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Waiting Variable] /g2 #Alabsiaict.
Abstract

A concurrent computation model Doorae and its description language DL, are developed
to model problems of parallel and distributed systems. Doorae model has simple and
uniform concepts of object and message passing for problem modeling and computation. A
method for detecting parallelism implicitly, with no exact description of parallelism in
program. is proposed. Furthermore, the method assures the maximum parallelism in
dynamic environment by creating concurrent objects. Also a concept of Waiting Variable to
insure maximum computation efficiency of objects is proposed.
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passing)ell ojsll slalzl 4o AL YHY 5
UEE slodcd, =2 a3e] FH(sharing)®} H+H&
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(delegation)®] 73-& A8} T2 el]]e Fef
2{class) Bt} mde] Al o] 22 ypgez ale
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WAl XFEHES s dalld Blaag A
goll B3 o] AAAS H5E = Y 712
£ MESet(Mutual Exclusion Set)& %4 sl
MESetell 2js 54 #4004 AdEE B8 A=
Actor 2 ¥la} 7he wWaiAde wAs) Fo) w2 A4
o] A4 AEg HdlE BAs 7] ¢jEe A4k
ZlEd WAXES Higog HEsieE slglon
of MAoljx W] AbdAdel 2% EAE shs)z
88l Waiting Variable®| "Wd& Aelslgict,
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1. AAAeje} 7142 o34t

FHE RdE g Axge vE g4E AR
Helglel Felo] AAE 2H&4 (autonomous). F
A(active) A} Aolv] AH2] o 27 A2 53
ANE AAF 4= ek RE AL Alad el
4% WY o= A(mail address). A9 Abg)
E AAE = 9= W (state variable). # AR el
& Ak (behavior)2] Hol2 o] Fejzic) o] of o)
A2EE WAA ] gjtez oA Aejgi}, RE
7Fedt A9 Ade 0, BE rHsd v oj=da
o] A& A, EE e A fAEEAd
2] ZE RS F(S), BE 753 A4k APe
Bz} &b Fele) A Ao 13 3}
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9] FlE, Moz o|FofFC

0=AxF(S)xB

T A g A dlazel o8] Hejs |
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AL 7HA oAz E A AAY] dY oj=a s
o WA E Z3P} 2E VSR el Ags
T. BE 7Hs3% dlaze] Adzaly 23 1
7Va%t w9 3138 Mele} &b ez A
29} 7}, :

Ho| 2. efjAA(task): EfAIE AHA, 25
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A4S oA 2] Aol 23 A2 ez A
Ao A Arepise] WA 2] 7ol WY of
zdx af 7he AAZE BaIed dE A4S 3
g Ak Aol 37 3] vehlizlc
Heol 3. Mo Hi: AN MR AT R
M2 eja3e 44, el MY, A<
Mejgisel g2 FHEHE FEezE A
3t }EeR HeolHc)

P=(Ix{a}xM— F(T)x F(0)x0)

Z

no& e

Aol 1, 2. 34 o8, Y A= agl AAAA
A3 (i,a.mE 3% A7E plm)olztx 34
d4te]l A p(m)=(T. 0.0 )2 vehze}, o] o
T WAA Aol o8 A" a2z =AY A
gola, Ot A AR Al gold o = A
Wzt W A ag epdc)

2. 22 BElY]

zzeelg] A SgAAdad wdsge] o]
sm A2l A4A (incremental) H9E Y37
A%t whoz Qi) FaolAe] T2 eElg]e A
AE] FAJo] 7)EQ spoln] Azl Aoyl nE X
REERE 2t 53Ho g d4ke £3E 5 gle
22 Haxdel 7]Roe] X} Zaxelg] Aol DL
o oJgt Mol 18 13} o}

(PROTOTYPE
:NAME
:ATTRIBUTES
PROTOCOLS

(METHOD method-protocol-pattern-1
‘BEHAVIOR (
message-pattern-1
message-pattern-2
)|
(METHOD method-protocol-pattern-2
S )]

prototype-name
static—-states-list

agl 1. Z2xeql Ao 3o
Fig. 1. Definition of Prototype object.

zggelgle Asgstgeld 37kAe) 2EF 7HA
o} " g eElgle] Brst Fagh ofv|E riAle
olfre TZeEigle] el 4(static state
variables)& 7H2 Q7] d&olr} ZZEElqlo]
ez E A oA ¢ WE DORMANT(H®)
el sk, o] o oRENE uAE e
ACTIVE@ R g »vigivl, ACTIVERES] =28
Belglo] W4 ghe W Hav) & w4

BT TR

* B3k BR OB ]

vl A o} adibA e AHHAE BAIN]
WAITING(H7DRE2 vles o] weEolqis ohe
Bzl gt HelE s34 gt WAITINGE=
o4 ACTIVEREZ uifeid w4 W73} 988
d2) = AR E welo} ghol

ool iy 2 gelgly Fakd opga g}
TR EEQE 2 E dazd s IPM(Ind-
ependent Processing Module)& AA4%d. IPM
2 zZeElgle] w4 gz gl 8
g dicz pAEr, T2 EER]S g
ol&) IPM& AAE H &g 82325 A4 IPM
of M2 (delegate) T o2 M2 238 A
Agict, AAE [PMell 238 vicrt 22 gElq]
o] AW ghg WA wWAA ARE R w
slem  AFEuiAl(mutual exclusion)E 4317
A IPME gAE 2% =2 EElg]E WAITING
2eF uie W WAL i IPML 22 gE
alo] ¢tg wAAZ Hule] ACTIVEREZR vld ¢
QL Z o} gl

3. IPM(Independent Processing Module)

Tl Al 2elo A Hdss st Ade IPM
oleh, TR Ajne] Ao v [PME Z2EElS)
W39l threadZ #lMd 5 gloernz S 232
e}ol-& wisl A H (concurrent object)ole} " IPM
o} A4 ActorZell4 replacementd4hg o]
Qoizle Axt e sxo] WgAs ATz A
2elo] Wagde Aagle] Eab 27)d AHed Z=
e ApnEelA IPMe] A4 uhel FA o=
=

IPMe} 442 DLE v33 54 #7dA 3A
Hez zdas zagdqas 44 € 5 o
IPMAAE Olslr xzeelgl AAE O 3ad
O 0,9 #2438 O, < 0,2 Ao}t [PMAA
2 Z2RE]S] HAMee) WA we e
el Zgelqlel Adwse] A VA od
Bxzmell gt dataA ol gre] WAHEE WY
dghe UU € Vigksk, 2 gtel =34 sl ¥
2 AT R(R € V)elgt & of (RNU =¢). U
=go|xl, Z2EEIQ]L o] Bz sk [PME A
g A% okg g 2=3E Hsr) 93 IPMY AA
< A3 4 ik, a2y U #éo|d BE ¥y
viv € U A3 (mutual exclusion)ell 2]l
Hislojo}l slnz T2 Eeqle o] elazd oigt
IPME A4 H. ZE v(v € U)ol i3t WAl
E71E 7iclele WAITINGRE=Z HAX, ol
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o, o] IPM& 2E v(v € )8 Ao g
WAITINGE. 2] 2 selqlo] 2 APU-& d#jA o}
& "=l iFt d4bg AlakE = AUARF ol 3
o}, 28 2+ IPMS] AR S wejFel,

mailbufferl 1 Iiil Ii[

) 1. get a task

Prototype |-.

~
~

<. 3. delegate
s, task
AY

2. create
&
| | | |
IPM IPM 1M
factorial.f ifactorial. . * " tactorial.i

a3 2. IPMe] A4
Fig. 2. Creation of IPM.

factorial

A}
A}

I Failo Hay

Tl Rl g d4telire] BaAd-e ofa] whAo
A ZAEsE 5 olck T2 aeued Ao Z=rE
el A WY s Z dejol T2 EgElg]
< AgAeE FARIERE Alaw FA 279 W
A Here Z2EERY slgolnt, Z2EER]Y) 9
PAL dA4g AYshe Ao IPMe 54 A
F} Aol ofs) sl IPMe] QAo 23 W3
e date] Adslol eiste] waAe) 7)|Fo] Hn
719 ZdddE ol WA HEL e a9
HollAl 7l gl Fimde) d7En = shiz}

= 9349 AF HELS IPM AT Ft
RAeolw o] AL dutstslr] #s] GMESet-
(Generalized Mutual Exclusion Set : dukslgl
A3 wi A Agh)-& A3

IPMo] d4bg A g3t A ollAie] WAL oA
A Ao EAT d4 27 (semantics)®) FAIE
aiste] digte] HPAe A+ UA=E 3k
o} AzelAlo] ofa] d4ke) 9nlE FA|EHEA o]
- 2AE7] sldl WV(Waiting Variable)2he
& Aericlt WVl 23 HAde] Fdl¢} [PM

TR

Al o3t W Fdie MDAt P 9l
oA tpEe] At rlEA o FUdjl

1. B e g &

IPM29) 9] WMol HEE A% 7|8 715&2 =
B e I L B v L e o
282 od zzEgegle] od v £AF g~
A Task,, Task, . . .9 AHd 9% W3z
(Read)®} 7 (Update)ol AH-sH & #Hs9 Age
ZZt R Ry -+ UL Uy, -2 Ve, Task,oll W&t
QAiE 8 IPMie AAR . Upsdd ASedle
Task,ol W3} IPM, 2 WA walAe]g 43P
oo U489 AL IPME AE F z2EE
qle] block(WAITING ==)5e] IPM,2] «d4lo]
Ed FHoll Taskell iz} IPME A4E 4+ <k
%, d4t9] Aol olat A|2dle} ojvl(semantics)
& #4357 9% AzwlAl(mutual exclusion)&
3%k 7o)t}

o] AAE mr} sty AEsid [PM7H
HPA L 2L5o 2 A&sty 7Hg o) wade
F3387] Hs AzuiAA T (MESet © Mutual
Exclusion Set)9] 7d-& A}, $le} 5 glr=z
o Wg MESete] U,N(R,UU,=¢a A=
Task,®ll o}3F ®H ko] w7e] Task,®] Ha +3
of od3kS vIx=] ko n 2 Task,#} Task,Z s
& 4 gltl. o]F oS UubHoz s, ou
2 Eel]lollA R szl g IPMY PA4L
A4 o, o)de 449 GG-DAS IPMF €4 4
=3 e DAY IPM(Oy, -+ Oy )] o
o2}l GMESet(Generalized MESet)& Hog +
3tk GMESetol J3F jA IPM 0,9 44 =4
< o} Ao 49} 2},

el 4. IPMAAY = old ZREER9 j

Ha IPM2 slgtetE MESet(Generalized

MESet)oll s ci® =7io] oIEg of My

bS8t

GMESet | J U, n (R, UU)) = ¢

iSkS(j-1)

2. WV(Waiting Variable)oll 23 WaiAde] Zo)

IPM2] 34k A2 wjA)x)of] ofa] A 2% odat 7
28 ¢34 (sequential) 22 783 HAolr}, o]
o 7+ Az A4k 28] oJvl(semantics) £
o xAte] glom e eelgle] IPMe 23 #agy
T8 b2 geiqdate] shsslol el
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wgoll it 2l3e) ofulrt FEFE e AE
o] kg @k 9ol ARl HE reply s
gele Ateln. o] we A4 AR grig
317) slal Aol ke e 4 9t

M
7]
#7

(a) (object_x :do_something)

(b) (IF :(obj_X :do_something_and_reply}
TTHEN (.. .)
‘ELSE (... )

(c) {(a ‘= (object_X :do_something_and_reply))

a3 3. WA Hejel =257
(a) request WA X|RF R replyE °
82 84 ge AF
(b) reply® 7It}eio} sh= H-H(E2AL )
(c) reply® 7It}elE FA7F WV7L ==
75
Fig. 3. Types of messages.

WA z]o) & replys} A4k 8] 2L B
7] 918 2702 2 d& replyel o3 A
ol B wi7R] t}go] ko] AYEZR Frh 2

o
H

7] 8]

-

o} replyol ofal W4 @& WA Al
wae] Atzeliol et <4l A% Aol Ay

- request l ~—— request

- reply

5[_-

(a) request only (b) wait reply

~eu. ] request  ko__
wv

ref.}

request

- reply B — reply

wv
ref.

(c) use of WV 1 (d) use of WV 2

message

P
computation waliting

a3z 4. AR WV mE ake) 213
Fig. 4. Progress of computation according to
messages and WV,

{1600)

. %314 B % 11% 5

t}. o]algt A$oll TEAXE 7MEoR s 7|29
A EE reply7t =AY #72] ZZAHE lockAl
713, Actore reply® H8E 3l BE Aol dof
3ty customerehs actor® A4Sk replyE 7Ith
22 vt 128 3& 2 7R WAA fHel A
od4te] zlsg wal Aojch

13 4o A9} 7ol AAH R AARE Tl Ao
AE reply® 7|ghels 28 7%l IPMo] block®
=2 9 Ygr} gick replydl ol W e W
Aele Aol ghel WA F o i) Hxe 3
Z5& Aol wjzl od4be] zlgfe] AAHLG. F
Abe] 71308 replyoll 2l#) gte]l WA= W] @&
o] zFE AL F2 ¢l A¥H 4 gt
ABCM/19)4& #A1A1E past. now, future®] A
7R e bl diel AR A e
24 ol FAE st ”

AMCM/19] s34 & 7ol g F7
& 5 =S S zZ2adme) ddy) =23
oxa] HAH E7E HAZ b FHME o]
FEol el E HaES AH5os FE5ka YAA
o2 78] flsle] AAe} w A2 27k adske
Agolab= 7|2 AAE L3t & 2¥ 39
(¢) WA 23bd W4 al Al obj XollA B
£ replyE ol @& z#slels WAA () T
o}, ol A& Hee Adels Y-S 248l 43
W reply® 7okl #ee W4 avl &3 IPMe ol
= Aol ozl Wi adll S HOE £ 4
weld W4 as WAITINGRE=Z AMelE whixz
replys 7ichelAdl Ha [PMS 4be AlE 2188
Wk = glch W arv) replydte wtodd g 3
8t WAITINGR =04 BojulAl == ol 7
L& IPM o4k 389 5o $PHci(2
2 49 (¢)). IPM2 A& A4 AP A4
WAITING R = Ql& ¥ a9 38 Axdhe ¥
o] ¢l ASole IPMe A4k A8e Fxsizn Wl
2] ghe] x8kE]7|E 7icteiol TeH( 2y 49 (d)).
Wajdel 28 93 IPMe] dA AP} E]i4e
2 reply® 7|dg e ¥H4E WV(Waiting
Variable)z} 8t2, WV A& £2ade] g
Al Hal A FA I oA A %‘4

V. tiAIX] M&(Message Passing)

T nE Ak AAd g AR Ao 9
g o} Rz =] WA 2] Mol F AR AHA|
z700) gaslt} FHeAe WARE duiHed b



6 o BAsde

Aot Hel29de 913 HAAR el 2 = 9l
o} F 7kA Aol glolM wiAR e AEYEe F
on} aiakel A#d igk 9 el (semantics)ell 1A
#o]7} 9lel.

1. =A1212] A9 - N

A4w AR & HhEA] A3le AH el matE]e]o}
3o, A$E XA} EA5A dFoeR dA A7
= RE FAE T 9ndd ALHA] et
o] 2] Hdd-B(point to point)¥A] g A4=
w4 (broadcasting) 345+ ¢t AAAE
Agsteie Ade AARE ¢E QA olF(Hld
oz A)g Golof &, wlAx]Y HEL H]FV]2
o]Rojxlmg BE A WAAE AZY HIAE
72 glojol deh. =, Fte) AAA G sht
o} A AEF F 7MY wjARE HEH A9}
e w47 =il qvh =3 HX A9 AeL
Aah} o whskelr}. wlAjA]ef s AL o]E-S
A5 2 9led Mg ¢Ald AA Alolodle Az
$ A7 E27) 471 AR B £ gl o] A
£3ly Al~we] FA (configuration, topology)el
wA=leg 54 Axg A4 (dynamic system
reconfiguration)e] 7Vssizich,

HAA & vk Al 2Hie] 7HA L gl i
Z2eE Aeiz e T2 EFS IR Sl A
el s A4Hg B 5 glvl T2EZ AL A
Arxg) olgF Q4] BAER o]FoRw AR
FAAL ol el BE old o] F-E HES
o] AAjh},

2. 212)¢i %) (delegation)

22} Q-2 A4A (incremental) A A2} 2
g AP, 3o HaHE-S AUdsy] f By
ofc}, FalolA Algsle xlelgislel AL [10]4
Alg} zho] Ak&e] Adg Eihshe dulbdal sfde]
o} & A xeElege] BEd AS-2 AR
ol abdeo oigh Mzigidel A& AAPAL] F
A BA 27 mdzge] HelAeloh =3 AHH e}
z2a9g 329 FHed dME 5T EHES R
alch, Hzjgdel Gy A FAlzke] Friste
7o} M

FHd e Heleds B4 dazdd & P37
= &3, "H2zg g A7 348 ¢ e BE
Baze) dis] Yl = b £419 AE A
o Argg AEE 4 qleh ¥ 5 Al o
g DLe| +¥ dlo]ct.

SR

(METHOD (method-protocol-pattern @object-id))
/&R i=e ey

(METHOD (any @object-id))
[/ RE Wazs] Naldel, d4e 7)F A¥
a8 b Azsidde) +F
Fig. 5. Syntax of delegation. .

V. dlu o oF

THlo] wel=le HaAdel e e 2 oA 5
A=l HellAl Actor, ABCM/13 4 & uv]watlc}.
dstmde] viels dubHog el A<l 7]
Fol glernz 7128 A7Astal [16]& U432
o, FARdAe vae [16]& <83t A
(1518 Algsidrt. o] wlae dibrde) 54
A AR wlart BrbestEE AR wlabes
ol 43l X 12 A4tunde EAozA A F
81 A2E D Qe AES w2 Aejoh.

® 1. ACTOR. ABCM/1. 5] vl
Table 1. Comparison of ACTOR. ABCM/1

and DOORAE.
ACTOR 1 -
Il k) object-based EW | object-based 29
Ad9 2N ae
Nitel £ | message pessing® E2) EX3
o] delegatis
77 g4l A§A7t AQYe | explicit, method | implicit replecement
(replacement) | explicit ede 2719 ¥ fine grain
replacement, fine | 33, coarse
| {gmin grain
Y e [ Z=aAvt AR RE contexte] =z}
Aado) 3y
wWHe ¥e fine grain coarse grain fine grain
UEEE  |quened ARHA |egress moded] | AFME %, i
AHPE A& qAN  A$oZ | JedM ey A
QY E Mz 8/ e

Sele] zalsga] wWagdel AYS s} AMEE =
Z2azle] Zabe A R7|E v}, A2 A3 ¥
A IPMel 3 Haixde] A=g w2y H8
Actorell4] AFE-%F recursive factorial ¥4 49
st WVl 97t HaAdel Sdlg MeiFr) 9
3 FFEAE Flsidch A= FE9k Actor.
ABCM/1& ulxalr] ¢lsled zhzbe] Fiiddelz 2
o2 Z2asg PR dAE FEE 7 o]
E 7Zhde] melg Adesly] §i3le] ol dojolm
2 2dE 7ke) /hdzlel & vlwd A & 5 lth

2% G2 FolE sig 2 as a9 63 ol
T 748} =g ¥Elgi(actor. object)2® AT 5
ek, zZhzbel maoaaldld odite] 23 W
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Aol dohte WAAS HEE okhel oA
o e Ae) Fodsich oke] Aol ztztel

(METHOD (do ‘n int 'r int)
‘BEHAVIOR (

(a := (factorial ‘do ‘n))

(b := (factorial :do ‘r))

(c = (factorial ‘do n-1))

(CF :printf :("the combination”, n, "C", 1, * is ..")}
(CF :printf (a/(bxc)))
»m

(PROTOTYPE
‘NAME factorial
‘PROTOCOLS
(METHOD (do :n int)
:BEHAVIOR (
(IF (n==0)
‘THEN (
( 1 ‘reply_to R)}
LSE (
{(n * (self :do n-1)) ‘reply_to :R)

// recursive factorial

»

(a) DL

def exp Combination() (n, 1)
become Combination()
let k = ((call Rec-Factorial(n)) * (call Rec-Factorial(r))
« {call Rec-Factorial(n-r)))
send k to output
end def

def exp Rec-Factorial() (n)
become Rec-Factorial()
if n=0
then reply (1)
else reply (n+{call selftn-1)))
fi
end def

(b) Actor-SAL

[object combination
(script
(=> [:do-with n :and 1]

(temporary [a := (make-future)]
[b = (make-future)}
[c := (make—future)])

[factorial <= [:do n) $ al

[factorial <= [:do n) $ b]

[factorial <= [do m) $ ¢l

(if (and (ready? a) (and (ready? b) (ready? c)))

foutput <= (a * b * cA)IM]

[object factorial
(script

(=> (:do n) where {= n 0)
R <= 1]
(suicide))

(=> [:do n) where (!= n 0)

[R <= n * [(self-copy) <= [:do (n-1))N]
(suicide)))]

(c) ABCL/1

a8 6. ,C, A FolE 7 oAl 22
Fig. 6. Example program for ,C,.

7ASoll ztol7h v AL HEAY el Qi ol
A ()9 FaH A HEAE 2P oo
F2% x5l oAl dck AAl (b)9 Actore 4
Ate] AlEA el £33 slolzalel wale] WAL
#8517] $18] become WHAE YA AL et
o4} (c)2} ABCL/190A4+& self-copy#} suicide™
o oja WadAel Frlet YAE AAe £EE =2
23l BAsedo} ek 28 63 2 bt HAl
9] ALl A 7hA 2dzke & AdAH S ]
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