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FI% L B A IR HNARRENY - MEXHARANHMERLRHMNER L.,
O, HENRELL HHA RMEERREL, BERERT PRS2 EETASSREFENS
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BT S BB AR DL FRE R BB R K AT B B0 R AHR M R R E A R RS w AT
i, FHESMRATRE T L B Y BT E RS AR B M B RREE,
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2= i e R MM R AR R B S B TR, A o R R i R TR
B, AT RAZXEES, RS SEXERAPRAER AT SRARE, 2 E%F
T=EMBERGEA AR
® Windows Vista: IT AR, THEMABESFENEISFREERR. TRETHRER
tERR R BN EFHEAR, W, Windows 2B Y R A @ 3 & R A B ERIL
feZRFZ—. AHMGETIE Windows BFTREAE Vista DT RENHAR,
® UNIX: BRWEA/NRTEHME T E R SERSE, ERET ZATFAMILEBE T
HUMEFUEF. ZBE&F FAR ALK UNIX. FreeBSD &4 7 B £ R Bk L8 K L4 Th
BE, B —ZBAr ZHANBERS. Solaris WA ZNE VIR UNIX £,
® Linux: —zKHRIrIE® i A& AR A M UNIX B,
RFZERERO T USRS, XTRXERFAESANTERRETSH, MARE
FEX—-EEHMARS. B, i EHNTB2 T, RS mHRERNHENH, HE
FHEATRITEF IS, EX R I, TR E SO S R — g TN R IR
priag i B R

& Xt &

A BRN EE BT A A R E I, R TEH, A TR ALR A AL TR
M T TR AR- ¥ HAREREER. BhWE8EaiEd [EEE 71 ACM HRILERS
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Vi1

Associate-Degree Curricula in Computer Science 2002 ) FHEEATE, A UK E - HMBE S,
FlEfHE F 2.

EHEH

ARSHATRY (BB OEMNGR ). B, #H8. N, BE. BA/BUSXE. &
ARRG ., B2, MR ELK.
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I B RN ST A BOTHE 0T AE A BN FEEF AT, BT U RE T

M4 R RIR TR, WFIHE C,
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WS E R T B E A . SR A A R I, X TR A Ry —
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BRI TSRS, $4 AHHEHE, RS RS sREENHE. & T
o AN TARAE T PP AT B ARG 5 BT L T LA 8 A 3 4 P 0 1, B, i AT L F
Al . B AE T B SRR

TRC FHRA T — 27 7 MR BUN BB _E 04 T B, SRR IS 5 44 A eI S
A, BAET DU TRl T AL, SRR AL B HEEATAM T, IR T B Tava B
B, BB S — A Tava W AR FZEAMIES, @A LLE N Y BAREST . IRC hfuds T %
T RO e PR, LESE A T RS0 AL RS B R SR,

wiEm A

MR E L mMBR . AR EENRBIE, —HRTHE shell, Bar%
TR, Wi —- TN E A TGS o 2R M2k 22 4> R 2% ( process dispatcher }, BE{]4-Flf2 F
HIBEPEIFEMIRE, RCEETHITFRBEFFFEARARY, UR-L -F0H%KS,

EARFNFER, BN ALTAREERWENIH, XERINTAEE T EBTREEL
HAREM, MR B, RIIFEERE T FHEEFHE. 35, SRET -FRIME
o, HPmESHE M AR, tFLEE,

G, 7 IRC EEMTIEFRY, QF T BN ZTENRINEEME, BAIaILE
LT & A A5 T K AT T &,

% 6P HFANE

BN s BRfTZa, XMELSE, BERETRG AR L, T, EFKE
&4, RERETEFRERTAEREEMEANERR, ATZERS, FHEE s R
TH—HAFHXBEFNRAAHENER . FUEFRTFE TSR EMEN . B2, 15
WA . MA, FETAEEHEA “SMBHER" ( ficld-tested ) BHRIRIIRA

b T ERHEBFTEUEAAAEET ML, AT RN AMEHEE PR,
AV B RAFBHST TREEH. REIENTHHNT .

o Vg HEAEBEANRERFPRERBERME T FEROTR. 8 6 HPH 16

A-ZhE, ERTHER. FrEN. E7 R RHEEEaBIRFAE, T T Hmy
&, WAV EHEHAT F R AT, FR P EF R RS R b ul LT 2 A iR
K ZhE .
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® Windows Vista: Vista ZRCEA KN PC ML, T A5 RIBR & 2540 0L A0 — T 05 A ) 040
R, B 6 BEMBHE N LRERTEN BT Vista AR YA T, A R
KREE, B, NTETE. 2. XHEH LR 1O,

& Vista/Linux Eb47: M-E4, HEH Vista 7 Linux 535 08 S5 H A5G 508 5
F o6 FMMIFEAE, WX Vista Hi Linux M5 -8 LTS X 12 BT E
RErR AL 8 AT R

® IRENREAE: FHMNBELEL B2 TLRATHW, HPBRIES, 3 THE
FRAE. H5h, AVMHTLIUEE (B3, 72T BEEHEABRELN0E.

® MANBIERS: o BT HRAARERENFTEY, AN RER L TEATR
ARG, HHRTNBAERFOMSHE., X BB LEE GRS, UEFHAT
PIESGE: TinyOS #1 eCos.

® F&: HTHREREE, HFHEXFRNANERT TV EMTE .,

® LAMEBEE. W T A KBERRCE D AR B R R B 8 52 R B

ARG JREENH HOANELR D, BB AMF SO TR ITE . 24 HaE g
ol it R R A OR B B AT, W TF AR, WA KREEMEIWAM L PDF X ANE
AR TR E, ATALEMEREARRESE BN ESHTT R,

B
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( Roe-Hulman ), Scott Stoller{ SUNY-Stony Brook ). Ziva Arnavut({ SUNy-Fredonia ). Sanjiv Bhatia
( University of Missouri-St. Louis ). Jayson Rock ( University of Wisconsin-Milwaukee ). Mark
Mahoney( Carthage College, WI ), Richard Smith( University of St. Thomas ). Jeff Chastine ( Clayton
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K iE BRI Dave Probert, (3 Windows M 51k R BHE M RMIT, fB87 % 1 Vista &5
XA TR, FHIRHET Linux BHS Vista ZH M L Tiran Aviazian, Linux SCE{IE o g8 %
BmfEH . LHET Linux 2.6 M8 ¥ ; eCosCentric Y NickGamett, fb# 4 T eCos By#T =BT,
Philip Levis, TinyOS BHMFLEZ—, MER I TinyOS HXLHEEH
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R-REGARRAL SR GRS RBR Eoif LTSRN, & h X T3 LA A
AR RABR MR RS,

F—MoBIE

¥ 1N TEARSHER

H ATEBERFARA I E LD ANKITFH, SH TR AMBRE A% — ik
P PIEBBRTHHANABRTHAERE, AA4RBA/REREOBENMG,

HF2EF ®RERgER

ATRHARGEH S IATEAMRSAE, FIRMRES LA X FH P P & &, SAHD
EABTAEMEDEIRENHORELA B2 E NI RBT ALY, 7REFLE B ¥4
MR BBANEXE, AHENRFREM A NP AR A REL, KERHE - ELF L FPEFT
EHRRAREARAO S, BB R, T AN RO F 50 8 Koy B4 Rk
RE, AT RS RARADRLZANEATF T AL AT BHTAARERRH TS
HiE A TFABOEHERDIARRE, RIUGHRTREAR LT P EEAANGPEEORR,
FAXEHRTRESRDH P BHOEH A FH AR SR AT RERE T LGPk
HF &AL R, 5, *F Windows, UNIX #= Linux # 47 T#tik, Had Tix S84
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F1E HHEYIRGEMA

RFRGEFA -THE T EBRNEARE, YREAPRB—EHS, EERER XY
BT ER NS A Y (InpwOutput, VO &4 . Eil, EFGMFEAERK A, TB—
HEEMNIMEREEFRARRERER,

BN CIT RV R G AR R B A e I B A A, BT LA R B B
WAHAHERR, BEENENARSENTHHEEE, HETXEABTRIRE S
AR,

1.1 BAMEK

MRUEER, --GHHENALENR. FHENS A /SERGHR, SRBEE—TH£L4
BB, XM DI R B, DT RM AT R S EEIhAE. Filt, TEHE 4
I 55 P AR -
® ALE# (processor): EHIITTEHNMEA, WABELRME. YIH—TLHBHEN,
EEEEPRALBEIC (CPU)L

® ATfF (main memory): FMMIEMBEF, ILEFMBEYEB LS, BYHE UL
Bf, SRR ES LR, AR, YR XUE, BAFEBRNARFREEE, AL
R AXFMHEB (real memory) B ETF{ER (primary memory).

& B (/O module): TEITHILFANHAIEZ BIFEREE, HMHHIE DL &R
AR A, RITHETEMESA RS (EA ), ML MAR.

e EHLEH (systembus): LR NAEHEN A /A B A R A E 15 AR

11 TREMNETMZEENSGT. LESN—FERANFHEETHREE. Y, ©
EE SRS AL BB F AT 2% 24 85 ik ¥ 2% Memory Address Register, MAR J,
BRI FEARRE T —RIESHTFER AL, FFESFBrFTFS ( Memory Buffer Register,
MBR}, FRSBEMFFHIFHESEAFHSNEENEATESPERNEE. A2, &
A B BT RER%R (T/O Address Register, fFR /O AR 3 VO ML hE 377798 ) BAE — 192 M8
A i1, BAAE LS FAERE (1/0 Buffer Register, B# VOBR X VO BEHrhHEH ) AT
R A4 A0 3 8% W) R B B

NP —H B Tl o, &R THMFRESHEMENL, S Tad—r_sH%,
AL - THslHE. SASEEREINRR S S LBEBRNTFHRZ A XHE. B
AGHEREITATEME, AT EERE, EReiIsiXd .

1.2 AIBFEHF TR

HEBEEE -AFER, CITHRM- TR RS, WNFURBER, BHEAFHER.

AL TR A% A M A A7 AEH BT T RE -
e APTR&EFR. HAEAXEFERE, VURSEANZERFTRCHREFTHEFAX
NAKMEFRKE . IERESTTE . BRI 0 T MEE RN IS FFR,
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BREBRNBTAANT . —BREATFT (W CHER) AFBFABN SRS B LT
BRTEFTFST, :

® ERAMREHFER: HLEHLERERAE, BFERAASRNRAEREMEFE,
RLEE ) B2 PP AT

CPU WTF

A BR

PC FRFEFFHEL S

IR Exmif4aHiE

MAR Fe- %5l iR Mo bt 27 7F %

, MBR E R BEhF IR

SHEMR VO AR X5 VO Hulih 577 38
A VO BR #R VO B RITH

A1l HRSEG: THENEA

EREFFEHLARARGRE. A, IRELHRWE ., B HHEEREHPTRLEY,
B A AR A RXEE. AR THEEL, LTHRBHAIMIRTE,

1.21 RAPARILHFFR

FP o RFAFAMRTLOGET B RITHIEETRSIR, ©— X HA BRI T A
B, SFENARFNRERF. EXTHNFESANCERERFTH. St FFRRRF0F
Fi
MIZW &% (dataregistor) TTLIBRF R AMESTHER. ZEREFET, ENXRLERE
BHAM, THMITEERENEANSESEH, AEH by LR, AT BEZN A
TRAFER, TBREREARLTES,
et # 7 #& (address register) FRNBAL S AT, XA FRA TR S
AR hE GO AR Ay #uhE , XIS AT ARBEHN, RET AR E S FARERAINnH
k. W mEet A F B
o TWhtW7F# (index register): AFhFFhbt—FF B R AN FHEF X, E@TH—EBEM
— ARG KA B .

e [ig# (segment pointer): X FAEFa R, FRERBEUSRE, XEEAKER
HHFRAPS, BHETRENFHR. —MEH#BIHBE - REESNBEANRE
B, 8 7EXTHAFEEN SRS, IRIFUFAEFEHBER., RAXHIH

O REXEBAMEL, ML, FRFTREN -+HENE, FORYBESHMHRN LPE. B2
TR B A AL, R, SHEEE—REROR, MBS KAEFIE,



8 #F—y H x

T, WREH - THFEFRBREBM AL (RiEht ), THEFAEITXENTESE, §
W—AHTHRAERYE (M MR REABALERPRTNER), — M FHIWIEER
TTHI BRI,

o IS (stack pointer): INVHLRIF A AT R WGEROHIT FHE, MR EE- - H TN TE

HERT, XEEREATASE A A S S, MALE (push) FOHER (pop ).

St FHELLBE, JERABSIIEHP AT LM FEE AR, £BAE D KRERT
HEHR HARBITHERAFRENKERERARESAERRESAITEEN 340 Xt
WS LR XS FEE. MR GEE L, BF RO HE TR REHN
B A AT WL AR, A BFTAS ERMTT S-S KL, Bk, {REMKE I8 L
TR, BATLhSGRR, I ERETAERNEI,

1.2.2 EHFMEKSEFS

HERMOGERFAHETER TR AERF ORI ERBEAE S, KF 2333 A
PR, Hh—SaaaeEpE (SKHEARES) TRTHREBHERES R,

MR, AFEIMGERAFARMFFEREN, HFEHARBARE. AXERNAH T HESHE
2 FF AR, HAIL THEENRMN . BT AR #R21MH MAR. MBR. 1/O AR # /O BR
FEB B IORR) M, TEMNERERSSHITHLEN.

® FEFit% 2 (Program Counter. PC): 5 & HFEIE-4 A Hial,

e ¥ESHERM (Instruction Register, IR): AEFHFABRMESHE.

PR R R R E A — P — A F S, A ENENFRET (Program Status Word,
PSW), EHEHEEE. PSW SRS & G4ERHMREFR, Wy i1 o mou
PEAL,

# #E88 ( condition code, HFR BERID ) BAEBE S NBRFLERTENN ., B0, BRER
PIEEF R IR, % FEBIEMSER. ISR N BTFRTE T RESEFHSELZN, 8
AtESPGTZE BHZRE - RN . X RN ZRTER RS ERH MBS,
WA WET P RENFER T, EFTNHERTERFARG 2. LEESER A
FiE R T e B R O, EA AN E A iTEd, XERA M ENE ST ER
BRI T EY

A AZRHBENPUTANERED, ARE—APMFLH, TOER T EHEEARE., W
HAEER AT sk (FmERAR ), WRE -EEREBH (ZAKR1B), £ 7 ETHE
MAFEREBFLRERINEAES. B, FEMErTEFEH Vo #14E.

I EHRESTFREUNTESZBHLZER, — BN EEN RIERRB SR, ¥
$E A RY IR 30 ) £ 8 WHR A AR 4 ok 3035 o o 10 AR, A0SR A FR AR 3T 3 0 B SR R e 9 DI BB A AR
TR, IRAT L FER N, M REMN R ARIR LB 2 Er, InAARESR R AR
2 (8 BT 5%

B— P EER T R LETAE IS E R EE A ISR BREY )
JLBSERLT T ATERRR, I BELAREESH. AENFARTHEZLEHESR.
EREE . KESNERRELEPEFFER.

O BAFEESR, R -HESHEMRD, SAEMHRBRPTeEN B, RENTEREERRE, FXH
HEMITHAE, BEEHM2 1D,
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1.3 EHLHHIT

AFBRGTHBRERO A RFIETFHBTHESEARN. HRWENER, BLBAE
WA, AEBAFES T KR () —&ES, RAEATEEES. BFRTERFRNE
HHBRESHHGTEIaEBARN. HSRTTRERRESRE, XRETHSES,

—PTR—HHESTEAAERN M BESRN. WE 1.2 Fr, TRHARENENS RS
RESAH. WAL TAH MBS RS, L YPSXH. REREREANER
BEEY SEIACHERE SN, BIFAT S &5LE.

Bt i B ST BT R

12 EXRBTRHE

1.3.1 BESRAHTHES

ERTMRCABRA BN, LERBAGHEIR—&FS. ERAGIEBES, BFITHRIE
( Program Counter, PC) #F F — R B SHat . BRIFFHAER, THAAFREG IS
& /5 R PC, R TS ENUF IS T —&H S (LT F — a8 B at R4 ). s,
B RN TTEN, SRS SEEMBT— 16 47, EBHITERF S PC IR
Hubk 300, AREBERT —YORZEMLE N 300 BOTFARELTAE ARG, EREMES MY, RN
fE4 301, 302. 303 ZOFEREMTARRUE 4. T ED SR B A BUF R DI En .

REMESHNBEFCABN - FHES+F, TP TFBHFHRRSTES (ostruction
Register, IR ), 14 H0& B2 b B AR BRI ME L, (B FENR S FIIT A B 2RI,
RiEL, XERET 50 4 %K.

o MhIDES-EOEE. BB AGEBARB AR, RENEESEEAINES,

o SHIEHR-1/O: HWidABBA /O HIEMBHEER, BETUHHISMNERE, REM

SR EE AR

o NIRAE: MHBULIBISRE SREHXHNERBMAENBERE,

o . FubiSATRRASRITR, Wi, ALK 149 SRR —%
84, BRESEEF—HBSIE NI 182 HEMATHR, XREBRELRF
HERRE N 182, M, £F—4TBHENED, HHAMEIEY 182 SFEM TR AxE
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B on fisEht, HEFRY, EFHERTUSMET -&BEZXNMNIRER, SREE X TF,
HBR R, —HE M2 K H, WHEBIETE C TS (slot, HBER line), MAH X 4
%, % B ERNTIES D HREMNA (C<wM) ©, AAETHENES THE BERHMSEE
R, AR EFRASR SRR R R, X TRANAENT, RS REEBER—1 AP,
hMFERNEELREE, —TRATEE —-RKANRF—4H. A, SrEPEF-T5RE, B
L5 L ARl A0 R — 3R, A A B R hh R 0 T, e LXK T8 i B Mk .

R AR TF, BERNTE—4 6 (rhbF0 2 fir®, 1548 01 R d THI Mk BTH
RE 94 : 010000, 010001, 010010, 010011, 010100, 010101, 010110, 010111, 011000, 011001,
011010, 011011, 011100, 011101, 011110, 011iii,

Q FE<<TRBIEATF; B, FE>RTEEXT,
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B 117 REFIFNER

HILBERTERENLR. SHEBERTEAFHOME RA, NIRRT FERERE

T, EXREAEHLHER,; T, AT FHRBUEATEST, REX T RGBS
AbER A

i )

RA: iEthyt

4 RA BIREEN T iiefE

Ry b & RA iR

W RA FHIF bofolodiliab: g
iR Ligm gt WS

AT, L RA BT
AR #3845 CPU

118 REERAERE

163 WEZEFE

FXRARARFRIFOHRANECAH TEARHNEE, SEARAMRETEMRITEAR. &
NSRRI BB R A SRR o, tLB B2 Bl B R, 0 R
. RMESTFRA, RIM, BbfeRM, BlmE. SR,

WHE ST T EREFE MRS, HEREYN/NIFESTET LU ER 2 FHE
Wi F—TRTRERETHRAMN, BDRERTF SHFRAOKRIETREA ., MK /DARNME
KBRKN, BTRBERE, AR aBm, K REE R A T3 U R W R
L B ABE SR R, SREAN, EENERRERRIANEZTF., B, 4
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REAE KA, B BB BRI TT R TT 45N TR e B ) B B e BB E s
FIMATREME (BHIEHEFREITANMKILEMGE ), oG S50 FF L.

B HERBEA R EEE R, B S E BLS EOE E A R R AT . Rt
SRBCESEMAERAE, 5%, kA -ITRE, B RUEsHShEEREE. 5
FHROER S R N E RN MRS AR ESRBAM e, BREEEOTITEER I,
SUH B OB B AT LA K A p R AU B IS . HOR, RBLH BB AN, WX
UHRER T HEREFT TREETINIEFFENBEdshumegs.

TEB R AE T, H— M AB R R EE TR, 058 8 8 77 b (K 5 Fr A &0
B G, BABRREE RN R A 008 ¥ 507 0 ] BEPER BB, R A AT AR
RELGXH K, AESHE AR HNIRNEEFREEE T PR oE B Ui v sk, X5
i &t 1 B /L Fl ( Least-Recently-Used, LRU) & . b iR o i & D P 0 2k 3 T 08 4 1
-2 =

IRAEEERFPETRORSFHEES, IR EECHELLEREFZTICEEEANTE. 5%
RAEME R FEEREE., ARETAESYRBEFEFREETEMAE,; WHE —fiE 5
B HAYREFER A RETRE. B -FRSE TEESTREARE, BREENELT
—RR RS, 2R S4RMREUR VO BERNEERATER.

1.7 VO BEHEAR
VO BAEE =#TEEMNE AR ATHRB V0. TH¥D VO, HEAZEZENR ( DMA ).

1.7.1 AIHwIE /O

LA EER EADATEFHEI 15 V0 HxmisSut, il BN VO Btk K64k
PTG .. FRHTRE Vo BEN, VO BHDPITERASEH R VO RETFRTHE
Bf, EHAR—AEEM R, DREEHAPAES, HEAEBERIT VOHEST, B
EEMRAE VOBRMRE, LHE VOBERABTLHTER.

MRMEANREAR, ABEBRARANFEFEREEUATHE, AERTFPFEFEEEELUAT
iAo VO SR B A AL BB AT B RS VO HAENHES, SERNRERES. AXFE
A REaS BT, AIE4SEHhEFLTILE Vo 54

e Wl ATFRISILE, FSIFEMi 4. #lm, AR REEHEIR® AT — 1%,

e K. ATWES VoEE X HARREHFMHX NS FRESEE.

o f&iX: FTaAEFHETTIHRMIBIRE A EHIBRERIE,

Bl 1.19a & THEATHRE VO l— 70 F . MWFFER & R — R ¥EE (il Ps— &1
) FFMEE, BUE—F (F0 e 1) NEEE., FEANENTE, LERLFEHTRE
BERAY, B EF LA VO RN EENERPT. RTREBHRATEEAMNEER
Ao X E—HEER ML HE, SBRRAEATRAEAMNEL D,

1.7.2 BRI /O

AT 1O 817 AL A T RS A BT R AR A B I, LU 10 LSRR MO T sk R
RELBE NS, HBBESEYELFRELET V0 BRERE, HEREFTHMEET
W B R R
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gaﬁ
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IR 4R A DMA— CPU
F-&#He TS . TFo&me
) BFEH o b AR 110 c) HEARHB R

119 HATFBA-RBEMN=MEXR

FFEERLABAEREE V0 RS, RAEREHH - BTRANTH, Y Vo #iRE
5 a0 BB BB IR BT, TR FT O Ak R B AT 3 TR R4 kb BE AR T BT T — RE AT BUR S
RS E AT L MR E

BAE, W IO B MRS R AT TR, XFRARMA, VO MBI\ A BB ik i —
A READ fr4-, S5 FHBMWEXEMNI B ERNE. — BRENRAIR BB FES, #
RBERNNESNEBER - PHES, AESHANABRBR R, ¥ BB R E
KRB, BRERENBREARL, REREST —IM VO Bk,

MALBBMUAEE, RARENTENT. 4HEBEL 4 READ &4, ﬁFﬁ#ﬁmEE
M ETFX (EFH RSB RESRE), B NNRE, SHIUEW (M, s
R EJLARRGBER T ). ESTESRBEORE, SESREHE (LE1.7), HE4E
X B VO MR PEN, BB KR ARITARIEN LT, FFihHhAT iR
( interrupt-handling program ) ALBEAL M. 7EXAM T, AHEA VO ﬁﬁﬁlﬂﬁﬁlﬁﬁ : Fx
FEEEREDR. A, MEEE VO #SRRF (EELARIBF) B.L FXHMERT,

B 1.19b A T @B hiriEsh 1O #FERAR T, PHED VO LATER VO EHH, X
BERATHRTALEMSS, BE, B FREPHEMEAEAFERESR Vo EBIERM 10
B BERBBAAE T E R, XRRPEES VO RS RE L4 BB,

HEHEHPATRETEAN VO #isk, EXBE-SHIE, B84 EBRESHE b
R SRS R, AL NNE FARSER T BB -1, ERERE
FHERFIER, THRETERAERAKR LER2ANES, S0P Has RN,
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5B, GRRERA TR, HEHRESMERTFIRSEIL, TAFENRES AR T
.

1.7.3 HERHFEFR

AT DWW VO W AMNTTHEE V0 B4, EL4BBPREE L3 THAEFMEER 10
B2 BRI, FHAMBEERELMAEZSETAEE. REXHD VO BLBAH Y
T (34T R B

1) VO 3% S SRR T AL R0 2R R0 4 MR IR 5 P

2) AETERRNTHE VO M TH, LAPITFREESURRK /0%,

UTBEBHKBHEREN, RECH -BETRMEAR, FENFFE (DMA). DMA I
BETT LI R B — Sy M R, WAl DIFEA S — A VO i, R R R IE L
BERHTHEFRNTHR. Y4BBEERE —HIUEN, T8 DMA BHEE 264 &
REUTEE,

e ZEFFER—-KFEXE.

® B I/OBERE,

o FAiENE MY T,

o FEFEREHNFEYN.

ZEA B BB AR A T AR, AL I MR MBS DMA B, BRI £ B4k ¥, DMA
BB SHFRETE, 28 MUER, BRAE—1F. ITIBRATELBRE S, 4t
REME, DMASRE - hESALHSE., R AGEFReE gL E R8s
B (IgE 1.19¢ ),

DMA M B ESH A UE SEHEHTNESS. HFELSMEEIEESS, Yo
BREHA RN ESH DMA #R, BB, XHAR -0, SHBRERELLF XHFES
HOAE I, TRIUUEE— AR EY (FEAS % —TFHnE), HEHET2E7E DMA
AR P, YABEBRFEYOLLHARBRMTEAESTE, REIML, ME% 10 £k
iH, DMA EL BT AR FEES V0o EH .

1.8 HFIZHMMN

[STALOG | FEREAM IR THAETHMATE, KITHFREXTIHHENES S Beet gy b 15
. H{HB-—-ERH [ PATTO7] 1 { HENNO? |, A& E—RLWMEE, BER—-KERENBE, EX
PR EH R E R .
[DENNOSIHFIR T R AP R B R BRI L ], BByl o 2 —i% .
IXENNOS Denning,P. “The Localiiy Principle " Communications of the ACM,July 2005.
HENNO? Hennessy,J.,and Patterson,D.Computer Architecture:A Quantitative Approach. San Mateo,CA:
Morgan Kaufmann 2007.
PATTO7 PattersonD..and Hennessy.J.Computer Organization and Design:The Hardware/ Software
Interface.San Mateo,CA;Morgan Kaufmann,2007.
STALO06 Stallings, W.Computer (hrganization and Architecture,Tth ed.Upper Saddle River,NI:Prentice
Hall, 2004,

¥ % O

® WWW Computer Architecture Home Page: R# 5T BHAREHHATARBXANEZLERI,
FARREWEANGE ., £RE8. &, BHEAELER.
® CPU Info Center: X TR EABR/NMFEL, UERIL., FREBIREES.
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1.5
1.6
1.7
1.8
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1.1
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1.4

Bigf 13 FRUHEBLBREERS 0SS H—PRES .
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FEXFER T, HH 12 fiapht 85 — SR p s iRs . HEHU TEEMNIIGTIE (AW

L4 pyfE),

a) Wit#& 4 FEA AC,
b)) WEIFHEIEELIC 960 FHE.
¢) {MAC BFHEE 5 F.
BEAREE S PRI T —MEN 10, 960 R HE M 1.
AERA 6 M EREHAE 1.4 PHBFHITHR, HEH MAR # MBR 5 FEX MER,
BEAE 32 i, H32MESdAMAR.: F-1 7V oaReEn, Haiiti—I
BN — R Bl
a) MAGEEIURNFRERIREL (UFHRHEBPH) 7
b) MBRMLEEBIEARETEMER, #HartREEENER,
D -t nRRFpasfn— 16 RATRFLE, £F
@ 16 )BT R BERFI— 1~ 16 (M REHE L LR
¢) BETHEMNESFERSDNEEE {47
BHiEH e E — 4 16 fuAMht (BN, HIREFH BB TFERTERE 6{Y)FER
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a) MREED -1 16 F#ESR L, AEBESEEFRNE KBS LA
b) MRERE -8 R L, HARETHEENBCEMBRN TR B
c) 4bBiFR— My M O SR E TR il 0
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i.5

1.6

1.7

1.8

1.9

1.11
1.12

d) MAWAESMBEEESTURRICLVOKUS, X MEERTUEREL {7 /O RO
AE—A 32 U MALTE A, R —1 16 MBAIE Sk, i —1 8MHz MR AT SIS, 155X
R HEBEA T EAEE, HBXHENEST I ARNSEY, FERELERTUXRNE K
WEFEEE DL/ HBERAREM 21 7. WESPAHEIEING, HEEETEFHIE
HALE R FRAANREHREEN, (B RAESTOARAPRBARNFENE.)
FR—-THAEIRSE, “d—1 1o Bk, FLUEH—SWAMBRATEONEEITTi%&. CPU
HFEE T, SEFFRAEERIRELE% .
INPR: 8 AFHE, 84
OUTR: #WH&FHER, g8
FGI: Sy A%RiD. 1{x
FGO: &&Merid, 141
1IEN: B2, 14T
Vo Bthizh WITFH PR ATE, R HAITOV P E. HFNTUIL—F R EF S HE
— B F, WAIDE—P B UFHWINN — T FHUFFS ., 48 VFEMTFIHEAR A FHFSN,
WA CEEL; MITH —-FE, SdRtsE .
a) BiR CPU I{E X 4 TR L M SITF IR BB AL,
b AW AH IEN, iR el fra ey
ThrEER A A DMA BB EZ D, DMA P ATFRR AR QRS TABMAHNRENR LS,
XA
— DMA UM R EH R FHFXER, FXELN 9600 18 (b)), AEERA L LR 100
AWKEERIES, AT DMA 55, 4HBHUEESLSRBL L
—GHENMAEE T CPUM--S 10 &E D, B HATHAEEANHAE M, HIELLWEEY
AF, CPURBBBRETHIIT 106 &S, YHSERSTES MEBRE, Kb 3 -RAREESE
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TBERIUE 95% MRS RATERE, BHEAIMN VOHES. Mt MIEREANST | MERBE, RBE
WA M A D ZEER KR,
a) B MEFEEH IO, VO 552 1 TFTE CPU KBTS, 5 ER DM o BUEEEEN
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b) WREEA DMA 535, AR .
FELL TR, '
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ER—THEEEE, ERALUTSH.
T.= 100ns C,=0.005 4/{i1
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HEESFPAFEE 450s, REFEFAHEFR. SHEEFOGPFEN 0.8, AFAGPEN 0.7,
MEREPFH—TFHEHNTFREEEE P (HEA; ns) 7
A 2t PR RS T — 4R e B T8 A9 R AGE () . 1) AT LA HE O AR R A RE T R i e AL B G
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5 6789 2 3 4 5 6789 2 3 4 5 678900
e wmEtk (548
M 1.2z X--RRATEE, #ﬁﬁﬂ#ﬁﬁr*&‘%#ﬁ#ﬁﬁkdxiﬁﬁﬂ;&ﬁ

1.0
03 wWRSY
& « %] o et
; :
& ]
= 04 KA
=
vl
02
5 ) T T T 8.0 L l 1 L
0.0 0.2 - 04 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
" R = : ' H TERE AR (8v8)

A 123 BERBEXTHIEHRE (r=T¥T:) B 1.24 A BT RIPEARER XA AT RS

S BRT1 E BT AT S R — TIP3 X AR B IR BS BRREEN,
R RBE A RSN RS R RS, T A PUR TR T Y 4 A0 O R R BRI R
BT R HE.

MR 1B TRES

Eﬂﬂﬁﬁmmﬁmmﬂ#ﬁﬂﬁﬁﬁﬁﬁﬁo$miuﬁTﬁﬁ!$Mﬁﬁ,#%ﬁ??ﬂ&ﬂﬁ
R R R A ' '

BREXH

- RE—TEFHLRES. ~KABHATE, VHOKRERR. RPN GRNE . REEEN
HFRTEMN, AT UERERNSHREES. 2TXTRE, REFETRERSHESE (LIFO) &,
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BRMERBER LA THMET TRABTHRA. B 125 B —RAMKNIE, EAE(TUBEITE®E)
FNRAR B — R R T, KERNE, REHA B4 REERTR, RN tRReaE, T
RRAERES I, TS ANREELHREFFST,
® WiRE. SEHEARLE. RERTFER (PUSH) nmﬁ: {POP) —I, EA#43 1 St 1,
Lk £ % 5 B8R TR Ak
o K. mﬁﬁ@ﬁ¢ﬁﬁﬁ¥mmmﬂ Bk ArBch B — N, RS HANS TR,
3 — A2 ERHEFT POP 3Pk, MR,
® HAR: LIRWAFA—M, B TR R TEMMYE . MBS AR PUSH B4, MR
$iR.
8 ugamﬂmxﬁﬁmﬁ¢.mﬁﬁﬁ@mammﬁﬁmﬂ.m&ﬁmﬂﬁmmmoaw,
B2 D B 1o G S i 2

CPU Ccru

A PER e
w8 ] ek woiE____ ) Wz
] j- ity
Kk et —1
2% | W
R sy o ey
m (" mimse
e Heiget Ll
B
a) TERE R HR b WEERNE TR

Bl 125 ABMNRER

T2 AR E

S B EE RS AR ANRAR S, SAFEBRT AN, SRE SRR
SPATFEER, CRTRT AL . M TFE 1.26 hHREAE, B 127 87 THRAEERR.

EDBRAEN, EXEREARSE, TLUREIARANFTART. A—HTHEHLkBESHRRE
EERBRN Cll AT, EXHART, SRS ELFRERAAT. XEAFEBHRE. NRERF
%, PEAEFREAREEASEEA, HRACREDSEES: MEERSBTRESN, WREX
BAUENENBH.

FRENSWICRY AR, SARBRT—RAEN, AUERTRESEEE, TARFERS
HEAMRGSE, RAATEAR R XRESS, 1ERE, 3EE S8R0 RS RN T
. A -KERAARENRASSHNS, GiFEESME, HAMRM (swck freme ),

F1L28BHT NPT, SR PhAEBTEEER I M2, 3R PHAMEQ, Q *ﬁﬁ?’ﬁm
& y1 f y2. HEASIRMTOSE-TENH-NHES, DESEYKRSKERTEN, RREH
B, BoMAHETRRMATROERL, 25, ERITERYBEERS RSN, FHLTE
THTSE&R, Plin, Bier WA QN, TotR TSR, ASRETHMICER 1 4. Kit,
ERRBET, PABTH— RS RERSETHR:

CALL Qiy1)

TR, &% Q GUE ~THOIRM (WA 1280 BR ). XAA—1H P MRNEES . B e

MEEELE QRS BBER, Rt TRy d P ERNEN, 1 RBAR 2 2 Q EH’
FR A RBER, PR EAIR—1 REERNENEEREITE.
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Hugk [F -4
4000 T———
4100 | CALL Proct | %8R j /—la,
4101 f——} : _L
4500 [ | “W
4600 | CALL Proc2 | —
4601 mm' VE ;1 ,f
4650 | CALL Proc2 | pmei : -
4651 [ i 7
RETURN A
. 4800
r——e— | i
J [ Proc2
RETURN . //
a) WRAHEE b) HATHIFE
126 BREidH
4601 4651
4101 4101 4101 4101 4161
a) BEIE S b) CALL - ¢) CALL o RE'I‘URNE e) CALL ) BETURN S g) RETURN §
Y P Precl 5 Proc2 FIHK Proc2 |5

B 1.27 EARXAE 1.26 TRBRELR

!
p2 La - T g
vi
[ ) EFEHAL
S Q:| AT—wiiEs | Y ATNTHIT
2 — R I x2
al xl
i [Fl et ' EEHLAE
P:f WT—BATEE |e—— MpUHEF P:| A bifmet
a) P RIEHKA b) PHA Q

Bl 1.28 EFRARASE P QHEMMER
ARENTE

HEALERER - MIAANES, $URERANEHEAr NRES. TEASBERZEERFRBH—
AWEER—BRNE AT BRSSP RERR. TEARRATIEERERE . BEFRBARBNXEBS, &
AE PR RBEEA SRR, T TEASBTLUERY., d—PEEPHNEFEM, FiRE R
B FMERRT, ERFREY, TEATER B MH AT ﬁﬁﬁﬁﬂ@—’f‘ﬁﬂ$ﬁ§ﬁlﬂ#qﬂ
HEANAHARFT L AAXTE.

i, THEAZTBHAA —TKARTHRLY (ERABRAEHS) ﬂﬁﬂ“'ﬁﬁﬁﬂ { ?ﬁ‘lﬂ]ﬂﬁﬁ#ﬁg
b Ll R MERFEFT RN R WA R A s e ), RS- AT PIFRALS (activation ), A
FTAARRSAI, B#F A Bﬂﬁﬂﬁﬂﬂﬁﬁﬂﬂﬁﬂﬂi '—iﬁiﬁﬂﬁﬁﬂ%ﬂmﬂﬁﬁm‘ﬁﬂﬁmﬁﬂﬁ
{ activation record ), _

 ARTEAEEN R EREAR. 2R +TEAﬂEW mmﬁmmﬁiﬁﬁ#¢ﬁ¢o
SR, WO SRy R R 0 R BB — B



W E R GHR

AEMABEEROERT S, XM FEEASEABANPATUART BEAEREMNIR
B, HEES—PNRBAE RS HERRTEE, RS U RS B0 T M BT A4t B RS
REEMELE . PR, RO AT A TRk R /ARSI, EL o
g&ﬁ#ﬁmﬁﬁﬁﬁﬁ$¢# AEE B B E EEERA QR

21 BERZNBERMNIIEE

ik R R A AR ERITAERE, FANN AR Bt AL, A TE
=4 HAR
e HE: BAERKUEHENESTFHA.
o HH. MRS ANUEARNHFRMEHHANEAER.
o YRS EHARERSN, NEAFERBRS NNRTAKATR, Witas|
HEH 0 R GETH BB
BT RH KK A QR RFE X = BEF.

211 {E3% AAATENED NRERS

5 F P S R 5 A B FR A T LR R — R, A 2.1 Fim. RARFMAR,
HGHA S, WAL OHAOEAET, Bk, ©8FPFRTEIREHME SR
B, — M REARETLA—RRFIRHE S, FAHE
FRFETR. NRSEH 424 0T 0 HWILEER
NBHEASFRNARE, ek FEEERNES. IR
ik AMEF, BRBHE - HRRRE, Hoh—3 5 Hob A
TH, BfIZRATELRES. FHLANEN VO RED
SR NIIAE ., BFF R 7 &5 R B ah il fx s thil wHTA
RSN, ENARFEIE, S EAXSTATRNUE
AT, REESNRARFREFEES, BEREY L
B A FNE T B0, 3+ 08 B A A RGBT B
O, EAT R R, MR A N R E S i
i X Th iR % . E 2.0 HHENEGMRICREE

MAKYL, BAERSANRETUT LA TENES |

o BREFH. BAERGRUSHENNTAMNES, mﬁﬁﬁﬂﬁﬁﬁ HFRHEEA

FEEF, B%, XEES UTHATEEFNBRAYA, FH%%%$ET§¢£%&

D E—SY EAIHBRERERE, FMNABRRFFRATA. -

o BREF: BT TEERERSSR, ﬁﬁﬁﬁﬂﬁ%ﬂﬁﬁﬁAﬂmﬁimﬁﬁﬂo

5 SO &%Km~®ﬁﬂbﬁ#ﬁ&ﬁmFﬂﬁﬁﬁﬁ&ﬁﬁa

H AL
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® VOIREFHFE: BT VORFNEANFTRITANESTENERES, BERLREX
EMTIFRHE TR -HED, AEBRFRTUMRARTENRAERERMXEES.,

o XHWEER: MBERLNT, XTXAMEWNALLIFHET B VO Rd (BRI
ghdk . HOWWRBHAE ) MFetE, MHELSFET R ES P SCA SRS A, X7
BETAPMRGE, 845 RYETT LS BRI U1 1 3 2 i 3 e

o REZEYE: X THFRALES, REREZWMBNREMNEL AR K RE
IR B9 VTIN] o D7 1R) B AR Rk 20T 5 XS BT IR AR R DY, LB SRR ELUA P e,
T 400 700 00 R 1R 3 S A 1 b 2R ) A

® SHREAFMEE . HENRGEI TN TR EEMEFRHER, SREARSSBEA S
W, IfFfEdss R . AR, LIRAMERAHR, WERERY . XEUMEE
IE AR on . ERETIAHEN FRFHIHRE. XEHER. BEREHLH
P AL Ay LA WS fRee iR A, RN IEEETRN ABRFERE/ N, A A LR SR
HIRMERF . ElBRANBPRANAEFREHX.

o GRRE: —MNIFHRAERGET LUTES B FBRERANEIMER , K5 W B R 2 28
MRS, R RS S, XNMER M TR ESRIVERT KD LA RE LR
EtEEEE AR AN . XEHPTRE, IMERBETHTICK.

212 (EHREHTERNRERS

—EWHNRE-HHR, XEFER T RE RS, AR, L RhE &
il TR R ST R T W

MLAREANLLHBRRIEREEEFBEENBI . FREMMER? NETARRE, BEEN
EW: HIEEITANRR, #EREEHTRIOERYE, HEX M HHRZEL—MATH
MR REN . B, RILEFNHESETHENN R ZAREZ L5 R RE —&
EHAEE (F, FERERRAEED AFTRERERM, EXEARFATR>™EMRIERE )
B, REREHREIHEE, ErEF0E, EARIAARZL.

o BERKESEEMNTHEIARMAERER, E0EMCERITHN—BEFR AR,

o BEXKETSBNER, MHLHHREALRFAERESH.

VARG TR LA R - AHENEF, 5HATRVEFEL, EN8S4ERREES,
T T X B TR0 R P R S ) AL B AR A R BB P IR, IF il R P I R AT RS B
A2, 4HIN T HAEM—H XA, BLMELHBTRIERGRESF, MERTHARF. B
M, XE R RGBT TR ARG, ibABESLMAR—-LR AN TE, REAHES KM
] E HE AL, b AT T —T T, EEAEAFHEA, REHFIALFTA XL
Bl

A2 BRTHEBEARGEEREN IERR. REREFE-BAIERTH, KHEEARKE
FE (kernel, B2FK nucleus) MIMATEAEANAMBERERSY, ABRRFEIRERRETEY
B ThEE . AR H RS R A PR MEEE, © 05 S iy 4 5 S A0 A8 o b 7 4 2
BHRGEY. BERGRECEF ST PSSR VO 4, FHERICFEMER.
PR H SRR THE, RERGELMREAST —MEEA AP EFH, LS iS4 b8
TR, FEEALTRSBFRE T, X TREES DAL
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LR 8

b A 110 i &

Rt % [vo Ehzk O nan. en.
E5ik e L l@_ =O WFEmNg
R P MRUE :
T,
&t ¥ R% . it iR

A22 #ERKEITHREERS

2.1.3 BRERZEHST RY

—TERNRFRENAEFRHER, HERNT.

o BHAGRANEANHT. ¥, RS UNIX fl Macintosh 20 RA
“AR” WA, B MRMERGEREAEHAS TN, mHRENEESTEN,
HE&THRIE. P, BERERATAXOER TITRIIER, XOEEmpirR
Hasurit, fm, mﬁﬁﬁﬁﬁmFﬁﬂﬁﬁtm“ﬁu”ﬁWﬁﬁﬁ%ﬁﬁEﬁ -3
HERERERRPRUTE MR

.ﬁmﬂﬁ.ﬁﬁﬁﬁFWEﬁiﬁEE%EﬂﬂWﬁEaﬁﬁ#ﬁﬁ#ﬁ%u&ﬁﬁm
B, B, WRAXRARESN TRASRSNTRES, REREROFTARMEF VT
EREZH TR,

o (IERHR: T/ —FTREREMFTHER, Eiﬁ@%ﬁﬁﬂ“%ﬁﬁﬁﬁﬁﬂﬁ%ﬂA

. R TEF. 48R, I TESOTRESIIARKER,

BERRENHMNTEAMN ENBOTRH—ZHER, T ERBRANAR, EHERER
WO BRI ESH, BRME SURRENED , H AR URNCE . W FRAABAERG IR
BARBR, FEKERLEREN [ DENNS: ], ©EER, Kﬁﬂ&m$ﬂﬂﬁﬁﬂﬂﬁﬁ
B, EREMRTLHTH. HEENSERIERET X AE,

22 BERSENER

TRIBERBERENRBI L, HETAFREREMNXBEIITER, OHBDTER
BABRERKRESFMTHE L.

2.2.1 HITHE

X F BE A HE AL, M 20 2 40 4455 B 20 2 50 A PR, ﬁﬁiﬁﬁﬁﬂﬁﬁ 5itH
BUBAFITRE A, BN ERARAERSE, XEBEEE T ERE LETR, Bhla408
BRAT. AR . RAXAMNGARSENITEI. AEREREVRFEIRARE (WEA
EHL ) MAHHHL, WR— T HREARFS L, #RREDERIER. NERFEXTHE,
SR BAEITE AL,

O ATHERZEEMETE., $FRTIERSEBRTE,
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e RS RS THEATEME.

o HE: AEWLERMFA—AHETHECREITHHEE, B, —FBEPOTL*E
AN K BB BRRY ). A ERAE R T 1B, TR T 45 ABERRSIR T T4k,
ERTHREFHRYLABRAE, R4 STRR. F—FE, MERSER I E
B, SHEESENNRNER TE, RS MBS RS mmeL .,

o HEME: —TEFEREEL, ETREREAETISSEBANEESTRE (IR
), BERFENERE (BRERE), HRENEHERFHAA R AEE—2. 8§
— S MARCEERRFIRY, RERSFAA, MBEERBEEEE TSR, HAR
HReMEF TR, Hir, ZRFEZHFTHREABEERXEYHE.

PORIRE R B T TR, R T B BB I E LA A, Bk, piairsm

AR, FRTHABERNRKYATH, HPaBEAHRNE. 85, R, FHER
/O SREHRFF , EAIAE R AR, XHATE M A P Sk BIAR B T M

2.2.2 MERHAIBRE

s EMEERE RN, Ad T REEMEL TR BN SR ERY, HikR R
AR R EEEEY,

HREHHE, AT THRAULBBERENBRE, F— ’f*?ttﬁhﬂﬁﬂiﬁﬁ ( ol B0 2 B
— A BERSE Y £ 20 T 50 P HIH General Motors JF &R, 7 1BM 701 £ [ WELZ81 |,
XA RGPS S — 0, B & IBM i P 7 1BM 704 3L 8L, 75 20 Hit4e 60 SE LM,
HFEITBENBTIIECRHTELERETE TH4RBARS, T IBM 7090/7094 it BHLMBER

% 1BSYS BNER, SHIBREHH S MER. | -

BT B AL T T SR B o VAR R — R B A Y | R
Mokt B ARARERE, AP FRERUANE, B, e
PP SR S A T g Al SR BB AE B, o A ST Py
fedk S MU AL LR, SR AR L, b
GEREEA, BTRERAABEERNNERE, B, [ —
EEREFATNRT—BE. n ¥gﬁ“%ﬂmﬁ

# T R RAH F T TAE, 7T LU LU F A A BE AT 4 g Y |

WP ICESRFEA B AIALESE A

o MIBENAK. KRERSHSEMIIT, SREIE—
&, KESURERLHBRETFRETRTURT 2 RBRREA NG
(I 23), AN SIS IF ( resident monitor )o SCAUHBAMIIE — 3t SR PRI FH
T, TIHEN AP BRGTERE, EREMB TR IFARTH A . IEREFDR
AR GESEE SRR R ) PRR— k. AN, MAL R R
BRI, 3 ERRAE ML, S SERE , TR AEGE B MR,
PRI T — MY . B LSRR B R E (T, TRBEA.

o ABBAK: ARTAEE, LESKRTARTERNNEER RIS, Kk
AT Al 3R B N B B— 855 . — BESBA—MEL, ABRBRLEET
R A RS, RS SR BN T A BT, AR TR
TSRATFAS B S, ABEE— A RARHSRBRAL., FRBFHMLSE K
AT PR R T — R Y. L, “RRAC G el 0L o 2 88 2 A
FBAT OB PBIF IS, M0 “RUBBUE 14 MIE A" B S BA S8 2 A
BB B S AT A,
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MERFEREEINNE. B HEBA 4, AR A M B AT A, B AR (TS
I ], W EERE PRk B T AR Ak B A A SR R4 4B DL — Rl 353 %) 5 F( Job Control
Language, JCL) NEXBRHH . XE-FHFLERABFIRINES, ATAHEERFRIE
S, B—RBANET, HFEAZ—1H FORTRAN B3R ENEFUABFTEEHD M4
85, T FORTRAN 4 HEEA - THMITIMESd, BRI D SR F,
Bk T FORTRAN 4 HEEST, ElPiruiFmmibishiEsds, 4Ll “s” HS54TE, i
R ERA DT IR

$10B
$FTN

]» FORTRAN $E4

$LOAD
SRUN

b

SEND

AT AE, WEBRFEIFING, ABEFESR (BR8N PRAGENESG
. WMIFMRAIFEFRERAEEAN, FRETAFEEETHSD. WREFEAFT D,
M EEAEBRAE “ %%, MEAIETT", MBRBFHEBEFED, AFTESLOAD 4, HHFREZE K
BEFEFREGREEN, R BERFIEILOAD i<, Bal-— MR, FHEHNERR Y,
mERH HRBFEANT (EHIFRTAGHGES ). AXBETRP, HF—AKBEAFTLEA
A FRELT, HEBRKHREST—1 FRHA.

ERPEFNDIITERS, #AMARSTHSEA - -THE. A BF TS AR S FEHA
A—TRAME, BANBEREREN S, ERESAUBRBRFIFRELESNMEA—1
JCL A7, MARXHE, a4k, FHEEBSEREF. HrfEksER)s, EERFOHE
BMAfT, HRAB T & ICL #H4. Ak, F1EBEFHHEETREIOD, REHEBREY.

WUE G, EEBFRERMEEEAERS, RE - REKNHEILERF . & HOET b 84
" LA R TE A AR E 54 BUHE S 098E 0, DA sk BB B B AR . s, i AR E T i BE A
THE :

e AFERP.: MAFEFIEFZTH, FERACITEEERFOATEKME. R EXE
i, RS EIER, FAEHERARERF, EEEFREXMEY, &l
HREE., HBEAT TRl

o EN#: ENHFATHLETELMERE. SEMELTFRN, BRENE, MRE
FIEEE B, APRFEEIE, EHi0E0S EEEr.

e RS FENMBSEITRHFUES,. RtmEEEFRAT. NRLEFEET
MHPBRFE RPN, MSRERR, TN AEEERF, VOESYRT
S, RIERERFIEHFA Vo &, WAMNET LRGP BT E o i E
T Rk EHES . MRAPEFHEEHT VO, EAMEREERFRAC
AT -8 1E .

o WE: FMATEVEEFETHEEND . XTHEMBRERGELR N BFRIR
HALE MW P RFREET AR ERANR ST, _

WEFRFPMERESIATRERANRE APBEFIITERFAE, EXMIAT, A

AFEEER BRI, FOEESERAGFNGT, UEERETERES, HATLERES,
TERXMRT, AT LIPRATR A &, T B 32 PR30 i o8 7 DO IR 1308 B LA 7 R Y
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S MR WAL RERERE. B, 1+ﬁﬂ!‘ﬁ%‘ﬂﬁakﬁ@]ﬁﬁ-ﬁ%ﬁﬂﬁﬁ
B, B R AR o e R i A B £ it SR B S T A h R

AR ERERfE RAESRUL, R PR FE AR CHIT . A MTEZER N I RIBEA . — AT
R GRBRST; GEBRFEET — HAULERIE A XEREER T RRFTH, REEERR
Fa, HENRAHABEKEERER T IHENNA AR,

223 SEBEFOITHMEELS
MEMHNEHAESAREREMADELER, SEHENASERSRY. REET
VO i &AUN Tob B A pr kcte, & 2.4 BESAMH T AHREEMHALE, XFHAELER

BEMBTFETLAE -MER3H, HEFHSPLE 100
FMS EXTPTFH, AN 96%ME MABRDTHHF vo | AXATR-RRR 5@

BEZRLARBES. B 25 BRTRMAR A RME | GO 0N B
PR, FMEEEFEIT (uiprogramming ). ALBEE | an 0 sime

B2 BTN R AR, ERAB 4 V0344, ZHE | CPURMB= 151 =0032:1.2%
BHZEX A V0 R4 EE IS A SREE T T
EHERERETLURBEN, ATSRTURTRERS 24 RAFHEXH
CHBRRER) A— M AARE, BEAFSHASE FTREREAEHARE, A% 4
FELVEESH Vo B, AEBTLRIA—ATEEFESH /O HAEL ( RE 2.5b), #—
EFT LT REARURE=A . IARESNERF, #EETTZEEHTR (B 2.5¢),
XFA PR S EB FRt ( multiprogramming } &K% £ % 4™ ( muiltitasking ), T RBALMRE

EHMEETE,

= A E = AT %
w7 ——
2> FIEFERER
HIF A =BT o =AY o
HFEB mg BT =11 BT B
" z4F |Ee EAT | 547 .
a A LB ik A | B Rk
R mrmenssRFa
mr A 24T - E47 it
mye  HE [EA w4 = %45
Bkc Ea Efr EX : B |
EAT [ iEfT | B2F7 =47 | AT IEAT
wr a [ e | mw ISTISTTE e
w4 0a] >

c}3+ﬁmﬁ$mﬁmﬂﬂ
B 25 FEBAFEIHEH
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DEHH - ERNH THREBEEEFRITAINA . FE— GiTEN, T8 250M 29N
Al AR (R BEIRE R A HUT ). A . SRAITAINL, REHB AT =48F. JOB1. JOB2
TOB3, ENIGEMEAER 2.1 5. 8% JOB2 A JOBI AL M #§ A BMEMER . JOB3 &
FORFESMA B AT, X FRBMMEENE, XSEWIEFUERIT. BN, JOBI 7 5
ABPIESE R, JOB2 MEHFEX S MM itE. RISTER2ZE 15 445052, T JOB3 MITE 20 44
HEATM, MAERMEERIFE, 30 M8 B AR, 2.2 PHAEBRERITAL T 2Y%
AR, FeoERERatE, B 2.6a B8 THME0OFEE, D%, ERCTHEER 04
PrEtEP, M EARABE EME A,

RERXFLELERFBERKE THTET. A TR LIANTETEEREES, TAX=4
fEAk#8 ol LATEHEH P R FAE K fEL AT, &L/ E RiEtT (Bi& JoB2 &
JOR3 WAMACLH| T R4S H AL TR0 1A), RURAE A TH 5 A FIS i B 4E4L FI5 30055 ). JOB1 {8
TE S5 abhm, XA NMERE, JOB2 WM T =42 —, M JOB3 WS HT —%, FFExX
AR ETE 15 AR, AE 2.6b PR EFEE KB R 2.2 PEIERFERI P MIR--FI%K
., AT LI EHEENIREEBUAEKN.

F21 FHERFHITRE

® ] JOB1 JOB2 JoB3
fElk 2Ry KEWR KB 1o *& 10
Fr gk o A 5 45t 15 45 10 4+-4h
BENAEF SOM 100M 75M
BRESEBE = I pr
RETHEES & B ®
EFRETON b & B

¥22 FHEHEFRITAOHRBHAZER

Rn | BEEFRET ERHF Rt
Rb AR G 20% 40%
TriE A8 3% 67%
B A 33% 67%
TEPHL 6 339 67%
5 T o | 30 44 15 4h b
UL 6 Tt dp it 12 ek Nt
14 T A ) 18 43fp 10 5+

M RRHRAE AR SE—FE, £ BFEMA B R L ARE T RS IR EADfE, xEER
FiitA R FRMAB R ZSE Vo M AR EEDN (DMA) BBEM4. B+
XM /O sk DMA, ZHEA LA ELE R VO rd, MR EEH BT 10 BIERT, 4
BBRITH—MEL; % VO HETEN, GBEBE P, EHECRLREESDH DL
HET, ADBERGEMEHRERSS —MEE,

ZEBRFRERAELAE T BEF NS EEFRAAHNES R—&, HMESBTHENEL,
ENLMERBEALET, ERFTENFEER ( memory management ), Wb, 15EE il B
BIEfT, HBAFLFAECETE T, RFEEHAFER:, B8R ER AT LS
i
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giase UL JOBZ 308 Eﬁﬁ?i DBl.IOBZ
0 5 15 2 25 30 JOR3
B e 0 5 10 15
¢ T
) RIZEREERH bl FHEFET

A26 MAEXETH

224 SHEZ

AR AR, TR BEERENER, B2, PirEElkii, SERHE—
AR, REASATTUEESHENET., KL, d—SAbnESF48, SEEREHTHN.

L4, BEERTHENN TR TN BT LR TEES, FXTE 20 4 60 £
HEFTREWN, YNXESHIASMEREATESR, AMIHREENZEWLE,

FWEEHBF R AFLBBRRABE EL S, EETUATLAEREESZEAE.
HE—HER, BT ELEENE, BIEEARAHFMSE (time sharing ). ZESB R
S, EMAPFTLESAHANIERRE, ABRERSENESTHF BIFCURE SR | s
R Bk, WRE » M RNEKRS, EATHRERETH, S MHFEHREEE
WHAVAREER /n, BRATAKNKNNEMEI LS, FU—THREFSESE, AWM
A (Rl Bz 3 AT DAL T & R E L.

LA AR BER T EERFEI, HREESHIE 2.3 fim.

B—TAHPERGR B EESB TSR (MIT) FEEIFESHNES ( Compatible Time-
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HPHBRERGFEA Y. FREAMHHBEEREPERERENFEMETER, KRT
S AR, EEE. SERELHHE. THABERRE. MR,

EhH KREWBEZRSHE —TR2E A ( monolithic kemel ), KEF AN EEBRERKNE
RAM TR X OB AL, M. MRS WK, AR, FAEHES . BAHE
BT, T RKAEEEI-THBIHEAN, FAREALZHRANSASE, SRBRERAREHE
EHNESR—-LREREANINEE, Atk sm, #2868 ( InterProcess Communication, I #F
IPC) FIsEARAME. R RERSHFEhETERBAEFASEANARFLELMN#HE
Hot, B ARIERE M RS RORAATE R, 5 o PR X A R B 57 &%, RO I
ABEMREBRFENTFESEF, TLNEETHSHARFRARTERTHBSEBSF. BB
AT A RE L A ENR R, RE, RESTOHHARRE, THE, BT HEE NS
RS4RI REHELE, oA RENHETERFE.

FHBHREFIENT - TNHEBFNHERY IR LURHETHNE 2B ABRAHES
HaaE-3:P

o 2% WAKMIT{EMT, EaFELESE L TIHE (ASBRFITEIEMRES ) Mk
FEOEHBEBNE (AT FREESY). ABRRFRT, AT, XEEL B
LI E) S — 1R,

o R —ITREMTRBAHCRATR (N FREMAENTFHEETE ., STHAOXHF
k&) E4, XESBWN T MEERITHEFN S @il —~NRARF S #
WMEALRE, BF R LR ARE -3 5 8 AR R oS H 0 b T X E
&= 4HE .

ZRBMMTHFEER LMy AR ESRTAANNARFRBE RN, P im iy #ogk R
EEPEEMNBIEERS R ER— T H#RDEITETEE, TEERERNTRAY AL ER
FHEEREREHBRE ST NHRATHL . KEVHEAREERTHN, #2EIBREREA
BE—ER4, S 3 Editig.

BPENL, RKEFEHAP T ATTENAMTAEMERE CHRa5 8 AN EE. M
2 7 T SR O B S DA B TR Ab BR AR B R MR AR T EOL) RS T A 2 R B AR A i
By, AEEERMNAERMEM TSR, THEANEE4E ( Symmetric MujtiProcessing, SMP)
HAR, MM ANEHT RV EGES, AR EE SRR RET Y., WikEad®
HEMNWTUE LA RE U TS — T Mr BB E 8

1) HEAAHEER,

2) BB LEE AN VO #E, ENZRETAFRERMNNARERIER
FE

1) B AR RS AT LIATTH R AT 88 ( IR B S8R D)o

WX, FESHF IMEABZRRE (ORI ERFLEBRZE ) CEFH ENA. it
RYPRFEOHEREERANBRELBE (SMP), #ERHEIRE—H/,

SR b PR R AT AR B B REH AR EST BB L B IR EH H A AR
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EWAAWEMEERE . WTHR:

o HEiE. MBEHEISERS TR B LA UHFARR, BAH L@
RHEEHLAT —TFRRYLEFMRET L FFRLEE, WE 212 i, dBEEF
BHME, —KREHRGT—1
HE, HEIE MR E
FRHLHEE, UBLBMEST
5. ZTHEBRATLYHEFRR
Y 4b 2 A% B R iE T,

® RIAItE:. ZEXFFELHITHI
H, BT BT f B &b B A% AR BT LY $4
ITHF ) ThEE, BHim b aE 2
MAMFAEHLEELE.

B, REEvILIgkEEinfT, REH
B 45 S AL H212 ZEBFRITHEELE

o HRIRC: AT LA RMES A AL B AR e R B R A IEE

® TR AF-EALBERERENGEBENRE, Bt—EF AR MEESELT
RO & o

FINTEGTEMNR, TRHEEENKESA, TMARPEK . BIE RGN R4 L 3530 2 4 1931
BENREAHHFITHENTRAIIE.

ZEBRAMIHFEZ L OIRBHA-EFHE, HEiTEFEA M BES, S ERL BB
T, LAENERLHEHABRFRALTRECERA RS, B FEA A 4BERALFTETE M #
B, AmximEaidd KBt BEER BN, B8, SRMREBEER, —&F
BT RTY.

R ELBHE A MRAEE RS I ORRT L4 ERNAFEM A R BN B E RGN T
EEAAHBPFHELEBERMAE, HAAFAEBRGRL, ZHHRTHHAPELY RZBHE
FEATEAL R A VL. B — D REGA SRS —BTEN( SRS ) B RS/ IREEE,
EXAHFHNT, FELHENE-BLE (HHEH), 8— M HEHCHAFE. SEFENHMS VO &
B, 2 MERAEERPFHEE, TEUNRETRAT -T2 -HAESH. SIESHUE
HALHK—FF B, A AXH AR, REENETHARRET, YH LA REERS
i, B, SHNARERENERERKFERLR TRLAFREZEAIHRESABRELESE, B
BRI ERSE,

BAERGLIR TR A — A o0 B O ) R R R e R R A TS R I
BT RBL. AHERE -G, ETARNEHFRFAVUEHBERR, TASHTEREK
HE®EEt, mmIRERAMFESETAT A BERANALETEHESRES.

2.5 fEH Windows ik

251 s

Windows H) B\ — T LA RN BERET R . XM RERGREMKABANE —E IBM
PATEAFTEZE, #F0 MS-DOS sl # PC-DOS, BHSIRZA DOS 1.0 £ 1981 4F 8 H 4789,
B 4000 {TICHE S WL, (577 Intel 8086 (AL FESRIE 1574 SKB WA . .

X IBM ff Bl 3 FE R H-D AT EH PC XT R, AR (983 ERME T DOS2.0. BEE

b) TRAES (HELE, EALEE)



52 # s # 2

MR TR, HEUATEKE ., TR0, @2 ABES—TE%, BEL 5 64 730,
XXAIBREE T, EAE SRR KRR T, ME— B F0HE T, S 4
HFHREETHRAXY, FERAREPRA THETHNONSE, RESTRELT S
THHE, TLEAEERFES | M 2SI HBEF B IR 4m . T80 &0 ThBE & 45 — 2525 UNIX
BIFFE, MO EEMMEHITH. VO BEEHERNAENNARFY AR S NEH, I
B AR AT WK 2] 24KB,

4 IBM f¥ 1984 £F &% PC AT Bf, #4KAH T DOS 3.0, AT 424 Intel 80286 4hBR2E, 7748
Y TSR A FRIFTIEE, T DOS rh #1814 4 Fl X S5 S RE . 0 {RIES LIRT B 2 (o S 25 4
BAR BB 80286 TP X — 1 IR EAY B0B6”, #AE A IR T M BB Ml M4 E R
HHRE, AMEDE, MAFBENERERBED T 36KB. 3.0 MEAEILM KR ELZ M FE,
1984 5 F AR DOS 3.1 Z¥F PC [RIAYEBER, B 43R40 B0 A /DI AT Bt | 3 RL A o 380 i 38 4 o5 A
LI 1987 F AT H DOS 33 R4E T 413 B IBM L8 PS/2 M. [FHE, XA AEA
i PS/2 AL BIBRAE 7, XS R h 80286 1 32 fir i 80386 45 S HERY ., HHIFA B LK P
T 46KB, MREEFTHLETEAT RIE, NFLTFETLHNS M,

S, DOS Br i MRS O En @ T Ba98E . B 80486 S| A, Intel Pentium 2 K 18
HHRE T MINERE S A RE B DOS F TR . TEHHIE, M 20 HH4D 80 4F4L RHIFFIG . ik
HAE—®aTLIEARA M DOS ZEMARANE P RE (GUT), HEME R T4 Macintosh
5. Macintosh BHEERLE LT, 1990 F, #MBAH T - GUL kid, Fr# Windows 3.0,
R P AT H33E Macintosn, AR, TMRFEIEITA DOS = L,

FWMBCH IBM BT B RANIERYT, EXRUFRFNNLERNES, HEa
Windows 5 T FI M RF A . EXFAANE, MEKTEBRBTER, L —H2HREER
B Windows NT, Windows NT 74+ FIF YL Mg h, SESAPRERLHEARET
E R

SBE—RL Windows NT (3.1) 7E 1993 £ %47, &£ M Windows 3.1 H#H IR GUI 958 —1 %
BIRIERSE (Windows 3.0 M58 ). {HE, Windows NT3.1 & -/NEi 32 (iBER%, AF %
FrE5 DOS #l Windows T IR FF B BEHr, HBUE T % 0S/2 B3,

FEJLA Windows NT3.x A Z 5, #E & T Windows NT 4.0, Windows NT 4.0 P, (] i)
Windows 3.x RAMRIM AL, KEEHNIET LR Windows NT 4.0 4 T 5 Windows 95 -
AFRMAP Am. TENGETAEE Windows 3.x FE % Wind2 FES —T400 LA EEEHE
(TERPETIER) #8 2 Windows NT 4Tk (EHRBATET ) b, XAT{LOMSEME
TREEERTAHEE, MEEMREE XS E RN UFARERERS, X eEext
BRERGOFT RSN,

2000 4F, WBGIHT F—TEEEFMMAR, HIEFR S Windows 2000, [FIFE, FERMIATH
MAELH S Windows NT 4.0 TE4R 4 F B[R4, {32500 T —2t5i4% & . Windows 2000 FIH A2
ISR A A TR M IR %5 FICTRE, Windows 2000 $7451E 8980 L& RIE S B 7 ( Active Directory ), X
BT BRI, SRR BN R BRI Tk e o M BRI K5 B -, Windows 2000 1B
FEAD RN RN AT IR TR T B, AR 25 Windows 98 FEFE, KA T Windows 95, ks
PEXTEC A R, PSR L Hf Fid R34 ( docking station ) FREEM{tes

X T Windows 2000 B85 - - & i Windows 2000 Server #1 Windows 2000 desktop X 8, Zc
B, M. BATE RS AR SR, [ Server 4075 — 2t Fl{E M 4% IR &5 But B MR % .

T 2001 4, SRECEAM T HRFOAERIERSL Windows XP, FRTHME T & AR BL TR
PO RS, [FIFFALE 2001 SR A T 64 {7 A Windows XP. 2003 4, RN 2R T HMEL 2%



FB2¥ HHEFZENE 53

A~ Windows Server 2003, 35 32 fuf 64 i B, Windows Server 2003 5 ¥ Intel A9 Itanium
B, £ Sever 2003 ARBAE - THEFET, MUAEREEMRESFE LIRS ATH
AMDG64 #b B 2R 55 ¥ M ST FF

2007 5, Windows Vista {E 78T ) 52 B M A~ A Windows tRAER LA T, Vista XT Intel xB6
M AMD x64 VML TRH. EHEFTENAIENTETEHERPRLD (GUI) Ak, Lk
N Rt BGH . XA R IR #F #% AR O Windows Server 2008,

252 HHAPEESE

Windows ( . Windows 2000 LifF ) ERILBIERAEFWRA—TEEHA T ( KA +H
Linux 1 MacOS ). Windows M50 HETF R 24455 32 {0 1 64 v A BRI BAE T ® K, £
B, B B EE LA @ S R RALI N R R S

RUHSEREN —TREENFCE, REEMNMAFEXF-TRENZETHM, HE
TIMRBREETFREREZ. WA EFENERARIIRT TAIEN ., TAeENHNRS HhEES
ok, Bk, MEMCEBOEEMFEEDAEEK LU R BIITFER TR, RARFERE
ERAMEHEE, A, AP aREeERIrFA SR . HEEP S TSN ARF
P MBRRA SIS, AP EAE - BEFEEEERFLBIOHD, WRELTHRE.:

1) fIEERF.

2) SR —EEFRAEE T XTI I R .

3) XAERERERRT.

4) FTH 4 ER T,

5) TEIE@ B 3 38 AR E .

MATEEAMEY, APLFAEAXTFLERSF, THEREF, RELTNEEHERF,
FHAEERE, HFXCELERF, MAXBENGEME., XRRASFEFRMZIXK, BEEMR,
AT A5 B 44 AR 55 FNAE AR BRI K . A SRR &, T SH IS EMERM . M HP A A
[ELTERE R, BRTFAEENEPTARF, JFiIEEFTHRSE., {FRWLIEXENA
BEERALBERRE, HTHARFA —THEMTHMED, BEAEAENBEIRZEMY
R EHRH AT AR RS E

EEFHE- HORESA/BRERITENER. EEF/REFHFITHED, TATFEIRILAE
$(EM) MEPEL (RFR) BESEH, UTHSFENNA. EMAITBEEE-E, 53—
MBI — 5 FEAEAMHEROE L .. F /RS S LIZEN ATHRULRH 45 28 59 R M
rspEl, REVILASAP RGN -9 XEH (MR RIMEEIR, —THARFAE
BE—EREETABENUE -TREIRESENS. AREFTHEEYE, BERGETE
R 2R B S A R A A R A B R N L BRIk s, AR X R EAEMAT AL
ZH,

B E 3T Windows S EMRASITH . Windows Server AR Z{TH 8, ETLUIEZREA
B, TXHEILRBEE BT, HREMEPETHPERARIERS . fE5—1 Internet
M4 4%, Windows Pl LA R T4 [ A =42 ) Web BEHE

253 KERESEH

M 2.13 85 T Windows 2000 BYEE 4+, IS M& AR Windows, HH% Vista, FE3X
— R AE AR RMEA, kLM E Windows 2000 24t THHY XMAFE, Tl UAAEE
HEEATLE LT, TESHERFHINBRERESSHWEARE. BEXBEHEN, Windows
{¥ZE Intel x86 ¥ AMD64 {4 F& LB, it F4%HK 1.3 #F Intel [A64 ( Itanium ),
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gty

[ e
RALHAR L =
' '-}ﬂﬁﬁﬁ' SVChost.exe L. ;
JHER _ - g
A, _ _ R E AR T R
S Winmgr.cxe Windows ,.L
_Winlogon _ Speoler Exploter, - . % POSIX
ﬁé#ﬁﬁsﬁi Servivesexe | i A RO N
T ' _ B DLL .. WindZ
i Hedll. Al
RAER EEES £
r v r¥ r v Wﬁﬁmi b
NN REWE REEA -
B (ABSEARD) a2 f
VO 3% i | . | ow & GDI
b w| R | W B % # | .| &
|2 | | B | g | B aE] m
. AR EE- AR AR AR AR {N L
WERL E| R | m | B % S Al i
AN N # # H S
Pt
: SR B (HAL)
Lsess 75 22 M1 42 214 1F 9 88 POSIX R HHMRARERED
GDI #rBlEG&R D DLL ¥/ B EEE P
Bl 4 FR A AT

2.13 Windows # Windows Vista # & £ H [RUSS05]

#MILE AT RERE—HE, Windows 3T & UL B H4 BE R ERLBEDT, FEARE
FAEREETETHRTE. AR, BaRESnEAdmRR . AR LR R EREN
Bfr, ERAPRETAHREGFERATRREHE,

B RBHE
Windows S REHE R FEEMAYN. BT RERKEEFS— T RERKTBAEE, B4
TR Gy AR A3 70 576 D PR AR PR o A R A O AR R T TR P e i R R B 3R
BE T Y B BB A . AR EVE, EMATEIRET LIS, AREHR, MAREEREA R
BT MR N RSO (API),
Windows B PN B 75 8 fF f 58 LU A6 RN
¢ HiTH.: LERERREMRS, AMAFER. AEMREEE., 2. VO MHRMN
HAH . .
e A BEHLEHENET. AREEAEXKERE. FRUK. REatidE, £4
HRENE ., BRATENAFEHEAESFR, ABEXIHNRBHAERBEADNLT. B
i, ABREERSE TRl SRS e — .
o WHMKE (Hardware Abstraction Layer, HAL): EHANBEH#HGS AN SE 8
BVYa%¥HNaSCHEE BR{THRY, CHREREMNSESHXHEGERPEY
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&Kommﬁﬁﬁ&ﬂﬁ%ﬁﬁﬁﬁ\Eﬁﬁﬁﬂwm(mmjﬁﬂﬂ\*ﬁﬂﬂﬂ\
REVTN B AR S SR INE FEBEMARN., TEMNMRELE (SMP) #
MITRF, BERXTEHITRE .,

® B&ER: FRYBURTEMEISE. XEEQEBHTSERET, TUEAS 1O
ﬁﬂﬁﬁﬁﬁ%ﬁ%%ﬁ#ﬁ%uoﬁi,ﬁ%ﬁﬁﬂﬁ—&ﬁ#ﬁ#,ﬁ?iﬂi#
R, MEDIMEALHEGEANBESPHESYT B,

o BOMARRGE: LREARASRERE (K GUI &%), Mmoo, AP Rm
BHHMEE,

Windows PATRETE —SoRFRk i RER MBI, SE N A PSRRI RL APl LT REY S

AT R B B TR LR R

® /O EHEM&: BT HARFWE VOREN ~MER, FHENE— S HAEY EAE
MRS R EF . /O EHAFLH T A Windows VO API, HLM T H2M. 2540
FHOCRE (MHAMSEEE ). Windows VO HIES 11 2R,

o SREFEDR. BB KT ENREEEAEPLREDE, URESE
HEBIBIE AR BBAX I, EAENEFRE-BERENNE L ERHASRE, %
ERET M VO k.

* HREEK: Q1. TEMME Windows BUTHEN S MAFRRIENAR . KBRAFRSE
WREHERMBBELER, HHRAET. GEMELH R TLMEE—0EN, He
BT QRN A, AR U R S B RS N R A S A . A TR
B %3t — e Windows B8,

o IR AFEER: REFNBILF T HReERZSisml, ]

o BEEEH: ABRSHEEMMNEREE, FATUELERE KBRS LA S
BEK, EZEALRAFRHANESABRS, REVEBEEH&NBEE,

® =B EKIEERF: BEHRTHRMARNE R4 WL, Windows B [5 XS AR R T
K——HMELAE, HAERBITENEREER, Hi, Windows HFFESEFL
BT B A R R, RPN RAE TS, E8. Wh S hH
VO 4. Windows MIESHHEE 15 Fikk,

o BHAFEEN. FRELMI. WO MBHE FWET . BHAESBEEL
FHEE R B S5 F , HEHE P2 A1 27 (8] o ) R ik R S BN AN E R M B W . Windows
RN FEEEAS 8 Filtd,

o HIR/EERERK:. Q2. FEAMNBRYE, BEHRMEENE ., Windows M
EHEES 4 Billt,

o KEEE®R: ARUTHERERGTIME, BN BEARELAGNE A SNDE
PRI P

o FZiyI#iEA (Local Procedure Call, LPC) #H1%: 2y A Hb #2530 ML &5 71 7 5 45 (A &
EHE, MEAM—ERNNEABRNSRERNS . 20 FoHL8 badsf7EE
( Remote Procedure Call, RPC) M)A = .

APRSi#E
Windows XIF 4 FFEEB AP HBEER.
o FHRREHE: THTEHRGHNAPEHS, NLEEBRFE. NETHESE. BEE
BERFNT RS,
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e REHE: fITHHFGERER . FHLOFHR. SERSIMEMRAPSHRE. KEM
MEMFBFURITFEXENERF. BN REFRESEMRA TR BRESE
RITHEE, PR 4 R1E Windows BRE PG &2 1TH P A TE SN — F i,

o RIRF R RUAFRBIERFEMN L EE (R ), XR0FEHA Wind32/WinFX
M POSIX, B MHAETRROE - TEFE TREMARFRHSREN T REHEN
HHEFAWHAREEREREEAIEER (LPC) fVa R4 Windows 1 IR sh S 1%
{ DLL ),

e AREMAERF: MPITREF (EXE) fiaikeiEE (DLL) BRI A ZE S shik.
EXE #l DLL — R4 IHFE NIRRT RE, RESHPF —~BEHRMERFEE AT 1012
(s B T IR R E4E T (NTAPT ). [FIHE, 1258 Windows 3.1 5 MS-DOS G 16 {1 #2/F,

Windows X IFAFREELEFET W ARE, Windows FR—AXENR THE#HKRFZT
A8 R A B SRR A R . BT REF IR REE M ErMHER, ZHREuy
HEAREER . RCENEELARER AT 808K, M — X A3 By h H
BRI, Windows 2IEEHBLEH RN HAE. FTREHEERIREAPET, Fikiir
EoR P H = R S S E R P R,

FRPOTFEERE—AEERASTHIRil, AP EXRERKENIN, 54, 85
TRV T R NI S R ERAE IR L I APT, X K BBk AP R R B B N TR
TIFTT LT Windows FAHRZFNTETT, EERARENFINBEEAED SHEEIIRA
EORMEFIR.

BEEMNT RS S Win32.Win32 £7F Windows NT #l Windows 95 72 J5 4% R 4~ #1 Windows 9x
FESACHL T B9 APL. £ N Windows 9x EHEAHRHEEN Wind2 W ABRFATLIA U EHREERE
NT 8 Hixf7. 7 Windows XP AW, HHE SEGE TS5 Windows Ox FUIEAME, SUHARMEE
A LE E X 9x RPIMNFFMEET NT T,

B Windows API & WinFX, ETRHHEAM NET HEHEE, WinFX £ Windows P EA N
win32 MEE BRI, MAR— TN TFRELRR,

254 ERF/RS/RE

Windows #ERGME . FRMTESHNARFERAE /RS B TEERAE, BF/
RERERNRESARITEPR—FE EER, BEE BREARMIER, EN Windows AIIIT
—, FERARSENTHGRA LK AR,

NT 4 APl R—ERTAZMNME, it -EB0HREREER, WHEE, 88 . B
MFE., /O 5. EdEREF /RS BEY, Windows ERA P EHBPRET BRI EERR
%0%ﬁ%ﬁﬁﬂWhMmmF%W%ﬁ%uﬁﬁm%iiﬂ,ﬁﬂmm%ﬁﬁﬁﬁﬁﬁﬁu
FBTEEBABREEEIAH—PREFHK (Fi, FERE . RO RSB IFEE RS ).
HEMADRMARERS TREESER, CTEIAXRFHAERRS . MEAMITEHERERIE
WM& 2, RERMTHAERMESE, FALS —FHBERE&RIRERE, BFhfGEE
EEEM,

EMMEHEFANREUT .

o fAI{ETIITHE. TUARMARSBEHESHSHER AP, MASAEANMREEY;

a] LAfR A & #n A S ) APL,
o METHEN, SMFHREZTAEREZS, AECRAHZE, AT LS HA
BEHTR, BT EPHAARASERAEREOHSE S BB,
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& N AR SHSEEG RPC AT EGRM Y Rk, ARAREERER,
PABATE (function stb) BHBRERABRNE S WHEFRERE, REMANT 0N
RPC WA —/NEAHA . 280 — 4 APLIFR — RS FRARME T, (X FRABN
FRF PR R RSB E AN — TR AL — RS BT RENT.

o AT AR TEYNER. BAW, SARITEEMEL /RS HBES, B
B2 AR S RS LA R 05 5 i 4 2R A A T B e e S0 AiE B R W B o 3 F Windows,
A k] LMUR A E P ARFSERES REDR—£HE, EAREEMLH
KEGCEMERTRBEIMEN, Lk, —XEREEIHDRTEER S, 7
DUEE T 2400 7 8 A A AN B A Ay A b ah A4k

255 &¥EF SMP

Windows [F - HEAE R ZIFEFEMLFGHRELIE (SMP), XTI 2.4 FEW S it
if. [ RUSS05 ] 31 T Windows L8R IN SMP A9 F FISR4E .

o RAERGHET UM o) LB BT, ARMETUIERSFRR G -
GG .

& Windows X HERMERMNTPEHELIEE. B ERd g2 20 L i 4 R K
&b 38 3% E F e T,

e RAEMUBAMUERALLEHE, LIATRE DR E S ®7-K.

¢ Windows {£ 476 #E8E (E] S F Rl mBT RO MLE L R RIS B RIEE A8 H .

2.5.6 Windows &

Windows KR{FHE IR RIS, BHmxdtg FEmAeT HREEREMEENIE, &
TP IR AR A LTI BT, Windows M EE M2 EEHE ST,

o HE: —MXHBEH -THEDHREEFHREAHA, EXERE ETUBT 1w E
TR SRR, AR R P EENE - AR ESI AN SN — RS, B, X5
BEHFETLHHAS AR EE, GRS BENAEHMF ERMER (FnXEHBTR
] $h 4T A HO i H ),

® IWRBIEH M RBE PR, EAHTHROBHEMNES, IEXTHEN
FUuRHE, RAERFALUATERUBNREMFELH, A, S Y800 FEZR
SEHERT T HEMNSEE D HEN S, X HERET MR BREE,

o MR REERFTHDELA, EHfTEEHASFKALITENHFOFEXET BYRE, &
THITHEEFET T2, ITMERSNEFE, UEIHAE, 8. T2HFH
B X S e R U R R R A PR R AR AT R &, FHE, R B
G J7 ik AR ER T R AR NEERE), ATFZTETEAFTRERLEMELLE YK,
18 i 80 4 B0 TS P

® ZAEtE: Windows ATRMALEA A APl REER T I HRRBIXTR, XIELEVHE B
FRENAEEER—TRIF. AR, BTIFE AP BENEMTREDREH, Hit
Windows HF R EFLSEERN,

Xof T 1) R A S AN R A i 0T LU B R AR R S KM B,

Windows & 89 BT S0 HAE R RN & . Y BIERT PSR R I A, A NEIE R

HE R ZRWAMNBEATR, WRF RN TEH L4, HR, &£18. F5. HerBamen.,
Windows B N EBEE[MU -HNE FEQBAEHR NG ANELEY HREERBCRMRABFER
HEIEME TS, F0ORERIF R RS FEHE.



58 F—og K x

MITEF NS TRAREEAETSE (MRS4MTGEFRELOHAAENR), AR
SEHNFESRFE, HERBEABUIN, BRGNS 2R (AnvdRe ., £258. FH
W) AARMSRRUBREAHRY, MTERKATERE—FEVNRTEEN (ANEETEN
AR ). RAXENRAONBEEMETREHNEXR RN ERBYSEE, NAHABRFRATEE
SI R EERF E EERES . LxE L, v B ES 8 A7 6 SR a8 8 1 o # e &
HEEX R . xRS, #FROBENNARFSIESREOTWN, NELE LRSS A
XA . AT LI E — R P MRS, i TTEREN T RAY Win32 B,
REASEHIHMHRD.

MR LA SZHEEXEALLELS, UESBIRF (Security Descriptor, SD) HIE A FR.
ToE B LR TFREIX SR, flm, —f#BRLaRE—1awaESENR, 8RS
FEHPATLITAFIERXMES ., G M BT SRHIRA T LAF L IR 2F (A RIF) i)
HEXMRMA,, LERIFFRANRERY (. 5, WEFE ),

7£ Windows /1, ST& A UEHEBF, HTURRGEMN, H— R T — PR B X
£, NREHKHETNX M RATE, MABETRENRAE %R, TETRE—TLF,
HbAR X 2 FERATRATE, A, mE#HE A FES5HEBEE, WL,
Sl — A SHEES, HEFFLERG B, #HB B ITHAHEHXA-BANR; BE, IR A
NAFEF PAEAHRETAC AT MR, W EHaE— R BER, EAHDEE
AFEFERAXTHEE.

#5 Windows BRI MR —AEF. TEIH THABERHEA IS .

o HRBYISK: EHTEHEMNLOTFE, ERTLUEZTRWSR 5%, FAEHETHEY

REREMMEME L. XEHET 6 FihE,
o ERNKR: HAMEFREEARALTE EREREEH O BE, £ 25 ABTH
BRsI R

Windows R B — T HAME MM SIBERSE, EARHAEMRIFFTFEAN, T2 TR
HAFEPHHESHREERAINE, R, Windows BE T H MM SHEARAEE S, FHTXH
ERERERFE TP R EKEE.

£ 25 Windows AEERETTR

oM iR L]
RAIEREA BTITE— SRR HnT, MG E a2 e =lm i
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o HE-HEEHEE: NRARAMRKHAR, WESL - MHEHBBRY, ¥ —-TEAHE
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FTER: REREHEFEPENTENS I LENFER. B 311 Hill T IR — A
&, BEREHPE 4 MARARRNE: AHF. V0. XHFHAR, REFANBRAERETHL
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BHR—MTEIE A THARHZERN B MEE, EHANBENARESEHN Cc 2188, B
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o) T—H %, THREE. Bi75. HES, HEHES . AEERSNBAHBENEREL by
b} AbEBEEE . BHE. MELS. HEERES. HALEANS M AENEEE L

Al 390 A& 7 MRE. BRBIBLEAEF R CRERS . — MM S READY Hl SYSTEM READY
RE . RESFLT SYSTEM READY RENHARMARAKNCE, FEESE SN, CPURE
Rt TR R E MR A 00U B E A AR B 3e il 2, 7T H 0 R B RS S IR B, R
H—TREHR,

BRARMNE - THRERGMHEAR, BRERKRATRSHBEE (0E 35 Fix ). CHBEE
B, MIARAEERRRAANST. FRERINEENET VO BEBRLENHENTSENBEE
Go ATHREZIHTHFERER (MY 1L VO ZHEE) BHREKSLESE, RNETERR S
R READY k75 : READY-CPU R (b CPU #HEHR ) # READY-VO RE (% /0 T
MR ). FEFL4LTF READY- VO RS MR ERAWBIFFE CPU, 3 E L4 FCFS F {45, 4 F
READY-CPU RFEMBBURE I ANGT . HHABRIEARKE, RN CPUSFERRE /O ®
WA,
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b ) T AN R AR SR AR A A o R VR B B RS B R M i A

T FE 390 i 7 REHEEA, HRE s EHTHHMAE.

R 90 PHRERRE, RERERAEES AR, ERBL TRESHRG/EEE, $ 8
EPA - TREERSMNBRBLL THRESHFHFHEMLEAEE., AAAREAKRE. 1)
BESR-—PLEFRERBOHE, URPEH; 2) BRENSBAFERRER YR, HEs
FHEREERRITMITIESR ., FEH--B R 82 B 4] 5o B FIHE R &0 b AT S,

F39 R T UNIX SVR4 BIERLGEN o M BRE.

) AIHEBIOPFHIPREHAEEX I TRESHE 39 P 7T REZAPRE,

b) S UNIXSVR4 BEEB P EAM M ETRARNEE .,

VAX/VMS $ERERA T M @B s, DEHESTREABRRNNEPRALE, R
WeE:

® BERTHR: SHEEHLITHAES,

® NIFHERIT: AT S T AR U (5 d2 48 P9 £ oh 9 A B,
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® MEEE . T VMS BERGRAE, SEAFESE. FESEM /O B,

& BiTH#ix. AT FBERERSFER. AEEF (RN ) iCRTEMNR,

e WERA.: MTHMRERERS, nENA &S,

e ARHR.: BUTRAEFHENNESR. SES. AREF ., HUB>ARNTHEF,
ERTHFERMTHERENREARERES SR THTHEE, A, —+HARES

E-TRERERS ., XTHMAARER - SCERE (FK COHM) 4R TM, EHSHIlE—

A, IERHETSETFABEAEETHHAER, Hi8i23H4T REI { Return from Exception or

Interrupt, M B FIFPIERE ) 54560

a) MEFBIERFKAFEHES, AESHA,E, Pali 4 RN FH AR AFGRE?

b) HRETLARS B —FPAT 4 B ER R

#* 3.13 VAX/VMS iR RS
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T IE A BT BB

AHE (3E) S B PP

THE (HE) Ah 44 {0 6 14 N AT

e ] HEIHET RERAFTNH, DASFHEARR

S REFMTB—t BT HEXRERNARKSHOREN, RE3IHT 7
HIERARTHNBE T
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Hh TS SHBEPH— A EABRMARAFRIBNT RS (ABN TR EL)

RS (BE) HELE T ETHERS

RERSHE () SRIRVER Bk A

AR (BER) BBEERKT, FEESEARRSEE (BFEVOER)

A (B ) i T o 3 SR A A0 B R o 977

A (HE) HBER - HERTSHRE
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B AREESHEREEER

39 ANEMFRESTRN VMS FREBHEIRREIEN, M 3.8 . 3.3 WHRRE QYK

3.10 B 3.8b RE— P ABRBRABE TR F P,
a) EXRFARFHBRANEF - TESTEH?

%o

HEFIVHA .

b) FEGLERIEIL T, 0o 40 o B e i BA B LA SERY

XTERA?

B AR RO IR R R R

B/RP I RE—FFRGEH, [ SILBO4 | 38 T 05 kY a1 :
FR (B AN T ESRSREEFAARNK

B0 R, 45503 . (R — A R L HE R D, b

P, AR D, PRRI R, WAFIA j<i, XK

FAE D, VI A BB DR AT LI,

a) HEEHAE - E3ISCR RN MREE,

b) iH M FRRENBERGEREX T EBEN B

a) THH R B LA HBR R

b) TR T LR IR AL,

B 318 VAX/VMS it
o) MFRARME, EMEFA-TMHRSFEPHEFASHEARTRNER, RABEEILHARES|
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312 3.7 WERE, TE UNIX FRBREME forkORKH AN . AL forkOFRATES, B4F

HHTHBRS ID BREHLHE, BEY, fokOFRGEMAMNRT - TR FHBAEER, M
KHBEE M THE, B FE= M E%N forkOR S8 B4 R . '

forkil: //A

forki}; //B

forkl(); //C

HEIER fork(hBair L BT HAENHIR.

wEWMHE1: FFE—1 shell #£FF

shell REGAHEBMERERKTRERWASEL, B—ATELE — L shell BF—

myshell, EATL R

1.

X~ shell B G £E L P AT % -

a) ed cdirectory>—3H NHEIEGIA AR E hediractorys, RN F <directory>5%5, g
AEATAR, BRZERAFE, SHUSEAREE. TSR REET rvo FETER.

b) elr—F/f.

¢} dir «directory>—7%l!H H #<directory>MH#F .

d) environ— I BT BT R .

e) echo <comment>—TEf&HF [ R <comment>H BT (ETTHHMKFTERER Y—1T5
)

f) help—om~H " F W, H H#EH more 453118

g) pause——4& |t shell #4F A ¥l T4 .

h) quit—iE & shell.

i) shell I IE B EWMBA Y shellacpathnamas/myshall, HH <pathname>/myshell 0] i fF
BRI shell WEBIEE ( FRFHB R THNEERME, MBTEIMITHWEL ).

- HM G SATRAMBELRFRA, shell MEXATITRT, HHEHACKTHEE. BIFENHT

FsAETaa s F&A.
parentzcpathname>/myshall, H+ <pathpame>/myahell D27 Lix.Firikil,

. shell BHATREGEM LA PSSR A, B0 shell 8 F LT S &IT780HH

myshall batchfile
AR B N RS- A aE . NI RET shell B . TRIAR , MR shell Fois AN
UREASR, CAENE FERERFFFRIT @A .

. shell W40 F i v/o T M, stdin M stdout, KEH T2 - AmdrS47H.

programname argl argi<inpukbfile>gutputfile

£/ argl # arg2z WITEF programname, WAL RBERY inpucfile, 8 SCIFRBE
184 oukbputfila,

stdout EEM MWK THFU T A% : dir. environ, echo, & help.

HHEHEE M, MREEHFHAR>. MOEREL OF, NRFENERS; MREEMTH
Hes, the-BIE D 30, AT AN E L4 .
shell 40 T3 IF A RFRT, MBREFSITRRN&ER, ETNREBRTFFHE LA B E S TRTA.

6. TR LME T HAHE.

B MTLUBEFHEMSTER (REEFH TR« ». >HESUTFRL) HMoarSTr
BUAFHZERASH, SAZFETLN—FRE TR ER (L L4 PRameiT ).

WHEEXR

i,

Tt RN SAT shell, WE EHARRIFEEREN UNIX E & LT,

2. B - XTI shell IRENASATH, HPFRUKTTRBHHNLTE UNIX WEEFH.

g, WREZER VO EERM. BEFHRRAEARRFRT. P FREHA®EN rondne, DR~
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P e S S ER T LA ST T AU T B A O #
H PR NBREMNG T, KHEE—TF cah # teah M7ZER S 8 ( man csh, man tosh ).

KA shell BARWHRN shell HEEHTIEE, KAOAP FHRLHEHX L X, FEQBEMRER -
FIREIE, AT LR o b e, i RS R T MM AERE & T,

3. BB AIHRBREANTRE, HARRFMNERSHUTEINARTREP . dHMERTUERFRTEME
TEE, HE ] Ll RiEH SRR B A A IR R 20 2 G R s 4R

4. EEENAZEH, ERERPBPENEELIE.

5. REAFRIEE T, GFEXH . nakefile ( £/ 5 ) Hl readme ( £2F/NEF ) M4, HBAELSH
LS EHHTES, WRGFREDHFRPEIT

6. makefile (2#/NIE ) B4 iHt#w XY ayebell ( £23/NE ). — 1 makefile A FIT:
# Joe Citizen, 81234567 - Operating Systems Project 1
# CompLabl/0l1 tutor:Fred Bloggs

myshell :myshell.c utility.c myshell.h
gcc -Wall myshell.c utilicy.c -o myshell

FRSERT A nake A2 4 myshell B 5,
#Ha: LW nakefile 893 4 701 RSB HLE.
7. BB LIRS, EFKNE FE RS T

makefile
myshell.c
utility.c
myshell .h
readme

"3

FE aakefile L, FAREATMEESEEF A —+EFT ., FLUAEL nakefile TR XTEE .
makefila T HIXEAENERFHIERREXEE, WREETELH, nakefile & & x4,

RTHHERL, FEE X FAEEXHHEEEHABXH. FRHRERFEN. nakefile M
readme 3., |EZARE—T, EEHEXEHMI IS EXT ., A naka fird Hi%,

RATHER -4 shefl HAEEKH CHEHIMXBRT, HBRCLTEN oyshell, *.a H*.0 X
7, 147 nake @14, EHl AL LFAMRERT . AEA—THEEAMEEE#E T adin MGST2
AR AR AY shell BF , R ABANEFSHR. EFANEHR . BREFERSECRERIPHCH
AFEEHEEMNE NS, BAT IR0 SEI1. EXHER T, AN ETE ST AR HH
5, BAEBMASF®.

2oy

B, BEHASFRHEEEELARTS, RRFEER, AAFRTURKACEEMNES (HE
BRI R CESBRETI ). X, FMNZRETESRHA LI E UNIX 1258, #in, 5N ERE
VOEERN, BRYFFEMEaRFNT. HP FHEMeE N readne ( 25/0E, BH . exc F# ).
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& ~TMEHERAERAX, T SHITHE, XTEINSBREFSBREREDILIEIFRETH
RHEBHOEH, EMIGEZR, ETREXNRBLE (SMP) EXNKELBAERT, BER
HLMEERINES ML HES EREARAER, 5T ARARARE, e2BERELSEL
MR HEREE XS MR A

4.1 HEMEERE

H HADY L H AR AR S & B AR
e HEFRAW. — M HBAB M HFRERGHRA N E,; EEE 3 FRREAHN
., HEREERT. 8. EHFBREWHRITEANRENES. —THRELEHSE
M HRERAERSTAER, XERREAFEALE. VO Bl . 1O REMIH. BERERTT
HRirches, KBFIEHBRZEES AL EMNSHHEIHCHPE.
e WEMT: —THERHFEL - TREITEFN—FINTHEE () #1177 (0E L5 A
B 1.26 FiR ). HITARTESHABARITE R SEH#7, B, — 1 #BAH
—AHITRAE (Bfr. BES) F-—-1TaRMEAR, FFERE— T8R4 RE R I
! i '
BESR LR M S By, BB ARG ZIERM B el RERIERLS, 5
REHFENEBERGCLIHEMT . XFTEFAT#FE, FRGAGENRERESER S
¥ ( Light Weight Process, LWP ), TiH7# #I AT £ B ALE F PR WO i fE %5 ° .

411 HEE

FRELEBAERGEEL T HBALEE - HEITHREMEES . BT TMEBTRETEEE
PATHEEFE (ERAVRERAOME) RS8R, B 4] LB AR HRA
BB NTE, MS-DOS E— X HAaA P HBEMBLEMIRERSEME T, HASRERE, mEHr
Bz it UNIX, XRERPHRE, BREIFEMHE IS8, B 41 9FEBHEETELEN
B, Java BTN AEEAMBELBN 1T, AVHIXOHNESERESHE, HEMHEIRFE
A BHEN ., X—F I Windows., Solaris IR BIL{LIRAR) UNIX FRERKEITEM. =785
H— Xt B R R AE AR, FEETEHITE Windows. Solaris # Linux 51 F#HICHY -

RS BIFED, #ARFEEUEE RSN ECH—MREP RS, SHBEMHXEKNA:

o 7EHBER B A i kb Ak 23 A]

o FIRPribxTALINEE . HhsE (A THERMEEE ). XA Vo BHE (Ra iR ) sk,

O B, BNEEFEXPX - BEN B, & IBM A RRISUBERR D, Hak 2 E 4 S 0 #RE S HEE
WRTAWPHRASEMNERMES. EXRYY, RIERREARFHAK: 1) FRATABRRE,; 2)
— R NBRARNSRRRMERE; 3) 7 Solaris P, —HEAPREEMMANEREEATHE.
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& HTEIMEERBEERMNBSEMENM.
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REHHIRN, SEUBT I UNIX F RS E A& 10 f&[TEVA&?J., ,
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4) RBRE T ARMBITEFEEFEREE. ARBEAEFEES T, iR eEss

ERENNTA, URBRFHESHFENIE., B8, & THER— T EED MR
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HIE, QR R TR RS A — A NI, B2 A — SR
SEMEERERK.
EHEEB MM RBFNH—MTEXEREE. S80I 0 ERBLAN, 23T eRg
PO — P H AR L THREBHSOCEARETR, B2l AM S £8m,
MR AR B #is Tr7E Z AL THAFVLER L, BB ATER — A~ B b i) £ 22 P SR AT 14 TR0 Pt 7R ] 110 b 300 38
EPST. A, AT CHREFTMGERRERAMEE CHEE, JHERIE TN R, K
RSB ZRTFREHAERE S E TS,
ERAEST, HTHEFEEE RS T HARAMENBRFENER. 2R EEEN.
CLETWSS | S T HF A A TE R F M HRB M 4 8T
e WEHGEETIE: flin, FEFREERFRY, —MRETIU R TR S REEP S A,
M —TREAFTAFT S ERE TN, AT ERTBFEN—&05ENiTE
AREIAT — 2%, B RS 6 AP B GE 31 00 FH 72 T B i 7 o AR AT A T

e FAME. BFFMNRATETLHASLEBLM., Hlin, HRamatirrmfst, £
XTBEFRITRER- - O FR AR ( RAM) S K h s AjE—
U WTRIEIE — 12, HESZRAMEREIT &4, FHEENRERSHEFZER,
XEE, HERFTRAR I AR AL aT A RS e A TS

® HITEE: — M FEABRARETEXHBEMNF TN SERT M8, 54
HERESS, F--THBRMNEIERBETUEMRT. X, PE— LB
T VO MREe I, B4b— 1B R LISk r.

o B EFEW.: PAEHEDNREFMAGHMARNEMN BN BRFEER THEREIT
M.

EX R BORERGE T, AEAMIREELERM L84, Btk A8 5T XM{E
B MR RBEABIEE D, HE, SEEHEWMEHERHITEAR, BEERLIE
HRE—RMEAHATER, S0, HER Y R — -0 A R hE 2 W P LR HA R
ﬂﬂﬁmﬁmﬁﬁ;wﬁ—¢ﬂﬁ*mmﬁﬁﬁﬁiﬂd+ﬂm§mumuﬁﬁﬁ%ﬁwﬁﬁﬂc
A, FERME LSRR TR BRI, "

4.1.2 LREIIRESFNE

AR, ARAFHITRE, HelkMa 2 a4 mE . T sk LB mm
I EB 4 4E -
HIF KT
kR —4, gRNCEBREFETE. AL ANERE, —HkE, EESXNEREEM
AL, REGTHICRER - HERMES, Fidh, R #AEERY, hTEMFS
I EYGEEA AL S IR, E e TR R
A 4 SR EAR A SN KR A [ ANDEO4 |:
e YA, HBERT, YRE—TEHHAERN, BfEAESABRELET L8, BE,
PR PHARTLIER 1 #HBHRES — 4R, FhFRBEAESIEHTSE,
MAEEHAACHTFFER LT UREESE, HEABIERERN G,
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o HE. YERFTESTF -THAN, CHEHE (REEHAPTES. BFETHEA
BefBE ), AT EBENRG R T4 TR AR PR ARAABRPHRELE,

o RERMEE. HHE TKBNANELN, ZREBEBEEEIRENTI,

e HW.: M- TEBEEAN, HEFEN L TXMRERBR. .

— P EEMRER, —TMSENERERTSSREIMHBENEE, BFZ, WBEERTR—
TERBEHE, XETEHIE#RPHAOERNEST (AFEXELBATHRERE)? B8R, W0
R— T HHENEBHEETEMNAE, RSEALENRERAEERESD.

BEfE £TEThe P REBEMABRRE DR XM HE, HRFEEE—TFTSEASHE
B RN T AMEEES. B 43 (2T LKLESS | vHE) BR T MR THEMERIERE
WA (RPC) WREFCEMMARTNSRAIARKYEN, ATHKG -MESHKER, EERE
B, A RERIEFKSEN, HERFOAKKSERREASTREFHWEE, EEXTEF,
AEA RPC ER— MM MERE, WHFEFSILANNER. &8, MEXTBFEEiH
BLiEf, BaLBEFBEEBRF BB R, BRI ENSEEFEN.

BE ————p
RPC F K RPC ¥R

AP SISO OR M CHR AR M R X O]

i % 2%
a) A REEMN RPC

B A G ) Ry o

SBEDR (21D iﬁﬁﬁu@ﬁﬂﬁﬁmmﬁ
RPC ik&
b) EEREH MEERRIC (B MR4HES L)

BOAR] M, % RPC RN B e, SEE P ESEHR LB

W43 MAHENCETIREER (PC)

ERMAEFF, FERFRITEHTEES T EET OB TRETUZRNT. £NE 4.4 iR
R T, WA R SRR AR T R ERAT . £ UATIETE ST B SRR T A e ()
FRSER, WATHEDR —MEEC .

HERF

— T HEBPHAARBRLER -t FEAENIT TS 2R R, 1 8RE
HRBEIEMERHEERRE —TERFHAKENKE. B, FERSEHGRENED,
REENEATEEAREEESR. AW, 2SR N EE R E— 43 m g8 —
ALE, WAESEK TR BB ERLSH.

© RPCHAWEEFMHAR LR BF, SRR NHEEEEERNEGHETEE. AARFNE &R T
BIEN Y YREER —-ENRTET. RRCEATEFB/RSBELNRARED, #5510 MR,

© ERXAHATH, RECEAE ANEEHNE R GEFHIET, AMELAR R B UERSEE. X8 BEAERE
CE—THARMEB, xRk -8 uEsE.
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4.1.3 ®#F. Adobe PageMaker®

RSB — T FRAEFRZREDIEITH Adobe PageMaker [ FIB)F . PageMaker B
TRAEMARAREN M RE. HHMEHETA. M 45 [KRONO] PRBRT 052 b
PageMaker BSRBAH, RAKMERE Y THALENABFHRE (7EieReREE L
KAHUPRBER ), FETRRBJARFRN . FiF4H
SE. RREEREARSERE.
—fti, MBRAEGAMBEELEMLE, 052 %
A DN WA EH AR, 082 MIEPEREEEAA
BEAR T EMT 0.1s AL TR B, BN, FELHE—&IT
a4, AT RATITPR—RYTRFSESRERAT
HBNABRFE S REMER, LREMQE T . AxBX
A¥R¥E, PageMaker PRERMEIM A AR (FTH. FA
HAHR ) MERFRER R BFERCHMHE TR
mERFRERR, XBET HHFRA - 2ERAE—1
A ERATH— 1 A 8 S R E ey et @, — M Hhar .
MRS HTNEAREE., M 4.5 Adobe PageMaker FOER 2454
R RBRAFAL4MKEBEORSRHEEAN, BAAPTRRFRITFREBERF, S2K
WEHELBEAE, MRSFERNARLTIERE, MBRESET W3, PageMaker i P RPE L,
REZEEEEFANER, MEEH O KA,
ERFRKBELSFHLIELEBR - -THEERHESFEEEM AT, PageMaker H B FH P& 5D
EZEHN. SFAS2HARATHER “CR” AEERHAX K. APTLEADRE
MMNARE. 4 "R AFEEx3E A Oel, EidEN B AE AR,
YEHIEEHHM S HRBEARNTER .
1) PageMaker M7 — W AU B SERARE, FHit, I8 EEHRT %R
BB 015,

) ARy RRANFAAPILEE, FIHERT, SRAFEFETICM, AR
ST EE,. DREFESTFLUFREAERZHEATEEEEN BN, LW
B T Hr 4

2 EMHTFRRAAZH. Fd, ERET -4+HREAHCHMAXRANEEED.
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AW (AR AR R BEFE ) ETRSCHM., HAEEREWERR &t
HHEbr R (REE®, HLRHAAURGR), EXHE, BEEEREAS b E 8520
Fe B EEEhEt A,

EAMEHAEARLAGEEN, WHEEERFUS T RIME, MXAHNHERTEE
MR, BLREW LU RESNERB PR RBATF,

4.1.4 RAREHABERLE

HENXHATU A KIE: APRERE ( User-Level Thread, ULT ) Hipg B &2 8
{ Kernel-Level Thread, KLT )} © . & A E S FHLENBEE R,

RAREK%kiE

L—TiRENH P REERTT, AXKRBEEMNITA TESHEABRF SR, AEERS
BIRBEMT A E d.6a PO 7 HUE M P RERTR B . 1107 R A TR P 0 7 LASE oL o PR F2 A 3
BITHRFEREF. AEEEMTRAPUSEEEN - ORA, EA&FATRIEMEERENY
R SRR AERHS RN AE AEERRTHRBURFENRERE LT XniRE,
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AR A ERRE AT, BERHITHE (LT ) AR I AT {4 2
#HELia T, QFABRBAHERE. SMP W51 2 TEH O BRERKRHTPIE, FEEAMEGT,
AT LA b5 o PR AR R e r A0 A R BE

BHERAT, -TRHSEREREL S DN INNTEAKE TETHAK, XIMTAERE
AREF . BXBORMERRR. HibHREREDESERTARAEAE T, AGHER
EAM AR MNBERETH T —fAARERISEMBSIRAR XA T E, B, XA
FMPAFTE 1t BB 7 T M A B,

4.8 WFIED

[LEWI96 ] #1 [ KLEI96 | #5ih 7 X TEREE T WER, Hutd T HMAEFEIER. THRIETE
&, EEMETHRERN, BEfIBER 7 XWMFmAEE. [ PHAM6 | AT I” Windows NT 2 &
#l. [ ROBB04 | &R T UNIX Ze##:5.
[ MUKHS6 | W& /3¢ F SMP I3 fE RS IRITRE., [ CHAPY? ] hEEX X THABERBERERITK
e S AEM, [ LIED9S ] 8 [ LIEDYG | M EE X THMAZRITIEBEAERAGNEREE, SETERE
THEsERE
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49 XEARIF. EDFHNC)E

XEARIE
PBRE TR (KLT) FHE £%
REGER # 0 Et
e iz JHFRGHR (ULT)
B4 X4 b HRER (SMP) WG (0 B R B
g3

41 RISHUTE-ITRALBRAREAKXTABREPRAFELATE. W TEEBRE, LUK FE
Ea R TLRBER R, BEOHRTHERHR?
4.2 FHI HEBREERATR L HEAARETEFHERRYRE?
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43
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
4,13
4.14
4.15

ki oL g el s ol Tt vl S I W L I A
SHEFRPEFUEBERE PERE/REN 4 M.

R E R - TR PR Ry
FIHAP SR ERNT TAERERES 3 RE.

H1) 5 T R R R A X T P B R R 1 T i

N jacketing.

TS E 48 T35 & Fh i TR,

P SMP #4E R M T W EE.

B ERA A PR HRIERSE I AR, Holfs B ABERERKES BT REMRE S AThiE.
) i o SRR FR R B IR T TR A S Mty 7 MR AT
RN N ERE R TR IC MBS

T e e B M R P B R B P AT AR B 3 e BE.
TEMAIBERERS T, HENRBERIERAERE A ES AT

3

4.1

4.2

4.3

4.4

4.5

4.6

#BUTES

ULT_same = A —3A% N ULT &= &

ULT_diff = ARIZEFERIF ULT £ FE J#®

KLT _same = ] —if M A KLT REYV &

KLT_diff= AR B KLT &8 0%

MEEAEFERTR LA ARE? #ix e EAa AN CHEF, R EEE N Eh,
AP RERMAEREERN, FREADRRBE/H—TROE, B—THPREBRITRER
JaRE, A{GXEERBEEE, BT HTETREREHE, HRX R A

# 082, HibRERSPEHMAERBESHESE T ZAAFRE-AESE, &, HRMER, —
ToER—HSAFED (28, Badf. BRiE) RN — I HETH#HR, 2ENAET -T2 ER
WASMNARF, IFAHERFRE TRE. XM EEHE PC AP RETH - E R AR,
ERFELER PRELHEN. BERSFELTARNEBRTNO, PEB-MSERFRY, MTTEEER
R AERNHENNSE. FiEMeta, A —T&EFEiAaEL, b @EareE aEA,
BEMBIRHFERARLEANEGHEN —THERE. 31 S@BTEWSEAN, ATHEER NS
BREEECRENEAEEERK, AGHHEPHNER., SXTeEBAGa6, EiFiMErXy
B —-TEHUMEFE. Y—r2EERaa, INREAERE— T HRBREN T SHELEE
PITHEERFRE, XTRNEXOFEHSERENN,; YXPEEFNAN, BEHEEH., o
A& SEEREERMEEF X TN AE.

A—RFEALE 082 D SHEERCAEEMNEEN I BB 24 HESE, LA EY
(BE. BAB. BH) AMAEXER%. &, AX—-#H, RE-1THRBATWEERRA. ITH
—EH, Rl IR .

a) R FESERT AL

b) R EHEMFEEA L, MEETWESERRE (AF. X6%), MHBRERREERFER"
EEXHF T, APFUEBANERARE - —NBHXE, HARTFHEPH—TEL T
BrELS3|RBEARGRA, HHAERT SRS, BRI AAPLBANS L, XML
WL RRERF AN EREEFETRHER®,

a) A2 MR SHEHLEBESMNT

b) SEHASERAMERL, MHEASTRENHEMN 3 ML,

¢) HBBEHEFE AT HBERMANAARERE NG, BRER.

08/390 K RHBERLEFLEE RO =\ ME& RS, MR, — it mX - —M 8N
AR, FAmE i FHARERGETE — 4R E—Takasfard, T4 —8{Es,
H B ENTel LR ST, XXR N TEAENES. AR SEEENEEE S RECREER.
Wt E R H 2R (ASCB) FF 05390 FiFEMNXT ~-MaFRAEE, AR AL RESIE
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EHTT. ASCB FBIfH B AHE MRS, 4rBREa % it 25 WA B0 AR A . 33 Mkt %2 8 oh 2t 2% 1 1F
FELUNEE MREEST . —MEENHE (TCB) ZR—TEMHRTREAEE, Ta8E -4
Wbl =F AT REES MR ENEE, UEGEBREEE . SRS TR E TR TS
PATRE . ASCBRERGAFTHRFN2RGH, T TCB BHEFTES A Ml 2 0 e R H.
LiLRE =S R R b g e SR o KT e B o < e I

4.7 -—TEXGEFESS § MEAR, HFERET 200 MEERS. BAKXBHELRER RS, wRE
MELRERE 4 PHFRE. BRSOV FHETH AGE 3 /B RE, 3 HERKH R R
ARELIMESR, MAEHEREEEN—-BNEAFEE 4 MESUZAIRE. RFEEXEH
b IR TRA .

2) HRBAERGPHRERFRIEY 4 TR EHT AN AF G- TEL . SEL A, 458
FuMEAHEEY, HFEARELEREA T HER. BE—RE2TURMRITILSEL A
RAAMEE, BEA LR REIERESRM LA T

b) Bl AR, ERAEFMUEGETRENHHAE, FARNTUBRERETS. AR
Z ALk RIS, FTREBHYSHEENCERE L,

4.8 RFIEW CH CHHET W AE D, HEARESSRBABM L. MITFTORSFFT, X—§H
MRS RFHMAHEFRAEERE®E. FRIF AR AN .
int gleobal positives = 0;
typedef struct list {

gbtruckt list *next;
double wval;

} * list,

vold count positives{list 1}

{
list p;
for (p = 1; p; p = p -» next)
if (p -» val » 0.0}
++global positives;

}

E: MR A RTOT A

count_positivesi«list containing only negative values>);
FIWEf, 7 88 B T

++global_peaitives;

a) ERBATIEEREH 4
b)C BFRMANGBMBITHT TR, M TEFEHFANER, EETHFANERPEHE
HeHE g a A e E?
49 MF—HOEME FEERSES (OFHHRTFN GOC), LETH count_positives Bl — 28
£ fb R 2 oL T i AO AR S

void count positives{list 1)

{
list p;
register int r;
T = global positives;
for (p = 1; p; p = p -= next)
if (p -» val » 0.0} ++I;
global positives = r;
I
MEF A, BAMEEHERGT, ExHFAEANAESAIrAaHERNEBERRELEE?
410 EFETF{MHEH T POSIX Pthreads API iy {45 -
thread2.c
#include <pthread.hs
tinclude <stdlib.h>
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#include =<unisktd.h=>
#include <stdio.hx>
int myglobkal;
void *thread function(void =*arg) {
int 1i,7;
for { i=0; 1<20; i++ ) |
j=myglcbal;
J=3+1;
printf{*,"];
Eflush{stdout) ;
sleep (1) ;
myglcbal=q;
)

return NULL;

}

int main{veid) {
pthread_t mythread;
int i;
if { pthread_create( &mythread, NULL, thread_ function, NULL)})
{
printf{"error creating thread.");
abort () ;
}
for { i=0; 1<20Q; i++) {
myglobal=myglobal«+1;
printfi{“o");
fflush(stdout) ;

sleep(l);

}

if { pthread jein { mythread, NULL ) } |
printf("erraor joining thread.");
abort{};

}

printf{"\nmygleobal egquals %d\n", myglabal);

axlt (0);

}

main)PEEEE T — 1 E & mythread, 25805 pthread t, TRE—1TREM id; RE, fIEAET
—“™ 45 mythread 2Bk W ELFE . FI A pthread create(), FHETDH, iE[E 0; L MEEIEFEH . pthread
create Y =ZTEHE M FRETHEPHUITHREE, X thread_function(p Fat, HBEH -,
R ERFEEE LT —MER, FUARMMBRENT. KE pthread_join 35 ERB ST HBF
BYE R AR, .

a) XTEFTERM RS A

b)) BT R T .

& ./threadz

L0000, 00.0.0.0.0,0,0,0.0.0,.0,0,.0.0.0

myglokbal equals 21
W—HERETAFRBER? MRLE, HaFHET?

4.11 Solaris B8 FE, — P HAFANERTEILG TREHARRNEEN S — 1288, FH, WRE -1
TR . AFEREAERNKE, ity R EEFS ST TREHAMRCHSEEETCRNRE?
4,12 #E Solaris 9 # Solaris10 %, ULT 1 LWP Z IR —— B8 M, {F Solaris 8 #, AP LWP 8] ¥ 5—
A E4 ULT,
a) ULT ¥| LWP M & X —B &, T R4 47
h) Solaris 8 1, — ULT HEBHRTINERFEF LWP, HHEE— TR 47
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c) A9 BAH TIE Solaris 8 M9, ULTURE 'iﬁ;sl‘c&m LwP FRAEEEA] . IR AR
B TEMER.

P g

5 | EC HH A
FREEH

RREHRE

M 4.19 Solaris HHEHEBRAERHEHAERE
413 ULTHRKLTH, Bi—FHEXREBAEHHE4H2E? 5 HAH,
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BRSO HBL R ERX THEMBRBGER.

® ZHEFEITHA: FEARLERRETNETHE,

o SNBEK. THEMNERXRRDIREAHE,

¢ SHXLERA. FRLOIMAHBENREDPZ T EROHT. BERELBOERY

PRI RGBT,

FRAE AT AR AR, R RME RV EAL . A REMR I RE, KA R
. WRIFESTES (FIAL . L. V0 4510 ). 2R ghi0 e 4 L B S 88 ok 7 1Y
SEHERE S, RINHASFIXERBERA NS HBUFELLAR SN A XEBRAE D, XELS
CHEERL BB EBRERITRE .

FREEUT=AEHET X R

¢ ZAFAER: LHEAFHARTES TSI N R FE 343 F 4 FELReT A .

o EMLERARAF. FABRRARTNEREEFIHNT R, —SWARFAHEER

it RN RHR

o BRIERZESH. FMFEmEREBEFEIASIATREAEFR, RINELEMEREREK

REERCACE PSR i B § e ey )

BMTHEMNSEE, A58 4 RPUATH T EHEF TR S RMAXWEE, ZEZMT
—BEPREERFIRIT NS EFERET IR B 16 TME 18 Filkdk 5 270 A4 FHARAH G
FIEEFE, REASHHEANSAERFRAZTHRLSTENEGIE, AEFAAERE
FHEPHHETNAR,

EEEANMEHENEEME NI AERERITHE L° ., BRITEZH, OFHFAHEARAERE
PEREFHIRE S WG, X1 REE FrRE AN, BAEHIEDNE, ERAFHFRIFAR
Bt FRMIAE . TR, BAFIBEFHEH. BRI - EATECER, ThEBERR
HEFHRR N ERRRTR. TR SO, fE R, FRAERED,

A B L P A 3 (A AR O R B, P AR R R A R A T R R AT LR B
53 PHHMF T ENWEAF—L W RE R, RS/ SEREE A THERE,
F o6 HHMLIT I AR, ERRL PR EIHAERDN 6 EAHR. MR ABKTS
F R KR Al

RSIFHT —8MIFRHERXARKBRIA

FH1 HMIEHXBXEKRE

F. I3 W ;]

T8 e —4ARETHBESHER, SHARRO A, BT EMAET LS E D RS R EF hWnEe

it ¥ 1L E—BAH, BN IEHRATER, S0 AR SEAEANPEFH, X
HEERAREEEERAE PRI

O WNARL, WAEHEMEHRAOFERT, £F, EME—SEFENARE, EREEHEH,
EMBEEXFRTERBMOFNEAR.
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(&)

x & it iR

s PBRE B EAR A R D R ST R A e A A BB S RAT . IR
& 5 14 48 521

- PP A L R o S R T R B BT B AR AR R M T, Y
1 T 0 44

TR B A HRA R XU E TR, A R AN R A NG TR i I AT L BT AR, R T
MERF

P& FTAREEHRREES — DI FREN, SRERE T ETIRAT AR, A s

ik A — A AE TR R A AT, MBS A, WS BRI AT 1 R B

51 HEWRE

ERGHEBPEEBFEITRST . SRERT, BAL RFE RATH SR, WE
2128 fin . BMERBESMEEMHTAE, FAFHBEAMERDBREEE -F0IFE, 358H
TELHEENRTFSA AR R T RENTL A ELHB RS, T UEEIITHR.
i Al LIS SRSt . A 2.12b fiw

MEBMEE, TENEERR TR EARNRAPITR LR ER S, et , XEHFERE
W AR RO R4 S —A 0], IFR AR 7RI R R, ES AR AT, S e
TEBERFRITREMN — NEREE . A EMAG T EER TN, BEE T HAGEBR KD .
BERYCAER R Be LA e R AT Y . X T T o .

1) 2RWHENHERR T AR, Mo, uRERI-ARBEAR —-14RTE, FHE %
FEMWITIESRMA, IAARMET AT R4 ¥ 8. X T 140 2054 4 F i o
BRAAR L

2) PetE A GEREX SRRty B R Ak 2 e, Fhn, BERR A ARETE R — -4 R /O Eil,
ARG CEM, HEEMEAML M EETRERE T, BERSNKRMTEXEIE, LIBIF
HinHRERA, TREDUSAFHEN, BT L, AFEAE IS, E0E 6 &,

3) BUEFRHEREIEEESEY . XREMSEEREFREMANATERY (FXit
T:’Eﬁé_% [ LEBLS87, CARRSE9 #1 SHENO2 |).

L3RR AT A METE 2 A TR 2 et e B, B O ofF 30 BE B9 TR 40 o B AT B4 R o 5k B TR R

AT HWE ., 24BN ARGE AU EE N HBERNATES ERHEE, MRE Eii, X
PIRRFIE A TR RGP RAEFS, M ITHOR A XS RBEZERET .

511 — 1 BEREFF
S R A LR

void echol)

{
chin = getchar (];
chout = chinj;
putchar {chout}) ;

}

R E R T FHERBRFHNERLR, 824 T8, T ABRERGE A BTEA
FRHBEFEER chin 1, REHESBTR chout, FRIEBBERE, TMERFITLUEEH
WHZEITHE, BEEFEA, HERELER.

BAZFE - XFEAFRALBREERTFRITRE, HATUA—MEABRFORT S
— M AEF, STHHBEFHEERR -5 7R A, FAR—IFRETEL. dTE T
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NARFHBEM A THE echo, FUTRMELME -, BARKENEEREFES
HN2RE#FKS ., B, AFEMHH echo i B— MEIZE, AWM TEM,
EAERBLAFEAFERESERAN, CAFTRAARTERNTE, AR, XHEZ T
SHe—dE M, BET EMNImAF.
1} i#% P1 MH echo iT#, 7 getchar K[F bﬂ‘}{ﬁl’iﬂ.ﬁﬁ‘fﬁﬁﬁﬂ:‘ chin 537 B#
il AT, BEWMANTS x AFELSE chin 1,

2) AR P2 EMEN A echo it B, echo idRBEBITHIER, §A, REERE 495
BNMFER yo

3) %8 PL KA, HB chan A x ER R, HHLEE%, M chin P y Bt
# chout FHBRHEF.

Hit, B—TFRHER, ESIFEHERSRTHE, RENEAREFLELLBT® chin,
LTHBURXTERER, R RS FE, RERRW, AR M HRolfiEs- -
MHEEAENEZA B T X NEE, BERFX PSR R ATUE SR, B
BN F =T & 5% -

1) #E PL A echo B, HEMARBEBERELEBRE, KE, RiESANES

x fRFETE chin H.
2) HE P2 BB echo it . HE, &1F Pl {HRTE echo it B, FE YT P1 4
THEERE, P2 HE, FEEHAX T TR . [, P2 R, % echo SR A.

3) -ERfEl R, #HB P1EEE ., T echo MAT, HERHIEHHFH x.

4) % PliRY echo Ja, MERT AT P2 EHE, P28%E, MhibiAA echo 1%,

XAEFRE, MREFEEPLEEALRETR (LEAHERZNLREE), i —sihgl
R EIEA R, MERMNEXT —&EN, —WHARSE—4FHBHA echo, HARHA
7t echo AR ETHERBEA M E—TF#FBR 2B, BAATEHIREERERASRET .,
o] SERE L ) R A M E BN,

TEERX A R, BB ARGHSXERFRITRSE S, B FF T LS4

1H - HEB LA B AR, ZAE4BEREP, FREREESPILETH N E,
ekt R, Bk, BRIREALEDERRINEZNLREER.

1) #5482 P1 M P2 5|7 — T M &R FST, EAIEER T echo i #2,

) A THNEGERE, ER—TFTHNEHRTERNEESN.

#iE P1 #iE P2
- ]
chin = getchar{); .
L cthin = getchar() ;
chout = chin; chout = chin;
putchar (chout) ; .
. putchar (chout] ;

HEREHAR Pl HFEAESRAESR, AR P2 HEFHBRLE P M P2 P, N2
m “—XK AR P #HBRAET acho 17 KHIN ., WS4 LUT A ERATIE S |
1) #$E PL# P2 S BE AWML EIE FFT, PLIBAT echo it &,
2) X Pl ¥ echo i ES, P2 HE echo, HF Pl C47E echo B (£t P1 EHE
HREEWRST), P2 RHEEAEHABLR. Hit P2 @HEE, % echo HETH.
1) —BEnfEfE, 2 Pl Al eche BIIAT, BB EIEHHERIT, £ P1 M echo FiR
H AR, P2 3 BNEHR S H K17 echo.
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ERAE[MRGERIENR T, A TR R R P i A A 270 08 P 54T s 428 00 95 4 193
7 ELAMBREHNFR T, A CRRER KT L3 R, 16 H 25 57 A g7 35 7 28
HEH -2 RN, BT, XMAER—HRRTREMRN. BHYEEER
B35 .

512 HEa&KH

RHEEGREEZTHREKBRSTHEN, HBENEEKH T2 H8H4HESPITM
F. ¥ BTHEHAMRBNFAT.

EF—TFHFH, BRERNMABRPI AP ILELRTE a. EE-HITHE, PI EHia N
1, BERATH ASME—T R, P2 EF ag2, Ht, AMEEELTLHETE a, EA5F, &%
B “RME (URERSEFLETR o« YH#E) W TR 0.

EB AT, BEEFENTHEPI P LR TE D Ao, IFEMHBM b1, c=2, &
E—WFrz, P3 fTE{HIEH] bebec, FB—WITHH, P4 HITRIES e=bee., P TR
BT AR, 205008400 T P B T R EDE AR . IR P AT
(HiER), MABRXMEN b=3, c=5. R P4 EEMITRIEIES, RLBANHE K b4, c=3,

Mz ANMATHERESERRTESRERAT.

51.3 BIEESHXTFHED

& AR T R RE? I0F R,
1) BERSELFRES TSGR, XATLLE M AE 4 EAEMNBRE RSk .
D BRUERZULIFTITEREBRSEMBRESANE. A6, 7385816 3
W, XEFHMAHE.
e ATESEediE. XRARETRE, R NES.
e TS KEUBEREEHEBRFRH AR, IHYDAEHEESE 8430,
e 3 FEE 12 EJZibE,
® /O g&: FEF 11 FHihk,
3) MIFRGELENEF BT ABYRENYERE, S84l bHENIETY,. XFAS5HF
588 . SO VO BEHXHEAR, XTRIFVEHLGTEES RS 14 2,
4) — P HEBHSIRMSHERLFERTEE (BT EMAH RS ) £,
AR M,
FHERNTHERSPTERELXKRE, RITTAFEZEHBEMNYZR A

51.4 HEMIEER

RMTUREHBRE 2 ARENFEEFENEE, WHARERMNZEET FXATIrER, &
S2FMT =Fu[EEMREEE AR RANG R

o HEZEAHETHIEMAMEE: TE-HHTHAR, EMNAS—~RBT . XTLF
BB O TREAN B ABMEEBFRT, TEIEMAEEY, ] lRZE X
M, RELWENRES. REREERA BT, HRMERETRERAEEN]
PR TSR, S, SRR R AT SR AR A A R SO RITEI,
BAERGUMBEF ZHBTT0.

o HEBBAMBAWAHGEE: AEHBFATENEN T KAR ID, HE(THLEFZEMR,
W—4 Vo EME., ARHBAERZER W RMNZRHESETH.
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® FHIZE MBS A RYIF A S R AT GE I #5792 TD HARETE, H P A i,
FEE, XEHBERBHEETHY.

¥52 HEBERLE

T x =& A EEREGEE NN BENEN A
. g E R ST
S B B RS R | o 0
s B x5 o TS (TEMNRE)
‘ e BRGBTHETRESZEN |+ 0iR
. =5
s - MNE ﬁ‘i_ )
VR ERER AN | _ TREBMERARERTRIG | | o TxmnEs)
= | LA HEEBHITA
s Cngee® ) o« REMRGHET ESERLE | o
T H i . ﬁﬁ—ﬁﬁi
HEH R A . R R A T M
_ , . . { Al 3]
CeiA R AeAR I | maEa HE R A _;g THRE G )
i) o SERAHH ] 65 S E B

Lk H AL RBE S22 THRHABAHEW, LT ARTERERL SIS, N RBHAE.
R, MRAERGWNS, FHARLELETIHE—THEREEINHERRLEN,
HiEEHERRESR

LBHRNRTREHE RN, EA1ZE & R AT ol PR A R .
AT EEMERE BTN EIBRPFEN- N8R, §r#R AR,
HARTHBEAZHAEFEENER, §TEBEFEWENEHEAFRERS, XLEHHLHE
VO iR . frifgs . ZbEERRnt e fnd 5.

THAEREREAERES, B, - TMHEANITTELERISSABHNITH., &1
MRS R R — PR AR, WREERGEX I RELRS — TR, Wah
PP BER . i, BIESHRMARNTRERS TS MR E AR, B R
AL ABEIR, B RE A i AN BE Al T b 45 B 1T

ERHAFEOR =T EHEE, SCEERMER. BEEIXEEMNERTEHET A0
JEE MBI, WATERHL. T AR T, S ARSHZ VO RERMS, BEREMSR, £
Pfa Rt E, RINEIXETHRFBERTR, AERTRAT— S EFRGFEFR IR
K, —XHATE -TEFERAXY, I—SEF2HEMN, A TAEBIFEHER, BRI
AR R SR B B RN R A ST 6 T+, BAF BT — PR EST
BN BT R A TP AR, ENEITHSER T FREXE TS FENITOREA.

S E AT WA SRR, — M ERS. Flin, BEANERPIAP, UEE
AHR R1 M R2, BEE-NERASPITHEATIEEFT BRI RE, BaRATEHRT
PITEM : #fE REHE R 5P ECES P2, B R2 A LSS P, B HESEEESE — BB, Bk
HtBEZR g, #EA2BRACC2NaMNER. XE - HBEEFEN,

- AR YUE. BiE R (PL. P2 A PY), N ERERBERITRRER,
XS, PLEART, P2 R P3 HBEER, FHXIITEE. Y PLENERAWARE, P2
1 P3 EB IR R, BERERKRANB T P3, HAEPIEREFREZH P1 XHEiH
iz s AKX . SR PI GHJFHEAMA RS W RET P, FHETREHRBEFHET P
1 P3, IR-ABDMEIHFER, P2 b Ak I BB 5 b 46 48 U7 (7] BT R,

HTRIERGEDFMEER, DdEFHEH ARl RERE, A, #HEAS
FEMB LR A RENE FOER, Ao FEmet, BEM Rk iy R{BLEER
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ERGERFL L f&F, WRESNNH. B s BRaREA N rEANd. Bgs n BRI & IR
T, BT HBEBETHELNR Ra ERENBRR UL RS R R Ra I MEAE. RARae
HRATFEGME KR R, ARER M- MR ERRRERREY, AEWEE I,
TEMES : entercritical Fl exiteritical, BIAEN BN E S S HNTIES .,
WR—THERE TR KA, 82 HAb (T i 5 3 A e 5 5 8 3 B 2

f* FERE Lx/ /e PR 2wy /B n »y
wvoid Pl voild B2 void Pn
{ {
whila (true) | whila {true) | {whila {true) |
[ ALPRIER o A EAE PR 13 i 2L
entercritical {Ra); entercritical (Raj) ;| -+ entercritical (Ra);
iR« i BARE w7 i BRE e/,
exitericeical (Ra); exitcritical (Ra); exitcritical (Ra);
£ FHAEAE «/ /x HAAAG +/; /v HABILED »/;
} 1 }
Yo } }
s nFEHLE

THEEFEYZSITRY entercritical M exiteritical ) BRSO, BT RHRE
HERFI A M RN ERE TG
HEERITEZFSE

BN AFHAT ARG, SRR AATAFFREES FOER FETLET. f,
BRI R~ AR NEE, AR TR A TR T &
LR, HAMEREMHEERGTREN R R — 8. Eitt, X sEnmad, URfeils
HHBIRREIE@HAEE, fHlH L mEE TR e,

HTEEAAERED (HERFERS), NEFRXSREXER ., FEMFAYLREREH 55,
ME— B AR AT LI LA R R R B (RS ) RIIET, 3 H A S0 SURIE s .,

BE, Rx®EF T - THER: BB T, BR80T, SB—4X%XTiE
MM AERF, ERTRBFHAHESEs SN, BURFMRET o f 5 REEHSEE
a=b, HWER, HAFEFITXER, EFU-TEFNREETHDI—ITR, ORSTEEE—
T BEXRFTTERTHER:

Fl:

a4a = 4a + 1

b=5>b+ 1
FzZ.

b 2 * E;

a 2 * aj;
WARBEAREE BN, WERKTH MRS AT RBIAEF —BRE, BEZRT
0 2T, TR AGITEETN (oM p) | BBERINTHR.
a 1;
b
b

I H 4 N

* 4+ o+

>+ b
b 1;
a = 2 EH
BROX N IATIOY, BSRARFRIEEMN a=b, W, FHRETS a=b=1, EXTHITFIIGEH
Bt a=4 # b=3, H@feix A, quEgrHRhreRrERA AR — M ERX,
H, EEGEEAITEEAELT ., BRERAESEETEEY, iIHSHRAIM kS R
W entercritical Fl exitcritical ( M 51 ) W LIHEMAEZE, XAEET., EEHN
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SWTRERE —1MFE . — PR EMEmIEER, s, WRGFHEREEEPEEN TR
T, NEFHEZNRERERAENISE. EXRNFET, TURSEEME LR
IEERHIRA, ATHRHSAERMNERE,

HiEEE T EESE

ERTE RN T, S HEERFHCHRINRE ., RaEHAER, 3R 0 04 T EEEs,
HAWFERE, EEFHELT, ENEAAEEMAABRTFENOFR THERE,; E5 M
AT, ENHFER, S7MHARFRARBIELBARMNEE, TRIETESPREN TR
. YHRESREHTEAEN, S RN SHAHBEETES, EEEA T REAEE
WOk

TEHREHAT, BETHAREMNHRAMR, EEVBEIHAWREHBTFEIHES
B, SEBBRERKMOAERE.

HFEABHIANSETHEREFLETAENR, BMXXSHERETETFE, HEMRE
TEFERAYLRA RS, PlnA R o EREEE, SO ESERAMAHNER, R4
Sue., fERYURMPT, BHE=THE P1. P2 I P3, EfIHAM TSN, Pl AR ES
P2 X P3 {5, P2 #1 P3 #iMA 5 P1iAfE, R PL A P2 R ER, TP - H¥EHEE,
SRS PLERFE, AT P —EHEEKMN, BEEARTEES, 83 4FIERE,

515 HREFEMEXK

ATHRMENBFEO LR, DEELTFER.
1) AMBRISERE R : EFSHERRGXTRMBERAXEXHNAEEED, —IKET
— T BRH AR,

2) =R R R ENHEAE T bR, )

3 RAAFHAFTEFHEF X AR XRIERMEMN, BIASEFEMNIIE,

4) WERHEHBERAR PR, LHAFEEAKRXYHERSHERE T IHEA,

5 ) XFHE E R RO T AT i B F AL BE BR 0 B H B T E SRR PR M -

6) — P HBHHERRRXTHERATEERY.

BIFEHFEHTMUNEARETR &4 —AFERELRIFESRAWHBERLRXTHET, X
AR, T HERGEBRTFARNAMHER. #FESR -1 HBESHE, MTAREEFIHES RN
EESEETA IR RIEET R, RIEX R FEREREFL RERF LS &8irfA a8
FEEFIBEG, (HEM AR, FTUEITFHEFH LTSRN, ERMF A. S -HF
EBEETRISGES, X/FTEAKAETUIM AT, BHEERE—FERANEIRTE,
RS2 W, E-HFEANBRFEFERRFRITESFRAEREHIMLIHFE, W53 TR 55
TR TRENEPREEN=FFTE,

52 EHff: BHRIXHFF

FEMBRERAKGERECETREXT. 8FFTESHRRANFARERTEER/E
B SR T 0 X B BB AT L @R T A R P iF 2R R BUE AR ERM R TR MEK
EE, B AL THEFENTHE., ERTHINEILRLHE R FF .

521 HEEH

TERAL BRI, HRARARER, HEE2E., i, — T HEEH—HEl, EAEHR
AT —1TRERSHBEHEH, Bl ARIEER, AFEFRIE—TEBABETERATLL T, XFH8
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A LVERRENEA S AR E LR EERREE. - M RETUEL FTEMNTESRE
F (58 51 %)
while (true)

{

/v BHEGE */;
i IR </,

FAR=Y: L
/I BB +/;

}

BT A XA P, FTURMMURIEER, B8, A ERSAERS, mTFoeEEER
T REZEERTESF, HEMTHAERESERB MR, B IMNEREILFERHFEL
HBLEWD, H— MR REATE S AT, mATIR (A% F—1 2 F s EA
HAT, EXFHERT, EHPBEABEIET KK,

5.2.2 LTHINERS

EXA4HBEERS, LAAERBILFNF, TXABELT., FAEEZ/HEERE, HBBRM
FTRHEBIXE, RIE —FAAFER, BB REH TR DL

SR, AR IT AT R HE S XA E B TR o A B - -, AbERAAY I
HEW T —HHEES, ATREMNMSIHENBETHS  Dif— 4 RES AP — - TEER S
TOATEE M S el A A . TR ST R R T, ARl b 4 1a) P AR B (. TD BLix
EfE— S AP TR

ETHLTHEIERELMES, FXHMESSOHRER [ RAYNSs ] f1 [ STON93 |
FEE T RIBES

I8 F3E MK -4 L & F [HERL9O] :

lnt compare_and_swap {(ink *word, int testval, lot newval)

{

int oldval,

ocldval = *word

1f (oldval == testval) *word = newval;
return oldval; '

}
EESHN—THEREA —T#EE ( testval ) RE—THEHI ( y'word) . HREHNA

TR YA R centval, BF nawval BLMLEE,; FURFLAE. EESEEEMNARH
fH; B, WRERESNXEER, WEREATFECCHEEF. kTR, XTRFESH
Ao EN: WEAFATEMNEE, MREFER, W42, B hENER Rk
FE8&tdy, WEAEETH.

PSR F — A AR B — 4558 ( Boolean ME : 28 ¥ & A4 B 9 B ( true ) ; & B {8 ( false ) -
JLFFRE G BEBFEE (x86, 1A64, sparc. /390 % ) PEIFHESHETRDE, A S HEBE
Fa#A RS IR X.

S22 GHTETEAIMESHEFNES . XETE bolt WML K 0, ME—WTLIH
ARFEHHBELEN bole FF 0 HEHR. HAEEH#HABRE AR MERSFALSEF

O Rig “HF" RAFHETHORAS LR HD
O parbegin(P1,P2, -, Pr)F X ITF . HERFEEF, MREHTAR PLPL- Pr, 3 PILP2, -, PnatRERRE L2
A, AR ERFMAT,
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B, RETEH ( busy waiting) WEBEEHF (spin waiting) W BRI —FHER., #EREF
BE R ZET, B RBAZHITHR/EERES RSB ER, Bt 2SR
B, N -THEEARREN, CHbolt HEN O, WK AEE MEGFEREATFAARR
K. ABAEFBIRTEA-#HEB Eff Rt EEEN BN EHE S,

/* program mutualexclumion */ /* program mutualexclusion */
canmt int n = /+ BT 4/, int comet n = /f* HRAE ++/;
int holt; int bolt;
void P{int i} vaid P{int i}
{
while (true) { { int keyi = 1;
while (compare_and swap(bkolt, 0, 1) while (true} {
== 1} de exchange {(keyi, bolt)
/¥ AT oy whilm {keyi != 0l;
/v BRRE +/; /r WRR +/;
belt = 0; belt = 0;
I BB </ iv Haa »/;
} }
} }
vold main{} void main(}
{ {
bolt = 0; bolt = 0;
parbegin {P(1), P{2), ... ,Binl)): parbegin (P{1), P(2}, ..., P{(n}};
} }
al HERMLZHEES . b} XERHS

& 5.2 & TR B ST HE

exchange 14
exchange i % X IF .

void exchange {int register, int memory)

{

int temp;

temp = Memory;
memory = register;
register = temp:

}
AT - EENRNERA— MR TR MA, Intel IA-32 K E L ( Pentium ) 1 1A-64

{£ FE&# ( [tanium ) #FEH XCHG H4
E 5.2b B8 T HET exchange 185 W E R ML HZT R bolr EEIHLD 0, F- 1R E{E
BH—REZEE ey ARHRAN 1, M- LIHEAMAXHBE R bolr T 0 M BHEE
EHEAE bolt B | HEF A HMHEREA ARREK, - THABRARAREH, E8 bt EE
o, fRFER—THERAEHIRMI.
FE, AaTEEMRENAAL A exchange FREHEE, TEHEEASRE I
bo.ft+2key; =n

WA bolt=0, MEHFEM—THEALTHEREA; R bol=t, MRA -THBEKRK,
B key B9{E%E T 0 YRR S
HBESHIHEA

AL T TR T U E A T

® EATIENMABBAUILFENTF WL TR L BB SR,

o EHHHEE TIEMN,
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o THTZHEZ I TEAK, 8MEAXVTUATHOHEEE L.

HE, A —BMH A5 E.

o ERATHFEN. Ak, 5 MEREESFLABREN, ToMEHECESRME,

® WAEYE. H—1THEEF - TMHEARFAEES A HREESSN, ©EE— /S
BEMTER, Wik, LB mabs cRBA g A,

® FREIEM. FEANFMBAMTIIFG. HE PLPITRITHS () comparesswap.
exchange ) H#H AW HAK, 5 Pl BFRIFEA SRS ETTEALRYN P2, 10
RP2EEERAR TR, AFLFNH, CHERETR., B i, ESEATSHER.,
B2, BT Pl ik P2 MEEERIE, EWKEAS g ERIT,

AT AT S H B R TR, RIOTBEIFREBNE.

53 5=

BAFE TS RERENMTRUINEENBITRINES N . £ 53 28T — % AN
Wl A WEETRGFESE, FEFEYSINTCEEMNSMER. RS5IFRANNARNAES 6 1M
813 BEREIHERE REEL R P LN R,

£53 FAIEENY

FEHLH iR i
MTARBLRESG—TBYE. AESE LR 8R4 LET, WGk, 2RAEmT,
fFeg R=HBAERLRTERE. BEBEAMLUATHE - P#E. BT ATREEE—
. AR THESRE—RESE
~niFER Al oM ANESR
e Bl rimfaasEd. XEBEHIFETYEME (E2AN 0) MARNEHSN (REEAN 1M
HERR A 90 A R — A
FER FHERE, HTHEAERSAAE, AFNENRARA
CRWBRESE, E-TWREREED PR rEE. FRUERYSARS. ERYER
HE FREEFEECHHREBERTR, BRARE FTHEEHPRST. WQBRPRRE. &
Al LA — T
5 2 R A ML B —- T AT . BT R RN AT L D s oh A B {0 A R i 85 4 e A 3t
xS | X —PmE My, RETLUER THERELIH. F2WEOATAHHEEE (AND) &
HEL—PUHEE (OR) IHHEAX—HHEE
FRHEL P ERER A —F A%, WA LR TRE
A —F RO, HERE—-TAEHERFRT. SHATERNETHTH

MBI RHERNBEMEIR S, B EEMNHEE 1965 F Dijkstra Mg [ DIJK65 |,
Dijkstra &5 7 —MEERKEHRIT, ERERELITA—HSIEMBFHRE, HAZFSER
HETHERIREHYLE . AEAEFMEBEE RBEXEY R R LT, AT LR E R b4 H
PR,

HEXRFHE. WS MR LGEL B RRESHTEE, — T HBETHUBEERE
BEL, AR EHEED M REENES . EMERATER KT LUE S Y 7 92183 W
B HTEES, FEFA—IHHRESENFEFHER, YHELESE o HFiE{ES, #HEATH
TS semsignal (a); JEMHAFESE s BWES, #HBRATHATIEE senWait (s} ; WRM
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KRS NABEAERE, WHEBHERE, AREXSTHIES .,

AEFTFHMER, TEFSEEHME I BABRENTER, AEZ LEX =18,

1) — RSB R Rk iR R 8.

2) semWait BEMGEEE 1. MBEETEAL, MIMIT sanwalt MIPEMEME, TN

HERR ST .
3) semSignal #EMFERM 1. MEAEDTRESTE, WH senwalt FEHEMNE
BEFRHE,
Br T o =FIBIES, AR ETURERBREETE,

AT X ZFHRERRENT . AN, FSBEMNENTERIINK. NREENER, Wik
FTEH semwailt RIEF I BPBEESITRI SRS E, MEBERT (RED Tk, =
FHTAFTHESRVMENHBOEES®K), WEH semwait BEN T —THBESHEHE,
BEESRAEENNE. 25, 81580 senWalt BERLHEE RN ETE X, HME
FTEESHEREENSIENER. EFSBSNENEE T, §— 1 sensignal HiEHS
HEFER PR — AR BREE.

[DOWNO?SGH TR F SR E XK=+ 8B LSRR

o BE, FHEMNFSEM 1 20, XEEWAEBEGFSRETS2EEE,

o YHEMN-—TMEFEEM1IZE. A1 HBESHRRE, WP HBRest i, meE—

MEAGTER RS, FEETESE— 3RSy A =T,
e FHMESRENFER, FREAHETRS —THEBEAESH, WRBRHEMNEFREK
BEAFRAREL 1 1

A538HTRTRESHEEMENE X .comWait 7l semsignal FiBH B A E FERIE.

MS4ZXTHRIZAESBEHNERAER. T2 ECBNERER R, TLUEAT

atruct semaphore | struct binary semaphore |
int count: soum {zero, one} wvalue;
queusType queue; quaueTypa queue;

}i
bi : . vold semWaitB(binary semaphore s}
volid semWait (semaphore =} {

{ if {s.value == one!

s.count--; ) s.value = Zero;
if (s.count « Q) alaa |
A USRI ERE AR BRI Hhy,; /i BHATHREADBFTIS P/,
f* EEMETHR/, /+ HEYRIHR/ .
} }
) }
volid semSignal (semaphore &) vold gem8ignalB (semaphore 8]

{ {

if . i t
g.counkb++; {8.queue 18 empty{})

a.value = one;
if {s.count == 0) { eloe |
Je AR P AR L PER/ /v HEHE p LWEHRT 8RR/
/v R EADIRBEATI*/ /v R P S ABIRERT +/;
} }
] 1
M53 fATREENGEYL M54 —mfgSREHNGEX

© % Dijksta BRI R URFEXLH IS, FBPAT vaaorait, 8B VAT vendignal; EIIRH2EF
“proberen” (FHEF ) #1 “verhogen” { R ) XA HEW KHE R, EHEIRD, WHEHRT waltc ¥ signal. &
FHA, HEEER, LRSS SFEHEMERT Y wait #l sigoel 3JREHER ., F seWeit # samBignal,
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1) —PomEERaUmEeER o8 1.

2) senwWaits RERHEFCHNE, TREN 0, PAHBNG senwaitd PEZMH, IR
{H51, FaEREY o0, FARERITHAR,

3) aam8ignalB WHRBRERBHEMERTZEGFS L2E, WA, BLHEL senwaitd
BE, ZHMNABRRSWEMAE, MAREHRIM, IPAHEWREN 1,

L, “FSEESTEH, FEWLER, EA—MmyES AT EL) (R
RE517) HTEAXWAES, F-TASEERERIMHESREEF—-RESH.

HOaESEREN - MRS RERR. HERN LB N AETHEREMM(REHMEYR0)
RHEBEANEFESS (REHER 1) MEBLHARERA 18, HikZ T, THEHaESHR
M ols 5 EEfT I AERAE, Wi 55— T RN HBEC .

FERHTHESRER - THETH, HSEEMANAERTEGS B LSRR, XB™
BT —AFE, HRERAAMFEARFIFS Y, BATFHEEREREN (FIFO), FEB
EERAMABREMARFIER., RHAXTEEZ LGS BRFE VB ESE ( strong semaphore },
BEMZHBIMNFPHERIRTHESRFENEZEN SR/ ( weak semaphore ), H 5.5 &F
[ DENN84 ], R—ATHRESHBENFT. TEHR A, BH CHEBTHREDMNER, 91k
& (1), AIE#EEF, B.CH DR, FSBR1, BRDM—MFRTH. Y A RfT %
senwait YIS, FSEMN 0, ABMENT, HETMARSEMRF, HREENH (2) WD
EAETT, BRWAT— & semwalt 35, HEEE, 7838 (3) K D #AVFEFT, FEHH (4),
¥ DREE—THERS, BT — % sensignal 1S, AiF B BEMEEAT P, fERE (5),
D MABERF, CIHHETT, HENT semWale 4. B4, ERH (6), AR
BEf, BEHEEX TSR L, AF DEENT . A DEHE -IERE, WiT— % eamgignal
4, ECBIAMEATIT, BN DEFEREE AT B HERRE,

MFF-FREHRME RERE (W 5.6 Bix ), MASEFIERSYUE, mBESEA
B, XEHRABREER, EXTNEHE, LEBEESREMNBEEMNFESRIER.

a2 %%
® 5l
b— 1 1 | § | :'ﬂ kﬂ-gﬂlq}——
BH 3£ B\ % ok RN
ot 2% b 7B 2%
) 1 ® gaarcans 7
{ | <}
e T LT ] o=t p— [ Jelofa}—r b ™ TT 171 1 a=e f—a Tl B[ A
MEWH  REE REEE AP HERH  GEE R
® Ab 7 2R ® LT
] "
L I I = — T o e T s =TT —
FEL 2 DA 71 fas# HAEBAF CETRT e 2 7
b3 g% i R
15, 1 @ 1
I { '}i Ini J-.-’=_1_-l_|_.u Ilihlcl - Bl A g2 Iy
BH 3% BAFY EER B BAF AT [R5 HESEBAFY

55 {ASBRHH EFJM*i*EJ?

D f—HrguEyd, EREN_THERIAFALER. XiFLE, MEBHERETPRETES L BELMY
ERFANHA. 10 Linux., Windows #l Soleris.
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531 HF

B 5.6 AT —HEFASSR o« BREFEENTE CHSE 5.1 M), BH 0 MER,
FBR PYBR, T4 R AR T h )3 B BENE o 45 R b HE RS SR B AT 3R AT memwaie (s)

WE o RAENSR, RBEHEE,; LEEY 1, N
e BEN 0, HERSIUAANRE; AT s REN
£, AMHMALEERAREEAGRX,
HFEE—MNBEN |, EEE— BRI
semWait BUBERTT LIS I AKSE, T e 0
EHEN o, SFEMREEARFXHBHE,
WA R, EHNEE, e EE

H-1, A RS H KWHRREHA, SRR

This A o HERS 1, HRIMHARRX
BIERBIITR, o B0 1, —EEEmEERE (O
BEHNE) BB HSHAR, HERTHERE, X
B, MEMERSE T — B, ERRGEARRR .

/* program mutualexclusien =/
const 1ot n = /v R +/;
semaphore a = 1;
void P({int i)
{
while ({(true}
semWait {=s) ;
I* KR
semSignal {a) ;
FARE-iY: 1
}
b

void main()

{
}

parbegin (P({1}, P{2}, . Pin)):

® 5.7 &F[BACO03], BT = HERsE M - T —
FITH 5.6 FRMERDUS, —MTaRMIGTM Wse RRASHNES
K. EXPMAFH, =428 (A, B, C) HRAI—TRESE lock ML ERE, #8 A
1T oemWait (Zock); HTHSBEERK comWalt BERER 1, AN AT RIZEIHA KRR
K, HESENEEN0; Y AXKERA, B CBHIT—1 sonWait BMAENEERE,
ABHBEFEKHFHTT sensignal {lock) B, AP AIE— R B RIETLUFEARRK.,

SR lock AT 558 Jock B A B C

J 'lllﬁ;lg '-
___________________________ o S S I -
S O | B
BRSSPIt DRONS... ... NS O « ®lock
= P
R UIUUIUPRIPI IR semWaltgock_
i | .
___________________________ el A
B I ,
.............................. | _ _mwfhmallock) : - :
_IT] e B ERRITTY
....................................... e AT, HEHERRR
LT [

BHERTHT.
M 5.7 HEHREZESRRP G ENE '

B 5.6 syRFR LA SR XA FE N HEAEA R HER, XPERATEUE S
ES BB REMEEMERT, Rk, EEMITE, s.count F{ETTLIBENT .
® scountz>0: s.count 0] LIFT semWalt () M ASBEENARYE (NMRAHERES
semsiganal (&) AT ). FMEEAFESRIRALELR.
® s.count<O: s.count BIFK/NEHERTE s.queue BAFY AU EM .,
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5.3.2 EF&/HREEE

BUEF R A R A A RN I — SRR EF%K}‘E&ﬁ%ﬂﬂa JE'H‘"I&EJ’JHT H—
PEREMEFEE RN NE (18R, FH), FEREEWES; - HREMAES
KB, FXR—0; RARTRATE A WEERE. BRER, EEAREAH 1
FR(EFRRFERE ) TUHRERX, MEEEREIMER, M EXEMN, £/7&8F
"“ﬁﬁﬁﬁ‘f’ﬁ,ﬁuﬁﬂ SRRy, HAEAaARBERRE . RITERNEN EH
BRITR, LS REAEDTIERE.

HrRBESWEETRA, FER— 'T‘ﬁﬁéﬂmﬁﬁiﬂ Hiﬁ@.ﬂﬁﬁtrﬁ ‘IME}LMTE’BE

Fa A LE ﬁ%ﬁﬁ
Producer; , - Jcongumer;
while(true) { ihila(trug) {
/* produce item v */; while(in <= out}
blin]l = v; /* do nothing */;
ins+; ' w = bfout];
} ©oout+e+; .
/* conBume item w */;
}

B 5.8 BR THEMK b BgEH, Er-# UKk ECHE RS HFREEgnX s, ik
SRR Cin) B 1, WEELECMN N RS, ALERECREMA— BT MK
HIEREOE, Hit, MREEFHETINMERGBESFDLE (in>our)o

WA e B R LT R, 59 BF WS, XERGART in 7 ouwr, TR
ﬁﬁﬁﬁﬁn(ﬂmm)ﬁimﬁi§#3$ﬁﬂmﬂ+ﬁoF%E:AmTﬁﬁiﬁ o R
delay AT AMERBRE XA WX H2 P47 ( senWait ),

/% progrel Producarcongumer =/
int n;
binsery_semaphora 5 = 1, delay = o;
wold producer(}
{
whiles (truse) {
produca();
somlaitB(a);
apperd{);
ity
lr (n==1) semSignalB{delay};
samEigralE{e);
¥

vold conaumari)

{
spmWeitB{delay)
while {true) {

. i 2 2 4 : eamWaitD{s);
: : taka{l;
i1y 3 DI2] IAD] | Did] IDSI | = = :;;éignal!‘:’.{ al:

- consams| ) ;
if |n==0) semWaith({dalay);
}
: } .
void maing{}

{
ont In no=0;

?'.t: mﬁﬂﬁ“ﬁfﬁﬂ:ﬂ.;‘jmﬂ&# E ; parbegin {produoor, CONSUMar):

B S FIFAAEMALESTRENE 59 HE T SRR R A
| | # PN E R

ﬂﬁﬁ?ﬁﬁtﬁf&ﬁﬂ Ei‘hﬁ‘_ﬂu FE{EAT it 4% A eH ﬂﬂﬁﬁﬂ‘ﬂ P @ﬁﬂﬁﬁjﬁ G
BEHIT semWaltB (s}, ZEHAT semsignalp (s}, BKE 1F 759 E BAL T Eﬂ@lii‘"ﬁ'?ﬂiﬁi}ﬂ



152 By =

BEMBFHRENR., Met, YEPHEBRX TR, ¥ 2 06 1, R, WERKE
MZWER X RN, BlEHRIT sensignalb (delay) AW HE X WL, HAEE
—F B BT semWaith (delay) B> HE—IHB, REFEER 2 150 s B o B ) 3
XN B 1, TR ARBREENDE W TH (—HETERR ), B REBRNE,
S E AR HELEEE delay . B, &P MEHT U ERST

BEZAEFIERE, YR NE RN bR et, bﬁ%ﬁiﬁ%‘%ﬂ dela]r, B
FEHASHIE T EEEME R TEER, REREL 1€ o ==0 semWaits(delay)
MIEM. ZRE 54 hFHAER, 8 4T EBH T seanaten WELIN, HAHRER
LRARTEMXIE A BH0 (5 8F), RTETEEHMENRIX M (B 1447) ZHH
niim 1, E5REH semSignalB FIR K semWaitB FILAC, 58 20 f7HY n RO -1, Mm
MECEBHMTERNE PAFEN—T, LERRFHERXPHEETOEHORRRLRE,
B A SRR (FmER 8478 )

B54 ES59PREMNTTEMNR

g = ¥ MR E 5 n delay
1 1 )] a
2 semWaitB{s} 0 0 Lt
3 ST e 0 1 0
; =) o 10
{semSignalB{delay))
b semSignalB({s) 1 1 1
& semWaitB(delay) 1 1 0
7 semWaiB(s) 0 1 0
8 n— 0 0 0
9 gemSignalB(s) 1 0 ¢
1¢ semWa itB[s} 0 0 0
T T ek 0 1 0
12 . 1), 0 1 i
: {mn&gualﬂ(delay))
13 semSignalB(s) 1 | 1
i4 - if{n==0)semWaitB(delay))} 1 1 1
15 semWaitB(s) 0 1 1
16 n— - 0 0 1
17 semSignatB(s) 1 1] 1
18 if(n==0)(sem WaitB(delay)) 1 (] 0
19 semWaitB(s) 0 Q 0
20 __ n— 0 -1 0
21 semSignalB(s) 1 -1 o

#: EALERLAFONTEFEMABREE.

2 T 3 A [ 0y 7 o B A — AR BD S B, BT CAZE T 0 0T R B R B R A R M DA IS A
H, W 5.10 s, B FHBREXAERLIRE, TURATSTRATN.
BN - R (R SIER) TSR —MERMMNSBRF%, WA 511 5
Fo TR o HHSR, THESTEWEK HRTR, BigEDRX RN EETER, B
semsignal {p) fl semBignal (n) T, ZRER G EAERBRE PRIT senifignal (u)
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RERFQWHRERS T EFETK, SSEEBNFE? K&, FRIREMER, HRE
FENGERITZ A BATEAME T8 LB,

BB senWait (o) W saaWait (o) RAERBBITE, XG4 ENHE T BR AN
Wik WRZBEME AT (ncount=0) NERAFERSHATHERE, BAFEH—FE=HHR
R GRTE B M X P IR BE T, RO R A TEM ., B — METLE S 8B A0y > A HAT ER R
B B 2 b B R

/* program producerconsvmer */
ink =n;
binary semaphore B = 1, delay = 0;
wvold producar()
{
while (true) {
produce {} ;
semWaitnD{s);

/* program producerconsumer */

append{};
nf?. g semaphora n = 0,3 = 1;
if {(n==1) semsignalBi{delay}; void producer()
pemSignalBiza]); {
} whila {(true} {
} preduce () ;

wvold consumeri} semWaitB(a};

( append ()} ;
o semSigrnal(s);
int m,. /* R semSignali{n);
semWaith {delay); b
while {(true) { }
semWaitB{a} ; void congumer{)
take [} {
n--; while (true) {
n o= 1 semWait (n) ;
sgemSignalB (s} ; semWait (s} ;
coneume {} ; take{};
1f (m==0) semWairB{delay}; semSignal{s);
} congume () ;
voeld main () }
{ void maini)

n = o; {
parbagin (producer, consumear);

} }

parbagia [(producer, consnmer);

B 510 fACTHASRBETREREK £/
bi-E e A n) ol WS

Hs511 RAFRSRARTREWMEEF/

% H R B o o e

BE, ERMNSETE/HREMBEN T HFHEHFAR, PERXEATRG. FFEH
iR TRERGHE, mE 5.12 For, HBECEDSREEAMN KN, HEARMAR
TFHEEKR:

EEE RREE
S fe— AN K R A HRE, BA—
FRE: WS B A dt: BH—I

hil] | bZY § M3} | b4} | bS] s » s |bin]

L]

BT 2] 1o [ bisk [ § . e

[l

B 5.2 g A E bR A R IET S X

1w
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& £

A E MR EFRYAIURTRINTIBR (TR in M owr WIHEH 0, n fARBEHE M LA ),

producer:
while (true) |

/* produce item w */
while{(in + 1)
/* do nothing */;

blin]
in =

}

= ¥,

fin + 1) %n;

Consumer:
while (crue} |
while{in == out}

&n == cut) /* do nething */;
w = bl[out];
out = {out + 1} %n;

1

/* consume item w */;

B S 13 s TR —BESERFRIR, KhENTESR « RICRERETABEE,
EAFES RS- THEMR A THEAMNBRENT, HR AT THARZS

BTSN

/* program boundedbuffer */
const int sizeofbuffer = /* WX K|+ /:

gemaphore 5 = 1,
vold producer()

{

n =0, & = aizgecfruffar;

while (true) |
produce () ;
gemMait {a)
eBemWalt {3);
append() ;
gemSiagnal (8] ;
semSignal {n};

}

vold consumer?)

while (truel {
semWaitcin);
gsemWait (g) ;
take(} ;
semSignal (&) ;
semSignal (e} ;
consume f} ;
}
}
vold main()

{
}

B 513 AESERET RS AR/ REEERN T ik

pacrbegin {producer, consumer);

533 ESEHXH

M ETIED TR, semwait fl semgignal B¥ELTIEN R TFRIEXM, —FDBHE

We AR ERH, MAREHXEFR, SFREJMFE. NEMNEEREDF . T
et fE R A - - HBATLIA semWait Bf semgigral #B4EEH —M5EE, By, "TL{HEBF
i —FpECE 8, 10 Dekker I EK Peterson B ( WHTR A), X R EBLBIE., B—F
EEAEGH - R T R R, B, B 5142 B8 TH compare&swap 584 R4k
M., #XE, FEEEWE 33 PHEW, BLEF - THFHERDE sffag. WK, XPEKE

BRE B FFF, HE semsBSait # semsignal B{EME MG, By RS RE
=y

TR RS, I senWait o aemSignal ¥/EHAEI E AT LIZEF s, WA 5.14b

B XS IATH MR RE, EXF it REHM,
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i55

| semWait{s}

{

while (compare and swap(s.flag, O
fr ABHERE +/;

B.COURNT--;

if (g.count < 0} {

/v EHBHEA s.queus S +/,;
Fv BESEEHR (EAHH s flag il H 0y *4;

* 1}

}

s.flag = 0;

}

pemSignal {s]

while (compare_and swap(s.flag, ¢

fe AHUTEE v/,

s . Ccount4++;

if {s.count <= 0){
/% W s queue BFIHE LK »/
/* R P ARSI </,

, 13

!

s.flag = 0;

}

== 1}

semWait {s)

B

s.¢counkt--;

if (s.count < 01 {
/v EAEMHA 2. queue S +/;
/v HEENRE, Hairhl «/;

'

elaa

ST R
semSignal (s8]

R 8

5. COUlL++;

ir {(a.count == 0} {
/* Me.queve BFIPFREHAR £ +/;
S i EE o E ARKEEBAT +/;

}

SevEHsT;

a) R SRES

b) BT

A 514 5 ENEHTENEH

54 &I

FEENTHERFU AR SERMSET -HIABNAEAYDBEEXAAFOTA, HE2, A
59 B, SEHRFSREH-TERANBFERFHELN, AfELET sexnWait 1 sem3ignal
BRI ERTERED, AEEELIEEFSE ERRERTENBEESE.

FEE-MREFUNESEH,. ERETSESERENDIE, A8 8 k. E80ES
7E [HOAR74 | P - EN, BEREHEMAEERFIINETPHRBE £, €3I X Pascal.
Pascal-Plus. Modula-2, Modula-3 #1 Java, i@kl -1 BIFEEXLA, IXLITFEBFRBAER
Pl R, ¥Fralsh, XIXMFRERZERNE, TRIH—Hei{Es 6%, waTlEit%
A—it, &v AP E TR -8

FH AN Hoare 7T RITH, RGBT Bt.

541 #FHREESNHEIE

ERER I EHEIGE. —MHHRAFIRRSEEEAROBR AR, RTERSOT:

1) RESETE REREEAIRGE, TSI 2L,

2) —THBEEMAREEN A EHAATE. '

3) FEEMAE, AR - TEBRETERDIT, HRETENEMEeERREEZE, U

fFEEAH.

AR AL AREIS B EN RSP RS 05, Oy RBERERERFONE
FRUREE ML EEES - FHRAFREIEW I TR,

B e EENAE, BEWTLUEHS - ERIS . EEPHRETESRREE 1 #HE
WiEE., Bk, TRHE - ERRSABFERT . MmEM e fRF. mBRERBRHEER
RFFLERE, BAFEIWAXEFHEEMS TERFILH.

R FALE. ERLAATRLS TR, A, R MEEEHTER, FASTEE
Bt pAgaER, ARREREEANF, SRNFE—RAHNS, THZIAEANEERE, MAER
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B AR, DEXEHMAMRITLHEA, DE, &AM LERER N, B4k
THBFANTEEERSAEFHHAERE,

FRENEHEAERBEMMREMN L, TLAATREIEEE D, HHHEEEED
AEEIAF . EW AN UBRELEETR .

® cwailt(c): WRAHBRNBSERE c LHE, SERETHS —THEMHA.

® ceignal (o) MEMIGTE cvalt ZERE R EREHMBERMNHAR. MBH LM

R, BEEY—; nBREEXENHR, fatb it

EREBREY wait M signal BESAESEFH, MREFEFIH—MERRES, BRAE
ETRUHERLFHNES, WEFEXMES

B 515 T —1TEREMNEHR., RE—1HE
TERRATRREN— L BEAGRE, AR
ISR RAE — ALK, HEE—  &ESHEE

WA — A BB A . M A SR Ter
EHEERMASHEETHYABAS D, % [*££¥ o
A HBEFBFN, TTRLANER cwalt (x) -

cwait{el) L

ERCERHEERS x L, BHEEBRASHFA
PR LB HEA TR RBATIP, T cwalt (x)
FER® T —&RHESITFREE R

MREEEFHSN T ERRAESATE
BETIHL, ERX caignalix), ﬁﬁﬂ*ﬁr‘ﬂﬁﬁ
AT R MEE,

e —MEAREANT, BRNBXREERE
REWKMEFEMNERE. B 516 8 HTHRA
RN —RBERTE. SRS boundedbuffer
BHHERTRITAREPHFNATEK, SELPHEW

VK

LAkl A

TEGTR (FREH cond AR ) HANMKPE _ qll:
LERN T FEMESEEN, nogull IR; B0 HH
BHEDH —TFRE, notempty WK . B s.15 TR

A 7= H 6 LA AR R LR appand R R FIEINFER . EAREEIFM duffer. Bt
B ERE SN notfll, LRATEBNXBERATHESH, MERE, B SRMAREXT&
HUMHE, RERTHE (AFEENNRE) AETUHAASE, RE, 498X AEHEL,
BEHESABTLANT Y, EHHEERE, FREAR. EEENKTRET -TF/HE. &
B B E notempiy FRFES . M HRERKDTLRTRBNAR,

XA THEE, SEFEARREREANKEAR. I TER, ERNETACHEFIH:
GEEAREREATERMNFAERX, B, BFRALAEEYSH cwalt f colgnal Fif
BAEERS, AT L#RE T REH X PAEBET, RFA— 2R WK P RN ™
EEAESENNAT, AFERAASBETEFRRRE,

R, 8 5.16 P, HRENRIT colgnal KBS YHEHNER, MREARBERAERLE
ceignal, Heare B AR ZFSHAREERE, AHHEFETH, HE A NI R ABEES
M, Hat, —RABREHEEHEEEIA ORTIT, IR ELHSEATRASATBRNHAR
%%, HE, BT osignal B FHENHROCSEFR BN THMIS, BT
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HTHEHAANEBRLBEE LR, X LUET B — R B2 AFIREH, WA 5.15 B

-----

BRAEHH

5. EER caignal REfENERIEPMTHESE—1

monitor boundedbuffer;

/% program producerconsumer */

char buffer [N]; * AYBD N BN EEE] vy
ipnt nextin, nextout; /x BHREIEE v/
iot count; /* BWMEREIBEWIAT «/
cond notfull, notempty; f* BRI EEMRALERE +/
vold append (char x}

1f {count == W] cwait (notfull}; v BRI, BrIEEH +/

buffernextin] = x;

nextin = (nextin + 1; % N;

count++;

SR PRI — .y

cgignal [(nonempty): FeRBIEMT- - T F R AR
vold bake (char x)
{

if {count == 0) cwait {notempty); /x Bl BNIETRE +/

x = bufferlnexcout];

nextout = (nextout + 1) % N};

count--; J B - -+

caignal f{notfull); i* B - AR
}
{ Jr EREK -

nextin = 0; nextout = 0; count = g; Fo SpE MBS o/
}

vold producer()

{

char x;
whila {true}

producea (x) ;
append {x) ;

}

vold consumer(!}

{

char x;

while (true} {
take(x) ;
consume (X} ;

}

vald main()

{

parbegin {producer,

1

consumer] ;

5.6 HAERREE REAE A EFEMREFER YK

MPBRAFEELEY x L5, calgnal (x) T HA S MRE,

mMx FESR, #ERNRLBHTTESEHR, fn, 03R4 M boundedbutfer
BRFWEM— coignal K, MAHAMNEARIINEBHEEAARE. BERTHES
BAATHRANHENHTEBRHETREAR, Ak, FMELETRIERLFHESNE, AR T
B MR, A, MR- EEECHRES, NAEHERNZEPRRNHAREETRA;
X FESER, RESFANRARENHAESHH I EREETEH, HHEHRA BERE,
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542 EHBEHMNBHER

Hoare X THBERE X [ HOART4 | BREFGIIIP 2L 1R, 95T EB X
#Z4FPE ceignal fit, EAFIFH— T HBILANETT, Hik, P caignal RIDER 0 7 Bf
BEER, KEHETEERE L.

X iER WA A .

1) fNRf=L csignal MHEATEHADBESE R, IFEW MM AED SR, HREX

MHBERE xR, YSEANEKEX AR LFE T,

2) HESHXHARRAECHEE TR, Y& —1 csignal B, X AP ZLFATIF
B — > R 0200 o7 BB BT . VAR AN B (R R ST A IR H st B AEFE, W,
SR EN A LS. Min, TeE 506 Y, %4 —9 ecsignal {notampty)
i, ¥ 8 notempty AF|PH — T B LHFE—-THHEHRAEHATEZINEHME. 7 —
TR, EAENBRTERE M SRR REN—TERF, FTEREESZiIRM. A
4 FE notempy BAF)| AT (0] BERE SRR K A TR,

Lampson fl Redell 25 Mesa iBEH & T — A FATFE [ LAMPSO |, 1M A &R T i
FL R EER, IFSFFSH AT B, Mesa BRAMMET AT Modula-3 RERFFIHES
[ NELS91 ], 7 Mesa ', ceignal Fifi# cnotify UL, cnotify AIMBEMT . K—iEfE
ZRPMARDIT cnotify(x}Rf, Ef5 x HEKRNEBIER, HEEFSHOHHRMLEERT.
EHM R E B AT RART L AEEFF RGN E S4BT ENERENT. 0
B, A FABEIETE 2 ES it BEATE, BMX S8 0 E e 4 &40 . flin,
boundedbuf fer FFRFHIHRUEXAHE 5.17 FHMAW,

if {41 while FEREUE, B, X MFESTM XA TEF L £ —WHIMORN, fEX5E
B, AN BFEDE, HFANEHEARE cnotl fy ZF T ARBEBITRAHEM R .

Y cnotify FigHXEH— R AGEHE, O840&FREXRE -TEEITHEE, Fie
LGRGHAD, — T EHNEHENNTEEEEERE SRERE. SENER, KEREEMEX
Zfh, MBS BRUSESEIGT, BRI LTRSS, YEEHEAHRE %
PSS R A MR, SEAd 3 A b o0 R i G TR ) RE SR SR i Ak PR R

vald append {char x)

{

whila (count == N} cwait{notfull); S+ RIPUEE, B LRSS +/
buffer [nextinl = x;

nextin = (nextin + 1) ¥ M

count++; /o BRI EE— .y
cnotify (notempty) ; /v BREIFFRFENHER

}

vald take {(char x!}

{
while (count == 0) cwait (notempty); fv BHRES, BFll T/
x = buffer [nextour];
nextout = {nextout + 1} % NI;
count--; fv B PRER R/
crnotify (notfull); Fv EE A SRR

517 ARBHPXERAE

HTFABLEINRNTARBRRWHTEY, HUlTUARECRTHIN—% cbroadcast
FGE, T DERE R R A LS FHEESERBARERS, Y—MIBRFNERELE
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BERHBEEN, XA FARIFEEFEN. Fln, EETEWNEENE D, B append # taka
PRBCERE A Tl B E TR, R, MR- RS RREN T —#HE, EAEE
HEFSA EEFHAOHREFERHALS L FZN, N4 ~1 cbroadcast, ffHEESH
)RR AT B A I R 2Rt

b, H—HER U SRR SSE A, ST UEESR, T ERF R
—MRHMF T, EARFH S RFEN, — AR THAN L NEY, BT AEE s
FRRURE--HTE o MFET, HREERTE, A RERNESH W HEaE,

Lampson/Redell & B4 T Hoare H 2 22 4 £ T Lampson/Redell 7 ibé5iR ¥,
Lampson/Redell &, B TR M IHEENRBGESEHRETEELR, A TERA T while 45
B, — T #RAERETBREES . FERBWRIGSWBRE L. PSS KR FH R 2 H
KR, MAMBHEHFRAHL, THESL.

Lampson/Redell B A — TSR EF I TEEBFEAP XA FHRESIEM FE. AN, #
B—TSrh KA BFEAEH, B TENFRiERESE, O L mig S,

1) RF—BuvBESH. TEBRMIELR, HTHELFMNEHIRE S —TREZBSE R —

AR L.

DEVREAHEML, MESTREGERER. SEAEABMENEHNTEESE.

{f£ Hoare 8, |58 HFik 1 R&M, MNHRETFT -MRIEL, "BREESE EHK
THRAT, EEWENSTHNAERER", Hit, ZFSRIABFE 21854, WREEEFRH
BT 2R%FFHEL, MFEEFREFFAGTIAR, WRABRFRMT T XML ESH
HEMEE (HEER, FHF-THEARS 284 FFE), NrEEERAFRERAaAESY
#HR . XERARERAENER, HOSRFEEENS TE25 ZRE 42 (fim, EfiRE
FramE ). SYINE 2 REAMBEINEDN, BFALHCE EBHAEWHHEE, mMFTF
Lampson/Redell H#, —K/ B4 1 REHHBF 2 HE5HMLE, ETMHBEECR
M2EEMN, ALESERERELEGEESEN 2R EMHT TN, A TEMIREEEEAD
B 2 RELH, BASTEHRMEE, Fi, 2 8&FTUBREES L8 D, M Hoare ¥
B, 2 RAHLAHSFEFIAENEFSHSEEARE Y, XER THEM SRR HHE
23 A1

55 Tﬁ .Efgﬁ Animation: Message Passi:g
HEZEN, LNRERTREAER. WPMER. PEEBEF, #BEATEFRE; TS
B, ARATEZAGE, BELSEN R EEN SR, HAEREE TS, BE
MESHARE. HEATFNSABERRE AL MR EEPHEN,
HEBHERETURAERER, ANEHNATIXERFRRRIEN—HMN B BREBH
EBRThBE L —X RiE R T A R

gend (desrination, meszage)
receive (gource, messagel

EEHABEHTHAEERNEENS /O BEE., — - #BLIHE (message) RERXGH —
A5 M B ¥R ( destination ) R EXFR; HBE LT receive HFEWIELR, recelive
FEPHAREFAEMNBHAR (source) MER

£ 55 FHETSHEABEEAR LN - -SRI, 42 6 A 344 KK A &
EIR:
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#55 ATt EEENESMERRESRITSR

B # -3
send HE
B # il 2
JGEH 2 (& 2
reveive [zl k' 5
mE
] IZE
Wl R B R
Hit HEMA AR
B M (FIFO)
send K i
reveive
(=K
& &
&
i
R
55.1 [EF

ArERBHNHREFRIEEMFREMER: A Y HELAEHBZ G, ElHEAEE
BWHEE., i, Y—1TH#HBLEHET cend ® raceive iS5, RIIBTERESREMHA.

H 8 send JFiE, Bk, B—NHBIMNIT send Rl , HEMHOAEH: REREHBREH
EHFRXTHEBOWARERED, sbHFHEE. B, Y—THRBAN receive KiFiT,
A5 P FRTT HEHE -

1) MB—MEREXZWRLEE X, WHB BB geiiiy,

2) MPRHEASHFMAEL, ZXABSHESFINEHFNEBREIL, SEZHEBEER

17, MEERWRFE.
Ei, RXEMEREHETULEELRIAE. B8E=R4aD, {H&'f—l—"%‘#ﬁﬂ?fﬁﬁﬁﬁ'
Ry —f A E.
® HE send, MAE receive: FLEFHIEWHHWHEE, HATRSEMEMR., XFHFR
AR ES (rendezvous ). EHER THBEIKNEERE .

® IME send, FE receive: REFLAF AT LIS, (HiZWHHEE TR HRKMLE
. XWREERFHY--FEE. EAF- THESETEREREE R EX —KNE
FHB . TESETENAFTERAEENAREHEMEZE, FXTHERX, FAm, —
A HR 4 Rt s H i e PR IR &5 SR B R -

e M E send. XEE receive; FERTT—FHFFH.

R EBITEBEFRIES KR, KX send REB KM, M0, THE send AT K—
AR, WITH, ERVFERERLUEE NER L KiFR, AEgksE. LMAE send fFE—1
MEMGER: SRR ETMAENE, B PR EEMER, XBHaTRENE
REERE, fiELtERAMEFXsE, A #FEai2aRERgs., FAft, LH#E send 5
BFAENT A, B SR EHELE2TRE, B ReAEAHRENE, HUEEEETHE.

WREMELBEE TSR, AE receive EEEEARM. HEY, HR—-THEN
HERTEXNHENERAESHENTTE, MR, WRMBEAT (XESHARHK PR
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RERSE ), REF—-THEREXIFHMNESZNEANT, BaB AR LRPBHEHETE,
EAFATLEATEALHE receive BER, BE, BHAENERE, WRANAMERE—
MHBESHGT 52HLEM recelve 25, EHRHHELR, HATHROFERAKF—1
HEERY receive ZRIRMAEHMA EESH, MNE AL VFHEE receive FUETHESR
AEHE, MR- AREASHNE N ESES R ENTA, A RER— A SESE
METEN, B—¥WEFEkRERARN,

5.5.2 Jiit

B, Keend RIETHER I HEENHAERELERN, X, XEMTHARFER
EERENRRER.

1E gend ¥ receive AiBFAFEFRWMABE F BT HTR: FHEFE ST,

M FHEEF U ( direct addressing ), send FUF & Bir#HE A IEHMT, T recelve FHiFH W
nBHA, —HEERAREABNEREE, Hit, BEBLHMEERIERBEEE QB4
BERHE, XF A FLAENFEZEEANSEZETHTRY . 3 —WEHRER T EHEERHE
MEIER, SR BREREER X HE M AEBHTERHR, xR TAERBRAINE
WA, B, recelve FHEH source B EFE THEWRERTEREEE,
B #YHATEREEEN (indirect addressing ). FEXHER T, BMAFRHRENEZX
HEXRBEWHE, MERZD —THENIEHH, RERLEHEFEHEMRFIEM, XBIAF
W HNEH (mailbox ), Hilk, MEMHABHE, T HABRBEGEWERERFR, TN
fERPREXEHA,

MEFHANBRERENENEZAMNEEEE, Eﬁ.@%ﬁfﬁtfﬁi@ﬁﬁ&ﬁﬁﬁ&o x
EEAEREZENXETUR—N—, #3—, —HEHXSHE (LMH518). —H—FIXE
AR ERRY L A0EEEE, XTUHRCNZEANREREBER, 40 AE e
BTH; £ -HXENEF/MFEAAEEEEER, —THES Ty HEEERS,
XA, HRTEERI—18O (port); —~WEHLEERTF-TEEENEERE, EXT
- AERA B - ANEREWHFRANMAHABRFIENAR £ EWCRERZ Ry HRT
AR EAF P R AtR % .

5 . EE] pametet
a) —M— b) FXH—

Ay

EE

CYRREY, &)

c) —X& d) HItE
518 MEBMERER

BRI AMRN LR T RSN, BT UE3ER. OB EARERCH B — B ENK
B, HEER, WOENAMABFEEHEHR, £ —MRXRTREATBENL
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AEREER. YEELERER, BXENEHEA KSR L BN, EFHoya L@ H
&0 connect Al disconnect Z XMW FIE.

“*ﬁ%ﬁgﬁrﬁﬁﬁﬁﬂnEJWﬁmlEﬁﬁﬁﬁﬁﬁﬂﬂ%@#ﬁﬁﬁﬁﬂﬂﬁo
FHig, H—MERERsst, ENRD GBI HER, 3 TERNES, RERET BB
PIRAERY, SEMEFATTUEREHUREMERRE, EXHHRT EfMaRixita—&
BE; AR UEREABRERKEIE, XA THRAEETE 123684,

55.3 HERER

HEMBABRTHBNHK ERUEENHEZETE—SH AL ELERIBAREF X
FEMMERLSE, RIFEMARREN. BERKENHE, DB BMERNFTE, METEE
BABRMBE, REM KRS d, HEATRARSH

BOCHE, —HE RN R A TR A R Y

H s 108 T —HEFERNERTTEERBNMEBEELE R ¥ 1D
o VOB RS A AERM AR RE RN R
AWK, WEKT LTSRS EOHERE. KERM RATE

HEAE

W T AR AR D RER B RN R
B . EFHAFS, DR MEERR.

5.5.4 HERAERW M519 —iHaKS

B 1o BB FEBA R SR 2 SR IR0, (ELR MM B R H A ER DU, {18 ERE
AER. — T HRMRIEAFEERAMRER, ATUETHARNRUREHEZREHE,
A—EEEAFRERERERERFHEET —KEEETHE-

555 Hf

520 @il TATRITERBERGHBERFX (EXHRE 5.1, #5288 56), HEMEA
fHZE receive AIBHLHIE aend Fif, ~HIIFRHARELE 435 vox, T HHFEIRHEE
B FEWE SR, BERERLR - EHEAEA . FE AR X S % R
B AE A, MREEEYS, NEHEHEE; -BABEKEEL, TREEHEAR, K5
BEMAREE. B, HERETURREERBEMEBRN—FOM,

HEAHYARRMEBE, BATRAH —LWAHBEHTE, & {

/% program mutualexclusion */
conet int n = /* R ~/
veld P{int i}
{
message msg;
while f(true)
raceive ({(box, mag);
/v HERE +/;
aend (hox, mBg);
} A HARTRS </,

vold main()
{
create mailbkox (box);
gend {box, null);
parbegin (P(1), P{(2), . . ., B{nl}:

s SRAMABHER
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LT BB RIR A &R R AT R,

® MAA-KER, TAHERS MR, HAeSBEREE,

o WIRHEEWIhZT, AN BHEHEE; YH A TH, QBT

HFEXAHE

XA B ERR 3 AT R AR LB R e,

EXEHESMAENE T, E 521 REAHREWE &= F/NBE N E N — M
B AN EREE AN ERES, BB LR 20 TE 5.3 B EREH&E . i 5.21
AATHERRWEES, BRTHESESZATERMEB. EERTHMNMSE, YErmgrmeT
BiE, EENHEBHARIEH nayconsune, HEHEHTH—&HE, MR ERT TG
WP N2 )G mayconsume tE MBI X, Srh X o o BrE B4 2T BEA T, 28 vh X Mo/
H2RER capacity WE. 5/ mayproduce BV HBE T MA, SHAMMBESTSE
MER, BRE™ME nayproduce F A LI/, HKNBEE mayproduce M B
BOEK.

BRFETEFRERATE, TLEEMEFEAARE, REENSBWRXEMMEHNT, #88
EAARAMARERE, A EHABMN nayproduce EHE— TR L, BiaWSE SR
mayconsume {SF AR — T M Lo

congt int
capacity = /+ EMNERE +/ ;
null = /* =HHHB ~; ;
int i;
vold producer ()
{ message pmag;
whila (true} {
receive [mayproduce, pmsg) ;
pmeyg = produce(};
send (mayconsume, pmag) ;

}
i
vold congumer ()
{ hagpage cmag;
whila (Lrus)
receive [mayconsume,cmeg};

cansuwme (cmag);
send (mayproduce,null);

?oid main{]

create_mailbox {mayproduce);

create mailbox {mayconsume];

for [(int i = 1;i <= capacity;i++) send
{mayproduce,null}

parbagin {(producer, conszumer);

521 HHAMERRAREMELFE/MHRERNEN Ak

. — g o b 4

5-6 ﬁ#"“‘% %Iﬂ@ Animation; Reader-Writer
BRI R ZHLHE, RS -3 & A (R R AR e, i BRI R i A g 75 380 IR
MAERTER, I TEREFTRAM. EREXSRTIHET - SHEELRMEERE, IR R
BRI AE, MARTAEIE . 6D L4800 8 4 7= 3 /3 #2815 5 ek 12 ke ph—
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TR, ARG - SHME. #E5-SHRE.

EEF-EEREEXNT: A2 M EREEMREX, XPHEXTYE -4 IHRE
—RATFEE, EETLIE - EHFEH., H—0i#R (reader) RERXAMHEX HHEE, —
SR (writer) RENERFSHE: AMNESAE LT &4,

1) {3 & h i JE 2 AT 1L [ ek A 304

2) I ERE - NEHETUS .

3)) MR- T EHBEES A, BIib{emiEstSiE s,

et R, EHERAREHFAMEREN, EABRREEESRHMAEHEY, 0OF
EHENE HE.

TEHEEE 28, HALRME X A-PEMESFE N RE: — )T R E 58 ]
A, ARE-GENES, RHEASERERPTENE, SEBRRSMABEX Pk, T
MEHFRE, AT EMTHEETHER, i, B0 LR B i ([ B X 48 4 79 B g8 —
TMEAE, HARTEE - BREREEAOER TR, JFUEEXF TSR EER, BEBX
FOFG T LA BB R SR, M—Ra SN A kd TREE IS mREES, fil, B
HEXRE-1TEHEEZ, TEA AL ZRBZLER—FH, —REMEREERTLE
MAF. E—BBEFES, FUCH ARNTREALUESERVE - MERE, HEAPEIKHE
EE— 1 B3, XHSHRDEAFMNER. R, #4EARAEETHREEFEEN, ki
RESRET MR bR, LLBSRBIRERMEE.

EEHRENEEETLERERA -5 HE (£7~F) i—MEHE (HHE) B
FHREE-SEMER? EREAE. £-FFANNR-ITSHE, TOFERMAIIES, D@
EAHEET -5, HHEFALAREERRERAEC W, 200, HHEO AN E— R,
TOMBEBEANEBHUEREESMNEWRREFHET —MRT,

MENHITEE-SEEWBENTERHBERETE,

5.6.1 E#&{LE

B 522 BREAFSEN —FREATE, EL2UT MBI EHENTH, ZFE
EREHRTAHATE NSRS #EAEY. SHEERER, F5R wveen AITXHER,
HE-TMHERELEVHAEREN, KNS #FEAEH B FE R T iR veen
EME ), HE, ARTAENESER, SEFRAREREN, F—MIEHENEHETEE
woen | Hfr, YEPCEFH -MEHBRERE, BENEHEREE SR, TLHAHEEA, 25
FH readcount HTIEREHBHEE., S5 E x fl THE readcount HIEH L EH .

5.6.2 BHH4%

EREABERETED, RHBEARAHEHR. Y— T EHEFBVRBERR, IEELHF—~
MERABRIEEE, AENBRRAM I M ERKAERN, B, SHBREMEL TIIRRE,

5.2 fETH-RBITE, ERIESX - MEHEFPREER, & RFHiEitgsnE
PRER, THHE, FCHEXWEM LR CTENTIESBNER:

® F5R roem: HEDH I EHERAFUAREEN, BFPEILBAERELR,

& TEB writecount: %l reen WiZH;

® 5B y: Bl writecount HFH.
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{* program readersanchriters */

int raadcount, wWritecount:

sanaphora = = j, ¥y = 1, z = 1, ween = 1, raem = 1;
wolid readery)

whila (true) {
samWait (z):
aapWait (rsem):
aedWait Ix);

/* progrom readersanheritars */ iia?g:::;:;;:.t - 1)
int readcount;
semaphore x = 1, wsam = 1 semsignal H:?‘“ait {woem) ;
vold readar|] semSignal {reem};
semdignal {(2}):
while {true) { leJ;'?IIIT{): )
Aegait (x): gamWait (x};
readcount++; roadcount--§
’
if (rTeadccount == 13 1f (vreadcount — () PamSignal (weem);
sanMait {(wsam); sensignal {x);
semsigral (x}; t

HRERDUNRIT( ) ;
semWait (x);
readeounts f
if {readoount == 0} while (trua) {
aama}gnal (wEamy gemWalt (y)r
semSignal (x): WIitecount+t;
} if (writecount == 1) semfait (raem):
scmBignal (v):
semWait [weem);
WRITEUNIT{)}
samSignal (waem);
semMaie (y);
wIiltecount--;
if (writecount == 0} gemSignal (resemj;

+
#oid writer ()

}
wvold writer()

whilea {true) {
Bemdait (weam):
WRITRUNIT{);
sendignal (wsem);

¥ sendignal {¥}:
H ¥
vold maing) 'ioid maing)
{
readcount = Q3 readcount = writacount = 0;
parbegin {reader, writer); parbagin (reader, writer):
T }
522 HAGESEMREE-LERRBAN 523 {FHESEREEZE-SHHHE

—FROTHE . AR —FE 5ARE

MTEER, PRE—-THINETE, IFf reen EAMIFEERKAY, TS HPRHALE
Bratax A3, Eile, B 2iF—T SR reen FHIBA, AT A HLEHBREFT reen 201,
EEEHE z R, #5606 T X0l gEYE,

%56 5.23 BAEPRHIEATIRS

— ¢ 0H wsem
EEb HTRAS w B4
e S v T8 weem Hl rgem

o SHERIE waem EHERA

s HRHERTF wsem

¢+ HEHEREE sem
BB AEFAH, AEHEEL * FRHEEE A wsem EHEBA

¢ — P EHFRLE rsem  HEBA

o HENEE 2 LHEB

* AEHRTE wsem

s HLRHREH sem
BRAEEFEIAE AR, BEHBEEE o TR wsem L HERA

o P EMFREE rsem EHEBL
MApEHR L 2 D HER

P 524 8555 --FATERAFRTE, CRTFEHELLA, FELHISMERIH. FX
FEAT, H—TUWRAEEER ARG LRE, KO8R MR aE R R A
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KIRE, MREEVRH, WSWE—TREME “OK”, FHBRL—1 “finished” MBRRW
B . HEERER = MM, BN RETR - EERBIMNEL.

vold readerf{int i) wvoid contreller)
{ {
vl aAge rimeqg; whila {trua)
while (true; {
rmeg = i; 1€ {count = O} f
aend (reddceedest, magl s if {immpty [Tiniwhed)j {
recaive (ohox[Ll}. tasg); raceive (finished, mag);
RERDUNIT ()¢ COMnE++ |
rmeg = i: }
aend {finiebwd, rmag); ales If (lampty (writoraguast)} {
1 racalve {writeregquest, asg);
¥ wricer id = meg.id;
void writer(int 3 count = sodnk - 106;
{ 1
meseagE LY elas if {lempty (readrequest)) {
whilaftrue) | recalve {readraguest, mag);
tikg = §; cannt-—;
send [(wrlterequest, rmsqi; dun? (mmg.l1d, "“OR"Y,
racelva (mbox(1], rmegl: }
WRITEUNIT ();
rmeg = j; if (goust = 0) {
send (finlebed, rosgl: sand [writer_ia, "0x*))
) Twceive [finimhed, mag)i
1 count = 104;
}
while (oount < &) 4
receive (finished, mag);
EENUTS L
}
]
b

M 524 MRHBGERRES -THTERBEYN T

BTETFEHEMRLN, SHERCRA TS ERELE, FRETEHERBER, K, M5
LHERF, ATHZ N, TESHHTE count, EEMRAET— AT ERNIEERBNEX
H. £ MEFo, BITRMERN 100, &GS EEIBEIMT:
® MR counr>0, MBHHHBFESS, TREALITEEEASKRNESE, HHFRFEKE
PR, HAHRS FIA “finished” HE, ROHMETEWR, HRA TEHER.

® WR count=0, MHE— KRR HEREEFH R, AFXITTHBESRERITHFF—1
“finished” THEB .

® IR count<0, M—TEHHECHEZN T —&F K, HFHEAESFHFHRFARISRO TR,
Fi, RA “fnished” HEBHBBRE.

5.7 INE

AARMERARNEORFEBR TR, ZLAERFNSAALER, FHEHER LI ZEE
RHEOTHEARMEMRI R, Y2 HBH RO, FEEEZLHEBRENHELT, €22
LESEERTFEL Y, HoEPRNGHERER.

FHEABETLUKEHFAHTEL. EEZEANEN FRER T RHFEZFERATRE, W
AL £ 2R B (8] BT /O BRI F . HER M THEG ] — AR, N—RAFEER X
Pr, ATEEMEEMGER f, REEH P EREERMEE FRFEN.

HFHmE, Y—H AFER, —RAAF - MHEERSHRHENHRENTSENIIER.
H T+ BER T LRI TR i AN B R 4 2 250 v 32, 30 0T LART T B R Y [R)28 , (848 = 0T 7T ELG 4R
F--FERE— T TREFEMBESEDY, —THBRAEWXTREE, H - TRELHE
AR PR

IREFNBE_H TR RERATINMRES, XSRS THE, BEhTFERT S
fF, MERR.
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EREROE A ERRETRERR PREMME I, RhEW ROAREREFSER
EEAHE. FORATEARAEZES . AFUURESHBIE - TEFBN. HEMEEEFE
WEHRAK, EARARERFESRET- - HHERATE.

5.8 WEiEY

{ Little Book of Semaphores 3( 291 7 ) [DOWNO7TI# M T X BHHF S E0n G, °T LIZERN E &R .
[ANDRBIEFE M A B ARMIFEHE . | BENS2 | 8 TEXTHE., F . S SR MHEELE
WA ENITE. (BEN® ] BT ~HEEIM Fik, PRI GG XHRE. [ AXFO8S] E5
— AR H HEREHEN IS, TREETHEREL BHERFE, [ RAYNSs | €5 — RFIRH™ 5
W EFERE, BIFHKL A (20 Dekker) MES TR AFESEMMEE . [ HOARSS | B—A e
WAz, EHNTENFERMIEZN- - HERAFTE. [ LAMPS6 ] X TEHF B — M ITR A ELF
wH#, [RUDOSO ] AW FREIN L. [ BACOO | B -MXTFHANWESBREFHNITE. [ DIRRSY | &
TXHEBTFROHREMMASH . [ BUHRYS | R X TERMIFMAER. [ KANGIS ! i T X TEHEHR/SGH
EE RV ENCTY
ANDRS3 Andrews,G,and Schneider,F.“Concepts and Motations for Concurrent Programming.” Compuiing
Surveps March 1983,
AXFOS88 Axford, T. Concurrent Programming: Fundamerntal Techniques for Real-Time and Parallel
Software Design. New York: Wiley, 1988,
BACO93 Bacon, J. ,and Harris, T.Operating Systems: Concurrent and Distributed Software Design. Reading,
MA: Addison-Wesley, 1998,
BENR2 Ben-Ari, M. Principles of Concurrent Programming. Englewood Cliffs, NJ: Prentice Hall, 1982.
BEN90 Ben-Ari, M. Principles of Concurvent and Distributed Programming. Englewood Cliffs, NI:
Prentice Hell, 1999.
BIRRSA? Birrell, A. An Introduction to Programming with Threads. SRC Research Report 35, Compaq Systems
Research Center, Palo Alto, CA, January 1989, Available at hitp://www. research.compaq. com/SRC
BUHRSS Buht, P, and Fortier, M. “Manitor Classification.”4CM Computing Surveys, March 1995
DOWNOT Downey, A. The Little Book of Semaphores. www.greenteapress.com/sema-phores/
HOARSS Hoare, C. Communicating Sequential Processes. Englewood Cliffs, NJ: Prentice-Hall, 1985,
KANGY8 Kang, S., and Lee, J. “Analysis and Sclution of Non-Preemptive Policies for Scheduling Readers
and Writers.”Operating Systems Review, July 1998.
LAMPS6 Lamport, L. “The Mutual Exclusion Problem " Journal of the ACM, April 1986.
RAYNSS Raynal, M. Algorithms for Mutual Exclusion, Cambridge, MA: MIT Press, 1986.
RUDOY0 Rudolph, B. “Self-Assessment Procedure XXI: Concurrency.”Communications of the ACM,

May 1990,

59 X8BRIE. EIEAIA

x@RIE
i HE e 5iRF e ¢
—rfEER HERIER —gfiREE EFRE LR
FH & HEE SR M E AR X HH % ‘ISR
CHLY il 55 0¥ 157 Gl RHAMN HiEESE
HEFXRE IR X
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E3&

50 ¥WHSHEHXH MR FEE,

52 FEHEFEH=EE T ORERA AT

53 MAHERBHIEEFNERRA A

54 FIMHBAIM=ZHITHABEMNERE, RS INEARNE X,
55 REHABWMEEEARRAE AKX

56 FIMSHHABEHSH SRR HE, FAERS & aNES.
57 P EFMER.,

58 TEESRETUMTHAERE

59 ZhafESEHN—-EESEEMHAKH?

510 BESBRAHESEHTAE L

511 frAaERy

5.2 MTHE, EEFMLHEHER AKX

513 EFSEE-SEMBHLKAFTBEEHS?

=18

5.1 s W-Frmwdsd, EXEXA REL, FERFRTAESLARNAETR -REE, E/HA

Ik, XRHAERFRN., BEESHAASHBRF TS EABRREEFREZME EARTEN.

52 HEASENTAYHATEBEFEEANEFRETEANTA, — T RESEHENFHEENEBFRE

FFo 298N BRENMABREE, HSHRETHE., S8 [ CONW63 ] Fp— R AR
80 Ak A, il THREREIMNITBESHT 125 M FATP. £8TFFEREHEA

AHSARHEAE, FAEFATENHENES (») AFERF T .

a) FREFAEH—HEENETRFRENRE. AHEXAEBRFORERAHT., A TEEMN 80
HArm 125, BEPERNLRFAMNETEFRFHS,; L, HEE, FRrERNKEEERR
FRESMHKA. EENMEHFBRIERN - A EREERFRE= M HImd R, 1
HERER IS, EETEASNTSRE, HHFRARE A—TERXE. SETHRAFRE.
B ERERRTGE S, RRFAER, FTHBER - MEa 3, BETERBABE 4
WAt 3O PR BB, BT 125 M F AT,

b)) BAT T RZUBAEERD I, RE Y VO MIKNXHMFE, Conway Bl T —MIFRFEHBEA.
BERF, TAFENARERS EL TR KEEREEN =12 (LE 5.25), TFEN
gEt, FRAARMERE IR FEI/ A EE, BEABRTUELRPHET - ST EE,
HEEIEMNEMATI S, FrEESENAR SR, hERRERBRE —FENHFIXE,
ASEHATEEBN, ABRRALRP - XEBEREF GG, ATRAEAALER THIRAL
B, DREEER. HE, U6 RIFES LA R E A ¢ IE R AR S — -t
FEF, YS—thRBEE kBN, EEADAE “&E", BT, ZhFRABFEEHA
P EEaSABESFNE. IR, BFT K REE —ThREFLETHATRE, HERE
ReT AR B AE X
B XA R R B . EEEE s2s hEANRE.

¢) EABFNEREL &4, BifNAR VO M READCARD IB8—4 80 MFHRFIEEHA inbuf,
TR B true, HUGEE false, BRI MBS, NOITXFHAEHR. EERSITEN—{FA fEE T
F 125 T FF.

d) PHESREESHEEFE.
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char ra, Bpg vald rguash{)
char irbuf[80], ourbuf(iis] ; {
vold readf) while (trua} |
1{ if (ra Ls =v"y ¢
mbila {trus) 4 Ep = rajp
READCRRD (dintuf}; FESUME primt;
for (iot im0; 1 < BO; i++)¢{ 1
ra = inbof [i]); alneq
RESUME sguaah FESINME read;
} 1f (£ == "7y {
ra = v Ry sp = "ty
RESUME squaeh; BESUNME print;
H }
alew {
vola print() ap = "y
HBSUME print:
while {true) | 8p = rS;
for (iot j = 0; § < 12%5; j++){ HESUME print;
outbuf [§] = ap; I3
RESUME Sguash H
H RESUME yoad;
OUTPUT {outbuf): }
? 14
H

H525 BEBFM—THT
53 AR

Program Concurrency;
var X: integer { := 0)};
¥: integer { := 0};
procedure threada();

begin
x = 1; {+ i#4E 1 +)
¥ =Yy + x; (* iFH/z *)
and ;
procedure threadB()} ;
bagin
¥ = 4; {(* iEq 3 +)
X = X + 5; {(+ g )
and ;
begin (* TH#F *)
parbagin
threadh(} ;
threadB () ;
parsnd

end.

REZARTHMHENRRE, —MRBRTEN 1R 2, B—TLBRTEDI M4, AMA
XEAHAT RN, FRREMFE TR, 55—l gitEed 4 1 - 4 L2058 B BT .
BEET 1~ 4 BRERTHY,

54 (IREANFESRATRENTHEFER, BEXELEL A (TUREM—4%XH), B, A, A
BRI 553 .
Program As_and Ba;
var { {FEEAH )

procedurse A(] ;

bagin
{ /A p, viB4 )
and;
procedure BI() ;
bagin
{ {LBA P, viBY )
end;
begin (v FEF =)
parbegin

All;
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3.5
5.6

5.7

AQ);
A
B{);
parand
and.

EHMFRE LR A e ISR NS - A, FFHEEH AT ENE I,
EETHEAERF:
boolean blocked[2] ;

int turn;
vold P(int 14}
{ while (true) f
blocked[id] = true;
while(turn != id) {
whila(blocked[1-1d])
/. FHE{TE -/ ;
turn = id;

b

I WWHE s/

blocked[id] = falae;

/* HAEES =/

1

}

vaid main(}

{

false:

false;

blocked [0]
blocked [1]
turn = 0;
parbagin{P(0), P(1)];

13% [ HYMAGG6 | FR3E 1 Sy o 5 B A — RS ik, RN EF EAER— i, B
BHE, £ ACMAFREEHFERT .

BAGHFHS -HREEFER Lamport IEAELEE Y  LAMPY | 2FLUEXTRFEA D ECHER
¥ATFEAESREGEESR, SMIEERETHEA—THEUNE, HERSEXEINRS. B

®inTF
boolean choosingln] ;
ink humber[n];
while (true) {
choosing[i] true;
number [1] = + getmax{number([], n};
choogingii] falae;
for{imtj = 0; j < m; j++! |
while(chooaing(il}) { }:
whila{(number (] != 0) &&(number[jl,3j)} < {(namber[il.i}} { }:

=

}

f* mRE*/;
number [i] = 0;
/% HAb&Fare/;

}
MUY choosing ) number 5+ DB HT M 4L AR false F1 0, B PTWEANE i ORI GHEE i EXF, A

HAe#E A, BiEAQ,b) <(c, HBE XK
{(a<c) BE (a=c H b<d)
a) AXFHAXNTBIE.
b) ABRX A E SR T IR,
) RHAEEBTHERF.
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5.8 EREENARMN--PEE, ZRARSEHTE choosing, LR

int number [n] ;
while (true} |

number [1] = 1 + getmax(numbexr{], n};
for (int j = 0; j <« n; J++){
while ((number{j]l != 0} && (number([jl,qj) <« {(number[il,i)} { };
}
/r BERK =/,
number [i]1 = 0;
/v H&TD »/;
3 .
BEAREER T HFEL? RBEER, 2

Animation: iscnberg-McGuire
59 BETIEF, UEFESHTHELEREN 848k,
integer array control [1 :N]J; integer k
K, 1<k<N, control g —PERM 0. 1f2, FALTKPWEN 0, k WWERTEN.
Wi TR (1<isN) BRABDT:

begln integer j;

LO: control [i)] := 1;
LI: for j:=k step 1 until N, 1 atep 1 until X do
begin

if j = 1 then goto L2;
1f control [j] &ne; 0 thean gote L1

and;
L2: control [i] := 2;
for j := 1 gtep 1 until N do

if j &ne; i and control [j] = 2 then gota LG;
L3: i1f control [k] &ne; ¢ and k &ne; i1 then goto LO;

Ld: k := 1i;
R
L5: far j := k atep 1 until N, 1 etep 1 untll k do
if j &ne; k and centrol [§] &ne; 0 then
bagin
ko= 3y
goto L&
and ;
Lé: control [11 := 0;
L7: WEHF &L,
goto LO;
and

LB Eisenberg-McGuire 3k, BB EMBERN T U85,
510 FEE 5.2 PHHE— T bolt=01RH).
a) ¥ exchange >R HEEAFIHFRER"
b)) B —F kS — Lk
501 MiEE s 2 WS ERAENSESEET RN, AR EAFURIERERZNAASHEAREE
H R — 1T compare&sswap 5 R & IR EE N — 4254 A KRR K BHERTE n—-1 4 um
AiEEA, n BERIFFABRARSH#ER, um BHE— P HETFBERR, 35— THEFEFEDHEER X
i SN
512 #FXBPESRREAS —TXHERFRAETUHHESE testaaet HS, B XANTF -

boclean test_and set {int i)

{
if (i == 0} {
i = 1;
raturn true;



172 # e i #E

5.13

5.14

}

aloe raturn false;
1 testepet S EX—4 58 5.2 Biphid R,
ZFETHXTFRERMNEN.
vold semWait{s}

{

if (s.count » 0) {
8.count—;

}

elaa |

place thie process in g.gueue;
block;

}
}

void semSignal (s}

{

if (there is at least one process blocked on semaphore g] |
remove a process P from g.gueue;
place process P on ready list;

}

alsa
B.count++;

}

BBoE L5ME 5.3 PRGEX#HTHH, BHAMELZRF NI EHEME LD, F58K
EAEBRAE. SERFTIANERXRHEXR, HERFAAAR? IESERITEFEL
MR T, -T2 XD

FRAF W THHERAETER. DUNERSERESEENT 3 ted, 3o iR E KA Ly J]K
BRE; 2) M= HEHRLAAL. REUAIEAF RN = TEERHRHFEE, RiEHHEEERNY
HEFREEEEE, ATHEEERATRERICFEFEZIABREANARRNSFRE, MLl
HROBUTELFBRITEMSMFHHZERR, FLUALURBNTHEF.,

1 aemaphore mutex = 1, block = 0; /* X HE: semaphores, */
2 lat active = 0, waiting = 0; Fx iR x/
3 beoolean must_wait = falge; Jx REBER v/
4

5 semWait(mutex) ; /I HARRER +/
6 if{must_wait) | I MEEETEENA=STHBREEMAHARE, W «/
7 ++walting; fr FHERESH, HEEXZADLMEL ~/
8 semBignal (muktex) ; /v BIFRRR =/
9 semWait (block) ; [ BHENIAAANREREAET «/
10 semWait (mutex) ; /r EEHBARAK +/
11 --wailting; /* HEAEFRFHRBEET ~/
12

13 -{+active; [* BHEFAEMATE AR, B «/
14 wmust_wait = active == 3; /v MURETHHFEDT 3, MHEERFIC must_wait A »/
15 gemSignal {fmutex); [« EHRRE ~/
16

17 /* IR . HEBMERATERE «/

18

19 semWait (mutex); /v HEARRE */
20 --active; /v EFIEAERFRMARMN «/
21 if{active == 0) { /* MRYMAHEERE —TERHE ~/
22 int n;

23 if {waiting =< 3) n = waiting;

24 alse n = 13; /v MBFHEEEEAT 3, WRAREED 3 +/



ESE HXM: ZFFAF¥ 173

25 while{ n = ¢ } { /* MEBERMNERE +/
26 semBignal {hlock) ;

27 - -1l

28 1

29 must_wait = false; /* BRI H MR EHESNC B «/
30

31 l};emsignal[mutex}; /* BEHKRN */

ETBRFERERANE. FEHYLEHEANESERRRRP, #REGER K FlTa
AR HE, FAREA - HECHEFENAREREXERER, RE T NERAEAmH
BRE 3 THAEENAE.

a) XIPMEBFAAIER, HEHASM0E:
b)) EMBRITEEASTR iF BN ER Y while 1FH, BERRT EEAYEE? HaEanRre?
MIELER I —MMIERBIE, WF:

1 pemaphore mutex = 1, block = 0: /* HEFR: semaphores, */
2 int active = 0, waiting = 0; I i EE +/
3 ©boolaean must_wait = false; /* REFED v/
4

] semWait (mutex) ; [ HABRE *+/
6 dif{must wait) { f* MRESFTHAL=ABEXERER, A ~/
7 ++waiting; i+ BHBREESTY, HEERXZAGMie «/
a semSignal {mutex) ; S BARRE =/
g semWait {black) ; /i BREFPYUWFEMNHRIEEERET +/
1c } alga |

11 ++active; /v BRI FHATRARENE, [t «/
12 must wait = active == 3; /* WRETHRZEAT 3, WEEKFLE muse_wait FER +/
13 semSignal {mutex) ; /v EHERX +/
14 }

15

15 /+ WRE.: dEGHOFEATRE ~/

17

18 gemWait (mutex) ; /* HABRE »/
19 --active; /* EHEAEMATRARN ¢ «/
20 iff{active == 0} { / WREWHBRRRE —THEAE «/
21 int n;

22 if {(waiting < 2) n = waiting;

23 alse n = 3; /I MRS HEBEREARE —TEEE +/
24 waiting -= n; i * H:‘P%ﬁiﬁﬁﬁﬁ’rﬂ *f
25 active = n; f* HFEEGENEBNE +/
26 while{ n = 0 ) { [ WAERAEEEA IR w/
27 semSignal (blaock); /*one by one */

28 --n;

29 ]

30 musk_wait = active == 3; /* AT MBRERSHERF »/
31

32 iemsignal{mutex) ; i BAHRE «/

a) BBXTMEFNIEFR, MMtaxm LENRXELERMN?

b)) ETEFARESBAFIENAEENCA SHAENEINEE, B/ MpELE
AT . BH—1EF.

c) XA RFRE—TERAESESAN A RENEHEERES, XM "Il Do it for You” (
B H e FEE RIS ) B, BEIREA .

5.16 BAEXEF--HHD—TIERBE. 1T

1 semaphore mutex = 1, block = 0; /* HETFR: pemaphores */
2 ink active = 0, waiting = 0;: FANR IR Y
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3 boolean musgt_wait = false; i AREER S
4

5 semWalt {mutex) ; /r BEARRBX +/
6 1f{must wait) { i MRAFTHBAR =BT EEEER, B «/
7 ++waiting; /i B EESNS, AEEXZ LA «/
8 semfignal {mutex) ; /* BHAREE */
9 semWait (block) ; * TLREMAAANBREFEERTT +/
10 --waiting; /* HATHRRE, EFdBG -/
11 }

12 ++active; /v EREFGATERERE, Rt ~/
13 must wait = active == 3; A THREHHEBATIT 3, WHEEHRKIC nust wait TR~/
14 if({waiting » 0 &&E !must wait) i MERABEESSF, H +/
15 semSignal {block] ;; J* WHERMNHARIEAE 34, W =/
16 /* HETHERE T EFESFENERE +/
17 else semSignal (mutex); A EHmM, BAERAE ~/
1lg

18 /* WHFK,; HHEGREEFITHRE «/

20

21 semWait{mutex); /* HEABKEK */
22 --active; ) [ EHMEEEAGTRTRY ~/
23 if{active == 0} /x> IMRUWABRERG - HEHE +/
24 must wait = false; /¥ FIFEHEHA »/
25 i1f{waiting == 0 && !must_wait) /* BRERTRA LT EHFNAR /
26 semSignal (block} ;; J* MBERNAABREAESRNS, HFARKUHHBHEESER «/
27 /* W block TAEEIFIC Y TMEEBAL ~/
28 else semSignal {mutex}; J* FOl, BHERRE +/

a) MEXTBIFHITAFIR, a3 CAEAFLREFRY?

b)Y XAHEEVTLFMRERE - EREN - —ERRERIAR? MH4AT

) X-MEFE—TEAE S B N E R RS, B RERAL “Pass the Paton” (&
HEpfEiE) EX ., BEXAHEA,

B ESREER—EEEE. R cenWalth K H semsignalB BIELLE WA —L{E

B5 delay flmutex., FE T mHLN,;

vold semWait (semaphore s)

{
gemWaitB (mutex) :
8—;
1ffe < 0} {
semSignalB (mutex} ;
cemWaitB(delay);

}

alee SemsignalB {mutex};

}

void gemSignal (semaphore s) ;
{
semwWaitPB (mutex} ;
8+4+;
1f{n <= 0}
gem3ignalB{delay) ;
semSignalB (mutex) ;

}
BY, sBERBAPHNESEN, 51 sanwalt BHEHFEERM |, 1 semdignal #E

HAE BRI 1. —T{E SR nutex #HHER |, RATEH sBHEELR . ZTE SR delay H#
FiibaL 0, FHTEHZEIER.
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5.20

TEREFE - RA, REX TGS, FREWE R, &5 BN R, 808E s
BAMBAHN 0 BRI semWait(a), XHF—MHIAIKT T semsignals (mutex) BiEEHm T
semWaitD (delay)it, B P iFH semwait (a) HF|kRE— &, B TR E A s R i
—i7.

1978 4, Dijkstra #H T —MER, FAHEHEANSEE TR, TEASH—PHELERHTE,
BHHTHORMETRAAROT R EBNIR, 19794, ). M Morris BHE T —EM=4B{528
WEE, RETRMEN., FEMEDT. IR T E I HBETE cemWalt (a) 4F L%,
— T HBIEENIT semsignal{a), FSE S WHARAHEY, HO - SHEALERBEAZE. B
MRS ES, HRAAMMEARKTR, ErEHRFEX R aNait 8, B, §
TRAMB#MEAS L MiESE M MITHE NA, NM BETHLR 0, ERESE B R8T
WA NA. —TiREHAARR KSR OTELH I HESE] A M ITERRE, (T8% NA
I NM Bl & n e Sl R A LIRSl miE A URBH ELFEM OERN. AHKnEsE—
Ay, M EEERN NM M HEEHHAEMNTE SO0 ERER, KRHEACTOERE, &L
AHEZBEmARR.

T i A [a] B G T — 3R,

Jurassic SEF — TBREEYEH -0/ . Ho TREEN L HE, SEELEEN—IRE.
HEFHYERT 2L, KREHRBLKRTA. H—WETHN., ERA-MRE, RESAE
TR KREE, R o HELCERFRLHRN, NRLFNRETFESH, NE-FEpe
e, PRAREES. BAXWTES, ERESEFRS m M REARM oM EHE,

FRAAMEREREHENME L RN, ZBERHRAZHMNTESY, FYUTFCEEL
B, EE. PHV 3BTHT senwait Fl semSignal.
resource Jurassic_Parkl{}

sem car avail := 0,car taken := 0,car_filled :- 0,passenger_relesased := 0
process passenger (i := 1 to num passengers)
do true -»> nap(int(random{l000*wander time)})
P(car_availl;V(car_taken] ;P{car_filled]
P({passenger_released)
od
end passenger
process car(j := 1 to num cars)
do true -» Vicar_avail);P{car_taken};V{car_filled)

nap{int (random(1000*ride_time]}})

V{passenger_released}

od

end car
end Jurassic Park
Superman #1 Lex Luthor BfE#%k, {HEMBITHEIKH Spage’s TR, FHMNBEHREN
EREMEEES M. EENTAE, #ABLEIEEPAI Spago’s #6H
flag : Boolean (:= 0); // HEXE, WHEFo
Superman
Ilpﬁlt

<HEEHIE XTI

while flag = 1 do {[fAFA{HE);

flag := 1; // #E flag

'szuﬁnﬁ)

falg := 0; // ¥Rk flag
foraver

Lex Luthor
repeat
<F R
while flag = 1 do {{fF-AZEFE);
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3.21

5.22

5.23

3.24

flag := 1; // ¥¥ flag

<PZ M I »

flag := &; // &k flag
forever

PRI EEEE L FWERS HARN, MR EELTERESRN, 2HE e —&TE
HBEZ O ES AT RN . WREZBIFBE RN, ABL—2EEF THEFTEER.
HE: RIUIFA%IH Supermane # Lex Luthor 4 I &R i7<  >P RN EsD.

FHEE 510 PIENHRRER XL HEHBEMBE AR Y E. BEEEEMINBERLXS&HR
Mk EE =TT, BITHEENT

=% . append; memSignal: produce; ---; append: semSigmal; produce; -

W& consume; ---; take; semWait: consume; ‘'--; take; semWalt; -

EEEEYEREEEMXPEN—TF L. TEHEEHR TAIENTEEERES., L=
HESEND Ry, MNESERFREIEAE M-, LEHBENTRESEE L
&, BEei#EfTAEMESEAR. Ml $ MY Fray.

W TR, HREFEXFER FENF . B £ rBEN-, XERTUERK
Hw, WHHBRFRGMP R M F LA E, A& L. T EAFEMAE
SI0FMRBER m,

BEAH n THBLEE--TRE, TR EAGERTEYS B ouex B6, #535ER, BE%
AL X R E R (P) MILBET:
program resource_acceaa;

var mutex: semaphore (:=1);
begin {(* EEIF )

repeat

< HAbiRR) >
Pi{mutex) ;

<L 1] BT 1
Vimutex) ;

<I£ﬁ”ﬁﬁ§p

forever

and,

EERRENIERD P52 PR PAET -4 FliPHAMER. RN THENEES, SH /2o ggiER

BEE, R BOFAMESETERSEZ LM ATT< > AWRNE.

a) WP 20— vEEESRE TP RESRAEl A7 ERE.

b) MR P 52FW—1TPHERZTER T VEBESEEHT AT FHE,

EMEHRENMK (WES12) -HERE RS, TERITHEX A TFEYEPRES -1 1

A7

a) LRI Ar

b) HHEWEF. LI RLE.

I —TH e TMEEBRT 1, T 2, - T oHHHMER, KPATHAEEHNK—NINEFSE. &

BRESKEMI T AR

® T | RTENFBER, T 2ABFHRET;

® T 13 T3 HRTEMNEAMEE, T_5 ARBIFHRMNIT

@ T 1 M T 3 FREET FUMERMASTG. T4 ARFHLG;

® T 6 ERATHHAYT 4 ARASRTHN I MBI (BRER, AT 47T 6 BLIFT
PAYF CPU LiBfTZRISREE R T, 4 T 6 L AEHAET ).

RS EN e N RBY P+ T | FiK, B ONE. EUTRENFABERBE

BE-—4{HSERf, ATHIE R LRI hEXE. B4, St ESRN2RAHEM

. EREES, FORRFEFRERFLULYIHSHARILEXE, FARTERIMESR.

FEAMMALERRLE. FERLT MEFER8KELT.
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pragram precedence;
var
{ FHEFH )

procedures T_1 (] ;

begin
{(UEA P, viES )
write ("ONE"] ;
{({TEA P, viEH }
and;

procedure T_6 ()
bagin
({TEA P, vigl }
writa ("SIX");
{{/A e, VES )
and;
begin (* ERFE )
parbagin
T_1 {);
T 2 ({);

T & (};
parend
end.

525 EAUTXREHEAEBRMSESEESRZMITIAE.
2 HESEREABEAMR. #R: M-I RESE. 5 MEAh— % B Ra s s
b) Fﬁ?‘ﬁaﬁnfﬁﬁ‘iﬂ %ﬁ%u %%: al»&.“&ﬁiﬁ{]ﬁ!ﬁjﬁﬁo



B 6E FHik. FBFULIR

FEHBEEH R, FERHFREF LLBPELTESRROFE TS FLAIIR.
FEAFES A E A HERYUR MM X BT RT S, BEMTABEESM TR ATE. Wb,
BEMES, REFEATRARNEMESN—T2AM8E, HEZERERE.

BESEF, XTFEATRABRTFENREDHHFERFEHED, Bred il RE5PE
PR TSRS 18 B

6.1 FEBHRIE

TR L — R E RS AR R R R EOREN AR HE, H—4#RD
MENHEENESHFENEG (AANBRRSNTBRTENRNL), WMRAERARPHH
fi B R ZE Ay EARON T LA R IR, XA AR AR R SR, B A SRS, SMUE
FRAAER . SHAHBREENOHARERR, FEUREFRA - ERNBRBETR.

A FRABERMARE T HB RN EREROHE, —TFLAFA-FREEEES. B
6.1a BRT 4 WELFREAMEE—A+FHO, FHEXLHBET TR RXELH 4 2HE
FRHRpEHO TR, B, AR 4 BEREEAEBEE+FRO, BAXNBEENERDT

o [FALTTHAIE 1| HFEEM 2 # b,

o METHMNE 2FERMR b M,

o FHTTHME ITFERM M,

® MARTHMFITERR dHa,

I

A e

f="
o

=

|
=
=
b
g
m - -
&

He1 FEMMBER

ERE, BTN BRHNE, FE+TFROMENEEEERANEILRE. IRE+F
BOAARER =%, TTMURTTM. Ao, mE T nETeEIE+FiRO,
AT ERSRMATHERERNE, B, MR 4 WEILRRNBIX, NSHEHARRIEA
TP OXERT — R TEm FE . BT ] — W E Mg al A s R IFHEEWE, il
FEMARBEN, PEAEFREL. RAART -WERERNH, SRSRETEH.

R 4 WEEFWZNRM, KRR EE+FRO, NEeRFERLE - PRE(—
28, ATHFENE _ARERBS —HELSE, SNRFeiAE, XA LETHENES,
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BERBY LSBT AV RNAEHMNHR. B 6.2( ET[BACOB] i “BKSHER",
BRTHAHAERFHIHEMAERER, G400 ESR SERRMFE—BE, ms
PP M QW —BEAIMT ..

e P B Q
;ﬁh %ﬁgl
%ﬁB ;ﬁA
#HA | ;HB
i D ;ﬂh

EAE 62, xHRRPRWATHR, y HFRS Q TR, BHULM- 3R at R R e
MIEEFF SRR T HARERR, T ARBERE, X AH AR LANST, B
RN KFEMEERER. K FERFERP PITH Q BHMNEE, RHERTR Qi P %
FENE. BEFERT P QHERRER A (HARKHE) WX, PH Q MHHEREEB ( ZH
R ) FXMUEPHI QW RHEBEAMBHEE. AYEESTHERENRERARE T
e, HAZEESGHT 6 MARMNUT#E, dEa&EMmT.

QMR
F 3
41 42 ’
A L
%PWQ#E%
AEAN e %%ﬁ%ér/
w10 ///\\\ \\\\
2 ﬁom
5
KM B i N m\ SF
4
&
>
Ba K > P HIR
72 » #n Q ARSI A THA FHB B A FHB
FHQ#EERAB s —
3 FE4AR AT 8 e O X 1R ko

——p PR QMR
 BRRGATSR IR P EENTI Q EXSR
PHARETEER SRR Q EAMITT P EESHR

& 62 JFEHAHT

1)QRBB, RELR A; REFRBM A, YPKAMRTH, ETURBLEER.

2) Qik18 B, RFIKE A; PHATHEEAN A BIER L; QB B A A, X P HREDAT
B, EWES2MEE, |

3) QK8 B, RE P KRB A; A TEHREPATH, QEEIEEAJ:W--PﬁﬂiE'BJ: HG3E
HRATREN,.

4) PEMB A, RE QB B; BT IEREERIT A, QEEEALWPEEEBL lﬁ'ﬁ}ﬁ
BERTRER
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$) PEKIB A, RETEAE B; QUATHBLELEN B MHFERLE; PR AFB, X Q RENTT
B, EWLLFESLEEE.

6) PEB A, MREWED; RERMARNB, 4 QHKEMITH, EUMKBLWHER,

Be2 KRR, LR IMBER, DRERR I A4PHERRS. DRARTHRE
HEATEMEBEE, BARGRATRET . EEABXENFEMBATHE M EENER
KR AT, WRFECABOZEARUB T REEARBEONITHE, B en
. X .

REFEAUBRTAENTHULAETHY. M, B P FRANTER TR, 0
BAHEE TEHEL.

#HEP #EQ
;ﬁA éﬂﬂ
A 0 A
éﬁﬂ ;ﬂB

®HB B A

B 6.3 R T XAERL, RBMERRANN AEENM, BRaeRER,

Q HiLE
4 . L
g2 el
ﬁmA A - _'
EP Q7 : : 4 > g
WA #ip L :gf1 1§§§':__
HAA %% }ﬁQL_%“-
WRB 1 Py
: =i
%AB _§§§ Sip
#HA BEA 5RB REB b wam
- Ayt
PFI QAT A #HRA #R B
P F1Q FAERN B —p P I @ WARMERSE

REHATFESZR P IEEATT Q EE¥H
BEOEE SRR Q EXERTI P EFERR

Bl 63 X3 WTF[BACOO3]

R BARREAT LA R RN AN R, NRETE AR
SHEFW, MMEERROERERR, MY RAQBAEANRBHR— K,

6.1.1 "EAHE

eI A T4 T . WTE MM, TRAREEE K ABt— T REL LAY
B, FEFSm THATERNR. AREHERLT, BR ORI, HRATRA
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A, TEAGENATRELCHS. VoBE. ARSI, REUREICH ., JRER
SR RNHIEBLEH. |

FH2— A BT A BT, A RS S R A D AR RE T 15
TR, SERRERERNE 6.4 Fin, DRE VIR SH - PREFERE— I RE, Be
REFEQ, A, NESHBFDH RAEXBBBTHALE, WERAFES, DT HFx.

pﬁplqﬂqlpzq}. .

AT EE X ERER R MEE, TARRERRRHENRNE. B8, RIIBSEDH
ZEFERER RGN, IRRAMNBERE, TREASEHBETERNRFEET,
AR A AR ¥ R A B TERY — TR 5 TR B 3 B ISR IR A 2

| #H# P . #EQ
SR mi HR e
N Rrquest (D) (q, Reques (T
™ Lock (1 q, Lowk (T)
Riappest {T) 1 Request (17}
 {lack (T} 1 Lock (TG
. { Performy Tunction Qs Perform function
 Llnlack (TN U Unlork (T}
Unfoek {TH dg Unlock {0y

Mo4 MABBRESTRAEFRYHT

TEARERUN S — AT RXTRAERR. BRAHNARIAY 200K8, BRET
@ R

_ Pl P2
ﬁéquest 80 Kbytes, iﬁqust 70 Ebytes;
.li;:qucst &0 Kbytes; R.uqumt 80 Kbyles;

IRFE A RBAHE B EMIOE A ERE, e K. NRFEFFHHFT RO
BRHER, WEMEESRERTARGERALFEY, FRXXGHRAENBEHEL, B
BEAFHIRERIF TR . BIFESE 8 TUHE.

8.1.2 TIHBERE

ARG BT URRTE AT AR (47 ) SR (INFE ) MBS 4 X I R R A w7 0 B DR 19
BEHEAREE, P XEENEHETLARLRE A XRHN, HHAAEGH R
B, WHRIERAEAET .. THERENRTFAH D, F5. NEH Vo #E+FrHEE.

e — M R AN REAMNAT, £ T EAREN, S HREANS MR
HE, REBESEIHAREEX-ZBER.

Pl P2
Receive (P2); Reveive (PL);
Send (P2,M1); Sewd (P1,M2);

R Reccive HE (MIEVGAREMETHWIINEE ), MREFY. R, FIRAHNIE
HE—MRIER SRR, AMgLRR. o, FRMEGHS LT 2R,
HIEREYBRFEATHY K - EREEELER, A TRHBEXKENE ( DEERY ). .

B LR T A R B RH BORRE . # 6. L METOAN T RERNEY T KR
BE: W, Bfell, RIOTEGTEMARBRENN &S, REERSHTEFRITE.
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#61 WEREPEREN . NRTFR % /N E[15L080]

T L L AFNER X LT EY
. o MUPFHPHEANEBEY [» B
ﬁgﬁﬁﬂﬁmg A o FEE SR MM
: « REEHE o SAATADIN ¥ S A SR
B s ¢ HFRESFRENKENE | BTFERBBLBHE Y
o M GIFERMET TS
SRR s BAFECRESERHFR | o 2 0ins e Rk
T, FRELEEHEHE '
, AdFHEAH| REUSABL o DT ERE R B B W R
BR | g _grepm | RERS o SRR
EEEE: R | ASEEEALY [« FEEREBOWRL e pEmRsEES
Bl | BT ERN | BKES » BFEREE

F WA AN

6.1.3 HESEHE

AEHBRAOFHE SR EENTEE Holt(HOLT72]3 | AM BB EH (resource allocation
graph ). FEAREEAAE, TEARTEAREAMERORE, STRBEAHEBHATAER,
EHAHBEOERNARAABERFEEEESHEEEN, K 652 Fn., BEEWAT,
AEEREENE-TTIH. VOREREFEMEELAMMELEY, vhBERETHENRE
SR HRE S APATEATEY S PHAE —THEMNNFRERCE S, INHW 6.5b
Bim; BEER, RARESWEST - TEUHRE. B THEREY PR — T
BHGEFERAREREERLE~E,

Pl -——-ﬂ“—h. Ra Fl. -__,: k] ‘Ra
a) BIREEE i b) BMiAM S

S S P2 P . P2t

e » e
Rb Rb
¢ RS - dy AREFEM

65 WNARENHAT

Al 6.5¢ B—MIEGEA T . FIH Ra R Bb MU H — M RPN, #H] P1FFH R MM
K Ra, FI6T, P2 FFH Ra FI X HR Rb. & 6. 5d R 6.5¢ ?ﬁﬁiﬁgﬂ‘ﬂﬁﬂ‘%ﬁu‘ REE
6.5d ?F"*Eiﬁﬂ B % 15 BE DA B MR
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6.6 PRI RERS REMAMNESE 1o 8. 5B 6.5¢c AF, & 6.6 FRBFHHBHK
HARMTEENERX A RGRN, TETESRMEERNE, AR T EH.

Eé6 M6 1bMREEEE

6.1.4 TFEENEI&EHE

FEA = DB KA

1) BR, —WRE - MERTUMA RS, SRR a4 B B T,

2) AHAEH. Y- HBSHLAEEN, S LSECSNRNER,

3) FRAMH L. RBEBRTRSHRD 54 NER.

EREHRTERAATESTERM. B, SRR —SrE N8 52
St EREFEFHLEN. AR, FEMBBIETERS 5. BN, YPRBEERE
B, SAZNEOE PN L3 ( rollback recovery mechanism ) LI WKL, TR A4sE
EH R MBI B LTS AR, B RRAT NEE B,
M= RHBRRNAFENSB RS, BFRBAESANE. HRANSE, EBE
A |
4) BHEH. FE—THHNABE, GBS HRSPSHEEDT - TRBFEEN
—ABFE, B 6.s5c ME 6.6 B, '

B P4 S PSRBT E BT S A AR S B, DR S A R AT, FTABIE 0 — R PR
HESRFRTMOBEHASE, IPATROEFSHETFELRELRAMNT L. K4 DT H 98
FERHZFUARTREY, BRYANE S AN E. B, XNSE4EE -BHRTRE
MWK DERE, © | ‘

H TSI LEMITEERY, ASESE—Fitiel 62 MRNBSHEE. EREPEY
T EBEE, YHEBEHERRAE, B—EQRERA, AHY LEAHRIE4 KGR
R, XAERREA L. ME - AREE I RATERE, RRFEFTNRREER, 7
PERaEE, HiE, ERNEARERRANLREN, RIGEARBERERERH, TE
SEGHE AR KRN RER T2 R A TS, R AR S HNNE, BAELRE
ESHATRBEM, i, LROMAEEEMOEIRE. SERF:

C Zktb, FHSEBRIAM TR &4 EVEABENRMS, HX i, @l T TS, W EHIH
FEHHEHSHG S+ REFERZH, B - NEBE=gI AN &E, TRNHERRTHERAYMBRN
FHRBEHRONFRTRREN-RRA., FFER 5= 0B DR T R Ry~ RR 2’ IR
BE. E8itiE RS E [SHUB0 H[SHUBOY].
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JEH G e EaiehFEYS

1. EF ' 1. Bff

2. AE# G 2. Al g

3. AHEEH 3. S HA%H
4. WFHFH

AH=FT LT LA BRFEE . 5 —Fh 07 ik B R R A O e T R AR 1 B 4 P — &1
BB IR . B TR TR E T B A AR A M AR B R B R I B R R
B (RN | 2 4) KAt Bl A SRR B . TR K e S o ik,

6.2 ZEsiFpL

i A pF, FERITES (deadlock prevention ) SR If Pt —Fp R GreHER & A FEiny o
HEME . TIIBSERIEESy ik o NM S . —Fh R MM FEB TR ik, BB ILRTE ) =4 2 8 &
R — a5 E (I 641 WE 6437 ) —FREIEMIEGMBT 3k, BB ILTEFSF/HN
FAE (W 6447 ). FEEMESTS X MR R 653

.21 HfF

—ROR L, TR B I e, RO Ik R EX R AT ER AN,
RARERFELBFESF . ZETR, W30, ATEAFE N ESE, EAAFERAE R,
B#EEXHFRET, WRAEMABTERENR, BTRESEM,

6.2.2 HEHER

AU SHEFSR&ES, IMERIE KM ERMARTENRE, FAHEEXH#A
BRI R AR ] A 0 o SR BT R AR D O TR AR, WA, — MR R L ER K (A,
SRR EHFEOREER, Mgk L, ABEA—HSRE, BT8R iT. £, 2
E— T BER R ATAEA A 2 0 — Bt B R B A, B, SRR B S A
B TRERE- TR R EHASTMEETTENE R,

X R AR AR TR E R B SN R ERRRE . E T FEEK AR
W, WABRFREAN T LUS A S s i Sl o iR o 5 A BEIR .

6.2.3 AR

BILFROTEE AT LATAR X - At 28, RS H R BRA — Mt RT3 — SRR
$E4E, WFHEBRLARRERNEARRE, MEAHE, ATEKFRXEEEMS SRR,
A—MUrgE, MR - TEEERAMES - THBS AN —TRR, ARERET LIRSS —
A3, RREBERR. AAEEER T HBENRARBAEFANERSFT, E—RHEEAEE
By FE&

RAFEREARET LIRE S R F KA MER T CRREIRE 8 ), AT REAMN.

6.24 @EHFRH

{EIASE TR AT T LU 2 R E R B L HDF TR . R — T HBECL SRR TR AN
W, RAEETHRFRAOFI S LA R XA FHERER,

HEHRXRE N ERMY, SEMFREREE-1TTH, Hi< /i, RERHERER,
MM, MFERRAATHBAMB IR, FHEAFBRHFERR,, WDKERHFRR, W
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R FERARREN, Ay fkEFi< i HFHjici,
ME5EEFFHMBE AL, BHASHENTB A ETERESN, & EHBIATREDS
&, FATEEERALHESEN THEL TR .

6.3 JEPIEEA

S H SU A (R L O 5 — A O IR R FE B ( deadlock avoidance ), “E FITESHTR BN M 2 SR L ©
AT, EdARTRRFER, 5 4 MEHEAFFES DR RE , X0 LLEBY IF &4
E=TLERERATHO— (BF . SHESRF. Rl ) MBS, el Lt by - R 5%
HERN, HXHe 2B N ERE AN ERABRT. TRRENUAR, TAF-IE
A, HELBEAEE, ARKEASTIRIEHS, RS E L RUTE ATEEZNHR.
TESERNE S, & Al 20 iy BE IR B0 TR 28 o ) W Bk i R B R T B S BOEE IR B8 . B
., FYBRETEREREGHERRH ROFR.

RNE N T RSB i

e MR—THEHHRIFEIEHU, NWABIELHE.

o MR —AHEHMGFEFE RS I, WA 5,

6.3.1 HIEZSThiEAA
XA EEn PHBA m B ARENNRRNES, TXUTFREMERE.

Resource = R = (Ry,Rz,** . Ru) FHE I EHPEEN IR
Availaple =¥ = (¥, ¥z, . Fu) FAoRSHBNGHTRNLSE
Cn Ci Cim
Claim = € [Cf‘ Ca Cf"’] C, ~HE IR E ; WEE
€ Coy e Com
Ay Az - A
A]loc.anon=A=[Afl A e A, =HES R § O
Am Aez - drm

T Claim % i T &M R M A BV M B A B R, 5 8 17 27 — B 57 4 R
Wk, HTHEENBEER LA, X AERRESSFh RGN, 20M, S Allocation
BT EA BN TSI R . AT LUE BT 3 R R

1) R =V,+3 4, , WA FARESETN, RECEMSE.

i=l

2) Cy<Ri, MK, j BT — RS — R RS FREA R L RS
FHREAEE.
3) Ay Cy, MEHI, j SFRGEHA—TABRNET-HRESFBTRARR
7 5 R 40 a6k T O o0 o K R
A TREERERZRA MR, ETLUE L~ TFEalR LWE . MR —THABNFEBR
SREEH, MELBIXTHAR. ({IHWHH J

@ RE “BEA" FKSW. KR ETLEERT e E R AR AT, ERENRKBLET
FE 4G A A



186 By # ##

I3
R; Z Cinenyj + 2., Ci;

f=1

WA I 3 — T F AR Py tRBURE, HUF BT X BT BERR M B TR BN L 37 A0 JE R 7 K FT LA
B, A EEH R PR EEREAN, BV ERITRIAER: T4 RN IT ST
M K

L 4
6.3.2 ﬁiﬁﬁﬁﬂ*ﬁﬁ Animation: Banker’s Algorithm

IR AERER, XFARTHERNZ®, BV EF[DUKS|PRHM, HAREENRE
ME2RENRE. FE—TR%, TABRERPAHABEMEAEHEHPER, [Tt eg—4 =
THESEIF I MHEEAN TR RERRTSLYWAHBRSEOERER, B, REEFWEE
X1 B Resource Al Available [ & B8 [F Claim # Allocation, S HEEEFEELH —
MHBARFAAEFEIEY (HFAHEREZTEFEER), FESESYRAREER -1 4
EAaRE,

TEAMIRE MR, He7a BT TR 4 TMHERMI MRENRAEMRE,
Rl, RZF RIMBWRLEBRHN 9, 36, MYUAPRETHRBRIELS 4 B, R2# RIEF
T UAATHETT, MEWNT: XEEERERYVHT DX RS, BN PP MREE, +£4
AU BEIEIR A T, FEX 4 MHBPENTEE- Mo/ LLBTTRISRAER bl RiR, FTERREE
A~ BB T 2 T AT A S ECE B FUE ] - - HEER B O R R R A 2 PR R R AR AT A AR M EFF A e B A HE
&, WTHEI TEARGFNERESNR /,C—4; <V, -

B R3 BSG, B, @it — 1 R3 AT EEAHERE P2, P2HAR TERRFENEXEIR, A
Ma LAZEATRAE W, SrRITXEERTERT, Y P2EER, ¢HERRS T HREEDLS, &
FAREAE 6.70 Frm. BIETLHIGOREXEREGTTUEMR,. TR T, IRHERER
BufLASER A . BIAE PL BT, AEGEITEMBE, B P1 M, HEPIHARHE
WP E T B ELF, e a RS 6.7¢ fras, F—24, TR P3 O T 48, HE8IE 6.7d
FiRiRE. B, AT PAM TE. WH, Ara S EEEiresdR. Mk, A 6.7a 5 XK RFE
BT ERE.

MR T AR EE RN, R ERA RS P EANE 24 TL248
B, HEFR—-HBER, RBEFEEER, AMEET ZENRE, REMEHGERET L
AFRE2RE. MAL, MEEXMER: PRAFE, AEZABREIAREEFRENAEELK.,

£ EE 682 FXLHRAE, Bk P2 HRBI—T RI BAGA—1 R B, WREEREZH
Wk, MERARERE 6720 HRE., A TESHEXRE—TE2RE, HEREXMHRE
Tep. BAERBE 6.8a Mtl, HEER P ERSH—T R ETH R B, NREBLERE
R, MPLERE 6.8b FRE. ITREXSEMERES. HASTHARBELTE T 7S
B Rl 8oL, (A EA—TPAM. FAik, EFFEMREKRN, Pl AFROEEESI A PL
g E

B 6.8b }RE—FEHURE, ENMNAFEHPNTE, -G RBEEN. o, F Pl

© Dijkstra £ X2 582 PG4 o] B2 L FARAT b & EMRIT R R B Z 0 5 T RER , (80 A E% T8
¥. ERBIYFRE, SHETUEHAEER, SMEEHEE SMETHEAHR. BEILESE -T2,
BAEFRUEFFEREXREDE - EHELE. TOREHTHFAR, RAEENEcRUFLARXILIEE
EREd, NETXeERinRE.
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AEAREFWHET, EBHR— RIBATA—P RI AL, GEXFRBESERE, I—2
A, REFIE—TELERE. Bit, REARSER AT ENTS, ZCEARR
FEAM Y 7] BRI PR A AN &t IR T BB .

=

I

R2 R3 R1 R2 3 R1 R2 K3
F1 | i T Pl 1 I+ 4] I z i 2
2| & 1 -3 ord & 1 2 2 n [P 1
F3 4 1 ‘a, o] 2 3 | 4 P3 1 -8 =R
P4 4 2 2 B4 0 o i Pd - P 0
Claim B Allocation g A C-A
R1 ) ra R1 R2 K3
[s 1-3 1 &_] Lo [ 37 171
Resource (o] B R Available & V
a) WGk A
Rl R2 R3 Ri Rz R3 R1 R2 R3
F1 K| 21 » L] 1 D ) PL |2 {2 2
2 0 g 1.0 2] 0 0 3 r2 o0 o 0
3 3 1 4 PR 2 ! i 1= I 0 FL3
P 4 2 2y 2] D o z Pd 4 2§ 0
CiﬂllTl i]g[?'f C Allocation HiR: 4 -4
Rl R2 R3 Rl R2 R3
s g s [o 3. 5]
Resource W R Available [a] & V
b) P2iETTEI5 A&
14 R2 r3 33 B2 B3 Rl R2 ®3
Fl R ¢ o Pl ] 0 o P u ] 0
F2 |- @ R 2 o [, 0 P2 O {0 T -0
F3 3 1 4 P 2 1 1 moP L.y a |ar
P4 | 4 ) 2 Pt @ 0 ) P4 TR A (i)
Claim 4 C Allocation % BE A A
Rl R2 -k Rl R2 R3
B BNEE oL 2. T.3 |
Rescurce [l ig R Available W& V
¢) PLERFRR
R1 R2 R3 R1 R2 R3 R1 R2 R3
P1 I F1 o 6 0 FL { 0 { @& T
F2 |..0 IR Pz 0 0 1 2 N R G
o] 0 00 {0 3 ¢ f 1} Bolme o] o
ra [ a2 2 P4 o 0 2 Pa | 4§ 2.1 O
Claim jﬁﬁ: c Allocation 3E& 4 A
Rl R2 Ra Rl Rz R3
i S ERERS N
Resoures [0 B R Avalable ppdg W

4) PIEIT RN
6.7 _ﬁ%ﬁ?&ﬂﬂﬁ%

M 6.9 T XA B LBRN— T HSHEE, A 69b PHHKMER, BIBLEN state
EXTRERS, request[*1 B FHE, EXTHRI SBRWOR, B, #7—-RR, HIE}K
#RASHELHRBIAHNER, MREERER, T HRERT LI MHR (IF BB
AHRHE ). WMRAEE, MWRAENER, mATE, RS FRBERALTERBTE -
LA, MBI A, HEMERNSESER LB —T newataca, BISHHE 6.9c 1Y
AT,
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RI R2 K3 Rl R2 3 Ri R2  RH3
Pl .3 z 2 Pl i o {0 Pl 2 o2 o2
P 1 3 P2 5 1 1 P2 177 0t 2
I3 31 i) 4 I 2 1 1 P3 1 0 3
P4 4. { 2 |2 P4 0 0 2 P4 4. -2 { o
Claim $2FF C Allocation HHEF 4 -4
R1 ©2 R3 Rl K2 13
" f3 |6 | NN
Resource [ & B Available[(T & V
a) Fuh kA
Rr1 R2 R3 R1 Rz R3 R1 R? R
PI {3 | 22 Pi 2 0 1 P1 1 2 1
Pz | 6 )1 | 3" P2 5 ! | P2 1 a 2
73 31 14 1 4 r n 1 1 P3 1 0 a
P4 |4 R B ! 0 0 {2 %] 4 2 0
Claim S C Allocation 3 B 4 A
R]J R2 R3 R1 Rz R3
¥ 1+] [siil ]
Resource [0 B R Availahlef] Bt ¥

bYRI#E1RI ATH 1-MRI AL
H o8 FEREVRBRTEE

serueh state | .
it rescuras[m];
Int svallable!od:
gt claim|n)fm]}
Ind alleain][m])

a) aRNRSW

if (allao [1,*] + reqoest [*] = clalm [(L.*])
< mrror £ BT RR »/
alsa if (rumert [*] > svallabla [¥])
<= puspend prosesa X
viso { i AR
< define pewstate byt
#lloe [1,7F w alloo [L,v] + request [*];
svallable [+] = avallable [*] - CDaguedt [*] =)

¥
4f {safa (cowstata))
< gRrry out alloodtion >3
ales {
< restors original statse >;
< suapmnd progass >;
}

b) WS ERK

boolsan safe (staba o) f
imk ourrantswvail[mj;
promwit bk [hTRlmr of Orocddiide )
corrmstacall = avallable;
rant = {all precossss);
pesgibla = LImGE;
whila {mysaibla) {
«find a process Py 1o cesk esch khat
alaim |k,*] — alloa [k,*] <= onrrestasall)=
if (foood) { £+ MBI AT +/
cuzrentavall = curteotavall + allco [K,*]2
gt = pect - [Pu};

)
alss poogible = falew;

raToIn {Tast == axll)

c) MILESWE (RTENK)
H 69 MR sH
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FEtEE S B R R E A HEIEM BB b oo 5 0 R, 3 B TS TS A0SR 2 B
CESERATERFEHEE:

o AT B R R YR

® FBHKEBRMOMATXY, BRREE, EIRTHIRF LA S FREER MR,

o STREMEHEEELARBEEH.

® IESHAREN, HERNERY,

6.4 FESHE M

FEAH T e e 2 AE ST, B R D R B BRI ZE S R 4 0 241 B e A e P 461 [ B
OB ER YL SHE, EARMERPRARATHBEST Y., S THEARY ( deadlock
detection ) K, HEHFWH, WiHRMNFERBBIUAILRE, BERZE AP RT— RS
RANEG RS 4, HE 6.6 PHRNERSHREL.

6.4.1 JEHiME T

SEMA R AT AR B B B R eET, R T LRSS, BARBRTFEL
FEM AT S . ERKFERERNQAERAARTFL: EHSTUREBRNFENER, A
HTHTEE FEERSNZHTAHEN, WA A wERA, 3—FE., XHRENHE
SENHE YL ALHEIRN A,

FE A I () — B LA R [COFFTI 'R R M, AT E—3de L Allocation $EHF
Fl Available I B. HHt, BELT —THRERE @, Hp O, B AHR i HORMAE j HRTERE, ¥
BREREE—TRICRAFESMHRNETR. B9, FHENABRERERCHN, RERFT T4,

1) i Allocation SEREF—4T 2 A MR,

2) Mt —iupt & W, 4H%E T Available )&,

3) BER T4, MBI HKFICH 0 WEITTATET w, UXWEHAMN 1sK=m,

OssWeo MBRABXELEMFT, BIEFE.
4) MARRBIXFELT, WRICHE i, HIE Allocation JEREF WM TIOE W, HWIREB,
MEEAE 1sksm, ¥ We=Wit Ay, BEEEI),

MANMBREMNRESEEAFICHOSENEARY, 8RS ICHABRRRSN. B
RRREER R, AT HEETRE RSB ERR, REEARREXRE, 1
BHBEAHIGE, EFRRNEMNFERE. REEEBIRS A TUMERBEMR YR,
HE, ITREABRIET ALY, XEBERTHERB# KRBT, T BRE
YRR H A TEFE .

AT LA 6.10 R TSR MBE . FETF#T.

RI R2 R3 R4 RS Rl R2 R3 R4 RS RI R2 R3 R4 RS
priofttotarit Pl jojr]lo] [R2LFeTai
PLEG 07 1§01 P2 1j1i040 0 Resource 4] &

P3} 010D :“E:- R 133{0 olalijo.
Pal 101710} pafalafololo] R R2 RI R4 RS
Request 3 EE @ - Alltr,atiun EﬁA ‘ Ol Dj ) 0 i 0 iI ) 1
Available B

M 610 FEHRMEHT
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1) M T PAEFEENEIR, Fid P4,

2) 4 =(00001)

3) R P MEFADTESET W, BHIRICPI, H4 W=W+(00010)=(00011)
4) WHEMRRICHHERE Q PRIT/HTFRET w, FREILFEE,

B R R PLA P2 RERD, FARX BT UEREERAMN.

6.4.2 18

—ERME S, BT ELAMRIEUKEI . FrfE AR EamrEy b sy k.

1) RIFFFAHFABSE. FEDH, IRERERETRERANTE,

2) PEAS S RERREINE XN EERES, FHEFLEITHAER. SERERS
s B ELILE . EOrENNREREMFRMITERKAYE. BE, FEHAEN
P el B e ST S N A sk v L2

3) EERMAAH BB R EAEAEY, ERIEAENDSETRARENMNREN. &
BKBGE S, BEFRRAQME k., S22 FNEELH.

4) EGES EREHBAFEEEIEM. M 3) -8, SEFRE-FHETRMTNESFFE, F+
ABEAGRELEEEFRRARMAEE. TR & 0 35O 70 B 7 2 R84 ¥
R RE—IE.

WMF3) H4), RN RANEHA R

o HAf 7L EFEA AL PRIR O H] i 2D,

e BRiNIEF4REL &L,

o FiiHB T RIREK.,

e BRI ALEARNERLBRE L.

o RAERBIHK.

RN A E S TAR, T E AR ERESTEN, B8, BRTHE

hacysh, MHPBREEMAETE, XEEKNENETFRHEAME,

6.5 —FEREHITEBIFRS

MFE 61PN, AN RTH M REEL A AR, 5HEREREHLHTY A%
FES -fER, SAMERRES TERAREAERES R, [HOWATRE T & irk.
o ERFESRLEAFRFATEE,
o AR TERMA A b TIERFEMR A, AT AR E LR IEHF R
o F—1BREEP, fHRERERESHNRIEL.
EREERBH—NT, TETIFERE.
e AIXEHEE. TR AT R ANE R T
e HIFER. WAEMERE, NBEREMIHE,
e HEF: MUERERERSAHHE.
® RENHFE: | I/OEE.,
BT s i R T RS RN RT . B — e AR B BnF, X1~
KFERRESHEM, EE—-P, TRALTHEE:
o FAEMmeE. EMER RSB HRORERTB LS, RRSFHLEFEFEHER
By —B, MBHEFEKFEER (ARERTHRGE), NXEEESHMN, FEHMBRE
HETEEMN .
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o HERAW: WAMBE, ARAGKER K LRI, ARRIABRTUR AR E
THR R XA, RAREHFNBIET RR LR A8,

® MF: HTAF, ETRSNFHRERESNESE, M- THBRERLS, EUAER
FUAAE, BN DLAR R

o AR, AL LT IEHF BB ek,

6.6 HFERINERM

BRTEEH JE Dijkstra[DUK71E| AME X FXFHENE. & 5 MEFERETE - BHETFEH, £/
TINENE — R SUFFRNERERRENEE. EdEE88%, MENETFE -
AR TRNBTHNIVEEAANTL. S FREFTHE, SUTXREEFRIEL FEE
= T

RN RENE, WA 611 FiR: —PEL LA —AB
W, 5ST&F, SUEER -1, 55 SEXT. FMREELN
TERELBRATFHEIELBHNE L, RS THEANIT,
BEMLE. FER: ®i—PHR (M) B ARFEFRE
R, FIL O FRIEERF (M RUTERFAMERBR—TXT).
En R E R A LM (R, BRBNER T X MA LY
BEHAR ).

XNTEEEFEFFAERE, BERTIRE TR
FRBERAE, i, BEFEVHRTRETHEBRFRM T
RIFE B (B, NICINGS0) ). Bab, ¥ 2R M) fny L 61l HEXEHNRBAR
BEEYNABRFEFASIHFEARBRORITH, iRt REEN — T HARENRE, EHit,
R A PR F B — AR AR,

6.6.1 FHESEBRAFE

612 i THARSERMRTR. SUEEREELSELUNNT, ABEEELAN
XF. BE¥FCREE, SMEXTXHERBLT L, XMRRTVESCFBRES: WRIFAH
BERER—NARBIYIR, BIIBLTE, BELREAMIXTF, VEMEEHANIT,
B, AXHEFRETEPRET, TN EFERSLTIERE.

fr TR HERRR N v/
soemaphore fork [E] = {l};
int 4i:
wvaid philoscopher (dint i)
i
while (traea} {
think(};
wait (fork[i]};
wait (fork [([(it1) mod 513
a3kt(]}
signal{fork [(Li+1) mod 5]);
signal{fork{i]):;
H

void main{})
{
parhagin {philoscgher (03, philosopber (1],
philesopher (2), philosophar (3},
philosopher (4))F

¥

A612 TWEHRRMABEIE R iig
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AT REFCUMAER, TS E SBELF (- EIENBRIE ) EMSTER(N
A—EXFIEH. H5—®THER, EEMN- RS R, Rl 4 T EREMHAGT,
FRER AMUFEERE, ARNECA - UEFEUKHARELT, F6. 3 RRTARER,
BHHREMTHRSE. XM EFLR TR,

B EFRERE
eemaphore fork[5] = {1};
sanaphore room = {4};

ink 1i;

void philosopher (iat i)

while (true) {
think{);
wait (room);
wait (fork[i]);
wait {fork [{i+l} mod S}};
aat();
signal (fork [{i+1) mod 5]3;
gignal (fork[di]):
gignal (room}:
].

¥
void main{}

parbegin (philesopher {0}, philoscphar (1), philesopher {2},
philosopher (3), philosopher (4)):

613 EEREEMARS R TER

6.6.2 {Eﬁﬁﬁﬁﬁﬁﬁ

He14 B THABRHEEHETFRRBNMY ML, SHTEEXLT —MEH s P&
HimEg, SELFUHE T &4T8, XEAHFTRARGAEFESFOL TOHAEN. ¥
b, AR EBEICREEX FRAHARSE (tue FRIXTFEAH). SRQI T MSE.
get forks B¥H TR AEEFERRM/MANANAENHIT . WRELAE-ILXFATH, 4
THEHABRUESERMTTREMAINTES., KIAMEAAHTERABIANNER,
release-forke M¥AEFTRMAX FIM, EE, AFERAREGEAME 6.12 FMHET
R R, XA FEF, T EEHEAREANIT, RERAANLT., IFESE
FRmE, FEASLARY, BAFER—HA BT - HBREATE, b, F--AHER
BHABNERERIE FrREAEETAAMIT, AN ESETUSIILARMN X T2
(EPXEAERH MM F ), M— iR HEHN L,

6.7 UNIX#FEZHE

UNIX B E Al E ME R FERPLE . X9, ROBNAAREEN LR, Tl ¥
B. HEHNT. REE. 8.
FIE. HEFLFnFRE rEREABREEEN Tk, TESERNGES AT AR

6.7.1 &HH

UNIX S #FEREFEABRREN M —EEH,. ZBEEFRITCMAB MG X, THE
—PTWEENR, R HRLET S/ HNERERHITEE., B, X2 —MEiEdl
(FIFO) AT, B— 1S, mMB% -4,

FiHAQRNES - TEEKPFTR. S— M HERETEETEN, MEH EHEHS
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€], WEHRELAHIT; BB E, 20, RSl RERE T4
PRFETRE, EOUBAE; FNEEREIHT., BERKRHEELR, R REs—
THETLIAEESE .

AFWKETH: HEFERELEE, RAS "M% XRC MHERA W EES&H, ™
AFXRW R REA T AL EiE.

mositor dining pontreller;

cond ForkResdy[5]: /* ecnditicn varisble for synchronization %/
boolaan fork[5]l = {trua}; /* myallabllity stetusd of each fork =/
vold get forke(imt pid) /% pid 18 the philoacphary ild numbar */

{
lot left = pid;
int right = (++pid} & 5;
/*grant the left foxrk+/
LE {ifork(lefr)
owait (Forkieadyfleftl): * queve oh condition variable ¢/
forki{left] = falna;
/*grapt the right fork+/
Lf {tforkiright)
await (ForkReady(right); f* quece an condition varieble »f
fork(right) = false)

ioid release forka{ink pldj
{
ine left = pid:
int right = (++pid) & 5;
f*ralease tha laft Fork~/
if {empty(ForkBeady[lef:]) /*no one 18 waiting for thim fork »/
fork(laft} = trua;
alew /* awakapn A process waiting on this fork =/
caignal{Porkhkeady[lefc])
feroeleana the right forkt/

if (eDpty(ForkRaady[xright]) /*no one im waiting foxr this fork */
fork{right} = trua;
elaw /* awaken & prooess waltlng on this fork =/

aaignal (ForkReady[Tight]}:

wold philcsopher (k=0 to 4] /* tha five philcosopher clisnte */
while {truse) {
<thinlk»;
get_forka(k}; /% client reguests two forkm wia mopitor */
<ent spaghettis;
ralansa forka(k); f* clisnt releasss forks via the monitor */

M 614 HEXERMABEBHNTEMRLIR
6.7.2 HR
HERBALERM XA UNIX BE 5 H B4 HERU nagend #l megrev ESH A,
FAHEEHEE — T 522 HE AT, HIiEENUTES.
HEEXEBEHRELZMNE T MEMNER, K0T I EWE A B iE, s T
R HEPUFENEL, REEENE W, SHERESE—TWMAFAEEEEN, THERE;

HHBEEN—TEAT ER I E: IR - ARLERERE - EXIMNHA, BH
TRAREAXMERGHB LN, WZHERARAE.

6.7.3 HEHE

HEARE UNIX REt0EREREE FRYFRARRY —F . XEEFTHEZ T ERHTR
“ARFAFRGEREEREAFREAMNVLEE S 5T B30 P9 7755 B i H A3 4 B (8 F 1Y

Q #HELTxXER, —&EE
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fESMHE. SRR -~ HESEENRE. ERARAE TR NS/ —E04, 8059
B IR R AL, "

674 =SE

UNIX System V PSS RREEA BRI H 5 Zh g XY semWait | semBignal FiE
BIRES, e L@ LR #ET S 84E, FOEBRMESRANMETIART 1. WA 5
RIFEFERRE, ERETHREERA. HbEMtBERegnEEs s,

— T EIRAFUT LE.

® {F5RMYHAE.

o HESR NS T HENARID,

o FTRHEFSEMERTYiEMHEERE.

® FHEESEMNEIFTHIEN.

SESEEXENEHEEZF S B ENARMT,

FeBERILRUEAMERAIREY, —MSBESH I RLANEESR, semctl B4
HRATRNZEESHHREEFSZRME. b, sem op REEHIE—-FRINEERBENA NS
W, ST BEEXTEESTO—THSER L, YA MEAER, AT 418k HE
e, BRI EER sem_op M{ERRE, FTHE sem op KT HE(E:

® IR sem op NIE, MIAKHENESRME, HRBAHEFEGS B EBINAER,

® F sam op 7 0, MEBEREFSEME, WRMEHR o, Nk 5 S 2844, T,

WhnFEfrade b o Bt RN, IFHZAREREEGSBAEAS T o X34 L.
® WFE sem op A, FHEMAMNE T TRFTHESENE, VAKS{ESERME ML
sem op ( —THAE). MEGHRY 0, WHERRERFAEHFESENESZT o i#lt#.,
® K sem op A, HHEMAMNBEAXTESEMMHE, WARERKTERAEAERFESEY

RN - L.
A ESEHE HERRS SIMERE T RS RN REE,
6.7.5 8

FERMATE T HBEAEZAREFAMOR. ESB0THG R, HRALEE,
BB ECEEM FREMNES, M TPHEELENES, —RABRHABR—TEE, MEEFEN
KFF o

HERM A L EAERES, NEMTEEASEXRES . oG R EBdE8ESE AR
BIMHEEF NN AOHBERPY M EEERN. B TEMESHESEN 6, HWREBHE%
R fESHETH N, RBEEH R EARETh, A SBESEARERA PER A, AL
5% . HBELEATHTRERATH (WA E#HB), T - T ESABRRRFERIAES
He X7 54 HH AL R

F 627 T UNIXSVRA FFE LHEY,

¥ 6.2 UNIXES

i £ # X B

01 SIGHUP HE: SHESEARMAAPTASIA TR EAL#R
02 SIGINT ol g
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(&)
H # o % L
03 SIGQUIT FIL; FHPRX, BT 2#8E0 LA 2R
04 SIGILL B Frst R
03 SIGTRAP FREZFEIE (trace trap ); RRAZJH T &0 B M 1RBI AR T
06 SIGIOT [OT 4
07 SIGEMT EMT #§ 4
] SIGFPE HEARE
0% SIGKILL A, &R
10 SIGBUS R IR
11 SIGSEGY b HERE I U0 L Ha b Ak =5 ) LA S R i B
12 SIGSYS EEREMEESHE
13 SIGPIPE HAUEFEHBMAER [T
14 SIGALRM B 4 HAEMEL -BEREEEE - ISR
15 SIGTERM il
16 SIGUSRI BrE L fmEe
17 SIGUSR2 AP L HES2
1R SIGCHLD F it R 5
19 SIGPWR B IEH R ( power failure )

6.8 Linux ABHFZHLHI

Linux €& TIERME UNIX £+ (40 SVR4 ) HBMAAHFESNH, HbauEgiE. #e.
HKENFNGES, B, Linux 2.6 HUE—-F RIS, XTNHEHFI RS
SHEEEN. 52, ENERTABRTHIFREIE, AREARBRERTEIFEEE, 298
[ iy Linux #8214 .

6.8.1 JRTIRIE

Linux $#4ET -~ 8 ELRIEXT AR AR F84E (atomic operations ), X #6H fE 6 &5 P 3 358
R EMITEAFMF (race condition ). B TENITI A SBITHIE T2, e 4B, &8
— B Ra R FRE, WMNBAETFRBIISRAXBEEAN, SR AEHETE. b, £E24BRR
gk, HIETERERENRERESSE, LR stBiin, EPIE T RERITREE,

£ Linux REXTFMEFRIE, —HEHYERTREOBEKRA, —FEHMuEFPRE—
o By B4, 03k 6.3 iR, X S#EAE /& Linux FIFMEAHEINEEEERREELR, £
Rk RS g, X S E TIRER XN MICEHES . RS ETME R FE AR K
{RAEE I IR F 1.

xf TR EREIE ( atomic inteper operation ), & X T —THFBRMAFEAEL atomic £, K
FERRANBHATEX X -, HAa®EFSAIFHEXMREEER |- [LOVE{M]E"IJ&’T
100 80 T PR R A4 87 4F

D) M TFHEFEUFETAZEESRGEHPMTE, FEMHETERE,

2) XAPEHESS R A B AR R A B AR M 3R D T ER R A

3) RIFHB RS R EAIT BERT IR (R 94 WA R IE M R ).

4) XHPFEEBRWLBRE T SHENEKREHHECHER,

IR FRFA AR A S A P B A e SE B % .

[RF i B #4E ( atomic bitmap operation ) #4F & #4428 B35 & A0 15 B — B P9 77 X 18 A9 13 % 51
R, FEFHREFEREAD atomic t SR ER,
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FETReERHNERLNRE L, EEMANHMELHEEET TR oS,
% 6.3 Linux RFIRE

BT RER

ATOMIC_INT{(int i} A, MBKEFERR

int atomic_read({atomic_t *v} ERHE Y

void atomic_set{atomic_t*v, int i) WA EEE R

veoid atomic_add{int i, atomic_t +*v} v=vti

veid atomic_sub(int i1, atomic t *v) y=v—i

void atomic_inc{atomic_t *v) v=v+1

void atomic_deci{atomic_t v} v=y-1

int atomie_sub_and_teat (int I, atomic_t *v} v=v—i; WEEN0AEKH 1, FHIER 0

int atomic_add _negative(int I, atomic_t *v} v MRERABMEE L FREE 0 AT

- - HETH)

int atomic_dex and teat{atomic t *v) vey—1 HIRME N 0 WLRE 1, FULERE 0

int atomic_inc_and_text (atomic_t *v) vaytl: WRER 0NGERE 1, FHEDP 0
T P R 1

void get_bit{int nr, vold *addr} A AL A addr BOAF B M or fi7 B A2

viod clear_bit{int nr, viod vaddr) Habak 2 addr B { B AYEE or A HEE

volid change_bit(int nr,void *addr) ¥idbut 24 addr B B A8 or {52 H

iNt test_and set bit(int nr, vid *addr) Hi itk 25 addr B4 B8 BT5E or £ B AY , & 5 LABTHE

int tesat_and_clear_bit (int nr, void *addr) bk 2 addr 047 B A0S o fTi% S, AK B LA RT 690

int teat_and_change_bit {int vr, void *addr) 1 ik 25 addr B B B0 ar {7 RO, AR B ETAE

int test_bit(int nr, void *addr) iE (6 4 41k 5 adde 894 B B9 8 nr {iF AE

6.8.2 BREHI

TE Linux FRPIEFRX BT RERZ AEH ( spinlock ). TEE—AFHR], HA-—-TRBIEK
B aES. HidEES QRN IMERE -Ei#frsst (R, HERRS TiEdl. &K
L, BRI AEAERTH—PEE L, FARETARRE AL AEE RSN, R
{EX 0, MARRIZEMER 1, REHABRK., FRiEEAEE 0, MELESERESRE, 7
TXHO, BIEHMMEESSH, HE 88, NEMSMTATRE LT SHMN TR g, AL,
BiEifE IR BT R S g da et B SRy Al A TEX E T e, SRS 3.
EH A RSN ERERNT

epin_lock { &lock)

£ eI ./

spin_unleck { &lock)

B Ay B BE

A B EM (X FREEENBMNES GREM) FF 4 MEE (LR 6.4):

o Wid (plain): MAKFXABAERPEHLBEEFEST, SEREEPHEAHNEL T,
HooTLA{E %8 A, ©ARmIara R hEiRs,

® _irq: INRFH—HWEMH, I4anlLIEHXH S FEH.

® _irgsave: MEAMEEWRTHAATEHEESTER, BATLERAXTEAR . 2358
B, b 4bBE M P BRERAT T, SR B B RE.

® bh: YE£PWEM, HEMTHLESERLAERPEBENSAETHE. —BRBIBEZAT
EE (bottom half) MARHBUITHIGHE T M AL . 2 A REHE R N8
Wi, _bh HBE AN RS TR, LB aSE R ks,
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¥ 6.4  Linux B KEh

& R i, 5]
void epin lock(spinlock t *lock]) g’?ﬁﬂiﬂﬂggﬁi%ﬁ. —Eﬁﬁﬂﬁigﬁﬁﬁ
vod spin_lock irgispinlock t *lock) N spin_ltock FAMLL, et th 35 0 A i b PR 2R + 9 Rl

id epin_lock i inlock t + k. . .
vold epin_lock_irgsave (spinlock_t *loc 0 spin_lock_irq #EEL. [ 010 {0 FF 19 BT B9 o 5 4R A
unsigned long flags)

void spin lock bhispinleock t *loeck]) Al spin_lock MMl, FEMEIEHERA N3 HEaHRaT
void spin_unlock{gpinlock t *lock} B A REH
void gpin_unlock irg(spinlock t *lock] B A B e iy B et i3 4 P B

void spin_unleck irgrestore(spinlcck_ ST 1) A P ) B A IR 2 LA AT TR

*leck, unsigned lemg f£laga)

void spin unlock bhispinlock t *lock) B AESMARN BT RS
veid spin lock init(gpinlock t *lmck) ¥l bsiL B BE
ARG AR, RSB S, MREEe, &
int spin_trylock (spinicck t *lock) .
- - W i& i 0
int spin ies locked(spinlock t *lock} NEOEMBARME, MEME, HFHEMA o

MEFRANEFERFOBEASE DB ERF K FRIUran, NS E G ES. &
W, EFEEHCEMIESE A5k,

HEER e PR R M B LB R HE PR LR R M, X F 0 B8 E e, S B
THE: RaXKAER Y (kemel preemption ) THEE. MR IFHE T ¥ 5 TheE, ENSERE
RMEEX T ZITASWITY, AR EIEALEFEATESH B ERE. RS RAnEf
b, BIRIFITE BRI R, A AEMPRSESIEME (A A RSN TERER L
£ ), HRIBHMSKIAT AT AR, FEOERMNER T, ARSI (N
BIRATF X R AR ) SR RIS . B F P B A PRI R, TR0 R e A 4 T
HLIBTNEELSLMEE BT,
ixE B BER

EEE B MM ( reader-writer spinlock ) HlL AP A NB T ML A AEHEERNERE. &
5 ARSI T ER ML RO IME - BIRGEH, Ry R T iR
i, Ae=E M Akd. 80E5 8RN ERFE— 1 24 MES M — TR diFic, &
BT

#t " 3 iZ & i

0 1 M e R, HHolH

0 0 BESE R — e EXBREE
g {r>0) 0 BRSO » MEXXBEG
ni{in=>0) 1 x4

SERN AR, BHEFEESTNESNEE,. drqfl irgeave X,

MTHENS, EEAEMN TERE A —& NRARSEEREEAG, AEE S —
TEFHAAEN, MAEEFRARELEY,. MH, WHEELSFTHESHRY, FHEKiEHEN
R ARB R E.

6.8.3 =S E

AP E L, Linux $24E T #1 UNIX SVR4 X H{Z 5 B (semaphore ) B0, 7 AN,
Linux ##ETHHACHEAMNGSRAETH, AR PHANESVERAAKREZSE, ABNE
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TEAEBLIEGFWNEEERAFPRF IR, ARESERENABATERSCEN, NIt
Pl LEfE S BB M.
Linux TEABETHRMYET =F{E T H: 2IL{F5 & ( binary semaphores ). H-# {5 £ & ( counting
semaphores } MEE{§ 5 & ( reader-writers emaphores .
SRESRSHMESE
Linux 2.6 HEXMW TSR ATHESR (LR 6S) AF s EMANGFSEEHRMD
. BE down Al up HFIAHTHE s TP IEF N samwait Al semSignal B,
IMBE S B oema init MEFIWKL, ERASHESEBEORHREEE, L8 EE
Linux PHFRA MUTEX ({55 &), B{#A init_ MUTEX # init MUTEX_ LOCKED M§¥(#)
tadh, AWM TBEIIHESEWRA 1 A0,
Linux 27T ZF R4 down ( samwait ) #2{E.
1) down AN TS KN senwale #1E. DM REBURKESR, WRESEATHE
PH#., YEFSEENNA up BERLN, KEXSEHME. REXENE, EAY
Bl LA THES B L rdete, T LU T T.onfs SE ki,

2 }Jdown_interruptible R 2 IFH down e 7 1 380 B 28 40 28 B2 7 ot 2 Je) 35 04 3F ne Ry P B
5. WRALEHEES%E, B4R down_interruptible R{ERII{F S EHMFE
A 3B PIF R 18T, 7€ Linux P HEARAPE -EINTR. Bo&EAEXENFSEREN R
EHH (aborted ), T I, ABCLWEHRITHUF IrE58, XTRSERBEDRIFH
HAiREFHBRER, NAZHTENAERERRSERE.

3) down_trylock BT R EHEMFAMEBESRE. WRFSEITH, SirTREKAE,
T ABGEE — 14T E, M LEERLRE,

EEES2

EERFSEHP N EENEE,; CRASFEANFANEE (BAEH), BAT—E
#F(EFEF ). ExE, ¥TEHGTHANE—TIHHESR, M TEEMAME—TZE
S8 (MUTEX), 6587 T EEANEERYERME. W TEEFRSRUAFTDEER, BT
L%t T 41 down #1E RE — T3,

#£65 Linux{zS&
HEESE

void sema_init (struct semaphore *sem, int count) ) At AR E RS S BR{ER A EMN couni
wvoid inic MUTEX{struct semaphore *sem) wpL S EQEAFE S RN 1 (WX #EE)
void inic MUTEX LOCKED ({struct semaphore *sem) ViR EUBMFSREN O (MBLSE)

HEHKEEENESR, NRESHATE, ®
HEARE] T B ER

MEFEBHEENGESE, MRAFSRLRTH, &
int down_interruptible (struct semaphore *sem) AT A TR, R EE S WA E up A
F ., FEE{E-EINTR

HEBHEENFESR, DRESEATAR, &

volid downi(struct semaphore *sem]

int dowen_ trylocki{struct semaphore *sem)

I i —~3E R i
rvoid up (=truct semaphore *sem) ﬂﬁ(*ﬁﬁ%‘{ﬁh‘%ﬁ
FERFESHE
void init_rwsem(struct rw_semaphore, *rwaem) ik ERENFEER A1
vold dawn_read{struct rw_semaphore, *rwsem) H#F down ¥t
void up_read({struct rw_semaphore, *rwsem) EE up H1E
void down write(struct rw_semaphore, *rwsem) HE down B4

void up_write{struct rw_semaphore, *rwsem} E¥& up B1E
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684 R

fE— R RER D, RPN E AR TR, TSN EARPYNENRE
. EHFHEFREATRA S BEBESFALRER. EHFENEEaSHNNKBZE, L
PRAEBHEIK B ( data dependence ) A2 RH4 Mgz, i, A

a = 1;
b = 1;

AREATERF, LIEXRFRL b EAF L «a EHZMEF. K. /7
a = 1;
b = a;

AEEEMFHEF ., Bt EFEAEERT, EREMERAELUNENEE T EASEEN, B
X RS AR E A
AT RIERELSIATHIMEFE ., Linux £{ET N%F B ( memory barrier ) %5, # 6.6 ¥ 4! Tix
WP E LHEEEABRN . mb ORESRIETERD D mb O UAHABRE M ZRELF
LR B, HAUHE , wmb O #RIEBUF T ZE4CH wmb O BT AEERAEASBES XTI FE. ob ()
BRI TR AR,
XFTRHERE, FRAFEEE.
1) FREFRPLAEIE 405, R EEBEMIF@EES. B, BRIESHS a=b W ¥R (%)
B DL PHRIBERFE (T ) BA{UE a.
2) rmb., wmb fl mb #fERR T HIFFRMULEBAOITY, EHIFHFT. FERESREFES
HHEMPEAAEEFGEFES. FLEEIE., BERARORHKE CEMERBENE
s S SHAERFBRSEMNIES T HEPITZ AR,
barrier (JE{EE mb () EBEN - TRBERA, B NEHEFNNIT N B M 45
ASHGAENESRHF, BAXTHBESRMBHAEN 7. N Intel B x36 BRI LT H
= B FHEFF
smp_rmb ., smp_wnb #l amp mb #AEEM TUEAML, ENIETRAERMEIE (UP) L
HiE, MATLIZEWPRA AR (SMP) FHi®. T SMP, DTS4 & S0 TH 7 AT 38 i
FRE:; BEXT UP, BN NMNIIELRZHEEEE S RUBEEBNIE SMP AR TASHEA, 7
AT X SRR AR, emp BIEERHH.

#£ 6.6 Linux QIFHRMMRE

& ¥ iz Bl
rmb {} PRt R (load) B|iERTERN
wmb { } BRLIE B it B B v e pEF T T HE
mb () B LE B o B Mot B B R AT R
barrier() PRI o 1T 8 B 1F B B o B A G R AT B
smp_rmb{) ¥ SMP L. Rt rmb()M4E, £ UP 1, #4{t barrierD#RfE
smp_ wmb () /£ SMP b, B4 wob()#h¢E, 18 UP b, B4 barrier(#4E
amp_mb {) % SMP L, #{44 mbO#fE, &£ UP £, B barmier(OHfE

#: SMPATHHSAEE, UPEAFR4FE,

6.9 Solaris & EEFEiIE

BT UNIX SVR4 #FE EHLESF . Solaris iR+ 4 HEBRAHIE: HX5¥. E5E. £if
ERERM, &R,
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Solaris TE P38 HP 20 AR B2 TS B 40 JFUSE , [ ZE 2R 88 FE vt 2 JH P 008 R BB B0 [RCiSS
B 6,15 BT XERENHIEAN., FENVRLERAS XSRSy — SRR, —B48)
BT RS, LhHEERTRTRMRE. HA (A R (B8), AHNSE
FE R R E R R LR HL . IR — AR BRI A — R R R AR, B
BEMAERNRERE, BAXBHREREE. MR- MERBMET 3%, Eeimaet
R, BAPERARSREEMTH.

FH WAL FREREREEANRE— TR TN MRE NS EHS .,

Type (1 ovtet)
Owner (3 aotets) Wlock (I octef)
Whaiters (2 octets)
Lock (1 oetet)
Waiters {2 aclets) Union {4 ocleis)
(matistlc polnter or
| Type-specific info {4 oclets} _ numter ol wrilt reguests)
) s By & turmed e bd,
lack type filler,
wr atntslbcs pad e}
Thread owner [(d octets)

a) EF
Type {1 octet) o) BERHD
Wiock (I octes)
Waiters {2 ovlets) ] Waiters (] oclets) I
Count (4 uctels)

b)) RS E d) #FFER
B 6.15 Solaris FENEEH

6.9.1 EHFEH

HEHMHTRAEER —RERSE A RBGNNEEFAEPFHTEE . AEEREBNERS
HUHFROLBAAER —TEB. T EBEE I NT sutex_enter FHHFABETR—ITESF
4, NE mutex enter AREREH (ENE—THBELWRET ), MEESHESERTIER
MHEFEENEHBRES, RANHERRR— TR — T EHEENSEELSRHERT
WO RE, 2 A ETPHENHENARTISEERE. YE—HER, EFEQE—1T
turnatile id, FA¥FFicER T8 FBENEERD .

H5EFH#AXKARENT s
mutex enter { ) HE4, hRTESW SYHE T AEEHE
mutex exit { ) B, TR —1TSHEFHAX

mutex tryenter C } &gﬂ. tﬂﬁ“ﬁiﬁﬁﬁ#
mutex_tryenter ( ) EEBHT -HWUFEFERNEEEF &, XEAEFATUARAFREREMR
RAAESSRFTE, AARRXRTHF - TEBRARMHESETER.

6.9.2 Sk
Solaris ifiif KA T IR RUE £ HBITREESE:
sexa p{ ) MAMES R, TTARE MR
aema v () MmEER, TR TSEEERREE
sena_tryp () MBFEREE, RR/NMISE

Fl#, sema_tryp () R RIFLHHF.
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]
693 glﬁg’/ﬂg #ﬁﬁ Animation: Solaris RW Lock

FEARBEUALNFE TR L AEABRHESPEPHONE, TEATESRETH
HIEZEE, —KE - TEBERNSHEH MBS, YEyEEHRBYN, 2% write lock
W& A EREERE S RERONSS. E - RE DR EEE T8, WEskAsy
read lock, RiEWNTF -

rw_anter ( ) REEREH RS FHHGES

rw_exit () fEREERT & BREY

rw_tryenter ( ) B B R s ) kA

rw_downgrade ( ) — T EERPR write lock FERBILERRB M read lock., TREAESHH TR G
. AN RAERAY. DREFIATHEAELRE, WiZREHRUEEE—
A A g e 2

rw_tryupgrade ( } i E0 reader lock ¥ ¥, writer lock

6.9.4 HHTE

FHEBHTEFIN -TRENETNA, ELFNEFHESHEH, XHELRT mE
6.14 B A RMER ., BT .

ev_wait ( } BB B B AR B fE S E

cv_signal { ) BiRBE B ov wait () LAJ--THE

cev_broadcast ( ) Wi #ETE cv_walt () LRI A&

cv_wait () EFHEMERXCEMNEIRS, HFEEEMEHRGHRERFRY. A TEHFXBL FHTRES -
TEFEXTEFMASBEE, MUAPEFRE 2S5/ AS. HE, B
MRS

mutex_enter { &m)

&
while { scme_condition) {
ov_wait { &cv,&m) ;

}

LR

mutex_exit ( &m) ;

B2 AR ARG, PFLUXE RIFEFR—PERNTEBR,

6.10 Windows FF & #1&l

Windows it T &M KR &, FLEMEAMNREH DT REENFR S HEEEHEHR
THRARANE, APSERAR . BEYETHOEAFTR. SRSEXRFAT SERE. RN
AEERRERFRY, RS #RES L,

6.10.1 ZHHFHMY

FRRBAITAEEHEZER A SMRIT. SR A ENFENAERES A &R .. FH K
BRI E T B — b, MEFENE RN, ERESFNFGCESTORL ., WH
FEAHE, MARHEMSBRSAASTHFRS . ESHLAAFWEANRE, ER4 G RAAELS N6,

EHEANFHFREATASHFLE NS K. 5 waitPorsingleobject ExX—4 A
B EMAR . YRR --HREN, BEMLR0E .

o MEMURLTAHESRE,

® FAETIEN, S LEE N INFINITE RETEFRSEA
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6.10.2 SRB/IA&E

Windows AT LHFE 2 MOLE & FE MR, £ 6.7 4 IN T RS MR FHE,

RPTFFIRM 5 MAT S AR S5 Ak & B E 4, W H bt R 26 B HoAb Ak, (HOL T L TRIE.

BT REAHAFELFIET LU TFEESRE, BT TRFEERES , KETUEEE—
TETEFEEREWR L, YBFAFTESREMNERR B I XEOLHIEEAIE, £
BAEHMAEXM SR E L — TS /FiERES Windows iz, HHREADGHEFEREH,
Windows $UATHRBER - - TR AHM FEHFEZFEBINR LHRESSR.

Windows/Linux LR

Windows Linux
EHREERE, fmGSEMNSE., RS . RS, & HHEFRE, MFSENR . ERAE. 1.
W #%, T2 A wail/signal HLE| SERT . # FIER sleep/wakeup HL#|

HEMNETRERAMERSR, XEREFEE GBS
APE FEEEHEAIE SRR, R BEaae b
T, FOFHREE -~B#

HBT A A select ) BHFEAESE 10, THES

1 HoEVET A = q
L] L R e S T T 2R M 66 MR
XHAAEEBHETTER FRAPEEUATNRETER
T I , T iE 184 - 4
ZRAR A e, I SRR R ER #iziﬂiﬁﬂiﬁ%ﬁﬁ PIRT BB LR

Fil A b W ar i R A E [RF LIFO BA#, #R24 SLIST,
JTEREREREFHBEMWAIATHPER

RERFESESR LIS ERTY RE, RELFETE |
SR EELE . F U0 push-locks 3T & o) 4 8 51 H

HEEEMEEREF LHZESERA (RPC) , R4
EoEdhHHNES RSAEBEA (ALPC ) M8 - . ALPC MAFTENERYISERARAMN (RPC)
KERTEABEFMFHREZRMAHES

RAABKBA (APC) XEATHET, LEREHEN
FHES (RS Vo SRS ER APC, HAXER
B -+ ERMN P T X ESE LA MARESERIMN).
APC RUILIFITRAP A, HAFS APC HAHF R84+
P A B A HR AL

W L B RESTIER, AP EFEZA
{ interrupt level ) PE{IE, Windows X — IR i R AN {9 tasklers SESE RETARE, B3 A B OE; A B B I
FA { Deferred Procedure Call, DPC ) | it & {44 i

UNIX XA T HEREFMERES YR, 55
ERER RGP R, BT REE R EE
. MiAsRERSAREE. SEHAPHRU. &Y
FEEFERPIERHE A

RUMSATRR - TRETRER, &x MHEHEGCRAE. ANEXENRARL T,
UABRERZEG, REE—THEMHETRREAARSREEFSBENZN. ERMR
AEFRAREX B R E R, F—aE R is— A& S kS . BmE S SR TiEE LA
“AFSRMAR. SEFMRAADNFFESREN, RNEE - ELFEF LEFNREER
£. ERATHEFERRSEPORXBATHE . MEFERHAL, FSEMRITLUAES M HE
R AR AE . Windows ff S RBE—THHHGESE. AAFA L, THEFHHARNTREFESH
A (A A R (55 .

O ®wAKEAFTHGEERE, —FET
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% 6.7 Windows WEH MR

3 R R TN CEREESHDNEY | SEESANLEMNRN
A1 A C RAET-TRAERNEE L AL A L M8
GE =2 BT~ ERBEFMNIEY SR R FE W — A~ 2 R

BETREHNAM, SEAF- | BESSRREben
T J- e
UeE Fois g BT R B B P2 #
PR A ST L 10 S —- A4 T S o8
58 G ] W
e P Ao 3 £k & MR H
B 4544 B i B 2R 0 R B B HRRBEMERAE | e
1] R B ik
St A LEHRFE 1O B Ty P
ko]
N —BEWET. AEEHERF
R Fr R 1 Hh Bt =5 1 B U 34 RE—THRERL ERRL
R 3R o — ET DA B SRR I £ 1 T
ity HARSAFHHNATAFSE, '
6.10.3 IERE

KRERETETRSREMOFRANE, FEMNE, BREREREATHBHSE D,
BHNE. AFRARAFSRETRUBEATEANABRAKARF S, BAEREMN LFERE
HTER. BEEBHILA.

HEOFRIEERFXEANATEXE., -8R, XA LIETARIEENY CRITICAL
SECTION IR KM ; EHBTWEABEAEZE, £/ InitializaCriticalgaction
% InitialigeCriticalsactionandspinCount AR MBI RIX.

2 EnterCriticalBection & TryEntercCriticalBection HYEWRIHE
K5 5% X, {f#f] LeaveCriticalSection MK BEMAR HMHMAN. WRMAR BaiEt
HEPF, JF4 EatercriticalSection HERMHBERFHATR. MEZT, YEXMRKA
EE RPN, FFREER—TEFM, TryBoterCriticalsection FERKANARRE
T A 2= BH AR,

I KT E AT NR RN E Rk, RS RARESR, AADHS BRI
—A R FRFHFERRENGREEZNBE T, XM FASSRFER T, L ARSE
ﬂﬁf_’.ﬁtﬁiTﬁﬂflﬁ:ﬁllﬁﬁ-ﬁfﬁﬁﬁﬁﬁm%ﬂﬁiﬁﬁEgﬁﬁ.oﬁﬂi'ﬁﬁ—’F%iﬁlﬂﬁﬁﬁﬁz)ﬁ
(AR IRS A TR, RABEA—TARBQMETAR, T ABT LHLGRRFEED L
BEREST. FEBMBRAELAAARDONEMFEFH. PTRIEEAH, BRXELHTEK;
BRILF LB REINRRX WS, H 020K 88 S A 47HER R (lazily allocating ), TR
YETaREANERHE. '

6.10.4 HRFZESYPNEHTR

Windows Vista i T S SHESH . SHRR -, (UNEEMH SRR, BT
HARZERITHE. ZFRUEIEER, RATRRSAEEREFE -PES X INARSR,
{FF SRW Bf, HRESAH 4 SRWLOCK 2R TR, H#A InitialineSRWLock X
Hpthik, L8Mi8 5 AcquiredRNLockBxelusive i Acquire8RWLoakSharad 7] #18
sw 4, 38119 ReleasedRWLockBxclusive f ReleaseShWLockShared Gif 3521
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Windows Vista AR T 244 B . #EF2MMA BT — CONDITION_VARIABLE 3Ry 2 i,
HEFE LB EH InitializeConditionVariable #EiTHI451F. %H@E“ﬂﬁ?ﬂﬁﬁ—zgﬁ
SRW i, [F ] % PiFh /7%, 51eepConditionVariablecs fl SleepConditionVariableSRN.
BT REE A4 T SRR 0 TR 18R o 2 B A A0 8,

AR M EE T, wakeConditionvariable WakeAllConditionVariable, T {]
7 A — R IR R, R TRMHARINT.

1) 39T 41,

2) X predicate() 4 FALSE Bf, # SleepConditionVariable();

3) AT R ERE,;

4) B,

6.11 NG

R E —HEFH AR RN E BRSNS RR A ENHE ., HERAAN, BIErEHK
RPFE B RITE, WRE—TREDHR, EERE AR R BTEE, FNTREW
RATEANBRRATHERR., fEARERHA LA AR LMD TR, o @l
BB FTIERE R IR R W — AR B a e R T MR, WA T E MR
MmUoBMmX Mz e,

WEEISESUR A =F Ak T, QWG . MRS RSN — T L E &SRS
Wi, RIEAR SRS, MRBERAALERERE WK, WESEYRN, BEEKLMARE
Bt R B SES, I RRITSHTHACH . EBREW RN TRREEEL, LT EETLA8Y
SESH, HHRE LR g REEFE.
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HFEAR R BB T ek [DIMI9STR % T VA KAR 4 E . Levine WM RIT Y LZE[LEVIO3a, LEVI3b]
W8T FEFRE I I M — SR, [SHUBGA R XSS mEASE ., [ABRACSIHIE T — IR BT,

UNIX SVR4. Linux FI Solaris 2 )3+ Z 141 B F TE[GRAY97]. [LOVENSFI[MCDOG7] .,
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6.13 X®|ARIF, E3FIE

xEARiE
HHRF B4 B i R B
N H BT 3 i [ 4L T 43 B
B 185 AL B TR RE )3
SEDIR R W E 1 B A O
L iR

8 3I&E

6.1 &5 0T B AR IR AT A RE A
6.2 EFRMAY = BRI RAL 4
6.3 FPAEFRPNET 4 KR40
6.4 UFTENIE A3 0 SRR a?
6.5 BB AT o R AR RN A
6.6 WOy LSRRG 1 S0
6.7 FEAUHRE. RWFITEY 25 6 R B H 42
=] ¥
6.1 ﬂ#&ﬁﬂﬁ#%%%%#.ﬁ%ﬁ~¢ﬁ%%%fﬁ%m$,*ﬁ%ﬁﬂﬁ¢%ﬁ%ﬁﬁﬁ%%$
B2k,
62 WFEME6.1, BRAILIHTABMMHB . S#eARnEL,
63 HWR6I TN 62 1BAREE, SR EI 6 i e A8 1y faT S0 98 R
64 FE61 WEXTHWAER, B655%: T —6F,
a ) IR My DB,
b)ﬁﬁ—¢ﬂiﬁﬁﬁ%ﬂ?:ﬁﬂ%ﬁ%%#ﬁﬁi?.ﬁ%$#ﬁﬁﬁaﬂﬁﬁﬁmﬁﬁﬁﬁ
HJEE:m&—%m&ﬁ~%$ﬁm.Wiﬁ%ﬁﬁ—%ﬂ&%ﬁﬁ¢ﬁﬁomﬁﬁﬂ,ﬁ+
RWA R A, )
6.5 HBFHTWHAGWEMNIEE (T, T2, T3, #Ta),
ﬁﬁ:ﬁﬂ$ﬂﬁﬁﬁ&ﬁ¢%%ﬂﬁﬁzﬁ%&£¢WH¥ﬁﬁﬁﬂo
program Concurrent Threads;
var
5l: semaphore(:1} :
52; semaphore{:2);
53: samaphore(:3);
84: gemaphare(:4) ;

s5: semaphore!:5);
46: semaphore{:a);

proceduyreTl () ;
kegin
{..Ple1) ..P{s2} ..P(e3) ..V(s1) ..v(s3) L ¥i(e2Y ),
end;
proceduraTz{};
begin
{..P(82) ..P{s4) ..P(85) ..V(s2) ..V(s4) SV Esy )
end;
pracedureT3 () ;
begin
{..P(s5) ..Pts&} ..P{s1} ..V(s6) ..v(g1l) ..V(s5) };
end;
procedureTq¢ (] ;
begin

{..P(s85) ..P(81) ..V(81) ..P(s83} ..v{(s5} L.Vis3) };
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6.6

6.7

and;
begin(* main program *)
parbegin
T1():
T2 ()
Ta() s
Ta(}:
parend
end.

o) il — AR RMRGE L, Emtﬂﬁﬁﬁﬁﬁﬂﬁo (61D TEXTHEGSER, BHesmhT
—A8 T,
b) LERAHESHRARMGT RiGLIE,
I 6.4 WHHEARNAELN AT THESE, #HHER.
Available= {2 1 0 0)

2001 _ g 010
Allocation={2 0 0 I

1 010
2100 ¢ 1240

—EHBRNES (DB 616 FHR) AF—THARRBRI. Ar#ErA—TEHER O, ENZAA
PG R, RS AN AR B R, Bt PR R AR M T A X ()]
BHIABEFERS L, FRETHBORE, FEENEFFRIRAARETHNRRANR:

i+ o0 € max

Request =

B, ma BRBRPHRRRY,  RTAHER/PHMAREE, o WREAPIEHRKHE.

6.8

6.9

Lt oA l . P U o
o 5w ix % R

616 —RERILEE

AT R T HEm AR .

1) AEFSBRENE. AR I1S4AETHAEBA L (HEHATEHTH), _

2) REBATEIRA, #8 P BAEERT, HEBAFAETRARRHEFRERNERE (R
ERta @ ). '

3) RE#RBETLEBE L, #E O HRWERTE,

R R AT .

B .6 PMBEAMNMMBTERAE. PAAFSARNREEYE >AMNHRTHURERERER

EMEBERAk.

7 THE ZEBF#H B H[DLUK6ES]H, — MBS (RAMNCK, HEAF) s ramA R, 4

BERASHENE, ENWARTUEE, AREATFHFEROEEEE, BEHMNTTRETLALLT

B

max Fen B B K T

i RREEDHR AR '

p RABEE P TR B

o AR RS A _ ' '

reso T B R EHRA TR

resp 3271 o AL PR B A 3 BN

RRER S RO AR, 5 o Rak B AT 0 8 B R B, ﬁ%ﬁﬁﬁﬁﬁﬁ%ﬁﬂ“ﬁ

6.10 7£ THE ¥ERFRITRET., —AWRGESTTFIRERR:

1) Z-EWARHIX (RAES)
2) SABP X — 40 X (WATRE)
3) Qb3 S b X (B
4 HHBEWE ( S5 I ¥E )

5) b ui bl (it AA )
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6.11

6.12

0.13

6.14

6.13

6.16

6) KB (LR )
a) /. cHpHWEETLIHFERNER,
b) MEKRI 6.6 FRTHARE, APHBNEGHNEEREE, SIPEEFEE—-TRRas
A
BRERSETAUWMEBNEHERMYER, REGARTHEELERGREY, BAREEKERE
4 4 2 1)
Claim = 301
13 5 2 7
6 1 1 1)
HClam, (1€i<4d01gjc4) TorHFR i THER) ARAKER, RETE - FHEUNBRRELAE
i E[16,5,2,8)8, MM RE AN S FRAEFSRE.
4 0 0 1

Allocation =

—
L= =]

1 2
1 1
31
Kb, Allocation; /R Ml s+ BCS BER ¢ IR/ B E .
a) WAL RAERLT2H.
b)Y RHHE 1 hiF | TANMKEER 2 RETALEF.
c) REHEIHF 6T RAMERE | AR, X4 HEMFAMEb ZX 7 8)
dY R RE 2 HE 2N ENARRI LT (XA AIEMEE b, c RITK )
HFETHEXFAEHETHEER: NE - HEAFHRIEEHT, 8TEREETTHILERS
L. WEAH MR W T
A ACELErMEREE, $BER P T REUREECEISIHERFEY Py, P, -, Poy,
HAEBHEIRFELE FRiE.
a) EX—T—HABEEWE, WXTAEBRSHEENRECRE, HETHABA SR P, (0si<
n—1) 5 —PRE.
raepeat

SR I H i
EE
# 7 Hk Ak
forever
Wil PHBI P, AERFNEARTE., IREEEHIBREEEEHAR T RFHEE LB, TX
wEN.
b} iRAARERASA ( FEAIEHENK ),
a3 MTHBRELIAFRELRT, KA BRFTEBEN - ML, §FMHBELTFE 2 ML, KN
Ao RAEIER .
bIN-TRHBRLE MEERT, HEBEESERL MR, BTHAERXEER K REA
M, FEMARAKFERAEF/PT M+, RBERS E4 T,
HFETEH=1THFEABRUNTEREK:
U P RREBTIR R R3
#iE Pl REERH R2 FIR3
P2 AFEERK R R3
a) MF LB RTER, G- -+ F A REERF.
b) @il EIERENSEFINNOTFEIEE. (6N FTELTHERIEHA, HesHBET—MHF)
FHETILHFERMAE: 1) BOHEE, 2) SN 2R, SRlrandl, 3) BEfNhs
B, 4) MRRBEFESRN. NENENRBEHBEVFARR, 5) WRASF, o) BW3t8i+EREE.
a) MR RN AR RMAN — AR, BRI ATFRANHE. BREZ, TERAEYHA,
Biah A F BN EH AR OT TR a0t L mF e 6 FrahBEAIM Tk, SN 1
A6 —THFE (1 RRBAXBEFARER), HBEELOERF.
b)) B—AHEEETE, BE2. B EREER/ ALARBRFHHBRRILBBLEL, BHEHY
BEMAIAEl e MHEF (I RrBES), HBRELERHEXNENR. MEFEMEEHEHE, Fi0M
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R 9 S AR 139
6.17 M FHH HNEERRBERBNHRTRE, —UNRBRNTEXRTLERMLANT T, mEMmLA
MM T TRETAN, NEEAHMXTFREER, SUERTEANLT, FERXMER,
6.18 BEAWAXAWNTTZEH. - RLOEEEELAN Y F(ERT). 5 — LB RAEERELNIL T (A
MF ). ZEWMTFMATHME 6,12 h i LH—K. HMTHTIETF.

begin
rapaat
think;
wait | fork([ (i+l}) med 5] ;
wait ( forkI[il};
eak;
gignal { fork[il ;
pignal ( forkl (i+l) mod S1 )
forever
and;
kR -

a) MEELH LB TH— A8, B b7 0% 4 5750 BB L HEHR 7T LU S e .
b)Y MBEDL — AWM TEABF. WA T o7 868 = HE# 0T DL B iE LR
619 BEe17ERTHII—-THHATEERTZZRERIAN FE. HE 6.14 b H EWA RS .

mogltor dining_controllex;
anvm ataras {thinking, huagry, Satling} dtatw[5];

cond nesdPork]s) /% condition varimble ¥/
rold goe_ferks(int pid; J* pld ik the phllosophar ld numbar */
{
atatra{pld] = hongry; /* apoomuos that I'm hungny *f
Af (wtate] (pld+l} % 5] = gablog || (steve[ipld-1) % 5] == anking)
awalt|needFork[pld}): /¢ walt Af eichar nalghbar is seting */
statefpid| = sating; #* procesd 1f peitker nefghbor im ssating *f

1

vold raleses forka{int pid)
{
state|pidj = thinkipg;
/* glve pight (higher} neightor a chance to &nt *f
32 (wiate]{pid+1} % %) == bungry) &£ [(state[{plds3} ¥ 5]} J= making}
crigoal {needPorkipid+l]);
i* give left (lowsr} neighbor a chance to @at +/
wlse If [(state{(pid-1} % 5] =~ hungry) &b (@tataj(plid=2) % 5]1 != garing)
arlgnal {ouedFork[pid—11};
}

vold phllonopharik=) to 4 /* the five phllogopher oliants */f

while (trum} {
<thipk>;

get _forks{k); /* aliant raguests twoe forks wisa monitor »/f
<nat spaghattis>;
roloane_forkaik): /* gliant releasws [orke via the monltor =/

B617 FHHEERUERBMHA—MFE (FHEE)

620 TE& 6.3, Linux (—EFTHREASY RN E—ERHIRGE. I atonlc_read( atomic_t
wv), MEMEREREMEREHEPHRERTH. M igEmmE T IRFREMIESFEP?
621 8 Linox R agin TR0 ¥
read_lock [ &mr_rwlock )
write lock ( &mr_rwlock )
Kt mr_rwlock B ETHER. XEMNEHEIHEH A7
622 WATE a M b IHEWEMEI R 2, WF Linux REFMF{LE.

g 121 %' 2
A = 3 —
ab () —
bx4; c= b,
— rmb ( )
— d e a;,

ERAFRBRED T R AHIR?



s=—abD A =

MACEIRHAARITRERS I HL—, ERASHEACKE TR, RARLRHN
M AGHERCREET GREM, BAARR ARG HAAREASAEAFRARAE R
M EBRAREFREED, B, RAFRRH - AT ENLFREFTRNS, LIERAAER
BES R BBRI A, RE, AFTVOA—AREORA, AR XM TFLEIRSBH
MARNLEFEARML. HTHRALFIL FTERERSNHAMEAE, R AR TS
M Mok BB ML RS O sE iR  B

B=ERaFiE

B7E. AEEE

FBTX¥RATAFTESRAENS, B4, ERTEMA-PAFTIETRBTREHALSEL
TR RE, MBTHESBEEFTR . BT LR LARARTEFARNRLT, RASEEARA
BAXS, RAtAMA/SERR, TUNBREAFTET IR FAE, AR &M EY
HEFLAABTZARTEEAARBRAEHER: FAFTHE

BoE: ERANFE

ETHMBRAEE S AASPERANBSHABNAS, ARRFENPAEFERT WS
L, BRAASTAABRALLAN, RASARAMLRTHHRTLREAZTH. HER
H—-g, BARASYFARALEBA LN E-RABBBETR, FARAS, LT RGHM T
EESERBABARNKENAAT, EH, SARBATUARAEFLR I HAS, X THS
PABERES, BEEANE RBTRED S Tl H3h i, do R 2otk 5 b0 2 84 3k 3
Hi, SR AL TR, REMATESBRAA LG BRE AR,



BTE AHFEH

FREHBFITRED, AFENSRAHRL . - BAHRFREER (RERERF. A
B, —SHAAEARITHREFRA. aFHBEFEH RES, SAEAFPH S S
‘P #4r, UMEETHBEHER. BOoNESHMEREDERR, IRFAETR.

ARMAFEAEEL AR REPREREESN, MR RAIEHBERA D, FH i
BAES e E R S VO, AFRAT, fASULTFIRRS . Bk, LA RHBHIER
FRREAE SR E MR R L S B ST F A 28R ), :

FHEEHAEATAFERRRENR R RFANFHEMHOEMAE HFTATREIRAR
BELAR. BFTHIITH, RUBRERIATY, RAEFSEMMATARRESFIHEN,
REGRHEA T AFER Y — SRR R,

R1INEAT —BENEITRHXBERE.

271 AEWEAE

LI HER—TBERE MR : .

il — A B MR, ST O Rl (I ). BCIB TN DI R WA S A R 8 TUE
— A KN BE R, A @A . 8T BT LU 8 B A AR — 1T TS (4hER),

BETUG-TBEHWSE, RFEHRHUTRBATY (FRSHHARS )

71 AGEEEMNEX

MR SHFTERAXHNERNAREEN, BEAFETHENENTRAERHTHY.
[LISTS3 | M FEHEBHT 5 A% K. BEEf. By, X, SHAM, WHENRA,

7.1.1 HEBEH

EEERF RS, THONESMATRE LR, ARERT, BERATE
WA RA RS R &8 KA LR &
ERR, KOERDEL B ERNREARAE  any -
W, EEEESLERASRHARE, DEELERy BE0 BTN
HEREAL, DRFERNINS, 4T —kHR
AR, SRR B R PSP, TR
Rl R MKW, T REEHEN, RIE E@Ml
TR ER BN RNARKE,

Hip, RATEGRMERTE LMK BB K
B, FARINTEAFEFALZRIAEREHY
S, XERD -5 TRALWIARE, ME 7.1 5 A
o WERETTHERR. BMARL, Bt
Bog 5B T REh N —BHSHEE. BB, BEE i
AFENAABOMEAAATERNLE, UREAE B0 BREILYANER

Bt

ik
H4

FeE
i
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ﬁ%ﬁﬁﬁ#%AnﬁoE?ﬁ#ﬁﬁ%ﬂﬁ##ﬁﬁﬂﬁﬁﬁAﬁ#,@Mﬂuﬁﬁﬁﬂﬁﬂ
AN S, ALTRER DAY NIRRT, BRI S F— SR ERTHEA
%ﬂﬂ,ﬁﬁﬁﬁﬁ%ﬂﬁﬁﬁﬁﬁ%%?ﬁﬁ?%ﬁﬂoﬂﬂﬁﬁ#ﬁﬁﬁﬁﬁﬁ#ﬁﬁ%@

AL SR SRR LTS R P A U (R e TR o 1 S B P P A, 3 U B P PO AR B 2 B
B,

7.1.2 {R#p

STERBNERIRE, Uasmtan BRI T, FH, Bl LA a0 i
BRHRFRERLESOLIN (ETERERTRE) AABNATET, TLHEX F, B
R EEA MR ORI TR EPROROEE . B TRFENT PR R TR, B wE
VA R SRR A b SRR ARG 3 RS BB Y i 7 A VPR E T I AT M A A B
W (P, BT EBUE TR RS W st ). Bit, SHI7EET R 2 B 4 b
HWFEE, BRRENAFATHREARABNEESR,. £E0L, CoH THRHE S
X RFRTTROIH,

BE, AP RRy SRR, FeRBFEREE. E, —FHBEbH
BFARAERREIS SRR HES. mMBREHHNET, —HBFRBRFRE R
T EERR A AR X . b T 8% A RE 48 7E BT B K L X AE R 3RS

R, WERPOTERLF S S (B ORE, MAREBERE (X)) BE, &
R E R AERET RIW Tl 8874 g BF H UAF IR BT DA, R A S R b T
REAFTEM AR IO MR SR BT 00, R, FABTEHS 41 1R P9 720 SE 287 X PO E T I 75
B (PR ). AT — 8, 4BREGLAREXED,

7.1.3 #=x

LT EIF VLB L TRE —EM RIEHE, UAFEHEBR D AR —545, flin, me
FTHBEABDATRA—TBF AUAFSTHBHRARBFNR -+ AEE RIS MBS 4
BHARNAELS RS . SFEERRA—MIS AR BT EAE I EEE N BIR SN, Bl R
FHRELAAN AFREXRATREHIN, TRALAEREANRT, RIABAETE
FEE MO R FIE,

7.1.4 EHAR

HEVASTFHAFESERASRMREN (RNE M) b= 6, FEhSEah—&
FIFVWRFHRY, SMEFFMR (RKRINE) EPHE B2 EAMF A, REXFHHS
HRBUUT KPR ILRES, REH AN CBRFHEMEE TR, ASHRFHRAAREL, ¥
RRGREATERS (R, ), RESRadTUaMMNEE. MRREREAITEN
BT RE S A SO A TE UL BT R O TE AR M B R R, 2R E 47 4L .

1) FTLABA 57 S5 PRt b, R GETEIE 104 A A — Db B A BB B B 3

2) M EE M, TUARBMARRUAFRNEPEY (RE. RH4T )

3) MBS ARFIYLE], HRRRTLURES M HRNE, EHRGRELINHESTETER

FHRAERABEMTR, BHAPRTURESSHERENIE,

BETHEXERRNTARAR, RURAEHERITN - FATEEERR,

7.1.5 HmAm
B0 1.5 WA, HEVFREZSSERASURRES, RAYNTENIME, RS
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PR, AR R, FEATFREE R, RRER, EABREKATFE. S FEHHLR
FRMAER, EERRESREN, Rk, REBMWIFAILATRAFMEFRANE, M
A1V PRI R ) TR A SR8 S 0 R P PR o
EXHRATES, REFEXTENEAFMMFZEERROHRA ., TLLERFRATH
FRAMERW, BHTFUTHFAMNRNE, THTXNEFERE, WEAGTFERE.
L) TR F B A el A R X FEN b, BF RLTRHABRE (overlaying )
RARFHARFMBE, TRNERESEDAFTR —RES, TRFATEFEN
P ABER IR, BMERRFTROTED, BREARANHERMREFRBEFAKME,
2) EXERFEITHEY, BFREGEIUBRFARNETREENCNEAVE.
B, ERAFEMBRENEHFANESFNEE--HEARE, TEESFHHEREAETHLY
BRETTE .

72 AESK

HFERBEERNRELHARBRETFEAAFTRIT . EXRSANRNEHARFRITHE
Girf, MR R N —FERD BRI R BEIAEXET B AR
BAPH—F, TEEENAFREARZAH, AP ESEAPRELNFHATAEAR (X12588
TEERE s EFAHNAMEBER ), HFSXERYATHECETINBRERES . F5H
AR, BRSTUMEROR, HRFERFEREML. AEFEERELPFATRT, kit
XPRREL R A BY T B R A A A

72 HNEEEEK

P o B % % A
EEGE RFTE. BTN RIFED _ T A A SEBR A
5 4R O, #RFTUHEEAINNTESETA miiii#zﬁﬁﬁﬂ W EARES, Hahi
B/ B 43 B o BB XHARERH
. SRBFEMEN, ERMERE TR | SEARES: alE | HBTFEERIBR
TR AL A BN EFESRARE | S4BEARE B, 43R 58 R R
A BRI 4 BV A/ S R TR
F PB4 B £ AN S BE RS
8 A4 M ERAER, FELARESN | WHIERH HARAAMAEL
FAHNBEANAES AL TEENE
T HE
TEBARERHA AR, BB ALK | REABEE; BT
Y LA B B, EENIBQANFARBEARN | AR, BETHITA | FENERN
R R — S AR B T A X T S, W T
BT ABEXAREMFAALN, 5 | REABBA, ZRE
EHIHAAT | BRI —8, FRETRALUSEERD | ANENSHEEFTH BRMATEATH
HBAHE B0 2 40 i b 25 1)
BT FRERAZRRAAR I, & ﬁigzzggéii?
HALMATAMER | A EE— R JEREETENTE LG BN A alth 7 2 A R AT
S A EAN SIS, X
KR R
721 EBEHEK

ERFHAFEEFET, TLUBESRERLE ST WP EEERLS, AR
S EA-FASGHEEE, FRA A AEERANRAAN T BZREEES K, AERF T4
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FEER X,

S K

HI120ATRARTEESEAHHER., HEMBAADMHENSX, EXFHFET, /)
THFTHELDREATHEREBR DA BEM T HNY K, EFAENIENST, FAX
HHBRLTREANZETE, NRERZETHBE - MHBRNTESK, AR 8,
BAEBH HTH, |

FRIXIBENEEHEEEHA A . RIRE SRR
o BB AKT AREB — 4R, EXHERT, VB ;&E
BIF R AEIE ARG BIF, FFELTE R EMB T
ERFRA Mo TENIAEY, YFHEMABRIAR ' o _6MB
EH, BRFEFLATLEITHEEANBENIEX &,  eMB
B4 b e E TR ARG 8MB _
® AFMAMARERE. TWEF, IFERN, BAFE :  8MB
G- EEMAR, €6 72 FRMATF R, Rig SMB
TFE—TKE/DT 2MB H8F, YEHBAR, 5 SMB 1h
#TIT—T EMBHF K. I THEEAHBRKIERNTHE
KA, MMFRPEAREFEERE, IHEAREN sMB I .
. 16MB
M#EEE R (internal fragmentation ), VB
A ENEEX MM SRS REBXFTEE, E

7.2b BiR, AFRERSMRIHAEE, 28 7.20 WETFH, :tfl:msmﬁm b) KRR AR
MEIEM A /DA 16MB HBRFTTARTERME, /DT 8MB #4 7.2 —4 64MB Tl
XTHEEHE MRS, DreEgrmisny. I8 52 B 9T

KR

M TADAMSR G RER, BEERFFORBERTR. REFETANSK, HERA
LIS ASHE . B FHTA A EIOMA%, ARSI RIPRAXR . WRITH W5kt
FATEBITRENEBRN S, BAXEHRPH—LABB S, ATTFRRIEHEN . 8
HE—A SRR TRBEE, XA EREERLTE,
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T ARG R S XRR, H R ITETEERIER SR, RIFRN T kERE iR
ﬁmﬂ%@#ﬂ?%ﬁ&ﬁﬁeoﬁﬁﬁﬁmT,ﬁ%%zﬁ%%ﬁﬁ~%ﬁﬁ&ﬂ.mTﬁﬁ
&ﬁ%ﬁﬁﬁmmﬂﬁ,mmlhmm@ﬁ#ﬁ%%ﬁﬁﬁ:Mﬁﬁﬁﬁ%ﬂﬂﬁ#ﬁﬁﬂm,
AILMEET R HRBNSE (AEEHEHE ) B

RENBS DR AEREIHERERRN, BB EERBEHRREEN, £
720 MBIT R, HFEXEEHEL, ERETRERN L, RE PG ADE 12~16MB Z A KN HE,
TEXHWNOT, BMERGEP A —SH/NOHEBRRTLLSE Y 16MB MO XS, /0 16MB (4K
ANEREFRE, Bk, —AETROTEENAAHERESE— A, WE 7.3b Fik, 4
FER-TERRAATFRN, T UENESRNOSPTHSR., MEFERIKESE S
B, WLAHATSE 8 . —BALSEA lB df BB A R 3 R 0 R KD BUER , B % B e ek iE A
AR ZBOHAMFAR, BATLREETR B EN AR, TALREHR,

ERARDASFHSEIEE TR F—EHREE. 4, EES KB L Ea,
HERR/NNEAEREREMEEITR,. BREEHAFEU TN,

o FXMBAEREEUMBCEWE, ERYTESPES (WHFER) #ENNH,

o HTHRXMANRERFENMBEHRGCRERN, EM/MMELFEEHMFI A KM,

EFEMENAELNAFERNERT, I ERIFLSHM, AASEEN T
HEAREEREELS.

Ral/LFELEATAHESHAHRBIES KN, BEXEEAR N — TS 256
TN [BM ENEERLE OS/MFT ( AAFEF SR HLEEFE £, Multiprogrmmming
with a Fixed Number of Tasks ),

722 IELEK

A THEBEES KA, LERT -MHHEFE . FE, I THRLESRE
B RRTFEREOR A, SRTE RN~ EEMREFGR IBM EVERE RS OS/MVT
(AR EIISBMEERFRIT RS, Multiprogramming with a Variable Number of Tasks ),

MFaESK, PEXKEMBEETEN., SHBHREANTN, EESBTHR-BAE
MIREEZEMFNATEN, FELARL, mEIWE 7.4 iR, 47 6aMB BIRE. —F 4,
PAFH RARAERG, WM 742 Fim., BRAMA =T HEAREREERA TS, H50484H
TEN&ATREMZR/, HE 7.4b, B 74c, B 74d i, XEENFRERB T —
AT, XA T R 4 PHREREMAANT . EESEZ, AFETES T REHRE
ERFEBHFIE 2, WK T4e Bim, RENEA—IHER (WHR 4) ibd T REM=E, Mm
Bl 74f i, BTt 4 R 2/, % r B85 —4Db “F7. RE, 35—~ 0Z0, A
FHRRF - HABERAN, FATHREFEREKER 2 BTN, B TREFRE R EK 2
FIENER 2, RERSKREAE 1, WHE 74 Fin, RERASR 2, WA 7.40 BT,

EWME 7.4 88 FHR, 3iEFETERTIGNZRTFY, B ERASSEAEANTED L HF
ZANMER. BERBSERE, A TS TRRBEAHBES, NFORIFREZ TR, XA
S AR (external fragmentation ), FIFFEFT%E?I‘E‘Jﬁiﬁ*lﬂ’lﬁiﬁ%ﬁ?ﬁ’]@ﬁ =
LT T AT i P R IESF AR

FEARSMERFEE A — P B AR R ES (compaction ) ¥AE R A uT B S, R8RS H
R EESE, FARASHESBER—RF. i, %8 740, EEHST4 —5EF L 16MB

© HEBEEZVUAH-THRSEFEMNEFXRD, BXHEEMERARI. DRFDE - HABESTH
ER, Mag—THBR A RRNEEGAEIERRNERUNERL .,
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BETHNEZRE, BUEAA-THE, ERNEGEETEL M ERRMNNER, FERET

MEARE, ER, EREEGSEENNED. CRENE, DARBERFEMATN RS
Hah BB — B, TR &R 6 Ui TR (AR 7A ),

ﬁﬁﬁﬁ}m&a T ok B Rk

b = 0| E»zoma HE 1 EYDMB W 1205&3
I3

FS6MB ¥ 2 }14&13 i

36MB o

— 1MB

a) b? &) 4)
HE (»201'..113 HE1 i»zm-m 20MB 2 |F20MB
MR
amp  |EE4 [temB  [## 4 [tema |84 |lemn
6MB 6MB 6MB

32 3 [-18MB HP3 lrIgMB H#E 3 LadB HWFL3 [ r18MB

4MB | 4 MDD 4MB 4MB
&) 0 2 1)

B 7.4 BEHFEHRR

AR W%

BHTAFERER RN, EHRERERESDRIBHEIEAALET, BEAFPRF®
W HIE—THABREAEBARNER, MARTFPHEETES NS EE, WBERFLITR
B M AR A KRR A P

TSRO A =M EAE. BEESE., SREREANTRER. X=#FEEBEFAR TR
AETHATEHABNDER, EHET: REZTREE SERNANRBRNE; WXEBEM
AT BRBEAE, EERDRBHNE-TAE; TREERA L -RKEERACRTFHBERA,
T — kK R TT Sk,

B 75 QAL TS ERBBHEHBEZERFERNAT, i—KBEE—1 22MB &
BHGIHE T —4 14MB K50 K, B 7.5b B T REE 1 16MB AR, MAREER.
HREREMTREESHHELEMNES, BEERERFANTRARAR, REFRAT—1
18MB Bi%k, BT T 2MB M) ; BREMRF4ET 1 6MB BB ; FRERM™&T — 20MB
g g '

EFFRNTRBIR T RAE#ET R F U X SRR I, BB, 5] AR — e —
fErEsy4it (L [ BRENS9 . [ SHOR75 | #1 [ BAYS77]), BREREARFNERMNEN, WH
BRHGERF NSRS, TREERRETHEREEMSEREL, EXPLRREATNAR
SYECE ], SEMERER AU TAETRARNBRAS HFMRERE SRR DH T . Bkl
ATEERERAETEREEZRKBNES. 3—FE, SRBRETELHBRNTFNINRHERE
BRI, #EASNITHREARERN, SESTRELK. BESRAEREHEY ‘&
H”, HENERIEREN. IMHEFEERWEERYR/ R, BT BRE 4 M
FRW AN, RESAHEER AR AR DHTEMTN, BERYBEBAFDRETS G E
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RAAMH, XERBRMPUE T AN EEMAFS R, ik, THHMAIRTEES Y
H AT PIAF R

SMB SMB
128B ‘ﬁ'?kiﬁﬁ! 12MB
22MB I—'
6MB
BEER
)5 HAEm 13MB
R’ (14KB) 2MB
8MB SMB
6MB 6MB
[ eammk
WELE
14MR Proewmas  amp
IS A _
v i
20MB
a) BRfEZAT b) k2 E

75 SBE—4 16MB FIR AR Z R ZEHATFRE

EinWE

FEMAHELSEXHEERFRHRER, FERSHRAETHHAHESLTHRES, 3
HEE#T TES, M— 1 HFOERABRA RSHHFEN, S@el THFH—TEHARME
EERETEMA DR ERE, RERRSTTEHEBRERRL AR, SHHABRRLETHR
E-EESMHRILHER, Bit, BERELAEERBHB TR, & TRER RN L
FWHERETEMBRAFNFE, HelZiteRAATF RN FTRERRIENEY.

7.2.3 {kERZ

BEAXAMZDESFETRBERE. BEAXrERA THRIGABRMOKA, JFEURTHS
K/ S SR A/MEB AR, WA EOFRRERE. siBx KT R, FH
BIAT AT RSN TS . —HEARI BT P RRKAE RS ([KNUTI7 I [PETE?7 1),

AR S, TRATERNEK/NY 25 4F, LsKsU,

HAF,
2" /A S MABNERR T

2V BR TR ARM R E% 2V AT HARMR AT

FFef, TR T4 RL o B 23 () B R i — N K/l 2V Bk IR IER B Kb s W 277 <s
=27, MAERAEE, T, HEBS R4 KDHESRKE, AR 27, mRE 277
=2, MBZHRLSMEMKEFHEN—; T, AT —MREXEIEBE. X
BB EBEE K TRET s HBAR, HORSBER, EEMMNE, KERETNFE
FhE TR CHT PR, —METLGEEMNESBN (1) ARTES, HE A
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FRPEAREA KN 2" KA. X IR — SR IR R R A R A SRR, A P E
B, SR CGil) PIRFH—4R, BRI/ cMRIEB kR 2 <k <20}, TR
TrmEEASE ([ LISTI3 ) f3)—p KAk 2 .

vold get_hole{iat i)

{

1f {1 == (U + 1)} =fallures;
1f (<i_list empty>} {
get_hole{i + 1);
«aplit hole inteo buddiess;
«put buddies on i_listx»;

}

}<take first hole on i_l1ists;

}
Bl 7.6 §HT —1#ak/hA IMB MERTF, B— 18K A% 100KB, BE T 128KB

AIBR, BPIMBREN M1 512KB fikfe, B -PABEINIAP D 256KB ik e, HFAH
58— X4 P A~ 128KB ik, ZFA 128KB M —A B A, T~k
B HE 256KB fib, ANESHRXHEN—TR, HMUSEAT. EREN, XMRNEHM
T REEERT., A, X4 EFBRRNAD 128KB M4 HR—1 256KB MR, 4 256KB #
e Bl 5 B A ka3 —1 512KB 5k,

AI7TEHT -t EAYEABBERENEAFRESRFEN _XH. HWRBRAF
PRI X, MEFEMMESENT S, NESLF—-ITAFCLELIEEET, TMEMNH
AR TERBB, '

KERER -EHEMITHFE, ERB T HES XML KRR, B X%
&S, BEFATRASENHOBMAFEELEN. BT, KERFENTEEIERENA,
ERIIFBRFSEMBRAFN —RERTE (S0 [ JOHNS2 1), UNIX RB#MAam il
AT —Fhaat TH R (S s Rtk ),

i s T T & e S—
ok ooks| amzeks | uERB P T gsexm L | T T [ S ]
WR 240KB|  A~128KR | i28KB | B=256KA i
W 6ik8[  A-126kB_ |C-60KB] GOKE | B=256KD i
Wk 236k A~128KD |c--a4r;nf B | P=256KB | D=256KB

Wi H|  A-i25KkB _ |C-64KD| 64KA | Ciseke | D-256KB

e i T S Y i T | D-256KB
ik 75KB|  B-128KB |c;é4xﬁr§§§m§:” R D=256KB

wmcl woexa | kB ] asekn - | D=256KB

U sgkA L ] D=256KB b

T e A M R

H76 {KERGEMHT
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IMB

512KB

256KB

128K B

64K B

h 4

L
[a=128x8 jo-oexnlpgem] — ~2:exn i D=256K8 F oo asexn -

B 7.7 B|BREKSERENE

7.24 EEN

T35 B AR HL A DCE R A BE AT, A SE IR SR 1E U R RS — i RV
MM 7.3a iR EESE e, — R U AREEEIAR - K., BRI, X
BA—THHEN, FEEEE - 0K, X HRLUGERRAY X RAN, BEERX MK,
EXMHHRT, BRGAH—THOMF 7A PEHROMEAOE ZAMERE . YRS E RN
B, A R ART R AE T P B 2 i A7 RbRE AR, R ahE By SRR D4, B 0 3 sl E

MPADHEEHAX (CNE 72 R URRE—THERIFAIRAATRSHAR (A 7.3b
Fiom B0, — T HEEENAGASHP TR S EREN T K. 38— KUABE—THE R,
EHEARNETRE X . UG, HHETEERY, YeEFrEdAn, TREEEE S5
—WRAREMSXF ., shFSXOFERESRN, REE 7.4c A 740, 3R 2 HRBH AN
HEHATHEAAFRNABREFERXR, i, HOHAESN, ATFHRBLT RS -8, EHik, #
BHS (BOAKERATH ) BFRAEEN, YEEBNRAREEATDEIN, 84N
FRTHARERAERR. IRBICKEE, HEXUABLRNETX S, BRBUEREEY
R EEAFETNY RS EHICXMA N FE L, FRATHAFRERZHAAT TR D E
it FEF LR FESN N —F, BEYTRECAS (EXEERENITRIL ) HEMA
Jho WERH LM R WIBEARFEFRHERAE.

ZREAETENEN TR EEREN AR NEBAE (HXE KR 7A )
BEEELT. BEnEARTHAFAFNRAESMY FREFEMNFRS. B, ERTEEXAR
HESE, ME PRV HE b8 RN R,

B 7.8 B T IR A B e — R M ik . MBER A TEfTAE, — Bk L0 1 2R
HHED, ARBREENLFES, RARREFEAEPNERBL , &8 — R TEEE B
RS, YRFEEAAFEYRARNBRBE R AR, SAERXNIFFH. EHR
BT &l B A, RERSTFESNNE . BRRMAES THES B U RN
FAFHIR S P MBS AL . BRI H b L RS T AL IR R BT S RS, s, RabFFRYT
RS0 RIS AP — it ial; B, BRMNSRSARFFENAH TR, DEX M
hEZE R EEREN, MRSERESHORT; TN, RRERELDL— 1 FEAES, MERZELALL
T 7 NI B R R R

B 78y EFEBRBETUERTIBTERA RN AT, HFAEHFRET —RED.
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STHBREREZLAFRFAROAFTHEET, Da2RKMHRN0ENIE,
R AL

T I i o EEE IR

ik By

1

i1

+

He

AP RRR
A78 EEMHBEE&TR

7.3 #W

KOAFBHEEFERIDATTESFEEREAFROEA BRI, XS~ ERBR
B, RESEEINFER . BE, BUMATFRASRADNEERFHE, BRMHEX RS, 81
PR A R TR A B, HE AR RO TURYER T LUIRSE B 977 h BR R TTHE R T 3R,
EFPHEED, FAATEAEAFEP AR ERRBMERANESERSG — K — /N
AEBB AR, BELHHEHA .

B 7.9 WETHAKENAK. BEITSEMNE, AFPHRETHEEEHER, R8T
EEZRN, BERREFSHRTEMNTIR, FREBSFRERE A & 4 THAR. HBAR
TR, RERGEER 4 NS RAIE, FHEEHE A B4 TERAK 4T TUEY, tnE 7.9 BiR.
HEBEIIN, #E CARX 4, ETMERIEA. ARMHE BHEE, HEREATE. 7
¥, AFTHATHEHHE, BERERERATHAE, AR D, €h 5 HM.

RERESESNELETERFFHE D, XSHIEBREREMBEARD? BRBTEM,
B8 ] LA R AR b e i P ol B O (A — MR I AR EA SR, BERER
BT HREF-THR. ARGH T EHBRAS - AN TRNNE. EBF D, §ME
| - P HERERTPHAGR. ENRASEHNWNET,. 2RBLER - MFHEYTRT
AR ER, MBBEHRE— YL, LI, BHEMIED YR AR AR
BB, B EELFAE DAV R NWHER TR, SHESEN (K5, RBR),
AEBER RS BN (HES, WBR),

MEWE AT, HE DM S HHRATME4, 5. 6. 11 R 12, H 710 HH T {3
BHER, #8288 -WENRTRE W, ALARTLURESRMHENS ARG E L#HTR
g1 (O FAHH) 8MARTCTAFTIHATREMNNANTERTES, i, BRERSK
HYR AR S A TWHHE A T — A TR, _

BT R E AR R R0 AU TEES X, BfINARZAET . RASAERANLE
HEA, —PEFTULSEZ R, AHXBHRARBERESN.
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1t 1| — 1] 8 1| 5 T4
2| 2 2l — 2] 8 2| & 4 R T AR T 3
33 ] wmeswmx 3l 331
HEBEARE #HERCHE 4112

BEDAEE

& 7.10 7.9 PR TERMEL (f) B BIEREN

HT AT REMAE, MR A N LR TUE BP0 E0R 2 99, LIEE S BRm H
At . AR OEAAZEREEN, TUAASHRBERR. B 7.11 HBT
—AF, RBHEFME 16 frMhk, /MY IKB, BF 1024 F37, HnAA%mht 1502 5 —#
WA KM 0000010111011110, BHFFHA/HN 1KB, WBEH 104, WTH s B EE, A
., —MREREH 2°=64 TAMK, AN 1KB, WE 7.11b Fixk, Ksfihk 1502 MEFH
1 (000001) S e B R 478 (0111011110), EFIFTEL™=4 3R 16 {2 0000010111011110,

HREXDAR 2 NENHMERETEN, ¥k, EE0a T RAGRE . LHRBMGER
BEA, PRSI IS0 (HY, RBE) SN HNR BN, Hk, AEFLR
BT S AREHRO IR ERER . FE—D nrm R, BEUM 2 ARTS, B
Hihw m i REWER, EE 7.1 HATH, n=6 Hm=10, ﬂﬂﬁﬁﬁﬁ%ﬂuTﬁm

o BETE, NFEERMIBREES » fi.

o LIRAMTERRY, ERFARARDTENHAES &

o TR ER YR Yy kx 2", WiHFEFH N EEm RSN BB E . Wk

HATEHHA, TuﬁﬁﬂﬂﬁﬁiﬁmﬂﬁE%Fﬁﬁﬁﬁwﬂﬂﬂ

ERMENFATFH, BEAH S 0000010111011110, ERHS% 1, ﬁﬁiﬁ¢m B H
B EIE 6 (BT 3t 000110 ) 1, BISYBEMIN FUIES %6, MBEYN 478, Wiy ¥
0001100111011110, HNPE 7.12a B - S ' |
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(A Xh=1KB)
B 710 @ik
B2, RHANES HER, AFES BFEXMESER/MITIE, 50880045 R AR
KN BN RRERANE, ERNABRBERENT; Y HEEE AR, SR
AEFHREABTHIESD, HEBT A E. RRTEBRTHRERTERFSEHE,
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7.4 9K

WA RFRNS —B T RRANE, RASBHAR, A7 LUE R A 1 H AR X A 808 2 51 3
AR, SERAF—TRAEERE, BFFERFAEFAMABNKESRS. A —
B, CEASBREARNMIERMIL D EGERIAE. BESHERE.

HPERKNREME, FEEMUTHEDIK. Eﬁﬁimﬁiﬁiiﬁm@mWﬁMﬁﬁ
T, BHAG—IREF, FERENFABRBEANT, SHEFXAEME. EFEFET,
ABRFTEEEZEM K, HEREFRRNERREEEMN. SENRTHMES, BEMSIER
X —, ToPsMERE ., Al THERSREN DR, BESREF Eafh.

ATMESF R ERENMN, TAREFRT RN, HEEIASEFARES— — R EFE
BEEAEER. HERT. BFASKRESSORFMEUEECAARME. N T EREHR
HEFRHOEN, BFREETES 2 RENE. IR TEER N ERET 28R4 Mm
HREARARERE

R AR R — AR, T8 R A AR FRR A e R . A
FHH, AEAMABRFTED, BARRRE 1B, RELEHP—THTERAZRRFIE.
45/ Bk RO 20 S B 1) MR 10 BREAE PR AT D RO K L, T TH B AR BE, LI AR = AL
MWhb, MEREAGETREN, BESEERENEIEED —FEST, MATEERESX
ﬁﬁﬁ%ﬁﬁﬁnﬁﬁ~¢mﬂﬁmmﬂ,ﬁimwnﬁﬁa%.ﬁﬁmmm&%ﬁﬁ%oﬁ
B 7.00c BRTED n=4. m=12, ENBKBEE N 27=4096, #HTHAHRFTEUT IR

o BIREKS, MEHMABAEAMN i,

o LiXATEESNES, AREABERTIEENESY R

o ELEUmUETREE, RES/MBKEST ., WRABEXNTHENEKE, Wi

5 7

o bt ik B AR G Y Eib bt SRB RS

FEEFITh, BB % 0001001011110000, HF SN 1, RBEN 752, BREXTRE
ENAE Y, B ML 0010000000100000, W B g #5R# Sy 0010000000100000+
001011110000=0010001100010000, NI 7.12b .

ﬁz,%mﬁiﬁﬁﬁﬁ,ﬁﬁﬁﬂﬁﬂﬁﬁﬁ,Emkmxﬁﬁm%n§—+ﬂﬁﬁﬁA
m, TR B AR B A F AT RE P, B 1T BE

7.5 E£04

AR RANERAES ZRESRI RARR ., BREERR - LReMROREPEf].
BB aT R R0 RN A AR SR ETE, NREREAEALERAIEIA
7, WRAARF RS RXRINTHE. 0 R P A LR A N AE T LU SRR RN AR
LIRAEE B 2 A S AURIE R R i E R AR B A AR, B ERRNEL
e 0 X 4 S5 X R AR g g R A

A TR T B M RAERPNESRY . TER-CE AR T AL .

7.5.1 £ X HBE

ZEMNE - REANFEEMM™EN SR X3 H ( buffer overflow ) , .0y
M #Fik 5 ( buffer overrun ) , NIST ( REEZ AT APRE) kRS R TR EHEICER S
WHELMT:
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SEXED: AR AEARAAIBBFEARROHBEIBITASF, RO FHBLTH
AT A —FPRR . ok R A EARAAE RS A A B MAE P A B,

SH—AHE R E B EE XN K RS B T XA R R, 2
SR BEOT R o RO 1 T BE R (h R PR R R AR . RSB N A ST e AT AR A
BFNEE, SHEELATIEE AR @ a7 — R s 4 SR r R e, Xy
fr T3, REPFREAORIEE . IMERENSROEEIFEANSIERT, BEAEH RS )
WA, HEERAPNTEIR, HHBRRRATESEREFZ L, YNRhERTdE T — R
B, tERBCEM—a, BEOEEW TR RN L ERFRAARTELL, BROsEERTd
RHE R AT LA A B R R AR ARAS . 28 P X i ) B B B IR IR R 0 H Bl 2 X/ -,

ATHHA—FE LRSS (S ) WEATE, WEE 7.13aBP8EH
CiH#E main K. BEPENT 3 PEE (valid, strl M arr2) @, BN ESEERER
WHARF AT, EANIRFRGERR TERELERD (HEAKERE ) | FEANES 4R
LB Hir LR R, M T F, BEEINMNEIEE#EEEEONESRTE, o
M 714 Fim® . XE--DEBNETH WAL REH (I el #ERL) B CIES RSP
REERMHT., BFEEMBMATHAE S next tag (etrl) ¥ BHEBNRICHEE L
strl, HEX-THRICE N F4A S sTART, REHH CiBEFTHFAFE R gets () MITER A+
ERT 17T, EEAZANTFERESHMBEMBEE., MRT TS FEHE sTART, K
B, TE valid ¥ 3 TRUE® ,

AERE 7130 PEAH = FERFASE . HMETE AFIDHSEMS valia KR
FALSE. X #UEEL af LA THF 57 5 140 0 9 48 Bir 0 22 B s 38 4 s TR S 3044

int mainlint argc,char *argwl]){
int wvalid = FALSE;
char atrl[R];
char atrz[8];

next taglstrl};
geta{atr2;;
if (strnemp{strl, atr2, £8) == 0]
valid = TRUE;
printfi{t*bufferl: satrl{¥s), scrz (¥s), valid(xd)\n", strl, str2, valid);

a) BAEMEREH C RELH

& o —g -o bufferl bufferi.c

s ./bufferl

START

bufferl: strl (START), str2 (START), wvalid{1l)

8 ./bufferl

EVILINPUTVALUE

bufferl:strl{TVALUE), str2 (EVILINPUTVALUE), valid{Q}

2 . /bufferl

BADINPUTBADINFUT

bufferl: strl (BADINPUT), stz {(BADINPUTBADINPUT), walid(l)

b) B HETESEH
B 7.13 ERSIMCE MM T

O FLAW, FELBMADRBHM ARG Y, AMWEART SR CRENN, LARTFREMELHF
WAPE, bR EA N2, DI RS KB ]

O TEFRRARE D, Bk FRE AL+ SRS . BUIEMAES SN KER ASCI FHARR.

@ T CHERT, B FALSE Fl TRUE #SIFBH 0 M | (EEFALAFMERE) "R, EWEREFHHRH
M, FEEXERARERERS S EIMAEEHEL.
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REAGFARE, HAERN CIEEEAN gets () ARFEREEHARNEMEE,
EABRFEREG APBERT—fXE, APHAE TR5R° ., FEAEHMASHTESNS
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¥ & BADINPUTBADINPUT, Bi/S MR ENA 7,130 PE=ZIBFEGRHA, FHHE
T4 BRTEFAH gata VB EHNREETENE.IBEBSAFR PN NULL 81F
FHE ANER serl XERMNTEER . XBHKE YRKM tag HSTPEXLTEN, BFEEH
WA A A RIE — R BEETT, XA RSIEBFERERERT. IR FRNTEEERBE
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7.5 ERESEFTRT, RN BSHSERt AL

7.6 PRBREARBREH 2K
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a) HWaERE
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¢) TUGER (BEEREFEMMEEFRENE)

d) BEER
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B0 05| PR SAAET B % o BERESSA Bl — MR SR T, 1L 4 B PR LT X
23| ISR RAMMEE , 767 7,170 MAVFD , BR WM 1024 BB WAL .

A EEANE
MR RREAR SRS R, kA E AR AR ERAR R K



FITE A FFmE 229

o B, HETBFAEAEN, FTHEEARSBRZAATNEB M FTHELE, B BEMRN
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5 R o B THALARBET 3 AN TEFNERE, FEENED—T B4R SETILE
BT HenfE B B AR e i, b e R — i, ITH BRI AR T B
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EHAERT
SiERERF

WAk S SR A FRE B TRE R A e I A AR S AL, LR 73b. EEHEN TREAEEAM
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822 HMERER

ME R E - R AL 280 75 R A B RS, B eI
ARBERRABE, 7 TR NFEIRERE . SR SR HE ., BT Faugm 4 m
FOaCBrTI R R OE, W I B R B JC AR, ok 5 R 2 Mt 6 0 R R g 7735 TRl BB 2 AT 1A
LA AR [F] i 2 3 ST ] DUFE S & AT BTy Lh e,

HEH—REREREN SRR -BIFEMU ( NonUniform Memory Access, NUMA )
HALTHIE . TRIE-- ST A 2 AL g b . WLES P 90 00 3 £ P AE AT LB 1 L 25 B 4R (] 4b EE 45
D), LR 7 ) e — e A % B 20 ST BT R B 00 Bt 1] B Ak T 8 0 P FE AR R 2 (T BE RS AR R i AR
fho AL, HMEREAHEE AR THRES NS S EASHENLEE R MIER  LAROI2,
BOLO8S, COX89 |, T NUMA K& . AsiIHBERRFEBHEIE R AT ARGE SR gD
M FF .

8§23 EMEKBE

ERSHBERGEBH T, AXAFTENASRRLEFEER D “HEke" Y- %, T4
BAEGMBER —H I, MEERNTFPOE—T. TR E8EE, WA E84e

o SR/ TINAHERTEE L IAE.

® IMRBBIAE SRR =R DI LR, 2 A HEE 7RI 3R,

® HiTRIEEMIED, HAERHE 1.

AR THE SR MR EE, HAAKRET— Wit AF Mg HTEEHE 1%
» ATHPREX A HMNE,

EREMANFERANS MOEEEE ©)TZAE.. SATFE TR AR TENSE 5, HH
FEER— P LA F — Yo B RS | R R e S E MR TE I P B O B R, BT
R O enal R (LR AR AN T RE U (8] 8 3L o B T DR OB, A T RO TR) Dy 5B T R iR T ]
MR A EIA R RMAEEN . B, KEBRCRNEE i3 X AT AR B KT8, SMiThHs
EER, BRGNS, SRS, UHE BT R,

DIIEME

ERARB LN, REEFEMEXTERFERN—MH. PR R LTV 28
R MB—-TBHERHER, LGRMRCLETUE P TR MRS e, O8R4 R 4 AR
HEMERAHMRFCHENTHE R, s, 1O 2w X FH A6 BT R R 2445 i) X 8k 7T fE
BUE A AR TR BUE RIS 8 D TURE KRB — 4 lock f7SEERM, X —Araf LLALE 78 SOFE
MG IERSP,

=3

b 4

Eltﬁff Animation: Rage Replacement Algorithms
AR AL RE R (Vi) B - EMTEFREERINEFEE. 1T
ECT R LA E Rk, B (OPT), BRERMEM (LRU), Suidftfod (FIFO),
A4
OPT HMAIEFEEHR T Ui YA H Bk fILER, WURNKEXESEE L MRT
T [ BELAG6 |, HBEIWTEBERBAERELAMAHBENTH, BRIBATEIHMN. U
= ETIREAR D —Rhir e 4 2 H AW MR EE .
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8154 HTXT OPT Ml i — M F, BEFREEENVEHEHE I THE (Y

REKXNEE ) ABHUTRENE S AFRRMA, S UERTEN T GEE Y.
: 232152453252

EEREHRGH— TR 2, BRI, Kk, MTENREST LS, OPT H
FoHE 3 KR P,

LRU SEBE BB AMFP LR RE LIRS T .. RERHERE, XO—RREEA T M
ABEME, Lk, LRU B0 RER T OPT MM, B MRS FHAE TR, —f
EET R G ST — N RS — KR A ER A, 3 S SR R BN, SEF
BTG, A RO R TERE, MR R RN, B— R TS A i R A
XFUHEH S, BFHRPRE, ‘

A 8.15 5 T%TF LRU T8 —A0F, EMASHE OPT Fmeays 4 H o9 T 4 6
o TEXMAF RSP 4 W E 8,

Bihki 2

Lt | b

B,

bk
i E

_2
2
OPT 3
7] (2] [2
LRU 3]
31 2] [
FIFQ ’;E k] 3

F 7= OTHE 53 BE 5 P06 e Ly 300 T 448

B a1s 4fnmERALENTY

FIFO #HBRESRSHENTESHE—TRAENE, #BRFFRABYE. EFEEMR
B, ZTHEHFRARNTEESER. DR R —-MAERERR AN TN TR,
BTEMRSE, SHEFRFEMRSWEELEERHEEAT PRHAISEME : — T ERA
MMAKRAEHNE, ARAETHECSFSHAAT. ITBRFEEREERN, Brafsdi—F
SBREFESUBTER R F 4 A A RERESNES, IRER FIFORR, WiXER
SHEHBERR AL,

BitE 8.15 PMHIF, FIFO BB SR T 6 et My, 3RE LRUKRFIHE 2 10 5
HMBTA TR SR, T FIFO /A . .

Animation: Clock Algoritima

R LRU Hog JLF S OPT WeE—#+iF, HEEWLHALREE, MATFEXRNTH. 5
—Jri, FIFO BBESCHE R, A, xBFLUE, HEREHEHTASZKTHER
A, REUEMIFEEE LRU B, FERLRESRHVE SRR B HEE,

B ARG R ES S —TEXE MR, SR, YR-THFIEANED -
Bf, AKX TUERMAAREX |, SEAEERAREN (EHRPAERTEHZE ), B8
MANhSEEY . MTHEEREE, ATELRNRETESS (MR RISAE, B



248 FZEEH A ¥

AN SRUE O WEME - EFEMK, SFEE MR 52 AR, Y—TRERN,
PR BB R R WEN KT g, SBERR—TN, RERKOHEHR, UERE
FISLEUE X 0 M—TUiE. SMAD—MERRR | RIEN, BERERBECERRS 0; @
BE AR EA A, @K R A IEOR RS g 0, WREETNE 1RSSR, A
FiATUEMME RGN 1, MRS ESM RS BaEE— [, EFGEAGRRRY 0, FEA
WERMANE L, BRATRGME, TR, BRBRUT FIFO, B—FRME, 750
R ER BEAT B2 1 1 BURE BT o TR M BT LUK O ot B SRR , R T AR SUE T B B R
— AR, ¥R RAE R OEAE SR PR R BAT GO R RO PR 6K (41 Multics [ CORB68 ).

M 8.16 @ th T X FRANSRBI—MOTF. —Ad » 4 P37 A S 1% 578 s X 7T AT
FTRHEBR. MH 727 #AM, ZABHKREN - FATREZ N, T HEHRMEATHT
45 B HHE 2, BEAEFMATRIShEME . BT OHE 2 4l 45 MERVSE T 1, AMEAARBER
B, MK, BETAEFEHEY 0, B, HUM, TEIFHTE 191 4FEsR
B, HURGIRER 0, HHMENN., T-FERIE 4, EHMHAME 0, B, H 556 ¥
727 Rie, WIENSRBHER |, HHRRNANTE S, TRAHBRILE,

MF B IR ETUE
U(//EEEWg¢m%w¢mﬂ

NI S
a) P& AR RARE b} F—REHFHREEN RS
MH8.16 xTHKMEE—4ATF

B 8.15 RULEH Tk s T N, BERFAMEYMEHNS T 1, W nEH 0404
B, 8, ofebsEeg Tl LIBY 1L FUE 2 M0E 5 g ER,

H 2.17 & T [ BAERSO ] M — X RER, LB EE T HEITHRE 4 MREE: EAR
AMB—-AHBHIGERBREEEN, BREEE TIE—1 FORTRAN B)F P IMAT 0.25 % 10° WP
(8], FH/hF 256 AF, Baer 3 BIFELEE 6, 8. 10, 120 14 WEEMNKATHITTEE., Y4
B TES B i had, 4 R EYEEE B ¥, FIFO L OPT JLPET 24/, XEHRAE—
H AR L R4S, A8 b FiR. A TESEMNT, #EERLTHREA
RN ({REE/ BT EE ), XEBRIE/ N TES A (A TR BANER ). RETHAREHT
B eI AERENEA.

O RENESEE “BRES" PSR,
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40 A

35 FIFO
3 Clack
2 25
z o LRU
B | ort
§ 10 ¥
Y

0 8 10 12 14.;
AR T E

817 BB, T RS 6

[FINK8B]FH# & T L FRE—BMNER, RANLMNFEBRFHBEMNME. Finkel A—H &
100 FU&Y) BB 2 Fak ) 10 000 MRS AR — TS N FEFR, BUREGEE RN
B, HTECHBERBMNEER, REHRE—MEE KN AT SR BRa ., Finkel #7H,
A AE YRR (AL T HM, REH A AT RRIOERA 4 X WESR, s
WX TEIHAATFHRR (R RRERIERGELER) NBERKEEE (COyBEF XA
FFEE XK.

HERTESREALRRRATEANEN (HSETEXTREMITR), dHEXFHAR
g AL E A 8 [ CARRS], CARRS4 |, Beb#ZE: MR % #IEF LRU,

Aol AmMEANARE, TUENSGARENAR® , £5AXHFEIHMLRER,
PTER S —ABE eSS ZXR, REAFEDPHES—HE N SufkfviExXe, &
WA RGBFEN, MBE—THERT, FERERAFZHNASEER Y. TRUHER TEHA TR
EHFREFRAZ -, IR -EFEHEACHNENRAG, 28 -REHRLEFLUT 4 89FR
Z—:

o ARG RE, HEREEH (=05 m=0)

e BiE¥iER., BRHEBE (r=1; m=0)

e BiEREWFE, BAHEEX (v=0; m=1)

o BiE¥ihn, $#EX (v=1; m=1)

RIBEX A2, HBPEEHMTHTF .

1) AT M AT B FFIG, S TESE WX .. ZX L&D, 48R & A et

EEBDNE — D IHE (u=0; m=0) ATEHK.
2) RS 1 Bk, WMEXFAWN, TR (u=0; m=1) BITE. HHE B30 XEN
EFATERE. XM PARSRY, FEIRAMIE, BTt EMRRR 0,

1) MBF2ERW, HEAHEINEHRIAE, HARASPHAEMOMHAAMLEN 0,
H# 1%, FE, EHELE, BESE 24, SHEEMLRIAEBAMATHE.

M2, HEERE RIS KN FA TR, 2240 5 ABBA BB Mk BBt B ®iF
WAEHHEH T, TEYHRESRER, HAFH -t AR, B TFREBYN, EAMERER
MBI, NRAEF—-REHTRFRAERIBAT, WHEKFTRERNX FIFHES, HRMIER
iSRS EESRSH T, PEERIFATLAEER, B TRAKRER, CAESHRHRIT
EHE, MEE AL, NEANMRPHEA DESHFIC I RERAWEE, ITHE=K
H=Hi.

© B—FH|, LRBERNA NS EF, Aok KR LN FIFO.
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R T P RAR) Macintosh BHIAF N R [ GOLDSY ], WA 8.18 fimx. ZHER

TRAMGHEZAE TERNEAEETANR. B TEMTNEEHELZHLATE,
P AT 33 4 2 5 485 Bt )

B GRp X T
[ — 4
1 i)

a8 ErepHmELREE [ GOLDEY]

T4

R LRU FISE$h M [k FIFO Ea 4, {1 FIFQ MM BT NI S R 4 2t FFF6 [ 8,
AN, B —MHEERER, BR—-TRESE N, RO ERRA RSN TE R, &
BHTHWEEES D#MA.

— AT BB T A R AR AN T RSN T ER T, HERER
FREEMR VAX VMS Kk, CHTEERAREERN FIFO, N TREEE, HERHMTER
EREF, MREARSUTEAEZ —: WEKEGH, WARNSRAE, mREeE%T, W
AWDBHRHAE. 48, FAARENFEHEEYEBE, MEEKAM N HREHRES, Fi
BESHARTRBRTART,

AANELEE AT LR — AR T, VMS RE TR E — D2 Hsk,
Wy AR, FEATARLIBMOIE, EREATERMIBNT. N—tREEwmn
TR ER, CHREAES, FATHTERENIS NERNRR., SHEDN, Y18
BUTH T HE S EREN, EHTECRENES AR RNRE, |

KERAEN -+ EESTRRESNANAREEAET. Bk, NRIBWHERR, NE
T LLHREGE RN BES, JERNEA. THFE, SRARASNL TR LYE T MER
BENME, BRAREE RS —SEE NS, BEXNTURFXEE, AAE—KAE
A, XBAKEA T VO BAEMEE, MRS T EATEE | |

Mach ERFE LR T - EMAA R [ RASHSS ), kKSR T AFBHE,

EREMHATRETFA N
EMEEATER, MEATFRESX, NANRBESIENER. A0S, HERER
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R/ AHR I T . kAN SHEES, EELILRKFYREESE, AR F2ENH
Wik [ BORGO0 |, MTF RKMFEET ., BRATFRHERSHETEHESHHEN, WRkE
BHRANETRERFED, WizRBRAFRLUERFERD R LKE

MTFEAEHRIEA RN RS, FAIBALA I MERERESE - TLREFRE PR
T B R RO B 7 R T PR G L KB MG R A T v X ok R — A B A R
W, FHEEMM FIFO BN, [ KESSS2 | FRUTF #4388 , — 4 2009 o i & SO H A B
BAl LI A 10% ~ 20% K1 B SR8 IT ok 1 .

[ KESS92 | 2 T LR e B0, HHEAN AR PR BEIFAEMAERAS, b r4i
T E X R AFE AR M EE MR EEFENEENRH, L A ks
A BB A INTE

824 HBEENR

O B & K )

FSHRNBRIN T, EHESNATH, AT EWAAGER- TR A LA R A
£, Mk, BERSOMREERE 0, DRER, SR TNHESTEREE KR AFSH, X
FEEBLUTILMEE:

o HRH--TRHEMNEEERD, FEMREEERNFPRERIMBRE . XEIWM T

MRS E LRI — TR FTEEE, AT TR TR mmFEa b mEatal,

o MBI THBIENEPH AR LY, REAFHEHEREAE, SaR{PREER, A

B.11b [~ o
o HETMHASEWAFTSEHET —ERARIGE, ATREERR, RIAEMERTRER
A B RN,

HEyxspEE, “IVCRARGEER XA ERE. BEAEEMR ( fixed-allocation ) H—F
HBEEREDSREERAATEA TRTEER . XM E REFMEN (#HRE[8H ) ik
SEM, PTLURAE SRR (FH AR, REE) iFETEFASERSTEAMNFTERH
£, WTREEASRER, —BE#RANITIE P EA BT P, ZEEY -ILAREITEE
BT E .

AL EE ( variable-allocation ) RIFAEH — D HBRANEEXHBRNE AR P AR
Hb % ER AL, W b, MR- HEBEMRTE RS, RHEREBRDRBERERNS L
58, MiESTEAE IR, MR — RN TR, MR A
PG EE R HBEGENEES, o UEREHEBnE: RN E T AL TR RE, 7
AR EC ARG (K AT B S E N2 B S, FEAXFEMABERE T -k,

A ERE R EERMEEES. B2, FRAXFHFENENETEEREERZIFGE 2
BRTRE, SURTERERKOSKGTE, I HBKRT4EIEF S AR E4LH .

BT

BEEBEAFERERTL S R ERMEIBRE . DO ARE R PRIET A Z R ER
H—THRFAPHRHIEN., FEFEEEAN, B ERERUEE RGN HHABRNIEE P
kM RREMPEEPRARBYENAHENERNERER, WRAEEMRTH—-
HE, REREAERER T, AERFIIEXAE—ERTF2RAER, 2R RGHILSEE
FHEMEE, T8/~ [ CARRB4, MAEKS7 |,

BHEEBEMEREN AN EAE -ERERE(LERS). ArHEEEKREF AR HEBREK
W HRFEHREXIMEE, AAHFPBHA TSI hE - IR D - EaEeE., fIES
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MR BRI LCRA2RHERRE: AFT T HENE -AEERTA - HENE T, #
FEEARMSTMI—T, MBPERMNT BRSNS — R b, TR ARE
BREALE-HERMAE, TEOHIHI=HUE.

#8685 HEESER

% A REER s RER
, . N ERRE 2N
AR BE . MAREEAR NI R ERER N |
« BRE - RENERT LA BERL, | WA TR TR SRR E R
A BFREXLENT FES H; A FREELBRAA T
o BOSHBCA T B B o R R M T
BEESH. BIREE

EXFERT, PESENFPETHEBHOIERE T, Y% - KRTTh iR, BiER
HAOMP RN EAHE A EE - A& S, BERE A LIS BT ol R2 a8 g: |

HFEESEEKRE, FEBTRE AL L PR M E AES . 1208 6 38 57 F R F 2R 7
FROERKEREHE. I EAREIIOAGRY . B A AORSRE TS, ML E N
VR, FRABITHERFRITERZTHE,; MESRBITR, WAESDREBEFBIRHILIE
F, hERSAMEESEEE, FEECEMNNRIEHTEIFR L,

AIESE. 2HLEE

RHASNTREERS TEAN, FARFLRBIERGERA, AL EMNFR, AFDES
WEHE, SMERRIME T —ERENUE. FRAHLT, AFRELRPE - ITSHE
PR, HELE—KRTVPER, — T THESF NI HROEESY, FHRRHER. R
e, AR PEAEBHADEEFEC, XBARDTHESRETORTTHER.

XEHTEMNERETERANESE. SRASREEN R, BEERKLAEE— TS
TAFPHTE (BRTHREHBERITRE, MAESEMTHE) #TER. (EHAE—5AE
FE M —Fh B, M BRI LR TEM— T HEEE, MTAEAENATRER 1 #2
MEZAERERRTAREZ—T. B, BEKPEESOIT S BTEFSRRESHERN.

RIS . SRARRMREEARFEN — R 2RSS RRXMHITE, miE
BRI EBARKEE, BAMEET -KEEIE N Za R mX—0, x—iE e
L2145 (5] e A8

AESE. BREEH

AAESEL, RAMFEERRRERELRERRRSWNEE, THUESEGMT:

1) ¥—AHHRREANTN, REVAXRY, RFERSABELN, Eoe—EHA

RIBEF G R B AR . (EAIBUE A U RS TR W e T EE .

2) HRA VR pEE, W AERThENHENERETER—THTER.

3) AR EFFEAHBRNIESREL, WSS, TRAEHHE, LRAEELER.

EXA-HED, XTSRS BEREONNRELAS T FAEE, HARRTHNEHH
B E RN b TRNIFME - EXTHE, IHARBEENANERERRBEERE N
7%, AERSETEHFMELE.

UTARSYEC | JE AR R B S R T O N B R /N R SR 0 0 AR L e B TR S k. TE
FhocmRe, AR AR TR MRS (working set strategy ). R ERIES TFRFMMELR,
{ELR B AT 4 O b 45 P ST 6 1) — 1
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TAERBEER M Denning BEH MU H [ DENN68, DENN70, CENN8Ob ], EXF
BEAFHETIERENER, — T HRERIEE . BRAIANTHAERS W, A), £5
EHBRETERA T BAE E B PRI DM ERES,

HEAARH A% AN T s o #il— RIVFEERI A1), ~(D), -, HP r()RTAELEEH
B AR AR RO T, Rl A AR IR AT R, B e=1,2,3-- R HEER A O TR i
A .

MIESHNEZE W WHANTER, TEARVNEZAENBUNBIST O, THEESHRIRET
A0 RN — MR EE . B 8.19 (T [ BACH86 ) T IE Tif R — 4 # 8K mikin Fs,
B AR IffRAR LTSt Emy . B8, REUNRB O, THEEm, Xl f
THAXERERER:

Wi A+1) o Wi, A)

T ik [ A #1) i A
2 3 4 5

(24 7 [ 2 T 24 T m [ 24%
s | 2415 | _aars | 2415 2415

18 | 1518 | 241518 | 241518 | 241518

23 18 23 151823 |24 151823 24151823
L _2324 5 82324 0 - |t

17 f 24 17 232417 |18232417[1518232417|
|18 1718 | 241718 18232417

24 18 24 . 2417 18 .

18 ] is2a = | 241718 |

17 1817 24 1817 .

17 S SR B € I D S (L R

15 1715 | 1715 181715 (24181715
24 1324 | 173524 | 171324 {1 * |

17 | oar | T - T T T 171524

24 | 2417 | - .

18 24 1% 172418 | 172418 [{5172418

819 BMEAXNRE CHABRTHE

THrse FBTiE £ — X T afE R R . mE- - HBRIT TAMRRAr, H BN ER—
AR, WAW (¢, A) (=1, WRFERRA T LEREREL, FEWRE D ANATF, THESE
MR MBI VR, B, RIJFWFXE:

1< |W (1, A) < min{A, N)

Ee20 AT TREMAMI, THESHNANTLIBEREZELY—F T, S TFEERF,
T4 52 A b R0RR R v B BT AER R E AL B B B B R . Y MR T G AT, E VTR
WHFEAREFSHE L E—~TT/EE. BE, RIERMHERE, SHBHHMRBEEHRRLTHR
MTEE b, IETFREABENERSE T AR — A B nE, EREME, kR
FRERETHREROREBET OAS, FERUFRFITE LAERMIOMRH ., M OB
Wilghiel e, TERMR/DEMRL, SRERESREHEEHNFEENT

T ARS8 AT LAR F 48 2 A 0 B 3 /DR M .

1) BREMHERNTHES,

2) AN — TR BEEET BRI ATEENTAEFNE, XFTLER— LRU

FRE .
DAY - THBENTIRECHAFDR, ATUHRGTERAE (WRER, DRENERE
AHET EWLER)
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TAREI

W B ﬁ + B
BT B Euwr B

Ed 820 CFIMHBRAMSR—P0RA N ERE D MAEKRT ]

oy

EAEREIEW R AW A8, HAERR T - AN EA FiaprEEE, FH
BT — LR D TRl R 7P B RS . SRR, TAEERAoiFZnE.

1) B EH A SSETEE .  TEEN MR AR REERT R4 (Bm, B 8.20).

2) AT IARRES IR TARFE ER SR, ERE N R 8 & i i £l H g8

RS R SR T PE WY AR IS, 2R o > ot 75 4 97 — - B T A9 fal W 7 A9 3T BA 3

3) AMBRRERFIE, TFHEFIEMEANT ST,

AT, X TR BEREEEY, FEREERSEBRERAFEHEEL TAERR, Lhh—mF
mREHFAEPIER@K IR L, T EATEHRAHRIIR |-, WE 8110 iR, X8 -1t
HEEN, BolFRe FE, TSR DSEIIEY w S MEICA0E., Rit, A8 aSENw
AR R/, mMRTT LUE O R ol A B 8 B e F . 20— i ol
FARTHFA /D EE, W] LUR S SRI2 R 2B ~ R EUH ARG R (S
BB TGN, EHESRSEMAT TG (At ol S TE £ M ), ORI AR
FREESENEE, WAL EARERE T REOMREMNRTRT ., B AORHEASEE, F8X
HBRM R (SRR W ),

BB EESEN—MNEERBRA P HIME ( Page Fault Frequency, PFF) B ¥ [ CHU72,
GUPT78 |. BHEBERAFDPHE - ARNE - ERN 5208k, M~ T a5 Y
EAMEE N 1, MESE DU P, BfE RS0 R TR M b —- W R oL BB B TE i B
ffa], X LA — DU n AR L. EN - EE F, MR -SRI
— R EIBEANT F, M —ogimARZHERARRBE D SNRKAHAEMNERY R OMT, S
HEERD, R, MHEHARREMRCVESERN 0. o LUE MW EB{A RT3 i 34T s
—tRATIIAEER MMM REEE, -T2 TS Ry X/ g R IREHE .

B R A fat R R T RS R RN — BT B
{EBHE TR 46k 0T e w3 B R i 2/, (EH B e Rk i B — Fh LS s, mEAE
RS %R IT R E, M-SR A— SR,

PFF FEEM—1 FTEREE, WREREINF REEGE, WESLE SRS B 8T8 R
AR, XF PFF, HAMN E—Bi A PG &if F RN EA A EENRM A 28N TE M
. MERBEZRASERE, Rl EEAR TP SR RN LA IR REE DI
HERZITREEK. EATEEFRF G, JEEEEAGENHBREMERIE, LI
Jf A L] 2 0 AT T4 -
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HEABRLIHAEHELEMBEA N HET PFF MR AR TEEHERM TES
( Variable-interval Sampled Working Set, VSWS ) # 8 [ FERR83 |, VSWS HBHBIRS T E R
B 2R R Sl oA — AR T, SRR XA TR, R 6 AT A I S s B i
BEE,; AR, HATEX KA 8 AR AT Y, RS ET —4 XA
BE e R EET, TTHM SRR g%, B EEN A/ REBE— MK F XK
Bw/), EBIREY, EMBRAPEHSRERSFENBREEED,; Bk, FRXHHHS
RRFEEHEEE.

VSWS HEEE = 2R

M FE7R R R X [H] B4 B R B

L Fr R X IR TR

Q TR FAESL B ) £ 17 224 Mk B P R B E

VSWS HR&a0 F -

1R BN F— VR Q B AN R EAE] L, RSB EM,

2) WEEXITREN L WERERXE D, Z4T @ Wi P,

a) MERBME -YCRSLHR B MMEAT M, W—E5FH3E A0 B eEE
s MEH, HEREHAEFHEERNA.
b) KRB M E—CRF L AR BAR R KX T8FT M, WSEREAB T EERN.

ERSZHE, #AREL - KA/MFEES O KERT b e AEE ¥ BBHE RS (B 2b), B
SMAETZER (MM L) IRFEGREGEDAETP . vSWS B EETHMESSE, Bl HaT
AR ERFTENSI XNRFERSE, ATES S5 PEEERmeT, B RFHT
SR NI B MR . B RTE BULL EH# 4 RS GCOS 8 MRS EE, X/ kM
PFF —&ESCBfE R, HAENA [ PIZZR8Y ),

8.2.5 HBREHE

FERERSRERHA ., ©HTREEMME S G m TS BEA . B AR
f: HRAFERAMAATE R, W TIBEXAHE, HFEI—Ag&ERHATERN RS EHRYT;
ML ERRMGXEFEINET T T EFEADNENFT S ERIEZ AR LS DRIT.

564 S T4 — R R B ERIE B R . M T AR, — B RS FRS B R LR
b, B HERREE s CEB Y., AAAFTRAFRAMEE T, AXHFEHERNEX,
FARRETTHHKSTEFEERERZAIEBY. HFNEXEIEARE, AN ERRE
TEEARKTEENFREA LD,

FH—hE, ¥ TEHERAEE, 5H— 8BS I MEA— T IR AR, AT
TEFEA ZH A PB AR LA W, 0E B & 4 5 U0 W 09 SE 72 7 A BRI 28 2 BT A 25 1
P BT fle 6, AX W] BERE(RALEE 3R 00 F) FI 3R .

—F R T EREFHEMEA, ZEARAITRAT WRHER: AFRTLE TR
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0 1 0

TETE AR, G0k A Tk 8o A k{4 PR .

a) Bfellaal 158 HITH BN FRGEEL D7

b) B 53 HfTY BB FRIFEE DT

c) ML 195 ST EMA HERREES b7

HE—NEE 32 SR KB KPR RBANTFRE. STHARATE 32 4. BERH

AR IR —AB,

8) HR-HFBEMAINLSE?

b) B—B R K/PRES? Bin: —RERMF DB,

o) EHE—SEANAR NIRRT RN TRNME L, AR RE AR/ T EHR T

a) H84hmAr BRPERLPANFZENE?

b) BEFERIT M EFIEHET LRI SE 8.4 AT AN, GBS R B 20 7
MESmEH 6 UBFIER, EMQINE . TESHMESH. DRIRTLLHEMAFIRN TR
Z3t@bmEmznE, gFAFREFESASXKONFEERT

— AL 4 T RE ( FERNETAEFEN FHGH, 882N 0 i ). L—Kki

— AR REM S B, R UTR I T R B0 ERNRERTS U RS THE N

WY (R) MUBEA (M) WFERFAR (BHER MR F SR BESZE AT BrE R, mARMA

B R LB YATE A HE ).

EHRAS & i 5 i) 7 fal B i) R 1% M i
2 0 60 161 0 1
1 1 130 160 0 0
0 2 26 162 1 0
3 3 20 163 1 1

WRHEIE 4 R4 ohERn, HRATAIHRFEHERE, B HENHETERR BRRA.
a) FIFO ( fc#%EtH ) B
b) LRU (RiERAEH) B
c) REHEIL
d) BE(FRHTEAHES ) B
¢) EMATHZ AR E LARANAFERSE., FETEMELAWHFRFF.
4,0,0,0,2,4,2,1,0,3,2
IR RS Oy 4 B THEEES B E M, aRESSKRBATE? MR
ARt 47
—A#HBiFME SH: A, B. C. DHE, (hFEMIFNT.
AB.C:DyA B E;A;B:C: D E
BERBEENLH L, EABREAT TR A TE, JTFHR RS, HIEREX U FTEFE
AT S, T4 TENER, HERE DEAMNTR,



ESE o4& & A F 267

8.6

8.7

B.8

8.9

B.10

8.11

8.12

B.13

B.14

8.15

LT B —1 460 TR 5 o B fl MLk E 0
100 LE. 104, 170. 73, 309, 185, 245, 246. 434. 458, 364
1) ssslEe, HERE AR 100 F%,
2) FTESWL T8, % 1) SO0 A8, iESHR. dHE—fEN, BiRTENBRN Y
B=, EE-TEEHMNBEE, BEEREPAWHE M,
a) LRU ( 45 200 Vi g BN Fral AT )
h) FIFO (1 200 FFH AP RN LATTH )
¢} OPT (7 200 ¥ VWHBEHANIETH )
T VAX B, PR ESETHHRRBAHTEN. LBPHBNTREENARNEFEH AL
b Hi-ABE?
HFTEAFTHIT T REFEE.
for (1 = 1; i == n; i++)
a 1] =bIi] +¢ [11;
BRAT R 1000 1F, 4 n=1000, F/H -G HB A THBESHFATEIIFEBHONR, T
HER FE SN — N RPENE, RS W T B D 8 W L
IBM System/370 K R EZH i AR GIAF SR 24, FH o WA W ARMB T, o BB ikt
AEHA#EMETERIFSSTE. W FX A8 370 S EZGW, AR T2 2KB 58 4KB, BK
/PEVE D7 64KB B, IMB. ¥ T 370/XA B 370/ESA HREW, MR 4KB, BA/N Y IMB, R
K L—HIBERARNBENST 370 MR FEA A8
B — 64 kST E A F G, PIHE AN 4KB ( 4096 F )
a) ERHLAL < RIF £/ #hk?
b) BRBEIR - RAN—ETR, EREFEELER
o ) iR RIS RER A, W b ) TS T AR S A fE B . B AR A R dmoe] A 0
BEIF T IRE, BEERERNETERT _RTRk, £ TLB P HFMTEENHEMR 16 N0
##R]NM, MBHRFHATE 80ns, TLB REFE 200s, WHAE ( 5AEHA) HAFEE 5000ns, B
WH 0% HEREEN, WE TLB MR 95%, REHEL 10%, BAHA— T HBHFE
£ B [a] 7
R -THEBRHHEFF., TEEY MU, BMBESH., HARRMNEER P, 28§ N1TF
B S. MEM—FhAEERA .
a) BT R TRES D
b) BRE TR R R T
ER—FRAEEREEN, —EFA-PERFRE IEEBZN SR EELGEE. FHY
HEFNE D, FRVLUEENEEFEDE L AEBET, SOE LHHEMSARKEFHEL,
a) 8.2 Wit BBl —Fh TR i B A B e T LA 15 Sl 7
b)) SRR T i R R B AT o
£ S370 SRREHT, FEXBFRSEFFS I IEAXBEMNERTFR. ST XBFT5RER
BEXHNERA: AR ASRA, Yy EXTWMHEDTEES SEMMphtnt, HiEagEag1; 4
— A HEARBEREDN, FRCHEER 0. NEHIEPHTHRTHTEREN, Bofiis
hl. BEL ", KAGHBRS AT NERRITRCFEHN.
X BWTRMEFRFY (FIfME—TTEBERLS )
12345213323454511325

LBt kRIS T THERAA Y mmﬁ)ﬂw, A, HEEX ST kRS

R mk(A)=%iF(t,A). HobmP e m e ER AR s, WA AL, B FiA0

a) HA=1,234560, &£HE5F 8.19 Zp W E R FHARE XHFAEFEFH T 4%,
b) BH gAYk T A MRER,
c) B ma(A)ETFTAMNFER.
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B.16 VSWSHEECEEREMKMEXCEHE oMl. #BHY, R HBREAR TN oHE, NE
AR BT R, A PR EMEEARIYEN. H4h, MBEXRRAEEFEHARY o &,
gk sl p s M RAEESAT, XEEH R, MBRA—FHOHTLE— BN EREE D
EhEE omMmA, MAESEENHE. SETXFBAEIEH -FERMNFE.

8.17 fRE—TEFEHE 4 PTHR/IMEERE. FERKYEITERBVT M s WEEEEFE. K
H, BRHERABSSTMAES. BBERANY ZKB.,

a) GEABERANTHEL?

b)) BEEFEBN TR BRI NE D

c} BEFEAFVRBIMBHIT 00021ABC PH— T LR, MARESL W ERBE OB EL4 42
BRI RN TR HE L

8.18 FE— 4P A0EEH L2 E (1 32 D 2KB WTTA L ). ¥ TR R — \MB S IEKEM .,
8) WALHIRA FERIBIEN L
b) HERZIERERE D (ZE UK ()2
¢) MEMERFESHEST—%, WEMEAREHAEM?

8.19 UNIX ABALFEFEMSIEFERGE P — 3 E8mE, HP AR xR T Ee T
—PEFEA—1 C BEETFEF. ST FEFAEDPIERE A O, —HFTE 10KB /b, H
BB ENE . X TEFERMN, AR HEBR TR, BT R R.
BB H A DL/ B UNIX #e A B B/

Bii 5% BA H®IFIFk

FERTFERAEE, —RPpEND, 7B -I0EA- -5 H--ENEEEA, XEFS TR AR
TMEME, FEEFTRMT L EBRE. NEA. HELULRRIERS R,

WE XTSRS TF, MEA T M1, —FEANBRFEREEH -TEEM MMER, B H
PMTHEEARNRINE AT, HEXBEMMKEREZN, URHERRAEHALEEN, RREHE
B YT SERT R A, BHLEEHRFEFE-TNERES, BAHS LB IEZRL
MEF, IEMRHFBERED X (direct access table ),

MEFSRERFE, VIATREMAE&FE N k., AXEmERHy A[1], -, ANV - A1)
Htms (H BT OLAVE v R . T X — TS R