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Abstract
We give a description of the basic model, Actor Model, for concurrent object-oriented paradigm.
By comparing it with other models of concurrency such as CSP, FP, GHCL etc., we make a
discussion of this model in the foll owing aspect: concurrent laws, semantic systems and
characteristics of Actor languages, i.e., history—-sensitive behavior, joint continuation,
delayed evaluation and inherent concurrency. In the last part of the paper, we discuss the
reason why Actor system can be regarded as the theoretical model for multi-computer system.
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ASCA GRS GREF BT A% TP — DN EARR . 553 (Actor)  BAY. RELHLAE 5 HE S MO AL
SR, WIRTEREN, EXREHIE K& Actor WEEPTHAMRILE o PrRBURYE,  GERES,  EIERE
HEA IR BIaihie TR RGN 2RSS B K.

1. 5%

TR G PR T ks, A B IR 80 4% (paradigm) 32 3 T E A AN EHLE K055
FE. AR R E S AR, RN R R IERE B S A TIE SRR AT, A B RS
(Actor System) L&A Ay Il ) 6} B2 () FEAAR R T4 HH SR 1.

FAT HAR R FOF R, ER AR A G P 2 RHLAE von Neuman A ZR 5K rh kL1 H]. SE1A1
J— R R AT SRR, DU LB AT AT 4 3l O A v SRR R g

L1, JEAE M RERE (CSP).

CSP [1] J& Tony Hoare FI'& i[RI AT A iR WUy RERE (R4S 1) U2 R AR, 7F XAMEERY Ol A5 2 R 20 1),
MRERR AN A, o s 55—, e SGERIHRER . — /M TR B REA Re e 2 A
¥, ARUEEME (reconfiguration) IhfE,  MMCEMHTEIAY . FRlth, ZESAETEREIFEK
RELERRITR, BB — AR — MO BESSFE 31 ) — A b B 88 75 2 L A TR AR IS Th

1.2. 2R (Functional Programming).

B 7] Lk,  ZREFERAsE R R, ek REIREZ WA R A AR T Tk L
AR S, ZRFRP R IR T N 38 R AR e IR SRAE. T2 RPN ) — E K DTk e T
IR TR AR Z NS AE,  —BeRUL, oA RS 2 I K RA TR EH B A
SRR FE B IR AT, T2 AR £ Church—Rosser P, T LA—AMFERE Hh ik 20 ) sRAB I 2 2
TR, AR — R ICEZ R, Iz R R pEez” s [7].

2R B EIRKAE (delayed evaluation) (4,  (HAEILSLI 0 A 52 X IR BEAR IF 3t T4, Heds
R B R s B L, R B AU — AN P Al (BRAESE R %R 50 . HRE S — i, A
TSR RS, PR EAG e O L A ) L UEAT N (history —sensitive behavior) [HiFH



SREhRE. BUARESZ BB S W1 Haskell 42T B IF  (merging) MfR. (HARWIMEX CUBIH 7SS TR
BETE RS, Ty TORIETE 5 2 R, IRBIEIF (merging) MIMEH],  HlnFE A i = .
DA SEBLI S ARG SCRF I A A BRI A S, T DARE PP N G w8 S A = S5 W TR e D AT L
Mg SRR,

1.3, PR DX Horn FAJES (GHCL)
IR EEETE N MR AR S CHIBA,  EHEIRZEM, W Parlog, JFK Prolog % XK
B S A4y GHCLs (guarded Horn Clause Languages).

GHCLs BT #LL— B AR A JLal, 1 Hewitt 5 Agha 7F [11] higHZHIFAGE 757" GHCL
P SRR AR, KRB RE IS AR RERE - AR [ B b, XLl A iU 80T M
PP e A, OCTFRX TG FiE 2 (11, GHCLs  hidbsRont—mxt %, Ao —3uk
(unification) MRRLZATLAEME, (HINALK— B0 JSERAEH],  AORE A KA IR s T dn SRR
H—SUL R, AT SR BAALENE .

1.4, JETX% (Object-Based) ML, AWFWSCKERRATITA S, 2T HRE 2
BB R AL, FRARERE R B TAT . ERE Rk b, R R R KU IR o .
S B R R T S M AR E RIS, XPh s se itk Kristen Nygaard Al Ole —Johann
Dahl 7EH Simula "P#2H,  JEK#E Xerox PARC MIBFFEAIITERR,  JFHFRH Smalltalk. IXAOM AN
R IR G2 BN, R OB AR TS, IFHARRER TR & e x4,

Actor BHFAMURE TEZ AR BH—DI00 A, i EAE LS 3L T X R & 572 R A&7 21 40
—. Actor EHHHERETXHNEMNE S EEEMNETII#E ZEA I & (inherently concurrenct) [

JEEIIES (BaEird

edag it TR A H AR
it A R, RE [EEZERS)
Z R FiAK, A PRIACHOTS
GHCL s TH), —Htk AR et

TR R IR v %, AERY AU E

FEIATHAL S ARG, A EEAGENGE N AR BRI, XA th i DA 27
M FEATE N, ORI S AU SRR R . 55—, BRI P RA R m ) k2 L A
—ARE Y. S, S kg, WETE e ) B TR . R S RERAGL T R AR
MFMAAAE. X — G AR A3 3] T HARABL

2. Y DI

2.1 B4

Btk (modeling) — /WA E X ik A %1470 (behavior) MU NIBAEHIREL, Xtk &
PR . R BUTE R T M AESH, RHAR, MEMSIRSLA. B 2R ROk

{

RN AR S — /MR bl (mailing address) FlI—AMTA  (behavior), 8 G AN BEM L v 51 ()38 03 &
KA (message) SKREEW A —RAKIAT A, WHMBRE o BEWRBER £ O 5.8BEE? AKITES FIIRSH
HE. 42 ANE B DI i RV G RSV EANZ S A MR SR IX AN ) R R R R v X, R
E M B AT, s E N A S LR TE AR S AME A T B BE N R Al A ik
(guarantee of delivery), IXFEAAAE—MNBERARS, CEHATHIGIERN —3E0hw B R PSRBT



2.2 MK (Event Diagram)
T AR RN G Rr, B RS, R, AR R R S
ZIHMRR, XE—AF A en AN AN oot Bl A AR, o fk e Hbs.  FHEZ I
PR
L. FENT (arrival order): FUIK [ Hbs o (0 =42 A5G B0 A HE 1K) 58 f5 6 e 1 R R0 56 &
2. WO (activation order): Ui—ZAF51ER Y —WAF AL, WX (513 2 A BT A 1
BN A2 AT FROR I, NIRRT 22 TR PR U

S AU A1 BTy B B P A 8 P BN B4 LIRS Y (combined order).

B I A SO A B A R R, &L, IX SRR HRASTNE AT K. bR SRR ROR
AN A PTHZALB T EAS, PR WAL (Lifeline). —Fhdif il G2, 5 Rt
EOOTANE, B AR S TR TR R B 5 ) B Rl . A3 2 0] (s < o) (e
Ry, HEE (pending) FAFERIR CAGRHE A BB KA, KR ARTENRER.

K1
K2, ANnATr iR

2.3 JFRAHEREN.

HAEITA AR ATV, 2. RS LT e MG EF 2R E,  RAEDSHE
FREATATH. U BATH E RN ORI A AT S AT AT . SR RS AN i)
55 JR .

2.3.1 Py

A BlRM: FEEEG T T —H AR T EAY;
B. M A AT

C. BHME: T2 a a5 FH1E

BT 0 RGNS Fo i, PRl e A R mr e, BNAIT RIS T /N 01 IR R B i sk i
AR ERIG.

B g0 £~ 1 (RHLENFMAE, T NBHEED) TR, WR ¢ WET € L2, JHREET
R FRTEER A BT

FATAT AER AL L E=203E0 A, B, C M HACHESM EAAE DR o MR 2R
IR B AN 5 M K.

2.3.2 JR

MR RGE T, BAERAE AR RER. A TR R ARG TSRS (encapsulation), Al
TG BRI HEN. RSN AVRE R oo R o RIEE R HACY o0 HNE cn PIMSEE bR
(mailing address). AT 2 calfAHIR (acquaintance), 05 o038 oo 1 W6 Hs -

A HBHZHEN: —ADFFNS 5EALH BRI
B. AHVLEN N G (3 O3 A R AU % S P S 5 38 B0 H [A) AR Bl B s R
C. AXolfE Hbs: —AEREIE 25, T L 1S5 8 s iz E IR 6 1O 53 A% 8.



D. FHIRBEEAS (Acquaintance Evolution): FE—ANFAFH, AN G AR AT DU %0 0 AR 2k Earil =
{1102 5 348 B0E AT A IR .

2.4 AV

W TSRS, Bl 1A S AR BB 5 AT IERRSE I 2 0F (nerging) ThE.  BORtnl g Sk
Bl RSB A R EILTE,  RTTU R T AT RE LR 35 BB b BT R 52 AT 2
T, AR, AT RE MR, BB, R A (TR R A R B
AN GRS 030 I 2T BRI

ZJERIEEbR,  HHE R AP AEAE AT BB S] (XRUT BRI AR IR R S0,  XFE T 2
T LS L AR GEAT A JoiE AR E ) B R AL

2.5 WA RGHIFRIRIE X

FEREFPE S X, TR R B s R P I T e S 0 T RO RE ok o, FLER At
SRR R NPT IR, AEARRE TR 5 b, AR h SCREMORE R, SER AR SURXTIE,  FE ki 3Gl
RESCHIESRRRY), SRIREY IR S A AR IR SR A E v 5 178 3L

FEIFRRGH,  REFRIAREIER, A TRREEIR ke ek . HES R, & MEE R
HOTHA IR — i AL, R R — A T RO R — AR

R ARG, HEFERESEAIEEARRE, ST HF e, ey HEMFRAEXN ele: HHMNY
er & e M AL, Bl e h e M AAREY R, XRIETHESC AR E £, ER e 7 aEm
SR AR, BRDBRR,  WR (=B, MvyEB@xEN), MifFy A x K R,
HIEsey & EESIUE7 KN

07 L MnEss, R P SCITR,  JAME AT ARSI 5 R SR RRE S, s 25 [8].

2.6 AT R4 (Transition System)
BRRE I RSP A A : BRATES,  XEALSfR ARSI IEE. AT 3T e X

X 0 ARG, PrAHRESSE 7 2
TXUXK

K 7 RPTA RIS, 7 AT PRRHE S IEEE, & EPTA W REEE. WT=(t, m, k) €7
Wt b k%, m T AR

IR E SRR AR R I B H A2 N X A B R G F LA R e MRS, O TR, Bl
MR o RS bR2E,  FEBRGIE D, W e 75 e HIHTIL,  FATIE e MIFRERE e HIARZEMIRTEE.

EX T SRR A, WU 7 MOV RECIRZS A, R 10 M- RHEL M 2 m NI TR, 8 2
HIREAT M AR

N R, ERREN AMERA A 4, D). XH 1 OhRERERE, T NSNS E H

Lo T HAE ARG IIRREAAGE T PESSEL 1 € SCHh 58— il i b bk (1 i 28,
2. 1 SR AT R IEAGE 1 S0 5y i T AR TR



SESCIU: O, T REEE ARG X8, KB 7 & 5 L Cg .

€I AT A (behavior), L m SAMEIBHIERE AT A 20— DICER,
8= (IXMXR—=F.(7) XF. (#XA)
EKH F(7) & 7 WITAESTENES, F.(H) R £ NITAE 5 FENES. Bar 2Ll » Aigis
MBI B2 o AT, ¢ A o0 BIRRAE, b RN EAESS LS, H B (6w H=(T, 4, ), Hix
T={T,, -, T.
A={cu, =, o)

RTINS B0 AV

1. BOARFATSRIRREE ¢ 2 PTAB QU 5 BT 55 AR I RS, B
(i(l<isn ( (mi0M (kilK (ti'OI(ti=(t.ti', mi, ki)))

(1 (l<i<n'( (BilB (tr€2 (=(t.tr, B)))

2. B T KHOIRIESHRENS, I USRI, W TUN T TR TR
T4,
3. BA—ABRITY, B350 €8 (=, §7).

AT LA ERHER,  FRATME W] ARSI SRR (AT R 48 S AT 3. Bt n] AT AR s N — AN ey mT LA RE
BN 53— AR A AT UL s 7R B A5 P 210 0 B S I ARETE SRS . PRI A BRE 2 (3.

2.7 Actor iE S 45K
KT RATEEANH Actor WEHEEHIZEN, s BuUsbE, e, QBB RA A & 5577 TH N 25

Actor 5 I JEUEAT —Fh:
1. creat: BEE—AFE 0L,
2. send to: [n)5—/ME 3 RIEH B,
3. become: FER—MES)G,  HBHAT WA IHAT N,

XA A R E RAT AR IR TIRE,  RERE T LU L IR A SO @I R AR P Bt WUk, Actor 1h]
create  JUIEAEIF AU AOAE A A T s BGIM SAEUPRERE P IR ], B 78 T IR R b e Bl 5 e
BB EIREIAERE ). become  JSUTEES T O3 AP SURBUEAT ,  IXRE M AR B X S P b UL A5 1. AT
I G e IR T ASOIF SRR B BB S A L. send to FUBRBITRENH, RFEPEGEWTR, ©
R SN TS W DA MBS A (TR, R JRCRE N8 B PO IS A5 A (1 stk (U IS 3ttt i) e 28 DA
QUSRI Z T ME— e 1 1)

REMP AP SE AN R, B EDUSINAT N, RSz R R, N EREIAT R AR,
e { B AT = BT

2.7.1 45

ERBINBA DO AT e S, RS, SRS IEHE 7. (HEE 0 Rl ST R E 1,
FCDR R 2 S A 2 e o2 B AR B R R SR el -3k FARBROB e, AT ml s @ — AN Tfe
A

factorial AI—ANEI%E U1 : customer, JWIZLUH 1 customer ZE{i[ Feii bl

factorial B EEITITSER.  factorial BT AR T,

factorial RN E n )G



Lo QA s, ERITA (o, O R o 5SRO RIS 4 R AN I EURE 2 A
¢ DM hE I 8 5
2. HHECKIE AR n-1 M FRIITEE.

IR S kR

B3, I AR SR B o

SRR EZOE — N AT RS, DI B R R s s R R, e VR LR SR
T HEAR R s g, X EIRAT R AR R A Rn (DI 5. PTG di R 1S

2.7.2 [y s skt

KT ARG L BURE A BA O LRE),  BEEAREE: FREEWSCE A AT, Nmks Bfh
Al DL S FORTANY B AT K. 7E Rosettle Actor S, A%t mutable SKSZHELIX— . filtn—
ANMRAT IR 35 2 m] e Ok

(define BankAccount

mutable [balance]

withdraw—from [amount]
(become BankAccount (- balance amount))
(return ’withdrew amount)

deposit—-to [amount]
(become BankAccount (+ balance amount))
(return ’deposited amount)

[balance—query
(return ’balance—is balance)]))

K4, ARATMK 3 5 S} \noindent
BB become JHAEE X T AT M.

2.7.3 RS (Join Cotinuation)

4336 (Divide and Conquer) FFRAFEA G AT LA LLZ B R P BEvh 107 SRR BLHR,  BIIE— AN R B0 4448
wOHRACRAE,  RJIGELSERCREGE R, TR RARE TR, 0 ia R e 5
Zagih ] LR R e AR K, 5 52 H VAR SR — 2B R I KRG FAFE (R R I,
XA LR RS R, e A Ak b))

5. SR ZIHERB 5 53 R G I

HoA X B e —/ M |, B Tree —product GIEIPH DML ltree 5 rtree 207 HRKAE
iy EE SRS A T i EECRE,  FIRHB AN DY joint-cont, B FHRNE P o SR R A s e E
—ifg. XH joint-conth[RESEUNEIM ltree AIERMME, WoJRECILEIH rtree AIERMME, HWUFIH
AEZ BT I RMZESR Tree—product WIHE A ltree 5 rtree WATAHRAAMEME, M joint-cont
HIAT R Toik H R Bk o —————— HAR Tree-product AGMAT N HRECKE R, EXEMHBE L joint-
cont FAIRZALA,  HIUWIFE joint—cont JEUEME 0 J5, ‘EEMBIEKIESR 0, MAHSER T —MHE.
WY joint —cont RILFE—MHIAME () AR IERR, e a] LRIEOE R AABE R, A FRERE
T—WE. B2, A T7#H A joint-cont, FRAVERFEFIBATAT I IE R 5 575 AE AL 1) B R F
MR —47h. CTIE R ARSI EEIR K (delayed evaluation) 5445 3% (inherent concurrency) PRT



FEFAIAFITE,  HESM (4] 5 (5]

3 ZHLAS (multicomputer)

WHEPEHE OB T 2MIERITENRS, AR M LUF =it RV ENL, A= 5L A
ZHLARS. AP AP Connection Machine & T 4744, FEfMIHMPER S (special -
purposed), HXIIFRAET ZFiE], B ABRGEHME. AL ErtE0E 2 08es, Rt 4 )3t
HIAAAEX,  SACHES AT H ORI S fE s, (9] Mo ai BRI B T2 A BES 2 L5 )
WA, BT St vy hn B2 R pE], XA S HMHHITE (parallel degree) FEAHERGAE AbHEES
AN T A A

ZHLARGE AT AN/l CEAT S A APt ae) 20, N2 B Mt ZHIARS
BRI AR [6]. ZHURGE MY BALIE 4 ST RRE R g . ZHLRGE P Al a2 0 A U HAS
SABH R ETH AR, ORISR B I R ) S ) A B s RN SR B A, DL S
A PR WY T2

IR, @ATHENL (transputer) BEZHLRSE, HALEMBEIRHIARE CSPL1], A SR,

4 45

L RAIN G T I KA ————— BRARG,  BHRRGERM THIEIH K RGN IEA BTN, R RS2
[ 7 HAT I PR T B R A b, o AT AR AN S DB 8 B2 i B v TR — 3 A,
BB INHEA 4 T 0 A AP ———— FOVFER A TAE D BCZ B0 S8 0. V8 53 IR 40 A T g AN Al FRAT 138k 4

S SR A 7 S AL B — S5 W M o, S 5 03 A (o 5 M AT 4T
S, TR BT T A L £ IR AR B S A

B, BATAEE R AL T ARG g RE S, e SR SRR S A AR L EATRR IR, A
BEINT - SEIEANRERT NS D REMIAAMAIE. 0 FLIETR O BBV R n] DU AR A E ORI AR
GEPT it B BRI Tk
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