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515
m FERBEFTR SN HAERRINET, TR BT A FEHER
AN EEREERE, R BIPAT I PATBORAT A R AR s

n HTFEIEFEN, B RERbug BEARBRITHHIL, RS
MHATIEOL T Has, REBHEH P A

0 P ERARTTREIRAEEIL, FLRAR 5 Ak

Q XMIHKRBERF, EENNERNRERNIZE ke & B myisE, Ll
ETHEATRAHE, WAL FEREEHEHHE

m ZRRGRS MR L N ARRET SR AT R KA F, U B RIEREF
KISk, (HR2, SERFEMFETARRIFRIZR

Q BEEE SN R ER
0 Reale R s = EE M (less modular)

m REERPE: ThEEMOSLYE, BERMAEAFRKMASEE, &5 E5HAII L,
BHHEE. ¥ 78, BIANASELBUEMNRE, F5
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515

m RENBRMELSEMRE (software transactional memory, STM)
0 XR&—IEREFAFHHEAR
0 P IEE AR RERN R T (FEZE)

0 XEAFAESE: SAHACPURER—FARFXE. HETRZZAMR
AL E AR T I F AL A

O BP0 SRR R, T AR G R AR T s\ B P D RE
n AFERENTRARSESIRR STM KIHE
m SR, EAEAREARTTRER, STM AR RN}
m B STM #SERBUE I AR 71X BE i [ €8 22 1) — PR M 488
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faj B SEf . ARATIR S (1)

m AT AT BRSO R AR F R R SR 1]

m . BRRE —BUER
0 B —EERAADMRATIK S FE 2 —MRATIR
O B e AN IK P E#RE A

0 ZERABAEIHFRAT W T PUTHEE T RER HAb RN AT
HIRERE, "EATRTREVS M) AR IEAE AE A I N AF AL ED

O A RE R A 2N ERER A A X — R K B 2

Q IEMHAT: EMTEREAREIRZLETA—BRRE Blw: F
BFEANK S BEPH T — R8I — K IR RAS RX D

n AP ERERRHRER,
0 BRI, BEHEBIES BRI )3
0 Haskell 5 STM &4, ATUAHERN—METERTR
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WITIRS (2): 5T

TEREEAHITTR
m HETH TR RPITRREF K ZZHE RSN &R R

EXEHRNERNSESE (0 Java) , BMNRBREHEE—4
81, F synchronized FyE3RENB s, HIEHEAMER AN RES
B REG I R —F

m fEXF OO EFH, kR LIEXN:

class Account {
Int balance;
synchronized void withdraw( Int n ) { balance = balance - n; }
void deposit(Intn){ withdraw(-n); }
}
withdrew #& synchronized 77k, iX#E, RIEHE PR RIS
HE, RBHE - IMREBFEANS . RALEHARLETHERE
B, HALEEA RN XA R

ARVEHEEHR Y (5) k23 HERURE R 2 RS AR & B aole 2010427118 /7

WATIES (3): &Gk
m HTIKPIR, Btal e SRR T -

void transfer( Account from, Account to, Int amount ) {
from.withdraw( amount );
to.deposit( amount); }

XBAR A [a) g 2
n WERATRHAT, XBAMEEE A E
n BEHFRAREFURART, EE:
0 transfer ZEE—P8i%E from X%, 2 PH{E to W%
0 BEMDZIE, BN REREA S E
0 XNWEH —NMEEEREXHEMNES, ESEIA—BHRSE

m HHR withdrew Fl dispose EE#RZ synchronized, IS Lk
], AN —EUE O] Rt £ 2

ARV HEHEHR S (5) k225 JEBURE R 2 RS AR & B aele 20104621181 /8




WATIRS (4): RSk

m FEIERIEED, WRA BB A RN, B A EERKH
1], ZESRIAEE P AR FRIMIEI. BATr?
m PR IE ARSI BN E— RS Filn

void transfer( Account from, Account to, Int amount ) {
from.lock(); to.lock();
from.withdraw( amount );
to.deposit( amount);
from.unlock(); to.unlock() }

m RS, FERAT . X—AEESKR (o)
m WIEE R Bartiik, TR ERIE
m R FRESEE (FERERF IR FOLT) , Biln:

BEH AN RIEHENAT transfer WL, Hbh—PNENKS A ik
AP B, A—PMEMNKS B HBEAKS A, MRNERENZERL
RERE B, WERMHEATLHTEFRFT GEHO

ARVEHEEHR Y (5) k23 HERUR R 2 RS R & B aole 2010427118 /9

WATMES (5): &Gk

m XA BB, BH5IRA GERERT R R BRSEX ARE) .
R T ZRES REETA NG —HIN TR T, 2475 R IRE
JUANBRI R, B3R IR G5 13 38 1 3R EL

m X BB, T A

if from <to

then { from.lock(); to.lock( ); }
else { to.lock(); from.lock( ); }

BBHIUPR R R A o BEURRBIRBRER T
m BB LR RAETIRE : S 5EAnE R Z IR L4 4

m SEFREBLR D AR R IX—4 . W withdrew ¥R B from
R, from KREIAZHHKS from2 ;igk. REEF T from FEAH
BEAEIRK from2 M8, MXNHFEHEE, SENRERIE LRI
FT . #—PUl, ATEE from2 FEH from WHIRE, transfer REHE
SETLEAE. BIfEAIE, HTELAE=AY, FHEEER

ARAEHRPIRT (5) JFkZ K TR Bl R R R 20009025918H /10




WATIRS (6): 4Tk

n MREFETH R R BRI, HEEAE T
m 540
e from MK KBS AR transfer B i%BHZE7E R B &4+

W MERILEAE MR LA, JPRIREN SR TS B
B, WRFEMAREFRKS from R from2 PR FAZHE R
TR, HEBUEAELHET

4 1 ELARARK e e R b 5

ARVEHEEHR Y (5) k23 HESORE RO A RS R B 20004721181 /11

SN I

B2, HEAEAHFRKMETIRN EFEARKBMFAZE, AR5
B FIEFIZSE T A R AR K — AR (7 L8 ) BAE AT T
KI5 B4 B3

m RAZ S8t
FEAMRHAS N EEEHFA N RENERL
m T I8
PR T W RERIFFATIHIT, HEIBIEH
m BUINEE T

1T — MU ORI B 2 8] R IBC 3 TT RE R A TR B A Sk i
B, FEFEFAHERS, FIRAES M (T XS5 R B by
BEENZ L, TLAGEIX— 3D

m N IR A
JE AN F] e R BE R LR UL T AE8, X PR E LUR A T R A B
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SN I

m FHIRIKE

R T, BT S H LR G EAALE ., Fla, HILH
RIS MRS ? W RIEA B AT MM A — AT, X
RAELLE CRILEE IR ATE DU IR AR

mSIC NIRRT, BT A E TR

AN ERERRBEBE T KPR ERER, AR R R A
EAFFENMER - FFRENEENLRE. WREICERE, 5
A REFEFEBEHA IR . FAANTEREYEA RN ENE,
L AT B P ZE L S FE A\ ST B

m XENUHER K F B A AR SO SRR . IR AR ZRIRE
ST /R KRR, ERmel - RERER:

HR withdrew Fl deposit #EEIEH TAE, EAREETEMHEZEZM
transfer, INIEEIIRH K. WMRETREEIK - KA LN FHZE, &
DI SR BB A INE CRAES T, B

ARVEHEEHR Y (5) k23 HESOR RO R RS R B 20004721181 /13

KHEHSANF (STM)

n REESNAFENFER SN —FRE I RHEAR. TR
Haskell &5k N 4A STM, 1EEIAA Haskell REEMREES

m Haskell B EH ¥ transfer BEHIFFL 2.

transfer :: Account -> Account -> Int -> 10 ()
-- Transfer 'amount' from account 'from' to account 'to’
transfer from to amount = ...

B ATRAER
F—ATF T transfer MEFIRA: H—A Account 2%, H—N
Account 8, —4 Int 2%, R[H 10() REFME

E IR 10() YiHA transfer ¥EREBI—/NEE, sh{EBATI &= 4 E
YEH (side effect) FFiRIE () fH. () 2L CIEFH void

XHE, transfer FIEERIA 10() i B SEILELEIE A2 T XA s 2L
FiME— BB (R ECRRMME, AT DA A HOR BIED

ARAEHRPIRT (5) JFkZ K TR R Bl RS R R 2000025918 H /14




Haskell HF1EI1EH

m IIEMRE Haskell B4R
m EEMS: mutable Flimmutable (ATASFIFIARAS KD

Fltn, CiE=HEE XN const AT R immutable f¥); Java B
IntegerZBFIX % & immutable §)

m BIER, BRNFRRERILE. 10 Z2MBKHT
m RPN S R E A R O R A
hPutStr :: Handle -> String -> 10 ()
hGetLine :: Handle -> IO String
KRGy 10t MEERSIE (action) o t B—AKE, B ()
m ¥
(hPutStr h “hello”) Z3)1E, ZEXK# hello #ii® h (>CHHE)
(hGetLine h) BahE, ZESRM h SEA—4T1EAH String iR [A]

ARVEHEEHR Y (5) k23 HESORE RO R RS R B 20004721181 /15

EAE
m do{a;; ...; a,} ILMDBIE a;; ... a, BiE— M REME. XHEK) do 2
Haskell S8 . THREIEA—TRE, HAdiH— 8.

hEchoLine :: Handle -> 10O String

hEchoLine h =do { s <- hGetLine h
; hPutStr h ("l just read: " ++ s ++ "\n")
; return s }

XH s <- RARHEARBRBK—NET s
BHRPFRE, return FFARET WIS, BE— S EERE
return :: a->10 a
#l4n, return v $ATRHRE v, WA REITEH
X a RRMLE, RREEKRE
m 7£ Haskell ESREEH, AFLERBENSHEZENIIL, FFERS
m h FA“RIR", B CHETER FILE*, XEWHA stdin, stdout

ARAEHRPIRT (5) JFkZ K TR R Gl R R Rl 20009025918 H /16




PERES T

m AR ERERMAEIER, 5 —RREMEHREEZ (mutable)
DR, NHEREE A TRRRREN—:

incRef :: IORef Int -> 10 ()
incRef var = do { val <- readlORef var
; writelORef var (val+1) }

incRef var &—MaE, 'BEEHUT readlORef var Etf5 var FI{E, #
XAMELS ETF val; TEHAT writelORef ¥4 val+1 B A var

m readlORef 1 WritelORef [j2KAI 2.

readlORef :: IORefa->10 a
writelORef :: IORefa->a->10 ()

KA I0Ref BEF UFAE—NMEHEESIM, ZMETIFE KA
At HIATAAE, A RE C Bt KA

XF incRef, HSHMRRLNINE IORef Int, KK incRef REE1EH
TR Int BB 28 {EH

ARVEHEEHR Y (5) k23 HESOR RO A RS R B 200047201181 /17

WP A R AT

m HITHARRE T AT WIS R & RIBIAE, T ik anfT M A sh1k

m 7EHaskell B, —MEFHZE X T —MEA main M3ifE, E7X4
B EHATIME main, FHE—/N2BREF:

main :: 10 ()
main = do { hPutStr stdout "Hello"
; hPutStr stdout " world\n" }

XRMRFRET, BEHRINFAANETE
n BASHIRERF TEHI—AIRE forklOo, HERRE
forklO :: 10 a-> 10 Threadld
ZH 2 10 htE, forklIOBIE—MIF kI Haskell SfE AT ZBIE

—BAIE T4, Haskell RBfTRAEMSILEE IRNAFAER gk
FEFFRHAT

ARAEHRPIRT (5) JFkZ K TR B R R Rl 20009025918 H /18




FHRFEFF

m EREIEEITE R main 54

main :: 10 ()
main = do { forklO (hPutStr stdout "Hello")
; hPutStr stdout " world\n" }

X H [ forklO (hPutStr stdout “Hello”) Al —AN&kFR 2 HiH Hello,
{H forklO B FE&REMm TR T

bt JE RPN S EF A AT, —ANEIAT main ELERIT, 5
— A B RIR B LEDIAT . TS R 2K

m Haskell BZfER  BHEHR &2, —IMRERSHLEFTAAE. R
G B 5e ] RE R I AFAE BT I 2%

m FXERATATRERAT Haskell AHEATHARBRE, —4 n++ EGIR
Zih. (HIFIER, Haskell RRHET, RSLREFEM B RIE
5, HERHEXARIIGERA, REHE, BHKREFHEEEW. L
B2 ARWERMNTERT, 7E Haskell #5REI1EF#SZRRIT—

ARVEHEEHR Y (5) k23 HESORE RO A R R B 20004721181 /19

Haskell KIEI1EH

m Haskell R IGE: B ENRAfOREBIER

m WizERE: 7 Haskell B, FEWERKHAMERBRIRLR, X
B MRS AEHER. HE T MR-

f::Int->Int

g::Int->10 Int

fROL—H TR: f 24R%, KAREMH. EEMIERARSSEHE
e, BRIP4 R —F

g BRIEH, BIMELERERSE, PIRIITH AT BE4 B ARSR
n THEFD, BEEHBARHRSHR, ELbPIEFaH

ARAEHRPIRT (5) JFkZ K TR B R R R 20009025918H 120




Haskell K{H

m JENFEH: 7E Haskell B, “3hfE" (@ ANfishiE) g
A UAE IS LB AR, 1ENERM, ARTEE, F%
m FHZA Haskell B H R H for TEFRRIRE GENER) -

nTimes :: Int ->10 () -> 10 ()
nTimes 0 do_this =return ()
nTimes n do_this =do { do_this; nTimes (n-1) do_this }

JEPIAT R ERHUE X (FE Haskell BLR]PUXAEE)
F—AT: WRERMEI 0K, M A, HEGK

AT MM n R, BREM—IK do_this, TIER n-1 EAA
R, XHEK do_this B—4 UEEK) h1E

m EHEHL 20 N Hello (BKRHEAT) -
Main = nTimes 20 (hPutStr stdout "Hello\n")

ARVENHREER S (5) Ik % SRR B (S AR R BRI 200047271181 /21

Haskell B [{EH%
m [F]Z] transfer %, HARBWT:

transfer :: Account -> Account ->Int->10 ()
-- Transfer 'amount’ from account 'from' to account 'to’
transfer from to amount
= atomically (do { deposit to amount
; withdraw from amount })

do HH)FFEM dispose A withdrew, XHEMNEHETES
m atomically A—aifEASE, EEENRFIERIT. BAMER

0 JBFE: atomically act {5t 2 act 3h{E, HEEK act 47T
IEIE X AR R T, ENIAREERISNEN F RS, #l
w—Mk P S EUER T ) — MR A A RPRES

O BEETE: atomically act BUATHIE, act I{ETTEAZHARLTER
EW, BB act AFFRPATI TR TR, EX—REPHIT

ARAEHRPIRT (5) JFkZ K ISRSHCE AT R R BRI 201099219181 /22




JR T BRI SEEL

m 1] fEAE BIR AT A AR AU SR 520 atomically Theg: F—AN2R8, &4
atomically SERVEFRBUX /M, TRPITEIE, SERUE R,

m XEAEFE R, HEEZIEZA atomically SERIIAT, A
THRFREARFRANIIT. R RKEWRERIATHENRER, T4
2R BN AT HER

n FERAGEA S AR AREREREEME (RISl ERERD

BEAE—NMEEPITRIR T A (RB2RBE) BEHE IORef
ZE, £ A RIAT I HAh L2 52 2T LAi )% IORef 228 (REA
RARFREYIRD o XA R NR TR A KT

m AN A R T TR SRS WA SEEL I AR R, DRAESCAR DR s 1t
)R, ORUESEIL A IEAA 1

ARVEHEEHR Y (5) k23 HESUR RO R RS R B 20004721181 /23

e B AR Y

m XERTERARBARYL, 4 atomically BEFImIEHL.
atomically :: STMa->10 a
HSHRRKA K STM a KFh1E

m STM FERELT 10 ZhE, WTREHEIER, {H STM FifE=ERI1ER 1
WHEEDN, R TREHESRE (TVar aZi)

[Bl4Z.: 10 FMET AR BB RL &
m X} TVar ZEKEE AL 10 SHEEX IORef BEIEE

readTVar :: TVara->STMa
writeTVar :: TVara->a->STM ()

m [FFEEA LA do & STM 3hfE, return EEHT STM BhifE

A PLIAA do Al return Xt IORef #1 STM B, T (st + ATUAHT
BB BB o SZFr Lk IORef F1 STM #B 2 3 Fh 58 — % 45 /4 i 45541
ARG RIFR S monad (L _E R BEIE)

ARAEHRPIRT (5) JFkZ K TR R B RV R Rl 2000025918 H 124




STM #:1E

m N withdrew FI4S:
type Account = TVar Int

withdraw :: Account ->Int -> STM ()
withdraw acc amount
=do { bal <-readTVar acc
; writeTVar acc (bal - amount) }

Account ZfR7F Int i1 STM A&, HHRMERRKS KRB0
withdrew s&—A> STM Zh1E, ‘B> Ik - BH{E
m 1] LA withdrew % X dispose

deposit :: Account ->Int ->STM ()
deposit acc amount = withdraw acc (- amount)

XEERA T transfer F5EEEE X

ARVEHEEHR Y (5) k23 HESUR RO R R R B 200047271181 /25

STM #:1E

m ER, transfer BMAPAT T IUKREREF) STM BREEREINE: X to kP
E—RIE—IK, *F from K HE—F
XPUAMERER F—ANEFHRE, 7 MRIEIZ R FEE R AT
IXFERRAR LR T FFERTR H ) (]
m Haskell MR RFRIERA TN EAEHFZIMET TVar, U5

bad :: Account ->10 ()
bad acc = do { hPutStr stdout "Withdrawing..."
; withdraw acc 10}

RIBAREE T ZFE, FEH hPutStr 2 10 ZifE, A& STM ZhifE
m T LS FEARE G withdrew G R 75

good :: Account ->10 ()
good acc =do { hPutStr stdout "Withdrawing..."
; atomically (withdraw acc 10) }

ARAEHRPIRT (5) JFkZ K TR R Bl RV R Rl 2000025918H 126




F 5 NAFRISEDL

m NS A ROAR A J R it SR - P A i B O fRaE, BT — NS 2
RISCHU AL Bt s HL R, RRHRRAENE

m FENHAFSEIEE, EXREMTRERITTE. STM ISR K&
ST BHE TERA T — MR/ SEEEFIKE O, airl g mE
FETT ORI, ATCAARR R &, AT DR B2

m —PRE SIS ok B SRS, RARMINIT. BT:
0 4T atomically act B AL E—NELSHE, VBT

0 act ¥ATHERIER writeTVar B TVar &R, FAEEANFX
T, MEBAHE

O FXKIAHA readTVar 3 Tvar TERMERHERIER (FJE8% Tvar 28
BE5i) , WRAREME TVar BEIZEME, FEXANTEM
BHMECA H & s

O —MRTFRIAT RS20 A MM AR BABT ENR R 75,
WEARKHZEE A CK TVar ZBERA

ARVEHEEHR Y (5) k23 HESOR RO R RS R B 200047201181 /27

F5 NAFHISEIL

m R act SIYERAT SRR, SEILE RN HE. WORIA ST
RAAX—HE (Wi, HRASBRERER)

m FAR TERREHERCRMEA readTVar, FHENIHMELAERN
R I SERr TVar —FE. i SEER—HE IR B Th

ER: FIAFRZPBEEOPAT A RFITH . STM SEDUREEE I-A8 44 A i,
B —AMl, BUH compare-and-swap (CAS, HBIERH#H) 154,
B RIS ENLE], PRIENHADERENAEE, XANEREMFIARR
RHIEERGE —NEFEE CREERITI o IXEES i SEALEE, 2
JF AN B IO HSED A 15

m B, MERBARK, WHEENTHERE I EE BN A
(MED , XBASARFESLSPIE (abort) , EFHHIEMN HEFFRIAT
act fE. XFRAHFXMIT (re-execution)

BT act PUTHIRCRIEK AR (KEXLFREMEMESD , A
PAGRIEFHR AT B 22/

ARAEHRPIRT (5) JFkZ K TR R Bl R R Rl 2000025918 H 128




F 5 NAFRISEDL

n F—ANREBIER: F5% act PATHARHIES Tvar ZEZ MY
BIVEN, X—REXREE. AT, BETEHFL:

atomically (do { x <-readTVar xv
Yy <-readTVar yv
; if x>y then launchMissiles
elsereturn ( ) })

HA launchMissiles:: 10( ) ¥ =A% I ™ 5 i) Bl bRtk 11 E
BT R FREMB, XFHATRE TG HIN ARRERIALE WA
Can SR BT B A AR LR I R BT xv B yv)

WMRBIT A B ANERSHIEN, XNRERATRERRS T —M
k#&i (launchMissiles) « HRFIEEN R FHRBAT A B 2 AR
RIS, FiBHAE RO IpEaMET

m {F7E Haskell BRI R G R & XK A @ Hra s FmARS. B3k ibE—
A STM BEBRIEAT 10 BhfE. XMW iBRSENZX 5 I0/STM

ARVEHEEHR Y (5) k23 HESORE RO R R R B 20004721181 /29

BH 2 F1i% ¢

m R LKA R T HRIEHRZ —FEE T, EAIEEAREH TR
RIEF?, B HAERZ IR oRepLE]: FHEEMIERE

m FHEUHEREXT STM & O — L9 in T, E2 REiRptiXmdiaess,
T XA 782 DA g S Ab 1 07 st AT

m RER &R, BRENA AR SERR, JRXANKS REA LN,
BANFERXNLEE (FARKSH T EBRTO

m EHFAREFEEEREIXMER. fli: WREKEFEN—NEHKX
TR, MU XZHXETH, X—RERSHEEXESR; H—
e WAE LR LB FRES A — M EH S

m 7E STM B X HER T ER S M — R4 retry, HERE
retry :: STM a

retry FITE SR 8. ERATI R BB LTS, SRR
TR R EHPAT

ARV HEHEHR S (5) k225 ALK RO A RIS R B 20004E2)718 1 /30




BH & F1i% ¢

m FEZEET retry EH%GE R withdrew

limitedWithdraw :: Account -> Int -> STM ()
limitedWithdraw acc amount
=do { bal <-readTVar acc
; if amount > 0 && amount > bal
then retry
else writeTVar acc (bal - amount) }

RSB T/ LK PAT retry
m )RR A I R A2
0 VZERWRIEFK. HAse R B2, SRKIA. AETK
REEASHAKRETERTE, A2EUAILNR
0 FH STM LI bR, HEFHALRES TXA ace &
2 (B HRI0 FELXAN SRR

0 BEMEIZEESS acc? R X—HELSEER retry FIRE
tiEace, XHFEHFELFKAEHSEE, BE—TFHMIHE T

ARVEHEEHR Y (5) k23 HESURE RO R RS R B 20004721181 /31

BH 2 F1i% ¢

m limitedWithdraw B F&HREBR T —MEERE AR RE—NEHE
&M, FAFR AL B LI AR 4258, retry . ] DARHGE H B AT

check :: Bool -> STM ()
check True =return ()
check False =retry

m F|H check A LAIE limitedWithdraw 555 faj G — /i :

limitedWithdraw :: Account ->Int -> STM ( )
limitedWithdraw acc amount
=do { bal <-readTVar acc
; check (amount <=0 || amount <= bal)
; writeTVar acc (bal - amount) }

m PUAERTICIESE, 25 8RR 1 57 — A )

REHEZIXAEM: WR A KPP RFLBHNE, FUHMK B
B HRIXMEIE, ERAESR—ABME retry WE2 5 —Tae

ARAEHRPIRT (5) JFkZ K TR R Bl R R R 20009025918H /32




BH & F1i% ¢

m R, STM Haskell 324t T %2 —J&iE orElse, JHREE
OorElse:: STMa->STMa->STM a

orElse ESHFIER G H—ARIIME (X— K5 atomically R4LD

(orElse al a2) KB X: SeHAT al; R a1l EiX GEM retry) wiEE
ZPAT a2; Wi a2 WEIR, FHLEA orElse IMEEIR

5T RCHI TH] 1) AR B 4

limitedWithdraw?2 :: Account -> Account ->Int -> STM ()
-- (limitedWithdraw?2 accl acc2 amt) withdraws amt from accl,
-- if acc1 has enough money, otherwise from acc2.
-- If neither has enough, it retries.
limitedWithdraw?2 accl acc2 amt
= orElse (limitedWithdraw accl amt) (limitedWithdraw acc2 amt)

m T orElse FERMRE STM 3ifE, TR E/ENS—4 orElse S
B, ZHATUEHZHZHIEFELEM [orElse FEFEAMH? ]

ARVEHEEHR Y (5) k23 HESOR RO A RS R B 20004721181 /33

A STM /NG

m BIHNHET STM Haskell $2 4t R B8 35 WA EAE
m FRE—RY:

BAE KA

atomically STMa->10a

retry STM a

orElse STMa->STMa->STM a
newTVar a->STM (TVar a)
readTVar TVara->STM a
writeTVar TVara->a->STM ()

m R Tt o — R 2 newTVar, BEHIE—NEH TVar Bt (3
=) . FEHEHAE

ARAEHRPIRT (5) JFkZ K TR B Bl RV R Rl 2010025918 H /34




EPEEN B Fik

m NHER—EERAIEITH STM 2R
m SEPERE N i B 5 B -
XWEZ NEREER, HRMMhE
MBIIER BT FUSK I RE P RIS — kU R, B
10 AMMEANFRIE (—4) =R

WREGYIEME, EREZARSEILYEE LFR, BEFTRE
HETIEAY), BREIEYEBOT, EENIHEERE

MBRGE—H (=) PMEAMEE, X4 MENEE DRI
=, HIRMMBIEIE, &EAI—AETT, BEIAE

R RN YA — A/ NEN B, EHEENTE YRR

n XENRHFRERERELE, HAHFESE. Ada. Polyphonic C#
(CH B—ANHRT B, AT Joint Calculus 3 RHGmEREE) . T
i STM 5, a5 EfIR

ARVEHEEHR Y (5) k23 eSS ROE B R R BRI 20104721181 /35

EYEE N ). FEAHYAE

F STM Haskell f# X — o] B A1 4] :

m H/NENES—A Group, W AYIERT—A Group
n FAPEATIYEERE E A B TR Group

m WEREIDIIIA, REIRHA P Gate

0 —> Gate fFEHEZ NI RV NENFEAT =, HEEH
EAMIREHHENT (BRIEE LSRR, BEHELD

0 B Gate EHMBA TR EITHAE (REEHEEIE TR

m XPEZ NFRABIA Group 2 —HgE, FFH Group MBI Gate 5|
MEFEF COMEANEYIE) T TAE

m NEANFYIEEEITE B SRS 2 -
0 REMA B CEH Group, 7EEHEE A FTEIH Gate
0 EEA— BRI R 5 R UGRE A Group
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EREZNER: PNENTNYIFE

m NERERDNENT G

elfl :: Group ->Int->10 ()

elfl group elf_id =do { (in_gate, out_gate) <- joinGroup group
; passGate in_gate
; meetInStudy elf_id
; passGate out_gate }

A REBM— KIS, THRETEE X elf UMNEAN)
elfl BISHE—A Group F1—A Int (fEH BA/NENKIHE—RRR)
R [E—A3h1E

m /NEAFRRRZE meetinStudy H, #H—4&4E S 3 XK ERKFH4E:

meetIinStudy :: Int->10 ()
meetInStudy id =
putStr ("EIf " ++ show id ++ " meeting in the study\n")

putStr ZFER %, 8 hPutStr stdout
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EHEZNER: PNENFNYIFE

m /PNENFH joinGroup IIAH: Group, K5 passGate il ].
BRI RA &

joinGroup :: Group -> 10 (Gate, Gate)
passGate :: Gate ->10 ()

m G RABEANENAS L, R 2R AR RBAR:

deliverToys :: Int -> 10 ()
deliverToys id =
putStr ("Reindeer " ++ show id ++ " delivering toys\n")
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EREZNER: PNENTNYIFE

m 1T 10 SEHRREME, TN _ERPIAS R — A A3

helperl:: Group ->10 () ->10 ()
helperl group do_task =
do { (in_gate, out_gate) <- joinGroup group
; passGate in_gate
; do_task
; passGate out_gate }

m XFE, NEANMGNERIFEAAT HH AT UAEET L R HUE X

elfl, reindeerl :: Group ->Int -> 10 ()
elfl gp id = helperl gp (meetinStudy id)
reindeerl gp id = helperl gp (deliverToys id)
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XHEZ N E: Gate 1 Group

m NE%EE Gate, ESCFFM TR A#AE:

newGate ::Int->STM Gate
passGate :: Gate->10 ()
operateGate :: Gate -> 10 ()

B> Gate AENAR, ARRNSGE; BA—ITHHHTERERE
PR T RBE

#H passGate FRIRARER —, —EHEI0, FHiHABMHE

A Gate IR RABHRKENO, ProliEth AgeiEd

Xt A\H operateGate fT7F Gate, ¥ HFRBABKENGERE
m N2 Gate F—Fm] fesLIL
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EPEZ N Gate

BIEEH ) Gate,
data Gate = MkGate Int (TVar Int) ﬁ*qjﬁﬁﬁjl\%??ﬁ']@%
TVarZ=®, ¥1E 0
newGate :: Int -> STM Gate
newGate n =do { tv <- newTVar 0O; return (MkGate n tv) }
passGate :: Gate -> 10 () H MkGate @4,
passGate (MkGate n tv) H check Z£4% TVar
= atomically (do { n_left <-readTVar tv BEAT 0 MBS —

; check (n_left > 0)

; writeTVar tv (n_left-1) })

operateGate :: Gate -> 10 ( ) ¥ TVar ERE N,
operateGate (MkGate n tv) RS A TS AN B )
= do { atomically (writeTVar tv n) (52540

; atomically (do { n_left <-readTVar tv

; check (n_left==0)}) }

F—ATH Gate FUIME— I HIERE, HMIE TR MkGate, H—4 Int
REPFEMRFZM—A TVar il (R aar2 NI EEDD
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XPEZ N ad: Group

~

Group HHA R
FABREEEEA

m Group I O#EWT:

VWA AR-EL
newGroup ::Int->10 Group RO TVar 224
joinGroup :: Group -> 10 (Gate,Gate)
awaitGroup :: Group -> STM (Gate,Gat
BrelEH) Group AZFHF—RERE (&5 Gate B0

NENFHR joinGroup BN Group, i ) pH 28

(U2 N awaitGroup 45 Group #, B8 2]iZ Group Xf
M Gate, FHIZRIHMNNT Gate #IEHZ Group, 5 —4
/NENTFTLAFEZ Group &S

m T2 Group H—A]RESEHR
data Group = MKkGroup Int (TVar (Int, Gate, Gate))

newGroup n = atomically (do{ g1 <- newGate n; g2 <- newGate n
___—7 ;tv<-newTVar (n, g1, g2)

7E—AN R FHLE SE R A : return (MkGroup n tv) })
SeRNEPA Gate, T JEH
BEARIE—A TVar &

ARt RS HEE A BRHE R RoRE 20109:2 H18H /42




XHEZ N Group #4E S Tvar JIRSY
SFRBRBZEKRTO,
m joinGroup fll awaitGroup #R#E E¥HE S X KRR EER —5H,
- & [B] 4> Gate
joinGroup (MkGroup n tv)

= atomically (do { (n_left, g1, g2) <-readTVar tv
; check (n_left > 0)
; writeTVar tv (n_left-1, g1, g2)

; return (g1,

92) }) - \
B Tvar B
awaitGroup (MkGroup n tv) / SFNERBEEFTO,

=do { (n_left, g1, g2) <- readTVar tv BIEPIHT Gate FFE3E
- check (n_left == 0) IR B R FB A Gate

; new_gl <- newGate n; new_g2 <- newGate n
; writeTVar tv (n,new_gl,new_g2)
; return (g1,92) }

m awaitGroup FRAIEF N Gate, {RUEEWEZE AR —H/NENTERH
RETIER, H—HPMBRNFTCLES . RUESE /S PIZH L 8] FIE Wik 25
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EPEZEN R : A IREIAIITE

m [HF—TF, WEF Gate fil Group O P K —EEER 10 #4E (W
newGroup#l joinGroup) , H—F STM #4E (W newGate
awaitGroup) . ATAXFEBT? THITRIXAS M &

m B, newGroup BF 10 KA, XiHLANEEE STM BIIERFHE.
SEFR BIXAEMR A T (&

0 " RAEEH e B LB atomically, FR¥EE XA STM KEI#E

0 HER—EXHENE, XA newGroup BF#LIK B AT
atomically H, AEEHES newGroup n

0 ¥ newGroup XA STM BRI S R BRI BIEERSAE,
MEXMEFHE, newGroup BBAANFEHE

m 55—, BTERFFEFELE newGroup B newGate, Al LT
newGate & X STM K#!
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EFEZEN R : A IREIAIITE

m —IME, RIEFERNR AT REIEREUE Oy STM KA, XFH

0 EXHEREG T MEREHRERRAR, TR do Bt retry 5%
orElse B4 EEEA], MHERK STM #E

O XM A S EET R RA BRI, AL —P A%
m —HH atomically #8—MRrEEHER, MED T — 10 #1E, ©:
0 BRI EEEEN atomically T

0 {H 10 BAER HATER AT RS m N H s (wlamiEH
launchMissiles & & 5:3#)

B BEZ: EREFPEFERHE, MIARETIH STM #1E (MAE 10
#1E) , ArEASHER, HIREUWHEMASEA T HEREIEN

O XA, WAEER AP AERERNIRE S M atomically £ STM #1E
B 10 B (RN TTRERDD
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XWEZ NI : FIREIMHIHR
w LB 10 #1E. RN operateGate, HAPIKAE
H atomically [&#&, X MNMERHAGREEIFI—
0 B MNRFREF=E—IMNEET IREERIER 3TIF Gated
0 BANRFHPAER A /NMEAE P REEIFE T Gate
REF—MREBIFINE A RS —MRIE
0 FAREE LR EIEALEE—4 atomically B
0 FEt, operateGate %4i5E XK 10 #AiE
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EPEEN R : EREP

n PELRIMEFHMEL, X ANNLRESHEE
m EEFEXWT:

main =do { elf _group <- newGroup 3
; sequence_[elf elf_groupn|n<-[1.10]]

; rein_group <- newGroup 9
; sequence_ [ reindeer rein_group n | n <-[1..9] ]

; forever (santa elf _group rein_group) }
F—ATAIE—A KA 3 B Group

BATOE—AFS HARERRTTED , FRIIRERENEANn &
F [1..10] A elf elf_group n . WEEB, XEEIEKFEIET
[elf elf_group 1, elf elf_group 2, ..., elf elf_group 10] &K FE5

BFARAREI—A 10 30fE, &SMEER— AN NENLRE

ARVEHEEHR Y (5) k23 JEB RO S AR R B 2010720181 147

EREZNE: FREF
m KH sequence_ U—AENMERFRIIASHE, RIE—A3ME, EfEPAT
IR IRFF BRAT VR 3 S H I sh Ve P 3 BB — A3l 1k

sequence_:: [I0Oa]->10 ()
m elf BM elfl 1 HIRE, H P RAR:

1, 75 elf £HFMEIH

2, WEF elf EMILMEERHAT
m elf FEX

elf :: Group -> Int -> 10 Threadld
elf gp id = forklO (forever (do { elfl gp id; randomDelay }))

forklO AHSE B — MK Haskell £6F2
forever R EHATEHSHS1E, XEZ—/ do
randomDelay ZER—ERENLESTE] CEMIAN R e UL TR 30D
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EPEEN R : EREP

m forever REHIEX

forever :: 10 () ->10 ()
-- Repeatedly perform the action
forever act = do { act; forever act }

m FFEFE forever #ATHIZNMER elfl gp id , forever 3e R EHAT,
5 B — IR PAT E G SR — B E], A randomDelay #iid

randomDelay :: 10 ()
-- Delay for a random time between 1 and 1,000,000 pus
randomDelay =
do { waitTime <- getStdRandom (randomR (1, 1000000))
; threadDelay waitTime }

m B E R/ NENBITT

reindeer :: Group -> Int -> 10 Threadld
reindeer gp id =
forklO (forever (do { reindeerl gp id; randomDelay }))
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EHEZ NI EyEE AL

m EPEENRA REE BT BKSY. S, B3 A NMNEASR—AYIZERE.
XA AT AE T ZLEREMORA Group KIF, TR NENBIIREE TR T,
TR A KA

santa :: Group -> Group ->10 ()

santa elf_gp rein_gp oY RE,
=do { ?tutsktr('_' ------- . --\n"t ©) BE|task 22— N FERFE,
, (task, (in_gate, out_gate Hop i A
<- atomically (orElse HTEX, EFHA Gate

(chooseGroup rein_gp "deliver toys")
(chooseGroup elf_gp "meet in my study"))

; putStr ("Ho! Ho! Ho! let's " ++ task ++ "\n")

. operateGatein_gate < |fIFE > Gate

-- Now the helpers do their task S A UH RN JE A

; operateGate out_gate } % — A Gate
where -

chooseGroup :: Group -> String -> STM (String, (Gate,Gate))
chooseGroup gp task = do { gates <- awaitGroup gp
; return (task, gates) }

chooseGroup &R X
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EPEZ N R RS

R ET LT, ETEEED AL, A —RHRE
EPEZLN B T — PR WA g FEE

0 —AEE XEMEREANLE) £ PR THSRIERE

0 BEER MBI ERETRIFES, MEERX) IR
XA 5 — M7

0 A2 B RS BB —AMH R

0 AEBRMHEE, MEEEXINTRE

FEERZNLEIT, T NENNYER EEBREENE, ZZAHK
=R —BfE REFT I A Gate

WMRXNENFYIE, BHAIFBRA—F, EEEHRRATT

— A RR AR TR T #, B R TR G RiGIR
N ENE. (HIREREK T RENEE L, X R AGT A
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EYEZ N ] L

n FHRTNERAREAREUT C & T BEEBMEF R BREE
T XS B FRIREIAR . & X

santa :: Group -> Group -> 10 ()
santaelf_gp rein_gp
=do { putStr "---------- \n"
; choose [(awaitGroup rein_gp, run "deliver toys"),
(awaitGroup elf_gp, run "meet in my study”)] }

where
run :: String -> (Gate,Gate) -> 10 ()
run task (in_gate,out_gate)
=do { putStr ("Ho! Ho! Ho! let's " ++ task ++ "\n")
; operateGate in_gate
; operateGate out_gate }

choose Z2—#" Dhar<”, HSEHR—4MNE, SFEMEHE 1
TRATRE (FHHL, 50 » BIBITHNRSE S
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XAEZ N o] 7 W&, run String £—4
(Gate, Gate) -> 10 () % L

m choice 28R 2 Xit# N\ FchooseZA:H
Hz—midk, MaPITH
choose :: [(STM a,a->10 ()] -> 10 () |G run "..." E¥k

BIMXTHE (STM &, a -> 10 () MIFFFIE 2 —4-3h1E
RPN ITRLAR A STM 3k, REEEED, a
BEATRE—NERE N aff2—i3hfE

m ERRENM:

; choose [(awaitGroup rein_gp, run "deliver toys"),
(awaitGroup elf_gp, run "meet in my study")] }

where
run :: String -> (Gate,Gate) -> 10 ( )
run task (in_gate,out_gate)
=do { putStr ("Ho! Ho! Ho! let's " ++ task ++ "\n")
; operateGate in_gate
; operateGate out_gate }
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XHtZ N E: choose K%k

m choose FJSZIR:

choose:: [(STMa,a->10 ()] ->10 ()
choose choices = do { act <- atomically (foldrl orElse actions)
; act }
where
actions :: [STM (10 ())]
actions =[ do { val <- guard; return (rhs val) }
| (guard, rhs) <- choices |

XEK actions B—BhER, HABNITRE—3IE

do { val <- guard; return (rhs val) }
HA K guard Fil rhs BUH choose &% choices

(foldrl orElse [a, a,, ..., a,]) ¥#FKH orElse BJF, Ak
(orElse a, (orElse a, ... (orElse a,, a,)...)) YE4 aotomically A%

choose XX HER, BEI—AaE, MEPITESIE

ARAEHRPIRT (5) JFkZ K TR R Bl RV R Rl 2000025918 H /54




EEEN R GiFENIEAT

m 77 LI, ZEiTER &ML import A

import Control.Concurrent.STM
import Control.Concurrent
import System.Random

Ut BB A — L AR ) Th R
m | /5 GHC (Glasgow Haskell Compiler) ##¥%:

$ ghc Santa.hs -package stm -0 santa

m FHE—BEfTHh
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EHEE N 7]

$ ./santa

Ho! Ho! Ho! let's deliver toys
Reindeer 8 delivering toys
Reindeer 7 delivering toys
Reindeer 6 delivering toys
Reindeer 5 delivering toys
Reindeer 4 delivering toys
Reindeer 3 delivering toys
Reindeer 2 delivering toys
Reindeer 1 delivering toys
Reindeer 9 delivering toys
Ho! Ho! Ho! let's meet in my study
ElIf 3 meeting in the study
ElIf 2 meeting in the study
Elf 1 meeting in the study
...and so on...
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A o< Haskell

m HTHE T —&H Haskell ERREFRSIT, EFREXNMESEAS

= Haskell R—HMEHRHRES, FFANEHBIR LBEETH A4
AES (FATLUEE, BB . FAWSRES, TUEIE

0 HRBRG™ X 2301E (action) FLDREHI{E

0 SERE KNSR, WLURGERE, 1EANERIERME, BARPE,
AT A X EHERERARIER (RARITsiEA T RIERD

m T EMERE—RME, HMREF R LA Cetxt B AA N i e SURF IR #4%
wlgirg, AR RGEHES ST ERMRERIE. Fl:

Q BUTEIE X nTimes 2 —P &£ for fa3
0 BUTE E X choose FSEIL T —H P4

0 BT EREF A Haskell 5BKHIRIBRES) CGRABRR) LM T
— N BtER, RJGH sequence_ HUT

0 FREX helpl i, B—HACEMERE —3E, & TR
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< Haskell

m SR, HTERENSEE TR, AR Haskell FIThAE, 1R T Hed
MER T Haskell K5 Thfe. (AXERMTERF, KRN ETREK
mit, EARAALS

m Haskell BB HFLZXHEAEININEE (FAARXEEREHK) , WE
Brefd. MoRME. BIERA., &M, AR (typeclass) . EfF L
MITE H I K22 Haskell #AGIX B #H]FXHE 4

m Haskell H—NE 1ML http://haskell.org. HEH LR
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&

]

¢

m AT FEEMEEAFRBE—AFE: F STM Haskell 5 I EREF 01
SRR THANEMTERN IR AR

m Bk, FEEANFEHARSEESETYNIFEBEF TSN KB
LR CFERB —T5) , XA HIZE STM Haskell 2B

m RMRGEE R FRIMEE TVar 8. BT XEREREF R ILK
B, BT RMNZERBUEAN L # 2P, RAAN I

m RSN TR, AR AR I BN A SR CMAT I B 2K MR 2R AR
IR, AREER IR, ERR R B 1) 35

n BEARNPERLATHSER®R, £ FRN —FTEOEHH, X2
F T B A AT R P R A B 55

m 7E STM Haskell B, fEf] STM &84 i) ok Z#8 v] DL IR 7 B #1052
ST STM KA R EA A, BB—HH STM KREIK BRI

m BE54h: BRE K STM RS AER C I R I TR, He7E 3
] STM BR i th AR i A2
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CIX

&

/

m $FAIK: FHIE Cretry) RIS (orElse) T h#ER BRI R+
TR HEREARY, TAE STM BBl

m GRENEES GLPH T FREMER — 7B e KR E0

atomically (do { limitedWithdraw al 10
; limitedWithdraw?2 a2 a3 20 })

HAMHER al BF 10 BALHE, DAk a2 8 a3 BT 20 HALHER

B RS M SRR ELAM, wRlimitedWithdraw B PERR i,
&7 Al RESE A MIE SEFrPH S . HILRTPIER] STM ML,
IR DARG B R E KRR, X B B/ NE R R SER 4

n XN AR F SN FZ AHANEZER S, NMRENFHS.
T RN, BRI, AR EE. WWFH X Haskell BIXXE
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&

]

¢

m FHHENAEE Haskell BS54 R 1

0 #Hig BRI STM FEIRESIRNAAEE, MAE STM Haskell 3£
P REIREE TVar #4E, TiiXERITE #EPIR/DK—E845>

0 SELBEANE—RME, EERRBRE, ERNIALIES BAEM
¥78, MAEERIIRRIERSIRE

m MIEZ I STM ISP ERaES, B Rt
e, HFTEOES RRARSCR . WO HRTIE R RN — RS

m STM ETHRGEFERERAR, BRBRFESHTILEES
0 ANITBERRES B IR [ IR
0 EFSIRHPKEFEEANSHHILT
O i N AT A BE 2005 0 TBAERE P BE R J= B 7 TR 2 g B ) A
0 H8R, IEWAMIANE, B0F —MR#EEMETF K MERERE S
0 STM BRE—FERAKKIBOR, EREFHBINE W KIFF KA
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