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AR SRENITae L EPATIH AdRIE ?

LFENMTESE—3K Oracle Developer Studio TR , A BT AT L &R FRIBITIB .
LFREN MRS O] KN L A2 JmT24E R |, BI2NF POSIX £#% API, Oracle Solaris £#%
APl OpenMP $54-ZUR X JLE RS KL KEHES BFISLHL.

AZOIUTEM -
BRATHNT [11]
“HHARBIRS 27 [11]
“HHARIEH 2" [12]
BREANTEERII [12)
BRATRRE [15]

S EE e INE

KRNI LB REE T8I K A AN R LR K P KBRS AFSLEL
AR TIR.

LRNHBRMBEDT RN —DETARE , BITRTRELEIN XK. AXFE  F
SR LA RE” [15].

T ARBIEFH ?

SRENSMH RN Z LRI TR AERNBIESA. HEUNTHERHEN , ek
H¥IRER

. —ANHFERERAN L NEFERARIE — N AR

. EOHFP-MFEEATEA

»  RFEARAE A E RYCRIEHIE X 2N FHIE)

X =AML, ARIRIRFERHER , BRI THITBELE R AR ] AERZIR M

5. BEIREATTREE RMEM (5120 , RETRIATICSRAR) | B S HiES REs
BT REFTPHRER.
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LRENWHERRE

KIENMTEERT A POSIX 442 API,. Oracle Solaris Z#% API, OpenMP EERX /L
ERENLLFZEF.

L2588 ?

SEPHR RN E NN RSN AR THESHMAGEHEENER. SBOLYHRRATR
%bﬁﬁﬁﬁﬁﬂﬁmm%xﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁm%ﬁo%%%ﬁﬁﬁﬁi&%ﬁ
FEN RFEFFT.

WENTELHE , B8N RE NMEFERHTE T REL I NSRS -

s OIFEIREIRE R

n  [FAE X EFOEEK

. FARENEBEER—MERGE , BRSNS REEASEFHEP T I EERFE RN
PAT B —/N e a2 oR g

n R LIEFEHAFERYIB

252 2 3HEH B IERIA

SR PIFRSERY - B TESLOEERRRIE . B TERSIA— A ERIE TR &
4 BRJRER AR EAPITEREY , BEBURATEERAEE AR LR TH

ERIESE), SKERFEGRERFPITERRP RAENIEY. KIREHiS SEATS R LRE
i, B RERSBEANHTEER.

SAEIHTARE TR

12

TILTRA T RSN A S LR F IR,

1. WNFER (REATEIRSREN) .

2. AEEHES ARSI SHEINKE .
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AR

4. BEASMER  FEATFANEZR NARNMALYE. FRNSEE. RRK
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KREDWIHERRE

1. RIMARARVFEIE S R
2. ETHNERAEEAZ KT
3. KEXRFTELFERESR

ARSI RS F

RENARFTERBES AR , WE SRNAREREILETIRNETR , FoRy
IMAERRSHIASHEITH A Libtha. so AR ME M ILEITRINEARIHHE 2R
FHEEMBIESA.

ARG A2 FE N FIAE FrIRACRLER ARG IAAES |, th ] DUB IS 3 — St HAEE TH At
T A7EN 72 Fr — AR A IS,

IR INIE S STl , BEEAEIARER, TS E M WAL R B R
AEABRIR SR, BT 4miEes o] g T — 20 TR I MR TR, REIR
AR ARG A (B TH R E R,

IRAERANTT AR, AT A AR — AR AR . A IRARGE AT PAE A — A RS
W, BTCIRGEN RFEF FTERNEZE, WRER discover TABT —StHIEDHK
e, R SN — AR AT TR L F A TR T A X
IRACRER A AN

RAEBARERANATAN | 5 R RRF 2R R R R AR
-xinstrument=datarace

B E AR FE , SN ERAE A TR MER NSRS A,

A AR AR Fr — RIS | SERAE A -9 ZRiFARI. OIS SEUAE BAISMEUR | 2%
MBI R AT AR S ¥R T A B RIERRBAITS(ER.
BRI A A

RAEZHHABEAATIN , WIRERM discover TR, MR _HFIKA G AR a.
out , AJLUBE HATAT ar &G /a0 — 2 HIAY a. outi

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

discover TEAEBRZEITHN BMENABEXLRZE (TTLEN R SHERIFE
B, ERET dlopen () ENEITIFH) . BREAERT , BNEHRERIARLEEFR
$HOME/SUNW Bit Cache BH3EH,
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LRENWHERRE

THERT —EB AN discover idITHEM. HXRIFMEE , BS N discover(l) Fif
o,

-o file AN 0 — 2B RAD I 2SR U4
-N lib RIGMTEE B B

T R

-D dir KeREFEREICA dir

ETHN RN 2 838 305

EHEBEEEBRNRE |, B FEBHA -r race BNEM collect i TNV BFEFIHE
J‘ﬁﬁ*ﬁfkjﬁ HAE R SR BIE . {F T -r race WEMAT , WERINBUEE SH RS BRSBUE
IERS

KEXRPESFESIEFH

AIPAER tha s SREFIREARNXE |, ZAhS Lo fEo=sAEA~Rm. 1
AIPAMER er_print €5 {TH M.

INFLBLE (E TR

KIMSEHBFER IR

1. BIESLHUHGINKE.
2. KEXKPERHFELH.

BIE BT R NEHIR SR

EQIESUCINKE |, WEFEATH -r deadlock &k collect a5z 1TNV AFEFFF1E
HREBUTHRRIE ST BIE. {F8 -r deadlock EAT , WERIMEIES ST BIE4E
RSHFERNEHER,

KEXRF B BFIEI!

AIPAER tha s SRREILHHEINES | AL Bah&BENTsEER-~Rm. Wl
{EF er_print t941TRM@.
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LRENWSRE

R AR S FA NS0 {5 AR R

WNRER NS RSS! |, FIRBRINEES BREAIRE [12]FR M =15
REFMBIES | ﬁ'%ﬁﬁﬁ?ﬁ"ﬁ r race,deadlock #5ER -collect fié3RIZ{ T FFE
FF. ;’JAJ%I—JHT@%‘%‘FHﬁ/kﬂ%ﬂﬁ*ﬂﬁﬁﬁﬁ/ﬂ%ﬁﬁ

SRR @

ATRAEA tha d54 RENEFEDHTAR.

SRENNR R AR T BURMBEN TR (analyzer) RH , EEHITSEIERZF O,
Iﬂ&%ﬁif%ﬁm‘% ENMTas LA |, T2 BN "Races” (4f) . "Deadlocks" (3t

) #1 "Dual Source" (XUR) ZME. ﬁﬂ%ﬁﬁ?ﬁﬁﬁéﬁﬁ%ﬁﬁﬁy SEREFIE  KE
E'JT’?%E‘]T@ ﬁ*ﬁ%’ﬁﬁl’i—l (20 "Functions" (K%X) . "Callers-Callees" (&R -#/E 8
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Wik AL

REFREFAN BN AEFE N TR NAME EHIES .
RHAEN AT

MBS PSRRI [17]

U PR AT B EBIR S " [21]
“TRRBEER [24]

“BUTHIES AR [31]

4R (35]

“RIEHIES " [37)

BE S RBARIRC

EEREFTRBOR LR R SR SE A ¢

n FAEFEREE. ZREFER CRMEN , FHEM OpenMP 543177 FHTHL.
iﬁ‘}ﬁj[ﬁ:ﬁf\jh prime_omp.c,

» FAREFOERE , FENEM CHEMN. BR , BERH POSIX &2 (MAE
OpenMP #§4) #1TFATH. RIRESHFRA prime_pthr.c,

RENBIE T REARIR A

#a] A Oracle Developer Studio JF &% B FE(X3% (http://www.oracle.com/
technetwork/server-storage/solarisstudio/downloads/index. html)EF'—FﬁZIK?AﬁEFﬁFH
RIS

TN ERRHER 2 7, BT RATE OracleDeveloperStudiol2.5-Samples/
ThreadAnalyzer B RHFKEES], XLEAEBFSIT prime_omp Al prime_pthr FEHFH, &
5] B KB A Makefile 1 DEMO WBASIHF |, (B R AR H A EEX LR , hAE
FA Makefile, ANBFEEELIESERITHS.
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BuRe RBREIRI M

MIRBEAZFEFS] , R prime_omp.c Fl prime_pthr. c SUAFAHHB) B SRR HIEIH AL
B, ATl B2 XA T ES B AR A KA,

prime_omp.c KJJE{HY

ATFET prime_omp.c FIIRAES , 217K -

1 /*

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

4

5 #include <stdio.h>

6 #include <math.h>

7 #include <omp.h>

8

9 #define THREADS 4
10 #define N 10000
11
12 int primes[N];
13 int pflag[N];
14
15 int is_prime(int v)
16 {
17 int 1i;
18 int bound = floor(sqrt(v)) + 1;
19
20 for (i = 2; 1 < bound; i++) {
21 /* no need to check against known composites */
22 if (!'pflaglil)
23 continue;
24 if (v %1 ==0) {
25 pflag[v] = 0;
26 return 0;
27 }
28 }
29 return (v > 1);
30 }
31
32 int main(int argn, char **argv)
33 {
34 int 1i;
35 int total = 0;
36
37 #ifdef _OPENMP
38 omp_set dynamic(0);
39 omp_set_num_threads (THREADS) ;
40 #endif
41
42 for (i = 0; 1 < N; i++) {
43 pflag[i] = 1;
44 }
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45
46
47
48
49
50
51
52
53
54
55
56
57
58

}

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

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

return 0;

prime_pthr.c KRR

AT prime_pthr.c HIRAES , 2ATFF7R :

1
2
3

O 00 N O U b

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

/*

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

*/

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

#define THREADS 4
#define N 10000

int
int
int

int

{

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

is_prime(int v)

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

for (i = 2; i < bound; i++) {
/* no need to check against known composites */
f (!pflagli])
continue;
if (v % 1 ==0) {
pflaglv] = 0;
return 0;

-

}

return (v > 1);

33 void * work(void *arg)

%2 B R RERE

19
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34 {

35 int start;

36 int end;

37 int 1i;

38

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

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

43 primes[total] = i;

44 total++;

45 }

46 }

47 return NULL;

48 }

49

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

51 {

52 int 1i;

53 pthread t tids[THREADS-11;

54

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

56 pflag[i] = 1;

57 }

58

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

62

63 i = THREADS-1;

64 work((void *)&i);

65

66 for (i = 0; i < THREADS-1; i++) {
67 pthread join(tids[i], NULL);
68 }

69

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

72

73 return 0;

74 }

¥IES FA1E prime_omp.c F prime_pthr.c FHIBR

LURIBASSEABEREN , AEARRKILFERHESN , ASXZTHTESERAR
[@. prime omp F prime pthr F2FFPRIIEMAZ R A 1229,

BERFFNEITREFTIAEL , BTREBPFEEBIEER , /4T prime_omp 3K
prime_pthr BfEp& RN IEME R —HLER.

ETEMKRAIF |, FRRT FRA S REFIETT prime_omp F2FF :
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WAE RSN IR E RS

% cC -xopenmp=noopt -o prime_omp prime_omp.c -1lm
% ./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

ETFHERRAIF | FERRTFEEBN G S UEFIFIZIT prime_pthr F2fF

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

% ./prime_pthr

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

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

Number of prime numbers between 2 and 10000: 1141

BEESIMEFNZRSTERNA—BM. JREFREITXURF=XU LA FEERE
A—HLER.

KT R SEMARD ARG , MR IR R AEBEF BNE.

A AR AT AR TRE I B R S

LFENMTERIG S Oracle Developer Studio Y8EN AT 25 MR W E- DT HEEY,
FREEIMBRI ISR =15 :

1. “KIMAAD” [21]
“BUZHIRES RN

5" [22]
“REHIRSARINSRE" [23]

MRS

AT ERFRRISIRS R | SR S RIS T MU B TR PI A IE). 4l
AT I7E 7 FRFE PRSI FRALIF SIS BT, ABRDEA RAHTE P FIFRAG
WRFHITTIE.
F MRS

EZRMIRARES | DINE FIFARIYRIEZTED -xinstrument=datarace X FiF2 #1174
R, WERATERNmFE S I PR TN |, DUERNEEESA.
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22

¥ -xinstrument=datarace JRiFz5 I EHARNE) A T4 FriIl B EmE+,

3 - {8 -xinstrument=datarace X{FEFHITHMFENS , FMEEFEE -9 EM , BHEE
BHEHMEE AL RN ETNEE, SFEFHTmFUG NSRS AN , REE
E ks, E{ER -xopenmp=noopt 4iiF¥ OpenMP F2/F. {FHASMHERE | RE
KUEE (ITSHAARMR) TJRERARN.

AT RA(E BT 6in £ 40 AR ZAR AR IR AR,
% cc -xinstrument=datarace -g -xopenmp=noopt -o prime_omp_inst prime_omp.c -lm

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

HEE , ARBIFEERMERT _inst FEEME A , BT ARE X — SHHHILER
MER—HABAREE, A, IREHFH.

I — SRS

ZRINFEFROZHEAREBMIERAR , FEEA Oracle Developer Studio A2
discover T E , discover(1) A (Oracle Developer Studio 12.5 : Discover #I
Uncover FAF$ERT) FxHix TRE#H1T T kA,

X T AZFERG) , ERALLT 6 S4miFAR

% CC -xopenmp=noopt -g -o prime_omp prime_omp.c -lm

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

RIE , STATRIZER prime omp F prime pthr {4 FHHIEDIZTT discover :
% discover -i datarace -o prime_omp_disc prime_omp

% discover -i datarace -o prime_pthr_disc prime_pthr

XLy SN BIRAC T fE ) — I BD prime_omp_disc F prime_pthr_disc , A RUKXLL
TIHBMRELS collect —#S{EA , ABIRERI{E BLIE N TS TR BRI,

LI BIES BRI

{ER™A -r race HE collect 634 KE1TRE FHEFHTENITHAR S LUES AN
%2 XfF OpenMP F2F , M{RERRNLRERZ T 1. EATRENESIF , FAT
MERFE,

BT @I MIRARD A A — SR A2 K%

% collect -r race -o prime_omp_inst.er prime_omp_inst
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WAE RSN IR E RS

% collect -r race -o prime_pthr_inst.er prime_pthr_inst

HTIBIFER discover TAMIRN —HHIREAERE :
% collect -r race -o prime_omp_disc.er prime_omp_disc

% collect -r race -o prime_pthr_disc.er prime_pthr_disc

FPEARK MBS RARTREN | BINERTE -r race AREH collect A Z MR
FRAKENKRE. STEITH , MERARRNEFEHMAN R R A LR,

140 , £ prime_omp.c 1 , HANTRELFELN :

#define THREADS 4
A[IEIE _EER 4 FECAKT 1 RHEAAEAEE (540 8) KE L FEE.
prime_omp.c FHILTITERFEFIRBINETKL 2 F1 3000 2 [BIF G :

#define N 3000

ATIBE W N AERHEAR R AR , AMERRFPRITESE DR TIE,

RERIES BRI

A RMERLIENITES . MERENMTEIER er_print SKARFREHIESARIUSI, LES
M= AMERENATSEBIR (3 GUI R\ ; LR B — AR LERE IR , BEH
s E-SHREN T ES T2 A8 E.

ERSRENTRER YR ARR

BEDLENE  ERAUTHS

% tha

B REHERNHBET | BB "Welcome” (Wll) FEH.
KRANRIEENAARER, TARMEASNA , EMETUEERIENE,
BEERT BRI TRIRIE :

= "Overview" (#iid) FHEEBEREEASRKLKESHIA,

= "Races" (¥F) MEBREFTRENEREIESE SRR KELAIE R IRER .
1%3% "Races” (4f) MEFHMETS , "Race Details” (£AFMAEE) BHEER
B R EIES R T IE A AR BRI E.
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T RRBLER

= “"Dual Source” (XR) & , BIx5ETEEIES AP IRIARRS N KPR RARS
VE, RAEESRRKNEAITARE BR.
= “Experiments" (3X%) MEEBRKREFHRASRIAFIHFHRMESIHE.

AT RLERER{ER "More Views" (BLZME]) EmkpEFHMAE.

{£ er_print EEHIES A

er_print XAREFFRMUGSITRE. TUERLEALETERM er_print KAREFIHE
GREHMRTEE T @4, WATMERGHMTERMIERREARIEEFH4.

£/ er_print XARFREFAN , KT FHSEEER -

B -races
RIS SRR P R INFTBEIES M. £ (er_print) 3&7RTF FERE -races ,
BHTE er_print @S1T_EFERE races.

®m  -rdetail race _id
ZEM A BIREBTERE race_id FEIESE BRNVFEAEE. 1E (er_print) $&/8F ME
i€ -rdetail , BREFE er print a7 LFERE rdetail, ARIEEM race_id 4 at
¥ ERTAYIREFRAMEAEE. BN, BHEEENERRwS |, flihsE — M UES
FFERE 1.

B -header
ZIEM A BIRE KRR AMAS EFIRE AR SREL . £ (er_print) I&/R4F
THERE header , EFEMLITLIERE -header,

BREZIERE  BSH collect(l), tha(l), analyzer(l) # er_print(1) FH .

T fRSRI0EE

Zgiﬁﬁéﬁﬁﬂﬁfﬁﬁl er_print S &{THILAENAT 2% B INE K X B8RS AL TG

7Cn

» BIREFRMNE— D,

»  S5¥IES AR EIMIE vaddr, IRAIE— I | NESFEE S BIRbR
% Multiple Addresses (ZMbik) .

. WARRLFEXS B vaddr NTEARE]. BLBRARKER ZBEEAN)
AR BB A AR, (RS EFTS.

»  SEEES A XIAERERIREREE. S IRERER S| A £ EIESE BRI
— AR A HEAR .
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WMREARELIENS , WL "Races” (/) MBI EEEAANEBHERIRERES
K1 "Race Details” (FRFAEE) @HF BRI MERMERK. WREAKE
er_print SXHFEFF |, rdetail &R BRXP MR MR,

prime_omp.c ¥R

RHE prime_omp.c PRFUEFMA , FTMERECIZEUES ARINRE" [22]F 42
MKz —,

Z{FF er_print /N prime_omp_instr.er ST HFHIELREE  ERALUTH 4.

. . . inst.
% er_print prime_omp_inst.er

TE (er_print) JRRFF T , BB races A BZIZMUAN T AL -

(er_print) races
Total Races: 4 Experiment: prime _omp_inst.er

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

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

Race #3, Vaddr: oxffbff534
Access 1: Write, line 50 in "prime omp.c",
main
Access 2: Read, line 49 in "prime omp.c",
main
Total Callstack Traces: 1

Race #4, Vaddr: 0xffbff534
Access 1: Write, line 50 in "prime_omp.c",
main
Access 2: Write, line 50 in "prime_omp.c",
main
Total Callstack Traces: 1
(er _print)

SRR AS B TR ARA T MR EIRES .
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® Race #2 (%M 2)

BHELFENMERPITIF prime_omp_inst.er X5 , ERAU T4

% tha prime_omp_inst.er

AT BREANEI IR T 7E prime_omp.c PRMEIKFA , MEFENRTER.

1 prime_omp.c P ¥R A

=@ = ]

ETEET O

Race Details

Data for Selected Race
It Race 1/4 -- 1 Callstack Trace
Vaddr, 0x21850
Access 1
Type: Write

is_prime, line 25 in "prime_omp.c”

Access 2

| prime_omp _inster - Oracle Developer Studio Thread Analyzer@scapen-ss10-0
Eile ¥iews Metrics Tools Help
BEED | F @@ | vewusse]vser -]
Views *) | Total Races: 4
Welcome [Race #1, Vaddr :0x21850
. Access 1: Write, line 25 in "prime omp.c”,
Overview is_prime
Races Access 2: Read, line 22 in "prime_omp.c”,
iz prime
Timeline o= [JTotal Callstack Traces: 1
Dual Source Face #2, Vaddr :({Multiple Addresses)
hccess 1: Weite, line 49 in "prime omp.c”,
Experiments main
hccess 2: Write, line 49 in "prime omp.c”,
More... nain
o= [JTotal Callstack Traces: 1
Face #3, Vaddr :OxfEhfrsad
hccess 1: Weite, line 50 in "prime omp.c”,
nain
hccess 2: Read, line 49 in "prime omp.c”,
main
o= JTotal Callstack Traces: 1
Face #4, Vaddr :OxfEhfrsad
hccess 1: Write, line 50 in "prime omp.c”,
nain
Access 2: Weite, line 50 in "prime omp.c”,
main
o [JTotal Callstack Traces: 1
Filters
Compare
Local Host scapen-ss10-0 | Remote Host | working Directory: .. JStudio_12.5_THA_User_Guide | Gompare: of | Fitters: om | /v waming

Type: Read

is prime, line 22 in "prime omp.c”

prime_omp.c FRB/RT PREIEFH :
® Race #1 (A1)

BIRT 5 25 1TeR¥L is_prime(
@%&EPE‘]-&@@HXZIEE‘]%FH MREFIFR , ?JLEEEX

EPE]‘]—)RE]\ ‘ﬁ% 22 17[E—
1T b IE7EXS

pflagl 1 BAFHITIAM., FELFENHTZRT , BT HE "Dual Source” (XUR) FLER]
WE?‘?@mﬁﬁfﬂziﬂi/\ﬁﬁuﬁﬂﬂ/J,?{tﬁfﬁ Hbg—&F EE/T&‘“ NS T

LA AvIE KA.

Source"
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T RRBLER

Race #2" ($F 2) RRIEEA primes[ | KARTTEF AERN—AEIESH., BT
Vaddr B~ Multiple Addresses (&M HtE) ATEEX—R,

® Race #3 (%H 3) B/RT 5 50 1T main EREHFHR—IXE NS 49 17 —RE+F K
—RZERZ BREH. MREFFEAN , JUAEREXE T E , IEFEXAAT total ¥
1708,

® Race #4 (£ 4) B/RT X main BB 50 TR EAZ BKER. MREFR
RS, AT ERIEX LT E |, IEAEX A AR total BHTEHT.
FRLFEN 23K "Dual Source” (XUR) fLE , A AR BE S¥REFRAMEX
BXAIBTNIRAESE . B30 , 78 "Races” () MEIF A prime_omp.c 1%63¥ Race
#1 (R 1) , #A/55%d "Dual Source” (MUR) ME. BLFFELMTHNEA.

{F LI HT23 A "Dual Source" (XURE) A , 7] ARIB BRI S%IES M <EXHIF
MNMEARRAIE. B30, £ "Races” ($H) PEF A prime_pthr.c 1%3% Race #3 (£
3) , SRJ5Hif "Dual Source" (XR) ME. BEFBEZELAMTHAA.

2 prime_omp.c PAGUEHKFE S RIS

"1 prime_omp_inster - Oracle Developer Studio Thread Analyzer@scapen-5s10-0 [SE] & ]

File Views Metrics Tools Help

EBED | V@& | vewneluser [~] [ § gt oo || 6L EL [ math Case

Views + Race prime_omp.c Il 57 Race Details
Access... =7
Data for Selected Race
Welcome * || 11 mcLusive
. & Ie Race 444 -- 1 Callstack Trace

Overview .

0 pElag(i] = 1: Vaddr: Dx£EhEES3A
Races }

Access 1

Timeline <Function: main —- Parallel loop from line 46 [ §a1A46.mair Type: Write
Dual Source a0 6 T oup parallel for main, line 50 in "prime omp.c

0 for (i =2; 1< N: i+ |

Experiments 3 as. if is_prime(i 1

15 primes[rotal] = i:
More... 15 total+r;
b
0 i

printf ("Numher of prime numhers between 2 and %d: sdin'|

0 W, totall: =
[ return 07
0 i -
4 L3
= Race A.. X prime_omp.c MEN
I3 INCLUSIVE e
#
0 for (i = 0; 1< N i+) { = Accass 2
o pflagfi] = 1; Type: Write
) main, line 50 in "prime omp.c'
<Function: main -- Parallel loop from line 46 [ §aiA46.mair
30 46. #pragms owp parallel fox
0 For (i = 2; i< N: i++) |
[ 48, if [ ds primeii i
15 primes[total] = i:
15 totalir;
Filters ¥
0 i

printf ("Numwber of prime numbers between 2 and %d: %diyn'|

=
0 o, total):
Compare 0 return 0;
_ 0 ' ~
=l [ »

Local Host: scapen-ss10-0 | Remote Host | Working Directory: __fStudio_12.5_THA_User_Guide | Compare: off | Filters: off | /2 wWarning
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prime_pthr.c FHHESEH

BB prine ptor.c PHIIEST | TOUERBE DIRBIES BN (225000
S —.

Z{fF er_print BJR prime_pthr_instr.er XWHHHBIEFHAEE  ERALTHS

% er_print prime_pthr_inst.er

1E (er_print) $&7RFF T, BEA races A RZIZEAN T ML
(er_print) races

Total Races: 5 Experiment: prime pthr inst.er

Race #1, Vaddr: (Multiple Addresses)

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

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

Total Callstack Traces: 2

Race #2, Vaddr: oxffbffédc

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

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

Total Callstack Traces: 1

Race #3, Vaddr: 0x21620

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

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

Total Callstack Traces: 2

Race #4, Vaddr: 0x21620

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

Access 2: Write, line 44 in "prime pthr.c",
work + 0x000001C0O

Total Callstack Traces: 2

Race #5, Vaddr: (Multiple Addresses)

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

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

Total Callstack Traces: 2

(er print)

GRS B THIRIR A T IR BHEE .
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BELFENMTERPITIF prime_pthr_inst.er K5 , HRALTH4 :

% tha prime_pthr_inst.er

AT FEINEERT LE pri FRINEINSER , MEREITRTER, HEE
X IR T 1E prime_pthr.c FHUE » BNZeAE IR, WHIEE ,
N . — —
XSRS er print fIB/RNS AR,
. N
A 3 prime pthr.c FAIMEIKEHRES B
| prime_pthr_inster - Oracle Developer Studio Thread Analyzer@scapen-ss10-0 [SEr = |
Eile Views Metrics Tools Help
BEBED|[ves O
Views + [ Total Races: 5 Race Details
Welcome Race #1, Vaddr : (Multiple Addresses) Data for Selected Race
Access Lt Urite, line 26 in "prime prhr.c”, It Race 1/5 -- 2 Callstack Traces
@rae is_prime + 0x00000234
| Vaddr, (Multiple Addresses)
Races Access Z: Urite, line 26 in "prime pthr.c”,
is_prime + 0x00000234 Access 1
Timeline o= [ Toral Callstack Traces: 2 Type: Write
Dual Source Race #2, Vaddr :Oxffhffde is_prime + 0x00000234, line 26 in "prime_pthr.c”
Access Lt Urite, line 59 in "prime prhr.c”,
Experiments main + 000000208
Aocess Z: Read, line 39 in "prime pthr.c”,
More... work + 0x00000070
o[ Toral Callstack Traces: 1
Race #3, Waddr :0x21620
Aocess 1i Urite, line 44 in "prime pthr.c”,
work + Ox000001C0
hocess Z: Read, line 43 in “prime_pthr.c”,
work + 0xD0000LLC
o[ Toral Callstack Traces: 2
Race #4, Waddr :0x21620
Aocess 1i Urite, line 44 in "prime pthr.c”,
work + 0x00000LCO
hocess 2i Urite, line 44 in “prime_pthr.c”,
vork + 0x0D0O0LCD Access 2
- .
[ Toral Callstack Traces: 2 Type: lirite
Race #5, Vaddr :(Multiple Addresses)
Assess 1: Urite, line 43 in “prime_pthr.c", is_prime + 0x00000234, line 26 in "prime_pthr.c”
work + 0xD0000174
hocess 2: Urite, line 43 in “prime_pthr.c”,
vork + 0x0D000174
o= [JToral Callstack Traces: 2
Filters
Compare
Local Host: scapen-ssi0-0 | Remote Host | Warking Directory: _fStudio_12.5_THA_User_Guide | Compare: off | Filters: oft | /A Warning

prime_pthr.c FEBIRT IRBIEEA :

= Race #1 (1) 25 26 1T LK% is prime () = pflagl 1 FEATHEHNFIABAN
ZBHEIEER.

= Race #2 (%M 2) % 59 17F% main () FRENE i —XKEANSSE 39 174
SRI—MNFAE (FEwork () FEA *arg) R—IREEZ [EH¥ES .

® Race #3 (%F 3) 25 44 1757 total — KB N 55 43 {THXT total F—KIZER
ZBRIEIESER.

% 2 E HiEsREdE 29



T RRBLER

= Race #4 (%f4) B% 44 179 X] total KI—XKEANSRE—1THX] total IF—XKE A
ZBIIEIRE A,
= Race #5 (A 5) B main () RS 43 ITHPABAZIBHEIES . Race

#5 (4°F 3) R primes| | IARTEFIAEN—ASIESA. BT Vaddr
R Multiple Addresses (Z/Mtiit) AJLEHX—M.

WNRIESE Race #3 (FF 3) , A/5HAT "Dual Source” (XUR) LA , WEFBEHANIE
RIBVE , SMATFUATREINAE.

& 4 HiRF RNIRAEFAER

| prime_pthr inster - Oracle Developer Studio Thread Analyzer@scapen-ss10-0 [=]E] = |
Eile Views Metrics Tools Help
EEED | vee s i [ e [~ |GUEKT Twatch Case
Views ¥ Race prime_pthr.c Il £ Race Details
Access... a4
Data for Selected Race
Welcome 1 INCLUSIVE
# It Race 2/5 -- 1 Callstack Trace
Ovenview -
0 ¢ Vaddr, DxffbEfede
oo int i;
prhread t tids[THREADS-11; Access 1
Timeline Type: Write
Dual Source o 3 (1 = 05 &< B drd main + 0x00000208, line 53 in “prime_pthr.c”
0 pElag(i] = 1;
Experiments }
More... 3 for (i = 0; i < THREADS-1; it++] {
0 pthread_create(stids[i], NULL, work, (void *jsi); | &9
}
0 i = THREADS-1;
14 64, worki{woid *jed);
0 for (1 = 0; 1< THREADS-1; i++] {
0 pthread join(tids[i], NULL]; S
[ 0
Race A.. | prime_pthr.c MEN
I3 INCLUSIVE |
#
void * work (void arg) > Arcess 2
<Function: works Tyne: Read
0
d work + 0x00000070, line 39 in “prime_pthr.c”
int stare:
int end;
int i;
3 start = (N/THREADS) = (*(int =|arg):
0 end = start + N/THREADS: |
0 for (i = start: i < end: i++] |
Filters 14 42. if { dis primeid} ) |
_ 13 primes[total] = i:
- 15 totaltt:
i
i
1] return NULL:
Compare 0 i
=1 In r
Local Host: scapen-ss10-0 | Remote Host | Warking Dirsctory: _fStudio_12.5_THA_User_Guide | Compare: off | Filters: off | /A% Warning

Race #2 (4 2) ME—XUIEML TSR 59 1T , BoREIRERERT . X IEIIT 5
3917 , BAREIREPEAR T . IRAFBHMAMAIRE BIR "Race Accesses” ($AVIR) &
B, WEEBRT AT HRENEIRESRIREREK.
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e P AR FERR IR B

KFENH2EH) "Races” (£H) MERFIIE & EIES BEE — 8% A REKE
FIMEARIRER. XLOE AN B R T RIEF SEMIES ANBITIRR. BT AR
B, AMEARFH "Race Details" (FRFMEE) BH4BRSEEIES AR
A.

5 "Races" (§*f) ME (8% prime_omp.c K AHERIRER)

| prime_pthr_inster - Oracle Developer Studio Thread Analyzer@scapen-ss10-0 [=]E] = ]

Eile ¥iews Metrics Tools Help

BEEED | P& m|

Views (+) [ rota1 Races: 5 Race Details
Welcome Race #1, Vaddr :(Multiple Addresses) Data for Selected Race
. hccess 1: Urite, line 26 in "prime_pthr.c”, Id: Race 1/5 -- Callstack Trace 1/2
Overview N
is_prime + Ox00000234 Vaddr (Multiple Addresses)
Races hccess 2: Urite, line 26 in "prime pthr.c”,
is_prime + 0x00000234 Access 1
Timeline § CdTotal Callstack Traces: 2 Type: Write

Dual Source D
[ callstack Trace #2
Race #2, Vaddr :0xffbhfféde
More... Access 1: Urite, line 59 in "prime pthr.c”,
nain + 0x00000208
Access 2: Read, line 39 in “prime_pthr.c”,
wozk + 0x00000070
¢ [JToval Callstack Traces: 1
Callstack Trace #1
Race #3, Vaddr :0x21620
hecess 1: Urite, line 44 in "prime pthe.c”,
work + Ox000001CO
hccess 2 Read, line 43 in "prime pthe.c”,
work + Ox0000011C
¢ [JTotal Callstack Traces: 2
[ callstack Trace #1

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

Experiments

[ calletack Trace #2

Race #4, Vaddr :0x21620
Access 1: Urite, line 44 in "prime_pthr.c”
work + 0x00000LCO
Access Z: Write, line 44 in “prime pthr.c”,
work + 0X0DODOLCO
¢ CdTotal Callstack Traces: 2
[ callstack Trace #1
[ callstack Trace #2

Filters Race #5, Vaddr :(Multiple Addresses)
hccess 1: Urite, line 43 in "prime pthr.c”,
work + 0x00000174
Access Z: Urite, line 43 in “prime_pthr.c”
work + 0x00000174
¢ [JTotal Callstack Traces: 2
Compare [ callstack Trace #1

[EEER] = [ callstack Trace 2

Local Host scaper-ss10-0 | Remote Host | Wiorking Directory: . fStudio_12.5_THA_User_Guide | Compare: off | Filters: offt |

Access 2
Type: Wrice
iz prime + O0x00000234, line 26 in "prime pthr.c"
work + 0x000000CC, line 42 in “"prime_pthr.c”
main + 0x00000274, line &4 in "prime pthr.c”
_start + 0x00000L0G

IZHT RS AR A

AR EIET IR R AR RS,
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LHHERS R RE

KRERIEFHR AR

RIRBEP RSN MACIREERFHRRENBIEFH. 52 , XERE
. BRENWTRSRATRERIRIRIE | BEXEERT G TATAT AN IIE
FATRERIREUR .

AT IRROEIERF AAREENBIESR , ARFIBREFNITA , R ZM%.

BRABREESE AR —LIRB] , ES R [35]. B RN NREFIEFRIREEE
SHMEERE , ES N KRN 7 AP [69],

REWRIEFHRESARM

RUEIRF MEEFEAFNIIEFA , HEERSR N FIEMME.

—BZ LR ARFAF SRS BEES ANAE., AT XABIEFRARE TR
T, BT R TER., BEXMERT  BEIHFNABEMEITRAART.
N AFARG B X LIRS .

BXRRMFANELFRER 1§ I RIR [35].

BERRMARBREBIESH

LSRN TUBHERREFTREIESR  BRETEABIELRREFTINMER , A
KEVINMAERHREINEIESFA. BURFATTREEREMERSIAK, XFHERT , &
IIREIFBRAFR. (MUHREIES AR E EMNEIE , ZHHEATRESET—M
VR E R,

&& prime_omp.c FHIEEIR

KN BAATIEER prime_omp.c PHFER, BXRAIINTEXHNE , 155
Bprime omp.c BR{LRE” [18],

K5 49 1TMZE 50 1T743hE) critical (IRF) B, LMEIHIREEE primes[ | WITER L
¥R .

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

#pragma omp critical

{

49 primes[total] = i;
50 total++;

}
51 }
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52 }

WA LURERAN T FI7R 56 49 177158 50 1T FNEIBA critical (IRF) B, EHLER
ARTEEIERFF

46 #pragma omp parallel fo

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

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

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

50 total++;
}

51 }

52 }

AE%E 49 17H%E 50 TR REE STEREEESER | RoAS%ESFERELFPEEHENxY
primes[ 1 ¥ZHKIAR]., B , MFNEERN. WANLKETELFERR— total AR
Hioprimes[ 1 IE—JITZ , T primes[ ] RFELE TR BEAR AR S R{E.

BIAEEEER (5 22 179 M pflagl 1 AIEESSE 25 170 5%T pflagl 1 B A Z B
%GE%H%) SR ERRMEA , RACHAESEERER., RBLEBE RIUHIES

88 prime_pthr.c PHRFER

TUNBIAAMEE prime pthr.c PHRENR. BRAIINTEXHRES , ES
Niprime pthr.c BIRAHE” [19],

S35 50 17505 prinel | AORIES FILLR S 44 17734 total AONRSF , RIS
TR RIS , BUBERAE—MEATNESH prinel 1 1 total,

58 59 1703 i WE NS5 39 ITHE—WNHFE (%A *arg) FIZERZ ENBHES A
KPRRRLRENEE 1 PHTRIEZVIEFERD, prime_pthr.c FRYIIALIEIES
59-61 {TEIEA AN FLRE , IFAEENIPITE S work () . fBHFRS| i Hitht
Z#EE work () . BATHALREE i KR—ANFLE , ARSI EREN i RS
RIFIE— , MEEEVIASFEXBARS| HIBEMRE. ATARNERERR—1 1
B, AEAMERERESER. BRXAEN—MTIEARRE (MAZRMIL) ¥ i 5%

5 work () o

PUTFABSE prime_pthr.c A IEARA :

1 /%

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

4

5 #include <stdio.h>
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34

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

O 00 N O

#define THREADS 4

10 #define N 10000

11

12 int primes[N];

13 int pflag[N];

14 int total = 0;

15 pthread mutex t mutex = PTHREAD MUTEX INITIALIZER;

16

17 int is prime(int v)

18 {

19 int i;

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;

26 if (v %1 ==0) {

27 pflaglv] = 0;

28 return 0;

29 }

30 }

31 return (v > 1);

32 }

33

34 void * work(void *arg)

35 {

36 int start;

37 int end;

38 int 1i;

39

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

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

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

46 total++;

47 pthread mutex unlock(&mutex);
48 }

49 }

50 return NULL;

51 }

52

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

54 {

55 int i;

56 pthread_t tids[THREADS-1];

57

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

59 pflagl[i] = 1;
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60 }

61

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

63 pthread create(&tids[i], NULL, work, (void *)i);
64 }

65

66 i = THREADS-1;

67 work((void *)i);

68

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

70 pthread_join(tids[i], NULL);

71 }

72

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

75

76 return 0;

77 }

BE , KRN TREARE IR FFHRAENSIEFH. KIEXLERA
wR. RZWELT  ZREHAFEXHRZSHN  SBARZERBNING
;wm ﬁ%%ymu.m/L%memﬂﬁFﬁﬂﬁﬂﬂ%ﬁﬁwmw

7" [36],

A PREX KRS

ZAED TR LLURRIE OpenMP, POSIX £#240 Oracle Solaris ZxF2 52 (AR Z ¥R
‘fﬁﬂi API M#E, (B , R TAFTIFRAAFAEXHMEL , nRALHAEXHHE
&, ATRERRIREIET .

- AT BRMEHISKRNEIESTA , ZREANRMT —4A AP, ATRTERTH
PEMHRRSHBAA TR, BEESIEE , WE L RINHERS AP [69].

AT RAAMEEE AL AP, FEEUTRE., LBENMHRITAER CAS F54KIR
RFEORIL , LITAERITFERRARAMERFHRE  F%., THE —FERRWME
I, EFFERFIBRE POSIX ZRRLHTENE WA

/* Initially ready flag is 0 */

/* Thread 1: Producer */

100 data = ...

101 pthread_mutex_lock (&mutex);
102 ready flag = 1;
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103 pthread_cond_signal (&cond);
104 pthread mutex unlock (&mutex);

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

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

204 pthread_mutex_unlock (&mutex);

205 ... = data;

pthread cond wait () VHFEE FEEHRRNIIT , RIBEFHEREXBIR TN ARG 1E
KEFEFAEMEEREE., SRR EEE BE PR, ERA AR
ZFE 1 7255 100 1TAE BT E data BIME , 7E58 102 174§ ready_flag BIENRE A 1 AFRER
EAERBZEIE , SA/EVAF pthread_cond_signal () PIMERERAHELKFE (BIKFE2) .
%é;%é?ﬂféﬂlﬂiﬂ'ﬁﬁ%ﬁ (‘ready flag). YEAMSEEZINER , HFEHE 205 17{E

% 102 1T ready_flag FIE AFN5E 201 1T ready_flag FNSEEREHE—E FOUMPARY |
X RAR Z BAFEESIESRR |, FEZTATTRUEMRAZIER.

% 100 1T data IS A\F15E 205 1T data IEEASE KBRS, (B2 , £F1EF
ZiEF | 5 205 (TR R BEALEALESE 100 fTRIBEANZ G . EREGFEEELS
ready flag, At , XFAEIBR AR Z BIAFEERIESEA. B2 , MREZITR KSR
Xf pthread_cond wait () BHTEA (58 2021T) , ZTEKIREXFIXRZEEFE
PR A, MREPITE 201 T2 RIHIT T 56 102 47 , MFEPITER 201 170G , FEIRS
Biiitakm , RSB E 202 17, X LRA %M pthread cond signal () JEMA
# pthread_cond wait () AR , FeFEEAIRITUERRE . MRFFAE 202 171
pthread cond wait () ,ZTRAFARMEE 100 ITHENSEES 205 ITHNZERZ AT
PIT. Bt ZTEIARNENRRENDHITH , FHHREENIZBREIESEA.

Libtha(3C) FH AN LAE N HT=5 1~ API” [691BA T an{a s Fl API i Sef it 2%
RAEIES .

==ENEIEs 7 EIL N EE

BLENFEEFIRORERB— M SRERENAT , MAS— ISR ER. ARR%RE
FRNE N ERERBRASES  AREATEENTHARX—R. RAEXF
B0, A TAMRESRIREUES M. UTRBIRGEALL SRR,

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

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

myfree(ptr2);

72 1 FLRFE 2 AT, BANEBEEEN I — 1 AETRNERNAE

B, mymalloc () BIFEAIBELIRMIEHTE myfree () ARAMBKMNGE. MREHRE 2
EAFE LEA nyfree () ZBIER nymalloc (), N ptr1 F0 ptr2 23K ERFERE ,
HEEXHNEREZ AAFESIESER. B2 , (RERE 2 L2 1 AR nyfree ()

Z JEVAR mymattoc () , R ptr1 F ptr2 AJREA R BMEME. BTERE 1 RBARIX
WNTE , FIUARGEESIESA. B , R ZTARME mymalloc () EEEUKRNTE ,
BAIRE ptrl BUENBEAS ptr2 BUENBEAZ BGFESIEFR. £ C++ NAREFTF
WY C++ EITH RN A ERNER , £8 A SRR, £ARIECKRNEEE
FIRMKA PN RRERY  hEEAENERR. BRT , LRSS EE8 IR 5B ARE
malloc () . calloc () F realloc () EOPITHNGESBCHIREBIRE,

RitiES A

AT HRIGEIFRIMRE , RESERNARFRFEATRIESA. RUEBIEEAEER
EAFREIRTA  HEEASXInREFEmE. UTRERE R ESIES .

E-RT RUMEBIEFRZS  BRA—LKNNARFAFRIESA , A KRBT 8
Jok (lock-free) MIZEAFILK (wait-free) Bk , NIRMEIEMITIXLHE L, LRSS
AT ARSI E X LN FFE R 3R AL EL.

AT ERRBHTER

prime_omp.c FHILFEIB T HITREL is_prime () KEEENEIUEEAFEHK.

15 int is_prime(int v)

16 {

17 int 1i;

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

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

22 if (!pflagl[il)

23 continue;

24 if (v %1 ==0) {

25 pflaglv] = 0;

26 return 0;

27 }
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28 }
29 return (v > 1);
30 }

KFRENNTZIERES 25 1795 pflagl 1 B NS5 22 1790 %T pflagl 1 AIEEZ (B
EHIEFER. B2 HEEFARRMN , RAEARSHInAERNIEMME. 7255 22
17, BFEBREXNTAEN iE, pflagli] BBFT 0. IR pflagli] FF 0, N3k
Bl i REAMEH (BAER  ME I AR . Ak, TERE v 28RS 1 ¥
i ; RERE v BB DASEA M. Rt , 20R pflagli]l FF 0, xZkFELdk
4R i T —ME. R pflagli] ANET 0 FF-E v oJAH i R, ZEFELSK 09
BL4s pflaglv] PAFRER v N2 R¥K.

MIERHEATESRN , ENEFERER— pflagl | TTRFRERESAZ A

B, pflagl | STTERVIAER 1. YEKREFEIATEN , EMNEAZTTESEME 0. 1
AR , XELRESEATENR —NEF TR — P FMHE 0. 7E4RTHRARLEM
o ARSI OHIA X L EAE R R T HRE. XEME , ENLKRTENXITERR | IS
BELNL, B4R 0, MRENEKFZHELTEN pflagl 1 T0H (5B 2217) HHABLEO
ZHIMZTTEITRE , WAKFEAPITE 24-26 17, 7ELHRIE) , TR B—NEFEHE
0 NECARE— pflagl 1 TR (5 251T) , RAGRAL., AR E , XEKES—
SFARNNEHRIT TS 24-26 1T , (BERLLER 2 ARN.

BT RBHAELRNFEF

—AAFERIINE check bad array () AKERLH data array P2 BIFEEAT4ER
TER. BNEEREHANARTY. MREBEAMENTEZEH R, Ea¥eRL=E
A& is_bad RERENE.

20 volatile int is bad = 0;
100 /*

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

103 */

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

106 int i;

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

109 return;

110 else {

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

112 is_bad = 1;

113 return;

114 }

115 }

116 }

117 }
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% 108 17 XY is_bad FIEEN-55E 112 17X is_bad KE A Z [BFESIEER. BE
ZEIRSE AR A SRR,

is bad BIHIZAMER 0, ULAFEEH is bad B , IS AEHNEME 1. AR , XL
FRATE is_bad PE—REFZ BRI —GPEME 1. FELBRERERS | 77ROk O
N LETFAE R R 3RE. bt , ENEFREE is_bad B, EEAEE 4K 0, BAR
1, WREANLKFELE is_bad (56 108 1T) WHEE 1 2RI EIITRE |, MAXLKFELL
AT for 1EIR, EMHPE , R B—NEFPRMEE 1 HEL is_bad (5 11217) , X
HAARERALER., F(ULEKREZZLIZIIT for B RBE 7 HERE],

i XU BITE Fr

BATHHRIEBNMEFP RAE— M RN R FE. DRHMREL LN AR+
XL THIA M —FE B BTTE. AT RERRR XA HSKEL.

100 class Singleton {

101 public:

102 static Singleton* instance();
103 Ce

104 private:

105 static Singleton* ptr_instance;
106 };

107

108 Singleton* Singleton::ptr _instance = 0;

200 Singleton* Singleton::instance() {

201 Singleton *tmp;

202 if (ptr_instance == 0) {

203 Lock();

204 if (ptr_instance == 0) {

205 tmp = new Singleton;

206

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

209 memory barrier();

210

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

213

214 }

215 Unlock();

216 }

217 return ptr instance;

ptr_instance FIEHER (56 202 1T) 4FEARAPHITRIT. XHEHM TR SRS KHE
Singleton (BAf{f) RECAESEIEMIEFHITHERELHIML. EEE , 55 202 {THIE
5% 212 TS AN Z [EFEX AR ptr_instance IEIESF , BFEFAJIES THE,
AT, WS RFEIES BRIERFEFE , FERZSMINVG., Fign , L XSS RS
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| &5 209 17X} memory barrier () RIVERRAFRBRELFEARSLEER| ptr_instance A
iEZ , EEMIE singleton (B4F) KIBEEAETH.
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RT3

SUHIEAE

RHBRENRAAE LTRSS LA F P RIS SE B KIRASE L.
FEFEREA T E- :

“RTFIEBL [41]
“IRERSEBAR IR [42]
BERHBRFAER" [44]

DA AR AT 2R TREISE DL [48]
“T RIEBIRLER" [51]
“ERICYFINT fiERIR” [57]

AETEHHHANETA RS A SRR T E SEMATRIREONER. SETEHER

RS, GIFFEREEAR A U BRL (AGFIRE) | AARERNBET

A 244 PR PG SERIIBER. LBV R4 1 5 AR PR,

MTF =M ARSI | AATIA S MEARNIETAEAT N TTHRES

- EHARNAEERTH

- AR AR

» BESANERMR— MR | Ko M RS T — MR

AT E— TS R BRI -

. A2 1HAE A SHERYL B

. 472 2 FEH B INEREL A

FERAT S BTFTY | SR SITTLR | MR HIT -

. TR — A RASE TR R | A TAR TR RTE R | A
ARERRT A AR A B SR SRS ST B R OO ],

. SURIESURAREFFRTIO R R EMTERL. SRR SR RIAARER | B
BEASERAIRER,
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ARERSE B AT IR A+

#a A Oracle Developer Studio JF4& 3] P FE(X3% (http://www.oracle.com/
technetwork/server-storage/solarisstudio/downloads/index.html) N ERAHFEHTH
BRI

TE TR ERERSEZ 5, ZZATRALE OracleDeveloperStudiol2.5-Samples/
ThreadAnalyzer B SRFIXKEIRES]., XLAEBIAIT din_philo FHEFRH. din philo BRE
AT Makefile 1 DEMO WBASHF , (BRAFFREH A BIEX LR , LAEH Makefile,
TR B LS EIITHS.

FMIRFEARZFEES] , LA din philo.c LM OracleDeveloperStudiol2.5-Samples/
ThreadAnalyzer/din_philo BREHEIHME X , L] A B HXHFHNTESH
KARBAEFE G,

PINE L ZONARIEE] din_philo.c HEBIFEFFE—MEM POSIX &i2) C 2. %72
Fra] AR FR R FESE AN SRR SE L.

din_philo.c HRERBAR
din_philo.c BJR{BER0 T AR -

1 /*

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

4

5 #include <pthread.h>

6 #include <stdio.h>

7 #include <unistd.h>

8 #include <stdlib.h>

9 #include <errno.h>
10 #include <assert.h>
11
12 #define PHILOS 5
13 #define DELAY 5000
14 #define FOOD 100

15

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

18 int,

19 char *);
20 void down_chopsticks (int,
21 int);
22 int food_on_table ();
23
24 pthread_mutex_t chopstick[PHILOS];
25 pthread t philo[PHILOS];
26 pthread _mutex_t food_ lock;
27 int sleep seconds = 0;
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28

29

30 int

31 main (int argn,

32 char **argv)

33 {

34 int 1i;

35

36 if (argn == 2)

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

38

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

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

41 pthread mutex init (&chopstick[i], NULL);

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

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

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

46 return 0;

47 }

48

49 void *

50 philosopher (void *num)

51 {

52 int id;

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

54

55 id = (int)num;

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

58 left_chopstick = id + 1;

59

60 /* Wrap around the chopsticks. */

61 if (left_chopstick == PHILOS)

62 left_chopstick = 0;

63

64 while (f = food_on_table ()) {

65

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

70 if (id == 1)

71 sleep (sleep seconds);

72

73 grab _chopstick (id, right chopstick, "right ");

74 grab_chopstick (id, left_chopstick, "left");

75

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

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

78 down_chopsticks (left_chopstick, right_chopstick);
79 }

80

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

% 3 = SLHIHAE 43



e UES

82 return (NULL);

83 }

84

85 int

86 food_on_table ()

87 {

88 static int food = FOOD;

89 int myfood;

90

91 pthread mutex lock (&food lock);
92 if (food > 0) {

93 food--;

94 }

95 myfood = food;

96 pthread_mutex_unlock (&food lock);
97 return myfood;

98 }

99

100 void

101 grab chopstick (int phil,

102 int c,

103 char *hand)

104 {

105 pthread mutex lock (&chopstick[c])
106 printf ("Philosopher %d: got %s chopstick %d\n", phil, hand, c);
107 }

108

109 void

110 down_chopsticks (int c1,

111 int c2)

112 {

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

TERHERR

TEFHRARB—MEMNTREAAER, MSN 02 4 MIEFRELERRFZE
%, FEENEKER , SOATHRIURFREHSE., R LA—RmK , BESUEY
FRE—RBRTAM, ATEZESE , RS T. SaEFRa4 (thilmm
BRMYL) WETFHRSSXEFHNmSHE.
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6 TFRNE

| din_phila_pt..er - Oracle Develaper Studic Thread Analyzer@scapen-ss10-0 ==l
File Views Metrics Tnols Help
HBED | Pe® o
Views + | Total Peadlocks: 1 Deadlock Details
‘Welcome eadlock #1 (Potential deadleck) Data for Selected Deadlock
_ % [ Total Threads: § o 1
Overview e
= Type: Potential deadlock
Deadlocks Lock being held: 0%21300 ,at grab_chopstick + 0xD000003C, line 105 in "din philo.c”
Lock being reguested: O0x21318 ,at grab_chopstick + Ox0000003C, line 10S in "din philo.c” AThread Involved
Timeline Toread #3 Thread jd: 2
— Lock being held: 0%21318 ,at grab_shopstick + OxD00D003C, line 105 in "din_philo.s”
ual Source Lock being requested: 0x21330 ,at grab_chopstick + 0x0000003€, line 105 in "din_philo.c" Type: Lock being held
Experiments Dmﬁadl”‘[ . et . b chopetick + DxDH0000SC, line 105 in "in philer | | STED-CHODSTICK + DXODUOOOSC, line LOS in “din philo.o”
ock being held: * s2t grab_chopstick + Ox s Line im tdin phile. e 4 ) osapher + 0xDO00D0B4, line 73 in "din_philo.c”
More... Lock being reguested: UxZ134% ,at grab_chopstick + Ux000D00C, line 105 in "din philo.e”
lup_start + 0x00000000
Thread #5 R
O Lock being held: 0%21348 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.e”
Lock being requested: 0x21360 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.c”
Thread #6
O Lock being held: 0x21360 , =t grab_chopstick + 0x0000003C, line 105 in “"din philo.e”
Lock being reguested: 0x21300 ,at grab_chopstick + Ux0000003C, line 105 in "din philo.e”
Type: Lock being requested
grab_chopstick + 0x0000003C, line 105 in "din philo.c”
philosopher + 0xD00000DS, line 74 in "din philo.c”
_lup_start + 0x00000000
Filters
Compare
Local Host scaper-ss10-0 | Remote Host | ‘Wrking Directory:  JiStudio_12.5_THA_User_Guide | Gompare: off | Filters: off | /\warning

FUBFHEAFISECHSHERNGT, MEZINELECHRTE , tREES
ACea <P T, FRBRET G , Ml LR 7. 1Z52/s | it iRiEls R
RAE , AR, ZEE-—HEER , HREE&KIZE.

I RIS

BUTFREETECHRRT HFHEREDENRTE |, SiaRAE KRS,

" {SA0WEFREERSA O WERT , BEFFRSH 1 WETF
» WS LNEFREERSA L NET , BESFFRSH 2 BT
" /S22 WEFREERSA 2 WERT , BIEFFRSAH 3 WET
» RSN 3 WEFREERSA 3 WHRT , BESHFRSA 4 WHET
" R{SA4RNEFREERSA 4 WHRT , BESFRSH 0 WETF
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FERFMERT S ATIISEIRE , FRELRIGATIRMZSF. SWETURER
SHELGHFANAIE . MANXTUETRRA SR HRARRLL Tt
ARG

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

1

Philosopher
(hang)

: got right chopstick 1

Execution terminated by pressing CTRL-C

M 1 SEEFRS| N —B KR E]

—FB RILGINTTIARIL 1 SEFRAEZRMNEF ZATERF—ERER, HABME ,
RS 2 B O T2 BTRBRTEE B — BT (8] (sleep_seconds)., ZNRABARAREAS(E]
REBK , AR AT BES e M A R AT SKERILS, T LUKt RBRAI D ETETE A T h
ITRFNSH. MRIEESH  GEFRIASKIR,

AT ARBERT ST FHNZHE

while (there is still food on the table)
{
if (sleep argument is specified and I am philosopher #1)
{
sleep specified amount of time
}

grab right chopstick

grab left chopstick

eat some food

put down left chopstick

put down right chopstick
}

TEIIH TSR FR—RIET , FEXRETF 1 SEFERAESIRAMRT Z 55T 30
M. AREFEITETH AT FRAIZE) T K.
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% 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
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher

S OO OO OO OO0 OO OO OO0 00000 NNOWWMMPMPeSS

S © © 099009

is done thinking and now

: got right chopstick @
1 got left chopstick 1

is done thinking and now

: got right chopstick 4

is done thinking and now

1 got right chopstick 3
: eating.

is done thinking and now

: got right 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 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 @
got left chopstick 1
eating.

got right chopstick 0
got left chopstick 1

ready to

ready to

ready to

ready to

ready to

eat.

eat.

eat.

eat.

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

1

Philosopher

%
©

is done eating.

Execution terminated normally

ZRZETAREFF | HIEEARNAIRSHE. MR 1 STEFRESRMRHRT A
IEFREN—EREE | BPAREMABIE ? NRMEFHFHNEER—L , NAREA
# 2 AT PITIEFF a.out TEEARMIKIRS . EERATAERKRIRS BB T
ZRERETEREF. ZREFENSER  MANNIETETR. BFESHERIR
RT LA B AR AR THOE KBS &)

AT FERRR I AT AR TREISEHL

B DA R FE N AT 2SR AR AP B E S DI SEPRIE . KRN HTEs A S Oracle
Developer Studio M8 #T 25 M8 BRI E- A HTHEEY,

ERSAENITHRNI B R ="K

» iR,
» BIEIEHHEINSRR.
» KEXWILER.
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WA FRARFE AT AR TREITLA

Y2 ARG

IFRLFHE ISR -9. NEFEESMHET , RAESHAEAERENES (20T
SIARMER) FTRERSRM. NAFF -g -xopenmp=noopt 4F1F¥ OpenMP F2/F , FFH{XfF
B -g -mt 4@i¥ POSIX &K F2FEFF.

BRXRFLFEMRNEZEE , BES A cc(1). cc(l) 2k fos(1) FHI.

STFAZFE  FERAL T HSmEAR

% cc -g -o din_philo din_philo.c

UEE LI oal kS
{ER™AE -r deadlock T collect 4, IIEHUEERE FRIB THAB S SLE4E

STFAZFE | EFERU TG4 A din_philo.1.er LB MK :

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

collect -r A2 AT IR , AU SLAK NS A X LAERAEE T A ¢

terninate MFANEI RS E AR | LR,
abort MPARNEI RS LA | MR LS BRI,
continue MFANEIR TS EREAR | ¥ VP FFARER,

BREITAE terminate,

ALK BT RMETERS collect -r AL MRGEIETRNITA. BiMn , BEXR
A SKERFLAET SBRRF AL FRABEEHME  BEABUT collect -r 14,

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

BEERAEKFRILH SFEFHER |, BERMLT collect -r 654 -

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

AT DA B £ N SEAHE I K3 SR IR S A B ISE ORI Pl BEME . ST T /A8 , N (EF
AEZLIZEANA RS AR, B0 , 7 din_philo.c AREGH , AT E R AT
18 :

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

RIEATAGRART— #2740 |, FRiRH 3%,
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EXEZLZER, EFS N collect(1) F collector(l) FMA.

KESLHUHEINKE

A RME LA NTES . MRENITEIER er print SUAREFRBILHHC NG, LKFENHTES
FIVEREN ATRERIR A4t GUI RE ; AN B RHNE —HRLNERENE |, (BIEHMT
HStHRES TR T2 R,

EALREN TR ERSLBUGIN L
BEHEANHBIHTIF din_philo. 1.er KK , BHANTHS

% tha din_philo.1l.er
SRENMSELMEAFRSEE, TAENEESHA , RMET LSRR IE.,
FIFRREAOSEBRINSRIORT , BRETEDL T BRA T HEE

= "Overview" (#fR) FHBREFRANILHNEEHA.

= "Deadlocks" (3t41) ME R REKIEDITZIIEFEFFHINE KB TESLPIFNSIIRIL B
53R, er_print din_philo.l.er IR T B MUBFTIHRNEFE, XLEKBEEL—
1EEE | HPESNEREEHFE — MRS RZEFH T — I ERIERFENF— 1481
YERFEBIE , A AR "Deadlock Details” (FEEHEMZE) BOLBRE XS
PSS AN EZAT IS

= "Dual Source" (WR) MELBRAEFEFEYIRNRBAUE , uﬁﬂ—%ﬁwﬁ‘k
%ﬁﬂﬂiﬁ{ﬁﬁiﬁ{ﬁﬁ ZEREFAPINEKRSIRERBITAREER. ZEEREAE 5
1£ "Deadlocks" (3t4) P& _LIEFEAGEFRIZIE , Afa5 T "Dual Source” (X
R A,

= "Experiments" (3%&) MEBRKEFHEANRIFY B E#ERNEE

ATRLERR(E R "More Views" (FZME) EMEREEFEHMARE.

{#F er_print EEILHHEG N

er_print iﬁﬁhri‘mﬁi\‘u‘ﬁé\ TRE. TUERXERASEFER er_print SKHAREFHE
ZAERRIEE F 4. Al MERGSTIEMIEAEARIEE FH4.

£/ er_print SKRFEFKEHET , LT FadIEEFH -
®  -deadlocks

ZEMEIRE BT RNENRK B B IESL B CRRSES,. 7 (er_print) I&7RFF M5
fE -deadlocks , Q%T:E er print fip vaJ::}:EIZE deadlocks,
®  -ddetail deadlock-ID
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ZIERAIR B BEHTEE deadlock-ID HIFLBIRIEEE. 7E (er_print) RN FIE
i€ -ddetail , BETE er print d5{T_LIERE ddetail, FNIRIEEM deadlock-ID 4
all , B B/RFTESBIHNEAEE. BN, BTEERIN SRS |, FHlanhs—1 3l
FEE 1.

B -header
24 BN KR I A B T AR, 7E (er_print) 327RFT
THERE header , BEEMSITLIERE -header,

BREZIERE , BSH collect(l), tha(l), analyzer(l) # er_print(1) FH .

T HRSLHISRLER

AR AN TSR E L LR MBTEFHHISEHL,

KEHISLBHIZETT

TEFE T SRR F R BT —IRIETT.

% 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
Philosopher

got right chopstick 4
got left chopstick 3

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

% 3 = SLHIHAE 51



T REIKHEER

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

wwedbhpPpPRPOSOSNREFEREWN

Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
(hang)

w NN N B

eating.
got right chopstick
got left chopstick 2
eating.
got right chopstick
got left chopstick 1
eating.
got right chopstick
got left chopstick 0
eating.
got right chopstick
got left chopstick 4
eating.

got right chopstick
got left chopstick 3
eating.

got right chopstick
got right chopstick

Execution terminated by pressing CTRL-C

RN T SLAER er_print SKAREFEEXK

% er_print din_philo.1l.er
(

er print) deadlocks

Deadlock #1, Potential deadlock

Thread #2

Lock being

Lock being
"din_philo.c"
Thread #3

Lock being

Lock being
"din_philo.c"
Thread #4

Lock being

Lock being
"din_philo.c"
Thread #5

Lock being

Lock being
"din_philo.c"
Thread #6

Lock being

Lock being
"din_philo.c"

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

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

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

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

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

Deadlock #2, Actual deadlock

Thread #2
Lock being
Lock being
"din_philo.c"

held: 0x21300, at: grab chopstick + 0x0000003C, line
requested: 0x21318, at: grab_chopstick + 0x0000003C,
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line 105 in

105 in "din_philo.

line 105 in

105 in "din_philo.

line 105 in

105 in "din_philo.

line 105 in

105 in "din_philo.

line 105 in

105 in "din_philo.

line 105 in
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Thread #3
Lock being held: 0x21318, at: grab chopstick + 0x0000003C, line 105 in "din philo.c"
Lock being requested: 0x21330, at: grab_chopstick + 0x0000003C, line 105 in
"din_philo.c"
Thread #4
Lock being held: 0x21330, at: grab chopstick + 0x0000003C, line 105 in "din philo.c"
Lock being requested: 0x21348, at: grab_chopstick + 0x0000003C, line 105 in
"din_philo.c"
Thread #5
Lock being held: 0x21348, at: grab chopstick + 0x0000003C, line 105 in "din philo.c"
Lock being requested: 0x21360, at: grab_chopstick + 0x0000003C, line 105 in
"din_philo.c"
Thread #6
Lock being held: 0x21360, at: grab chopstick + 0x0000003C, line 105 in "din philo.c"
Lock being requested: 0x21300, at: grab_chopstick + 0x0000003C, line 105 in
"din_philo.c"

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

Total Deadlocks: 2
(er_print)

AT FRIME R T LRI BRISEBUER.

7 din_philo.c F#&MZEIHISLA

"I din_philo.Ler - Oracle Developer Studio Thread Analyzer@scapen-ss10-0 [S[=] =]
File Views Metrics Tools Help
BEED | ve& _ ]
Views + | Total Deadlocks: 2 Deadlock Details
‘Welcome eadlock #1 (Potential deadlock) (i i SR Dol
¢ [ Total Threads: 5 Iz
Overview y
Thread #2 Type: Actual deadlock
R Lock being held: 0x21300 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.c”
Lock being requested: 0x21318 ,at grah chopstick + 0x0000003C, line 105 in "din philo.c” AThread Involved
Timeline Thread #3 Thread Id: 2
Lock being held: 0x21318 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.c”
Dual Source Lock being requested: (x21330 ,at grab_chopstick + 0x00D0003C, line 105 in "din philo.c” Type: Lock being held
. Thread #4
Experiments Tead # qrab_chopstick + 0xDODO003C, line 105 in "din_philo.c”
Lock being held: 0:x21330 ,at grab_chopstick + 0x0000003C, line 10§ in "din philo.c” = . "
More... Lock being reguested: Ux21348 ,at greb_chopstick + Ux0000003C, line L0S in "din philg,cr | |(PPI10S0pher + OxO0D000BA, line 73 in "din philo.
Thread #5 _lup_start + 0x00000000
Lock being held: 0x21348 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.c”
Lock being reguested: 0x21360 ,at grab chepstick + Ox0D00003C, line 105 in "din philo.c”
Thread #6
Lock being held: 0x21360 ,at grab_chopstick + 0x0000003C, line 105 in "din_philo.c”
Lock being reguested: 0x21300 ,at grah_chopstick + 0x0000003C, line 105 in “din philo.c”
eadlock #2 (Actual deadlock)
¢ [JTotal Threads: 5
read 42
0O Lock being held: 0%21300 ,at grab_chopstick + 0xD000003C, line 105 in "din philo.c”
Lock being requested: 0xZ1318 ,at grab _chopstick + 0x0000003C, line 105 in "din philo.c”
Thread #3
Lock being held: 0%21318 ,at grab_chopstick + 0x0000003C, line 105 in "din phile.c” Type: Lock being requested
Lok being requested: 0x21330 ,at grah_chopotick + 0x0000003C, line 105 in "win pnilo.o” | |leus Guovicsoe o rx0000083C, Line 105 in "ain_phils.s”
Thread f4 philosopher + 0x000000DS, line 74 in "din philo.c”
Lock being held: 0x21330 ,at grah_chopstick + 0x00D0003C, line 105 in "din philo.c” . JR——.
Lock being requested: 0x21345 ,at grah_chopstick + Ox0000003C, line 10§ in "din philg.c” | [|-1"P-SEart + Ox!
Thread #5
Lock being held: 0%21348 ,at grab_chopstick + 0xD0D0003C, line 105 in "din philo.c”
Filters Lock being requested: 0x21360 ,at grab_chopstick + 0x0000003C, line 105 in "din_philo.c”
_ Thread #6
= Lock being held: 0%21360 ,at grab_chopstick + 0xD000003C, line 105 in "din philo.c”
Lock being requested: 021300 ,at grab_chopstick + 0x0000003C, line 105 in "din_philo.c”
Compare
Local Host: scapen-ss10-0 | Remols Host | working Directory:  Stugio_12.5_THA_User_Guide | Gompare: of | Filtars: off | /\waming
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LBRENITARIRE T din_philo.c KBNIET , —NRIBFESEH , F— 1 E2RIREHL. &
TH—SRE , AR LB AR,

GBS R EIAGE T

252 2« 103 ox21300 FFES , FEHIIE 0x21318 V5K
252 3 : 103 0x21318 FFES , 1B 0x21330 5K
252 4 : 7EHbIE 0x21330 FFES , TEHBIE 0x21348 VESKREH
52 5 : 103 0x21348 FFES , 1B 0x21360 5K
253 6 : 103 0x21360 FFES , 7B 0x21300 ESKEH

TR EIMEPRNE—NEFE (&F22) |, Af5 8 & "Dual Source” (XUJR) fLE , ATAE
FIERFE 2 TEbE 0x21430 I EPIRISTIFARLE |, DARIRETEAE 0x21448 TESKPARKIRT
WIRARMAE, TRIEBRT MV TFLZFE 2 49 "Dual Source” (XUR) fLE,

DT RENEERT MNTZFE 2 i "Dual Source” (MUR) ME. FEIMER_L3ER
NEBIRT AFE 2 BITESE 105 1TV pthread mutex lock () FRER T bk ox21300 4
8, REINERTEBYBRT R—EKFEBTESE 105 T8 pthread_mutex_lock K
T HE 0x21318 4bEO4E. FEXT pthread mutex lock KIFXART , #AEA T AR
fENSE, BE |, BUREAISNEKIRET REATER — IR L.

EFREIEF SN ERBITRAMA BRRERKEE : "Exclusive Deadlocks” (E F3E
8) B2, WEEBRTZRERBT RGN FPUHRE) PEREESNERKIRIERNE
. RBRTIOERE— NIRRT A ABLEENE , FEXEXTE.
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8 din_philo.c FHIEIESLH

| din_philo.Ler - Oracle Developer Studio Thread Analyzer@scapen-ss10-0 == = ]
File Views Metics Tools Help
BBED [ved| Fne| oo [+ [N Jwateh Case
views + Deadlo... | din_philo.c Il £54 peadiock Details
I INCLUSIVE 7
Welcome . Data for Selected Deadlock
= I 2
Overview
woid Type: Acrnal deadlock
Deadlocks grab_chopstick (int phil,
- it e, AThread Invalved
Timeline char *hand) Thread |d: 2
<Fanction: grab chopstick>
L) - Tyge: Lack being held
0 {
Experiments 20 prhread matex lock (schopstick[o]): grab_chopstick + O0x0000003C, line 105 in "din_philo.c”
— 0 printf ("Fhilosopher %d: got %s chopstick %d\n”, phil, hand, c): philosopher + 0x000D00E4, line 73 in “din philo.c”
0 b _lup_start + 0x00000000
woid
doun_chopsticks (int cl,
int czj
<Function: dowr: chopstickss
a { o
0 prhresd matex_unlock (schopstick[cl]);
o pthread mutex_unlock (schopstick[cz]):
o 3 -
] »
Deadlo... din_philo.c s
IT INCLUSIVE 4
#
void Type: Lock b ted
grab_chopstick (int phil, PR/ ock belng requesce
int ¢, grab_chopstick + 0x0000003C, line 105 in "din philo.c”
char *hand) philosopher + 0x000000DS, line 74 in "din philo.c”
<Function: grah chopsticks _lup_start + 0x00000000
0 {
20 pthread mutex_lock (schopstick[e]);
0 printf ("Philosopher %d: got 53 chopstick :d\n”, phil, hand, c):
o 3
Filters void ) )
dowm_chopsticks (int cl,
= int £2)
<Function: dewn chopsticks>
0 {
=
0 prhread mmtex_unlock (schopstick[el]):
0 prhread matex_unlock (schopstick[c2]):
Compare e
0 + -
= 4 »
Local Host: scapen-ss10-0 | Remote Host | iorking Directary:  /Studio_12 5_THA_User_Guide | Compare: off | Filters' off | /\Warming

KEFEHFESLYYBIAT STREIETT

MR MR BRARIRSE , TEFAERE PR EREREPIFFEF AL, BR, IE
BRUFAEHRERFIUTER R, EIUIRRELTEN BT , FEIE
SREBIRTE RSLHIGE. ARFEHAMIE TR HIN T BRI , RRTaES R4 SKIRIESL.

FEFIE T TSI 40 RRAREHE) (FEARTHITXHRISHERM) MIEF K IERE S
RABTEFI—IRIBLT.

% cc -g -o din_philo_pt din_philo.c

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

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

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

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

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

Philosopher 1 is done eating.

%
©

Execution terminated normally

BT T E R TS LAMER er_print SKATREFKE

%

s er_print din_philo_pt.1l.er

(er print) deadlocks
Deadlock #1, Potential deadlock

Thread #2

o5 -

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

Lock being requested: 0x21318, at: grab_chopstick + 0x0000003C, line 105 in "din_philo.c"
Thread #3

Lock being held: 0x21318, at: grab chopstick + 0x0000003C, line 105 in "din_philo.c"

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

Lock being held: 0x21330, at: grab chopstick + 0x0000003C, line 105 in "din philo.c"

Lock being requested: 0x21348, at: grab_chopstick + 0x0000003C, line 105 in "din_philo.c"
Thread #5
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Lock being held: 0x21348, at: grab_chopstick + 0x0000003C, line 105 in "din_philo.c"
Lock being requested: 0x21360, at: grab chopstick + 0x0000003C, line 105 in "din philo.c"
Thread #6

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

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

LT FEINE R T &N TP RIS ESLBIER.
& 9 din_philo.c FHEFEILH

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

File Views Melics Tools Help

BEED ve@ O

Views + | Total Deadlocks: 1 Deadlock Details
Welcome eadlock #1 (Potential deadlock) PatslfoiSelseistiDeadioc
¢ [ Total Threads: 5 1d: 1
Overview
G (3 Type: Potential deadlock
Deadlocks Lock being held: 0x21300 , =t grab_chopstick + 0x0000003C, line 105 in "din philo.e”
Lock being remuested: 0x21318 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.o” AThread Involved
Timeline Thread #3 Thread Id: 2
r—. Lock being held: 0%21318 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.e”
A SOM e Lock being requested: DxZ1330 ,at grab_chopstick + 0x0000003C, line 105 in "din_philo.c” Type: Lock being held
Experiments Dmxeaa #4 grab_chopstick + 0x0000003C, line 105 in "din philo.c”
Lock b held: 0%21330 ,at grab_shopstick + OxD00D003C, line 105 in "din_philo.s”
ook beng he " o% ras_shomarlo " me AR IS S s losopher + 0x000000B4, line 73 in "din_phile.c”
More... Lock beiny remested: 0x21348 ,at grab_shopstick + Ox000D003C, line 105 in "din_philo.s”
- lup_start + 0x00000000
Thread #5 R
O Lock being held: 0%21348 ,at grab_chopstick + 0xD00D003C, line 105 in "din philo.e”
Lock being reguested: UxZ1360 ,at grab_chopstick + Ux0000003C, line 105 in "din philo.e”
Thread #6
0O Lock being held: 0%21360 ,at grab_shopstick + OxD00D003C, line 105 in "din_philo.s”
Lock being requested: 0x21300 ,at grab_chopstick + 0x0000003C, line 105 in "din philo.c”

Type: Lock being requested

grab_chopstick + 0x0000003C, line 105 in "din_philo.c”
philosepher + 0x000000D8, line 74 in "din phile.c”
_lup_starc + 0x00000000

Filters

Compare

Local Host scapen-ss10-0 | Remote Host | ‘Working Directory: . Studio_12.5_THA_User_Guide | Compare: off | Filters: off | /\Warming

B RICH T iR

—FERRIBFESL AN SIRIL A 7 AR L A —Fh RS | AL ZSRE SR AU EY
SRR RERHIAE, TRSBNBEMIDTESINEFROAL. STFREE
SRJE , AT MRER RMNZASE ., SUTFREARFHESHE  RARER X
2. UTARBBERT (RS SRS AR AZEE.

3

I
1ot

LA 57



BRILBIAT #BRIR

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

¥
T JUTHERA B HBIBTH T RS,

EdERg i 2

TEFE T ERSHIBINE LR AERFIMEIERA, SRATREST I 4
B LB AN — , AR Z BT AR RN EHAR . SARARFEFFRA

din philo fixl.c :

2R - TEEEBINBFERFZ /G , TTRAM OracleDeveloperStudiol2.5-Samples/
ThreadAnalyzer/din philo BH3xE %l din philo fixl.c {4,

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

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

O 00 NO U &b WN

o
N = S

#ifdef  linux
#include <stdint.h>
#endif

[ T O
o U~ W

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

N ==
S © ®

void *philosopher (void *id);

void grab_chopstick (int,
int,
char *);

void down_ chopsticks (int,
int);

N NN NNN
o U s WN

int food on table ();
int get_token ();
void return _token ();

N N
0
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29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

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 i;

pthread mutex init (&food lock, NULL);
pthread_mutex_init (&num_can_eat_lock, NULL);
for (i = @; i < PHILOS; i++)
pthread_mutex_init (&chopstick[i], NULL);
for (i = @; i < PHILOS; i++)
pthread_create (&philo[i], NULL, philosopher, (void *)i);
for (i = @; i < PHILOS; i++)
pthread_join (philo[i], NULL);
return 0;

void *
philosopher (void *num)
{
int id;
int i, left_chopstick, right_chopstick, f;

id = (int)num;

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

left_chopstick = id + 1;

/* Wrap around the chopsticks. */
if (left_chopstick == PHILOS)
left_chopstick = 0;

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

% 3 = SuaiETE
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60

83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136

printf ("Philosopher %d is done eating.\n", id);
return (NULL);
}
int
food on table ()
{
static int food = FOOD;
int myfood;
pthread_mutex_lock (&food lock);
if (food > 0) {
food--;
}
myfood = food;
pthread mutex unlock (&food lock);
return myfood;
}
void
grab_chopstick (int phil,
int c,
char *hand)
{
pthread_mutex_lock (&chopstick[c]);
printf ("Philosopher %d: got %s chopstick %d\n", phil, hand, c);
}
void
down chopsticks (int cl1,
int c2)
{
pthread_mutex_unlock (&chopstick[cl]);
pthread mutex unlock (&chopstick[c2]);
}
int
get_token ()
{
int successful = 0;
while (!successful) {
pthread_mutex_lock (&num_can_eat_lock);
if (num_can_eat > 0) {
num_can_eat--;
successful = 1;
}
else {
successful = 0;
}
pthread_mutex_unlock (&num_can_eat_lock);
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137 }

138 }

139

140 void

141 return_token ()

142 {

143 pthread_mutex_lock (&num_can_eat_lock);
144 num_can_eat++;

145 pthread_mutex_unlock (&num_can_eat_lock);
146 }

EAFX—EIERARE FRNEREFF , FZ2RETAFEfF. SHSIRS) T =l
PR B A B, M P38 So SKBRIEBIFNEFESLAL

BT  BEALTHS
% cc -g -0 din_philo_fix1 din_philo_fixl.c

W B SRS

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

RIRAHRE

B E 2 A RENE , RN MR ERFESINIRE X SRIMFEEEIS. X2
—RIR. ESEUTREEESSHRER R FRINE,
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TRIRAETESL A

| din_philo_fixl.ler -

iz Developer Studio Thread

S=] = ]

Welcome:
Overview
Deadlocks
Timeline
Dual Source
Experiments

More...

Filters

Compare

[l =

Eile Views Metics Tools Help
BBED | ve&

Views +

Total Deadlocks: 1

eadlock #1 (Potencial deadlock)

% [JTotal Threads:

Thread #2
Lock
Lock
Thread #3
Lock
Lock
Thread #4
Lock
Lock
Thread #5
0O Lock
Lock
Thread #6
Lock
Lock

O

O

s

being
being

being
being

being
being

being
being

being
being

held:
requested:

held:
requested:

neld:
requested:

held:
requesteds

neld:
requested:

0x21430 ,at grab_chopstick
0x21448 ,at greb_chopstick

0x21445 ,at grab_chopstick
0x21460 ,at grab_chopstick

0x21960 ,at grabh_chopstick
0x21478 ,at grabh_chopstick

0x21478 ,at greb_chopotick
0x21490 ,at grab_chopstick

0x21490 ,at grab_chopstick
0%21430 3t grab _chopstick

¥
¥

.
¥

¥
¥

¥
¥

¥
-

0x0000003C, Line
0x0000003C, Line

0000003, Line
0x0000003C, Line

0x0000003C, Line
0x0000003C, Line

0x0000003C, Line
0000003, Line

0x0000003C, Line
0x0000005C, Line

107
107

107
107

107
107

107
107

107
107

in
in

in
in

in
in

in
in

in
in

"din phile_fixl.e"
"din phile fixl.c”

"din_philo_fixl.c"
“din_philo_fixl.c"

“din_philo_fixl.c”
“din_philo_fixl.c”

"din phile fixl.c”
"din_philo_fixl.c"

“din_philo_fixl.c”
“din philo fixl.c”

Local Host: scapen-ss10-0 | Remote Host

| Working Directory:

JBtudio_12.5_THA User_Guide | Compare: off | Filters: off

| & waming

IR m)
Deadlock Details
Data for Selected Deadlack
1oL
Type: Potential deadlock
AThread Invalved
Thread ld:

Type: Lock being held

grab_chopstick + 0x0000003C, line 107 in "din philo_fixl.c”
philosopher + 0600000098, line 73 in “din_philo_fixl.c"
_lup_start + 0x00000000

Type: Lock beiny requested

grab_chopstick + 0x0000003C, line 107 in "din_philo_fixl.c”
philesopher + 0xD00000EC, line 74 in “din phile finl.e”
_lup_start + 0x00000000

R EREPRE— AR (572 2)

, $R/5 8 "Dual Source" (BUR) & , TTLE
BISAR 2 1EMIE 0x216a8 I PINXTIVIRAELUE |, URIXSARLE 0x216c0 R YHH%T
WIFRBAE., TEE/RT XN TZFE 2 19 "Dual Source” (XUR) fLE.
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1 RIRAEFESLBIARIRACES

! din_philo_fixl.Ler - Oracle Developer Studio Thread Analyzer@scapen-ss10-0 ==
File Vews Metrics Tnols Help
BEED [ ve@ | Find:| = e oo |- JENENT Iaigh Case
Views + Deadlo... | din_philo_fix1.c &Y Deadiock Details
I3 INCLUSIVE ~7!
Welcome M Data for Selected Deadlock
i - Id: 1

E 0 return nyfood; 1

0 3 Type: Potential deadlock
Deadlocks

AThread Involved
- woid
Timeline grab_chopstick (int phil, Thread ld: 2
int e,
Dual Souree char *hand) Type: Lock being held
Experiments <Punction: greb chopsticks greb_chopstick + 0x0000003C, line 107 in "din philo_fixl.c"
e 0 i rhilosopher + 0x00000098, line 73 in "din philo_fixl.c™
10 nthread_mitex_lock (cchopstick[cl) : Lvp_start + 0x00000000
0 printf ("Philosopher %d: got %o chopstick sd\n”, phil, hand, cf: -
0 3
=
woid

dotm_chopaticks (int ol,
inn o2)

‘ »
Deadlo... | din_philo_fixt.c mes
23 INCLUSIVE 7
#
0 return nyfond; C
0 ! Type: Lock being requested
void grab_chopstick + 0x0000003C, line 107 in "din philo fixl.c”
grab_chopstick (int phil, philoscpher + 0x000000EC, line 74 in "din phile_fixl.c”
int c, _lup_start + 0x00000000
char *hand)
<Punction: grab_chepsticks
0 |
10 priread nutex_lock (schopstick[o])
Fitters. 0 printf (“Philosopher 3d: got %s chopstick $d\n”, phil, hand, c):
— 0 3
= =
void
@mTEe donm_chopsticks (int cl,
— int o2) -
=l [« »

Local Host: scapen-ssi0-0 | Remote Host | \Working Directory  fStudio_12.5_THA_User_Guide | Gompare: off | Filters: off | A\ Warning

din philo fixl.c Hf get token () R¥{EA while (EMKFISEFE. KIEERTNE
B Z B AREEIT while B (X4 num_can_eat KT 0 B[ A Zhik134HE) . while
EAR RN B RALIRSIH 4. B2 , KRESMRTTIERAIE while FEAKILMFE
. BINAMB LT FRANERMEEFIEHE |, RRE T —ME8Ee8. T—
TR BA AN AR AT 23 AR BB R 2B SR BR ) [R) B A A8 A A %K.

FH—FhS L

TEFIE TSGR S—FKIL., IR EREANSM , TARZEUN MRS
AEREHHE. B , LRIEM sem wait () F sem post () {SSHIFERFIFE
ISR ZARARIFESCHFFRA din_philo_fix2.c,

12K - TEHEBINBFERFZE , FTRAM oracleDeveloperStudiol2.5-Samples/
ThreadAnalyzer/din_philo B3REH! din _philo fix2.c {4,
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THEFIH T din_philo fix2.c:

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

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

O 00 NO U s WN =

e
W N R~

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

e
N o u s

void *philosopher (void *id);

void grab_chopstick (int,
int,
char *);

void down_ chopsticks (int,
int);

N NNDN = =
w N =S O

int food on table ();
int get_token ();
void return token ();

N N NN
~N o b

pthread mutex t chopstick[PHILOS];

28 pthread_t philo[PHILOS];

29 pthread mutex t food lock;

30 int sleep_seconds = 0;

31 sem t num can eat sem;

32

33

34 int

35 main (int argn,

36 char **argv)

37 {

38 int i;

39

40 pthread_mutex_init (&food lock, NULL);

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

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

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

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

48 return 0;

49 }

50

51 void *

52 philosopher (void *num)
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53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106

{
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;
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);
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107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122 void

123 return_token ()
124 {
125
126 }

void
down chopsticks (int cl1,
int c2)

{
pthread_mutex_unlock (&chopstick[cl]);
pthread mutex unlock (&chopstick[c2]);

int
get_token ()
{

sem_wait(&num_can_eat_sem);

}

sem_post(&nhum_can_eat_sem);

X—HRIMERES num_can_eat_sem RKIRFIFTTRINMENEFRAL. 55

num can eat sem FHA1L K 4 | PEESER ABUL—A . X BERT , T50EH

get token () , JFZ AR sem wait(&num can eat sem), YA sem wait () £S5
TRANE¥RANERRE , EEMESETAEE , AR ESER 1. TERHIR
TeEefE , VA return token (), JFEZE XA sem post(&num_can eat sem), FFH
sem post () ALREB{ENM 1, KRN RAIRT sem wait () F sem post () #
WA, FHEHEMERE FRARN=HHE.

i - WER -Lrt JmiF din_philo_fix2.c DMERAEN S SHIFE.

FYHZF din philo fix2.c , FFAUTHS :

%

cc -g -lrt -o din_philo_fix2 din_philo_fix2.c

RS RIEATAZFF din_philo_fixz MX—HIEL , HARNESRBERLL , Rtk

.
X —HT — 2R LA

%

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

B RIMEARN MG din_philo_fix2.1.er SR HIETRIRILHEIEFEILS! |
W TERTR,
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& 12 FHR45 din_philo_fix2.c BTSN

1 din_philo_fix2.1.er - Oracle Develope

Me 0 Help

Finel 123 in view: |~ &

(+) | Total Deadlacks: 0  Deadlock Details |
Welcome Data for Selected Deadlock
) 1] |
Overview
e \
AThread Involved
Timeline Thread |d | ‘
Dual Source Tyme ‘ ‘
Experiments
More...
Type
DEX =
To acd a fiter, select
& o from & view:
(such as Functions)
R =

?ﬁj E?géﬁfiéu\ﬁﬁ%%ﬂiﬂﬂﬂﬂ‘léﬁﬁiﬂ RNEFSE AP ISR |, ES ILHTR A, RN AIIR
AH) API,
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X % A

AL HTE IRAI) AP

LN T ARAIE OpenMP, POSIX £#241 Oracle Solaris ZkF2I2 LA K & ¥ e
B4 APl FIME, BR , ZLATFRFALEXKFEL |, tnRER T XHMEL |, 7]
BESRIREUBRSER. #an , 2T ATARREE FmI LB S LS B hest.

BAESHTER 7 API

MRARBEBERAFAEXNEL | BB IFHA - AP FENXFEFH KRR
XEEE L, BEHARR , KRS IRAIX LR SIHFBINRRAEE. TEIE T
libtha.so A JE X IERFENATES I APIL,

&1 KRN, AP

BIFERHR
tha notify acquire lock ()
tha_notify lock acquired ()

tha_notify acquire writelock ()
tha notify writelock acquired ()
tha_notify_acquire_readlock ()

tha_notify readlock acquired ()

tha notify release lock ()
tha notify lock released ()
tha notify sync post begin ()
tha_notify sync post_end ()
tha_notify sync wait begin ()
tha_notify sync wait_end ()

tha_check datarace mem ()

tha_check datarace thr ()

g

AT RATERR Fr 3 ARER A P B2 AT B AL IR

AT IATERCENERER P RE X B2 IR LRI A AIAR

AT RAERR FR 2 DAS AR EREUR 38 XA/ B 91 2 RTALEDA
FRkHIFE.

AT IAFERLSRAR I 2 AR TR ER R P RE RSB B Je L RIA Rt
Bz,

AT RAFERR Fr 2 DU BUAE SR BUR 8 XSt/ B 49 2 BTAZBIE
B,

AT RAFEROEERIR AR ER AR R YRR B 8z S RA ALt
Bz,

ATRAFERR AR PR LB B 9 2 BT BDE L GIFE,

AT ATE RO RUR PR BRI B Bl fE L R R GIRR.
ATIATERAT R P RE XN TR AR 2 AL BN A AL 7.
ATIATERAT AR FRE N R RAR) S 2 fe S BN A AL 7.
ATIATERAT R FRE USR5 R 2 BTS2 BN A AL 7.
AT IR FRE LR RI 2 IR L BN Rt GIEE.

GBIFEH R AT A FE I THR S AN Rk 2 e X35 5E
RFFBIIIE] .
GBIFEERATE N WA FEHI TR A Y Bk 2 e — A Bk
ENERFRREHTRNEIRL.
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2T C/C++ hRAFN Fortran fRASH AP, &k AP ERERRFANS D, HEN
GHE—HARRRI ST %

1E CIC++ hRAH] APl Fh , SR vintptr_t, £ 32 AR FKE N 4 ANFTT
1E 64 SR T KER 8 NFT. TEARLARAKTT API B, ZFFHRZEHR #include
<tha_interface.h> ¥RNE C/C++ JR 4+,

1£ Fortran [RASH) API 5, SEAIZETYAEERY tha_sobj_kind , 7E 32 {4 64
AR TR ESAR 8 NF 1. EARLARARTA API B , FFHEZH #include
"tha finterface.h" 812! Fortran JEX {4+,

AT E—MINRARIE R , M TENFARMEDSX S , 281D NAFGARKE. H+
;fqzl:%ii%ﬂ%ﬁiﬁ%ﬂ‘ﬁﬂitﬁﬁﬂﬁ ID, PUNAERIRGIEA T 2 API 8 Saixti¥L
B,

Bl 1 ERZRENIT AP B RIRIREUES RKRG)

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

/* Thread 1: Producer */
100 data = ...
101 pthread mutex lock (&mutex);
tha notify sync post begin ((uintptr_t) &ready flag);
102 ready flag = 1;
tha_notify sync post end ((uintptr_t) &ready flag);

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

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

BEXAFAPIREZEE |, ES N libtha(3) FHA.

HARERAIK AP

AT LT RN LR AT 25 AR AIKZAE AP,

70 Oracle Developer Studio 12.5 : ZFE #2855 « 2016 £ 6 A



HABARAI API

POSIX %2 API

BEIXL AP IEZ(ZE |, 5 N, Oracle Solaris STAYRH (ZLFERFEFER) .

pthread detach ()

pthread mutex init ()

pthread mutex lock ()

pthread mutex timedlock ()
pthread mutex reltimedlock np ()
pthread mutex_ timedlock ()
pthread mutex trylock ()
pthread_mutex_unlock ()

pthread rwlock rdlock ()
pthread_rwlock tryrdlock ()
pthread_rwlock wrlock ()
pthread rwlock trywrlock ()
pthread rwlock unlock ()
pthread create ()

pthread join ()

pthread cond signal ()

pthread cond broadcast ()
pthread cond wait ()

pthread cond timedwait ()
pthread cond reltimedwait np ()
pthread barrier init ()

pthread barrier wait ()

pthread spin_ lock ()

pthread spin_unlock ()

pthread spin_trylock ()

pthread rwlock init ()

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 ()
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71



HABARAIR API

Oracle Solaris Z#& API

B AP UEZ{=2 |, 155 I, Oracle Solaris T4 (Z L FEURFEIER) .

mutex_init ()
mutex_ lock ()
mutex_trylock ()
mutex unlock ()
rw_rdlock ()
rw_tryrdlock ()
rw_wrlock ()
rw_trywrlock ()
rw_unlock ()
rwlock init ()
thr _create ()
thr_join ()

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

cond timedwait ()
cond reltimedwait ()
sema_post ()

sema wait ()
sema_trywait ()

N5 API

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

memalign ()

free ()

BXRAFNEC API KSR, EZ I malloc(3C) Fif .

N77#E{E API

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

BRATFHREE APIHMER. , 5 I, memcpy(3C) FHIT.

FRIERIRIE AP

strcat ()
strncat ()
stricat ()
strcasecmp ()
strncasecmp ()
strchr ()
strrchr ()
stremp (

)

strncmp

strepy (
)

(
)
(
)
(
()
strcspn ()
)
)
)
(
)
)

strncpy
stricpy

strspn (
strdup (
strien (
strpbrk
strstr (
strtok (

)

BXRXFHREE APIREE , SN strcat(3C) FHRE.

SCHTFE API

sem_post ()

sem wait ()

sem trywait ()
sem timedwait ()

JRF14E (atomic_ops) API

atomic_add ()

MR A LFEDHTRATRAIK API
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atomic_and
atomic cas

(

(
atomic dec (
atomic_inc (
)

atomic or (
atomic swap ()

OpenMP API
SAENMTERA OpenMP [R5, BIanBFE, 81 IRRLIE, RFAKIBHESF4F
(taskwait),

BXEZIEE , 155 M (Oracle Developer Studio 12.5 : OpenMP API FiF45R) .
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X % B

£ ASAE D IT2RHI5R 7R

KRB RTERLREN RN —LERRER.

YR FRFEFF

KT e S 3K 2 B4R N FRFRFF AR R

» AR AR USRS | (EF - SRFARIETR. B0 , ARSI AT AR
RS RMLBNITSER.

w AR RARFF ZSEHRRDET |, ERMRT -x03 LR A TR, SnFasitnlaE
KRRRITSEEIHEEREIERE.

» BREDTRSBNNENE AP [72]FFTRIIBIRE. SEHEEINFYECER AR
AJRES SBURIRIIR S .

NN FIFR FF MG IS

KT ERE 2 BTN TR F IR S RN R

s IR ERN —FHEREBUAIHITEIES RN |, collect -r race &Sk B —&A
TRIRRES -

% collect -r race a.out
WARNING: Target “a.out' is not instrumented for datarace
detection; reported datarace data may be misleading
 BEIEER nm AR ETRX tha BIFRHIAA , WTIAME B TR T Z 3RS
ITEORSE RN, NRBRAFR  tha FEKMBIFE , MRS —JHHILAD,
B 20T FTR.
IRACRLERAGI -

% cc -xopenmp -g -xinstrument=datarace source.c
% nm a.out | grep _ tha_
[71] | 135408| @|FUNC |GLOB |@® |UNDEF | tha get stack id
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{#/ collect §5451TN T2/

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

T HIARLERAGI -

% CC -Xopenmp -g source.c

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

% nm a.out.i | grep _ tha_
[88] | @] @|NOTY |GLOB |@ |UNDEF |__tha_read_w_pc_frame
[49] | @] @|NOTY |GLOB |@ |UNDEF |__tha_write w_pc_frame

£ collect i S 1B1TN TR

KT BRI AR AL Fr MG N S A SEBIRAR 7R .

= ffg{R Oracle Solaris RZ Rk 7 B LFEHRBANERF. collect LT FIL B
DB BAMER. ST OpenMP NFFERF , BEREREFThRASH libmtsk. so,

. KWNATREASERITHRIEELEK (51X 50 FEEFEL) , AASBRNGFEFIE
;]iut . EITLﬂ\%ﬁtﬁﬁfﬁﬁﬁﬁd\ﬂ‘]?ﬁ&%iﬁﬁmﬁHﬂLI‘Eﬂo ha] Al g A AR S e 5

SLVIEIR

s CHRINEEES R |, BHRN AR YEIEBRLIEARLIE—1 . XFF OpenMP , &0
PAFSELRFEE , AR BIMIEACE OMP NUM THREADS iR B K BT B F2 S IIEAr
£ OMP_DYNAMIC i% & A FALSE,

REBIESH

AT HEHIRF BN

» ZRESTHRENETHNBESR. NARFASTRTARRTERRMA RS
FMREAGORE, BESERARRREREEURERR RN ARBIESE , 1E collect
TEIT R, ENERBRMIREERHTRE , IRAREM R &% T AN

B S AR AT BEME .
. BRESWEIENNANHFRE AN RELEZ RRBIEFH. ERENARRAFEZ A
¥R .

» BRESTHIMREPEFATIRRNLTENER. B , ERHELENHF , AT
gﬁ?ﬁiﬁﬁ%ﬂ%@ﬁﬁiﬁ [RIRIRARLT , BRI EIRAESTT_ EE AR EFNZEY
TE,

w FREEAT  SRENTS TSRS KINMER AT IHRRENBIETH. XEHRE
FRACONRNR. EABMAPRMNELI AL 2 AR NER |, BF S REXH
0. #5120 , NRARTFEEUA RN FREFE | LRI TTERAIXL
R R, BEFERAETHASEIESIRM 7 APIHER , LSS T8 E
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BXRAPEXNRLHIER. BXREZER , ESIER [35]AMR A, &FEDHT

22 ARAIK AP,

13 IR RRLR A AR S %R S - 518 A 3R BER A MR S ¥R )

BEARMR. FEZHBIRBEIRNF | REEN T SET R ZE ERNNxX L=

FE (TTRENRESHERIERFTH , C2BiT dlopen () TFTHH) . EBER
ﬁnﬂjl?&@‘}ﬂuqﬂ , N Y4{FE A -xinstrument=datarace i FERIRIRELES , AL XS EFHIT
.,
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