBME . XXT OpenMP BF KL,
gk, RARERTABALLED OpenMP 15> RBEMHFF 1T,

A—AREZFEHRATHLRFREFTR. MRER/XBZREFERD, MPLRF2R
EHFE, FHESREFNY RS, WTH—-MomEn, #R/ARTERFHLIEN., 276
XNFRFSEY RE—ERER MM, Wit ZAFRFaF—L5%,

MRGEHERXZAFEY, BRATEFRIFTLRFOETY, EWRMIZATHCEH, WR
BE— A RKMERNBITEF, REEEFERETESRA OpenMP, 0, WMEMH AT LA par-
allel #§4%3H471L, OpenMP £t Pthreads B 5 T, H—FHH, MEBFHRLBEZAE
REFAY (FIIMEES ., KBEHERMALEGRE), R4 Pthreads 2EA 5 A,

6.5 NG

ARES, ROMETHXMNHANAE RS BTMIFITHRREFTE: o hEEM TSP MEEY
£, FEB—NMF, RIN—FHBRARAGHE L ZRFRETHRIET R RIGKH Foster 77
BRI — AT TR, RIE Foster ik, HATLIMT 53 51K Pthreads, OpenMP F1 MPI 4 1%
AR, HIFEES n KRHAELARA B MPI o 5 B0, BIER “BWMH " MMk EL
WLERXE, HFEFERERWERG. BERMNETMRA “HEELEE” B, ZBEEBIEAERS L
B, Ty RYEELT,

T IHATPHE RN S EIME, = API 2 FIKA T REM %, 7 Pthreads SLHE,
FERA-NREHERERZERHEZBZRFESHER, UEEEHX L, OpenMP B AFRMEAKLT
- Pthreads & HERMIER, FILMERATISRIE. 7 MPLASSHE, HARENEBHRER
e, FUREFEHAERROVHER HEMES. A TERBEFSELES, — I ESTHS
HRSHACERER, ERBRAPERXRERBEREFHELR, FEHWMELERTSFHHER,
REHABLIEMHER, (36

RINER, EHHANFEAER, #BRZAEMHRETES, BEREMIFELBITRE—E
BREE, BITRAT -SRI T RAES A K IR R &, BAERFHITHERE
FHEAEEREN “RBR. EHBEESFTHEN, EMNSAXECHERAHRREO, YHRBRR
BEFAHMHABNFRE, BNSRENH—ENERARNE. Hit, X200 2ATHAL
MEERE, MERERAGEFATRT, WHATLDERRIEHEET.

BTk, WAL T %S AP, F—AESENRTREAXERNEERSHRA
ffo AT E, REFENABFAFAFNRD, URSBE/ZBZEAEFER, WRHF
THFBEXR, XELARXAFERETUAAEERE, RN EFRFAIRELETEHER,
HRH, MRAREWERG, XEATFEFSETEERE,

XfF infe[ %% OpenMP # Pthreads, HNRCAA BITREF, HHATLLUED OpenMP KK 4 34T
16, B4 OpenMP B —MHIFHEHF. AT, MRFTELBRAZXNESE (Fln, E58.
LBESRE), A Pthreads XF 5 T, EFEILHBFEALIRY, RITBEBATELET
Pthreads, OpenMP 1 MPI f41iR
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6. 5.1 Pthreads #1 OpenMP

M RAED, RIONFEEEFRERNEZE, WAL ERER R, EHRTAMERY
Pihreads f1 OpenMp LI, EFBRER RS IR EWE, “HEYPORME” M “BEHFANEK
#” MASSIRE—1RE: L8NEE (B, RERBRHRN) TRSES - REEHEG
RUET E ARSI B Bl Z . Ak, SBRERSHMZERKARTRE A MH, FUESH
B AR B B AR RZ S T T -

if (new.tour.cost < best_tour_cost) {
Acquire lock protecting best tour:
if (new_tour.cost < best.tour_cost)
Update best tour;
Relinquish Tock:
}

iCAETE Pthreads BA — M IEFLERA M pthreads_mutex_lock, #¥ pthread_mutex_
trylock, XM RS EFERETH, WHRATAH, BRI, REOHE; WRATH, EAR
337 £—HEHFEETRAARE, ©4hREEO H,
OpenMP 1, Z4{IF pthread_mutex_trylock A& omp_test_lock, #ATW, T2 B
5 pthread_mutex_trylock IE#FHR
H— R RBFERIT LA, OpenMP 45 7T — @y 7k .

if (my_-rank == special.rank) {
Execute action;
}

FKH single 84

# pragma omp single
Execute action;

Next action;

RESHEFE-TRBMNERELBITIZENME, HMKRBSEDEA Next action g, —HSHER
TR, RF master 4.

# pragma omp master
Execute action;

Next action;

FLR (KRE0) SPITEHEE. KM, 5single #84ARF, 7R Execute action FRAR
EHBEEE, ANHMERSIBIAT Next action, MR, MREHSERTHEE IR,
AILATESB A M fb 3 Execute action FHim— N B&EE, #EJRH 6.6 B, OpenMP 4T —4
nowait Fa], AILLAFEK single #4.

# pragma omp single nowait
Execute action;

Next action;

HEXMFAEMAG, RAEPHATHITZIENLZE S UMT—8, HEARNEMEENFSS%
7, BN BIAT Next action, nowait FAIERI IR T parallel for # for 384,

6.5.2 MPI
RIMNEL¥ET T MPLH—E AR KL LB ERUERAMAZ R Mg L ZEwX, 7
EASH MPI_IN_PLACE RIEMAFB HERXRER —MAFR . XEMTHATUTEN
F, [l ik o DA AR i DX ) S 8 b X 1) B 4R A
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EEMPI_Scatter 1 MPI_Gather R 435I T 43K — 4R 5086 B Fr A HEAR PSSR - B B8
Bl—MEMAERE., AT, ENRBESI ARSI ATNENRER -BWHELTEH. RF
BENRARBENBERE LGS NHE, SFNE N HBKERERR OBRE, AT LI HEH
MPI_Scatterv fiMPI_Gatherv,

int MPI_Scatterv(
voids« sendbuf - /% in %/,

int* sendcounts /% in %/,
intx displacements /% in %/,
MPI_.Datatype sendtype /% in x/,
voidx recvbuf /* out */,
int recvcount /¥ in %/,
MPI.Datatype recvtype /% in x/,
int root /% in x/,
MPI_Comm comm /x in %x/);

int MPI.Gatherv(

voids sendbuf /% in x/,
int sendcount /x in %/,
MPI_Datatype sendtype /% in %/,
voidx recvbuf /% out %/,
intx recvcounts /x in %/,
ints displacements /x in %/,
MPI_Datatype recvtype /* in %/,
int root /x in x/,
MPI_Comm comm /e in x/);

MPI_Scatterv BHZ4 sendcounts FIMPI_Gatherv BfS ¥ recvcounts B4 comm_sz
MR H, ENRANEBEEGEEMAR/N (U sendtype /recvtype H A1), 25
displacements A comm_sz MU R AH. BEMNREWEEFRBENRBE (U
sendtype/recvtype NEN),

XA —NE R BAVERF, MPI_MIN_LOC, W FI#E MP1_Reduce # MPI_Allreduce 1,
BERATFENEE, R —XTHE, WEHENTR.

(agsbe) s (ay,8,) s (Qcomnso—t sbcomnss ) »

Bk a2 o PHR/ME, ¢ 2 o ST BEEMBHERPE/NHRS . 384 MPI_MIN_LOC #/ERR
El (a,, b,). FHE, AMUATLUARRBE/NM R, Eid6E b RS, SEEREHE
B/ MU E] B R .

TR RPN MPLEHE, RATEEMHEH MPI_Iprobe;

int MPI.Iprobe(

int source /% in x/,
int tag /% in %/,
MPI_Comm comm /% in %/,
intx msg_avail.p /% out */,
MPI_Status status.p /x out */);

FRERERGA —&KH source Wikl tag BATEBUEE, WRE, H msg_avail_p & B39
{524 true, HEF MPI_Iprobe AEEMBWHNE, BREMBAMHETTH, LI MPI_Recv 4
WiE B . 2% source # tag 4 BIAT AR EEI R MPI_ANY_SOURCE #1 MPI_ANY_TAG, fijtm, #
MNEERERERTAABRRETHAFNERERBHHEE, M UH#TUTEM.

MPI_Iprobe(MPI-ANY-SOURCE, NEW_.COST_.TAG, comm, &msg.avail,
&status);

WRABEH, ERAXRFEHESE «status_piRFE, Fit, status.MPI_SOURCE ]I F#
Wl B
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MPI_Recv(&new.cost, 1, MPI.INT, status.MPI_.SOURCE, NEW.COST_TAG,
comm, MPI.STATUS_IGNORE);

HEMENFEREEREZRE, MALEREERTELEMERXRHET, MPI HEy—Fp
s R AP R ERN, ER LR, APFEFELEAMPI_Buffer_attach FELHFME
], SR URFVEHMPI_Bsend RXHBR, HEBEWRESI BN AR, e E A HABRF
BEHEAZEHMXE, XFAMFELTEHARSEREWMASHE. ARFAFEGMBE R EEXE,
B LLEE MPI_Buffer_detach etk E B,

MPI 84t T HM =F R XM : BF (synchronous) . $RAE (standard) . L (ready). [A]
ERERSEWEEE,; R KEBHR MPI_Ssend AR EFHEEWBUENTA SRR, EREE
% (MPI_Rsend) T, ZEILEMBIERAESTZH, EXBRERERN. — MM MPI_Send
R BRI bR o R B,

G622 B, HATERH T N ErhRBEEXWHATE: EHELRE, EMAFHER
RIFRRE, JEMHEAREAARAEEHERTEREA X N E, EHERE, R, BERREERE,
TERA—TEE, XMRYEES N FAEREREZTRNEH PN —1, RIMNEAIEHERZK
RS,

HA—NREH IS B — B EF I —NRERAHEAEY, AMPIEBRBRIEHBRAAT
Ko MREBEEMPABRARH RA, 2 MPI RS RALEH MPI_Pack #5354t s ) SR
B —HEENE M, REEXREmX REEFE, K004, BEMPI_Upack HThREIEHF

MR, ENTMAEER:

int MPI_Pack(

voids data.-to.be_packed /% in */,
int to.be_packed_count /% in x/,
MPI.Datatype datatype /% in */,
voidx contig.buf /% out */,
int contig.buf_size /% in */,
intx position.p /% in/out x/,
MPI_Comm comm /% in *x/);

int MPI_Unpack(

voidx contig_buf /% in %/,
int contig.buf.size /% in x/,
intx position.p /% in/out =/,
voldx unpacked.data /% out */,
- int unpack-_count /% in */,
MPI_Datatype datatype /% in ®/,
MPI_Comm comm /x in /)

EAENMXEES  position_p, WAMPI_Pack i, B contig_buf dig—AaTHMAL
B, rll, FRTEEEER, *position_p WiRENO0, ¥4 MPI_Pack REIAF, * position_
p RITEEREGHEMIE, B, ATLEZREMA MPI _Pack, E—NRIBEWHELER AT
AP EMABHFX N, SITENE X PERE, BETUHARENFRRC. FEEENE,
A MPI_Pack ITRMEWMR B EZRE, KXMBUABIEFEIFR %2 MPI_PACKED,

6.6 3@

6.1 ZERIT n hREREZNE—RERT, BRHASTRTFHZHEERS, RENEG—PREFIHE
ENNEMERE. BRETUEHHALANRD, FHEG K&, EHEAT MR TFHITHEN, &
BREBM—MRF YA TE. RE, BETLURAUTHRB.
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6.4

6.5

6.6

6.7

6.8
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for each timestep
for each particle {
Compute total force on particle;
Find position and velocity of particle;
Print position and velocity of particie;
}

R, BREMFAEEE R IRATLL, FHARTTLL?
BITEAMEBAT n REER 1000 MEFEEK, —MHEESKR0.05, THH, WERAEAHTERN

RIAAER . BT HIEK E N 500 ~2000 A, BEERCTHH BN, SEATR AR MR INRAE RIS

1724 /A, HREEHENT R BN BB R RE B A A DAL TG 7

Fi OpenMP =% Pthreads 331746 n RIARER RILARAE %, EA—%& critical #84 (OpenMP) B
#F—ANEFE (Pthreads) ¥R force FH ., ERAIHTHRAE for TBIRIFTILELKE T Ho
SRFEEMAK, XMUBREEING? BRARKEE,

FA OpenMP &% Pthreads 3474k n A RIERM R LA B, FEMEG MR TFEAH—-T/ERFE,
S/ERBREANRST force AMNEFELMRTH . BRIFTHAR for TEFFRIITILARE R T
S, SEAEEML, X MCEAEEEmA? AR EE,

TEXAHEE NI n BN RERAR SRS, MREFMTEERAIVBEER RS T, BAE
CAMBHEMEA AT LA, # for thread fEH M LAFE M thread_count B8k my_rank,
B

i# pragma omp for
for (part = 0; part < n; part++) {
forces[part][X] = forces[part][Y] = 0.0;
for (thread = 0; thread < thread-count; thread++) {
forces[part][X] += loc.forces[thread][part][X]:
forces[part][Y] += loc_forces(threadllpartl[Y];
}
}

BAER
# pragma omp for
for (part = 0; part < n; part++) {
forces[partl[X] = forcesipart][Y] = 0.0;
for (thread = 0; thread < my.rank; thread++) {
forces[part]{X] += loc_forces{thread]{part][X];
forces[part]{Y] += loc_forces[thread][part]LY];
: }
RN AN RERTITH, BTRERWERRF, B ERERES ORI TR HAE, UE
EE—TEER N B EFRESR R S A LA . IREBTS AT A%
#E11i8 A OpenMP LEREAM n (K RIEM LR, RITMEIH HIEARSHWBRERLEATESN. B
AT RATE sing)e #§4in—4 nowait F4g, H4b, R for each particle q HEIFFE AN
for 848N nowa it F4, WATTREHBRIEFEARENBERS, XEMSHIAREG? #RIR
HJCTR -
St F n KRR AT ZGLZRNELH, RONVBIAERERMRTHREFOME, SXERAD
AT ER RSN A LR Al R4 A B BB R 47 . i OpenMP A Pthreads I SZBU#ATSCE, MEARR
Btk - B EERF . RN ARE, FE—TRILKHRK/NY?
x Fy HEIIGER n EME, T o R TTOEERE, RIFRLUTRA:
ye—ax +y
FIEE R o FeLL X FHiN E Y (Double precision Alpha times X plus ¥, DAXPY) %5 — OpenMP &%
Pthreads #2/%, 7EXRBH & MBMEN. n ERBA . — T FEHURE, EIIMEEEME double, AT
B 2R FEHLAE B AV BER AT DAXPY,, FIREER n FUREE B MERBERETEF, HWESHIR

341
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6.9

6. 10

6.13

6. 14

PSRRI FPEFR R 7 TR #E AT RSB, B ROPERE. BE—Fh RIS RSy ERR RN Hfh4r
R/E I MPLERFE, BFNE—MHBREHER—TVHAITFH. m % double R AHA ., REFHX
$om BT MPI_Allgather, LB FEIAFHES T MPI_Allgather g9#ERE, JA MPI_ATI-
gather 4 AR AT FIR:

a B

b. &R

HTHAEAS A, ATLUAABHME ETHR cyclic_derived. c (AR, HAX ML
MPI B3 RIVE VA MPI_Al1gather R BoR, B0, HTUTHEMA:

MPI_Allgather(sendbuf, m, MPI.DOUBLE, recvbuf, 1, cyclic.mpi_t,
comm) ;
B LAY MPT B2 RIn cyclic_mpi_t,
WA RABFS A, HEER? It4a? FEAERERESIELBMAOTHTE#]RE,
ZELTRG.

int n, thread_count, i, chunksize;
double x[nl, y[nl, a:

# pragma omp parallel num.threads(thread_.count) \
default(none) private(i) \
shared(x, y, a, n, thread.count, chunksize)
{

# pragma omp for schedule(static, n/thread_count)
for (i =0; i < n; i++) {

x[i] = f(i); /« f is a function «/

y[il = g(i); /% g is a function »/
# ;ragma omp for schedule(static, chunksize)

for (i =0: i < n; i++)
yOil += asx[i]:
} /% omp parallel =/

BEN=64, thread_count =2, BEEETHR/IE S /| double, B—ITBH — P EEFEM 131
072 4~ double BIBWHI K (12) HHELEF. WME chunksize = n/thread_count, FAEE_
MEFHLHBAE K 12 BEBEFFGRK? RATLURE x My SERREEFTHARFEME, B
x[0]F0 y[O | R EMMENREEFITHE I TE,
HmE— MPI#2F, LWBEHMPI_IN_PLACE s MPI_Allgather MifE— 1 HEBME S TH ELM
BN E X MPI_Allgather fytEeRE. fEizfTH#REAS, B MPI_Allgather B8 E R —t9
B ARG T X2
a B n KREE B EA MPL LH, RV ERSRASEOBERER. SERMN kT
R, YRR ? (LB A/ B R R TERE. )
b. B3 n R REE B EA MPI LB, RERRFRFHTHBAME. N TEFPHERBITEMD
seEm SERMEEML, e
B 6-6 a3, BS R n ABEE MPI LM HBREEFE. BRIZE3 138, 6 MLF, K
FHEHBZ RN EIER 2B
BERILE) n (KB IR MP RRA . SEFPIRIAA MPI_Sendrecv_replace B & — 1 KB IF
ik, 5 RMMA—K MPI_Sendrecv_replace MH#, XA THMERRIT?
MPI B FF — 8 R EERE — N 2 RN T RSB RRBAN TR, RZFR.
a ARRABRLS, R—TNRHBEA TIREENSRBATHROAR,
b. MIRRARU S, R—TNERBH TIRHLENHHRRATHROAR,
c. MERBEHRNS, R—TINEHRBATHEEEISRBATHROAR,
d. MRRAEHRYT, B—TAERPE FRERARRBA TR AR,
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6.20

HO6E HITEFAHK - 233

TR n R RLBR, AT —NEH First_index, BESBRATNTHABRN R THERT
I, EEHBAHAELS —MEBRNT MR FRER Tir. REMBRASEINT

a SEAB - MHBRKRTHER TR,

b, F—-THBHHES

o B HBWHES,

d. HERRMITH.

BEERE MR THER TR, XM RREREE FELRABHFIRE, R First_index BHHE
STRIBS C ARG, (7. HEFHERL, T HBERHEBRSITENTHBERHRS, B THE
F#HBESRTFEIHEBOHES,)

a fEFAE 6-10, 15 4 Mg TSP HEAEEMNZRFRAKIZRY (R7: XA E L
BEATFTE)

b. [E 4 e 5 M TSP (A &A= A A4

c. THHIEER (b) BB HIAR H 4 BB 20 BRI R4

d FERRAENERERH n AT TSP (6] B AR Z I 218 KR IC 78
ITEREBBEWUALI N M EREE, HPERA-1BT, RIIR “EALL" WEREES
¥, BAFI A fIT R AR 5 A BA R I B — B8, W7 LARIBASI R Mg TSP M8, MR ER
BISLBLAN T

queue = Init.queue(): /% Create empty queue =/
tour = Init_tour(); /x Create partial tour that visits
hometown =/
Enqueue(queue, tour);
while (!Empty(queue)) {
tour = Dequeue(queue);
if (City_count(tour) == n) {
if (Best-tour(tour))
Update-best_tour(tour)
} else {
for each neighboring city
if (Feasible(tour, city)) {
Add_city(tour, city);
Enqueue(tour);
Remove_.last_city(tour)
}
}
Free_tour(tour);
/% while IEmpty x/

XMEEBREERKY, BYRATKEED 10 67, THERMEYERE. Az _

7€ TSP BB ENTFRITRT, ATUERT EREERRUBRMAEESIR, X8 EHBESE

BEITERE,

a. BR ERRB, DELRE O T AHNREREREEZEDH thread_count EIFEAF],

b, —HERRO AR T ENAT], HE H SRR IS B —3 4 BBk B SRR DY
R,

1B B S8 KA Pthreads 328, RIS YREIBAEE BN ERRME, FH Best_tour X &EEM

BEel, V@A Update_best_tour MEERBEY, AN EEERUREHRMORB, Hotrx

WAL BRI S MBITE A

B R/ R A BRPE & RER,

a. I TSP [RGB BB R A —Fh SRS R0 A BLA R PR b2 REIBR AR, HBBEME
AFRP . BB AXANR—DIFERE,

b. B—MARMAD FERBERPEH EEARM RS MM RIEREEA S, T—
AME/MUA BB BB E new_stack #1, F=EMB/MUHHGEES MBS A 1, DARERE, X4

345
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6.21

6.22

TR —MFRIEG? FHHRKNERF AT

c. b FRO—AThEMBAHNGTHRYS, ZEES, A QRS ERAFORER, REERARMN
%% LA [ Bl e A A R BT R B S SRR HEF o SRR R AR Iy Ry B ik Se [l B . HEFFSE 1 RYTEL B
A A, T—HES 2 (I ERESEIL new_stack, DIk, XE—MFHEED? HAH
PRI ERI AT,

EHEARFEORBPLH LR =M R, WE=FTRETHE, HHENSBPOTRET

HE, FRnfRRRE.

a. 23 TSP [AEMFRES MPL 2, SRS HERERNACABNRERRIESH, HAERR
HERAE. YFAGHBIITERE, A QOHERIT 2R B 48RMER R HS/MUN R,
EHRESBSLAMLE, HEEAMAARR? RETRH BT, EH%7 RS
HRALAEHNAKG?

b. BIE—A~ TSP AR E, ERHNEHHARL, 2, -, comm_sz —1 KHIHH E A —KA, &KL
HANELHE O FEE-FTRERNOANT. £/ conm_sz MHBERMILI A RER, FH
AR LB ITR?

MPI_Recv MIBN¥FILHE— N REZREREEEAMN, MPI_Recv ZRAWBHENA&ER,

ARKEXBREEHBEAREIRAENUASERE, Hit, SXSREREER, HESMHE

BEMESHERE, X T MPI_Recv, HEEWHXZHEKINHE, ZLRTFHNBRARESR

Ro MM TRERE, BERSEMXATUBEER. MPLERET FARARKKIEBEERE, —8 MPLE

I8, RFICRTIERME, BN AEE, i, YEMEBEN, HEEWEKSHREFRAA#

FUilE): MPLzfTRY, REEALMERERMAPNEEMEKRFENE . XHEEE— MUK HER

FAA MPT $2 {3 ) 77 47 DX b 52 8 ki SR sl S B 2%

HHAFBRFEREARLEMER, EA LA EA— MPI REORE G X SRR, Bk, 3

B ERMEE—KEFES R E

o FriflE AR A — R ER KRR

o FRA—EREEORTEBER

BT EHEAREREESHEANREAERRNEE, FLEEEAREERFE T —MEK

2%, #Flm,

int MPI_Isend(
void=* msg /x in x/,

int count /% in %/,
MPI_Datatype datatype /x in %/,
int dest /% in %/,
int tag /x in %/,
MPI_Comm comm /% in %/

MPI_Request* request_p /* out %/);

FHEAREA - ERSEBE RS ESH HRBBERIHRETATE SN REQERE, 4
RN BFRBERBENRER, SREIBISHMAERSH.
IR B MER KR MPT Wait.

int MPI_Wait(

MPI_Request« request.p /+ in/out =/

MPI_Status+ statusp /+ out */);
YHEiRMmE, g * request_p MEMEDR SR ERMNMEER, +request_p B4 MPI_RE-
QUEST_NULL, =status_p AR ENER,
FEEENE, JEEZENEYORETH TREHENZXBIE, RZHR.
AT AR R KN B AR B )18 . A RBRAE X &H comm_sz MTTEMEA. 7
ERTHEEFOBRERBRS, BEATEMERER, FUREAN BRERUT FTEANRD:
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int costs{comm.sz];
MPI_Request requests{comm_sz];

for (dest = 0; dest < comm.sz; dest++)
if (my_rank != dest) {
costs[dest] = new.best_tour_cost;
MPI.Isend(&costs[dest], 1, MPI_INT, dest, NEW.COST_TAG,
comm, &requests(destl);
}

requestsimy.rank] = MPI_REQUEST._NULL;

XMEFRERGE, KEBRECLIE, ENTLSESRK MPI_Recy LA,

AHEF R LA ) BRE. BRI ETRRERA MPI Waital) BBERZAFE
BB ZE R X

int MPI_Waitall(

int count /% in */,

MPI_Request requests(] /% in/out =/,

MPI_Status  statuses[] /* out x/);
FEMHRECE RN, FTERREMZREERERT (RRBAHR), EE: FEFRMEN MPI_REQUEST_
NULL B}, 3B MPI_Wait FIMPI_Waitall #EALIAY,
7 TSP AR # 7S MPI LB, (AR R E LA RAERBAMN AT #E, RS RAZEW
Rk, tERRANNT?
MPI_Status B—FHMA: E (source) . F7r%E (tag) MR (error code) MGEHIEITR,
FNEEEFHERERDMIFEL. BR, ZERARBEHEEFR, © Rkl MPI 9/ MPT_Get _
count EFEHL;

int MPI_Get_count(
MPI_Status= status_p /% in %/,
MPI.Datatype datatype /x in %/,
intx count.p /% out x/);

% MPI_Get_count BBl TH B REMBW|ARESHS, THERHEBHHE N datatype B3

SRR, Eit, MPI_Iprobe #1MPI_Get_count B F TN B BT HEMAM M B MK/, HHX

HPERRE —1 Cleanup_messages ¥, ZR¥AE MPI BFRBHATEA, FERTHRICREEK

e, A MPI_Buffer_detach XEERREALSHEHE,

BFF mpi_tsp_dyn.c H—1T4f7S5H split_cutoff, MRAREMHAEBELIET split_

cutoff APHREELMET , MAKRSERERAAR NI REZLHMHARATEE, Fulfill_re-

quest BRPRRZBHBE DT split_cutoff WA EBARMHR. S8 split_cutoff B

REEEFOREERNR? RERB - ESEN T ERFER YN split_cutoff 7 #EKE

(BP comm_sz) MBAENLEREM split_cutoff P ER(EMEYR?

MPI BFAREEREFEE (pointer), B RTERZEHB S S EBRBGER TS S HEBAR

iR, RATHEMRTRSIRZRHRPESHEERNNF I, BILR I LR TRR%

i

a. HRBEHHEH I m M RITOBELNEMEESR, R RERERRE,

b. Zi%HMENCE VT LAGIEE MPL IRAE SR LA, ATHMH AR EFANEES AR ENERE
fizs ],

HIRIFE A Send_linked_list BEFBE NS ZABILEH Recv_linked_list ¥, F—Xt K%

R A MPI_Pack I MPI_Unpack l¥, Xt REMBWARERRERT, E -k

EMBEREERTELZFANEE: —TMATEREKEERTSEANER, B 1MATERESL

R, WBFATRAFH TR, SRE-REZN. KAOESTEENER—RHONEXHE

b, BT8R anfe?

TSP (SRR L BRI 4 MPL EBEA TR IERNE R, ITMEETTHFESABEENEREE
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6.27

6.28

6.29

6.30

(BIE BRI GFH NS BOTE)

a IMRESHEERHEE conm_sz, H@EBE— T MMIAafBEMNERLSERRN 112" R, Hb
kIR, SRMERT, E— T HBFEMMNRER T HR 0 250, MaLHLERER, b H
pincs 38

b. BRIt 4A (a) PHFREILERTEHI LBERETE,

o BH—HE, #R0FEEE—TTAR BT BERNTA--MEFSEHEIFE, —
RIS AIE R TR LI — 8. XFERI I AN SR e T 8 1 (IR 7

R TSP (MR EIA MPL LHRAMRE AR, HATELZRKEFIRES, WAHE 0 TSN EE

BEREIMES . ERBRNAERERNERN, HPhFERTLURXEES ACWAAHET AR

‘o,

B fER T MPIAIsh A BRI U0 TSP AEME TR, UEBEMERELSIIREARE “XfE

FEMR” HBAHE O R, N BENLE “XESAH HESEREEHRE 0 SiE

FTE A

ZEmpi_tsp_dyn.c HEARBEEFEH TSP MBI ESE MPI LI, HAEFERTSFHEL

Bl R %AW, EEMABRREG 2. 12 HTrhRIAN A TRUE I HF R, HHEMFR %

fRoeZ A, XX =E S HERE. REE —RITEAERER LR E R

£ n 4K [a) AN TSP [H)H, € 3 APL P Ef—FE &35 %A,

a PMETBRTRFINFTEZLOFHEER, SHAFGFEFRMRAMER, EfRELEMNT
BERFRENIEEEM? T4 RN R G X faR?

b. MFEMIHITRENS, RETEZSLERFR?

c. PITRFILUMRAESMER OpenMP RS U BAHITERFG? EEFENMAGTRMIESHER
HEEH7?

LR B A BB T M RE . (REFBMUH T ERpEE?

6.7 BN

B30 6.1

6.2

6.3

FRSR BV OB HEAE FESE (Runge Kutta) EERRBEHMO B R, AT ERBRRERMA T s, (¢) 1
5,(2) o BEUBITH n (RRIEARL M fLARZS . Pthreads 2(3% OpenMP SCIRE) n (K RIRHARE:, LK MPI
LI n K REBY: ., SEAKNITENGRAMSEHAHEL, XEBEESAF LB H? LBRXTATE
HHERE,

B n (KRR M E A MPT LE, FRFH—IAEERNEST MPI_A11gather MH, X—4
HRE B R ALMHRME FHAERFRN, EiENERARE MR TS5 KEEE B FZ RS
FHEERSBWAAER . M43 comm_sz -1 AN BEERE, S8—MIBNZEHTEHE
EMMNTHZAMNBER S, WEERAEA MPL ST, XHy ke SEibE s e MPI
SCHAH BB X anfer?

BATRI LAE P AR R 50 .

Compute loc_forces and tmp_forces due to my particle
interactions;

Notify dest that tmp.forces are available;

for (phase = 1; phase < thread_count; phase++) {
Wait for source to notify me that tmp_forces are available;
Compute forces due to my particle interactions with

‘‘received’’ particles;

Notify dest that tmp_forces are available;

Add my tmp_forces into my loc_forces;

ATERE, ERBTLUNEBERANSE - MAELE, X e ERASE . MR, 81
SBRESMFMATFECERNRS FRETRE. REHTH “HA” M “SH" WTEEES
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B, FIRBUUAE—NE - BENIE—-—MESBIEE—NMESEWHRAN0 (R “ L"), &

—ASBERTEBATES., EWLER sem_post @M B R#E; — SB[ EEEEM sem

wait b, EHFTFT—HEA A TH, A Pthreads LA XM FR. EWHERSFEHA LR AR

OpenMP/Pthreads SEHAH Eo tEfE N7 S5RT1LARAH) OpenMP/Pthreads S, XM HF R AEFEFIA

a7 54k MPT SCHAE L anday?

B iSO HBRFME v/ comm_sz MRE, IFHRBESUEBMERANEERIESE, BAY n kb

AR MPIL SC3A] DAt — 514k, XM EMBEN tmp_data BB n/comm_sz 4 double By

FEZ R, X BES I TEERRITROMERE? SEEKN o (KFE MPL LI, IRENNES

BHFARF? SELEAH OpenMP LEM L, XA REGNFR FARMM?

WE &K OpenMP FERI LA — 1 Terminated ¥, EEAMEL - SFRMTX, XFHTAA

BB AR RSB, (A — F A LGS E 5 Pthreads 1 OpenMP £ E 5] LIZER R —EEH, W

BAT L, FRELEDL OpenMP 7RIS SLBACHS, F Pthreads FI& M B ML EH H B SFMAK L

R, LLERTE PR T RO,

BRIV ERAZEAZTIAEANRETRAMNR. &Y Pthreads 1 OpenMP A S EIH R LH

MR, UEBEREHRETRRNR, ZHRAMERINM?

ERYTSEPMA “BIEXAN, BIEK/DXSERERRGMTERER?

{#F Pthreads 1 OpenMP Bl — M E FHER AWM ERBR . EW3CHETHEH, A Push F Pop

BELBRTRHERHBRAERE, FUNRESTMEREBREEA - ENORAERK. R, Push

R BREEA—ERSEIREHAILER, Pop BEBEITHERMIT —LHERREE (IRAALE

EEMES) . Hik, BFPFEHEM—LEASH

a EEREALERNEE, XATURE—/ int MEX, Hlin, MRLBERNE 10 ) EBRBREZ
EALER, MAGSTESBIZER 10,

b, ATRBRFEMIBR K/, IMRARBIER—-REA—R (FEZEEE), MARA—MEEHAAILE
¥, BLEHIBEES,

c. MERBBEMTRK/N, MRERFTHFITHNEHE, SREEREHRAR—1EE, BaxFHER
e, SAEZHNERT4,

— P ERBNRERFC A% L TR?

W Hi Pthreads #1 OpenMP L X MR, URKRAC WA ILLBRMB L, RFEABHAS KR IMTYmEE

FHEER? MRS B ahA R RIS EL I REH L XL anfa g7
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BESR VR4 T/ MPL, Pthreads 1 OpenMP R4 5 H1TREF AR, WA FREMERTE
HHMBTETUER, ERYREH, TAR—HHEAMENEH, M TFENZTFERITEHIH
T—REETH, FEFENE, XERMIBSE, HiTHER—MREBLNTEE. EEA
WFFTRT, MRIIFREAERNSMN L ilE,

1. MPI ‘

MPI B2 — PR RTAK R BRI, BIOIRHE T EREPH—a, MPI-1, RIIE&T
T —Y A SMERER, UR—EGIBIREREXRUNHEITE, MPI-1 FRHETEIRS
EEESFMRINE AR, BRINTSMITIRTHEGTF:, —MEFFE—ETUHEELRREHEE
BIHER, FRINEMRM T —FMF B EFE T RAABEMBESW, S, RIMNDLTHETS
B 46 B B AT EL 48 BB HERR R S B R4 45 — 40 MPL A2, RN AT, SR FERRAHES
EE, EXRNNAT, ARNEEREEHAAHEARREENE, NigENHREHE
AR FRERERRE S, WRINEMARINMBE T R0 E. fl, RIITUAS ZfTmEN
FikFRPERR 13, SHICEK (23, 43, 47] RAET MPI-1 HIFHWN A,

5 MPI-1 A, MPI -2 TshEH#BEEE, AREGEUREHIT V0, H2 BRI THEM
BEMIAT V0, 3 H, FEi1ie Pihreads B, RATIRB|IFZ Pthreads BT BRAFTEMNH RAUELR
B, MARERFHBIITHNERARTIENLEE, siSHEEEN MPI Kt BEEEMmT
AR R Hoflh— 26 Dh Rk, SCER [24] Bt MPI-2 —/AN 4. KR [37] B2 MPI-1 M
MPI -2 FR¥EMIR & IR A

2. Pthreads #n{ S &

RATEZ1HE T Pthreads FH—LE %, FMNESHFLK LR, R HERAXMKERSE, B
B — MR A ITEE, XTRESEHE e REHNTR, ERR KX RYE L&
H—A “BHE" (atiribute) S8, —RER TEHER AL E NULL BAXENSE, FFUNR
BHARE “BIN” TR, NREEHMBEARESE, HAXLRBSXAEARNER, #
mn, MR—-ITMEEESA-NERFRE, HFAEMERFREBHRITHERE (B BRE0AH), R
IMER TR R KT X8, Rfi, tREFRREFEY PTHREAD_MUTEX_ERRORCHECK 381
2Br, AFERXF pthread_mutex_lock WA S REIEIR, H—FE, WREFEREM
/B4 PTHREAD_MUTEX_RECURSIVE skefizay, IPAKBRERSRINEE,

FHoh, BAThEME T IEEEXBRENMER, EiHeWERISTIMNHR, RITBRT
pthread_mutex_trylock ¥k, FIFEM, A IEMHERAIEE PR sem_wait, XL
BN BEMAT YUY EF SR HMARE SN Tl IS TS, BREMNARK
B R RANABFIHTE,

5 MPI —#, Pthreads fIf5 5 & th 2 AERKT R BHIRE. EN11R POSIX FR RN —3 0, Mk
+# POSIX FRME My I FTAR A, AT LIIE S Open Group [41] 3 F . Pthreads 3k 3044 9 %5 BY F Mt
[46] MESELXAMTEETFAM [48] RELT Pthreads M5 S BITA BN HBBI F MR, *
F Pthreads f RS 3CH, &3k (6, 32],
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3. OpenMP

RINCATHET —L OpenMP P ERFEEMIES . FHMRE, GHET MM ETEZ I
2, W37 for FE3F, IR R X IR, W EEREA, U RmEsE ] ERE.
AR, KAR—LRAANMRRINEE R, HFREEN—MHHELSRBIEMHSIAR task
4, EMUATHIT RIS REARHM while TERXBEREMR, AR L, ¥ —12M01Lk
FICH—PMERBIATHIES . Y—MEREED task 540, KB URERTEWRFHR
o, EFEMAS - MESB S, HAATHEBHEHITIES, ERESREMES,

OpenMP (X R MWL R 2 EFEAWIIF K OpenMP 1Ml BB B XA 0] UK [42] ik
4. X#k [8, 10, 47) HR—EHXHTH.

4. FATREMF

HITHEMRBIRR, FEHE, K HT Hennessy Fll Patterson [26, 44 ] &30t 7E LA R B B9
BEEH MIRETENRE ST, HENFRENINBLES T ETENSmER, XK
(11] BIREMPART HITERG

5. BRFITHRE

FAIFENBHITREABEH A R X EREREEEM APL, X [S0] #4T — X m%
§. BRXTANAAFREUXTREANFREREN L, SOR [22] MHTHEEHITTT
ZHTHE, FFMBIFHRAE T ARSI, Xk (33] MR T HRIRATMNATHREES, H4HH
TR 69— 20k BRIy ] FIBF S #88

MTFHEXANERENHETUSEE (3, 4, 27], X [4] WL TRITFIFRILERX
NERERFREAR, BRIZSN, BHRFET A BRMIERAHF RESFTRF. ok
[3] #3CEk [27] MEATHE T MMHAE N EER T ERHL RHEERBIVLE

6. GPU

EHITHEFRANBHER T NZ—RMEMER CPUATERITE. EEC LRI H
TARMEIEAATEF, NELESZEEL R BERRKBOHTENEF, X&FE [17] M4
(30] #ERT GPU RYAEEHIR, BRikzsh, 45 (30]) BB T KT CUDA mEHNHH . X GPU
BT NVIDIAEE, LI OpenCL (—F7EGHEHE M CPU M CPU WRM AL L HITREN
R o

7. FTHEBEE

REBRFRSFTHER, REHFTHESKEFNHENRENEE—F, AEEKAE
ERIR, XE (4] QYT -EHAMEHNEIH, MR [51] EFTRENERIS L
REAEBEMENM,
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A

Agglomerate ( as in Foster's Methodology) (%3 (Fos-
ter F) ), 278

Aggregate (as in Foster’s Methodology) (E& (Foster
FiEd)), 76

Amdahl’s law ( FIH$3E/RERR) , 61 -62

Application programming interface ( AP, [ FAREE
1), 32, 53-54, 71, 153, 335 -336

Argument aliasing (Z&¥5H4), 106, 137

Arithmetic and Logic Unit (ALU, BAR5:ZE %),
16, 30

Asynchronous (R#), 32

atomic directives (atomic #4), 245 -246, 249

B

Back-substitution ( [54%), 269
Bandwidth (#8), 38, 42, 74
Barriers ( B&fE), 176 - 179, 199

implementing (3ZEL), 177, 178
Best tour { B{EMER)

maintaining ( ZE37), 321 -325

printing (&jiH), 325 -326
Best_tour function (Best_tour H%), 310
Bisection bandwidth (Z4%#% ), 38, 74
Bisection width (%£4rF8fE), 37, 38, 74
Block partition of vector ([JEIRK|4), 109, 138
Block-cyclic partition of vectors ( [a] & - 1§ ¥ R

4), 110, 138
Breadth-first search (]~ BB E), 307
Broadcast (] #&), 106 - 109

tree-structured ( ARG ), 1081
Bubble sort ( BHERF), 232 -233
Buffered send (B &%), 323 -325, 340
Bus (&%%), 16, 35
Busy-waiting ({2%F4%), 165 - 168, 172¢, 177, 199
Butterfly (#7%), 106, 107f

C
C compiler (CiETHIFLR), 85
Cache (Z7£), 19, 21z
blocks (#), 19, 191, 200
coherence (—2{E), 43 -44, 251 -256
directory-based (FETHE), 44 -45
false sharing (fh3L%F), 45 -46
problem ( [A]&H) , 191
snooping ( MEHT) , 44
use of (fHEFH), 191
CPU (hk4bFREAIT), 19, 22
direct mapped ( EHEHLET) | 21
fully associative (4#HEE), 20
hit (#5), 20
lines (ZB7£47), 19, 191, 200
mappings ( BR&T), 20 -22
memory ( NFE), 191, 251
miss (Hitk), 20
profiler (2}H78%) , 193
and programs (f&JF), 22-23
read (i), 20
write {5), 20
write-back (5 [8]), 20
write-through (5 H3ik), 20
Caching, basics of ( Z27¢, FafiZIiR), 19 -20
Central Processing Unit (CPU, st 4 8 50) ,
15 -17
cache (£87F), 19, 22
Check_for_work function (Check_for_work &
), 334
Chunk (3R), 238, 239
Chunksize, 238, 239, 261
Clause (F4)), 214, 259
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Climate modeling ( S{EHEL), 2
Clock function (C library) (Clock ¥t (CEF
BE)), 121, 148
Clusters ( $E%¥), 35
Coarse-grained multithreading (MR ZLE), 29
Coarser-grained parallelism (MR EIT47), 28
Colleclive communication (4@ {E), 101, 137
definition (E X)), 103
point-lo-point zs. (A%}t ), 105 - 106
Colurmmn-oriented algorithm ( fE[e]FRYEH:) , 269 -270
Command line ($447), 70, 212
Command line option (454 fT%I0), 211n
Commit ( MPI datatype) ($232 (MPI E#gA)), 119
Communication (@{F), 7. 12, 88
collective (ZESE(E), 101, 137
MPI_Reduce, 103 - 105, 105¢
ping-pong (FEi{E), 148
point-lo-point ( S XS AE), 104, 137
for trapezoidal rule (BBIEFIE:), 961
tree-structured (BRZEHI) , 102 - 103
Communicator, MPl (G#i{§F., MPl), 87 -88, 136
Compiler (#R¥E£S), 28, 71, 153, 166, 227
Compiler use (#HiFFMHEH), 211n
Computational power (i+ERES), 2
Concurrent computing (JF&3+HE), 9-10
Condition variables ( {458, 179 - 181, 199
condition broadcast ( &4 #%), 199
condition signal ( X#{ES), 199
condition wait ( R{F%ERF), 190
Consumer threads ( {H#ELRE) , 242
Coordinating processes/threads ( B} i /22 ),
48 -49
Core (#%), 3
Count sort (i+EHERFF) ., 273
CPU, #% A, Central Processing Unit
critical directives (critical #§4), 249
Critical sections (% X ), 162 - 165, 168, 199,
218, 223
and busy-waiting ({-5FF), 165 — 168
and locks (40ff), 246 —248
and mutexes ( H &), 168 - 171
and semaphores ({§5#), 174
Crossbar ( 38U JFC4ERE) , 35, 40, 74
CUDA, 355
Cyclic partition of vector ( [ajEFEFRI43), 109, 138

® 51-243

D
Data (¥(#)
analysis (73#7) . 2
dependences ( fK#fi) , 227 -228
distributions (43+#7), 109 —-110
parallelism ( Jf17), 6 -7, 30
DAXPY (DU o £% X i1 ¥) , 343
Deadlock (3E4Hf), 132, 140, 203
Depth-first search (EEELIFE) . 301 -305
Dequeue ( HjBA%Y), 243, 248
Derived datatypes ( JR4:$IEHERI), 116 -119
Get input funciion with ( Get _ input PR
). 120
Dijkstra, Edsger. 174
Direct interconnect ( HIEH %), 37 -38
Directed graph (digraph) (FEHE), 300
Directives-based shared-memory programming ( ¥ F 1§
SHEENESHER), 210
Directory-based cache coherence (HTF HRHEF—
), 44 -45
Distributed computing (4% 2318), 9 -10, 12
Distributed-memory (53 2. TE)
interconnects ( %), 37 -42
programs ( #&FF), 53 -56
message-passing APl (7§ B & APL), 53 -55
one-sided communication ( BEHE{E), S
partitioned global address space languages ( ¥4>4>
Rihk Z REiESF ), 55 -56
systems ( &4t), 8, 9/, 12, 33f, 35, 83f
vs. shared-memory (LEHNTE), 46
Distributed termination detection (43 AL 1M ),
331 -333
Drug discovery (Z58 %), 2
Dynamic mapping scheme (ZhASBEHLE ), 308
Dynamic parallelization of tree search using pthreads
(£ F Pthreads MIRPRIR R 15 IF4T), 310-315
dynamic schedule types (dynamic {#EE3E), 239
Dynamic threads (3254 8) , 49

E
Eclipse (integrated development environment) ( Eclipse
(FEBIFEFHE)), 70
Efficiency (% %), 58 -61, 75, 125 -126, 139, 253
Embarrassingly parallel ( 53+47), 48, 74
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Enqueue ( ABA), 242, 243
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Error checking (45iR4&#), 215 -216
Euler, Leonhard, 275
Euler's Method ( BKRIFTH:), 275, 2761, 279, 350 - 351
Explicit parallel constructs ( B H-47HIE) . 8
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Faimess (/A%), 250

False sharing (f43LE), 194, 200, 255 -256

Feasible ( tree search) (T 17# (WREER)),
302, 307

Fetch (#KHL), 20, 26

fgets function (fgets m@%H), 196

File-wide scope ( SCHVEEEIfEMAEL), 220

Find_bin function (Find_bin &%k), 67, 68

Fine-grained multithreading ( AR LLR), 29

Flynn’s taxonomy (Flynn 433%), 29

for directive ( OpenMP) ( for % ( OpenMP)),
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Forking process (JR4:iHR), 213
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271, 277, 279
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327, 329, 349
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gcc (GNU C compiler) (gcc (GNU CiEEHP
#£)), 85n, 153n
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Get_rank function (Get_rank gg#), 53
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time R¥), 64
GET_TIME macro (GET_TIME %), 121, 138, 203
gettimeofday function ( gettimeofday @&
¥, 121
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function ( &#), 103
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Global variables (2R3 &), 97, 137
Graphics Processing Unit (GPU, B & L),
32, 355
guided schedule types (guided {HEEHA), 239
Gustafson’s law ( Gustafson EH), 62

H
Hang (#:), 94, 132
Hardware multithreading (BE{4£28#2), 28 -29
Heterogeneous system (R ES), 73
Homogeneous system ([F#ES), 73
Hybrid systems (IB& &%), 35
Hypercubes (#37771k), 39, 40f
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Indirect interconnects ([H$EH %), 40, 40f
Input and Output (170, 8 A H ), 56 -57, 75,
280 -281
Instruction-Level Parallelism (ILP, ##4-%3F4T)
multiple issue (Z&4}), 27 -28
pipelining (#/KEk), 25 -26, 27¢
Integrated Development Environments ( IDEs, & FF
RIE), 70
Interconnection networks ( B3R5 )
direct interconnect ( H#EH %), 37 -38
distributed-memory interconnects ( XN HFEH
#),37-42 .
indirect interconnects ([BJ¥£HEE), 40
latency and bandwidth (FER 5#/%), 42
shared-memory interconnects (X ZEHHFH %),
35 -37
switched interconnects (WA E %), 35

J
Joining process (& 3F#E#), 213

K
Kernighan, Brian, #7 Ritchie, Dennis, 71, 84
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Latency (EiR), 42, 74
Leaf (search tree) (RFF45& (#8FEW)), 301, 306



Libraries ( MPI, Pthreads, OpenMP)
Pthreads, OpenMP) ), 8
Light-weight processes (2B M), 152
Linear speedup (ZRPEINELEL), 125
Linked list (%)
functions ( BR%Y) , 181 - 183
Delete (Delete), 182, 184
Insert (Insert), 182, 183
Member (Member), 182, 186
multithreaded ( 2% ), 183 - 187
Linux (Linux), 153
Load (as in load/store) (3£ A (%A/#ﬁ%) ), 31
Load balancing ( i ¥ %), 7, 12, 48
Local variables ( H¥fAc8), 97, 137
Lock data structure (BiiESEH) , 242
Locks (i), 246 —248
Loop-carried dependences ( fE¥Hk#i), 228 —229
Loops ({&%F)
bubble sort ( B¥#HER), 232 -233
odd-even transposition sort ( ZF B LB HF),
233 -236
scheduling ( JEEE) , 236 —241
Ipthread, 153

(FE (MPI,

M
MacOS X, 153
Main memory ( £7F), 15, 71, 72, 251
Main thread ( ££R8#2), 157, 158f
Man page (#FEHFM), 354
Mapping ( Foster's methodology) (43 BC ( Foster
%)), 76, 279
Mapping ( Caches) (B4t (&%)), 20-22
Master thread (OpenMP) (F4k# (OpenMP)), 214
Matrix-vector multiplication (% B - [ 8 F &),
114f, 159 -162, 160f, 192
local (JZ¥R), 124
parallel (3$47), 116, 125¢, 126¢
performance of -(#£fE), 119
results of timing (ITBFEERE), 122, 123;
run-times and efficiencies of (GEFTHI BRZLE), 192¢
serial (&#47), 115
Member function (Member &%), 182
implementation of (ZZH{), 186
memcpy (C library function) (memcpy (CiES BH
FEeR%) ), 268

* 5| - 245

Memory ( NFE), 15, 16
cache (£87F), 191, 251
transactional ( FEHFHNE), 52
virual (FBHINTE), 23 -25
memset (C library function) (memset (CiEH R
Rk ), 277
Merge (&3F), 135, 147
Mergesort (JAFHHERF), 148
Message, matching ({48, PLAC), 91 -92
Message-passing (4B &%), 242
locks in (gli{¥), 248 ~249
Message-Passing Interface ( MPI)
8, 83, 338 -341, 353
communicator (JA{EF), 87 -88
datatypes (H#EHH]), 89t
derived datatypes ( JR4-$IEAKARY), 116 -119
and dynamic partitioning ( 3hARI4)
checking and receiving (&5 ), 333 -334
distributed termination detection (4376 = 2% 11 #&
), 331 -333, 332
OpenMP ( OpenMP) , 327
performance of (#£8E), 334 -335, 334¢
Pthreads ( Pthreads), 327
sending requests ( &ZEi5K) , 333
splitting stack (43 #&), 329 -331
forum (i£3¥x), 106
implementation (SEBL), 290, 293f, 296, 323, 334
input (%#iA), 100 - 101
operators in (GZEFT), 104:
output (¥iH), 97 -100
parallelizing, n-body solvers ( 3174k, n f#id] sk
%), 290 -297
programs ( #&FF), 86
performance evaluation of (¥EREIFAE), 119 -127
potential pitfall in ( ¥E7ERGEHE) , 94
safety in (ZZ4£tE), 132 - 135, 140
scatter (i 5t), 110-112
solvers, performance of (3R f®#, #E#E), 297 -
299, 298¢
and static partitioning ( F#SR14)
maintaining ( 4E37), 321 -325
partitioning ( ¥43), 320 —321
printing (&4 ), 325 -326
unreceived messages ( KIEUIEE), 326
trapezoidal rule in (ﬁv%ﬂﬁ‘ﬁ‘) , 94 -97
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Microprocessor, increase in performance (i &b 3 2%, MPI_LOR, 104

HEERA), 1 -3 MPI_LXOR, 104
Microsoft ( ff%k), 70 MPI_MAX, 104, 122
MIMD systems. # & Multiple instruction, multiple da- MPI_MAXLOC, 104

ta sytems MPI_MIN, 326
Modes and buffered sends (R 528 &%), 323 ~325 MPI_MINLOC, 326, 339
Monitor (4Z#12%8), 52 MPI_Op, 104
Monte Carlo method ( Z245FKi& k), 148, 207, 268 MPI_Pack, 117, 138, 145, 324, 329, 330, 341
MPI, % R Message-Passing Interface MPI_Pack_size, 324
mpi.h, 86, 136 MPI_PACKED, 145, 331, 341
MPI_Aint, 118 MPI_Recv, 90-91, 136
MPI_Allgather, 115, 124 semantics of (&), 93 ~94
MPI_Allreduce, 106 MPI_Reduce, 103 —105, 105:
MPI_ANY_SOURCE, 91, 92, 322, 340 MPI_Reduce_scatter, 148
MPI_BAND, 104 MPI_Request, 348
MPI_Barrier, 122, 138 MPI_REQUEST_NULL, 348
MPI_Bcast, 108, 109, 117, 137 MPI_Rsend, 324, 340
MPI_BOR, 104 MPI_Scan, 142
MPI_Bsend, 324, 340 MPI_Scatter, 111, 137
MPI_BSEND_OVERHEAD, 325 MPI_Scatterv, 143, 320, 339
MPI_Buffer_attach, 324, 340 MPI_Send, 88 -90, 136 - 137
MPI_Buffer_detach, 324, 326, 340 semantics of (153 ), 93 -94
MPI_BXOR, 104 MPI_Sendrecv, 133-135, 140, 296
mpicc command (mpicc #54), 85 MPI_Sendrecv_replace, 140, 296, 344
MPI_CHAR, 53, 89 MPI_SOQURCE, 92, 322, 340
MPI_Comm, 88 MPI_Send, 132, 140, 324, 340
MPI_Comm_rank, 87 —88 MPI_Status, 92, 93, 348 '
MPI_Comm_size, 87 —-88 MPI_STATUS_IGNORE, 91
MPI_COMM_WORLD, 87 -88 MPI_SUM, 104, 105
MPI_Datatype, 89, 104 MPI_TAG, 92
MPI_DOUBLE, 89 MPI_Type_commit, 119
MPI_ERROR, 92 MPI_Type_contiguous, 143
mpiexec command (mpiexec #54), 86 MPI_Type_create_struct, 118, 138, 144
MPI_Finalize, 86, 136 MPI_Type_free, 119
MPI_FLOAT, 89 MPI_Type_indexed, 144
MPI_Gather, 112, 137 MPI_Type_vector, 143, 144
MPI_Gatherv, 143, 321, 339 MPI_Unpack, 145, 329, 330, 340, 349
MPI_Get_address, 118 MPI_Wait, 348
MPI_Get_count, 92, 93, 349 MPI_Waitall, 348
MPI_Init, 86, 136 MPI_Wtime function, 64
MPI_IN_PLACE, 338, 344 Multithreaded linked list ( B£k#4E3%), 183 — 187
MPI_INT, 89, 321 Multithreaded programming ( B4R, 153
MPI_Iprobe, 322, 326, 329, 331, 339, 340 Multicores ( £#%)
MPI_Isend, 347 forming global sum (JERER/M), 5f

MPI_LAND, 104 integrated circuits ( ERLHEER), 12



processors (AL¥EAR), 3
Multiple instruction, muitiple data ( MIMD ) systems
(2152 ZHEM (MIMD) HR4), 32-33
distributed-memory system (XA FRLEK), 33,
337, 35
shared-memory systems (LZEHNFEEREHK), 33 -
34, 33f
Multiprocessor ( & 4bHE2E) , 1
Multistage interconnect ( BHKHHE), 74
Multitasking operating system ( Z{E & BIER L),
17-18
Mutexes (H &), 51, 168 -171, 177, 199
Mutual exclusion techniques, caveats ( B JfH A, &
&), 249 -251
My_avail_tour_count, 329

N
n-body solvers (n &[] BR &)
170, 280 -281 (1/0)
MPI solvers, performance of ( MPI 3R #%, ¥ E),
297 -299, 298
OpenMP Codes evaluation ( OpenMP {{EZIE#T),
288 -289, 288:
parallelizing (FF174k)
communications (GEfE), 278f, 279f
computation (), 280
Foster’s methodology (Foster 5#:), 277, 279
MPI ( MPI), 290 -297
OpenMP, 281, 284, 288 -289
Pthreads, 289 —290
problem ([a]f8), 271 - 272
two serial programs (B MEBITERF)
basic and reduced algorithm ( 2 & 5 & L &
%), 274
compute forces (ITEIERN), 273, 274
Euler's Method ( BR$FIJ7¥:), 275, 276f
numerical method (¥{EFE:), 274
tangent line (YJ£R), 275, 275f
Nested for loops ( BXER/FA), 124
Nonblocking (JEBHZE), 337, 347
Nondeterminism ( ANEEENE) , 49 -52, 74, 100
Nonovertaking ( A~A[#5E/7), 93
Nonrecursive depth-first search ( 3E 8 I3 % & {4 18
&), 303 -305
Nonuniform memory access (NUMA) system (JE—%F
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WAEE] (NUMA) 2RE0), 34, 34f
nowait clause (nowait F4)), 284, 338
NP complete (NP 524), 299
num threads clause (num_threads ¥4j}), 214
NVIDIA, 355

0
Odd-even transposition sort { &7 - 22 e HEF ),
233 -236
algorithm (H k), 128
parallel (J#47), 129 132, 131¢, 134 - 136, 135¢
omp.h, 212, 247
omp_destroy_lock, 247
omp_get_num_threads, 214, 215, 260
omp_get_thread_num, 214, 215, 260
omp_get_wtime_function (omp_get_wtime
¥, 64
omp_init_lock, 247
omp_lock_t, 247, 248
OMP_SCHEDULE, 240
omp_set_lock, 248, 316
omp_test_lock, 338
omp_unset_lock, 248
One_sided communication ( #L[E58E5), 55,75
OpenCL, 355
OpenMP, 8 -9, 316, 318, 337 -338
compiling and running (4RiF5i8717), 211 -212
directives-based shared-memory ( 3T 54 AL =
W), 210
error checking (&R E ), 215 - 216
evaluation ( #F4), 288 - 289, 288:
forking and joining threads (4R 5&H&B), 213
loops ({E3F)
bubble sort ( B ifiHEF), 232 -233
for directive { for $§4>), 343
odd-even transposition sort ( F H X HF),
233 -236
scheduling (&), 236 - 241
num _ threads clause ( num _ threads F
A1), 214
parallel directive (parallel 34, 213, 214
parallel for directive (parallel for f§4)
caveats (B4, 225 -227
data dependences ( #THE4KHI) , 227 - 228
estimating m (f&it = {H), 229 - 231



248 - HTRFEITSiE

loop-carried dependences ({F¥RfKH) , 228 —229
parallelizing, n-body solvers (3fF474k, n {kB]EkK
f#), 281, 284, 288 —289
performance of (M:fig), 318 ~319, 319:
pragmas (pragma #4), 210 -211
and Pthreads (Pthreads), 209
reduction clause (reduction F4]), 221 -224
scope of variables (ZREVEFHIR) , 220 -221
shared-memory system (ILEWNIFRL), 209, 210
structured block (Z5¥gfkik), 213
thread of execution (FHATLRER), 213
trapezoidal rule (BEINSH:)
critical section (IR X)), 218
Foster’s methodology (Foster 5 {5), 216
Trap function ( Trap EE¥L), 218 —220
tree search, implementation of (#MIEIHZER, LH)
MPI and dynamic partitioning ( MPI #1 3 7& %
5, 327
parallelizing ( 3+474k), 316 ~318
OpenMP Architecture Review Board ( OpenMP {§ & 45
HMEEER), 354
Operating system (0S) (#4ER%)
multitasking (Z4F4), 17-18
processes (i), 17 -18, 18f
Output (#i), 56 -57, 97 - 100
Overhead (FF44), 55, 58, 189, 241, 280

P
Page (virtual memory) (H (EEIIATE)), 24, 72
Page fault ( H4H), 25
Parallel computing ( #f1i+&), 9-10, 12
history of (Ji5), 355
parallel directive (parallel $§4-), 213, 214
parallel for directive (parallel for #54)
caveats (i), 225 -227
data dependences ( $E4K#) , 227 -228
estimatingm (f&it = {E), 229 -231
loop-carried dependences (¥4 #f) , 228 229
Parallel hardware ( 3478EH), 73 -74, 354
cache coherence (ZEFE—B(fk), 43 -46
interconnection networks ( H M), 35 -42
MIMD systems (MIMD £%t), 32 -35
shared-memory vs. distributed-memory (F:E R
KELTXAFRYL) , 46
SIMD systems (SIMD &%), 29 -32

Parallel odd-even transposition sort algorithm ( 3 47
7 - AT EE), 129 -132, 131
Merge_1ow function in (Merge_low B&¥) , 136
run-times of (iZ{7R}), 135¢

Parallel programs (347#/F), 1, 10 -12
design (1), 65-70, 76
performance ({%fE), 75-76

Amdahl’s law (Fa[EBHARER) , 61 -62
scalability (aJ# @#), 62
speedup and efficiency (N3 LR ) , 58 -61,
59t, 60f
timings (i}8}), 63 -65
running (iZf7), 70
writing (5), 3-8, 11, 70

Parallel software ( 3478k 4), 74 -75
caveats (%4y), 47 —48
coordinating processes/threads ( P8 #E#R/2212),

48 -49
distributed-memory programs (X NERFE),
53 -56
programming hybrid systems (B & RZHE), 56
shared-memory programs (HEHERFE), 49 -53

Parallel sorting algorithm (3F4THEFEE L), 127

Parallel systems, building (FH17RS, #r), 3

Parallelization (F3f471k), 8, 9, 48, 61

Partial sums, computation of (FR43H1, H#), 7

Partitioned global address space ( PGAS) languages
(RIS &bz ] (PGAS) #EE), 55-56

Partitioning data ( §I43%(38), 66

Partitioning loop iterations ( RI4MEFIEAL), 290

Performance evaluation (#8EIFAY), 15
results of timing (ifATEER), 122 - 125
scalability (ATH @), 126 - 127
speedup and efficiency (& HLFIZCE) , 125 - 126
taking timings (#&H{), 119 —122

Ping-pong communication (@ {E), 148

Pipelining (Jfi/K%k), 25 -28, 72

Point-to-point communications (&%} EGE E), 104, 137
collective »s. (£ &{{E), 105 -106

Polling (#if]), S5

Pop (stack) (i (#&)), 303, 304

Posix Threads, # 71 Pthreads

POSIX ® (POSIX), 153, 174, 181, 354

Prefix sums ( §{ZRA) , 142

Preprocessor ( FiAbHEES), 121, 259



Pragmas ( Pragma #4), 210 -211
Processes, operating systems (#, #EERLK),
17 -18, 18f '
Producer threads (2Ef=HLZH), 242
Producer-consumer synchronization ( £:7*# - H# &
H#), 171 -176
Program, compilation and execution (4R, ZWIFMN
1), 84 -86
Program counter (F2fFiH48%), 16
Progress (i##), 9
Protect ( critical section) (f£#* (MERX)), 245,
353, 354
Protein folding (EFHHAETE), 2
Pseudocode for Pthreads Terminated function ( Pthreads
%L EBHIE) , 312
pthread.h, 155, 156, 198
pthread_attr_t, 156
pthread_barrier_destroy, 203
pthread_barrier_init, 203
pthread_barrier_t, 203
pthread_barrier_wait, 203
pthread_barrierattr_t, 203
pthread_cond_broadcast, 180
pthread_cond_destroy, 181
pthread_cond_init, 181
pthread_cond_signal, 180
pthread_cond_t, 179, 180
pthread_cond_wait, 181, 311, 313, 317
implementing (3EHL), 180
pthread_condattr_t, 181
pthread_create, 156, 157
pthread_join, 158
pthread_mutex_destroy, 169
PTHREAD_MUTEX_ERRORCHECK, 354
pthread_mutex_init, 169, 203
pthread_mutex_lock, 169, 170, 173, 181, 354
PTHREAD_MUTEX_RECURSIVE, 354
pthread_mutex_t, 169
pthread_mutex_trylock, 314, 337 -338, 354
pthread_mutex_unlock, 169
pthread_mutexattr_t, 169
pthread_rwlock_destroy, 188
pthread_rwlock_init, 188
pthread_rwlock_rdlock, 187
pthread_rwlock_t, 188
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pthread_rwlock_unlock, 187
pthread_rwlock_wrlock, 187
pthread_rwlockattr_t, 188
pthread_t, 156, 157
Pthreads, 8 -9, 212, 320, 327, 353, 354
barriers ( §&F&), 181
dynamic parallelization of tree search (WREEN
;A7) , 310 =315
functions, syntax ( BR%{, i&H:), 187
implementation of tree-search, pseudocode for (FE
BROLH, HIRE), 309
matrix-vector multiplication (%ERE — [ EFer:), 192
and OpenMP (OpenMP), 337 -338
parallelizing n-body solvers using ( 1T n {&[a] &K
fi2), 289 -290
program (#J¥)
error checking (45iR##), 158 - 159
execution ($FT), 153 -155
preliminaries (FAbEE), 155 - 156
read-write locks (iZE#4i), 187 -188
running (iZ47), 157 - 158
for shared-memory programming (FEZENFHEE), 209
splitting stack in parallel tree-search ( ZEFEATRITEH
BPoER), 314 -315
starting threads ( Z3EILRRE), 156 ~ 157, 159
static parallelization of tree search ( B ENGS
F#474k) , 309 -310
stopping threads (Z5IRERER), 158
termination of tree-search (W@ E W ZK L),
311 -314
tree search programs (WEBREBF)
evaluating (¥EH}), 315
run-times of (BZ{THT), 315t
pthread_t, 156 - 158
Push (stack) (H (#&)), 303

Q
gsort (C library funciion) (qsort (Ci&EFE K¥E
eA%0) ), 130
Queues (BAF), 241 —242

R
Race conditions ( %), 51, 74, 165, 260

Read (of memory, cache) (i (N7, B%)), 20
Read access (3EHL(), 309
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Read-lock function ({£4fieE%1), 187

Read miss (jEHRek), 193, 254

Read-write locks (iZ54i), 181, 199
implementations ( ZCFE), 190
performance of (t¥EfE), 188 — 190
linked list functions ($53FepR%), 181 -183
multithreaded linked list ( Z£Ef6EF), 183 - 187
Pthreads, 187 — 188

Receive_work function in MPI tree search ( MPI
i &+ ay Receive_work K#r), 334

Receiving messages (3EIHE ), 243 -244

Recursive depth-first search (R IAFEE K LR E),
302 -303

Reduction clause (J3#Z3F4]), 221 -224

Reduction operator ( JAZJAESRF) , 223, 262

Reentrant (A[EA), 197, 258

Registers (2 7Ea), 16

Relinquish (lock, mutex) (&5 (8, T fF41)),
51, 169, 181, 247, 337

Remote memory access (iLFENTEITE) 55

Request ( MPI nonblocking communication ) (iF K
(MPI JEH R ) , 347

Ring architecture ( FA45#8) , 293

Ring pass (FFIEfLiE), 292
computation of forces (YEFJIRITE) | 294, 295
positions (&), 293, 294f

Row major order (fTE£FF), 22

Run-time of parallel programs (4T FREFTHT) , 63

runtime schedule types {( runtime JHEIEH),
239 -240

S
Safe MPI communication (%24 MPIf{5), 134f
Safety (thread) (&T2HE (Z4#&)), 52 -53, 195 -
198, 256 -259
Scalability (T &), 31, 62
Scatter ( MPI communication) ( & &F ( MPI 315)),
110 -112
Scatter-gather (in vector processors) (B{&f - F 4
(FELHEES)), 31
schedule clause (schedule F4)), 237 —238
Scheduling loops ( VETEH )
auto, 238, 261
dynamic and guided schedule types (dynamic
M guided FEA.RL), 239

runtime schedule types (runtime JFEIR),
239 -240
schedule clause (schedule F4]), 237 -238
static schedule type (static VEEEERY), 238 ~239
Scope of variables (ZFEERIEL), 220 -221
sem_destroy, 175n
sem_open, 175
sem_init, 175
sem_post, 174, 178, 179, 199
sem_t, 175
sem_wait, 174, 178, 179, 199
semaphore.h, 199
Semaphores ({§5 &), 52, 171 —179, 199, 353, 354
functions, syntax ( pRE(, &), 175
Sending messages ( Zi%THE ). 243
Send_rejects function in MPI tree search ( MPI %
A8 EF R Send_rejects &¥), 327, 331
Serial implementations ( H4T3CH)
data structures for (EIESEH) , 305 - 306
performance of (TE), 306, 306t
Serial programs ( B{T#F), 1. 66 -68
parallelizing ( J#f7{k), 68 -70
writing (), 11
Serial systems ( BiTE&%), 71 -73
Serialize (E77{L), 58, 185, 189, 195
Shader functions (3 & &%0) , 32
Shared-memory, A X, Distributed-memory
interconnects ( H.i%), 35 -37
programs (#2F¥), 49 -53, 151, 355
dynamic thread (ZIZRLZEHE), 49
nondeterminism in ( REEH), 49 -52
static thread (FHALZLRE), 49
thread safety (Z&BELM), 52
systems ( R4t), 8, 9f, 12, 33 34, 83, 841, 152f
with cores and caches ( R S54ETE), 43f
for programming ( %#2), 151, 209 -210
vs. distributed-memory ( 543 HEE) , 46
SIMD systems, 4 J Single instruction, multiple data sys-
tems
Simultaneous multithreading (SMT) ([ &4#), 29
Single instruction, multiple data ( SIMD) systems ( #
HESZPEER (SIMD) F4), 29 ~30
graphics processing units ( EEALEHIT), 32
vector processors (mELFEEE) , 30 -32
Single instruction, single data (SISD) system (B§§4



WHBYER (SISD) R&E), 29

Single program, multiple data (SPMD) programs ( 8
BEFZBIER (SPMD) #7), 47 -48, 88

Single-core system (BB FEHE), 3

SISD system, # & Single instruction, multiple data sys-
tems

Snooping cache coherence ( WiWTERTFE—8(HE), 4

Sorting algorithm ( HEFFE B:)
parallel (F47), 127
serial (8847), 127 -129

Speculation ( #El) , 27 -28

Spin ( HfE), 166

Split_stack function in parallel tree search ( H-4T
R &b Split_stack ¥, 329

SPMD programs, # & Single prgram, multiple data sys-
tems

sprintf (C library function) (sprintf (CiES
BRERE) ), 53

Stack (%), 303, 305, 309, 311, 314 - 315, 329 -331

Stall (f&if), 20

Static parallelization of tree search using pthreads ( {iff
FH pthreads FIB T R FRSIH474L) , 309 -310

static storage class in C (CiEE h Y static 6§
%), 197, 258

static schedule type (static JHEHE]), 238 -239

Static threads (L), 49

status_p argument (status_p &¥), 92 -93

Store (as in load/store) (7 (ZFEA/TEME)), 31

Strided memory access (%K IHFF), 31

strtok function ( strtok & %), 196, 197,
258, 259

strtok_r (C library function) (strtok_r (CiE&
HERBERY) ), 197, 258

strtol function (strtol /%), 155, 213

Structured block (&i#jfbik), 213

Swap space (3Z#HZs[H]), 24

Switched interconnects ( A H %), 35

Synchronization ([F]#), 7

T

Tag ( MPI message tag) (#xic (MPI {4 B 4512)),
90, 91

Task (Foster’s methodology) ({£55 (Foster F5)), 81

Task-parallelism ({F%3547), 6 -7, 48

Terminated function in parallel tree search (347

# 5]-25

B EBH Terminated fE ), 311 - 314,
317, 318, 327
Termination detection (%% FiF#)), 244
Thread-level parallelism ( TLP) (Z#BZ3H47), 28
Threads (Z:#2), 18, 18/, 48 49, 151
of control (#54]), 152 -153
dynamic (Zh&), 49
of execution ($47), 213
function ( pA%Y), 196
for computing w (31#& ), 163
running (iZ4T), 157 - 158
incorrect programs ( NEMMERF), 198
strtok function (strtok pR¥), 258, 259
Tokenize function (Tokenize F@¥), 257
starting (f33h), 156 —157
approaches to ( 7ik), 159
static (##45), 49
stopping ({£1k), 158
Thread-safety (£RFEZ2HE), 52 -53, 195 - 198
timer.h, 121, 138
Timing parallel programs (it8fH-478F), 64
TLP, £ &, Thread-level parallelism
Tokenize function (Tokenize iE¥), 257
Toroidal mesh ( —#EIFmEMHE), 37, 74
Tour (traveling salesperson problem) (€47 (4T
[B1RE) ) , 299
Tortend (Trg), 59,79, 123
Tpsid (Tyis), 59,76, 79, 123, 170, 253
Transactional memory (% NTE), 52
Translation programs ( 8Hi¥ESF), 3
Translation-Lookaside Buffer ( TLB, #% ¥ 5 & & #
#%), 25
Trap function (Trap pd¥%f), 218 -220
in trapezoidal rule MPI ( MPI B JEFR43ekeh) |, 99f
Trapezoidal rule (BEFEFI>3E), 94 -95, 95F
critical section (X)), 218
Foster’s methodology (Foster ;) , 216
MPI, first version of (MPl, #E—/-RRA), 98f
parallelizing ( 3474k), 96 —-97
tasks and communications for ({4 53&15), 96f
Travelling salesperson problem (&4 7Hj[R1&H) , 299
Tree search (WIEHME)
depth-first search (IFEHIEE), 301
dynamic partitioning ( 1A&%143)
checking for and receiving new best tours (#ZF I



252 - FITRFIRIT SRR

BT R ERR), 333 -334
distributed termination detection (4> 77 Fo & (L &%
), 331 -333, 332
in Pthreads and in OpenMP ( Pthreads 5 OpenMP
gy, 327 '
sending requests ( KiXIHK), 333
splitting stack (43#5#%), 329 -331
directed graph (H[5][) , 300
MPI (MPI), 319 -326, 327 -333
performance of ({£fE), 334 -335, 334
nonrecursive depth-first search ( B33 7 B {18
%), 303 -305
parallelizing (3474k)
best tour data structure ( B{E B BB BELE W),
307 -308
dynamic mapping of tasks ({55 FIEIASBLET) , 308
mapping details ( BREF4HY), 307
in Pthreads and OpenMP ( Pthreads 55 OpenMP #) ,
334, 337
recursive depth-first search (i HFEEL TR ER),
302 -303
serial implementations ( EB{T3LH)
data structures for ( ¥{#E%5H) , 305 -306
performance of ({4#E), 306, 306t
static partitioning ( ¥FAEI4)
maintaining best tour ( ZE3E4EEIRE), 321 -325
printing best tour (¥ BLMTT), 325 -326
in Ptherads and OpernMP ( Pthreads 5 OpenMP
#), 319 -321
unreceived messages ( RIFWAHE), 326
Tree-structured broadcast (T #%), 108/
Tree-structured communication (W IE W E ).
102 -103
Tow (Tus), 58,59, 76, 79, 192
Typographical conventions ( ENBIFFS£1%E ), 11

u
Uniform memory access (UMA) system ( —Z R
) (UMA) R%E), 34, 34f
Unblock (JEFHZ#E), 179, 180
Unlock (f#4&1), 51, 178, 190
Unpack (f#f1), 145, 334
Unsafe communication in MPI ( MPl1 3% £ 8

{§), 132, 139, 140

Update_best_tour in parallel tree search (FFATHf
&+ Update_best_tour), 316
pseudocede for ( 4LF5), 310

\)
Valgrind ( Valgrind) , 193, 253, 265
Variable, condition (ZFH, &%), 179 -181, 199
Vector addition ( [a) BAHHN)
parailel implementation of (Ff73LH), 110
serial implementation of ( #3473CH), 109
Vector processors ( [a] Bt 4b¥E2%) , 30 -32
Virtual address ( itisiiik) , 24, 24
Virtual memory ( BILNTE), 23 -25
volatile storage class (Volatile 7£fi%3%), 318
von Neumann architecture (15 - iE{K & 554#),
15 -17, 16f
modifications to (f&2), 18
caching (%), 19-23
hardware multithreading (TE{F £ L), 28 -29
instruction-leve! parallelism ($§4%%347), 25 -28
virtual memory (EBHIPFE), 23 -25
von Neumann bottleneck (73 - iE{KEHEST), 16 17

W

Wait, condition in Pthreads ( % ¥, Pthreads H1 %
1), 207, 317, 327

Waiting for nonblocking communications in MPI ( MPI
PERIEEEER) , 340

Wildcard arguments (GBEAS¥), 92

Windows ( Windows) , 239, 240

Wrapper script for C compiler (C &5 &8 M3
%), 85

Write (to cache, memory, disk) (5 (ZB#F. N,
&), 20

Write-back cache ([IE%4), 20, 44

Write miss ( B§sk), 193, 253

Write-through cache (S EAEF), 20, 44

Z
Zero-length message (ZRKEHA), 333



g
a
g
g
a
g

1.
200000000000
LSUbopoboobooobg
AO00000000
SO000oog
.e00ogogoood
J000000on

.80 0

L0000

1000

1100

N RORONNNRPRRONNMNNONRONRNONNNMNNONRNONNMNNOMNRNOMNNOMNNMNNOMNRNOMNNMNNNMNNORRRRRRERRR PR

g

ad

g

g

ad

10 Oo0oboobooo
1ooo0oooboooobon

20 O0O0oOooogoo

A000o

A.10- 00000
2000000000
200 DoOoooood
.2.1 Cache O OO
.2.2 CacheCl O

.2.3 CacheDDODOOODOO
L2.4A00000
2500000
.2.600000
LB0o00ad

.3.1 sSIMbOd

.3.2 MIMDO O
330000

.3.4 Cachel O O
LBh5000000000o4a
A0000

410000
4200000000
A430000
4400000

A5 000000
LSOOood

.60 0



W W W WwWwWwWwWwWwwowowowowowowowowowowowowowowowrOogoNDPDPDNDPNPDPDNDPNDDNDDNDDDNDNDNDDDNDDNDDDNDDND

.6.1000000
.6.20000004
.6.30 000
.6.40 0
000000
L000000000
.00 0

o000
.10.10000
.10.20000
.10.30 000
.10.400000
.10.50 0
06000000
.10.70 0

1100
gOoMPIOOOO0oOoOoOooa
0000
A0o0ooo

2 MPIO O

.3 MPI_ Initd MPI_Finalize

.5 SPMDO O

.60 0

.7 MPI_Send

.8 MPI_Recv

Lo0000

.10 status PO O

.11 MPI_SendO MPI_ Recvd O O
200000
L20MIDO000000
.2.100000
22000000000

.3 1000

.3.100

.3.200

A0000
41000000

.4.2 MPI_Reduce
A30000000000
4.4 MPI_Allreduce
.4.500

1
1
1
1
1
1
1
1
1
1
1
1

A40000MPI_Comm sizedd MPI_Comm_ rank



60000

7o

.80

o00oao
MPIDOOOOOO
MPIDOODOODOO
100

200
Loooooo
40000
000000
7.100000ooaoo
7200000000
.3 MPIOOOO0OO
400000000000 oOoog
.80 0

000

Jdodonoad

400 PthreadsO O OO OOOO
.10 000 0O O Pthreads
“ Hellod World” OO
100

20000
LB00an
40000
SOo00go
60000
JO0o0odopooood
LO0o0-0000
4000

SsO00ad

.60 00
JO000-00ooooooo
LBUOoooooo
810000000
.8.2000O
.8.30000O

.8.4 Pthreads O
.o00ad

.9.10000
.9.200000

.9.3 PthreadsO OO

(o2 B> Bl o> o> R« IE ) B

A A DA PPOBOMOOOOOOOOOOOOOOOOOOWWWW
N NN DN DNDDNDDNDDN



494000000000
4.9.500000

4. l00000o00oooooad
4.1100000

4.120 0

4.130 0

4.140000
Os5000penMPO 0O ODODOODO
5.10000
.1.100 00 O OpenMPO O
.1.200

130000

200000
LO0o0odooo

0000

.5 parallel forO O
.5.100

.b5.200000d
S300oodo

S5.4 nmOo0Od4d
Sh00000ooood
.600000penMPO OO O OO
.6.10000
.6.2000000
700ao

.7.1 scheduled O

.7.2 staticOOO0d

.7.3 dynamicO guidedd O OO
7.4 runtimed OO O
.7.50000
LBUDoopooooad
100

20000

B00ao

40000

SO000an

.60 0

.7 atomi cOO
LB000oOoo
SUoooooooooo
.10 criticalOOODatomicO OO OO OO
J1104d

o1 o1 o1 O1 o1 O 01T O O o1 O 01T O o1 01 O1 O1 O1 Oo1 O1 o1 O1 O1 O1 O1 U1 O1 O1 O1 O1 U1 O1 Ol

O 0O 00 0O O O 0O 00 0O O



5000000000000

5.100 0000

5.110 0

5.120 0

5.130 000

ge0 0OOoOooo

6.1 nDO00DOOOOOOO

100

2000000

L000n000

400 1/0

SOO0penvPO DO DO OODO
.600penvPO 0O DO OODO

.70 O OpenMPO O

.80 PthreadsO 0 O OO
LO0OwMPIDODODOOO
JdoOwPiIOODOOCOOO

A1 MPIODOOD

20000

A0O0oDoooooo
20000000000
Lo0ooooooooon
AD0000000
SO00000000

.60 0Pthreads0 000 O00O0ODOOO
J00PthreadsO D00 0OOO0DOODOO
.8 PthreadsO OO ODOODOO
LO000penMpO OO OO OCODOODOO
.10 OpenMpO O O OO
A1i0owioooooooooon
J00wMPI0D00oooOoooon
300

A0 00O0OAPI

500

.5.1 PthreadsO OpenMP

5.2 MPI

.60 0

6.70000

070 00000000

oood

oo

P PR R R R R PR R

O OO O OO O OO OO OO OO O) OO O OO OO O) OO O) OO O O OO O) OO O OO OO OO OO OO O
N DN NN DNDNDDNDDNDNDDNDDDNDNDDNDDND



	前言
	目录
	第1章  为什么要并行计算
	1.1为什么需要不断提升的性能
	1.2为什么需要构建并行系统
	1.3为什么需要编写并行程序
	1.4怎样编写并行程序
	1.5我们将做什么*
	1.6并发、并行、分布式*
	1.7本书的其余部分
	1.8警告*
	1.9字体约定
	1.10小结
	1.11习题

	第2章  并行硬件和并行软件
	2.1背景知识
	2.1.1冯·诺依曼结构
	2.1.2进程、多任务及线程

	2.2对冯·诺依曼模型的改进
	2.2.1  Cache基础知识
	2.2.2  Cache映射
	2.2.3  Cache和程序：一个实例
	2.2.4虚拟存储器
	2.2.5指令级并行
	2.2.6硬件多线程

	2.3并行硬件
	2.3.1  SIMD系统
	2.3.2  MIMD系统
	2.3.3互连网络
	2.3.4 Cache一致性
	2.3.5共享内存与分布式内存

	2.4并行软件
	2.4.1注意事项
	2.4.2进程或线程的协调
	2.4.3共享内存
	2.4.4分布式内存
	2.4.5  混合系统编程

	2.5输入和输出
	2.6性能
	2.6.1加速比和效率
	2.6.2阿姆达尔定律
	2.6.3可扩展性
	2.6.4计时

	2.7并行程序设计
	2.8编写和运行并行程序
	2.9假设
	2.10小结
	2.10.1串行系统
	2.10.2并行硬件
	2.10.3并行软件
	2.10.4输入和输出
	2.10.5性能
	2.10.6并行程序设计
	2.10.7假设

	2.11习题

	第3章用MPI进行分布式内存编程
	3.1预备知识
	3.1.1编译与执行
	3.1.2  MPI程序
	3.1.3  MPI_ Init和 MPI_Finalize
	3.1.4通信子、MPI_Comm size和  MPI_Comm_ rank
	3.1.5  SPMD程序
	3.1.6通信
	3.1.7  MPI_Send
	3.1.8 MPI_Recv
	3.1.9消息匹配
	3.1.10  status_P参数
	3.1.11 MPI_Send和MPI_ Recv的语义
	3.1.12潜在的陷阱

	3.2用MPI来实现梯形积分法
	3.2.1梯形积分法
	3.2.2并行化梯形积分法

	3.3  I/O处理
	3.3.1输出
	3.3.2输入

	3.4集合通信
	3.4.1树形结构通信
	3.4.2  MPI_Reduce
	3.4.3集合通信与点对点通信
	3.4.4  MPI_Allreduce
	3.4.5广播
	3.4.6数据分发
	3.4.7散射
	3.4.8聚集
	3.4.9全局聚集

	3.5  MPI的派生数据类型
	3.6  MPI程序的性能评估
	3.6.1计时
	3.6.2结果
	3.6.3加速比和效率
	3.6.4可扩展性

	3.7并行排序算法
	3.7.1简单的串行排序算法
	3.7.2并行奇偶交换排序
	3.7.3  MPI程序的安全性
	3.7.4并行奇偶交换排序算法的重要内容

	3.8小结
	3.9习题
	3.10编程作业

	第4章用 Pthreads进行共享内存编程
	4.1进程、线程和Pthreads
	4.2  “ Hello， World”程序
	4.2.1执行
	4.2.2准备工作
	4.2.3启动线程
	4.2.4运行线程
	4.2.5停止线程
	4.2.6错误检查
	4.2.7启动线程的其他方法

	4.3矩阵-向量乘法
	4.4临界区
	4.5忙等待
	4.6互斥量
	4.7生产者-消费者同步和信号量
	4.8路障和条件变量
	4.8.1忙等待和互斥量
	4.8.2信号量
	4.8.3条件变量
	4.8.4  Pthreads路障

	4.9读写锁
	4.9.1链表函数
	4.9.2多线程链表
	4.9.3  Pthreads读写锁
	4.9.4不同实现方案的性能
	4.9.5实现读写锁

	4.10缓存、缓存一致性和伪共享
	4.11线程安全性
	4.12小结
	4.13习题
	4.14编程作业

	第5章用OpenMP进行共享内存编程
	5.1预备知识
	5.1.1编译和运行OpenMP程序
	5.1.2程序
	5.1.3错误检查

	5.2梯形积分法
	5.3变量的作用域
	5.4归约子句
	5.5  parallel for指令
	5.5.1警告
	5.5.2数据依赖性
	5.5.3寻找循环依赖
	5.5.4  π值估计
	5.5.5关于作用域的更多问题

	5.6更多关于OpenMP的循环：排序
	5.6.1冒泡排序
	5.6.2奇偶变换排序

	5.7循环调度
	5.7.1 schedule子句
	5.7.2  static调度类型
	5.7.3  dynamic和guided调度类型
	5.7.4  runtime调度类型
	5.7.5调度选择

	5.8生产者和消费者问题
	5.8.1队列
	5.8.2消息传递
	5.8.3发送消息
	5.8.4接收消息
	5.8.5终止检测
	5.8.6启动
	5.8.7  atomi c指令
	5.8.8临界区和锁
	5.8.9在消息传递程序中使用锁
	5.8.10  critical指令、atomic指令、锁的比较
	5.8.11经验

	5.9缓存、缓存一致性、伪共享
	5.10线程安全性
	5.11小结
	5.12习题
	5.13编程作业

	第6章  并行程序开发
	6.1  n体问题的两种解决方法
	6.1.1问题
	6.1.2两个串行程序
	6.1.3并行化n体算法
	6.1.4关于I/O
	6.1.5用OpenMP并行化基本算法
	6.1.6用OpenMP并行化简化算法
	6.1.7评估OpenMP程序
	6.1.8用Pthreads并行化算法
	6.1.9用MPI并行化基本算法
	6.1.10用MPI并行化简化算法
	6.1.11  MPI程序的性能

	6.2树形搜索
	6.2.1递归的深度优先搜索
	6.2.2非递归的深度优先搜索
	6.2.3串行实现所用的数据结构
	6.2.4串行实现的性能
	6.2.5树形搜索的并行化
	6.2.6采用Pthreads实现的静态并行化树搜索
	6.2.7采用Pthreads实现的动态并行化树搜索
	6.2.8  Pthreads树搜索程序的评估
	6.2.9采用OpenMp实现的并行化树搜索程序
	6.2.10  OpenMp实现的性能
	6.2.11采用MPI和静态划分来实现树搜索
	6.2.12采用MPI和动态划分来实现树搜索

	6.3忠告
	6.4选择哪个API
	6.5小结
	6.5.1  Pthreads和OpenMP
	6.5.2  MPI

	6.6习题
	6.7编程作业

	第7章  接下来的学习方向
	参考文献
	索引
	MPI 3.5 内置数据结构
	OpenMP 首页
	Pthread 首页



