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“The time has coma,” the Wairus sald,
"To talk of mony things;
Of shoes—oand ships-—and seaiing wax—

Of cabbages—and kings—
And why the sea is boliing hot—
And whether pigs have wings.”

—Lewis Carroll, Through the L ooking-Glass
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R UNIX SRR “B R4 sl “FRE” VAR, LA AT LUARERE o Bk 28 43
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RFFFEAR, MARMAE? XHETFENERTLEE M LEEN), A
WHNg. EFOMBRED, —DBRHEE DR AT LRSS RR T E.

FEALEE A RBERRN GERE: BTN REYED, FELESE
HRTHFILFF . B BHFECS/HITENE R, TRE 0 8607 2185 R K#H
s, (ARSMBE R HARNE—RAM 318, ik, 8N TR R br
B, MMEBREART. TELE, SNEE, SABERENRS, BE, LW
T 82,

2% 12 A5 9% 1% B /R A S B #2134 K I X . Pthreads 1B #8 B4R DL —Fh {0, &7
HIBRA ASRZD LIE. XAEHRNERENEHLERFENE AR, |
Al EE I L Eh 0 &N IR EOE — B I AERE

L1 Wiz TRE SN sE, DOt TERR, XN ks
RITANERIN, EEREBEBEITHNERF RRKBR S X 28T, TRERY B,

L2 W T ARERANERESAARE, HPBEBEN—MESBEL IS
PNA, RSB —E LAFRITR TR 8 — T

S
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13 WIgRTE—BEX EIRENAE B4 HEY, EibhR UNIX £ R
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ST oM ER, UETHERBEBENEHINKMEREZMN, BILEE ASEESD

e

=

L4 WERBPIWTIR T AR PRI . R4 T AR 135 S0 ) (8 1 48 4F LA R R 1%
] 1 R 3K F A YR AR

MEMBER LU, &ENEWERENHRFENS—FARE, HESHIL LA
RREGEF PREFHEUEEMRE. 15 WERAT L A EE BRI K9 Im- A4
o] B %) W B SR 481, DA AR 0 )L MR B ML B AT ARSI R BRI B iS5,
VLR H8 zZD FTE R4 )L 4 Pthreads B2 01 B9 78Tk

EOE THEEREN TG, 1.6 WHEHIE TEREMRINE AT S,

REAGRZEHMGEHLE, BEASHENREEANN. 17 W@ &4,
FUR TR SRS R — T e . Rt IRSE, A RREETREEN TiF
Fal ARG, XJFA R A RE A%,

ERCE T T BN — Rl A AR, HERBIS D - me #1215
RONBETERSE . €18 ¥, T “ELRTEFELE” HE, A
P AHEEREEENRIER TR %00,

B, RRTHETREBRIA. @it 4. AREAEN. BT B QL5
%ﬁﬁﬁﬁﬂﬂPMm@@ﬁ%%ﬁ%m%ﬁﬁ%%ﬁﬁhL?ﬁﬂ&T%Eﬁﬂ
T%*ﬁ%ﬁ@%#,WH%ﬁﬂ¢Eﬁ%ﬂ%nﬁﬁﬂﬁﬁﬁﬁﬁE1&&Eﬁ
YA T Preads #BMREEHLA, X 55 UNIX F6 POSIX ()50 Al 340 T 85 ]

EIKBTIEFF B

This was charming, no doubi: but they shortly found ouf
Thert the Capiain they trusted so well

Had only one nolon for crossing the oceaan,

And that was fo tingle his beil,

—Lewis Caroll. The Hunting of the Snark
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— AN R RFE A,
wEEAABRE T, RYBH AN GRKYEIE, B eSHEEL -4

ATk B —A Ak, (22, R RAEQASHEREF, BTREE™, A
ANSHEVEE, LR Ak TAER, F—ATTolgtedd,

B ABHARE M, T UREBELF B T, RED LR, A3
fodk ok kB, XA, ZANFESE BT ARG RAET .

Wi, BRBEFRANLEIKRGT 2 RR? BFLE, FRGHFETHRKELMH
SEMEHEUPMAA. FRERNTESEHFEZNLE, E2S%EFBEXANWRE. &
i, BRrib#®AIEEEU T EAL:

—ABERABE D EEMSIESINT . Eiki, EERRELERE. RE—4
LRAEN—IMEFAML EERTIEM,. BEFNERFHHTAS, BEH
AT EH AT LIBE), W, EREREEEATNEDAETE, 22EH T,

BRI E R R R - AR NS M (token), TATHE ol Ik
BEALEHE, NEERSHE. MEH 4], 7 Pthreads FHRRS 2K A E
FB (mutex ).

BN R 5F5 A X HEEVE, MBS 5K HA4 0 R4 ., Pthreads
Fiett T & & (condition variable), TTUAE T {5 S M) 5 %5 7 1 2 ¥ 4E foph
ST,

1.2.1

“When ! use a word,” Hurnpty Dumply said, in rather a scomful fone,
“# meoans just what | choose i o mean—neither rmore nor 18ss.”

—Lewls Carroll, Through the Looking-Glass

AR E LAY, EETRNARE, BRIFRSERT B TRE
RN . B, LR P EHG SRR ERREREEETF BT, &
FITAHEIN . EFFRFE 20, A FEXREN S SGARILR, BNREEE,
PN E X (B,

¥

54 (asynchronous) FRUAHEH EMIHRY, BRIEGEMAKEE. 4T
HRFIR. KB EXERNAN, BHEAHTOEATLRNRE, B 5L,
BF AR BEKNE, BFALTREEEMSK. 8L, & -MEFERTL
RXRRMmE, AN, B-1TEF2TUREEK. A, A4RHENAZIFA
FIEH KRR, N TIRENI3ER, FRE D AUE B 7.

7 EWREBENERERE: WRERAE FANRITENED, T2 85084
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1.22

ftaths. WRETGT — M REES), REMTAUTHEFCER, NEHFRE
MBI ILIRE K44k,

H &

1.2.3

fEF A, FR (concurrency) HIEBEEEHRANE L., XN, R 2
LSRR EATRE R IT R AN A FHREIN R E—# . R AR T R AR A e
IEEGERRINIT N AL TE POSIX P, JERMIE LER “ HEIR I 25 52 10 1R BOR
RSB HMEREN CIREER .

HRBAE A A BT R, BRI IR AT (—PMRFFRLEPH
~MERIEATHIES), BRI REIFNEBRIERNHET. R, R EFERE
MAFTRENMR A, EEXBEEITL R ae T k.

KEBEFA RS, HEaREHE. &, HPEERRERE, it
N BEBEWRNiLEFESMITE LS, B EREFEHE R - -ME
Ko HEDORGRBEZ A9 BEHE O, SEEATA R E A HA BE 168955 41
TAES? BHEANEREE “IC#54". Pthreads WETHEMBINEESD, &8
B AT LU B3 St e L B R AR RBVFE PRl Ll — 2543180 1
gk 10 1E, —EA R £ A FR 38 R4 R BIEAT HGE AT o

BATREIIE ShyEe

“HAEA A (uniprocessor)” Fl “ 4 kb7 ue (multiprocessor) ” 2824 B £ 155
ME, REHTBAEE, BRIERE S LS. RABERRE GBS —
TRENR A RHORITRTT (MBS, NTHEBIrRERSGH. REEEEM
oA VO B R R BB 2 — 3 FH Ab s 52 AR L B b P e

PUERRE-GIUTENNE E MR, ENBEER — M R4 ERAE 0y
BWTE . BIRABR B 0L RS 1 B B4 28 N 75 BHRS — PR a9 X
AN REARTE, —PAEHTLHEES (MPP) Ay HEf AT BE AR 3R
ML HHBERL. F £ MPP RARBT 2B RS M, WA BT B R AL TR B8 #R R
VI BT IR N TE, ENE U R R B A A 2 R A

1.24 HF47

HAT Cparallelism) 3§ H R FTIEI #1077, Ko, RO “3H47" IHE
BEHWM “HR” RERNER, MR FEARE “FR". HTHHESYE
HEREMARN T R BT8R,

RIEKIHT e B4 B R R i, 1B 3 T LA 7E B 4 7 3R B 4 R 4
RRERGNMEE. FREE AR ER RSP EAR X 3 R S R 34T B 2
R FATERFEFRERNRITS 84, T B B R B 08 38 R 4T
1.
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1.25 ZBERESMATRA

BT RBAEEGHEEANEBRFHTASTE KRS R EAAEKLY
EENTEEPRAMEZT, REREBZESWMIEIr. N2 IRAT R W] LUM
Pthreads Rt TR—ERFE. FHTENEERATHIE, THEENZE. b
FERANRARENRE, D ESENREFAHM PITHREHERE TS, i,
FERE A R INEE, B R BT e, XFENREATUELS IR, B—%
HEEF — M EREEHE.

HHMH AR EELZL RS 2N PRIV X . X9 i B A
Nz, BRREERIBEAN MR FX . BRSO b i R
HT ORI AR 3 e A RYARST , I EERUTT LA -4 A2 R 7 R A A Ik REE 1 28 18
SEE HATHAAT .

500, WFAEARFE VO (stdio) B KM putchar RETTLUEL G R
(RSt &e. B!, putchar WEEABE—AERR, SHIE, REBHE
FE. RODTERMEPEHZRE, XHEXS2H. BRE—RIAEE 4458
SR, B MBAERE, BAEIIRRER sdio HEABEE.

ERRNEEE LR ENEBRARE, RPERNALARE, XE, HmEg
BERARPZERS ARE, ML HITHA putchar . FEE/E, e
ViR R — MR R R, ST LMER P L ARBR S AT N .

“AIEAN” AMMRER “GRANEREe", VBT RALERYSERE K
BRI ER BRI A FRERYERLLYN. BN RRNERALY
HEWUSHULELZS, HEEFENTBORERETEA ., TE AN E KN Z
B RIKEL MR SEE, BB RS AR,

B, BB DRRESREERESH D, HBHERATTRENIENE L.
Fian, UNIX i) readdir BARGRTIBAFIR KIS - EHFM. 0 T it readdir
RPELRZEN, RUEN AERE, SR readdir HIFHN, 82
TR, ERIRRIFES. B—fik, BE Pthreads WH readdir_r ¥
Wit Rt b BN SR E SRR 1E, TRLLE A& R B RN 46—/ %E
LRI RIRTE readdir_r BIERES.

EELE HHRAURELAAERIITANE recaddir_r MM TE. (HE,
Ve RARMAE A SESIR A {E . B RE - NSRRGSR T EEE, 0
mﬁﬁﬁﬁ%ﬁﬁmﬁ¢Wﬁ$¢ﬁﬁﬁ$ﬁ%sﬁﬁ%@%%%ﬁ%ﬁﬁ%ﬁﬁ
Pl B, WRANFRALFERGY, NARFOTUAERBRG SRR
HAnEE.

1.2.6 HFEIEEHIDHEE

FERRE LR AR OIS, WEAIE IR AT YIRS, AR
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RO e THH. L FE{IFRERLHNZERTKESIRE:
1. “RATHER” 2 FK9EMRE. FRASGU B RE V., PIERIATH R
AP EMPRARH AR, CSUABEEANARLT M HITHE, M
WAT AT, B, SEFFESMIMTEFRNE, COmasis
ERRMENRZIEHREERE, A LR REEFE, LG5
)3 A7 A BEE
2. “AE" REEENTHENZNZIATE RS (EHEH), FEAENS
B,
3. “EHZH” AHEHRATHSERM T A ERES R X E
SSHF BRI E SRR, BEENE, BBk “RANELE", WXE
BN EIEME “HILER R4 fBE. EFRPHRTERI “RE" B
/) 3 ia] “ @i Fib g i R AR th A Hh SE R TAERIRLE]. =B “ R
7 X —AE, ERIX BT THRE.
AR ARESL LRI, HEEERAEMTHR., ABR LR
R B A5 E Pthreads RSEM. & 11 5B T Lk = HEB LR ) S ]

R BITHGE. BEXRNESH

TR PLITEREE 1 ; B ¥
A28 M SLERAT BEESMRELT
UNIX (E£52) it Lk g
Pthreads 57 WES. AR FHTEAEAE

REWHINETLRERBEHATER T ALY CPU S B R Y ( -Hig
TSR, WoTLURGERIR ), @SR B it ) CPU, U H A
SKERUEIT (%% “round-robin”). R M T RRE, R A
ELMALRERERELZBRORAE SR, EUUEM “HAER", RHReE
IR R, B, o) ARSI SRS IR PR 00 & 1 B3 R g B

FP AT LGB R E M AL, HFBEANEERFE. £4TR. 5280
SfE. RF OB M BAERIH, W UNIX %34 . SOCKET. POSIX # ELBA 51, ot
B REAM SRR (RHEEME) KBS, FAE ST SR & 5 i
RIS B REERE, W EEE SR RIE(,

SRt ERFEMEMREEAPHNEEEIE. B, REEOHSEE SN
THIHAT R0 R BMIERERR T TR MG, — B8 % T, &6t
%%&&E%ﬁﬁ%mu%éﬂﬂmﬂE:ﬁ%ﬂ%fﬁ#ﬁi%ﬁﬂ%ﬁ%ﬂ%ﬁiﬁﬁﬁrﬂﬁ%
i
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1.3

ST HREREWAY -

1.3.1

“In most gardens,” the Tiger-lily said, )
“they make the beds too soft—so that the flowers are clways asleep.

This sounded a vary good reason, and Alice was quite

pleased fo know il.
“I never thoughi of that beforet” she said.

—lewis Carrol, Through the Looking-Glass

WRFEE LR LRI, MRIREFTATRSFEEE, AR
HRE—EEMAR P RER A, B, IRETAeE A UNIX, BD{#E/EREERE P,
EHA ) UNIX B4 (A sh Bl ksh) B2EBHAF D TAERFK., WH, AREIEE
XA, RE—HEEHRTE IR HA.

RETANEERTRAME. PRNEREXZE, B BT 08 T LR
SR S IR A H) PR

A UNIX BEREHH

fELf] UNIX R4, #FREME R HEAAT, @ REF -0 EE. M,
HEBEELS UNIX 5—PFERITHREFETREEFAER, ER UNIX - -HiHER
HERESHPITRERE. HAARE NS, THEBAZ T — Mo ERs, i
RIER GBITZERF, WEM shell EERDIEBET. HRMABYE (pipe) H—4
MM EEA BN — e B AR, BE2ES T L MRSIHER, T8N
ATk

| B &)k A2 ] 4 AL

EREEHD, BeE—RIIRRRMED, BERT A RE BN, #m,
PRESERBIECM, REBTHETR, THEYE SRELERNHRA (S5
B, XRELFEPHRY.

| UNIX & i o A 57 04 2 ] A4

EHMEE D, ATREABELE HKER SIS . MEREAFRE DA
lslmore, ¥ 1s A FMHEEERE nore MAMB AR, Lk EAETEE
BB KB RBR A & B FE. shell BT R BEH A4, BR nore S
BT EEIRE 1s 1St Gfmore MAMERHAA) 28T, EREEE LR
HE . ARSI RHAT (L2 0B B ARG TR IFTHMIT), 1s 32
B, more AFEHIE, WMHHEHMYT., WESEEFEGEL, U 1s 4 TH
EfZ more A2 WAH, HR nore HIAMALTE 1s o2 iR,

AL UNIX @r @ A S IRMFEEHH . Hli0, 4 cc -o thread thread.c
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1.3.2

e A EDNHRE, co 2R CIEESHENTIW, SEHABTHESRERL
HBEMXGS (F#include F#i, BETREBREAEELAFEAER, B
BITIRAL RS R EH PR R, H@171 mAEkBiE hg B AR, BRiE1T
ISR H AN BRI AT Z S, 5 s more 14—, BiF LR
HRRA LRI B3, HEERE P RXHRFELEN].

UNIX #PE0F THREHRTRENAEER, U URENT. BIERSA
DRF T UEERRSHTNHTHARENALSEEATBER. A8 E KN
L SEEELL I F U RATTUMEE R EIIH 28R E . 8 UNIX #ETEa,
& S RAT R R A B A S M MO A HEE,  tndbk 2 A A SR T

HEREHR R UNTABHRS . EAZHITENESS, SERLEERE
MABUTAR: S-S BEe (BHERATESE PC). MRS (SP).
B FR%. IFH NS 728, SRR QIEE IRk & M 4h 18 28 5 2798
FHEE. KEACERBEPOHAORE, Wbk SRR . — A Ed
AR BREE CERNTERE, QFRFE I RENSIEE.

| &2tz

AT BRI — M S, BT, Wie, R, RAELEmyhE
LR BRI B L, JMAEE LB TR b =58 (FE L.
HEBNHE) ML,

SRAERBRAIEE, SRSB4 RETLS KN, BT 4E0F
ROIBE M, WRBBELE BRSNS RA O T EERE . 5% %)
RIS, XL THMBET L BEARY. 8 N REGR TR EL NS,
(BRI — A2 Y R R 013 22 M 1R B e k53 ) L b RS 2,

SREEFARARSE0EHEREENER . R EFEOBLEE > K
iR B SR B R hE 37 8 AL B 2244 40— B, FEEhE, SRS
B SRARITIF AR - 0, WA SRR AT LA S . S0 BB A
malloc SMAC T —REEHIEEH, BT LIEMAES KR, (LEAALE W
RGN . SR T WL TRAT) B 08 MR 3 % B4R A

RAttRERLH

ERDT 8 Z IR R HAN, TS B hEER, HE T BBy EReass
B I S RROIRHD LY AT ] 3040 BF R % 4 B £ SR AR EREEF—k
REERN —R%, TMEBEE L — el B s, I E LR F R
AR, ARE] A R — AR, I B R R T L EREIET. L@ O TP
FFREHFT, RBEAMNSEY.

R —HERER T AR B R & 51 BB K RS R
%o (RRTLUMIMIAS DA A, A B SN YRS, FHELE
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KB SRR % o Do BRI GSLIT 991 BA I AT A2 3 RA B A RE LA R L, B
HAERBBURSE . AP TMETF=ERXNTRREFEEAH, EREARY

e L, TANPHTHEREN TIERAR#S, HiESRn . &%
e _EIRING RO A R E AR RH AL WD FIE S SR, AT A R
tEBE. B, XE P Hi R EZ = EREZHhEIHA T AL,

ENAER, BMREHSRE—NETARKSE], RS, SHE. T
B, 94, 88, AHSE. 80k ARREMZSH A5 kA BT
HAR AT E, EERMAEMECH. R MW ARERBHIT/E,
BN — A A R B b 5R TV B o R B8, TOR R % ik — 4 A R B
AR ik HoAb A3 2L

R RS DITRE, SO RERRMNERE, TUEE, BdARE
FERTERE . RIHLA) L AU A SR e R A . B T B PR SRSl AT
RIh, EEME B EMT RN 7, AR, SRSt R0 A 2 5 U S £
PR, BRI BEHEEE XD R L MR,

AR LUR B AT B R EVE I3 — R B 3617 B MR TARR PG
W, R ERFECAIMRREN T/ — B ABRBRETUNGTENHE, HfT4
I FCE R AE SR SR R 14 el B BOAT T8 B AT R BR AR 38 b — R 3k
RRUESENE, MATHFATASHR. BEASWERTARALHER, &
RECHEENARALENERE. SEFEN X BEREL A RANER F
TE B e BRI B A .

A A2 AT LRI — R AT HE R M TR, 1T DURAE =48 L i T A —HE 4K
RUAT LA AR IS MR U EH THRE0BE, FARERIBLERE
WATEIRAE, AL TR X S B LR Py RS — 78, i, 7E 474
BRI LIS A RS W AL

FHR G A BTBESARBORS, WERES, 2408, 255404,
BN AR NES, KRFETAELLABIBERERAR, ROEFREREAD
R HEIEHE. THRECHKRS LE2LRREBE, oGRS hHIITE
SREMSAHUNIAE .

MRFANROEHEREERE, HARK LG PWR, HARRFTFLEE
EMERRRET, XLWEERSMTEHNERREBC, o4, nRLns
EREFM A PEFENNE, FUFEREEESESHE.

© REBRKB—THERR, HRaTLliR—4 LRI ES /N,
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1.4 XTAEBRIEG

X HEH LHEE SRR, E7E Digital UNIX 4.0d 1 Solaris 2.5 F S 3l
AR .

FTE LG E & KMEADIRE, HERELEFF AT 2ENEENTE. FiF
LHHERIEREN T R REREEBNEREE AR, S0 17 L bR N R B T g Y
BRI AN . BEMNEERIF T B REEREEN R .

ABHEFRFBS IS, BEE T R BAEEL., BESRSEX
BE, FmHERTES AL, BRENTE. STRBRANTIREITS, 8%
"R 2 B REER BT IR AAD A I A9 B I DUREGR , 1R R B B A TR AR
ERANABITSEA. Fin.

REMTRET REEEFTESHL M. pthread. h>L TR T
Pthreads REHEIMEBANFRLHIRE. errors.h LT hE4 T — s H AL
MAMERRERE. 1.9.3 FhHH T35 T4 mamn.

B sample.c part 1 sampleinfo

#include <pthread.h>
#include "errors.nh"

B sample.c part 1 sampleinfo

HIR N AT L PURIGR AR F, B, R B B N A2 T B
fE. REFHNEFRSHLESITH, BIATEXNM. FHERB NI EHETL
R PR AL B EoAE R R M B8 . A A B A AT B 0 5 ——
SRR RIFI AT RNREF A RESEFTET ALY, T8 EREER
B PHTE B

TR AT A gm iR RUBAT AR AT B, iF AT LUK 1t http://www.awl.com/cseng/
titles/0-201-63392-2/ & FEIHAR . KPR T — Make file 30443505 10
i, AAEAFRKFES LT RTEMNER. & Digital UNIX F&t, Hirs
CFLAGS= -pthread -stdl -wl R%EFNAW, & Solaris REED, Bt
CFLAGS=-D_REENTRANT -D_POSIX_C_ SOURCE= 199506 -lpthread ¥4
i, FTREPRPLEE LAY Pthreads FESIH A& — S0 HF HH98 0 ®m%, & POSIX.1b
ENFRAEFRIA clock_gettime B%. FEFH rRTFLAGS BEASLHE,
TE Digital UNIX F il RTFLAGS= - 1rt, 7F Solaris 4 F4 RTFLAGS = -lposix4.

Tt Solaris 2.5 £&h, — Lefp EEIFEH thr_cetconcurrency ¥
REEBITIEH®, HRHAF Solaris AHIRERMEI G IS, TER L F T, WA
TR R AT RER A T IRIE 4T, Mre A Rgse B, e R iEE R 2 HATh
BE
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1.5 BT REZEN
“Iin one moment I've seen whal has hitherio been
Enveloped in absolute mystory,
And without extra charge | will give you of jarge
A Lesson in Natural History.”
—Lewis Carroll, The Hunting of the Snark
AV - R REORAM L ETRENEEANRPHEET L LE 1
tr 2RIy, MAFRAHE— &, HETEABRRNELSREWREERE, FTLE
HPERE EASRB/RE NS,
ZEFRAEIAPMAGEE, BEEHEERESASHYE. HFra A AmEITEA
F, BB BRRPPSESRINE (LLEBR R, £ 89 2R REER R
FIXAMNE. ZPERET B IMEE, — M EHEHE, —MIESERE. &
(P TRORER B Jn e iy b7
1.51 BEXBEFEAR
BELIMH error.h, error.h FXAE T #hlcunistd. h>Hestdio.h>
X SR SRR B A S8 S H BN EE X BARAG T aa AR
Z, BEA-HHERL, TRASTIEALHE.
9.26 EARRA alarm.c BRFEF P main BENFE S EEIEE. Main BEEA
HaR—MRN, CtEELAEERNGSED fgets RE NuLL (HEEERE M
). BiTH$H sscanf RFMEITRSHENE (34, TFEFEF) MITETRHE
(%64 [~\nl, BL 64 MFF) BES .
B alarm.c
1 #ineclude “errors.h"
2
3 int main {int argc, char *argv(]}
4 {
5 int seconds;
6 char line{l28];
7 char message[64]:
8
9 while (1) {
10 printf ("Alarm> ");
11 if (fgets (line, sizeof (line), stdin) == NULL) exit {0);
12 if {(strlen (line) <= 1) continue;
13

14
1%
16
17
1R

/%
* Parse input line into seconds (%d) and a message
* ($64["\n]), consisting of up to 64 characters
* separated from the seconds by whitesapace.

*/
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12
19 if (sscanf (line, "%d %64["\n)",
20 &seconds, message) < 2) {
21 fprintf (stderr, "Bad command\n"):
22 } else {
23 sleep {seconds);
24 printf ("(%d) %s\n", seconds, message);
25 }
26 }
27 )
B alarm.c

alarm.c  HYALER -~ RBEAL B — R Shid K. A BRI AR 0 10 080 (600 B) =
AR, REA BT it 5 2P . ZRBPLF F RS BE S LS
M TAERRZP FREMT .

1.52 Z#HEME

HE2MRIUMEBEFNHE, BT LGET 2N, Horp—fh 7 A5k
AL EH fork WRAEM —~THE, BE alarm_fork.c PEFE,
AR F LT — LA §47T, IS BT BRAT. FEAEHT
LA R R AR T L b,

2737 alarm.c M alarm_fork.c MEBEXBET: HH5H main RERAE BEEH
H sleep B¥, MIESET I FH#E, ETHBPREWIRE sleep H¥ (7
printf), MAHEFENLELEIZ4T.

42-46 ZHANEERSETYFHE L FTHER reap. W1 R B R HEx 4 T,
WU RS B2 R A A e 13 ey 2L 4 g EHERT AR TERERBEEAD waic
REVEH . AP, RATAM waitpid B, H1%F WNOHANG (BFEE: A
AEALERFHFTHBENSH). MBEFHER -, 1% bR U8 R B0 1%
RERE: WREE THEL L, %55y s pid=0. i F2 4% 45 0] 4 -
M TFHRER T FHEL . YL FMNE, nain R R SETE A B4T 13,
BT — a4,

[ ala,rin=fcrrk.c
1 #include <sys/iypes.h>
2 ¥include <wait.h>
3 #include "errors.h"
4
5 int main {int argec, char *argv| ]}
6 {
? int status;
8 char line[128];
9 int seconds:
10 pid t pid;

char message([64]:

while (1} {
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14 printf ("Alarm> "}):
15 if {fgets (line, sizecf (line), stdin} == NULL} exit {0);
16 if (strlen (line) <= 1) continue;
17
18 /*
19 * Parse input line into seconds (%d} and a message
20 * (%64["\n]), consisting of up to 64 characters
21 * separated from the seconds by whitespace.
22 */
23 if (sscanf (line, "%d %64["\n]",
24 &seconds, message) < 2) {
25 fprintf (stderr, "Bad command\n");
26 } elgse |
27 pid = fork ():
28 if (pid == (pid t)-1)
29 errno_aboert ("Fork");
30 if (pid == (pid t)0} {
31 /* B
32 * In the child, wait and then print a message
33 */
34 sleep (seconds):;
s printf ("(%d) %s\n", seconds, message):
36 exit (0);
37 } else {
ag /¥
39 * In the parent, call waitpid() to collect children
40 * that have already terminated.
41 * /
42 do {
43 pid = waitpid ((pid t)-1, NULL, WNOHANG):
44 if (pid == (pid t)-1)
45 errno_abort ("Wait for child");
46 } while (pid != (pid_t)0};
47 }
18 }
49 }
50 )
B alarm fork.c
1.5.3 BEHEME

ﬂ&:ﬁﬁﬂﬁ%%“&ﬁ@ﬁﬁathﬂmmicaEﬂ%ﬁﬁﬁ$+ﬁ
FFE;L REMHEENFEFHBERLRREME. &6+ H2 T LUF = Pthreads
R HL:
® pthread create BPEV —NKE, BITHBE=/ 8%
(alarm_thread) FHEMFIFE, HIREEHEIFNG ID (REXE thread
FIHARZERES) |
® pthread detach BAFUSCYF Pthreads X858 48 (R 37 % Bl 25 TR .
s pthread _exit PR LIFHLH,
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4-7 |G alarm_t PEXTEMNAHRSHEES, HYF seconds FEEH
fF0T 18], message TEFE A,

B alarm thread.c part 1 definitions
1 #include <pthread.h>
2 #include "errors.h"
3
4 typedef struct alarm tag {
5 int seconds:
& char message[64];
7} alarm _t;
B alarm thread.c part 1 definitions

L8 BKE alarm thread W AR T, ENEI 2R WSS RBEHAITZR R, 4
BBOR [ E, MSEREX L. URHENBHE (void * arg) B ELES
pthread_create REMEINTZH, HMESHEAIERMLSN alarm t SIS
BB EEW voida* BEHER Y alarm ¢ » B, RIS EE pthread _detach
WER B HE, PUEK Pthreads AN 26,01 5928 E B (61 RIGE HUR A& .

3-12 RPEHEIRTE R AIAA] (B alarm _t ¥ seconds thiE), REITEIESE
HIHEFE, BE, SBERR alarm ¢ SHZEHER, ESEE . @,
Pthreads & R F R AWLUE LA R TWECERA T HREBRBAER, BT
FAEITEEAFIEAD, UL R TE.

B alarm_thread.c part 2 alarm_thread
1 veoid *alarm thread (void *arg)
2 {
3 alarm__t *alarm = {alarm t*)arg;
4 int status;
5
& status = pthread detach (pthread self ());
7 if (status != 0)
8 err_abort (status, "Detach thread");
g sleep (alarm->sBeconds):
10 printf ("(%d) %s\n", alarm->seconds, alarm->message):
11 free (alarm);
12 return NULL;
13}
B alarmﬁthread.c part 2 alarm thread
alarm_thread.c "H¥ main Ejﬁﬁﬁf&ﬁ’?‘ﬂﬁdi—#, AT IR 1T
MR SITHBITAEM stdin $EEEEE K)F,

12~25 main RENENMSITAETSEAE (X alarm t M), alarm_t
GHPRE T EAEBNRLH M R Y ANEE. R sscant B K 47 4
RATRM, WEHCOENHERTE.

26-29 BIB— T RSRER, Llalarm_t WEHEBKE TR alarm_thread,
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B alarm thread.c part 3  main

1 int main (int argc, char *argv[])

2 {

3 int status;

4 char line{l128};

5 alarm t *alarm;

6 pthread t'thread;

T

8 while (1) {

g printf ("Alarm> ");

10 if (fgets {(line, sizeof (line), stdin) == KRULL) exit (0);

11 if {strlen {(line} <= 1) continue;

12 alarm = (alarm t*)malloc (sizeof (alarm t});

13 if {alarm == NULL)

14 errno_abort ("Allocate alarm");

15

16 /%

17 * Parse input line into seconds (%d) and a message

18 * (%64f{"\n]), consisting of up to 64 characters

19 * geparated from the seconds by whitespace.

20 * /

21 if (sscanf (line, "%d %64["\n]",

22 salarm->seconds, alarm->message) < 2) {

23 fprintf (stderr, "Bad command\n");

24 free (alarm);

25 } else {

26 status = pthread create |

27 &thread, NULL, alarm thread, alarm}:;

28 if (status I= 0)

29 err_abort (status, "Create alarm thread"};

30 }

31 }

32 )
B alarm thread.c part 3 main

154 R

LB PR RIS 5 00 IR AR R BRI AR R k2. B4k, 7 fork B
ey, BRI A LUEFREE DN ST e 2R H), 1 B0 B R T LR R I |
MERNARFERBERT, —HBIT 735 (fork BARED, LBz
IR X ERBMALSE L THA. K, E28EERAS, FEEELER
—AHhkZEE, BT CUA] LY A 4578 B malloe 225 By alarm_t W, HF¥EE
iR R,

A fork fAD, FRFBERA waitpid BERM waic BFEERE
WRERBHUEN FHERE. W, # alarn_fork.c DXBEAESI GA
ZIERHEA waitpid, REWHEERNYFHE. PRESERIEER, Bt
HERBEMREME. AW, £ alarm_thread.c &, SAMKBEIZTAD
(part2 3| 6 170, ATl BIRE & IS S 2IE .
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X HEBRED, ARG GERADTHHER SDIREABSIMHIRE. fiA
alarm.c M alarm_fork.c ¥, XSRS REEHTAN . 8RR
FREREF T, BWEREHE BREEESHEBE, FUHE alarm fork.c
EHAR. . HEAENERANE S, ROSFH M E S mERTR, TUE
T PAFR P AN SRR L.

RN RA, TRAFRENGE MR ET—NHE. RTUREHEE
AW IEE, BRRETRLEWEM2ZHE. B—HE, o lE— e
TURILE MR, B TFAEEREN M TR AT, SReegiof
RA £ DRt

N EIR B alarm_thread.c iﬁﬁﬂ&?&@’é‘ﬁ*‘i‘ﬁﬂ: — A~ 17 T AN
RPBA, — MRS HRIE. REBESENE L XA A, AMERIIELE
TR T BLRELMS. R 0T LRI B SRk TR, BRSRARM. L1200
REHREEREGE —R AT EERG 7. APHREEBLEBEES. AEEM
DR ) X b bk R4 B —3. AR I — ) ——— T N A B M 4
HHERA LR AREE N,

1.6 ZiEZ/95F40

“'0 Looking-Giass creatures,’ quoth Alice, ‘draw nearl
‘T's an honour fo see me, a favour to hear:

'Tis o privitege high lo have dinner and tea

Along with the Red Queen, the White Queen, and me!’™”

—Lewis Carroll, Through the Looking-Giass

THEMEEYAT L FRA.

1. EZLEBRELPITREFWAITE. BT TR — R AR B
MRS, AL R M

2. EHFEBEING VO BAFLRAFR, BRFPETOHTHAL B, %
FRIBEEREN. FARMAFRTR.

3. THREBMLMEBE, SRR PRI A X

LIT ST iR bR if A

1.6.1 347

LB RES, KEEATLLE— MR ENRITE M IEE., — 4 E
fTEEX CPU LE‘?ﬁﬁ%%_ﬂéﬁﬁﬂﬂﬁﬂ?ﬂﬂ&%%ﬁ%%%ﬁﬂﬁﬁﬁ%H‘Jf’i
BE. “JLFMME” RETLUFHEE. BB SR RIAT 28 R 10 A 1R 45 & Sk 7
SHATFR]. BFMRBEHHFL T4 B, N CPU RHEALLRE CPU £4itE e
119 5 = CPU RAEWLUREM 2.9 %, I CPU FHAURER 3.8 1%, %K%
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XK, o[y BELEME CPU BN T, BT LT B EHEMN 8

ER R TR EE.
ATy AT LA B 1.1 B Amdahl 3£ RIFIM . 28 Amdahl SIERIZLH, p L

R TR SEANRATR RIPLLE,  ARLBTLEANGRERE. HITT
TER) B~ BE S B (BSR4 T 34T T4E (1-p)> HIREEERT R Ao 4 AN 4 BB 4R 1735 4T
TAE (pin) BYIELEERTA,

I

Speedup =

(l—p*)-r—£
n

A 1.1 Amdahl ZER]

Amdahl W Bm 7T RITRFHTHMERXE,. LEFBE THTABH
(p=0), MELLFT 1, WRE—HTHEFE. WREFREELFF SR BTH
B (p=1), WIMELS n (HEBHEE). FENNSRE, TR
ML . BEGIEY, SEELRMIEI B A X RE N EH T B H s
Nz EFREREADMRSE.

B 12 PERT Amdahl SERIERE, MMM LR A2, B 1.2 B5RTHE
FEZIFIT TARRI AL 3% . R — &K PR RIS R I 27447, £4K
TEGHXARAEFEETE MEEE, WRRYE 4 MEER, HESLY 10%
(RTAAT RS ]34T, M Amdahl 20§00 EL3E & 1/0.9+(0.1/4)), Z12%TF 8%.

i [8]

M 1.2 Btiel-F4T K
MR LIBRIE, BTLUE SR SR LI IATIRIE. Wi, tE4 S
FEXSFERE B — 2R AT B BT I 1, XL AT R AR N Eo A 4 B 1 14 45
#, BEEFEELCLBIERERFENERE 2RSSR, WA barrier” . Amdahl

@ barrier £~ LHFLHE, THESMBEHIAEDS /" %, ISP R R

PHEE. #in, LA barrier HLHISkEE{E, REAEXKEMER T T ARIT—BHTRE, #&
711 TR TR MR barrier. FHER—E A barrier £ 8)#iE .
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1.6.2

EFR L TR MO ML, RO ERAEN- - KR T, Eib e b
TiEae R B a B H-47,

Amdahl 2R — AN REE R BEARENEBSESLES, ROTHAR—
PTEANTR, BALFATENG N EFRE T p 6. AW HTE p A, MY
M REERNBFHARNETR, MALEEEREREASEZHE4NEE. 24
HBRENEFLIARM L EP TN N ARHE YN ERE S RER
BB, HPrRaE oS KA B EE SR DL R N T R e B
WA BT AKX BT LR B R RN p HiHE.

HE

HEMEEAATEFESSR Vo 2 RE RS S i, X T
MEREBRNE N HRERN, 2B F/RERZS (W OSFDCE) LR
EFERH, 31 RBESHFRN NS R EREN, ZEaRgrEE, mEEhE
ﬁmﬁﬁﬁﬂu@ﬁﬂﬁﬁa%%ﬁ%i%ﬁ&voﬁﬁxﬂ&ﬂﬁ%@%%ﬁ;
fHAE N34 UNIX RRERRERD V0 B, ME, B VO BEHEETEY
4.

Blin, RFEE VO TRIETLHERFEL, BELH (Poll) BHE=®.
RIATT 55 VO 1B, SSHA polling 1555, #k£T RS VO MENS
B—NARFRTEEES. WEERFNEMB TR, BE0E 5 Eme,
WIRTAT VO MAbFRE: REGE, B AERBHAFREREmBRE. S8 ES 1o

ATEAAAY VO BR1E, MBRE T, ALSBRTHRRE V0, BIt5RE
VO JLFHAERI . EABMERT, HALSEESEANELRBHESEHS
HREGAEEBE,

AEUR LS 35— — 55 MM AT R B R e s 72, 0 F i e 2
AR, FIF L RIER A EE BAE M. E RS B R T E I 2,
H AR ERZRT —ME 52 B SE R 1 /5 . B O AR5 sidio
RUERUNOEN . BARF IS D —ZA0 S A BB MERER, Tike
FEHELAEM.

DL, F VO MRS REE — M %. RERRHBERFED (HITH
RN RD, B VO BENHEER L F LA LSBT VER, R AR
FlET R EMATH S RBH VO 84k, NIFAIRS VO A TTE T Ba%. Atigt
%‘ﬁ“‘ﬁ%”UOE%%%H&%%HD%ﬁﬁ%ﬁ%@ﬁﬁﬁﬁﬁa

F— RS B I A O I R R AN IS A A S B RS 6 R

{ﬁUMKﬁﬁiﬁ“ﬁmgﬁﬂﬂ”yﬁﬂ%ﬁﬁﬂﬂﬁ%*@ﬁu%mgﬁﬂﬂﬁﬁﬁﬁﬁﬂﬁﬁ

VO %fE, HECHETH TR MR ERE. B85 V0 RE CE P VAT A 888 1 10 (0 B 8 5
7.
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1.6.3

Bh, BRAITHIRFHEFLAE—FEEEANFIREF ML EE R $ . S 7 IRE%
S NEFEHONAMAL, 40 Apple ) Macintosh. Microsoft #) Windows F1
UNIX B9 X Windows (&1 Motif f1 CDE).

HENBARRLD THERAE SR VO MEZRE. REFHAFHTEEE
B (B, FrEaRBAAER SN FEFERASHY), BEILREERE —
I Z) R A R 2384 . X, HEHEDRESHARMNEF REHELEE 9IRS
HIEF BB, ASAMNIZE RIS, S HA P ESEK, ek
A B 1% 3% 5 B A DR 48 U AT E i Sl B b IR s b

MNF+AEBENNE (MAERYHEEER), ETEHNENELE MR
HEHENEIMENHE R, 20 4REVIHRNESFFIRBYIIFER RIXE. DEQR
EX, ERAN VAN, SANRSIBLEAET, BHABEHLBRTLHER.

EHARIEN, BF AR —4FE. BEFRE—1 84, o8es, 5%
W —3 4. MREFERKA A -8, mAREEENSE, BAg
[ AT SEAH S RIS [8] Y RV W A2 RS P 8931 IR EH 45 R KN A2, nid s
KRR EE, APt aERss.

W o7 1) R 6T LA Ao 7 S MR 28 P b BB MR R B ML, (BER EESE
R B A EE AR RN RE P AT g /R . BAh, R M AL
M EKERE, RARREAENSTEREIIREDPHERIERE,

% JrE, RS —NE T 1R E, BE WM B B
WP AREBEIAER R P RE. BRSNS, TERT LR,
Eﬂﬁﬁﬁ@ﬁﬁﬁﬁﬁﬂﬁ?j%ﬁ‘?@ﬁs ] LLR HEFr dr 15 B S 4T3 T 3OR
BRAEMRG [P H A SRR, WMHEKEREL REKT,

nEs il

PARGFHE, IMERKARAREZABBEL HET, SEREDAREAS
HER. BBk, FHARRRBTRESNEBRFERNESESR. REEE
BHEEEFNOEBIE, BEEEDRAEBETEXMEREE TEFEITEH S,

HILRE SR ENEFNARRESRENEF — R E BT e
W (BRI, RHERD, BT, BRESE 4S5 BRBHEILEE R,
=& GOTO EH), EREMEN. MEBEESH, W CEZHH do. while.
for. if 1 switch i&6], EHEABPRALFXERTHRBELEHWEN—H TR, &=
&5 F I8 R R ZE AR KB BE R AR BT ), UL HBAEAER
7.

R, CETEF (REICHREF) Al CUE a1 5 R 18 4 B 8 £ 46 5
&, MREREFNZFAMICRBE RN TS, B, mEFHENYRES
WE, WEEFPHHBENLEERIEEET.

ERTREFD, RPRHRERMAREMF D . BIEN RS BER R EE h S
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1.7

PR OS, W “SORRE T, RECTEEATIEEREIE . S ekt
b, SRITERESXREFABEENE, W -RmEWER. hRSER, EintRt
R e 20 el B U R] 20 25 4 L £

ARG B WM E s, WHRAE A —1F, REHFRAFEREB #5- -
W5, BRI RREBAFERITL, MRTFEARERES RN AEREIEFE
Wit a, BIAeGIEE SHHE NGRS D B0 R, B4h, TSR RITERIRE
fEER & B BT IR A MR r 85 . XBEEEEKMBE T, mREREARXA
REMR], FERFTIRERG S LMD . FE P BE MME oF DU L SRAR R e B e, (AR R
R BRI, 7 H 7S R 4CH 3R 5 b AT AR A R T

£ RGN RE RS ST B E WARE G T RETA T () B . WBE
ARG, BAE R REREEANRES R RBIER. B NES S
FURE FT AT HUACHE, BT UMK 0% S B i BRs e, [l M 7 e L i {Rrm
AT R R AL R, FREEPENEES, RERSTa4 L8 7
BRI E.

W BT RS RES BN U T, HREPRIM, —4
CHFEFABNHERE RN EERTUSHER. FHEPHAD. BMEHRME
AR SI2HRAE, R LU BB R BRI mE D 22, R ERE D Fi
EBRATIBHD “mental A" [S0EA R REAMLAINA: “HBER (paradigm)” ].
1A o B D RE B ST RS ] LU R AT R o B R A 4

LE8XH P

All this ime the Guard was fooking at her, first through a telescope, then
through a microscops, and then through an opera-giass.

Al fast he sald, “You're traveling the wrong way,”

and shut up the window, and went away.

—Lewis Carroil. Through the Looking-Giass

S, HYBAKE, BAWE/LT OS8R TARBERNRY, BELs
SEBRA T XM RBERTE, ATLRBAKTCNHEE B RT LN
At.

BAVERA AR BERERR? (LT HEHE R, BREEABIS . RS
T T, MR T MAR. AAFREL, UTFLAFiTieengs
HI{CHfr

T WG T

1.7.1

AR TR A AR I s T AR AR 2 SO B, R
B R BAEREHR TR RS, ARG MR, 7 LTS
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FRARTIRETEEEREMNEENS. FHASHNSRESIR RS, #lin, 5
TRAB 2 RN K288 2 5] N ELRSP, XY E R4 [P L6 %K% R e 7
MR THR, BAEREH - ERNER —ETEFRS B8,

LEERENAFETRETESHMUMA B, Fln, —HRFR— W ERITE S
W, EXHESHFNLES ETRFERNENFAETRE . Hidhrms
TR AL R HIRF R IR0, NI R Rl B A B AOX R £ 5
T RIE, ARIEERREN . 3.4 Fon TR BmsGE—S00R.

MAEFEDEERRHIETAED ., RN RERAT B IR VO Bk, TREL DI S
IR R ST E——ANSI C . BIERL. IHESL. BEEDFE. B
FPA VO S E 45hI8E . XA Wl R0 AT S 2, TR M D R

DS R H AR R R AR, TS R AR R N i
PR —A VO RIEF MR RS TRE - K, (R VO RS s
ARSI, LU SRR EIE S EIGET. 0 BRI SR E R
AR AR Z, WA R P LB A REEIFHAREN, BLEFEReE
W EERRRARET 2 RESHERES RN TE L8N T 0N E S AR
#, TR HABRERE.

1.7.2 $RIEHRL

RGO A TA 2, 10 R B SRR B A B A EL., 45
R TE LN EE S RIF T AREEALNBLMHY. REEHA Eaarih gy
FFPRIAZER Ginvariant), {RAEASE LT, RENRAERGYE. FHEILASER
BUL LR, BRI R HUERITI K, LR T 5 S A AR s )

IR ZREFHERBHAE S SRE, KBRS e B M 1 R it
1, B AH SRS R T ERFER T, POSIX FAERIE S ANSIC #
POSIX 4L KI5 MBI A B RFE v B h2e 2 (. 4R TR, BB IEH — R
AT N, BB - - SRBNEaEERN. R T E A — SRR,
BN HERE RGN, IR %, Hp— SR ARERELY. &
AW —EEATN TR, BREIIIEALEE R, 110 HL A REAA e A
i

—AREBEPRIE SRR SN E ), AR R R, R — i fE
FRVIGILEIEE G N FE, TITTBERRER B At £ 7 A 4% 2 e 23 ] S R AR BT
FERETELRNZEAMIL, RETEE “FI” O L ME BT A A B4 il
RAVFELENETAEMRD, WX — SR EE, fim, A FE R B 7 IBHA R 3
DU 250 8 R, 22 B 500 1) 78 B B0 R e TR e 2 .

m B E R IR, TR BT AR - - RAFAILE A, AR FR S
KEETEAMERAER. ZERUNE i TG 5, 152 4nf2 1 SE b5 AR v 38
EFEHEN I,
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1.7.3 EMLLUAR

1.8

3 8 &, ANHAETHRWHEENPKE N, RREFH LG aF
SR L RRRRAR TS, BMRs TRFH X T ERENAGET MG R, 3
Fa RIS B, BRERNTLROHET RS, X5 22 BB HE %L
SR, ERIBENARENMALRS, PV 45X A S

RUCGHERNRAREEREAN ST RATRY BA LIR30 4 5%
B fF. RASREM MRS, ARGEIRTLBRNHHESHN, BN
TR R A B T AL R R LR MR AR R, iR a2
BREREEKEN RSN R 5H M &,

A, EAACAR R RS G AT R R 8 e B e s 8 1 1
REWABTRBNAXENAKEE, BRERASERENNERGN. 18
SRR BRI TS TR T, MR ERB N MER T AL . &
B RMSBELRE AN EEERAEIR, XASEHET 2T NER.

TERITRF PR AFEIREE NIRRT R IsH BT, X
et IS RER TROARABTIE R BHRNES? EHFHEHT
HIXKNELRET Y REAKMAREY THYTABTRASQ? T2HT 4
RFATREF AL A FEAR R IE 2

TERGRGU T EMERMB TR, BRET A TERRENRT T THM.
CAVR BER A A IRACES P B B RS U i B A0, 48 HI A 6 £ 5025 B0 4] e
%ﬁ%ﬁﬁ;ﬂ%%ﬂ%ﬁﬁﬁﬁﬂﬁ¢mﬁﬁﬁﬁiﬂﬁ,Hﬁﬁﬂﬁﬁﬁﬁﬁ
SEMKIERMIE,; TRSLRFERASESH AL, TELRNIT KR
Y EREFEH A,

Wi HAWA TERRBEHG X, KWEREBAN. BEANLEAR T,
VR i B A K I FR  S7 JL A7 AR B R 2 R P R R A
ﬁ,ﬁﬁﬁﬂﬁﬁﬁﬁ%%ﬁﬁ%fﬁﬁﬁﬁoﬁﬂﬁﬁﬁkﬂﬁﬁﬁ%,E%%
mmﬁﬁﬁﬂTﬁﬁﬁﬂﬁb%Hﬁ%%ﬁﬁ%%ﬁﬁﬁﬁ%ﬁﬂ%ﬁ%ﬁ%ﬁ%
g,

EEZETRIESE

“My poor client's fate now depends on your volaes.”
Here the speaker sat down in his pigce,

And directad the Judge to refer to his notes

And briefly to sum up the case.

—Lewis Camoll, The Hunting of the Snark

ﬁﬁ%ﬁ%%ﬁ%ﬁﬁﬁ%%%ﬂ%ﬁ&ﬁio%E#%EE@E@@:WE
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1.9

FAE SR AT B AT HUPERE
— S AR RLIENEN, FMEEAGREREFRFEEFEN. I

REFPNEG - PRFEL-PHNER, WERKEAFEAERY. B1MLEDN
BAEREERERE R,
RS EHERERESSH LT IR
1. WHERENE, HTRAZCEBERSA LizlT, GRS HESBREZN
R,
2. VOBRENA, h#mttat, B roRiFES. B LB LIRN &N
R VO #4F. 2MAREB/NAMEBRIFHES, EFS8MARNEAE
FHNER, 9000 8 1 18 i P 25 % £ 303 VO BT &
KRR — AR LRI R, MR IE A S0 R 8 A B & i
PF—1am2MEREFR. TREEFERELRITRFER., NMRRTELT, &1
R FEF RN R ERPEFE S F IR 4.

A, RERERET? (R RSN LARFRUFTEREFERE, BREHE
WSERIF R RA RN ZERNRA.

POSIX &12#1 2

“You seem very clever of expiaining words, Sir,” said Alice.
“Would you kindly tell me the meaning of the posm
cailed Jabberwocky'?”
“Lof's hear it,” said Humpfy Dumpfy. "t can expiain ofl
the poems thaf ever were invented—and o good many
that haven't been invented just yet.”

~Lewls Carrofl, Through the Looking-Glass

B, A PESIR “POSIX £127. MNEAMAEH, XEWESE AP BE
B fr 1 2R #E POSIX 1003.1c —1995, i%4x#kps IEEE F 1995 4E 6 B3, POSIX
1003.1 BY—P A4, B ISO/MEC 9945-1: 1996 (ANSIIEEE #r¥E 1003.1, 1996 ks ).
il IEEE @it. ZFRAEET 1003.16-1993 (SZH). 1003.1c-1995 (£F2)
1003.1i-1995 (Xf 1003.1b-1993 Higkit). BRIEIRESHANZH, HRER YR,
AT REA T EM LA T POSIX AFHEN B, BEREHEFE, FoEREE BN
BEEMAR, ERETTA R TH 58 R A a5 R,

@ Contact the IEEE at 1-800-678-IEEE.9945-1:1996 Information Technology —Portable Operating

System Interface (POSLX)—Part 1:System Application:Program Interface (API) [C Language], ISBN
1-55937-573-6,order number SH94352,
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Fi1 R

1.9.1

FIHRA S R EN TR, T FAIEERTIARIE “Phreads” fF “POSIX
1003.1c-1995”, AR ERPAE “POSIX.1b” k&R “POSIX 1003.1b-19937,
A “POSIX.14” ¥R “POSIX 1003.14 £ HHBRETH”, UAHMALUNGES.
ARETCAMGES, UERHEEYHEEEBEE L, &R, W
POSIX 1003.1-1990 # POSIX 1003.1-1996.

GIHIREST

€12 T RRAKERGEN - NELEER: RTHE. AENRN. EFGT—
TRIERAMFLEEEANMEERSN, #T A ES 10X =AM 2 #F#
B,

{#F] Pihreads, BT AMA pthread_create R EHATHIE (7). fl@—
TEBEFEFREE T ZEENRT, XEELFERREN “RRE3” BB,
Pthreads RITFERIREARNEERAE S, NAELEZTHIRE. 4B HH
pthread_exit FfiRH, & MNLBESNEBPIBREIRIELE, HRLGETEL8E]
Hih— 2] e

H AR Pthreads A # M FH B R EREF L HHIE . FHAHTE KBS,
r] UEA MBI, eS8, EEANEAY. 5FE ATRBEIARA
AEHENYMEE, UEERMERN TR, £4TRAFRBESHLZHIEDIX
EAFERRE (FIAA eSSk E HIEaTR ).

1.9.2 ARFnBENO

A THEFGE Pthreads EIBEEHFBB IR — 0, S1EEKBRE
‘TR’ M HBMEEFPMTIE. FHTA), #SEA BB,
wWE 1.2 iR,

F1.2 POSIXERIEMEXY

#* B S (- I 0
pthread t 2 o E
pthreae_mutex_t 3.2 BFE
pthread code_t 3.3 %2 5t
pthread_key_t 5.4 SLBEMAFHNEFE
pthread_attr t 5.2.3 HRERIEN R
pthread_mutexattr_t 5.2.1 TRFERETSR
pthread_condattr_t 5.2.2 FHTREENR
pthread_once_t 5.1 COIMAIEE " AR

AABBERURE TR,
T RS AR AR TR AR AT I 2 R 8 44 S LR T R
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F 1.2 FHHRETH Pthread, KAMEFFEUK. XLERRRHFLARLNEX,
PP 5 B A B B SC IR A A BRI, R R FRARME P IR 09 77 AE R E AT B4,
SR ID ATRE R R, BE AR SER, NERAHARE, FMLITEER
& Lk prg e X N HEE ID AR EHER.

1.9.3 §{Hizl=E

| Pthreads 3| AT —#r &8 by F X, MEHF#M errno ¥,

Pthreads 1] 2 POSIX FE— M5 &4 1 UNIX Hl C i SHENLIH I B
KIdf . A LW REERIREIN, LRE—MERERER T IEHRDE 0
8. EHERREN, SEREREN-1HE, FH2RETR errno BELIEF#IRE
i

HRAPMENHEF T AT, LERECRERBORNERN —4 4 8-
ENRE. S5IANERBEHSAETENNE. £HAN UNIX Z4HEXDY
POSIX.1-1990 #x#9, errno MR Cextern int THE, BT ETE—K
RREEF—ME, U R ddEbe s —HaRR.

| Pthreads B34 4487 KL E errno B ¥( 7 K 3924t POSIX Fdk 210 ALM ).

Pthreads BT A H08 L IR EIE R F i RRE, WAL errno TR, X
AR TES, Pthreads R¥UEF 0, HEE— MM L SERILHEL “HHER"
Botbt. HEAEE RN, REEE M EE<errno. h>3k 30 HERI .
Pthreads ARGt T —MRFEA M errno B & UL A B errno 1461,
ZERE YL RARFEN errno MM BN, ZEREFSHREMEEEER
B RATDUR AT — S errno TR, FUHEREHHABEN, MigE
B2 FR Pthreads RBIMEE . WEAEMEEN errno THE LGRS A Hb ik gk iR
(1] 3% 06 57 3K B B BOTT 44,
B, ERHFRENESN, KRS ER ML T X thread_error.c
FUREIRTS. FIRBRERLYRE pehread_join MPCSHBFILNARE D 1
R[HTHRICH ESRCH. TE KEHERF, RWHBIMN pthread_t ZETRBE
AFHILIE D, BT FHEFH B R ENE “error 3: no such process”.
FEFE FARRTRREEMER: RVBIE thread TEIE — A ER M
pthread_t 18, WEE—ERVAREM ID (BEXHE P ST RS, it
MRIRE Pthreads LW T BB WINAE, prhread Soin R R B4R LR
EDEADLK; &0, BHERSHFACEE (B AREHD.

B thread error.c

1 #include <pthread.h>
2 #include <stdio.h>
| 3 #include <errno.h>»
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4
5 int main {int argc, char *argv([])
& {
7 pthread t thread;
8 int status;
9
10 /*
11 * Attempt to join with an uninitialized thread ID. On most
12 * implementations, this will return an ESRCH error code. If
13 * the local (and uninitialized) pthread t happens to be a valid
14 * thread ID, it is almost certainly that of the initial thread,
15 * which is running main(). In that case, your Pthreads
16 * implementation may either return EDEADLK (gelf-deadlock),
17 * or it may hang. If it hangs, quit and try again.
18 * f
149 status = pthread join (thread, NULL) ;
20 if (status != 0)
21 fprintf (stderr, "error %d: %s\n", status, strerror (status));
22 return statusg;
23}

B thread error.c

VER, Pthreads TR A K perror B — el R IT EEER17 B BOZEH)
. K, EFH strerror RMHRAEIRABRNIHER, REEHITOE stderr
A .

AT SR S ARSI A R 8 B RN RAE FE RIS, BRE TR
MREE—MF err_abort BMIkFHER Pthreads $238, A errno_abort ¥
MEFEK] exrrno BIRBBHR. UTFH errors.n kXHEET FiRde X,
errors . h AXHERE T KRS ERRFFEC AR/ REL 4, DL/
e,

B errcers.h

#ifndef _ errors_h
$define __errors_h

tinclude <unistd.h>
¥include <errno.h>
tinclude <stdio.h>
#include <stdlib.h>
#include <string.h>

W =~ o s L R e

/*

11 * Define a macro that can be used for diagnostic output from

12 * examples. When compiled -DDEBUG, it results in calling printf
13 * with the specified arqument list. When DEBUG is not defined, it
14 * expands to nothing.

15 x/

16 #ifdef DEBUG

17 § define DPRINTF{arg) printf arg

[
=
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18 #else
19 # define DPRINTF(arqg)
20 #endif
21
22/
23 * NOTE: the “"do {" ... "} while (0):" bracketing around the macros
24 * allows the err abort and errnc_abort macros to be used as if they
25 * were function calls, even in contexts where a trailing ";" would
26 * generate a null statement. For example,
27 *
28 * if {(status l= 0)
29 * err abort (status, "message");
el * else
ES| * return status;
32 *
33 * will not compile if err abort is a macro ending with "}", because
34 * C does not expect a ";" to follow the "}", Because C does expect
35 * a ";" fellowing the ")" in the do...while construct, err abort and
3¢ * errno_abort can be used as if they were function calls.
37 */
38 #define err_ abort(code,text) do { \
39 fprintf (stderr, "%s at \"%s\":%d: %s\n", \
40 text, _ FILE , _ LINE__, strerror (code}); \
41 abort {); \
42 } while (0)
43 $#define errno_abort(text) do { \
44 fprintf (stderr, "%s at \"%s\":%d: %a\n", \
45 text, FILE , LINE , strerror {errno)}; \
46 abort {(); \
47 } while {(0)
48
49 #endif

B errors.h

Pthreads FREFHLBIP R —/ BIS R pthread_getspecific H¥, TUEELER
HEE—HE “Key” . 5.4 VMR RRAETIIE, HEL BRI R 60848,
NHREMHEE, EEARAFTHENSNEESXEEY, BHRLHRBRMBIGT, 5
U pthread_getspecific BEMATHRM. W% pthread key ¢ HERHELE X
XTERBE, W pthread_getspecific B¥GEE NULL.
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2.1

“If seven muids with seven mops
Swapt i for half a yeor,

Do you suppose,” the Walrus said,
“Thot they could get if clear?”

“I doubt it,” sald the Carpenter.
And shed a bifter tear.

—Lewis Carroll, Through the Looking-Glass

KBEEAPRBOFRETNGERER GXZ— 5 KERLEH AR, B
EAFTESRHBLEN, BRRAHFENELASE, RTUKBLRNSE.
KERFBHXERS, BRAFKBFEFREAZHFE. T, REFEME
TEAFFFEEN, BFTURITAERR .

21 THERNEERLBRNREENE, DoARTSR, SBREEFDOF
R, URBNERREREEIHTHERRE.

22 THRASEREMAY, AR TILEREAKR. ZVHIREBFRTe
BEHKRARERE.

BIFN{ERL%IE

“A loat of bread,” the Walrus said,
“Is what we chiefly need:
Pepper and vinegar besides

Are very good Indeed—

Now, If you're ready, Oysters dear,
We can begin to feed.”

—Lewls Carrolf, Through the Looking-Glass
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pthread _t thread;
int pthread equal (pthread_t tl, pthread t t2Z);
irit pthread _create (pthread_t *thread,
const pthreae_attr_t *attr,
void * (*start) (void *), wvoia *arg);
pthread t pthread self (void);
int sched_yield (void);
int pthread_exit (void *value_ptr):;
int pthread_detach (pthread_t thread,):
int pthread_join (pthread_t thread, wvoid **value_ptr);

BIEMTEREGEENA . KEMNTENEHREXEFERRE. 20T
HtRAE —EPRFRNAE, MEEEEFTRHRA T NEFNE XNGER
IR HITHRIE. WRREEFREE—F, NREBFRLHEE—F (REE
X )LERD,

BERPHHALERANT D XE-RE.4E DR THE pthread_t £H,
HRIRE, REEERFDFER -/ pthread_t KUHNTER. MBRRFEXET
REFEREE D, S RNEIREKIEN AR, WL EE D FHAS
FEMER. AR XESFEN, &%E ID REALHE (AN R+, 5t
R EH TR EMER.

Pthreads £Z8 788 i A R MO LB B IR XD “RERK” MizRE—
M void *HRSH, HEFEMHFAKISEME. EidF pthread_create B¥{EIE
SERFMIANEREB AN B EROBREFE.

SR EERN, pthread_create BHIBE P —4 pthread_t BRI ID,
HIRTFELE thread 8P, HTXNMEE ID, EEWLISEZLE. £EWTLLE
VA pthread_self REBEHBN ID. BIERXREN QR B ELELGBLRE
IDRETFHELE, EUATRERE —NEEN ID, EX BT ER N 508
MR D, filn, MEAFEMEEXEMHER, KFEEFELZE D,

Pthreads #&ft T pthread_equal HERHERIERE D, RgkB_-HE
HHE. LEERIMEE D #EXEDEEEENEXY. BAEE ID ZEAEE
WF. WRENERE D ERE—1ERE, W pthread_equal BHRPIIEFTE,
BGREF{E .

| ke A8 ( L4AL) RAESRAY.

S5 CEFETH, B%IR1T nain R EEERBED, ZIMRURITRHE
WA “WamsIE” R “ERRE". IR0l DTS SR AT MR e @ L R i
MEEE. #lln, ERLIHEA pthread_self REBACH ID, BT LHE
pthread_exit R&IEHC. MRMHEIER I ID RFFE— N HAGLE T LI
M7, RIFALZRRE Rt o] IR a2 RE R &2 0ba0H 0 B (detach) ¥IERZEEE.
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Fox

1825

WA R T2 FIFF BRPE7E T Pthreads 7F main BR¥IRFI R (R B T 154 UNIX #12
TH. Bl, HREGRNA-FRFHMEBEER. @, TEEREPERHFLRTEW
M, EFNXHEBERE. Fln, ZEPRAKEHLGF, £B - BREHER
FRELEX. Fik, —B#EBERMAFOLRBEERT A, LHEL RN, B
HEE ., WEMeENN TSRS R ‘B —REEHEHREA.

8 EREATGEB RS EAF RETHE, UL
fige AR K ABARE RN, LATEFRTRE K,

RE “GERE” ERER, XN GH R R RM0%E “Kir”,
ARRZNEEERREXNSETH, MiZES M EHERNAET. — /N REE
STEALEX ENSEELENAE, SETIMERIL S REEE. S ELE
EREFBNRAESBERERLERE, AFRSEIRS CHEEER.

MBEANB —MNABERBALRE, TLUEHEM (auribute) TR THE
PMEE BRI UBMTE 523 Wifid), mBEREESMBHEIEE, i
SIEA B FHEEHEE, TR pthread_detach BEERSET. BETY
SGEEC, EARAHE ID LTt LU 4 E &, MR FERBLENE
FlE, BREFERIMEATI R, M A pthread_join B, pthread_join
RECHHERFME BRI TR ER L, RE, T EBHEESENEEL., i3
H pthread_join ¥ B9 EHEHER.

SURTETR, BEFE N AR T2 e 98 R 6HE P A RO S BT AR B 935 4 RE &=
BOREHAZ AT, EH1E R L E -4 ik 52 8 F 3 iR 27 FE =4 il 2 ) i 44
2 F2 A BE O BB, X R GEER  —Fo

—ERF R HIT AR RSN, EAEHER L ~HEEFEIL A T 1E
LASEIR A H b7, #ldn, —HEHEERIKE TENR, SMEBELZHER
PATRH EMTHEES S REAT 5, —HER TR — P TR A, Liss
KA —1F & BIA R4 . R, RN FBRILRE A FE A TESRA LS. T
CAR B R LR B AL S, 243k 3, K IEKBRPITRKBRDNPEN G208
&, WM —F) g,

LITHIE lifecycle.c By T M EREEEERENEAN YW hRITEL
THEFIE,

LR thread_routine BEI—MFEEHMERR B ERNE. S5T,
SHEEFIRZY, ZELEEARFT (NULL).

2P pthread_create B¥EIELEIR, HRIEWHA pthread Hoin 4
REGH. P ERESGREEH, HmB R, B0 SPOE T H A T B ke
RIEE--HETHNEEESER. M rain REOREE SRR R& L, hig R
AT ERI&E 4. ATLE nain BT A pthread exit, X AFE L R LA A
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B HESFR AL L.
26-29 24 join SERLET, F2FRY B 2R F2 AU [BME LLAR (R 2k ¥2 % [EE S48 S I (NULL)
AR WRREHEN NULL, BRFEHENR 0 (BT B, BHEENR 1 CRBD,
LT R & EREEMLE MR IR, WEREENT. MR REEEDR
B TIEBIER], pthread_join ®ESIEFEFE-ME, TiELEEEFFE B K
7T (RIRERFESN) RETHAKE, Mo ieRbE.
#l lifecycle.c
1 #include <pthread.h>
2 #include "arrors.h"
K|
4 [+
5 * Thread start routine.
6 %/
7 void *thread rountine (void *arg)
8 {
9 return arg;
10 }
11
12 main (int argc, char *argv([])
13 {
14 pthread t thread id;
15 void *thread result;
i int status:
17
18 statug = pthread create |
19 sthread id, NULL, thread routine, NULL);
20 if (status != 0)
21 err_abort (status, "Create thread");
22
23 status = pthread_join {(thread iag, &thread result);
24 if (status != @)
25 err_abort (status, "Join thread");
26 if (thread result == NULL)
27 return 0Q:
28 else
29 return 1;
30 }

B lifecycle.c

WR “EEEE” (joining) HEALXLEPHE, MECHEH “BIEE" Goined)
W PR MR A SR A IR [B14E (AT 08, W)'es T LL o pthread_join ¥ aretval &Y%
1218 NULL. #53% 48 12 A01R 118 45 5 7285 .

S pthread join WHIREN, BEELERCEHESE (detached), FHil
FREERKEZET .. 20 EBAT, ETEEFENEL M EAB A ®, 0
RERENZEFEN AT RTNAR B pthread_join BRA¥. #HESH4R
MR RO [P (BT A S B RSN O R 2, HER TR B
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2.2

AR LSRR IR E A,

232 09 4wy [ AR

Come, listen, my men, while I teil you again

The five unmistiakable marks

By which you may know, wheresoever you go,

The warranted genuine Snorks.

—Laewis Carrofl. The Hunting of the Snark

ERENZ, KELTWE 2 FRHUIERREZ —, FERELIB, (R
Eo AME RO “RE”, ZLEEH “RA” KHFHEAN N EXREH AR
BRIE . 40 Digital UNIX 5% Se40 i) 22 5K T 0 « TIRAE", BARENBILA “ T
RE". AEEBRATREERZMICRE, “RIEE" ATLISR B ” 88 “Hp”
PFRETE: “FHER” ATRED A “SHERIEE”, 5 FEMEE” 1 “iRpHE” &,

F21 KBRS
*® i & 34
i 1 ETEREREIaTT, SR HAThBE., WESRIRIEE, AR M

(keady) TIRR, SEHIALEEH S

Eﬁ RELET. ETAERRLEY, TREEEIEBLTETS
(kunning)
ke 22 SR TR -SSR SO 0 R B AT, 3 A ik, Aol

(Blocked) HRFREE O SR

ZREMARAERTER, @M pthread_exit, mEWERMN, &
LR CHRMFHEEAE (F. FREDE, LFREEE, —B8E
W B ECEER, BT L

2t

{ Terminated)

FAUE XN FRAMSTEERFEEE,. AL, NTHEBREEREAS
HAERAX A, FUABRFLHE,

HRETHFRERE, LR EETH, CHRENRBER. e
Sitdy, RERSHIIRBMTHHESD, BALF N T F, B M OR of 8
&AL, HEEA pthread_exit W%, EBEAKLIFA, MRALECHLE, e
SMAHEPIU EA XA R “ 855~ 239077 RHE RG] LU B %k
SEHERFE ), |, HEGFEEL LAHIEsEREREE. B 2.1 zR T
RSB E AR RBRREE RS .
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2.2.1

F AL

A S iR

FERL. EE MR

2.1 HBERAER
ilEE 353

2.2.2

HESVIRAEEEHENQETOR, E— 1R XFRBRENRS R,

e B REREEREEEEIT  ABRUEERL P SRTREBITEFL4RS
(FF 748, FERFTEEE. HRIEHS) M g,

Hiek B Ed B BiAARY . Phreads RAT BT SEMTESX L
Al pthread_create. MRFHRE SE MY S8 Y SIGEV_THREAD, %4 i
B — 1 POSIX R ST L RRIBLE. M ELTTHA S KMo BEEN T,

EFEEEVE, CLTHRES. TRENSKRS, FRETEEERESE
W—EREBEABHIIT. 55 TFESTARFAENELEER. [EH®E
lifecycle.c, BAT thread routine BB M ERE L main KX
pthread_create (35 1847) BT HisES.

AREEVUBREENE, ELUWAE AR pthread_create FRE K
FTEERAFATIARFERSXR. U, FLBETHTFLITLEM
pthread create REIZHHMENTT . EEELIEREM pthread_create &
L2 8l SEERTRERETEET . Y REELE XL HEIBRHN BERSNE
B, #8%8.1.17,

LERB

—HABERAGE, BRECHAHMTHIBES. MHEESFNESHE
pthread create ﬁ%*f&%%&ﬁﬁﬁmﬁﬂﬁmi ®BERRENEITEH
AR ETEFEE. Fim, £ lifecycle.c P, HEEFHZ % NULL F
281517 thread_routine HEF P H P LHE,

EAREET, RENBIRE (W main BED EMNER/I B BREN. 5
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F2%

a, R %£ UNIX RATRETFEHER - cre0. o XKL, Z X HEREVIBILER,
RIEHEA main B¥. XBR2—-NE/PREHR S, ENZCEYESELEEES
BoRFEEN—LEAE. W, main BHHEHSE Cargc fl argv) S5&iELER
HIEBIRBAR (void *B¥). A—Hill, MPELAELEMNEHE TSR, W
KL HAMR R IKAR AT LUEIT; BHHBEM nain BEPIEEN, IR

CEBRAALEERE L. WREFEENHREBLIEN, FET N me e
BEEPIT, MFREEVIREE DA pthread exit MiAEM nain AR ],

AN EERXHE: EAZRELT, VIESESTER SIS -, %
HERR T LI KR 2R, MaEgisem, HREERHAARSFRREZEE,
REEHERB Y, WEFSE B S0 4% 82 50k,

223 EiTIPHE

BAN—FE, KEBED NG~ SR, NERER SR R BRI A,
R Z U2 EIRAR N REN NGB A (EN#EFEE ), HERNERSH
AERSEEHAMLR (MR 5. ZRK R AL TR AEGER T =R
As: PR, BITRMEE.

SR TR NI A1 B, BE SRR AR R PE B K AT LU 4ThT, RBETHES,
MRS HA T AR EE, R, 4— BT ERIEH I A, Gl A H
Bl (ENE BRET BRI, 577 A B N - 2

B RE T~ RE B ERIT TN, ZEBEHNETE. BEXE®REREA
Fofth 22 F2 4 BE 2 5038k B 61 5 ML b4 o NAEBLSRFRAE (EHh) B8
HEHEE T — B BRI, PEEZIBBRET, — 4 B g 4b 72 8 AT
Uﬁﬁ““f“ﬁ%ﬁﬁﬁﬁxﬁEE;PE@.@%EHEHED

EFRLED T U P 2 HEMA— WS NE R, SHEE &e
ZE; WH Singwait FRMAREMNEE, AT VESLEN SE AL VO 4k, 57
ﬁﬁ%&ﬂ%ﬁ%ﬁﬁ%ﬁi%ﬂﬁ%ﬁﬁﬁmﬂﬂﬁo

EERFRNENIEMFRER, ERHARSEE. mRLHEETH, TGk
B217. fEFEF 1ifecycle.c h, FRPBEAER 23/TIHE, BEE pthread_join
FREABRARBITES, ISR LR FE M 18 A 1B 4T WERBEFLEHEERS
MR EE B HE IS4 ABERFRIZ AT E IR A R B SHWRRIEE, &R
LB, MR A, .’:f_%ﬁﬂz%EZEﬂﬂl?fﬁ%%ﬁﬁﬂ@ﬂﬁ%ﬁ%iﬁﬁﬁi@
THREK.

224 221k

RIEEEMES R EE RS T, Blin. T lifecycle. c fsfe
B NULL 5, B4, S H pthread exit B H 28 # BR & i A
pthread_cancel {425 aT, ﬁﬁﬂfﬁm%ﬁﬁ‘%ﬂﬂﬂﬁiﬁﬁﬁ)\%.&ﬁh
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2.2.5

XSS R E S EiE LA pthread_cleanup_push HEME, TEHAH
o8 pthread_cleanup_pop HE . FEEEERE 5.3.3 Wilfik.

SHBRALLHRAN “KESEHIE" (EEATEIFEBESI TId). R
BHIFEEMRARIEME, NWEXEHEFHRM destructor RERHIBA .

MRERCPLELE, WENZHAT —F—WBk; &0, KELTEIES,
TR LI H M BRI pthread_join &8, XHE UNIX FH#ECEER
BHERFHE " wait WHBPK—FF. ANXMEESERN “B” &8, EARE
ENEERTEEFE. BEETTRSARBLETHRASIEZEMERIE, Bk
AN ZitgEKN L T XMRE. BOUBANFEENLREN, ViZEH
detachstate BBV KRBFEH AshGE (K 523 ),

LG EZ DR TERE ID (pthread t FERIKIE) M voiad *IRP{E.
ZIRPMEMNEE BB P IREEEHE pthread_exit MANEE. BilRER
(O] BR# pthread_exit Vi B [E % 22 1L B4 8 5181 BUH 18 FH 25 10 B 2R 5 18] [ ME — 4 &R
X502 BEEALERIERERE PTHREAD_CANCELLED GXHi2 I M
h— R RFRRAEN R ED.

MBFHEMEBEEFFERFALILENEE, NiZHREEH0RE. Tk
MH pthread_join WHAHREBIHMKME. —B pthread_join H&EEAY,
212 MM pthread_Jjoin BESE, #HHEHEE pthread join BEIR[E
A A . XE%E, BRME-EAERSEIFEE BB KB A, H X%
ik FRMETFTRETE AR SRR i N RS mE T . 7B lifecycle. o,
FEEFE M 23 4THI pthread_join @A PIER NULL.

| pthread _join A A&y, 2RKEHN,

B SR FERBRE AN, EVAENEEFEH B CHEEENGEE S5
H pthread join —HEf&. #if0, MREL —A T ELEE R HBEAE S,
BiES g g AR E v ], IRAT LI TR IR M e b & B R B e
Zr, RET BENMRATERE. HRRXEZ G, ZEENTERIE (AFELE D)
B DL S R B, TR 550 AR (B4R R 48 AR TF 70 R BE A T L3R B A R

WK pthread_join WAL THRBEMHEE, I—FEFEE. PiTERQ
, ZALREWAEESRBIMEEREENER . M8 pthread_join FEE
EREFBERMIIRE, WETHRE AR EHLE, MAERM A ki e
pthread join KIFRH!.

[o]

MAEH detachstate BIE (B PTHREAD_CREATE_DETACH) BT 4232,
S E AN pthread_detach SEEEFE, W22 2512 45 o8 I3 3 ~r %I =] il
MAREKITREREFHSE, Wl - EHEL4 T2 FHAELE (Bt
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2w

pthread_detach) B(E#EH (il pthread _join). ZE—HE4E, i
AREFHREET . #in, ZE8RF lifecycle.c P, EFT thread routine ML
EEEZEEM pthread_join AT B A Bl

EDBCREEE TR AT A R R AR R E I R B A R AR B, ISR 2R b1
FIRTEER, #. REFTRREMAES S, Kb —BRyEn gt o e LR
LRI, B iC(E: AL IR FRBERFZEHRT. #im, me—
TR R TR B BRI A — N, MR LS, %
BRERIBRIET.

—BEBEHER, KB IDRERT, FREFEET. BUYNTE 23T HME
fTERfE. 2L ID (TRERRAKEEHID THEESATHEE, /%
ID M pthread_cancel FAIEERABN — M ARRBYEE, A RER srel H
o

BB ENTE REHE, {B IR R P i T S R e, B
malloc 2K mmap 43 BEMH) 9B AT LUEEAE T B 4% . AL f] SR TR R i HE&. 4%
RS ST el e radsss, RECNEBEIRELBESE. BR, RAH
FRKEARESESE. MARLER TN TR &, Wiz H FEFH A%
B (BAFLEES.
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3.1

“That's rightl” sald the Tiger-lily. “The daisies are worst of all.
When one specks, they ol begin logether, and it's
enough lo make one wither fo hear the way they go ont”

—Lewis Carrofl, Through the Locking-Glass

HRGERE SR BT, SRR ZRE R E BE L BN
FELBRPAT —HEE. A TEMZBERE, BERBHENEHEE.
3 WEH THE TR EER D AN — S E R RE: B AKX (critical section)

AR (invariant),
3.2 Wit T Pthreads RLFKEXFEHH: BFE.
33 WHRARTAHAZE, EdCMRBEITLLENGEEREBESENITE

(invariant) FPRE&ETN.
3AWEHTHEN LEERFAANLENESENENEN, LR REE

TRIFZ T

ATE=. IRFXFMiBF

“1 know what you're thinking about,”

said Iweediadum; “but it iIsn’t s0, nohow.”
“"Conirariwise,” continued Tweedledee,

“If it was so, it might be; and if It were so, if would be;
but as it isn't, it air’t. That's logic.”

—Lewis Carroll, Through the Looking-Glass

AR Ginvariant) ZBEEFHEHORE, SHEFTXTRAFXRMAEE.
SARENFIRE, HRHELLEEEREE. RBEENE N AFIEE — AR LIEE,
RS E PR, B M RETEWATIHERA T TR . BENHFR
SCERME, BEFCRERBTREZANXR. Hli, PFILREHT, REa
B ERAETRNES . B CROTNIRGREFR T A RAITE, HE
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F3F

AT (MBZLEARELE). LEXEMEAFRIHATE,

BIEAZERNENHEN, HERER P2l EATENER. YEF
BEIRBANAEREN, RETHRSEFSRERELZTALM. #lm, YEFR
VR S B X 76 1) 2 3 ST B A F SL 484 B3 I I |

&5 X CERA “RTKE") EIEEWEEEEENAREBE. BT AReE
PRSI T AERFRET RS BEE, BT DRSS RIS R X HiA SR E AR s
HERR. Did, MAXEREBWRE - PEERTE, K2R, Fh, M
SR ERBAE R, ARET CUE I B S3R O AD 0 I SR X, e AT LUSE BA BSR4
BB REIRE RS W R ERE A,

AZEBATRESWBIR, T EES8 8RR CmERE, Ehys T 2E5m
OREE “ANAHL” MERBFRERFNFAZRZATEERE, XtHhEREEESE
B BLEHERI RS 2 T AR, 2B L4 AR 325 o T 1 o) B B 27 (K R 35 88, mg
—EE (RRED BEEAANEE, FEEMC--AERE, YNHASETE R
AR, CHERBSIER - ERFR. M, AFEGS —HESE, =l
FRERERHHEEREENEGE AR AT S,

R R BB, 25 KRR IFERSEET, BEFRINMEZ - BRBERL
A& BRI 4. HEH O A SMEFHBE - KR E—MEERE K. HEL—
THRAEESE, mRERBEY, A] CUERE P L A0 8 A 1B .

“1818” (Predicate) RIEANRBFEAT B RENEL. EREH, 1K 1a]
ATEAR I “BAFUG ", “WIRTT 7 7 818k . RiR Al AR — MR E, S
DEARIEH R E A FHM AL R, ATUEFELANELR (WA B RE 2 &
ATHEHTR). BB Z 7ol 2 5 i 8 B, WRA select B poll A
WA AT,

32 HERE

"Howmyuugoiﬂngan?"midmacm.
s soon as there was mouth enough for i 1o speak with,
Allce wﬂadﬁﬂmcnmappam,andﬂmm.
“It's no use speaking to #.” she hought,
"ﬂﬂ#smhmm.nrafhaﬂmaafmem."

—Lewis Caroll, Alice ‘s Adveritures in Wonderland

iﬁﬂﬁﬁéﬁﬁﬁf?%ﬁﬁﬁﬁﬁﬁgﬁ%um%ﬂﬁﬁ\ﬁﬁﬁﬂﬂiﬁih]ﬁﬁﬁﬁﬁ
AIRERH 10 B, A — AR T RETE T — N R 15 B SR (s P b 8 i
B FFUCHIEERREFRT . AR R I0 0T 57 1k 2 0 B

ﬁﬁﬁﬁﬁﬁiﬁﬁ%ﬁﬁﬁﬁEﬂﬁ%@t%ﬁ%ﬁﬁ#ﬁﬁfEm“*ﬂ?&ﬁﬂﬁﬁﬁ#ﬂﬁﬁﬁ“Ti
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i 4T, —X AT - M EREEEE, HMEBLMER. Pthreads {#H]
T —# sk 2 A AY Edsger Dijkstra {5 547 [Dijkstra, 1968a] EFR. ER&
(mutex) BHBAEEH (mutual) FEE “mm” FHEF (exclusion) BIEH “ex”
2H A R .

SRR, ETHREHLFBUETRGERGSI 2K HMAPHEUER S,
CHREAGHMFHERESZGTR (N33 SEBVAEMEASEEY. HFE
HHE. R, HEHARER.

EFARBARELT 18 FE (B3.1). Z&&H L SE~EERNSHE, B
LIRFEFHERENTRE. B UBAREY “BK” ERE—E4MERFRESR
FKMEHI R ARG K, EARKBIMEAEFIREKMA. E, TLUEKIE
Ak ARBERER-KHEH-NTABKE—FREE.

K31 HFEZEN

RIZAMUNESHHENEE, LEEFEFIREMEES A ANREN, A
BREARBFRAEHN, MARERS. RERITSE 3.4 YR —F, 8
FRARAARBUEL BB LABR OITUTH R L ZERE, BRIEARENTE.

LRUTEF: — P ERERZATENTREMSGRIE, FFH max_index
RRURPNEPHUTREN. 5 —MEAS L ANSITHAEEE, ARRF%
LA AMTR R B RN EA TR FRE 2 A RR T ES
fRH max_index B, WHBAHHE. ATREBHLFIRSH, BRLLUXHHR
THRINFRALIEEHERFHRAENRAERSS. H FEREB S EE
RSB R 7% R EEn A EE AR DS E F R, Ik R g — &
AZACHEBL .

32 BT HELAREN=AKEHNFE. & THFE “EFB” METVE

bbs.theithome.com


http://bbs.theithome.com

¥ak

ZEHRRETHXMERAGTHE LR A TRBET LR THRERTM
AMAERAFEFE. £TPL082 FHKBRHAXANRBSHFATIRE.

2 B — R 3 Wy
EFE O e RFE 1 ol 98 e
1 /—EMEBUSY
ERFE |
I
BB 2 crecsicracsnanctay | | | | setscesciensbicmcecmcccccnmernamencsnanas
I BHES oo ‘.._j' _________________

E 32 HRE¥EE

BV, DRFRBERFEMY. 388 1 SENNZEREN, BTRESS, &
21 IBlnBE ey, NNLRMUBRROLEZT. RELRB 2 BN ERE, &
TEFECLESE, FUKE 2 HRE, SNEREDOEZ . 881 8aE
R, RBRKTE 2 HIHE, #HENEFEMBRTI. M5, 28 3 AEnEF R,
HPHIE. 2272 1 FIHEY pthread_mutex_trylock REME T FE, mirzhg
] EBUSY. RTE 2 BEE AR, WRERE 3 HE, 88 3 iR, 85, &
BITRTE, BYEHFA.

321 fi@MERERE

pthread _mutex_t_mutex = PTHREAD _MUTEX INITIALIZER;
int pthread nutex init(

pthread mutex_t *mutex, pthread_mutexattr t *attr);
int Pthread_mutex_destroy (Pthread _mutex t *mutex) :

ZFHRESERFBREA pthread_mutex _t KRN BIETE. FRENE
FRBZR, FAMAENNEFRESHEN. 0L N E R RO, X
R LUEL M RPREERETFRRLHRS.

RECSHIN MR AT RETE “SCAFAER” Y, BESAS, BHEREDMERES
FROERE. WRFRMGCAHATRE, R B H MR, R A o
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WAER, W H AR E AR A, RN EMF % PTHREAD_MUTEX_INITIALIZER
(AHBEFRABHSEERFE, D THHRE mutex_static.c Bros (ARHE LA
WIEHBITERFE, AZEEHN main BEHE, FUALSEEMAER).

B mutex static.c

#include <pthread.h>
¥include "errors.h"

Fx
* Declare a structure, with a mutex, statically initialized. This
* is the same as using pthread mutex init, with the default

* gttributes.

*/

typedef struct my_struct tag { .
pthread mutex t mutex; /* Protects access to value */
int value; /* Access protected by mutex */

} my_struct_t;
my struct t data = {PTHREAD MUTEX INITIALIZER, 0};

int main (int arge, char *argv(])

{
return 0;

}

B mutex_static.c

BEEREMDGH—NEFE, PN ER nalloc ISR LEE
SFRBAREIN . IXE, WEMA pthread_mutex_init FAIREZHE AT
HWEFR, WTHEF nutex _dynamic.c B, AT LA AR MR a1k 8 4 7 5
MEFE, BUARESNLRBESEHTENSHE, AR BMSt—k. T
Eﬂ@ﬁﬁﬁﬁi%@ﬁﬁﬁsWﬁﬂﬁmpﬂmﬁimmeﬁlﬂﬁﬂuﬁ%%
EMH— M BN EF R, LAEREBEMEL 0521 ),

M mutex dynamic.c

#include <pthread.h>
tinclude "errors.h"

Iz
* Define a structure, with a mutex.
*/
typedef strucet my_struct tag {
pthread mutex t mutex; /* Protects access to value */

int value; /* Access protected by mutex */
} ny_struct t;

int main (int argc, char *argvi 1)
{

my struct t *data;

int status;
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16
17
18
19
2¢
21
22
23
24
25
26
27
28

data = malloc (sizeof (my struct t));
if (data == NULL)
errnc_abort ("Allocate structure");
etatus = pthread mutex init (&data->mutex, NULL);
if {status l= 0)
err_ abort (status, "Init mutex");
status = pthread mutex destroy (&data->mutex};
if {status (= })
err abort (status, "Destroy mutex"):
(void)free (data);
return status;
}

i mutex dynamic.c

KAERFRSEERPRAIEE BB RERE M AERER. MRS,
#H FEAEEE . i, £ mutex_static.c #lmutex_dynamic.c
., LR EAEERFIEEREE XER AN BIEE WD, HEGEREAER
TiIXFpRR.

UABERE—MEH pthread_mutex_init WABIAFHRALKN EFEE,
M % B pthread_mutex_destroy RBRE. AR|EBR—N¥H
PTHREAD_MUTEX_INITIALIZER EMEVALKEFE.

| SRBERAXRELZFFLEEN, TULANRKE,

AMBRERECLFEIEE, B FEERTEHSBEN, AT RSB
T WERBNBGTARENARAERFBOKXEN, BFE28RAMETHE
HEBEMHEREFE. SABERMERFBENPHETERE, UARETH
REZSHITRR AT, BN FESENZEZESEFRMFNELR A
REATPHRER.

3.2.2 MEMRBHEERR

int pthread mutex_ lock (pthread mutex t *mutex);: .

int pthread mutex trylock (pthread mutex t “mutex):
int pthread_mitex_unlock (Pthread mutex_t *mutex): :

EEREANFAERT, CALFBREFEHNEN. EX A
pthread _sutex_lock B pthread_mutex_trylock #ifEH F &, st
B, MEMAA pthread_mutex_unlock MEIH FR., Y HRESELS RN —4
TRE—BHE, REACAREXETRGADEEESETFE.

SWHKECLSEERFEZE, RAGRENHZE FE. REXREMMNES R
FIRERB[EHR (EDEADLK), BRETEEMBA “HIEM”, FAREHRBATLEYG

bbs.theithome.conl



http://bbs.theithome.com

2l % 43
FZE. FEERS— I CERUNEFE, A hEMKESMENEFE. 8
FHWEFERZBTNMEER . WREFHE 1 anowned 8, RTLUFRE ST (B
6.6.6 1),

THERF alarm_mutex.c £ alarm thread.c (RE—ZT) s,
‘B EE— alarmserver &2 P AL £ N W BIE K

12-17 £ alarm_t MASET —P 4 UNIX time_t FHERIBIH %), FaM
UNIX 27t (1970 £ 1 H 1 H 00:00) FIEFHA B K H. XH alarm_t 54
B LU R st R HE R, MARKBE KRB HEHER. B4, BF—4 link
TLERAEFEREEEX,

19-20 ERF#Z alarm_mutex HRHAXMEIERTIF alarm_1ist BISLIS S HH
. §FERMFHARIEMYEBEE PTHREAD MUTEX_TNITIALIZER BEA¥IEE{L
. FETREIHE AR,

] alarm=mutex.c part 1 definitions
1 #include <pthread.h>
2 #include <time.h>
3 #include “"errors.h”
4
5 fx
6 * The "alarm” structure now contains the time t (time since the
7 * Epoch, in seconds) for each alarm, so0o that they can be
8 * gsorted. Storing the reguested number of seconds would not be
9 * enough, since the "alarm thread" cannot tell how long it has
10 * been on the list.
11 */f
12 typedef sBtruct alarm tag {
13 struct alarm tag *link;
14 int seconds;
15 time t time; /* seconds from EPOCH */
16 char messagal[64};
17} alarm__t;
18
19

M)
=

pthread mutex t alarm mutex = PTHREAD MUTEX INITIALIZER;
alarm t *alarm list = NULL; B

B alarm mutex.c part 1 definitions

TFHEWERS alarm_thread . BRBIENEBRIST, HHRKLLEH
&R alarm_list PREMRLER. RBEAFRE L, B main RBOR[E AT, 2FF
"RRT. EMBENE—EREIAMKERS LS, SBRREREIM
REfS ZEHERR 2 A0 T WLATIR &

MRFEEFER N ZATEEFE RS M H % R, 77 L5 R KR L
EHZER. JELKBERMIR alarm_list IFM, BEFETIEHYLIELA
alarm_thread &L Hl0, AT A FRBEPRE -2 TR alarm_done
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3%

29~30

il1~-42

R2~58

64 ~67

| o~ on U e o A =

o R e e e e
=l O e L R e WO

Mg, RIFEH pthread_exit MARBEAH exit &1k, ¥ alarm_thread £
EERMFX AT H alarm_done BN, S HAH pthread_exitc, fi-hH
BEFT—MEK.

WMRFIRFPEBFHIAEK, alarm_thread HKEFEREG C— /N[,
BB RE, UEILERGHFNFHHREK. B sleep_tine BN 1 B
H A 1K R

WMRVRAEIER, WHEAFEDPRER. WH time BEIKE 2ETRTIE),
FHESERMBLLE. MEREEHEDZ2EH, W alarm _thread 7%
sleep_time BEH 0; BN, alarm_thread & i+ HE 6 E5 X678 65 2,
H# sleep_time BN ZEME (LI HHEL),

AESEERNAREZ G, DEEMBERE. MBERFREBOESE, NEgE
RITERPR A INE R . KB ERFTEREE TEAR, EAEPLHZTEE
ZEA MM EARE (APWRERA 64, BEUFAZE T — W BN 4 L2k
BEREKRTR). A sleep #¥IAE alarm _thread SEIS TR, HE &g iz
(6] 5 & AE A RRIB AT .

WM sched_yield H—HARE, RIS ESHETHA MR sched_vield
R (5529, ME, REREFH sched_vield MR R KA IR
APEFERBITRERE, BRNBEERENRE, WIARE. F£B2F S,
H sched vield Eiki. MREHFFLHEBHPPBA, W FEERizfT, 4HMH
FUEXR:; MRAFEERAER, Mi%%ErRgE,

MR alarm FaEHE=E, BB EEM alarm_1:ist FIRPAE T —ANHEH
K, WRABATHHBE RERCEN. RE, SEREK aam &4, L4 T —
M EIFK,

[ ] alarm=mutex.c part 2 alarm thread

I
* The alarm thread's start routine.
* /

void *alarm_ thread (void *arg)

{

alarm_t *alarm;
int sleep time;
time t now;
int status;

FE
* Loop farever, processing commands. The alarm thread will
* be disintegrated when the process exits,
*/
while (1) {
gtatusg = pthread mutex lock (&alarm mutex);
if (status I= @)
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19 err abort (status, "Lock mutex"};
i9 alarm = alarm list;
20
21 /*
22 * If the alarm list is empty, wait for one second. This
23 * allows the main thread to run, and read another
24 * command. If the list is not empty, remove the first
25 * item. Compute the number of seconda to wait -- if the
26 * result is lesa than 0 (the time has passed), then set
27 * the sleep time to 0.
28 */
29 if {alarm == NULL)
30 sleep_time = 1;
31 elge {
32 alarm list = alarm->link;
33 now = time {(NULL);
34 if (alarm->time <= now)
35 sleep time = 0;
36 else
37 sleep time = alarm->time - now;
38 ¥ifdef DEBUG
39 printf (*[waiting: %d{%d)\"%s\"]\n", alarm->time,
40 sleep time, alarm->message);
41 #endif
42 }
43
44 /*
45 * Unlock the mutex before waiting, so that the main
48 * thread can lock it to insert a new alarm request., If
47 * the sleep time ig 0, then call sched yield, giving
48 * the main thread a chance to run if it hag been
43 * readied by user input, without delaying the message
50 * if there's no input.
51 * /
52 status = pthread mutex unlock (&alarm mutex);
53 if (status (= @) B
54 err abort (status, "Unlock mutex");
55 if (sleep_time > 0)
56 sleep (sleep time);
57 else
58 sched yield {();
59
&0 f*
61 * If a timer expired, print the message and free the
62 * structure.
63 * f
64 if (alarm != NULL) ¢{
:: Eizztfai;i%di ¥s\n", alarm->seconds, alarm->message);
m) ;
67 }
68 }
69 }
B alarm mutex.c part 2 alarm thread

bbs.theithome.com


http://bbs.theithome.com

E3%x

46

i, RITKITE alarm_mutex.c BIFEERLE. ELAEHRSRITICET
RIFEEMAR, S8HF 1. M scdin PEEAPIAMER K KAEEE
le X—&, &EBR alarm.c PIBHERTHER, HEHER alarm_fork.c B
alarm_thread.c HHEAGMERVBE MR P 4EEE GHERETE), ML
HAAAERHEA, FHBEERE alarm_thread 403, — B 3BT iE LK
BA CFF . R EERBMEFIE alarm_1ist B), ERATLLEER T —/if
KT,

A-11 BV PMRFEFERMEEFR. BRIMNRIE ID REFRHETE thread
't (REBRITAERED.

1328 HEALR BB A —HEIF A EA P EK, REE alarm_thread.c hITRE,
HIEREE malloc S ERIME S,

10~32 ERREMRIERBMNE alarm_list FiEd, ZFEd F5EH
alarm_thread & EILZE . By U7 REZHEZN, FTEBEFR
alarm_mutex I8k,

33 HF £ alarm thread BTHLANE T R R RiE R, BT LAY IR k0l M i
BA PR E A E RG0S FFBE. Ht, alarm SHTEE TR M43 E .
248 %of B )2 S 4 B P B A R B2 B 1) DB O B time 1A P 1 [E) £ 24 B B ) 3R
3.

39-49 WEFREIR alarm_list PRERSHELEREHT. BACERE
SR, ELEIRBIE AR E 0T 17K 3 2h %8 T 57 1 20 ok B ) 1 35 o IR IG M Frig Kk
EAPIEBIRFT R8T, BH alarm list BABEIES, BHEF T B
A next WH WAL A, —4 last BEIEHAH—AFAM 110k faEtalE
1A 7] 3R k45 6t .

5659 MBBWERBA T RE T 480 R wE 0, MR FFRTAIBATER
#o BN, ZGEHEIA, LT AR s M NULL, WEi— 3% (EREEEL)
o] B iE R W .

[ ] alarm=r_nutex.c part 3 main
1 int main {(int argc, char *argv[])
2 A
3 int status;
4 char line[128];
5 alarm t *alarm, **last, *next;
6 pthregd_t thread;
; status = pthread create ({
9 &thread, NULIL, alarm thread, NULL);
10 if (status l= 0)
11 err abort (status, "Create alarm thread");
12 while {1) {
13 printf ("alarm> "“);
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14 if {fgets (line, sizeof (line), stdin) == NULL) exit (0):
15 if (strlen {line) <= 1} continue;

16 alarm = (alarm t*)malloc (sizeof (alarm t));

17 if talarm == NULL)

18 errno_abort {"Allocate alarm”);

i9

20 /*

21 * Parse input line into seconds (%#d) and a message
22 * (%64["\n]), consisting of up to 64 characters

23 * geparated from the seconds by whitespace.

24 * [

25 i1f (sscanf {(line, "%d %&£4["\n]",

26 &alarm->seconds, alarm->message) < 2) {

217 fprintf (stderr, "Bad commandin");

28 free (alarm};

29 } else {

30 status = pthread mutex lock (&alarm mutex});

3l if (status = {)

32 err abort (status, "Lock mutex"):

33 alarm->time = time (NULL) + alarm->seconds:

34

35 /%

36 * Ingert the new alarm into the list of alarms,
37 * sorted by expiration time.

38 * /

35 last = &alarm_list;

40 next = *lagt:

41 while (next I!= NULL) {

42 if (next->time »>= alarm->time) {

43 alarm->link = next;

44 *last = alarm:

45 break;

46 }

47 last = &next->link;

43 next = next->link:;

49 }

50 FA

51 * If we reached the end of the list, insert the new
52 * alarm there. ("next"” is NULL, and "last" peints
53 * to the link field of the last item, or to the
54 * list header).

55 *

56 if (next == NULL} {

57 *last = alarm:

58 alarm=->1link = NULL;

59 1

60 #ifdef DEBUG

61 printf (“"{list: ");

62 for (next = alarm list; next != NULL; next = next->link)
63 printf (“sd(%d)[\"%s\"] ", next->time,

64 next->time - time (NULL), next->message);
65 printf ("]\n");

66 #endif

&7

status = pthread mutex unlock {(&alarm mutex);
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#3%

65
69
70
71
T2

14-39

4672

1f (status |= 0Q)
err_abort (status, "Unlock mutex");

}
}

M alarm mutex.c part 3 main

XA WMEMNP FEFEFELITI"EA®RSE. RE5 alarm_fork.c M
alarm_thread.c #Ht, EXEFEFHF SEBOFE XA, BE RN,
—H alarm_thread AT RFER T —MWER, S ANERERWHS
M. AR RDEEREEREN, HEER 1 8, DarEsBgdosni
Frigk. 3 alarm_thread BBEIRE, R AGLE RS d LR IMANE KT
TR HEEK, BRCAERP R,

BRAFRETLEIARAARNBR. SREBTEH HFARE B
alarm_thread.c ENGDHEERBE Y — LB, SERE WA, FHAHLE
ERICERERNY. FTEREE alarm ¢ BEEHMBEN, FERIIEEVHES
BRREFF, AL WA BEFF . BITHAEE R &4 T BBt oy
EARSZ, FUE3I4FPEEEREEFNBLMBRE alarm_cond. c.

322.1 FHEEXHEEY

B pthread_mutex_lock N E FER, MBEKNEFEOSEEE,
MAHSEREIHE. BEXERAENER, AR ENEERB O
A, WPAT 2 IO B 2R, IRV TE AT BB A A — 27 25 1 TR T AU 23
¥ Aitt, Pthreads #4t T prhread_mutex_trylock B¥, MiFEHF&E Bk
S A R i B BORE IR [F14 3R U8 mBUS Y.

EHFHEAERENMHRAER, EFERERET Y pthread _mutex
trylock REFHMIIET, A MM EFE. AEHETEFEMSEA B,
—MMERE pthread_mutex_trylock SR T 8L E4E 20T, o828 W gL e
PSRBT R B, 08 S B F 438 DUAR B8R,

FAISEEIRF trylock. c #H pthread mutex t rylock iR #RE B it
MG HE, DS B T ST TR B R A ph R A R

FATHIE XAHBEH counter_thread SR EE RSN REE FBY
BfiE K H . WA EHMER# monitor_thread &+ pthread _mutex
trylock BR¥UR P ERUSY (HAIME 1 &,

WREERAER | BER %, SEEFE, SBmi8Emy. v ¥ 3%
counter N sPIN.

Wi TERR 3 BER -k, HiAEMMERFE. wRiEHER ssusy, )
R T L R MR AL, JRIS BN 3 M tn B pthread_mutex_trvlock
B BOR P AT, MM AR FEITENIF 83 counter (2414,
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5088 R Solarts 2.5 Z&'P, MiHHAH thr setconcurrency WEZBHEE

B 2 4. IS RV SURIR A SR FEZE AL IR B8 R F F RBIT . BRI, M
HHEREHITREBEE I LEARET.
WM trylock.c

1 #include <pthread.h>

2 #include “errors.h”

3

4 #define SPIN 10000000

5

6§ pthread mutex t mutex = PTHREAD MUTEX INITIALIZER;

7 long counter:

8 time_t end time;

9

10 /*

11 * Thread start routine that repeatedly locks a mutex and

12 * increments a counter.

13 >/

14 woid *counter thread (void *arg)

15 {

16 int status;

17 int spin;

18

19 /*

20 * Until end_time, increment the counter each second. Instead of

21 * just incrementing the counter, it sleeps for another second

22 * with the mutex locked, to give monitor_thread a reasonable

23 * chance of running.

24 *f

25 while (time (NULL) < end time)

26 {

27 status = pthread_mute;_lﬂck (&mutex);

28 if (status i= 0)

29 err abort (status, "Lock mutex");

30 for (spin = 0; spin < SPIN; spint++)

31 counter++;

iz status = pthread_mutex_unlock {fmutex);

33 if (status 1= 0)

34 err abort (status, "Unlock mutex”);

35 sleep {1};

16 }

37 printf ("Counter is t#1x\n", counter);

ig return NULL;

319 )

40

41 /*

42 * Thread start routine to "monitor" the counter. Every 3

43 * Beconds, try to lock the mutex and read the counter. If the

44  * trylock fails, skip this cycle,

15 * /

46 void *monitor thread (void *arg)
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err abort (status, "Join counter thread"):

bbs.theithome.coml

50 #FI3FE

47 {

48 int status;

49 int misses = 0;

50

51

52 /¥

53 * Loop until end time, checking the counter every 3 seconds.
54 */

55 while (time (NULL) < end time)

56 { |

57 sleep (3);

58 status = pthread mutex trylock {&mutex):;

59 if {status |= EBUSY)

60 {

61 if (status 1= 0)

62 err abort (status, "Trylock mutex");

63 printf (“Counter is %ld\n", counter/SPIN);

64 status = pthread mutex_unlock (&mutex);

65 if (status I= ()

66 err_abort {status, "Unlock mutex"):

67 } else

68 misgseg++; /* Count "misses" on the lock */
59 }

70 printf {"Monitor thread missed update %d times.\n", misses);
7l return NULL;

72}

73

74 int main (int argc, char *argv[])

75 {

76 int status;

77 pthread_t counter_ thread id;

78 pthread t monitor_thread id;

79

B0 #ifdef sun

81 /*

82 * On Solaris 2.5, threads are not timesliced. To ensure
83 * that our threads c¢an run concurrently, we need to

B4 * increase the concurrency level to 2.

85 x/

a6 DFRINTF (("Setting concurrency level to 2\n")};

87 thr setconcurrency (2);

88 #endif

B9

90 end time = time (NULL) + 60; /* Run for 1 minute */
91 status = pthread create {

932 }cgunter_thread_id, NULL, counter thread, NULL);

93 if {status 1= @)

G4 err abort (status, "Create counhter thread");

95 statug = pthread create ¢

96 &monitor_ thread_id, NULL, monitor thread, NULL});

97 if (status I= () -

9§ err_abort (status, "Create monitor thread");

9% ﬁtatus = pthread join (counter thread id, NULL} ;
100 if (status != 0) -
101
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102
103
104
105
106

status = pthread join (monitor_thread_id, NULL);
if {status l= Q)

err_abort (status, "Join monitor thread");
return 9;

}
B trylock.c

323 HAHAERBXLIFETFIME

324 REEREEEIM

31 PR, ARBERFDLAARNFR. BRELSEN, FEERT
Ae DN, T HRE R EENE. A TibAER 6N, HAMEENE
UL B FIEE . AT, RAOFFRERFRENS MR RETFHN. WRE
AXEEE . SR 3 g ARAXE S AT S, B T 0 R AR A A
BER T4

| “RI” ZHERTH5%), 22 AR EAEEERSEISCRAAGAS.

REFEREEAFREERATENEFRARIMART R4
FIEAT, ERI M AR TR, R RS R, SRR R
EREEmEHETOER. URTENINEE, EILFHLRESR? §85E
W, KEARIIBEXBHAERTB X E R,

AV R “JTE” Q2R MESE NRBERMNETES M EES
B, HARSRE AL RIBBF (PERERE R —BRD) IATR. SEHT
AR ANE] 5 BB AT TR AR, R EAT BT ERES. —F 2N
RERBFAIALBHNERF R - HREZESRE. BIERA LR E 1 R
ATHEREABRETEERE, FRETREEHY .

SRAPERARRENR TS, REERTESHFRSHE. BFrE B
W), BRI G T REETUME . TS EE “BEFi” BEFRaT
BARSIE, HEFERFENNHATERER,

AEEERBIAE A DU TR, ERENRD RS
RRAMELEEBITRG . X ESNLFERERRE “ETH” 1. 4R,
R BRE . TN AR BN B RTEES BEUR A BOR A N LS |
AR —1HfFR.

EFEFZKR? BEARIE 4 pthread_mutex_t BMELEHE T £ /0K
o BREMH T —HEBN. RetuEmmm. ERAU# AR ABZRHE., X
ﬁ”ﬁﬂﬂ‘jﬁﬁHEEEﬁ?&ﬁﬂﬂﬁﬂﬁﬁﬁﬁﬂﬁ%%ﬁﬁ%ﬁ@%ﬂﬁ*fﬁﬁﬁﬁﬂ%lﬁ‘ﬁn
LI BRE MR EE N — X R R R A E5R, TN R
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#£3¥

FERTEE Y, EIRMENFMREN Y. XFRBRERZR T —MBTXE, Amby
IE TR M FME MR BINTRIERP LR STRENEFERN “ X7 LE
&, FRm EFAh L RSP ITRBREFREEYH B K.
BT R, RPN ZEENLFBERY I FENEREE “A”. B4
PURD FRIZE AE? HRHMERE: 28 A, BREAA.
SHFERPENKZREN, REFHERRE: TUIEITEER -4
N HIERR, RERFENIRRER—A KT HARE. BRI
FRENE. FH, EFRIETEWEETRRSST, XKBTELOEER
ERERBENMAFRALESE,
LR EEN SR E.
I EFEARRHRN, TENERMBAES. SR LR BHNESES
EATRER. U TRENZERD, B8HNT, 8)LFREFHK
B R K

2. AR ERFRZRTNIT. MERE ABTEMERINBE A ERE,
MEFER AR MR STES R, I Ea I, RT F &R
2 (EAE) SERLEROA R, WS KT fF R4 LA
FIEFFRRIBEIERE. X, ((ENZABE N ERENESERD, S
R aELD. Ul ERENZASE (FFELNNE), S/ER
BRPARENRR BN,

3. PRAFWTHEGEMTE, AAXTRERITL ~BRINER. -8 %%
BT EREMMAEE, BAESEfh BT,

ARREERT, EXFE -LER KRB ERN TR, ZASEBRT, &
%ﬁﬁ%ﬁﬁﬁﬁmﬁﬁﬁmﬁﬁ%&%iﬁ%ﬁ%%ﬁﬁ%%ﬂﬁ#&ﬁﬁ%ﬁ
%W:%@&ﬁﬁ%%ﬁﬁﬁ,M%Wﬁﬂﬁﬁ%%%ﬁﬁaﬁiﬁﬁmg%#ﬁ
BRI, AN BB I K L W AL R L FS

AT RN TR A B AR 8 LR SEUR B =S, MRS T
el FFGME R E FRABIEAHL S R NENE BB, Esib o3 s S )
%Hﬁ%ﬁ,@%Eﬁ$ﬁ%ﬁ%,ﬁﬁﬁwmﬁ%ﬁkﬁﬁﬁﬁﬁuﬁﬁimk
TIREEEE, ERKETER, 2Rk ETH b0,

325 AN ERR

ﬁﬁ,*%Eﬁﬁ%ﬁ%%«%%%%ﬁ%ﬁﬁ%%%ﬁﬁ#ﬁ%W%mﬁm
ﬁuwm,%%T&Eﬁﬁﬁﬁ*%&ﬂ%%ﬁ,%%%ﬁ%ﬁﬁ%,—ﬁm%ﬁ
F&W%.—¢ﬁ%ﬁﬁﬁﬂﬁﬁwmﬁﬁa%%ﬁﬁﬁﬁi—¢ﬁﬂ%mﬁ,ﬁ
TREREAGIVARE-EFE,

FINERENT R B PRE a8, B IR w5t 5 FE 8 A J
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MERNBBE M EFBTSHHNTRELFR. BEHEEMAS R E XA
R B (LB ERFRENRESAFASERND. 8. AR HEE Db
fiRRE S, EE% 8.1 1T,

32.5.1 Mgl EX

R LAZEMA RIEAE FEAFEN T EAELRFRE, AN ZIFEM. XH,
E DR LA FE SRR TR EERE (2R ZREATENTER) N
], IREEFZBRARAMRI). MREHEMT, WEMEERBEBMARKTEREEH
ZRIMNMAH MELFE.

YRS BT ELMER, BWRRENT. RREEEPEF AT ER,
BEHM L RFERFOEEE, EZATERDOBRTRIE, RIEFFE S
SFRINSER DL FEHAE, REFETTENARE. E 31 Fix, WE -4
EHMEEFEAR, MBERFEB; ANE—IMRESICHEFE BUSSHEFR
A, BMREMCREEEF=AE T — 12 FSE IR .

#31 EREEHY
¥—1igE | o
pthread_mutex_lock (&mutex_a) ; pthread_rutex lock{gmutex b} :
pthread mutex_lock({&mutex_b) ; pthread_nmutex_lock {&mutex a);

R3] FHIR MBI SR ERE 0. MEERLERREgDH, — P
SER T B R | R LR G, DA RN BRSNS 5. B, B
RIEMLETREZLS, FAENEESH0EFEB SN Faig.

et LR R FE S, 5 R8 DUF B RN IR M e i

e HEEMMRX: FEFERNNBEFE A WNEFEB HRE, SHEE
MBEFEA RENMEFEB GFET. EEEMYERE.

o UMM AMEIEB: EHEE T EEPHNBE-TERBE, ¢/
pthread mutex_trylock RMIMESPHHME FE, WREMASES
THHECINME FRREN, HEFn.

HF M XEEmMEEX, B THENaFE, AEENHEBNme
Wirs. B, MBEHENILFER, —MREPBAFIL, —AMRIBAFISTE N H5IE,
WIR 2R 8- M EE Mt B BB TELE FE NS, REBINS — 4155
H.

o R H R A AL 8 B8 B o, MW L2 S/ T 28 1 18 52 B = v . 49 4,
WALV - EFEESWERY. BESPIEF B ID Hbk s
RESY, LI M EFE. RELEAERFERELE, RSEEERFFD
3 XEHEILFERIRFENGS, REEBECEFng.
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1t

MFEHMEE L, RESRRFHARPIT, IMFEEEASEIEEE, 57—
AW, RERRDTFE R —4HEFE. RBA FEMTEFE 1, BRERAK
2B, B HREMERLSFE 2. RMAE T ARMINHEE R, Walak kML FE
| Fib frl 2 HHEGENRFENG,. WASMEERE |, A4 RE 2. WP
RAEEMBER, SIRKELEEERHNEZR, WRTHESERERE?
MIZEERE 1 Z A,

NERBAZBATHABRRERR |, REHENBEFE 2, R LEB4ER
HARATEFENRE. B2, DRFEHBERNAERFEMN S ISR, W
BRFE I RIAREERN, HEAEREEE N, 2R T, R R4
MR (EUE RS- ) 8k,

“El&”%%%ﬁﬁﬁlﬁﬁﬂﬁﬁﬁﬁﬁ%%* E[{]%—“T“Eﬁ‘:ﬁ, ﬁﬁﬁﬁ pthread
mutex_trylock @ﬁﬁ%’f*ﬂﬁﬂﬁ%%qjﬁﬁﬁﬁﬁu ﬁﬂ% pthread_mutex_
trylock R[F[ epusy, NRB BB CEHANFER T ZESNE FRAESF
4.

B NERBEEMBERREYN, CLRBNFRIYMELER, B—HE, F
A SE SORBAE P48 0 B e B2 I, X B EIR R T RIS, W LI &
WM RIEREMUEIR R, IAEE XREHABRABEE SRR, £ER

i A b 77 (5 A BB Bk
E)\—Fﬂﬁ backeoff.c ?ﬁﬂ_{Tﬁﬂ‘fﬁ”ﬁﬂqfﬁlﬁﬁ?’fﬂfﬂEf‘ﬁﬂ%#ﬁﬁﬁf?}%ﬁj’wg
’1\”&@: — @ﬁ@ﬁ lock _forwarc, *‘T‘lf_f’ff}glﬁ lock_backward. ﬁ”i‘ﬁﬁ

EREMH 1meraTion R, BRBHETRESRAEREBLESI AR,
lock_forvard AL ELFE |, BYOGELFE 2, BUHEESE 3,
lock_backward £¢FE W& AR RRFF B =4 55 & . a0 B B S B B va L,
Wi B P RREATEBRE (KN R R DRIN, B E
REBKEIE—PMEBEES M EEET 2 R C28E).

WMFIEITEF packoff 0, MELBHIFHNE . B ISR R packorr
REMME. MR vackott FHH 0, MFHALRRER B pihread_mutex lock >3
M%ﬁ%ﬁﬁﬁumTﬁ¢ﬁﬂM$ﬁ%ﬁ%,mm%€m&¢ﬁﬁﬁﬁﬁ%ﬁ$
B, FFHE. X packott TEIFERM (RAE), BEFH prhread
mutex_trylock WHUINGIE fr &, 4 OR8N8 E fF BEE £ M/E B rpusy
B, REBRRFERANEREFEH T,

E%%§%¢,W%$%§ﬁﬁﬂﬁﬁﬁﬁﬁy@%—¢ﬁﬂE%%%E%"
W%ﬁﬁﬂ%MﬂEﬁﬁzﬁﬁﬁ%ﬁﬁﬁﬁnﬂ&ﬁﬁyﬁmimmﬁﬁﬁﬁ%
E%ﬁﬁoﬂgﬁmﬁihﬁﬁﬁﬁﬁﬁﬁﬂ,ﬂwrﬁﬁbmmﬁlln%
vield flagZ@H O B (BUAME), S MEBENEFRMBEHRSAT BN, Wi
%i%%%ﬁ%(ﬁ&%iﬁﬂﬁ%ﬁ*hEHEMJMQ%EK?UH.%E%
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TFHAESANERFRRZE WA sched_vield, UHRAMEXERFNLET. WE
vield flag ZE/NT 0, WEELAB TSN E B G 1 £, MEIESHRFRLA
KEAM2E1T.

19~75 EHERA=1TEFBE, SMEERSKRIIEEMMITRIB Bk, £2
HEBBRET, HELY vield flag TERNFEFHN, BEXLSEINELZNIES
Bl THE . SRR EUNBIRAR RO BT A8, LB A R NS E A
BEfE. £ EF LRI sched_vield FEBEZHFEI. X sched_yield
KRR T 5.5.2 %,

B backoff.c
1 #include <pthread.h>
2 #include "errors.h"
3
4 #define ITERATIONS 10
S
6 f*
7 * Initialize a static array of 3 mutexes.
B xS
9 pthread mutex t mutex{3] = {
10 PTHREAD MUTEX INITIALIZER,
11 PTHREHD_HUTEK_IHITIALIEER,
12 PTHREAD MUTEX INITIALIZER
13 }i
14
15 int backoff = 1; /* Whether to backoff or deadlock */
16 int yield flag = 0; /% 0: no yield, >0: yield, <0: sleep */
17
18 /*
13 * This is a thread start routine that locks all mutexes in
20 * oxder, to ensure a conflict with lock_reverse, which does the
21 * cpposite.
22 *J
23 void *lock forward (void *arg)
24
25 int i, iterate, backoffsg;
26 int status;
27
28 for (iterate = 0; iterate < ITERATIONS; iterate++) {
29 backoffs = 0;
kR¢! for (i = 0; 1 < 3; i++) {
31 if (i == 10} {
32 status = pthread mutex lock (&mutex[i]):
33 if {status (= ()
34 err_abort (status, "First lock");
CL } else {
36 if (backoff)
37 status = pthread mutex trylock (&mutex[i]}:
38 else
39 status = pthread mutex lock (&mutex([i]);
40 if (status == EBUSY) {
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7%

¥ ¥ 2

backoffs++;
DPRINTE | {
* {forward locker backing off at %d)l\n",
i)):
for (; i »>= 0; i--) {
status = pthread mutex unlock (&mutex{i]);
if (status I= )
err_abort (status, "Backoff"):
}
} else {
if (status != 0)
err_abort (status, "Lock mutex");
DPRINTF ({" forward locker got %d\n", i)y;

}
J.i’*
* Yield processor, if needed to be sure locks get
* interleaved on a uniprocessor.

*/
if (yield flag) {

if (yield flag > 0)

sched yield (};

else
sleep (1)
}
}
/x
:fREpﬂrt that we got 'em, and unlock to try again.
printf |

"lock forward got all locks, %d backoffs\n", backoffs);
pthread_mutex_unlnck (dmutex[2]}); '
pthread mutex unlock (&mutex[1]);
pthread_muteg_unlnck (&mutex[0]);
sched yield ();

}
return NULL;

This is a thread start routine that locks all mutexes in
reverse order, to ensure a confliet with 1

ock forw '
does the opposite. - ardy which

void *lock backward (void *arg)

{

int 1, iterate, backoffs;
int status:

for (iterate = ; iterate <« ITERATIONS:; iterate++) {
backoffs = 0;
for (1 = 2: {1 »= 0; i--) {
if (i == 2) ¢
status = pthread_mmtexﬁlock (&mutex[i]};
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95 if (status |= 0}
96 err abort (status, "Firat lock"):
97 } else {
98 if {backoff)
99 status = pthread mutex trylock (amutex[i]):;
180 else
101 status = pthread mutex lock {(&mutex[i]};
102 if {status == EBUSY) {
103 backoffs++;
104 DPRINTF | {
105 " [backward locker bhacking off at $dj\n-,
106 i)y:
107 for (; 1 < 3; i++} {
108 status = pthread mutex unlock {(&mutex{il):
109 if {status != 0)
110 err abort (status, "Backoff");
111 }
112 } else {
113 if (status != ()
114 err_abort (status, "Lock mutex");
115 DPRINTF ((" backward locker got %d\n", i});
116 }
117 }
118 f*
11% * Yield processor, if needed tc be sure locks get
120 * interleaved on a uniprocessor.
121 * /
122 if (yield flag) {
123 if (yield flag > 0)
124 sched yield (};
125 else
126 sleep (1);
127 }
128 }
129 f*
130 * Report that we got 'em, and unlock to try again,
131 */
132 printf {
133 "lock backward got all locks, %d backoffs\n", backoffs);
134 pthread_mutex_unlock (&mutex[0]);
135 pthread mutex unlock (&mutex[1]);
136 pthread mutex unlock (&mutex{2]);
137 sched yield ();
138 }
139 return NULL;
140 }
141
142 int main {(int argec, char *argv[])
143 {
144 pthread t forward, backward;
145 int status:
146

147 #ifdef sun
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148
149
150
151
152
153
154
155
156
157
158
159
160
igl
162
163
164
165
166
167
le8
169
170
171
172
173
174
175
176
LHT
178
179
180
181
182
183
184
185
186
187

/*
* On Solaris 2.5, threads are not timesliced. To ensure
* that our threads can run concurrently, we need to
* increase the concurrency level.
*/

DPRINTF (("Setting concurrency level to 2\n"));

thr setconcurrency (2};

tendif

* If the first argument is absent, or nonzero, a backoff
* algorithm will be used to avoid deadlock. If the first
* argument is zero, the program will deadlock on a lock
* "gollision.”
* f
if {argc > 1)

backoff = atoi (argv([l]);

h
*

If the second argqument is absent, or zero, the two threads
run "at speed."” On some systems, especially uniprocessors,
one thread may complete before the other has a chance to run,
and you won't see a deadlock or backoffs. In that case, try
running with the argument set to a positive number to cause
the threads to call sched yield() at each lock: or, to make
it even more obvious, set to a negative number to cause the
threads to call sleep(l) instead,

* O & O * ¥ * ¥

* /

if (argc > 2)

yield flag = atoi {argv([2]);
status = pthread create ({

&forward, NULL, lock forward, NULL);
if {status != Q)

err_abort (status, "Create forward");
status = pthread create (

&backward, NULL, lock backward, NULL):
if (status 1= Q)

err abort (status, "Create backward"}:
pthread exit (NULL);

}
B backoff.c

ANERER AP MRS, ML HTEH . A, SRHICR TR, 752
HEAHEFROREFICRTR, £EXEFRIOETER TR, EHEEEIIRLY
PR, TR AT R TR, ETSEBRE, FEER0TFREER
—RAA LB RRASEL.

WAL EINF MY E R R. B FERLSBIYMEE, EF—1,
RINSAH—RERE “ZBRR", B S8, wRET, EXMTARLE
HE—TERE, REHET -PEFR, BUE—AERE, KAXE. it
IRPREER < RABUMELR” HE, (RAIZE RO R EFRSE R, 0, e
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3.3

FEAEE SRR L, BFE2. HFE3, RNERHMTFR3 EFE2. EFE L.
MRRAHBERE 1. EFRE2, MEFE I RREHE, WRALE 887
MEREIZHEAMEERR L. BFE 2, HEHTEEHERIER, A
ARABHEFE 1 M2, HEKIFGMBEE. & FH R0 R T
I LR R R ATREYE

3.2.5.2 4

“HREBUT RIEBIR—MEESEE, RN EHEREERTSE. SY9T%
—AMEFEE, REBEA—IRR, ZRREES—IEFE. YR —AEF
B, B-TLRFERTERE, TUBRET . XMHESERHOME SRS
BRGHWH+AEH B—AWARE-ALFE, MARA—E/F R
SOEEH, FEILAEM AT O . S AR L S EBA PSR B B A, k3
BERT R, 9UEE, REEHORN ARMFLE 7.

BT 8T REWK —MEBR LR, BB RN OER, B REAN.
P, JFE B IR g, TTRMERE R TSR AR, AT
RI#EH.

AT RO B2 5 S IR 2 0 T B8 A (T BOAR RS AR A 3840
BIEE SNSRI AR AL BRESFNERE. RYZAIEFL LS REEERK
SR AN R BB 4 B A R 2% {3k P A8

FHTE

“There's no sort of use In knocking,” said the Footman, “and that for two
reasons. First, becaouse I'm on the same side of the dOOr a8 YOu are:
secondly, because theyre malking such o noise ingicle, no one could
possibly hear you.”

—Lewis Carrofl, Allce s Adverturss in Wonderland

PRI R R AR A R A B . AT LA R 41 45 B3 A BA 3 2
2. SRS . A AR E bR R RE . RITHNER AN
FKA—HRPEHZEROHERE, WE 33 HR. LM ASBEENERR
NSRRI, BRI ASER ER BN T2 4ENE S, %A ma i
AENDUBEET, AR 5 AR FE PP R 2720 & B RO UL AR, fhSEIT b Bt R 2 i —
THERMRRE. SEKHARBH R -~ A DR T MBI K N 20, A
RAEWMRY, ML EREB— &1,

[SOTERBEE R AREREN, R REELSSERSRE T e
AEMAT . RETEREM BN —BE, WREHATER, BREBREN 457
RESBXE. Hlm, — N ABRAFIRRERIAT YT, S RMAES, B35
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Fax

— AT I EE A ST .

33 HETEIHL

P, KRR — P EFRERY . SRRV F 525 5 5 AT B 450
&, WABFRE DT . KEESBZILATIRE (FEARL R A g%
AR, REFHUFIREFHZL. fim, KETCETEFFREEEE,
ERALREBRECH D HRBE., GRXBEE - HE, NEEEETTE
BRI 2 2 ).

MREFE BT, MHMRER MR FIAFIPIBA T — M HR T E, M hbe
EREREREHARESNHI TR, SRABROSER TSRS X2,
B ERFE, REMAERD, UEZRMERNRE RS, FORNR, TN
ARWABEEERUIIES, FURBEETERITHLE D, ©REKEET
2T . BREMERRELRRIETHN, DB me B Re B =, e
ZAIBAEE R, SXPE R R AR

| #FHEHEFERBOUBHIFE,

ZRRANABBRALHZROFER. £U4FRESTLFEHX. B5H5R
RFMHELEHROE TN £ 2T R L BHL SR TETRE. &
BARREF R, FREMERRSEFETROMGE MBI SHE) S8
FHER REFEEHE). YSREFM4TEY, TFRIJURSEE, YaE
MR ZERSRTRRE, SEFAEHEE TR,

HAM XN ERERRRAIE 3.1 FHEM “I877, WAFERA
PUZ A . AR RALT R R SR A A D I AHUE), A P R 1 B S
WEDYRMBLE] . BE, R R A V0 R ATIRGHE 2 (A28 e BA Bk A
& BB
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| X EHERMERIES, RAALF.

AN TRFRMEF. BE—ELRERRASMLERE (AESHGIFED
M, EXRA N2 ESE AT RN MAEE LA E. Bl EERES
e AW E T, Phreads BARGE TABREFBRSKLHTR ARE
5 D N = L

MHATHERBIELAEERO—EIREBR? &4k, EREFMUS &4
FR—EEH, TAEEARERE, KKk, B¥ -1 ERFRETUSEN£4BEA
%. Bitm, BAFITLAHAY, MATLUGW. BRATTUSER &S THIEEELER
FIRI& A, 1B 2 REE —ANE F RN AT KR35 H .

— G BNEE—MBRAE. DRREE NP RETESE A GiAH
%, RERETFHTRE—EEAX RERAEHRESSREORGR. 2
BN, TRASEHANE, HEEBERBEBHRNES GHENIERE T4
Be), HEERKBRAEGER. MERSE—BIbAELEY, BRENE: £—,
LIRS M FIAZ AHE MR T R, DAERER %, TRERES: 8
=, EEEWEE N,

B RAFEFREFPOILELRE. B8RS SRR, TR R {E
e HTHRASEFTRNTARE—ERAEY, FUER A CE IR
MARMEFREH. AREHEEFRTRARES R BA L TRE TN (&1
), BEBEAEN), BREFRANFARASEHRFE.

B34 BERTEMEEE5-ME4SEXEHNAE. BREAZSASTE,
SAEBRRESARENED.
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HEBHAR AN, XRUREFTHFARREMN T —5H, JE8ENNIK
BEFGHBEF L FIL, RULEESENTRFGER: BRELREBATEHL
Fit, RPEERRFB IR BRREFFRE.

SRE 1 FAGEREES, BTHRNRESHFERE, FUREEANR. &2
1 REEANER LEHN. KE2ANEAHXEFHE, MERE3 RESwE
AR L FRNRE 1. RE3IREERMNTER SR KB 1 M EB4HTE,
MEELRFE 2 ML 3. B/G, 2 3 E4NEE L%, —BHNE, 483 K%
fraf AR, ZR7E 3 HARM,

3.31 fERNEANSETR

A -] Oh N s o M)

11
12
13
14
15

Pthread_cond _t cod = PTHREAD COND_INITIALIZER:

int pthread_cond_init (pthread _cond_t *cond,
pthread _condattr t *condattr);

int Pthread_cond_destroy (pthread cond t *cond):

B4 #l pthread_cond_t (XHTRERFEALGDTE., KEAERN * 1
TR, BAMAATERMERERTER, KRERIT— WL 00 b iF 25
REIE—F. P, —MEBRTHRESHAGTRE N EN, F kLT
BRRECLZLAMHERENE RN, MRS/ EERTFmwAe. A3, aTol
R AT MAYHE 4T DR IR R R 28 PR T LA e sk A 2

- KRS BHEMR AT BEE AN SO R o (BIRZEE M R ARE) A4 Rt
REEGER. WBAHAXGREGH, MEELR (extern) XX, HR,
S (static) B, WTFHEELM cond_static.c Fim, WREHT —4
EHRAREENBEL 4T R, WHEFH PTHREAD_COND_TNTTIALIZER 5
¥aik.

B cond static.c
—

tinclude <pthread.h>
$include "errors.h*
L
* Declare a structure, with a mutex and condition variable,
* statically initialized. This is the same as using
* pthread mutex init and pthread cond init, with the default
* attributes.
x/
typedef gtruct my struct tag {
pthread mutex t mutex; /* Protects access to value */
pthread_cond_t cond; /* Signals change to value */
int value; /* Access protected by mutex */

} my struct t;
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el 2
16 my_struct t data = {
17 PTHREAD MUTEX INITIALI ZER, PTHREAD COND INITIALIZER, 0%
1B
1 int main {int arge¢, char *argv[])
20 {
21 return 0:;
22 }
B cond_static.c
| ARBRATHER, BAREF T FHAR )R 8" R,

HEEAEEN, BAEAERGHXNRAL <65 £ B, 82
B —E—BEAHHER (GRRERE) ST —WRE. BUHRE —4A1%R. B
ARUIINE R, LR ARENM B RR RS MRS HI TR, FEH
Hid & NNz BIEXE.

B LEREAGEE— R GTE, fl, M nalloc 4E—IBE5%
RN G . XK, HREEFH pthread_cond_init RHFAMMEL &4
ZE, MPIFEW cond_dynamic.c Fiss. B[SV B ER VR LAT
B, BRWRRRENFFEEESEH AL s —rk. ¥Ra] LAgE g T
EMEEVIRE Y, HEFHE pthread_once (K 5.1 3), MBEBE(FHIER
IWBHVIRL AR, WIREEsEWMRL (5223,

[ | cund;:lynamic.c

1 #include <pthread.h>

2 #include "errors.h"®

3

§ [*

5 * Define a structure, with a mutex and condition variable.
6 *f

7 typedef struct my struct tag {

g pthread mutex t mutex; /* Protects access to value */
9 pthread cond t cond; /* Signals change to value */
10 int value; /* Access protected by mutex */
11 } my struct_t;

12

13 int main (int arge, char *argv[])

14 {

15 my struct t *data;

16 int status;

17

18 data = malloc (sizeof {my_struct t));

19 if (data == NULL)

20 errnc_abort ("Allocate structure");

21 status = pthread mutex_init (&data->mutex, NULL} ;

22 if (status l= 0)
23 err abort (status, “Init mutex");
24 2tatus = pthread_cond_init (&data->cond, NULL);

25 if (status != 0)
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26
27
28
29
30
31
a2
33
34
35

err abort (status, "Init condition”);
status = pthread cond destroy (&data->cond);
if {status 1= 0)

err abort (status, "Destroy condition");
status = pthread mutex_ destroy (&data->mutex);
if (status L= 0)

err_abort (status, "Destroy mutex”);
(veid)}free {data);
return status;

}
B cond_dynamic.c

AR A AT RN, N EEAREECH E M pthread_cond_destroy
kBT . AOER— 8 PTHREAD COND_INITIALIZER EFRETIRICKI%
R,

LEMERE MR ELA4FTR SR, IERESR RIS SET #IN,
TR EHENEAHT . A LR B G 7 X RZERIRI D48 T %%
AR BB THASSARE0ARN, HREFFAREMEFHER RSB,

TEHRBAFIEPHBR T -S4 4ZRNTERE, REF BLEFFEHE
2, KNBHZ4eAER (EERESFHSRZE) BREAN, HARENEE.
PR B A G TUT I R B AR, ATUREE R BN ATREN
WK, XHREREIIMIEL

332 ZH#HZER

int pthread _cond _wait (pthread_cond_t *cond,
pthread mutex_t *mutex);

int pthread cond timedwait (pthread cond t *cond,
pthread mutex_t *mutex,
struct timespec *expiration);

SN EATRLEGE-MEENEFRE. —MEARGHXE. YREFHE
HARRN, T4 XEFEBM. 104, THHELRZHW, FHERENHRE
BRSEFR, MEEFRPISECH, SHKRGTEFE.

FEFER (A B5E— M &4ERNERLFERER —THXEFR.
{Fin, Pthreads AAFRR 1 FHEFZRASHELGTR A, MAR2FHLFR
B &5 £43%R A, A, UTHARTASHY. &R 1 FHTFR A SH4
HER A, TRE2 FTHEFER A FRHF4TR B, {l, £AFERREREN
ZIR 5 —AE FRAEKE, T R RS2 4 R

EMAEXNE FRZ ENESHAGERZE, RITAAREEYN. mE
SEREEZEH - AE4TR, MREFRBESHIESTRN, WHatBRE
A, MBHARZE, B8R MA pthread_cond_ wait, MEW—HES&E T XM
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20~37

51~52

bH~813

K o~ N W B L B

MMMMI—IP—'F‘I—II—'I—II—'I—'HI—I
WMHn\am-Jan.hLulth:rb.p

LREAGTEBRRIH BHOFEL, BEEWREFREE T RKEAERE. BY7E
BREFFHRELN, EFE-EHHSME, T, AR INS/EGERL
BB R R —E RN, RFHAKET MBIt =%E, SifiEH.

| &2 XAk eHE, REBRAXE,

HEFENERN, BRI B EARSEREE. VL RAEEARPEHLAH4TE, R
HEERFER, SHBERESFAEHGRE. U TEH cond.c, R TmMAZ%EE4&4
TR, FENBABRAEFASSERHMEEEHTEMARSD, E 334 Fhp
alarm_cond.c P.

wait_thread KRR —BNEUATFIRETCHERE? T44TB%54
e, WEILERIFHE (data.value), RERGEEIHEHTE. Walt_thread
SREFHFHNEIE hibernat ion TBE], BiAR 1§,

MARFHSHEEIT, W ZSHAEN HHIE, {57 hibernat ion 8
P XHEH wait_thread BRELZEGTEBNESEHK A,

F B pthread_cond timedwait BEBHEE 28 (A X870 6 HF
45). MR hibernation TRWE N AT RHE, NAAETESAEAEBEH,
JR[E] ETTMEDOUT. 818 hibernation RN 2 ¥, MM wait_thread
SERERS, HHABKETHERTEERR., ME hibernation FEEERH /)
T8, NEFHTEEEHBELASIBH.

B cond.c

tinclude <pthread.h>
#include <time.h>
$#include "errors.h"

typedef struct my_ struct tag {
pthread mutex_t mutex; /* Protects access to value */
pthread cond_t cond; /* Signals change to value */
int value; /* Access protected by mutex */
} my_struct t;

my_struct t data = {
PTHREAD MUTEX INITIALIZER, PTHREAD COND INITIALIZER, 0};

int hibernation = 1; /* Default to 1 second */

f-t
* Thread start routine. It will set the main thread's predicate
* and signal the condition variable.
*/
void #
wait thread (void *arg)
{
int atatus;
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24
25
26
27
28
29
30
31
32
33
34
35
K}
37
38
39
40
41
42
43
44
45
46
47
48
49
=0
51
52
53
54
55
56
57
58
59
60
61
62
K|
64
65
66
67
Y
69
70
71
12
73
14
75
76
77

int

sleep (hikbernation);
status = pthread mutex lock (&data.mutex);

if (status 1= 0}
err abort (status, "Lock mutex");
data.value = 1; /* Set predicate */

status = pthread cond signal (&data.cond);
if (status f= Q)

err_abort (status, "Signal condition");
status = pthread mutex unlock (&data.mutex);
i1f (status != Q)

err abort (status, "Unlock mutex”);
return NULL;

main {(int argc, char *argv[])

int status;
pthread t wait_thread_id;
struct timespec timeout;

I *

* If an argument is specified, interpret it as the number
* of seconds for wait _thread to sleep before signaling the
* condition variable. You can play with this to see the

* condition wait below time out or wake normally,

w/
if (arge > 1)

hibernation = atoi (argv[1]);

F*
* Create wait thread.
*/
status = pthread create ¢
dwait_thread | id, NULL, wait _thread, RULL);
if {status = 0)
err_abort (status, “"Create wait thread");

/%
* Wait on the condition variable for 2 seconds, or until
* signaled by the wait _thread. Normally, wait _thread
* should signal. If you raise "hibernation" above 2
* seconds, it will time out.

*/

timeout.tv sec = time {NULL) + 2;

timeout.tv_nsec = 0;

status = pthread mutex_ lock (&data.mutex):

if (status != 0)

err abort (status, "Lock mutex");

while (data.value == 0} {
status = pthread cond timedwait {
&data,.cond, &data.mutex, Stimeout):
if (status == ETIMEDOUT) {
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78
79
8o
81
82
83
B4
83
86
87
88
g9
940
91

printf ("Condition wait timed out.\n");
break;

}
elge if {status 1= D)
err abort (status, "Wait on condition"};

}

if (data.value 1= 0)
printf ("Condition was signaled.\n"):
status = pthread mutex unlock (&data.mutex);

if (status != 0)
err abort (status, "Unlock mutex");
return 0;
}
@ cond.c

HIRZHBMBEELREERMN QT ART AR NN ER. U TR
FERFEA.

PERIRM: KELFPITH. MEAERSHFIHMEAENSHENIKE
Fa. B2, mRAAEREGTRRGTERRBSEAH 47 Hiln, SEESHY
AR EIRE. B FIBARELE, FUBSATESH. WEEAL “NTFETH
AHN”, EHERETIE. YTRUEEFEN, THRESRETHN THET. =
HOEBREHWENABESITAEER 4R, LERARIERNE.

BB hTRSEA, FHLFRSNEUEESRASN. FEN.
B, “AEEH T MAR “EFIL/E”. £ “HEAFER” LETEIERY “/ig
WiFE" KESB BERERS % NRRERTESRAUTREY AT B
RIF-BREE, UNSERBEMIBEN, BFERETH. MH, 244TEEER
SRAS S B R, RG2S fo o A% R AR 7 B A AR MR T 8% B B 1 4,
BERZELTASEAARXS.

BM: XESRHE LREE AT R ESEW, SHTHE (SR EETR

WE A RS AR, KITRRG AR, (AL s R

G, R RER T 2T AR K RIS TS £ B RIBENEE . SRE %A
HIEF R BN R E TR

ERRATILEELREMNER, W HXEAN R IFHOHEEAN . 1R AE QR
1HH, ATRERBE SRR LRGN EENSE. FTURNEHER, REE while fHEF
PRI R SR AU R,

WAL pthread cond timedwait &%, BRE TN TS
HHR[E eTIMEDOUT KA. M RS HE, 48 POSIX.1b st ruct timespec
KA, o THRER R I AT AR 8 (R a2, Brél—BARGHE W T
fafE, NMEEE T RGEBIF SRR, TS EREY. R BRI R A
b —i, BHEELBEFREME GAEXSS TREEEF HEEMNNE, X
WEMECSZR/HT EEN.
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LB KRB RAEFIRE] ETIMEDOUT HR i, FHZE A MR 2 B e E 3
A mREFNHNEGAE, NEFHNFRE KRABET . 03, REEAENG
TREFZABRMEERFE, BFEREHFEN. £BH2 ESHF T HENER
B S EEN SR ERERN AR L.

333 MEFEGTREFELE

int pthread_cond_signal (pthread_cond_t *cond):
int pthread cond_broadcast (pthread cond t *cond):

—BHEKBEARMNMEAESHE N £4TR, FMEERAEE . Pthreads 2
BT P T MRS RNERE: MR RES”, —NE T B, REEAmE
— I EFRZEHTRMNERE, N SEREN TSR ZAETRENER.

AE “RIFS” REHS “POSIX 1557 L4818, POSIX ERH.41 1k
X “FEHEs” = “FSHIB” 4. W, RIVEXEFRAN “R5E2" B
BB T AERBERE SR T AR LI G, BT Pthreads TR g Ak
“RIEET” R, iZ#hiE, BROFRAMNEBEESRENTEE, /SRR A SRR
PR “f557 (signa) HREMBERERER., WEETEAEENMT, B
DR “RESFHZER” M “POSIX 155”7 (& “UNIX 527, BAKAEE
i NBE.

BAGZH T B Wh—FERAN “RES”, FAEFRBHAE “BEE”
WA “THT MM, 2 FRSCBAAREESHRALE, EyassaE
D H SHREE SRR BGRE. SR, EENKIRKE. B KRS
MIFHRE, MXLERBELRNACHIBARESESS. &%, FeHREER
B “HEHARBRMERE, REHE,

ARA-NRERERR RS FRA (T S48 R 7T LG
AT I, FRRES. DRBIBMBARSEH A E4TE, WA
KA FARTRES RN SRS X MEAR G HEHE, FRGRESE
BTRAEGHEE. TERBFENERRES CHREBTNTEAR N EN) &t
XA DRI EES, — MRS RRE TSN — A TR Y
FIEBRES.

MAENFFTHEN—A AR, TARTSHETENRECL ST E K,
Ml LU R AR SR — MR, ML iR gk s, LU & RO B T
Wk, H—7H, WREAAFTHNTEATE, RURBESEE B, 712
PH “H/BH” REET R SRS S RERTH.

REDAEFHFNH T RN E REHE, AR YR ESR B 4D
Bt BN E AR (USRS T E8E). XM RERE £

bbs.theithome.con



http://bbs.theithome.com

69

3.34

FALLEM&AN . SN EREEFRENRE, SONEXndioFe. RE
BREMETEEMEERENRYTEFE, NEMERELYZEECTFEL,
SR A R, RXEF TR

RIEH SR, WREFEPHBUE, AR (AR RERENERE 1
DEBMBAEZTHELFE. BRI AR BORE. fiw, —4
EMAZVELEITREMETERE, FRREZNEBEEWHARERME, iR
TRNEHLAENAR. DRERFESHLIRPEFRIFENY, RFLSREXMH
FI#E. BNARSSREREATRAESEEZN (EEFEREHUIIH),
Fir LR 308 S5 R

5 $4 3 G ) = LR RE A

20~22

LR e b M

REMHASTETFHIREEEFNHIET . £ alarm_mutex.c B, BEFHE
AN A B R B AIAT # (RIBRHERR) SR/ RS AI I 2R, (5 AR Sk 4L B
ANHEER, FLiXMTEREN S, RETEWMETNRSER. S0RE
MBI RE, RN ERETLAEMATHE, NESiEE
FIZISEES B LE AT R B . B0, BEEMAMA1T “10 message 17, REHA “5
message 27,

BERGHERELREDCENMN T 24T R, BIOIRT UG IET. &
FIBRAE alarm_cond.c fFA—MEN &4 T B S HRIEABBIREA, DA S5 45 ]
%ﬂwoﬁiﬁﬁﬁﬂﬁ¢$MT—¢%Mﬁﬁw,ﬁﬁﬁ%%%ﬁﬁﬁ,tﬁﬁ
B alarm_thread Z#. alarm_thread SEMDEHSEANRSER, REEY
F15.

BT ERT alarm_cond.c FRIERE, 5 alarm_mutex.c FHEL, #h
TH#S: —N&4%R alarm_cong M1—4 current_alarm T&, LIAREFTE
S PE alarm_thread SR FRFHRSIERNEBNE. current_alarm A
BRAMHEEFTREN, Bk alarm_thread SRTZHAEEZH - LEHR
REBEIRRN, BUELERAS (LFE) B,

Bl alarm cond.c part 1 declarations

#include <pthread.h>
tinclude <time.h>
¥include "errors.h"

e
* The "alarm” structure now contains the time t (time since the

A—TRBRRLANTE, BRZ A wait morphing, ZEXFER T, LHFRBRSEN, HEENE
AEAZBEFIFIDPEI T FRESE S, P REA TS, XSS ELNE
G Nl 0b s A a1 N A
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7 * Epoch, in seceonds) for each alarm, so that Ehey can be
8 * sorted. Storing the requested number of seconds would not be
3 * enough, since the “alarm thread" cannot tell how long it has
10 * been on the list,
11 */
12 typedef struct alarm tag {
13 struct alarm tag *1link:
14 int seconds;
15 time + time; /* seconds from EPOCH */
16 char message[64];
17 )} alarm t;
18
13 pthread mutex t alarm mutex = PTHEREAD_ MUTEX INITIALIZER;
20 pthread cond_t alarm cond = PTHREAD COND INITIALIZER:
21 alarm t *alarm list = NULL:
22 time_t current alarm = 0;
M alarm cond.c part 1 declarationsa
BLHFERTEHENRE alarm insert. ZHES alarm_mutex.c P
FURIEARG LT 4R, XHEFTHFREATEESHTE alarm cond EiES. ¥
¥ alarm_insert B HRRH FEBEHFA M HH. — R ELRRIEH
RIBAFRER, MR alarm_thread ZREAREFEA BT TR 554
Ay [ 42 .

9~14 HELB U EFRMAMDBGE R TR, 48058 2 k. alarm_insert B
BHHRERLFER T E RS alarm_mutex i A eI T,

48-53 MR current_alarm CHATHIBIZ B % 0. W#BH alarm_thread
EREFHRLBEFHRAAER. MR current_alarm AT HOR 81 ok 20 1
HifE], W alarm_thread AR RETE RO 7 M BT 0 U ki A TR S 1S o Wt
BFEN, F8RENERESY alarm_cond &MU B, UMM alarm thread
EREAL B F B AR ’

B alarm cond.c part 2 alarm insert
L /=
< * Insert alarm entry on list, in order.
3/
4 void alarm insert (alarm t *alarm)
3 {
6 int status:
7 alarm t **last, *next:
8
9 /*
10 * LOCKING PROTOCOL:
11
12 * This routine requires that the caller have locked the
13 * alarm mutex!
14 * f
15 last = galarm list;
16 next = *lagt;
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16 next = *last;
17 while {(next != NULL) {
18 if (next->time >= alarm->time)
19 alarm->1link = next;
20 *last = alarm;
21 break;
22 }
23 last = &next->link;
24 next = next->link;
25 }
26 /*
27 * If we reached the end of the list, insert the new alarm
28 * there. ("next" is NULL, and "last" points to the link
29 * field of the last item, or toc the list header.)
310 * /
31 if (next == NULL} {
32 *last = alarm;
33 alarm->link = NULL;
34 }
35 #ifdef DEBUG
36 printf ("[list: ");
7 for (next = alarm list; next != NULL; next = next->link)
k] printf ("sd(%d)[\"%8\"] ", next->time,
39 next->time - time {NULL)}, next->message};
40 printf {"J\n"):
41 #endif
12 /*
43 * Wake the alarm thread if it is not busy (that is, if
44 * current_alarm is 0, signifying that it's waiting for
45 * work), or if the new alarm comes before the one on
46 * which the alarm thread is waiting.
37 * /
48 if (current_alarm == 0 || alarm->time < current_alarm) {
19 current_alarm = alarm->time;
50 status = pthread cond signal (&alarm cond);
51 if (status != 0)
52 err abort (status, "Signal cond");
53 }
54 3
B alarm cond.c part 2 alarm insert
BZHDETT alarm_thread B¥, HRRBRSEEMEIIRE. TR
5B alarm_mutex.c A alarm_thread BB ALK, X 37E TN
THRHTR,
26-31 MR alarm_list A%, MBMF alarm_mutex.c HHEEER LI X BT

MEFPH . GREVHRELEIFRAER (E20 1 BH). B,
alarm_thread #E&{F% R alarm_cond %, B —HEIEREA— ) FHH
W ERE, EREHIZMRET. % current_alarm T BN 0, SiFEEE
ﬁﬁﬁﬁmnﬁﬁ,mmmmme¢wﬂtE%ﬁ2%ﬁﬁEﬁ§,Wﬁﬁﬁﬁ
HEBEZWESHNSE R,
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®3¥

43

5¢

36~42

44-53

5455

o r i O - (Y B S FUR RN

MMI\JMI—!HHHHHHHI—IH
wm»—nmmqmmnmmrumm

KR expired HHIA D 0 MBHENALEEHTHNHTEY 1.
X5 T HIMERR SRR TITEHLME.

AR NI B2 B Y R R RS B, MBS, H T 375 FH A i
M EHBRIEFE POSIX.Ib Struct timespec BYIFIE), B CLFES BN E
AN R, XBAES, FN Struct timespec BEWNTE: tv_sec Fr
M UNIX 22 TIP3, tv_nsec Faib %, EMRIK tv_nsec TER 0,
P51 O A o B b B A

£/ current_alarm F9ig:5 20 ], LI F ERFE REE AIMT 1 5 48
AN EERERMGESHBEMER alarn cond.

RESS, HILTRLBESE Tanss alarm_thread 4 EBH . 3
N EER RS . &, W HFERN, I A R R AR B 42 B . whille 547 B
FIEARIF R —L—B W L CEMA T ERRSEKER, s T
current_alarm K. N FR5R A ETTMEDOUT BY, % B 24 & 544 C.22 31,
WSS 49 1T3R 18R,

ME DG WQRET RN while 45538 1, W * &R ER
alarm thread &E4ETF 2HHEL, B ORFF 00 W 1% SR BHHE A S 1L
RER,

WMERM alarm list SRS MER & FHAR S, N expired TRE N 1
AR (R T EN 2815 B,

B alarm cond.c part 3 alarm routine
S ¥
* The alarm thread's start routine.
%/
void *alarm thread (void *arg)
{

alarm t *alarm;

struct timespec cond time;
time t now;

int status, expired;

fx
* Loop forever, processing commands. The alarm thread will
* be disintegrated when the process exits. Lock the mutex

* at the start —- it will be unlocked during conditien
* waits, 30 the main thread can insert alarms.
*/

status = pthread_muteg_lnck (éalarm mutex);
if (atatus (= @)
err abort (status, "Loak mutex®):
while (1) {
I
* If the alarm list is empty, wait until an alarm is
* added. Setting current_alarm to 0 informs the insert
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B ¥
24 * routine that the thread is not busy.
25 */
26 current_alarm = 0;
27 while (alarm list == NULL}) {
28 status = pthread cond wait (&alarm cond, &alarm mutex);
29 if (status != 0)
Ry err_abort (status, "Wait on cond");
31 ¥
32 alarm = alarm list;
33 alarm list = alarm->link;
34 now = time (NULL);
a5 expired = 0;
36 if (alarm->time > now) {
37 #ifdef DEBUG
g printf (“{waiting: sd(®d)}\"%s\"]\n", alarm->time,
39 alarm->time - time (NULL), alarm->messgage);
40 #endif :
4] cond time.tv_sec = alarm->time:
42 cond time.tv_nsec = Q;
43 current alarm = alarm->time;
44 while (current _alarm == alarm->time) {
45 status = pthread cond timedwait ¢
46 kalarm cond, salarm _mutex, &cond_time);
47 1f (status == ETIMEDQUT) {
48 expired = 1;
49 break:
50 }
51 if (statue |= Q)
52 err_abort (status, "Cond timedwait");
53 }
54 if (lexpired)
55 alarm insert (alarm);
56 } else
57 expired = 1;
58 if (expired) {
59 printf (" (%d) %s\n", alarm->seconds, alarm->message);
60 free (alarm):;
61 }
62 }
63
B alarm cond.c part 3 alarm routine
ST ER alarm_cond.c BMBEH S — man B, =5
alarm_mutex.c FHFRBILFAHF.
38 ET&%%%#%E%%&WWE@aMHLhmﬂt@ﬁ¢sﬁmﬁiﬁﬁ
PR alarm insert AR IEK.
M alarm cond.c part 4 main
1 int main (int arge, char *argvil)
2 {
3 int status;

bbs.theithome.coml


http://bbs.theithome.com

74

¥ 3k

Wl - tho N

10

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
49
4]
42
43
44

char line[128]):
alarm t *alarm;
pthread t thread;

status = pthread_create ¢
&thread, NULL, alarm thread, NULL);

if (status l= 0)
err abort (status, "Create alarm thread");
while (1) {

printf {"Alarm> ");:
if (fgets {line, sizeof (line), stdin) == NULL) exit (0);
1f {strlen {(line) <= 1) continue;
alarm = (alarm t*)malloc (sizeof (alarm t));
if {alarm == NULL)
errnao_abort {"Allccate alarm"):

/%
* Parse input line into seconds {%d) and a message
* {864["\n])), consisting of up to 64 characters
* separated from the seconds by whitespace.

*/
1f (sscanf (line, "%d %64["\n]",
talarm->seconds, alarm->message) < 2) {
fprintf (stderr, "Bad command\n"):
free (alarm);
} else {
Status = pthread mutex_ lock (&alarm mutex);
if {status = 0)
err_ abort (status, "Lock mutex");
alarm->time = time (NULL) + alarm->seconds:
/*
* Ingert the new alarm into the list of alarms,
* sorted by expiraticn time,
*/
alarm insert (alarm);
status = pthreadhmutex_unlock (¢alarm mutex);
if (status != @)
err abort {status, "Unlock mutex” ) ;

}

B alarm cond.c part 4 main

3.4 LRIZIERY A AT 1

The moment Alice appearad, she was appeadied o by all three to seflle the
question, and they repeated their arguments o her, though, as they alf
apahnc#onca;ﬂh!knﬂui#vunrhnﬂih:nummwxnamucﬂyn#mﬂﬂnur
said.

—Lewls Carroll, Alice s Adventures in Wonderiand
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FECEHETNAFTAHEFBNF4ZER Y (BUHE) &85z, BE,
URMNEE -, E—HBLXEUFPH “FAL” BIRE®RENT 4. AEFAUXE
EM AN EERNEHE, HAXMLERLHINS TIE. EMENIREHR,
RIEREXTEELAERTENNANEN.

Pthreads $&4t T —48F 50 N AT MU0 AN . FRAT LAFS 8 BT HUAR e SE I,
ERLAE DL R

1. BEHIAM pthread_create I, EFEERNAGELETCE YL

EREEE RN . TAERA pthread_create ZJEM AT EAFEIE,
RN SHETHEREST, NESRIERETE BT EEY M.

. DEERHERBNEINOAFDTHEE, AFREESRERYT (R

B FHAHZERYG) HRERENEEER. P, SHRUERES
EEANBRILHEEBEEEL, IEFSRERETHOEEYMTIRE
Al

- BRI (RNEETEEERE, AEABSBRPIEE, K5 EE

pthread exit) WEIKANFEIE, FEEBHEREZEENELMER
CHEE A pthread_join) 2. 4R, KEEEANNEBERSHER
SIEED, WESRIEREEEEY .,

- BERESH BEHRRNERN NG, R L i iy g

BEI. MERGSE BZEEANMERMENRESS, By
SRIERETELRIEH MR 7.

B35 3600 THPA 260, Ma, MHRIED— M EER N ERMR?

ﬁﬁ
SHE A

ERTEER. ZMED GETELRE A D) £ ERENTRDEET LA
RiE, HAKAB GETEEE B ) ESELFRNGTE N ERAER T S8 5 0%

IR R

Pthread mutex_leck(&mutexl)
VariablehA= 1:
VariableB= 2;

Pthread mutex unlock (&mutexl)

Pthread_mutex_ lock {&mutexl)

Locald = Variablea ;
LocalB = VariableP :
Pthread_mutex_unlock (&mutexl)

B B EA MR, BAARK 15 2.

M 2: M pthread_mutex_unlock pthread_mutex_lock ZI@A[ 4L, XK
B Mpthread_mutex_lock g A, THHEH A A pthread mutex unlock

A 35 FHRAMNETIE
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F3E

FE LR EMARE (ZITELE A D) AR EFBERET UM ERNMN,
BRFNRE GETAELKER ) AMELRENTREY EHBENT 22D HHEE.
$1R A £215 B

Pthread mutex_lock (&mutexl)

VariableaA= 1; Pthread_mutex_lock {(&mutexl)

Pthread_mutex unlock (&mutex .
1}

VariableB= 2; Locald = Variabled

LocalB VariableBR ;

Pthread_mutex_unlock (&mutexl)

# 2; M pthread mutex unlock 2 pthread mutex lock Z 8 A[#14k. Y&k
B M pthread_mutex lock PIR AR, EH RIS AL RRE pthread_mutex_unlock
WEINRFNEERE, MEHFHER variablea WMEN [, AA— 2 &7
variableB HIME, H¥ variabler RERMERBEZSTAMN.

Al 36 HIRENFTME

HOL, BRI R B M 5 R - IR EE Y ] R M. RENFTRTE
AREB ML B, KBRS 2550, FRAERIEMIT M Z AT
HITEEH RS HAMERFE . KT register B auto AR R HE W] LB S Y
RINZEER, BEERLELHUEFT ., S MRS58 RRSN, 12 )
HKENBERD, SEMMY TERS.

FIR, AT PIBHGE B A 252 5 B 15 4 R 203 e R EN AP — &R
BN, REEBATRETHEFE, XFNEY TR\ ZASEE, AL
BAREHE, EHFEHEERBURIMERN B MNES.

IEMRMBTHR, B RMER N EE R SRR Ty R &k
BERET —1M2RATR, RAEURT - MFEBElE— 158, W F BB E R
FIHFIERE (RS smsms iy, BE, MRRENRT — P FRER
FRRELTRNE, WHFRETESARIFHTRE, Bl [5 2 T2 70 37 2R 72 1 B iy
BZAWHZERANTATHHE.

B
T@ﬁm%ﬁmﬁﬁﬁPMmﬁAHﬁ%ﬁﬂﬁﬁ#%ﬁﬁﬁﬁﬁ%ﬁﬁﬁ
TR, BAETUASIT T BB, FhAid

IR MERITHNER (REFCSEEEBE T), R 7T LA R 2
jﬁﬁﬁ%ﬂfd‘uzﬁﬁﬂiﬁ%ff'?&tﬂiﬁﬁ#ﬁi%%*@%,ﬁ?lﬁlﬁﬂﬁﬁ?‘%ﬂﬁﬁw%,
{HEI S, 5 A BB R, R Rk e, WAFRERT £, i,
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LG A B B at %, #Re] LIRS RIE AT R IS EE 7.

R —Z&EY, MIES2FPIIERF D, IR B S A FRELE/.
&, MR BEFENNFHEEE NG, RIE 202 MAE F] ) N £k S E
#, ERERERARSEHHNLIE.

SEREFP RPN (BRE4ER), FXAFTHERERES
HaT. fln, EEFHTREINZBAIRFERSES. WRBERFRAESS
AR, FEEES AR EUETT, AR T ARMEE, SE8F
BREATH, EHRAE ERXEAMERE.

HEEAREENRE, RAYSENFHESHERRESAEINE. ©IE
AT EEFNRATHREYEZIT. AERNEFRMERE 4 DOME LR
W A HWREEEMNAEAE. R TR, Ro7CARE RS S 8 &
8/ 2 R E AR EE.

AERFTHENEIMEENS, RPAETFBE%T. B M8ERTEENE
PR, BTESBER N EhEmPiET. REHSREEMELSEEFRII4.
R EN= RN ER SR EE . GRRKRTSETFTaMRYE, EERN
BATEZ DL ERS . AR L H 5,

REENEHRZRBERE, HAYY RHNEHEE —AEST SR,
ENRNFEEWRTNEY, ©4T9 LN BI85 R HEE R F s
f. ENFRERBITERFAES FMH LR, DT RIEITER LTSS ||
HRENFRIRMHE: SEF 2L —AHR FETHRE, T 42 RSHE
A AE i VO #4128 .

| —A~ P b it — ok REBIRA — MK T AT R E AR S AR ) A

IFEPTEE—NME- MR E - R B SR E WEESN, BANE RS gE
M EERRARMRT SRR ., EXREMERT, BRE - MEGHEERT
Fo FIRET T sLE N SRERF KA . BT A SR I, T e b
et ASEEA L I BUELBEEBEA 2, BXHTERSRENERL <27,

AT AT FARNARULE XV BB B AT RS TR, 4
AIREH FREAE, A RAFRIT M B 308 108 Nt RN, 75—
N BB (write-back) BEBHFRAED, KBEVALRGEESREEE S, ik
FERMAEN (BF EF. ENRERSHEN RS, BESrt e
Al RETEAE TN SR AR A R S A X7 R A LB 28 15 B — A TR A E R
FIFIBEE, MARPEEES RTE-ENERESET . BAHAMESEN TE
T, HEREBHAMNZIEAN, 553N EEEAT IRFEX.

RO IR) — £k 72 (ERAL 2R 38) TP PR B 4R 1 0 AN 38 76 P 7 b 2 AR R B0 L P
NIFEHISETTRERLUMRNRFESASERBRENE, WE 3.7 Fx. filg, ©

bbs.theithome.com


http://bbs.theithome.com

78

F3IW

IR AN RIK FEEFRS . @%, BERNTREX SRR, 1REF#K
BOXE, I R LEE MR A ERE A ERIEIT, B Rt e bk
HIH N L.

i £ B 1 g8 B’ 2
t [Mibt 1 (cache) FTHA “17

t+1 Rt 2 (cache) HE X “2” MAAE 1 i <07
t+2 Cache RZERIF ML 2

t+3 MHBKE 2 i “2”
t+4 Cache 7 45 Bl %7 itk |

37 WABRBHATHER

IR BDR T A LEE AT, g —F, —TEEEENMLEE RN
FPEAYE, MH--MEBERMATER RGN, BRI TR, K2
FRBIBOE S ARIE, A LEF LBk, XIS E R R Y “AF—H
M7 B “REHF. {HREAEEY 95X FRERK, ELBRRALEER
HRNELE, FHMKEMRLREAME Y., MR LGl (A% ERELHT
FHL) T AREAS [F) 2b 5 28 (8] th 7235 10 B R, BRI R RIGIE S, Xy
PRAE K “NERE” (memory barrier).

XL BYT IV . B0 B B AN RS 5 HE FLEE—H
BRI b . SRR E % A 4 cache TSR AR, W
Fbt/m cache FATEHNBIBS R, MEH “B” B cache hth S HiE, g
BRAEH F2H cache RIS G A BE5e k. HERERE. TEERBENEREZ TR
=R R, WIS TR B, B REWN R 2 S5,

| WABHER — A ah i 3k 1 A A # cache #5604~

ﬂ?wﬁﬁﬁﬁﬂ%ﬁﬁ%,Wﬁﬁ%ﬁﬁmﬂmmﬁﬂiﬁ¢,&ﬁﬁﬁﬁ
ﬁﬂﬁﬁﬂ#ﬁ%nﬁﬁ$¥#$Mﬁ,Wﬁﬁ%ﬁﬁ%%%“ﬁﬁﬁﬁﬁnm%
ﬁ%ﬁﬁ%ﬂﬁﬂ%ﬂ*%-%ﬁﬁ,@ﬂ&%%ﬁﬂ%ﬁﬁ&ﬂ$ﬁﬁ%éﬁa
ﬁ@ﬁﬁ%ﬂﬁ%ﬁ,Wﬁ%%ﬁﬁ%ﬂ%ﬂﬁﬁ%.$%@ﬂﬁ,ﬁﬂ%ﬁﬁm
R 2RI BT Bk,

ﬂm,ﬁﬁﬁﬁﬁ%?ﬁﬁﬁﬁﬁjW%%?ﬁﬁu%ﬁﬁﬁ%-%%%&ﬁ
EEEE%E%W%Wﬁﬁ@%%EE@%EE@EEEE%%&Z%%&ﬁ%ﬂ
%:ﬁ%ﬂﬁﬁﬁ%?ﬁﬁ—¢Wﬁﬁﬁ,W%ﬁ?ﬁﬁﬁﬁ%:Mﬁﬁﬁﬂ%ﬁ
ﬁﬁ%ﬁ%@%Wﬁﬁﬁﬁ%ﬁ?ﬁﬁ%ﬁﬁﬂﬁﬁﬁﬁﬁﬁ%&q
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W B R RS 7E Pthreads WA MRS mAIE#E. T8 RGN
B, ME—T “W” B (MEEAH pthread_mutex_uniock) M “HEr"
HAE (nHALEMREA pthread_mutex_lock $1R B ). HFE/NHMHS P
LHRE T NTERFRE, Bl “RHENE” AE—1REERE /L.

MERFRSHFAANFEE, ERFEFRELRER-FHEAOSRE, BMEETHE
b2 R F R BMNINEE R E S BB EE. BXBHRERERK. K
BB A - RANATRRE, EBTRFNESRSLEH. A EEsix
58 uEIE, AFEEWMATRELL 32 frek 64 fr sl .

RERE, AN TFEMEBESEMHE 2R 4 A EERTHAFRERTS, s E
BIEARIRTH#IE. AMAHTEN2SE5EREIENBE IMAFESEYT (u 32
B, MBRMANMERERR— 32 EAFETHEAREN 8 58, WEELRE
BSAMEEHFERD 8 F TR, NBEE M 2EESANE. B33 85T
XM R,

2R
B £ 2
{00 |01 o203
./,///fff 5 R T \\\\\\\x
0olo1Tozfo3 looiorlozios
BIEERBE— T
14 25 ]
00| 14 {02 {03 |00 {01 25]03
\ - PR AR ﬁ#%)\s’r{ﬁ/
(0014102 03
R BRE (HHO
& 3.8 MFHR

MR- EEER T AFLTNFRGXEEALATESFREY D RHLE - h
), BN BAEMRBEHS DEERIE. Glin, — N IEFE 32 6 88 iy
RERES BRI 32 (LAF BT, 0 RHE h— 4 7 88 70 8 i i 55—/ b 38 58
A WHER—FEE. XEHRNY “word tearing”, W& 3.9 Fix.

BEBRMEB AT IFHEE BRI WERSABEMAT, REATH
Pthreads \3#7 o] A UMk (RAE IE B A0 9 7 AT RUME, T AS B 000 T8 s BB L 45 1
SRR IR . TUFE, RN It A BRI T . ERBERANET XL 48
HFNEFRRLEHWMEIE, HS % UNIX Systems for Modern Architectures
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Ba3#w

[Schimmel.1994].

P (RAFED

£ 1

HH 2
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/ B4 BRI P A
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14 EIERERE AFT
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oo [ 6t ! 25 [ o3
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xx | xx Joo] 14725 [03

AR EMEN T 32 T ABTREA) 16 (]

3.9 word tearing

B30T T S5E3THAMSER BREMEHE S FRERIEHENESHF.
B 3.10 *HH SR 3.7 i) cache BIF %, BAHXESBREARE, AETH
PEREISTED IR 043 F0 e+4 AL R ITHBORARERD, 34D X B 00 A 1R
B, =407 2 RONMEE TS RT BALHE | I E R B, FTURELE 2 3
WAHEFIETE 1| R A FRINE B A EE b — 5.

A % & # 1 2

t HEORE (REFERE

t+1 A4 1 Ccache) HFEGA “17

t+2 FHEhE 2 (cache) FTHN “27

t+3 CHTERM MYE R

14 HEEFE (NERE)
t+5 WA 1 it <17
46 Ml 2 it «2”
+7 (ATERND BHE R

M 3.10 fEMFSHAITEHRE
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BRI R 4

“They were obiiged to have him with them,” the Mock Turlle said.
“No wise fish would go anywhere without a porpoise.”

“Wouldn't 1, really?" said Alice, in a tone of great surptise.

“Of course nol,” said the Mock Turtie. “Why, if a fish came fo me,

and loid me he was going on a journey, | should say ‘'With what porpoise?’”
—Lewis Carrofl, Alice’s Adventurss in Wonderiand

EXATRE 1 5F, DRE AL RER T2 AR T EHMATE %,
A4l BRTRERAKLIEEEER,

k4.1 HERiER

FKER FMERER R ERIE R E LT R —RfE, R RisR
ST P RIOHMBE, TRE “BAKK” (assembly line) 7

TR BAREL S SOMIE LTI, T/RE K T 8830 1T R R
WAE, RPTBEAT AR RRAE, 1B RS — E4ST HRIT

B IRE R — BB -FIEE - MR ER TR . BE TR
21" RELZH— MEREIEMNEORS

TR LR UUMER T RA SR SRH AN ANER . kST —5
AReEEFRS BRBERTIHR, REBARTESATHEFR, I REST

LA RAEH R AL, RE—HTHEER 3% TReE2 88, §
TSR R,

7k &

"t wani a clean cup,” interrupted the Halter: “iet's all move one place on.”

He moved on as he spoke, and the Dormouse followed him: the March Hare
moved info the Dormouse’s place, and Alice rather unwiliingly look ihe
piace of the March Hore. The Halter was the only one who got any
advantage from the change; and Alice was a good deal worse off than
before, as the March Hare had just upset the mitk-jug into his piate.

—Lawis Carroll, Alice’s Adventures in Wonderiand
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FE4FE

17

23~29

LI IO Y T L R

FEMLIKEL (pipeline) A, “HHE T E” M THupE — B EMF L, W
B 4.1 Fim. BTRERXEST CE LRT M ENERE, FREREESR

KETH T - ~EkFE .

b 4.1 jliKER

B, FEATRREFHMEMER, K2 A TRlbE--MERME, £ B 6
EABENBEPHREMITH RIS, TRE C THSHIMEIE B F ik ditas
FRRGRIFBURE. RESIEBETREITENREBCZTF T -—5.

THHEF pipe.c, BRTHENFARESHAE. RAKEHFHE,ERS
ERRMAN L, HAEET—MERE. THEBM stdin TER—EFIH “Eroir”.
A RITRER—DHE, TR EBTUKEN TS, RELAEH “=”, 5
PR ML KR S RN BT — AN 6 B IE4T B

MAKEFHH—FRB 1 stage_t KRBT EAEG, stage t HE&—
MEEHHHERE mutex. £4%E avail MARBEHELELHNMIECS
&Y, B-OSHEMEFLEFEENTLAESRHCH ready £858. TE
data ZMAT FBREBRTROEE, thread REMTZEBORE, next F54t
AT —4%,

pipe t HMART —FHKLE, TEESBORKEE ~ENBE—$KE
to B—2% head RRMAKETHE - PLEE, BE—% tail E—IEEN
stage_t, BIWEAXNNMLRE, THERFBEASERNM Y.

M pipe.c part 1 definitions

#include <pthread.h>
#include "errors.h"

/*
* Internal structure describing a "stage" in the
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WO = o Wi o W MY e

B 4 = b e et et et el e
O 3 o= AN s b ke O

ERERIZSH I I FH A 83
& * pipeline. One for each thread, plus & "result
7 * stage" where the final thread can stash the value,
a */
9 typedef struct stage_tag {
10 pthread mutex t mutex; /* Protect data */
11 pthread cond t avail; /* Data available */
12 pthread cond t ready; /* Ready for data */
13 int data ready; /* bata present */
14 long data; /* Data to procesa */
15 pthread t thread: /* Thread for stage */
16 struct stage tag *next; /* Next stage */
17 } stage_t;
1lg
15 [/
20 * External structure representing the entire
21 * pipeline.
22 */
23 typedef struct pipe tag {
24 pthread mutex t mutex; /* Mutex to protect pipe */
25 stage_t *head; /* First stage */
26 stage t *tail; /* Final stage */
27 int stages; /* Number of stages */
28 int active; /* Active data elements */
29 } pipe t;
B pripe.c part 1 definitions

BoWMOBRT pipe_send R, BRKAXBHFEAKEDBIE, iAW
ULt 8 — 25 8 3k ] F AR HUE.

FUFRRERAKR SR reacy FHER, HF%5 LB EIGHE0E.
RIFFEEE, RES RSP BEETH.
il pipe.c part. 2 pipe send
F*
* Internal function to send a "message” to the
* specified pipe stage. Threads use this to pass
* along the modified data item.
*f
int pipe_send (stage t *stage, long data)
{
int status;
status = pthread mutex lock (&stage->mutex):
if (status I= 0)
return status;
;%
* If there's data in the pipe stage, wait for it
* to be consumed.
*/
while (stage->data ready) {
status = pthread_cond wait (&stage->ready, &stage->mutex);
if (status != 0) {
pthread mutex unlock (&stage->mutex);
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21 return status;
22 }
23 }
24
25 /*
26 * Send the new data
27 *f
28 stage->data = data;:
24 stage->data_ready = 1;
30 status = pthread _cond signal (&stage->avail);
31 if (status != 0) {
3z pthread mutex unlock (&stage->mutex});
il return status;
34 }
35 status = pthread mutex unlock {&stage->mutex);
36 return status;
37 }
B pipe.c part 2 pipe send
FEEZHPRART pipe_stage B, HAMBAKEPENSEGBEIRY.
KEBHR MBI EH stage_t EHHII4E.
16~27 KE-HEAT X, BEHE. FY nutex ERFAESLE, SBUTLR
MEGKETRNERE. R, EHAESMHERZE avail 44 R 2
FEEE. W, SECESSAMTRY, SAMBHENE FERY. Fulx
bR LR A M E R, mutex B4 FARE0HR A,
22~26 SEBFHEN, KREHECRKIEN, FIESEABL T 5. RS, &
Eﬁﬂﬁ@dﬂﬂjﬁﬂyﬁﬁﬁ%$$@a&&ﬁﬁﬁﬂ@1#ﬁ%%rﬁﬁy
&AM BRI RRAT T AT RE AR 2 5 BB 4 45 2R 1R,
B pipe.c part 3 pipe_stage
1 /#
2 * The thread start routine for bipe stage threads.
3 * Fach will wait for a data item passed from the
4 * caller or the previous stage, modify the data
5 *fand pass it along to the next (or final) stage.
E i
7 void *pipe stage {void *arg)
8 |
9 stage t *stage = {(stage_t*)arg;
10 stage t *next stage = stage->next;
i1 int status;
12
13 gatatus = pthread_mutex_lock (4stage->mutex) ;
14 if (status != 0) '
15 err_abort (status, "Lock pi t “y.
16 while (1) { pipe stagen
17 while (stage->data ready != 1) {
ig status = pthread cond wait (4stage->avai
— _ - ail - .
19 if (statue 1= 0) i the fetages>mutex);
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20 err abort (status, "Wait for previous stage"};
21 }
22 Pipe_send (next stage, stage->data + 1);
23 stage->data ready = 0;
24 status = pthread cond signal (&stage->ready):
25 if (status != 0)
26 err_ abort (status, "Wake next stage®);
27 }
28 /*
29 * Notice that the routine never unlocks the stage->mutex.
30 * The call to pthread cond wait implicitly unlocks the
al * mutex while the thread is waiting, allowing other threads
32 * 1o make progress. Because the loop never terminates, this
33 * function has no need to unlock the mutex explicitly.
34 */
35 )
B pipe.c ~ part 3 pipe_stage
BT Bom pipe_create—BIIFKENR M. ZTRETURTEST
REWAFKER, FEFIRPEEEN.
18-.34 Rﬂ-?ﬁ—jf! ﬁﬁ%ﬁ“—&ﬁm Etage_t %ﬁ]#%’]ﬁﬁ’f{%ﬁ\ﬁiﬁa :}_:I_.ﬁ; %
FEFMAIEIL T — SN “ S B RBHERKRNELER,
16-37  BE—SMERRAREN Nou, FKKH cail WEHEREE %, tail
PR RV pipe_result REBFSHERA KB REER, Bl OR{FIER G —
f,
52~59 AR S WBIBEVIEIL Y B, pipe_create A8 —HBY A8, H4 K
“BUE U TBRAER MR, for MHRKIFAR NS B next 1HE 4,
ERESSLERE .
B pipe.c part 4 pipe_create
1 [/*
¢ * External interface to create a pipeline. All the
3 * data is initialized and the threads created. They'll
4 * wait for data.
5 %/
6 int pipe create (pipe t *pipe, int stages)
7
8 int pipe index;
g stage t **link = gpipe->head, *new _stage, *stage;
19 int status:
11
12 status = pthread mutex_init (&pipe->mutex, NULL);
13 if (status != 0)
14 err_abort (status, "Init pipe mutex");
15 pipe->stages = stages;
16 pipe->active = 0;
17
18 for (pipe_index = 0; pipe index <= stages; pipe index++) {
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19 new stage = (stage_t*)malloc (sizeof (stage_t));
20 if (new stage == NULL)
21 errno_abort ("Allocate stage");
22 status = pthread mutex init (&new stage->mutex, NULL);
23 if (status = 0)
24 err abort (status, "Init stage mutex");
25 status = pthread cond init {(&new stage->avail, NULL);
26 if (status != 0)
27 err_abort (status, "Init avail condition™);
28 status = pthread cond init {(&new stage->ready, NULL);
29 1f (status = ()
30 err abort (status, "Init ready condition"};
31 new_stage->data ready = {;
iz *link = new stage;
33 link = &new stage->next;
34 } -
35
36 *link = (stage_t*}NULL; /% Terminate list */
37 pipe->tail = new stage; /* Record the tail */
K. |
39 /*
40 * Create the threads for the pipe stages only after all
41 * the data is initialized (including all links). Note
42 * that the last stage doesn't get a thread, it's just
43 * & receptacle for the final pipeline value.
14 *
45 * At this point, proper cleanup on an error would take up
46 * more space than worthwhile in a "simple example, " so
47 * instead of cancelling and detaching all the threads
48 * already created, plus the synchronization object and
49 * memory cleanup done for earlier errors, it will simply
50 * abort,
51 */
52 for { stage = pipe->head:;
53 stage->next |= NULL:
54 stage = gtage->next) {
55 status = pthread_create (
56 &stage->thread, NULL, pipe_stage, (void*)stage);
57 if (status 1= 0)
58 err_abort (status, "Create pipe stage");
59 }
&0 return 0:
61 1}
B pipe.c part 4 pipe_create
FHHMSF BT BY pipe_start Mpipe result. Bl pipe_start ¥
M HETERBEARKENTHERS, RETSHLEETHERE. ®&
pipe_result AV LYFENTLGLERZ S&ES LS SR,
9-22 pipe_start RFRH —PERALELE. REWINTEKEF B2 TEW

ﬁﬁﬁ,uﬁmeﬂEMEEﬁﬁﬂﬁﬁﬁ@ﬁ@ﬁﬁ%%ﬁﬁn#EW@EW
ARFHE . ARAT BB B A WK S X R T 5. METALRBXFHHREEE LS,
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28~47

43-55

B -~ o b o R

lhlﬁHMHMWHHMWMMNNMMMMMMMHHHHI—--I-—':I—lI—'I—II—'
l—-Dwm-.}mmhwluwnmmummhwmwnmmqmmhuml—-ﬂm

OB —RRRAT AR M “PR” M “ik” WAL, mBHASNDLEETHIE, 25D
AgkimiER.
pipe_result BPEAREBEFKETEFTEEEDLE. WREH, WEL

MAREFE, R 0.

MRFKETEFEBEHNICE, pipe_result $iERE—F, SRR,
CHENBERETEERE b, U ERBERT - MEEBELR. MEBE 5%
BL4E, FUAREEAC.

B pipe.c part 5 pipe;_stnrt,pipe_result
f*
* External interface to start a pipeline by passing
* data to the first stage. The routine returns while
* the pipeline processes in parallel. Call the
* pipe result return to collect the final stage values
* (note that the pipe will stall when each stage fills,
* until the result is collected).
*/
int pipe_start (pipe t *pipe, long value)
{
int status;
status = pthread_mutex_lock (&pipe->mutex);
if (status != ()
err abort (status, "Lock pipe mutex");
pipe->active++;
statug = pthread_mutex*unlmck (&pipe->mutex);
if (status i= 0)
err abort (status, "Unlock pipe mutex");
pipe_send (pipe->head, value);
return 0;
}
/*
* Collect the result of the pipeline. Wait for a
* result if the pipeline hasn't produced one.
*/
int pipe_result (pipe_t *pipe, long *result)
{
stage_t *tail = pipe->tail:
long value:;
int empty = 0;
int status;
status = pthread mutex lock (&pipe~->mutex);
if (status != 0}
err_abort (status, "Lock pipe mutex”);
if (pipe->active <= 1)
empty = 1;
else
pipe~>active—-;
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43 status = pthread mutex unlock (é&pipe->mutex);
44 if (status != 0)
45 err abort (status, "Unlock pipe mutex");
46 if (empty)
47 return 0;
48
49 pthread mutex lock (&tail-~>mutex);
50 while {ltail->data ready)
51 pthread_cond wait (&tail->avail, &tail->mutex);
52 *result = tail->data:
53 tail->data_ready = 0;
54 pthread cond signal (&tail->ready);
55 pthread mutex unlock {&tail->mutex);
56 return 1:;
57 }
B pipe.c part 5 pipe_start,pipe result
ARG BR T IRENAKE D main BB . ERBET—MRAKE, REER
M stdin TEAHGST. WRBMANREAD “=” 4, WEARKEPEHER
GRITOE. TN, THEHARIBEE, HBTEARKSAE,
B pipe.c part 6 main
1 /*
2 * The main program to "drive" the pipeline...
3 */
4 int main (int argec, char *argv([])
5>
B Pipe_t my pipe;
7 iong value, result;
8 int status;
9 char line[128]:
10
11 pipe_create (&my pipe, 10);
12 printf {"Enter integer values, or \"=\" for next resulti\n");
13
14 while (1) {
15 printf ("Data> ");
16 if (fgets (line, sizeof {line), stdin) == NULL) exit (0);
17 if (strlen (line) <= 1) continue;
18 if (strlen (line) <= 2 && line[0] == =)
19 if (pipe_result {&my pipe, &result))
20 printf ("Result is %1ld\n", result);
21 else
22 printf ("Pipe is empty\n"):
23 } else {
24 if (sscanf (line, "%$1d", &value) < 1)
25 fprintf (stderr, "Enter an integer valuein"):
26 else
27 pipe_start (&my_pipe, value);
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28 }
29 }
a0}

M pipe.c part § main

4.2 T1E4H

e iweive jurors were olf writing very busily on siates.
“What are they doing?” Alice whispered to the Gryphon.

“They ca'n’t have anything to pul down yel, before the Irial’s begun.”
"They're pulling down their names,” the Gryphon whispered in reply,

“Yor fear they should forget them belore the end of the trigl.”

—Lewls Caroll. Aflce s Adventuras in Wondariand

ETAEEERT, DB h—HEES LR (Il 42 Fir). fEHRE

“HITHM” BEREZRBRTXMEA. A, TR —HSE, /8B 0%l

HEAMEETES. R —HEEATERERASERTFEASS, €BR-— Gizg

JRE) BB B THHE N TERBERNE XS4 L30T R e, Sofhe

FIHF#FR A SIMD (single instruction, multiple data, 354 BRI HITIHE,

Y] SIMD ZU—FZLARNHTRAER, TARTHEFEEY, BRAEER
FHA .

42 THAEER
A, TAEFHFHRBEAR L —E#F A SIMD #E, S41522 7 LLZE AR 1 e
LIAT AN FRIBERAE. B, BATTIEA SRR R, BB 5) R T 18k
ﬁ&féiﬂiﬁﬂéﬂﬁI%ﬁﬁ“ﬁtﬁkﬂiﬁﬁkﬂﬁ{ﬁﬁﬁﬁmlﬁmﬁfﬁ1&%#&@8‘]&5&%“&
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Fax

13~17

23~27

33-41

43-44

L= D BN -~ T, B - R R

dr” (REEAFIAAER) FREIIEIN D TEEMARMIIP TIEERR. &8
I AT RES FAR RS MIMD (multiple instruction, muitiple data, £iF4 X)) HiT4b
g UL

WI2WERT—PMEEL. R (SR EFEFR B “TERFISHER”
. “IIEH” M “TAERF” ZEMXRBR “FETR” F “IERRKR” BIXER,
K T IR B/ R AR EE . TEHR— A ARSI LEE, T T/EF
E—RAlH, TEREIEWERR. MR “SHE” (agent) 4. FHAELATR
NIFR T —A “ LIEAH”, MET2 FRINESFE--DEMRIRE “TIERF”, )2
BEMELAARR, BELEENHER.

LUFBIHE crew.c B T — MR TIEAR. FHBRINSBETEE, —1 =
TR — DU BRZ. AR BHAS TR, TIEARABh e xR RE
XfEEZBEFR, MRRH, UBEIHPERIFS, NREKR, TEERH
readdir_r XERZBRFNHE FEHRANENL, HEE T4 T
TEFERA . BT EEHREFH R4 MR scdout R,

B8 B TR AR TERE Y.

% CREW_SIZE REM G LIEAR I L D EEF2,

B TAEH A work_t SRR, ZEME S Mg R FT— LIEM fos (X
H NULL RFFEF)REE), — AR B R AR R — M AR R E R R
FRHBMIEH . BRI T EFRE TERTIRRMHENERENS,

B THHARRRE -~ worker_t &4, ZEMUEHRATE TEHRED
MRS, MREIZETEID FIEE crew_t &8 (crew) BgEF.

crew_t SRR TE4RE. Biod T TEHE 58S 5% (crew_size)
ﬁ“ﬁwmﬂﬂjiﬁ@hnw)ﬁﬁuEﬁ@ﬁ—ﬁgﬂﬂIﬁm%ﬁﬁ

(work_count ) MI— @B TEMER (first IERMFE— 4 THE, last Ei=4 =
BE—I). BE, CEEBEHEILA Pthreads FHEXZ - ViREHERE. 4
HAR R TR &% M4T ] done AR A LSBT TN 4R go.

X R e R AR ETRERRAN A RETAR. S Y A =
&, BFEEEA patheont XTHEAFR XM LR E OB RERE, b
{E N MR TEZE path_max F name_max 1.

B crew.c part 1 definitions

#include <sys/types.h>
$include <pthread.h>
tinclude <sys/stat.h>
tinclude <dirent.h>
#include "errors.h"

¥define CREW SIZE 4

In
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19 4 FE & TR X, o1
10 * Queued items cof work for the crew. One is queued by
1] * crew_start, and each worker may queue additicnal items.
12 >/
13 typedef struct work tag {
14 struct work tag *next; /* Next work item */
15 char *path; /* Directory or file */
16 char *string; /* Search string */
17 } work_t, *work p:
ig
19 /*
20 * One of these ip initialized for each worker thread in the
21 * crew. It contains the "identity" of each worker.
22 *f
23 typedef struct worker tag {
24 int index; /* Thread's index */
25 pthread t thread; /* Thread for stage */
26 struct crew tag rorew; /* Pointer to crew */
27 } worker_t, *worker p;
28
29 /*
30 * The external "handle" for a work crew. Contains the
31 * crew synchronization state and staging area.
32 */
33 typedef struct crew_tag {
34 int crew size; /* 8ize of array */
a5 worker t crew|[CREW SIZE];/* Crew members */
36 long work count; /* Count of work items */
37 work t *first, *last; /* First & last work item */
38 pthread mutex t mutex; /* Mutex for crew data */
39 pthread cond t done; /* Wait for crew done */
40 pthread cond_t go; /* Wait for work */
41 } crew_t, *crew p;
42
43 s8ize t path _max; /* Filepath length */
44 size_t name_max; /* Name length */
B crew.c part 1 definitions
B_HAERT worker_routine—— TIELRIRI I3 T %, A IR KR
RbmHFR B ek,

2023 POSIX X T struct dirent EEMILFRA PR KB, LB L readdir r
ERGE—NEPE MY, ZEPKELUSE— struct dirent M—PED
NAME MAX FHRK/PRIBHITE. HRERELEBRTHE, HEDR SRH AR
EZFT A struct dirent K/ EIERGE P T LE K. XA RELL 7
HRK, MEFRIEERERD,

33~37 24 2 RS EE LA M T A R B RS BT 0 T AR

61-65 ETFRHEBDH—ARF. ATEFIRITH, SEFHTHEIA. RAZE

KEDGE —— BB T SRS, SRR EGLRFOES (AT E
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oo Fi¥

HAHZEAE— B8N EERGSER, SERERL).

73-76 MBRFIPRERSE— LIELHE. MBAF AT, NEFEBREMRE TN alE
. crew-=last.

81~ 83 BT EHERFE, METHEAKE T Ao RHHAT.

89 HARETHELETHREEZRHERROIHRTY., #H 1stat AEREFS
HERMAEXEE, WAREH stat WA ERSEES MRS A, Eidixm e,
BATAGPE LR, FBAMEEL L8R TIREHESEA LM THRS, THER
MR BZPRNIEEMN name_max F path_max A/DAIEEREE.

91-95 WRTESE SRS, NIRE B4, Bk SR E, 55,
BRAHEUEEREE TEHAFIES] (nine->index), LMFIREEM TEAF hEE 5
MEE “HRIE,

96~165 MRARBEXHRANBRLE, WER opendir HANFER. REHH
readdir r KB HZRFTHFHLE. BEIMEZLEIHN TETEREA,

166-206  WRIEEXMFRMEHIM, WITHESH, BRI TAKE, BHiken
BRRFTH. WRKBFRE, WEHBEBE,

207218 WRIAFREAAE, NG & SRR P %0 dem

232-252 BN TEHAEFE, HIREZM B THE. DR count % 0, MK
ROKTERFTENES, | BRI S/ARA IS NEREH, HRETELHE
TURARALFE ST R A AR D T 4088 count MUME. QR RVRTER (A Rl
EBAFHMERELE), M count MALEX 014,

B crew.c part 2 worker routine

1 /=

2 * The thread start routine for crew threads. Waits until "go-
3 * vommand, processes work items until requested to shut down.
4 *f

5 void *worker routine (void targ)

6 |

7 worker p mine = (worker t*)arg;

8 Crew _p crew = mine->crew;

9 work p work, new_work;

10 struct stat filestat;

11 struct dirent *entry;

12 int status;

13

14 /*

15 * "struct dirent" is funany, because POSIX doesn't require
16 * the definition to be more than a header for a variable
17 * buffer. Thus, allocate a "big chunk” of memory, and use
18 * it as a buffer.

15 */

20 entry = (struct dirent*)malloc {
21 sizeof (struct dirent) + name max);
22 if (entry == NULL) -
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23 errno abort ("Allocating dirent");
24
25 status = pthread mutex_lock (&crew->mutex);
26 if (atatus l= 0)
27 err abort (status, "Lock crew mutex");
28
29 / *
30 * There won't be any work when the crew is created, so wait
31 * until something's put on the queue.
32 */
33 while (crew->work_count == 0) {
34 statug = pthread cond wait (&crew->go, &kcrew->mutex);
35 if {(status l= Q)
36 ery abort (status, "Wait for go");
37 }
18
39 status = pthread mutex unleck (&crew->mutex);
40 if (status 1= 0)
41 err_abort (status, "Unlock mutex™);
42
43 DPRINTF (("Crew %d starting\n”, mine->index)):
44
45 /*
46 * Now, as long as there's work, keep doing it.
a7 */
48 while (1} {
49 /*
50 * Wait while there is nothing to do, and
51 * the hope of something coming along later., If
52 * crew->first is NULL, there's no work. But if
53 * crew->work count goes to zero, we're done,
54 */
55 status = pthread mutex lock (&crew->mutex);
56 if (status != 0)
57 err_abort (statue, "Lock crew mutex") ;
58
5G DPRINTF (("Crew %d top: first is %#lx, count is tdi\n",
60 mine->index, crew->first, crew->»work count});
61 while (crew->first == NULL) { B
62 Status = pthread cond wait (&crew->go, tcrew=->mutex);
63 if (status != {)
64 err abort (status, “"Wait for work");
65 }
1
67 DPRINTF ({"Crew %d woke: %#lx, %d\n",
68 mine->index, crew->first, crew->work count));
69
70 /*
Ti * Remove and process a work item.
72 */
73 work = crew->first;
74 crew->first = work->next:;
75 if (crew->firat == NULL)
16 crew->last = NULL;
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BAF

17
78
79
80
81
82
83
84
BS
g6
B7
g8
B9
g0
91
32
23
94
95
96
97
98
55
ip0
101
102
103
104
ios
ipne
107
108
109
110
111
112
ii3
114
115
116
117
118
119
120
121
122
123
124
125
126
121
128
12%

DPRINTF ({"Crew %d took $#lx, leaves first %#lx, last %#lx\n",
mine->index, work, crew->first, crew->last));

status = pthread mutex unlock (&crew->mutex):
if {status I= 0)
erx_abort (statusg, “Unlock mutex"):
/*
* We have & work item, Process it, which may involve
* dqueuinyg new work items.
*/
status = lstat (work->path, &filestat);

if (S_ISLHNK {filestat.st mode))
printf
"Thread %d: %s is a link, skipping.\n",
mine->index,
work~->path);
else if (5_ISDIR [filestat.st_mnde]} {
DIR *directory;
struct dirent *result;

F*
* If the file is a directory, search it and place
* all files onto the queue as new work items.
*/
directory = opendir {work->path);
if (directory == NULL) {
fprintf
stderr, "Unable to open directory %s: %d (%s)\n",
work->path,
errno, strerror (errnoj):
continue

while (1) {
status = readdir r (directory, entry, &result):
if (status I= 0) {
fprintf

stderr,
"Unable to read directory %s: %d {(¢s)\n",
work->path,
status, strerror (status});

break;
}
if (result == NULL)
break; /* End of directory =/
/*
* Ignore "." and ".." entries.
x/
if (strcmp {Entry—bdqname, ";“} == )
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130 continue;
131 if {strcmp (entry->d name, "..") == @)
132 continue;
133 new _work = (work p)mallcc (sizeof (work t)});
134 -if (new_work == NULL)
135 errnc abort ("Unable to allocate space”);
136 new_yﬂrk-;bath = {char*)malloc {(path_max);
137 if (new work->path == NULL)
138 errEq_abort {"Unable to allocate path");
139 strcpy (new work->path, work->path};
140 strcat (new work->path, "/"};
141 strcat (new_work->path, entry->d name);
142 new work->string = work->string;
143 new work->next = NULL;
144 status = pthread mutex_lock (&crew->mutex);
145 if (status I!= 0}
146 err abort (status, "Lock mutex"};
147 if (crew->first == NULL) {
148 crew->first = new_work;
149 crew->last = new_work;
150 } else {
151 crew->last->next = new work;
152 crew->last = new work;
153 }
154 Crew->work count++;
155 DPRINTF ({(
156 "Crew %d: add %#lx, first %#lx, last %#lx, gd\n",
157 mine->index, new work, crew->first,
158 crew->last, crew->work_count));
159 status = pthread_cundwsignal (&crew=>go);
160 Status = pthread mutex unlock (&crew->mutex);
161 if (status I= 0)
162 err abort (status, "Unlock mutex®};
163 }
164
165 closedir (directory);
166 } else if (S_ISREG {filestat.st_pude}] {
167 FILE *search:;
168 char buffer{256}, *bufptr, *Search ptr;
169
170 /*
171 * If this is a file, not a directory, then search
172 * it for the atring.
173 */
174 search = fopen (work->path, "T");
175 if (search == NULL)
176 fprintf (
177 stderr, "Unable to open %s: %d (¥s)\n",
178 work->path,
179 errno, strerror (errnoj);
180 else {
181
182 while (1) {
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BE4E

183
1E4
185
186
187
188
189
190
191
192
153
124
195
196
147
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
2240
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
234

bufptr = fgets {
buffer, sizeof (buffer), search):
1f (bufptr == NULL) {
if (feof (search})
break:;
if (ferror (search)) {
fprintf {
stderr,
"Unable to read %s: &d (%s)\n",

work->path,
errno, strerror {(errno));

break:
}

}
search_ptr = strstr (buffer, work->string);

if {(search ptr != NULL} {
printf ¢
"Thread %d found \"%s\" in %s\n",
mine->index, work-»string, work->path);

break:
}
}
fclose (search);
}
} else
fprintf |
stderr,
"Thread %d: %s is type %o {%s))\n",
mine->index,
work->path,
filestat.st_mode & S5 _IFMT,
(S_ISFIFO (filestat.st _mode) ? "FIFO"
: (8_ISCHR (filestat.st mode) ? "CHR"
: (S_ISBLK (filestat.st mode) ? "BLK"
1 {(5_IS50CK (filestat.st mode) ? "SOCK"
 "unknown"}y))):
free (work->path); /* Free path buffer */
free (work): /* We're done with this */
i
* Decrement count of outstanding work items, and wake
* waiters (trying to collect resuits or start a new
* calculation) if the crew is now idle.
]
* It's important that the count be decremented AFTER
*

processing the current work item, That ensures the
* eount won't go to 0 until we're really done.
®/
status = pthread_mutex_]ock {&crew->mutex);
if (status != 0}
err_abort (status, "Lock crew mutex");

crew->work count--;
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237 DPRINTF ((“Crew %d decremented work to %d\n", mine->index,
238 crew=->work_count));

239 if (crew->work count <= 0) ({
240 DPRINTF {("Crew thread %d done\n", mine->index});
241 status = pthread cond broadcast (&crew->done);
242 if (status != 0)
243 err_abort (status, "“Wake waiters"):
244 status = pthread mutex_unlock (&crew->mutex);
245 if {status |= 0)
246 err_abort (status, "Unlock mutex");
247 break;
248 }
249
250 status = pthread mutex_unlock {&crew->mutex);
251 if (status != 0)
252 err_abort (status, "Unlock mutex™);
253
254 }
255
256 free (entry};
257 return NULL:
258 )
B crew.c part 2 worker routine

l£-~15

16~31
d6-~43

Lol = - - T 7, B S PUR W R

=t

FR=MABTT crew_create ¥ . EREHXE T A FH TS, A5
RROMER T/EERThEE, B BRE XA VB, TN ST %8 1 A s,
1 2228 K MR B M 2 PR AL R 4R

crew_create HRETIRNAIE crew size 8%, THERABAI T
crew_t REGHD THEAKMAR LD, wRERMFNTIES, MK E 73
crew P,

GRS B BAL IR TAE, TAERAF) A%, Ftaih TYEA M EH5 %,

MT|IER, YRR RE worker t ¥, DR AT T K4 DY
HIMENIER crew_t Mi34r, MG, BIBALE, FAKARSR worker_t &
HIRREHE R 8.

B crew.c part 3 Crew_create
f*
* Create a work crew.
*f
int crew_create (crew_t *crew, int crew size)
{
int crew_index;
int statusg;
f*
* We won't create more than CREW SIZE members.
*/
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£ 4 ¥

12
13
14
i5
16
17
18
19
20
21
22
23
24
25
26
27
26
2%
30
31
az
33
34
35
36
37
38
39
40
41
42
43
44
45

20-26

2B8~473

}

if (crew_size > CREW_SIZE)
return EINVAL;

crew->crew_size = crew_size;
crew->work _count = 0;
crew->first = NULL;
crew->last = NULL;

J*

* Initialize synchronization objects.

*/

status = pthread mutex init (&crew->mutex, NULL);

if (status != 0)
return status;

status = pthread cond init {(&crew->done, NULL);

1f (status l= 0)
return statug;

status = pthread cond init {&crew->go, NULL};

if (status != 0)
return status;

j*
* Create the worker threads.
* /

for (crew_index = 0; crew_index < CREW_SIZE; crew_index++) {
crew->crew[crew_index].index = crew index:
crew-»crew[crew_index).crew = crew;_
status = pthread create (kcrew->crew|[crew_index],thread,

NULL, worker routine, (void*)&crew->crew[crew index]);

if {status != Q)

err_abort (status, "Create worker”);

}

return 0:

B crew.c

crew create

FNHSERT crew _start ¥, ZERB R A EA TR RS

BHRERLHE, ZREERE TEN—ESRER S, ZRRERFITFER
REWAAS, RERAISLIERHZ. crew_start RPRE L ETiHH
crew_create BIE T crew_t ¥, WE =3R4z, BA L S5 45 F B IE 6

.
FERIEARRSERFE LTSRN TH. RS crew_start BREREEHIT,

ﬁiﬁﬁﬁﬂﬁﬁﬂbﬂﬂﬂﬁﬁﬁﬂﬁﬂﬂm&%a ERENZ Y, TAEHM work_cournt

WEAHO, FUB—/% crew start AR R AT ESR,
RKEBHAM LG L RE (HIEANTHBRZEIESR) TIEMN path _max

name_max 6. MRERKME “TRE”, WEHK pathcont AJEEIR[A]-1 {6, T
AE errno TR, IRWXHNE, EETHE pathconf HifFEE errno &

B. WH pathcont KE-1 BREERE errno, A DLW By & E A,
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4748
4967
68-~75

i6~80

OO0 -] o b L A e

NMMMMNMMMMHHHI—IHHHHHI—'
mmqmmnuchmmqmmhwmn—lm

o T VI TE R U PU RN SURRS LY FURNE PO YR Y
RO DM 0D ] Th N e R e D

pathconf BEIMENBEFZRFBRHERE, L8 AEm 1.
SM—PNTHEBFIRB (work_t), HERE., HEMBFEKANER.
BMT2H T —ATH#ER, FURELERFES&FHTERBERP—IF

. WRBAERM, WERIEEK, BRLIMERS, BRIHER.

ELEETRMAS . TEEMALEAE L, B L2558 TAE R 54

BB

B crev.c part 4 crew gtart

* Pass a file path to a work crew previously created
* using crew create

int crew start |

crew p Crew,
char *fjlepath,
char *search)

work p reqguest;
int status;

status = pthread mutex lock (&Crew->mutex);
if (status != 0)
return statusg;

f*
* If the crew is busy, wait for them to finish.
*/
while (crew->work count > 0) {
status = pthread cond wait {&¢rew->done, kcrew->mutex);
if (status != Q) {
pthread mutex unlock (&crew->mutex);
return status;

errng = 0
path max = pathconf (£ilepath, “PC_PATH_HAKJ;
if (path max == -1) ({

if {errno == ()
path max = 1024; /* "No limit" »/
else
errno_abort ("Unable to get PATH MAX");
}
errnc = 03
name max = pathconf (filepath, _PC NAME MAX);
if {(name_max == -1) {
if {(errno == ()
name max = 256; /* "No limit™ +/
else

errno_abort ("Unable to get NAME MAX");
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43 }
44 DPRINTF ({
45 "PATH MAX for %s is %14, NAME MAX is $1d\n",
46 filepath, path max, name_max));
47 path max++; /* Add null byte */
48 namﬂ_hax++; /* Add null byte */
49 requgﬁt = (work_pjmalloc (sizeof (work t)):;
50 if {request == NULL)
51 errno _abort ("Unable tc allocate request"™);
52 DPRINTF (({"Reguesting %s\n", filepath));
53 request->path = (char*)malloc {(path max);
54 if (reguest-»path == NULL}
55 errno_abort ("Unable to allocate path”);
56 strcpy (reguest->path, filepath);
57 request->gtring = search;
S8 request->next = NULL:
59 if (crew->first == NULL) {
60 crew=->first = request;
61 crew~>last = regquest:
62 } else {
63 crew->last->next = regquest;
64 crew->last = request;
65 }
66
67 Crew->work_count++;
68 status = pthread_cond signal (&crew->go);
69 if {status l= 0} {
70 free (crew->first);
71 crew->first = NULL;
72 crew->work_count = {;
73 pthread mutex unlock (&crew->mutex);
74 return status;
75 }
76 while (crew->work count > 0) {
77 status = pthread_pmnd_yait (&crew->done, &kcrew->mutex);
74 if (status = 0)
79 err abort (status, "waiting for crew to finish");
g0 }
81 status = pthreaq_mutex_unluck (&Crew->mutex) ;
g2 if (status != 0)
83 err abort (status, "Unlock crew mutex");
84 return 0;
a5 }
[ ] crew.c part 4 Crew start
FBREDE R TR AL EE (main).
10~13 EFER=ASH: BFEES. BHERFHERABES. Hil, “crewbutenhof ~7,
15-23 Tt Solaris R L, W@H thr setrc oncurrency FREEE /D A4 TEHERE

RET—PABZPITHE (kernel execution context) LWP. WA ZIEH, BIEha
THE, BRERE MR EERELS |, IRARERIEMIER. TLIEE 5.6.3 5L
IKBH X many to few (LX) WEHERNEL{ER, 2% 1013 MR “set
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24~

4.3

b

W o0 = onon ol L R

O b e e
B W N = O

15
16
i7
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

concurrency (B K)” AEHEE
By —MIHH, HXHFREBREIFDIIREG .

B crew.c part 5 maln

FE
* The main program to "drive" the crew...
*/
int main (int argc, char *argv([])
{

crew _t my crew;
char line{128), *next:
int status;

if (arge < 3) {
fprintf (stderr, "Usage: %3 string path\n", argv[0]):
return -1;

}

#ifdef sun
L
* On Solaris 2.5, threads are not timesliced. To ensure
* that our threads can run concurrently, we need to
* increase the concurrency level to CREW SIZE.
* f
DPRINTF ({"Setting concurrency level tc %d\n", CREW_SIZE));
thr setconcurrency (CREW_SIZE);
¥endif
status = crew create {&my_ crew, CREW SIZE);
if (status = 0)
err abort (status, “Create crew");

status = crew_start (&my crew, argvi{z2], argv[1l]);
1f {status |= 0}
err abort (status, "Start crew");

return 0;
}

B crew.c part 5 main

B/

But the Judige sald he never had summed up before;
S0 the Snark underiook it instead,

And summed it so well that if came 1o far more

Than e Witnesses ever had saidi

—Lewis Carofi, The Hunting of the Snark

EFFREBRAET, EFERBS BN —HBRBATEMRE (0 4.3 5
) FRF BB PITRIE—F P RRESHRES BRI, 0E I THRTH
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L 3

14-22

2733

ERHFHENERER. RELEPEGEBMERN, AXMFRRBOEH —F
ACASXEPHERE/E LMRE. B5—FE, IXE M EEA LR E RS
B R

MR —HAKEFFEMN stdin TIREEA, WEAIRE, SANBHINT
($827R-1%) (prompt-and-read) FRIEFREE LIBE,, MEFHALRE, S/
printf HEMERR, REBNEFH gets TEIMN. R TP 40E £ 70 W Y R
MR WR- - EBEE CHAKYE emall 182 7, TR A B H
Q7 7 RATREA EAIE MR BRI . MR A R (R
FHWE, MAFREINRERE. HI0, 7 prompt-and-read (3E7R-3%) BIERF5
FIEMEH flockfile M funlockfile EBERME stdin F stdout. {HE,
REBEEEFTBIH BEET A BHE,

Lt BA A

{" TN E [ ®Arc ] g

L Wi A g T E L BWHC | g

aroo

B 4.3 ClienvServer

T FIIERF server.c &, PIAMEREES5E S ik, W AAT . HEFIE
T8, RN % E B 28 38 LU AT 35 BRI, R fE 27 ST L BN
AR, HE, RRTETEd “WrRRSS %" PITHIF R R 2 [ H B — iR
RELE R A B

BRERSE X THES “BRRBES” M1&64. CATAT LA ARERIEHA. B85
HEGE .

request_t GMEX THRERFFNE N ER. NHERED next TER
BRHEER. operation TEMY —MEREH (. SHBE). mMBEXPEE
HEFRETER (FEH, n synchronous ([F2) AL 0; FUY 0.

tty_server t S5O T AR & BB LB F2 AU TR 1 | CEERSHE (mutex
request ). —ﬁ“ﬁfﬁﬂﬁ%ﬂﬁ%E:iz_fﬁﬁﬁﬁﬁﬂ—ﬁ“fﬁiﬁﬁtﬂﬁﬁiﬁﬂiﬁﬁ (first
M last).
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3537

43~45

Wom =1 N e L R e

lhvlhlh-hlhﬁ-uwuwwmwwwwumummmmwmwl—'I—"I—"I—ll—'b—'l—"i-'l-"l—‘
Ln;hural—t::mm-.imm.hwmHaumqmmhumwammqmmnumwa

ZEFE M BERER, g8 (tty_server) BRSHESECHAIIEW .
BRBERAT, REBREET. EFENEFHTREHEVIHL.

FREFNEAFELBEASRENE (client_mutex M clients_done) iR
BN IEEST, WARMEH pthread_join ifH .

B server.c part 1 definitions

#include <pthread.h>
#include <math.h>
#include "errors.h”

#define CLIENT THREADS 4 /% Rumber of clients */
#define REQ_READ 1 /* Read with prompt */
#define REQ WRITE 2 /* Write w/
$define REQ QUIT 3 /* Quit gerver */
P
* Internal to server "package” -- one for each request.
*/
typedef struct request tag {
struct request tag *next; /* Link to next */
int operation; /* Function code */
int synchronous; /* Nonzero if synchronous */
int done_flag; /* Predicate for wait +/
pthread cond t done; /* Wait for completion */
char prompt[32]; /* Prompt string for reads */
char text[128]; /* Read/write text */

} request t;

I
* Static context for the server
* /

typedef struct tty server tag {

request t *first;
request t *last;
int running;
pthread mutex t mutex;
pthread cond_t reguest;

} tty_server_t:

tty server t tty_server = ({
NULL, NULL, O,
PTHREAD MUTEX INITIALIZER, PTHREAD COND INITIALIZER};

F*
* Main program data
*/

int client_threads;
pthread mutex_t client mutex = PTHREAD MUTEX INITIALIZER;
pthread cond t clients_done = PTHREAD COND INITIALIZER;

B server.c part 1 definitions
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104
BB TREBEERY tty_server_routine, ZRBIFH ELLH
A EEKER B EKIBEL,

2530 RF B request FHFEBEHFIFRKBIE,

31-34 MBASI P R 5 — D R— I RAFIMA R, WEREREE— M TEM
5 (tty_server.last).

13-66 switch i f)H B % 3K B H 45 52 9 operation (B ) BUTIE R TIE. REQ_QUIT
HFIRFAFIBH . REQ READ HIFAREH/EHE, BB THRNRRFEHS,
REQ_WRITE &FiFRFEEFHE.

67-79 MREKIFRNR “FF " (synchronous #HEIF 0), MBEEBEN
done_flag tr&IHRET done ZHLTR. HiERFFHE P HAREEREA.
MRFEKEFIPH, WARFHBTETHRE 0 FTRAGE K.

80~81 WERER R REQ_QUIT, WENBEY while 7 R4 11 R K245,

B server.c part 2 tty server routine

1 Fx

2 * The server start routine. It waits for a request to appear

3 * in tty_ server.requests using the request condition variable.
4 * It processes requests in FIFQ order. If a request is marked
5 * "synchronous® (synchronous l= 0), the server will set done flag
6 * and signal the request's condition variable. The client is

7 * responsible for freeing the request. If the request was not
8 * synchreonous, the server will free the request on completion.
3 */

10 void *tty_server routine (void *arg)

11 {

12 static pthread mutex t pPrompt mutex = PTHREAD MUTEX INITIALIZER;
13 request_t *regquest;

14 int operation, len;

15 int status:

16

17 while (1) {

18 Status = pthread mutex lock (&tty server.mutex);

19 if (status != 0)

20 err abort (status, "Lock server mutex"):

21

22 f*

21 * Wait for data

24 */

25 while (tty_server.first == NULL) ¢

26 Status = pthread cond wait (

27 Etty server.reguest, &ttty server.mutex);

28 if (status I= Q)

29 err abort (status, "Wait for reguest"):

30 }

KN request = tty server,first;

32 tty_server.first = request->next;

33 if (tty_server.first == NULL)

34 tty server.last = NULL;
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35 status = pthread mutex unlock (&tty_ server.mutex};
36 if (status 1= {)
37 err abort (status, "“Unlock server mutex");
k]
39 /o
40 * Procesas the data
41 * /
42 operation = reguest->operation;
43 switch (operation) {
44 case REQ QUIT:
45 break;
46 case REQ READ:
47 if (atrlen (request->prompt) > 0}
48 printf (request->prompt);
49 if {(fgets {request->text, 128, =tdin}) == NULL)
50 request->text[0] = "\0"';
51 /*
52 * Because fgets returns the newline, and we don't
53 * want it, we lock for it, and turn it into a null
54 * {truncating the input) if found. It should be the
55 * jast character, if it is there.
56 */
57 len = strien (request->text);
58 if (len > 0 && request->text[len-1] == *‘\n'}
59 raquest->text[len-1] = *\D';
&0 break;
61 case REQ WRITE:
62 puts (regquest->text);
63 break;
64 default:
65 break:;
66 }
67 if {request->synchronous) {
68 status = pthread mutex_lock (&tty_server.mutex);
69 if (status != 0)
70 ery abort (status, "Lock server mutex"):;
71 request->done _flag = 1;
12 status = pthread cond signal (&request->done};
73 if (status != 0)
74 err_abort (status, "“Signal server condition");
75 status = pthread_mutex unlock (&tty server.mutex):
76 if (status 1= 0}
77 err abort (status, "Unlock server mutex"):
78 } else
79 free (request);
80 if (operation == REQ QUIT)
81 break
82 }
83 return NULL;
A4}
B server.c part 2  tty_server_routine

AR B THMEIE RS ty IREBEEMAY. WHEEESENEE
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(REQ_QUIT.REQ_READ Bk REQ_WRITE), &R #H#E (sync), ¥ REQ_READ
BAETTEAE R F NS (prompt) M—NERFBE 4 (REQ_WRITE KIBIAEE.

3 FRIR [ REQ READ 84S BREEMNIX ).

16-40 MRty REBERFEIT, WEB—MREH. B MR KHREREN
%.(detached_attr), ¥4 detachstate B F y PTYHREAD_CREATE_DETACHED.
STEHIBME 5.2.3 WHR. R, REHBARBERRIINEHEHA
£ ¥ ID.

A5-76 SFENTIEU—DMREBIFER (request_t) ., WERBBER, niTeR
HIRRPHILER (done), FMARMAEMGEE. BRI 5ERIF
B

8183 MR R AR 5% 8% 4R PR R AL B HEOA B i SR .

s8-105  WRRFFHK, WEHBSBUE done_flag HEHREE done FHA
. WMRE REQ_READ #fE, M NZRFHRFMEBEMK D, B, BN
HER. BRERE.

B server.c part 3 ttyrserver*rrsquest

1 /*

2 * Request an operation

3~/

4 void tty server request |

5 int operation,

6 int sync,

7 ctonst char ‘“*prompt,

8 char *string)

|

10 request_t *reguest;

11 int status:

12

13 status = pthraad“mutex_lack t&ttgﬁserve:.mutex);
14 if (status != @)

15 err_abort (status, "Lock server mutex");

16 if (ltty_server.running) ¢

17 Pthread_t thread;

18 pthread_attr_t detached_attr;

1%

20 status = pthread_attrhinit [&detacheq_attr];
21 if (status 1= Q)

22 €Ir_abort (status, "Init attributes object"):
23 status = pthread_att;_setdetachstate {

24 &detached attr, PTHREAD_ CREATE_DETACHED) ;
25 if (status != 0)
26 err abort (status, "Set detach state"):
27 tty_server.running = 1;

28 atatus = pthread create (&thread, &tdetached attr,
29 tty_server routine, NULL);

30 if (status I= @)

il

err_ abort (status, "Create Berver");
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32
33 A
34 * Ignore an error in destroying the attributes object.
35 * Tt's unlikely to fail, there's nothing useful we can
36 * do about it, and it's not worth aborting the program
a7 * over it.
38 *f
35 pthread_attr destroy (&detached attr);
40 }
41
42 f*
43 * Create and initialize a reguest structure.
44 %/
45 request = (request_t+*)malloc (sizeof (request_t));
45 if {request == NULL)
47 errno_abort ("Allocate request");
48 regquest->next = NULL:
49 regquest->operation = operation:
50 regquest->gynchronous = sync:
51 if (sync) {
52 request->done_ flag = 0;
53 Btatus = pthread cond init (&request->done, NULL):
54 if (status != )
55 err_abort (status, "Init request condition"):
56 }
57 if (prompt = NULL)
58 strncpy (request->prompt, prompt, 32);
59 else
60 request->prompt (0] = *\0';
61 if (operation == REQ WRITE && string != NULL)
62 atrancpy (request->text, string, 128);
63 elag
64 request->text[0] = '\D':
65
&6 f*
67 * Add the request to the queuwe, maintaining the first and
68 * last pointers.
69 * [/
70 if (tty_server.first == NULL) {
71 tty server.first = request;
72 tty_server.last = redquest:
73 } else
74 {tty server.last)-rnext = request;
75 tty server.last = request;
76 }
77
78 /*
;z :fTell the server that a request is available,
81 ?tatus = pthread_cond signal (&tty_ server.request):
g2 1f (status = ()
B3 err_abort (status, "Wake server"};
84
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85 /*
86 * If the regquest was "synchronous", then wait for a reply.
87 *f
88 if (sync) {
89 while ({request->done flag) {
a0 status = pthread cond wait |
g1 srequest->donae, &tty server.mutex);
92 if (status |= 0)
93 err abort (status, “"Wait for SYnc request”};
94 }
95 if (operation == REQ READ) {
96 if {strlen (request~>text) > 0)
g7 stropy (string, reguest->text};
98 else
45 string[0] = "\0r;
100 }
101 status = pthread cond_ destroy (&request->done);
102 if (status != 0)
103 err_abort (status, “Destroy request condition"});
104 free (reguest);
105 }
106 status = pthread_mutex_unlﬂck (&tty server.mutex);
107 if (status != )
108 err_abort (status, "Unlock mutex"):
109 }
B server.c part 1 tty_server request
BURSETRTEFREBNEDEY, ZHBE T tty BIEERIESE
AR % SR HEBA . _

12-22 il ty RGBE—ITHER. WRLEREHE N5, NIBGHIBIFEL L &,
UL H R RS T SATEN SRR R R4 £INK? LRSI “ BA R 2
—E2T,

2631 BOEPRERTE, WRBENEFRGERL, WRRELRE.

B server.c part 4 client routine
1 f*
2 * Client routine —- multiple copies will reguest server,
3 */
4 wvoid *client routine (void *arg)
> A
6 int my_number = (int)arg, leops:
7 char prompt[32};
g char string{128], formatted[128];
9 int status;
10
11 sprintf (prompt, "Client %d> -, my_number ) ;
12 while (1) {
13 tty server_request (REQ READ, 1, prompt, string);
14 if (strlen (string) == 0)
is break:
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16 for (loops = {; loops < 4; loops++) {
17 sprintf {
18 formatted, "(%d#%d) %s", my number, loops, string);
19 tty_server regqguest (REQ WRITE, (0, NULL, formatted):;
20 sleep (1);
21 }
22 }
23 status = pthread mutex lock (&client mutex);
24 if (status != 0)
25 err _abort (status, "Lock client mutex"):
26 client threads--;
27 if (client threads <= 0) {
29 status = pthread cond signal {&clients_done);
29 if {status != 0}
0 err_abort (status, “Signal clients done” ) ;
31 }
12 status = pthread mutex unlock (&client_ mutex);
k! if {status i= 0}
34 err_abort (status, "Unlock client mutex”);
15 return NULL;
3§}
B server.c part 4 ¢client routine

BRAEABERT server.c HEEF, BRI T —HEH ty JRESEa0 % o
&, HERFEIET.

7-15 £ Solaris &4, &t i thr_setconcurrency WEIFRE D Kz o
HEFINR. EI?E’f:ﬁﬁﬁﬁ)ﬂﬁ@%ﬁﬁféﬁgﬁﬁﬂﬂﬂ%%%#ﬁﬁ: BIHAEIE
WEBEMIERE . T, TS ORS00 12 AT R SR ) WY R LA

20~26 HITE PIRsiR,

57~35 ZEM 5 prthread_join MR, BT ERTENFEPRER S 4 R 5
Bk IEMBE LM, pthread join HEHFH AT, BRIETBOISMH
HIIIREE Sk, TUAEEBERE RN NS E R FR ), RAHAFBEE—MEF
PEH pthread_join EEE e, MR B RMEEL (multiple join) &
B5 LI,

server.c '
= part 5  main

1 int main (int arge, char *argvj})

2

3 pthread t thread;

4 int count;

5 int status:

&

7 #ifdef sun

8 /*

] * On Solaris 2.5, threads are not timesliced. To ensure
19 * that our threads can run concurrently, we need to
11 *Iincreaae the concurrency level to CLIENT THREADS.
12 * B
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13
14
15
lé
17
18
19
20
21
22
23
24
25
26
27
28
29
0
31
32
33
34
a5
36
37
38
39
40
4l

DPRINTF (({"Setting concurrency level to %d\n", CLIENT THREADS)};
thr setconcurrency {CLIENT THREADS);

tendif

}

in
* Create CLIENT THREADS clients.
®/
client_threads = CLIENT THREADS;
for {count = 0: count < client threads; count++) {
status = pthread create (&thread, NULL,
client routine, (void*)count);
if {status 1= 0}
err abert (status, "Create client thread"):
}
Status = pthread mutex lock (&client mutex);
if (status I= 0) B
err abort (status, "Lock client mutex™):
while (client threads > 0) ¢
statug = pthread_cond_wait {éclients done, &client mutex);
if (status 1= @) -
err abort (status, "Wait for clients to finish");

}
status = pthread mutex unlock (éclient mutex);

if (status l= 0} B

err abort (status, "Unlock client mutex") ;
printf {*All clients done\n"):
ttx_server_request {REQ QUIT, 1, NULL, NULL) ;

return 0;

B server.c part 5 main

bbs.theithome.con


http://bbs.theithome.com

o
—l

5 X A ST E

“Tis the voice of the Jubjubi” he suddenly cried.
(This man, that they used o calf “Dunce.”)

“As the Beliman would tell you,” he odded with pride,
*f have utered thot sentiment once.”

—lowis Carrofl. The Hunting of the Snark

Pthreads FRAERG T RS MAT H AABINIIAR. % T RIS 2 A% 3 &Y
SR, BRI A,

5.1 R T S EBEE IR RITIRE, oI R B TR o o M P B A
Dk
SO TR RMANR”, ALTTHUERER. ERBOSMHEEN, B
TSRS BRI

5.3 BHAMMERE, YRBECIIRER LT k" m—HAR.

5.4 FEBKBIOAERIE, KE—FHBENH, LTFRNERIESTH
B LA REBRER, ERS RENE.

5.5 438 Pihreads 0 SCH JRRRGEROTHAS, HBNRAORRFE LU AT 7 3 5
A, REMHRTE,

—IRERE L

“Feske some more tea,” the March Hare said o Akce, very eamestly.

*I've hod nothing yel,” Alice replied in an offended tone:
“so f ca'n’t loke more.”

“You mean you ca’'n't fake less,” sald the Haller:
“i's very sasy o fake more thon nothing.”
—Lewls Coroll, Allce’s Adventures in Wonderiand

Pthread _once_t once_control = PTHREAD ONCE_INIT;

int pthread_once (pthread_once_t *once control, .
Lrwedd (*init_routine) (void)): o -
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#s5 %

29

o1

-EEFNNFEER K, AEEMT A XD A7 A E R
THHEUK HD VBN RARES, A REAET AR R e T E
PR, WhHFR. £RESEHERS.

MBRARIEERE R, BEEE LB, 52 YRR EREE A
1 B HHIHA A R 1 Z 78 DART 2 e R B WAL B VI E R L AN
REAE, BRAEMKRSER “— XMV e EEE.

ERGERIRTMET, — KNGS EET TR AT R E, BT E
WESHATLAN S 0, FAEMKBF YA SRR 2T 8. RSB
A0, MERREITVIHE, REBEEENY 1. LUSRENICHEE 3.

IEFEFEHZEEN, LR THERTRBLESR T . WREANMLR IR 75
WATFFRED, 2 NRIBATGREER ‘nicializer X0, HEELITWHIL, T
MR ZA AT K, MR LRRER LA N T FRREF LSRR,

ﬁfE’lﬁﬁq'“‘?"ﬁzﬁﬁI%Eﬁ—"?“ﬁ?ﬁm?ﬁ%%Eﬁﬁfﬁiﬁgﬁﬁﬁ*ﬂﬁﬁ%ﬁﬁ%a
EWEEHE, Kt pthread_once BA %, BHAM. £ pthread_once
ERRNZ RS ERSHYIGIL— 1 EFE., X, YEH AR, AEBAR
HAWA pthread_mutex_init ¥MELEFE. YRR AIGEE R B —IK,
@%@]?ﬁ%ﬁ%@ﬁ—&ﬁ%ﬂﬁﬁ%ﬁﬁ%qjﬂﬁn pthread_once BT X Mg H
FIE AR . HE RESHEVISL TR pthread_once M@ hEs
WRETR. WREEFEN, BEHT, BRA6L—FEFHE,

A, FEAEMBRY pthread_once_t M -S| EE, SHETELT
/] PTHREAD_ONCE_INTT R ERAHA AL, 10 L1 F 6] once . o PEBRFIARE,
E%ﬁﬁ'ﬂﬁ—’i‘ﬁﬁ—'ﬁﬁﬁﬂﬁﬁﬁ%ﬂﬂﬁﬁ'fﬁ%ﬂﬁﬁ%ﬁﬂﬂ‘]@ﬁD e, &L
MK EEAH pthread once, 1652 — 1 M5 B MR 6 s 5] L0745
L ER BB TRE

pthread once B HEREEHLTE, UAMAT DL SMAIEML, S
SERX, pthread_once fBi#MIRE, 70, pthread_once I AWEL RS 8
HEBH), HHICK TG, WRE—-PEBYIMELE, B4R
pthread once, WRMARMSRH, HIIBPER SR SER. #a)iE
%, HWH pthread_once IR [EHT, WHEREE EERRECLVaL
e,

8 once_init_routine ARG HEFE, pthread once HI{FFH{R
b R — K.

LR thread routine EEAL FRETAIE pthread once, MRIFH
BURBE R, vhaEa.

EREFUEMHERBIIRA pthread once, LU FE 5 016 17 Bt 40 1 i,
T.EE, BRBIE T SRR AT A S B3R 0 2 O3S 1 F) Y RIE A R PR AT AT HG 4L,
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MY -~ RN e b b e

MO RN R R K HE R e e e
O o W RO O D -] R s L) B e D3

27
28
29
34Q
31
a2
13
34
35
36
37
K}
39
40
41
42
43
44
45
46
47
i€

fifERtis P, M kAR EHELILZ once_block, ERAXRLERFE
BEW Wik, H N pthread_once HMFRRIE T GENFFP.

l cnce.c

¥include <pthread.hn:>
#include "errors.h™

pthread once t once block = PTHREAD_ONCE_INIT;
pthread mutex t mutex;

* This is the one-time initialization routine. It will be

* called exactly once, no matter how many calls to pthread once
* with the same control structure are made duriag the course of
* the program.

*x /
void once init routine (void)
{
int status;
gstatus = pthread mutex init [amutex, NULL);
if {status != U}_ -
err abort (status, "Init Mutex");
¥
;™
* Thread start routine that calls pthread_once.
*/
void *thread routine (void *arg)
{
int status;
status = pthread cnce (&once_block, once_init routine};
1f {status != 0)
err abort (status, "Once init");
status = pthread mutex lock (&mutex);
if (status (= 0) -
err abort (status, "Lock mutex"):
printf {"thread routine has locked the mutex.\n");
status = pthread mutex unlock (&mutex);
if (status != 0)
err abort (status, "Unlock mutex");
return NULL;
}

int main {int argc, char *argv[])
pthread t thread id;
char *input, buffer[64];

int statusg;

status = pthread create (&thread_id, NULL, thread routine, NULL);
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5%

49
50
51
e
53
54
55
56
57
58
35
60
6l
62
B3
64
65

5.2

if (status != {)

err abort (status, "Create thread");
status = pthread_once (&once block, once_init _routine);
if (status I= 0}

err_abort (status, "Once init");
status = pthread mutex_lock (&mutex);
if (status != Q)

err_abort {status, "Lock mutex"});
printf ("Main has locked the mutex.\n"):
status = pthread mutex unlock (&mutex):
if (status != 0}

err_abort (status, "“Unlock mutex"});
status = pthread join (thread id, NULL);
i1f {status l= 0)

err abort (status, "Join thread");
return 0;

}

B cnce.c

Bt

The fifth Is ambition. i next will be right
fo describe each parficuiar bateh:

Distinguishing those that have feathers, and bite,
From those that have whiskers, and scraich.

—Lewis Carmoll, The Hunting of the Snark

BIHAT AL, SR8 Rz VG E K w2 AR AR, B A
RETEAE -/ B4, RN SRERr F R — B R et T4 &G,
Pthreads M i% A& 8 1B 2 BRIAME, REBSTENELFBRASB RN —#,

—’T“Eﬁxﬂt%féi—“lTﬂﬁﬁ‘%—/l\ﬁﬁﬁ?ﬁ%ﬁ#ﬁ‘?—’f‘ﬁ"%ﬁﬁﬁr ERAWTFENE
FI (B, pthread_create) LA, FIET 2R il iR “H e ” mo
At. LM POSIX ﬁi?ﬁﬁiﬁﬂﬂﬁﬁ%ﬁﬁﬁ'ﬁ$ﬁgiﬁﬁﬂﬁ%ﬁﬁg.:- b T B
Pthreads R HEMFHERB H4), AL ] DR M Sk ik 12 (AR IERAED
Z¥0).

AL B RN — MR E L H. T8 BRI o B RS R R,
MAEBLEFRARNER GG, Flig, @i pthread_attr_getstacksize il
AMNEEBMENE FiE stacksize B, i HE pthread_attr_
setstacksize Bi%/BM¥,

£ Pthreads FIRTBESCEl o, 2K AY pthread_attr_t AIREE— typedef &
M. JH get M set MUTMRRERGERMENE . R o015 3 AT ST 061k
BRI AL, FEETE get M set BB LI Y IATE UMD BENE
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5.2.1

EFRE.
%1, EFENE&HZEETHEHOHRHRENRKE, FakE pthread

attr_t. pthread_mutexattr_t M pthread_condattr_t o

ERENE

WY

O W ~ogn oo W R

pthread_mutexattr_t attr;
int pthread mutexattr_init (pthread mutexattr t *attr);
int pthread_mutexattr_ destroy |
pthread mutexattr_t *attr);
#i1fdef _POSIX THREAD PROCESS SHARED
int pthread mutexattr_getpshared |
pthread mutexattr_t *attr, int *pshared);
int pthread mutexattr_setpshared |
pthread_mutexattr_t *attr, int pshared);
#endif

Pthreads 4 6. 7 BEIE 5F L T HUBYE: pshared. protocol M prioceiling, R 3%
BHERRA —EXRXERE, MLUEFERSITIERSEREH.

WiT A pthread_mutexattr_init ¥ E KRR, dBE— MK
B pthread_mutexattr_t ZFBEFEE, WELTEM mutex_attr.c fiav. B
Rttt (MAEBERMNBENIILE—BEEFHAIBHE) i858
pthread_mutex_init RERBNEHEMR .

WRARHKEH _POSIX_THREAD_PROCESS_SHARED M, W& X &
pshared 4%, BILLAE prhread _mutexattr_setpshared R BT . WRE
pshared JB# BN PTHREAD_PROCESS_SHARED , MEENE AR EEL iR
RBP4, XY N ARMBIEFR( pthread_mutex_t JHFEMEZE.
ZR R BRIAE R PTHREAD_PROCESS_PRIVATE .

mutex_attr.c BFERTUNARERENRZRKCEER pshared BHEH
BERFE. XMFEHBRIAM PTEREAD_PROCESS_PRIVATE, B&AIBILFHE
HAMEABE RN ME 2. HAHEFREBRE. I prioceiling 3 LIS
¥ 5.5.5 Witk

B mut.mf= attr,c

#include <pthread.h>
tinclude "arrors.h”

pthread mutex_t mutex;

int main {(int argc, char *argv[])

{
pthread mutexattir t mutex_attr;
int status;
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11 statua = pthread mutexattr init (&mutex attr);
12 if (status 1= 0}
13 err abort (status, "Create attr"};
14 #ifdef _POSIX_ THREAD PROCESS_SHARED
15 status = pthread mutexattr setpshared (
16 eémutex attr, PTHREAD PROCESS PRIVATE);
17 if (status 1= 0)
19 err abort (status, "Set pshared”);
19 #endif _
20 status = pthread mutex init (&mutex, &imutex attr);
21 if (atatus 1= ()
22 err abort (status, "Init mutex");
23 return 0Q;
24 }
B mutex_ attr.c
522 #4TH

1
2

pthread condattr_t attr;
int pthread condattr_init (pthread_condattr t *attr):
int pthread_condattr_destroy |
pthread condattr_ t *attr);
#ifdef _POSTX_ THREAD_PROCESS_SHARED
int pthread_condattr getpshared {
pthread condattr_t *attr, int *pshared);
int pthread_condattr setpshared |
pthread condattr_t *attr, int pshared) ;
#endif
Pthreads % #HE BIANEN R X T — MR pshared. BH BABEL L
BiZR i, ﬁ#&ﬁﬁﬁZﬁﬁ@ﬁﬁﬁﬁiﬁn 1% pthread_condattr init
A R A BB R, R MNefEY pthread_condattr_t XK
&t WFH cond_attr.c BIoR. it ¥ bk i 28 pthread_cond_init (7
ARBAIZBRCA G —EAEROSE) ERZEENE,
IMRRAE X T _POSIX_THREAD_PROCESS_SHARED, W% pshared /&
. BILWA pthread_condattr_setpshared % pshared. MR pshared
BYEE N PTHREAD_PROCESS SHARED, &M BEE MERHMKEER,
REHERET VB £ E R (pthread_cond_t) KTERZE, 1% 8 T 57 Bk A
{2 PTHREAD_PROCESS_ PRIVATE .

cond_attr.c BFERTIARE N &SRB REIBEH pshared /&
AR AR . XM T ARIA Y PTHREAD_PROCESS. PRIVATE, BAfEit
G BRAR A BB AR B M I 24,

B cnnd__attr .C

finclude <pthread.h>
tinclude "errors.h"
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L $F T
3
4 pthread cond t cond;
5
6 int main {(int argec, char *argv(])
7T {
B pthread condattr t cond_attr;
9 int status;
14
11 status = pthread condattr_init (&cond_attr};
12 if (status I= 0)
13 err abort (status, "Create attr");
14 $ifdetf _POSIX THEREAD PROCESS SHARED
15 status = pthread condattr setpshared (
186 &ccnd;pttr, PTHHEAD_PRDCESS_PRI?ETE]:
17 if (status = Q)
18 err abort (status, "Set pshared”);
19 #endif
20 status = pthread cond_init (&cond, &cond attr);
21 if (status != Q)
22 err_abort (status, "Init cond");
23 return 0O;
24 )
B cond_attr.c
A1 Bl — 4 PTHREAD_PROCESS_SHARED & &8, S H—4
PTHREAD_ PROCESS_SHARED A&, BEARPHH—M &S EAFENEE S
AEH—BFRNEFR. SF T 4GZRSHIHBEE ., RENMSHEXNE FE,
R EE FES S PTHREAD_PROCESS_SHARED —BHIfIE, REFRLST .
523 KERMN

pthread_attr_t attr;

YL
int
int

int

pthread_oattr_init (pthread _attr £ *attr):
pthread _attr_destroy (pthread atty t *attr);
pthrEaﬁ_atErhgetﬁetachstate {

pthread_ attr t *attr, int *detachstate);
pthread_attr_setdetachstate |

pthread attr_t *attr, int *detachstate);

#ifdef POSTX_THREAD ATTR_STACKSIZE

int

int

pthread_attr_getstacksize (
pthread.attr_t *attr, size t *stacksize
pthread_attr _sttstacksize | '
pthread _attr t *attr, size_t stacksize):

fendif
#1fdef _POSIX THREAD ATTR_STACKADDR

int

ing

pthread_attr getstackaddr (
pthread_attr_t *attr, void *stackaddr):
pthread_attr_ setstackaddr |

pthread_attr_t *attr, void **stackaddr);

tendif
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B5¥

POSIX HLEfEQIEE X TH /&t : detachstare. stacksize. stackaddr. scope.
inheritsched. schedpolicy Rl schedparam. — S RENALSITHFHARLEE, FHFE
EAAGHEAAIRERA LR, FH pthread_attr_init ¥UEHLEHE S,
BE TR pthread_attr_t FRFZHIEE, WERE thread_attr.c BT
e REEMENREAENE —SHFRs, (MAERINFHi A L—EEFHN
FE) REHENBHENSR.

FREH 1) Pthreads R 4 A 32 #F detachstate B, ZEBMH A ET LA
PTHREAD CREATE_ JOINABLE BY PTHREAD_CREATE_DETACHED. BiAH), £
FEH O A AT IERER (joinable), BIEBREH pthread_create BIEKZLRE
ID R AR EREEZHFREERHRENE, SEEE. WRE detachstate B 1R
3 PTHREAD_CREATE_DETACHED, ffFZBHN ROIEMXIE ID I REEH,
WERERE, HRFEE LR, ol IR 3 38 ST Lk B

SR CAMENTERERERNLREN, NiEDTIEFRIBEN.
i, T EAT, MERREME —MREM ARELIE, RFBEFEBEMAE,
A6 7 A A pthread_join. WRREALE O E MHL4, wE — %14
TR, MRREGIET 2 ENLE.

| SREBRHEK SRR TAHELS,

WRBHRAE X THE _POSIX_THREAD_ATTR_STACKSIZE, B LLig
E stacksize BfE, IFEEHBENSOBRMAERNE M. KERELELE
PHIEW, BREEAZADRRATBHEA, RREZNERE. BTEEHES 580
BTSN R GEE R 1V R AR vE AT R 20

Pthreads 7 X PTHREAD_STACK_MIN #5i&, IEESNEEERNE A,
WMARBEFERERAD, BBFUSHERNE MO ERNER. 8, &x
SEHLIEFRIRRIA stacksize BYEEAE E BRI ZESR, BB ROF 15 B4 (B9 —
*.BF thread attr.c B7R 7T MTHA pthread_attr_getstacksize i
B — P #1ERA KB PE RS ER A stacksize 8.

| S5 328 A h A8 AR T 5 4E 44 |

MRRAENTHAE _POSIX_THREAD_ATTR_STACKADDR , ZtAI LI ®
stackaddr /B 1%, NEMAFERZREENRNERTE -NMEERRE/ENHERGE.
B ED>—EEN PTHREAD _STACK MIN B L. HRAfES#ETEEIHF
granularity IR RIGTE A K. 7EM L F RS B ANL58 F, 455 Wbk iy
ZRIRN R AL, ARG, DR, BEREBIEA .

REREMEEESHFEEWRZE, NBRERI (BEL) B— Xk w
TREERIOE R TR ZE A AR “BH” £ “AH”. BETRESRIFEE
FET RBHEE, NETEE T ERNME:, B SR8 AE R, R T,
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m ~) o N B W b

mmmmmmmmmh-l-r-n-a—._._.._,,_.._
mqmmhmecmanqmm.thHgm

BREAFEREREN.

BRI MOMAER stackaddr JEHE, H HIEEE A HER Pthreads T B AT
A1, REEHR stacksize BIEEMTHEA KENR LIER THE, BEBHELIHMEM
A K] stackaddr BIEERRTELMBE S AL LT /. B4b, SACHEREEE D
stackaddr BYEFIEME IR NRIE ., I RFHAHEN stackaddr BrEERFHA
FREE, AEBEANEPE LIZ1T (BT ART).,

AR thread_attr.c BFER T REET RSB N2, 525 o /d B 2
F A TR LU S tE R X ¥ stacksize BYERTER . MR stacksize BT (3
HEBEANEZH UNIX RE Fl ), BEGTORENME IR FN, #H
5 stacksize WHBR/PMEMBERE. ABEMBTHOENAE, LT RGEEE S
TIAAIBT AR 5. AR, ERB M pthread_exit B, BHENES
RIR 2R H b, #HREH&IL.

RN FAEERERAERE, SHE 552 it ERREFER
stackaddr J& ¥ A W A~ 1F d0 3R % % 1o 1, AR TEUTBEMEN R #H
stackaddr, RERNTEUZBIREE, BRABNAELLAEEFEGEH
stackaddr.

B thread attr.c

#include <limits.h>
¥include <pthread.h>
tinclude "errors.h"

;*
* Thread start routine that reports it ran, and then exits.
*/
void *thread routine {void *arqg}
{
printf (“"The thread is here\n");
return NULL;

}

int main {int argc, char *argvf]}

{
pthread t thread id;
pthread attr t thread_attr;
struct sched param thread param;
size t stack size;
int status;

status = pthread attr init (&thread attr);
if (status I= 0)
err abort (status, “"Create attr"}:

[ *
* Create a detached thread.
*/
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29 status = pthread attr setdetachstate (
30 tthread attr, PTHREAD CREATE_DETACHED);
31 if (status [= Q)
32 err_abort (status, “Set detach"};
33 #ifdef POSIX THREAD ATTR STACKSIZE
34 /*
35 * If supported, determine the default stack size and report
36 * it, and thenh select a stack size for the new thread.
37 *
38 * Note that the standard does not specify the default stack
39 * gize, and the default value in an attributes object need
40 * not be the size that will actually be used. Solaris 2.5
41 * ugses a value of 0 to indicate the default.
42 */
43 status = pthread attr_getstacksize (&thread_attr, &stack gize);
44 if (status = ()
45 err_ abkort {status, "Get stack size");
46 printf ("Default stack size is %u; minimum is %ul\n",
17 stack size, PTHREAD STACK MIN);
48 status = pthread attr setstacksize (
49 Ethread_pttr, PTHREAD STACK MIN+*2);
S0 if (status I= 0)
51 err_abort (status, "Set stack size"):
52 #endif
53 status = pthread create |
54 &thread_id, &thread attr, thread routine, NULL);
55 if (status != {)
S6 err_abort (status, "Create thread");
57 printf ("Main exiting\n");
58 pthread exit (NULL);
59 return 0;
60 )

5.3

W thread attr.c

HR:”
!

int pthread_cancel (pthread t thread):

int pthread_setcancelstate (int state, int *oldstate);
int pthread_setcanceltype {int tvpe, int *oldtype):

voild
void

void

void (*routine) (void *), void *arg);

pthread_testcancel (void);
pthread_cleanup_push (

pthread_cleanup _pop (int execute):;

K G RBRHETE, el MR TE, $HE2EH. A
REM—ARBRROIRHA— R B ERSRN R, FATRAS “HH”
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(cancel) FEHEF BN RIEIE. 2E, EEMREENMNLAEERN—H 4,
HHBEFAIRERDTAERAEAN., JREE - MRENEN, RSt 4a?
iX IE & Pthreads B8 O %

BHE—PMEERREF P AL EEMN TE—R. S M EFERIME
RTEERH, HRAEREHHFRHELE Y (B 51 FR). SBEED
YPPE LI, RPN UETRENRI AT, i, BA0RE
F R AR EAME L, 3 BRI MR DB T ——fb i A L. TR
BLREUH. RBETE S KRR RSB ABUEARD B g2, BiriRiige.

-

whho Eﬂ?@ﬂ; N

! J\ k} - -—--—-*::LJ,-*'I{

B 5.1 ZhBEskLy

PHATHRE R I RBXEOE. FABEEED, ERANEREEEH
). HOHARATRATAM BRI, TRE LI (REAR—xE “KiIF") iF
K. ﬂWﬁﬁiﬁﬁgﬁiﬁ“’T‘ﬁﬁE{JHTH%%:Efﬁﬁﬂﬂﬁﬁﬁﬁﬁﬁﬁ$ﬁ$ﬁ%ﬁgEFL
BrIEiR i S A0 2 BAR S F2 0 4, A I O 27 B (S ) B VR A o RS R ML B,
ARBFEREE. B4, At A BBV ORI B b — bR B QB pa £ 7R g 7

SRS TR, R R AR {d FH B2 R AT K i 18, BHERE. XFEE
W RERIERT —A K3t HEEATED— N A B AR -3k ke 3%, REHZHAEND
W RETR B — Ly AL AU R, R R B BSC ®HE Cul-CREAHFE
Ly ik B, WCE R P B T SR R R A K — N R A S 8k, HHAFE
A pthread_cancel BUYHIEMILEE,

B, RBEBARAN BRI MR T Z 4T “BE” —IREL. Fitn,
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ARBRBEMERBERER SR, —EREBNT -MESTFHNER, #THER
BT LR RE. MR RXEE, MBI e rILIg R B ab B B nte), BT
TSR TAE . Pthreads RFEMEEEG S DHNES R, EREKEBRFAER A
BiE. SERESH-SEENREN, CHERRRERNE. Flin, Y4051k
DI FIE SE R, R — KRR, WEGHENIFR—MEERARITEZH.

Pthreads Z#F =M BB, 0% 5.1 Fion. B PG —HE I 15, #20 “H
HWIRE” M “BUERE”. SHERASFE FEETF. XFEMRE (FERSEHEAL
RO 7 RS, K — N EIRED. T, BRATLRE“ S (enable)
B “ZER” (disable), BUMRFITLIEY “HR” 5 “S57.

Fo 1 HUEHKS
O OR® ® T *® B & X
Bl pending ##ER
g Az —. -

Off () 2 H —HZ R AT
Deferred . - ET — 1B S
(#ER ) RA i TTEH

Asynchronous g o T A B 345 B 3
(FH)

MRWES T, BUNBTEIESIT, 3 BOUNAEE R i S8 4 . EY=Y g,
HEREHIERERL L, YR VBN AE. A RE S5 1 — JC 7B 1) B K 2 38 R 50 1%
RAWELBIHEA . HENINAAESHAGTE. TRE T, LR &2 AT fig
HWHZE—BT NN E SR . Ry pthread_testcancel K435
AR, ZRBOUR — MR MBS . RSP B R 4, R IR iR ],
IX FOVF AT R B AR S Bl o,

EERGRME T TR RIR . REWiRkEE A, HE 4 fEH %
hEe R WAER . FHE b, I F RGBS D BRI K. B,
—PEEM RS R B, WA BB B R R BT —AN e FE s i Be 32k
X

FLZ, REFGERHMERERFE. {HRF KE4rrfIa p, B2 %75,
K. REMETLFERE N TN CES SR . RH AR E A
HWEE BN T HEE L RE T4, XiERERE T HE. N, BERH
HT . BETHERNE FEH, REF A E R BREE T, BA— b
SENEERSFELRE.

M‘*”i"fﬁﬁﬁﬁﬁﬂﬁ%ﬂ:ﬁﬂ*ﬁﬁﬁ%ﬂﬁﬁ—ﬁﬁﬁz NHEEREE S
FIMEREH AR ETT -4 B, EHRR. AMARAATRER, I H 24 h A 4
PR, X EBIRLER ., R, R T NP R E R i sE —
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1i~19

235

3E~54

11

MHFERSHBEARGS,, KHERFLEN. RANBEER A CBFRERMR
A, O FHEERP G EIE A ERBITNE (41 ANSIC ).

HEGE— MR, RBEELENWATID, Bl pthread _create BRI
fIEENH pthread self BPAZEACH pthread ¢ . B — MR
2P, Bi, 3 pthread_cancel WHIRER, BER0 DSWERE, AT
IRBOEHE — NI E A RBRNEMEER. RS E0E SRR SRR L,
BMYNABME 2GR pthread_join 5¢%#E.

WRERET MR PRGRRE, WYL FIRFE — M HER BN SN, B
HERBBERAAER. BRERHBAN, EL4ELELEMNIMNLRY
PTHREAD_CANCEL_DELIVEROD, HUiHiR#&X PTHREAD_CANCEL DISABLE .
K, ERFREEEHRLAD, A LE.LE R EEY.

SEN— B SR RERR B — D R BRI IE RN, B8R EE 5
B MRBREMBREERRE, REATH, SRAF. 85 HE “48\” BLiH
FABPIT —RIB LA H W HEAIREGY, BiE 4, XiMea C++ 3 &K
destructors, 1M 3F C++FH—— RV RAEZIT G A BRI RV B 54500

FHRESF cancel . ¢, BRI B —AMEFA A pthread_testcancel
REH— AR BN RN “HME” M,

SFERH thread_routine ERRIEET, R, AR o 5 48 2k 1
MHEER. EHEERE 1000 XHH—% (8 17 7)) . LA 1% i
pthread_testcancel BT B,

#E— Solaris £% -, K thr_selconcurrency H&BEHEEZIINE
R MERERE thr_setconcurrency, BFHEHIRE. AR chread routine
et EERYNEE, FRWEE. —H thread routine HiRiaTT, EEFK
EABEFENSZIT, BEEEE pthread_cancel.

ERFAEZBH chread_rout ine fj—i 842 HERR 2 £, SRISBU2RRE,
EHETRER, HEREREME, MY PTHREAD CANCELED, R H
BN, MIEEHLILF,

B cancel.c

#include <pthread.h>
#include "errors.h"

static int counter:

FA
* Loop until canceled. The thread can be canceled only
* when it calls pthread testcancel, which it does each 10600
* iterations.
*/
void *thread_routine (void *arg)

{
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13 DPRINTF (("thread routire starting\n"j)j};
14 for (counter = {; ; counter++}
15 if ({counter % 1000) == 0} {
16 DPRINTF (("calling testcancell\n")):
17 pthread testcancel ();
18 }
19 1}
29
21 int main {int argc¢, char *argv(])
22 |
23 pthread t thread id;
24 void *result;
25 int status;
26
27 #ifdef sun
28 /*
29 * On Solaris 2,5, threads are not timesliced. To ensure
ip * that our two threads can run concurrently, we need to
31 * increase the concurrency level to 2.
32 */
33 DPRINTF (("Setting concurrency level to 2\n")}:
34 thr setconcurrency (2);
35 #endif
36 status = pthread create (
37 tthread id, NULL, thread routine, NULL};
38 if {(status = 0}
39 err abort (status, "Create thread”):
40 sleep (2}
41
12 DPRINTF {(("calling cancel\n"));
43 status = pthread_cancel (thread id);
44 if (status |= 0)
45 err_abort (status, "Cancel thread");
46
47 DPRINTF (("calling join\n"}):
48 status = pthread_join (thread id, &result);
49 if {status != 0)
S0 err abort (status, "Join thread"}:
51 if (result == PTHREAD CANCELED)
52 printf (“Thread canceled at iteration #d\n", counter};
53 else
54 printf {"Thread was not canceled\n"):
55 return 0;
56 }

B cancel.c

ERELTFHERMNABLEME, 2B T HE prhread
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M BN TR A R A REN, w8 EF 2R A S AR R R
METERE R, SRR, BUERETFEREN. REES - TNYMNER
=i, ENRERTE ‘B8 HEREUKEEFHAZER. BRAERERN
BIERER, HRELUHEN atexit {0EE, EFB—NBEUE, FBEEMEM
By aLler, iHidi@AEH pthread _cleanup push FH—MNMEROHBEE. T8
BORWERT, HEESFERHEAE, BidHHAH pthread_cleanup_pop WEHER
bR 3

MERE -MEEARIRA ID, BAGRMHERE. XBE®RE, B/AEHTE
R POSIX ¥, ABES M LEHERNTERIFLEN “BHBMEREREL
F7 . ARRBEBUHOEMNEE, kioagd (JEEEa2) £ TR FIRT.
XEFERERHEEREIE - TFRERNEE.

5.3.1 #EiEHEUH

“HERH" ERERKENNHBRWF TN PTHREAD_CANCEL
DEFERRED, ZKFEMEXVFALEEI K BN PTHREAD CANCEL_ENABLE . £
5 U A B0k UV o5 i A v g B oK

THIEBEET Pthreads FEZE LA BB AL

pthread_cond wait fsync sigwaitinfo
pthread_cond_ timedwait ng_receive sigsuspend
pthread join mg_send sigtimedwalt
pthread_testcancel msync sleep
sigwailt nanosleep system
alo_suspend opern tcdrain
close pause walt

creat read waitpid
fentl (FOSETLCKW} Ser_wailt write

LT B SR P RERHR T Ao R B 'S A3 {00 3 A 3 3 2 B Y i
IEHTAE: MRETARRMEA, HARHAM, MBEKBTHMERNTS, B
FTRERR ] TS AT . RL A H — BSOS R B Y (B E MRS HAh

FEARIE TR B R BN A
closedir getco_unlocked printf
ctermid getchar putc
fclose getchar_unlocked putc_unlocked
fentl (except F_SETLCEW) getowd puktchar
fflush getgrgid putchar_unlocked
fgetc getgrgid_r puts
fgets getrtnam readdir
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24-32

3335

¥o5¥E
fopen getgrnam_ r remove
fprintt getlogin rename
fputc getlogin_r rewind
fputy get pwnam rewinddir
fread getpwnanm_r scant
freopen getpwaid tmpfile
tscant getpwuld r tmpname
fsesk gets Lty name
ftell lseek Ltyname_r
fwrite opendir ungetc
getc perror

Pthreads & KILMEAE LRBKRTHEEE ANSI C 5 POSIX ¥ Akt £
“NERH R SR R R B F £ M S0 M A, R E W RAE UNIX #
A “ POSIX ", B, ENTEBIMMISIEREON BSD 43 . System V Release
4 . UNIX95 %, POSIX AN K H select B poll BEHIGZ, B GE AT
T RHH . AT B RE v S5 E(L B uat A, AT LLRR I R o) DL & i h 75 2
ENIRIGER A . EIiTF K Pthreads ALY &5 51%E. X/Open B 8l 4 )E#F UNIX98
MERIXAFHRE (X/Open B4R, 5 8).

ABHERSEEWLL R i ELSEN VO Bk, AR T BUE R,
DUESRRERRITINN . 2 - REE Bk — UL U, RERERTE — R R
PR HRY CHERT RIBRBGNER. WRERSEM F —PMHUERIRFEIE, B4
FIEREH 3 HARRIE MM T pthread cancel, BT — MR RB B, g
R BN RBRET, RERRR TS AR & AL, RIEEREZ L,

R A BN BRI, YOS MR LERFRIF S — b R
(Bl VO B, 534 eR TR R BUWN s 2, A TR AT I B 708
ERBUEER.

N R B ORAF BN A B 7E— NS S BN &5 BB & I — L5l B J) & 4E, B
ﬂﬁﬁ@ﬁﬁ%ﬁﬁﬂﬁ’?‘@ﬁ@ﬁﬁﬂﬁﬁa?ﬂﬂﬁi cancel_disable.c & cancel.c
FIZEdk. “ BRR 222 R HA M Mh i B o 8, HH AR RO .

ARNRM 755 RBE LS, thread routine ¥ sleep 21 1 ¥ (g
755 RERARER KT R — ML NS, R RN A kg NE
LAY, FEREMRLIAT, thread rout ine BT E cancelability k& %
PTHREAD_CANCEL_DISABLE ¥ MM . A HMIRE B 5, © & 1 H
pthread setcancelstate JKEHRLL cancelability 1K 2%,

Y cancel.ch—#, ®MEHE 1000 ORI A AR v B ER 7
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M cancel disable.c

1 #¥include <pthread.h>

2 #include "errors.h”

3

4 static int counter;

5

6 F*

7 * Thread start routine.

g~/

9 void *thread routine (void *arg)

10 {

11 int state;

12 int status;

13

14 for (counter = Q; ; counter++) {

15

16 /*

17 * Each 755 iterations, disable cancellation and sleep
18 * for one second.

19 *

20 * Each 1090 iterations, test for a pending cancel by
21 * calling pthread testcancel().

22 * f
23 if {(counter % 755) == 0) {

24 status = pthread setcancelstate (

25 PTHREAD CANCEL DISABLE, &state);
26 1f {status != 0)
27 err_abort (status, "Disable cancel"}:
2B sleep (1);

29 status = pthread setcancelstate {

30 state, &state);
31 if {status I= 0)
32 err abort (status, "Restore cancel”):
33 } else

34 if ((counter % 1000) == 0)

35 pthread testcancel ();

36 }

37}

38

39 int main (int argc, char *argv[])

40 {

41 pthread t thread id;

42 void *result;

43 int status;
44

45 status = pthread create |

46 &thread id, NULL, thread routine, NULL);
47 if (status != {)

48 err abort (status, "Create thread");

49 eleep {2};

50 status = pthread cancel (thread id);

51 1f {(status != 0)

52 err abort (status, "Cancel thread");
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53
54 status = pthread join (thread id, &result);
55 if [(status != 0}
56 err_abort (status, "Join thread");
57 1f {result == PTHREAD_CAHCELED}
58 printf ("Thread canceled at iteration %d\n", counter):;
59 else
60 printf {"Thread was not canceled\n");
51 return 0:
62 }
B cancel disable.c
5§32 FEFRUH

FERHERFRE, B “BirRR” FEEMPIRNACKE MBI ER, o
FBIT—1REGHBHNEE (P, e EXED) TSER SN, A
HHESL T A pthread_testcancel [YFFHY7E AT RE L FCE 1,

B AR |
AR E M F) R FBOY, AR A A

B R ARG T S B TR M BT RE. TRASRESRABAL TR, fmhnis
BRE, BYRRABRE N EREE FEETHEET. S 25 R RE AR fo] 1
Hia4REE, £~ EH L EE R 2 — a8 4 iy b (4T BT, X A5 R 2 H
HILRFE IE7E 1T A 35t R o

#wa, XMW malloc R, RENRS BN, BivRSRAER
RET AR (T REEASERD) PSR EIA TS, FCRSTT 880 LS Y
ERHIEEERTI AT, nalloc ATRETEAR 2 M5 ¥ R B By 3T 0, KRR
HTTHRE T AR . BT RS B AR T G, KTRETE S BN . BT
DR HER AT AT 07, B % 5 2 ) Bs3R El A0, BEERBUEE I B At
HUA T 7. o0 R b o, ﬁ:&ﬁﬁﬁ%ﬂﬂﬁﬁ?ﬁﬁﬁﬁﬂﬂﬁ?ﬁ#&ﬁ%ﬂﬁ%i%ﬂﬁﬁw
. IRAREHIE TR TSt AR, AERBAE, UETHE WBREESE
B MERFEM SRR SAURA. XRELATFHR, — BT
& BRI

A 2R pthread_mutex lock Y, RG] BB R BR A P ¥ 4T Oy (7
HMILEFBZATRZ G . R, BRFRATESRER, BN H W Eam s
FESZHEE, BEE pthread_mutex_lock REHNBERE, THEELER
BEATH. WRE FE¥H8T, BATRSRWBY, NEEFS 2B EE -
HZ5 R

RRAFRE T Tl 2205 H BOK 694050, TR A B B A B R 4
PR, B, 8=
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24~28

34-36

J9~44

6674

o = o N s N

-}-l‘l—ll—l|_|nh-"1—l
L e B -~ Y-

LRI RER, RAARFREAMEESRBEMRE. EBXLLh, BRIFESSH
Il RA “RPEHEEE” 1, THEFRPEHEERANEMZAREM R
B Pthreads ¥ H) # 2 W #H &£ & 1 K ¥ B pthread cancel .
pthread_setcancelstate M pthread_setcanceltype (FHYBHRE
HUHEM, #EULERB pthread cancel) . #H HAh POSIX 538 ANSIC sRHE
BERAPIHIHEEN, HEMRIRINZER AR EBEN.

Pthreads B FrAHNERBEN ZIARTENREGERTHRHEZ SN . WREHEN
HERHRBHEE, WENZARBEEIERINHETSN. EREFHEN
RENRBFTHAT A PEENERERZEN. W EFRML, 5RESHRIEX
H1. B, FEE, ZIRRHETFRERPIHELEHWEY, E&— MRy
HEHE, TIRERt2 5idm & s B,

THIEF cancel_async.c, 8RTE—DiF EEEWHERT R BEIYF
H. FTBURFIEREZTERLE cancel . c BRI MIER “mNMTE
57 . R, MBRERRAFAATRYGEE, EERTERTR, TR EE
FHEREEH T, EALEERT, FERNELF.

A TUKBULE - 2HEHEEF B RIBTHZ], cancel_async.c 8
T“+ﬁ$mﬁﬁﬁﬁﬁﬁﬁamﬂﬂmﬂﬁmﬂrﬁbﬁﬁﬁﬁ%ﬁﬁmﬂig
BN EHHREI R

PUHRBH N ZE N PTHREAD_CANCEL_ASYNCHRONOUS, LA{% ZE 45 PEF 1% 5F
A AR S R AU .

REEREEREFIHEON, ANKEETACHEMGSEE (matix) 4
B —MESAE (matrixa).

FI#, 7 Solaris RE L HABIREHEN 2, U AT FLEH
thread_routine FEMA—SELEV LiZ1T. EZX MR, B,
B2 Solaris LA P 8RR 2R R R B ad ] B il

cancel async.c
u 1 _asy

#include <pthread.h>
#include "errors.h"

fdefine SIZE 10 /* array size */

static int matrixa[SIZE][SIZE];
static int matrixb[SIZE][SIZE]:
gstatic int matrixc[SIZE][SIZE];

/x

* Loop until canceled. The thread can be canceled at any

* point within the inner loop, where asynchronous cancellation
* is enabled. The loop multiplies the two matrices matrixa

* and matrixb.
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45
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49
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55
56
57
58
29
60
61
62
63
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66
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68

Es®
void *thread routine (void *arg)
{
int cancel type, status;
int i, j, k, value = 1:
IE;
* Tnitialize the matrices to something arbitrary.
*/
for (i = 0 i < SIZE; i++)
for (i = 0; j < SIZE; j++} {
matrixafi]{j] = i:
matrixb[i][}] = F;
}
while {1} {
J*
* Compute the matrix product of matrixa and matrixb.
* /
status = pthread_setcanceltype (
PTHREAD_CANCEL_ASYNCHRONOUS,
&cancel typej);
if (status l!= 0)
err abort (status, "Set cancel type"}:
for (i = 0; i < SIZE; i++)
for (j = 0; j < BIZE; j++) {
matrixe[i](j] = 0:
for (k = D; k < SIZE; k++)
} matrixc[i][j] += matrixalij[k] * matrixbl(k][F];
status = pPthread setcanceltype {
cancel type,
&cancel type);
if {status != 0)
err_abort (status, "Set cancel type");
J|.n"i«-
*;CDPY the result (matrixc) into matrixa to start again
x
for (i = 0; i < SIZE; i++)
for (j = 0; j < sIZE; J++)
matrixa[i][3] = matrixe(i][(j];
}
}

int main (int arge, char *argvi])
{

pthread_t thread id;

volid *result;

int status:

$#ifdef sun
g*
* On Seclaris 2.5, threads are not timesliced. To ensure
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X 32 B EB ERIE
69 * that our two threads can run concurrently, we need to
70 * increase the concurrency level to 2.
71 */
72 DPRINTF [("Setting concurrency level to 2\n"));
73 thr setconcurrency (2);
74 #endif
75 status = pthread create (
76 fthread id, NULL, thread routine, NULL);
77 if (status != 0)
78 err abort (status, "Create thread");
79 sleep (1);
80 status = pthread cancel (thread id):
Bl if (status != ()
B2 err abort (status, “"Cancel thread");
B3 status = pthread join {(thread_id, &result);
B4 if (status 1= 0)
B5 err abort {status, "Join thread"};
g6 if (result == PTHREAD CANCELED)
87 printf {"Thread canceled\n");
BE else
89 printf {"Thread was not canceled\n");
90 return 0

91 )

B cancel async.c

s
R H“DCE & 42784 3) {§ % %] Pthreads £ !

BRUEESERAT . DCE LERFHREER (OSF) MO EHE
(DCE> My— P XEEERME, W AT FRAEN UNIX 0. BER LB
RAGHEREA LEREEEERN V0 B «“FAHHE®R” Vo, LEEFE
—MEIE B VO MEREE N ESER EEE, HEUER select &
poll #AER R VO W LISE M. DCE M2 FE AT 65 T (- M7t — 4N socket 21815 |
PLIE, FTUARSEU X R/ R EEN.

= DCE WBHEBISCHFEE R HAETIF Phreads) BUST NI, 82045 8%
HABRA VO ks, SBERERLFREDRNMNBNIEE, EiFEEmRs,
APRRRBERERFAUTHFELR T S0 #H%I58M, iRENZiE
PSR P2 R PR 7 0 B 5 25 BB, T 20 A 0 D DA S ik e ) 3 [ A B S
B, I AREERAL RS BN, X Rk R DCE I
BE, BEXRRERY, HEASCOETUEE THENRLE L, N i%E e
Pthreads R4%_ L3R XM 77 20t i BIRK RGMIE POSIX 1003.1¢-1995 (8§ POSIX
1003.1. 1996 FhR, BLLE) , EEDIHNIE. S5 ARG LR ER M. &
AEEAPRGY, FEFEHETEBLER.
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xS ¥

5.3.3

3

=17

Z44~34

47

5458

b2

YR BT ENN, BAALR AT THREBGY ., ARELH
M B, FELEREREERAFBRLTE,

S—MUEBRERNEN, FERE -BRE, SHFHBERLEEE, LERE
FHANERAERNELUE, SRR, HERT FEINEURE., &% 3,
ERFEREATR, HERARTERNE RS,

AL ERBEERAT NSRRI, WA pthread
cleanup_push R¥FERAEREMEEL P, WA pthread_cleanup_pop MK
REEMAGERE. JERHEINNESNEHAE pthread exit iE B,
Pthreads MBI N AIERR AL R BUITEE, RIKEH A MESIHBRGE RS, X
A TGRSR BB EIN, SR8,

Pthreads 75 BX S0 22 B BE AR 1 20 MR W B IS B, I ER2 8 18 AV 18 A
HRM. TRETHRIEREF TR, EFRAENEREES S LEHE. =
pthread cleanup_pop MIAFFHEB AR, SEEREWELY, HadmmE
HEEHAT.

ﬁiﬂ‘:ﬁEE’E—”i‘“ﬁlﬁP’\],EE)\—”H%%&J:?&EIﬁﬁﬁFE%%W@ﬁ*ﬂ%ﬁ'&fc
pthread_cleanup_push pthread_cleanup_pop BRIEFHFER T
X, X ¥ pthread_cleanup_push THRASHRITHEKRES (7, T
pthread_cleanup_pop THMEE TIREMRE R AIES “17 . L6 FRR A E
KB, WRBEMRBTBRE, HUHS DX —RE.

FHUIENF cancel_cleanup.c, 87T 49— MR T REEHIONE, 5
—MERLCHRERERERE.

FHIGH (control) BT AR ERAREF tZmENBNITE, &
MERBIEFF LT A counter L, 3 HELRIH counter # 1.8 R busy
B — DNRETC &M B4 TE, By 1, HAHNRAEES, NERE R
HERRASEIE (ZEXABITF ) B ) R Ey .

¥ cleanup_handler & %% TERENIUNFRGER S, L4715
HEGEEEF SR, R F S, B ENNSIES ARG ERE.

B thread_routine #t 37 cleanup_handler {ENIESH BSR4
R
FRHEZ control MM busy BRABEN 0, RXAERXMAFHERRESRE,
FUERER T S E RN RE .

REXMEHRARL8H, o XCE L MBS T i R A R M ATIRE T
. Wt REHE pthread cleanup_pop KIEHAEE, MBEMMERA & 4R
H, FReEE¥RREEA.
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B =] G N o b b

-h-h-h-hl.q:-wu.rwwuuuwwmmmmmmmumm;—HHHHHHH|—-|..-
L.JMI—In:-u:cn-JmmhMMHmmmqmmhwml—u:;:mm-.lmm.humwt:m

e, Re] BB B othread cleanup_pop WH -8 “ ANEE
FEMER". RMEEFF, BRECHRBEALEA] BB A 85 R0
pthread_cleanup_ push

pthread cleanup_pop HZRFFHKD, F Ha B Uy BESPFHEMLEER.
#lan, Digital UNIX 7F s #&1E R AR 4 b 8 db 2 _F TR LSRR 77 S 31 T B
.

l cancel cleanup.c

$include <pthread.h>
#include "errors.h"

$define THREADS 5

f*
* Contrel structure shared by the test threads, containing
* the synchronization and invariant data.

*/
typedef struct contrel tag {
int counter, busy;
pthread mutex t mutex;
pthread cond_t cV;

} control t;

cﬂntrﬂl_t control =
{0, 1, PTHREAE_HUTEH_IHITIALIEER, PTHREED_COHD_INITIALIZER};

;*
* This routine is installed as the cancellation cleanup
* handler around the cancelable condition wait. It will
* be called by the system when the thread is canceled.
*/

void cleanup handler (void *arg)

{
control_t *st = (control t *)arg;
int status:
st->counter--:
printf {(“cleanup_handler: counter == %d\n", st->counter) ;
status = pthread mutex unlock (&st->mutex);
if {status != 0)
err_abort (status, "Unlock in cleanup handler"):
}
FE
* Multiple threads are created running this routine {controlled’
* by the THREADS macro). They maintain a "counter® invariant,
* which expresses the number of running threads. They specify a
*

nonzero value to pthread cleanup pop to run the same
* "finalization" action when cancellaticn does not occur.
* /

void *thread routine (void *arg)
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86
87
88
53
90
21
92
93
94

int

}

int status;
pthread cleanup push {cleanup handler, (void*)&control);

status = pthread mutex lock (&control.mutex);
if (status [= 0)

err_abort (status, "Mutex lock");
control.counter++;

while {control.busy) {
status = pthread cond wait (&control.cv, &contrel .mutex):
if (status != 0)
err abort (status, "Wait on condition™);

S

pthread cleanup_pop (1};
return NULL;

main (int argec, char *argvi | )

pthread t thread id[THREADS):
int count;

void *result;

int status;

for {count = 0; count < THREADS; count++) {
status = pthread create ({
&thread id[count], NULL, thread_routine, NULL);
if {status != 0)
err abort (status, "Create thread"):
}

sleep (2);

for (count = 0: count < THREADS: count++) |
status = pthread cancel {thread id{count]};
if (status i= Q)
err abort {status, "Cancel thread");

status = pthread_ join (thread id[count], &result);
if (status != 0)
err abort {status, "Join thread”;
if (result == PTHREAD CANCELED)
printf ("thread %d canceled\n”, count);
else
printf ("thread %d was not canceled\n", count);

}

return 0:

B cancel_cleanup.c

BRI - RIEURT —ERER “HA” —BIR (WAFEREE) |

HHASAREEMITPR “RALRE" BEGY, TR VT HEA B W 5 e Rk 4
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BT, M, ATCURIHERSE R BlE “oa%R" . el tRE
CRIZ R,

WRRREITHERE “oa%L727 , WHeIHFRERER —EREAHCNHE
EEEAE. L RBEE BUHENIN, ARIZERS REERERDUN: i,
A PALH B MR H HF M pthread _detach BHRMS B'E . HENIERN, 2
AL EMBERERERIEEER, W “ARER" RN EMILH S — .

LI FFEFF cancel_subcontract.c E7r TAEBIUMEE “oREE" 174
Hi.

9-12 team_t FHEXT A BERAKKKRE. join i RRIERT HABKEE
ERBE— T HEERENES], XENE pthread_join ASEBUNER, EREEUH
CILEEERNEE. workers AR ICRITAEERIRG ID B— %4l

1825 TREEMN worker_routine MEFIRENT . HERE — H G E BB,
BER 1000 X AHF —& pthread_testcancel.

3146 HRABEACEENENESINERDOE R R T, LRSI
B, IKEBRE T CGRESE) NTE8RE, BUNHEL+EEN. tBEEARAEELS
GRE—EFE-TMERLEREASEAE - MIER. REEAR, Z8BEE
WIS REF LM, MARSAF —BERTER AR, B W ERIERLERMH
LHREFGERA, HEWN. EHSTEBELR.

ABEBEMN thread_routine FHRIBIT. GRENBE—ESOBE, REL
Mo BERER. DB EEN, B tean t BRA join i HIEET
workers FUERTHI SRS HRLAERIE A team EHHIEE, LUEL 6
RE B R BRI AT REUE B TR skig.

78~104 EREFEIRAREIE, 11T thread_routine, R/SHEIR S #. ST RSN,
HOHA MR FSTEIE,

Bl cancel subcontract.c

1.0
LS
—

1 #include <pthread.h>

2 #ineclude "errors.h"

3

¢ #define THREADS 5

5

6 /#

7 * Structure that defines the threads in a "team."

g8 */

9 typedef struct team tag {

10 int Join_i; /* join index */

11 pthread t workers|[THREADS ] ; /* thread identifiers =/

12} team t;

14 /*

15 * Start routine for worker threads. They loop waiting for a
16 * cancellation request.
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17/
18 wvoid *worker routine (veoid *arg})
19 {
20 int counter:
21
22 for (counter = 0; ; counter++)
23 if {(counter % 1000) == 0)
24 pthread testcancel ();
25 }
26
271 f*
28 * Cancellation cleanup handler for the contractor thread. It
2% * will cancel and detach each worker in the team.
3¢ v/
31 void cleanup {void *arg)
32 {
33 team t *team = {team t *)arg;
34 int count, status:
35
6 for (count = team->join_i; count < THREADS; count++) {
37 status = pthread cancel (team->workers[count]);
ig if (statuas != Q)
39 err_abort (status, "Cancel worker");
40
41 Status = pthread_detach (team->workers[count]):
42 if (atatus l= Q)
43 err_abort (status, "Detach worker™);
44 printf ("Cleanup: canceled 'di\n", count);
45 }
46 '}
47
a8 [+
4%  * Thread start routine for the contractor. It creates a team of
50 * worker threads, and then joins with them. When canceled, the
51 * cleanup handler will cancel and detach the remaining threads.
52 %/
53 wvoid *thread routine (void *aryg)
54
55 team t team; /* team info */
56 int c¢ount;
57 void *result: /* Return status */
58 int status;
59
60 for (count = 0; count < THREADS; count++) {
61 status = pthread create (
62 tteam.workers|[count}, NULL, worker routine, NULL);
63 if (status i= 0)
64 err_abort (status, "Create worker"):
65 }
66 pthread cleanup push (¢leanup, {void*)&team};
67
68 for (team.join_i = 0; team.join i < THREADS; team.join i++) {
69 status = pthread join {team.workers[team.jcin*i], &result);
70 if {status l= 0)
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71 err abort (status, "Join worker");

72 }

73

74 pthread cleanup pop (0};

75 return MNULL:

76}

77

78 int main (int argc, char *argv[]}

79 {

80 pthread t thread_id;

81 int status;

B2

83 #ifdef sun

B4 i

85 * On Solaris 2.5, threads are not timesliced. To ensure

86 * that our threads can run concurrently, we need to

87 * increase the concurrency level to at least 2 pluas THREADS
F:: * (the number of workers).

B9 */

90 DPRINTF ({"S5etting concurrency level to %d\n", THREADS+2)):
91 thr setconcurrency (THREADS+Z);

92 #endif

93 status = pthread create (&thread id, NULL, thread routine, HULL);
94 if {(status 1= 0)

95 err abort (status, "Create team”);

945 aleep (5);

97 printf {("Cancelling...\n"):

98 status = pthread cancel (thread id);

99 if (status != Q)

100 err abort {status, "Cancel team");

101 status = pthread_join {thread id, NULL);

102 if (status I= Q)

103 err_abort {(status, "Join team"):
104 return 0;
105 )}

B cancel subcontract.c

54 Z%EFBEIE

No, i've made up my mind about - it 'm Mabel, I'li siay down here. It'll be
no use their puitling their heads down and saying “Come up again,
dearl” { shall only look up and say “Who am |, then? Tell me that firsl, and
then, it | like being thal person, I'if come up: if not, I'll stoy down hete il
Fm somebody efse.”

—Liewis Camoll, Alice’s Adventures in Wonderiand

HELEREFPH - REFECE A TIERN, SRH SIE % R 5
HZ R —2, BIRREMBME S RETHES . SLEETERSTERTH
FHHE I (BF) RECRHELEBER (extern).
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5%

LR EN TR A RR AR R T, FE3EFE N8 5T H 2 B2 4L S0 5] 6 ik 52
], BERRET R EHGHANARNER, REHERAHNER, M
BAMEHEEREES. BEE—FVHEHAZ A8 “RERE” BEXN T4
FKHAETEERNSE:
® FBETR (static) . LR (extern) BBRTENME, BE R
EMARAEHE. F-SERTXITEREREEY, WPk
FMFRIRF. BB T, ETAERA R RIES R,

¢ THEAFWHENE -REFEESLNREER. EESHH b5
ﬁﬁsE%Hﬁ&“Ek"ﬁﬁﬁﬁ—¢ﬂﬁ%%%m%ﬁﬁuE&ﬁ
%EF,%ﬁ%ﬁ“ﬁﬁ”ﬁﬁﬁ$%ﬁﬁ%%ﬁﬁﬂ*ﬁﬁ%ﬁﬂ%
EfrEfd.

@ﬁ,%%E—¢ﬂﬁ%ﬁﬁsﬁﬁﬁﬁ&%ﬁﬁ%%ﬁ%@ﬁgﬁﬁmﬁ,
ﬁ%ﬁﬁ%ﬁﬁﬁﬁﬁﬁaﬁﬁﬂﬁﬁﬂﬁﬁﬂﬁiMﬂuﬁmﬁﬁﬁ%ﬁﬁﬁ,
ﬁ%ﬁ%&—%%%ﬁﬁﬁﬁ%%ﬁ:ﬁﬁ,ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁgﬁﬁmﬁ
B i mlint Min— AN sRE ) 55 8k,

m%%%%&%%%m¢ﬁﬁ%%ﬁyWﬁﬁE%ﬁﬁﬁ%ﬁ%ﬁsﬁﬂﬁ¢
%Eﬂﬁ%%ﬁ%ﬁ%ﬁaEﬂ%ﬁﬁ*ﬂ%%@ﬁﬁ%ﬁﬁﬁ;WW,%E—%
BT AGPMEREERE 0, DB pthread_t. FEFLHBHH®T,
FABEMEE L LPHETEEAX MR R—BE —TIREEEMERTIERES)
BRETHEERR AR NEERSNEEE.

ﬁ“ﬁ%@%ﬁ%%&ﬁ¢%ﬁ%ﬁﬁ*ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ%i%&%@
Eﬁﬁ@#ﬁ%?ﬁﬁ%@ﬁﬁﬁﬁqjﬁfﬂﬁiﬁﬁﬁﬂﬁﬁﬁuWﬁﬁﬁﬂﬁ@fﬁﬂﬁﬁfﬁﬁ{]“
RIEER, FHCIBEEKIRAY (pthread_t) UFEEEMBEREN, 284
%ﬁﬁ%ﬁﬁ.mﬁ%ﬁﬁmgﬁ%ﬁﬁﬁ¢%ﬁﬁE%E,#ﬂ%ﬁ@@i&&
ﬁﬁ%ﬁﬁﬁ%@ﬁ%ﬁ%@@%@ﬁﬁ“*&ﬁﬁﬁﬂﬁﬁia

| #6480 RS ik B K 40 9 A B

EE&H%&DWAﬁ“ﬁ%%%ﬁ&ﬁia%Eﬁ%ﬂﬁﬁ%ﬁﬁﬁ%%ﬁ
ﬁ%ﬁp#H%ﬁ%ﬁ&%%nﬁ¢ﬁﬂﬁﬁ$ﬁﬁ,%EE%@%HT@ﬁQ
® EW%%&¢,@ﬁﬂ%ﬁﬂ%ﬁﬁﬁ%ﬁﬁ,#ﬁﬁﬁﬁﬁﬁﬁﬁﬁ
BLZAXFHEARENHE/R D, SRR S,
® ﬁﬁ,ﬁ%%ﬂﬁﬁﬁﬁ%%%ﬁ%%ﬁﬂﬁ%%%%%WE.%%%
5 FHRAT B R 22 72 1 0 50 0 P 3 e e e
ﬂ@%ﬁﬁﬁ%%ﬁ%%ﬁ%%ﬂﬁﬁw@ﬂﬁﬁﬁﬁ~¢mﬁ&Dﬂ%ﬁﬁ
ﬁ%%,%ﬂ%%&@ﬁ¢ﬁm—T§ﬁgﬂ%%ﬁﬁ%%ﬁ%ﬁ%%ﬁ%F—T
HBREN (RRBARBELEEE T,
%Eﬁﬁﬁ%ﬁﬁﬁ%ﬁﬁﬁﬁ—ﬁ%ﬁﬂﬁﬂdﬁ%ﬁ¢&ﬁﬁ“ﬁ$ﬁﬁ
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AN <@ ERFIMABERALEME. BREKNERAEFERFBIHEL
FERENHE (B52). RESMEFRANEEAR, HRERALBEIE BT

ABENEREREB BT R

52 RBREEIESH

B -2 GIARSE—FHEANAL, HELEWMAREANBHIR
LHERKRLD), REEIMEERMRIEERBIHSHEE (RERRLE
EELRXBEL, SMERAFE—NUERS, MERSEHRY—ME—H4L
F. BUITHAWAKBERMEN, BESIMEBREHECRINRESHBRER,
FIEBRRELTN YRR ENREE, IFALEWRNEA AL EEEHN
B

R EERGNE

pthread key_t key:
int pthread_key create (

pthread key *key, void (*destructor) (void *)};
int pthread_key_delete (pthread_key_t key):

ZERFRERERT P RHHER pthread_key_t FI— AT BETH. B4
H# Prhreads FM—¥, pthread_key_t BRBHIH H URKEFE AL
FAIXTHEMBAZTHRR. £EETAXBRRBFHRUN, QRS EAANERE
BENTERT pthread_key_create, HliIGEBRFEN &%+,

MRPUEWEUR - EERFTHIER, UMRIE pthread_key_create
M FH/A pthread key_t TEUNBER—K. B, MEK—MREOIBRF K,
HEAREGRFH T ARNR. B/ M REEEE—, 2B SEHEETRY
HRBEAE R kEshE k., :
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13~56

1
2
3
4
3
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

SFEARERACHEMNE] main BN, RIE—PMEEAFHEBERNEEIE—KRE
BRELBN T EREMFEH pthread_once, I—¥%HEMPGEILRE, M FHEF
tsd_once.c s,

tsd_t G TEEESENMMENIEE. 81MEEIRAE ced_t &8, 3#
BR—IR MR HWREMEAERE HHRE csd_key WEET. thread id i
RRFLENIRIRA (pthread_t), string RREF P IRNEELFFHS
HITEST . tsd_key BBRHFRERARIEE, ZRAXEN tsd t £H.

~— RERFIEL R (pthread _once) ¥ A3 IF ted_key $#ESE —INE
HRATH AR .

REMNEBET thread_routine FHEET. 2% arg I MEREfHm LT
R —MEE . B MEEEA pthread_once AP TR EEE oS, &
ERFDE csa_t 458, FLBERFRFMG thread_id KA, HH#= N
HI 243 string A,

ﬁﬁﬁﬁﬁﬁ;ﬂu%igﬂ@aﬁﬁc@ﬂ%%ﬁﬂﬂﬁﬁﬁﬁ,#ﬂﬁ
HEREAFITH—%H B, EREEE L, FHBRITE — & A LI RE LR
HPBERE B, REASINBEERRLY cad_c Eitqg it IR T AR IR B2k
PR E e,

B tsd _cnce.c

$include <pthread.h>
$include "errors.h"

Iz
* Structure used as the value for thread-specific data key.
*/

typedef struct tad_tag {

pthread t thread id;

char *string;
} ted t;
pthread key t tsd key; /* Thread-specific data key */

pthread once_t key_once = PTHREAD ONCE_INIT;

FE
* One-time initialization routine used with the pthread once
* control block.
*/

void onc¢e _routine (void)

{
int status;

printf ("initializing key\n"):
statug = pthread_key_create (&tsd key, NULL);
1f {status != 0)

err_abort (status, "Create key"]:
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3R AL LREE
28
29 /%
30 * Thread start routine that uses pthread once to dynamically
31 * create a thread-specific data key.
i2 * f
33 void *thread routine (void *arqg)
34
35 tgd t *value;
36 int status;
37
38 status = pthread once {(akey_once, once rcutine);
3s if {=tatus |= 0}
40 err abort {status, "Once init"};
41 value = (tsd_t*)malloc (sizeof (tsd_t});
42 if (value == NULL)
43 errno_abort ("Allocate key value”);
44 status = pthread_setspecific (tsd _key, value);
45 if (status l= ()
46 err abort (status, "Set tsd"};
47 printf ("%s set tsd value %p\n", arg, value):;
48 value->thread id = pthread self ():
49 value->gtring = {char*}arg?
50 value = (tsd_t*)pthread getspecific (tsd key);
51 printf ("%s starting...\n", value->string);
52 sleep (2):
53 value = (tsd_t*)pthread getspecific (tsd_key);
54 printf ("%s done...\n", value->string});
55 return NULL:
56 }
57
58 wvoid main (int argc, char *argv[])
59 {
60 pthread t threadl, thread2;
61 int status;
62
63 status = pthread create (
64 &threadl, NULL, thread routine, "thread 1"):
65 if (status != Q)
66 err abort (status, "Create thread 1");
67 status = pthread create |
68 &thread2, NULL, thread routine, “thread 2"):
69 i1f {status != 0)
70 err abort (status, "Create thread 2");
71 pthread exit (NULL):
72}

W tsd _once.c

AIEFA B HEN, Pthreads S8R A pthread_key_delete Bi—A4
BERA . Pthreads FRHRIET R REEH 128 ML G SER. B, B
BB RENRZT AN, /I Pthreads RALTFR LRSS Hfi<linits . h>
H15E X B PTHREAD_KEYS MAX AR EREIEE.

AFNAENFHERN, FaEnEMRENZRBEN LY, EEFRE
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wiE SR A LATRE. FERERNAEBE AT ENATNERENRREEE
AEHREBHXNETAT. X8R, CFNFHCHBRNEEALAFHEG
(pthread_key_t) W58 EE XHOITH.

R G H R BRI AR, T RERIR B AR Sigdk!
TR, WAL,

LR NRTEERNEN, FRAZBEOZR. flln, WREMERAH
pthread_key_create, AIREEAFHECHRBMEHTHN pthread_key_t friR
ff. IR 5 ARBENAFERE#RFRIEN, SHSERBIHE. BFEEE
X BB A R BiE R R RERE, R R A R SR A HIER BT E
fﬁﬁﬁﬁﬁﬁﬁ@ﬁ%ﬂ:a #lin, By —4 “3|HE” , 0543 HE
¥ tsd_destructor.c Fix.

HEEVFNREZERABRRAEAGYER. BROBEXREM, XA NREREE
XH (FEE: BAGL, RE/LFIBARE, ROERFESR 128 MEEA T
5 (Pthreads BNRED, JLPRERFBET L, BEky, HHABRREK
BRHENHHEERALE AN RERE RS HEIELE M. BREEN
B B L IR

542 [RAKEARNE

int pthread_setspecific (
pthread_key_t key, cost void *value);
void *pthread_getspecific (pthread_key t key) ;

W LAfEH pthread_getspecific REXKBBEBNITHRE, RIEFH
pthread _setspecific RERLFTHMRME. 731 TRHTHRLSEATHER
HWEBSEIENHEYE R R RSN T,

BARG BB H T (NULL) #FF Pthreads EokHb — b 4skes 48, 5l
REGAHETR, FER A ERERFTLHIET T,

M FEAFR, RYMAME (EFRENER) b NuLL. B, R—SE&-
if®, Pthreads 7£ V8RS destructor R AN N RBAEFLIEE S vuLL (18

O DEOR, FETRIERN. XEFENE2 ———0iER8T, EFEMITEE L.
Awind, HREET, FTHE ( A destructor B Z HNBRABAETRIBAE" O HEE
T BAEAERIE — L, FEEMERM. BTLL 38 L MR REEASRAERES—
TR, B RSB IE R ER, R 2 destructor B3 i pthread-setpecific
FEBTHRREEST, " REEREN, TAEA Phreads THMMAIX H B R R, 148,
PIER B BT, TTREZE 1003.In B3THR O 1003.1c-1995 BME) , {HiGREES—E o ja].
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ERBEIERE) o Filn, WERNSEAGEEARSFMENLE, HBREELE
destructor B ¥ R AERE, B FU4E B4R #45 destructor RIB ¥, TIFEH
pthread _getspecific HE ¥,

AR AR T R AN NnULL RS RIRE, 1 Pthreads 385 &b £
ERHEIERIER destructor. NULL HREHKHE X, EMRFERAEFTHEH. WRIRY
Z{#H pthread_setspecific HREAFHERMWEE N NULL, FELHR
AREMTHEH, MERKZEEITHEEPAFTEE.

Destructor Yy §E{U{L 4 AT dT 4B, S R 2 X EARAH Mg
8.

BRI —HEENEEE: SERFHRIEED destructor B EREBAL
RERREN DS RA. B, WRER TSRS HHIE R ZSH IR 1E
AGENFHBERME, NELESE— M HFEHHF AR RS0 Rs H
R R T SRR, RTEATRIHEWER. Pthreads A2BRIAEW, 1
A &AE HTE ) 1B S H 84T AR H destructor BB 5.

5.4.3 {¥M destructor 5%

ST BERNE, BEF AR ERTEERE NNE BEFELEEN.
IMERERIEMIEF AR, FERRFEEBREAERATELIENE FTHER
. HRVH—PNEEMNE HIEEE, Pthreads A FMRE X destructor . M A
FIEZHAFHEBREN —MRERLILNE, 81 destructor (IR BRI
SHENSEHEA.

| £ A244 B A8 4 destructors ¥4 “AAF 548 1 ¢ 5" A A .

P ERFEIB HFY, Pthreads EHE T REFFNLBEAEIIEE, B85
APRERGELAFTYRERENS, R AL destructor B ¥ . BIRHATIHH
tE, RANBEFRFEFAVSHEE, TEASIMIFRHAEMNFEEBRTE
FRA—HAMERMAENRE G GRE. Mo, FR¥EEBS destructors JIf
FFRAREXH, BiLLiREM S destructor /AT HESHAT.

LRERH IR destructors ¥4 IE EMB IR B N (T AW BR P E . RV i%
BRI, BERMEM destructor FEAHARRE, TREMREDMEES L.
BY4n, ANSIC FER) destructors 7] EZEARIY destructors 2 AT — 3+ B, HH
—/~ ANSIC & ¥y (M fprintf B — & iZZ M BE - 0ED ) BEETH S
G~ RIERFYESE. AHH destructors WARE, RELFEEN —rka
BERFYIBETIE.

T RARE HARAH $R 49 destructor €13F T e RAZAAA B 1E, 1hi5/53
H A, LFR LS e
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o5 ¥

4242

A8~63

b8~78

B0~-114

141

brAE B 3K Pthreads SCHLE RN FIRFE B M XBEBRFE. SGERFHN, =
R EERAFHEAREEES. mMRERRREEERNEH,. gR9a62 -1
AEFEHE, B—F&E L. kX Edimits.hi>P F X _PTHREAD_
DESTRUCTOR_ _ITERATIONS M€ T AR EFIRKVKE, FABELMELN 4,
BE, REBATKESFHEE, N—TSERELERFLIBMEY destructor
BRI RS R — A IR .

B, NETRGE 1 FHTRART BB TRE 2 HEERFEIEN, 5
F L FE L BB (B 4 7F destructor RE AT . F N destructor R FHBAT R £
RIFHIE LB, P4 destructor R ATBER LISHRMINT AR, WETEZL 1 4
destructor WEIWMAFREL 2, EAREEVTERNITEL 2 HEFHEEREH
E. RETERL 2N destructor FERB B RTEE, FE% 1 HEHRHA
BHETHBRIREEN nULL, FFUMEF B &L,

PR tsd_destructor.c R T H—APERIEK I E SRR EHIE
) destructors BRFM R . TEREGH S OREET FHLENEHIE, A48
RN destructor WIAAN, WREEAHRER. XM ERLE 53 WK
tesd_once.c KM IR, BT UUX B A% 502 S0 L B%

bt T8 {E (identity_key) %, BEFEEP A EEFRBHLEY

(identity key_ counter), E#—1HFE (identity key mutex) {#
3,

A% identity_key destructor R BB destructor B %, T
HITH—&E BRI, U A EESPRETZTH, RIGHEI S, 2ERLE
REFRBEDFHIRONT private_t &0, RIEHHE SEBAT R LM
HRE (identity_key mutex), #ﬂﬁﬂ"ﬁ%@%ﬁﬁﬂ“ﬁu ¥4 0,
EHRREIFITE &M A,

B3 identity_key_get BETE(LMMuAT{EA (FAF T, SaE 8igdh
DA —%) REBMALEN identity key 8. WELHREM (4%
NULL), RIEHS@IA— N private t &8, LigskalH.

¥ thread routine EAF P HEEE B KL, ‘© Al i
identity_key get IRBRME, HIRBELHHRA, string ARIEE YL
NEZ%, HEENE—-M2RMNETF, BTFITEMA.

FTEFURELEATHIER tsd_key. FE, AFETF tsd_once.c, XA
BFAFR A pthread_once . EMBERMFFHERTREE, T4 18
FFP. TEEVRITERTEET, AIRB AN RN BTEY.

EREFMHEUT A (identity_key counter) ¥ 3. RAEE NE £
CERMIIA— I REEEN, 1 mBIIHA SN, ZEEE T3 H i R
BIER . TH O A A PR R AT ] LB AS M) RE £ 1 BT B3R B
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PP R T B PR

el R P R T R T I P P I Y T X T I N O o O X T N T T N O N TR Sy S TP
L - - I e I I T N R e e I T~ R T B O T R R e BT = T = T - & T SN P S R SRR, |

B, RABEWR identity key_get AN EE KA identity_key &
IR H A ahA b miC 8. EA—PRFPEITEEN identity _key 7MRC
RERMEHE, REETHBNEIEEGHNSTFHEIREIL. WREELIHENR,
F—ANEIRM destructor REHEIMKR A HMEMEZRS AR, cHBHEGRS, RER
SREEARBEERFRIEANBER.

B tsd_destructor.c

#include <pthread.h>
#include "errors.h"

/¥
* Structure used as value of thread-specific data key.
%/
typedef struct private tag {
pthread t  thread_id;
char *gtring;
} private t;

pthread key t identity key: /* Thread-specific data key */
pthread mutex_t identity key mutex = PTHREAD MUTEX INITIALIZER;
long identity key counter = 0;

* This routine is called as each thread terminates with a value
* for the thread-specific data key. It keeps track of how many
* threads still have values, and deletes the key when there are
* no more references.
*f
void identity key destructor (void *value)
{
private_t *private = (private t*)value;
int status;

printf ("thread \"%s\" exiting...\n", private->string);
free {value);
status = pthread mutex lock (&identity key mutex);
1f (status != 0)

err abort (status, "Lock key mutex");
identity key_counter--;
if (identity_key_counter <= 0) {

status = pthread key_delete (identity key);

if (status != 0)

err abort (status, "Delete key"):

printf (“key deleted...\n"};
}
status = pthread_mutex unlock (&identity key mutex};
if (status != 0} N

err_abort (status, "Unlock key mutex");

}

Iz
* Helper routine to allocate a new value for thread-specifie
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45
47
48
49
50
51
52
53

54
55
56
57

58 -

59
60
61
62
63
64
65
656
67
68
69
70
71
72
73
74
15
76
FT
7B
79
80
g1
82
B3
34
B5
86
87
88
a9
90
81
92
93
94
95
96
)
98

L
* data key if the thread doesn't already have one.
*/
void *identity key get {void)
{
vaid *value:
int status;
value = pthread getspecific (identity key);
if (value == NULL) {
value = malloc (sizeof (private t));
if (value == NULL)
errno_abort ("Allocate key value"};
statug = pthread_setspecific (identity key, (void*)value);
if (status l= 0)
err abort (status, "Set TSD"):
}
return value;
}
F*
* Thread start routine to use thread-specific data.
*/
vold *thread routine (void *arg)
{
private t *value;
value = (private_t*)identity key get ();
value—>threaq_id = pthread self ():
value->string = (char*}arg;
printf ("thread \"%s\" starting...\n", value->string):
sleep (2);
return NULL;
}

void main (int argec, char *argv[ ]}

{

pthread_t thread 1, thread_2;
private_t *value:
int status;

-
*

Create the TSD key, and set the reference counter to

the number of threads that will use it (two thread routine
threads plus main)}. This must be done before creating

the threads! Otherwise, if one thread runs the key's
destructor before any other thread uses the key, it will
be deleted.

* F x * ¥ * * %

Note that there's rarely any good reason to delete a
thread-specific data key.

¥

*/
status = pthread key create |
tidentity key, identity_key;gestructor};
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99 if (status = 0)
100 err_abort (status, "Create key");
101 identity_key counter = 3;
102 value = Tprivataht*]identity_key_get ():
103 value->thread id = pthread self (};
104 value->string = "Main thread";
105 status = pthread create (&thread 1, NULL, _
106 thread routine, "Thread 1");
107 if {status != 0}
108 err_abort (status, "Create thread 1");
109 status = pthread create (&thread 2, NULL,
119 thread routine, "Thread 2"};
111 if {(status (= 0}
112 err_abort (status, "Create thread 2v);
113 pthread exit (NULL);
114 )

5.5

B tsd destructor.c

SCE 18

“Well, it's no use your laiking about waking him,” said Tweedledumn,
“when you're only one of the things in his dream. You know
very well you're not real.”

“f am reail” said Alice, and began fo cry.

“You wo'n’t make yourself a bit reciier by crying,” Iweediedee remarked:
“there’s nothing to cry aboul.”

—Lewis Carrail, Through the Looking-Giass

AR SRR RBERAN R ARTEN ER, EHERREEMA TR OHS,
ABRWEEA, REEHE R R SRS — . (B2 POSIX 1b YL
ReRE T SRR ™ A R e 2 95 PR 61 B W R B [ A9 482 48245 e 2K SR IR R % 1 B
EH T BRIERGN FIFE B TR AR .

“SERE” IR A —E R R BIERY, TORMEENRE CRWa” 1M
IR L o TR — BT 3 KB X — N [ B A, TE I [ B P — 2R 5] 850 1 0 9F
SR P — A SR HE B R L IR 5 Bk B TR PR B s O B, 3
REHRERMAERYEREETEN, HERSHREABEEEE ‘B R
RTRHR]” AR A2 “SABITROK T MRS " KNG E R Rk F M A S
K 5

SEINERAZIERAE T — i) RO DI, R R B A ST (0B, < hE
Wit RAEHE LK M NABFI IR 80T AR AR BB IR LM, R
TR SRR SR, R 550 P A 0 (AT 0 2 P A S 1R
NS BS, XXEFLH . WS LR i, & 4 B 55 K K F R
R B 1) 4 3 B o B () S AN ] 2 b — B AR P 5 “HBCIEI " BRI H 2 e )
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mEWLCAEEKR, BRMRARERE, SRESRMTE.

FESARBHNREN ZRBEELHHRMUE . REETENERARNY
12, BREA NS, SFREERZT —RiRADT, AP AKSRE
BRI, MRS, BAREK AR — KBNS B Z DA A4,
BIE S A RETR IR I .

gRENTHAERBEMINGREETRN, BXSRGREREN, EERG
SRTHmMmRE R ARG, “APFRARK” FLEMROFFRERFEE TS
£, BAERMIHBITH. '

R, KB RBELIERESETANREPERBES . ¥k, FERFIF
IR “AA” BBITHERRARWBE BTN TS5 B/ ORBE L IR, Rk
i, KEBRABESBLAPHEREY MAESERE. EREBFRTXRF
I— (B RS 7 R 2 A o SR REOKAE /O M 25 [ 44 21 B8 2 R B[] B9 P B 4
.

5.5.1 POSIX S£rti&m

POSIX HRERREN, AR IR AE " ZHFRENEA. 538, &
FHARH UNIX RESLHEAERINSHBESS, Vs8N RENTE
RFGEN . —MAER) “HAE 1003.1c-1995 ) UNIX 3”7 3R BB ReLm 2
FRENRI SRR

MR R E X T _POSIX_THREAD_PRIORITY_SCHEDULING, & k&R
LR REZREZ . POSIX MiFEERN A4S UNIX MR EBEA T4 2
—&, BERUWERCH. AEZHE AFERFALRERM T EAEABE M
MMTAELERN— M. BTN S EANREE L FHITH, REHEEE
R RALLRE.

552 BRI ER

int sched_get_priority max (int policy) ;
int sched_get_priority min (fat policy);
int pthread_attr_getinheritsched (
const pthread attr t *attr, int *inheritsched) :
int pthread attr setinheritsched |
pthread attr_t *atty, int inheriteched) :
int pthread_attr _getschadparam) ;
censt pthread attr t *attr,
struct sched_param *param) ;
int pthread_attr_setschedparam (
pthread attr_t *attr,
const sBtruct sched_param *param)
int chread_attr_getscheﬂpnlicy {
const pthread _attr_t *attr, -int *policy);
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int pthread attr_setschedpolicy |
pthread_attr_t *attr, int peoliecy):
int pthread_getschedparam (pthread_t thread,
int *policy, struct sched_param *param);
int pthread_setschedparam |
pthread_t thread, int policy,
const struct sched_param *param) ;

X Ff_POSIX_THREAD_PRIORITY SCHEDULING A Pthreads Z#Z%46ZR38 it
2/OEEMRRA sched_pricrity #] struct sched_param Z¥PE X.
sched_priority B.A EIrHE Pthreads iREEME (SCHED. FIFO Hl SCHED RR)
FHME 8. AFENMEEERAR/ AR AKRER (sched_priority B
AT L4 5L A sched_get_priority_min B sched_get_priority
_max WE. IFFRNE). EFEEEREY Pihreads 47 LIEIEH M MKA .

SCHED_FIFO (JEAM%H) AT — M REETHIAERNAEME A
47, REEHFICEEHEZESD. 7 SCHED_FIFO MEER T, 38—/ a8
#48, BREFTFERERRERNERECLR2EET, SVNELSBBRTFHERT.

SCHED_RR (¥48) RER REX RN, FEZLAET: RE — SCEED_RR
RBNEERTTHEI-IMEEHNEY (AR BERE, TEN4N
SCHED_RR B SCHED_FIFO REEFIHRIRAZ MR B LT, SITHEREE
8 & LU HE & I O£ P2 1] AT -

=f SCHED_FIFO B SCHED_RR $ERRHIRFEF—NE4TR S8
MYE—NH BN, S8R ER AR, B, MR —/MEREZW
SCHED_FIFO ZEN—MHERAEHH SCHED_FIFO REMELSHAMRINER
B, WHERBERYN, BRI EZEESERE T ABBREE.

Pthreads & X T — 4 M} i B SRBR ) 4 F——SCHED_OTHER, RJfi, X£TFiX
FREEBRMELREMET. EHFH POSIX THEH—MEE, By “3H
AR —MERTE” (R, “THATBHARBN— M aTBENEE.
BN, S8 A X R R R IRTNAY Pthreads SKHLY, W LLE—AaTBMER, ©
B8 T Bl SCHED_OTHER RRREZEITHILE, ARG EENITYESNTERHEDY

(SCHED_OTHER HIEF MR ERRAIEFAHEARRELMH B EREH—4
AIBM M) .

SCHED_OTHER $RBSBEF] LI & SCHED_FIFC W34, tATLLR SCHED RR,
WA RERANFRHARRTG . A& X R B R AR A SCHED OTHER
fta, FMRAGEZEDECTRERNBESE. B¥Y SCHED OTHER MEER
REXH), EALEFHLEH stnut sched_param sched_priority KA,
HHEERMER POSIX XRMA ZLEHMBIFET R RS Y. WRIXEG T
B, R SCHED_OTHER RATMBMM. WPEHEA SCHED OTHER & M1E
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R

58~118

RS, RN REE X REATBER—BE X, HFEEKE T IREH L5005
945 7] Pthreads SEELH ] SCHED_OTHER.

schedpolicy M schedparam B 4AH pthread_attr_setschedpolicy
M pthread_attr_ setschedparam AR E., YEMNR2EEEXKHEE
BRI Z 8. Pthreads AOMIXLEBMAREE — M REHEE, NERESTIE D
LUERE—& “ELH” E. Flin, — ARSI RS R %, 1)
AEIZFEBNIAM A SCHED_FIFO HEEGIRLRE, H B, hiFSEH —shmyEEY
A

AR, NERETHPEBMERETTEH —MIEREN <251
(timeshare) HAE RIS, AR L DL IRE, FEEFELLESIT 1.
Blan, RATTLUENEAD “CPUE” (FEEE:. KEHHE CPU B 1M 4g
LHEE AR E B S R R BT .

— N EH P BRIERLRIHT £ Digital UNIX, & X &R IR =18
R . BUALRY G %M (SCHED_Fs_NP) , A TEEMTHED, HumT
FERTERMEE. /55 %% (SCHED_BG_NP) AMATLBUNEE £ 1753,

| HE B LT EEARABEAMELN, LAFHEE inheritsched & 14 !

AJHEVR] pthread attr_setinheritsched FH KW E inheritsched B
. ZEERHGOENEEENNEEETI SR AFSE, TLEMAR
schedpolicy # schedparam B A 8 X W F M iH B 5 & . Pthreads £ 3
inheritsched 18 BRIAME, B REELEFEMAFERNSE, I HALND
ZEE.

Ff inheritsched J& #£1% B Y PTHREAD_INHERIT SCHED #5785 52 o 7k 1) 22
SRR RENSE . DIREENE “BEARE" (KRR TIERER)
R, WA A RAH N—— e B R SRR BT EE R A S Y .
PR, AR\ BEH N ER I WE RS H S5, U508 inheritsched /&%
BN PTHREAD_ EXPLICIT SCHED.

FHFRF sched attr.c BRT mf{ER RS R kb~ EFERNE
FEEBRADREREE. T8, BEEH T&EFHHAERABERENEE X
Pthreads LA R ABRHL . MREBBP LTI, SHTD—LNARSHE, &
BEXMHERPEFEEFIRE TE CERBUA AR — MR, (g
WXL FRIBIT).

RVE Solaris 2.5 € X T _POSIX_THREAD_PRTORITY SCHEDULING. AT
R POSIX F15K W VRS S , 1+ LK 4 S5 05 )8 £ 98 B % SCHED RR FIERTE R R
ST UL Solaris 1 ¥ X _POSIX_THREAD_PRIORITY SCHEDULING EI .
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n schad_attr.c

1 #include <unistd.h>

2 #¥include <pthread.h>

3 #include <sched.h>

4 #in¢clude "errors.h"

5

& /*

7 * Thread start routine. If priority scheduling is supported,
B * report the thread's scheduling attributes.

9 %/

1¢ void *thread routine (void *arg)

11 {

12 int my poclicy:;

13 struct sched param my param;

14 int sgtatus;

1%

16 /*

17 * If the priority scheduling option is not defined, then we
18 * can do nothing with the output of pthread getschedparam,
19 * 80 just report that the thread ran, and exit.

20 */ '

2L #if defined {_POSIX_THREAD_PRIORITY_SCHEDULING) &6 !defined (sun)
22 status = pthread getschedparam (

23 pthread_self (), &my policy, &My param);

24 if (status |= 0)

25 err abort (status, "Get sched");

26 printf ("thread routine running at %s/%d\n",

27 (my policy == SCHED FIFO ? “"FIFO"

28 : {my_policy == SCHED RR ? "RR"

29 i (my policy == SCHED QOTHER ? "QTHER"

3c : "unknown"))},

31 my param.sched priority);

32 felse

33 printf ("thread routine rYunning\n©);

34 #endif

35 return NULL;

6 )

a7

38 int main {int arge, char *argv|})

g ¢

40 pthread t thread idg;

41 pthread attr t thread attr;

42 int thread_policy;

43 Struct sched param thread param;

44 int status, rr_min priority, rr_max priority;

45
46 status = pthread attr init (&thread attr);

47 if (status != @) B

48 err abort {(status, “"Init attr");

49
50 /x
51 * 1f the priority scheduling option is defined, set various
52 * spheduling parameters. Note that it is particularly important
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53 * that you remember to set the inheritsched attribute to
54 * PTHREAD EXPLICIT SCHED, or the peolicy and priority that you've
55 * set will be ighored! The default behavior is to inherit
56 * scheduling information from the creating thread.

57 */

58 #1if defined ( POSIX THREAD PRIORITY SCHEDULING) && !defined (sun)
59 status = pthread attr getschedpolicy {

60 &thread attr, &thread policy);

61 if (status != ()

62 err_abort (status, "Get policy");

63 status = pthread attr getschedparam ¢

64 &thread_attr, &thread param);

65 1f (status != 0)

66 err abort (status, "Get sched param");

&7 printf {

68 "Default policy is %1, priority is $d\n",

69 (thread_policy == SCHED_FIFO ? "FIFO"

70 : {thread policy == SCHED RR ? "RR”

71 : (thread policy == SCHED OTHER ? "OTHER"

72 : "unknown"))),

73 thread param.sched priority};

74

75 status = pthread attr setschedpolicy (

76 &thread attr, SCHED RR};

17 if (status 1= ()

78 printf {"Unable to set SCHED _RR policy.\n");

79 else {

80 /*

81 * Just for the sake of the exercise, we'll use the

82 * middle of the priority range allowed for

83 * SCHED RR. This should ensure that the thread will be
84 * run, without blocking everything else. Because any
85 * assumptions about how a thread's priority interacts
86 * with other threads {(even in other processes) are

87 * nonportable, especially on an implementation that
88 * defaults to System contention scope, you may have to
89 * adjust this code before it will work on some systems.
90 */

91 rr_min_priority = sched get priority min (SCHED RR);
932 if (rr_min priority == -1)

93 errnc_abort ("Get SCHED RR min priority");

94 rr_max priority = sched get priority max (SCHED RR);
95 if {rr_max priecrity == -1) B

96 errno abort ("Get SCHED RR max pricrity");

57 thread param.sched priority =

98 (rr_min_priority + rr_max priority}/2;

99 printf {

100 "SCHED RR priority range is %d to %d: using %d\n",
101 rr_min priority,

102 rr_max priocrity,

103 thread param.sched priority);

104 status = pthread attr setschedparam |

105 &thread attr, &thread param};
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106 if (status l= 0}
107 err abort (status, "Set params");
108 printf |
109 "Creating thread at RR/%d\n",
110 thread param.sched priority);
111 status = pthread attr_setinheritsched ({
112 &threadﬂattr, PTHREAD_EKPLICIT__SCHED] ;
113 if (status != 0)
114 err abort (status, “"Set inherit"};
115 }
116 #else
117 printf ("Priority scheduling not supportedi\n”);
118 #endif
119 status = pthread create (
120 &thread_id, &thread attr, thread routine, NULL};
121 if (status [= Q)
122 err abort (status, “Create thread");
123 status = pthread join (thread_id, NULL);
124 if (status != 0)
125 err_abort {status, "Join thread");
126 printf ("Main exiting\n");
127 return 0;
128 }

55

57-62

M sched attr.c

PP sched_thread.c &3 T M4~ IEFIZETHLFEE LR
AEEMAZH. AEKERENSPUERRKBAOSEN, BEioE, RMEET
B FFRIERAE: BRE RIS RIEES .

AR TRERNSER BN — M TERO AR, b THEEREE,
REMBH—ERL -FH. FMARRRE - MUARBPH—GE, FE—LE
ANHE LA — 0t 245 i SRS T DR e B IAT . S RIER S HR B,
AR E T3 N AR,

A Al T sched_attr.c, sched thread.c A ¥ 45 % 0 8 iF &
_POSIX_THREAD_PRIORITY_ SCHEDULING. XEWKE, M1 XHiZkiE
MRS L, EVEBERE®E, FEILFRSERET. UXHFREERRE(I4
AXFHY, WL, RATEERAAHIHEFENTAE. MREERERAE, MiQ
X FREINAER _POSIX_THREAD PRIORITY SCHEDULING W, HEBEAFH
B

Solaris 2.5, REENXT _POSIX_ THREAD_PRIORITY SCHEDULING, {BEA
PR g . Bk, M sched_get_priority_min R[AIK ENOSYS 3 1E
A—RERIE R ALE,

Bl sched_thread.c

¥include <unistd.h>»
#include <pthread.h>
$include <sched.h>
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4 #include "errors.h"
5
6 #define THREADS %
.
8 /x
3 * Structure describing each thread.
19 *x/
11 typedef struct thread tag {
iz int index;:
13 pthread t id;
14 } thread t;
15
16 thread t threads| THREADS ] ;
17 int rr min priority;
18
ig />
26 * Thread start routine that will set its own priority.
21 * /
22 void *thread routine (void *arg)
23 {
24 thread t *sgelf = (thread t+*jarg:
25 int my policy;
26 struct sched param my_ param;
27 int status;
28
29 my_param.sched priority = r» min priority + self->index
30 DPRINTF ({
31 "Thread %d will set SCHED FIFQ, priority %d\n",
32 self->index, my_param.sched priority));
33 status = pthread setschedparam (
34 self->id, SCHED_RR, &my param);
35 if (status i= 0)
Ja err abort (status, "Set sched");
37 status = pthread getschedparam (
3B self->id, &my_policy, &my*param],
39 if (status != 0)
40 err_abert (status, "Get sched");
41 printf (“thread routine %d running at %5/%d\n",
42 self->index,
43 (my_policy == SCHED FIFC ? *FIFC”
44 2 (my_policy == SCHED RR ? "RR"
45 ! (my_policy == SCHED OTHER ? "OTHER"
16 : "unknown")}),
47 my param.sched priority);
48 return NULL;
49 ¥
50
51 int main (int argc, char *argv( ])
52 ¢
E3 int count, status;
54
55 rr_min priority = sched _get_priority min (SCHED ' RR) ;
56 if (rr _min priority == -1) {
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57 #ifdef sun
S8 if (errno == ENOSYS5} {
59 fprintf (stderr, "SCHED RR is not supported.\n"};
60 exit (0);
61 }
62 #endif
63 errno_abeort ("Get SCHED_RR min priority");
E4 }
65 for {count = 0; count < THREADS; count++} {
66 threads[count].index = count;
67 status = pthread create (
68 tthreads[count]).id, NULL,
69 thread routine, (void*}&threads[count]);
70 if (status != 0)
71 err_ abort (status, "Create thread");
72 }
73 for {count = 0; count < THREADS: count++) {
T4 status = pthread join (threads[count].id, NULL);
75 if (status 1= 0}
76 err abort {(status, "Join thread"):
77 }
78 printf ("Main exiting\n");
79 return Q:
80 )

B =ched thread.c

553 EHEE#IMSAEE (Contention scope and aliocation domain)

int pthread_attr_getscope |

const pthread_attr_t *attr, int *contentionscope):
int pthread_attr setscope |

pthread_attr_t *attr, int contentionscope):;

RRERIERS2H LI, AAEARHBESHEE DB EEEK. BIERE
EEXNNH, FWEMTREAEXR. NRFREES—AMLMNENERE, Nix
SNIE RGN iX Ee s wl B B KX HF.

B MEHBERYEFTH. cHRTEEIABREEMESKIR. &
ZRFPEEABERERBSHEZ IMEBETS A HRER. — M HEERKBRER
RERPFHELBRGHIIEAHEANRASFHRLEST (ERETkbing.
AREFHHEBRENNER —#EAE#ES. R EFHREER%E, B4t
RAEFE N HBRAT, AN FHEAR N UNIX REE, RE— RN
EEFEHEHN MM POSIX B RN 2R ERIT.

Pthreads £t TR BEWEE M, MFEEENBRNABN G IERZ4A ST
« — 4 Pthreads R % 7] Ll & ¥ ¥ ¥ PTHREAD_SCOPE_PROCESS .
PTHREAD_SCOPE_ SYSTEM, EKFIR X#—#. MR KRFHRERE LB —
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PMEFEFQB—PEFE, pthread_attr_setscope ¥R [ ENOTSUP.
FOATEHRHERL T, SEEERANRENTUARESFRLERKES,
—PERFLH U LR RS, FMEE— M R ES . PP
VRGN, 7GR MBS, BREPRTLUEZASESE. £-6%
AELE, B SESETUAEMN M E R AR T AR,
HAREZME BN Pthreads #:17. POSIX. 14 (EB4BHE8) TI/EH %
T BRI L, (B RS T i MBE A B 45 MBI T B S h 4 O fry 4k
H. REBZ - M, XPBEZLEENNETRERBEED LB — SR 08
b
B A3 E EH s O AR HE R O, B AN IS T 150 1145 5 (0 (B AR RV B iy
AR . MRREHLEZERIE -1 E%, PR EERLXMEE, BT
FIEE
I EMFNGEREN, RERFEESENGEESEESHENASH H5E
B2 MR BT HRERES, BEZRT VSRR X,
2. MRFHIF “EB” PNoESE, BaiEE BRI UEREERSEN
HEANSREAN LR, FAESIEBNSETBRANE P RESS 5
®E, eRAEMAR?

RHRFEE AT H4rd.
HERFEEHLKBLY.

ERFHRAL, UMUEHMELPEE, REEBETNREMELL. £
TP HARZ MNR BB R ERE D~ KA, 3 B AR b A P
RATREMEERERSORAMH RN BEE . 81 RES P EHLIIBK
AME —A “BEA” BR, HABRIAREBEBE Y Phreads RBHMEFH
bR R PFHERETUARE—ABEE, BOBHREE. 6, ERTHE
ZEREL, fFRABLT I ERESBHKE BEANEUBILEIRSGSS
v 2R A .

7 H, R EESAR R AE A ARE s RS
RREE AT LR THIR MR EEE, Bkt FRMBENSERET R
7o AEFEFREARFERSRIT TR, S5 ERINSEIL ARt Es N
BBITHISE “EmER".

| ARRFERE-AXT | 9P RBATE VW THE M.

ST RER BRSNS A TS R R, TR R G B R S 4T
PUNEARAT . Blin, SRERIER LSBT URMRIT, BEREER A
VR — B IR E R TR AE FEIEAT, A BBINE . B TEHAT N — 6 S A
Bl EBRH 48 .
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3.5.4

WMILIE | B R EBMEELRIE 2, HEHAE 2 AR | FEAMNARN, &
FE 2R3 N TR | BRI AETT. AT, WRLE 1 LR 2 ANE AT
1 KIS ECE N IEAT, A2 | MeRERFE 3, TERAFE | A RIRHRLER 2 &,
LR 3 AEEIRRIG AR 2. &E 3 MRM AT HESEHBIZLE 2 HE,

EP—NH, £ LBRNFRREER SO RNEREER. T RESHBFR
h, RELE3IERET, EARNAEER. RE POSIX RERM{T Pthreads #
FLMX KRB AHEBNR S, BEUREHREEFHHEKEN, EUHESRRE.
R, WRFWE AR, ERNAEHNEFER REEFEE.
3K B+ 3 BE Y () B

RSN EER R B - -2 ARl FEEMNED, RiEBEFEEHL
MORERE, FHXEEEEKEEETHEMNEAGFNRRETERRFEEN
Fé. RAE, NED “RETEMNLRE" £/ SCHED_FIFO HREHIE FC 5% 4 77§
TE#. RN, ZEFEMZESI N RETBREENLE—MHR (BELE
WA EENHETEREENLRE, AFEEFAEMEME. M RLE T
MIEFRERAME (E—SXERTEERBAERSE) BHNHARFEEMNRE.

A=A HBEHEARNARZ ALK N E, TR YFE ALRRARAEN Y
AR, MEHERBRANBENIE. 52 AN “CHRERRESHES
LRSI IEER”, BRAEREN. EMEERLRLRE ol TR E1E,
AR TESHERELIRENTE, SERE -S248H.1.

B e BB — BB AR AL EREE. MABBELEE 4
RILERLERE L — MR ARLERBIIT—CEBEENRS 2 A —A 4
THRMHEERSG R FEEMNER — D RBIET, BERPEREHRITHLR,
BTELB R R RN T R TR B T

SRAARBERF I HERER (W—8F8), #BEE— TS ER
WIE ERENRUAREER YT, RERBERE. YREHILEN, Ktk
FEBEREHEATIT, B (BB BREFE. AT, WEETIIZN
HEZNRERZITE, BRI RIE R ARIET , FUMEMR L S EHE BT
EREEFTENEFE, PHEREFRELERRE I TEMR LR LERHIT.

AREITETURIENARAE. BRI PRMRBERFHSHAE, BEELA
FESEFRR . Pthreads R4 T H F BB HIEBE &L AR BT, XUEE 555
it

| KIS HERSF T E AL,

B R RAREER LTS TBEN. Plhreads & XE—METF
PR SE R BERFAE TUARLE A AL 8 56 o SO SR A o RIS W S S S B R TR ik
HEMBHE, THTSRBFHRENOR AR RROEEST. Fll, S5eH
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RATENEN, AHNKRETUHERSBEREARANEEES, BHRFRHEERNRT
SERPTHEEREIENE VO BB E—BRE LT 1E.
Pthreads A~ fif & — MR )W E R AR, RirEREER A SHE
PRAESRIEAE H. . Bk, ¥R EREREEEEANAER, NOHATBEMED,
ARG T E RN BSR4 P RR R KA B2
MARNHERENECRAE, BatAE—FBMmEEHBER % Pthreads
FRFRER. WMRAERERELAE, CEMTILA:
1. #ERFEREREZSUE “FiF”, B HEALSHEIFEHER R
PRIENRBIEIT.

2. SCHED_RR b SCHED_FIFO “SEiF”, I EF AW BHE %, EH¥ SCHED_RR
RIRNES A AHRIN S 5 A £R T 3L BT F AL T e a (a) R BB P A e o

3. X sCHED_FIFC 1 SCHED_RR WM, BAALEEERAET, B
XEATRS B EENESE.

R RAIAES R LR RS R E, TSR A EAE, EABEER T, 5
R A, RERAERIIETFS/MNE.

555 EZBXERE

158

Sif defined (POSIX_THREAD PRIO_PROSTECT) \
1 defined {_PGSIK_THHEAD_PRID__INHERIT}
int pthread mutexattr getprotocol |
const pthread_mutexattr t *attr, int *protocol) ;
int pthread mutexattr setprotocol (
pthread _mutexattr t *attr, int protocol};
#endif
#ifdef POSTX _THREAD PRIO PROTECT
int pthread muxexattr_getprioceiling |
const pthread.attr_ t *attr, int *prioceiling);
int pthread_mutexattr setpricceiling |
pthread mutexattr t *attr, int prioceiling);
int pthread mutex getprioceiling |
const pthread _mutex t *mutex, int *prioceiling) ;
int pthread mutex getprioceiling (
pthread mutex t *mutex,
int prioceiling, int *old_ ceiling);
#endif

Pthreads $eft T H T REWENB R R AR MBS HRE FREAME. iR
RFREREZ— RN E R BT USSR IR R — R BB 4, K
RIEAHEFBYKBES SR BEHEMRL R RO LSR5

RLE F BB TR BRI Pthreads SEBLIEHRE, B8 S B0 02 T 26 (S E
WRAFOREBEERRREBEX B, GTULEFETHRE
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_POSIX_THREAD PRIO_ PROTECT #{_POSIX_THREAD PRIO_INHERIT (FEX
fE<unistd.h>) X HBITEHEREF, REEFRTHREA sysconf K
#¥ SC_THREAD PRIO_PROTECT E{_SC_THREAD_ _PRIO_INHERIT.

—HEBET A FRAXEBHZ ~MERE, Mg T Il eF8—F
MENRSIZERE. 28, BddZVGheEF BRNAERGEESmERCER
A EFE (WA pthread_mutex_init, BAAREE e B &M
¥ — 1 B2,

“RAR EM (ceiling)” il &k 4 —NEERWH ZFE, EFLIBAE
#94K e BIE AT,

RN RS F X _POSIX_THREAD_PRTO_PROTECT, M'E X “taE
ceiling ” WX A prioceiling /&7 . M H pthread_mutexattr_setprotocol
wEHEE. EEHEBEEN PTHREAD_PRIO_PROTECT, b DL %
A prioceiling RYEAFHBHEMNZOEZNE FBRE LA ceiling.

BT A pthread mutexattr_ setprioceiling W& prioceiling B,
SEMEREUTES ZRENREXE K- PMEFER, BREAR BT A
B R BHRESE ceiling, BESENMABCLAEASESN. 28, T
JFBILAER ceiling WEARREAMBIZE FESTHMME, REMNRLEE B,

“AEBBA” EhE, H—PEEEDD —~NMRAEBERRT WV EFE
L EERT, S 6 B A B S A AT 4 R

MRFKIRETE XT _POSIX_THREAD PRIO_TNHERTT , AREHLYEfthix
Rt . MR B REN PTHREAD_PRIO_INHERIT , MAEBEERFEN
HERABEHEAINEFHERENEEHE T AZENETRER S, ST
ERlEN#ERE. AN —MEEXEKEWAFZEREY, RECETERE,
MHHAF L RERNAENN RSN R B FS/EENR LS.

WMRIRF R E KT X _POSTX_THREAD_PRIO_PROTECT, EiE %k F X
_POSIX_THREAD_PRIO_INHERIT , WWhiUBHE Al A #E L. thilBHE e
AE (RERMHEHE XHHEHME) £ POSIX_PRID_NONE, T EWKELEML
REEREME (REFE) IRENITATMESE.

555.1 %% ceiling 7 &

P R  R R T RSB AR (priority aware) HF B R4 ceiling (5%
“PRRZEI ") il Gl 5.3 Bias). M8 FMRES ceiling 418 — 1 E &5,
EBREDEEHTEFENTLUEANBER LS. FA8GEFENSRE
BN EER&GHENME, AT ECEETABARENSZE £
B2 FEH0 7 LUAT, SE R B B A B VR L 30 1T LUK 36 B 6 5048 AR 2B 4% ceiling
(R BB EFBAR LR ceiling.,
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5%

AR T EE S S A S e rmrT mom

K& 508k coiling ...,
1 BREREE

Lagtl

53 th3ELE ceiling H)RE

—MMEKXLK ceiling B FBE—DREE GRE TR T RS2 2 E D
WREE K. MBEEMLIL ceiling m RS R BT HERBTR %S ceiling
R, BT, XERER— LB EREBEIET, fay RS E
R RP BN T SIERE “BA RS E FRBE, BT HEs ceiling
BN A BRI MR I T A TR, YRVT REIR 9% T &b P 48 IoF (8] 770 A0 4F 1] B
1.

HEFRETUBHRAAFTARSNBRARENEARETS, {5 4%
ceiling RIERNT. HMBIHIVEH, R ceiling B RLHEN, O T—10
RITT R, 165 D01 B TP R R L S B8 . 24K, XER T 38R o 15 F AR 5 4%
VAR B L AEAR AR SR R M B AE Y (0 BT R G LR, 7 D SR 5 S 15 5 mE
BREBHEMMTRX. R, HE8ETTIIN, XEEEHEIR > RATATH

VR BELE JLPAE T R A F F R 5648 ceiling, H 5 S AR TR 0 1R
N o BRI S SRS R P M B 0 E 8 AN RGN E T AT o8 3k
MBI FIFRFE B8 . 44 F 75 [0 08 o 0 e R0 200 DR 1 T2 24, 3 2 (o] 8 o 3
REATRARER R FAERARER ceiling H F1E, =28 SCEIN TR odiak: 81
BEAEURTERBR S ceiling MR 4B 1T,

5552 RAELSARLFE

#1508 Pthreads H ff B i B A0 55 28 2% 7K | MRS A I D, B-- e
i —A 8 K85, SRMNREERBEFESS (19 5.4), 253 S IR FEAE AR
HAEFE CHER, CEERHALFBEREE NN LS. MEWEELRFENEEL
WEERF R R EME G EEE, WIFHH B B 2R 0010 5548 45 45 48 7 30 pH.
FEEERMRALE,

FRIFRFREE RSy, %E'ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁmﬁﬁmﬁﬁﬁmﬁ;
B, HEERERNERERENREBR AR VL [+, AL BRI E R B,
LR RERIR SE B B e B RSk B AR 5 48, R R I RTE A, RV —
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5.6

PMERRAHMLEAL R LEE, WHEEFREREEEXREMLTE. 5
H F RO, SRR R8I R PG

®El %12 2
ELRE SHfLAFR
4 1
. BEDFR
BB ZRE I NEE  —
B 5Tt S
N Y
L]

A 54 RERERLFRYREE

ARG AP INAELK ceiling FEEAMBA, YROEEFSRAE R, R
— T RYELNAEHRERAY, AT EBRMARRREENERAFERRA- |
i, MR RaARBRE—THRMNBETE. WRBKREES—/EEFE, #A
FERNELFEB NS WEBEAQRNSE S, Wiks ceiling ¥ 4K 5 28 4%
ARIEEAHAFKEE, Bk EDHIIFE.

5 R IE A

“Iwo linesl” cried the Mock Turfle. "Seqls, lurties, saimon, and so on:
then, when you've cleared all the jelly-fish oul of the way—"

“That generally akes some fime,” interrupted the Gryphon,

“—you advance fwice—"

“Each with o lobster as a parineri” cried the Gryphon.

—Lawls Carrol, Afice’s Adveniures in Wonderiand

Pthreads JLF45REA ULSCIRAN T3, X b MER BT LG i T A 1
HEGMREF LB AT EFEZSERR. HAENTRANNE T — S EgE
R, RECEHILRT P RETRENE ALY POSIX MEY, #AfkTM
SRR FIBTR S L E#BIETT .

U PR POSIX M8 R A SE RN F0] T TR S R, X TB A R AR B R 1

w R B B ME (BT 1 R ME 28 LIETER) .
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5.6.1

£ Pthreads SEHUMAR{RILE “ g1 — P EF2 R A R GRS R EEIEE B4 Bk
27, ZENRFHEHCEARE (read) RIFAGEA - LES | HEHBEANFGH
& H—HH, EEREROSEEED L RE BRI RAKE.

R, HER- AREN, BRAKAGBELINTERE RGN, B,
5 ANSIC RIAAE, HACEAERSE. EEEGNmMLBRREARBEREY
Ry, T3 &R T R ATREE NI - -t AL,

TE X235 48 R ) BB AR IE B Pthreads 2878 7. “ 504k "AI 4L BE 58 7. Pthreads
L EERE G5 & pthread_create BIHRF)— 2, H2E R % pthread_ t
HI— M PRRA R, XU R{EA Pthreads #1177 DRI, Ao 3% B s
. YRR — A AL B £ A BN

ANEHBRERKE DT Pthreads AL HEY (G5 —BHMIOMHE, X
RV LR (IR Pthreads {$HIRIARE ). TE— B ES, Bookaae
R MMEGRR UNIX HEFE; #aTRER — 4 Digital UNIX Mach 48, siZ -
™ Solaris 2.x LWP; & - - IRIX sproc R, B LAMBRERU R TELYS
Pthreads ZkFETH, EFF=/MEE Y MGFEBAHE.

23— (HASH)

£X— (many-to-one) HIEHFHEERD “FELM”, B3 —THEE L 5%
AR ETERRAE AW, 758 BM UNIX A _FIEFTH Prhreads LA
P T I AN BE — B 40, 8 DCE 8388 % A SunOS 4.x LWP (5 Solaris
2xIWPHEHRE, FHR ML),

X -SKHAREE — & BBHL L FIA TS, HOAREER EARL
CHnE VA 8 IEHFT N BT E M0 TR . — e so ) o 8% 6 F — 5] B0 UNIX o 1E
(A3EFHZE K VO B POSIX.1b 835 VO) RIEME MBI 19 5 R, XU

AHRE. G0, TR MR & RIIZF L IEME VO, 3OS M UNIX
RHR M RGN IBH RSBV, % 2RI £ VO Mt

—HEEN -LMARES ANSIC Ep X BRI ERE S X OTRES | ™ E R
. B, H—AREFHERAGSN, sdio BETHEEEA HE (FIEFE
2F2). AT, M{E Pthreads 47 MERYAE(T £ 4 SR EE R T FREE, hirEg
18T stdio FIE A BR XORTHSF BRER A

HRER I R EEHATRE, &% - SEIAT LA GE BT d0 2h P2 0 2 M i AT I
ERFBAFHEREROFEMEE, FP Pthreads FER AR B N e f
KRR, ATLIE A, Fi, REERPUAIR B BRI A &S
EREZEEMIARNES (F s anm s, MR-G5 N,

& 5.5 85T Pihreads 2682 (251> HRE) SIS (ra)F)). FEVDER AL 8%
CE50) HEE. EXfERD, #HBEVIY Phreads “%F2, RN “Pthread 17 ~
“Pthread 4” #5130 Pthreads PEEIT UI#cRAF 7758 (SP, WA A7 mm) fEFH P
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A PR T CREIUARRE, BEa DUEH— e8RS S IET AKHK Pihreads
B NZEGHEER YRR LBERRIAL, SANRCA “ALFEEE 17 A CabIEg
27, AR B EYFIE R 5.2 Fios.

HH 1

s 2 E
’ $EF2 3 ?/

ke e g

B if

bk £7 48 t*
r- HEE 4 E |
E55 W —2KEHAE
£52 BH-HESE
= ® oA
It B H0 M 47) 4 B i REMFHAEH BN KER
B, KMMFAILIR CK#BD) WHHr | 0 IR TR AR R & A B LR

* DCERFHALEREREKEE/ LRABRIFRERS L, FTEAEFNE R
AR E VRIS T AR A R R B,

56.2 —3— (AEE)

— X — C(one-to-one) ZRFZBLBI HIHEMIR A - 4 “ N 538 . Pthreads
Jﬁﬂﬁ“ﬁﬁfﬁﬁﬂﬁ%ﬂ*ﬁ“fiﬁ%aiﬁﬁ”éﬁ?ﬁ{fﬁﬁﬂﬂ%ﬁWﬁ%ﬁ%ﬁﬁf?%fuﬁ%ﬁ:
ZR ISR, TR TLEARRE AL RS ENEEEARESLH.

TE—X— LM, Pthreads SRR SRAL L EY B RRT R EE R
WAETBSNASE ), BB ER 4 TR B bR L7PH 2 —~ I H 1) UNIX 2
NS BSMOHE 8, Y- ERE Nz, MM BIHEE, — 4
SREEEREANBIND SR FRIETIE T 8 T 24,

TR IR EEAE N E. ARSI R AT BN, A H
TP R N~k ABRER T2, Bl SRS SRS 2 F)
il o> BE 1 B PR 40 B REZHEIE RS et B B 2 H . B A PR 4 AR
ﬁﬁﬁﬁﬁﬁﬂ@ﬁﬁ%ﬁﬁ%———ﬁ?lﬂﬂ?ﬁﬂiﬁﬁWﬁﬁﬂﬂﬁ;ﬁﬁﬁiﬁﬁﬁﬁ%lﬁﬁﬁmﬁﬁﬂﬁEl
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Fo#

I FR
FHoAMBAA—TEFE CEENE N REER ESHN (XRATEN

HEFFE2EEENFR), AAEERSANSHNEZEPER, U ASE
—XLMERE L. BHLE S — M NESERE FE, 4@ —4
BAHEEFEENEFEN, BEhEN o EME S, EAEAXBH AL Fis)
REnT LAZE R P F e

XK T CPU HERUMA] (RLLEMNE) MERMPENEE. &
T EBHIHT AL F B8 R G ARG — T, 3t H—
BITen. &Ry MET —BEBE0ONE. B3 eiAieERnEaERes
2, IXHHIN FH TR IR L, FFEUEATABE R AR 2 HE\ L0 2 4018 P ok B 22 70
fERRFEZE T IR AR,

B 5.6 45T Pthreads 252 (%)) BRSF S %4E (a5, B2V e E
w (EFD B, MRS, BEA A Pthreads 472, M “Pthread 17 ~
“Pthread 4” {RK¥&X#510. B4 Pthreads I K ARG M R E . HEE
BV EAR (AP | LR 2) Z IR SEE (554 R0
NEMELEE—R). ZENNEBERTME 5.3 Fx.

563 B (B

ZXL (many-to-few) BERMHA B3 —MER—xf BB GRS, RIS
BRI SRR B RE T P KFE Pthreads BRI .2 [ &1E, BN
IF1 AR R PR R AT EL BT DAFE N 7 2 [ R R (2

;L %—' s ) ;
. - ik o F
[ ®H2 E-—-»l 504 2 f“f;
( i3 F.__,I BTk 3
.‘ HRE }
[ A J: ""I Ak 4

M56 —x—HKE
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£563 —x—B{IEiE

2r =] 7 =1
By LIRS A B B AL FEALOE R A9 38 SEFEDREREHNESE GEREAR
ERGRFSEE MRS FHIEER HWAFEEERTY BREE, BAES)
PthreadsZR M R P [F B BT

2 Pthreads FEFELB MR BIDIEE, CHBEEERE B TIRHEM.
) Pthreads REFELTFITHARVTR TEMBNZE G BT, £ KB
W, =4 EBE 1M ERENANTE FIRER, REY—IHBLLN, &
A L0 — LI AR B

ANEHEEHE P ERERSHLO R BT RS, B TR Rk .
B TT LLE &1 Pthreads BE, 07F Digital UNIX 4.0 PHR#E, D@ FERLE TR iERE
— %) Pthreads ZRFERKREFHBIIERM, B AHIE R 2 4 i £ BT research
KFERHA A REE” BRI Anderson,1991]. i+, VA T L, i B ptn BH 38 42
A, FEILTEOL T, LA VFRRF R 18 4y A4S R M SE IR B 8, B0 Solaris 2.5
PHFE—FN, BMERS KRR ITIET, YA SRR R
Aed “PHE”.

SRR R WERN BREFR D EBEY, WhexSHNERE S, &4
EIITHERERLT CPU &AW H VO FEME/E, BURMEEN VO BE L,
T HESH ZE 7E Pthreads M35 &, S4B B ML, KEMNEEFAEM0RE
FHIGTE, NEHEVR, REETHTEEREENRES.

B 57 B7<T Pthreads £ (A£F)) BN B4 ORAF]), FEIHELN L
A CRAD KR, XM, HBEA VA Pthreads 2652, M “228 17 3
“ZRFE 47 HRIKATIC. Pthreads FEFENISAAL BT AN B — Lokt (ATRELIUS B QIR
WA, AR NMIELERES— MR GRR “BSi 17 M “BSk
27 ) WA MRS (BRICH “4bM 58 17 A1 “Rh B3R 27 ¥ Al E Rk
HEE (SANERM ML ). ZERNEESTINE 5.4 5T,

5.4 Many-to-few RIS TE

% . R R
REAE — 1™ i3E R P9 ) 2 40 B L6 4 4 3 b R i SR &

WIF RESSER LR EENGEH, BY
SRORERTRINEA P EHEEL

REZBYHF AR PR RGEH )

Al Rtk ar, RN LGN k5 B
H—MExa, d5Es &

TE R G0 AR 35 WO PR 2 S 1) ZE AR 4R /)
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“Who are you? ” soid the Caterpiliar.
This was not an encouraging opening for a conversation.
Alice repllied. rather shyly, “1-1 haraly know,Sir
just of preseni-aof least /know who/was when/gor up this morning,but
/think/must have been changed several fimes since then. ”

—Lewis Carroll, Allce's Adventures in Wonderlond

Pthreads 223 TR ZALEA POSIX #H2 BB & 3, A ETUHRBEN,
Jr HRMERRAES A M a0 AR B T AR IR 23], Bt H— BRI VO #
MR, XA EALEEEE, MRS ET L REET.

B2, i£FHFH—K POSIX BRI RA XA Gy RIS it R,
BN, 547 fork — A EHEERBN, EEEY LB EHAR? exec (FHAT 4 &R
BF) RUE—-ISEBRNERALBRTAR? AZLEHBENN - LEEE
exit BN, X&BEH47

fork

P dbARAT R exec — A E, T EBRE { e R4 aER3E ) A —A
EHBMNBAFRA fork.

AXEBEAREA fork RIBTHBEM, Phreads I8FERHTAEE fork
MEZRBRETFHBERTE. RESM fork VAR, RAERRBSEETHED
FEE, B MK Pthreads RERETFEE B 5 fork MHANRE. £F
AT, KEAASEHEAMANRE. CHEHERNE FE, Bk =5
AEBHREREE. RELIBH fork 7R 20 0 B S R AR T BN B4, B
ARERERNEMHZEBRRIFT CEMIATETBED AL, FTLLVENE 4R SRy
E?y .

E— forked M FED, Pthreads A2 £ 1F B fin 45 45, HHRefiEH
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FeX

6.1.1

pthread_exit BH TEEFRENEENE. eNRE2REMAFEFE, B, &
BAE Iz H & ERE HIE destructors BUFERLHRE. R FHEEEZ AR exec
BT —ANFER, ZAE—TREEHEWERFEH fork HE—IZLERAF,
FEREARATRE R BRI, FF R NN LR T SR E TSRS .

fork MAXLYHELFEGRE, w6 AR PagE, NEsFit
A2 A

MR- MNEFRE fork AN, WEEFHEETIRES. B — 1M
S FERYHTENARERT, N3G EFBHNLER AR fork MM ERE
i, EFBWRDETHETEFS. XEFEEMNWRLKREA fork B HIHLRE
£—NEFREE, NREXKEHEE FRAHEE RS AT 5N ER.

REHEZ, R fork —NMEEEITH B S Pthreads B T8, £
MANOHER fork ABRABMREFHRHELFBAGEFBHEPHEZEE.
fork A¥ RPN E 6.1.1 71T,

PR 2% 3 R R B R B A SR TR A B R B, AR OT AR R E O AL DR 1
B —NAIHERIIME RTE prepare fork AbE R M P A R FRAREN LR, 3+
HEREMNEIE (KRE) F 7 fork KEIET; KRG, 7 fork SRS, &
parent fork b FE MM (FAMER 6.1.1) PE/BFEE. XREETHEBE, KLl
ENEFCECN M HNBRFTR. MR, BER WA FHMNES T, Nigta
ERENNBFRFEA fork, RIETHBEBMMRM exec —MNFHBRRE.

POSIX f8%E T —MPRIRBES, ENTUHETLHMAESLRRY ( “B
PESRE” MRBO WA, XPa%E fork. R, BHE—4 POSIX BHEH
BRERPRESEEN CGFAERFNEdL, BYR 5SS %40 ENES T
B . A, BEE fork EBHFIA, M fork MEHBREM—H fork 478
SHH A

fork ALZLARI H B2 A RBAARET fork MAGEPREREMKIE A
B, MERBHFRIETENSEFE, AEREA S S BRE TINS5,
BEHEREA- M S EREARA fork REER, XHEMTHREENT —BFE
IATENR T AL B RS A BT OB R 4E (G TR A S B SIS aiR s mD) .

X POSIX HiEREERNRBEITH—ATE, EREANERANS A
fra. RESERBAAESHRRY AT fork.,

fork 475 3%

int pthread_atfork (void (*prepare) (void),

void (*parent) (void), void (*child) (void));
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Pthreads #1177 pthread_atfork “fork ZhBESE” HLHI DL AFRET(ChdER L
Fork HARPEEMAER. X5 artexit HARLGEL - DL RiT
BERSUTERERN. #H pthread_atfork, WREERME =M HTA IR0 E A
fi-. prepare fork ZbFRRAERXHIZEA fork ZRTE, parent fork AL 8T fork
AT RTEN WAL, child fork BB fork FITHETFHEANKIBA.

wRBGE-NER LR EFFEFES fork LEBETE24, NiEFiuh
fork B E B A TFHAZN K FELEHA T4,

B, prepare fork RbFRAELUILH M A8 BT & B AR (G 4B
- PMNBERFNE) THOZFECUAIESE LS. WA fork H&FEE
prepare fork AEBRFHEHMN A THEMNERFBE, RHITE T HMER 6
BAERA B BB P SR T e B AOBE . parent fork RbHE 2 D% BTGNS
HiFEHIN, BLRVERHEEN TSRk ER LT,

child fork 4L Z54 K ol L) 5 parent fork {8, BRENEESTSETHRRE
BUERARS . Fln, mREH dacmon BT E A HITREL REESE DY
SEAGEENFTL, REETHENOBRFSRENTRRENES ., RTeETE
HE TS, BilETEME,

| #1649 fork 438 38 5 M4k A 49 fork 2 32 38 — #4447,

TR fork i, REMESITH B EHH b g K prepare fork 4t P2
%o WNR IE# H S prepare fork 1 child fork AMHESR, BN bR EEAE FltFR gt
BERME. BRIMRFEARF R fork L ARBBH R THAATRE, HEL I
i, # - LRIBRE LM ANSICHE, DHER- -BE G RES R OYIE,
n stdio L.

Bla T RAREH - FIREE fork MEEROES tork MAKESENHEFR)
HIANSIC JE, MARKEZWSEEA princt i, HREOTHRT6ER, Y
SRHEREN fork i, QUBEHHEAEHNSETEAR. P XRTE, &
WIRER T RRAGE 2T An Ui, XEEFERENENZ LMY
K, HEXMRAINEART R . RFEELE prepare 4B fork Bt eA.

T2 atfork.c B T Aal# fj fork AbFase. SAHEHOETR, WFIET
—TIEFTZ2HNE, BN R fork . MBI —AEBYE, 0 at fork o,
E¥ A EE fork ALTREE.

E R fork RIESR)E, GRLEEFIT fork WHRMIRE G R, 425155
Hpid. WIRKAT fork ALPRER, TFilFisurdg, AN EBAERETIRE. B
RIGSERAT FIRFREE, §RETMEITE, FFEEess, o ALk
FRREFTENH & .

B3 fork_prepare & prepare 4bBESE, 7ERIEE FHEEERY, TR UEE N
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Fe®E

31-42

48~60

45~91

99-106

# fork WH. ZRBBCERMAMRE RHEEMTHERE) BEE N
2. fork_prepare REHBFFREFHERE.

¥ fork_parent J& parent £bEESE. ZEAIBTHBELUE, BHELHENE
fork WH. SH%M, —4 parent ZbPEZEN iZHHE prepare &b BB AR AL HE,
LB SCEEREIE R M EE. fork_parent BREMAYIH fork_prepare SiEHEF
&,

3 fork_child # child 4B 2. EHETHEIE fork . EXZ
BER P, child BB FEMITE fork parent TR RHM LR, SBEHHR
ALUUET R EIEIT. BT AL B BRATH i R4, B30, fork_child
WE self_pid TEATHEN pid, FINBEHIRETFE.

ECETHEURE, ©F 4 MIT thread routine A,
thread routine MBI B FE ., 2217 fork 4 FBERIT, fork 18 AR BR 28 (24
prepare XEAFMEH R ER) HIEFEBH. WH fork bR, SEMAETH
MRUBFEWIAN fork, HFESBBERNE FETFREPEE.

BRAEREFFIZIT S50, TN EFRFEFH fork AbFESE,

i08-123  EBRFEMEAAH fork NEBZWHEERE. RS, CERETHL G

B =l N e ) R

= e e e e e e e
W - h 0 B W R e O D

EAEFEESMERN, KEBBEE fork, REMUEFE. M thread
routine FIZEHERERXFEP R, BAC ST AP EER I BERKE.

MM, WREH fork LR, W FHEBBELF EHSENBLR. SidE
FENERE (ER8) FEFEEALRE, FUASETHENEUERE. 1
HARAHARENGEEEA tork . ERBAAETERAERM. fork 4
SERUTHREXMHERGRGHE,

B atfork.c

#include <sys/types.h>
#include <pthread.h>
tinclude <sys/wait.h>
#include "errora.h"

pid t self pid; /* pid of current process */
pthread mutex_t mutex = PTHREAD MUTEX INITIALIZER;

/o
* This routine will be called prior to executing the fork,
* within the parent process,

*/
void fork_prepare (void)
{

int status;

/*
* Lock the mutex in the parent before creating the child,
* to ensure that no other thread can lock it {or change any

bbs.theithome.coml



http://bbs.theithome.com

POSIX $HIERFRa0IA K

171

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
a5
36
37
38
39
40
41
42
43
44
15
46
47
48
49
50
51
52
53
54
55
56
57
ce
59
60
61
62
&3
64
&5
68
67
68
69
7t
71
72
73
T4
75

}

/*
* This routine will be called after executing the fork, within
* the parent process

* associated shared state) until after the fork completes.

L
status = pthread mutex lock (smutex);
if (status != ()

err_abort (status, “Lock in prepare handler"):

void fork parent (void)

{

}

Fx

int status:

S *
* Unlock the mutex in the parent after the child has been
* created.
*/
status = pthread mutex unlock (&mutex);
if (status f= 0)
err_abort (status, "Unlock in parent handler*);

* This routine will be called after executing the fork, within
* the child process.

*f

void fork child (void)

{

}

Fi

int status;

/™
* Update the file scope "self pid® within the child procesas, and
* unlock the mutex.
* /
self pid = getpid {():
status = pthread mutex unlock (&mutex):
if (status l= 0}
err_abort (status, "Unlock in child handler");

* Thread atart routine, which will fork a new child process,

*/

void *thread_routine (void warg)

{

pid_t child pid;
int status;

child_pid = fork ();
if (child pid == (pid t)-1)
errnc_abort ("Fork"):

/=
* Lock the mutex -- without the atfork handlers, the mutex will
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76 * remain locked in the child process and this lock attempt will
77 * hang {or fail with EDEADLK) in the child.

78 * f

79 status = pthread mutex lock (&mutex);

80 1f {status I|= 0}

81 err abort (status, "Lock in child");

B2 status = pthread mutex unlock {(&mutex]);

83 if {(status != 0}

B4 err abort (status, "Unlock in child");

85 printf {("After fork: %4 (%d)\n", child pid, self pid);
86 if (child pid != Q) {

87 if ({pid_t)-1 == waitpid {child_pid, (int+*)0, 0))
B8 errnc abort ("wait for child"):

89 }

S0 return NULL;

91 }

92

93 int main (int argc, char *argv(])

94

95 pthread t fork thread;

96 int atfork flag = 1;

97 int status;:

98

99 if (argc > 1)

100 atfork flag = atoi (argvjl]);

101 if (atfork flag) {

102 status = pthread atfork |

103 fork prepare, fork parent, fork child);
104 if {status != 0)

105 err_abort {status, "Register fork handlers”);
106 3

107 self pid = getpid ();

108 status = pthread mutex lock (&mutex);

109 1f {status != 0}

110 err abort (status, "Lock mutex");

i11 /* -

112 * Create a thread while the mutex is locked. It will fork a
113 * process, which (without atfork handlers) will run with the
114 * mutex locked.

115 */

116 Status = pthread create ¢

117 &fork thread, NULL, thread routine, NULL);
118 if (status != {)

119 err abort (status, "Create thread"):

120 sleep (5);

121 status = pthread mutex unlock (&mutex);

122 if (status != 0)

123 err_ abort {(eBtatus, "Unlock mutex");

124 status = pthread join (fork thread, NULL);

125 if (status l!= D)

126 err abort (status, "Join thread");

127 return 0;

128 3}

B atfork.c
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6.2

RE, MEREEE—NMEEMERSFJERNREE, HARIEIFEE
BAE — P EFERBEWIRSIE K. 1F prepare fork ZEER 3R, HREMEENFRL)F
BLLMRIUETFHRARELE —BM MK B1). 76 parent fork RbTHBR T, [RARHI AR 1L
BFERERE. 21T child fork LR, REERPIHETE fork X FEM S
EEREM 4. WRFBEETHED RGNS ERE, WARKELIE EE0E
—PRHREREEN BB E FRETE GIERER ST LR IR, i
RIFFRETHBEERBERT OB T IFE, MRS ZAR G Qs
WERAREBRBEN, HXM¥E tork WH & BB &304,

exed

6.3

exec MBRAEATIANEENRBBERLM. exec FMEITHEEE HEE Y451
R A —MFRFAEE. 3 exec MR, BEMRMEIFHEANRIE
H exec MEBENMFHELEE. CNAHTERLEBERERLTEE
destructors—— £ 2 A R o S b8 - TR 7E.

TR KIEZH S RT, BT pshared & /58 (f#f] PTHREAD PROCESS.
SHARED RHEHEAIRKIE FB) 0 pshared £ E. Fh Bt sy —uig
M, EERERRKN. R, RS AT IR B8R pshared
HBREB—RENARBYTA.

BHIZE5R

E—PIFEERFP, M T exit BENWBRNFAHAMER T REEES —&
IR, $ETRIBH. Pthreads BM T pthread exit #¥%, RS R TE UL 2t
FETHRN SRR RENRH.

E—NFEBEEFH, TRHEL AR LLERNIDRY” . REMETEM
“EFI BB REIREIR G AA pthread_exit &R, 2 A2 M 3 BB &R [F]
K LA TR SHEMENAENGE (ISR Bk, BRENSPATEERAL
HANGRENB IR destructors ¥, A exit AR E,

SABMEAERRERERUL S HEMLEL TR, Al BLaE o i K
pthread exit MIFBEFE L FH exit BHFHRE. NXTRE P iFH
pthread_exit WEAEHSERNHLMBBENITIR FEILEBEE, RFFTis
SEHEHE TR,

exit BREHRHE T - MEIBRKTIEE EBARE. flin, mBE—igEneg
T ECEH- SR EREIR, W Se ARSI ERIER AR, 4%
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KRERE LR EN, AETRBELVASETRARERY. iXHEN, fRA]
LR exit SRR IEATH RIALTE.

6.4 stdio

Pthreads B3R ANSI C 5 TO (stdio) RBAKRERLM. BN stdio 4T
BAGHENX A RSB ERERTFRE, sidio THREFAHEFERESS g2
FI2EHLHL

6.41 flockfile # funlockfile

vold flockfile (FILE *file):
int ftrylockfile (FILE *file);
void funlockfile (FILE *file):

E—EHRE, —R7 sdio MEURE T GHEFERATRESEY, filn, —

MR ISR E — N R 4, BETE—RENH XEHROFE A i
e, AEHALR R 