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The Sequential Composition Method for Supporting
Maximal Parallelism in Actor as Object-Oriented Model

Kwak Ho-young*, Kim Jang-hyung*, Ahn Khi-jung*
Summary

In Actor model based on message-passing mechanism and parallel architecture, all commands in
an Actor are processed concurrently, However, when sequential processing of commands must be
preserved, it can be solved by creating actors called customers which are to do delegation, because
concurrent compositions inherent in Actor, are not enough to do the sequential processing of
commands,

In this paper, the dependency between expressions in the sequential composition of actor
commands is analyzed, and the sequential composition method for supporting minimal sequentiality

and maximal parallelism in the Actor model is presented,
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o} Axst PolA €, olely WAL YuA
i we§ == )7 (concurrent programming)
dojofM e FU3A AL},

webd, & wEolMe Actor 2l & ¢
4¢ Asie A% 4L €44 (minimal
sequentiality) =& Hd H&4 (maximal
parallelism) 2} 24§ 1% $Y{ Axlsigon,
=% (4= 1) (A= 2)(Maekawa 87)& Actor
2ol HA ALY duFH & =FoA4 A4
T dnzlFE viaddcd, & =& dzd
F Aol 2§ & Aolabrlnct W4 ¥4
< ¥ ¢33 Y44 ¢@sis A< (forwarding)
7158 2 actord AMAF mzHL9 4F
Zolz a2 ANz dAsE JLHse Fo FI
¥ F3d.

Actor 2.9

1.2 M

Actor 29 <44 (generality), AF44
(reconfigurability) 9 3734 (extensibility) & F
Algte A Y zmzoHe] oM d99E
A43s 29olct, a8y, o Actor 2L A
A A dele] YubA Andal Fej=-4% 7Y
€ A83lA] ¢ delegationo] oj#f M) Az
]S g ztzte] A (actor) 222 AMes} s}
F3E% 3an YUve Aol HAolg o miol4
£33+ Actor del2e A4FE Actor el
21827} B4 4T Actor dole FEREE
o], 24F Actor doj+ Lisps}l #41g Z¥§
T A EFE AHE3A gert,

=3 A (object) o S d& W7 H3o
dA]x] Ag 7lye] i delegation MHd& A&
st Qledl, o| delegationg =Z2MA o ¥
Al Fibste gy Mg Fzo AYside olf
o4 AMsigich,

2. Actorel =3}

te] actore viAlz Agz zalg §AE
(communication) o o8] c}-&5 2 37l §
o] Wy Aelzle o4l o} (computational
agent) b Ao},

® & actor(self Ef)olA FUFE AG

@ A= 39 (behavior) §# 2+ actorz 2] ¥
4] (replacement)

® A= actor?] A4 (creation)

%, 3h4e] actore 2 actor o] &l #Hste
$ M F 4 (mail address)o} =2 298] zco 3
Bt P4E HAn gled, ¢ Fat oy
A4 Eolet FAEEE ARt 99 F (mail
queue) & ZFxx U},

Fig.1o14 ®¥ ule} 3lo] actor X & H2¢
actor® AAHAY A4 Aelo PHzE AFs)
€ 28U elta§ Y4 4 gled, olay 4
4 ANejel B¢ Fug Agsln vy A =
e dHE Ze =2 A2 P94 F 2+ actor
A X, 2 HAYS, ogeby, X 3 X 8 5
& ANl¥ Jhxlz 3l 5 Y=n, AY g A
2] 44§ 7} = glen, Fig.loAe 3§
2 25 yyAoz 44¥c,

2 n nel

1
mail queueLJ i I T

create //
task e \\ replacement
7
s \
P \
2 \ create actor
Task \
\
\ 1

Fig. 1. Behavior of Actor

Actor 29 H 4L 7 actorg Ao, =
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AN Agedd ActorollA Hof H4Y A4 ¢i ¥4 3

% glond, actor 242 FAocz A2 acfor
§F A48z Y48 actore] FAUAEELE 2l o]
actor 94| FAlel AeHse® ¢ 4 gict, =¥
shube] actor WelAE Z7el =igiEe] Wy
A=gd,

actor Al&®old Z7e] actor TEAHWE U
e Aoz o8 9 actorg ol FAE AD
o g#4 A|la"dE F9=loj=|s], Actor A"
€ ogat el AP,

o€ A9

onew ¥ : 422 actore] A4

etz 44

o 41z} (receptionist) actor Al : & Ac-
tor A]2®ej4] FAEE BE 4 SlE actorg9
%5

o 9% actor 4d: F4AEFE ¥4 actorg2
@A Actor Al2%ulol 3=l g &9 actor
9 &5

Actor 2] odolz+ SAL(Algol4d R ¥)x}
Act(Lispd] E8)9] ¥ 57 SAsled, & &
Fol4& SAL(Simple Actor Language) ¥ ©|&
stod 4=d3le] ot ]

¥ ¥ol, n!¥ Aiaid Fig.29 R-Fact
3 PHE '+ actord new & olfsied 44
A std shEsic,

0O send

def R-Fact(self) (n, cust)
become R-Fact (self)
if n=0 then send (1) to cust
else 1et c=new R-Cust(n, cust)
{send (n-1, c] to self)
fi
end def
def R—Cust(n, cust) (k]
send (n*k) to cust
end def

Fig.2. SAL program of recursive factorial

R-Factz #$|& 3+ actort ¥&
(acquaintance) actor2 =418 ~l2lsle, Alg9

AE 4 o W 2 ASE H3de custahe
actor§ F4l¥oz YolgUct, FAFo| =ats)
HFYY ¢ F d U YHEF R actor
2 dAEA sHed, oo Wydoz if FAL
st &, 4% n el 0ol= 14§ custzle
actore] 2z 94§ B3I, o] oy R-
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& A2 actor§ new FHo= WY} (H
7M€ ol W4 c2 Yea Qo) A ¢
H ftefl (n-1. cleb F4E€ 29, F, n-l
9 ASE A 1 A 4F 448 actor
A collA et FAEE wisiale Rolg,
cgog RCustzgle #4E 2+ actors E2
actor2 n3} custel: actord ZEAA =of, ¥4l
¥+ k7t =3+ R actorQ] n3t ko] F§ A4
Bhod custoll W3l Y& FYUc.

Actor®} &3 A
(Sequential composition)

1. Actore| =3 &3

Actor 2ol WY 4o & 2o 2
actorg Aol F4lo] FAoz o|feojy 4 3
+ 8743€ AF=m o, o] ¥ $3e AM=2
A% £4% of 2 349 g & F 0=
| 3o, ol& W4 Qo] A& HsHE A4 §
x¥z7) W ez A4, geld, Actor
2o 2 actorg e $2 FHE H¥A 4}
£=+ 9y &z call glkl)el e A=Y call
FEE A83n Yk, 4714 g 9§ actorg)
¥ Fiold, (k)= F4EE Yolgd. &, F
AlE (k)E 1% actorgd gefl?] Ad3z o 9%
actor g2 5 AY AFA4E Lo} Msla: &
Yolc},

2. WY Yo EXH

7ZI€ =239 dofEe diEe FEE
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Aoz Ade €3 Yoz olFelxd g
. 22y, Actor 2ol FAUE P A
2 actore] 44, Hie 2 $8o] We A
gslog &3 Y4 A4HA g,
adald, UuiAes FYP b} PFe £
/o 1/ S1=x: =x+1
S2=x: =2%
o4 9 Y4 S=511529 4ol S Aze
d&g 4 ¢A A (' 1I'72e 9 Y4 9
o). & 71A] dl2A x=28ln ¢ o, Sio] 4
¥=2 S271 445" a2 AL o] =, S2
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a2y, wiql o] Aol ¥(S1;S2) ¥ FA
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call call send
t“ —
[x] hix)

2 actor 3¢ BA,
/o 2/ S1=send (call g(cal h(x))) to f
S2=send (call g(cal h(y))) to f

U]l S13 S2F WY Yoz 493 sid
hele actore (x)4 (Y)ehe $48¢ 2o} &
YHE ZE€ actorz HAR 4 317 fEof F4l
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B €3 Meje] YE 2Pe2 ey o)
o, Actor Rulofl4 & S1:S29] 4 ¢4 e
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A%t P4sle A3 Ae Yoz Nege
24 #4744,

Fig 339 €3 714 (dd =242 Ne)sje
ZIA) = A Azt o] 2 actorrl Nasis
5 ol €3 Yol g FAFE NAY 4 9
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Al €49 Aojsl oych. wald, Fig 4Ny
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call call send

— g — [ —h — g —

[yl h{yl

Fig.3. sequential composition of sequential machine
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Fig. 4, processing mechanism of /example 3/
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© e d4

@ &% (cal) d4k:}E actore] T

@ =< (delay) Ael d4b: 2t Fyol Y&
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(A9 2) 222k A cAd o9y 4
) A (precedence realtion)>§ 2+ =22
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Meakawa87)

'={(P;,P)Ec1 (=) | R(P)NR(P))UR (P)ND
PHUDEPINRP)) ¢}

(¢, P:z242, D: Ay, R: A4, cl:
ol8}A ¥ (transitive closure) & ¢|v]dle] =2
Mz Aods} AL actore] #H FLF
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Actor 2ol4 A% 4L AT FAE
FF (mail queue)oll ¥4lF (communication) o] =2}
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Ed2E 33Y 4 ASE 37 HY oo
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Step 1.5 Step 1.13 Step 1.20149 &
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e,
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# L ¢A3=F d€ 5+ Uk
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(p) e},
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1. &9 of
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Folck, o714 AHEH ZlEe ohg3 o] A
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$: 2 actore] 44

@ : 7 actorze] &%
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S1 — xh™ C$ C@ g~ C$ Co f#
processt - ® ® © ® ® ® © 2 g2|E 12 AYst A
SZ-—'yh“C$CGg‘CSCOf#P p
process# = ® (D @ ® @ @ ® rocessl[ rocess#
N\ P ®IO|D|®|®|0|B D]|0|®|0|®®
@ T ® @
No. | symbol attribute ® T|®
© T T
1 X mail address of actor ® T ol |®
2 h mail address of actor ® Tl®
3 cl mail address of customer ® T T 1o
4 g mail address of actor
5 c2 mail address of customer © T
6 f mail address ofactor ® T
7 y mail address of actor 0] T|®
8 c3 mail address of customer o) T
9 cd mail address of customer ® T
© T
Fig.5. Symbol Table ® T
®
4714 @r ol HEYoe AR T g}
# .
process#|domain range Fig.8. relation matrix of processes
N 1,2 2
® 3 3
© 2,3 3
® 3.4 4
® 5 5
® 4,5 5
@] 5 6
% 2'87 g (parailelity: 5, sequentiality: 7, no. of process: 14)
% E:g 2 Fig.9. sequential composition graph of MPS
© 9 9
® |49 | 9 3. YIS 22 NYS AR
® 9 6
Fig.6. Dependency Table ) process# [domain | range
1,2 2
3 3
2.3 3
3.4.5 4,5
5,6 6
2,7 2
8 8
. . 2,8 8
(parallelity: 3, sequentiality: 9, no. of process: 14) 4' 8,9 4.9
9,6 6

Fig.7. sequential composition graph of basic
actor model

Fig. 10. Dependency Table
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AN Azl Actorold Mol WA A9 €3 Y44 9

function| process# [sentence

T TR0 e
[%}
X}

Fig. 11. Function Table

{parallelity: 2, sequentiality: 10, no. of process: 14)

Fig.12. Using customer Method to call statement in Basic Actor Model

(parallelity: 2, sequentiality: 8, no. of process: 10)
Fig. 13. Graph of Eleiminated Forwarding Customer

N>

(parallelity: 3, sequentiality: 5, no. of process: 10)

Fig. 14. Sequential Composition Graph of Minimally sequentiality
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Fig. 15. Processing Method of Sequential Composition Graph of Minimally

sequentiality

(R 19 Z4L Ad 934 238 4
¥ gnaFe Aol Ay Aoz gE=s A4
e zed2§ 25 AAIA €48 XA
oz gy, 449 ¢A4E ol oYY A
7} gAEE €A4E AAsE 5 SAR oF
oz gict. weld, olg4 ST [AYe wA
2§ FAsin AANE el p4He= 8
FHEc},

(dned 2)t 4 ¢ASE P2y
o YR4AE AUY 5 Aok Aol Atz ¥
3 dabol] o3 Yga Ao FATE A
gz 4oz AMsie ¢neFold. &, €
3 YAE HYE 1 A= ez AL 7lE
uhg e 2A actor® A4 zaA2F A
Ag F, siotd zZaMA9 Fod Ade) o
% o|EEF FHAste] Ay BA zeime] FrHA
7Y H& £A=§ Lgsie Yield.

A7l4 Mg 4 daFEE Hokslr] He
A mesejo} ¥ Ay call F39 HE AE
(degree of nesting), 4+&4] Zel(length's
arithmetic expression) 228l «3 ¥4E W3
e £3F 4 Sold. et Axd g
ZE9 Azl dY SA=§ HE W €%
guelFoll Jehte 3= Ao = vl
9 o] (dxaF 1)& o)z H7=IRa,

(¢xneld 2)9 A=+ o) 2A HA=& ¥
7 ARz 7P e Aeg depged,
ko] Al oof4 uQ iz E WAHIA £
AE7t Z4AgE 4+ AdH.

(gxneE 2)e za22y 4% EdezA ¢
A d H42 e 24 3= o aejaz,
o] AgofE £ ¥4 4 & nolztx 3
o nof wet Ag 7l ZE 27 actor nl
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geonf 1 ZsdE Fig. 163 2o,
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Factor

[Algorithm 1]

[Algorithm 2]

@ if SC#=n,
number of creating
processes

(p1+p2+--- +pn)
< n-max(p1,--,pn)

(p1-2)+ - - +(pn-2)
= (p1+-- - +pn)-2n
< n-max(pi )-2n

@ Matrix Size for p? Unused
Algorithm Matrix

@ Number of increasing process# is redu-

processes for creating 2¢ ced by elimina-

customer by nested de-

(c: nested degree

tion of forward-

gree of call functions|of call function)| ing Actor

@ Processing time of
each algorithms to P*pP*pD s+p+f<2p
number of process p

® time complexity o(p3) o(p)

SC#: number of sequential composition statements

n : number of sequential composition statements,

pi : number of processes for processing ith statement ,

p=Xpi: number of all processes for processing sequential

composition statements n,

s : number of all symbols to used n statements,
: number of functions to stored function table,
! nested degree of call functions

Fig. 16. Performance of Algorithms by each factors
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A call ¥47F HER wiojc} customere A JFA
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g el Aoz (FaF 1)L o4 T
o] AAF #lH £a=E ez dd p*p'p
oz, (¥2F 2] Haz Adsimz e
22 AlLol4] eloldel ¥ g ZzH2E o
Aql AeiFw sleg s g4 dolgol AP

4o 4 f, aeln z2M2e 4 pE HE T
# b, 471 s, f, pd WA s+i<pz4A
s+p+f<pql BAZE YF¥c},

®2] Aol oY HPAsE & WA AHE
utel Zow, olAboll4 A2 ulst o] N9
£ § ZEE 3o HPHE $A4917] A
(dxedg 217} ol AgAY Aoz Hri=gd
o}

3 8
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