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Inheritance Anomaly using Behavior Equation in Concurrent

Object-Oriented Programming Languages
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Abstract

The fundamental reason why inheritance anomaly occurs is that for a concurrent object, when
synchronization code is not properly separated from the method code, the extension of code to produce a
derived class may force the change of both the synchronization code and the method code in the super
class, and inheritance is integrated inheritance in a simple and satisfactory way within a concurrent
object-oriented language. The main emphasis on how to avoid or minimize inheritance anomaly. Therefore,
in this paper we propose a new model, object model, and will minimizes the problem of inheritance

anomaly found in concurrent object-oriented programming languages using Behavior Equation.
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Class buf: {
int num = 0, SIZE;
Behaviour:
Initial_State = {empty);
empty = {put};
partial = {put, getj;
full = {get};
Members:
void put() {
mum += 1;
iff[num = SIZE}
else
}
void get() [
num -= 1,
iffnum = 0]
else

}

Class gget_buf:buf |

Become full

Become partial;

Become empty

Become partial;

Become empty
Become one

Become partial;

Become full
Become partial
Become one;

Become empty
Become one

Behaviour:
Initial_State = Super(Initial_State);
empty = Super(empty);
one = Super(partial);
partial = Super(partial) + {gget};
full = Super(full) + |gget};
Members:
void gget() |
num = num - 2;
iffnum = 0]
elseif [num = 1]
else
}
void put() {
num += 1;
iffnum = SIZE]
elseif [num < SIZE]
else
}
void get() |
num -= 1;
iffnum = 0}
elseif [num = 1]
clse

}

Become partial;

a8 1.
Fig. 1.
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STATE = Based(CLASS.STATE + CLASS.STATE + ..)
{-(ITERM)), + (ITERMD};
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CLASS buf{
int SIZE, num = 0O;
BEHAVIOR_CONTROLLER:
EMPTY = put.SOME: 4)
SOME = put[0 < num < SIZE].SOME +
putfnum = SIZE].FULL +
get[0 < num < SIZELSOME +

get[num = 0].EMPTY; (6]
FULL =  get. SOME; (6)
MEMBERS;
void put(int item)
{num++; ...};  {/Put an item into the bounded buffer.
int get()
{num--; ...}; //Remove an item from the bounded buffer.

a2 3. Fe A buf
Fig. 3. Class buf
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a3 394 AL FHA bufe FY F&
HB = BEHAVIOR_CONTROLLER$} MEMBERS
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9 z271& el

A @ AAY FA Atelsk EMPTYo) v 313
AR 7L putQold, ok Aele 1¥ 40 7]e=
Al (19 e ONEojtl= Z1-& viehiich 4 (5)=
"2} A7 SOMEo| 22 put() wlA=9) get()
Hicg 2% &g 2=l 4 (62 A9
2be] 7} FULLO| B2 get() A= 3]438c),

S bufd] ABZHAel FYHA gget_buf=
Yo WA C++ FEE ARSI ¥ 48 3
o] ALt ZellA gget bufells FHH 7
9] ofelR-E HF3E gget0zt EE F7HHA
Waerl FriEgdch o] E¥928 A P&
< Zd2 bufe] P99} THEA] o 2R/
gget_buf7} Zq 2~ buf 2HE] ASy] @ Eojct.
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£ o577 d8iMe $opdal st ekl o
A o] o)A Aefslollde gget) WA=E
2% 4 gk A Al SOMES A (9%
7ol M3t
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CLASS gget_buf :buf {
BEHAVIOR_CONTROLLER:
EMPTY = put.ONE; (@]
ONE = put.SOME + get EMPTY; (8)
SOME = put[0 < num < SIZE].SOME +
put[num = SIZE]FULL +
getf0 < num < SIZE].SOME +
getfnum = 1JONE +
ggetlnum = OL.EMPTY +
ggetfnum = 1JONE +

geet[0 < num < SIZE).SOME; [$))]
FULL = get.SOME + gget. SOME; (10)
MEMBERS:
Int gget();

{num++;.} //gget will remove two consecutive items
/fin the gget_buf

Ozl 4, F2 gget_buf
Fig. 4. Class gget_buf
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W2 gget buf ol o] =g FY WA Aol

CLASS hsget_buf : buf |{

o} A=} el ONEZ F# bufel= Ae=e] gl BEHAVIOR_CONTROLLER :

A ke Az Aol Ao, Faa buf EMPTY - putSOME an
“ Al » S0 o] Ao SOME = put[0 < num < SIZE].SOME +

5 gget_buf7kx| Al (8)3 #AR P99 A& putlnum = SIZELFULL +
%7],_‘5_3};}_' hsget[0 < num < SIZE].SOME +

hsgetfnum = 0J.EMPTY + get.GET; (12)

Z A bufe} Abe] EMPTYel| tigh a9 wbAdAl FULL = get.GET + hsget.SOME; 13)
Z, Al @)Y ZFHA gget_bufe] Abel EMPTYe] CET - i:t}:ﬁ: - Z]IZES]AZI};: putSOME; (14)
gk 9 wrAAl = Al (DL wimEid, Al (7)o MEMBERS :

2] 39]% put.SOMES A|3ta A (@)ell4 7] " Tsf::x(l)m ) Jf The method hsget() will get an item
&5 9 Solch waba), gget_bufe] SOME Abel I excepted that it cannot be accepted
= Z#~ bufe] SOME Arele] 7[HHe =3 glo | I immediaely aier the method get0.
o o2 o= TAS tj9o] 319 put ONELS

geet_bufg A7) SAah A9 B @ol F} & 5. e heget_buf

Ak AHH O, gger bufe AZE B9 YA Fig. 5. Class hsget_buf

EMPTY7} %81 7Zlo|th. 223 4d) SOME Z,

A Oelle s 5 A oleldE A get SOMES #78ks, A2 9l get.GET,
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CLASS lock |
int lock.c =0 ;
BEHAVIOR_CONTROLLER :

LOCK = lock.LOCK + unlock[lock_c = 0].UNLOCK
+ unlock[lock_c¢ > 0].LOCK; (15)
UNLOCK = lock.LOCK; (16)
MEMBERS :
void lock()
{ lock_c++ ; === } J locking the object and increasing

/I the lock counter, lock_c, by one.

void unlock()
{ lock_c-- ; -} J/ unlocking the object and decreasing
/i the lock counter, lock_c. by one.

a3 6. F;E lock
Fig. 6. Class lock

CLASS lock_buf : buf, lock |{
STATE_CONTROLLER :
EMPTY put.SOME + lock.LOCK
SOME lock.LOCK +
putf0 < num < SIZE].SOME +
put[num = SIZE].FULL +
getf0 < num < SIZE].SOME +
get(num = 0LEMPTY
FULL = get. SOME + lock.LOCK
LOCK = lock.LOCK +
unlockfnum = O]flock_c = 0).EMPTY +
unlock{0 < num < SIZE]flock_¢ = 0].SOME +
unlock{num = SIZE]){lock_c=0].FULL +
unlock{lock_c¢ > 0]J.LOCK

MEMBERS :

a8 7. Zef2 lock_buf
Fig. 7. Class lock_buf

28 72 ZP A lock buf2 Aol Frsoldl
q71H A2E Fe2 lock_bufe} 3 Fdae
Zell 2 locks Fef2 bufelch 2y F JHe] £
7 Zerql Zai~ lockd Fel~ bufe] Fr|st
Feof Aapgo] A Fall Al lock-bufell 4] el
9 8L oy ¢erh zE|u Fd2 buf
o} ZUlA lockol| e 2E P97t AL Ha,
S5 FH2o BE PER AAHE Hoh A
o2 9 AdAHojxn AHAAFH doj7} A&
WA ¥ 8 a2 gt

v.d B

Wy AAAG zzadge 24

rlo
X
)
1o
o

594

A4 e T A2l Fols, JHHT fA 42
=9of 4A ol zei 3 AMAY 22
A% clolold 454t Hayel Ages s}
of sk M B4 F A4S B 24 94
A FH leEe) g 44 WHoz Y
AEs k3 R 2= A4S Ashets FAgo]
ATk ol 4% WAL EAYE A )
3 HIAAE B AFAET] wAshw o,
MA7A e A WAE AL 23t
T e Aol
ERAAE A4 AYE U2 4 2
4 Aelsl BARZY R A 9A 9
4% WA A2s] g e AA
& AAsk o8 ugoz FAlZh wAY
of ot A2 5 FYszrY v
Au gd2g 45, ot 3 )
72 dzse] W9 B PYAE AHgtel
Fasgch oleig FHoR 4% WA ©
Astglon, m@ WaE =Eg §713% =
o 2y FA AR AEAE AT
o2 Agude] MAT TE FAT HTHe

2 A=At

o e

rir_.,_n&o]nrsi
12-&3

9 paen OME} BE 4% ASlE A4
Heth AAS SAAal Aol dulstel A7
Agoleh

T8

{11 J. Meseguer, “Solving the inheritance anomaly
in concurrent object-oriented programming”,
ECOOP’93 Object-Oriented Programming. 7th
European  Conference
xi+531, 220-46, 1993.

{2] C. Tomlinson, V. Singh, “Inheritance and
Synchronization with Enables-Sets”, OOPSLA’89
Proceedings. , Vol. 24, pp. 103-112, 1989.

[3] G. Agha, P. Wegner, A. Yonezawa, Research
Directions in Concurrent Object-Oriented

Proceedings.,  pp.

Programming, Massachusetts, MIT Press. , pp.
107-150, 1993.



@/ BAAAA G dojellA] g9 WAL o] 87 A

ap

EE

(4]

(5]

(6]

(7]

(8]

[9]

(10]

{11]

P. Peter, K. Chiu,

anomaly in

C. Barry, L. Leung,
“Solution of  inheritance
concurrent
languages”, IEEE’'96, Proceedings of PDP’96,
pp- 360-366, 1996.

L. Thomas, “An Object-Oriented Concurrent

Language for Extensibility and Reuse of

object-oriented programming

Synchronization Components”, Computers and
Artificial Intelligence. , Vol. 15, No. 5, pp.
437-457, 1996.

S. Frolund,

Constraints  in

“Inheritance of Synchronisation
Object-Oriented
Programming Proceedings  of
ECOOP’92, pp. 185-196, 1992.

D. G. Kafura, K. H. Lee, "Inheritance in
Actor Object-Oriented
Language”, ECOOP’89, pp. 131-145, 1989.

L. Crinogorac, S. Rao, K. Ramamohanarao,

Concurrent

languages”,

Based Concurrent

“Inheritance anomaly.
FMOODS’97, Vol. 2, pp. vii+470, 319-34,
1997.

S. E. Mitchell, A. J.

"Synchronisation,

A formal treatment”,

Wellings,
concurrent  object-oriented
programming and the inheritance anomaly”,
Comput. Lang. , Vol. 22, No. 1, pp. 15-26,
1996.

M. Karaorman, J.

Bruno, “Introducing

Concurrency to a  sequential
Communication of the ACM, Vol. 36, No. 9,
pp. 103-116, 1993.

“Toward A Method Of
Object-Oriented  Concurrent  Programming”,
Communications of the ACM Vol. 36, No. 9,

pp. 90-102, 1993.

language”,

D. Caromel,

[12] S. Matsuoks, K. Taura,
“Highly Efficient and
of Synchronization Code in Concurrent
Object-Oriented  Languages”, OOPSLA’93,
Vol. 28, No. 10, pp. 109-126, 1993.

[13] G. Agha Object-Oriented
Programming”, Communications of the ACM,
Vol. 33, No. 9, pp. 125-141, 1990.

A. Yonezawa,

Encapsulated Re-use

"Concurrent

v 0| = ¥ (Ho-Young Lee)
1988 29 AN Ew H4b7|
TEH E4(FHAD
19953 8% AU w skl
AFe T 4@

A A
1999 29 A djsta W%;%})ﬁ%ﬂ%i}ﬂr uha}
44 +&
*EPA RO ¢ AR E Z2adn, B4 294
Al, el nr] o
ol Z (Joon Lee)
19793 289 zAEa WA
aH(F3t4h

1981 29 FA st ojgq)
SRR EICLERY
[ & | 1997 29 $Adista ok
AR SRR
1982 39 ~ ®A) ZASa RS AFHT

sFRA Lol - B4 £AAA, WAAY, Z2ad
O EREERE

595



