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LD FNEIZHRED T Makefile BFFHLER A MRDOIIZ, AV REHBNZEITLTHNEET,

ZDF 2= TIUNIREDNZIZ. BV T IT AL I RN)M5 prime omp.c & prime pthr.c 77
ANVEROT AV INZAE=F o) JMEH D77 A IVELERL, RO AR AN»SI—-RE 0

E-LET,

prime_omp.c DY —AJ—NK

ZDt 3Tk, prime_omp.c DYV —AI—RZERIZRUET,

1 /*

2

3 ¥/

4

5 #include <stdio.h>

6 #include <math.h>

7 #include <omp.h>

8

9 #define THREADS 4
10 #define N 10000
11
12 int primes[N];
13 int pflag[N];
14
15 int is prime(int v)
16 {
17 int i;
18 int bound = floor(sqrt(v)) + 1;
19
20 for (i = 2; 1 < bound; i++) {
21
22 if (!pflaglil])
23 continue;
24 if (v %1 ==0) {
25 pflaglv] = 0;
26 return 0;
27 }
28 }
29 return (v > 1);
30 }
31
32 int main(int argn, char **argv)
33 {
34 int 1i;
35 int total = 0;
36
37 #ifdef OPENMP
38 omp_set_dynamic(0);
39 omp_set num_ threads(THREADS) ;
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40 #endif

41

42 for (i = 0; 1 < N; i++) {
43 pflagl[i] = 1;

44 }

45

46 #pragma omp parallel for
47 for (i =2; i < N; i++) {
48 if ( is_prime(i) ) {
49 primes[total] = i;
50 total++;

51 }

52 }

53

54 printf("Number of prime numbers between 2 and %d: %d\n",
55 N, total);

56

57 return 0;

58 }

prime_pthr.c DY—XJ—NKN

ZDXrIYav Tl prime pthr.c DYV —AI—RZEZRIZRUET,

1 /*
2 * Copyright (c) 2006, 2011, Oracle and/or its affiliates. All Rights Reserved.
3 */

#include <stdio.h>
#include <math.h>
#include <pthread.h>

©O© 00 N O U b

#define THREADS 4
10 #define N 10000

12 int primes[N];
13 int pflag[N];
14 int total = 0;

15

16 int is prime(int v)

17 {

18 int i;

19 int bound = floor(sqrt(v)) + 1;
20

21 for (i = 2; 1 < bound; i++) {
22 /* no need to check against known composites */
23 if (!pflaglil])

24 continue;

25 if (v %1 ==0) {

26 pflaglv] = 0;

27 return 0;

28 }
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29 }

30 return (v > 1);

31 }

32

33 void * work(void *arg)

34 {

35 int start;

36 int end;

37 int 1i;

38

39 start = (N/THREADS) * (*(int *)arg);
40 end = start + N/THREADS;

41 for (i = start; i < end; i++) {
42 if ( is _prime(i) ) {

43 primes[total] = i;

44 total++;

45 }

46 }

47 return NULL;

48 }

49

50 int main(int argn, char **argv)

51 {

52 int i;

53 pthread_t tids[THREADS-1];

54

55 for (i = 0; 1 < N; i++) {

56 pflagl[i] = 1;

57 }

58

59 for (i = 0; i < THREADS-1; i++) {
60 pthread create(&tids[i], NULL, work, (void *)&i);
61 }

62

63 i = THREADS-1;

64 work((void *)&i);

65

66 for (i = @; i < THREADS-1; i++) {
67 pthread_join(tids[i], NULL);
68 }

69

70 printf("Number of prime numbers between 2 and %d: %d\n",
71 N, total);

72

73 return 0;

74 }

prime_omp.c BLU prime_pthr.c TOT—YDHRABEDHE
O-RIZBEAIREBBFET DG EIE. ATV T 72 ADIEFE P EE SR 2D, FEiT95-0

IZZDIEDIEFIZ > CEHERE R RADE T, prime_omp BE prime_pthr 7T Z LD
FELWE XX 1229 TY,
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ALYRTFSAYEBALLET S DFEE DR A E

%V INA IV UTEITTEBDT, prime_omp £721E prime pthr L7 35L, I—-RAD
TR IO T2 E T F G UG RA L2 2N DNV ET,

WOHFITIE, TOY T NZAv Y R AJUT, prime_omp 707 T A%V N IVUETFLE
—é—‘o

% cC -xopenmp=noopt -o prime_omp prime_omp.c -lm
% ./prime_omp
Number of prime numbers between 2 and 10000: 1229
% ./prime_omp
Number of prime numbers between 2 and 10000: 1228
% ./prime_omp
Number of prime numbers between 2 and 10000: 1180

WOHFITIE, TOY T NZaAv Y R AHUT, prime_pthr TOT Z0E 3V 8AIVUERFITLUE
-5—.0

% cc -mt -o prime_pthr prime_pthr.c -lm

% ./prime_pthr

Number of prime numbers between 2 and 10000: 1140
% ./prime_pthr

Number of prime numbers between 2 and 10000: 1122
% ./prime_pthr

Number of prime numbers between 2 and 10000: 1141

{7075 L% 3 FIFEFTUZAERDFP IFEL TS ZEITHERUTIZI W, FJF UG RAER
RINDET. 4 B LTV T LT TSR ENHILELHVET,

R T =ADBFEAEPEC TN EERFETED LT, I-REFHIIL, FEEREERLET,

ALYRTPF AT %ERALET—YDHEEDRE A E

ALWRTFZ4HIL, Oracle Developer Studio /N7 A=V AT F I YFMREHTEED
ERU "W BT IUHENET,

AVYRT FIA Y2 MHT DL RO 3 DOFIEZITNET,

1. 21 R=YDIA-R%FHIIT 2]
2. 23 "=YDIFT-ADFE DM EREIER TS
3. 23 X=YDIF-ADFE DM EIREMGET S

—RZ&HAIT3

TOT SN TT—RDBEAE OB ZAEEIZT 103, EF AR -7V IR AR EZ4—T5
I-REHENUDHFHHIL TELBEDRHD F T, FHHERED I AAAIL, 7TV r—2av o

BE2E T IDHEDF1—NITIL 21



ALYRTFSAYEFRALET —SDHADKRE A E

V= Ad=-REIXT TV =2 ay A F )T AE T, ZOFa—MN TV T, 07 I L%E
R 2 H DAY RO iEE2RUET,

Y—RO—F%EHITS

V—=2a-REFH AT DI, R334 7> aY -xinstrument=datarace ’E@i’)’c7
TV r=2aveEayNIIVTRDBERHVET, ZOA TV avid, T-EDEE OB I
U= REFHIT2ED12a S FIHRRUET,

-xinstrument=datarace AV /NI AT av i, OIS LDV IS IV F T L EFED
FTvarvteyMGBEIUET,

SR - -xinstrument=datarace Z{Hi> T/ L%V /8N T B XTI ALYRT F 51
P OEEREZ AT D/200ENMNEREERT D720, 86T -g A7 VavEiEELT~E
XN, T=ADEESOME I T OIS L%V IVt EBELAREEIRELR
WTLZX, - xopenmp noopt Z{#i>T OpenMP 7107 I L%V /A )L TLEI W, EE
B bz ERAUSE 7B TP UAZY I RE &S INEHNELE->TWSZ
EMPVET,

ZOFa—N)TIVAIZY—AT-ReEHId BT RDAV Y R HTIET,
% cC -xinstrument=datarace -g -xopenmp=noopt -o prime_omp_inst prime_omp.c -lm

% cC -xinstrument=datarace -g -o prime_pthr_inst prime_pthr.c -lm

BITIE A FUDEHAFE AN FVTHDZENDONEEN I T7AIVDREIZ _inst
LREINTHEY, ZNREBATIEDVERA,

NAF)I—R%EEHAITS

V=Ad=ROMRDOINZT T Z LD FV)I-R2FHHITZI21E, discover W)L HF
S EIRHY), ZDY—)ViE, Oracle Developer Studio (25 41, discover(l) D¥=a7
V=Y ¥ [Oracle Developer Studio 12.5: Discover $& U Uncover 2—H—=Z 4+
RNZEHINTOET,

Fa—-N)T7IVOHITIE IROIAY Y R2 AU TI-R2a22 /) (I)LUET,
% cC -xopenmp=noopt -g -o prime_omp prime_omp.c -lm

% cc -g -02 -o prime_pthr prime_pthr.c -lm

$i\NT, discover % AER L7~ prime_omp B& prime pthr HEALFEA NN TV TETLE
—a—o

% discover -i datarace -o prime_omp_disc prime_omp
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ALYRTFSAYEBALLET S DFEE DR A E

% discover -i datarace -o prime_pthr_disc prime_pthr

INHDIA Y RIFEHIFE A/ 1TV, prime omp disc XL prime pthr disc Z{ERKT D
DT, ZNHDNAF V% collect THALT, ALYRT F I CTHREET 2HEBREER TS
32—3—0

T—YDHEEDRHRRZFEXT S

-r race 777 %fHIT collect AXVREMHALTI O T L% ETFL, O ADETHIZ
TG DOMHERZERKLUET, OpenMP 7107 5 ADBGE  (FHIND ALY RED 1
FHRINWZLZHERLTZIN, Fa— N T7IVDOHITIX 4 DDALYRBMFEHAINET,

V= Aa=ReFHIU TR U723 F IS FEREAE LT DITIE ARD ALY REMIHLE T,
% collect -r race -o prime_omp_inst.er prime_omp_inst

% collect -r race -o prime_pthr_inst.er prime_pthr_inst

discover W—=IVE(EHLUTIERL/ZN\AFVNSEERZERT DI, IRDIDIZUET,

% collect -r race -o prime_omp_disc.er prime_omp_disc

% collect -r race -o prime_pthr_disc.er prime_pthr_disc

T—ROBHEEERE T HENZEODIZIE, -r race 777 (ET collect ZFEHLT E
BOT—2D5EDOMEEBREER T 2BEOUE T, EERTLIZERDZ ALY REE
BBANT =2 HLTIZIWN,

728 ZUE prime omp.c Tld, ALY REUFIRDIFTHREINET,

#define THREADS 4

ZD 4% 1 IOKRIBMOEER (722X 8) ITERD L, ALY RELAHTEET,
prime_omp.c DIXDITIL, 2 ~ 3000 DELEMIE T 2L TTY T LEFHIRUET,

#define N 3000

N DIEZZETELUTHDANT-2%&HE T L, 70T I MMEERE M TEET,

T—YDHEDRHEEREMRELT S

AVYRT FIAY ST A= VAT FIF4Y er print =T 4VT4—T, T—XHA DMK
FEEMGECTEET ALYRT FIAPFBIONT A=YV AT F I FIXEHLE GUL 1V
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ALYRTFSAYEFRALET —SDHADKRE A E

RI =A% K RUET, ALYRT F I FIET 7AINRE 2-DfEHK Y MR RUFETHMN, 7
NPININS T A=V AT FIA P EELTT,

ALYRTF AT EBRALET - DHERRDIRT

ALYRT FIA T EHETHITE IROIARV RE AN UET,

% tha
AVYRT F AT EIICOTRE L, RE AR RINET,

ALYRT F AP, A= 2—/8= Y= )8= ST = 25BN CX B EE DS L
ey Ay AR RRINET,

FIANKTCIEIRDOT =2 =N RKRINET,

BRI, O RINZFEERD AN Y7 DREE N R R INET,

B (54 ICa-2d, 7O S ARNTHREIN 2T 25 S L EE T RO H ULAZY 7
L= 2D —EMNERINET, (54 I a—ChHIHEZEINT L BN T S
FFPEOHUAZY 7 M= 2D MG B 5 A DM T4V RIZRRINET,

B [Fa7)/=ACa—0E BN T —2DEED 2 DDT 7 AR IETS 2 20D
V= ZADNLEDPFRINE T, T—RDE T I AN E 72— AT Wi R R INE
ED

B [EBRIC a2 ZBRTOO-RAT Y 2V MRERIN, TT-BLOEEAYE-UN
—EBRRINFET,

(B a— | AT av A= a—TIFPDY 1 -2 FRTXET,

er_print 2EALAET—YDHRAERBRORT

er print =TT 1—I%, AV RIFA VAT - A% FRUET AV EIIT4 T2y 3
VT er print =TT (—%2FHALT, £yyarydiih7avryReEElLEd, av R
FATaveHUC AV EIIT4 T TRV GIETEY 7 AV REBETEET,
ROV TIAYVRIE er print T=TAVTA—CHEEANDLEIIEIBLET,

B -races

ZHUL, EBRCTHOLMNIES 2T =2 D5 EETRTHRELET, (er_print) 7OV TRT
races CIRE T DM er print IV RITT -races LIEELET,

B -rdetail race_id

ZAUZEY FBREUT race_id #FOT =R DB AIZET 2FMABE WA R RINE
9, (er print) FHVTNT rdetail 4EET DM, er print AYYVRFTT -rdetail &
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FEEUE T 8E L race_id 7 all DGE, TRNTOT XD AT D5HM G ]
FRINFET, TNUANTIE BRI DT D5 EERT 1 REDE—DEREHSEIEE
LET,

B -header

ZE, FERRICE T LR EHRERRL, SN TOLI—F -3 EE2HmELE
9, (er print) 7OV 7 NT header LFEE T Dh, AV RITT -header LIEELET,

FEMIE. collect(1), tha(1), analyzer(1), &L er print(1l) DY =a T I R=T %S ML
TLZIWN,

ERBERICDOWT

IOt avTld er print AXVRIFEALYRT F AT OM HEHHUT MHELZT—

BADEETNT T HIRDERERRT D HIECOWTHHLET,

B T-2DBEED—ED ID,

B T—AD A EE A SN T R A vaddr, EDRAL T RL AWH 2854
. Multiple Addresses DT I)LVAMEIMNIBEHFENTERINET,

B 2 ODEBDALYRIZEBRIT RUA vaddr NDAEY=T 72 A, 772 ADFEHE (7t
AA E7IEEEAA) DIEFW, R, A7y BEOT 7220 Tb - AT—-RK
DITHEFINFRINET,

B T-ADEAIZEREMF SN UAZY 7 KL — ADRBEL, B R —AlX, 2 DDF—
BDBAT 7AW TONWGEH T, ALY RIFOTHIL Ay 7 D2 S UL T,
AVYRT FIATEMHL TR IGE, [H & 1€ —TCE2 DI UALY 7 N — 2%
BIRG DL, 2 DOMHUARY ZIRTEE DFER 17«2 ROICERRINE T er print
=T ) T2 AL TS5 E, rdetail AV RIZEST 2 DO HUARY IS
FRINZET,

prime_omp.c TDT—YDHES

prime omp.c TOT—ZDFHEEFNRDITIX, 23 =T D[ F =X D& O LRz /F
Y2 I CTERLZNT DO EREHHTEET,

er print C prime _omp_instr.er EERDT—ZDHEAIEHRERRTDITIE IROIYV RE
ASUET,

% er_print prime_omp_inst.er

(er_print) 7OV 7'NT races E ANTTEE IRDIDBRHEIMNERRINET,

(er_print) races
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Total Races: 4 Experiment: prime_omp_inst.er

Race #1, Vaddr: 0x21850
Access 1: Write, line 25 in "prime_omp.c",
is_prime
Access 2: Read, line 22 in "prime_omp.c",
is_prime
Total Callstack Traces: 1

Race #2, Vaddr: (Multiple Addresses)
Access 1: Write, line 49 in "prime omp.c",
main
Access 2: Write, line 49 in "prime omp.c",
main
Total Callstack Traces: 1

Race #3, Vaddr: Oxffbff534
Access 1: Write, line 50 in "prime_omp.c",
main
Access 2: Read, line 49 in "prime_omp.c",
main
Total Callstack Traces: 1

Race #4, Vaddr: oxffbff534
Access 1: Write, line 50 in "prime omp.c",

main
Access 2: Write, line 50 in "prime omp.c",
main
Total Callstack Traces: 1

(er_print)
ZOREDTTT T NELFHIZ 4 DDT—ADHENECEU,
ALY RT FIA4Y T prime omp inst.er FEERKERAZFITIZ IROIATVREATILET,

% tha prime_omp_inst.er

IRDAD) =22y M, ALY RT F A PFIZR R INZ, prime_omp.c TR IN/Z5E
MRINTHET,
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B 1 prime omp.c CHMIHXN/ZT—XDEE

| prime_omp_inster - Oracle Developer Studio Thread Analyzer@scapen-ss10-0. == & ]
Eile Views Metrics Tools Help
RBED |20 | Ve -] e I
Views (+] | Total Races: 4 Race Details
Welcome Race #1, Vaddr :0x21850 Data for Selected Race
hcoess 1o Write, line 25 in "prime_omp.c”, It Race 1/4 -- 1 Callstack Trace
Overview
1z priné Vaddr OxzZ1850
PG hocess 20 Read, line 22 in "prime omp.c”,
is_prime Access i
Timeline o (] Total Callstack Traces: 1 Type: Write
SIS Face #2, Vaddr :(Multiple hddresses) is priue, line 25 in "prime oup.c"
hecess 1: Weite, line 49 in “prime_omp.c”,
Experiments wain
hocess 2: Write, line 49 in "prime_omp.c”,
More... nain
o (9 Total Callstack Traces: 1
Face #3, Vaddr :OxfEbff5id
Aecess 1: Write, line 50 in “prime_omp.c”,
main
hocess 2: Read, line 49 in "prime_omp.c”,
wain
o (9 Total Callstack Traces: 1
Face #4, Vaddr :0xffbffsid
Aecess 1: Write, line 50 in “prime_omp.c”,
main
hocess 2: Write, line 50 in "prime_omp.c”,
nAin Access 2
o [ Total Callstack T: D1
(I Total callstack Traces Tyne: Read
is_prime, line 22 in "prime_omp.c"”
Filters
Compare
Local Host scapen-ss10-0 | Remote Host | Waorking Directory: . 4Studio_12.5_THA_User_Guide | Compare: of | Filters: off | /2 Warning

prime omp.c (ZIE IRD 4 DDT—ZDFREMNRINTOET,

B Race #1 X, 17 25 TOBE is prime() DEXIAAL 1T 22 TORIUEAEBDFHAEY)
EDFEERLUTNET,V—AO-RE R, ZNHDFFT pflagl 1 BLHIHB T 7 AX
NTNBIEDROPNET , ALYRT FIAYTITFaT VY- A I a-%.I)w 7§,
Wi DITH/ESTDY—=AD-Re LB, I-ROFEEEZ T - ITTORET 7 A %R
ANV E IR TEE Y,

B Race #2 I%. main FXDIT 49 TD 2 DOEXAABDEEEZRLUTCWETS, [Fa7
W= Ca=%2)w 7§ 5L primes [ 1 BLAIDEFZEADT 72 AMT 49 THEELH
ARALNZZED DA ET, Race #2 1%, Bl primes[ ] DRADBEZETHRAELZT—
A E DT N—T%FKLUTNET, 24k, Multiple Addresses &fEE XN/~ Vaddr T
RINET,

B Race #3 (.17 50 T®D main BBOEZIAAL 1T 49 TOFUBEBOHAHY & D
ATYV-AI-Re e, INOEDITTER total WY 7R AIN TS IEN DN E
R
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28

B Race #4 (3. main BIEANDIT 50 TD 2 DOEXAAMDE G2 RLTOET, V-4
I-RERDZE. ZN6DOFFTEH total NEFHINTNDEZ NN ET,
ALYRTFIAFDF a7V = A ¥ a—Tld, T—ROESIZEEA TN 2 D0
V= AN E R [FRHCERTEE T, /22X (54 1€ 2—T prime_omp.c O Race #1 %
BEBIRL TS, [TaT7 IV A 2= 2097 LE T IROEIIRRINET,

AVYRT FIA P DI FaT IV =A I 2—Tlk, T-ADEEIZEEA T ONZ 2 DDV -

AL iE &[RRI

RCEFET, 22X [HA I 2—T prime_pthr.c M Race #3 %Z#RL

TS, [TaT7WY=A a2V I UETARDEIIERKRINET,

B 2

prime_omp.c CHEIN/ZT—ZDHEEDY—-AI—R

| prime_omp_inster - Oracle Developer Studio Thread Analyzer@scapen-ss10-0 == = ]
Eile Views Metrics Tools Help
DB ED 7@ @ | vewmoselvsr [+] [ < . OO e
Views (+) Race prime_omp.c |4 Race Details | Selection Details | Deadlock Details
F Access... W
Data for Selected Rate
Welcome |13 nCLUsIVE
¥ It Race 4/4 -- 1 Callstack Trace
Ovenview 5 -
0 pElagli] = 1: Vaddr DxfEREES34
Races i
Access 1
Timeline <Function: main -- Parallel loop from line 46 [ §diAds.mair Type: Write
Dual Source 30 a6 T wain, line 50 in "prime_omp.c
0 for (i = 2: i< i i) { =
Experiments 3 48, Aif [ s primeiil ) {
15 primes[total] = i;
More... 15 totalit:
i
0 i
printf ("Number of prime mmbers between 2 and %d: $din|
0 o, total):
1] return 0;
0 ' ~
[ >
= Race .. X prime_omp.c MEN
I3 INCLUSIVE |
#
0 For (1= 0; 1< Hi i++#) | B Access 2
0 prlag[i] = 1; Type: Write
L wain, line 50 in “prime_mmp.c'
<Function: main —- Parallel loop from line 46 [ §diddé.mair
30 6. #pragms owp parallel for
0 for (i = 2: i< M; i+e) {
& as. if { s primeii} ) |
15 primes[total] = i;
15 Totalt+t:
Filters }
= 0 }
printf ("Number of prime mmbers between 2 and $di $din|
0 o, total):
Compare 0 return 0;
[ o = - : .
= I v
Local Host: scapen-ssi0-0 | Remote Host | Warking Directory: _fStudio_12.5_THA_User_Guide | Compare: off | Filters: oft | /A Warning
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prime_pthr.c COT—YDEHE

prime pthr.c TDT—ZDFEEEFANRDIZIE. 23 =Y D[ F=XD & O L%
VERY T2 TIER L 720 MDD ERZEHTEET,

er print T prime pthr instr.er EEROT—XDFHF G EHERRT DT ROIATV RE
ASIUET,

% er_print prime_pthr_inst.er

(er_print) 7OV 7 NT races L AT 2L RDEISBHEIMNRRINET,

(er_print) races
Total Races: 5 Experiment: prime pthr_inst.er

Race #1, Vaddr: (Multiple Addresses)

Access 1: Write, line 26 in "prime pthr.c",
is prime + 0x00000234

Access 2: Write, line 26 in "prime pthr.c",
is prime + 0x00000234

Total Callstack Traces: 2

Race #2, Vaddr: oxffbffédc

Access 1: Write, line 59 in "prime pthr.c",
main + 0x00000208

Access 2: Read, line 39 in "prime pthr.c",
work + 0x00000070

Total Callstack Traces: 1

Race #3, Vaddr: 0x21620

Access 1: Write, line 44 in "prime pthr.c",
work + 0x000001C0O

Access 2: Read, line 43 in "prime pthr.c",
work + 0x0000011C

Total Callstack Traces: 2

Race #4, Vaddr: 0x21620

Access 1: Write, line 44 in "prime pthr.c",
work + 0x000001C0

Access 2: Write, line 44 in "prime pthr.c",
work + 0x000001C0

Total Callstack Traces: 2

Race #5, Vaddr: (Multiple Addresses)

Access 1: Write, line 43 in "prime pthr.c",
work + 0x00000174

Access 2: Write, line 43 in "prime pthr.c",
work + 0x00000174

Total Callstack Traces: 2

(er_print)

ZOREDTOT T NEFTHRIZE DDOT RO EREUEL-,
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30

ALY RTFZA4HT prime_pthr_inst.er EEFEREZFAITIZ ROIVVREASLET,

% tha prime_pthr_inst.er

IRDAI) =22y MIE, ALY RT F A PFIZR R IN, prime_pthr.c THHE I8
BWRINTOET er_print TRINZFHELFAUTHD ZLITERELU TSI,

E 3

prime_pthr.c CHMHEXNAZT—RDHE

| prime_pthr_inst.er - Oracle Developer Studic Thread Analyzer@scapen-ss10-0

[SE] = ]

Views
Welcome
Overview
Races
Timeline
Dual Source
Experiments

More...

Filters

Compare

5

+)

Local Host: scapen-ss10-0 | Rernote Host

File Views Metrics Tools Help

EBED|v@ee

Total Races: §

Race Details

Face #1, Vaddr : (Multiple Addresses)
is prime + 0x00000234

is_prime + 0x00000234
o (9 Total Callstack Traces: 2

Access l: Write, line 26 in "prime_pthr.c”

Access Z: Write, line 26 in “prime_pthr.c”,

Type: Write

Race #2, Vaddr :Oxffbffddc
main + 0x00000208

work + 0x00000070
o [JTotal Callstack Traces: 1

Access l: Write, line 59 in "prime_pthr.c”

Access Z: Read, line 39 in “prime_pthr.c”,

Race #3, Vaddr :0x21620
work + Ox000001C0

work + 0x0000011C
o[ Total Callstack Traces: 2

Access 1: Write, line 44 in "prime_pthr.c”

Access 2: Read, line 43 in "prime pthr.c”

Race #4, Vaddr :0x21620
work + 0x000001CO

work + 0x000001C0
o [JTotal Callstack Traces: 2

Access l: Write, line 44 in “prime_pthr.c”

Access 2: Urite, line 44 in "prime pthr.c”

Race #5, Vaddr : (Multiple Addresses)
work + Ox00000174

work + Ox00000174
o [JTotal Callstack Traces: 2

Access l: Urite, line 43 in "prime pthr.c”

Access Z: Urite, line 43 in "prime pthr.c”

Type: Wrice

| Working Directory: ../Studio_12.5_THA_User_Guide | Compare; of | Filters: off | /& Waming

Ith Race 1/5 -- 2 Callatack Traces
Vaddt {Multiple Addresses)

iz priwe + Ox00000234, line 26 in "prime pthr.c”

iz priwe + Ox00000234, line 26 in "prime pthr.c™

[ Match Case

Data for Selected Race

Access 1

Access 2

prime pthr.c \ZIX. IRD 5 DDT—ZDFED

URENTHET,

B Race #1 1%.17 26 THELZ B is prime() TO pflagl 1 EFIDEZZAD 2 DD
HEAADEDOT—2HAETT,
B Race #2 (.17 59 TD main() IZHF2 i LWODAERV-NLENDEZIAAL 1T 39 T
D work() (ZBI1TD *arg LD EIUATY AL EDFAED L DT —
B Race #3 %, 1T 44 TO total NDEXAAL, 1T 43 TD total D
A aTY,
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B Race #4 3. 1T 44 TO total NDEIAAL, FIUITTOD total NDF|DFEIIAAE D

TADEETT,

B Race #5 IX.main() BN DT 43 TD 2 DOEXAAB DT —ZEiET9 Race #5
&, BS primes[ 1 DEARDZELZTHEUZT—ZDOBAEDIIN—T%2FRUET, ZHiL,
Multiple Addresses L$5&E X417z Vaddr TRINE T,

Race #3 ZIBIRU-HLIZ[TaT NV —A € 2= 7)Y I UIGE  IRDAZY=2ay hd

£, 2 DDV -AMENFRINET,

4 T=RDEEDY— AR

| prime_pthr_inster - Oracle Developer Studio Thread Analyzer@scapen-ss10-0

(@] = ]

Eile Views Metrics Tools Help
BBED | Ves |3 . - e
Views +. Race prime_pthr.c I £Y Race Details
— Access... ¥
Data for Selected Race
Welcome T INGLUSIVE
# It Race 2/5 —— 1 Callstack Trace
Overview -
0 [ Vaddr. Oxffbffede
Races int i:
pthread t tids[THREADS-1]; Access 1
Timeline Type: Wrirte
Dual Source g ER (3008 &S5 &) 4 main + 0x00000208, line 59 in "prime prhr.c”
0 pelagi] = 1;
Experiments i
More... 3 for (i = 0; i < THREADS-1; i++) {
0 prhread create(stids[i], NULL, work, (void *lsi): |
}
0 i = THREADS-1:
14 64. work((woid *lei):
0 For (i = 0: i € THREADS-1: i++] ¢
0 prhread join(tids[i], NULL): S
Al »
Race A.. | prime_pthr.c ma
I1 INCLUSIVE W
#
void * work (void arg) - Access 2
<Function: works Type: Read
0
. work + 0x00000070, line 38 in "prime pthr.c”
int start;
int end;
int i;
3 start = (N/THREADS) * ("(int *|arg):
0 end = start + N/THREADS; -
0 for (i = stare; i < end: i++) [
Filters: 14 42. if { is primeiil 1 {
_ 19 primes[total] = i;
- 15 totaltt:
i
}
0 return NULL:
Compare o i
= IO v
Local Host: scapen-ss10-0 | Remote Host | wWorking Directary: . /Studio_12.5_THA_User_Guide | GCompare: off | Filters: offt | /2y warning

Race #2 DIMDT V72 AIX4T 59 THbHI, EHDNNFINIRRAINET . 2 FHDOT /¢
34T 39 TIrb, FHDONNFIIERINE T, V-AI-ROEMIZIHE T 78 A AR
DY IMRFARRINET, ZOANY I, ZOTTT—HDEE T 7 A G X /=0

BemLEY,
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T DHEEDERDIH

T—YIDHEEDHFVCHLRSYI N —R

ALYRT FIA YDA ICa—T—ERRINEZT-RDHAEILIZ 1 DFHITERD
IO U AR 7 M= A0 BEAF T SN TOET IFOHUAZY 7%, TR D5 & %<,
IA-RNDETNAZRRUET  IFOHUAZY IR =A%) 7358 HSRIVD S
DTV RO, T=RD5EZ5 SR IUZBEBITOHUARRINET,

B 5 prime_omp.c DIEHUAZY I N — A% RUZIEE I 2—

"I prime_pthr inster - Oracle Developer Studio Thread Analyzer@scapen-ss10-0 (== = ]

Eile ¥iews Metrics Tools Help

EEED | ve@ m|

Views #) | Total Races: 5 Race Details
Welcome Race #1, Vaddr :(Multiple Addresses) Data for Selected Race
i hccess li Urite, line 26 in "prime pthr.c”, Id: Race 1/5 -- Callstack Trace 1/2
eneey is_prime + 0x00000234 Vaddr (Multiple Addresses|
Races hccess 2: Urite, line 26 in "prime pthr.c”,
is_prime + Dx00000234 Access 1
Timeline § CdTotal Callstack Traces: 2

Type: Wrice
Dual Source D
[ callstack Trace sz
Race #2, Vaddr :0xEfbEfede
More... Access 1: Urite, line 59 in "prime pthr.c”,
nain + 0x00000208
Access Z: Read, line 39 in “prime_pthr.c”
wozk + 0x00000070
¢ [JToval Callstack Traces: 1
[} callstack Trace #1
Race #3, Vaddr :0xzl620
hecess 1: Urite, line 44 in "prime pthe.c”,
wozrk + 0x000001CO
Access Z: Read, line 43 in "prime pthr.c”,
work + 0x0000011C
% [JTotal Callstack Traces: 2
[ callstack Trace #1

is prime + 0x00000234, line 26 in "prime pthr.c”
work + 0x000000CC, line 42 in “prime_pthr.c”
lup_starc + 0x00000000

Experiments

[ callstack Trace #2 Actess 2
Race #4, Vaddr :0x21620 Type: urite
Access 1: Write, line 44 in "prime_pthr.c”, is prime + 0x00000234, line 25 in "prime pchr.c”

work + 0x00000LCO
Access z: Write, line 44 in “prime pthr.c”,
work + 0x0D000LCO
§ CdTotal Callstack Traces: 2
[ callstack Trace #1
[ callstack Trace #z
Filters Race #5, Vaddr :(Multiple Addresses)
Access 1: Urite, line 43 in "prime pthr.c”,
work + 0x00000174
Access 2: Urite, line 43 in “prime_pthr.c”,
work + 0x00000174
@ [JTotal Callstack Traces: 2
Compare [} callstack Trace #1

[EEER] = [ callgtack Trace #2

Local Host scapen-ss10-0 | Remote Host | Warking Directory: . /Studio_12.5_THA User Guide | Compare: off | Filters: oft | /AWarning

work + 0x000000CC, line 42 in "prime_pthr.c”
wain + 0x00000274, line 64 in "prime pthr.c”
_start + 0x00000108

T—YDEHEDREDZE

DRIy ay TR, 72D ADRKNEL W § 2 EAR B HIEOWTHHLET,
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T DEHADRE DR

T—YIDBHEEDVRRATHEINEI D EFIVITS

R DOT—RDEEE 1T ALYRT F ISP THEINDID, ERIZIZE I >THRNT—4
DB TT,2FY, [ 1T, ALYRTF 151, %Eiﬂ"é BRI DO TO LR
ARET /2EL Y- }WPIE%&\/H7’3:??Z'3_: BRI DT —RDEEEWETDIGEND
l)i—d—o

BRI DT =ZDEEIIAY DT —Z DA TIIRL, U3 o Ty I ADOEIEIZ 2
BODT, ZOT—RDEASITEHTEET,

DT =R DEEE DOHFNZDONTIR, 36 R=Y DM 22 BU T X0, L —
"SR DT =2 DA EHIRT 2 HIFEIZDOWTIE, 71 R=Y DI ALYRTF 14
- API 2SR T ZIW,

F—SDBEADNHEORVEDTHENEINERET
%

FEDBNT - ADF AL AFEL TN TET Y T AD ERESITIIHE LR R8T -
ADBETT,

—ERDVINF ALY RT TV r—=2ar Tl T2 D& %5 S I3 I-REREXFNZMHHL
FI RGN IOTT - RDOBEVPEHETIDT ABIEFBEHNEEA L. 5E C&OT
&, ZDESRT-REIEUSETI DT ICHEHEZELE T, 2TNOHDT—ZDH AT
W EEESHARTZIWN,

FCEDIRNBAIZDOWTIE, 36 NX=Y D IEREI 22U TZI N,

T—YIDFHEETIFRLNTZBIETS

AVYRT F AP, T T LANTT —ADHEGERDITDEIIRLBETH, T 07T 4
WONT % BB Z DT D28, Boho/T7 — 2D EDIEIE EERRTHILET
FEPAT-RDBBIE NI THELS I b HVET NI 2 A O TEIET DI LN
HETY, BT 2D AEIMIRZTI TR IELW Y TO-FI325T DT /Ny
MILIZNEIZ R TR HV T,

prime_omp.c TD/NT DIEIE

ZDt T avTld, prime omp.c TONTZEIET B HIEOWTHALET, LB T7 71
VDV AMIONWTIE, 118 =T Dl prime omp.c DV —=AI=R ]| |#ZILTIZIWN,

B2ETIDHEADF1—IITI 33



T =Y DHEEDREDZRT

fid% primes[ 1 DERTDT —ZDHEEEHIRT 27212, 17 49 KLU 50 % critical &

7yaiiBLETS,
46 #pragma omp parallel for
47 for (i =2; 1 < N; i++) {
48 if ( is _prime(i) ) {
#pragma omp critical
{
49 primes[total] = i;
50 total++;
}
51 }
52 }

F/ZIRDEDITAT 49 LD 50 % 2 DD critical Y7 ¥av il TIEETIETMN. 20D
BHETIETOT S LEBIETIETA,

46 #pragma omp parallel fo

47 for (i = 2; 1 < N; i++) {

48 if ( is_prime (i) ) {
#pragma omp critical
{

49 primes [total] = i;
}
#pragma omp critical
{

50 total++;
}

51 }

52 }

AL R, By 224 AU T primes[ 1 FLAIAND T 28 A2 HIHHIL TOBD T, 17 49
B XU 50 D critical Y7 avl&oTT—ZDOHEAEPBBRMPNET, /2720, T 07 T4

WEFEZELDIERTA 2 DDOALYRIE FHU total fEZ{FHLUT primes[ ] DEIUEFE%
FEH I A EEMEN DY primes[ 1 DEZEDOHFIZINE fEDF o7/ E) B THENRNEDNLE
U BEMEDSHY £,

17 22 TD pflagl 1 DH6DFHAEDE 47 25 TO pflag] 1 NDEIIAARLD 2 ZHOD

T=ADHE IR S 7GR E AR DT, EERITZHEDRONHE T DN
T=RADHEDEEITBETIEHVERA,

prime_pthr.c TD/NJT DIEIE

ZDY& 3Tl prime pthr.c TONTEEIET D HIEICOWTHHLET, 5C2RT 7
AINDYAMIDNWTIE, 19 X=TYDlprime pthr.c DV—AI—R|ZHRUTIZIW,

17 50 TD prime[ 1 DT —ABELIT 44 TO total DTF -G EORIZIE,. 25 2
DOFFDRETBICHH B HE Ty 7 /vy Zfigkr%EEINT 228 T, —EIZ prime[ ] ¥ total =5
FCEDALYRM 1 DEFIZHLEDIILET,
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T =Y DFHAEDRE DM

1759 TD i NDEXAAL 4T 39 TOD (*arg &) AUAT)—ALED A & D
T=RDEETIX JADALYRIZEDER i NOEET 7 AZMEDHB N E
9 ,prime pthr.c OFHAALYRIZ 17 59-61 TIL—TDFALYRZMEHL., BIE work() %
FITTEININEEZT A AT LET N—T AV TUIA i lE. TRV AT work() 2%
INFET, TXRTOALYRIF i IZHUTRIUATY-ALEIZT 78 AT EDT, ZFALYRD i
DEIZ—BEOFETIEHVETAN. WAL YR —T AT VI 2% 803 7N AL
F3,MADALYRMEL i OEZFHT20DT, 720N EIVET, MEEET
%120 FiEE 1 27 RUATIZARLAET work () IZETIETT,

IROIA-RIF ABIEIN/Z/N=T 32D prime_pthr.c TT,

1 /*
2 * Copyright (c) 2006, 2011, Oracle and/or its affiliates. All Rights Reserved.
3 */

#include <stdio.h>
#include <math.h>
#include <pthread.h>

0 N O U b

9 #define THREADS 4

10 #define N 10000

11

12 int primes[N];

13 int pflag[N];

14 int total = 0;

15 pthread mutex_t mutex = PTHREAD MUTEX INITIALIZER;

16

17 int is_prime(int v)

18 {

19 int 1i;

20 int bound = floor(sqrt(v)) + 1;
21

22 for (i = 2; i < bound; i++) {
23 /* no need to check against known composites */
24 if (!'pflaglil)

25 continue;

26 if (v %1 ==0) {

27 pflag[v] = 0;

28 return 0;

29 }

30 }

31 return (v > 1);

32 }

33

34 void * work(void *arg)

35 {

36 int start;

37 int end;

38 int 1i;

39

40 start = (N/THREADS) * ((int)arg) ;
41 end = start + N/THREADS;

42 for (i = start; i < end; i++) {
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43 if ( is_prime(i) ) {

44 pthread mutex lock(&mutex);
45 primes[total] = i;

46 total++;

47 pthread_mutex_unlock(&mutex) ;
48 }

49 }

50 return NULL;

51 }

52

53 int main(int argn, char **argv)

54 {

55 int i;

56 pthread t tids[THREADS-11];

57

58 for (i =0; 1 < N; i++) {

59 pflag[i] = 1;

60 }

61

62 for (i = @; i < THREADS-1; i++) {
63 pthread_create(&tids[i], NULL, work, (void *)i);
64 }

65

66 i = THREADS-1;

67 work((void *)i);

68

69 for (i = 0; i < THREADS-1; i++) {
70 pthread join(tids[i], NULL);

71 }

72

73 printf("Number of prime numbers between 2 and %d: %d\n",
74 N, total);

75

76 return 0;

77 }

ALY RT F I H I EBIZIZ T BT S ANTEUTOARNT —RDEE 2 IRE T 2I55D0°
HVET, INSIFFMRAMEMEIENE T AT AL DGE . BMAE, -V —EH DRI
Fo T FALFIEFIERALYRTIHAIZNINDAT) I THIEEIINET, FELL<
.36 R=YD[A-H-EHDORM IS X388 R=IYDIXFTIFRALYRTYHA
ININBAE)— 2B BUTIZIN,

d1—Y—EHEDREHA

AVLWRT FF4FIE, OpenMP, POSIX AL R, LU Oracle Solaris AL RTHEX
NDIFLAY DFEEHER] API L AR CTEIET, 220 V-lda—Y-EHZ D%
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RIRAD

ARBTET ZOISBAMPNI-RIEEND GG AR ODOT -2 DF G RETHILN
HVET,

FRR - COIDBBMA DT —RDHEEE2BELURNEIITT D012, ALYRTFIAHT
F. Y —EHBDRMINETINLL XY= INSENT 22O HTX5—#0 API
PHEHTEET, HLUL. 71 =Y DI ALYRTF I/ P 2—H— API| 22RBLTLZ
TN,

B API 2T 2R EN DD T B0 IRDIDIZEZTHELLD, ALYRT T
FAHIE. CAS a2 fL-ayrDEE VY52 A UREL JOF MR Y
ZRMCTEEEAL KT, 70T T LD POSIX AL RIRFEZS D — % il 2 FH L2 £ FH L

7= BRI D7 5 AD — R E mUETS,

/* Initially ready flag is 0 */

/* Thread 1: Producer */

100 data = ...

101 pthread_mutex_lock (&mutex);
102 ready flag = 1;

103 pthread_cond_signal (&cond);
104 pthread mutex unlock (&mutex);

/* Thread 2: Consumer */
200 pthread_mutex_lock (&mutex);
201 while (!ready flag) {

202 pthread_cond wait (&cond, &mutex);
203 }

204 pthread_mutex_unlock (&mutex);

205 ... = data;

pthread cond wait() MEOVHIUIE @8, 7OV I AT EEDLWD A7 TV T4 #
T 272D FEER T ANT 2N —T N THONE T, REEDT AN LU EIL, Z<DHE.
MHEHHBEY 21 E>TREINE T, FIR D I-RTIE, ALY R 11347 100 TZEH data D
fEZA L. 17 102 T ready flag Dz 1 IZEELTT AV ERINTNDS I ERL,
T pthread cond signal() ZFPOVHU T HEZE ALY RTHDI AL YR 2 ZIEUHEZL
F9, ALYR 213NV —THNDIRGE (1ready flag) 2T ANLET, 777 MR EINT DD
LEMHT DL 17 205 TTF—X%HELET,

17 102 TD ready flag DEZAAELTT 201 TD ready flag DAL, [ UM HHE
My 7 CIR#EIN TS 720, 2 DD T 7R ARNIT =2 D5 &137RL Y=V IE UL ZR#L
i—é_‘o

17 100 TD data DEXAAE 1T 205 TD data DinAHN I, HHE POy 712&>T
REINFEA 2L, T 50T Tl 757 ZH8 ready flag D72HIZ1T 205
TOFHAMIILEIZ 1T 100 TOEIRAABIITDONET, ZOFEHE, T2 \DINb

2 DDT IR AN T =R DHAEIFECUF A, 72720, pthread cond wait () OIFUH

U (17 202) WEEITIEEFTRHIE O IRV & Y—IUiE. 2 DD T 7 ARTF—
BOFEWDHZDEHELVET 1T 201 BFEFTINDHNAT 102 WEITINAGEIK AT
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38

201 BEIFINSE N =TTV T AMIKIIU, 17 202 BAFYTINET, V-ILiE
pthread cond signal() MEUNHILEB KT pthread cond wait() MEOHILAE=X—-L.TNhH
ERAEDOECHEAZIRETEET, 47 202 T pthread cond wait() BFETH I NN
A 17 100 TOEIAAMHIZIT 2056 DFAIY FIIZEITING LAY —)UZIZDMDE
T A, U o T, NN FAIRHIEITIN TS E RAL, NGO TT =2 D& »ED
TVBHEHELET,

libtha(3C) DY =27 I R_R=V 71 R=YD[ALYRTFFA % 11—~ APl TlZ,
API 2 HUT, ZOXDBRMHAIDT - A DB EEHE LRV EDITT D HIEIC DN T
LTWET,

IEXFERALYRTI YAV ENBAE)—

— DA -EH I —F UL, HDALYRWHID ALY RTHFH TE S LB - AT
V=% DHAINVUET, ALYRT F I L, Jl2 DALY RWME T BE U AT A EDH
MBREEL CONVRNWZ L2 TIRWVGEERHIFET, 2N I /2L X2 Y —IVIL R
DT —ADEEERETLIERHVETIROHNE, ZOFEDBEMRAZRLUTOET,

VAR */ VAREEEEEEEES */
/* Thread 1 */ /* Thread 2 */
VAR */ VAREEEEEEEES */
ptrl = mymalloc(sizeof(data_t));
ptrl->data = ...

myfree(ptrl);

ptr2 = mymalloc(sizeof(data t));
ptr2->data = ...

myfree(ptr2);

ALWR 1 EALYR 2 IEFARHIFEFUET FALYRIE TIAR-R AR —IfHHI N
BAER)=DF Y I7%E) Y TET,)—F mymalloc() I&.myfree() DLARTOFEONHL
IZE O TR I N AT -2 TEET, AL YR 1 28 myfree() ZIFOH T ETIC, ALY

R 2 2% mymalloc() ZFFONHITI5E . ptrl & ptr2 IZ B4 DMEZEL), 2 DD ALY RRET
T=RDEIFECETA 72720 ALYR 1 S myfree () ZIFOHU/ZHEIZALYR 2 53
mymalloc() ZRFOVHI U254, ptrl & ptr2 WEIUEZID 2PV ET, AL YR 1132
DAE)=IZT VX ATERLRDDT, T—EADBHEIIELFT A, 72720, mymalloc() BAE
D=2)H ANV U TN ZENDNO>TNEWIGE Y=V, ptrl T—ZDEZAAL ptr2
T=RDEBZAAEDT—RDOFEERELVET, ZOMEDEMINL, Z<DHE. C++ 77V
=2av T, Ct+ EfTRETA T IVMARY % —RABHII YA 7§ ZTRIVET
FZUIRUIE IRE DO AR EHIN —F V&R 22— T TV =2 av TElRIVET,
BE, ALY RT F T4 FIE BHED malloc(). calloc (), BLY realloc() 1A T —AT
FIFINZAT)-E) Y T IOMBRIEEZ R TE T,
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HEDORBWT—IDHE

HEDLWT—YDRE

IINFALYRT TV =23y Dt ST A= A% E DB 12O T — R DL % E X
WA G AMHNET HEDRNT—ADBEE T FEELTWNTE T OY T ADERHEX
WZIFEB LRV ENNET 2D E T IROHNE. EDRNT R0 EERUET,

FR - MEOBRNT - AOBEUNTE, RERIIADT T)r—2arTlid, IELSEET
LZOMNHEEEZROY 7 7V)—-B XTI TA N7V =T IV TV AL HHUTHNSDT, TR0 &%
FALET, ALYRT FIAHIE, NSO T )= ay TOT—ROBEA DM B ET
SLEIENBET,

RBURERAOTOT S 4

prime omp.c WD ALY RIK, B is prime() 2FEITTDILIZLOT, BEDFZHDNESH

2FTvILET,

15 int is_prime(int v)

16 {

17 int 1i;

18 int bound = floor(sqrt(v)) + 1;
19

20 for (i = 2; i < bound; i++) {
21 /* no need to check against known composites
*/

22 if (!pflaglil)

23 continue;

24 if (v % 1 ==10) {

25 pflaglv] = 0;

26 return 0;

27 }

28 }

29 return (v > 1);

30 }

ALYRT FIAHIE 4T 25 TD pflagl ] NDEZIAALLT 22 TD pflagl 1 DFidk
D EDRIZT =R DFEN DD RELET 220, 2T —ZDH A&, Bi& i aks
BOEHEIIZITIHELULRVDTHEDRNED T, 22 7T ALYRIZ FrED 1 D
T.pflag[i] 7¥ 0 IZFELWIDNEDINEF I UET  pflagli] 2 0 IZFUWGE 1 D3RRI
DERBTHD (DFY, i EFHTRNEDISTND) Ze2ZERUET, 2O v 2V i
TEDYINDNE DD EF 27T 2BENLLBNET v BT DD RZETEID Y dh
EIDENTEF I TIULILADET, Lo Topflaglil 2% 0 IZZL WS AL YR
1 DIRDIEIZHEAFE T  pflagli] DY 0 IZFELLZL v A i TEOYINDGE, ALYRIZ 0 %
pflag[v] (ZHDYTT, v BWE TRV EERUET,

EHEX DB ENOIE. DALY RDEL pflag] | BEEF VU, FEHIZIUIEE
AN EDMMFEETIEHVET A pflagl 1 BEOMMMEIX 1 TT, ALYRIXIDE A
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HEDRWT—IDHE

FHEHTLHEEZ.0 OMEEEDLTET, 2F), ALY RIZZOERIZHLUTAE)-DEU

/WI\ODIEJUE/I\ 0 ZMALE T, BHAEDT—FT7F ¥ —TlE. ZOXIBMEHITA 7] 43

THLIEMETIIENLRTT, DF), TOEENALYRIZE S TEHmAIOLND L X

FAMSNDAHEIZ 1 5 0 0)21567:» WZRDET, ALY RIK, 0 OfEZE) 4 THRIATE

D pflagl 1EZ2F V255 (1T 22) 17 24 75 26 #EITUET, TORIZHID A
\/Mx%@l‘Jb pflagl 1 %3 (’? 25) 12 0 # &)Y T-5GE6, Sk RIZALEY
Ao 2R, FEARINZ, R D ALY RIWRBENZLT 24 ~ 26 #FEITUH, B FERIXFEL

THoZlE2ERUET,

RIHED R ZREETHTAT S A

ALY RD T IV—=T M check bad array() z[FRHIFFONH U T, Bl4 data_array DEHEH
FESTWSINEINEF v ILET, ZFALVY RIS DRRE 2V avEFovIUE
T ALY R, BEEDME S TS L2 MMM UZ5E. 70— VA2 is bad Dffi%
true IZEELE T,

20 volatile int is bad = 0;

100 /*
101 * Each thread checks its assigned portion of data array, and sets
102  * the global flag is_bad to 1 once it finds a bad data element.

103 */

104 void check_bad_array(volatile data_t *data_array, unsigned int thread_id)
105 {

106 int i;

107 for (i=my start(thread id); i<my end(thread id); i++) {
108 if (is_bad)

109 return;

110 else {

111 if (is_bad element(data array[i])) {

112 is_bad = 1;

113 return;

114 }

115 }

116 }

117 }

17 108 T is bad DFeAHNEFT 112 TD is bad NDEIAARL DRI T A DA
MHVET, 72720, T-ROB LIS BAFER D EMEIITHELE A,

is_bad D#IHAMEIZ 0 TY, ALYRIE is bad ZHFH T DI A 1 2E[) Y TES, OF
DALY RIE, is_bad [IZHUTAEY=DRUNATMDFEUE Y M 1 Z&MALE T, BAED
T=FTIF Y =TIk ZOIDBHEMI AR A 3 THEEET DN LZ R TY, Lz
C.is_bad b‘XVJI\’Cn;u&HXbZ’Léc‘:% 2. i ARONAMEIZ 0 5 1 DEBLMZRDET,
AR AE 1 DYE) Y TOENDHIT is bad ZF V7254 (7 108). for V=T D3
TFEMRELET, TORICHI DALY RAME 1 % is bad ’*U‘)éff% (17 112), Bei&is
FEALUEE Ay ALYRDS for V=T % BB ERIIHETUEWSE T DI TT,
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HEDORBWT—IDHE

—EMREBEIhAOvIEGERL-TaSSA

VTN ANRRREDOFEEDATY 2N, T 0T I ARIKT 1 DUNEIEL RN EDIZL
T, CEREINZOVIE YIVFALYRTY TV =y ay ey v IV w5 —
TR R IETTARDI-NE ZOFEK S EERUET,

100 class Singleton {

101 public:

102 static Singleton* instance();
103 Ce

104 private:

105 static Singleton* ptr_instance;
106 };

107

108 Singleton* Singleton::ptr _instance = 0;

200 Singleton* Singleton::instance() {

201 Singleton *tmp;

202 if (ptr_instance == 0) {

203 Lock();

204 if (ptr_instance == 0) {

205 tmp = new Singleton;

206

207 /* Make sure that all writes used to construct new
208 Singleton have been completed. */

209 memory barrier();

210

211 /* Update ptr _instance to point to new Singleton. */
212 ptr_instance = tmp;

213

214 }

215 Unlock();

216 }

217 return ptr instance;

17 202 @ ptr_instance DieARDIE, OV ZIZEH>TEMIAEINTHERYA, 2D
O, YIVF ALY RERIET singleton DG TIZA YV AX Y ZAEINTOENE S 0% H] 4 3
F VI DNRINED F T, BE ptr instance DT 202 TOFAN E1T 212 TOEX
AAREDITT—=RDBEDDHZD, T T MIIELKEET D ZEIFERELTLEI N, 72
EU.T=2D5iE%H T2 ELWT O I LRER T ROBIEBENBEIZRDET,
72228, EROZEREIN/ZOYIDI-RT, {7 209 TO memory barrier() DU H,
Ui, singleton 2T 520D TR TDOEXIAAMNGE T 9DF T, ptr_instance DALY
RiZ&>TIH NULL EUTEIINZNEDIZTE 2O HINET,
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LR B 3 &

FyRAYIDOFa—k)T7IL

ZDFa-MITINTIE, ALYRT F I P 2FHUT, IV F ALY R T OIS AN DR
TYRDYIZEXOETY ROV 2T 5 GOV TEHILET,
Fa—N)TITIXIRDOIEY 72 NFET,

43 R=ID[FYROVZIZDONWT

44 R=YDIFYRAYIF2-M T VDY =AT7 ANV D AT

47 R=Y DI HEHIIEFAH DOME ]

51 R=YDIALYRT FIA P& [ALLTY ROy 7 DR 751k ]
54 R=Y DI REY T DEERKE FIZDNT

61 =Y DTV ROV DIEIELFRBENIDNT]

FyRAYZICDWT

Tk NI EEIL,. 2 DL ED ALY RS H W R L TV 72OIZLBE Y AL F

BORIMZERLUE T, 7Y ROV DRI, &S/ 7 107 509w 7% (B 7%\ 7 —

RED) FADA WY 2 ARERZ<DHVES , ZOF 2— N TIVTIE, A M7y 2 DR

W RFEAICE>TEUAZTY ROV I AR LY TET, 20D T Y ROy 7k, Y IVF A

LYRT V= ayCh<AEUET,

2 DL EDOALYREEL T OV ADIRD 3 DO LS TITELE X, Ty ROV N4

FTHAREMENHVET,

B IOV IRFEEL TS ALY R LY 7% 8k $ 5

B LWy OESRME RTINS

B F—YHDIRDALYRTREFINTOBZOY 72 & ALY R T 2 WS K [ F o —
Vw2 DL EDAL YR KT D

T R 2RI D i B2 2 IR IR UE T,

B ALYR 1i3ayy A 270, 0v7 B 285k 5
B ALYR 2 130v7 B #EFKL. OvT A 2EkT 5

TYROVZIZIE BT Y ROy 2 L ET VRO 2D 2 DOFEIEMNHY RO LHIREND
HIVFET,

$£3EFyROYIOFa—NIT7IL 43



FyROyIFa1—K)TILDY—RT7LILDAFE

B BENT ROV L FIEDFETTHTREIDZDITIEHYERAD, ALYRD AT
Ta-R, ALY RIZESTERINAOV I DRIV T NAMRIFU T OT 5 ADFEITT
EEDAREMELHDET,

B ETVROVZIE, OSSO ETHIRETLZEDOTT, ETF Y ROy TiE B%RTS
ALY RDETHN T T TUETHN, T AREOETHN T TV T 55 FeME
HIVFET,

FyRAYIFa—MNI)TILDY—RIT71IVDAF

ZDFa-RNITIWVTHEHTEY—-AT771 )i, Oracle Developer Studio BIFH
A=V DA TO—=RITYT (http://www.oracle.com/technetwork/server-storage/
solarisstudio/downloads/index.html) S O—-RTEET,

TN T7ANERX D a-RUTERMU~HE . oracleDeveloperStudiol2.5-Samples/
ThreadAnalyzer 7 AL ZN)MSY Y FIVE ADIFHZENTEET, Y 7V din philo
YTTFALIMNZHYET  din philo T L7 MIIZIE, FIEIZEST S pEMO 771 )L &
Makefile 771NVH 1 DG OHNETH, ZDOF2—MN) T IV TIEZNSDFIEIZHED

F Makefile HEFHLER A, DI, IV REMBNZFEITLTOEET,

ZDFa—R)TINZHEDIZIL, OracleDeveloperStudiol2.5-Samples/ThreadAnalyzer/
din_philo TALZ N5 din philo.c 771NV 2ER DT AL NNZIE=F 20 MH%I1ZT77
ANVEEBUARDI=RY ANRSI-REIE-UTZI,

BHITIEEEDOMEEYI2L -5 din_philo.c YV 7N 707 F A% POSIX ALY
REMHTS C OV IATT, ZOTAT AT EBERTYROY 7L ET Y ROV D
FidRInETd,

din_philo.c DY—AXJ—RY A

din_philo.c DY —AI—RIZRIZRETEEITT,

1 /%

2 * Copyright (c) 2006, 2011, Oracle and/or its affiliates. All Rights Reserved.
3 */

4

5 #include <pthread.h>
6 #include <stdio.h>

7 #include <unistd.h>
8 #include <stdlib.h>
9 #include <errno.h>
10 #include <assert.h>
11

12 #define PHILOS 5

13 #define DELAY 5000
14 #define FOOD 100
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15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

void *philosopher (void *id);
void grab_chopstick (int,
int,
char *);
void down_ chopsticks (int,
int);
int food on_ table ();

pthread mutex t chopstick[PHILOS];
pthread_t philo[PHILOS];

pthread mutex t food lock;

int sleep_seconds = 0;

int
main (int argn,
char **argv)

int i;

if (argn == 2)

sleep_seconds = atoi (argv[1]);

pthread_mutex_init (&food lock, NULL);

for (i = @; i < PHILOS; i++)

pthread_mutex_init (&chopstick[i], NULL);

for (i = @; i < PHILOS; i++)

pthread_create (&philo[i], NULL, philosopher, (void *)i);

for (i = @; i < PHILOS; i++)

pthread_join (philo[i], NULL);

return 0;

void *
philosopher (void *num)
{

int id;

int i, left_chopstick, right_chopstick, f;

id = (int)num;

printf ("Philosopher %d is done thinking and now ready to eat.\n", id);

right_chopstick = id;
left chopstick = id + 1;

/* Wrap around the chopsticks. */

if (left_chopstick == PHILOS)
left_chopstick = 0;

while (f = food on table ()) {

/* Thanks to philosophers #1 who would like to take a nap
* before picking up the chopsticks, the other philosophers
* may be able to eat their dishes and not deadlock.
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69 */

70 if (id == 1)

71 sleep (sleep_seconds);

72

73 grab_chopstick (id, right_chopstick, "right ");
74 grab_chopstick (id, left chopstick, "left");
75

76 printf ("Philosopher %d: eating.\n", id);

77 usleep (DELAY * (FOOD - f + 1));

78 down chopsticks (left chopstick, right chopstick);
79 }

80

81 printf ("Philosopher %d is done eating.\n", id);
82 return (NULL);

83 }

84

85 int

86 food on table ()

87 {

88 static int food = FOOD;

89 int myfood;

90

91 pthread_mutex_lock (&food lock);

92 if (food > 0) {

93 food--;

94 }

95 myfood = food;

96 pthread mutex unlock (&food lock);

97 return myfood;

98 }

99

100 void

101 grab_chopstick (int phil,

102 int c,

103 char *hand)

104 {

105 pthread_mutex_lock (&chopstick[c])

106 printf ("Philosopher %d: got %s chopstick %d\n", phil, hand, c);
107 }

108

109 void

110 down_chopsticks (int c1,

111 int c2)

112 {

113 pthread_mutex_unlock (&chopstick[cl])

114 pthread mutex unlock (&chopstick[c2]);

115 }
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BEIHEFEOME

BEIIUFEDOHE

BHTBEEE L, BPDEEDNTE Y F VAT AHMATKOLBYTT, 0 b 4
DEBBRIDNS 5 ADBEEEM, EABNHH S HE->TOET, PHC, [H2 DB
R AL LS L E R T, T— T I T - K M ASHY £ 308, HHTEE
[FICX2%% 1 AU TOER A, AFT BT BELATEBENBIET, K1
SBD (F—T CHT) GRIOBICIE, TOEEEL AR SHMI N TOET,

6 AHIUEE

I din_philo_pt.Ler - Oracle Developer Studio Thread Analyzer@scapen-5s10-0 ==

File Views Metrics Tools Help

BEED ve@ O

Views + | Total Deadlocks: 1 Deadlock Details
Welcome eadlock #1 (Potential deadlock) Patslfo iSelseistiDeadiock
¢ [ Total Threads: 5 1d: 1
Overview ——
= £ Type: Potential deadlock

Deadlocks 0O Lock being held: 0%21300 ,at grab_shopstick + 0xD00D003C, line 105 in "din philo.c”

Lock being remuested: 0x21318 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.o” AThread Involved
Timeline Thread #3 Thread Id: 2

Lock being held: 0%21318 ,at grab_chopstick + 0xD00D003C, line 105 in "din philo.e”
(EEIETITED Lock being requested: 0xZ1330 ,at grab_chopstick + 0x0000003C, line 105 in “din_philo.c” Type: Lock being held
Experiments Dmxeaa #4 grab_chopstick + 0x0000003C, line 105 in "din philo.c”

Lock b held: 0%21330 ,at grab_shopstick + OxD00D003C, line 105 in "din_philo.s”

ook beng he " oT s shopaRL " me AR IS S i losopher + 0x000000B4, line 73 in "din_philo.c”
More... Lock being requested: 0x21348 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.c”

- 1up_start + 0x00000000
Thread #5 R
O Lock being held: 0%21348 ,at grab_chopstick + 0xD00D003C, line 105 in "din philo.e”
Lock being reguested: UxZ1360 ,at grab_chopstick + Ux0000003C, line 105 in "din philo.e”
Thread #6
0O Lock being held: 0%21360 ,at grab_shopstick + OxD00D003C, line 105 in "din_philo.s”

Lock being requested: 0x21300 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.c”

Type: Lock being requested

grab_chopstick + 0x0000003C, line 105 in "din_philo.c”
philosepher + 0x00000ODS, line 74 in "din_phile.c”
_lup_start + 0x00000000

Filters

Compare

Local Host scapen-ss10-0 | Remote Host | Working Directory . #Studio_12.5_THA_User_Guide | Compare: of | Filters: off | /¥\\Warning

HEFH IR, BODOESDOMN W ZHHDOEIZFEMIILET, HEE L BHITEDY

WMTONZEEZFIZTRE BOTHZEHIZE) Y TONAZBIFEMEILET, W HDEEZT

IZF 2L . BETEET, AENKDDIL. BT T NDITDAEIZ, FAIZ 1 ATORLE
T, 2D T AL, FliHRLRDETHEDEINET,
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BEIHHFEDOME

FEENTYROVIICHED L&

TYROYZINEBIZEZZ00F, FEEEENHFOEZTIRL, BOE ¥ HDENHE
HATEBIIIREDZEMHFELTWD IRD LSRRI TT,

B P%E 0138 0 2FITH->TE 1 2Kl TWS

BEHE 1I13%E 1 2FRIF>TE 2 2FHLTWD

BEH 2135 2 2 FITR-TE 3 2FHLTWS

TEH 3135 3 2RI TE 4 2FHL WD

BEH 4135 4 2FITR>TE 0 2FHLTW5

CORMTIFHEBHETET  TEE-BITT VROV ZREBIZRD £, 075 L2 EE
EFTLHL0NET, 2FVIOTOTSAE NV T T TTEIEEINIE. BB ETET
TXBRZLEHDDTT IRDETHNL, ZDOTOT LW T 7Y 55:TE2RUTOE
£

prompt% cc din_philo.c
prompt% a.out
Philosopher @ is done thinking and now ready to eat.

Philosopher
Philosopher
Philosopher

(hang)

: got right chopstick 3
1 got right chopstick 2
: got right chopstick 1

Philosopher 2 is done thinking and now ready to eat.
Philosopher 2: got right chopstick 2
Philosopher 2: got left chopstick 3
Philosopher @: got right chopstick 0
Philosopher @: got left chopstick 1
Philosopher 0: eating.
Philosopher 4 is done thinking and now ready to eat.
Philosopher 4: got right chopstick 4
Philosopher 2: eating.
Philosopher 3 is done thinking and now ready to eat.
Philosopher 1 is done thinking and now ready to eat.
Philosopher @: got right chopstick 0

3

2

1

Execution terminated by pressing CTRL-C

BZ2E 1 OKERFEOZA

TYROY V&[T S 1 DOHEE. HFEE 1 BWEHDOBICF LM iR
FTHEVDEDTY, I-ROBURNOIE, B OB F2MIE AN, FEE U7z R
(sleep_seconds), T FH 1 ZKHRIRBIZT 2N TEET, HMRIRLZG S, 70T I A
FETYROY I RIS T CTEET, ETWEE 7 7AW 251 8 UTRIR 3 2 8% 5
ECEET, G BEBELLEVGE 7P EIRKRUEEA,

IROFLI-RIFE T FEEHEOOY VI % RUET,
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while (there is still food on the table)

{

if (sleep argument is specified and I am philosopher #1)

{

sleep specified amount of time

}

grab right chopstick
grab left chopstick

eat some food

put down left chopstick
put down right chopstick

ROVANK, T8 1 DEHS OB FEMIETETIC 30 M I LTSS
L% 1 FETFUZBRFERUTOE T, 7OV T ADFEITIFSE T L. b ADBFFERENR

HUKRDVET,
% a.out 30
Philosopher @ is done thinking and now
Philosopher @: got right chopstick @
Philosopher 0: got left chopstick 1
Philosopher 4 is done thinking and now
Philosopher 4: got right chopstick 4
Philosopher 3 is done thinking and now
Philosopher 3: got right chopstick 3
Philosopher 0: eating.
Philosopher 2 is done thinking and now
Philosopher 2: got right chopstick 2
Philosopher 1 is done thinking and now
Philosopher @: got right chopstick @
Philosopher 0: got left chopstick 1
Philosopher 0: eating.
Philosopher @: got right chopstick 0
Philosopher @: got left chopstick 1
Philosopher 0: eating.
Philosopher @: got right chopstick @
Philosopher 0: got left chopstick 1
Philosopher 0: eating.
Philosopher @: got right chopstick 0
Philosopher @: got left chopstick 1
Philosopher 0: eating.
Philosopher @: got right chopstick @
Philosopher 0: got left chopstick 1
Philosopher 0: eating.
Philosopher @: got right chopstick 0
Philosopher @: got left chopstick 1
Philosopher 0: eating.
Philosopher @: got right chopstick @
Philosopher 0: got left chopstick 1
Philosopher 0: eating.
Philosopher @: got right chopstick 0
Philosopher @: got left chopstick 1

0:

Philosopher

eating.

ready to

ready to

ready to

ready to

ready to

eat.

eat.

eat.

eat.

eat.
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Philosopher @: got right chopstick @
Philosopher 0: got left chopstick 1
Philosopher 0: eating.

Philosopher

0: got right chopstick 0
Philosopher 0: got left chopstick 1
Philosopher 0: eating.
Philosopher @: got right chopstick 0
Philosopher @: got left chopstick 1
Philosopher 0: eating.
Philosopher @: got right chopstick 0
Philosopher 0: got left chopstick 1
Philosopher 0: eating.
Philosopher @: got right chopstick 0
Philosopher @: got left chopstick 1
Philosopher 0: eating.
Philosopher @: got right chopstick @
Philosopher 0: got left chopstick 1
Philosopher 0: eating.
Philosopher @: got right chopstick 0
Philosopher @: got left chopstick 1
Philosopher 0: eating.
Philosopher @: got right chopstick @
Philosopher 0: got left chopstick 1
Philosopher 0: eating.
Philosopher @: got right chopstick 0
Philosopher @: got left chopstick 1
Philosopher 0: eating.
Philosopher @ is done eating.
Philosopher 4: got left chopstick 0
Philosopher 4: eating.
Philosopher 4 is done eating.
Philosopher 3: got left chopstick 4
Philosopher 3: eating.
Philosopher 3 is done eating.
Philosopher 2: got left chopstick 3
Philosopher 2: eating.
Philosopher 2 is done eating.
Philosopher 1: got right chopstick 1
Philosopher 1: got left chopstick 2
Philosopher 1: eating.

1

Philosopher

%

is done eating.

Execution terminated normally

075 LEIAEFTFUTERRDRIRE I B EREUTATIEIW, FEE 1 WEEZISHIIC
FERFFIU MR BEL RN E 5850, HEDVIZE O A58 5 R 0% B35/
OIZFEZITARE 7 7 a.out IZWVANWALRKIRE [ BEIEEL TAE T, FUT RIRFI #%
EE U RBEE i U R BE TR 70V S A2 FETLET, TOY SABNY T T
TT25E0, BBEETERITTIHEAEOVET, TOT ITLWN T TV T T EMNEDDIE, A
LYRD AT a=)be ALY RIZEZOY 7 DERDZAIV I E>TERAEDET,
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ALYRT7FSAY&ERLZTYROYI DR X

ALYRT7FSAFEGERLETYROYIORE A%

AVYRT FIA Y25, 7077 ANOBAERTY ROy B X OETYROY I %
ATEET, ALYRTF 1L, Oracle Developer Studio N7 A=V AT F TP hd
AT28DLFAUNE-DHET IENET,

ALYRT F AT LI IRD 3 DOFIEETVET,

B V-2AO-REIVNIVT B,
B ROV 7R EEBREERT S,
B AT,

Y—2A—R&IQV (VTS

I-REIVSAVNU, BT g 2IBELE T, MIEREELTIX TR PUCHUARY 274
EDFBBEESTHEINBIGEDLHDDT, mELREIITIEELRNTLZI N, g
-xopenmp=noopt Z{f17T OpenMP 7117 F L% 731 )V L. -g -mt 721F%AHFT POSIX
ALYRTOT S L&AV ISAIVUET,

INEDAVIN FH T I NIDWTIE, ce(1). cc(1), £z 95 (1) DY=aTN_—V%
ZIRUTZI N,

ZDOFa-RNITIDEE IROIAR YV REFEHLTI-RE2IVNMILLET,

% cc -g -o din_philo din_philo.c

TYROVIRHRRZFENT S

-r deadlock A7 >ayaIT collect AV REMFALE T, ZDOA TV aviz,. 7ard oA
DEFFHRIZT YRy 7 EEBREZERLET,

ZDFa—NITINDEGE IRDIAY Y R2fEHLUT, din_philo.l.er £V T Y RV IR SE
BREERUE T,

% collect -r deadlock -o din_philo.l.er din_philo

collect -r AV RTIE, TV RV M FEERDIE IR DIRD A TS av H3ZF A

5NFET,
terminate FEARTRER T TR INAIESIE. T4 TUET,
abort FEARARERT B INZGE&IX. TOr o6& 7LTCary

VIR BLET,
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ALYRT7FSA Y &FERLZTYROYI DR X

continue FIEARRERT TIN5 66, 707 ADK TR T UE
‘a—o

T 7AWV DEEIX terminate TY,

MEREWEREITT D202, collect -r ARV RTEIROWTNMNDA T Va2 {fHTE
YRR ET VROV IWHELIGRII IO S AER T LAy Z VTR T 51
I IRD collect -r ANV YV REMALET,

% collect -r deadlock, abort -o din_philo.l.er din_philo

EFWROYIRIEUAGEEIITOT S LEN\ T T TIEBITE IRD collect -r ATV
REMHALET,

% collect -r deadlock, continue -o din_philo.l.er din_philo

BEOTY ROy IR EEREERTDZLIZE>T, Ty ROV 2R E T 5 A REM % &
OOENET, FEERTLIZRBRD ALY R B AT - 2% HHALTIZI N 282
X, din_philo.c =R T IRDITDMEEEHETIET,

13 #define PHILOS 5

14 #define DELAY 5000
15 #define FOOD 100

FEWCLRTRDEIZTY 7 SAIVU T, BIDFERFE RENETIET,

UL, collect(1) B collector(l) DY=a T INR=IZBIUTIZ I,

TyROvIRHRERERELT 5

AVYRT F AP T A=V AT FI4H er print =T (VT 4—T, 7Y ROVIHH
EEEWREAFCEET ALYRT F IS4 BLONNT A=YV AT F I/ HIEELLE GUL 1V
27— 2A% KRk UET, ALYRT F I HIET 74N ME 2-Dfii e RKRUETH, 7
NPINFS T A=V AT FISA P LRIUTT,

ALYRTPFSAFEFERLETYROYIRHERDRT

AVLYRT FIA Y EEAE LT, din philo.1l.er EEFERZFHEIZIX, ROV RE AL LE
ER

% tha din_philo.1l.er

AVYRT FIAPINE A= 2= V=)= LT A 21— %R TEILEED T
T=YavN-=RERRINET,
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ALYRT7FSAY&ERLZTYROYI DR X

Ty Ry R IR SN 2 TR R E B L T 74V R CORDT -2 -3 KR I N
E3

B (A I, O-RINZFEZBRD ANV OREER R RINET,

B [FYROYY ¥ a—2id, ALYRT F 9N T00 5 ANTHRIB U BN Ty Ry o
PETFTYROVID—ENFRRINET er print din philo.l.er TYROVI T LIZEE
HIDBALYRWREINET, INOHD ALY RIF, ALY RBOY 2 ERL, Fo—VRHNOD
IRDALVY RBEFFL TR DY % BRGNS KA F - %L TOET,
TYROY %IRRT 5L BfRT DALY ROFEMNERZ R T [Ty ROy DMV
ROMERDONNFINIRRZINET,

B [Fa7)VV—=ZA ¥ a-10d, ALY ROV I EERI LY - AfLE S [ U ALY RASEY
DEBERUIDY - AN BIRINET , ALY RPOY 7 2R R VR U2 — 2470 i 3%
RINFET, 2O 2-%2KRTDIZE, [TYROYT I a-OHEOF ==V NDAL YR
BT [Ta7 )W —A ¥ a—-%27)v L&,

B [FERIC -3 EBRTOO-RA TV 27 MR RIN, TRTOTI-B LUEE Ay
T-IUN—ERIRINET,

[BEHIY a— | A Y3y A= a—TIEFPDOY a—%FK R TXE,

er_print Z{@AL/TyROYIMRBERBRERDORT

er print T—FAVF—lX AV RIFA VR T - A% R RUET AV ETVT1 Ty a

VT er print =TT (—%2FHLT, kyyarydiy7avrReEElLEd, av R

FATVaveifHUC. AV EI7T 4T TRV HIETEY 7 AV REIEETEET,

DY TIAYVRIE, er print =T (VT =TT YROVIEFNDL XL HET,

B -deadlocks
ZOFA TV avid, EECTHIEINABEN T Y ROy 7B KOE T Y ROy 712D\ T
HELE T, (er_print) YUY TN T deadlocks ZFEETDH . er print IV RIFT
-deadlocks #fEELET,

B -ddetail deadlock-ID
ZOA TV aF HE U7z deadlock-ID &R Ty RO DFEMAEREIRLUE
T, (er_print) 7OV T NT ddetail Z4FE T2 er_print IY¥VRITT -ddetail Zff
EUET HBEIN/Z deadlock-ID 7% all D&, §RNTOT Y ROV OFFEMIERNR
RINFET, NN TIE. BRI OTYROYIE2KT 1 REDHE—DTYROVIFS%
BELET,

B -header
ZOATYavid EBRICBT 3R G RE R R L, TATOLI—F 3B E LR E
UET, (er_print) 7HY 7 NT header LIBE T DM, IV RITT -header LIBELE
—3—0

AEAlIL, collect(1), tha(1), analyzer(1). 8L er print(1) DY=a 7 I R—VESHEL
TLZE,
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TYROYIDEBRERICDOWT

FyRAOy I DRERFERICDOWT

IOty av Tk ALYRT FIAT2MAHLT BHTIEFEEOTTT I LATOT IR
0w 2% PR FEIZDOWTHALET,

FyROvI D FEE LT-RITOMREE

RO AN, ETYROVZIZRS - BHETDIZEFEDOTOT T LADFETIRINTVE
£

% cc -g -o din_philo din_philo.c

% collect -r deadlock -o din_philo.l.er din_philo
Creating experiment database din_philo.l.er ...
Philosopher 1 is done thinking and now ready to eat.

Philosopher 2 is done thinking and now ready to eat.
Philosopher 3 is done thinking and now ready to eat.
Philosopher @ is done thinking and now ready to eat.
Philosopher 1: got right chopstick 1

Philosopher 3: got right chopstick 3

Philosopher @: got right chopstick 0

Philosopher 1: got left chopstick 2

Philosopher 3: got left chopstick 4

Philosopher 4 is done thinking and now ready to eat.
Philosopher 1: eating.

Philosopher 3: eating.

Philosopher 3: got right chopstick 3

Philosopher 4: got right chopstick 4

Philosopher 2: got right chopstick 2

Philosopher @: got left chopstick 1

Philosopher 0: eating.

Philosopher 1: got right chopstick 1

Philosopher 4: got left chopstick 0

Philosopher 4: eating.

Philosopher @: got right chopstick 0

Philosopher 3: got left chopstick 4

Philosopher 3: eating.

Philosopher 4: got right chopstick 4

Philosopher 2: got left chopstick 3

Philosopher 2: eating.

Philosopher 3: got right chopstick 3

Philosopher 1: got left chopstick 2

Philosopher 1: eating.

Philosopher 2: got right chopstick 2

Philosopher 0: got left chopstick 1

Philosopher 0: eating.

Philosopher 1: got right chopstick 1

Philosopher 4: got left chopstick 0

Philosopher 4: eating.

Philosopher @: got right chopstick @

Philosopher 3: got left chopstick 4
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Philosopher 3:

Philosopher
Philosopher
Philosopher
Philosopher
Philosopher

(hang)

w NN N B

eating.

got right

chopstick 4

got left chopstick 3
eating.

got right
got right

chopstick 2
chopstick 3

Execution terminated by pressing CTRL-C

DAY REAJIUT, er print =717 —CEERFEREZMIELE T,

% er_print din_philo.1l.er
(er_print) deadlocks

Deadlock #1, Potential deadlock

Thread #2
Lock

Lock
"din_philo.c"
Thread #3
Lock

Lock
"din_philo.c"
Thread #4
Lock

Lock
"din_philo.c"
Thread #5
Lock

Lock
"din_philo.c"
Thread #6
Lock

Lock
"din_philo.c"

being
being

being
being

being
being

being
being

being
being

held: 0x21300, at: grab chopstick + 0x0000003C, line
requested: 0x21318, at: grab_chopstick + 0x0000003C,

held: 0x21318, at: grab chopstick + 0x0000003C, line
requested: 0x21330, at: grab_chopstick + 0x0000003C,

held: 0x21330, at: grab chopstick + 0x0000003C, line
requested: 0x21348, at: grab_chopstick + 0x0000003C,

held: 0x21348, at: grab chopstick + 0x0000003C, line
requested: 0x21360, at: grab_chopstick + 0x0000003C,

held: 0x21360, at: grab chopstick + 0x0000003C, line
requested: 0x21300, at: grab_chopstick + 0x0000003C,

Deadlock #2, Actual deadlock

Thread #2
Lock

Lock
"din_philo.c"
Thread #3
Lock

Lock
"din_philo.c"
Thread #4
Lock

Lock
"din_philo.c"
Thread #5
Lock

Lock
"din_philo.c"

being
being

being
being

being
being

being
being

held: 0x21300, at: grab chopstick + 0x0000003C, line
requested: 0x21318, at: grab_chopstick + 0x0000003C,

held: 0x21318, at: grab chopstick + 0x0000003C, line
requested: 0x21330, at: grab_chopstick + 0x0000003C,

held: 0x21330, at: grab chopstick + 0x0000003C, line
requested: 0x21348, at: grab_chopstick + 0x0000003C,

held: 0x21348, at: grab chopstick + 0x0000003C, line
requested: 0x21360, at: grab_chopstick + 0x0000003C,

$£3EFyROYIOFa—NIT7IL

105 in "din_philo.

line 105 in

105 in "din_philo.

line 105 in

105 in "din_philo.

line 105 in

105 in "din_philo.

line 105 in

105 in "din_philo.

line 105 in

105 in "din_philo.

line 105 in

105 in "din_philo.

line 105 in

105 in "din_philo.

line 105 in

105 in "din_philo.

line 105 in
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Thread #6

Lock being held: 0x21360, at: grab chopstick + 0x0000003C, line 105 in "din philo.c"
Lock being requested: 0x21300, at: grab_chopstick + 0x0000003C, line 105 in

"din_philo.c"

Deadlocks List Summary: Experiment: din philo.l.er

Total Deadlocks: 2
(er_print)

ROAZV=r T ayNE ALY RT F I P TRRINZT Y Ry 2 EHERUET,

= 7

din_philo.c THRHEINZTYROY Y

[s[=] =

| din_philo.Ler - Oracle Developer Studio Thread Analyzer@scapen-ss10-0
File “iews Metrics Tools Help
BBED [veE
Views + | Total Deadlocks: 2
Welcome eadlock #1 (Potential deadlock)
¢ [ Total Threads: 5
Sz Thread #2
Deadlocks Lock being held: 0x21300 ,at grab_chepstick + 0x0000003C, line 105 in "din philo.c”
Lock being requested: 0x21318 ,at grah chopstick + 0x0000003C, line 105 in "din philo.c”
Timeline Thread #3
Lock being held: 0x21318 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.c”
Dual Source Lock being requested: 0x21330 ,at grab_chepstick + 0x0000003C, line 105 in "din philo.c”
Experiments Thread #4
Lock being held: 0x21330 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.c”
More... Lock being regquested: 0x21348 ,at grab chepstick + 0x0000003C, line 105 in "din philo.c”
Thread #5
Lock being held: 0x21348 ,at grab_chepstick + 0x0000003C, line 105 in "din_philo.c”
Lock being recquested: 0x21360 ,at grab_chepstick + Ox0000003C, line 105 in "din philo.c”
Thread #6
Lock being held: 0x21360 ,at grab_chepstick + 0x0000003C, line 105 in "din_philo.c”
Lock being requested: 0x21300 ,at grab chepstick + 0x0000003C, line 105 in "din philo.c”
eadlock #2 (Actual deadlock)
¢ [JTotal Threads: 5
read #2
Lock being requested: 0x21318 ,at grab chopstick + O0x0000003C, line 105 in “din philo.c”
Thread #3
Lock being held: 0x21318 ,at grab_chopstick + 0x0000003C, line 10§ in "din philo.c”
Lock being requested: 0x21330 ,at grab_chopstick + Ox0000003C, line 105 in "din philo.c”
Thread #4
Lock being held: 0x21330 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.c™
Lock being requested: 0x21348 ,at grab_chopstick + 0x0000003C, line 105 in "din_philo.c™
Thread #5
Lock being held: 0x21348 ,at grab_chopstick + 0x0000003C, line 105 in "din_philo.c™
Filters Lock being requested: 0x21360 ,at grab_chopstick + 0x0000003C, line 105 in "din_philo.c”
. _ Thread #6
= Lock being held: 0x21360 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.c”
Lock being requested: 0x21300 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.c”
Compare
([l =
Local Host: stapen-3510-0 | Rerriote Host | Working Directary. SStudio_12.5_THA_User_Guide | Corpare: off | Fiters: oft | /\WWarning

[ Fingteinview ] |
Deadlock Details
Data for Selectet Deadiock
12
Type: Actual deadlock
AThread Involved
Thread Id: 2

Type: Lock being held

grab_chopstiek + 0x0000003C, line 10§ in "din philo.c”
philosopher + 0x0D0000B4, line 73 in "din_philo.c”
_lup_start + 0x00000000

Type: Lock being requested

grab_chopstick + 0x0000003C, line 105 in "din philo.c”
philosopher + 0x000000DE, line 74 in “din philo.c”
_lup_start + (x00000000

ALYRT FFAHd, din philo.c D, IELEH

T

Row &5

FwROYZD 2 DOFVROY

DERELET, KVFELSHANRS L, 2 DOTYROVZIEE—ThHDLONVET,

FYROVZIZE T HK A F =k RDEBV T,

AVWR 2: TRV A 0x21300 T2 EFF U, 7RV A 0x21318 THY & E sk
ALWR 3: TRV A 0x21318 THYZZEERFL, 7RV A 0x21330 THW 7% HsRk
ALWR 4: TRV A 0x21330 TV I ZEFFL. 7RV A 0x21348 TV % B3k
ALYR B: TRV 0x21348 TOWI%2EFF U, 7RV A 0x21360 THY 7% Esk
ALYR 6: TRV A 0x21360 THYZZEERFL, 7R A 0x21300 THW 7% H3RK
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FT—VDERHDALYR (ALYR #2) 23#IRL, [FaT7IWY—A ¥ a—-227)w 7T, ALY
R #2 W7 RV A 0x21430 TV IR ER LU TN Y —AO-RALEE ., TRV A 0x21448 THY
IRFRUZY - AD-RTOMNBEEZHERLUETIRORIIIE, ALYR #2 DOTFa7 IV —2A |
P a-hRmINTVET,

IRDOAZV=> 2 ayNME ALYR #2 DT FaT7 IV = A ¥ - RINTWET, A7) -
vvayhd EEESITIE ALYR #2 237 105 T pthread mutex lock() ZFEUNHFZ &I
Lo T, TRV A 0x21300 THYZEHUFU/ZZENFRINTHET, AZV—rTavhd R
AT, FIUALYRDMT 105 T pthread mutex lock ZMEUNH T Z&IZE>T, TRV A
0x21318 THW IR BRI ENEKRINTNET, pthread mutex lock D 2 DDIEN
HUIK, 22 Al ooy 225 e UTH AL TOET, — iz, oy 7BE A AL —Yay
LI ERF R =Y aVE RV - AT ETEER A,

T 7AW RDARN)Y Y (HI T ROV 7 AN 7)) D327 ) =2 S 29 MDA — AfF D M
WIZERRINET, ZOANY I, TYREYZIZE S U0y ZEE £ /- 130y 78R A R —
AV, TV AT TIREIN- BB ERLUET, TYROYIF -V D—HE R D — A
DRI, ZDARN)YZIZDONT 0 ) KZX\WMERFBE S,
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K= 8 din philo.c TOEEKTYRITYY

| din_philo.Ler - Oracle Developer Studio Thread Analyzer@scapen-ss10-0 == = ]
File Views Metics Tools Help
BBED  ve@ | Fingi| *c o e | v JEUBT T Mateh Case
Views 4+ Deadlo.. |din_philo.c Il 25 ¢ Deadlock Details
I INCLUSIVE =7
. ¢ Deata for Gelected Deadlock
- I 2
Overview
woid Type: actual deadlock
Deadlocks grab_chopstick (int phil,
o b o AThread Involved
Timeline char Thand) Thread ld: 2
<Function: grab chopsticks
L) @ . - Trpe: Lock being held
Ezperiments 20 pthread_matex_lock (schopstick[c]): grab_chopstick + 0x0000003C, line 105 in "din_philo.c”
More 0 printf (“Philosopher %di got %= chopstick $4\n”, phil, hand, cl: philosopher + O0x000DO0E4, line 73 in "din philo.c”
0 b _lup_start + 0x00000000
woid
dovm_chopsticks (int cl,
int oz}
<Function: dowr: chopstickss
0 { I
0 pthread_mutex_unlock (schopstick[cl]):
o pthread mutex_unlock (schopstick[cz]):
o 3 -
4 »
Deadlo... din_philo.c 1|2
I INCLUSIVE ~
#
void Type: Lock b ted
grab_chopstick (int phil, ¥ |Look belng requeste
ine o, grab_chopstick + OxD000003C, line 105 in "din philo.c”
char #hand) philosopher + 0x000000DS, line 74 in "din philo.e”
<Function: grab chopsticks _lup_start + 0x00000000
0 {
20 pthread_mutex_lock (schopstick[el];
0 printf ("Philosopher %d: got 53 chopstick :d\n”, phil, hand, c):
o 3
Filters void ) )
down_chopsticks (int cl,
= int cz)
<Function: down chopstickss
0 {
=
0 prhread mmtex_unlock (schopstick[el]):
0 prhread matex_unlock {schopstick[c2]):
Compare -
0 + =
= 4 »
Local Host: scapen-ssi0-0 | Remote Host | iorking Directary:  fStudio_12 5_THA_User_Guide | Compare: oft | Filters: ot | /A wWarming

BEMNTYROYIRHBICED DO T T LIEETOD

FIMTKREBRIRB BRI E UG A, BHTDIEEHE T I AL, ET Y ROy % 6]k
TEBHEBE TLET, 2ZLBHEBIK T LAPLEV-T, TS AT Y

ROWIWNERNZ L2 ERTEDIFTIEDYET A JIZ IOy BRI N0y 7
A G DFATFHRICT Y RO 2 F 2=V R BRUBH 1= 2L TS B2 TF D 5AT
TRAAIVINEFETIUE, ET VROV IWEUD A EMERHDE T, ROV AN, (EFH

REZ 7 AIADBEE U THREIN) 40 BOKRIRKIZI>TEE LBV 75,8

HIDYHFHETOT I LDFEFTERUTVET,

cc -g -o din_philo_pt din_philo.c
% collect -r deadlock -o din_philo_pt.1l.er din_philo_pt 40
Creating experiment database tha.2.er ...

o
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Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher

Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher

%

N NSO OO WWeeSeO PR~ WNWRNS

H PR EFHEFNONNMNWOOOSOWWRASEIENWLSN

is done thinking and
is done thinking and
is done thinking and
is done thinking and

: got right chopstick
1 got right chopstick
: got right chopstick

is done thinking and
got left chopstick 1
eating.

got left chopstick 4
eating.

got left chopstick 1
eating.

got right chopstick
got left chopstick 3
eating.

got right chopstick
got right chopstick
got right chopstick
got left chopstick 0
eating.

is done eating.

: got left chopstick 4
: eating.
: got right chopstick
: got left chopstick 1
: eating.

is done eating.

: got left chopstick 3
: eating.

is done eating.
is done eating.

: got right chopstick
: got left chopstick 2
: eating.

is done eating.

Execution terminated normally

now
now
now
now
2
3
0
now

ready to
ready to
ready to
ready to

ready to

eat.
eat.
eat.
eat.

eat.

TRy T RNTIROAR Y RE AN UT, er print =T 1) T —CEBIERZMRAFLET,

% er_print din_philo_pt.l.er
(er print) deadlocks
Deadlock #1, Potential deadlock

Thread #2

Lock being held: 0x21300, at: grab chopstick + 0x0000003C, line 105 in "din philo.c"
Lock being requested: 0x21318, at: grab_chopstick + 0x0000003C, line 105 in "din_philo.c"

Thread #3

Lock being held: 0x21318, at:

grab_chopstick + 0x0000003C, line 105 in "din_philo.c"
Lock being requested: 0x21330, at: grab chopstick + 0x0000003C, line 105 in "din philo.c"
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Thread #4
Lock
Lock
Thread #5
Lock
Lock
Thread #6
Lock
Lock

Deadlocks

(er_print)

being
being

being
being

being
being

held: 0x21330, at: grab chopstick + 0x0000003C, line
requested: 0x21348, at: grab_chopstick + 0x0000003C,

held: 0x21348, at: grab_chopstick + 0x0000003C, line
requested: 0x21360, at: grab chopstick + 0x0000003C,

held: 0x21360, at: grab chopstick + 0x0000003C, line
requested: 0x21300, at: grab_chopstick + 0x0000003C,

105 in "din_philo.c"
line 105 in "din_philo.c"

105 in "din_philo.c"
line 105 in "din_philo.c"

105 in "din_philo.c"
line 105 in "din_philo.c"

List Summary: Experiment: din_philo_pt.l.er/ Total Deadlocks: 1

IRDAZV)=2 v ayMd, ALY RT FSA Y TOBIERN T Y ROV TERNRINTOET,

B9

din philo.c TOEEHTYRITYY

"I din_philo_pt.Ler - Oracle Developer Studio Thread Analyzer@scapen-ss10-0 [S[E] = ]
File Views Meirics Tools Help
HBED | ve® o
Views + | Total Deadlocks: 1 Deadlock Details
Welcome eadlock #1 {Potential deadlock) Data for Selested Deadlock
¢ [CJTotal Threads: § ld: 1
Overview T
seill £ Type: Potential deadlosk
Deadlocks Lock being held: 0%21300 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.e”
Lock being requested: Ox21316 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.c” AThread Involved
Timeline Thread #3 Thread I 2
Dual S Lock being held: 0x2131% ,=t grab_chopstick + 0x0000003C, line 105 in "din philo.e”
ual Source Lock being requested: 0x21330 ,at grab_chopstick + 0x0DODOD3C, line 105 in "din philo.e” | | Type: Lock heing held
Experiments DThrEad #a grab_chopstick + 0x0000003C, line 105 in "din philo.c”
Lock b held: 0%21330 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.e”
ock being he * ¢ 2% grab_chopstac . ¢ Lme 1o Cdan phile.e philosopher + 0xDOD000BA, line 73 in "din_philo.c'”
More.. Lock being requested: 0x213d8 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.c”
- Iwp_start + 0x00000000
Thread #5 R
B} Lock being held: 0x21348 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.e”
Lock beiny remested: 0x21360 ,at grab_shopstick + Ox000D003C, line 105 in "din philo.s”
Thread #6
O Lock being held: 0%21360 ,at grab_chopstick + 0xD00D003C, line 105 in "din philo.e”
Lock being requested: 0x21300 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.c”
Type: Lock being requested
grab_chopstick + 0x0000003C, line 105 in "din philo.c”
philosopher + 0x000000D8, line 74 in “din philo.c”
_lwp_start + 0x00000000
Fiters
Compare
Local Host scapen-ss10-0 | Remote Host | Working Directory. . /Studio_12.5_THA_User_Guide | Gompars: off | Filters: ot | /\waming
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BRI T Y ROy 7 ETF ROy 72 B RIZIE, TEHIZBFELIO LTI N- V2
ZITEBDBENH DL TEN=T DY AT DG U HENHYE T, A gER -2
DL, T=TNDEZEHED NIV DRLTERENH)E T, TWEEIIN-T V2 ZITHS
ET=TNDON= I HES>TRETEET, TNTNDOEZE T BEIKDONIE N7V %K
U, O 2R UE T IRDEMLI-RIE, M=V Y AT LR EHLZEE D, KEZEHD
OYwreRUET,

while (there is still food on the table)
{
get token
grab right fork
grab left fork
eat some food
put down left fork
put down right fork
return token

}
PBEDOY 7Y ayTlE b=V DY AT LD 2 DORLBZFESZONTHUSHEUET,

M=o %A LIEFEEDRE

WDV ANE, M=V Y AT LEFHTRIEIEN-VavORFTIHFEETOT T L%
RUET, Z20VVa—vavizid 4 DOy (BFHTEAMEY) 1 D80) AHAAN
SN, U5 THFHZ 4 AOEZFEUNBHTIFEFRA, ZONN-TYavD 707 At
din_philo fixl.c XIEENET,

EVh -V TINTTVr—=avER Y O-RUZEA . din philo fixl.c 771V %
OracleDeveloperStudiol2.5-Samples/ThreadAnalyzer/din philo TALIRN)MHIE=T
KEY

1 /*

2 * Copyright (c) 2006, 2011, Oracle and/or its affiliates. All Rights Reserved.
3 ¥

4

5 #include <pthread.h>
6 #include <stdio.h>

7 #include <unistd.h>
8 #include <stdlib.h>
9 #include <errno.h>
10 #include <assert.h>
11
12 #ifdef _ linux__
13 #include <stdint.h>
14 #endif
15
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16 #define PHILOS 5

17 #define DELAY 5000

18 #define FOOD 100

19

20 void *philosopher (void *id);
21 void grab chopstick (int,

22 int,

23 char *);
24 void down_chopsticks (int,

25 int);

26 int food_on_table ();

27 int get token ();

28 void return_token ();

29

30 pthread_mutex_t chopstick[PHILOS];
31 pthread t philo[PHILOS];

32 pthread_mutex_t food_lock;

33 pthread_mutex_t num_can_eat_lock;
34 int sleep_seconds = 0;

35 uint32_t num_can_eat = PHILOS - 1;

36

37

38 int

39 main (int argn,

40 char **argv)

41 {

42 int 1i;

43

44 pthread_mutex_init (&food lock, NULL);

45 pthread mutex init (&num can eat lock, NULL);
46 for (i = 0; i < PHILOS; i++)

47 pthread mutex init (&chopstick[i], NULL);
48 for (i = @0; 1 < PHILOS; i++)

49 pthread create (&philo[i], NULL, philosopher, (void *)i);
50 for (i = @0; 1 < PHILOS; i++)

51 pthread join (philo[i], NULL);

52 return 0;

53 }

54

55 void *

56 philosopher (void *num)

57 {

58 int id;

59 int i, left chopstick, right chopstick, f;

60

61 id = (int)num;

62 printf ("Philosopher %d is done thinking and now ready to eat.\n", id);
63 right chopstick = id;

64 left_chopstick = id + 1;

65

66 /* Wrap around the chopsticks. */

67 if (left_chopstick == PHILOS)

68 left_chopstick = 0;

69
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70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123

while (f = food_on_table ()) {
get token ();
grab_chopstick (id, right chopstick, "right ");
grab_chopstick (id, left_chopstick, "left");
printf ("Philosopher %d: eating.\n", id);
usleep (DELAY * (FOOD - f + 1));
down_chopsticks (left_chopstick, right_chopstick);
return_token ();
}
printf ("Philosopher %d is done eating.\n", id);
return (NULL);
}
int
food_on_table ()
{
static int food = FOOD;
int myfood;
pthread mutex lock (&food lock);
if (food > 0) {
food--;
}
myfood = food;
pthread_mutex_unlock (&food lock);
return myfood;
}
void
grab _chopstick (int phil,
int c,
char *hand)
{
pthread mutex lock (&chopstick[c]);
printf ("Philosopher %d: got %s chopstick %d\n", phil, hand, c);
}
void
down_chopsticks (int cl1,
int c2)
{
pthread mutex unlock (&chopstick[cl]);
pthread_mutex_unlock (&chopstick[c2]);
}
int
get token ()

$£3EFyROYIOFa—NIT7IL
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124 {

125 int successful = 0;

126

127 while (!successful) {

128 pthread_mutex_lock (&num_can_eat_lock);
129 if (num _can_eat > 0) {

130 num_can_eat--;

131 successful = 1;

132 }

133 else {

134 successful = 0;

135 }

136 pthread_mutex_unlock (&num_can_eat_lock);
137 }

138 }

139

140 void

141 return_token ()

142 {

143 pthread mutex lock (&num can eat lock);
144 num_can_eat++;

145 pthread mutex unlock (&num can_eat lock);
146 }

COBIEN-VavOBETLIEEETTT I L2 IV BEEENEFETLUTCAE
T =V DV AT AL BEFHLUTAELIIETDEAD ANEEFHIRL., ZAUZE>TE
TYROYIE LOEBER Ty ROy 7% [mRLE T,

IV TBIZIF ROV REFHUET,

% cc -g -o din_philo_fix1 din_philo_fixl.c

EEFERZINETD

% collect -r deadlock -o din_philo_fixl.1l.er din_philo_fix1l

BRBRALAR—b
N2V DY AT L2 ETEH, ALYRT F I HI, Fo/2EFEELTORWVWEGEIZE

ZOFEHLDOBIEM T Y ROy 72 MG UE T, NSRRI T IBIEN T Y REY 21250\ T
FEUSEHHIUZIRDAZ V=2 2 2y he RITLZEN,
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B 10 BERT Y ROy 7 DML R—h

| din_philo_fixL.1er - Orac per Studio Thread

10:0 [sle] =]

File Views bletrics Tools Help

HBED | ve&

O

Lock being held:
Lock being remuested:
Thread #6
lock being held:
Lock being requested:

O

Views (+) | Total Deadlocks: 1 Deadlock Details
Welcome eadlock #1 (Potential deadlock) Data for Selected Deadlock
% [JTotal Threads: 5 1L
Overview e
o Tyne: Potential deadlock
Deadiocks lock being held: 0x21430 ,at grah_chopstick + 0x00000D3C, line 107 in “din philo_fixl.c”
Lock being requested: 0x2L448 ,at grab_chopstick + 0x0ODOODSC, Line 107 in “din_philo_fixl,c” AThread Involved
Timeline Thread #3 Thread I &
uals Llock being held: 0x21445 et grab_chopstick + (x00000D3C, line 107 in "din philo_fixl.c”
ual Source lock being requested: 0x2l460 ,at grab_chopstick + Dx00D0ODSC, line 107 in "din philo_fixl.c" Type: Lock being held
Experiments DThtEﬁd #4 grab_chopstick + 0x0000003C, line 107 in "din philo_fixl.c”
Lock being held: 0x21460 ,at grab_chopstick + GX00000B3C, Line 107 in "din_phito_fuxl.c” | |02l b B R oio0g “ine 75 an masn phato tixg.cn
More... Llock being requested: 0x2la7s ,at grsb_chopstick + 0x00D00D3C, Line 107 in "din philo_fixl.c” -
hresd £5 - - _lup_start + 0x00000000

0x21478 ,at grab_chopstick + 0x0000003C, line 107 in "din philo_fixl.c”
0x21490 ,at grab_chopstick + 0x0000003C, line 107 in "din philo_fixl.c"

0%21490 ,at grab_chopstick + Gx0000003C, line 107 in "din_philo_fixl.c”
0x21430 ,at_grab_chopstick + 0x0000005C, line 107 in "din_philo_fixl.c”

Fitters

Compare
[l =

Local Host: seapen-5s10-0 | Remate Hast: | wiarking Dirsctory:

Tyge: Lock being requested

grab_chopstick + 0x0000003C, line 107 in "din_philo fixl.c”
philosopher + 0xD000D0BC, line 74 in “din_philo_fixl.c”
_Lup_start + 000000000

sstudio_12.5_ THA_User_Guide | Compare: oft | Fiters: oft | A\waming

FT—=VDERHDAL YR (ALYR #2) 23R, [FaT7IWY—A ¥ a-227Vw 7T, ALY
R #2 M7 RU A 0x216a8 THYIZZER LTV —AOD—-RALEE . 7RV A 0x216c0 THY

J%ERUAY - AD-RTONEEZHERLUET XD

E‘J_ﬁi‘ﬂ—_{‘i{m‘tb \i—é—o

IR ALYR #2 DI 5727 VY=
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B 11 BRI DBAER Ty ROy 7 DY — A

| din_philo_fix1.Ler - Oracle Developer Studio Thread Analyzer@scapen-ss!
| din_philo_fix.1 Oracle Developer Studio Thread Analyzer@scapen-ss10-0 [=[E] = ]
File ‘iews Metrics Tools Help
CBED e | P - |=]EAEAL IMeithGase
Views +)  Deadlo.. | din_philo_fixt.c Il £ Deatliock Details
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woid
dowm_chopsticks (int el,
int ez} ~
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woid grab_chopstick + 0x0000003C, line 107 in "din_philo_fixl.c"”
grab_chopstick (int phil, philosopher + 0x000000BC, line 74 in "din philo_fixl.c”
int ¢, _lup_start + 0x00000000
char “hand)
<Function: gred chopsticks
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10 prhread mutex_lock [schopetickle])
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= o 3
woid
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— int ez} -
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din philo fixl.c @ get token() BI%EUX. while W—TZFHLUTCALYREZFRMLE T, A
LRI, b=V OBHHI RN 2 E T, while =7 HMIHFEFA (Z4UL, num_can_eat A3
0 FNARIVEZIZRIVET ) while V—TIXERHIBFETDIAE 4 NTHIRLETS, /272
U.while W—ACEoTEREINZFALIZ, ALY RT F I/ FIE@RHINE A ALYR
TFIAYVIE 5 ADEFEHELENEMHIELHATRFELIOEL TS EELTNSD
TUBENTY ROV E2RELE T IROE IV 2> Tk, ALY RT FHIA P03 2 H
ZHHT2I8I2E5T, FARHIBHTDEIADAEEZHIE T2 HIEII OV TEUSEHRHLET,

=0V DRESRAT L

IRDOVANIUE, NIV DY AT LEFERT2RE HENRINTVET, ZOFEKHIETE
4 DDV EFHTEOT, BRI 4 ALNEBFHLIOEULERAZZL, ZOEE 1k

I&. sem wait() & sem post() X 7A—N—FUEMALT, BHTIHEFZEHD ABEHIR
LET, ZON=TavDV—A771)VZE din philo fix2.c EFHINET,
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vk -V TINTTVr—=avER Y O-RUZEA . din philo fix2.c 771V %
OracleDeveloperStudiol2.5-Samples/ThreadAnalyzer/din philo 7L 7 )M5IE—-T
TET,

ROVARTI, din_philo fix2.c (ZDWCHELLEALET,

/*
* Copyright (c) 2006, 2011, Oracle and/or its affiliates. All Rights Reserved.
*/

#include <pthread.h>
#include <stdio.h>
#include <unistd.h>
#include <stdlib.h>
#include <errno.h>
#include <assert.h>
#include <semaphore.h>

O 00 NO U s WN =

e
W N~

#define PHILOS 5
#define DELAY 5000
#define FOOD 100

e
N o u s

void *philosopher (void *id);

void grab_chopstick (int,
int,
char *);

void down_ chopsticks (int,
int);

N NNDN =2 =
w N2 S O

int food on table ();

24 int get_token ();

25 void return_token ();

26

27 pthread_mutex_t chopstick[PHILOS];

28 pthread_t philo[PHILOS];

29 pthread mutex t food lock;

30 int sleep_seconds = 0;

31 sem t num can eat sem;

32

33

34 int

35 main (int argn,

36 char **argv)

37 {

38 int 1i;

39

40 pthread_mutex_init (&food lock, NULL);

41 sem_init(&num can_eat sem, @, PHILOS - 1);
42 for (i = 0; i < PHILOS; i++)

43 pthread mutex init (&chopstick[i], NULL);
44 for (i = 0; i < PHILOS; i++)

45 pthread create (&philo[i], NULL, philosopher, (void *)i);
46 for (i = 0; i < PHILOS; i++)

47 pthread join (philo[i], NULL);
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48 return 0;

49 }

50

51 void *

52 philosopher (void *num)

53 {

54 int id;

55 int i, left chopstick, right chopstick, f;

56

57 id = (int)num;

58 printf ("Philosopher %d is done thinking and now ready to eat.\n", id);
59 right chopstick = id;

60 left_chopstick = id + 1;

61

62 /* Wrap around the chopsticks. */

63 if (left_chopstick == PHILOS)

64 left_chopstick = 0;

65

66 while (f = food_on_table ()) {

67 get token ();

68

69 grab_chopstick (id, right chopstick, "right ");
70 grab_chopstick (id, left_chopstick, "left");
71

72 printf ("Philosopher %d: eating.\n", id);
73 usleep (DELAY * (FOOD - f + 1));

74 down_chopsticks (left_chopstick, right_chopstick);
75

76 return_token ();

77 }

78

79 printf ("Philosopher %d is done eating.\n", id);
80 return (NULL);

8l }

82

83 int

84 food_on_table ()

85 {

86 static int food = FOOD;

87 int myfood;

88

89 pthread mutex lock (&food lock);

90 if (food > 0) {

91 food--;

92 }

93 myfood = food;

94 pthread_mutex_unlock (&food lock);

95 return myfood;

96 }

97

98 void

99 grab_chopstick (int phil,

100 int c,

101 char *hand)
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102 {

103 pthread mutex lock (&chopstick[c])
104 printf ("Philosopher %d: got %s chopstick %d\n", phil, hand, c)
105 }

106

107 void

108 down_chopsticks (int c1,

109 int c2)

110 {

111 pthread mutex unlock (&chopstick[cl]);
112 pthread_mutex_unlock (&chopstick[c2])
113 }

114

115

116 int

117 get token ()

118 {

119 sem wait(&num can_eat sem);

120 }

121

122 void

123 return_token ()

124 {

125 sem_post(&num_can_eat_sem);

126 }

ZDFUNEE FiEIE, Y 74— num can eat sem ZHHLUT, AFHIAFHTEIDHEZEHD
ANEEHIBRUES, Y 74— num_can_eat_sem I&, #TEHDAELYD 1 D 4 12414k
INFT . ABFELLOLTBIEIT, BTFEH L get_token() ZFEFOH L., HEWTIIAY sem wait
(&num_can_eat sem) ZIEUNHUE T, sem wait( @ﬂ?Uﬂjbi O EEEY
7 A= @fﬁyb@k&éifﬁ%*ﬁmu\ft—w;r Dfiz 1 ZFIWTEABELET, 54
IEBFHEKZ DL, return_token() ZIEOVH L, K8 TZADY sem post (&num_can_eat sem)
ZIFOHILE T, sem post() & 1 ZEBIMLTEY7A—DEZEFELET, ALYRT F I
1%, sem wait() BLU sem post() DFEOHLZZRFU. TEE2EDNFERIIBHELISEL
TWADIFTIER O EHIBUET,

FR - EY R T4 —F )7L, -rt 243 T din philo fix2.c Z#I2/8
AT DHENRHVET,

din philo fix2.c 23V /AL BITIX IRDIAXV REHHLUET,

% cc -g -lrt -o din_philo_fix2 din_philo_fix2.c

T0J'F A din_philo fix2 DIDHFHUNEE FE2E BRI ETTIL. EOGEEEEE S
DL TU NI TYTUBRNZENhNDET,

ZOFUWNLFVTEREFEKTD

% collect -r deadlock -o din_philo_fix2.1l.er din_philo_fix2
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IROBNIRT LI, din philo fix2.1.er DERRMNS, ALYRT F T4 FNRETFTYROVIE
BERT Y ROy 7L E L TORNZEDMVET,

12 din_philo fix2.c THEINAVTYROYY

| 1 din_philo_fix2.1er - Oracle Developer Studio Thread A

Eile Yiews Metrics Tools Help

Find text in view . | )

Views (+) | Total peadlocks: o  Deadlock Details |
Welcome Data for Selected Deadlock
It
Overview N
Type:
Deadiocks AThread Involved
Timeline Thread Id
Dual Source Tyme
Experiments
More...
Type
Filters
DEX =
To add a fiter, select
& row from & view
(zuich as Functions)
Compare
Local Host: scapen-ss10-0 | Remote Host | Working Directary: . iStudio_12.5_THA_User_Guide | Cormpare: off | Filters: off | ‘E}Wammg
—_———— Y —————————

AVYRT FIA YRR TLH ALY RBIOATY—E) YT API DY ANMIDWTIE, [ERA
AVLWRT F AT TRIIBIND APIZSIRUTIZIW,
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ALYRTFSAH TERBEIND AP

ALYRT FF4FIE, OpenMP, POSIX AL R, LU Oracle Solaris ALY RTHEX
NBIFE AL DIEHERIR AP] L2 CEE T, /220, 2OV —IUEa—Y—EHDHE
WEZRHTERN 2D, ZOISREMZRALIGE BRI OT 25 & &S IND
ENRDVET, AR TRV TV ERETI-REEZEFHNTERELAZAE Oy 2IE, 20y -
NVTIFRETEERA,

ALYRT >S4 21— — AP

I-RIZA—YP-EZDRPANEENDGE. ZORAZEAT 572012, ALYRT F I
MY R=NFB2—Y— APl 27OV I A ALE T, ZOIIIGFHNTEHZ12E->T, A
LYRT F oA VIR Z R TE RO ERS TN TEE T, ALYRTFI1HD
24— API I& libtha.so IZEBEIN, ZDO—EERDRIZRLET,

®1 ALYRT F AP 21—~ API

V—Fv% B

tha notify acquire lock() TS LAY - EHFEDOTY I RS LD T HERNIFEOH
TEY,

tha_notify lock acquired() A-Y-EHZOIYINELEEI N ERIIITOHETET,

tha notify acquire writelock() 075 AN EZAAE-R TV - EBEDFHAI /X IAA
DY IERALED LT DERNFOHEEET,

tha_notify writelock acquired() HEAAE-RTA-Y-EHEDHAIY /FHZAATYIAIELL
BEINZERIIEOHEET,

tha notify acquire readlock() TOT 5 DRI TR TV —EHEDFTAIY /B X AH
Ov7ERLEDETHERNIFOHEET,

tha_notify_readlock acquired() HAHD E—R TP —E HDHAY /X AATY ZHELHL
BINAERIIPOHEET,

tha_notify release lock() AP ROV F/IEFAY /EZARDY I DMRIRI NS
ERTIZIPOHEET,

tha_notify lock released() AP HEOTY Y E /- IEHAY /FZAAROY IDIELRERY
NZER/RIIIEOHEET,

tha notify sync post begin() A—PF—ERORGEPNETINDERNIFOHEEET,

tha_notify sync_post_end() AP —EHORE FENFE T INZERITTHEET,
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tha_notify sync wait begin() AP -EROFEFA N EITINDERNIFOHEET,

tha notify sync wait end() A-Y—EZDORERPNFETINZERIIITCHEEET,

tha_check_datarace mem() ZON=F U, T RO EORHEOFETHIZ FREINZATE
V=TTV INDT I A=A —F72 I3 MHTDEIOALYRT S5
AHFITHRUET,

tha_check datarace thr() ZDN—F UL, T=ZDHEDOKR DI T 1 DL ED ALY

RIZEBAEY-T VL AR E=A—F 3T O LS ALY RT F 5
AHFIHRUET,

C/C++ N=Yav & Fortran /N—Yavd API BHEINTHET, 2D API IE
HUIZHE—DF 5 1D 2H), TOMEIXFEIA 7Y 27 e —BIZHIIUE T,

C/C++ N=Tav®dD API Ti&, 5IEDORIZ vintptr t THH, ZHUE 32 EVRE-R
TlE 4 N ME. 64 EYNE-RTIZ 8 N RRIZAVET, 20D API U H & X
I&. #include <tha interface.h> % C/C++ V—AT771IENTERHENHDVET,

Fortran /3= 3> API Tld, 518D ALIX tha sobj kind DFEETHY, ik 32 Y
&Y 64 EYRE-RT 8 N MRIZRVE Y, ZDN=TYav D APl 2P0 & (2
I¥. #include "tha finterface.h" % Fortran V—A7 71 VZIEBINTEHERHVET,

A 7Y 27 NS — IR I NS &5, 518D ID ITIKFEIA 7Y 2/ N LIZ B35 1%
H) B TEBERHVET, ZN21TD 1 DO HEZ FAATY 27 D7 RV ZADE%E 1D
CUTHHT2I8 T, IROI-RHFITIE, API 2 HU TR T — 25 A % Akt 5 5k
2RUTCVWET,

B 1 ALY RT FI1H AP 2L TERRAID T =X D &% a5 245

# include <tha_interface.h>
/* Initially, the ready flag value is zero */

/* Thread 1: Producer */
100 data = ...
101 pthread mutex lock (&mutex);
tha_notify sync_post_begin ((uintptr_t) &ready_flag);
102 ready flag = 1;
tha_notify sync post_end ((uintptr_t) &ready_ flag);

103 pthread_cond_signal (&cond);
104 pthread mutex unlock (&mutex);

/* Thread 2: Consumer */
200 pthread mutex lock (&mutex);
tha_notify sync_wait_begin ((uintptr_t) &ready_flag);
201 while (!ready flag) {
202 pthread_cond wait (&cond, &mutex);
203 }
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tha_notify sync wait_end ((uintptr_t) &ready_flag);
204  pthread mutex unlock (&mutex);
205 ... = data;

I—H— APIIZDWTIE, libtha(3) DV =a 7 IIR_R=YUZBIUTIZ I,

Fa S NDZDfD API

DY 2y Tldk, ALY RT F IR ALY R APLIZOWCEHULEHALET,

POSIX ALw R API

ZN5HD AP IZDWTIE, Oracle Solaris RFaAVRD IRV FALYRODTOT FIV T 1%
ZHRUTLZE W,

pthread detach()

pthread mutex init()
pthread mutex lock()
pthread mutex timedlock()
pthread mutex reltimedlock np()
pthread mutex timedlock()
pthread mutex trylock()
pthread mutex unlock()
pthread rwlock rdlock()
pthread rwlock tryrdlock()
pthread rwlock wrlock()
pthread rwlock trywrlock()
pthread rwlock unlock()
pthread create()

pthread join()
pthread cond signal()
pthread cond broadcast()
pthread cond wait()
pthread cond timedwait()
pthread cond reltimedwait np()
pthread barrier init()
pthread barrier wait()
pthread spin_lock()
pthread spin_unlock()
pthread spin trylock()
pthread rwlock init()
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74

pthread rwlock timedrdlock()
pthread rwlock reltimedrdlock np()
pthread rwlock timedwrlock()
pthread rwlock reltimedwrlock np()
sem_post()

sem wait()

sem_trywait()

sem timedwait()
sem_reltimedwait np()

Oracle Solaris ALY K API

IN6D APT IZDWTIE, Oracle Solaris R¥FaAVMDIIVFALYROTOT SV T 1%
ZIBUTZXND,

mutex _init()
mutex lock()
mutex trylock()
mutex_unlock()
rw_rdlock()
rw_tryrdlock()
rw_wrlock()
rw_trywrlock()
rw_unlock()
rwlock init()
thr _create()
thr_join()

cond signal()
cond_broadcast()
cond wait()

cond timedwait()
cond reltimedwait()
sema_post()

sema wait()
sema_trywait()

XE)—E|Y Y TAPI

calloc()
malloc()
realloc()
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valloc()
memalign()
free()

AEY—E[D YT APLIZDWTUE . malloc(3C) DY =a 7N AR=VEZIRUTIZIN,

XEY—12E API

memcpy ()
memccpy ()
memmove ()
memchr()
memcmp ()
memset ()

AEV—H#A/E APLIZDW T, memcpy(3C) DY =a 7 IR=VEZIUTIZI,

XFFHRE API

strcat()
strncat()
strilcat()
strcasecmp()
strncasecmp()
strchr()
strrchr()
strcmp()
strncmp()
strcpy()
strncpy (
stricpy(
strcspn(
strspn(
strdup(
strilen(
strpbrk
(
(

)
)
)

)
strstr
strtok

—_— — o~ — ~— ~—

XEFNEEAE APT IZDWTE, strcat(3C) DY =a 7A=YV EZIRUTIZIN,
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YT IEIALZ4TZY) API

sem _post()

sem wait()
sem_trywait()
sem timedwait()

AeI D EIYE (atomic_ops) API

atomic add()
atomic_and()
atomic_cas()
atomic dec()
atomic_inc()
atomic or()

atomic swap()

OpenMP API

AVYRT FIAHIE )T = a7 VT« AV A5 (7 hIwY) HIK, taskwait
2D OpenMP [A#ZZRHHRLUET,

ZEMl1Z. TOracle Developer Studio 12.5: OpenMP API 2—%—-ZX /A R1%#H ML TL
72X,
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X i & B

ALYRTZFSAHFOFERICETREV N

IO, ALY RT F oAV REHT L IO MG INTOET,

FPI)r—o3>0av /8

FEFERDOINERNC T TV = av i a5V $ 52Dk

TV =3 ay N FVEREER TR X g IV SA TV avE2EALET, 2k
DALY RT FIA PR T -AOBEL Ty ROV I 217/ S HMERE TIET,
T IV =3y A FVRBEET DL EIZ, x03 KRV EELL XV Tay 1L LE
G, AV TOEHIT TR EBMEED, FERE2DONNILKITRZEBHIVET,
ALYRT FIAFIE, T4 =Y DI AEV—E[) YT API IR T IV—F 2 CE[DAAMIE
ELET, T HATN=IaVDAE)-E) YT T INI) 7§ 5E BH1MRADT -4
AN EINDGENHVET,

T—IHRERHEBAT ) r—avOEtEl

FERAE R ZINEET DRI, T ZOBEERE T 7TV = avzeHl§ 5200 b

IR LD, T=ROEEE OB I NN FUDEHX N TS S, collect -r
race IV RIZ. BHEE2RITLUET,

% collect -r race a.out
WARNING: Target “a.out' is not instrumented for datarace
detection; reported datarace data may be misleading

nm ¥V REMHLT, tha V—F Y DOIFPHLEREKTEHILIZED, TR DA DR H
IS F UGN TSN EIDZ R CEET, AHIAY  tha, THREDIN-FV
MERINZO, NAFNFEHIINTHE T FIHE IIFIROEEDTT,

V= AL~V DEHAL:

% cc -xopenmp -g -xinstrument=datarace source.c

% nm a.out | grep _ tha_
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collect #FERA L7V r—avmET

[71] | 135408| O|FUNC |GLOB |@ |UNDEF |__tha_get stack_ id
[53] | 135468| O|FUNC |GLOB |@ |UNDEF | tha src read w frame
[61] | 135444| O|FUNC |GLOB |@ |UNDEF |__tha_src_write w_frame

A FIL OV DEHA:

% cC -Xopenmp -g source.c

% discover -i datarace -o a.out.i a.out

% nm a.out.i | grep _ tha_
[88] | @] @|NOTY |GLOB |@ |UNDEF | _tha read w_pc_frame
[49] | @] @|NOTY |GLOB |@ |UNDEF |__tha write w_pc_frame

collect 2R LT IVr—>avyDET

78

T=ADEEB IO TYROY 2T 572012, FHILZT TV —varz2E73 57200
[«

B Oracle Solaris ¥ AT Al ’()"/\“CO),K\/E/\‘/?'-?JVK/X}\ NINTWBRILEERLE
T, collect AVVRIE, RODSLBRNVME/NNWF % —~EHRKRLET, OpenMP 77 )r—
> av DA, libmtsk. so DEF/NN—V VB RBRETT,

m G, %ﬁﬁ%lﬂaﬁ@kﬂlﬁ?&mﬁ (60 5L E) & ARV -HB RO KEF SR I HHE
MBIV ET, FV/NIBT =Xy eI 8I8), EFREZBO T AT
CINTEXFT, F- ALY REE XSG 2L I2 ko T EZFHMEZRO T I RAZZLET
%9,

B T AESERITBIZE. TV =Y ay WEBO ALY REF AL TS Z e 2 EZEL
¥, OpenMP D&, ALY REUL, BRI K oMP_NUM THREADS %, H D AL w REUZ
e L, BREEZS M OMP_DYNAMIC %2 FALSE (ZEXETDILIZE-oTIRETEET,

T—YDHEEDHRE

F=RDEEDREDL VN

B ALYRTFIAPFIE BRI T —ZDHEEREBLET, 7 /)= av OFEFTREOE)
PEIZ MHINE AT YR ARV—FT 4V TV AT ADATY =)W E->TRER
VET, BRDALVYREE  BRD AT =2 YRT collect R TY S VIr—ravzEsr
UET F IR T—ROBEEERETEF v A HKIZTE72012, —DF—4&
YN TOEBREME)IRLUET,

B ALYRYF I E—D T O ANSAE U B ALY REITTOT =X D&% M
LET, B 7TOv A TCOT—ZDEmEIIMHBELUEETA,

B ALYRTFISAPIE T—EDEETT Vv AINLBEOL 2 HRELERA, 777
U.2 DDT—RDEEET 78 AW ThN) = A7 FANR, 2DV - AT CEBNE XA
EN. FAESNZNE 5L EoT BROARTIZ M TEET,
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B BEIZEoTE ALYRTY F S5/ YIE, 707 I A TEBIZIIB IR -T —2DE S %
WETHILRHVET, TNODT —ZDE G ILi A L IEENE T, ZHUdos s, 11—
PN EELZFAPMEAINDGER. ARV -BALYRE T YA 2 INDGEIC
FIVET, 72 2L A YOV IR FETENYRA-FT 7 IN TRy 7TV a-RIC
GENDIGE . AVYRTY FIAFIXINSDEBIR AV "B L ER A ALY RY 5
AP DY — APLIZHTBIFOH LAY —AT-RIZFFA LT, 2—F—EHDFE IO
WTCALY R FIAFITBAUET, IOV TR, 36 R=Y D351 B LOFHEEA
AVYRT F AP THRHIND APIZSIELUTIZX0,

B V- AL VO MIZF U CIRE XN T —ROBA LA FILR)VOEHZ AL T
WEINZT=ZDOFEIE, FAUTRWGEBRHIET, A FIL VDDA,
NER TS AN TEINIZD Y ZXNTODEH, dlopen() IZ&>TEIIZBN N TS
WD H5T G T IV TWEE I, T IAINVNCEHIINET, V- AR
IVOEHAIOEE . 517 5VId, FDYV =AM -xinstrument=datarace TV /3ILINT
WAIGEIZDAEHIXNET,
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