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

#define THREADS 4
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int primes[N];
int pflag([N];

int is prime(int v)

{

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

for (i = 2; i < bound; i++) {
/* HEBAEREOF v TIIRE +/
if (!pflag[il)
continue;
if (v % 1i==20) {
pflaglv] = 0;
return 0;

}

return (v > 1);

int main(int argn, char **argv)

{

int 1i;
int total = 0;

#ifdef _OPENMP

omp set num threads(THREADS) ;
omp set dynamic(0);

#endif

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

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

}

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

N, total);
for (i = 0; i < total; i++) {
printf("%d\n", primes[i]);

SunStudio 12 ALy R7F S5 A H1—H—XHA K .
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55 return 0;
56 }

2.1.2 pthr prime.c®EJ— R

1  #include <stdio.h>

2 #include <math.h>

3  #include <pthread.h>

4

5 #define THREADS 4

6 #define N 3000

7

8 int primes[N];

9 int pflag([N];

10 int total = 0;

11

12 int is prime(int v)

13 {

14 int 1i;

15 int bound = floor(sqrt ((double)v)) + 1;
16

17 for (i = 2; i < bound; i++) {
18 /% HEHAEREDOF = v VIIRE */
19 if (!pflagl[il)

20 continue;

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

22 pflaglv] = 0;

23 return 0;

24 }

25 }

26 return (v > 1);

27 }

28

29 void *work(void *arg)

30 |

31 int start;

32 int end;

33 int 1i;

34

35 start = (N/THREADS) * (*(int *)arg) ;
36 end = start + N/THREADS;

37 for (i = start; i < end; i++) {
38 if ( is_prime(i) ) {

39 primes[total] = i;

40 total++;

41 }

42 }

B2E . TIHAEDTFa—-FUTI 19
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2.1.2.1

20

43 return NULL;

44 '}

45

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

47 A

48 int 1i;

49 pthread t tids[THREADS-1];

50

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

52 pflag[i] = 1;

53 }

54

55 for (i = 0; i < THREADS-1; i++) {
56 pthread create(&tids[i], NULL, work, (void *)&i);
57 }

58

59 i = THREADS-1;

60 work((void *)&i);

61

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

64 for (i = 0; i < total; i++) {

65 printf("%d\n", primes[i]);

66 }

67

68 return 0;

69 }

omp_prime.c & pthr prime.c DT —F FRE

17 RX—2® [21.10mp prime.c DEI— K] Titl/ZXDIZ. I— RITHAIKRREN
BENTWBLEHA., AU =77 ADIEFIZIERENTH D, ETORNITHEE
FERIZEADET, omp prime.c DI— RIZIZT—FHENDH D720, EfTD=NNC
ARIERFERCTET DRV I NE T, RIZEOH I ZRLET,

% cC -xopenmp=noopt omp prime.c -1lm
a.out | sort -n

o

(SIS SN SIS IS

Number of prime numbers between 2 and 3000: 336
2
3
5
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7

11
13
17
19
23
29
31
37
41
43
47
53
59
61
67
71
2971
2999

% a.out | sort -n

[SERSISENSERSINS N -

Number of prime numbers between 2 and 3000: 325
3
5
7
13
17
19
23
29
31
41
43
47
61
67
71
73

B2E . TIHAEDTFa—-FUTI 21
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79

83

89

101

2071

2999

FHEIZ, pthr prime.c ICHT—FHENH D720, 70T T LADOEFTDZNT, K
IR KD BAELRKERCFIET HFERNHINSEZENHOET,

% cc pthr _prime.c -1m -mt
% a.out | sort -n
Number of prime numbers between 2 and 3000: 304
751

757

761

769

773

787

797

809

811

821

823

827

829

839

853

857

859

863

877

881

2999

2999

% a.out | sort -n
Number of prime numbers between 2 and 3000: 314
751

757

761

769

773

787

797

809

22 SunStudio 122 ALy R7F A1 —-XHA K .
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811
821
823
827
839
853
859
877
881
883
907
911
2999
2999

2.2 RERDIERX

2.2.1

ALy RYF T4, SunStudio /N7 —X AT FIAYRFEHL TWD TIUE
f#fr] ETIVERUCETIICHED TWET, ALy R7FIATFOFHICHERT
i@, kD3> TT,

= B3R=TO 1221V =23 — EAOFHUBME O AR S |
n 2UR—TD 227 HEMRHERDAER]
n 2UR—TD 223 T —FEEHREEROKEE]

YV — X O— RADEHAI R D#E A A A

TO7 I LAHNDT—IHEERHTEDLLDICTBITE. £9. BEkma N1 5
F T alEMIT—ZA T 7 AINEa )MV LET, C/C++ & Fortran SEHD
Z DRk T2 3 i, -xinstrument=datarace T3,

Ta7 I 5D NAIVICEEMERAL TWSF 7> 3 21T -xinstrument=datarace 4
TralEBMULET, ZOA T alid, T HEADORWNHDL)—AT 71
WIZOAHFEHATEET,

FE-TOTILEANAINTHEEE, ST gZ2REL T LIV, Hiazmi
500707 I L5021V T, wEbL NV EE< LaEnTLEI N,
-xopenmp=noopt Zff ] L C OpenMP 7O/ T L& /81 VL TL7Z3 N, KiElk
LRV EELS TS E, RESNDTHETCHOH LAY v Vs EOERNAIEIC
LHZEMHVET,

Kid, V—A3— RICGGHIE#E 2 HAADa~< > RO TT,

E2E . T—IHRMEDFa—MUTIL 23



22 RERDIERK

2.2.2

2.2.3

24

®m  cc -xinstrument=datarace -g -mt pthr _prime.c
®m  cc -xinstrument=datarace -g -xopenmp=noopt omp prime.c

T ERERHRERDERK

T I LEFITLT, TORADQFTHRICT - HamiERE AR T 21213,
collect AX > RIZ -ron 7 77 & (T THAL ET . OpenMP 7107 T LADEH
3. BIFEHTAZAL Y REE1LDRESLET, KT, 7 HEEREER
T2aAX > ROHITY,

m  collect -r race ./a.out

T EEMRHINPTVNEDICTBITIE, collect AX > RT -rrace 777 %
FHLT, T HaRHEREZNVS DONERTLIEEZBHEOLET, BT L
WALy REEANT—YEEELET,

T — Y ERERHRERDREL

ALy RT7FIAY, XTI+ —<X A7 FI7A4Y, £/zlder print T—F 11
FTA—EHHALT, T—YHAREERZRIETEET., ALY R FIATEN
TH—XRATFIAFIIEDICGUIA Y T2 —A&RMBLET, T 74V
TENDIENZ EZRFIE. ALY R7FIAFREINT =X AT F I B EH
CT9.

AL w R7FSAHFDOGUIIZ, AZa—/NN—, V—ILN—, BIOKEZERHDY
TEGONEIRETHEREINET, EMOY 7121, T 74NV ERTRD3IDDY T
NFERINET,

s (BB YT -0V I ANTREIN T —Y5E0—ETY, 774 KT
BIRINTWAY T TT,

s [FaTIV =R AT -BIREIN-T—YEED2DD 7 7 AITHINT % 2
DD —ANMBEERLET, TIHAGOFREL Y —AfFNMEARRINE
‘a_o

n [EER YT -EBROAMNA T hNERTEEDIT., TT—PBIOEL
Awvt—T2RRUET,

ALy R7FIAHFEEOLEROKEIZIE. KD2DDY TINFRINET,

» ) 47 TEiR) YT TEREINZT —IHET 7 2 AT 2 MZH R
ZRRLET,

o (HEORM - e ¥ 7 TERSNZT—FEaT 7t AT LG
HwEFRLET,

—JH. er print 1—F 4 UF 44—, AXCRFA2F T —AZHELET, K
OYTaAx 2 Rider print T—F 4 U T4 —THEZEHARND EZITHEHATY,

SunStudio 12 ALy R7F S5 A H1—H—XHA K .
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" races: EMTHH INZITXRTOT—IHESZRELET,

= _rdetail race id: f§€ I 3/= race id 2O T —F H G OEME R ZEFRL £
9. race id 2 Talll ZRE L LB, ITXRTOT—F A BT 25HMIEH
IMERINET,

= _header: EBRICEI T A5HEFRRL., To7—EEEE2H/ELET,

FEMIIE. collect.l. tha.l. analyzer.l. BXWer print. 1 DX a TN R—=TJ%EH
L T7ZEWN,

23 EEBRERICDNT

ZOHEITIE, er print AX Y RITA > T2 —AEA Ly RT7FI4 Y GUI Difi
AL T, MIHSNLTNTOT I HEICHT 5 ROMRERRT 5 HIEEH
BHL £

s TAHEEGDO—EDID,
s TAEBEICERT AT RL A (Vaddr)e BEOIRIET RL ANHS5E
1Z. FILCH-> TEEDTY RLAEEREINET,

m 2DDRLDBAL Y RICXKBEMTY RL A (Vaddr) N\DATEY =77, 77U+t
A DT (AW /EZAH) N, JV—AT—RNOT 7 ANFKEE LK. +
Tty b BEWMTHEFEEBICERINET,

n TIHBEICERTAR LA, L - 2D0T—FHRET VA
DOFAELZ/HETOAL Y RIFENHLAY v 7 OXRT7Z2HELET, GUIZHEHL
TWAHE, BN L —2A2RIRT S &, [HEOEM ¥ 7122 DOIEUH
LAZ VINFRENET, er print =T 4 UT 4 —ZHHL TWBEEIT.
rdetail AX > RICK S T2 DDMRH LAY w I INFRINET,

2.3.1 omp prime.c ADT —F e

% CcC -xopenmp=noopt omp prime.c -lm -xinstrument=datarace

% collect -r race a.out | sort -n

SIS IS SR R SR S
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0

0

EERT—HF X—A test.l.er OIERT ...
Number of prime numbers between 2 and 3000: 429
2

3

5

7

11

13

17

19

23

29

31

37

41

47

53

59

61

67

71

73

2971

2999

% er_print test.l.er
(er print) races

WEIOE. 4 EB: test.l.er

Wity #1, Vaddr: Oxffbfeecs
TUEA 10 HAHD, main -- 1T 42 /5D MP doall [ $d1A42.main] + 0x00000060,
1T 45 "omp _prime.c"
T A 20 FEZAH, main -- 1T 42 5D MP doall [ $d1A42.main] + 0x0000008C,

fT 46 "omp_prime.c"
WRL—A%: 2

WiEr #2, Vaddr: oxffbfeec4
TUEA 10 HZAH, main -- 1T 42 S5 D MP doall [ $d1A42.main] + 0x0000008C,
1T 46 "omp prime.c"
TR A 2 BZIAHA, main -- {T 42 M5 D MP doall [ $d1A42.main] + 0x0000008C,
1T 46 "omp _prime.c"
WRL—A%: 1
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B4 #3, Vaddr:
T A 1:

TR A 2:

TN
ooy

L —2%: 1

WiE #4, Vaddr:
T A 1:

TR 2:

BMENL—2%: 1

(er _print)

(Multiple Addresses)

HZIAH, main -- 17 42 N5 D MP doall [ $d1A42.main] + 0x0000007C,
1T 45 "omp _prime.c"

EZIAA, main -- 17 42 N5 D MP doall [ $d1A42.main] + 0x0000007C,
1T 45 "omp_prime.c"

0x21418

FAELD,  is prime + 0x00000074,
T 18 "omp prime.c"

EXIAHA, is prime + 0x00000114,
T 21 "omp_prime.c"

KROAZ U —> 3wy ME, omp primes.c THHEINHED, ALy RV F T4

B GUI TOERHFITY, GUIZIERH L T, EBT—FYZ2HAADIY > Rid tha
test.l.er 2> TCTWET,

Sun Studio Analyzer [test.l er]

File View Timeline Hoh

bek: Race #1
Waddr: 0xffbfeecd |

e #1, Vaddr :OxEfbfeecd
Access 1t Read, nailn -- MP doall freom line 42 [_§d1A4Z.main] + 0x00000060,

e
- o A e e e e |
main -- WP doall from line 42 [_§dlAd2.main] +|

line 48 in "omp_prime.c"”
Access Z: Weite, main -- MP doall from line 42 [_§dlAdZ.nain] + Ox0000008C,
line 46 in "omp_prime.e”
@[] Total Traces: 2
ace #2, Vaddr :Oxffbfeecd
Access L: Veite, main -- HP doall from line 42 [_$dlAdZ.main] + 0x0000008C,
line 46 in "onp_prime.c"”
Access 2: Veite, main -- MP doall from line 42 [_§dlAdZ.main] 4 0x0000008C,
line 46 in “owp prime.c”
@[] Total Traces: 1
ace #3, Vaddr :{Multiple Addresses)
Access L: Veite, main -- MP doall from line 42 [_$dlAdZ.main] + 0x0000007C,

line 45 in "oxmp_prime.c”
Access 2: Veite, main -- MP doall from line 42 [_$dlAdZ.main] 4
Ling 45 in "oup prime.c”
@[] Total Traces: 1
ace #4, Vaddr :0x2l418
Access L: Read,

i,

5uun -~ WP doall from line 42 [_sdlAdZ.main] +|

1s_prime + 000000074,
line 18 in "oxmp prime.c”
is_prime + Ox00000L14,
line 21 in "oup_prime.c"”
@[] Total Traces: 1

Access i Weite,

B2-1 omp primes.c CRHINZT—FHie
omp primes.cZlE. 4 DDT—FHENDH D T,
FARD L7 46 D total NDEZIAAEDT—F i

BAH S 1: 1745 D total D

AN
Ho
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n HEET2:1746 D total NDEZIAALE[E—ITTD total NDHDEZIAHED
T WA

] ﬁi‘%’é%% 3:1745 D primes[] NDHFEZIAB E[E—ITTD primes[1 NDH|DE ZA
BEDT—HHE.

s BHOES 41718 D pflagl] DFHAIMD &7 21 D pflagl] NOEZRAHREDT—F

A
2.3.2 pthr prime.c DT —F FRE

% cc pthr _prime.c -1m -mt -xinstrument=datarace
% collect -r on a.out | sort -n

EERT—H X— X test.2.er OIERT ...

of type "nfs", which may distort the measured performance.

[SERSEE SIS IS SR

0

EERT —HF N—Z test.2.er ODIERF ...
Number of prime numbers between 2 and 3000: 328
751

757

761

773

797

809

811

821

823

827

829

839

853

857

859

877

881
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883
887
907
2999
2999

% er_print test.2.er
(er_print) races

WEOE: 6 EB: test.2.er

B4 #1, Vaddr: 0x218d0
TOEA 1 FEZIAA, work + 0x00000154,
1T 40 "pthr_prime.c"
TOBA 20 FEZFIAA, work + 0x00000154,
1T 40 "pthr_prime.c"

«
3>

ML —2%: 3

&

3
>

#2, Vaddr: 0x218d0
TOEA 1 HAED, work + 0x000000CC,
1T 39 "pthr_prime.c"
T A 20 FEZJAH, work + 0x00000154,
1T 40 "pthr_prime.c"

N
QY
oI
O

«
4

ML —2%k: 3

g

i
>

#3, Vaddr: 0xffbfeec4
TUEA 10 HEFEIAH, main + 0x00000204,
1T 55 "pthr _prime.c"
TOE'A 2 HAED, work + 0x00000024,
T 35 "pthr_prime.c"

.
QY
oI
O

WML —2%: 2

ﬁﬁf? #4, Vaddr: (Multiple Addresses)
TUEA 10 HEEIAH, work + 0x00000108,
1T 39 "pthr prime.c"
TR 20 FHZEIAH, work + 0x00000108,
T 39 "pthr_prime.c"
MmO L/";liﬁ: 1

B4 #5, Vaddr: 0x23bfc
TR A 1. EEAH, is prime + 0x00000210,
fT 22 "pthr_prime.c"
TOEA 20 HEJAH, is prime + 0x00000210,
7 22 "pthr_prime.c"

«
>

M—2%: 1

S

WA #6, Vaddr: 0x247bc

3

B2E . TIHAEDTFa—-FUTI
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30

TUEA 1. FEEJAH, work + 0x00000108,
T 39 "pthr_prime.c"
T A 20 HAED, main + 0x00000394,
T 65 "pthr_prime.c"
WMEL—2%: 1

(er_print)

ROAZ ) —> a3y ME, pthr primes.c TR ENZHED, ALy RV F T4
P GUI TOEMRHITY, GULZIFOHL T, EBRT—F Z2HHAAD I~ > R
tha test.2.er IZ78> TWE T,

Sun Studip Analyzer [test.2.er]

File View Timeline Help

e EE bl =] 8 )

ray

e #1, Vaddr :0x213d0
Access L: Weite, work + 0x00000154,
line 40 in "pthr_prine.c |
Access Z: Write, work + Ox00000154, Type: .[I'.l:it,.e - : ERERER '
line 40 in "pthr_prine,c” B e =
@[] Total Traces: 3
ace #§2, Vaddr :0x213d0
Access 1l: Read, work + Ox000000CC,
line 3% in "pthr_prime.c"
Access i Write, work + Ox00000154,
line 40 in “pthr_prime.c”

2 :rwm:k + 0x00000154, line 40 in "pthr_prime.c”

@[] Total Traces: 3
ace #3, Vaddr :O0xffbfeecd
Access 1: Weite, main + Ox00000204,
line 55 in "pthr_prime.c"
Access i PRead, work + Ox00000024,
line 35 in "pthr_prime.c”

@[] Total Traces: 2
ace §4, Vaddr :{Multiple Addresses)
Access 1: Weite, work + Ox00000108,
line 3% in "pthr_prime.c
Access i Wrice, work + Ox0000010&,
line 39 in "pthr_prime.c”

@ ] Total Traces: 1
ace #5, Vaddr :0xi3bic
Access 1: Veive, is peime + Ox0D000Z10,
line ZZ in "pthr_prime.c
Access 2: Weice, is prime + 0x00000210,
line 22 in "pthr_prime.c"
@ ] Total Traces: 1
ace §6, Waddr :0x24%bc
Access 1 Weice, work + Ox0000010G,
line 3% in "pthr_prime.c
Access Z: Read, main + O0x00000394,
line 65 in "pthr_prime.c"
@ ] Total Traces: L

®2-2 pthr primes.c THMHINEZT—FHE

pthr prime.ciZid. 6 DDT—FHENDH D F7,

. FHEES 11740 D total NOEZIAALF—1TTD total NDH|DEZIAA LD
TS
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. BREET2:1739D total DFHARD 740 D total NDEZAALLEDT—F 5

=
s A HBEIMTSDINOEZTAAELITISDLDHFEAND EOT—FHE,

s BEET 41739 Dprimes[] NDEZABEE—1TTOD primes[] NDH]DEZA
BEDT—HFE,

s FAHEE 51722 Dpflags[] NDEZIAAEE—FTTD pflags[] ~NDRDE XA
59‘&0)7— gﬂrl."l:lo

s HEET6:1T39 Dprimes[] NDEZALEFT 65D primes[] DFHARD EDF—
Z .

>

GUI DFIIE. T—FHAICERT 5200 —AMEEZHICIHERTRSNS Z &
TY., =& 1551 ¥ 7 Tpthr prine.c DG HEF 6 ZERL., [Fa7)
V= ZTEI)wITEHE ROLDREEICED ET,

Sun Studio Analyzer [test.2.er]
View Timeline Help

JUDI—UJ =] & lalw]a

Fn ot ElEEE
q

L Raca Source File: /tup/pthr prime.c
Atfesses | Dbject File: . /a.out
Load Object: «<a.outs i L
34 [~ | vaddr: 0xza7bc |
35. start = (W/THREADS) * (*[inv *]ary) : !
3.  end = stare + W/TAREADS: i pernhteeml
37, Eor [i = seare: i < end: i+8) { | Tyme: ‘”i“ - J
3. if { dis_primeii) ) { I rwrk + u«nnoonlns llne 39 :Ln pthr_px:lm e i
39. primes[total] = i:
40, total+:
a1. ¥
4z, H
return NULL;
tup,
Acgesses | Object File: . /a.out |
Load Object: <a.out» : Access 2
0 53, i = THREADS-1: ~| ||| Tvpe: Read
0 60, woek | (void *)si]: =

|
| ||main + 0x00000394, line 65 in "pthe prime.c”
oL |[pazn . ne 65 in "prhE p

62, printf{"Musber of prime numbers betvesn 2 and %d: sdvn",
1} 63. N, roval):

64, Eor (i = 0z i < votal; i+ {

65, peintf ("3d\n”, primes[i]):

66, i

67.
o 68, return 0:

R2-3 T—HED) — AN E DR H

OB T6(AT39) ORADT 7L ANFHE LD —AD LOXHE, FUT—FHa02
DHOTZ VAN TOREICERENET, ZOT—FHEEST IV CANFEAELE
V=217 39 BXUN65 IFHEFAZREINET ., T 74 M AN w7 ( THAES
VA ARNUwINIIEY —AITOEMICERENET, ZOARNI T, £D
FIZDWTT—8Ea T 7 ANmEINZEEERLET,
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24 T—HYEREDREZER

2.4.1

2.4.2

24.3

32

ZOHITIE. T—YHEDREEZTAT 2 AN T EEZHAL T,

f— & FEE N ERIR L (false positive) 7> E D M DHE

[F1fw

MR T e sid, ALy RY FIAFICL> TREISNE T, EBRITIE
FRELRM ST —IHETT. ALy RYF I PR, @t d 2802
55 EMABET. LU, BT a TEETTEY, BT -y EiaEmE
THIEMBDDET,

BT = BAIEOT YA TIdR<, TSI LOMEICEEL W
O, BHTLIENTERT,

BT —YEAHIC DT, 36 X—2 D 2.5 388 H (False Positive) | 2SR L
TLEZ W, LR— N ToOEMET—8EOMIEAEIIONTIE, 71 =2
D TAIALY R7FIAFDIL—F—APl 2L T 7ZI N,

T—YEREMRMENE D MO
BHEOTF =451, TOEENT OV I ADEHSICEET DI EORNWENH)
BT AT,

SIVFALY RYTUr—2 3 >OHICE,. T B sERITaliEENH 23—
RMNBRMWICHEHA SN TWS2HD0H D FT, 5 LET—¥HmaldBEXMNICEE
LTWs7=0, BIETAHLEEZIHDFEEL. LML, HBHICEL-oTIE. 5L

I—RZELLSETTI2OEFEHL <HIOOEENLETY, EHEICHEL TSZS
AR

BYEOT =58 OFMIE. 36 X—D 2.5 4k H (False Positive) | Z2ZH L T<
7230,

F— S HATIER NI EEET

ALy R7FIAHRI 7007 T LANOT—FHEaDOFHRITHEILTENETY, 7O
7 ANONTEZHBNICHR T, RRINEZT—YHEEZMINT 5 ik
DIRETHIEHTEER A, T—IRANPNTICE>THERIINTWSHATHE
WMH 0 ET, KURDIF, NTZ2EDITTEETSZETYT, BIcT—¥5ioa%
PS5 2 &35y y 7 o—F Tz, DBOT Ny 72 X 5ICKEICT 5 2
EHHVET, TIBATIHEBINTZEEL T ZI N,
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24.3.1

omp_prime.c ND/\NT DIEIE

KIZ omp prime.c DNNT ZEIET S HEERLET, ZOT7 7 ()OI —RJ Xk
3. 17 X—=2®D 2.1.10mp prime.cDEI—R| IZHODET,

1T 45 D total @ read E1T 46 D total D write & DT — ¥ Hi G 2R T 51213, 17
45467 )T 4 NI ailBEHLET, VUT4 Wb Iaidim?
ODDITEREL., T—IHAORAEENEEXT., KIEELEZI—-REZRLET,

42 #pragma omp parallel for
43 for (i = 2; 1 < N; i++) {
44 if ( is prime(i) ) {

#pragma omp critical

{
45 primes[total] = i;
46 total++;
}
47 }
48 }

1207 T4 )b aaEBNdT5Z&ET. omp prime.c NDIZND 2 DD
T HAOMRINET, 745D prine[] TOT—FFHAZ T TR, 746 D
total TOT—FHABMILET. 4 DOHD, 718D pflagl] D read L1721 D
pflagl] ND write & DT —F Fiald, RNERKERICORNS Z EiFanizd, ER
WIEEEOT—4HE T, BEOT—HAaOMRITEETIIH D A,

RICRTEDIFTa5 L4627 )T 4 7 a ITBHTHIEHTEETH,
ZOEFEZTOT T AOBBEOMRERIZIZD F8 A,

42 #pragma omp parallel for

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

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

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

46 total++;
}

47 }

48 }

ALy RO w 7 2 H L T total ND T Z 2 AZFHH L TWhizni=o, 1T
4546 ED DT YT A NI a itk TTF—¥BEaldfEEInEd, 17
W6 2E5H 7 )T 4 V7 a id, total DIEEMENASNTIEL LS BDEIICLE

E2E . T—IHRMEDFa—MUTIL 33
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2.4.3.2

34

T, LN, IKRELTTOTIABELLHDERA, 2DDALw RA, FHU
total fEZfEH L T primes[] DRICEZZEH T H[EENH D 9, 51T,
primes[1 ND—HERIZE o 7z <ENRA I N NWATREHENH D £ 77,

pthr prime.c HD/\NT DIELE

KIZ pthr_prime.c DINT ZEIET B HEEZRLET., ZOT7 7 I)IOEI—RU A
ME, 19— [2.12pthr prime.c DEI— R IZHDET,

pthr prime.c ND1T 39 D total D read &1T 40 D total ~\D write EDT—IHEEMR
HIT B2, 1 DOMHEHEM (mutex) 2R L F9, Z0BEIMIL> T,

pthr_prime.c NDIFND 2 DDFT—FHie. 1739 D prime[] TOT—F HE E1T 40
D total TOT—F SR L F7,

755D i D write 1735 D i Dread EDT—HF Hith. F729722 D pflagl] TD
TIHEE BH5AL Y RICXE2ERiNORETY VL AOMETHZ Z &N
DN ET, pthr prime.c NOFHIHHZAL v RIZIN—TTFAL v REERLT () —
2F755~57), TDFALw R&ET 4 2Ny F LT, B work() ZEIEL £,
W—T DA T 7 ADild, work() IZ7 RLATEINET, IXTOAL v R
MillDODWTHUATRY—EICTVEATEHED., ALy R 5 i OER—
BTRIBD, WIfAL Y RDWIIV—TDA T I A%A 27 A T 5HDIT
o THEIFAMLET., B2 ALy RORFEUiEEZEHAT 20, T—FHAaN
FAELET,

COMBEZRIT 51 DOHEEZ. 12 work() ICEIELT S HETT., ZOHEIK
EoT, IRTOAL Y RPLT—BEOMEZFREDODHFHDOiOIE—2F DX DT
DET, primes[] ITBET B1T39 D write 7 7 A L1765 Dread 7 7V EAEDT—4
A DOIE T, AR DOIT39 E40 I LAMARMIOy 7 ERCoy 7 2/ L
TIT65 #R#ETEET, LML, ZHUSELWHERAFETES D FH AL, EORE
X, AL R2%work() Ttotal BE W primes[] ZHFTL TWBMIT, A1 A
Ly ROVERZ|E T2 750 ~53) AlgetEnNd 5 2 & TY ., HAHMLO Y 7 2 H
LTH., ALy REO@EYRIEFHTOZ0DRMITESNETA, 1DDIELWNE
EHIEZ AL ALY RTIRTOFALY RIRNDaA 2T 5FE TR THOGH
Rt hds2&T9,

KRIZEIEL 7z pthr_prime.c Z/RL £ T,

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

#define THREADS 4
#define N 3000

int primes[N];
int pflag[N];

O 00 N O Ul B W N -
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

int

total = 0;

pthread mutex t mutex = PTHREAD MUTEX INITIALIZER;

int

{

is prime(int v)

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

for (i = 2; i < bound; i++) {
7* FIEBEAEREDTF =y JIIRE */
if (!pflagl[il)
continue;
if (v % 1i==0) {
pflag[v] = 0;
return 0;

}

return (v > 1);

void *work(void *arg)

{

int

int start;
int end;
int i;

start = (N/THREADS) * ((int)arg) ;
end = start + N/THREADS;
for (i = start; i < end; i++) {
if ( is_prime(i) ) {
pthread mutex lock(&mutex);
primes[total] = i;
total++;
pthread mutex_unlock(&mutex);

}

return NULL;

main(int argn, char **argv)

int i;
pthread t tids[THREADS-1];

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

B2E . TIHAEDTFa—-FUTI
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58 for (i = 0; i < THREADS-1; i++) {

59 pthread create(&tids[i], NULL, work, (void *)i);
60 }

61

62 i = THREADS-1;

63 work((void *)i);

64

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

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

67 }

68

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

71 for (i = 0; i < total; i++) {

72 printf("%d\n", primes[i]);

73 }

74 }

2.5 5481 (False Positive)

ZLw RYFIA4PE, EBRICIIFE LB ST =V EaaRET D ENEE
EXHDET, FNOHZBBREEITATHET, ZVTVWOBRE, #EHRHIT 36 X—
PO 251 2T —ERXORMLEN £/-1337 =20 528 b AL v RIZ
FoTHHAzNEAETY —] DERETT,

2.5.1 A—HY—FEEDREA LR

AL w R+ I 5L OpenMP 54, POSIX AL w B, BX U Solaris AL v D

T S RLEOEERAE API B I OE 2B TE LT, L L, - —ER

DFEHMEHRIIRFETE T, 3— RZED LERIEEE NS SN Tn s &, FEE

WIFZED TIERNWT—IHAZERETHIENHVET, ZEAE ALy RYF

T4 P, CAS <> busy-waits Z i L7z post BE P wait #ER EIC LD 0y 7D
FERZRFHTEET . RIT. POSIX ALy REMLEBIN R EON T Z LT

W7 0r 5 ATORMRMT — 7 56 QMM ZRL X7,

/* FIHREETIX ready flag 13 0 */

/x ALy R o1 AFEE +/

100 data = ...

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

103 pthread cond signal (&cond);
103 pthread mutex unlock (&mutex);
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2.5 :5#& 1 (False Positive)

2.5.2

/* ALy R 2 HEE */
200  pthread mutex lock (&mutex);
201 while (!ready flag) {

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

204 pthread mutex unlock (&mutex);

205 ... = data;

W, pthread cond wait() MM LI, YOV I LT T— '%’F'EJJ_OK@U\tL_bﬁ\
SRET S0, BiEZFTMT D) —T DR TirbNET, LIFLIX, WEEDFE
ilis L ORAZHESM D v 7 THREINE T, FHROa— RTIL, 7\1//}‘1
7100 TZ % data DIEZ AL L. #7102 T ready flag D% 1ICREL T, T—%
MAERINZZEERLET, Z LT, pthread cond signal() ZFEFONHE L T, HE
FEALY ROZLw R2Z R ZILET, AL v K213, I—THNTikéE
(ready flag) ZFHliL X3 COA Ly Rid, 7II7DRESNTWSD I EZ2MINT
HE.AT205 TT— Y EMHBELET,

7102 D ready flag DEZAHA ETT201 D ready flag Di L%‘HXD 73] UAH B HEAih
Ow 7 THREINTVEED, TD2DD7 7 EADBICT—4 88132 <. A
Ly R7FIAFIEZFDOZEZELLEH#HLET,

17100 @ data D write &17 205 D data D read V&, AP O Y VI k> THREZNT
WEth, LML, 7075002y 7Tl 75 07%E ¥ ready flagWid 5728
2. 17205 D read 1344917100 D write DH EIWCHEAELET., ZDED, T—FAD
ING2007 7 AOMIZIZT—EHAaIdd 0 ER, Z7EL.
pthread_cond wait() NDOFFOHI U (17 202) NEFTRHITEBRITIEOH S Nz - 728
G, ALY R7FIA4HE, 202007 7V ADMICT—8BanFET % EH
HLET, 720l WEFTINBRND BITIT102 WEFTINTWT, 17201 WEfTIN
L, N—TOHEXDOFMIIMEE2 D, 17202 3FEfTINEFL. ALYy RTF
7’f"f J. pthread cond signal() [@U\‘Hjb& pthread cond wait() FEOVH L # B4

RSN TND LRI DD ZNSZEZHOEDELTHRBRT I ENTE
i?‘ 7202 D pthread cond wait( VJ\UJ:Z)\&?:‘*LKIMZ{’E'AL 1. 17205 DFRAED
@HIJL TT 100 @igﬁﬁﬁ\%@‘%ﬁéﬂé &%nun&biﬁ_}u DD, IEJB%‘:L:
Ky EARBL, MEOMIIT—FHRAENHDHEMELET.

COROBEMBT Y5 ER<T20I. ALy RYF I FITIE—RED API N
HAEZINTHBD, I—Y—ERORIILEBNETINEZEEZAL Y RTY TS

ICHEASESZENTEETT, L, 71— A1 ALy RYF T4
DI—H— APl 2L TI7ZI N,

RIGDAL Y FICK>THBIASNDSAEY —
AEY )L —F IR, IOAL Y KSR TE5E51, ALy KItk>T

RMENIEAT) —ZHAHATL20ONHDET, ALy R7YFI4 TR Bz
ALy RIZE> THASNSFECMEDAEY —IZDWT, FHSNSHIMZIEL
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SHBITZIENTERVWEENHDET. ZOK, ALy R7 I PIEai
TIFEEMELET, K. ZOHOERBT—FHEOHITT,

[Hemme e */ R */

/x Ay R o1y /x Al R 2%y
F A */ [Femmme e */
ptrl = mymalloc(sizeof(data t));

ptrl->data = ...

myfree(ptrl);

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

myfree(ptr2);

ALy R1E2IZFARFICETIN, TNETNHEAAT)—ELTHEATLIREDATE
J—%ZEDYBTEI, TIT. mymalloc() Ib—F 3. EHTD myfree() DIFEOVHL
WL TS NZATY =2 MG THEMELET, ALy K12 myfree() &I
OCHTRICA L Y K22 mymalloc() ZIFONH L7236, ptrl & ptr2 135872 5 {E 2 H
BL. 220A Ly ROMIZT—HEAEIHDETL, ZZL. ALy R1D
myfree() ZIENH L72dH ETAL Y K2 mymalloc() ZIFONH L 725513, ptrl &
ptr2 IR CEZFDREMENH D ET, ALy R1EFZOARY—IZY ALK
Ko TWEED, T—EBIEGDERTRA, LML, nymalloc() AT —Z2H
FIHL TS ZEZBEL TWaRWES, ALy RYF T4 F T ptr1 T—4 D write
Eptr2 T DEZABDEICT—FHEaND D EHREL T, ZOHEOEMH
. C++ 7 T =23 > TCr+ TN LTATITUNREEAD AT —%
BHHATAZHARICEIAZENELSHDET, £, HEDOATY —EMIIL—F >
EFRELTVWSLI—HY—T T r—2a > Tbi<BEEZET, BRTIE, ALy R
7 F T A FIIEHED malloc(). calloc(). BLWrealloc() 1 ¥ 7 —AZFEHL
THEITSINDHATY —DE|D YT EMHERIEERETEET,

26 RMUEDT—45E

38

RIWFALY R7TUA—2a Oz, N T+—<X 2 AZED5HIT RN
WTF—YHEEHRL TS HD00H D FT., BEOT—FEHE &3, TOEEN
IO S ADIEHMIITEET LI EORVWERMNAET —4HETT, XKit. BED
T =& 5E O EMAFITT,
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2.6.1

F-BHEOREWTY U r—2 3 i, ELLKRETHZENEH LWL, Oy 71—
BLOFERED N T IV T ZLIEKFEL TWSED, BEOT—4 &1
Z. BEOT—IHEDHFELTVWET, ALy RT7FIA4HFIL. £5L7ET7 7Y
=3 DT RAEDORELGOREICHRLTHIENTEET,

RHERRETHOOTOT S A

KDT 74 )l omp prime.c DAL v Rid, is prime() AR EEITTH I LIk > THE
BDNERTHAIMEOINEFv I LET,

11 int is prime(int v)

12 {

13 int 1i;

14 int bound = floor(sqrt ((double)v)) + 1;
15

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

17 /* HIEBEAEREBEDOF v JIIRE «/
18 if (!'pflaglil])

19 continue;

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

21 pflag[v] = 0;

22 return 0;

23 }

24 }

25 return (v > 1);

26 }

AL w R7FI4HIE, 1721 D pflagl] D write EF7 18 D pflagl] D read & DREIC
TF=HHBENHBERELET, 2720, ZOT—YHEAIL. REERDOEMHIIC
FELULWEHRMETT, 718 TIE. AL RN, 525N iEIZDOWT,
pflagli] NEONESINZEF v V7 LET, pflagli] N ODHEIL. i FEEHIOS
RE(EWIRZ 5 &, iIFIEERICRD ZETHIGNTWS) THD I EE2FW®RL £
T, ZDD., vINi TEIDYNDEMNEDIMEF v VT 5468 TR, vara 55
DEBETEOYNDENE DN EF v 7 THUIXWEITTYT., TR, pflagli]
MEODEGE. ALy FIZRO 1 EICHEAE T, pflagli] NEO TR, MDvAVi
TEIDYNDEE, ALy Rldpflagivl IO ZRAL T, vORIERTII/AWNWT &
ZRLUET,

EHESOBANSIE, EEOA Ly ROFEU pflagl] BEEZF v 7 L. TOERI
FIRFICEZIAAZITO ZEIZEETIIH D EH A, pflagl] BEXZO#HEIZ1 T,
ALy RIFEZ0EHEIZ, ToEHICYuz2ALET, /bbb, XL v R

2. FOEZHORUAETY =N MNOEILCEY Moz A N7 LET, BE
DY —FFTI7Fr—TII, EOLEANTIEATI (T FIvI)ERRBLTELE
AHDFETN, DO LT ALy RICEBZ2ZFDOEEZDFHAROE, GARSND

E2E . T—IHRMEDFa—MUTIL 39
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EIZ1hFOONTNNTHD I EZERLET, pflagl] ERICETYONRA TN
DHIC, BEOF v I MTbND (AT718) &, AL w Ridf720~23 #FEfTL &
9, TOM., BIOA Ly RINE U pflagl] ERICTEOZRAL TH (121). HBA&HGE R
BEDDER AU, BEAIZ, ZOZ&EF, BHOAL v RICK 51720~ 23 DEFFN
AEE S 2BmR L ET,

2.6.2 EEIEDEIZREST S5 7O T A

—BED AL R check bad array() Z[FKRHIMEFONH LU, K%l data array IZEEF1 TN
LEFINIZNNEINEF v I LET, £AL Y RIZZENTNESID iz 555
ZFrzwv I LET, ALy RBEZENENNTVWLZEZ2HKAT L E, REILAR
¥ is bad DE% true ICFREL £7,

20 volatile int is bad = 0;
100 /*

102 * THNENOAL v RiZ, #0DY TSN/ data array OD—afz2F v L,
102 * NERT—YEENEDONSZE5KET T2 is bad 1T 1 ZRALET,

103 */

104 void check bad array(volatile data t *data array, unsigned int thread id)
105 A

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[il)) {

112 is bad = 1;

113 return;

114 }

115 }

116 }

117 }

7108 D is bad D read 17 112 D is bad D write E DT —FHENH D £T,
21U, ZOT—HANREEROEMIICEETLIZEEHD A,

is bad OFHIMEIZY O TY . AL v Ridis bad DFEHFFIZ, ZDEEITMHE 1 ZCA
LEd., 97206, AL v Ridis bad HOFCATY—NA FNNDOFELCE Y M1
EARNTYLET, HEOTY—FFT V7 F ¥ —TIi&, 5 LEARNTIEIARAD (T
R ERBLTELXADDEEN,. ZDD. AL vy RIZK 3 is bad DA H
D, HARSNAEIZ 1N ODONTNMNTT, is bad IZME 1 2MUA S NDH{IC
. is bad DF = VMTHONDS (17108) & AL w Rid for L — T DFETERE L £
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2.6.3

T, 2D, BIOALw RMis bad IZ1 ZRALTH (17 112). WEERIIELDD F
T, 2D EF. ALy ROWRBRELL EICEWEE for L — T 2EfT L2 E2E
9 57205 TY,

_EFrvr0OvoEERTASTIAOI T A

U R, Tl I AEREBU TRED 1 DOMOF T 27 RN 1D
FIETHEIICLET, —EFzvr0v 23, XIVFALY R TUr—rar
T2 b 2T 2720 O THRWZTFETT, XOI—RiZ. £
DREFZRLTNET,

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;
302 memory barrier();

303 if (tmp == NULL) {

304 Lock();

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

308 ptr_instance = tmp;
309 }

310 Unlock();

311 }

312 return tmp;

313 }

ptr instance D read (T 301) 1. O v VI LB HREIIERMICIT /> TWERA, &
29HIET, RIWFAL Y Ffﬁiﬁ‘(//ﬁ)bl\/ﬁ‘@—f A ALY A EINT
NWENEDIDDHETF = v 7 RN L ET, B ptr instance ITDWT, 17301
@ read &17 308 D write EDMICT—FFHANH VLT, 707 T AFIEL < #EE
LET, LML, 7582885707702 ELL<ERdT 5D, #HLW
EETY, LA RO HF =y /70y 7 Oa—RT, 17302 & 307D

memory barrier() FECNH UIL, 2227V k> & ptr instance 2344 it U) 7 IE 5 Ca%
B ARG NDELDICTHIEZHMIERENTVWEY, €595 ET. T
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NRTOALy RWNEEGHZEELRS ZEB<TNEZ2HmA M0 ET, 20
memory_barrier() TEHRINTWAHREEZFHLRWE, 20707 T AFIEITH
RELEtA.
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Ty ROvIDFa—r~UTI

ZDOFa—bUT7ITIE ALY RT7FIA4HEFHLT, XIVFALy R7OY

FLANDET Y ROy ZIZhmA., BENT Y ROy 72T 25 h5E%2HHEL £

T, Ty Rovr] EWOHEIZ 22U EOZ Ly RBNEWEREDIREEIZ/Z D,

KA ZEDEITNIIT NS (D) IREEZEZLET., Ty RovZ7oFERIZ, 7o

7oAy 7O, [EHEBCERORBY R ERS<EFELET, 2

DF 2— M T7IVTIE, MHAEHMLD Y 7 OREY) /I FHIC K> THET ST R

Oy ZICESEEZYLYTET, ZOEDOTy ROv 7, XIVFALY R7 71—

TarTELKEZEET, 22U EDAL Y RZFOD 7O AT, KD 3 DDERENK

M BHE, Ty ROy ZICRIARERD D FT,

s TTIREYZERFELTVWD ALy RO LWOy 7 2FRL, 1D

n FNS5OFHLWOy VEROFEYA I TNEET, D

s 2DPLEDAL Yy R, FNENF—HNTRODAL Y RIMEFFT 500 7 %
BOERF — 2R L TW5,

RICEERZT Yy Oy ZIREOH 2R L £T,

ALy R1BWOy 7 AZREELTWT, Ovr B&EXK
Abw R2MOy 7 BZEREELTWT, Ovr AZEXK

Ty ROy Zid, BEMNTy ROy 7 EFETy ROy 7 O2EICHTH ZENT
=2, ROIOBMHENDH D ET,

s BENTY RO 237075 L0E2ETTEELTHRAET DO TIFRL, A
Ly ROAZ Y a—U 2 7R A Ly RIZks0v 7ERODY A I TITEH> T,
TS5 AOEFTEICHRET AN D DTy ROy 7 TY,

s ZHUCKHLETy ROy Zidk, 7077 A0FERGHICHEAETSHTy ROy s T
T, ETFv ROw 7T, BRI BAL Y ROEFIZHOETHN, TOb A2k
DEFIFHLIZEDHHIUL, TOTHRNIEBHDET,
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3 BETA28FEDY—RT774)L

BHT S (dining-philosophers) DfEZ I a2 L — 3587707 4
&, POSIX AL w REFALZCTOTIALTT, V=7 71 I)IVO4HIE

din philo.c T9 ., 27OV I AIBHENBIOET Y ROy 7 Ol 2R TE
9, XKiF. ZOT77ANDOA—RYZART, ZOHEICIT—RIZOWTHEHL E
ER

/* din_philo.c */
1 #include <pthread.h>

2 #include <stdio.h>

3 #include <unistd.h>

4 #include <stdlib.h>

5 #include <errno.h>

6 #include <assert.h>

7

8 #define PHILOS 5

9 #define DELAY 5000

10 #define FOOD 50

11

12 void *philosopher (void *id);

13 void grab chopstick (int,

14 int,

15 char *);

16 void down_chopsticks (int,

17 int);

18 int food on table ();

19

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

22 pthread mutex t food lock;

23 int sleep seconds = 0;

24

25

26 int

27 main (int argn,

28 char **argv)

29 {

30 int 1i;

31

32 if (argn == 2)

33 sleep seconds = atoi (argv[1]);
34

35 pthread mutex init (&food lock, NULL);
36 for (i = 0; i < PHILOS; i++)
37 pthread mutex init (&chopstick[i], NULL);
38 for (i = 0; i < PHILOS; i++)
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39 pthread create (&philo[i], NULL, philosopher, (void *)i);
40 for (i = 0; i < PHILOS; i++)

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

42 return 0;

43 }

44

45 void *

46 philosopher (void *num)

47 {

48 int id;

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

50

51 id = (int)num;

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

54 left chopstick = id + 1;

55

56 /* BN U7z */

57 if (left _chopstick == PHILOS)

58 left chopstick = 0;

59

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

61

62 /* BERFICWMDANID B2 T 28%E 1 OB T, 3Hho
63 « PrEEEE, Ty ROy 7 ICkibd 2 ER<BHEETH I EMN
64 * TEET,

65 */

66 if (id == 1)

67 sleep (sleep seconds);

68

69 grab_chopstick (id, right_chopstick, "right ");

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

71

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

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

74 down chopsticks (left chopstick, right chopstick);
75 }

76

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

78 return (NULL);

79 }

80

81 int

82 food on_table ()

83 {

84 static int food = FOOD;

85 int myfood;

86
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87 pthread mutex_ lock (&food lock);

88 if (food > 0) {

89 food--;

90 }

91 myfood = food;

92 pthread mutex unlock (&food lock);

93 return myfood;

94 }

95

96 void

97 grab _chopstick (int phil,

98 int c,

99 char *hand)

100 {

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

104

105 void

106 down chopsticks (int cl1,

107 int c2)

108 {

109 pthread mutex unlock (&chopstick[cl]);
110 pthread mutex unlock (&chopstick[c2]);
111 }

32 BEITHAHEFEDFUA

46

BEITLHIEEEDO LT UAIL, ROX DB EFFO M FUATT, 05
4 DFEDIR SN 5 NOEFEDINT—TINICEN > TED, BRLTWET,
R OB E EBic, EEICRD, BFEE2EDIEICLET., T—7INTIZHDRE
SNERKIMAH D ETH, HEENMEHATEDEFILANCIALLDDERAL, BF
=9 5HDIE. BEd FFJ@“% EICRDET, FNFNOERED, T—TIIZ

mIN o TEMNZH HEIC DY EEEFRUBEMDIRSNTNET,

SunStudio 12 ALy R7F S5 A H1—H—XHA K .
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3.2.1

PO

P4 P1

© ©
- ®

TAEE BROICE2OFE B ERLCHESD1ARDE) 2RSS ELEXT, HAIZ
FOHETOENLEEZRS & RIT, HOHOBOANZE DS TENLFTF2MIL
X9, MHDOEEZFICTLE, BRENTEET, BFEKAD L, TEEETT—T
W EDTEDOMEIC2ADEEZRL LT, W< EDET. ZOTOEANREDIR
ENEXT,

BFEDNT Y O v I IICHRDIRR

ETF v ROy 73, HEHEEENENTNICHSDOEZFICILTNT, Mo EE
DEDPENROLDERHFDEEITFHELXT,

P2

FEEHEOFZOZTFICLTWT, F12HD
PFEFHEVZEB12FICLTNWT, E226D
WEFEIE2ZFITLTNT, E3 2D
PFEEIFEIZTFICLTNWT, F42HD
PFEFAIEAZFITLTNT, EoZ2ED

CORMTIHHEOEFEZTHILENTET, TUEHFTT Yy POy 7REERD X
T TOU T LEMEINETLET. ETNHEDL I EbHNIE. REETETSIN
H52EHHHIENDONDET,

BEILZUAHETOVILEZETLT, EANETT20, £33 Ty havy s
oM EMRLET ., ROEFTHFICRSNS K DI, EfFIEH 2 TRENENH U &
‘3_0

prompt% cc din phil.c -mt

prompt% a.out

Philosopher @ is done thinking and now ready to eat.
Philosopher 2 is done thinking and now ready to eat.

EBI3IE . Ty RAYIDFa—-—rITI 47
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3.2.2

48

Philosopher 2: got right chopstick 2
Philosopher 2: got left chopstick 3
Philosopher 0: got right chopstick 0
Philosopher 0: got left chopstick 1
Philosopher 0: eating.

Philosopher 4 is done thinking and now ready to eat.
Philosopher 4: got right chopstick 4
Philosopher 2: eating.

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

Philosopher 3: got right chopstick 3

Philosopher 2: got right chopstick 2

Philosopher 1: got right chopstick 1

(hang)

CTRL-C 2L CHEFTEKTLET

TFE1OR ) —TEHREOEA

BEMTY ROw ZIZH L TEZSNS 1 DOMHRKIT. H3E 1N ZENTH
LEEWNSEDHICTAHIETY, I—RFREMLLED &, %%W%Ot?%m =
ﬁbf:ﬂﬁﬁaﬁ(sleepiseconds) L= %‘17¢3X'J TEIRLZENTEET, g_@X
=N +3icE T, 7oy I A3E Ty Ray 7R LICK T T 5N H
DEJ, FEfral 774w®ﬁﬁ&bf7ﬂlfT¢5ﬂﬁ%hﬁT§i? Gk
RE LMo G, HEHFEIZV—TLERA,

RO I— R, HEFEEOOT Y 7 2R THET,

while (T— 7T EZEBENDH D)

{
if (RAU—=TDEDDBIEMEEINTWT, HHIZE®E 1 THD)
{
fRESINHMAY) —T3 5%
}

FHDEZRFD

EDEZERD

BEETD

rEDEZE<

HDEZES
}

KOU A ML, HFELIDNB00BBLTOSEHPOEZRNS X707 I LDFE
fT2RLTWET, 7OV I LAIEEBETHEITIN, 5s \OEEELENREEZKZ
7,

SunStudio 12 ALy R7F S5 A H1—H—XHA 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

1 got right
: got left chopstick 1

: got right

: got right
: eating.

: got right

S © O © © © © © © O © 0 OO0 O O 0 0 00 0 00090909 NNOWWAMPMOeSS S

SRS IS SIS IS

is done thinking and now
chopstick 0

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

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

got right chopstick 0
got left chopstick 1
eating.

got right chopstick 0@
got left chopstick 1
eating.

got right chopstick 0@
got left chopstick 1
eating.

got right chopstick @
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 @

got left chopstick 1

BI3B . TykRAOYIDFa—-—FUTI

ready to

ready to

ready to

ready to

ready to

eat.

eat.

eat.

eat.

eat.
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50

Philosopher 0: eating.

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

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

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

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

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

Philosopher @ is done eating.
Philosopher 4: got left chopstick 0
Philosopher 4: eating.

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

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

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

Philosopher 1 is done eating.

%

FETFEFITKRTLET

2V =B BDEEEFE LRSS, [MEN IO T LEETLTAHAET., HFEE]
MEANDE WK TEZWA D ELAEGEIEESRDETH, £, o RN
MFEOELDICLZEBIIED TN, FEITlEET 71 ) aout DAY —TEIEDE %
BELTATLEIN, ZAU—=T5[#bH0D. £IZAY—T51E/ LT, MENT
OV I LERITLET., 7OV TLOETNHDLZEND D TN, REE TET
INBHZEHHDET, TOTTLDETNHEZNEI NI, ALy RO

Ja—U rE ALy RICKBOQ9ITDERODY A I TICE>TRADET,

SunStudio 12 ALy R7F S5 A H1—H—XHA K .
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33 RUVY RT7FSAHYZE2ERLETY ROV I DRE

3.3.1

3.3.2

3.3.3

ALy RYFIAHYEEAL T, 707 I LAEENBLIOETYy ROovw v nNdH 5
MEIMERETEET, ALy R7F I YL, SunStudio /N7 +—X AT+ T
AYNFERAL TS TNERNT ETIIVERICETIVICE> TWET, ALy RY
FIAFOMHICHELTFIES, RD3DTY,

m J)—Zd—RZEI)NMIIVT 5,
» Ty ROy 7BHEAEREZERT %,
FERHERZRELT %

V—=RA—btO3 /XA

W9 g ZIEELTA—R2a NIV LTLSEZS W, Bkl NlEgne, 7%
FRMENHT ALY V78 EQEBRMNFHRS> TRESNDG I ENH D2, ikl N
NWEES ULIBWTLZE W, OpenMP 707 5 AD 21 )V TIE -g
-xopenmp=noopt Z i L. POSIX AL v R70OF7 5 LD /)SA )L T -g -mt DH
EHEALTIZEI N,

L. cc.1. cC.1. FRE 5.1 E2BHELTL 3N,

7y KOy &R AEROIER

-rdeadlock 77> 3 »Z&fITT. ALY RYFITATD collect AX > REM[MHL
TLEEIWV, 20T arid, 7ar I A0ETHICTy ROy 7R ESZ
YERR L £97,

T ROy VBRHAERZEWS OMMERT S E, Ty ROy 7 Z2RIHETE 2 ket
MRELBRDET, FRIEITAL Y REEANT—FEZEEL TSN,

FERIIE. collect.1 BL W collector. 1 ZHBMML T ZI Y,

RERAER DIREL

tha I<X > R, analyzer AX > R, E/zder print I—F 4 U4 —ZFHL T,
Ty ROy VBRHEEREZRIETSHZENTEET, ALY RYFIAHFETFIA
PHTIIGUIA > T2 —ANRMEHTE, er_print TIXAX > iAo ¥ Tz — A %f#
ALET,

AR, tha.1. analyzer.1. BXWer print. 1 ZZWL TSI,

EBI3IE . Ty RAYIDFa—-—rITI 51
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3.3.3.1

3.3.3.2

52

ALYy RT7FSAYA 5T 1 —R

ALy R7F 54T, AZa—N—, V=I\—, BIOEEERHDOY T4

ODNEIXETHRINTWET, T 7))V MTIE. EHOXKEIZRD3I DD TN

FZREINET,

s [Ty Rowr) 47
ALy R7FIA4R 7075 AN THREBLEBENBIOETY Koy 70—
EEFERLET, TIAIN BT, TOYTNBEBREINTWET, Ty Rovw s
TEICERBRTEAL Y RDFRSINET, TNSHAL Y Rid, 1DDALw RN
Ow 7235 EH12, RCFo—2HNORDAL w RBMEET2H]0D
Ow 7 EERTHMERFz—2EBRKL TWET,

s (FaTIVI—RA YT
BERF—HNOALy RERIRL, [FTa7)VV—Z) ¥T27)w L%
T, [FTaT7IVI—RA] ZTIZ, TOALy RNOw 7 25 L2 — AE
E. Ow I EERLEZY—AMEBEOWHEDRINET., ALy ROy 7 &7
FITER LY — AfTIddmRAFE RS NET,

. [FEER T

EBROAWMA TPV hERTEEDIT, TI—BIOEHEA Y-V ZFRL
£9. ALy RV FIAFOLAMDKENTIL, RD2DDY TNERENET.

s (W) 7. [y ROovy ] FTTRREINZT Y RO 7 OMEIEHR %
#rLET,

w [Ty ROvwZoFEM ¥7- Iy Roy | T TRERESNZT v R
Oy 7 OFMIEREZRLUET,

er printf %7 1—X

EMOKE SRR, HUOKEICE 15y ROy 7 OFM) 5 T750,
v ROy 7] T TRRESNEAL Y ROFEREREZRLUET. er_print 2
HUTTy ROv 7 2REET SBICRICE AT 7 a7 > RERITRLE T,

= -deadlocks
FBRTHRIESNIBENBIVOET Yy FOy 7 2 RTHRIELET,
m  -ddetail deadlock id

deadlock id IZHREIN/T v RO w7 OFFMIIERZIER L £9 . deadlock id T
all ZHRET S &L er_print (FTRTOT Y RO v 7 OFFMERZEFRRL X7,

m  _header

EERICET HHHEZFRRL, T —EEEEMELXT,
SR, er print.1 2L T Z3 0,

SunStudio 12 ALy R7F S5 A H1—H—XHA K .
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3.4.1

ZOHITIE, ALYy R7FIAPEMAL T, BRITLZEEETOTILDOT Y B
Oy 7 Z2fETLHEEHALET. BAICET Y ROy ZIZmLETEMIEL.
ZTOHET, EFERTIZN, Ty ROy I OuEElENH 5ETEFMIET,

Fy ROy & L1322 RTO®RIT

KOY AR, BETHIERET OV I ANET Y ROy ZIZR5ETEZRLTN

ESCIN

prompt% cc din philo.c -mt -g

prompt% collect -r deadlock a.out

BT — 5 N —

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 N FHF KH WNNAPWWOERRPAFROONMWWREMAWRFROWRHOSO WNRK

got left chopstick 2
got left chopstick 4

is done thinking and now

eating.
eating.
got right chopstick
got right chopstick
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

BI3B . TykRAOYIDFa—-—FUTI

A tha.l.er DERRH .
is done thinking and now
is done thinking and now
is done thinking and now
is done thinking and now
got right chopstick 1
got right chopstick 3
got right chopstick 0

ready to
ready to
ready to
ready to

ready to

eat.
eat.
eat.
eat.

eat.
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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
(hang)

W NNNPPWWSPRPRPRHRHOONRFEFFEFWNNDRWWSEDRP~PEFEOS

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 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

CTRL-C 2L CTEfTZEKTLET

% er_print tha.l.er
(er_print) deadlocks

Ty ROy s #1, BENTy Koy s

ALw R #
Oy 7 frEeH 0x215a8,
Oy 7 Bk 0x215¢0,
AL v R #3
Oy 7 PR Ff 0x215c0,
Oy 27 R 0x215d8,
AL v R #4
Oy 27 R 0x215d8,
Oy 7 SR 0x21570,
ALy R #5
Oy 7 fREH 0x215f0,
Oy 27 Bk 0x21608,

54

BB
B

==

i O

B EF

5B
&

1 grab_chopstick
: grab_chopstick

1 grab_chopstick
1 grab chopstick

1 grab_chopstick
1 grab_chopstick

1 grab chopstick
1 grab_chopstick

+

0x0000002C,
0x0000002C,

0x0000002C,
0x0000002C,

0x0000002C,
0x0000002C,

0x0000002C,
0x0000002C,

SunStudio 12 ALy R7F S5 A H1—H—XHA K .

101
101

101
101

101
101

101
101

"din_philo.
"din_philo.

"din_philo.
"din_philo.

"din _philo.
"din_philo.

"din philo.
"din_philo.
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AL w R #6

Oy 7 fREeH 0x21608, &
Oy 7 SR 0x215a8, & :

Ty ROvr #2, EFvy oy

ALw R #

Oy 7 fREeH 0x215a8, V&

Oy 27 Bk 0x215c0, I i&E:
ALw R #3

Oy 7 fREeH 0x215c0, &

Oy 27 Bk 0x215d8, V&
AL w R #a

Oy 7 fREH 0x215d8, & :

Oy 27 Bk 0x215f0, /& :
ALy R #5

Oy 7 {REeH 0x215f0, &

Oy 7 R 0x21608, & :
AL v R #6

Oy 7 fREH 0x21608, & :

Oy 7 BsR 0x215a8, Vi&:

Ty ROy 7 —EOREE: FEE: tha.l.er
(er_print)

4

grab_chopstick + 0x0000002C, 1T
grab_chopstick + 0x0000002C, 1T
grab chopstick + 0x0000002C, 1T
grab_chopstick + 0x0000002C, 7
grab_chopstick + 0x0000002C, T
grab _chopstick + 0x0000002C, 7
grab_chopstick + 0x0000002C, 1T
grab_chopstick + 0x0000002C, 1T
grab_chopstick + 0x0000002C, 1T
grab_chopstick + 0x0000002C, 1T
grab_chopstick + 0x0000002C, T
grab_chopstick + 0x0000002C, 1T

By Rovw . 2

101 "din_philo.c"
101 "din_philo.c"
101 "din_philo.c"
101 "din_philo.c"
101 "din_philo.c"
101 "din philo.c"
101 "din_philo.c"
101 "din philo.c"
101 "din_philo.c"
101 "din_philo.c"
101 "din_philo.c"
101 "din_philo.c"

KOAZV—>2ay bMi. ALYy RT7FIAHFTOZIOTy ROy 7IEWRERL

TWET,

Eile View Timeline Help

saEERIIE & BER @

¥ om

Sun Studio Analyzer [thal.ef]

L

Deadlocks rDuaISnume rExperimerHS |

Summary r Deadlock Details I

| Total Deadlocks: 2

eadlock #1 (Potential deadlock)
o= [JTotal Threads: 5

Data for Selected Deadlock
<0 0% &

eadlock 2 (Actual deadlock)
% [JTotal Threads: §

read #2
0Oy Lock being held:

Lock being requested:

OxZ15a8
Ox2l5cO

,at grah_chopstick + Ox0000002C,
,at grab chopstick + 0x0000002C,

line 101 in
line 10l in

"din philo.q
"din philo.g

Thread #3
Lock being held:

Lock being requested:

Thread #4
Lock being held:

O

Lock being requested:

Thread #5
Lock being held:

0

Lock being requested:

Thread #&
Lock being held:

O

Lock being requested:

Ox2l5cO
OxZ215d8

OxZ215d8
Ox2l5£0

Ox2l5£0
OxZ1608

OxZ1608
OxzlSad

,at grab chopstick + 0x0000002C,
,at grab_chopstick + Ox0000002C,

,at grab_chopstick + Ox0000002C,
,at grab_chopstick + 0x0000002C,

,at grab chopstick + 0x0000002C,
,at grab_chopstick + Ox0000002C,

,at grab_chopstick + Ox0000002C,
,at_grab chopstick + 0x0000002C,

line 101 in
line 101 in

line 101 in
line 101 in

line 101 in
line 101 in

line 101 in
line 10l in

"din philo.q
"din_philo.q

"din_philo.q
"din philo.q

"din philo.q
"din_philo.q

"din_philo.q
"din philo. g

I 2
Type: Actual deadlock

A Thread Involved

$3% . Ty ROV IDFa—bUTIL

Thread ld: 2

Type: Lock being held

grab_chopstick + 0x000000ZC, line 101 in "din_phi
philosopher + 0x000000A4, line 69 in "din phile.c
_lup_start + 0x00000000

4] il [ Ir

Type: Lock being requested

grab_chopstick + 0x0000002C, line 101 in “din phi
philosopher + 0x000000C4, line 70 in "din_philo.c
_lup_start + 0x00000000
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56

ALy R7FF4 YL, din philo.ciZDWT2DDTy RO w7 (BFEH E3E
Ty RO 7 1D9D)ZHELTWET, K<A3E. 22007y ROy ZIEFE—
THDHZENDOMOFET, ZOTy ROv ZICTBEBL TWAERF = — 13RO L
SBBHDTY,

ALy R
7 KL Z 0x215a8 T Z{#Ff., 7 KL Z 0x215c0 T v 7 B3R
AL v R3:
7 RL A 0x215c0 THw 7 {#FF. 7 R L Z ox215d8 T v 77 HR
ALy R4
7 RL A 0x215d8 THw Z{#FF. 7 KL Z ox215f0 T 77 FR
AL v Rs:
7 Rl A ox215f0 THw Z74-FF, 7 R L A ox21608 TH v 7 E3R
AL v Re:
7 RL A 0x21608 THw 7 {#FF. 7 KL Z 0x215a8 T v 77 FR

Fr—2ORPIDOAL Y R(ALy R#2) ZERL, [Ta7II—R] ¥ T%7
JwZ LT, ALy Ra200y 7RENFEELZT RL X 0x215a8 IR T 5 —
Ad—RiEE, Oy ZERNFEELEZT RL A 0x215¢0 ICXHERT %Y — A 03— R
BEEHRLET, ROAZU—2Tay bMi, ALy R20 [Fa7)IV)—A] 4
TERLTWET, 774V NA RN T ( THITy ROow 27 A RU w2yl
B = AT OEANCERINET, TOA M) v 7L, TOFIZDNT, 1D0
T ROw ZIZBRT 50w 7 EFEE3 0y 7 EREWENRE S NzEEERL
EJ DN

View Timeline Help

SEEUE S EE 65 oaltes: (<] ¥

Deadlocks rDuaISuurce rExperimenls | Summary rDeadlnckDalails
3 Source File: ./din philo.c Data for Selected Deadlock
Deadlocks | Object File: ./a.out
Load Obhject: <a.outs AW &F
98, int o, | W 2
: 1d:
3. char *hand) Type: Actual deadlock
0 100 ¢
cFunction: grab chopsticks A Thread Involved
| ion. prhread wutex lock (schopstick(e]): Thread Id: 2
[] 10z, printf ("Fhilosopher sd: got &5 chopsrick sd\n", phil, hand, c; ]
0 103 } ||| Type: Lock being held
lo4. ||[gran_chopstick + 0x000000ZC, line 101 in "din_phi
105, void ]

< [Tl

i||philosopher + 0x000000A44, line 69 in "din philo.c

106. dowm_chopsticks (int cl, A||_lwp_start + 0x00000000

3 Source File: ./din philo.c
Deadlocks | Object File: ./a.out
Load Object: <a.outs

4] Il |

a8, int o, 4|
23 char thand) || Type: Lock neing requested
0 oo, ¢
cFunction: grab chopsticks ‘| |grab_chopstick + 0x0000002C, line 101 in “din phi
| e AR, [ el (CEEEEEG] B {llphilosopher + oxooooooc4, line 70 in "din philo.c
0 102. printf ("Philosopher sd: got 43 chopstick £dyn", phil, hand, c): ||| twp_start + oxnonooong
0 103, }
104,
105, woid

< [Tl

108. down_chopsticks (int cl,

SunStudio 122 ALy R7 F S A HF1—H—-XHA K .
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342 7y KOy OIS SIERET T HRT
DR

BERETLIUFHETOTILE. TABRA)—T5IREEEETSE, ET VR

Oy 7 ZEHL, EFICKTI2IENTEET. £LL. EEKTIR. 70U 7
LINTy ROy ZIZI85BWI EE2BE®RT 2D TS D £ A, BT, Efrh
I REEBXIERSNZO Y 7 ICE>TTy ROy 7 Fz— 2R E N7
MOTZZT T, IDETTYA I N EDNE, ETy ROy I NEET L]
RRMENRD D ET, KOUANMI, BFITLIEFLETOT T LNEFEK T T 5E T
RLUTWET, 2L, erprint 1—F 4 UT 4 —EAL Y RTF T A PN SIEHEE
BTy ROy 7 NHRESNET,

% cc din philo.c -mt -g

% collect -r deadlock a.out 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 0

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

Philosopher 0: eating.

Philosopher 3: got left chopstick 4

Philosopher 3: eating.

Philosopher 0: got right chopstick 0

Philosopher 4: got right chopstick 4

Philosopher 2: got left chopstick 3

Philosopher 2: eating.

Philosopher 0: got left chopstick 1

Philosopher 0: eating.

Philosopher 3: got right chopstick 3

Philosopher 2: got right chopstick 2

Philosopher 4: got left chopstick 0

Philosopher 4: eating.

Philosopher 0: got right chopstick 0

Philosopher 3: got left chopstick 4

Philosopher 3: eating.

Philosopher 0: got left chopstick 1

Philosopher 0: eating.

Philosopher 4: got right chopstick 4

Philosopher 2: got left chopstick 3

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

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

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

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

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

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

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

Philosopher 3: eating.

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

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

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

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

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

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

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

%

FIFFIEFITK TLET

% er_print tha.2.er
(er_print) deadlocks

Ty ROvZ s, HENTY ROy o

ALy R #2

Oy 7 fREe
Oy 7 Bk

ALy R #3

O 7 bREeH
Oy 7 Bk

AL w R #a

O 7 bREeH
Oy 7 Bk

AL w R #5

O 7 bREfH
Oy 7 sk

AL w R #6

O 7 fREfH
Oy 27 Bk

T ROy —EOME: EB: tha.2.er

(er print)

KROAZV—=>2ay bMI. ALy RT7FIA4HA 2 T 2 — ACERI N EBE

0x215a8,
0x215c0,

0x215c0,
0x215d8,

0x215d8,
0x215f0,

0x215f0,
0x21608,

0x21608,
0x215a8,

(A
(DA

PLiE:
(OACE

(AEH
IAEE

(AEH
Pt

(A%
Pt

grab_chopstick +
grab _chopstick +

grab_chopstick +
grab chopstick +

grab_chopstick +
grab chopstick +

grab chopstick +
grab chopstick +

grab _chopstick +
grab_chopstick +

ey 7iERzRL TWET,

BI3B . TykRAOYIDFa—-—FUTI

0x0000002C,
0x0000002C,

0x0000002C,
0x0000002C,

0x0000002C,
0x0000002C,

0x0000002C,
0x0000002C,

0x0000002C,
0x0000002C,

wry Roy 78 1

T

17

T

fr

fr
T
fr

S

17

7
7

101
101

101
101

101
101

101
101

101
101

"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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File View Timeline Help

aEERI1ESBE BE = find[Test. [ ]
Deadlocks r’DuaISuun:e r’Experimems | : Summary I’DeadlnckDetails
| Total Deadlocks: 1 Data for Selected Deadlock
eadlock #1 (Potential deadlock) <0 0% =3
¢ [JTotal Threads: 5
read #2 ld: 1
DFA Lock being held: 0x21528 ,at grab_chopstick + 0xD000O00ZC, line 101 in "din phile.c ||| Type: Potential deadlock
Lock being reguested: Ox21Sc0 ,at grab chopstick + 0x0000002C, line 101 in “din philo.c
Thread #3 A Thread Involved
Lock being held: 0x215c0 &t grab_chopstick + 0x0000002C, line 101 in “din philo.c ||| Threadid: 2
Lock being remuested: (x215d8 ,at grab_chopstick + 0xD000002C, line 101 in "din_phile.s .
Thread #4 Type: Lock being held
0 Lock being held: 0%x215d8 ,at grab_chopstick + 0xD00000ZC, line 101 in "din_phile.d =
Lock being reguested: 0x21SE0 ,at grab chopstick + 0x0000002C, line 101 in "din philo,c | |||¥E8P_chepstick + Dx0000002C, line 101 in “din phi
Thread #5 philosopher + 0xD00000A4, line 63 in "din phile.c
0O Lock being held: 0x21SE0 ,at grab _chopstick + 0x0000002C, line 101 in “din phile.c | ||| lwp start + 0x00000000
Lock being remuested: 0x21608 ,at grab_chopstick + 0xD000002C, line 101 in "din_phile.s
Thread #6
0 Lock being held: 0%x21608 ,at grab_chopstick + 0x0000002C, line 101 in "din_phile.d

Lock being requested: 0xZ15a8 ,at grab chopstick + Ox000000ZC, line 10l in "din philo.g ‘l M | D

Type: Lock being requested

rab_chopstick + Ox00DODDZC, line 101 in "din phi
philosopher + 0x000000C4, line 70 in "din philo.c
_lup_start + 0x00000000

4] 1 Tl | I I (D

35 Ty ROV IDEREBRHBICDNT

Ty ROy 7 Z2BRTHHEELTIE. FEMZBVWTAEEZLE5XDICT5H
ﬁ@i@k\F~7/§ﬁ“t/l7b%ﬁmbf\ﬁH%# ~7/éﬁﬁ
WMo ThEBEEZEDLELDICTEHEDHVET., HETS M7 > DHKIT
DNTWNEEEEZEDAE I DD LET, BEHEL h— 0/%Mwﬁot%
E, T—TNOHANIH->TEREEL2ELIENTEET, BFE2LEZHE, THEE
=27 > &EHIL, 7O AZ2E0RLET, ROBHMI—RE. h—=2 22
WIS ATAEHRALEZEEOKEREOO Yy 7 2R LUET,

while (T—7INCIZELEBENRDH D)

{

b—2 2 EES

HDEERFD

EOEERD

BEEZTS

EDEZEiE<

HDE#iE<

~—2 2% RA
}

BB DEITIE, 2DDRBD =V > AN AT LICDOWTHLSFHHLET,
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3.5.1

=2 2 ICKHEFEDHIR

ROUARNE, b= Z2HWEI AT LAZFHTALIICBIESNZBEET L
FETOAT T LADON—=23 22 RLTWET, ZON—Ya > Tl BFEEZTDHA
BED1DDRB0W4ADD =07 VAR ENT NS D, [FRFICEREE TE 5%
ENANEBADZERZIHOETL, TON—=Ta>070r I L5413

din philo fixl.c CT9,

1 #include <pthread.h>

2 #include <stdio.h>

3 #include <unistd.h>

4 #include <stdlib.h>

5 #include <errno.h>

6 #include <assert.h>

7

8 #define PHILOS 5

9 #define DELAY 5000

10 #define FOOD 50

11

12 void *philosopher (void *id);

13 void grab chopstick (int,

14 int,

15 char *);

16 void down chopsticks (int,

17 int);

18 int food on table ();

19 int get token ();

20 void return token ();

21

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

24 pthread mutex t food lock;

25 pthread mutex_ t num_can_eat lock;
26 int sleep seconds = 0;

27 uint32_t num_can_eat = PHILOS - 1;
28

29

30 int

31 main (int argn,

32 char **argv)

33 {

34 int i;

35

36 pthread mutex init (&food lock, NULL);
37 pthread mutex init (&num_can_eat lock, NULL);
38 for (i = @0; i < PHILOS; i++)
39 pthread mutex init (&chopstick[i], NULL);
40 for (i = @; 1 < PHILOS; i++)
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41 pthread create (&philo[i], NULL, philosopher, (void *)i);
42 for (i = 0; i < PHILOS; i++)

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

44 return 0;

45 }

46

47 void *

48 philosopher (void *num)

49 {

50 int id;

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

52

53 id = (int)num;

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

56 left chopstick = id + 1;

57

58 /x BIN—IK U T+

59 if (left _chopstick == PHILOS)

60 left chopstick = 0;

61

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

63 get_token ();

64

65 grab_chopstick (id, right chopstick, "right ");
66 grab_chopstick (id, left chopstick, "left");
67

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

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

70 down_chopsticks (left chopstick, right chopstick);
71

72 return_token ();

73 }

74

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

77 }

78

79 int

80 food on table ()

81 {

82 static int food = FOOD;

83 int myfood;

84

85 pthread mutex_ lock (&food lock);

86 if (food > 0) {

87 food--;

88 }
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89 myfood = food;

90 pthread mutex unlock (&food lock);

91 return myfood;

92 }

93

94 void

95 grab_chopstick (int phil,

96 int c,

97 char *hand)

98 {

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

100 printf ("Philosopher %d: got %s chopstick %d\n", phil, hand, c);
101 }

102

103 void

104 down chopsticks (int c1,

105 int c2)

106 {

107 pthread mutex unlock (&chopstick[cl]);
108 pthread mutex unlock (&chopstick[c2]);
109 }

110

111

112 int

113 get token ()

114 {

115 int successful = 0;

116

117 while (!successful) {

118 pthread mutex lock (&num can eat lock);
119 if (num can eat > 0) {

120 num can eat--;

121 successful = 1;

122 }

123 else {

124 successful = 0;

125 }

126 pthread mutex unlock (&num_can_eat lock);
127 }

128 }

129

130 void

131 return_token ()

132 {

133 pthread mutex lock (&num_can_eat lock);
134 num_can_eat++;

135 pthread mutex unlock (&num can eat lock);
136 }
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COBIESNIZN—2a P ORETLHEETOT I L& )81)L LT, fiflE:R
FETLTAHATLLEE W, ZOM—=V AW AT AL, FEZ2EHT 2 N %l
BRI 2ZET, EBICEBENT Y ROy 7 2L X7,

3.5.1.1 EREOHRE

AR =2 22 W AT LAEERLES AT LADRET, BENT Y R
Ow 7 NEELBENIZHEIDND ST, ALy RT7FI1HNS i{*’%T—H’JT*J N
Oy 7 WNESINET, THUIEBRHTT, BEMNT Y ROy 7 OFFMEREZRT
KRDOAT)—2ay FaRELULTAEL XD,

zer [tha 3.er

File View Timeline Help
ST T
Deadlocks r’DuaISuun:e r’Experimems | : Summary I’DeadlnckDetails

| Total Deadlocks: 1 Data for Selected Deadlock
eadlock #1 (Potential deadlock) <0 0% =3
¢ [JTotal Threads: 5
read #2 ld: 1
Drﬁ Lock being held: 0x216b8 ,at grab_chopstick + 0xD000O00ZC, line 93 in "din philo fi ||| Type: Potential deadlock
Lock being reguested: Ox216d0 ,at grab chopstick + 0x0000002C, line 99 in “din philo i
Thread #3 A Thread Involved
Lock being held: 0x216d0 ,at grab_chopstick + 0x0000002C, line 99 in “din philo £i| || Threadid: 2
Lock being remuested: Ox216ed ,at grab_chopstick + 0xD00000ZC, line 93 in "din phile_fi .
Thread #4 Type: Lock being held
0 Lock being held: 0x216e8 ,at grab_chopstick + 0xD00000ZC, line 93 in "din phile_fi =
Lock being reguested: 0x21700 ,at grab chopstick + 0x0000002C, line 99 in "din phile fi | |||FESP_chepstick + Dx0000002C, line 95 in "din phil
Thread #5 philosopher + 0xD0DO00SC, line 65 in "din phile_f
0O Lock being held: 0x21700 ,at grab_chopstick + 0x0000002C, line 99 in “din phile £d | ||| lwp start + 0x00000000
Lock being remuested: 0x21718 ,at grab_chopstick + 0xD000002C, line 93 in "din phile_fi
Thread #6

=

Lock Being held: 0x21718 ,at grab_chopstick + 0x000000ZC, line 99 in "din philo_fi
Lock being requested: 0x216bS ,at grab chopstick + 0x0000002C, line 99 in "din philo fi

4] Il I D

Type: Lock being requested

rab_chopstick + OxO0ODODDZC, line 99 in "din_phil
philosopher + 0x000D00B4, line 65 in "din philo £
_lup_start + 0x00000000

4] i I D

Fr—2OBRIIDALw R(ALy Ra2)Z@EIRL., [FTaT7IVI—RA| ¥ TE7
w27 LT, Aby Re200y ZJRFENFEAELZY FL A 0x215a8 I IRd %Y —
Ad—RiEE, O ZERDIFEAELEZT KL L 0x215¢0 ICKRT %Y — A d— RAL
BEEHERLET, ROAZU—2Tavy bMd, ALy R0 a7y —2X1 ¥
TERLTWVWET,
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Sun Studio Analyzer [tha 2 er]

File View Timeline Help

SmmNRAB® BTe
Deadlocks | Dual Source I’ExperimerIts | :fsummary r’DeadluckDetails

L=} Source File: ./din philo.c Data for Selected Deadlock
Deadlocks | Object File: . /fa.out =
Load Object: <a.out: <l 0» ¥
95, int o, =] 1
. 1d:
79 char Thand) Type: Potenrial deadlock
i 100, {
<Function: grab chopsticks A Thread Involved
| o6 prhread_mutex_lock (schepstick[c]); Thread Id: 2
[ 102, printf ("Philosopher %d: got s chopstick %din”, phil, hand, c]:
0 103} Type: Lock being held
104. - grab_chopstick + 0x0000002C, line 101 in "din phi
105. woid = philosopher + 0x000000A4, line 69 in "din_philo.s
106. down_chopsticks (int cl, ~ lup_start + 0x00000000
- I~ -

8 Source File: ./din philo.c
Deadlocks | Object File: . /fa.out
Load Object: <a.out>

98, int o, B 4] Il D
99, char *hand] Type: Lock being reguested
i 100, {

grab_chopstick + 0x000000ZC, line 101 in "din_phi
philosopher + 0x000000C4, line 70 in "din phile.c
_lup_start + 0x00000000

<Function: grab chopsticks
|_ 101. prhread mutex_lock (schopstick[s]);

[i 102, printf ("Philosopher %d: got s chopstick %din”, phil, hand, c]:
i 103, }

104.

105, woid

< [T

106, down chopsticks (int cl, 4] il [ I»

din philo fixl.c N® get token() BAZZ2 while L — 7 ZFHL T, AL v RO
EROTNWET, b= > OEEFIZHRILBZNEED (num_can eat 3O LD KEL
2o lzEZITHERS)., ALy R while V=7 Z2EiN5 2 E13H D FEH L, TDwhile
W=7, FRFICEEZT2AZ4 NICHIRLET. LML, while)L—712&oT
REINTWLFAMEEIL. ALy RYFIAPICL> TR#ESNET A, A

Ly R7FI5A4Fds5 N\OFFEREBNFEKICEEZ LS TREFEZLELDETHER
RIS, BEMTy ROy 7 E2RELET, ROHTIE. ALy RYFI14IN0N
ik S DRI ZMEH TS LI THFFICESE 29 2 A EFIRE T 2 Hik%E
FLSTHBALET,

3.5.2 =0 ERWERTADEH DS —DDH

RKOYARME, b=V 2ZE2HWEIATLDSH D —DOFIZRLTVWET, ZOE
WTHR—V 34D THB20, FAFICBFEZLIDETEIANAANRZBAD &
Fh0FEH, LU, ZOFEETIE sem wait() BE W sem post() DY T 4 —
W—F 2 Z2FALT, BEEZTLHULEEOALZHIELET, ZON—23 >0
) — A7 71 )43 din philo fix2.c TY,

¥ -din philo fix2.c DA /XA I T -wrt A S a2 FHAL, @Ykt~ 7+—
W—F U7 IHET,

din philo fix2.c D I— RFEMIZKISRLET,
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1

© 00 N O Ul B WN

A A DA DA DDWWWWWWWWWWNNNNNNNNNNRRERRRRRERERERR
0 NO U, WNRFRFOSO O OOWNO USSR WNREOSO OOWNO U MAMAWNREOSO OOWNO U MSMWNROS

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

#define PHILOS 5
#define DELAY 5000
#define FOOD 50

void *philosopher (void *id);

void grab chopstick (int,
int,
char *);

void down chopsticks (int,
int);

int food on table ();

int 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, @, PHILOS - 1);
for (i = 0; i < PHILOS; i++)
pthread mutex init (&chopstick[i], NULL);
for (i = 0; 1 < PHILOS; i++)
pthread create (&philo[i], NULL, philosopher,
for (i = 0; i < PHILOS; i++)
pthread join (philo[i], NULL);
return 0;
}
void *

philosopher (void *num)
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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
83
84
85
86
87
88
89
90
91
92
93
94
95
96

int

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;

/* EIn—K U7z */
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);

food on table ()

{

void

static int food = FOOD;
int myfood;

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

food--;
}
myfood = food;
pthread mutex unlock (&food lock);
return myfood;

grab chopstick (int phil,

int c,

BI3B . TykRAOYIDFa—-—FUTI
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68

97 char *hand)

98 {

99 pthread mutex lock (&chopstick[c]);
100 printf ("Philosopher %d: got %s chopstick %d\n", phil, hand, c);
101 }

102

103 void

104 down chopsticks (int cl1,

105 int c2)

106 {

107 pthread mutex unlock (&chopstick[cl]);
108 pthread mutex_unlock (&chopstick[c2]);
109 }

110

111

112 int

113 get token ()

114 {

115 sem wait(&num can eat sem);
116 }

117

118 void

119 return_token ()

120 {

121 sem post(&num can eat sem);
122 }

ZDHLWEETIE, Y74 —num can eat semZfEFAL T, FFFICAEREEZES D
EINTELYTEEHEDANEZFIBELET, TDOEY T4+ —num can eat semld. HFHEH
DODANEE D1 ANDIn4icoilfbenNEd, BFEEEAD ETHRNICEEHER
get token() ZFEONH L. ZO)B@?*&Q&(LJ:OVC sem wait(&num can eat sem) NPEONHE
NET, sem wait() DMEOHILICE D, MO L TOE#HEIZZ 0L 7+ — Dl
MIEIZ 7‘;6&'(?#&&1/ EiZs &, 1%?5'[@'@277% EBEAEELET, BFEE
2D E, HFET return token() ZFEOVHE L, ZOBEEIC L - T
sem post(&num can eat sem) NPFENHENFET, T D sem post() DIENHLIZED 1
BMENTEY 7 —lIEEINET., ALY RYF T4 Fid sem wait() B&X
U\sem_post DIEOH L 25838 L. s 2 80V ER ﬁ%’&&%j&bf%@bi
&*Wﬁbiﬁl

ZoHLWT 0T I LAEREMEINFETT D E, TOMEERITKT L. ETHH

S5IBNWIENONDET., oo ROAZ U= 3y bIRTEDIIT, ALy B
TFIATRET Y ROy EBENT Y ROv 70 EE S5 bME LEH A,
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File View Timeline Help

aEEUESBE @BF® Find Text [ ° =
[ Deadlocks | Dual Source I’ExperimerIts | :fsummary r’Deadluck Details
Total Deadlocks: 0 Selected Object:
Metrics for Selected Object:

ALy R FIAYNRH#HTHAL v RBIOATY —E|D 4T API &L,
A 2R T ZIN,

$3% . Ty ROV IDFa—bUTIL 69
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¢ o0 T & A

Ay R7FoSA4H501—H5— AP

AL w R7F 54 Hd, OpenMP fi4r. POSIX AL R, BL W Solaris AL RD
RS 2 KL OFERMUE API B I OHEZR#M TE £, £LL, 1—F—FEH
DFEIMEHEMHBIIRETE T, - RIZZD LEFAAMEEERE EN TS &,
T —HRaGEWMETLIENDDET, ZEAFAL Y RV FIAHIE, FH
d—FT 4 27 3N7 > TUEHEI-RTEESINLLAE Oy 7 Z8#TE %
N VR

d— RICA—T—ERORMLEENEG TNDEE. T LRI ERE 2 e
TE5LD. ALY RYFIAYNYR— KT BHL—H—APIZ 70T T LAITHA
LTLEEWn, FETAHZEICES T, ALy RYF I VFIEFEEHLEETH S =
LERHBL. BREOEZRSTZENTEET, KT, 2—F—APIO—&ET
ER

A1l Ry R7FSA4H5D1—H5—API

za1 ALY R7F I DIL—H—API

tha notify acquire lock(id)() TO7 I AINI—Y—FFZOO Y 7 DEEZ A S DHERIC
fHALET,

tha_notify lock acquired(id) () I—HY—FEFROO Y 7 PNIEWICHSSNZERICHEAL
ER

tha_notify writelock acquired(id)() I —H—ERDOHAMD/HEZALO Y JINEZABE—
R CTIEWICHRAE S NZERICHEALET,

tha notify readlock acquired(id)() I—HV—EEDHAED/EZAHLDO Y VNGO E—
RCEFICHASNZERICHEALET,

tha_notify lock released(id) () A—HY—FXOOY 7 (FAND /EEABROY 7 EFED)
INEEITRR I N ERICHEAL £7°,
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#A1 ALY RYFIAMHFOI—F—API  (FiZ)
tha_notify sync_post_begin(id)() I—Y—EROMAPHOUIEE2 LITTHEANIHFEAL £

ER
tha_notify sync post end(id) () I—Y—ERORIBOUE 2 LT LU ZERICHAL E
R

tha_notify sync wait begin(id) () I—Y—EROMAPFRE NI A LTI HEANIHAL £
ER

tha notify sync wait end(id)() I—Y— RO U2 ET L ZERITHEAL E
ER

C/C++ I & Fortran fRD APIVHEBE I N TWVWE T, APINEOHLIZ END1 D051
IDZWODEY, ZOIDMET. FAPEA 7227 b2 —BIHENTHEDICLET,

C/C++ D API Tid, Z DRI DI L uintptr t THO., 32EY FE—RT4NA b
DES, 64EY FE—RFT8NA FOESITY, NS APIZHFUH T & Ed, &
. C/C++ ) — A7 71 IVIZ #include <tha_interface.h> D1 > 7 )L— RZEL
i—a‘o

Fortran FiZD API Tld. BIE DAL tha sobj kind DER T, 32Ew B XV e64
EyhDEESDE-RTHERIESNA FTY. TINS5 APIZIFNHET EEF, &
9. Fortran /) — A7 7 1 JLIT "tha finterface.h" ZBML XT ., FtA T ”
FE—RBIZHENT 5720, SIEID IRt 7227 &I RS EERDOLD
WLET. INZITD1D04EE. AL 7227 FoY KL A% IDICFIH
T2HIETT, ROI— RFITIE. APIZ W TRRI T — & WiE Z Bk 2 ik %
RLUET,

# include <tha_interface.h>
/* WIHIREE TIL ready flag DfEIZ 0 */

/x AL B o1 EREE x/
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);

/x AL R 2 HEE +/
200 pthread mutex_ lock (&mutex);

tha notify sync wait begin ((uintptr_t) &ready flag);
201 while (!ready flag) {

SunStudio 12 ALy R7F S5 A H1—H—XHA K .



A2ZFDIIMDERFEND API

202 pthread cond wait (&cond, &mutex);
203 }
tha notify sync wait end ((uintptr_t) &ready flag);
204 pthread mutex unlock (&mutex);
205 ... = data;

I—H— API DI, libtha. 3 DX a7 N R—=TJZ2SRLTL7Z3 N,

A2 ZDIEZNMDEFH=NS API

Tﬁ @EUTLi ALy ]\7%74ﬁf]\wuu%@—5xl/‘/ R API@Hi%ﬂ]‘I?#&%H—\‘I/i
-g‘o

A.2.1 POSIX X L v |~ API

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()
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sem trywait()
sem timedwait()
sem reltimedwait np()

A.2.2 Solaris X L K API

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 AEYU—E|UZHTAPI

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

A.2.4 OpenMP API

FEMIIE,.  TSunStudio 12: OpenMP API User’s Guide] ZZHEL T2 E W,
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B.1 FAQ

T 8% B

ALy RT7FZATICDONWTELSZITS

& A

ZOMEETIE, ALY RT7FIAPFICONTEILS ZITHEMEZDORIEZEZEEDT
WE 9, Sun Developer Network (http://developers.sun.com/sunstudio/index.jsp)
IZ. ZDFAQ DEAIMMNH D £,

EMATHESHRIRONDDET., ES5LTTLE DM,

% R b 2 BRI 270, RiEhl N)VZE -xe3 L FICL TATLZE W, T2
1 DERELIC K DA T HESHRPARIEICZ D, EBRFERNDNDICIL<IRS
ZENBHDET,

B collect AN > RMEIET BN FE2AYIZA > A M—ILTEHLERHZDT
L & 950,

EE: IV, BB AT ATHE/NNY FNITRTA VAR =ILINTWDS Z L 2R
LTLZE N, ENYFNRITITNSEE, EBREENELL /BN ENHD E

‘g_o

BR: 7 —HA Thimalloc() 74 77U Ed—RZ2Y 27 S THERWTL LD
i)\O

EZ:WWZ, BENHDET, ALy RT7F T4 Fidmalloc() —F ITE DAL
7280, 7—HA1 T D mnalloc() 71 77U &Y > 735 LEEBBHET—5a0E
C2aJREMENSH 0 £9°,

Bi: ALy R7FF4F L 0penMP 7 7 U r—2a Y NOT— I HAEEMIBTE S
TL X9, POSIXHDWIid Solaris ALy R7 T U —2 3 ZDNTIEES T
L&2M,

mZ: AL w RYF T4 83, POSIX AL R API % Solaris OS(R) A L v K API,
OpenMP {547, Sun{fiFIfE47. Cray(R) WiFl{EF. HDWIETNS DAGHEZM
AL TR EINZI—RTRET 2Tl TE LT,
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BE: ALY RYFIAHIRRAES O AMOT— Y882 TE5TLLD
bxo

EE: F77, TEEV A, HEZ 12070 An6ERESNZE D70t A/
DTF—IHEaOAIMETEET,

B ALy R7YF IV 3D 07— IHEaE2RETESTL X OM,
EZE:WWE, TEERA. ALYy R7YFIAFIIETRHROT—IHEGEREL X
T, 77U —a  OEMRBRETREEZ. ANWT—FOllAGHLEICXI> TR
BOET, AWT—YOMAEOLEIZEIS> T, T—AHEBITREBNWI ENHD
F9, ALY RT7FIAHIE, ARV —FT 4 2T ATLACEKDB AT a—U 2T
DEBLZE/INBIZNZ B0, WLV TA Ly REOXifTHEEZETY >/ LE
T, LOLENSE, ZRTHATY —EDYTOA N —OFEAHITAXRL —
TA T VATAIKBAT D a—) 2 T DREEZF, T HaNFEET HA]
REMENEDLDEZENHDET,
TELROTFT=FEEMHEINZEDICTBITIE. ALy REDPATTT—4 0#
AEDEELEZTALY R7FIATEFHLZD, 1 DOT—FHllAHOE TER
EZHODRLEDLUET,

BN ETOLNIT = BaORRNRZDET, ES5LTTLLIN.
BZE:ETHDOIAI L TDEWVNERTT, ALy RRAERY =Y VAT SIHE
FEMFT T LIRS0, Rix5T - BaRENmEINET.

B ALYy RT7FIAPICEoT, 7 U r— 3 VITEFELRWT — Y 5E0N #H
HINET, ESLTTLEIDN. T—IBMABEMETSIIE,. E5THILNT
L &5,

BAZ: W< DNDOTr—AT, 7OV I LANICERICIIREL RN T—FHREE A
Ly RYFIAYMBRETLZ2ENHVET, £5 LT —F a2t (false
positive) EIFATH D, EH, T—H—2EELZFRBEEBAER SN TS0,
ALy REITATRY —=DEHAAINTWSEEICHAELET, 2E2IXa—RIZX
Byl aEELTWLETFHI—T 4 2 7D7 > TIUNEENTVDLHA, A
Ly R7F 714320 RMER T > 288 L 8. BRI OWTEHICH
BAL7ZF2—hU7)b. BEUWAPI ZFIH LB 20 BR< AiEESRL T
7ZE 0,

ZM: librdthooks.so I T, EQOLDRHEZEZTHDTL & DD

[E%: librdthooks.so ld. T —# A HEHHIBERE OIEONH U & 2 —H— APTIEUNH
LOIYRMNIRA D NEWZTTIATTYUTY, -xinstrument=datarace & {1} T7
758228, U958, BEWICY > 7 a3nFEd, .
librdthooks(3) DX Za 7 I R—TZHM|L T ZI 0,
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BE:ETRRT 7 AIVERIZTA T T UICEHIRE D AAENTNENE DD,

EDOEDIZLTOHNSTL & DM

BEZ:mzZHEHLTZ3W0, 53 liE, m() O a7 INR—=22sRBLTL7ES
We  rdt src read £721F  rdt src write EWIDREZED KIS > HRIVIND 55
By TOETARET v A IV EZIET 1 7 7 VITITFHIE S HAAENTNWET,

BE: Y FIOAPEMEAL T —BAaD0ERERL LI TEEITN.

BAZE: NIV, TFITATFIIMERNSH DT RXTO/NT 5 —~< > Affi 5 TITMA T,
e . eV —A1 . BEY [HEOFM EWOHLWY TZ2RRLE
To ALY RTYFIAHE. KOFHEEINZHDT, kNS H2TFI1HDY
TEFRRLER A

BR: C/C++ F/2IEF0 T/ A 72 3 > D -xinstrument=datarace 2T %
&, -xinstrument=datarace 7 7 3 VINARIEED LTI —Avt—UN I E
T, ES5LTTLEID,

EZ: ALy R7F I P 2T R—FLTWARNENNN— 3 > O Sun Studio 2 ]
LTWB72HTT, ROLDICAHLT, HHL TWD SunStudio D/N— 3 > Zff
BLTLEEW, cc-Version, 2006 F6 HEDH L WN—2a > &2FHL TL/ZE
W,

Hf:er print 1—F7 4 UT 4 —ZFHTHE, races ANV RNESTHDHEDT
T—Avt—URHNEINET, ESLTTLEID,

BE: ALy R7FIAFEHR— L THWRWEN/N— 3 > O Sun Studio % {#i
LTNWS7ZHTY, XKOELDIZANLT, L TWS SunStudio D/N— a > Zfif
B L TL7ZEW, er print -Vo 2006 6 HEXODFHLWN—2a D 2FHL T ZS
(/)o

Bff: collect -ron Z2FEITTHE, 1 MRS NBNWEDLTI— Ay =0 NS
NEJT, ES5LTTLLIM,

BZ: ALY R FIA4 P20 R—FLTWRWEWN— 3 > ® Sun Studio 2§
LTW572HTY, collect -v &= AN LT, L TWS Sun Studio D)N—T 3 > %&
FERLTL7ZE W, 20066E6 HEDFLWN—2a s 2HLTLSZESI N,

BE: ALY RYFIAHFONTZ2H/ELLZD, BLDOANEEKBREZLAGLLZDTSIC
1. E2THNIREINWTL X500,

BE: ALy RYFIAFOHMBEPLL—F—L T4 — RN\ I ELET 520D
Bo1)—2Z1X, SunStudio Tools 7 % — T
(http://developers.sun.com/sunstudio/community/forums.jsp) T o ZTDT % —T L
WML THEREZZGAIZD, LD L TLZEI W, BRFEHEIIDOWTY TIZHE
BEMFESN TSI ENHDET,

18%B « ALY RT7FSAHFICDWTELLZITHEM 77


http://developers.sun.com/sunstudio/community/forums.jsp
http://developers.sun.com/sunstudio/community/forums.jsp

78



e]
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TR TINEEHER =TI, 7-8

_g_
ALy R F T4, 130D TOET, 23
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XRZa7). 77tX, 79
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