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14y R7FSAHERETI

1.4.1.2

1.4.1.3

1.4.2

1.4.2.1

T DEEERET 5720127075 LONAF) a— RZ2HHT 58
. discover W —JLTld. ATINA FUBZROEHZGEZ LTI 2 NAIVT H 04058
MH0ET,

n ARL—FT 4 2T ATLDIN—Ta B, A7z < &H Oracle Solaris 10 Update 5
% 7213 OpenSolaris version snv_70 TdH %,

= 12 /%A1 7 Oracle Solaris Studio 12 Update 1 EARED U U — A Tdh %,

» O8N T T T2 (-x01. -x02. -x03, -x04, -x05) DWTINMNZEMHL T
N5,

» TYDOHBEOWMERITAL Y RYF I YN — A3 — REfTHEGERERR
TEDHEII, -gAXNATF T a b EMTILEND D,

Fmo N FUMNRTA IS TF T2 3 > -xbinopt=prepare 7T /81 IV
2B BN, SPARCN—AD Y AT LTHEITH D, LARTD Solaris/N— 3 > TH
discover V=V EFRATEDZENHDET, ZOA/A TF T a DT
WL ce(1). cc(1)s FZIEfo5(1) DY ZaTIVR—VZSRL T ZI W,

HAEAT TV —2 3 CTRERE/ERT S

T—4 DA OB ERZIERT 2121, -rrace 777213 T collect X R

EZHEALT, 77U r—2a EETL. TOAOEGFHICEBRT—F Z2IUEL

F9., -rrace AT aEEATEE, BEEREILET—Y T 7 ADKR % IE
F—IMEAD ZENTEET,

T—IDHREICDNTORBRERERETT D

T OEEEHRETAEREZRFTAHICE, thadXY 2 REZ2FEHLET, 20ax
CRIZEKD. ALY R FIAVOT I T4 N A—F—A ¥ T —ANEH L
F9, er print AR RITA Y T2 —ABHFHATEET,

TV ROy O ERBTDIEODERET IV

Ty ROy 7 OHIZE. RO 2 DOFNENKETT,

1. 7w ROy 7 BHFEBROIER
2. 7w RO 7 EBFER OB

Ty ROy I ERBETHEODEREREZIERT S

Tw RoOw 7 ERZERT 51213, -rdeadlock 7 77 24T T collect AX >
REFHLT, 77U —az2EFL, 7O A0EFHICERT—F 2 [N4E
LET, -rdeadlock 7 a > &2FHLEZESG. KEFz—2 2RI 20v 7D
REEEOY 7 OERNMNET—FICEENET,

BIE . ALYy RTFSAFETOREICDNT 17



15ALY R7FSA4HDA 571 —R

1.4.2.2 Ty RAY I DRBERZIRFTT D

Ty ROy 7 2Bl 2EREMHTTHICF, tha XY REFEALET., Zoav
PRIZED. ALY R FIATDT T T4 N AI—Y—A 25 T 2 —ANEH L
KT, er print AN RIFA 2 F T2 —ABMHATERT,

1.4.3 T—YDFREELIOTy ROy I =RHET 5728
DERETET I

T=AOHEET Yy ROy 7 ZRICRET 2121, 15X—20 (141 57— D
BERHETH-OD0FEHETIV] THH bfi_390)$llﬁ HENWT—& OEG E BT
L. -rrace,deadlock 7 77 Zf}}7z collect AN RTY FUr— 3 > 2ETL
9., InTHEaREET Yy ROy ZBHOE DT — & INERBERICEENE
9,

15 ALY RTFSAYDA 54T 1—R
2Ly R7F o514 FIEthaIX > RCEFTAHIEMNTEET,

ALy R7FIA4HNE, RIVF ALy ROV T AORFENTRNHICERGHS 117z /8
71~7>x7f?4€®4y&7:~x%ﬁmbfmi?°ttb INT F—%X
AT FIATOBEEDY TORDDIZ, 3G (Races)] « [Ty Row s
(Deadlocks)) « [T =27 )L —Z (DualSource)] . [5i& DM (Race

Details)] « 5w ROw 27 O (Deadlock Details)] EWD ¥ TNERINE

EDS A7ﬁ ROATFIATZEHEHLTIVF ALy BT 0T 5 LAOEBERZE
FARDLE, TIOBREGET Y RO I DHDy TEEHIT, B
(Functions)| . [FEOVH U Je-IEONH U S (Callers-Callees) | « 7t > 71
(Disassembly) | 7REWERNE/NT =R AT T IAVICHBHY TINFERINET,
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B 2 B

T—YDHmeFa—bUTIL

ZOEF. ALy RYFIATEMHL TT—Y OMa el LIEIEY 5 HiEzs
Safll7aF 2 —hU Y ILTY,

ZOFa—hbUTIVE, ROEHNSHERENTNET,

19R=TD NRAIT—=FDHEEFa—bITIDI—ZAT 71
23R—=TD N2ALY RYFIATEFRHLZT—5 OG0 %]
27 R—=TD 23 EEIERICONT]

33R—=TD 247 —5 DS DFEKDZ MW

37 R—TD 2.5 B4

39 R—=TD N6HEDTNT—5 DFE

2.1 ?—&@ﬁé%z—hU7w@y—z774w

2.1.1

ZOFa—hIUTITE, T—FOBEEaARE 20T I LEMHALET,

. %@®7D77Ai$§%ﬁ9ﬁi?o;®7D77A@C§%T¢Wé
. OpenMP i TSN TNWET, V—A 7 7 A )T prime_omp.c EIEIE
NEJ,

n 2BREOTOT T LBFKRERDT. CEBTERINTVET, =72
L. OpenMP fEF TId72< POSIX A L v RTHiFfbENTWET, V—AT 71
JUd prime pthr.c EFEIZNE T,

F—FDHREF2a—bUTIDY—RT7AILD
AF

ZDFa—MITIVTHAZINSY — A7 71 )L, Oracle Solaris > A 7 ATl
/opt/solstudiol2.2/prod/examples/tha (2. Linux & 7z213 OpenSolaris 2 A7 A Tl
/opt/oracle/solstudiol2.2/prod/examples/tha {2 0D £, FllL. prime omp HBL N

19



21T =9I DHEEFa—IUTIDI =T 74

prime pthr 7574 L7 NUIZHVET, HlzEALEET 4 L7 MUIZIE, FEIC
BI9 % DEMO 7 7 1 )L & Makefile 77 IV 1 DT ODHDETMN, ZODFa—hKU7T
IWTIIEDOFIEZBE L. Makefile BFEHL EH L. RDDIT, I~ > RZE[EHIC
EITLTWEET,

ZOFa— MU TZIVZIR->THEEIT BT, BlaGAulET L7 NUNS
prime omp.c & prime pthr.c 771 I)V&. BIOT 4 L7 FUICOIE—F %M, HHT
Ty AIVEERL, ROOI—RFYAMNSI—RE2aE—-LTLEE 0,

2.1.2 prime_omp.c DYV —XJ— R
prime omp.c DV — A d— RITRITRT EBD 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>

OWoOoNOOUTEAE 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 i;

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 (!pflagl[il)

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)
34 |

35 int i;

36 int total = 0;

37

38 #ifdef OPENMP

39 omp_set dynamic(0Q);

40 omp_set num_threads(THREADS) ;
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21T =Y DHEFa—hITINDY—RT 74

2.1.3

41 #endif

for (1 = 0; i < N; i++) {
pflagli] = 1;
}

#pragma omp parallel for
for (i = 2; 1 < N; i++) {
if ( is_prime(i) ) {
primes[totall]l = i;
total++;

}

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

N, total);

return 0;

prime_pthr.cDYV—XJ— R
prime pthr.c @Y —A 11— RIZKRITRT EBODTT,

Woo~NOUT,A, WN

/

3
* Copyright (c) 2006, 2010, Oracle and/o
* @(#)prime pthr.c 1.4 (Oracle) 10/03/26
*/

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

#define THREADS 4
#define N 10000

i
i
i

i

{

nt primes[N];
nt pflag[N];
nt total = 0;

nt is prime(int v)

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

for (i = 2; 1 < bound; i++) {
/* no need to check against known
if (!pflag[il)
continue;
if (v % 1 == 0) {
pflaglv]l = 0;
return 0;
}
}

return (v > 1);

28 . THDBHEETFTa—bUTI
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21T =9I DHEEFa—IUTIDI =T 74

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] = 1;

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 S LN prime_pthr.c TDT—F DERE DR E

J— RICHERENAE EN, FTT 5T L4 OFIRERMG SN HBE. A€
U—=7 27 C ADNEFIERE > THERE A,

B2 S IV LU TEITTESDT, prime omp £7/=13 prime pthr ZHEITTH T &
2. O—RHNOT—FDHEAITI o TR ERRBIFELEERNEL D Z 050D
MOET,

ROFIT, KFOAY > REASLT, prime omp 70T T L% )N IVUETL
E
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2Ry RT7FIA Y EFERLET — Y DHREDIRETIE

o°

cc -xopenmp=noopt -o prime_omp prime_omp.c -1lm

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: 1229

ROBIT, KFOAY > RZ2ANLT, prime pthr 707 T L% )81 )L UEST
L%E9,

o°

cc -mt -o prime_pthr prime_pthr.c -lm

./prime_pthr
umber 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

o = o° of

BT IAEIEETFTLUEBENFFEL TSI EICEELTLEE N, FFEL
FRERNERINDET, AU ET OV I LAZETTOINENSIHEEHHD X
—g‘o

RIZ, T=FDHEENEC TWAMEEZFETESLDIT, I—REFHIL. £
ZERRL 7,

22 ALy RT7F AP ZERLAET - DEHaDRIE

2.2.1

ZLw R7F 514 HId. Oracle Solaris Studio /N7 4+ —~X > AT FIAYNMEHATSH
DERU NEE-HT BEFTIVITRENWE T,

ZALw RYFIATE2FHT 2. KO3 DOFEZITVET,

1. 23— 221 3—RZEHIT S
2. 25 R—TD 222 F =Y DOEEOMEERZERT S ]
3. 26 R—TD 23T =Y OHEEDMREFEBRZRIET S

O— RZiHAl9 5

TOT S ATT—YDEEOBREETREIZT 51213, FEITFHICATY —T7 V2%
T 20— RE2HSNUOEHIL TBIBKENHD I, ZOHINE. 77V
F—a ) —AdA—RIZfTFHTEDH, FED Oracle I 2 /81 T 7 77 O
AN ENTNWA Y T r—2a N FIIZFHZEHTEET, 20D
Fa—hMUTIVTIE, 7OV T LZFHTDMEAEDAY v ROFEHLHiEZRLE
9,

F2E . T—HIOHmEFa—MUTIL 23



2Ry R7FSAYEFERALLET -5 DBREDREAE

2.2.1.1

2.2.1.2

24

V—AOA—RZEFHATS

V=2 d— RZHAT 21213, e a2 /81 9473 3 > -xinstrument=datarace
EHoTCTT T r—2a 2 NIV TBHERHDET, ZOF T g

., T OEAEOKREMAICARLZI—-REZFHIITALDICa /8 FITfRL
ESCIN

-xinstrument=datarace 2> /NA 4 T a %, 7T L0281 IVICHERT
HHEOL T aty MZEMLET,

¥ - -xinstrument=datarace 2> T/ OV I A% /)N1 IV T 5 EEITIE. 47T -g
FT72albiEELTLEZI N, 7FHI1TOEEIEEHNTT 5720 OB NEHR
MERSNET, T—FYOBREGOMEAICTOY I LZ 2T 2 EEIT
& mERREEEIEE LIRNWTL< 7231, -xopenmp=noopt Z ffi > T OpenMP 7 I
TIL8ZANAIIVLTLES N, mERRELEZERLZLE. THE5COH
LAY w775 E, MG INERDEE S TSI ENHDXT,

ZOFa—RMITPIVHICY —Ad—RZ2EHAIT 2T, KOO REFHATEE
—g‘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

BITIX, NAFUDNEHIEANA FU THDZ ENDONLEDIT, HhT771I)LD
KEBIZ inst EHEIN TSI EITERLTSZS W0, U iM\/E'C B RIN=Sc
/L/O

NAFYD—REERTS

V—ZAd—RORb0ic7ar I LADO)NAFY dI— REFHAT 51213, discover
V=)V HTDIHENH D ET, 2DV —)LIE. Oracle Solaris Studio 125 &
1. discover(l) DX =2 7 )L X— & [Oracle Solaris Studio 12.2 Discover 35 & T8
Uncover T—H—ZX /A R THHINTWET,

A FYUEHHOEMEITDNTIE, 16 R—2D INAFULX)VOEHE 28R T
<7ZEWN,

Fa—hrMUTIOFETIE, KOOI REANLT, bl N)V3Ta—R&2a
>INV L. discover THATE SN+ U EERL £,

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

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

HWT, discover &, fERL L7z prime omp opt BX W prime pthr opt Fidfbik /N1
FUTHEITLET,
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2Ry RT7FIA Y EFERLET — Y DHREDIRETIE

2.2.2

% discover -i datarace -o prime_omp_disc prime_omp_opt

% discover -i datarace -o prime_pthr_disc prime_pthr_opt

INS5OaY > RIZEHAE A/NA1 F U, prime omp disc BE WX prime pthr disc Z1E
L ET, ZNS5DNAF YU % collect THEALT, ALy RYFITA Y THRIET S
EEREERTEET,

T DREDREREREERT D

-rrace 777 &M T collect AX Y REFHL TCTOV I LZETL., TOEA
DFETHIZT —F OHEDOMHERZIER L £9 . OpenMP 7107 T LADHE, #
HAESNDAL Y REN 1 XD KRENWZ EZMHRBLTLEZSW, Fa— M) T7ILOH
T4DDA Ly ROMERAESNET,

V—=Ad— RZHI L TERLUZZNA FU NS ERZERT 2121, ROA Ly R
ZHALET,

% collect -r race -o prime_omp_inst.er prime_omp_inst

% collect -r race -o prime_pthr_inst.er prime_pthr_inst

discover W —JV &AL THER L 72NA FUNSEBRZERT 5121, KD
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 5 EEMEZED D121, -rrace 7 T 7 FFE T collect 218
LT, #EOT—YOHEDMEFEREIERT DI E2BHOLET., ERIT LI
B2 ALy REERBRZANT—YEFHLTLIIZE 0,

=& Zd prime omp.c Tl&, AL v REUIRDITTHRESINET,

#define THREADS 4

TD4AE1TXIDREBMOEBEE (72 ZIX)ITEZDE, ALy REELEHETEE
—d_o

prime_omp.c DRDFTIF. 2~3000 DEHEZMINTLHLIICTOT T LZEHIBRL £
ER

#define N 3000
NOEEEEL THDOANT—FEEETDHE, 707 T AMEEREZHEBTEET,
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2Ry R7FSAYEFERALLET -5 DBREDREAE

2.2.3

2.2.3.1

2.2.3.2

26

T DEDREREBRERILT 2

ALy RYFIAF, NTH—~X AT FIF7A4Y, er print L—F 4 U

T4 T, T—HYOHEORBFERERIETEET, ALy RYFIT14HFBIUN
T3 —XATFIAFRBEELHGUIAM Y T —A%xERLET, ALY RY
FIAFIET 7 I FOfEE Y ROy TEFERLETH, TNLININT 5+ —<
AT FIAFERLTT,

ALy RT7FSAYZERLIET - DHERBROERT
ALy BT F 54 FEMAT 510, ROV REANLET,

% tha

AL w R7FSAYFGUIIZ, AZa—N—., V—ILN—, BIOKEERHDOY T
EEONEXETHERINET,

EROXEIZIE, T 74N TRO3DDY TINERREINET,

s (58 (Races)) & 71T, 7D77Aﬂﬁtﬁézh717 Y DEa s, BEEY B
DCHLAZ T FL—AD—BENEREINET, TIHINFTIOY ITNERE
NTWET,

] rT:LY)I/‘/ A (Dual Source) | % 72 ?RL/KT Y DEED2DODT Y
IS 52D0DY — X@ﬁ%f}\ﬁi‘éhi'ﬁ— T DEET 7 AN

%f:‘/*‘XﬁﬁWﬁ?ﬁ%iﬁéﬂi?

» 2Bk (Experiments)| ¥ 71Ci3. EBRTOO—RA TP/ "ARFRIN, T
T—BIOEEAy—N-ERRINET,

ALy R7F I FEEOAMXENZIE, KD2DDY TNERINET,

(2 (Summary)) ¥ 712Id. (56 (Races)] ¥ T TRIRLIZT—F DHET U

B9 A E RN T RINE T,

s [EEE O (Race Details)] ¥ 71213, [5G (Races)] ¥ T CRIRLIZT—F D
BOERIEINRHLASY v 7 FL— AT 2B RN EREINET,

er print ZfFA LT — I DHERBRDRIRT

er print =7 4 UT 41X, ARRITA2F T2 —AZERRLET, 12857
T4 Ty arTer print I—T 4 UT 4 Z#HALT, vy a ficyryaxw
PREEELET, ORI A T a B HHALT, 12550574 T ThW
ETHY 7O RERETEET,

ROPTAR 2 BIE, er print I—F 4 U T 4 THAZHARD EZITRIEET,

®  -races

ZHUT, EBRTHOLNI R T—YDHEaETNTHRELE T, (er print) 7
027 N Traces CFET DM, er print AX > R{TT -races EHFEL T
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23RERIERICDONT

2.3.1

-rdetail race_id

ZHCLD. BE Lz race_id R DT — % OH AT 52BN T RI N
F9, (er print) 7027 NT rdetail ERET S0, er print X > RfTT
-rdetail CHEEL F T, HBE Lz race_id Mall DHEHA, IRTOT—Y DHAEIT
BT 25 MEMMNERRINET . TNLANTIE, BRIIOT—FOHaEERT 172
EQH—-DHaRTEEEL T,

-header

ZAUE. EBRICET B REFRRL,. IXRTOLI—FI3EEZREL
9, (er print) 7027 N Theader EIEET D0, I > RITFT -header &EFF
EFLET,

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

23 EERERICDNT

ZOHITIE, er print ANV RfFEAL Y RYF I Y GUIDOH FEFEHL T, &
HUETF =Y OHaTNZEIUCET 2ROIGHREZFZRT D HIEICOWVWTHIL F

ER

FT—H DHED—EDID,

T = OHBEICBEEAMAT SN AAEY R LA, vaddre EEOKRIEY KL ZA0dH
585513, TMultiple Addresses] DT X)L INFEIMICHEN TERINE T,

2DODRBBHAL Y RIZXKBIET R Avaddr N\OAEY =T V¥R, 77+
A DFEE G A F2IE3EZIAL) OEFN, B, A7ty b BRUET 7L
MMTbhN/zy —Ad— FNOITHESNERINET,

T— OEEICBEEMT S NN LAY v 7 R — 208K, &ML —X
3. 2DDT =Y DFEET VB ANMTONZR ST, ALy RIFRHL A v 7
DlEZHL T, GUIZHEHL TWAHE, lxDIFOCH LAY v 7 L —2A
BERTDHE, 2DV L ALY w70 [56 OFEM (Race Details) | % 7125
IRENET, er print T—T 4 UT 4 ZHHAL TWBESE. rdetail A > RIT
EOo T2 LAY v IV INFRINET,

prime_omp.c CDT —4F Digad

prime omp.c TOT—F DHFEZEFRDITIL, 25 R—TD 222 T =% DG OB
EEREERT D] TERLIZWTNDOOERZMHEHTEET,

er print Toprime omp_instr.er EBROT—% OBAHEREFRT HITIE. XKOOY
> REANLET,

% er_print prime_omp_inst.er
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(er print) 7027 N Traces EANTEHE, ROXDIBHINFERINET,

(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)

ZOREDT O T AFETHIZ, 2D0T—F 05N ECE L=,

ALy R7F AP Tprime omp inst.er EEFERZH I, KOO REAN
L\ij—o

% tha prime_omp_inst.er

RDAZ ) —>ay M2, ALy RYFIAFICERI Nz, prime omp.c TH
HENEZHEENRINTVET,

2-1 prime omp.c THMHINZT—F DA

= Oracle Solaris Studio Performance Analyzer [prime_omp _inst.er] -ax
File View Timeline Help

l" TE @S EE @ ViewModes User [ -] |Find Text: T
Races Dual Source Experiments OperMP Parallel Region OpenMP Task Summary Race Details

——

Total Races: 2 Data for Selected Race
Race #1, vaddr :0x21cas av
Access 1: Write (172 -- 1 callstack Trace
n "prime_omp.c vadar: (21
Access 2: Read,
n "prime_omp.c" Access 1

b Total Callstack Trac
[Race #2, Vaddr :(Mult
Access 1: Write,

resses)

"prime_omp.c"
Access 2: Write,
n "prime_omp.c"
b Total callstack Trac

Access 2

e, line 23 in "prime_omy
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prime omp.ciZld. KD 2DDT—FDHEESMNRINTVET,

= Race#113. 1726 TORIE is prime ITBIF B EEZIAAL L, 1723 TOR U
F5H5A0 E0FGERLTNWEY, V—Ad— l\’i‘ﬁé&‘ s ofr
T, pflagl ] BEFIMT 72 AINTWBZENDONDET, ALy RV FI7A4HF
T [F27)V— A (DualSource)] ¥ 727 Uw I dBE, WMHOTFHEFTTD
V—ZAdA—R&E&EDIZ. I—ROEEEZZITITTOHRET VAR ERT AL
1 ‘77%%%‘5: ulufé'gf‘—d—

= Race#2 I3, main BAEDIT50 ND 2 DDOEZAABDHE S Z L TWE
9, a7/ —A (DualSource)] ¥ 7% Uw 73 5HE, 1750 D primes [ ]
BEFIDEIZ Y 72 AT HEEEIOATTND D EMbMND T,

Race #2 1%, A4 primes[ ] DEBRLZEETHE U T Y DHED I —T%E2FEKL
F£9, ZAUL. Multiple Addresses EFEIE S 417z vaddr T/RS N E T,

ALy R7F 45D 527 ) — A (Dual Source) | 5’7'@1 F—5 DA
BT 6Nz 2D0Y —AMEZFARICHERTEET. Z&XE THE
(Races)| % 7 T prime pthr.c I Race#2 Zi#IR L. F\ T |—‘T:!_7)l/‘/’—;<(Dual
Source)] ¥ 7 &I LET, ROLDICERINET,

®2-2 prime omp.c THMHEINZT—FDHEAEDY —ZA2— R

= Oracle Solaris Sludio Performance Analyzer [prime_omp_inst er] -ox
Flle View Timeline Help
|soceams @76 VewMde User | -] |Find|Test: " Cla ax
Races Dual Source Experiments OpenMP Parallel Reglon OpenMP Task Summary [Race Details
=Race | source File: prime omp I Data for Selected Race
Accesses x:;e.:: File: /home ters/SolStudioProjects/tha-tutorial/prime dbav
Load object: <prime nm| u—at
33, + no need to check against known composites * ld:} 2 -- 1 callstack Trace
3 23 it H:flag[i_“ Vaddr: (021028
4 continus; Access 1
a 25: if (v % i o==0) |
Type
oz ma=n
0 2T return 0; 1= prime, L1
28.
o 29. 1
0 aturn (v >
0 P, H
T T i}
ZRace | source File prime am .
Accesses L]E:‘t Pile: Lhonesteaters/sol tudioProjects/tha-tutorial/prime
Load object: <prime omp inst> =
2 = Access 2
[ 1s. int bound = floor (sqrt(v)) + 1; -
5 Type: read
0 21, for (i = 2; i < bound; i++) |
22 /* no need to check against known composites */
B
0 24, continue;
0 25 if (v % i==10) |
3 pElaglv] = 0;

Erb- [527)Y—Z (DualSource)] ¥ 7 DEX— T 1§67 7€ (Race
Accesses)| A NV w 7 Z2FERTBHITIE, & —ANFINDAY Y — LI T A% R
T TTHHLENHDET,

28 . THDBHEETFTa—bUTI
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2.3.2

30

prime_pthr.c TDT —% Dire

prime pthr.c TOT—F DFHEEZRANDIZIT, 25 X—2D 22257 —% DFiE DMK
HEBRZERT 2] TERLZWTNDOEBRZHEHTEET,

er print Tprime pthr_instr.er EEDT—% OFGHEREFRRT HITE,. Xoav
> REANLET,

% er_print prime_pthr_inst.er

(er print) 7O 7 KN Traces EANTEHE, ROLDIBHINFRINET,

(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: 0xffbfe714
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)

COREO IO I ANETRIC, A DT =Y OEENECE LT,

AL w RYF 4 Y Tprime pthr_inst.er BEFERZBH <ITIE, KDY RZEA
HLET,

% tha prime_pthr_inst.er

KRDAZ ) =gy MZld, ALy RYF T4 HFICEKRSI N, prime pthr.c T
BMHEINEZHESNRINTVET, er print TRSNEHSERUTHD Z EITHE
BLTLEZ Y,
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R2-3 prime pthr.c TR S N/ZT—% OHS

File View Timeline Help

Total Races: 4

|s=os@a=s = v el vewwds User [-]| |Find Text:
Races Dual Source Experiments OpenMP Parallel Region OpenMP Task

[race #1, vaddr :(Multiple Addresses)
Access 1: Write, is_prime + 0x0

line 27 in
Access 2: Write, is prime + 0x0
line 27 in "prime_pthr.c"

b Total Callstack Traces: 2

ace #2, vaddr :0xffbfe714
Access 1: Write, main + O0x0000025C,

line &

Access 2: Read, work + 0x00000070

b Total Callstack Traces: 1

€0 in "prime_pthr.c"

line 40 in "prime pthr.c"

[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"
b Total Callstack Traces: 2
[race #4, Vaddr :0x2lag0
Access 1: Write, work + O3
line 45 pthr.c"

Access 2: Write, work 8,
line 45 in "prime pthr.c"
[ Total Callstack Traces: 2

Summary Race Details|

Data for Selected Race
dbae
o
:[2/4 -- 1 callstack Trace

T
Access 2

prime pthr.ciZld. KD 4DDT—HF DHEESNRINTWET,

= Race#1 &, 1727 TORE is prime ITHBIF 5 pflagl ] BLFINDEEZALE, [FHU
fTTD pflagl 1 NDOHDHEZIABEDT —F DFAE T,

m Race#2 13, 1760 TDmain() ICHBITBDi VNI ATY —MENDEZAALLE, 1T

40 TD (work() IZBTF 5 *arg EWNWID) R U AETY —fi 56D

DHAETT .

BAMD EDT—4

m Race#3 . 744 TD primes[total] NDEZAAL L, [FUFTTD primes[total]

NDDEZABLEDT—YDEETT,

= Race#4 1. 1745 TD total "NDEZAA L, FUITTD total NDH|DEZIAH

EDT—HDHEETT,

Race #2 Z I L 728412 T2 7)) — A (Dual Source)] ¥ 7 %7 U w7 L=
G, ROAZY—=22av hDOXIIT, 20D —ANMENFERINET,

B2E . THIDHEEFa—UTI
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2.3.3

32

K24 T—YDHEEDY—AT— R

= Oracle Solaris Studio Performance Analyzer [prime_pthr_inst.ef] - O X|
Flle View Timeline Help

|soc®o®e 7@ ViewModsUser | ~| |Find Tex: Caas
Races Dual Source Experiments OpenMP Parallel Region OpenMP Task Summary Race Details.
< Race |source File: prime pthr.c I Data for Selected Race
Accesses | object File: /home/testers/SolStudioProjects/tha-tutorial/prime ADav
| Load object: <prime pthr inst> -
[ 56. for (i = 0; i < H; i++) { M:l2/4 -- 1 callstack Trace
] A%, pflagli] = 1; Vaddr:/0xfebfe714
e ik ) Access 1
59.
s [e0. for (i=0; i <mmERDS-L; i+ |

0 6l. pthread_create (stids[i], NULL, work, (veid *)&i);

i = THREADS-1;

3

a 41. end = start + N/THREADS;

a 4z. for (i = start; i < and; i+4) |
Q 43. Af ( is prime(i) ) [

Race #2 DD T 7 & A1347 60 T, LEDO/NNFIVICFEREINET, 2HFBHD
7 7 21347 40 T, FEO/NFIVICEREINET, V—AO— ROLEHM

IZ T35 72 A (Race Accesses)| A b U w 7 NEAZRSINET, TOARY Y
2. T TT—YDHa T 7 ANHRE SNz ERLET,

T—IDHEEOFUOHLRY v I ML—2X

ALy R7FIA4TD 86 (Race)] ¥ T T—EEZRINZT—YOHETEIT, 1
DEFITELZEDOIERNHE LAY v 7 L —ZANBEEMIT SN TWET, FFRHL A
Y3, THOHEEGERL, A—RNOFEFTNAZFRLET, [FEURHL A
5w/ kL —2A (Call Stack Trace) | 227 U w279 5&, HAUSHFILD [HEOFEM
(Race Details) | # 712, T—% D 2B <EEIFOHLNERINET,
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®2-5 prime omp.c DIFONH LAY v 7 b L —Z %R LT (86 (Races)] ¥ 7

Oracle Solaris Studio Performance Analyzer [prime_omp_inst.er] -ox
File View Timeline Help
l" %% & ® e E P @ | ViewMode User |; Find Text: -
Races Dual Source Experiments OpenMP Parallel Region OpenMP Task Summary Race Details
Total Races: 2 [ Data for Selected Race
Race #1, Vaddr :0x2lcas Leav
Aecess 1i mrite, is_prime, W2 - callstack Trace 2/2

,
Access 2: Read, Vaddr: 0xffbfestfc

Access 1

Type:fiurite

Access 2

=
Type:mirite

main, line 51 in "prime omp.c"

24 T—YDHEDREDZE

2.4.1

2.4.2

DT, T—F OHEEDRREZZET 2 AN TR DN THHLET,

;—ﬁd)ﬁﬁé\mnﬁ#ﬁ’fﬂf%éb\c‘f D EFIvY
%

BMBRAIOT = DEald. ALy R F I THRESINETTA, ERRICITE
o TWRWT—FDHETT. ALw RYF T4 B, ?ﬁi@‘én,f’\f[l@ﬁ’a?ﬁ
5D ERMAET, ZEL, VoIWNEMRY a TEITATIC. BRAOT—F D
BEERETAIHAENHD FT,

BRI DT —H DB IIAUDOT—Y DA TIIRLS, Lizn->Tr0r 5 ADE)
EICEELLVWDOT, ZOT—YOEAE ;J%T%i@"

BRRHT DT —& DS DOHFNZDONTIE. 37 X—0 2.5 B8MA %’Eﬁiib’CO"“
IV, LAR— IS EBRAIOT—% OEa EHIRT 2 HIEICDOWTIE, 69 X—
D A1 ALY RYFIAFIL—H—API] ZZRLTIZIWN,

T—YDIREDNEZEDTZNHDTHDINE DN %=
MEFR T 5

EEDLENWT—YOHEAE. BEL TV TH 7OV S ADERSIITITHEL NG
M7z —4 DEETT,
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—HOXINF ALy RY TUr—2 3 >Tld, T—YOHGZE25IERIITI—R%E
a0l @ﬁijbi@“o ;x;Jr WWESTT—YOBMAENGFELET SHD T, BIEIILEDHD
FRA. 2770, BHICEL-o TR, Z0L5d—RZ2ELLSETSIEDITITIHER
Iﬁiégbiﬁo J“thDT DI DONTITFEEESFARTLZS 0,

EEDLWEAIZDNTIE, 37 X—20 N5 28R TLFEI 0N,

2.4.3 T—Y DA TIZIHELSNTHIEIET S

ALy R7FIA4HIE,. 7OV I LANTT—YDOHEEGERDITDEEITHKIBEET
N, TR IANONTEHECE DTS, RONoT7—5 OHaDE
EHEERRTDHIEDTEERA, T—FOHESIT. NJTIZE>TELSEZED
HOFT, NVZRDTITEETLHZZENEETT, BITT—YOEAZEIOEL
EUTRELWY 7O0—FI2i372 59, DBEOT /Ny ZINES 5ICR#IC 75 TRtk
MHDET,

2.4.3.1 prime_omp.c TD/\NT DIEILE
Z Z T3, prime omp.c TONTZEETDHFEICOWTHHLET, TR 771
VDA RNZDONTIE, 120X—2@ [2.12prime omp.c DYV —Ad—R| | Z2&H
LTSN,

BAl primes| 1 @Eif@T YOG EHIBRT 572012, 1750 BX U511 %
critical /> a i LET,

47 #pragma omp parallel for

48 for (i =2; i < N; i++) {

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

50 primes[total] = 1i;

51 total++;
}

52 }

53 }

Fm, ROLDIT50BXLUN51 22 DD critical BV 23 JICBTIEHTEET
M, ZOBFETIE 7OV I LAEZEBETEER A,

47 #pragma omp parallel for

48 for (i =2; i < N; i++) {

49 if ( is prime(i) ) {
#pragma omp critical

50 primes[total] = i;
}

#pragma omp critical
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2.4.3.2

51 total++;

}
52 }
53 }

ALy R, BHa sy 7 2 LU T primes[ ] BEAIND Y 7 A ZHE L TWHWBED
T, 1150 BEU51 D aritical b7 23 L&k > TTF—Y OBEENWOBRMINET, /=
ZU, 7OV A3FEEELLDDERL, 2D ALy Rid, AICAFHEZFEHL
T primes[ ] DR CHEEZTH T HRIEEMENDH V. primes[ ] DERZOHIZIE, HEMN
FoLEDYTHENZNEDONELSA[EEENH D £,

1723 TD pflagl 1 MHDFAED &, 1726 TD pflagl ] NOEZAALED 2HZFHD
T —8 DEAIIRE S IR EZBN VDT, ERICITEEDRWVWEATT, HE
DIFNT—F OB DEFIIHETIIS D T8 .

prime_pthr.c TD/NT DIELE

Z Z T, prime pthr.c TONT ZEET B HECONWTHHLET, T2k
T7AILDY X MIDWTIE, 21 R—=TD [2.13prime pthr.c DYV —A1— R ] %
ZILTLZEI N,

H-OMAEHMtO Yy 72 FHL T, 1744 TD prime[ 1 DT—F D &, 1745 TD
total DT — ¥ DHEEZMORE £,

fT60 TOiNDEZAAE, 1740 TD (*arg EWVND)FI U AT U —LLED S DFHi A
DEDT—HFDFHEE. 1727 TD pflagl | DT —F DHiElE. BlLADAL v RITk
LEBINOHET V2 ACEENSH B ZEEHSMMNTL ET, prime pthr.c DA
AL w RiZ, 1760 ~62 TIL—T7DFAL v REMERL. B work() TEIMET 5 &
HININEZTA AN FLET, =T A >Tv 7 Aild. 7 RL A Twork() IZ
EINFET, IRXNTOAL Y RIZiICHLTRICA®Y —EICT 7 AT 25D
T, BALY ROLiDEF—BEOEETEHOERAN, WAL Y ROII—T A1
ST I AEWEOTENIBELET, HADAL Yy RAFU i DEZEFEHT20
T, T—YDOHENERIDET, MEZBIETS1DDAHEIL. iZ27 RL AT
<HETwork() IZJET Z & T,

KT, BIESNZN—2 3 > @D prime pthr.c /R L ET,

/*

* 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>

CoOo~NOULA, 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 1i;

57 pthread t tids[THREADS-1];

58

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

60 pflag[i] = 1;

61 }

62

63 for (i = 0; i < 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; i < THREADS-1; i++) {
71 pthread join(tids[i], NULL);
72 }
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2.5

2.5.1

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, ERICIZTOV I LANTEL TWRWT—4 OFG 2
THPENHDET, INSITBEBRAEITTEEINEFT, ITEAEOHE., BRA
13, - —EEOREMICE-> T, FREFSIETIEARAL Yy RTUSTIZILENS
ABY—IZLoTHIEREZINET, F#LIE 37— 51 I—HPF—FHED
FHl] BEO3R—TD N523FIERAL Y RTUTAZILENDAE
J—] Z2Z2RLTZ3 0,

A—H—FEDREEA

ALy R7FI4 Y, OpenMP. POSIX AL v R, BEL U Solaris A L v R THefhx
NBFEALEDEHERM API X ZRFHTE LT, /2720, V—Ilda—F—&
ZORZERHTET. ZOXORFEAMMNI— RICEENIGHE. BRAIOT—4
DMEEWRET D ENHDET,

F-ZOEIBERADOT—Y OBHEEMELRNKEDICTHEDIC, ALy RTF
FTAYFIZIE, - —EZDOREIPANEFTINZEEITY —IVITEAIT 272D H

TEH5—HOAPINHAEINTWET, #LIE, 69X—20D TA1 ALy RY

FTAHTIL—F—API] ZZRL T3 WN,

B APIZHHTH2UNENDH LN EHHT L7280, ROXHITELZTHE

Lide ALY RYFIAHIE, CAS@FEMHALZOY 7 DERE, EOo—RHHz
FRALZREBIOEEERER E 2R TE . KRIT, 7827 T LAMPOSIX A
Ly RIRREEE O —R e EREZRA L. BRAIDO Y T A D— R 7sF 2Rk L
EQCIN

/* 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 */

28 . THDBHEETFTa—bUTI 37



2.5 FR1& N

2.5.2

38

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() MECNH LIZ, 8%, YOI LTI —EblL WA

Ty ITMSRET D DICEEET A NT B —TNTITONET, BEBEOT A b
BLUOHEEF, Z< 0BG, HAHIO Yy 7IZXi> TRESINE T, sidOa—R
T, AL w R11317100 TE % data DfEEZ AR L. 7102 T ready flag DfE% 11
MELTT—HIMERINTNSZEERLET, HWT, pthread cond signal()
EIFOH LT, WEEAL Y RTHLIAL Y R2Z2IFNILET, AL v R21d
W—TNDikEE (ready_flag) T A ML ET, 7IITNREINTNWD I EZEMIT
&, 7205 TT— Y EHELET,

17102 TD ready flag DEZIAA LT 201 TD ready flag DaeAH DL, R UAMHA
Py 7 TRESNTWET., LN T, 2207 7 EAMICT —% OB&EIE7R
<V WV—IVRELLSE#LET,

7100 TD data DEZIAA L, 17205 TD data DaeAHH 01, A O v 712
Lo THRESINER A, 2L, 707502y 7Tl 7T 7% ready flag
D7=DHITIT 205 TOFABDITHIZ, 17100 TOZEZAARIITONE T, ZOf
R T—HINDINS2D07 VAT Y OHEEIECER A, L2

L. pthread cond wait() DFENH U (7 202) INEBRITITEITRFICIENH S s
G, V=L, 2007 VB AMTT =Y OHaNd 5 E®E L E9, 17201 NET
INBDRNAT 12 WETSINZHEBT, T2 0K f7aNb & V=TT UTA
MIEB L., 720213 AF Y 7EINFET ., V—)lid pthread cond signal() FEORH L
BEL W pthread cond wait() FENHI L ZEMH L. 2N S A AGDOE TR ZIRET
ZF9, 17202 T pthread cond wait() MIENH I N/ NWIEGE, 17100 TOEZIAHL
INHITAT 205 DF AR O RHTEITEINDE 2 ENY—)IViZiZbhDERAL, L

Mo T, INENFEMFICFTINTNSERARL, INSOMTT—¥ OBiaNE
CTWwas&HELET,

1ibtha(3C) DX Za 7 I R—=T L9 X—TD TA1 ALy RV FIAFL—H—
API] T3, APIZHAL T, ZOLIRBERHMOT—F DHEERELBRNVEDIC
T BHHIEIZDWTHHAL TWET,

SEIELBRAVY RTUBAIIILENDAEY —

—ED AT —FEHI—F L. DALy ROBIOAL Yy RTHATES L DI
R LIZATRY =2 YA IV LET, ALy R7FITAHFIL, BlADAL » RN
FHTHRCATY —MEOEFEMNELEL TN EEZRBFETETLVWEELRDHD
F9, INMEELEZIL, VIVTBRRAIOT —Y OHEEMETHIENHD
F9, ROHNL. ZOEOEBAZRL TWET,
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2.6

2.6.1

[Hemmem - */ [Hemm e */
/* Thread 1 */ /* Thread 2 */
[Hemmme - */ [Hemmma e */
ptrl = mymalloc(sizeof(data t));

ptrl->data = ...

myfree(ptrl);

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

ﬁ&%ree(ptrZ);

ALy B1EAL Y R2IEFFFFICETLE T, £AL Y Rid, 7914 RX—FAE

—IHHAIND AT —DF ¥ > 7 Z2E0HLTET, JL—F > mymalloc()
1Z. myfree() DLARTOMERH LICEK > TSN AT —Z2RMH{HTEET, X
Ly R2id, AL w K12 myfree() ZIFNHE T HIIC, mymalloc() ZFFONH L E
T, ZOHE. ptri&ptr2 3L DEZRD, 2D20A Ly RETT—% OHEIE
HEUERA, 2720, AL v K1 myfree () ZIENH L 7ZICA Ly R2 0
mymalloc() ZMEONH L7256, ptrl Eptr2 NF CEZERAS 2 ENH D ET, X
Ly RILIZZDOAFRY—IZT7 VA TERLBDLIDT, T—FDOHESITAECER
o 12720, mymalloc() MAEY =2 UHPA V)L TNWDE I ENDND TNRWE
B V=R, ptrl1T—Y DEZAA L ptrzijh‘y@%%i&&&@?ﬁy@fﬁé%
WMELET., ZOFDBEMBRANT. <D C++ 7 7V r—33 > T, C++ FEfT
B4 TS UMNMATY — 2 —EEHIC U*j‘/l'ﬁ)l/@—é&% WERIDETEZLIZ
LI, MEBOA®R) —EM) —F > a2RKEL 277U r—2a>THIEZ
DEJ, BE. ALy R7F T4 HF, EHEDmalloc(). calloc(). BLWY
realloc() T 7 7 T — A TEITINZATY —E DY THIOMRERIEE R TE
£,

EDITWNT—F DFRE

RIVFALy R TUr—2 g3 >0HE, NI —X O AZEDDZDITT—4
DG T B K uﬂﬁFT@_%%/\ﬁ)%Ui—g—o BEDLEWT—Y OB, FELT

WTHTOY T ADFMHESITIIHELTWERNRT —Y OBEAETT . KOH

m\%%@ﬁm?~&®%ééﬁbiﬁo

S&L@f;bw FOEEUNTH, KRERIVIADT S r—3>Tid, IEL

HEtTHONRRE Oy 7 7 =BT A b7 =TI T X LZFERLT
mémf‘?~&®ﬁé%%ﬂbi?OXVyF7f54ﬁm‘ZM6®77U
r—3a TDT—HDHEDOMNEE/RET HHEITHRIBET.

RHERRAOTOU S A

prime omp.c ND AL v Rid, B is prime() ZFEITTH I EITL > T, BENEK
MEINEF I LET,

2B . T—YDHEFa—rUTI 39
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2.6.2

40

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 (!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 ] NDOEZIAAELT 23 TD pflag[ 1 D
HD EOBICT =Y DHENDHH I EERELET., 2EL, ZOT—YOHL
1Z. BRI REREDOIERSICIIEELRVWOTEEDRVWHD T, 2317T. A
Ly RiZ, 501 OET, pflagli] R0 ICHELWNESIMEF v 7 L E

T, pflagli] N0 ICHELWHEG, i DBEHIOBRETH 2 (OFD., i TFEK TR
EONOTVNB)ZEZERLET, ZOHER, vINiTEDYNDIZNE SN E

F v 7T EUNENELBEDET, vRIWTNNDOZHTE D YNDNE SN Z1T%
FryvZTUIE<R0DET, LS T, pflaglil D0 IZEFEL WS, AL v R
i DROMICHEAFE T, pflagli] N0ICHEL <7<, vi TEOYNZEHE, X
Lw RiZ0 % pflagiv] ICEID B TT, vIOIERTRNWI EEZRLET,

EHESOBENSIT, EEOA Ly ROEU pflagl 1 BEEZ2F v 7 L, FRICE
TUCEZIADNESDNEFTEHETIEH D R A, pflagl 1 EZOHUHEIZ 1 TY., &
Ly RIZZOBEFREZEHITLHEEIC, 0DMEZEHDYTET, DX, AL v RiZZ
DEFZIIHLTAEY—DEUNA FORICEY Mo 2L X9, BHED
T—=FFT I Fr—TIE. ZOXIBHEMIARADTHDEHMET DI ENLELT

T, DED, FOEENAL Y RIZEX > THAMSND EEIT, AINSNAHEIT 1
MODELLEMIEDET, AL w Rid, 0 DEZE D Y THENIFHED pflagl | &
FZEF oy ITBEEAT23). f725~282ETLET. TORICHIDO AL v RINZE
DU pflagl 1 BRIZ0Z2EID Y TS S (1126). REHERIILZMLLETA. Z
UL, EARMIZ, RIIDAL vy RIOWRSLIEITFT 25 ~ 28 ZEIT L7200, Hmi&kERIZA
CTholl&xBWLET,

ECSEDRAIRILT 5705 5 A

ALy RDZ)V—"T7 check bad array() Z [RIKHZIMENH LT, A%l data array D%
FEN THES>TWS] NEINETFzv /7 LET. &ALy FEESIORZ L2
arEFzv I LET, ALy RiZ EENREE-> TWASZ a2t LS

B, TO0—=)NIVHELEE is bad DIEZE true ICFREL F9,
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2.6.3

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 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 DA D &7 112 TD is bad NDEZAAEDMICT—% D
BRHVET, 2EL., T—YOHRBIIERBEROEMIITEEL EH A,

is bad DFIHAMEIZ0 TT., AL v Ridis bad ZFHTHEZIC, H1Z2E0LTE
T, DFD, AL v R is bad ICH L TAEY—DRICNA FDELCEY MZ1

EHRMLET, BEOT7—FF7F v —Tld. ZOXIBBMIRINTHD M
ETHIENEETT, LENST, is bad DALy RTHAWNSND EZIT. #i
AWENBMEIZOM1IDEESENIT/RDET, ALy Rid, E12E DS TS5N5H]
IZis bad Z2F = v 79 BHE (17 108). for)l— 7 DEfTEMEL T, TORITH]
DAL ROVl 1% is bad ICEID B TTH (fr112). BEKFERIIBMLL B A, A

Ly RN for )V—7 2B ERFFFETLIZEVWD EIFDOZ LTI,

_ERBEINOv s AEEFERLAETOSS A

U R BEOEEOA T 7 NN, TV I AR T1IDUNEEL
Tk icLEd, —ERESNZOv 2L XIVFALY RS r—23 > T
U7 b RIS B R TR HETT, KO- Rid, Z0FERES
#EERLUET,

100 class Singleton {

101 public:

102 static Singleton* instance();
103 ce

104 private:

105 static Singleton* ptr_instance;

106 };
200 Singleton* Singleton::ptr_instance = 0;

F2E . T—HIOHmEFa—MUTIL 41



267 BDITNT—Y DIRE

42

300 Singleton* Singleton::instance() {

301 Singleton *tmp = ptr_instance;
302 memory barrier();

303 if (tmp == NULL) {

304 Lock();

305 if (ptr_instance == NULL) {
306 tmp = new Singleton;
307 memory barrier();

308 ptr_instance = tmp;
309 }

310 Unlock();

311 }

312 return tmp;

313 }

ptr_instance M&FAMD (f7301) 1, Ov 7 ICX> TERMICHRESI N TNWER
Mo ZDTZH, YIVFALw RERETS > UIVE NS TIZA VALY 2 Z{LENT
WENEDIDEHRITBTF = 7 DBRNRNZIL 0D £9, 2 ptr instance D17 301
TOHAID L7308 TOEZAALEDHTT =Y DHEENH DM, 707 T A
ELLEMET A ZEICHEELTLEIWN, ZEL, T—Y05a%EFNTHIELN
TOT T LEERT DL, ROBEBRNBECRDET, LEAR miko EHk
BIN/zOy 7 a2—RTlE 227V >BEX W ptr instance Z U2 IEF TRE
BLUTHARD TEDL XD, 17302BLU307 TD memory barrier() DR LN
HEINET. ZORR, IRTOAL Y FidERL TINsZ2HRARD ET,
DTOTITLT Iy 71E, A'U—NUT7—2FHALBVWEEITIIHEEL £
Puo
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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

43



327y ROy Fa—RUTLADY—RT 7L ILDOAF

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 EBEMNTY ROv 713, FTEOETTHITEZDZDITTIEHD THAN, A
Ly ROZAT Y a—), ALy RickoTERSINZO Y IDY A 2 271K
FELETOT7 I AR TREELREEND D T,

» EFy ROwZid, YOV I LA0EFHICEETEZHDTYT, EFv ROy T
3. BRI BAL Yy ROETIZHODETN, TOALRKOEFIIHELIEHH
., 25 ThnWZEHHDET,

KOwyvoFa—bIUTILDY—XRT714ILDA

ZOFa— MU TIVTHHT % din philo.c V' — A7 71 )L, Oracle Solaris > A 7
LDT 4 L7 Y sopt/solstudiol2.2/prod/examples/tha/din philo 7. Linux A
T InD Jopt/oracle/solstudiol2.2/prod/examples/tha/din philo \Z&H 0D £9, #ilz
GNET 4 L7 BUIZIE. FIEICEI T SDEMO 7 7 A )L & Makefile 7 7 1 ILIN 1D
ODHVETN, ZOFa— MU TINTIZZFDOFIEEZEH L, Makefile BEEFL £
o ROVIC, 22T I REMENICETL TWEET,

ZOFa— MU TZIVZIR->THEET BT, BlegulZTo L7 NUnS
din philo.c 77 1IVERIDT 4 L7 RUICIAE—F 5N, HHTT 7 1 IVEIER
L. RKOO—RYZARMNS5I—RZ2IE—-LTLESI,

BETIEEEOMEZEZ S I 2L — 9 S din philo.c B> IV T 0TI A
13, POSIX AL vy REFHTSZCTOVIALTY, 20707 T LTI BEY
Ty ROy 7 EETY ROy 7O AENRINET,

din_philo.cDYV—RXJ1—FRFUX |
din_philo.c D/ — A d— RILKRITRT EBD T,

1 /%

2 * Copyright (c) 2006, 2010, Oracle and/or its affiliates. All Rights Reserved.
3 * @(#)din philo.c 1.4 (Oracle) 10/03/26

4 */

5

6 #include <pthread.h>

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

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

25 pthread mutex t chopstick[PHILOS];
26 pthread t philo[PHILOS];

27 pthread mutex t food lock;

28 int sleep seconds = 0;

29

30

31 int

32 main (int argn,

33 char **argv)

34 |

35 int 1i;

36

37 if (argn == 2)

38 sleep seconds = atoi (argv[1]);

39

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

41 for (i = 0; i < PHILOS; i++)

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

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

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

47 return 0;

48 }

49

50 void *

51 philosopher (void *num)

52 |

53 int id;

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

56 id = (int)num;

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

59 left chopstick = id + 1;

60

61 /* Wrap around the chopsticks. */

62 if (left _chopstick == PHILOS)

63 left chopstick = 0;

64

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

66
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/* 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.
*/
if (id == 1)
sleep (sleep seconds);
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);
}
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]);
}
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3.3.1

BEITHIHEHE LI, BN LFONTELZIFTUFT, HHAITIRODEBD T
T, 05 4 DFEEDHTF SN 5 NOFEEN, ZERRNSMBEIZES TWE
T, ONT, lxOEFZFILBICBOBELLDEZEZAET, T— 73 %
FHLKIMMH O ETN, EEEFIIFHTEL2EZZ 1AL TWEEA, B
FIHIF, BEHETLHHEND D ET., FEFEHED(T—7IVIZIn->T) LMl
DEICIE, TOERELFEUCBFBSNFITE5NTNET,

®3-1 BEITLIEEE

PO

P4 P1

© ©
-~ ®

BE2F IR, BROBSOMWAFGOZICFE2HIILET., HEHT B
FIZE DL ToNZEEZTICTSHE, BOTHEHFICE DY ToNEZICTF2MIIL
F9, MAHDEETICTHE, BETEET, BENKDDLE, E257—T)IVOTT
DIBIZ, ERICIATORLET, 2070 A3. FNa<B5ETROIRS
NET,

P2

BFENT Y FAYIICKHES LA

Ty ROy ZNERICEZ 2013, H¥ERENEFOELF IR, BOE¥E
DEMFEMTELLDITRDDZRHEL TND, ROX DRI T,

- HFFOIBOZFITH > TE 1 2L TWS
- ﬁ F1E3ZB1 2RI TE 2 2/HHLTNVS
- HFEE 2B 2 FITH > TEIZFEL TWS
- HFEEIIEIZFITFH > TE4Z2FEL TWS
- HFEFATBAZFITFH > TEOZFEL TWS

B3I . Ty kRAOYIDFa-—FUTI
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3.3.2

48

CORMTIFHEDBETET, EI¥EHELBIITy Koy VIREICHKD 9., oy
FSLEMESETTZEOLNDET, DEDZOTOVIAE. NV TV TT53
ZELHNE, BEBEITTEFTEZZZEHHDDTT, ROETHIZ. ooy
TN T T T HFERLTVWET,

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

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 0

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

(hang)

Execution terminated by pressing CTRL-C

TFE1OREFEDOEA

T ROy 7 &ZEEET 51 DOHEIE. EWEHE1VASOEFICFE2MITANC T
5EVNSHDTY, I— ROBANSIE. BHOFICFE2MIITAIC. fHE LK
fil (sleep_seconds). ¥ 1 ZIRERIRREICT 2 2 &M TEET, TMKRIRL 7245
B, TOVILEETY ROy 7R LICK T TEET, ETrRETY 7 1ILITKHT 5
SIEELUTIRIRT 2P EZEIEETEET. IMEHEELRWES., IR IKRL
FH A,

RO I— FRBFTFEEFEOOT v 7 EZRLET,

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

put down left fork
put down right fork
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ROV A ML, HFEL1DNESOECFLMITETICI0MMFETSIESICLE
T I LEIEFETLUETERLTWET, 7O IFLOEFIIZETL. 5 A0
UFEEENRELKDDXT,

% a.out 30

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

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

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

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

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

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

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

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

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

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

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

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

Philosopher 0: got right chopstick @
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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 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.

°
i)

Execution terminated normally

T I LEREFETLTERBRDRRGIEEZ/EL TATLEIN, HEHF1NE
ERDSENCERB LN LW EED R0, HEVITEWRFEF#RS 25 E
SRHMNEBRT B0, EfTAIHET 71 ) a.out ITWANWARRIREI ¥ 2 f5E L
THET, TLUT, KIRSIEZEFEHLZREEMFERALRWIRETERE 07 5 A
EHETLET, TOVITLMN T T TTEEE0. REETETITHHED
HOET, TOTITLMN T T TTENEINE, ALy ROAT T a—)
E. ALy RIC&ks097DERDY A I TITE> TRV ET,

34 ALy RT7F o4 Z=ERALALT Y ROV I DRE

50

77k

ALy RYFIATZ2EHAL T, 70V T LANOEBEENTy ROy 7 BIOE
Ty ROy V2R TEET., ALy R7FF1HId, Oracle Solaris Studio /¥
T3 —XATFIATMEATDZHDEEL TIE-DHT] TTIVITHEVWE T,

ALy RY FIAPEMERHT I, RO3DOFIEEITVET,

» J—AA—FRZEI2NTIT 5,
Ty ROy V7 RHEREERT 5,
» ERIERZRT 2,
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3.4.1

3.4.2

3.4.3

V—XOA—RZ222/8)LT 5

d—RZa2)1)VL., %7 gz2fEELET. mELREL T, FESCEOH
LA 77 EDERNEES TRESNDLE0H DD T, @ERmE{LIIfEE
L7BWT < ZE W, -g-xopenmp=noopt & {11FC OpenMP 7' O L% )AL
Ly -g-mt 22T TPOSIX ALy 7O T L& )N1IVLET,

INEDA T a3 DN TIE cc(l). cc(l). £/21E 95 (1) DY aTINR—TJ %
ZHRLTL7ZE N,

ZOFa—bIUTIOEE, XOax > REERALTCa—R2a>2 831 LET,

% cc -g -o din_philo din_philo.c

Fy KOy S RHEREERT S

-rdeadlock &7 a 2 ZMHFTAL Y R7FTAHD collect AX > REMAL F
T ZOFTadid, 7Ol I LAOETHICT Y ROy JRHERZEIERL £
TO

ZOFa—hMIUTINOEE, ROAX 2 RZMHAL T, din_philo.l.er &5
T ROy 7 BRHEREERL £,

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

EEOTy ROy VBHERZIERTZZEICES>T, Ty Raoy 2R3 50
BEMEZEDOONET, FBRIEICERDIAL Yy RERERBDIANT—YZ2EHLT
<7ZEW, 72& %1, din philo.c I— R T, ROIFOEEEETEET,

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

HNT, RO IDICT/ISAIV LT, HIOERBFHEREZNETEET,
L <UL, collect(l) BL W eollector(l) DX a7 IR=J 2L T Z 30,

Fy KOy S RHERERIIT S

ALYy R7FIA4Y, NTH—X>AT7F I, er print T—F 41 1

T4 T, Ty ROy IBRIHERERIETEE T, ALy R7F I HFBIUN
T4 =X AT FTIAFREESEHGUIAN Y T —AEERLET, ALy RY
FIAHRET 74 hOfEigEty by TEFRRLEITN, ZNLUMIN T+ —<
AT FIATERLTT,
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3.4.3.1

3.4.3.2

52

ALy K724 Z2ERLET Y RO Y VREKRBEROFRTR

ALy RYFIAFZBIEL T, din philo.l.er EBFERZHEICIE, koax >
FEANLET,

% tha din_philo.l.er

ALy R7FIA4HTIE, AZa—N—, V—IU\—, BIXORHIRHDY 728
O EXETHERSNET,

Tv ROy Z7BEHICNESNZEBRERZHE E, T 74V 8T, EAOXHEIZ

RDY TNERINET,

» [y Rovr) 47
ZOF T, BENTY ROy EFEFy ROy 7 O—&EIVRINET, T
TAIN R TZDY TINBERSNTNET, &7 v ROy ZICBHDBE AL v RAVUR
INET, TNEDAL Y Rid, &ALy RROy 72 RkFFL. F—2HNDRK
DALy RORMRFEELTWARIoOy 7 28RS 5 ENSKEF L — 2Bk L T
WET,

s  [Fa27)—XZ (Dual Source)] ¥ 7

7w B0 w77 (Deadlocks)] # 7 THEF=—>HNDAL vy RZR#RL, i

T [Fa27)V—Z (DualSource)] ¥ 727U LET, [FTaT7I)—X
(Dual Source)] & 7i2id. AL w ROy 7 25 L 7= — A i@ &, RU A
Ly ROy 7 28R U —AMEIRINET., ALy ROy 7 2K L
BoR U2 — AN FRoR S NE T,

w (B 4T

D TIZNE. ERTOO—RA TV o7 bRERIN, TI7—BLOVEE
Ay t—IN—ERRINET,

ALy R7F I FEHEOARAREIZRDY TNERINET,
s [Fw ROv 7”7 (Deadlocks)] # 7MEEIRL7ZTy RO w7 OBFE#RZ R L
7z THEZE (Summary) | 57,

s[5 ROw 7”7 (Deadlocks)] # 7MBBIRL7=ALw RO 27 F A b OFEANIEHR
Uz Ty Ry 7 OFEf (Deadlock Details) | %7 7

er print ZEA L. Tv ROy IKRBEERBRIERDERR

er print 1—7 4 UF 4, AR A2F Tz — A& RLET, 12577
T4 7ty arTer print =T 4 UT 4 ZMHL T, vy a > hicyhryax
PRERELET, OXCRTA T a B 2ERALT, 12550574 T Thn
ETHH 7OV RERETEET,
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3.5 TV

3.5.1

ROYBTAR 2 RIF, er print =T 4 UT 4 TT vy ROw 7 &5 EEITHRAL
CEXR

m  -deadlocks
ZOF T aid, ERTRHSNBENT Yy ROy 7BX0FE Ty ROy 7y
WCOWTHE L E T, (er print) 7H 27 K Tdeadlocks ZI§ET 5
M. er print X 2 RITT -deadlocks ZfFE L £9,

m  _ddetail deadlock_id
ZOF T a 3, f8E U7z deadlock_id 2 F5D 7w RO w 7 OFMI7IEHR 2K L
9, (er print) 7O 27 N Tddetail ZFFET 5D, er print A > RITT
-ddetail Z¥EE L £9. F5E TN deadlock_id ¥ all DG, TRTOTw R
0w 7 OFRIERNERINE T, NN TIE. BUIOTy ROy 7 2KT 1
REDOH—OTy ROy HFEIEELET,

®  _header

ZDOF T a g, EBRICETSEBMEREZRL. IXRTOLIT—FLITE
HEMRELET, (er print) 7O 7 N Theader EIRET 50, AX 2 RIFT
-header LfEEL £7,

SRR, collect(1). tha(1). analyzer(l). BEWer print(1) DX Za TN R—T%
ZIRLTLEEI N,

Oy I DRERFERICDNT

ZOETIE, ALy R7YFIATEMEHL T, BEILZE¥EDOTOTTLTD
T ROy 7 #2HFREHIEITOWTHHL ET,

Tv ROy O DREELUERITOKRE

ROYABMIE, ETFy RO VIR BRTLEEEDOTOY T LADOETHR
ENTVET,

% 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 @

Philosopher 1: got left chopstick 2

Philosopher 3: got left chopstick 4

Philosopher 4 is done thinking and now ready to eat.
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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
ROAX 2 RZEZANLUT, er print =7 4 U T 4 TEBREREMIEL £9,

% 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
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"
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Lock 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)

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,

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

KRDAZ U —>ay bME, ALy R7FIAYTEREINZT Yy ROy ZIEHwzE

RLUET,

E3-2 din_philo.c TR EN/ZT v ROwv >

File View Timelne Help
|sss@acs @ ve vewmodsUser |[-] [Find Toxt:’
Deadiocks Dual Source Experiments

Total Deadlocks: 2

LS

peadlock #1 (Porential deadlock)

b Total Threads: 5

eadlock (Actual deadlock)
= Total Threads: §

Thread #3

Lock being held: b8 ,at grab_chopstick + Ox

Lock being requested: 0x215d0 ,at grab_chepstick + Ox
Thread #4
Lock being held:
Lock being req

0 ,at grab_chopstick +

,at grab_chopstick +
Thread #5

Lock being held: ,at grab_chopstick + Oxi
Lock being requested ,at grab_chopstieck + O
Thread #6

Lock being held:
eing requested: o:

0 ,at grab_chopstick + 0x
0 ,at grab_chopstick + 0x

Loc

line
line

line
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

in

in
in
in
in
in
in
in
in
in
in

| Oracle Solaris Studio Performance Analyzer [din_philo.1.er —ax

|| Summary Deadlock Details.
' Data for Selected Deadlock
pavavw
el
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"

| 1wp_start + 0x00000000

H

AL w R7F 54T, din philo.c D2 DDTw RO w7 ZEL £9 (1 DILBLE
W7y ROwZr, $51D23FETy ROaov ), LDFELIHANSE, 2D00F v R

gy ZdFE—Tdh 2

EDONDET,

Tw ROy ZICBETAKEF - 3RkROEBD T,

$3% . Ty ROV IDFa—bUTIL
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3.5.2

56

ALy R2:7 RLA0x215a0 T 7 ZRFF L. 7 L A 0x21508 TH v 7 ZE3Rk
AL R3: 7 RLA0x215b8 T 7 Z2RFFL. 7 R L A ox215de TH » 7 ZERk
AL w R4:7 R Aox215do T 7 Z2REFFL. 7 R L A 0x215e8 TH » 77 ZHRk
AL w R5: 7 R A0x215e8 Ty J ZffFEL. 7 R L X ox21600 T 77 % Bk
ALy BR6:7 Bl Aex21600 THw 7 ZfrEF LT, 7 B L A 0x215a0 TH v 7 Z 3k

Fr—HNOERFIIDAL w R (AL w R#2) ZEIRL., T [T27)1Y— A (Dual
Source)] ¥ 7 &V Vw7 TBHE, AL w Re27 RL X ox215a0 T v 7 Z ¥ L
TWEY—Z2O—RANDOHEE., 7 KL Zox215p8 Ty 7 #FR L 72— X d— R
WOMENZRINET, ROZAZU—>2ay MAd, ALy R0 727V
*J —Z (Dual Source))] ¥ TN RENTVWET, T7HIFDA KD v 7 (HEMAY

Ty ROy Z ANy )y NE) = 2TOLEANCEREINET, TOA N v Y

. Ty RowZIcBE Loy V7R ERIZOy VERARX L —2 3 >0, 20
TGS NzmEERLET,

E3-3 din philo.c CTOWEMNT Y Ry 7

Flle View Timeine Help
Jusseare L

Summary [Deadiock Deais|
|| Datafor Selected Deadiock
apav

L
T —_——r—

BENT Y KO o BB CHDIDSFET L
7= RITDIREE

TR ERKIRS I Z2IBE LSRR, BETH2EFEE IOV ILT. ETFT VR
0w 77 ZalkE T &, @%ESEV) ﬂ““?bi‘é‘ 72720, BEEBDITKTLENS
EWVWoS T, OV IAICTY }\D/77‘7\72(/3;&7&'5'%@—5*)”(@i%0i’d’

ho BT, S N/-oy ryBRan-ay 7N, Fr50ETFHRICTYy Ray

9"1“—/7&%5521/7‘;73\971&_3:7& KT BHZITTYT, MOEFTTY A I ITNER
UL, ET Y ROy INECLARENRH D T . ROU A M. 40 B OIKIRRE
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ick-> T, BEEBVDIKTITZ2RFETHHFETOT T LDFETERLTVE
9, 72720, erprint I—F 4 UF 4 EALw R7F I FIZIEENT Y ROy s

WL ET,

° o°

]

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.

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

]

0

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

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

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

is done thinking and
got left chopstick 1

: eating.
1 got left chopstick 4
: eating.
: got left chopstick 1
: eating.
: got right chopstick
: got left chopstick 3
: eating.

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

is done eating.

4
3
2
4
4
4
3: got left chopstick 4
3: eating.

0: got right chopstick
0:
0
3
2
2
0
2
1
1
1
1

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
1 eating.

is done eating.

Execution terminated normally

RKFTRENZRDOAX Y FZ AN U T, er print T—F 14 U T ¢ THEEHKERZMK
FEL £,

%

(er print) deadlocks

s er_print din_philo_pt.1l.er

Deadlock #1, Potential deadlock

Thread #2

B3I . Ty kRAOYIDFa-—FUTI

er ...

now
now
now
now
2
3
0
now

ready to
ready to
ready to
ready to

ready to

eat.
eat.
eat.
eat.

eat.

57



357y ROy I DREIERICDINT

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: 0x215d@, 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)

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: 0x215d@, 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)

KROAZ)—>2ay Mid, ALy R7FIA4HA ¥ 72— A TOEER
Ty ROy ZERMNRINTWET,
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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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B DHAANSN. LR TRIFFIC4ANOTEZEELNEHRTEEHEAL, 2D
D717 F Ad din philo fixl.c EFEENE T,

N—Tg >

E> b -/opt/solstudiol2.2/prod/examples/tha/din philo £ 7z

/opt/oracle/solstudiol2.2/prod/examples/tha/din philo 74 L 7 KU M5

din philo fixl.cZJdE—L X7,

OWCoo~NOULA WN -

/*

* 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>
#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 ();

void get token ();

void return token ();

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

pthread mutex t food lock;

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

uint32 t num can eat = PHILOS - 1;

int

main (int argn,
char **argv)

{

int 1i;

pthread mutex init (&food lock, NULL);
pthread mutex init (&num can eat lock, NULL);
for (i = 0; i1 < 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);
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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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Fils View Timeline Help
|sonwame 37e VewModsUser [~ ingTet! - |m ¥
Deadlocks Dual Source | Experiments Summary Deadlock Detalls
Total Deadlocks: 1 Data for Selected Deadiock
dba@
who
Type:eorencial deadlocr
AThread Involved
Thiead1d: -
Type:/Lock being held

peadlock #1 (Potential deadlock]
v Toral Threads: §

Lock being © grab_chopstick line

being geab_chopstick line

Theead #4
Lock heing grab_chopstic line 104 in " lohilosopher + 0x0000008C, line i
Lock being grab_chopst: line 104 in " Iwp_srart + 0x00000000
Thread #5 ==
Lock being grab_chopstick line 104 in
: being arab_chepstick line 104 in "
Theead #6
Lock being hela: qgeab_chopstick line 104 in ®
Lock being requestsd: grab chopstick , lins 104 in "din g .
Typs:fock being requestea
[philosopher + 0x000000B4, line °
| 1wp_start + Oxi 0000
o i T m|| BT ‘ " )

Fr—2ORIADAL Y R(ALyw R#2) 28R, 527 —Z (Dual

Source)] ¥ 7 &7 U LT, ALw Rs2W7 RL A ox216a8 TH w7 Z{FFL T
WY —Z2d—RffiEE. 7 Rl ZAex216co THyw 7 ZER LY —AT— R TOHL
BEZEHBRLET, ROXIZIE, ALy R#22d [F27))—A (Dual Source)] ¥ 7
MRINTWET,

RAIDBERNT Yy ROy 7 DY — 2

File View Timeline Help
|Jsecswsnns 37a vewMose(User [+] |ing Ten:” e ax

Deadiocks Dual Source Experiments Summary Deadlock Dtalls
& [source File: din philo fixl.c | Data for Selected Deadiock
Deadiocks | cbject Fils: /homs/smorgan/SolstudioProjects/din philo/din phils fixi.l.er/archive: g & w
Load Object: <din philo fixl>
= A w1
101, int <, i
102, By Type:feorantial deadiock
o 1031 A Thread invalved
on: 5>
10
o 105. print€ ("Fhilosopher %d: got %s chopstick 8d\n”, phil, hand, ¢); 1 being
o 106, 1 H lE==scrersricr + oxovoooeze, 2ir
107 H || [pritosepher + oxoooooose, 1ine -
108, | 1wp_stace + oxoooo0000
108,
o = ; o
S [ soucce File: din philo fixl.c
Deadiocks | object File: /home/smorgan/SolStudicProjects/din philo/din phila £ixl.1.er/archives
Losd object: <din philo fixl>
101. int <, — ]
102. char *hand) Typs:Lock being requested
o a3
lphilozopher + 0x000000B4, line °
i | 1wp_start + 0x00000000
O 105,  printf ("Bhilosopher %d: got 3 chopstick 8a\n”, phil, hand, c)7 |
o 106. |} 3
107 0
108.
108 -
—
[ - - n
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3.6.2
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VCooNOoOUE, WN R

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

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

#define
#define
#define
void *ph
void gra

void dow

int food
void get

din philo fixl.c @ get token() BT, while V=7 ZHEALTAL v RZFEHIL
F9., ALy Rid. b—=7 > OBHIZHRINT HE T, while ) b—ICHERA (2
UL, num can eat WO KD KENEZITEZ D FT), while L— T IEFRFFICEHET
HANEANCHIBLET, 72720, while V=TI & > TEEINZFEIILZ. 2

Ly R7FIAFICEBEH I NER AL, ALy R7FITA4FT. 5s A\OEEEEEN
FRFCEZHATRELEIDIEL TR EHELTWSDT, BENTY ROow
ERELUET, ROHITIE. ALy RYF I INRETHRMZHFHT S L1
Lo T, FHRFICEFETEZADABZERIET 2 H5EICONWTHLSFHHL £,

=0 ORERXT A

ROVABNZIE, h—=0 2D AT L EEETLHABEHENREINTHET, 20D
REHFETH4DO =V 2 EFHATHOT, FARKFIC4ALIBELELSELEYR
Mo Te120. TDFEEHEIL. sem wait() & sem post() B 7+ —)b—F > & H
LT, BEITLZHEZEDODANEEHBELEST, ZON—=2a3 >0 —A 7 71 IV
din philo fix2.c EFEIENET,

B> bk -/opt/sunstudiol2.2/prod/examples/tha/din philo £7zld
/opt/oracle/solstudiol2.2/prod/examples/tha/din philo 7« L' 27 b Un
5. din philo fix2.cZJE—LF7,

KDY AR TIE, din philo fix2.clIZDWTHHL<#HBHAL £,

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 *);

n_chopsticks (int,
int);

_on_table ();

_token ();
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void return_token ();

pthread mutex t chopstick[PHILOS];
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)

{
int i;
pthread mutex init (&food lock, NULL);
sem_init(&num can eat sem, @, PHILOS - 1);
for (i = 0; i1 < PHILOS; i++)
pthread mutex init (&chopstick[i], NULL);
for (1 = 0; i1 < PHILOS; i++)
pthread create (&philo[i], NULL, philosopher, (void *)i);
for (1 = 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;
/* 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
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105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

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 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);
}

ZOHFLWEELIEIT, BT+ —num can eat semZFEHAL T, FRFICEETES
FEHEDODANEEHIRLET., €< 74— num can eat semid. THEEHEDANEKLD 1D
VAL EINET, AEL LD LT DA, % HIT get token() BMEONMH

L. BWTIND sem wait(&num can eat sem) ZIENH L F9, sem wait() DIEN
HUIE, MO L7282 %7&1’_’77j‘ DIEMIEIC/E 2 ETHESE, FnTh<

T+ —DEZ 125NV TEBELET, WPEEIEFEEZHKZIDE, return_token()
CH L. HWT I sem post (&num can eat sem) ZFEONH L E9 ., sem post()
ZEBMLTEY 74 —DEEEELET, ALy RYF T4 I, sem wait()

Wsem post() DIFFNH L 258 L. P EE2EMNFEKFICESEL IO ELTWEHEDIT

TlEWnWEHE L £,
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E-WY Rt T4 —I—F LU T BHEIIT, -1rt 2T Tdin philo fix2.c

EANAINTHHENH D ET,

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

cc -g -lrt -o din_philo_fix2 din_philo_fix2.c

7T/ I din philo fix2 D Z DL NWELE HEEZEREIETTSE. E0BEED

WHEBODKTL, N7 T LnwZ ENDLND ET,
ZOHLWNA F ) TEBRZIERT S

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

ROBNZRTEDIT, din philo fix2.1l.er DEBFERNS, ALy RYF TN
ETy ROy 7 HBIENT Y ROy 7 MG L TWRNWI ENbND £,

®3-7 din philo fix2.c CHEINARWT Y ROw >

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, kA TAL Y RY F I P TRESND AP 22

B3I . Ty kRAOYIDFa-—FUTI

LTL7ZE N,
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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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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—P—EROO VY (AR /EEAHO Y 7 E2ET)
MIEL <R N-BERICIEOHE XY,

tha_notify sync post begin() I—Y—EHRDOREFFMPNET S NDERNICITTFOHE £
KR

tha_notify sync_post_end() I—HY—EROEERMNET S NLERICIFOHE E
KR

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

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

C/C++/N—23 > & Fortran/N—273 VD APIDHBINTNET, FNFND API
IR UIZE—DO5I 8 ID Z2HD, ZOMEIZERA T 7 b & —FIH#HILET,

C/C++/N—a > @ API Tld, BIEOEIL vintptr t TH D, NI 32EY b
E—RTIHANAT FE, 64EY P E—FTIESNA FRIZADET, 2D

IN—3 > @ API 2N 9 & Z1213. #include <tha_interface.h> % C/C++ ) — A
T 7 AIVIGEINT 208 NH D £ T,

Fortran /N\—37 3 > @ API Tld. 5IEDAT tha sobj kind DEETH D, T332
Ev bBRUY6AEY PE—RT8NA MRIZRDET., ZD/N—23 2D APL ZIT
O & ZITIE. #include "tha finterface.h" % Fortran »/ — A 7 7 1 JVIZBINT %
WEINH D £7,

FHIA 7227 R —BEIGEN SN LS, 51O D ICEREHA T2 hZ &I
B2l THILENHDET, ZNE2TD1D04EE. A7y

FO7 RLADEZIDELTHEHTZIETT, KOI— RFITIE, APIZEHL
TEMHOT—% OF G REET 5 HEERLTWET,

#la1 ALy RYFIAPAPIZ A L CRRIRHID T — % D6 Z [alkEd 5 i

# 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;
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A.2

A.2.1

Blar ALy R7FIAFAPIZEA L TRRAIO T —% OFi 4 2 [a5Ed 5 4 (Fi =)

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 }
tha notify sync wait end ((uintptr t) &ready flag);
204 pthread mutex unlock (&mutex);
205 ... = data;

I—H—APLIZDWTIL, libtha(3) DX a7 I R— 2SR T LI,

SN D Z DD API

JJ\W@EUVCLi AL }‘Y'j_7/rﬁ_73\muu%k@—5xv‘/ RAPLIZDWTHL <FRBAL
EJC I

POSIX A L v K API

235D APTIZ DWW TIE,. Oracle Solaris Developer Collection DH D )L F AL v R
DTOTIILT) #BRLTILES W,

pthread mutex lock()
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()
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A2 NDZDMD API

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

INSD APTIZDWTIE, Oracle Solaris Developer Collection DH' D [Y)LF AL v R
DTATITILT) ZBRLTIES N,

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()
cond reltimedwait()
sema_post()

sema wait()
sema_trywait()

72 Oracle Solaris Studio 12.2: ALy R7 S A ¥ 1—H—XHA K - 2010598


http://www.oracle.com/pls/topic/lookup?ctx=819-0390&id=mtp
http://www.oracle.com/pls/topic/lookup?ctx=819-0390&id=mtp

A2FRFE S NDZDMD API

A.2.3 AEYU—E| ZHTAPI

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

ATY—ED Y TAPIIZDWTIE, mallocBC) DX Za 7 I R—VEHBLTL7Z
Iy,

A.2.4 AE ) —#{/EAPI

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

memcmp
memset

AT —EAE APLIZDW T, memcpy(3C) DX a7 I R—J 2SR TL7ZS

W,
A.2.5 X5 1E API
strcat()
strncat()
strlcat()

strcasecmp()
strncasecmp()
strchr()
strrchr()
strcmp()
strncmp()
strcpy()
strncpy()
stricpy()
strcspn()
strspn()
strdup()
strlen()
strpbrk()
strstr()
strtok()
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A.2.6
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SCFEFNEAE APLICD W TR, strcatBC) DX a7 IVR—=TJ 22U TLZE W,

OpenMP API

ALy R7FIA4FE, NXUT—, OvZ, ZUF ¢ IV, Re]p (7 b
2w 7). taskwait 72 £ D OpenMP [RIf 2385 L £ 97,

FFAfX.  TOracle Solaris Studio 12.2: OpenMP API ZL—H—Jj 1 K] 2L T/
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,

75



B2F — S BARMAT 71— 3~ DR

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 ZHT 21213, WO a2 /81 Tt 7 57

(-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
OpenSolaris /N—2 3 > snv_70 LA L THAHMNENRH D XTI, T TRVWHEIL, K
RS KD ICEENRREINDBENH D XTI,

% 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
Tl cc(1). cc(1)y F/71EF5(1) DR aTIR=TJESBRLTLZE 0,

B3 collect =ERAL/=T7 TV —2 3 DERT

THDBEBIOT Y ROy 2Rt 272012, GHIILEY 7V r—2a %
FETTDDDE b,

Solaris > AT T TR TDMNE/INYFNA A=V SNTNBEZ EEMRLE
T, collect AN i, AONSRWKE/NY FZ2—EXKRL X, OpenMP
TTUr— 3 > OBE, libmtsk.so DEHF/IN— 3 >N ETT,

-r race £7213 -r deadlock BRI S NANE NS T T — Ay =0
collect MHERINZHE, ALy RT7F I ETR—FLTWhaLEWN
N—2a3 2D collect ZFEHAL TWET, L TWS collect DN—T 3 >
3. collect -Version AX > REANTHZI LTI THERTEET, ALY R
TFIATETR— T EELEWVWN—3 203, 20064E6 HOAMNDBH DT
ER

FHENE. FEATRRI O RIE/RB0E 50 5L L) & ABU —HBEREDOHEKESIZEZ
FREEMENDH D FT, KO/NSaT—F 2y hEFHTAHIEICKD, EITRR
EWOEZED EMADIENTEET, £/, ALy REZECT &I

£o T, EITRMZES T EHlAD I EDHTEET,
FT=YEMaERETAIE. TTUS—Ta  MEEOALy REFHALTWS
ZEEMWRLUET., OpenMP DA, AL v REIL, BREIZA K OMP NUM THREADS
Z, HIOA L v REITRE L. BREZAEOMP_DYNAMIC % FALSE IZEXET 5 Z &
WL THRETEET,

B4 T —HFDHEDWME

F=HDEEDREDE >

ALy R7YF o143, BETRICT—Y05aEzmELET, 77U r—2a >
DOETREOEEIL, FHEINDZANT =Yy hEARL—FT 4 2T AT LD
AT a—)lIcko TRV ET, B ALy K&, B ANhT—%
v R Tcollect FTTY U r—a 27 LET, /2 I—INBNT—FD
maErBRHTAF v O AERKICT S0, B—DF—4t v N TOEREE
DiRLET,

ALy R7FIA4FIE, B—o 7o xAhs A& UEERD ALy RITOT—%
OFeERELET., B2 70 AMTOT—Y OB IdRE L 8.
ALy RT7FIATIE, T—FOHEETTY VB AINEEROLARIZRE L EH
o T2T20. 2DDT—HDEET V2 ANMThNi) — A fT2H#HX. ZD
V2T TEBNEZIAEN, FHAWMSNTNZHE T2 LIk > T, BED
ARt EHHTE LT,
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BAT — 4 DB DIHE

BEICEoTIE. ALy RYFIA4HIE, 07T LA TERICITES o7z
T DOHEAERETDHIENDDET., INSOT—F OFGITEMA &M
NET, ZHUTER., 2T —NEELLEPNEHING GG, ATU—N
ALy RETUYA I EINDPEITEHIDET, 221 A Oy 7 2E
BT Ry T7UNI—-RIZEENDHE. ALYy RT7F I/ FIEINSD
FHIRA > 2R LET L. ALY RYF IO —H— APLITH T BTN
HLEY—Z23—RIZHFALT, 22— —ERORPIIOVWTAL Y R7FF1
HIHEAILFET, FELIE 37 RX—=20 N5EBRAL BIOfMHERA TAL Y R
TFIATTREHEEIND AP 2L TLZE N,
V—ALN)VOFHIZHH L THE S NZT —F OHa & ENA FU LNV OE
HZEFERAL THRESINZT—Y05E1E. AUTRWEENHD £, N1 Y
L RVOFHAIDSE., =nenN 70y I ANTEIZY > 7 3nTnd

M. dlopen() IZ&K > THICEHMNN TS NThNb BT, 55175 U I3
NWTWBEZEIZ, 774V TEHIIENET, V—ALX)VOFHIOHE. T4
TV, FDY— AN -instrument=datarace TI 2 /XA IV INTWBEFEFITD
HEHIENE T,
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