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Solving Inheritance Anomaly using State Abstraction in Concurrent
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Abstract

Inheritance and concurrency are the primary feature of object oriented languages, and are especially
important for code re-use. They provide maximum computational power and modeling power through
concurrency of objects. But, concurrent objects and inheritance have conflicting characteristics, thereby
simultaneously use of them causes the problem, so called inheritance anomaly, which requires code

redefinition of inherited methods to maintain integrity of objects. In this paper, to solve the inheritance
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anomaly problems we introduce concept of state abstraction, in which internal states of encapsulated objects

are made available from a part of object’s external interface. And we design inheritance interface

mechanisms which methods are inherited efficiently. In our scheme, we can solve the typical inheritance

anomaly problems.
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class bbuf : public actor {

int in, out, size, item[MAX_SIZE];
public :

void bbuf() | in = out = size = 0;}

void put(int x){

while(int size; O<size<MAX_SIZE; size++)

{ in = (in + 1) / MAX_SIZE; item[in] = x; }
|

int get() {

while(int size; size > 0; size--)

{ out = (out + 1) / MAX_SIZE; return item[out}; }
}

i

a8 4. 2A% $713% AAE AA W
Fig.4. Bounded buffer with conditional synchronization
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class interface : bbuf|

int in, out, item, size, empty, mid, full;
private:

empty() { return put();}

mid() { return (put(),get0);}

full() { return get();}
public:

void new(int n) { if(size=0) {empty(l}; }
void put(int x) {

while(int size; size<MAX_SIZE; size++)
{

in = (in + 1) / MAX_SIZE;

item[in] = x;

}

}

void get()

{

while(int size; size > 0; size--)

{

out = (out + 1)/MAX_SIZE;

return item([out];

}

}

!

a8 5. AA wis A JEde]lx~ 2E
Fig. 5 Inheritance interface module of bounded buffer
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class bbuf-hl : interface {
int in, out, size, item[];
private:

empty() | return put(); }
low() {return get(); |}
high() {return get(); |
full() { return get(); |
public:

void bbuf(){

if (in=out) {low(), high(); i
void get();

I

}

a7 6. 4A wisellA F4Y Aee] WA
Fig. 6 Abstract state modification in bounded buffer
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class bbuf-hl-1 : bbuf-hl {

int in, out, size, hilow, low, high ;
public :

void get( hilow() ) [ mid; }

void put( hilow() ) | mid; }

int hilow() {

if(out >= size/2) { bbuf = high;}
else { bbuf = low; }

b

!

33 7. AA WA 248 A 94 7R
Fig. 7 Implementation of abstract state modification
in bounded buffer
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class bbuf2 : interface{

int in, out, size, itemf];

public:

void bbuf(}{in == out;}

void get2() {

out+=2;

if(in=out=0) { empty;}

else if(in=out+1) | one; }

else | mid; }

return (int)

1

}

class bbuf2i : bbuf2 |

int in, out, size, itemf],v1l, v2, b;
pubic:

void get2() |

out = {out + 1) / size; vl = itemfout];
out = (out + 1) / size; v2 = item[out];
out = out - 2;

bbuf( set_state() )

{ return(vl, v2); }

getQ{mid;}

put(){mid;}

}

void set_state()}

if(in = size){ bbuf(full); }

else if(in = 0){bbuf(empty);}
else if(in = 1){bbuf(one);}

else {bbuf(mid);}

B
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Fig. 8 Solve the state partitioning anomaly problem
in bounded buffer

4 olch | empty | e W= get() w0
{457 dorne gget)o] FyE DAL Uk
228 Al Al3be] | midput, fullput }Y o put()
“‘]"\‘:9] Ao 5Lkt get() HlAane] Ay
saspa wgozs A As WA BAE
61173‘% otk 23 9+ AA vy #A
AR A 0 EAL AFe ek Aol

e 31 ZHavt AnAe
& =Y o et s 2
P lock e Ao~ A9 FdA bbufZAEEH
4444 o lock AE]o]2els AMEE lock() oli
=9} free() WAz r)l 271t free() WAEe] 5



3/ 9A AAAG ool Al 243HE o] 48 4% WA 7

class bbufh : interface{
bool midput;
bool fullput;
private:
empty()[ return put()};
mid(}{return put(), getQ};
full(){return get()};
public:
void bbuf() |midput=FALSE, fullput=FALSE;}
int gget() while('midput, fullput(in >= out + 1)
(out++; midput = FALSE; fullput = FALSE;}
}
class bbufhi : bbuh |
public:
void get() while(in>=out+1)
{out++; midput=FALSE; fullput=FALSE;}
void put() while(in<MAX_SIZE)
{in++; midput=TRUE; fullput=TRUE;}
gget() while('midput, !fullput(in>out+1))
{out++; midput=FALSE; fullput=FALSE;
return get(); }

}

a2 9. AA vl A n7HA A wiHe] §7
Fig. 9 Solve the history-only sensitive anomaly

problem in bounded buffer
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class lock : interface|

bool locked;

public:

void new(){locked=0};

void lock() { if (free) {locked}; }
void free() { if (locked) {free}; }

}

class locki : lock |

public:

void locki();

void new(int n){return free()};

void put(int item) while('locked &&
(in<MAX_SIZE)){in++;}

void get(} while('locked&&(in>=out+1)){out++;}
}

T2 10. AA wslely A WA 4% 4R
Fig. 10 Solve the state modification anomaly problem
in bounded buffer

s s,

248 Al 2U AE d2EE Ags Az
et gMez ¥y Bost Qe o Al
o Aol 4R Fol ko] FusA Foz

e 28 A5 dY 24 H2E 5 At
4% Adee Agte] A < A AR
5 X AHE Ao A IR 2
& WA AE A2 & AU =%, 8 7t
T NS AdFozH oldelx dakel o
& 7HE A2E alEselad A5E weA 3
of Aol ThestAl FoeEx e WA S
WA EAE AN 35, A5 alEse)xs
$4-& Fal 34 Ao HAcleke Z2ad
o]

=g Aasd + dx 1%
29 U ol A5He2 AFE 9

b
EN
o 1o 0}1‘“

[1] M. Karaorman, J. Bruno, Introducing
Concurrency to a Sequential Language,
Communication of the ACM, Vol. 36, No. 2,
pp.103-116, 1993

[2] K. P. Lohr, Concurrency Annotations, OOP-

SLA’92, Vol. 27, pp.327-340, 1992

381



A F L EA G =74 A3 A2E

[31 P. delas H. Quircs, J. M. O. Millan,
Inheritance Anomaly in CORBA Multithreaded
Environments. Theory and Practice of Object
System, Vol. 3, No. 2, pp.45-54, 1997

[4] G. Agha, C. J. Gallsen, ActorSpace an Open
Distributed Programming paradigm, 4th ACM
PPOPP, pp.23-32, 1993

{5] T. Chikayama, KLIC : A Portable Parallel
Implementation of a Concurrent Logic
Programming Language, Parallel Symbolic
Languages and system international workshop
PSLS’95, pp.286-294, 1996

[6]1 L. Thomas, An Object-Oriented Concurrent
Language for Extensibility and Reuse of
Synchronization Components, Computers and
Artificial Intelligence, Vol. 15, No. 35,
pp.437-457, 1996

[7]1 L. R. Welch, COCOON : Creator of Concurrent
Object-Oriented Systems, Ada Letters, Vol. 17,
No. 6, pp.32-38, 1997

[8] D. Caromel, Toward a Method of Object-
Oriented Concurrent Programming, Communication
of the ACM, Vol. 36, No. 9, pp.90-102, 1993

[9] B. Meyer, Eiffel : Programming for Reusability
and Extensibility, SIGPLAN Notices, Vol. 22,
No. 2, pp.85-94, 1987

{10] D. G. Kaufra, K. H. Lee, Inheritance in Actor
Based Concurrent Object-Oriented Language,
ECOOP’89, pp.131-145, 1989

[11] C. Bamry, L. Leung, P. Peter, K. Chui, Behavior
Equation as Solution of Inheritance Anomaly
in Concurrent Object-Oriented Languages,
IEEE’96 Proceedings of PDP’96, pp.360-366,
1996

[12] G. Agha, P. Wenger, A. Yonezawa, Research
Direction in Concurrent Object Oriented
Programming, MIT express, pp.107-150, 1993

382

[13]1 U. Lechner, C. Lengauer, F. Nick, M.
Wirsing, How to Overcome the Inheritance
Anomaly, ECOOP’96, LNCS 1089, 1996

[14] S. Ferenczi, Guarded Methods vs. Inheritance

Inheritance Solved by Nested

Guarded Method Calls, ACM SIGPLAN

Notices, Vol. 30, No. 2, pp.49-58, 1995

Anomaly

0| ZHGwang Lee)

19933 29 ZAostw 7EE
F&} E(FEAD

19951 249 At ol
HFE Tt E<1(FEA4D

19981 29 =Adsty o4

b AFel Tt g 8

1997:3 29 ~1999 39 AFstds} 73FE] 33t
2 A4z At

1999 49~ AFHgst HAFeinstat =

FRAE - WY AAAF Axd, AAAF o
olE{uo] 2 AjxE]

¢ 0| Z(Joon Lee)

| 19799 29 A st WAE

&H(Z 8D

1981 29 ZAdigw Y

AAg s F-sh Ah

L 1997 29 FAYE D ol

R R S TR LIS

1979 39~ zAgstw FHHE HFEF

5 2
3

)=
Al o

*

oo

D 2QAA, WEAE, Teady 84



