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F9, er print AR RITA Y T2 —ABHFHTEET,

FI1E . ALY RTFIAHEZDHEEICDNT 15



13ALVY R7FSA4HDA 571 —R

1.2.3

T—IDOHREBLVT Y ROy o akRET 57=0
DIERET IV

TAOHEET Yy ROy 7 ZRFICRET 2121, 13X—20 1121 7= D
BEBRET22OOFHAETIV THHLZ 3 DOFIBICHENT —F OF S 2 M
L. -rrace,deadlock 7 7 7 Zff1}7z collect AN RTTY T U r—3 3 U 2FETL
¥9, InTHaREET Yy ROy VBB O G DOT — 4 WEEERICEENE
7,

13 ALY RT7FZAYDA25T7 11—

16

ALy RYF I P dtha A2 RTEETZ I ENTEET,

ALy R7FIA4HIE, XIVF ALy ROV T LAORENTRNHIZEREE S 117z /%

T —XATFIATDA Y T—AEHMALTWET, =L, NT7+—<
AT FIAYo@EOY ToRb0IC. THEl . Ty Rovry) . [Fa7
W= . TEEOFM . Ty ROov V7Ol WSy ITNFERINE

T WIF—XRATFIATZHHLTIILF ALy ROV T LADOERERZ
FARDYE, T—YOHGETY RO I DRHOFYTEEHIT, TR . i
T T)] BEWENSINT 3= AT FIATICH DY TINEREINET,
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B 2 B

T—YDHmeFa—bUTIL

ZOEF. ALy RYFIATEMHL TT—Y OBa el LEBIEY 5 HikEzs
Safli72F 2 — U T ILTY,

ZOFa—hbUTINE, ROHNPSHRENTNET,

17R—=2D
210 R—TD
25 R—TD
32 R—=TD
36 X\—D
38 XN—TD

R1T—%0HEFa—RI)TINDI—ZAT 71|
R2ALY RYFIATEMHLIZT—% ORta O k)
2.3 EERFERICDONTY

D4f & D DIRROZ W

2.5 B Al

R6EEDINT—F DA

21 T—YDHET1— I\ UT7IWVD)—RXT774)

ZDFa—rMITIVTIE — YD E RGN 20T O I AEHHLET,

= %m@7ﬂﬁ7hﬁ$&%ﬁﬁﬁi?o;®7D77AHC§%TWW3
. OpenMP i THfiFHbINTNWET, V—A 7 7 A )Lid prime_omp.c EIEIE

2.1.1

nNxJ,

» 2FHOTOT I LABRKEERDOITFDZHDT, RIIV CEETERSINET, 7=
7ZL. Z3UT OpenMP 54 T2 < POSIX A L v RTisfbINET, V—X
7 7 A )Vid prime pthr.c EFEENE T,

F—IDHEEFa1—bUTILDY—RT7AILD

AF

ZDFa—bMITIVTHAT S — A7 71 )LI&. Oracle Solaris Studio BHFEHZ R —4
NOY T NDOF T a—RITU Y (http://www.oracle.com/
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21T =9I DHEEFa—IUTIDI =T 74

2.1.2

18

technetwork/server-storage/solarisstudio/downloads/
solaris-studio-samples-1408618.htmU)N 5 Y 7 > O— R TEET,

YTV Ty AN EYD > O0—-RUTERLEZD

&, SolarisStudioSampleApplications/ThreadAnalyzer 7« L7 NUMNSH > 7))L %
WOWF5ZEMNTEET, 27 IVE. prime omp BE WX prime pthr 7574 L 7 K
JIZHVET, &> TIT 4 LI MUIKIE. FIEICBEIT 5 0eM0 7 7 1 )L &
Makefile 7 7 T VI I DT OFENTWETA, ZOFa— M TN TREENSD
FIEIZHED T, Makefile BFEAL EHA, KD DIT, a7 > FEEHITETL T
EEXN

ZOFa—hMUTINZHEDIZIE, 27T 4 L7 FUDS prime_omp.c &
prime pthr.c 77 AV EPDT 4 L7 NUICAE—=TF50, MED T 71 IV EIERK
L. ROO—RYZARMMMS5O—RZ2IE—-LTLEZIN,

prime_omp.cDY —X 11— R
prime omp.c DYV — A d— RIIRITRTEBD T,

/*
* Copyright (c) 2006, 2010, Oracle and/or its affiliates. All Rights Reserved.
* @(#)prime omp.c 1.3 (Oracle) 10/03/26
*/

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

OCoO~NOULE WN -

10 #define THREADS 4
11 #define N 10000

13 int primes[N];
14 int pflag[N];

15

16 int is prime(int v)

17 {

18 int 1i;

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

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

24 continue;

25 if (v % 1i==0) {

26 pflag[v] = 0;

27 return 0;

28 }

29 }

30 return (v > 1)

31 }

32

33 int main(int argn, char **argv)
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34

35 int i;

36 int total = 0;

37

38 #ifdef OPENMP

39 omp set dynamic(Q);

40 omp_set _num_threads(THREADS) ;
41 #endif

42

43 for (i =0; 1 < N; i++) {
44 pflag[i] = 1;

45 }

46

47 #pragma omp parallel for
48 for (i = 2; 1 < N; i++) {
49 if ( is prime(i) ) {
50 primes[total] = i;
51 total++;

52 }

53 }

54

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

57

58 return 0;

59 }

2.1.3 prime_pthr.c DY —X 11— R

prime pthr.c DY — A d— RIIRITIRT EBDTY,

/*

* Copyright (c) 2006, 2010, Oracle and/or its affiliates. A1l Rights Reserved.
* @(#)prime pthr.c 1.4 (Oracle) 10/03/26

*/

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

VCoo~NOoOU A, WNRF

10 #define THREADS 4
11 #define N 10000

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

16

17 int is prime(int v)

18 {

19 int 1i;

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

21

22 for (i = 2; 1 < bound; i++) {

23 /* no need to check against known composites */
24 if (!'pflaglil)

25 continue;

28 . THDBHEETFTa—bUTI 19
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26 if (v % 1i==20) {

27 pflag[v] =

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 i;

39

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

41 end = start + N/THREADS;

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

43 if ( is_prime(i) ) {

44 primes[total] =

45 total++;

46 }

47 }

48 return NULL;

49 }

50

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

52 {

53 int i;

54 pthread t tids[THREADS-1];

55

56 for (i =0; i < N; i++) {

57 pflag[i] =

58 }

59

60 for (i = @0; i < THREADS-1; i++) {

61 pthread create(&tids[i], NULL, work, (void *)&i);

62 }

63

64 i = THREADS-1;

65 work((void *)&i);

66

67 for (i = @; i < THREADS-1; i++) {

68 pthread join(tids[i], NULL);

69 }

70

71 printf("Number of prime numbers between 2 and %d: %d\n"

72 N, total);

73

74 return 0;

75 }

/

2.1.3.1 prime_omp.c 5 £ U prime_pthr.c TDT— % DFHEDEE

OI— RICHSRENEEN., EITT2TEIH L DFEEENMESNDHE. AT
=727 ZADNEFZRES TWER A, prime omp BE LR prime pthr 77 T LD
IELWEZIE1229 TY,
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2Ry RT7FIA Y EFERLET — Y DHREDIRETIE

Bl )M )V L TEITFTTEDDT, prime omp £7z1d prime pthr 2ET7T 5T &
2. O—RHNOT—Y OB EGICL > TR EERIIFBELEHERNECD 220D
M0 ET,

ROFIT, KFOAX > REANLT, prime omp VBT T L& 2SN IVUETL
ij—o

cc -xopenmp=noopt -o prime_omp prime_omp.c -lm

o° o°

o°

./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

KROFIT, KFOAX > REAS LT, prime pthr 707 T L% 3 281 )V UELT
LE9,

cc -mt -o prime_pthr prime_pthr.c -lm

o° o°

o°

./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

£TOT I L E3EFTLUEMENTEL TND I EIERLTSES W, FEL
TARERMFEREINSET, AR LT OV I LEETTHMHERHLHEDLH D X

o°

o°

ER
RIZ, T DHEEMNECTWAMEEZNETESLDIC, I—REFHIL. £
ZIERR L 7

22 ALY RT7F oA ZERBLIET —FDHEDRE
il
ZLw RYF T4 HFIE, OracleSolaris Studio /N 7+ —~X > AT F T4 YNMEHAT 2 H
D EF U "INE-D T ETIVTHENET,

ALy RYFISAT2ERT I, RO3DOFEZITVWET,

1. 2= 221 3—RZEHIT 3]
2. 3R—TD 222T7—45 OE O ERZERT S
3. 24R—=TD 2237 =YD O ERZMRIET S
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2Ry R7FSAYEFERALLET -5 DBREDREAE

2.2.1

2.2.1.1

2.2.1.2

22

O—RZFTAIT 5

TS5 ATT—YOEEOMEZERREICT 51213, EFKICATY =T 7 A%
T 20— RE2HSNUDEHHIL TBLBENHODET, 0N, 77V
F—a ) —Ad—RIATD T EH., KED Oracde I > /N1 Tk 7 527/ Ta
CNANENTWBETY U —2 g N FVIfTHTEDHTEET, 20
Fa—hRUTIVTIE, 707 I LEFHITHE DAY v ROMHGEERLE
ER

V—RAOA—RZHET 5

V—ZAd— RZFHHTBI121E, Kpl/ad )81 547 3 > -xinstrument=datarace
EoTT7 U —2a EaA NIV TDIHERNHDET, ZOF T a

. T OBESOBRHBAICAERLZI— REFHIIT S X 51T /81 FITHERL
£7,

-xinstrument=datarace 1> /)NA A4 7 a %, 7O IO N IVITHERT
LEEFEOL T a by MZEMLET,

i - -xinstrument=datarace Zffi> T/ O/ I L% /NI T 5 E XTI, 4T -g
FT7al biEELTLEIVN, TH IV OLMKEZ AT 2720 DEMER
MERSNET, T—FOBEOREICT O I L2281V T 2 EEIT
3. BEREREEEIEE LR NWTLZEI W, -xopenmp=noopt % fi > T OpenMP 7 I
TILEANRAILTLES N, SERRECEHRAL 256, fT&5 IO
LAZ w7 E, |G SNIEHRVEE > TWD T ENH D KT,

ZOFa—hMIPIVHIZY —Ad—REFHIT2ITIE. ROAX D REHHTEE
—é—o

% cc -xinstrument=datarace -g -xopenmp=noopt -o prime_omp_inst prime_omp.c -1lm

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

BT NA FUDNGHEANA F U THDH T EMDNEEDIT, 771D
KEIZ inst EESINTNASZEITEBELTKLESI W, ZHIUILEATIEH D £H
AJO

NAFYUD—RZFHNTS

V—Z2d—RoRbDIcTar I LD)NAFY dI— RZZHAT 51213, discover
V=)V EFRTHILENHD ., DY —)lid. Oracle Solaris Studio {25 &

1. discover(l) DX =2 7 )L X— & [Oracle Solaris Studio 12.3 Discover 3 & TN
Uncover T—H—ZX /A R THHINTWET,

INA FUEHRIOBELIZTONTIE, 14— INAFU L)VOEHA 28R LT
<70,
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2Ry RT7FIA Y EFERLET — Y DHREDIRETIE

2.2.2

Fa—hUTZINOHTIE, XKOAXRE2ANLT, HEklL N3 Ta—Rz2a
XA JV L. discover CTHEHTESNAFUZEKL £,

% cc -xopenmp=noopt -g -o prime_omp_opt prime_omp.c -lm

% cc -g -03 -o prime_pthr_opt prime_pthr.c -lm

T, discover &, fERK L 7= prime omp opt B X W prime pthr opt Fei{bik & /N1
FUTETLET,

% discover -i datarace -o prime_omp_disc prime_omp_opt

% discover -i datarace -o prime_pthr_disc prime_pthr_opt

INS6DAY 2 RIFEHIE AN U, prime omp disc BE WK prime pthr disc ZfE
RLET, TN5DNAF U % collect THAL T, ALY RYF I THRIET S
KR ZERTEET,

F— 45 DBREDRERREERT S

-rrace 777 &M T collect AX > REFHAL TV I LEETL., Ot
DOFETHICT— 5 DA OMHEREZIER L £T . OpenMP 707 T LADHE, ffi
HAZINDALy REMN1ELDKRENWZ EZHERLTLSESIWN, Fa— M7 ILOH
TIZ4DDA Ly RIMERINET,

V== RZ2HI L TERLUZZNA FU NS ERZERT 21T ROA Ly R
AL ET,

% collect -r race -o prime_omp_inst.er prime_omp_inst

% collect -r race -o prime_pthr_inst.er prime_pthr_inst

discover W —JLZER L TYER L 72/NA FU NS EEBREZERT ST, RDOA
Ly REFEHLET,

% collect -r race -o prime_omp_disc.er prime_omp_disc

% collect -r race -o prime_pthr_disc.er prime_pthr_disc

F— DA MBI SR EEEZED D121, -rrace 7 T 7 £ E T collect 218
LT, BEOT—YOHEOMHEEREIERTHIEE2BHOLET, ERI LI
BB ALy REERBRDANT—FEFHLTIZI N,

=& ZE prime omp.c Tl&, AL v REUIRDIFTHRESINE T,

#define THREADS 4

CD4ZE1XDREIRMOBEE (T2EZXE)ICTEZADE, ALy REEEHETEE
a—o

F2E . T—HIOHmEFa—MUTIL 23



2Ry R7FSAYEFERALLET -5 DBREDREAE

2.2.3

2.2.3.1

24

prime_omp.c DR DITIE. 2~3000 DZEKEHRETEHEHICTOT T LZHBEL E
3‘0

#define N 3000

NOEZEEBEL THDOANT =Y ZIBET DL, 70V I MERBEBHTEET.

T DIEDRERERERILT 2

ALy RYFIA4Y, NT—<X AT F I, er print I—FT 1 U
TA4—T, T—YOHEOMEEREZRIETEET., ALy R7FIAHFBIUN
T4 —XRATFIAHFREESHGUIAMN Y T —AEERLET, ALy RY
FIAFIET I3 hOfEE Y DY TEFRLEITN, TNLUIMIINST 1+ —<
AT FIATERLETT,

ALy RT7F AP EERLIET -9 DIRERBRDERTR
ALy K7 F 54 FEMAT 510}, XAV > REANLET,

% tha

ALw R7FI14HGUIIE. AZa—N—, V—IL\—, BXUOZHEERHDY T
EEUNEIXETHRINET,

EROREIZIE, T 74N TRO3DDY TINKRINET,

»  IEH F 7T 7D77AT@méhKT FOgia L, BETHIFH L
AG v M—=AD—BNERENET ., T 74 TIOFTMNERETNTN
ESCS

s [Fa7I)lV—A] ZTI Rth T DERED2DODT 71 Ak T
5200 — X®U%ﬂ§Téhi? T DEET VR ANREE Y — AfT
MERFHZRINET,

»  [FERR) FT7IE ERTOO—RA TV bRRREIN, LI —BRUOEE
A=Y N—EFEREINET,
ALy RY F A FEEOARXE L, RO2DDY TNERENET,

() Y703, HE YT TRRLUET—YOHEST 7 AT 8%
BHRNERINET,

s [EEOM ¥ 723 [#E) YT TERLET YOS E-IEEOH L
A5 w7 ML —AICET 2EMERNFRINET,
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2.2.3.2

er print Z{FRA L7=T — Y DIRERERDRT

er print 1—7 4 UF 4 —Id, IR 25T 2—AZ2&RLET, 1247
D747ty aTer print =74 UT 4 —2FHLT, Eya izt r
aAXY > RERELET, A RTA T az2HALT 129505747 Tha
WHETHY 7av > REIEETEET,

ROYTAR 2 BIE, er print I—F 4 U T 4 —THAEZEZHARND EEITHILHB X
—g-‘e

®  -races

I, EBRTHONIR ST —YOHSZEZ TR THRELET . (er print) 7
0> 7 b Traces EfRET S0, er print X > RITT -races EHREL T,

m  _rdetail race_id
UKD, BE L7 race_id ¥ D7 — % OFAITHET 2552 BWMNTR R I 1
F9, (er print) 7O 7 b T rdetail EFFET DD, er print A Fﬁ‘f
-rdetail CIRELE T, HHE Lz race_id Mall DEE., TRTOT—F DHAL
BT 25EMERNEZRINET, TN TIE, BRIDT—YOBAEELRT 1 731
EOHR—DHAEHESZEZRELET,

®  _header

IR, FEBRICET 2ihERE R RL, IRTOLI—F3EEEHEL
F9, (er print) 7O 7 N Theader EFRET S0, I 2 RITT -header &1F
ELET,

SRR, collect(1). tha(1). analyzer(l). BENer print(l) DX Za T INR—T%
ZIRLTLEEI N,

23 ERERICDONT

ZOHITIE, er print AXY Y RIFEAL Y RYF I GUIDH HZEFERAL T, &
HL7=F—% OB&ZNZNICET 2 ROEHREERT D HEICOVWTHHAL F
g‘o

= T DHED—EDID,

s T OEAICEEMT SNZRIET R LA, vaddre EEOIRET RL A0NH
BE1E. Multiple Addresses D T NJVDMEIICHH ENTERSNE T,

m 2DDRLB ALY RICKBHEEY RL AvVaddr N\DAE) =77t A, 77U+t
A0 GGARD £/2I3EZAA) OFN, B A7ty b, BT EX
NMibizy —Ad— RHNOITHEENERINET,

s T OBEAICEBMTSNZFRNHLAY v ML —2ADKK, &N —2A
3. 2057 — 50)ﬂ=.5m70’z7\7b\ﬁ29h71 MT, ALy RFENH LAY v 7
DHZEZIRLUET., GUIZHERL TWaHE, xDIENH LAY v 7 ML —Z

B2E . THIDHEEFa—UTI 25
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2.3.1

26

ZERNTSHE, 2DOMVOH LAY v 7 [HEOFHM ¥ TICRRINE
T, er print =T 4 UT 4 —ZfHL TWNBEHE. rdetail IV > RITE>T2
DOV U ALY v I INKRINET,

prime_omp.c COT —% DFRE

prime omp.c TOT—F DS ZHFRDBIZIE, 23 X—=TD 22575 OHEGOHH
EEBREZERT D] TERLIZWTNOOERZHHTEET,

er print Tprime omp instr.er EERDT—% OHEABEHRE R RT 2121, KOO~
> REANLET,

% er_print prime_omp_inst.er

(er print) 7O 27 hTraces EANTSHE. ROLDIBHINFERINET,

(er_print)races
Total Races: 2 Experiment: prime omp inst.er

Race #1, Vaddr: 0x21ca8
Access 1: Write, is_prime,
line 26 in "prime omp.c"
Access 2: Read, 1is prime,
line 23 in "prime_omp.c"
Total Callstack Traces: 1

Race #2, Vaddr: (Multiple Addresses)
Access 1: Write, main,
line 50 in "prime omp.c"
Access 2: Write, main,
line 50 in "prime omp.c"
Total Callstack Traces: 2
(er print)

ZOEBTEDOTOY T AETFHIC, 2D0TF—YOBENELE LT,

AL w R7F 54 Y Tprime omp_inst.er EERAERZHITIZ. KOO REAN
b\iﬂ_‘o

% tha prime_omp_inst.er

RDA ) —>ay M2, ALy RYFIAFICERI N/, prime_omp.c TH
HENEHEEGNRINTVET,
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2-1 prime_omp.c CHRHIN/ZT—% OFi&

<l Oracle Solaris Studio Performance Analyzer [prime_omp_inst.er] -ox
File View Timeline Help

la Lo & =E B e VewMeds User | =] Find Text:’ .
Races Dual Source Experiments OpenMP Parallel Region OpenMP Task Summary Race Details

Total Races: 2 Data for Selected Race

prime omp.cZlE, KD2DDT—F DHFEMRINTNET,

= Race#113. 1726 TOEIR is prime ITHBIFHEZAAL L, 1723 TORE UEHEIC
U’%)nﬁ:%‘HXV) EOEEERLTVWET, V—Ad— l"éﬁé&‘ N5 DT
T, pflagl ] BEFIMMT 72 AINTWBZENDONDET, ALy RV FIA4HF
T IFa7IVI)—A) #T%27UwrT5E, MAFDITEHEETHDY—AI—RE
EBIT, I—ROEEZEZZITATTOBREY V2 ARERT A M v ZfHIC
MR TEET,

® Race#2 3. main DT 50 ND 2 DDEZAABDOHEERL TWNE
T, [FaT7IVI—A| #7277 d5HE, 750 D primes [ 1 FLFIDMEIZT
AT HERBIORITRD S Z ENDOND ET,

Race #2 1. AcH primes[ ] DEBRLZEETH U T Y DHED I —T%EFEKL
F9, Z3UL. Multiple Addresses EFETE S 3172 vaddr T/RENET,

ALy R7FIA4HD [Fa7)IVV—A] T TR 77— O5EICHEEMT SN
72200 —AMEZFERICHERTEET, 2EXIE. [HE) ¥ 7 Tprime pthr.c
\ZRace#2 ZBIRL ., HWT [TaT7INY—A1 ¥TZ27Uv 7 LFET, KDLHIT
FRINET,

B2E . THIDHEEFa—UTI 27
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2.3.2

28

2-2 prime_omp.c I NZT —H DFEDY — AT — K

= Oracle Solarls Studio Performance Analyzer [prime_omp_inst.ar] -ox
File View Timeline Help

@28 @& =% B v e VewMode User || |Find Ted: Ha & =

Races Dual Source Experiments OpenMP Parallel Region OpenMP Task

=Race | source File: prime omp.c
Accesses | object File: /home/testers/SolstudicProjects/tha-tutorial/prime dbaw
Load Object: <prime omp inst>

22. /* no need to check against known composites */ g21/2.~~ 1 aallsrack srace
3 23. if (ipflaglil)
0 24. continue;
a 25. if (v 8 i == 0) |
: (
a 2. return 0;
23. I
[ 29. }
30. return (v > 1);
[ 53151 K

e 3]
—

=Race | source File: prime omp.c

Accesses | 0bject File: /home/testers/SolStudicProjects/tha-tutorial/prime

Load object: <prime omp inst> Cas il
N Access 2

a 19. int hound = floor(sqre(v)) + 1; -
el Type: Rread

a 21. for (i = 2; i < bound; i++) [ is_prime, line 23 in "prime omy]
22 /* no need to check against known composites */ [

3

a 24. continue;

a 25 if (v ¢ i == 0) {

3 26. pElag[v] = 0;

0 237 rupn o

EY b= [Fa7IV)—2) YTOEX—I 2 EET AL AN v EHFER
5T, B —ZANKINDAYY — FIIRTAZRT Y T TLHHERHD T,

prime_pthr.c TDT — % Dixd

prime pthr.c TOT—F DB ZHRNRDIIT, 23 X—=2D 22257 —% DiiE Ok
HEBRZERT S TERLIZWTNDOEREZMFEHTEET,

er print Toprime pthr instr.er BB T —% OO EHREFRRT 2I121d, XKOaA~T
>REANLET,

°

% er_print prime_pthr_inst.er

(er_print) 7O 7 N Traces EANTDHE, ROLDHINERSINET,

(er print) races
Total Races: 4 Experiment: prime pthr inst.er

Race #1, Vaddr: (Multiple Addresses)
Access 1: Write, is prime + 0x00000270,
line 27 in "prime pthr.c
Access 2: Write, is prime + 0x00000270,
line 27 in "prime pthr.c
Total Callstack Traces: 2

Race #2, Vaddr: Oxffbfe714
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Access 1: Write, main + 0x0000025C,
line 60 in "prime pthr.c
Access 2: Read, work + 0x00000070,
line 40 in "prime pthr.c
Total Callstack Traces: 1

Race #3, Vaddr: (Multiple Addresses)
Access 1: Write, work + 0x00000150,
line 44 in "prime pthr.c
Access 2: Write, work + 0x00000150,
line 44 in "prime pthr.c
Total Callstack Traces: 2

Race #4, Vaddr: 0x21a90
Access 1: Write, work + 0x00000198,
line 45 in "prime pthr.c
Access 2: Write, work + 0x00000198,
line 45 in "prime pthr.c"
Total Callstack Traces: 2
(er_print)

ZOREDTO T AEFRIZ, aDDT—YOEENELE L,

AL w RYF T4 ¥ Tprime pthr_inst.er BEFERZHE<ITIE, KDaAY > RZEA
HLET,

% tha prime_pthr_inst.er

ROAZ V) —>ray M, ALy R7FIAFICERS N7z, prime pthr.c T
RHESNEFEAIRINTNVET, er print TRSINEZFSGEFLUTHS Z EITE
BELTLEEN,

28 . THDBHEETFTa—bUTI
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30

2-3 prime_pthr.c TR I N2 T —% OFS

File View Timeline Help

|@=os@a=e =ve vewMde User [-] Find Text:
Races Dual Source Experiments OpenMP Parallel Region OpenMP Task

| Total Races: 4

=] Oracle Solaris Studio Performance Analyzer [prime_pthr_Inst.er] -ox

TR RE

Summary Race Details

[Race #1, Vaddr :(Multiple Addresses)
Rocess 1: Write, is_prime + 0x00000270,
line 27 in "

Access 2: Write, is_prime + 0x00 ;
line 27 in "prime_pthr.c"
b Total Callstack Traces: 2

| Data for Selected Race
dpreaw
r
1d:/2/4 -- 1 callstack Trace

Vaddr: 0xffbfe714

Accass 1

[Face #2, Vaddr :0xffbfe714

Access 1: Write, main + 0x0000025C,

line €0 in '
work + 0x00000070,
line 40 in "prime pthr.c"
v Total callstack Traces: 1
vadde :(Multiple Addresses)
Access 1: Write, work + 0x00000150,

line 44 in "prime pthr.c"

Rocess 2: Read,

[Race #3,

Access 2: Write, work + 0x00000150, o & B

Access 2

line 44 in "prime_pthr.c"
b Total Callstack Traces: 2
[Face #4, Vaddr :0xZlag0d
Access 1: Write, work +
line 4

00198

Access 2: Write, work + Ox 98,
prime_pthr.c"

line 45 i

= Total callstack Traces: 2

prime pthr.ciZid. KD 4DDT—F DHEESNRINTWET,

= Race#1 3. 1727 TORIE is prime ITBIF S pflagl 1 BANANDEEZAHL L, [FU
fTTD pflagl ] NDOHDEZABEDT —H DFETT,

» Race#21d. 1760 TDmain() ICHBITBHiEVNIATY —(ENDEZIAHLE, 1T
40 TD (work() IZBT S *arg ENI)E U ATY —(N 5 DFHARD EDF—4
DHETT,

m Race#3 13, 1744 TD primes[total] NDEZAHA L, [FCITTD primes[total]
NP DEZAAEDT—H DHETT,

= Race#4 13, 1745 TD total NDEZAA L, FCITTD total NDHDEZAH
EDT—HDHFHETT,

Race #2 ZIENLZBIC [T 7)W= TZ0 Vv I LIBE ROAY
J—=223vy bOXKIIT, 22DV —AMEBENEREINEKT,
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2.3.3

K24 T—FDHEGDY—A1— R

= Oracle Solaris Studio Performance Analyzer [prime_pthr_inst.er] -0x
Flle View Timeline Help

|s2e@ama 376 ViewMode User [~+] | Find Text Caa=
Races Dual Source Experiments OpenMP Parallel Region OpenMP Task Summary Race Details.
= Race | source File: prime pthr.c Data for Selected Race
Accesses | Object Fila: /home/testers/SclStudicProjects/tha-tutorial/prime ampae
|Load object: <prime pthr inst> —
0 56. For (i = 0; i < m; i++) |( Mif2/4 -- 1 callstack Trace
0 - pflagli] = 1; Vaddr: ‘oxffbfeild
g aLiz ) Access 1
53.
o Lo fer =y i<mmmpslidin C ]
o E1. pthread create(&tids[i], NULL, work, (void *)&il;
0 62. |

&4, i = THREADS-1;

Access 2

38.
5.
3
0 a1. end = stact + N/THRERDS;
] 42. for (i = start; i < end; i++) |
a 43. if ( 1= prime(i) ) (

Race #2 DEAID T 7 2 A13f71 60 TN, EHONFIVICERESNET, 2HHD
772 AT 40 THON, FEONRIVICEREINET, V—AT— FOEH

I IBaY 7Rl AR IRRFARREINET. ZOARY v I, TOfFT
T—YDHET I CANRE S NIZEEERLET,

T—IDHEDFOHLRY v I bL—2X

ALy R7FIA4H0 [§E) YT TEERINEZT—YOHSGITEIC, 1DFR
FEBOOIHLAY w7 ML —ANEEFIT SN TWET, BOHLAY v Y
3. T—A0EEEH<S. O—RNOEFTNAZERLET, MOHLAY VY
cL—Z1 2270w 35E, HASKIVO THEEOFM ¥ 710, T—YD5E
ZHBERTOHLAZEREINET,
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®2-5 prime_omp.c DMFNHLAS v 7 L —A%&RLE [FE 47

File View Timeline Help
l‘ 508 S 58 W@ | ViewMods User L Find Text: - ¥
Races Dual Source Experiments OpenMP Parallel Region OpenMP Task Summary Race Details

Total Races: 2

Data for Selected Race

race #1, vaddr :0x2lcad =

Baftin 48 Ny aa sl 18:2 -~ callstack Trace 2/2
11

Access 2: Read, is pri
line 23 in "prime_

. r
Type:mrite

yaddr;":—{ffafeaf:

Access 1

0 in "prime_omp.c"

50 in "prime_omp.c"

Access 2
ija:?::ma

24 T DEHEDEREDZE

2.4.1

2.4.2

32

DT, T—F OHEEDRRZZET 2 AN TR DONTHHL £,

;—a@ﬁéﬁﬁﬁﬂfﬁémeﬁm%%zvﬁ
%

ﬂﬁﬂ@T YDEEE. ALy R F I THREINETTA, ERRICITE

STNWRWNWT—FDHETT . AL w RYF I HE, MET 28 D% %
b%ﬁ&ﬂia”}i@_ 7270, W—IVINEMERY a T2ITATIC. BRAIOT—5 D
MAaTMET2HANH 0 ET,

BBRAIDOT —4 OFEIEAYDT—F DOFEa TR, LEN>TT sy o L0
EICHELZWDT, ZO0T—YO5aldEHTEET,

BRRHI DT — DS DOHFNZDONTIE. 36 R—D 2.5 B8MA] %:%ﬁﬁbf<f'
IV, LAR— IS EBRAIOT—% OEa EHIRT 2 HIEICDOWTIE, 69 R—
D TA1AL Yy RYFIAFL—F—API] ZSRLTIZI W,

T—YDIRENZEDENEHDTHDIMNE DM %=
S )

EEDLEWT—YOBEAIE. BFEL TV TH 7OV S ADERESITITHEL NG
M2 T —4 DEa T,
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2.4.3

2.4.3.1

*%@7»?2V]F77U7~95?T@ TFT—ADHmaEEREITI—RE
=) ﬁﬂﬂbi@‘o an WX TT—YDOFHENEMETHDT, BEESLEDD
FR A, 72720, otoﬂi‘ ZDEDd—REZELLEFIESICTITIHER
Iﬁiégbiﬁ“o _zthJT HDHEITDONTIFHEERSFARTLZE 0,

EEDLWEAIZDNTI, 36 X—20 N5EEH 28R TLEI N,

T—HYDFRETIIHELNTEIEET S

AL w R7FIA4HE. 7OV I LNTT—YOHGZERDTDLEZITRIEET
N, TR ANONTEHBNCEDITSZ 6, RONoT—5 OaDE
FHEERRTZIEDHTEERA, T—YOHEAI. /\7 CEXoTHELBZED
HOFET, NTZEDITTEETDZENEETY, HITT—Y D5 ZE DKL
FZUTRELWY 7O0—FI2i372 59, DBEOT /Ny 7N 5ICR#IC 75 T Relk
MHOET,

prime_omp.c TD/\NT DIEIE

Z 2T, prime omp.c TONT ZEET B HIEICDWTHHLET, B2l 771
VDY ARZONWTIE, T18X—2® [2.1.2prime omp.c DYV —Ad— R | | &M
LTSN,

B primes[ ] DERTODT—F OHEZHIRT 572012, 750 BXN51 &
critical /> a I LET,

47 #pragma omp parallel for
48 for (i =2; 1 < N; i++) {
49 if ( is _prime(i) ) {

#pragma omp critical

{
50 primes[total] = i;
51 total++;
}
52 }
53 }

Fm, ROLDITT50BLUN51 22 DD critical BV 2 a BT EHTEET
N, ZOBEFETIE IOV I ALAREBETEER A,

47 #pragma omp parallel for
48 for (i = 2; 1 < N; i++) {
49 if ( is prime(i) ) {

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

#pragma omp critical

2B . T—YDHEFa—rUTI 33
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2.4.3.2

34

51 total++;

¥
52 }
53 }

ALy R, #ea sy 7 2@H LT primes[ 1 BEFIND Y 7 2 & HIFH L TW5 D
T, 750 BXUN51 Dcritical 7 > a L& > TTF—F OEANROBRMET, /=
ZLU, 7OV I MIFEEELL B FERE L. 2DD AL v RiZ. FAU total fEi 2
LT primes[ ] DRI CERZZEHTHEEMENH D, primes[ ] OEFZOHIZIE, il

MESELEDYTENZWNEDONEL HR[REMENH D £,

fT23 TD pflagl 1 MHDFEAED &, 1726 TD pflagl | «@%%Lé’}c‘:@zﬁﬁw
F— OBHEAIME S R ZIBOABRNVND T, ERICITZEDORWESTT, &
DIZNT—H OEEDEFEIZINAETIEIHS D T/ A,

prime_pthr.c TD/\NJ DIEIE

Z Z Tl prime pthr.c TONT ZEIET B HEICDOWTHHAL £9, ELek
Tr7AINDY A RNIONWTIE, 19— D [213prime pthr.c DV —Ad—R| &
ZRLTLEE 0,

H DAL O Yy 72 FEHL T, 1744 TD prime[ 1 DT—F D &, 1745 TD
total DT — ¥ DB ZMDREET,

fT60 TOiNDEZAALE, 1T40TD (*arg EWVD)FIC ATY —(EN S DFeAH
DEDT—=FDHFEE. 1727 TDpflagl 1 DT —F DHAEIE. BlLDAL » RITX
LEBINOHET VL AICHENSH B ZEZHSMNTL ET, prime pthr.c OFJH
XVva\ﬁm~&fw—7®%XVyF%¢WL\%ﬁmmUTQWTéiﬁ
INSEZTAANYFLET, =T A>Ty Aild. 7 KL A Twork() IZJE
éﬂi@‘ TRTOAL Y RIF1ICHLTRICA®RY —MEICT 7 AT HD
T, %xv;%mlwﬁi—a@iifmﬁbiﬁmﬁ FIA Ly RV —T A
/T/ﬁX”éim’fD'ﬁ‘t WWELLET, Bl4DALy RAFEL i DEZFEHT 50
T, T—YOHENEIVDET, MEZEBIET D1 DDOAHEKIL. i27 RL AT
<{ETwork() IZJET Z & TT,

KT, BIESNZN—23 > @ prime_pthr.c 2R LET,

/*

* Copyright (c) 2006, 2010, Oracle and/or its affiliates. All Rights Reserved.
* @(#)prime pthr fixed.c 1.3 (Oracle) 10/03/26

*/

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

OCoONOULE WN -

10 #define THREADS 4
11 #define N 10000

13 int primes[N];
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14 int pflag[N];
15 int total = 0;
16 pthread mutex t mutex = PTHREAD MUTEX INITIALIZER;

17

18 int is prime(int v)

19 {

20 int 1i;

21 int bound = floor(sqrt(v)) + 1;
22

23 for (i = 2; i < bound; i++) {

24 /* no need to check against known composites */
25 if (!pflagl[il)

26 continue;

27 if (v % 1i==0) {

28 pflag[v] = 0;

29 return 0;

30 }

31 }

32 return (v > 1);

33 }

34

35 void *work(void *arg)

36 |

37 int start;

38 int end;

39 int 1i;

40

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

43 for (i = start; i < end; i++) {
44 if ( is _prime(i) ) {

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

47 total++;

48 pthread mutex unlock(&mutex);
49 }

50 }

51 return NULL;

52 }

53

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

55 {

56 int i;

57 pthread t tids[THREADS-1];

58

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

60 pflagl[i] = 1;

61 }

62

63 for (i = 0; 1 < THREADS-1; i++) {
64 pthread create(&tids[i], NULL, work, (void *)i);
65 }

66

67 i = THREADS-1;

68 work((void *)i);

69

70 for (i = 0; 1 < THREADS-1; i++) {
71 pthread join(tids[i], NULL);
72 }
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2.5.1

36

73

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

76

77 return 0;

78 }

SR AN

ALy R7FIA4HIE, BBICIZ T 07 I LANTELC TWRWT—4 OGS 2\
TEHEERHDET, INSIFBRAEITIEINET, FEAEOEE. BB
13, AT —EFRORMICE->T, LRI EITERALy RTUYAI7)Lans
AR —IZLoTHIEREZINET, F#LIE 36 R—=TD 251 I—HF—FHED
FIH) BIO37RX—=2D 523 FIFHRAL Y RTUYAZILENDEAE

J—] 2L T EZIWN,

A—H—F&EDREA

AL w R7F T4 Hd, OpenMP. POSIX AL v R, BLU Solaris AL v R TS
NZIFEAEDEHERM API EREXZFRHTE LT, 22ZL, V—Ilida—v¥—&E
HORMZRRTET. JOLIBAMNI—-RIZEENLHEG. BRIOT—5
DMABERETHIENHDET,

FE-ZOEDBEBRAOT =Y OHEEEMELBRNWEDICT S0, ALy KT F
FAPINE, - —EBORWNEfTFEINZEEITY—INTEAIT S 72012 H
TEZHOAPINWHAEBEINTNWET, #FL<IE 69X—2D A1 ALy R7F
FAHPIL—F—API] ZZHRLTLEZIWN,

BEAPIZHEHT H2HLEND 2N EHHT 5720, ROLIITEZATHE

Lide ALYy RYFIAYIEL, CAS@TZEMHLZOY 7 DEE, oz
FRALEREBIOHEEE R E 2R TEEE . RIT, 705 T LD POSIX A
Lw RIRREEE O EREZRA L. SBRAIDOY T A DR 7sF 2R L
EJCIN

/* 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 */
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2.5.2

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( )[@U\Hjb LB, oI LTI — &Embbb!'?::’l’ﬁ

T TINSARHET BT FEETANTZIN—TNTITONET, BiEDT AL
BLOFEEI. 5’<0)i5/‘\ *HEEH@U‘yﬁ CEoTHRESINET, HIJJi@Z] N
Tl AL w R11317100 TE# data DIz AR L. 17102 T ready flag DfE% 11
RELTT—INEREINTVNBEZEEZRLET, itV T, pthread_cond_signal()
EZIENH LT, HEEAL Y RTHH ALy R2ZIFWNEZ L LT, AL v R21iZ
N—TNDIRGE (ready_flag) ZT A ML ET, 7 ITNRESINTND T EZBmT
5L, 17205 TT— Y EHELET,

7102 TD ready flag DEZIAA E1T201 TD ready flag DA DL, [F UHA
POy 7 TRESNTNWET, LAENS T, 22007 7V AMICT—% OF &1
<V WU—IMZELLSE#BLET,

17100 TD data DFEZIAAE, 17205 TD data DFe A O IE, AP v 71T
FoTHRE=NER A, 72720, 71377AD//7'CVJ 777’7T’!;?5(ready flag
DFZDITAT 205 TOFAMW D ITHIT, 17100 TOHFZAARIITONELT, O
R T— 91\0)_3’Lb290)77ﬂ7xf'3;7‘ 5®Eﬁmﬂi§£bit"/u =72

L. pthread cond wait() DFEUNH U (7 202) INEBITITEITRFICPEONH & 7s
ENVAD =S 29@77tlﬁf? Y OHEND D EREL ET ., 17201 NFELT
INDENTT 12 MNETEINZHEE. 7200 WFEfTSNDE, I—TT > NIT A
MEREL. 17202 17\:\:}7éhi'§‘ »—)lid pthread cond signal() FEOYH L
BEL W pthread cond wait() FENH L ZEMH L. 2NS AL E TR ZIRET
XF9, 17202 T pthread cond wait() MIEONH I N/ NWIGEE, 17100 TOEZIAAL
INEIZAT 205 DFeAHLD Al %ﬁéﬂé EMNY—=)IVIZIZbMhDEF A, L
Mo T, INEMNFEFFICETIN TS ERRL, ZNSORTT—% DEant
CTnWasEHELET,

1ibtha(B3C) DX Za T I R—=T L9 R—TD A1 ALYy RV F I F L1 —H—
API] Tld, APIZHEHL T, ZOLIBRERMDOT =Y OFEEHRE LRI DI
T BHHBEIWCDWTHHAL TWET,

SEIELBALVY RTYUBAOILENDAEY —

—HWOAEY —EHI—F L, HDAL Y BRFIOAL Yy RTHEHATES LI
LAY =2 U I LET, ALy RYFI0HE, BIXDALw BR
ERITHRCAEY U%@#‘Bﬁ\ﬁ%ﬁbflﬁctw_c‘:%uuu%%fﬁfciblf%éﬁxﬁb
X9, INMNEELLEET, VVTBRRAIOT — Y OBEERET S5 ENDH D
£9. ROFNL, ;@@@»iﬁ%ﬂ’&ﬂ‘b‘(mi?
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2.6

2.6.1

38

B2 4ER
FM%

[Hemmea e */ [Hemmme e */
/* Thread 1 */ /* Thread 2 */
A */ [Hemmme e */
ptrl = mymalloc(sizeof(data t));

ptrl->data = ...

ﬁ&%ree(ptrl);

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

ﬁ&%ree(ptrZ);

ALw R1EZALy R2IEFARFICETLET, £AL Y RiZ. 7I94X—FAE
J—IZFHINB AT —DOF v >V ZE0ETET, )L—F > mymalloc()

13, myfree() DLARTOMENH LICK > TSN AT —Z®HTEET, X
Ly R2id. ALy K1 nyfree() ZMEUHTHIIC, mymalloc() MU L E

T, ZOHE. ptrl1 & ptr2 3L DEZRD, 2DDA Ly RETT—% OHEI
HCFERTA, 72720, AL R1Dnyfree () ZIFONH L72#IC AL w R2
mymalloc() ZFEONH L7235, ptrl Eptr2 MR CMEZIRS ZERH D FT, A
Ly R1IEZOAFRY—IZT7 VA TERLBDLIDT, T—YDOHESIIAECEE
lo 72720, mymalloc() MATEY —ZUHATIVLTWEZENDOND TR
G VI ptr1T— Y DEZABE ptr2 T—YDEZAAEDT Y DFiE%E
WELET, ZOMOBBANL, 2 DBE. C++ 7 TV —3 3 2T, CH+ EfT
BT T UNATY —2—REKAICITA VN THEZITRIDETEZLIL
LI, MEBDOA®R) —EM)) —F > 2RE L2V —T T r—2 a3 > THIRZ
NET, HE. ALy RYF T4 T3, EEED nalloc(). calloc(). BLN
realloc() T 7 7 T — A TEITINIZATY —E 0 Y THIOMRERIEERETE
£,

DIENT =5 DFRE

RIWVFALY RYTUr—2a>OHicid, N7+ —<X 2 AEEDDI0ICT—4
DHEEBEXNMCH T8N H0ET, ZEORLRWT—YOHSIE, FELT
WTH7T OV T LDEHSITIIEELRVWENNRT —Y OBEAETT ., KOHF
2. BEORWT—YOHGERLET,

F-REORBRWT—YDOHEGUNTSH, KERVIFIADTY T r—a>Tld, [EL
SHREtT200NREHZO Yy 7 7)) —BXORT A F 77U =)V dU X LEFEHALT
W5DT, T—YDHG%EHFIILET., ALy R7FI4HIE. Zheor 7Y
r—a TDT—YDHEDMNEE/REETHHAITHRIBET,

RHERRADOTOI S A

prime omp.c ND A L v Rid, B is prime() ZFEITTH I EICL> T, BENEK
MEINEF 7 LET,
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2.6.2

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 (!pflagl[il)

24 continue;

25 if (v % 1 == 0) {

26 pflaglv] = 0;

27 return 0;

28 }

29 }

30 return (v > 1);

31 }

ALy R7F T4, 1726 TD pflagl ] NDEZIAAELT 23 TD pflagl 1 D
B EDORICT—Y DBENHHIEEZMELET, £EL. 2OT—FYDHE
13, BRASEREOTFHIICIIZE LRV TEEDRVWDLDTY, 2317 T, A
Ly Rid. Fi5DiDET, pflagli] N 0IZHELWhAEINZEZF v 7 LE

T, pflag[i] W0 ICHELWHEG, i DBHIOBRETH 2 (OFD., 1 1FFEK TR
EOMOTVNDE) ZEEZBERLET, ZOE, vOIiTHOOYNLZNES N E

F v 7T EMENELBOET, vIILWTNNDORHTE D YNDZNESNZ1T%
FryvZ3TUIE<20DET, LS T, pflaglil D0 IZEFEL WS, AL v R
i OROMEICHEARAET, pflagli] N0ICHFEL L. vi TEODEUNDHE, A
Lw RIZ0 % pflagiv] IZEID YU TT, vIOIERTRENWI EERLET,

EESOBENSIE. BEOAL Y RINFEU pflagl 1 BEHRZ2F v 7 L. FARIZE
NUCEZIADNESNITEHETIZID D R A, pflagl ] EZOHUHEIZ 1 TT., &
Ly RIZOERZEHITLHEZIT, 0DEZFIDHLTET, DED. AL v RiEdZE
DEZRIZHLTAEY—ORICNA RDOEICEY MZoZML 9. BHED
T—F T Fr—TlE. ZOXIBEMIATNTHS EEET LI ENLELT
T, DED, TOEENAL Y RIZEXo THANSNS E X, AINSNAMHEIT ]
MODEBLEMIT/RDET, AL w Rid. 0 DEZEEND U THHICHTED pflag[ ]
FEF vl TBEEAT23). 725~28%ET L ET., TOMICHIDAL v RINE
DU pflagl 1 BREIC0ZED Y TEEES (1726). mEFERIIZMLLEHAL, C
UL, HEAMIZ, BAIDAL v ROARBIIZFT 25 ~28 ZEIT LMY, Bf&hERIZA
CTHhollEEEBWLET,

ECSEDR AR 5705 5 A

AL RDZI)V—"T77 check bad array() Z[RRHZIFONH LT, El% data array D%
FZN THES>TVWS] NEINETzv 7 LET. &ALy FIEESDORER L2
araEFzyv I LET, ALy RiZ BEENME-> TWEZ a2 LEE

B, 70—V BEZEE is bad DIEZ true ITRREL £
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2.6.3

40

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 A

106 int 1i;

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[il)) {
112 is bad = 1;

113 return;

114 }

115 }

116 }

117 }

7108 TD is _bad DFHAHD &7 112 TD is bad NDEZAALEDMICT—% D
BNHVET, 2EL. T—YOHRBIIEKEROEMIICEEL A,

is bad DFIHAMEIZ0 TT ., AL v Ridis bad ZFEHHTHEXIC, H12E0YSTE
T, DFED, AL v RI&, is bad ICHLTAEY—DRICNA FDELCEY 21

ERMLET, BEOTY—FTF7F ¥ —Tld. TOXIBKBMIARTHTH S LM
ETHIENERTT, LENST, is badWA Ly RTHAWNSND EZIT. #i
AEENDMEIZONTIDEESMIRDET., ALy Bl&, 12350 S TS5N5H]
IZis bad Z2F = v 7T B5E (7108). for)L— 7 DEFTEMEL T . TORITH]
DALy RAME L % is bad IZEID S TTH (fr112). HREKERIIBLLLEEA. X

Ly R for — 7B L FREEHIETLIZENWS BT ZETT,

TEREINEOvOAEFERLETO S A
SN BEOREOS T o MY, Tal I AR T1I D UNEEL
BNWEDICLET, —EREIN-Ov 21, XIVFALY R7TUr—2 32T
S o RGBT B — R TR ST, KO — RId. = DR
BERLET

100 class Singleton {

101 public:

102 static Singleton* instance();
103 .

104 private:

105 static Singleton* ptr_instance;
106 };

107

108 Singleton* Singleton::ptr_instance = 0;
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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;

7202 @ ptr_instance D AHL DT, Ov VICL> TERMICHREINTWER

o ZTDRD, XIVFAL v REREE T singleton W9 TIZA 2 AY > Z{LINTW S

INESIDEHNT BF v 7 HGNRIIZIZ D £T ., ZE ptr_instance DfT202 TD

FAMWD E17212 TOEZAALOMTT =Y DBEMH SN, 707 T LFIEL

<EMELEY, 2L, T—FORBEH AT DHIELWITOY T LEERT 2

& ROBEBNDBEICARDET, 223 FROZEREINZOY IO

O— KT, 17209 TP memory barrier() DM LI, singleton ZFEET 57200

TRTOEZABNTE 7T BHET, ptr instance N AL RIZ&E->TIENULL &L
B EINBNEDICTHDITHEHINET,
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¢ o0 g 3 =

Ty ROvIDFa—r~UTI

ZDOFa—bUT7ITIE ALY RT7FIA4HEFHLT, XIVFALy R7OY
T LAHNDOEBIERN Ty ROy V7 BLONETy ROy 7 2T 5 HEICOWTHAL
i-a—o

Fa—bhUTITIERD FEY 7 ZHNET,

B3R—=TO 317y ROy ZiIZDNWT

U4R=TD 327y FAY I Fa—rITIDY—=AT 7 1IIVDATF]
47 R—=T O 33 BHTEHHEOMHE)

50 X—2D [34ALy RYFIAFEMMLET Y ROy 7 ORFEIE
53 R—TD 1355y ROy 7 OFEBRERITONT]

59 RXR—TD 1367 ROy 7 OEIEEFRBANTDONT

31 v ROvZICZDNWT
FTw RO 7 ENWDHEZ, 22U EDOZAL Yy RWHWEEBEL TWD =0 IZULEN
EIABEFRWVWRNHZEKRLET., Ty ROy ZOERIZL, ME->7Z=707 7 A
OYw 7@y 70N Y —7/2E0) FOREURERLRERELIHPDET, Z
DF 22—~ T7IVTIE, MHAEHLD Y 7 OR@EY/FERICL>TECET Y R
Oy ZICESZYTET, ZOEOTy ROovZid, XIVFALY R7 7Y
r—2a>TE<AEUCET,
2D EDZA Ly REGDTOVANKD I DOFMEICETIEFELEEIC, Ty R
O 7 WFEETDaREMEN D D £ T,
» TTIAOY IV ERFFLTWAS ALy RBFL WOy 7 23R 5
s H LDy 7 OERNFERICITHNDS
s Fr—2HDOKRDALw RTHEHFEINTWEIOY 2/ ALy RBEKET S &0

ISEF—>%, 2DUEDOA Ly RO T S
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3.2.1

44

T v ROy 7RO H e fl 2 RITR U ET,

- AlwR1l1idoy 7 AZEFL. Oy 7 BEERT D
- ALvR2i30v 7 BZEREFL, Ow T AZERT D

Ty ROy 723, BENTY ROy 7 EETy ROy 7 O2D0OFENH D, K
DEIBENNDH D T,

w BENTY RO ZiE, FI@DETTRTREDZDITITIEHD FHAN. X
Ly ROZZ Y a—)%, ALy Rick>TERENEOY I OYA I 2Tk
FELETO I AOETTREDA[EEENH D £T,

» KTy ROvZid, 7Ol I LA0FEGFHICEETHIHDTT, EFy ROy T
1Z. BT A AL Yy ROEFIZHODETHA, 70 AR EFITHLIZEHH
L, TRV EHBHDET,

FOYIFa—-—bUTINDI—=RT7A4ILDA

ZOFa—hrMUTIVTHHAT S —ZA7 71 )I&. Oracle Solaris Studio B FEH R — 4
NOY > TINDY 7 a—RKRITYU T (http://www.oracle.com/
technetwork/server-storage/solarisstudio/downloads/
solaris-studio-samples-1408618.htm)MNHF 7> O0— R TEET,

BTN Ty AN EY 70— RLUTERLED

L. SolarisStudioSampleApplications/ThreadAnalyzer 74 L7 RUMNSH 2 T ) %
O3 ZENTEET, B2 7T din philo 7T 4 L7 RUICHD F

9, din philo T« L7 UL, FIEICEET % DEMO 7 7 1 )L & Makefile 7 7 1 )b
M1DTOHDETN, ZOFa— M) TINTEZENSDOFIEICHD T, Makefile

HBFEHALER . (DD, a2 RE2EPNICETLTHWEET,

ZOFa—hMUTINTHEDIT
!X, SolarisStudioSampleApplications/ThreadAnalyzer/din philo 7+« L' 7 RUMNS

din philo.c 77 1IVERDT 4 L7 RUICIE—F 50, MEHD T 7 1 IV EER
L. ROO—RYZARNS5I—RZ2IE—-LTLESI,

BREITLIEFEONEZ I 2L — FT B din philo.cH > 707 T A

13, POSIX AL vy REMFHTSZCTOVIALTY, 20707 T LTI BEY
Ty ROy 7 EETY ROw I O HFNRINET,

din_philo.c DYV —XJ— KU X k

din_philo.c D/ — A d— RILRITRT EBD T,
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WoOoNOOUTER WNR

/*

* Copyright (c) 2006, 2010, Oracle and/or its affiliates. All Rights Reserved.

* @(#)din_philo.c 1.4 (Oracle) 10/03/26
*/

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

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

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 1i;

if (argn == 2)
sleep seconds = atoi (argv[1]);

pthread mutex init (&food lock, NULL);
for (i = 0; i < PHILOS; i++)
pthread mutex init (&chopstick[i], NULL);
for (i = 0; i < PHILOS; i++)
pthread create (&philo[i], NULL, philosopher,
for (i = 0; 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;

B3I . Ty kRAOYIDFa-—FUTI

(void *)i);
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46

60

61 /* Wrap around the chopsticks. */

62 if (left chopstick == PHILOS)

63 left chopstick = 0;

64

65 while (f = food on table ()) {

66

67 /* Thanks to philosophers #1 who would like to take a nap
68 * before picking up the chopsticks, the other philosophers
69 * may be able to eat their dishes and not deadlock.
70 */

71 if (id == 1)

72 sleep (sleep seconds);

73

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

76

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

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

79 down_chopsticks (left chopstick, right chopstick);
80 }

81

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

83 return (NULL);

84 }

85

86 int

87 food on table ()

88 {

89 static int food = FOOD;

90 int myfood;

91

92 pthread mutex_lock (&food lock);

93 if (food > 0) {

94 food--;

95 }

96 myfood = food;

97 pthread mutex_unlock (&food lock);

98 return myfood;

99 }

100

101 void

102 grab chopstick (int phil,

103 int c,

104 char *hand)

105 A

106 pthread mutex lock (&chopstick[c]);

107 printf ("Philosopher %d: got %s chopstick %d\n", phil, hand,
108 }

109

110 void

111 down_chopsticks (int cl1,

112 int c2)

113 {

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

115 pthread mutex_unlock (&chopstick[c2]);

116 }
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33RETHEFEDORE

33 REJHAIHFFEDRE

BEIIPFRHE LT, ENOLFONTEZTFTUAFT, (HHAIRDODEBD T
?‘0#b4@$ﬁﬂﬁ”bﬂt5k@ RRHEN, BRARBNS MBI TWE
T ONT, lxOEFHFILBICBOBELLDEZEZAET, T— 73 %
FHLKRMMNH O ETN, SEEFIEATE2EZ 1R F>TWEEAL, B
FITDHICNT, BEHAETHILENHDET, FEFED (T—7IVICHMN-> T) A
DEITE, TOEFELFCESNVHTISNTNRET,

H3-1 BHETLIUFHE

\Gﬁ/f
@9 ®

C4=— \CZ

@ &

P = Philosopher
C = Chopstick

BEAF IR, BHOBSOMWAGOZBICFE2HIILET, HEHET H
Ef&:%ﬂ@%f%ﬂt%’&? 9B E, BoEREHEICE DY TENEEZICEEMIZIL
%9, ﬁﬁ@%%?t?%&‘ﬁ$féi? BEMNMDDE, EE2T7—7I)LDIC
DMBIZ, ERIC1IATORLET, 2070t A3, SN B5ETHROIRS
NnEI,

3.3.1 WFENTY ROv 2 IZKHED L < &
Ty ROy ZMERICEZ 2013, SIFELENHIOEEZTICHL., MOTHE
DEMEFATEDLEDITRDDZEHEL TS, ROEDIKHTT,

- FREHOFFBOZTICR > TE1Z2FHELTWS
- ﬁ FH13B1Z2FICH->TE 22HELTVWS
- PEEE2IIF 2EFICR - TEIZHFEL TV S
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3.3.2

48

PFREIEEI 2T TE4E2FH L TNWS
PFFEATE4Z2TIF > TEOEFHEL TS

CORMTIIHEDRETET, fI¥E-BIdTy Raoy 7 REICKD 9., Yoy
FSLEMESETITDZEDLNDET, DE0ZOTOTILE. N2TT7 VT35
ZEHHNE, BREETTEITTELZZIEDLHDDTT, ROEFHNT. Zoroy
TN T T T HTERLTVWET,

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

Philosopher
Philosopher
Philosopher
Philosopher
Philosopher

(hang)

Execution terminated by pressing CTRL-C

TFE 1 DRERFFEDEA

T ROy 7 ZEEET 51 D0HEL. WEH1VESOEFICFZMIIT AN AT
HEVNHHDTYT, I— ROBENSIE. BOOFICTFE2MITRIC, F5E LR
] (sleep seconds). ¥2EFE 1 ZIRIRIREEICTHZENTEET., TIRIRL 725

G, 70T IAIETY ROy VR LI TTEET, EITARET7 v 1ILICKTT %
SIEELUTIRIRT 2P HEIEETEET . 5IEEELRWES, HEHEIKRL
FH A,

RO I— RFETEFEEOO T v 7 Z2RUET,

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

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 fork
grab left fork
eat some food
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put down left fork
put down right fork

}

RDOY A ML, HHE1DNASOECFLMITETIC0MMHAETLSILSICLE

T I hE1IRFEFLEKTERLTWET, 707 I740

TEEEANRFELKDD LT,

°

% a.out 30
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
Philosopher

Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher

: got right
: got left chopstick 1

: got right

: got right

: got right

(SESESESESEHSESHSESEHSESNSHSNSRSRSESESESESESES ESES RS NS NS N L 2 SIS O R OV R - o S I SIS

[SASESESESRSESESES)

is done thinking and now
chopstick 0

is done thinking and now
chopstick 4
is done thinking and now
chopstick 3
eating.

is done thinking and now
chopstick 2
is done thinking and now
got right chopstick 0@
got left chopstick 1
eating.

got right chopstick 0@
got left chopstick 1
eating.

got right chopstick 0
got left chopstick 1
eating.

got right chopstick 0@
got left chopstick 1
eating.

got right chopstick 0@
got left chopstick 1
eating.

got right chopstick @

got left chopstick 1
eating.

got right chopstick 0
got left chopstick 1
eating.

got right chopstick 0@
got left chopstick 1
eating.

got right chopstick 0@
got left chopstick 1
eating.

got right chopstick 0@
got left chopstick 1
eating.

got right chopstick 0@
got left chopstick 1
eating.

got right chopstick 0

got left chopstick 1
eating.

B3I . Ty kRAOYIDFa-—FUTI

ready to

ready to

ready to

ready to

ready to

eat.

eat.

eat.

eat.

eat.

ETEETL. 5AD
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34

50

A
Vil

L

i

Philosopher 0: got right chopstick 0
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 0: got right chopstick 0
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 0: got right chopstick 0
Philosopher 0: 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.

Philosopher 1 is done eating.

%

Execution terminated normally

TOU I LEREFET L TRRLRIRGIEEREL THATLEI W, WEE1NE
ZWDANZERH LR L W E ED 7250, HEINEEVWRRIFES L5 E
DIRBMEBIERT H7201T, EFAIRET 7 1 )l a.out ITWAWARKIRG EZFE L
THET., LT KIRSIBZEMEH LREE A LRWRETERE 707 2 L
ERETLET. 70UV ILMN T Ty TI55680, REXTETISHED
HOET, IOV ITLIMNTT v TTENESINIF. ALYy ROATYa—)b
E. ALy RIZ&30v 7 DERDY A I 2 J7IZR>TRIED XY,

YR FSAYEERLET Y FAOY I DRE

ALy R7FIATZ2MEHAL T, 7077 ANOEBERNT Y RO v 7 BIOE
Ty ROy 7 EHRTEET., ALy R7FFAHIL. Orace Solaris Studio /¥
THF—X AT FIAFNMEHTZHDER UINE-SHETIVITRENET,
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3RV Y RT7F oAV EFERLLT Y RO Y O DIRRAIE

ALy R FISAT2ERT I, RO3DOFEZITVWET,

n J—ZAO—RZIaA2)IVT 5,
. Ty ROy I RIEEREIERT 5,
o ERHEREZHRT D,

3.4.1 V—XdA—FRZJ2A2NXMILT S
I—RZIAIVL, T -gZBELET. SELARELTIE. TESCIFEOH
LAZ 7 EDERDEES THRESNHLGENHZD T, @EERRELIIIEE
L7BWT<ZE W, -g-xopenmp=noopt & {1F T OpenMP 7' O J L% 12 /81 )
L. -g-mt Z0ZMIFTPOSIXK ALy ROV I L0281V LET,

INEDOA T a DN TIE cc(1). cc(l). £ 5 (1) DY aTIR—T%
ZHRLTLZI N,

ZOFa—bUT7INOHE, XOAX U REMHEHLCI—RZ2I2 /1)L ET,

% cc -g -o din_philo din_philo.c

3.4.2 Ty ROy OREEEBRZ/ERT S

-rdeadlock 7 a VZMFTAL Y R7FFTA4HD collect AX > REMHAL
T, ZOF T arid, TarTILAOETHICT Y ROy VHERZERL £
—a—o

ZOFa—hMUTIOGE., ROAX 2 RZMHEHL T, din philo.l.er &S
T ROy 7B EREERL £7.

% collect -r deadlock -o din_philo.1l.er din_philo

BTy ROy VBREFERZIERTSZEICE->T, Ty Raoy 7 2mtid 50
REEZEDONET, BEBRIEICAERDIAL Yy REERBRDZANT—YZ2HHL T
<X, =& Z1E, din philo.c I— R T, ROITOEEEETEET,

13 #define PHILOS 5
14 #define DELAY 5000
15 #define FOOD 100

BNT, AIROL2ICa XAV LT, HOEBRIEREZNETEET,
FEL <13, collect(l) BL Weollector(l) DX Za T INR—TJ 2B TLZ3 N,
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3.4.3 Ty ROy IIRHEERZIRILT 5

ALy RYFIAF, NTH—<X AT F I, er print L—F 4 VU

T4 —T. Ty ROy VHRHEREMIETEET, ALY RYF I FBLUN
TH—XATFIAFIRIEESLHGUIAM Y T —A%EFRLET, ALY RY
FIAHIET T4 hOfiiEty FOY TEFRRLETN., TNLUIMI/NNT +—<
AT FIATERLETT,

3.4.3.1 ALy R7F 24T Z2ERLET Y RO Y VRERBERDORTR

ALy RYFIAFZBIAL T, din philo.l.er ERfERZHEICIE, koax >
FEANTLET,

% tha din_philo.l.er

ALw R7F A4, AZa—N—, V—=IIN\—, BIXOKHEERHADY T %45
O EIXE THERINET,

Ty ROy ZRHEBICINESNZEZBRERZH<< & T 74V 8T ERAIOKEIZ

RO TNERINET,

» [FyRowr) 7
DT, BEMTy ROy 7 EFETy ROw 7 O—EIREINET, T
TN TIDYTNERINTVWET, &T v ROy Z7icBbHs ALy RHVR
INFET, INEOAL Y RiE, EALy RO w V7 E2REFEL, F—2HNDX
DALy ROMRFEEL TWARloOy 7 23R S5 ENWSKEF— 22k L T
W9,

s (FaTIVI—RA] YT
[Fy ROy 2] T TREFz—2HAOAL Y RZERL, HWT [Fa7)b
V= AT LET, [FTa7IV—Z] 712, ALy RR
Oy EREFELEZY—ZMEE, RCALy ROy 7 23R L7 — ALLEN
IRENFET, ALy ROy ZRFLERLZY — ZITHERFRINE T,

w [EER AT
ZOHTIZF, EFBRTOO—RF TPl "RERRIN, TI—BRLOES
Ayt —VN—BERRINET,

ALy R FIA FEHEOFRRENRDY TNERINET,

s [Ty ROy ATNSEIRLET Y ROw 7 OMEFBREZ R THEE] ¥
‘7\\0

s [Ty ROwZ] YTNSEIRLEZAL Yy RAVTFF A SOFMERZRL
= Iy Roy 7O %7,
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3.4.3.2

3.5.1

er printZFRA LA, Tv FOVIKRBEEBREROXRR

er print =74 UF 44—, AXRITA2F T2 —A&2&KRLET, 1257
T4 T7tyarTer print =T 4 UT 4 —ZHLT, By a > hicyr
AXRZERELEY, ANV RFA T a 2H/ LT 1295054 7T
WHETHY 7Y RERETEET,

ROV TIAR 2 RIF, er print =T 4 UT 4 —TT v ROv I ZHFHRNSL EXIT%
MVBET,
m  -deadlocks
ZOF T a it ERTHRHSINAEZBIENT Yy ROy I 7BX0HETy ROy 7y
WZOWTHIE L ET, (er print) 7H 27k Tdeadlocks ZF5ET 5
M. er print A< 2 F{TT -deadlocks ZfiE L 9,

m  _ddetail deadlock_id

ZDF T a k. 8E LTz deadlock_id 5D T v RO w 7 O IERZE L
F9, (er print) 7O 7 KN Tddetail Zf8E T 5D, er print X > RfTT
-ddetail Z¥E L £, fHE S N/= deadlock_id DY all DI, TXTHOT v R
Ow 7 OFHIERNERINET, TN TIE. BIDOTy Ry 7 E2£d1
BREDH—OFy RO/ BEERELET,

®  -header
ZOFA T aid, ERICETLERMERZRRL, IXRTOLT— L3
HERELET, (er print) 7O 27 N Theader EIEET 50, X2 RIFT
-header EfEEL £9,

SRR, collect(1). tha(1). analyzer(l). BEWer print(l) DX Za T INR—T%
ZILTLEI N,

FEY DREEFERICDONT

ZOHITIE. ALy R7YFIAPEMAL T, BRITLZEEEOTOT T LTOD
Tv ROy 7 ZRRDFECONWTHHALET,

Tv ROy O DRERELIRITOKREE

KO AR, EFy RO VIZhoBET2EFEOTOY T AOETIHR
SNTVET,

% 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.
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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 0: 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 0: got left chopstick 1
Philosopher 0: eating.

Philosopher 1: got right chopstick 1
Philosopher 4: got left chopstick 0
Philosopher 4: eating.

Philosopher 0: 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 0: 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 2: got right chopstick 2
Philosopher 3: got right chopstick 3
(hang)

Execution terminated by pressing CTRL-C
KROAX 2 RZEZASILUT, er print =74 U T 4 —CEBRMEREMIEL £,

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

Deadlock #1, Potential deadlock
Thread #2
Lock being held: 0x215a0, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"
Lock being requested:  0x215b8, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"
Thread #3
Lock being held: 0x215b8, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"
Lock being requested:  0x215d0, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"
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Thread
Lock
Lock

Thread
Lock
Lock

Thread
Lock
Lock

#4
being
being
#5
being
being
#6
being
being

Deadlock
Thread
Lock
Lock
Thread
Lock
Lock
Thread
Lock
Lock
Thread
Lock
Lock
Thread
Lock
Lock

#2
being
being
#3
being
being
#4
being
being
#5
being
being
#6
being
being

Deadlocks List
(er print)

held: 0x215d0, at: grab chopstick
requested: 0x215e8, at: grab_chopstick
held: 0x215e8, at: grab_chopstick
requested: 0x21600, at: grab_chopstick
held: 0x21600, at: grab chopstick
requested: 0x215a0, at: grab chopstick

#2, Actual deadlock

held: 0x215a0, at: grab_chopstick
requested: 0x215b8, at: grab chopstick
held: 0x215b8, at: grab_chopstick
requested: 0x215d0, at: grab_chopstick
held: 0x215d0, at: grab chopstick
requested: 0x215e8, at: grab_chopstick
held: 0x215e8, at: grab chopstick
requested: 0x21600, at: grab chopstick
held: 0x21600, at: grab_chopstick
requested: 0x215a0, at: grab chopstick

+

+

+

+
+

+
+

0x0000002C,
0x0000002C,

0x0000002C,
0x0000002C,

0x0000002C,
0x0000002C,

0x0000002C,
0x0000002C,

0x0000002C,
0x0000002C,

0x0000002C,
0x0000002C,

0x0000002C,
0x0000002C,

0x0000002C,
0x0000002C,

Summary: Experiment: din philo.l.er Total Deadlocks: 2

KROAZV—>ay hME, ALy R7FIAYTERINZTy ROy 7V EH%E

~LET,

3-2 din_philo.c THHiESN/ZTy ROow »

File View Timeline Help
lesseams =ve vewMds(User [-] |Fing Testi
Deadlocks Dual Source Experiments.

Total Deadlocks: 2

TR ARE

peadlock #1 (Potential deadlock)

b Total Threads: 5

peadlock

(Actual deadlock)

v Total Threads: §

Thread #3
Lock being held:
being requested:

0%215b5
ox215d0

,at grab_chopstick + Oxi
Loc! ,at grab chopstick + Ox

Thread #4

eing held:
& being requested
Thread #5
Lock being held:
L eing requested

0 ,at grab_chopstick + 0
,at grab_chopstick +

,at grab_chopstick + Oxi

Loc ,at grab _chopstick + O

,at grab chopstick + Ox
,at_grab chopstick + Ox

line 106
line 106 in

line
line

line
line

line 106 i

line 106

line
line

line
line

line
line

line
line

line
line

line
line

line
line

line
line

106
106

106
106

106
106

106
106

106
106

106
106

106
106

106
106

Thread id: =

in
in
in
in
in
in

in
in
in
in
in
in
in
in
in
in

=1 Oracle Solaris Studio Performance Analyzer [din_philo.1.er -ax

|| Summary Deadlock Details
Data for Selected Deadiock
avaw |
wh
Type:lactual deadlock
A Thread Involved

"din _philo.c
"din philo.c

"din philo.c
"din philo.c

"din philo.c
"din philo.c

"din_philo.c
"din philo.c

"din _philo.c
"din philo.c

"din_philo.c
"din philo.c

"din philo.c
"din philo.c

"din_philo.c
"din_philo.c"

)|

B3I . Ty kRAOYIDFa-—FUTI
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AL w R7FF4HId, din philo.c D2DDF v ROy 7 28 L ET (1 DIZELE
M7y ROy r, $51DEFETY ROv ), KVFELIHFANSGE, 2207y R
Oy 7 3FA—Th3EDMD ET,

Tv ROy 72T 3 KEF = —ERDEBDTT,

ALy R2: 7 Bl A 0x215a0 THw 7 ZfrEF L. 7 R L A 0x215b8 T v 77 & HK
ALy R3:7 Bl A0x215b8 THw 7 ZfrEf L. 7 R L A ox215d0 TH v 77 & HsK
ALy R4 7 RLZAox215do THw 7 &2RFE L. 7 RL A 0x215e8 TH v 7 Z B3Rk
ALY R57 RLA0x215e8 T 7 Z2RFF L. 7 RL X ox21600 TH v 77 ZH3Rk
ALy R67 RLAox21600 THY 7 ZRFFL T, 7 RL A 0x215a0 T w 7 ZHER

Fr—HNOBRIIDAL v R(ALw R#2) Z2ZIRL, HNT [TaT7IV—A] ¥
TEIZUwITHE, ALy Re2207 KL A ox215a0 TH Y 7 ZHISG LY — A
d—RHNONEE., 7 RL A 0x21508 THw 7 2R L 72 — A d— RNDOALENER
RENET,

ROAZ V) —>ay MZid, ALy R2® a7V —Z) ZTNRINTN
£9, AVZU—2ay bOEFEFITIE. ALy R#237106 T

pthread mutex lock() ZFEUNHT Z EIZE ST, 7 KL Z ox215a0 T v 7 G L
Tl EMBRINTVWET, AV =223y FOTFEPICE, ACAL Y ROT
106 T pthread mutex lock() ZMIFUNHT T EICL ST, 7 R A 0x215b8 THw 7 &
FRLUZZEMFERINTNET, pthread mutex lock() ND 2 DDFEURH LIL, %
NENHOOY 725 8ELTHEALTWEY, —BIc, Oy 7RG+
L—>aiyZERARL—2a VIRAECY —ZfFICEETEE A,

TN EDARN) w7 HHHTy ROy Z AN 2)yMAZ =22 ay bO
)= 2T OEMCEREINET, ZOA NIy ZIE, Ty RovwZIZBESL=

Ow 7B EZIE0y VERAR L —2 3 2N, F0Y) — A7 TR S -5z
RLET., Ty ROvw I Fz—20—HERDI—AFTFTORN., TDARNY w7
DNTOXDKEWHEERFEFBFT,
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3.5.2

®3-3 din_philo.c TOEIEMT Y RO w7

File View Timeline Help

Oracle Solaris Studio Performance Analyzer [din_philo.2 er]

|eenwames 376 VewMods User || ind Text: -la &%
Deadlocks  Dual Source | Experiments

) Source File: din philo.c
Deadlocks | object File: /home/smorgan/SolStudicProjects/din philo/din phile.2.ec/archives/din phi
|Load Object: <din phile>

Summary [Deadiock Details|
Data for Selected Deadiock
ap a9

103.
104,

int ¢,
char *hand)

104.

chac *hand)

o 105. {
10
o 107, princt ("Philosopher sd: got 8 chopstick sdin',
o 108. |
108,
110. wvoid

111. down_chopsticks (int ci,

phil, hand, ¢);

o 105. |
10
o 107. printf ("Philosopher %d: got %s chapstick $d\n", phil, hand, e);
o 108. |}
106,
110. void
111. down_chopsticks (int el,
s w
M |source File: din philo.c
Deadlocks | Object File: /home/smorgan/SolStudioProjects/din phile/din phile.2.er/archives/din phi
| Load Object: <din phile>
103. int ¢,

10: 17
F
Type:frorantial deadiocs
A Thread Invelved
Thread id: =

5l

BENT Y FOvIBHDICHDPDPHLOLTRET L
1= RAITDIRAELE

TR ERKIRSIEEIEE LGS, BEIT2ERE OV I 41E. ET VR
Ow 7 ZEMTE, MEEBDIKTLET, #27-L, @%EBD
EWVWHS T, YOV IACTY RO I NENWI EEBFRTIDITTIEHD FH

ho BT, REFSNzoyr EERINZ0y 7N, FiGoFERFHICTy ROy
Fr—EBBR LNl E2BRTHET T, MOEFTTY A IV INER

T LIS

THE, ETy ROy IRECLAREERAH D ET, ROU A I, 40 B OIRIRE:

IC&K-> T, BEEBDIKTIHRFEIHEEE IOV I LDETERLTVE
9. 722U, er print =T 4 UT 4 —EAL Y RYFIAPIRBENT v R

By 7 Z2HRELET,

°© o°

cc -g -o din_philo_pt din_philo.c
5 collect -r deadlock -o din_philo_pt.l.er din_philo_pt 40

Creating experiment database tha.2.er ...

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

0

2
1
3
2
3
0
4
0
0
3
3
0
0

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

: got right chopstick 2
: got right chopstick 3
: got right chopstick 0

is done thinking and now

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

B3I . Ty kRAOYIDFa-—FUTI

ready to
ready to
ready to
ready to

ready to

eat.
eat.
eat.
eat.

eat.
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Philosopher 0: got right chopstick 0
Philosopher 2: got left chopstick 3
Philosopher 2: eating.

Philosopher 4: got right chopstick 4
Philosopher 3: got right chopstick 3
Philosopher 2: got right chopstick 2
Philosopher 4: got left chopstick 0
Philosopher 4: eating.

Philosopher 4 is done eating.
Philosopher 3: got left chopstick 4
Philosopher 3: eating.

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

Philosopher 3 is done eating.
Philosopher 2: got left chopstick 3
Philosopher 2: eating.

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

Philosopher 1 is done eating.

%

Execution terminated normally

KFETRINZROAR > REAN LT, er print —F 4 U 5 4 — TEEBERZ
MEEL £

% er_print din_philo_pt.1l.er
(er_print) deadlocks
Deadlock #1, Potential deadlock
Thread #2
Lock being held: 0x215a0, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"
Lock being requested: 0x215b8, at: grab chopstick + 0x0000002C, line 106 in "din_philo.c
Thread #3
Lock being held: 0x215b8, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"
Lock being requested: 0x215d0, at: grab chopstick + 0x0000002C, line 106 in "din_philo.c
Thread #4
Lock being held: 0x215d0, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"
Lock being requested: 0x215e8, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"
Thread #5
Lock being held: 0x215e8, at: grab chopstick + 0x0000002C, line 106 in "din philo.c
Lock being requested: 0x21600, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"
Thread #6
Lock being held: 0x21600, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"
Lock being requested: 0x215a@, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"

Deadlocks List Summary: Experiment: din philo pt.l.er Total Deadlocks: 1
(er_print)

RDOAD)—>ay MZlid, ALy R FIA4HA 25T 12— A TORIER
Ty ROy ZEHRINRINTNET,

58 Oracle Solaris Studio 123: ALy R7 F S A1 —XHA K - 2011 F 128



367w ROy I DIEIEELFERIICDNT

3.6 TV

3.6.1

3-4 din_philo.c TOEEHTy ROy 7

Oracle Solaris Sludio Performance Analyzer [din_philo_pt.1.e1

File View Timeline Help
JHLEUHE& T T @ ViewMode [User |~ lind Tex: [-]a &=
Deadiocks Dual Source Experiments

Soucce File: din phile.c

Summary Deadiock Details
Data for Selected Deadlock

tf ("Philesepher %d: got ®s chopstick ®d\n", phil, hand, e);

110. void

Object File: /home/smorgan/SolStudioProjects/din philo/din phile pt.l.er/archives/din philo a6
Losd object: <din philo> -

= =T :
103. int e, L)
104. char *hand)

« ||H

)

/ tudioProje
Load ubje:t <din philo>

s/din phile/din phile pt.1.er/archives/din phile

103 int @,
104.
105. {

char *hand)

107.

108. )
108.

110. void
111. down_chepsticks (int e1,

printf ("Philosopher %d: got &3 chopstick %d\n", phil, hand, c);

T TETPTE—
Type:(rotantial assalock

A Thread involved
Thread Id: =
Type:Cock veing held
[avab_chopstick + 0x0000002C, 1ir

lphilosopher + 0x000000R4, line ©
| lwp_start + 0x00000000

grat
lphil
| 1wp_start + 0x00000000

KOwv o DIEEE

AT

MHOET, %
£9., TNTnOHS

n,ﬁﬁﬂ] L_D I\ T

BENTy ROy Z EETy ROy 7 20 R<ICE, %

HIEFELELD LTS

Ch—=0 D EZTRAVNERDHDETD =T DI AT LEHRH L HEND
DET, EHATEER N—2 > 08IL. T— T IO

HEONBRE O DT HME

FRIN—V 2 &2 dW5E, T—TNOII—I)VIZH>TRHFETE
HEEFEMDODNEI =7 > &RL, 7Ot A &0 E

o ROBUI—RIE, b=V 2P ATLZERALLEED, FEEHEOOD v

ZRLET,

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

}

DIBDOHEHITIE, =27 >DI AT AD2DDRE: 5 EME

ER

N~ EFERLEE

7o hERLET,

$3% . Ty ROV IDFa—bUTIL

WOWTHL<HBIL X

A5 DR

KRDOUYZARNE, b=V 2 AT LZEERTHELEN—Ta > 0OBETLHS

#70

ZDVYa—33iiF4DD =7 > (BETHIANELD 14
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60

B DHAANSN. LR TRIFFIC4ANOTEZEELNEHRTEEHEAL, 2D
N—a>®O7 07T A3 din philo fixl.c EFEFENET,

Exh-B TN T TV r—a ey 0—RUESE. din philo fixl.c
7 71 JV% SolarisStudioSampleApplications/ThreadAnalyzer/din philo 7« L' 77 b
UMs5aE—T&EET,

/*
* Copyright (c) 2006, 2010, Oracle and/or its affiliates. All Rights Reserved.
* @(#)din_philo fixl.c 1.3 (Oracle) 10/03/26
*/

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

OWCoo~NOULA WN -

13 #define PHILOS 5
14 #define DELAY 5000
15 #define FOOD 100

17 void *philosopher (void *id);
18 void grab chopstick (int,

19 int,

20 char *);
21 void down chopsticks (int,

22 int);

23 int food on table ();
24 void get_token ();
25 void return token ();

27 pthread mutex t chopstick[PHILOS];
28 pthread t philo[PHILOS];

29 pthread mutex t food lock;

30 pthread mutex t num can eat lock;
31 int sleep seconds = 0;

32 uint32 t num can eat = PHILOS - 1;

33

34

35 int

36 main (int argn,

37 char **argv)

38 {

39 int 1i;

40

41 pthread mutex init (&food lock, NULL);

42 pthread mutex init (&num can eat lock, NULL);
43 for (1 = 0; i < PHILOS; i++)

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

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

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

50 1}

51

52 void *

53 philosopher (void *num)

54

55 int id;

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

57

58 id = (int)num;

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

61 left chopstick = id + 1;

62

63 /* Wrap around the chopsticks. */

64 if (left chopstick == PHILOS)

65 left chopstick = 0;

66

67 while (f = food on table ()) {

68 get token ();

69

70 grab _chopstick (id, right chopstick, "right ");
71 grab _chopstick (id, left chopstick, "left")
72

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

75 down chopsticks (left chopstick, right chopstick);
76

77 return_token ();

78 }

79

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

82 }

83

84 int

85 food on table ()

86 {

87 static int food = FOOD;

88 int myfood;

89

90 pthread mutex lock (&food lock);

91 if (food > 0) {

92 food--;

93 }

94 myfood = food;

95 pthread mutex unlock (&food lock);

96 return myfood;

97 }

98

99 void

100 grab chopstick (int phil,

101 int c,

102 char *hand)

103 {

104 pthread mutex lock (&chopstick[c]);

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

107

B3I . Ty kRAOYIDFa-—FUTI
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3.6.1.1

62

108

109

110 void

111 down_chopsticks (int cl1,

112 int c2)

113 {

114 pthread mutex unlock (&chopstick[cl]);
115 pthread mutex unlock (&chopstick[c2]);
116 }

117

118

119 void

120 get token ()

121 {

122 int successful = 0;

123

124 while (!successful) {

125 pthread mutex_ lock (&num_can_eat lock);
126 if (num can eat > 0) {

127 num_can_eat--;

128 successful = 1;

129 }

130 else {

131 successful = 0;

132 }

133 pthread mutex unlock (&num_can eat lock);
134 }

135 }

136

137 void

138 return_token ()

139 {

140 pthread mutex lock (&num can eat lock);
141 num_can_eat++;

142 pthread mutex unlock (&num can eat lock);
143 '}

COBIEN—2a DOBRETLIESE IO/ S LE2I N1V L, BREEFNEZE
fTLTAET, =V DI AT ALIE, BZ2FEHLTAEFELIDIETEIADANEZE
FRL., ZHICX->TETy ROv 7 BIWNEBEEN Ty ROy 7 Z2EHEL 9,

AT BHITNE, KOAX D REHEHALET,

cc -g -o din_philo_fix1l din_philo_fixl.c

TR R ZINET D

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

mRELAR— b

=2 >DIATAEBEHTEEETH, ALY RT7FI4FIE,. o< EFHEL
TWREWDIZZOEREDEBEN Ty ROy 7 2@®ELFET., INNEBRA T, #
HFHT Y ROy ZIZDOWTHLLSFHHLZRDODZ ) =22 gy h2RTLES
[/)o
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H3-5 EBIEHT Y ROw 7 OBRBAIL R— K

File View Timel

Help
|sonwame 37e VewModsUser [~ ingTet! - |m ¥
Deadlocks Dual Source | Experiments Summary Deadlock Detalls
Total Deadlocks: 1 Data for Selected Deadlock
[peadiock #1 (potential deadlock) dpes

al Threads: 5

Thread #3 Thread id- 2

Lock being held: 0x216c0 , at grab_chopstick line 104 4 _—

Lock being eequested: 0x2164% ,at geab chopstick line 104 (B8 ifock baing held

Theead #4
Lock being held: 0x216d% ,at grab_chopstick line 104 lohilosopher + 0x0000008C, line i
Lock being requested: Dx216£0 ,at grab_chopstick line 104 i Iwp_srart + 0x00000000
Thread #5 ==
Lock being held 0x216£0 ,at grab_chopstick line 104 in
Lock being re : 0x21708 ,ar grab_chopstick line 104 in "din_
Theead #6

Lock being hela: 0x2 L8t grab chopstick , line 104 dn "

Lock being requested: 0x216a8 ,at grab chopstick 2c, line 104 in " .
Typs:fock being requestea
lphilosopher + 0x00000084, line |
| 1wp_start + 0x00000000

o i T m|| BT ‘ " )

F—DOBRIIDALw R(ALw R#2)Z@EIRL., [FTaT7IVI—A| ¥ T&E7
w27 LT, ALy R#2237 RL A 0x216a8 TH Y 7 Z{#FF L TW/zY — 2 d—R
frEE, 7 RL A ox216c0 TOw 7 HER LY — A0 — R TOMNEZMHERL E
T, KOMIZIE, ALy R#2D [FTa7 I =] TN RINTVWET,

MR OBIEN Ty ROy 70y — 2

Fio View Tineine Help
Jeccseasnse 26 vewmoselUser [-] ling Ton: ~laawx

Deadiocks Dual Sourcs Experiments Summary Deadiock Datails
B [source File: din philo fixl.c | Data for Selecled Deadiock
Deadlocks | cbject File: /home/smorgan/SalStudicProjects/din philo/din phila fixl.l.erfarchives | [l @ @ & @
Load object: <din philo fixi>
= " o
101. int e, M-
2. char *hand) Type:(ecrentisl aeadlock
0 103, 4 A Thread Invalved
= BHE L Thread id: (=
"
0 105. printf ("Bhilesopher 8d: got $s chopatick %d\n", phil, hand, c); Ml Typs:liock being held
9 a9t || Frab_chopstick + oxoonanoze, 1ir
ans i philosopher + 0x000000%C, line °
108. | 1wp_stare + 0x00000000
102, 1
i = T .

= Source File: din phile fixl.c
Deadlocks | object rile: /home/smorgan/SolstudicProjects/din philo/din phila fixl.l.sr/archives
Load Object: <din philc fixl>

101. int e, —_——
102. chat *nand) Type:fock being requested
— — lphilosopher + 0x000000B4, Line -
L .
0 105.  printf ("Philosopher 8d: got s chopstick 8d\n", phil, hand, c);
o 106. | 1
107. Ll
108.
105. i
o T r 0

din_philo fixl.c ® get token() BA%¥UIZ. while V—7ZMHL TAL v REFEIL
£9. Ay R, b= > OHUGITHEIIT 2 E T, white) b—THTHIEEA (T

$3% . Ty ROV IDFa—bUTIL 63
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3.6.2

64

CoONOOUTA WN

/*
* Copyr
* @(#)d
*/

#include
#include
#include
#include
#include
#include
#include

#define
#define
#define

void *ph
void gra

int food_
void get

void ret

UL, num_can eat N0 KD KENEZITEZ D ET), while b —F1IFAFFICBHET
6)\724}\CC%U|3ELE'§_ 72720, while =TI & > THEEINZRPIZ. X
Ly R7FIAFICERBEH I NET L. ALy R7F I, 5 A\OEEEE2EN
FRFICEZIHATERELEIDELTWAHBEEEL TVWADT, BENT Yy ROy y
ERELET, ROHITIE, ALy RYFIAUNREHTLEMEMHTL &I
£o T, FRICEHETHADANKEFRRT 5 HETOWTHLHBHL £,

=0 DRERT A

kmux% 3 b=V DI AT LEEETLIRESEN RSN TVET., 2D
REHETH4DODO NV 2 HHATHDT, FRFIC4ALNBEERELELDELEYR

Mo To120 . TDFREHEIL. sem wait() & sem post() B 7+ —)b—F > &

LT, BHEITLHY ?%@A&éﬂ@bi?°;@A~ya/@v AT 7 AV
din philo fix2.c EFFIENE T,

EXb-B2TNT TV =2 a2&y Y 20— RUSE. din_philo_fix2.c
7 71 )% SolarisStudioSampleApplications/ThreadAnalyzer/din philo 74 L 7 K
M5 IE—TEET,

KDY ATl din philo fix2.clIZDWTHEL <AL £,

ight (c) 2006, 2010, Oracle and/or its affiliates. All Rights Reserved.
in philo fix2.c 1.3 (Oracle) 10/03/26

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

PHILOS 5
DELAY 5000
FOOD 100

ilosopher (void *id);
b _chopstick (int,
int,
char *);
void down chopsticks (int,
int);
on_table ();
token ();
urn_token ();
mutex t chopstick[PHILOS];

pthread
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pthread t philo[PHILOS];
pthread mutex t food lock;
int sleep seconds = 0;
sem_t num can eat sem;

int
main (int argn,
char **argv)

(void *)i);

{
int i;
pthread mutex init (&food lock, NULL);
sem init(&num can eat sem, @, PHILOS - 1);
for (i = 0; i < PHILOS; i++)
pthread mutex init (&chopstick[i], NULL);
for (1 = 0; i < PHILOS; i++)
pthread create (&philo[i], NULL, philosopher,
for (i = 0; i1 < 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 ()) {
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;

B3I . Ty kRAOYIDFa-—FUTI
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88
89
90
91
92

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
124
125
126
127

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 c1,
int c2)
{
pthread mutex unlock (&chopstick[cl]);
pthread mutex unlock (&chopstick[c2]);

void
get token ()
{
sem wait(&num can eat sem);

}

void
return_token ()
{
sem post(&num can eat sem);

}

ZDHLWEEFEL, £ 74+ —num can eat semZfEfH L T, FFFICEETES
PREDODANBEFBELET, EX 74— nun can eat_semid. HFEHEDAE LD 14
B4t NET, BFELLD ET DRI, HHEHEIT get token() ZIFUNH
L. $WTIZANA sem wait(&num can eat sem) ZFENH L ET, sem wait() DIER
HUIE. IO L8585~ 7 4 —OENFICE S £ THES &, ﬁ:“’(t?
T —DEZE1 %25 WTEBLET, WEHITEFEHKADE, return_token() ZI
UCH L., HWTZANA sem post(&num can_eat sem) ZFENH L £, sem post() 1d 1
%ﬁbﬂbf'ﬁ?7ﬁ“@{ﬁ%fﬁbi@_ ALy R7FIAHIE, sem wait() BL
Wsem post() DIEUNHI L ZFBF& L. HPE2BDRRICERELLD ELTWSE DT
TIE7RWE B L Ed,
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E-WY Rt T4 —I—F LU T BHEIIT, -1rt 2T Tdin philo fix2.c
ZANAIVT HHENRHDET,

din philo fix2.c 23> /N1 IV T BI2IF. ROAX > REMHHLET,

cc -g -lrt -o din_philo_fix2 din_philo_fix2.c

/%5 I din_philo fix2 D Z DH L NWEEFEEZEREIETTLE, EOHED
WHEBODKTL, N7 T LnwZ ENDLND ET,

ZDHLWNA U TERZIENRT D

collect -r deadlock -o din_philo_fix2.1l.er din_philo_fix2

KOKIZRT ELDIZ, din philo fix2.l.er DFEBRNS, ALy RYF I HFNE
Ty ROy 7 HEBENT Y ROv 7 HHEL TN ENbND £T7,

File View Timeline Help
JuLt.u;a:t 2 ¥ @ [ViewMode User | -] lind Text: | wE

Deadiocks Dual Source | Experiments ummary| Deadiock Details

Total Deadlocks: 0 Selected Object:

Name:line 104 in "din_phi
PC Address: = : 0000012
size: [0
Source File: (i _philo_fixi.c

Load Object: (<air,
Mangled Neme: |
Alses:

Metrics for Selected Object
5 Exclusive |

B
Deadlocks: 10 (100.008

ALy RYFIANRHBTH5AL Yy FBROAEY —FIDHTAPIOY A MZD
WTIEL A TAL Y B F I P TRBMESND AP 2L TS0,
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ALy RT7FZAYTRHESND API

AL w R7F 54 Hd, OpenMP 54, POSIX AL v R, BL U Solaris AL v R T
REESINDIFZEALEOBHERM API B IO ZRHBTEET. £EL. D
V= IWIA—F—EROFRMZRETERNED., 20X RFEMZRA LS
B, BT Y HRANRESNLBENDDET, LEZEF TECTUSFET

A—FRZEEENTEELLEAE Oy 7, 2OV =)L TIEEE#H TE X .

A1l ALy R7FSA4H2—H5—API

d— RIZA—TF—EROFRENG EN2HE. ZORMZET 52012, A

Ly R7FIATNYR— T 51— —APIZ 7OV TAICHALET., ZOK

HFNTHZEICE ST, ALy RYFIA VIR ZRHTE, SHRMoEzE

HOTEMTEETT, ALw R FFA T DL —H— APIId libtha.so ICEFK S 11
9, TO—EEROEIIRLET,

za1 AL R7F I Y 1—H—API

tha_notify acquire_lock() T AMA—Y—EHZOOy VERELLD T 5HE
AN R £,

tha_notify lock acquired() I—HY—EFOOw 7 NIEL < BS S NZEZICIEOHE
I

tha notify acquire writelock() TO7 T ANEZAAT— RTLI—F —EHEDFHHAI
D/EZAAOY 7 EBELELD ETHHEANIECHEE
KR

tha notify writelock acquired() HEXAABE— R TL—Y—EHRDFHAID /EZAH
Ow Z7PNIEL < BAEINZEZRITEOHEET,

tha_notify acquire_ readlock() 07 ADEARD T— R TL—Y —E&RDwHHL
D/EZAAOY 7 ZBAG L LD T 5HEANIENHEE
7,
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70

ga1 AL v R7F T4 Y1 —H— APl (FiZ)

tha_notify readlock acquired() MARD E— R TI—Y—EZEDFHAID /FH ZAH
Oy 7 MNIEL < BG S NZERZICEOHEET,

tha notify release lock() A—H—EFXOO Y 7 235 AM0 /EZAADOY 70
PR S N B ERNIE T E T,

tha notify lock released() I—Y—EEOO YV £235m A0 EEAB Oy 7N
IEULSBBREINZERIIFNHE £,

tha_notify sync post begin() I—H—EFKORFFMPNETF S NDERNIITFOHE £
EP

tha_notify sync_post_end() I—HY—EROEEFMNET S NLERICFOHE E
KR

tha_notify sync wait begin() I—Y—EHROREFEANET S NDERTICITFOHE £
ER

tha notify sync wait end() I—Y—EROREFNET S NZERITTFOHE £
KR

tha_check datarace mem() T HEERHBOETTIC, BESNEZATY—TOy

NOT VR AZREELBERT L2 ALy RS
A HIHRLET.

tha_check datarace thr() T HEAMBOFETHIC, 1 DU EDAL Y RiTkd A
BT A ZERELZIEHTLZEE2 ALY RY T
FATIHRLUET,

C/IC++/N—23 > & Fortran/N—273 D APIDHABEINTNWET, FNZFND API
IR UIZE—O5I % ID Z2HD, ZOMEIZERRA T 7 b & —FIH#HILET,

C/C++/N—a > @ API Tld. BIEOEII vintptr t TH D, ZTHUI3R2E Y b
E—RTIZ4NA FE, 64EY FE—RTIZ8NA MRIZARD ET, API 2T
& ZITId. #include <tha interface.h> % C/C++ / — A7 7 1 VITBINT 46 ENH
DE9,

Fortran /N—3" 3 > @ API Tld. BIE DT tha_sobj kind DEETH V. Zid 32
Ey hBXUP6aEY FE-RT8NA FRIZAEADET, TO/N—23 2D API 2T
OH 9 & Z12id, #include "tha finterface.h" % Fortran ¥/ — A 7 7 -1 JVIZEBEINT %
WBEIRH D ET,

ATz R —BIGENEINS LS, 51O D ICREHA 727 hZ &I
B2l THILENHDET, 2T 1D04HEE. Fifl+ 7o r
FO7 RLADEZIDELTHEHTAIETT, KOI— RHITIE, APIZEHL
Tl T — o mazEld 2 5iEERLTNWET,
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A.2

A.2.1

i A-1

ALy R F I API 2 L CRRAID T — & O E Z [EEd % B

# include <tha interface.h>

/* Initially, the ready flag value is zero */

/* Thread 1: Producer */

100
101

102

103
104

data = ...

pthread mutex lock (&mutex);

tha notify sync post begin ((uintptr t) &ready flag);
ready flag = 1;

tha notify sync post end ((uintptr_t) &ready flag);

pthread cond signal (&cond);
pthread mutex unlock (&mutex);

/* Thread 2: Consumer */

200

201
202
203

204
205

pthread mutex lock (&mutex);
tha notify sync wait begin ((uintptr t) &ready flag);
while (!ready flag) {

pthread cond wait (&cond, &mutex);
}
tha notify sync wait end ((uintptr t) &ready flag);
pthread mutex unlock (&mutex);

= data;

I—HF—APIIZDWTIE, libthaB) DX Za 7 I R—=J 2SR LT 7Z 30,

S D Z DD API

DBEOHITIE, ALy R7FIATDNEHMTHAL Y RAPLIZDOWTHEL <#BAL

ESCIN

POSIX XA L v K API

5D APLIZDWTIL, OracleSolaris RFa2 X b [ IRI)LVFAL Y RoTOy
FIT1 ] EBRLTLESI N,

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

A.2.2 Solaris X L K API

INH5DAPLIZDWNWTIL. OracleSolaris RF a2 XA+ [ IRILFAL Yy RoToy
FI271 1 aBRLTEIN,

mutex lock()
mutex trylock()
mutex unlock()
rw_rdlock()
rw_tryrdlock()
rw wrlock()
rw_trywrlock()
rw_unlock()

thr create()

thr _join()

cond signal()
cond broadcast()
cond wait()

cond timedwait()
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cond reltimedwait()
sema_post()

sema wait()
sema_trywait()

A.2.3 AE =2 ZHZTAPI

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

AT —ED Y TAPLIZDWTIE, mallocBC) DX a7 I R—J 2B TL 2
Iy,

A.2.4 AE ) —#1/EAPI

memcpy ()
memmove ()
memchr ()
()
()

memcmp
memset

AT —EAE APLIZC DWW TR, memcpy(3C) DX a7 I R—J 2SR TL7Za
(/)o

A.2.5 X ZF5#:1E API

strcat()
strncat()
stricat()
strcasecmp()
strncasecmp()
strchr()
strrchr()
strcmp()
strncmp ()
strepy()
strncpy ()
stricpy()
strcspn()
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A.2.6

74

strspn()
strdup()
strilen()
strpbrk()
strstr()
strtok()
SCEHNENE APLICD W TR, strcatBC) DY a7 I R—TJ2ZBLTLZEI N,

OpenMP API

2Ly R7FIA4FE, NXUT—, OvZ., Z7UF ¢ IV, Reln (7 b
2w ) K. taskwait 72 £ D OpenMP [RIf 2385 L £,

ML, TOracle Solaris Studio 12.3: OpenMP APl L—H— 7o K] 2L T<ZS
W,
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¢ o0 & B

ZIZMIDE B

ZOMEITIE, ALy RYFIATEMHHTLEEOE Y PRI NTVET,

B1 77U —2 3O /X)L
EREEONERNC Y T r—23>2 28IV T 57200k >

s YIS a U NAF Y ERERTEEEII g NNMTF T a  EFERLE
T, ZNZXD, ALy R FIATTT—YDHEDITESBERERETEE
TO

n TTUT—2a N FYBRETSEEIT, -x03 K DEWEELL )L T >
NAINLET, 21 TOEHZ, THFEREED. HERE2HONDITLS
ﬂ_ijﬂo

s AL R7FIA4HIE, B3R—2D TA23 AFEY—E]D Y TAPI] TRLULIZAE
—E0D 4TI —F > TEOAANEZLET, Y—HATN—=T3 > DAE
D—=EDYS T4 T IV 7 THE, BRAIOT—IHaNHmEINDEHE
NHDET,
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B2 T—¥HmatREAT 7UT—2 3 DA

EEREIREINET 21T, T OHEEREAT 77U r—2 3 > 23T 57200
ek

76

a8 A7 3 > -xinstrument=datarace "RIECTH 2T EZRT T
T—AybE—IN, AN INSFERINEES. ALy RV F I F%&H
A= L TWAERWEWN—= 3 > Sun Studio I > /51 T Z2FEHL TWET, fi
ALTWBIa2)81 TON—23 &, O 2R cc -Version E AT B R
TEET, ALY RV FIAPFEYR— T 2RbHENWN—2 3 21d. 2006 4F 6
AOHMD®HDTY,

RKITRT LI, T—FOHEOBMHEAINA FUNEHHIET N TV
&, collect -r race A~ > Rid, BH2RHRTFLET,

% collect -r races a.out
WARNING: Target ‘a.out’ is not instrumented for datarace
detection; reported datarace data may be misleading

mdYYREHEHAL T, tha) l—F OV L 2RI HIEICLD, T—%
OFEEGORHEAICNNA FT UG SN TNENE I NEHMTEET, AN
_tha THEZIN—F>NERSINZE, N FUEFEHIESNTHWET, #FiIHhH
WERDEBDTT,

V= A LX)V DEHH]

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

nm a.out | grep _ tha_

[71] | 135408| O|FUNC |GLOB |@ |UNDEF |__tha get stack id

[53] | 135468| 0|FUNC |GLOB |@ |UNDEF | tha src read w frame
[61] | 135444| O|FUNC |GLOB |@ |UNDEF | tha src write w frame

INA U L)L D EHHE

)
i)
)

i)

% CC -Xopenmp -g source.c
% discover -i datarace -o a.out.i a.out
% nm a.out.i | grep _ tha_
[88] | @] O|NOTY |GLOB |@ |UNDEF | tha read w pc frame
[49] | @] @|NOTY |GLOB |@ |UNDEF |__tha write w pc_frame

discover Zfif9 BI121d. Wi a2 /N\1 Tl 7 77

(-x01. -x02. -x03. -x04, -x05) CANINAFUZINAITHHENHD E
9, /%1 T, Oracle Solaris Studio 12 Update 1 LAFED U U —ZADHDTH 5

WENHDET, XL —F 4 27T AT Ald, Oracle Solaris 10 Update 5 F 72 14
OracleSolaris 11 LA E THHMHEMNH D XT, £ TRVLEEIE, RITRTLII
BENRREINDEGEENHDET,

% discover -i datarace -o a.out.i a.out
discover (warning): a.out has no annotations. Results may be
incomplete. See discover documentation for compiler flag/0S
recommendation

F=. NAFUNRTINA TF T2 3 > -xbinopt=prepare Z 1T T /81 )L &
NHEE, SPARCR—ZAD Y AT L TEITHOD, LARID Solaris /N— 3 > TH
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discover V=)V &HHTELZENHNET., ZOANATFH T a3 izD0
TIE, ce(1). ccl)s FHIFfo51) DX aTIR=TESRLTLEZS N,

B3 collect = ERL/=T7 TV —2 3 DERT

TEIOHEBRIUNT Yy ROy 7 e 57201, GHILAEY 7Ur—2a %
FEITTD7DDE b,

Oracle Solaris ¥ A T LT TR TOME/NY FINA 2 A M=)V EINTNWBE T & ZhE
BLET, collect AX > R, ROonSmWHE/NyFAE2—-ELERLE

9. OpenMP 7 7' U r—2 3 > OEA. libmtsk.so DEGHT/N— 3 2 INSET
@_‘0

-r race £7213 -r deadlock BIEMNFBEH I NBNENDI T T— A wtE—IN
collect NERRINEG. ALy RV F I F2HR—FLTWhanhEn
IN—23 2D collect 2L TWET, fIFAL TS collect D/N—T 3 >~
1¥. collect -Version AN REZANTHZEICL > THERTEET, AL R
TFIATEYR—-FTDHRBEVWN—3 13, 200666 HOHMDOHDT
S

RN, FETRFR O KR/ (50 f5PA b)) & A®Y —HEBEEOWMKZT IS
THREENB D ET, KON hT—Fty FEHTLIEICKD. EfTRH
EWOEED ERADIENTEET, £ ALy REEHESTZER

Lo T, ETRHZEHS TS LilAd LB TEET,
TF=AEMAaERNTAIE. TTU =T a MEEOAL Yy REFHALTWS
ZEEMRLUET, OpenMP D, AL v REUT, BREEZA %L OMP_NUM THREADS
Z, HIOA L w REITERE L. BREZAEOMP_DYNAMIC & FALSE IZEXET 5 Z &
WX THRETEET,

B4 T —HDIHEDWME

TF—YDEEDOWEDE > b

ALy R7FIA4TIE, BT T—yomaesRBELET, 77U r—2 3>
DOETREOEFET, FHINDEIANT 5ty NEAXRL—FT 4 2T AT LD
AT a—)NITE->oTREVET, B ALy K&, B3 ANT—%
v R Tcollect FCTY TUr— a3 2E T LET, £/ I—INT—FD
MAERHETA2F v O ABRKICT S0, B—OF—4tvy N TOEREE
NDRLET,

ALy R FIA4PE, B—0 70 AnSA URRRD2 ALy RETOT—4
OEaERELET, Rad 7O AR TOT -7 OBiaidMmiti LA,
ALy R7FIAHTR, T—YOHETTY VR AINLEROATZHmE L FE
Po TEIEL. 2DDT = DHAET VR AMTbNIY) — AT E#X. 20D
V=T TEBNEZAEN, SANSNTNZHET LI EICL-> T, 2RO
AR ZHHTEEXT,

{1828 - RICIDEV 77



BAT — 4 DB DIHE

BEICE-TIE ALy R FIA4HIE, 7075 ATERICITEEZ M7z

T DOHEAERETDHIENDDET., INSOT—F OFGITEMA &M
NEY, ZNTEFE, - —NRELZFEENEH SN G5, ATY—0
ALy RETUYA I EINDPEITEHIDET, 221 A Oy 7 2E
EITZ2FHTETUNI—-RIZEENDIHE, ALy R7FI1FIEINns0
FHARA > R 2B LEEL. ALYy R F I DL —H— APLICH T S IEN
HLZY 23— RIZHALT, 2P —ECRORPITOVWTAL Y RV F T4
FITEALET, #L<IE 36 R—20 NsBEBA BEIOSMERA ALY R
TFIAYTRHIBIND APL] 2SR TLZE N,

V—ALN)VOFHIZ#H L THE S N2T —F O ENA FU LX)V OFHH]
EHEALTRESNZT—YOHSIE. AU TRWEENHDET, N1+ L
NVOFHIDB G, TNSNT 07 I ANTEHNIZY > 7 3NTnws

M. dlopen() IZ&K > THICEHMNN TS NThNb BT, 55175 U I3
NWTWBEZEIZ, 774V TEHIIENET, V—ALX)VOFHIOHE. T4
T, FDY— AN -xinstrument=datarace T /N1 IV SN TWVWBEHEIC
DHAFHIETNET,
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