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2.1.2 prime_omp.c BYIR{CAD
prime omp.c PRSI NAT/R «

/*
* 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>

OCoOoONOOUTEAE 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 (!pflaglil])

24 continue;

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

26 pflag[v] = 0;

27 return 0;

28 }

29 }

30 return (v > 1)

31 }

32

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

35 int i;

36 int total = 0;

37

38 #ifdef _OPENMP

39 omp set dynamic(0);

40 omp_set num_threads(THREADS) ;
41 #endif

42

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

45 }

46

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

50 primes[total] = 1i;
51 total++;

52 }

53 }
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54

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

57

58 return 0;

59 }

prime_pthr.c BYIE{CRT

primeipthr.cE@ﬂ?fﬁﬁ%ﬁujtﬁﬁﬁ%:

/*

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

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

VCoo~NOUL,A, WN -

10 #define THREADS 4
11 #define N 10000

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

16

17 int is prime(int v)

18 {

19 int 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 (!pflagl[il)

25 continue;

26 if (v % 1i==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 primes[total] = i;

45 total++;

$2E - HiEFRAHE
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20

46 }

47 }

48 return NULL;

49 }

50

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

52 {

53 int 1i;

54 pthread t tids[THREADS-1];

55

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

57 pflag[i] =

58 }

59

60 for (i = 0; i < THREADS-1; i++) {
61 pthread create(&tids[i], NULL, work, (void *)&i);
62 }

63

64 i = THREADS-1;

65 work((void *)&i);

66

67 for (i = 0; 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 }

RS A 1E prime_omp.c M prime_pthr.c FEIRR
YA EETERG O NEY R 2 A ER . RGOS TR AR 21

Al o

WG ERETTRBI LA L, BT ESSE S A, BT prine_omp B

prime pthr B #EE A AN ERH H A —ERVEE R -

TE T HE IR, AR X a 2 DL EHZ1T prime_omp F2/F

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

FE T ERREIS . BEARATE i < Uiz tT

cc -mt -o prime_pthr prime_pthr.c -1m

o° o° o°

./prime_pthr
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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

HIERF MR ZIETTE R — 8t - AR Zis X ey — A B 6
BN —BUEER -

T AR AR RS AR DU AT DASk & AR B RO L -

2.2 JAfERLIES TR TR EBREFH

2.2.1

2.2.1.1

R M e U FH 5 Oracle Solaris Studio 4R 27 M7 28 FH [E] 10 WSt B - 40 M F 1
LR e RE 1 e =58 -

1. 2821 TR “2.2.1 BB (RS>
2. 522 TUHAY “2.2.2 BN 4 P ARG S
3. 58 23 TUHIAY “2.2.3 R 75 BUdE 4 B RG0S 56

RRE AR

0 T AR AR S A AT SR (T T LU ML TR 7] - 3%
ks Y LLERL R PR 1520, AT DLZEE [ JEE Oracle SV L AL PR AT
GRS L 52 - AP 1 4 AT P PR SRR 77

RS IRE A

FIRCHIRACHS . DA F R R G i E a8 2L T - xinst rument=datarace X N FHFEF i1 T4
T o LRI 2 FE R ot A2 AR A TR, DA RGN A5 4 FH

F -xinstrument=datarace 4ui¥ ax LA MBI F T 4a i3 F2 P P A g .

iE —fﬁﬁﬁ -xinstrument=datarace ﬁﬁz}?ﬁﬁgﬁﬁﬁﬂta %»JZ\J‘I}%EFE% -g lirﬁ H E"J%ﬁi
RCHAAE 2 LUS /0 i 88 00 R DI6E « W RE e b Tm i LU B HE S+ IR . REHEE
AL - 16 -xopenmp=noopt ZiF OpenMP F2)7 o & ILALLBINS . &Y
BR (WHTSHIEMR) 7TREZEE IR -

AT LA DU R i AR B AR 2R A
% 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
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22 MMAER LR TR EIREESA

HEE, ARPIES AR T _inst SRS, PRI AT DURIE I = dE RS 2L
B eI . A, AR -

2.2.1.2 B3& i &I AD

FRIFE i — RS RIS, FF {5 A Oracle Solaris Studio /B & HY discover
T.H . discover(1) FMTIFI {Oracle Solaris Studio 12.2 Discover £l Uncover FH 7 5§
FY Az TR T T B .

AR ZEHHRBIREEREZE R 155 WA 14 TUHEY « ZERI RS LR -

T ARBEEHRIRE]. ERA LT S LR UL 3 #7415 2k imo il gd o]
H discover f# FHRY — @ HIACHS -

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

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

SRIG . XTRTEIELRY prime omp opt Al prime pthr opt (AL —#HXIZi21T discover :
% discover -i datarace -o prime_omp_disc prime_omp_opt

% discover -i datarace -o prime_pthr_disc prime_pthr_opt

R A B QI 5 HY — S prime omp disc Fll prime pthr disc. AJ DLFFXEE
ZHHRIE S collect —RE(HA . DLAIEE W] HERRE A an b TR A 5K -

2.2.2 ke te ik il PAL
A -r race FRER collect i < RIZTTHE 7 HFAEGERE ST A1) GBI i B3 < RGN
E?égfommwﬁﬁ,ﬁﬁ@ﬁ%%ﬁﬁ%?*¢oE$ﬂE%ﬁ%$’ﬁﬁ?
T MR AR B Y — RS Bl 2 -
% collect -r race -o prime_omp_inst.er prime_omp_inst
% collect -r race -o prime_pthr_inst.er prime_pthr_inst
BT discover TR OIEH) — gl (D QI S25; -
% collect -r race -o prime_omp_disc.er prime_omp_disc

% collect -r race -o prime_pthr_disc.er prime_pthr_disc

YRR s A T RENE . EIUEATA - r race fREH collect BIEE L M
FORRIISCES o X TR N A AR A EFE EIORIAS [A] (1 ey A2 -
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2.2.3

2.2.3.1

2.2.3.2

B4, 1 prime_omp.c H. HILLUFITIRELIREL -

#define THREADS 4

ALIE R R 4 O R T LA RSB R (B0 8) SR B iR AR A -
prime_omp.c FHAY DU NAT 2 R BRI A+ 2 1 3000 2 18] 5T £ -
#define N 3000

AT BN B (EL SR AN R g A ESCHE . AT (R P 0T B 2 R D | T

W E RIS H RN L5

AT DU FHERFR AT o ~ MERE M HTER B er_print SERFR T RO A EihE S IR I SC50 - 26 fE
e FITERE AT ds b P2 it GUI St ; Lefenffrds oy @ —H ML AvERE PRz, (H
FEHA 7 1 5 1R RE A s 58 2 AHIA -

ER&ESMRERMRTRAIN
HREEERAR, WAL &S

% tha

LR as GUL B . TR NES L MREMIR S ERS CREIFRZEX RA

R ET) -

BREEO T, AMEEH S E RN =M%

= "Races" (1) %%, TORFRFE ARG I B BCHE S 91 2 DL R S BR8P AR R
BR o BRETE LN 2R -

= "DualSource" (NUR) 1%, o5 AT £icHE S FHAY I U7 TR0 R R0 9 A A
8 - ZAEdES AU R AR T 2R R

» "Experiments’ (S£4%) FR%5, M RSERARIR AR GOFAI AR RAIE HIHE -
ERRE A s ST R A I 2 A% o Seoms BT B

. ggguw(ﬁ%)ﬁﬁ’EﬁMde(%ﬁ)ﬁ%¢ﬁ%%ﬁ%%ﬁﬁﬁ%ﬁ

= "RaceDetails" (FHIFEAEE) 7%, TR "Races" (FH) brEHkEEEbE s
FH a0 AR ERER A R4S B -

fEH er_print EEHTEFH LR
er _print SRR aG S TR . TUEL B X2 EH er_print SEHRR P HAE
TR E Fan < o Wl DU a7 080 AR SRS B3 20 E Fan &
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23 THRXBRER

(M er_print KHRFREFHN. LT TarSAEHAEH
=B -races

IR 2R e SE R R BRI FT A B S o 1£ (er_print) S8R fT FHEE
races, BUHTE er _print i 1T _LFRE -races -

®  _rdetail race_id
ZIET 2 BoR B R race_id FEHEF HRTEMEE o 1€ (er print) &R N5
T rdetail, BUEFTE er print @& 1T LIEE - rdetail YIRIEEHY race_id )
all. PR rmArTEERFAMEMEE . BN, 1HEER N FHE S, FluhE—
MRS HEE L.

m  _header

k2 A RS A S B IR G IRSE S - 1E (er_print) $RTF
NE7E header: BUETEM 21T LIEE -header -

GRELZER. 1ES0 collect(l) ~ tha(l)~ analyzer(1) fler print(1) F/H 1.

A gA
23 THRIWER
KT/ EBUME er print ar 1 TRILETE 70 88 GUI ST il 3159 & N 58 4 F 9 A
TEE:
w BHEFE A —ID

S5EUES M BRI ME vaddr o QIR IE— D REfUMNE, WIS ERES R ER
FRZF "Multiple Addresses" (% TMHbtik) o

o AR UL vaddr BFINAFUT IR 2 ORI SEAL (BRIEE
A DR IRARS R & A 07 (R e 8~ ARFS REATIAT 5

o 5 R AR ST A T P AR R S A - R 5 P A 2 1 B3 e T U5 TR Y
X R IR o QIR IRYE GUL WIZERE B AR ERERI 27 "Race
Details” (FtHIHE4EE ) FRER TN - QUEREAIIRE er_print SKHTE
J¥: rdetailal<Rf 2 Wom X U AT -

2.3.1 prime_omp.c FRIEIESH

LA prime_omp.c PHVEIET A . AT DLEATES 22 TTHPRY «2.2.2 G @R S AT I 5L
SRR SRR 2 —

FFH er print 'Z75 prime_omp_instr.er SEEHHEUEIEEAGEE, HRAUL TGS -

% er_print prime_omp_inst.er

1E (er print) FERTF T B races & AN N AV H -
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(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)

RPN R R E 2 THAR & A T s -
BIEERTE M asFTHF prime omp inst.er SE%. HHEEALL T4 -

% tha prime_omp_inst.er

DA B4 7 T 1E prime_omp. ¢ FERMEIR A, Ak fe M as A fiors -

2-1 prime_omp.c HRIN B R R HE S FH

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

la’u‘i_.‘_. @& EE @ ¢ e VewMods User || Find Tex:’ -

Races Dual Source Experiments OpenMP Parallel Region OpenMP Task Summary Race Details
Total Races: 2 Data for Selected Race
Race #1, Vaddr :0x21cad av

Access 1: Write, 1 callstack Trace

Rccess 2: Read,
in "prime_omp.c" Access 1

b Total Callstack Tr

[Race #2, Vaddr :(Multiple dresses)

Access 1: Write,

in "prime_omp.c"
Access 2: Write,
in “"prime_omp.c"
b Total Callstack Trace

Access 2

28 - BRFRAHE
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4
>
i
A8

2.3 THERIL

prime omp.c IR T A RS A -

» Race#l (FH 1) TR T2 26 THREL is_prime Y —RE A58 23 1T[R— KA
B —REE 2 B A o MREBIE, 1T BEXEELT . IE{EX pflagl |
WAHSITUIR - TR Hras . J8id B "Dual Source” (XUJR) FRZ5 0] LATR 7 {#
HIEEN T MTSEMIREE, Hrhid g g & TR I e T L5
FA 1 (R CES -

Race#2 (M 2) T/ 7 X main PRENEE 50 TR E A Z RIFV4 A - B "Dual
Source" (JUJR) PRZEFIFEEIXZE 50 1T primes [ 1 BLHAEIT T 2R A2
Race #2 (%tH 2) R primes( 1 FUARITCEPFTA SN —HEIEFH - Bt
Vaddr 'K Multiple Addresses (% MHihk) AT LIE HiX— 5

R D AT e 1Y "Dual Source” (R ) $7%. A] LAIFIIT & B 5 50 4 F AH S B A 1
ANFAASALE - a0, 7E "Races” () FRZEHIEEE prime pthr.c B Race #2 (F+H]
2) . SAJF ¥ "Dual Source” (FUR) Fr% - HEH BRI FHINZ -

2-2 prime_omp.c ARG 2] 7Y B S F RS

= Oracle Solarls Studio Performance Analyzer [prime_omp_inst.ar] -ox
File View Timeline Help
@2 e @& ED ©ve ViewMode User |-| |Find Ted:" BEE.
Races Dual Source Experiments OpenMP Parallel Reglon OpenMP Task || summary [Race Details|
ZRace | source rile: prime omp.c I Data for Selected Race
Accesses obiect File: /home/testers/SolstudicProjects/tha-tutorial/prime Abaw

Load Object: <prime omp inst>

W:(1/2 -- 1 callstack Trace
Vaddr: 0:21c88

2 no need to check against known composites

3 if (ipflaglil)
continue;

cwo o w
0 MR R
LR
™ Py
@
I
o il
o
+

7 return
28. 1
[ 29. )
a 30. return (v > 1);
0 3.} i
e i)
—
=Race | source File: prime omp.c
Accesses | object File: / esters/SolStudicProjects/tha-tutorial/prime
Load Object: omp inst> — 1
N Access 2
a 18. int hound = floor(sqre(v)) + 1; -
20. Type:Read
] 21. for (i = 2; i < bound; i++) |
2 /* no need to check against known composites */ [
3
a 24. continue;
a 25. if (v ¢ i == 0) {
3 26. pElag[v] = 0;
o .

18R - W RE TR B E R MRS M bR HE B0 B bR A BEE 2 "Dual Source" (XR) b
LI ] "Race Accesses" (T2 ifiln]) & .
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2.3.2

prime_pthr.c RRIEES A

ZHGA prime_pthr.c AVEHES . ATDUEATESS 22 TUAPRY “2.2.2 QIR 5+ AL
SKE AR 2 — .

ZiH er_print IZ/K prime_pthr_instr.er K FHEHRFAEE . HRAU TGS

% er_print prime_pthr_inst.er

1E (er print) #&/RTF T B A races W& 24N FHYHH -

(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)

GREFF LR E e THAR 2 A2 1 PR 5 -
%?ff%%ﬂ%ﬁfﬂf%%qq?T}Fprimeipthriinst.ergzﬁﬁy ﬁ%ﬁ%)\ui1?ﬁﬁ4>;

% tha prime_pthr_inst.er

LR BRI B T TE prime_pthr.c RIS, &R o res it s . 181
B, XL er print AT R F FAEE
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2.3 THEKT

4
=?
i
A8

2-3 prime_pthr.c R B RO K % F
B Oracle Solaris Sludio Performance Analyzer [prime pthrdnste]  BEES

File View Timeline Help

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

| Total Races: 4 |
[Race #1, Vaddr :(Multiple Addresses)

TR RE
Summary Race Details

Data for Selected Race
dpreaw

Access 1: Write, is_prime + 0x00000270, 10:574 — 1 Galistack Trace
line 27 in "pr = -

Vaddr: (0xfenfeils
Access 2: Write, is_prime + 0x00000270, = o
line 27 in "prime_pthr.c Access 1

S - T
b Total Callstack Traces: 2 Type:frite

Face #2, Vaddr :0xffbfe714
Access 1: Write, main + 0x0000025¢,
line €0 in "prime_pthr.c"
Recess 2: Read, work + 0x00000070,
line 40 in "prime pthr.c"
v 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"
b Total Callstack Traces: 2
Race #4, Vaddr :0x21a%0
Rccess 1: Write, work + O
line 45

I
Access 2

Access 2: Write, work + O
line 45 in "prime_pthr.c"

= Total callstack Traces: 2

prime pthr.c RS TR S A

» Race#l (FH 1) 25 27 TR is_prime AT pflagl | BN —KE A5 F—1T

HIX] pflagl 1 95— &G A Z [AIEE FH -

5 40 17X R

» Race#2 (FH2) 2% 60 1THXf main() HAFE i —KEAE

—NAFLE (TEwork() 4 *arg) BY—URBEELZ [ EiLHE 5 ) -

» Race#3 (M 3) 2% 44 17X primes[total] B —KE A HE—1THXt

primes[total] E’]ﬁ*()\'ﬁ)\ZIEﬂ RS H -

» Race#4 (FMH14) 25 451T7HX total —RE AGFE—1THX total % —IKEF

AZ AR -

WRGER: Race #2 (A 2) » AT "Dual Source” (XUJF) i, WIEH 2R

RISOIE, EUT U\TE'F%#R! o
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23 THEXWHER

2.3.3

24 HdE s A AIRACIE PEAR(E

= Oracle Solaris Studio Performance Analyzer [prime_pthr_inst.er] -0x
Flle View Timeline Help
|s2e@ama 376 ViewMode User [~+] | Find Text Caa=

Races Dual Source Experiments OpenMP Parallel Region OpenMP Task Summary Race Delails|
= Race |source File: prime pthr.c Data for Selected Race
Accesses | Object Fila: /home/testers/SclStudicProjects/tha-tutorial/prime ampae
|Load object: <prime pthr inst> —
0 56. For (i = 0; i < m; i++) |( Mif2/4 -- 1 callstack Trace
0 - pflagli] = 1; Vaddr: ‘oxffbfeild
t =L ! Access 1
9 e
S Type:lnrite
o Lo fer =y i<mmmpslidin C ]
0 6l. pthread create(stids[i], NULL, work, (void =)&i); main
0 62. |
63 [
o E4. i = THRERDS-1;

(s 65, work((void *)ei);

———

e: /home/testars/solstudicErodects/tha-tutorial/prime

<prime pthr inst> ki ®
- P f Access 2
36. int start; Typs: read
37, int end; work 00070, line 40 in |
8. int iz
38.
3
o 41. end = start + N/THREADS;
o 42. for (i = start; i < end; i+4) |
0 43, if ( is prime(i) ) {

Race#2 (% 2) WIE—RIGRINL T 6017, B/RTETGERE MR - 58 U5 RINL T4
40ﬁ’ TRTER SR E AR o PR A 258 H B 71 "Race Accesses” (- F A IA]) J&
o PLRE & R 72T B P EE S UG LSRR -

#E S H BYE A B R B

ERFE D HTERY "Races” () PRI H A BIE S LG — 802 M HEBA I
FARERES o XL AR ER 7RI SEBEREF W HITESR - B AR ERER

Bf. A MR AR "Race Details” (A NG E ) #5524 B S EEES H Iy £
=R
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24T EIESE AR E

E2-5 "Races" (FH) #7% (& prime_omp.c U FARERES)
B Orack Solars SludoPeromance Anazerprimeomp nste. ____ BGEY

File View Timeline Help
la Lo E S EE 7@ | ViewMods User L Find Text: -
Races Dual Source Experiments OpenMP Parallel Region OpenMP Task

Total Races: 2

Summary Race Details
Data for Selected Race

3

Access 1

2

]
L]
a

1cas
- g 16:2 1lstack Ti
i "prime_omp.c” e r
ess 2: Read, 1is Vaddr: (0x£fbfeste

2.4 PETHEFHERE

AT W B 5 I DR A B AR S

2.4.1 KEHEFRAETAIER

R Fr A2 PR AR 2 M as CHR SR SERR ot R AL BRI BdE S - e fras 2 RA]
REJH/V IRARECR (BAESEEEISOLT . 1% CRICHESE RS IR TOE AT s iR A 4

o
W TRk EE T A2 B ER TR H A SRR IIT N, B HE R
s o

ARSI S —2oRm B, 152 UL 33 TUHHY “2.5 TR A RUMT IR & HH
BREEIREIEFHRER . E2IE 63 T “A.1 2 M as HI - APT .

2.4.2 REHFRFRARET AR
LR P HEFS R AL PO . ST 2 TR P E i
5 T R 2P R T BRI S DI « ey TR R 2% )
LD, LR R BT R « (AR B . BEERER) L IE M2 T 242
F . R A LA T

AXREMEFHBELFIMEE. 185 UL 33 TUHHY “2.5 R4k
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2.4.3

2.4.3.1

EEHEMIAEBEHTESH

ERRE M s vl LU B AL R P OB e A (R e TCk B A E SR PRI th
NSRS S BN - a3 A Al REE FR E MR IRS LAY « 1XRE L
T BAEREHE S TR - (UOOHEBREEE S FFHF AR BRI, X T RE 2 (8
1E 25 B A 1S A R

&8 prime_omp.c FHYEEIR
THATEUMEE prime_omp.c HHUEEIR - A RFTHITEE NS, 1ESILE 18 11
HIf4 “2.1.2 prime_omp. c FRAES”

FE8 50 ITRIE 51 TR ENE] critical (IG5) B, DUEIHEREE primes[ 1 HUTTE L
O RdE A

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

#pragma omp critical

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

AT DUHZHRAT T AR 88 50 7T 51ATREED I A critical (IG5%) Bxrr, {HIHSE
HRTCERIERR

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

#pragma omp critical

50 primes[total] = i;
}
#pragma omp critical
51 total++;
}
52 }
53 }

HEEE S0TTAIE s1ATHVIG B S EBRE RS A . ONERRE S A B RS s e It
primes[ ] BLEHMIGIA] - (HE. FEFIEE RN - MERFE T 5E S A E — total {HFH Hr
primes[ 1 FU[E—JC2, 1 primes[ | FYFEETTE M REIRA N S HRE -

BoANBEESER (% 2317 pflagl 1 AUIZEVS 5 26 {THIN pflagl 1 B A Z (Al
Z?E%FH) bR FRRMESRH. WA HA SSRGS . WaLEEE RIEHE
H .
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2.4.3.2

32

(3] prime_pthr.c FRYEEIR

FHEEEWTES prime_pthr.c FRVEETR - B RIIITERE AR, 1HSULE 19 71
H1fy “2.1.3 prime_pthr.c FJIR{CIE”

(EFH — IR BUHBR S 44 17 primel 1 EAUEHES I LLEE 451791 total ERVEHES
o

%60 TTHX i E AGE 40 TR —NTFALE (FFRH *arg) HYBRELZ (R B 5
FI AR SR 27 17H pflagl 1 ERYEHE S, RUIAFRILRN 22 & 1 g TR =51
FFAEIRIE  prime_pthr.c FRIRIIASRE(ESR 60-62 {7 JEFF )7 B F &R, JFHE
A E E work () o« JEFFZRG] i AL EE work () « T ATAELREHIH] i HYTH]
—NTFOLE, HLEEERRRRY i (EA 2 RFME—. T 2HEE IR SRR X R S [
BT - T AFRSREFEAR 1 i{E5, B2 AR - (B %8R
—ROT R A (TR L) R i Z 24 work()

THEEFE AR prime pthr.c A

/*
* 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>

CONOU B WN -

10 #define THREADS 4
11 #define N 10000

13 int primes[N];
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 (!pflag[il)

26 continue;

27 if (v %1 ==0) {

28 pflagl[v] = 0;

29 return 0;

30 }

31 }

32 return (v > 1)

33 }

34

35 void *work(void *arg)

36 |
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37 int start;

38 int end;

39 int i;

40

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

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

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

47 total++;

48 pthread mutex unlock(&mutex);
49 }

50 }

51 return NULL;

52 }

53

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

55 |

56 int i;

57 pthread t tids[THREADS-1];

58

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

60 pflagl[i] = 1;

61 }

62

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

66

67 i = THREADS-1;

68 work((void *)i);

69

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

73

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

76

77 return 0;

78 }

2.5 =R

A LR Es AT BE 2R 5 KPR ERE Tt R A LR EE A - Bl PREXEERR iR
o REBUFNT . RIGEHASBEXWFRD SEHR. s R RN TS
B BREZER. 65 WE 34 THEY “2.5.1 A BE IR 2 35 TR
“2.5.2 FAN R R I A
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2.5.1

34

HFEBEXHEY

AR M & AT LI OpenMP ~ POSIX £GFE R Solaris S AR SR HEHY A % BUbRHER] 27 AP
RIS - H2, Z THRITEBIM P B R RS e & X R E 2, ol
REZ DRIREUE T H -

- TR R BT R . SRR dR ROt T —HLAPL. AR TESTH
); HEXHFEPIEAZ TR . AREZER. HZIFE 63 TP “A.1 e fras
AP

O T B T B XL APL. 16 H BT INA - ERFE T asTTEE B CAS F50 R
BB SEER,  thICEECE A SRR B A A AR A, SF5F . 2 — IR IRIY
SRR, AR 7 R /2 POSIX SRAR S A A8 Y IS

/* Initially ready flag is 0 */

/* Thread 1: Producer */

100 data = ...

101 pthread mutex lock (&mutex);
102 ready flag = 1;

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

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

202 pthread cond wait (&cond, &mutex);
203

204  pthread mutex unlock (&mutex);

205 ... = data;

pthread cond wait () VAFHEH EIEERAHAT . IZXIEERHIVE BN TE R T I AR 15

K AR B R R (O o 1R TR R 1 B e B RO AR o TE DL _EARS

M, P2 1 7E5E 100 1T4E A & data FUME . T7EZE 1021745 ready flag FU{EIXE N 1 L3R
BHEAERGOZEE . 28GR pthread cond signal() DAMREE(HFH 774 f2 (HPILLRE

2% o éﬂ?ﬁ% 2 (EAEEA IS 7] (fready_flag) - 4B A MM IR EZFRERT . FFIESE 20517

{5 &SP -

% 102 1T ready flag BB AR 201 1T ready flag FYBEENER[E — T AN LAGR TP
X R 5 A) 2 (R AFER E R A H Bz TE T DUERIR B O -

% 10017 data 5 AFIEE 20517 data LA 2 B R BIIRTT - (HE. EREFEH
HL 205 TRV IR B A AER 100 TS AZ)E . REEFEREL

ready flag. R, XWREIE A2 BIAEESSERH - (H2. WRESITIRSE
FrXf pthread cond wait () #H{TIAH (5 20217) - 1% TEAHRE XM 5 R 2 [AIFELE
BagH o WREHITE 20017 ZHIHUT 728 10217, WIFESRATER 201 170 {ERF SR
ML M, R Br ki 28 20217 - 1% L E S W pthread cond signal() JERIF
pthread cond wait() VM. FHAI{HEEANTEX UEEEZS - RAKVEHE 202171
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2.5.2

pthread cond wait(). 1% LEFHAHLERE 100 {THIE AEGBTES 205 TTHYEEELZ HITEL
7o Hk. Z TEINENRZERSITH . HRE SN2 mEEESH -

libtha(3C) FMTTRIZE 63 TUHHY “A.1 £6FE 0 Mres FH P AP UBH T WA 55 FH APT 6 S0 4
H R AR -

RN EEZEE gl aE e

A e E BBIRE 0 BT I — DR N . DA — SR i - AN A
R ARE —AFEAERN AR 2EE, R a N IR — 5 R4E
RGO % TR ATRERTRIREE S « LU RGBSR -

[HKemm e */ [Hmmmm e */
/* Thread 1 */ /* Thread 2 */
VAT EE R */ VAREEEE R */
ptrl = mymalloc(sizeof(data t));

ptrl->data = ...

myfree(ptrl);

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

myfree(ptr2);

CeFE 1 FIERFE 2 RIBT T - B ERRE S o E— M HATEL FHNARIIAFESE - mymalloc()
BIFE FTRE = TR ML SEATEE myfree () A FTREIUAIIAAE - QISRERFE 2 TEERFE 1 A
myfree() Z BTV mymatloc(), M ptr1 il ptr2 SIKEARME, H HIEXMPNEEZ
EAEERIEEH - H2E, WREE 2 /E%E 1 HH nyfree() Z/FTEH

mymalloc(). Wl ptr1fllptr2 AlRESEAMERE . B TEE 1 AFEVRZAE. il
NEERSESH - B2, R Z TEARHGE mymalloc() IEFEBRIWNTG . ©2HE ptr1
BRSNS ptr2 8RS A Z B EEIE SRR - 76 Cr+ NAREFH. Y Cr+ i 21THT
JE B AR B AR, S8 & AR BRI o ESEENE O R IAE B B EIRE 0 FH P
AfEF, W FE LA ERK . Bl &Eofrasaeig iR pE bRk

malloc() ~ calloc() Fll realloc() £ LTI AAE 7 BC AR IUERAE -

2.6 RMEHFEFH

N TP HIFMERE, He 2 RN AR 2R R AP EERTH - RIESES 2 E
FEAFIESEFM . HEEA PR T EFE . DUTREIrR R RIS -
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2.6.1

2.6.2

36

E-BRT BEMEIRFR 2N BIRAK—FEWNHARFE 2 FEEdEEA . B e s T4
JCF (lock-free) M IC K (wait-free) Bk, A RMEIEMIZ I XER L . RFE D Mras
Al LLAR BB X Be N R e R B E S L -

RTFEXRFRANER
primeiomp.cﬁpﬂ@%%ﬂ%ﬁﬁfifﬂff@ﬁﬁiiSfprime()5Eﬁ§%§§§4\%§§yﬁ%%§ﬂﬂﬁﬁ§y°

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 (!pflaglil)

24 continue;

25 if (v % 1i==20) {

26 pflaglv] = 0;

27 return 0;

28 }

29 }

30 return (v > 1)

31 }

KRR a2 G 26 (THIX pflagl 1 IS A S5 23 {7HIXS pflagl 1 HYEEELZ A 47
EEARFH - (B2, WEIEFAE RSN, HOUE AN SR ASE R IERME . E58
2317, HIERREXN THEN i{E, pflaglil EBF T 0. W pflagli] F T 0. MIFE
BH i EEAIMI AR (Hemndil. 5 i 2R - FEik, LTHERE v ED LI i 8
b HFTRE vES T IR B - ik, 03R pflagli] F T 0. Z&ESYEEE
AOEE AR —ME - WH pflagli]l AF T 0 H v TLI#E i BER, &S5 0 il
pflaglv] LAFRBH v A2 AL -

MIERTE T N, 2 MR &R — pflagl 1 TLRIFRI [H S AZ AT L

e pflagl 1 TLRMIPHAEN 1. ALREEFZCRN . BN 2 NZTRIEE . th
LR SRR 2 AEZITR VA —NTF T 1A —GLPAEA% 0 7E A HTRIIA RESHY
Hr A UG DI X e i B I T U - XEIRAE . HA SRR BT RIS, B2
WIEZE 21, B0 MRENEKEIELEN pflagl 1 TLHR (5 231T) HOE(E 0
ZHDIZICRIHTIG A . WHZSRE 2T 25-28 17 « 7EILIAR]. AR5 — el
R 0 MBCATE — pflagl 1 TR (5 26 17) - BREGERAZ . FEAF L, XERES —
MERFEA VBT T 58 25-2817 (HRALE R ZHF -

A\ r A 73
ATHRIEHAERENER
—HEFERIFT A check bad array() A& %14 data array HUE B AEAE“E51R7TT
. BMEERERENARER S - MIRERLAMENTEFE R EoB2REE
A3t is bad IHIXE NE -
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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 }

5 108 fTHIX is_bad FUBEHLS 5 112 7THX is_bad U5 A Z [AIFFEHESFH - B
B VLB S N BN B 2 4 R IE R -

s bad MUUNIAIE N 0« MLFRHHF is bad . EHTR WA 1. BFLEH. Xk
BEATE is_bad WA — A7 RO —(RIFR g 1o 764 AIAOR R EEr, o LURLC M
YRR B THRIE - I, SENRFR I is bad I WEEUMEEL K0, B2
N1 MAEHAKEE is bad (F10817) BHOBE 1 2 WIS, NIi%e
HREENIT for TBER - ZERLIIIA, AISRSS —AMRARHLFHE 1 T4 is bad (25112
q>,ﬁ#xgaﬁﬁ%%%oﬁ&&%&%ﬁ&&mﬁﬁwﬁ%mﬁ@ﬁmT%g
B [E] o

{5 F WA SR 2 Fr

PR AT ORAE R R A — MRE BRI RAF(E - XU BIE 1E 2 SR N R 7
O BRI T RIAA AL — R DL R80T i o DA ACRS R B DI AR SR

100 class Singleton {

101 public:

102 static Singleton* instance();
103 .

104 private:

105 static Singleton* ptr instance;

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

300 Singleton* Singleton::instance() {
301 Singleton *tmp = ptr_instance;
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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_instancefJBEHY (28 30117) FrEARMBUHI TR « XFEE ] DU R A R E B
HER EEE LR R ITERCEAIL - HEFERE, 3 301 TIEIS % 308 1TSS
A Z AIFFAEX 28 & ptr_instance FUEIRSFH . (HRFIIER TIF. A, 45 Rirsl
g AP IEFRR PR FFERINVIND - Bl & LIRBUEEBUAEH. 2 30217128 307
178 F memory barrier() FIVER ZHHLAL ERARINGF 1% B 5 e R

?t;éinStance o k. FrARRER —ZOt e MRRMEH N, HhgfE T
RFRZL -
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* o0 £ 3 E

L& Ci

ARHFEA T WA 8 FHERRE 7 M e 78 2 ERFE AR P Hh RGN TR 9 ST BRI SEFs 1 2 -
AHREW LT 3

% 39 TUHIY «3.1 & T HL4>

5 40 TTHRY “3.2 SKPBLABRE IR S0

B2 THR 33 W EFMETER

5 46 TUHHY “3.4 QAT {H F £ FE 0 AT o EE AL B0
5 48 TUHHY “3.5 T ARSI SE IR et 5

5 53 TUHRY “3.6 (B EFEHIA T iRk

3.1 XTF3us

ATEFESPIAR A2 I A8 2 e b A B S AT M K R 28 A 15 O - S BT BRI
WHERS . Ik @R A SRR (BRI ) - ABREE S
WG S B BRI S B s o IR IER0E R & e 2 SR N I RE

DL Z AR . 8 M A2 N EFE R R AT RE 2 0E ASEBPIRES -

» ERABHISRIE KT

o [l A R i SR

o ANEE AR MEEE . H RS R R T T — R A
CUT 32— N SE % HL A 1 o ] -

- SRR FEEBAFERB
- SR 2FPEBIB HIERBIA

39



3.2 KBNS BAR IR S 1

SBT3 PR R Y . R SUBESERRE . —HRILCHIAT -

o EBESEBIA — RS ERB T R A A (H TR AR R AT S T R
W BREL T SRR I AR 0 DL S SRR A T A0 SR AN 1]

o SEPRAEBUR R PUTE R R A RISEE - SEPRIEBI S S BT K ek RE R (H

A —E 2SR R

3.2 FRENSEBIBIZIR

3.2.1

40

AHFEFH R din philo.c XA TH
/opt/solstudiol2.2/prod/examples/tha/din philo (Oracle Solaris &Z%%) BY
/opt/oracle/solstudiol2.2/prod/examples/tha/din philo (Linux &%%) o %l
H 7 Makefile I DEMO THBA S (HAEARZFE H A EIE XKLL . A (A
Makefile . KRHMEFEZ L EFEHITH S -

N TR RE, AT din phitlo. c X MURBIH R E RIS HME 5. the] LElE#H
CH S R A1 HE R A A A B S

AT 2 5 B MBI din_phitlo. c FEFIRE P2 — M POSIX &FEH) CREfF - %k
J ] LAR] I o T SRR SE B R -

din_philo.c FIERBAS
din_phito.c FURAHAILN TR -

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

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

OCOoONOUIA WN

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

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

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

22 int);
23 int food on_ table ();
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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 i;

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

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

71 if (id == 1)

72 sleep (sleep seconds);

73

74 grab chopstick (id, right chopstick, "right ");

75 grab chopstick (id, left chopstick, "left");

76

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

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

79 down chopsticks (left chopstick, right chopstick);
80 }

81

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

84 }

85

86 int

87 food on table ()

88 {

89 static int food = FOOD;

90 int myfood;

91

92 pthread mutex lock (&food lock);

93 if (food > 0) {

94 food--;

95 }

96 myfood = food;

97 pthread mutex unlock (&food lock);
98 return myfood;

99 1}

100

101 void

102 grab_chopstick (int phil,

103 int c,

104 char *hand)

105 |

106 pthread mutex lock (&chopstick[c]);
107 printf ("Philosopher %d: got %s chopstick %d\n", phil, hand, c);
108 1}

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 }

pAVa I ]
3.3 BB RR
W2FIBE TR MW UNTHZR T . 5 03 4 AN T 2R RTER FE2H
%, [HERRAHER . B0 ATFEIIREREiE .. B8 8IS, HEF0E
PR AGIRETA . ATIZEmS, M AAERET « BT A0 (1]
I [ RAL ) BT E 5% K= HE -
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3.3.1

E31 TAGE

PO

P4 P1

© ©
@ E

BT YR ELEEH S5 H RS HRANE Y . MRS EHCHETE. REE
R BRI BT - EBIMIREE 75, Mt el IR 1 - IZ5Ef5 . R EE - inlR b
WERAE, —d—iR. ZdRE—HEE. HIEFZE.

T FANAT 22 A= S i
T S B E DAY T S ANV B TR . B2 SRR

- HEN ORI R ERGR TN OMIBET . RSN LRI T -
- BWENINEPHRERR SN 1T, FFERRS N 2T .
- GRS N2 R ERG TN 2T RS Y 3 IITE T
- HENIHE PR ERG TN IHITET . RS 4 IR T
-GS AT AR ERG TN 4B RSN ORIEET

FEXFEOLT . B ARTLIZEIARP, F2f 27 A Tzt . stk
o ERESIGRFAN 2R, TR LS T 25EK - %R R i L bL
Tt EAEBIATR -

P=8FR
C=-#®¥F

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 @: 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.
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3.3.2

44

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

A1 SEFERS|IN—ERRIRE A

— PRI T B L 1 S E R E R R 2 AR — B R o AT
5 HBfEEEE BT 2 BIRIRFE ) — BXET[E] (sleep _seconds) o HISG-HIRHR
R RS R 7 B ] BE 2 SE BT AN 2 AEARAT SERRAEA » o] LUKt IR IR R0 £ 6
ENHITRRFISE - MRAEESE T EKMA SRR -

LU NS o 1 B AT A K8

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
}

FESI T B VGETT TERVGEITH | B e SR B T2 T2 4% 30
. WRFETEEM, FTE T R T Hi% .

% a.out 30

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

Philosopher 0: 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 0: got right chopstick 0@

Philosopher 0: got left chopstick 1

Philosopher 0: eating.

Philosopher 0: got right chopstick 0@

Philosopher 0: got left chopstick 1

Philosopher 0: eating.
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Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher
Philosopher

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

[SESISESESE SRS IS SIS S S S ESRSES AR SRS RS

[l I SR S R OV RN VS RNV I S S N ST S INS NS NS IS S ESES ES S ESESESESESESESESESESESES ES S

got right chopstick
got left chopstick 1
eating.
got right chopstick
got left chopstick 1
eating.
got right chopstick
got left chopstick 1
eating.
got right chopstick
got left chopstick 1
eating.
got right chopstick
got left chopstick 1
eating.
got right chopstick
got left chopstick 1
eating.
got right chopstick
got left chopstick 1
eating.

got right chopstick
got left chopstick 1
eating.

got right chopstick
got left chopstick 1
eating.

got right chopstick
got left chopstick 1
eating.

got right chopstick
got left chopstick 1
eating.

got right chopstick
got left chopstick 1
eating.

got right chopstick
got left chopstick 1
eating.

got right chopstick
got left chopstick 1
eating.

got right chopstick
got left chopstick 1
eating.

is done eating.

: got left chopstick @

eating.
is done eating.

: got left chopstick 4

eating.
is done eating.

: got left chopstick 3
: eating.

is done eating.

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

°
i

Execution terminated normally

ZIRL UGBTI FHEEARBRIRSE . MR 1 525K EERMrPEr 2l
(RN — BRI TR, B2 R AT 2B DY AR R RO (R B — Lk, 27
2082 ZR N ATHATIET a. out FEE AN FIHIIANRS B - 726 I 8AN (B RIR 2 2500 1 L
T RZREFIZ TR - AN 2R, AN XA UsiT 2K . B 25
FRH R T RE A VA FE TR 0 DL R SRR E A T B SR A 1A

3.4 WMAERZIED s E I

3.4.1

3.4.2

46

] DA e 0 A s R 2R e FP TR FE AL BRI SR At - AR AT &89 1 5 Oracle
Solaris Studio {:AE 7 Hfr as A R 1 U - 7 A 8L

(E e rasryid B e =10 iK

o GRS -
o GIESEBRI LR -
AR .

I 1% 15 XA

GRS 5L 0E -9 ANEFEE SIS ROVE RIS E R (A
ITESMUARE) TTREZE IR - RIFEH -9 -xopenmp=noopt 4i1¥ OpenMP F£/7, FHAU(H
H -g -mt 4ii% POSIX L FEFRST -

BRI E S (58, 1§25 W cc())~ co(1) 5 fos(1) FM T -
XEFABEL. W DL F ar S SR

% cc -g -o din_philo din_philo.c

EIZ LB LI

RIS T2 - deadlock JETMY collect 1% - BLETISTER FERYTAIA
IR R SE -

TR, EHEHAL T a4 din_philo. 1.er BYSEATRNSLES -

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

AJ DL QIR 2 A SE BRI SE AR SR i A B AU mT RENE o X & NSRS, RIfEA
AR RE RN [F] s A K5 - 140, 7E din_phito.c fURSHT, W] DLBE L FATHRRY
[
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34 AR TR TR EHTE 8

3.4.3

3.4.3.1

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

PRIG AT DUR DART — R T4 1%, RIS SR -

BxXELZER. BS U collect(1) fl collector(l) M -

K& S shiAG N SE O
T UL AT TSR - PERES TS er print SURBAIFRABIEAIONIILN: . LRFL T

sl TERE D e Eb T2 Ht GUI St ; Lo /i ds oy @ — R L ERE PR, (HAEH
il 5 181 5 PERE 7 M e 52 AHIA] o

BRI NERER MR
HEENAFE TR IT din_philo.l.er SH. IHHALL T4

% tha din_philo.l.er

BRI AT . TRELURES S MRS EH ORI R i

fR) o

FIFFWCER I P ARG I S 30 B B R o N 2 TE LM i A R DA P RS

= '"Deadlocks" (FLH{) tRZ
AR LR FE 7 BT e 7E AR e ORI B A VB P L BRSSP AL B 51 2% o BRATE LT &
P ARE o Hrhes BRI ILANS R BIRURRE o IXEEERFEI B — MEENEE, Hp
FEREARE — G RZ B — DRI FE S — .

»  "Dual Source" (JWF) PR
1E "Deadlocks" (FLHf) Fr% FRUIEERGE LR — M efE. 2S5 ¥ "Dual
Source" (XJF) #3% . "Dual Source" (XR) #5352 MRz & fE A SR CaEn
B DR — SRR KRR IS8 - 28R A BTSRRI T &8
BRe

= "Experiments’ (S£5i) ¥R

IR s SE R A B8 A SRS HE AT SRR AT E S S -
e ds R A M E R 2 B U AR -

= "Summary” (F§E) #5155, TR "Deadlocks” (FEA) AR AL ERRI S BN TS
=]

= "Deadlocks Details" (FUEUFAMEE ) Fr%5. B/RM "Deadlocks” (FEAH) bR rhifF
RULRFE BT XYL S -
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3.4.3.2

A er_print & E 5L Sk N SR I8

er_print KA Rty ST - W LATESZ X2 TEHE M er_print SKHFRFHAE

FAIEHRIEE TS . WAl U617 BT IER B RIEE F i -

i er_print SHRFLFHAIEBIN . LU F TSR

m  -deadlocks
VBT 2 1 15 SE R R 2 0 T A VB CE SE BRI SERR A - 7E (er_print) $&R1F T 48
7€ deadlocks: BLFTE er print i 21T 45 E -deadlocks -

m  -ddetail deadlock_id

ZIED 2R B B H 8 5E deadlock_id WAL TEAN(E R « 7E (er_print) F&RfF FHEE
-ddetail: BUFHTE er print in 1T _LIE/E ddetail - USRFIEEN deadlock_id )
all. L RFTE NS A - B, e e ERIRS . HlhE—
’f)ﬁ?'éﬁlo

®m  -header

ZIETZ B SRR R A B IR S AT AR EE S - 7E (er print) BT
TEE headeri WETEM 21T LIS E -header -

BXrELER, 1EZ0 collect(l)~ tha(l)~ analyzer(l) fler print(1) FM T -

3.5 TREFEBIKIGLER

3.5.1

48

AT AT (AR 2 T s R B 4 A S B R 7 g S

KEHIFEHRIIZTT
FES T SRR R LR W T

% cc -g -o din_philo din_philo.c

% collect -r deadlock -o din_philo.1l.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 3
: got right chopstick 4

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.

3

4
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Deadlock
Thread
Lock
Lock
Thread
Lock
Lock
Thread
Lock
Lock
Thread
Lock
Lock
Thread
Lock
Lock

Deadlock
Thread

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
(hang)

WNNN S

WwerbhPrrHroSONFHFFRFWNNPWWESPRARPHROSN

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

got left chopstick 4
eating.

got right chopstick
got left chopstick 3
eating.

got right
got right

chopstick
chopstick

Execution terminated by pressing CTRL-C
BEALL T & LG er_print SEAIRRF R AR SN -

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

#1, Potential deadlock

#2
being held: 0x215
being requested: 0x215
#3
being held: 0x215
being requested: 0x215
#4
being held: 0x215
being requested: 0x215
#5
being held: 0x215
being requested: 0x216
#6
being held: 0x216
being requested: 0x215

#2, Actual deadlock

#2

$E3E . EHHE

an, at:
b8, at:

b8, at:
do, at:

do, at:
e8, at:

e8, at:
00, at:

00, at:
a0, at:

grab chopstick
grab _chopstick

grab _chopstick
grab _chopstick

grab_chopstick
grab_chopstick

grab_chopstick
grab_chopstick

grab_chopstick
grab_chopstick

0x0000002C,
0x0000002C,

0x0000002C,
0x0000002C,

0x0000002C,
0x0000002C,

0x0000002C,
0x0000002C,

0x0000002C,
0x0000002C,

line
line

line
line

line
line

line
line

line
line

106
106

106
106

106
106

106
106

106
106

in
in
in
in
in
in
in
in
in
in

"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"
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Lock being held: 0x215a0, at: grab chopstick + 0x0000002C, line 106 in "din philo.c
Lock being requested:  0x215b8, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"
Thread #3
Lock being held: 0x215b8, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"
Lock being requested:  0x215d0, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"
Thread #4
Lock being held: 0x215d0, at: grab_chopstick + 0x0000002C, line 106 in "din_philo.c"
Lock being requested: 0x215e8, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"
Thread #5
Lock being held: 0x215e8, at: grab chopstick + 0x0000002C, line 106 in "din_philo.c"
Lock being requested:  0x21600, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"
Thread #6
Lock being held: 0x21600, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"
Lock being requested: 0x215a0, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"
Deadlocks List Summary: Experiment: din philo.l.er Total Deadlocks: 2
(er print)
PLUF BB R 7R frds b B seaiE | -
3-2 din_philo.c HFIMIEI R SL A
B Oracle Solais SludoPeriomancoAnabardinprioied  BCH
File View Timeline Help
|ezsea=s 5ve vewmodsUser [-] |Find Tt aaw
Deadiocks Dual Source Experiments | summary | Deadiock Details
Total Deadlocks: 2 | Datafor Sslected Deadiock
[oeadicck #1 (Porential deadlock) era® J
b rocal Theeads: 5 Wt
esdlock tual deadlock) Ot o
¥ Total Threads: § A Thread Fvoled
Threadid:c
Type:fiock being held
5 fo cebchoparick ne 108 in - Chilosopher © 00000004,
N R e line 106
. g 06 ot nfai_czmsmt ime 168 1 :fm_p::, Type:fock being requestad
— - lphilosopher + 0x000000C4,
|_Iwp_start + 0x00000000
LAETERtE 1 din_phitlo.c FUPINAEAN, — DEEEILS. 55— 2 SEhnibsi - @
A=kt LRI AN SRR AR Y -
AL K B R E LT -
ZefE 2. {EHBHE ox215a0 FE R, TEHE 0x215b8 1 K
LRFE 3. TEHbHE ox21508 A H, {EHIHE 0x215d0 15 K
LR 4. TEHBHE 0x215d0 A B, {EHIHE 0x215e8 15 K
e 5. TEHBHE ox215e8 A B, {EHIME 0x21600 15 K
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3.5.2

“ft 6. TEHIHE ox21600 FFEHT. TEHINE 0x215a0 17 KA

IRPEIEIEER S — TR (2 2) » AL "Dual Source” (AUJR) $R%5. WLATE
TSR E S|, 27 2 fEHIHE ox215a0 FPART. ETRISHRH T LIE R, &R E It
0x215b8 15 KH - LU FREHINE ER 7 X R T28FE 2 1Y "Dual Source” (W) 7%
MR TR AN 2 BoREE I E & - "Exclusive Deadlocks” (B FAEHL) & - LR
iﬂTTﬁﬁLﬁ%%(ﬁﬁﬁ&%)mhﬁy%mﬁﬂﬁmuﬁio

E3-3 din philo.c FIKTETESLAN

File View Timeline Help

lﬂ\’_;f_.uh?:!'a-\.ﬁ View Mode (User Uwremf mre
Deadiocks Dusl Source Expariments Summary [Deadiock Details|
C] source File: din phils.c ! Data for Selected Deadiock
Deadiocks | e/ smorgan/ SolStudioProjects/din philo/din philo.2.er/archives/din phi dp av
- 18:11
. A —
10s. chac *hand) Type:fcotential deadlccs
o 105. | A Thread Involved
g a
10
o 107. printf ("Philosopher &d: got §= chopstick 8d\n", phil, hand, o);
o 108. |

109.
110. void
111, down chopsticks (int ci,

ile: din phile
Doadlm:kl mec: F:\le /homa/ smrqm olstudioProjects/din philo/din phile.2.ec/archives/din phi
ad Object: <din philo>

103. int c,
104. char *hand)
o 105. |

10
a 107. peintf ("Philesopher bd: got $s chopstick sdin", phil, hand, cj;
] 108. |

108.

110, void

111. down_chopsticks (int c1,

B TR e RSB AT SR RLAGIEST

R GEUE LS RRIIRIRSEL 9 2 SRRy ik e S SERR S B H R 28k - (B

B IEW IR A ERE R ] DLE 2R st - C UG ES R — RIa1T

Hr REE AR REGBORIE BROOEBIEE - WERFEE Mz T B 1 IS (e 2efb, M T REZ
RASERRAEH - NS T H TS 40 FOORHRAS (A1 125 2% 1k 108 22 B TR iy —
JOZAT o fHA2. er_print SCHRRFRIEREE 0 M ds 24l VB 7E ST -

lwp start + 0x00000000

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

Philosopher 0: got left chopstick 1
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°

% er_print din_|

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

i)

NNeSSSscSWWeS

HERFRFRFRFNONNWOSOSSOSWWRARREREANWLR

eating.
got left chopstick 4
eating.
got left chopstick 1
eating.
got right chopstick
got left chopstick 3
eating.
got right chopstick
got right chopstick
got right chopstick
got left chopstick 0
eating.

is done eating.
got left chopstick 4
eating.

got right

chopstick

got left chopstick 1
eating.
is done eating.

: got left chopstick 3
1 eating.

is done eating.
is done eating.

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

is done eating.

Execution terminated normally

BT LU R e < DUE er_print SEFIRE PR AL SESD -

philo_pt.l.er

(er_print) deadlocks

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

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

Deadlocks List
(er print)

held:
requested:

held:
requested:

held:
requested:

held:
requested:

held:
requested:

#1, Potential deadlock

0x215a0,
0x215b8,

0x215b8,
0x215d0,

0x215d0,
0x215e8,

0x215e8,
0x21600,

0x21600,
0x215a0,

at:
at:

at:
at:

at:
at:

at:
at:

at:
at:

grab_chopstick
grab chopstick

grab_chopstick
grab chopstick

grab_chopstick
grab chopstick

grab_chopstick
grab chopstick

grab_chopstick
grab chopstick

Summary: Experiment: din philo pt.l.er

Deadlock #1, Potential deadlock

Thread #2

52

line
line

+ 0x0000002C,
+ 0x0000002C,

+ 0x0000002C,
+ 0x0000002C,

line
line

line
line

+ 0x0000002C,
+ 0x0000002C,

line
line

+ 0x0000002C,
+ 0x0000002C,

line
line

+ 0x0000002C,
+ 0x0000002C,

Total Deadlocks: 1
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106
106

106
106

106
106

106
106

106
106

in
in
in
in
in
in
in
in
in
in

"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"
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Lock being held: 0x215a0, at: grab chopstick + 0x0000002C, line 106 in "din_philo.c"

Lock being requested: 0x215b8, at: grab chopstick + 0x0000002C, line 106 in "din_philo.c"
Thread #3

Lock being held: 0x215b8, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"

Lock being requested: 0x215d0, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"
Thread #4

Lock being held: 0x215d0, at: grab_chopstick + 0x0000002C, line 106 in "din philo.c"

Lock being requested: 0x215e8, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"
Thread #5

Lock being held: 0x215e8, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"

Lock being requested: 0x21600, at: grab_chopstick + 0x0000002C, line 106 in "din_philo.c"
Thread #6

Lock being held: 0x21600, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"

Lock being requested: 0x215a0, at: grab chopstick + 0x0000002C, line 106 in "din philo.c"

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

CUT B M 2 1 SR ot de S h T ESEBE R -

E3-4 din_philo.c U TEILAN

File View Timeline Help
Jesswame 276 vews s [~] ing Tex: [+]a & =

Deadiocks Dual Source Experiments Summary Deadlock Details
Source File: din philo I Data for Selected Deadlock
cbjsct File: /home/smorgan/SolstudicProjects/din philo/din philo pe.d.er/archives/din philo dpav
Load object: <din phile> e
- n {Mamer s
03. nt e, L
104. chae *hand) Type:(forential deadlock
105. { A Thread involved
<runction spstick> Thread 1d: =
107. printf (“Philosopher 8d: got &s chopstick $d\n”, phil, hand, e); Type:fLock being hela

lgrab_chopstick + 0x0000002¢, Lir
philosopher + 0x000000R4, line °
| 2wp_szarc + 0x00000000

110. void

)

: din philo
: /home/ m.::g.m /solstudicProjects/din philo/din philo pt.l.ex/archives/din phile
: <din philo>

103. int ¢,
104. char *hand)

lphilosopher + 0x000 4, line °
|_lwp_start + 0x00000000

107. printf ("Fhilosophec %d: got §s chopstick %d\n", phil, hand, c);
108. )

110. veid
111. down_chopsticks (int i,

3.6 1!“’5%%*'%!17% St

—FHERTEE %%ﬁ*ﬂ%ﬁfﬁ%ﬁﬂ’]ﬁ&%@iﬂﬂ—WAHEE‘M%IJ AL R 2 5L A
FIREA RS - AT ¢ AR D T RS HITT # 5KH N é‘lﬁ*‘%t{&
B, T DURIRE S . B R ES R E S, AEES
B R o DU OB RS B 1 {68 FH < REETLARIISS 5 (24 =2 2

while (there is still food on the table)

{
get token
grab right fork
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3.6.1

54

grab left fork

eat some food

put down left fork
put down right fork
return token

}
CUR JL9 15140 728 < WAL IR AN [ SEE -

i H < M= HE F XK

NHES TR S LR A KB P RE IERRCR « AR R REE & T A<
W LR AEY — A It 2 A U A K AT R 2008 o SRR PR
din philo fixl.c:

ﬂ%fﬁ-AK/opt/solstudiOIZ.2/prod/examples/tha/diniphiloE&
/opt/oracle/solstudiol2.2/prod/examples/tha/din philo EEcE
din philo fixl.co

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

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

OCOoONOUIA WN

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

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

19 int,

20 char *);
21 void down_chopsticks (int,

22 int);

23 int food on table ();
24 void get token ();
25 void return_token ();

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

29 pthread mutex_ t food lock;

30 pthread _mutex_t num_can_eat lock;
31 int sleep seconds = 0;

32 uint32 t num can eat = PHILOS - 1;
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34

35 int

36 main (int argn,

37 char **argv)

38 {

39 int i;

40

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

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

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

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

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

49 return 0;

50 }

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--;
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}
94 myfood = food;
95 pthread mutex_unlock (&food lock);
96 return myfood;
97 1}

99 void

100 grab chopstick (int phil,
101 int c,

102 char *hand)

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

110 void

111 down_chopsticks (int c1,

112 int c2)

113 |

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

119 void

120 get token ()

121 |

122 int successful = 0;

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);

135 }

137 void
138 return_token ()

140 pthread mutex lock (&num can eat lock);

141 num_can_eat++;

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

143 }
ZAGFEX - BIERRAR T AR, H SIS T IR - S RLHIRE T 2
(P A N R AT Al S SE R AL BUR R 72 L
LT E R T

cc -g -o din_philo_fix1l din_philo_fixl.c
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W B SK g

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

3.6.1.1 =R S

BNER B S REALH] . SR oM as th 24 S 2 SCA e SR (R A TEESE
) o XE-NIRIR . ESH LTS EELBEAME BRI -

E3-5 IRARAITEIESLN

Oracle Solaris Studio Performance Analyzer [din_phila_fix1 1.1

File View Timeline Help
jsnuuu?r_ TP @ ViewMode User || inaTet <@ m ¥
Deadiocks | Dual Source | Experiments Summary Deadlock Details
Total Deadlocks: 1 Data for Selecled Deadlock
abev

wf

peadiock #1 (Potential deadlock)

Type: fearanzial asadlect
A Thread Involved
Threadid: =

¢ .f; 3
Type:/tock being held

line 104 in “ain_phile |l jphilesopher + 0x00000082, line °

line 104 in "din_phila ] Jup stace + 0x00000000

BRI RE P SE — N EfE (52 2) » SRJ5 5 "Dual Source” (XUR) Fr%E. WLLE
BN FE 2 TEHIIE ox216a8 FEEBIAIX NIFACIBN B . DL RZERFRTE 0x216¢0 15 KA X
RAEACESNIE - FTEIER T XN F2FE 2 19 "Dual Source" (AR ) R o
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3.6.2

VCooNOOUTA, WN
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/*
* Copyr
* @#)d
*/

#include
#include
#include
#include

E3-6  IRARAEESL IR

File View Timeline Help
l&%bUH?_'t 7 @ [ViewMode User || ind Teu: [-]a & =

Deadiocks Dual Source Experiments Summary Deadiock Detalls
Data for Selected Deadlock
ects/din philo/din philo fixl.1.er/archives ap av
a1
Type:feorential asaatock
A Thread Involved
grah_chopsticks Theaad iz
1
o 105. printf ("Philcsopher $d: got &3 chopatick %din", phil, hand, )i Type:
o 106. | larab_chopatick +
107. philcsopher + 0
A8 | 1wp_stare +
108,
e i T )
& | Source File: din philo £ixl.
Deodiosks | object File: /home/morganis al tudioProjects/din philo/din philo fixl.l.er/archives
Load obje phil
101 i
102 chae *hand
o 10
10
o 105. printf ("Philoscpher 3d: got s chopstick %d\n”, phil, hand, €);
o 106. 1
107
108
108
s T T )

din_philo fix1.c H1fY get token() EEEL(H A while fHER KR 0 2678 -
SHE 2 BIASE I while TEEF (24 num can eat KT OB AJEKIHIRESRE) o while f
%%ﬁﬁﬁ%%Aﬁ@ﬁﬁ4o@%’ﬁﬁﬁﬁ SICHEIH A while TR SEERAY ]
o ‘BINSNFTE AL K RN 2R e 7 R R 7 — e
TR TELE B A0 (5 R A AT s T%ﬂ%ﬂw%ﬁﬁﬂﬁﬁ%%kﬂ

5 — M AL H

NHEY T RN 5 — RSB o % SEERAT AR A PO S SRR
F R 2R o HIE, ZEHHE sem wait() Fll sem post()
LRI ZIRARBIIR SRR Y din philo fix2.co

%&E&%ﬁﬁ

AT LA 2 5 Uil
&5 PR R B Y

BR- M /opt/sunstudiol2.2/prod/examples/tha/din philo oy
/opt/oracle/solstudiol2.2/prod/examples/tha/din philo Hx*E il
din philo fix2.co

THEAH T 1EAIRY din philo fix2.c:

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

All Rights Reserved.

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

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, 0, PHILOS - 1);
for (1 = 0; i < PHILOS; i++)

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

pthread create (&philo[i], NULL, philosopher,
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 ();

$E3E . EHHE

(void *)i);
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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

108 void

109 down chopsticks (int c1,

110 int c2)

111 {

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

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

114 }

115

116

117 void

118 get token ()

119 {

120 sem wait(&num _can eat sem);

121 }

122

123 void

124 return_token ()

125 {

126 sem_post(&num_can_eat sem);

127 }

60 Oracle Solaris Studio 12.2 : ZkF2 53125 F$8R - 201059 A



3.6 B FEHIFN T RRIRIR

—HTSEEE RS 5 num_can_eat_sem SRFRHI O] R EREIET =R A - B5
num_can_eat sem UG 4. FLE AR AED—A o Skt EwT. ¥l
get token(): S5 ] sem wait(&num can eat sem o P sem wait( )zﬂ—ﬁ?}lﬁ
T fﬁ%ﬂf]\# SRS, HEMSESEDNIEM, RIS SER 1. TR HERT
BfE, fEHRR return token() . JE# XIEH semfpost(&numfcanfeatfsem) - J§H
sem post() AIFHE SEM 1. &FE3Hras il iRBIA sem wait() F sem post () [
M HHEH AT A = K B EN 2t -

- DR -Urt %1% din_philo fix2.c DLREFEEAHR (S B HIFE .

FiHi1% din philo fix2.c. H{HMAU TS .

cc -g -lrt -o din_philo_fix2 din_philo_fix2.c

ZZI]% IBITEERF din_philo fix2 HIX—HISEHL. FELMEBRMIERL L. A2
ik

FEIX Y — 2 i (CRS b B SR -

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

TR LI TR TR AR5 din_philo_ fix2.1.er SEHHR (AT SERR LA B0 15 5L
B, WNERTR

E3-7 AR din  philo fix2. ¢ "PHATAR] B

File View Timeline Help

|scceems ava vewmdeUser (-] lnaTet” - |amw
Deadiocks Dual Source Experiments [Summary| Deadlock Details

Selected Object”
Name:(line 104 in "din_phi
PC Address: 2 : 000001238

size: [0
Source File:

Total Deadlocks: 0

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

Metrics for Selected Object

Deadlocks: 10 (100.008

AR R AI R FERNTE IS APLIFNR, 1ES WM A KFESH e
TH5FIRY APT
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Az ST TR AL A Y API

SR as 7T LU OpenMP 5 ~ POSIX SR Solaris SR H@ L1 K 2 BUbRHE [F]
# APLFIMIE - (02, % TEICEIGIA P B ED . R 1 XA [E
o ATRERTRAREIE T - B, X TRICEIE L T4l g = (U SR B hE
i -

kY (| = |
A1 ZFES TR P API
WRRBESHP BEXWES . SRR iTes LRI HE P AP i AZRE 7 o= bR
PUXEE[E S o JEd ARIR . SRR M as AT IR AR EE[R] 25 H i R R A B - Nyt
T1E libtha.so & LR T as 7 API -

Fa1 KEONEA T API

tha_notify_acquire lock() AT DAERR 7 2RI P B & ORI 2 i Sz B FH Lk iR -

tha_notify lock acquired() AT LAERCEDEREUH P B T8 SR 2 e 7 R FH R AF R -

tha notify acquire writelock() A DATERR 2 A E AR GREH 7 B & 1325 85 2 B
7 BV FH IR

tha_notify writelock acquired() 1 LAE LS AR P B € 3 B4 2 g v )
e P L AR

tha notify acquire readlock() A DATERE P 2 DO BB TR U 2 o S/ 5 2 i
S7 BV FH AR o

tha_notify readlock acquired() A ATE DA BB R TR U B € SR8/ B 8 2 S a2 B
WA FH AFI R o

tha notify release lock() A UTERSIOR P B R SRR e 5 B 2 w1t Sz BIVE A A5
2o

tha notify lock released() T LATER DR P 1 R (RGBS 25 S ED

A FH I -




A1 RIS HTEER P AP

FAa1 KREEOHTESA T API (&)

tha_notify sync_post_begin() AT CAESAAT FL P B %8 S I AT 42 2 i B P AR -
tha_notify sync_post_end() ATUEST R B € SRS TR S 2 J5 Sz Ve P A1 -
tha notify sync wait begin() AT DATERRAT P B SRR 27 2 i~ B FH ot A3
tha_notify sync_wait_end() ATUTESIT R P B € SRR R 2 J5 S BV P A

64

BRIt T C/C++ RASHI Fortran il APL. FFIR APLAFHEC A A SEID, HAEN 1%
M — B bR ] 27 3% 5

TE C/C++ FRAR) APTH . SRR vintptr t. 7E 32 BN N KE 4PN F
T TR 64 T KN 8 N FET o TRV MARAHIEAT APTIY . BT Z0R #include
<tha_interface.h> SN E] C/C+ P -

TE Fortran AR API 1. S ETY A tha sobj kind. 7E 32 (RN 64 (R =
TRE® ST - flﬂﬁﬁﬁtﬁﬁzﬁﬂ’]&'ﬁ APTIY. #FHEH #include
"tha_finterface.h" S}l Fortran JFCHFH -

N T ME—HBRIRFE A 5 T ENARPED R, 281D MEAFARE . Hrb
—RMEE R R X REHAE A (E ID o DU ARSIl B QTR (56 ) APT i G R AR AL
EEE

A1 (SRR T ds APTESR IR AR K 5 F 7 1]

# 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;

GFRHP APIEZEE. 1S L libtha(3) T -
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A.2 EHaE 1A API

A.2.1

LU L el /el e o A s IR BRI LR APT -

POSIX ZZF% API

HRIXEE APTHIE 215 E. 155 L Oracle Solaris FF & ¥ SURYEEM) (% ELFR4nfEtE

F)

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()
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()

MR A - &R HTERRTIRAIET AP
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A2 EARTIZAIA9 API

A.2.2 Solaris ZZFE API

HRIXEE APTBE 215 E. 155 I Oracle Solaris FF & & SR BN (2 & TR gnfEta
FE) o

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()

A.2.3 R TF5EL API

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

BRNFESECAPIIER . EZ Ul malloc(3C) FM T -

A.2.4 R 7F1R{E API

memcpy
memmov

()
e()
memchr()
()
()

memcmp
memset

HRNFRIEAPTRIER . 152 U memepy(3C) T 0T
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A.2.5 FRTEIR(E API

strcat()

strncat()

strlcat()

strcasecmp()
strncasecmp()
strchr()

strrchr()
strcmp()
strncmp ()
strcpy()
strncpy()
stricpy()
strcspn()
strspn()
strdup()
strlen()
strpbrk()
strstr()
strtok()

HRFRFHRARE APTHIEE . 165 L strcat(3C) FMIT-

A.2.6 OpenMP API

SRt vT iR A OpenMP [F] 47, GIQNBERE « BT~ ImSRDXCHk S -F DXBORIMT 55 45457
(taskwait) o

BXRELZEE. S (Oracle Solaris Studio 12.2 : OpenMP API H F/#51) -
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BAHIET

B SR A R T SRR A iy — SR E S -

B.1 #ZmiEFNARERF

R ENCEE SRR 2 mi g v IR P TS

AR R B RICRSI . (ER - g iF aRidal - JXRE. SRR o Mras st ol DU 5 5K
T SER -

AN FHRE e — ARSI . (ERIE T -x03 AL BT TEMIE - Gi% da s L mT AE
BT 515 Bk F A AR -

ERE T s 2 AR 66 TUHIRY “A.2.3 NAF 70 IC APT TR BCBIRE - BEFEE]
7 7 BL R R VAR RRAS FT BE 2 S BRI AR S A -

B.2 RN HRERFNETERR

R TENCER S 2 BITAS R N IR e AR I B A 5 FH A 2ms

W M Gr s B — REEREE . 8 HYR1Ea LT -xinstrument=datarace IF

% NIERBAEE B A SRR RE AT 2 Y IHRR Sun Studio 4128 - 7T U@ B
% cc -Version KA T FH AU GRIFas HURRAS o A SRR o i as AR HEA N
2006 -6 H -

WIS A B — RS L TR S R, collect -r race ¥k H—5:40
TATRIVE S

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

AT nm i < DL B tha BIRRHITAA . T DL RE 2 g 7 — il DLt
TR R o R EREPREL  tha JFLROGIRE, WIZREBHE R — I
F5 o T Bk AN AT -
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B3 fE M collect S5 & IZITR ATERF

ANEE ST

% 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

i EH Sl &

°
)

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] | @] O|NOTY |GLOB |@ |UNDEF | tha write w pc_frame
FHUHH discover. WA gmiFas UL RE (-x01, -x02, -x03, -x04, -x05) Z—%
R RIS o gifEds L2 AN T Oracle Solaris Studio 12 Update 1 41T
Wiz o $1F & S8 2 DAl Oracle Solaris 10 Update 5 8¢ OpenSolaris filt4< snv_70 - 77
N, wTREAUE— RN R E S -

% 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

QAR F G #3200 - xbinopt=prepare i i¥ | —EHI{CAS, WIREL T ATERE T
SPARC [ R G FHIZ 1T -1 Solaris iiUA FA{FF discover TH o A 1ZGm I ETIHY
=ZH. 1G5 cc(1)~ cc(1) 5 fo5(1) M -

o°

B.3 {FH collect s S iz{TV AHIEF
KT IB TR TG W N FH AR e DL B e 5 FH RS B A H2Ts -

70

TPk Solaris A& ZHEFTHLFHIBEER « collect Ay Al S H ATHER VAL T
EAMERF - X T OpenMP NIRRT B2 3 HTARAHY Libmtsk. so -

WHEM collect W B —FEERIEE FEHICEIRA -r race 8L - r deadlock S, M
FIAE(E BB AT PR M 2809 IHAR collect - BT LA ## A collect -Version
i I EFT M collect BIRRA o B F3CFRHEFE /M as A HHADH 2006 4 6
=B

R RE S ST A B EIE K (MiAS0fEEEE L) - B SEINGF I
e v DAk (o A B N E R R 4R A P TR (R o o] DLl 1 e e B e
EEHATHS R -

MR RS E RS AR Y i &R A Ik —1 o X T OpenMP. 0
DIFEEERTEEL, J7 B B 548 & OMP NUM THREADS 1% Bi N AT TR B LR FE B R B 5
A5 & OMP_DYNAMIC 1% B JJ FALSE -
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KT RS SR FREET -

ERE DT AGMZ T A EE T A« SRR RIS 1A Dy BBk O ) g A B
SENHRERGO L o 15wy 6 AN R SRR B DL K 6 AN [RI Ay A B d 86 7
collect MIETTR TR o JER (A AN ERGEEE I TR, DUE KRR e =
% T B A B B o 5+ Y ] RENE -

ERRE AT AR B IR P AR YA R AR 2 IR S A - e AR [R] iR 2
(] 2 E 5 A

SRR AREBIET P UI R R AR . H2. HEERREIAR. A
uﬂﬁkiﬁﬁﬁ%%ﬁﬁﬂ%ﬁﬁﬂﬁ FHCH X RS T 5 AR AR M 32
By 28

f%%MﬁF ERRE T AT BE 24l SEPRERE P O R L AR B - X 8ek
Ha e FIRR iR o T R SE B[R] 20 ) A e 2 TR [l A PP iy 2 4 A
ARG I B, AR LS S E EBI Tomfer 8. SRR T deRCR IR
AIXEE[] 27 51 o BRIl AT SRe /i as P APLITRAL ATk SR i AT
aAE A R P BRI . AREZER. HZIE 33 T 2.51%
RIS 3K A ERFE S M TIRBIRD APT.

{5 FRA RS % A S i 15 (P B e 4 FH 5008 FH — 3k AR AR 2 S s 6 41 5 1 B 4 R ]
REAHHIE o 7 RIS ARSI, SRETE N SEFT L R RS X s =
(T eSS EEIIRF T, B2 dlopen() SIEFIIFH) - 7RIS
P AREE . A M4 {HH -instrument=datarace giFFERIRICIORS . A X EHITR
Ui
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