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£ inheritance

“ ”

[o]

1, Buffer )
guards” , method
, put )
, Buffer

guard
GBuffer,
L ockableBuffer

class Buffer {
Int in=out=0, buf[SIZE];
method put() when (in<out+ SIZE) {in++;
method get() when (in>=out + 1) {out++;

}
class Buffer2: Buffer {
method get2() when (in>=out+2){ out+=2;

}
class GBuffer: Buffer {
bool after_put = false;

method gget() when ('after_put && (in>= out + 1)) { out++;
after_put = true;
after_put = false;

method put() when (in<out+ SIZE) {in++;
method get() when (in>=out + 1) {out++;

}
class LockableBuffer: Buffer {
bool locked = false;
method lock() when (!locked) {locked = true};
method unlock() when (locked) {locked = false};
method put() when
method
}

(Mocked && (in < out + SIZE)) {in++;
get() when (!locked && (in>= out + 1)) {out++;

[8,10]

“method
get

put  get.

gget( gget
, put

Buffer
get

(inheritance anomaly)!.

/Irest code of put()};
/Irest code of get()};

/Irest code of get2()};

after_put = false; //rest code of gget()};
/Irest code of put()};
/Irest code of get()};

Ilrest code of put()};
/lrest code of get()};

Fig.1 The bounded buffer class Buffer and its subclass Buffer2, Gbuffer and L ockableBuffer

1 Buffer

Buffer put
Abstractions (

get( get2

[71),Buffer2 Buffer

2

21 Inheritance Subtyping

. , [1,13]
,  Subtyping
superclass ;

subtype supertype

Buffer2,GBuffer

LockableBuffer

“method guards’
). ACT++(

,Buffer2
Actor )
put  get.

Behavior

inheritance subtyping ,
, :Inheritance

) subclass
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.Inheritance “is_similar_to”( “like") , “is &
subtyping
22
Subtyping subtype supertype ( , ).Subclass
) ? ,
[9] inheritance , ,
C ) :
, “ " 3 Petri
(114 (subnets) ,
: { ) ,
, inheritance : ,
subtyping ,
: subtyping ,
CO-OPN/2!"
subtyping , (161,

, [17] (encapsulation) (abstraction) (branching-
bisimulation equivalance) Petri subtyping ), <nt
<pi» ( blocking , hiding ). < Sy
subtyping <o )-

subtyping , . [9] ,

, subtyping ,

: subtyping . 71
subtyping SuSn o Sic , subtyping “
23

( 3
D ) ( 2 ).
2 , Cclass type , inheritance subtyping
class type ( .
3 inheritance class (preorder) , inheritance
inheritance , ( 4 Cr)- inheritance
inheritance inheritance ( Cp). , subtyping
type ( 5 Tp).

4 inheritance subtyping , inheritance class

type subtyping . , P Subtyping p P

p , ( 6 F).

B P Q subtyping p inheritance , P QA class.
P A subclass B, class C( Subtyping pclassB C* type”),
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Q C A subclass,
Q. : p

subtyping

P ( 7).

Subtyping p, classB C*

type(C) type(B) ( P ,
(6) subtyping

“ ” “ ”

) subtyping P,
S subtyping P,
(8 subtyping :
( 9).
9 subtyping
), :
3); subtyping )
subtyping

inheritance

inheritance

, 23

1 C (1)
homc(A,B)( C,
(A,B,C), hom(A,B)»xhom(B,C)
(CY) (A,B)=(C,D), hom(A,B) hom(C,D)
(hg)f=h(gf);(C3) A
gehom(B,A), 1,0=0.
2. D C ,
hom:(AB);(3) Aeob D, 1,ehomc(AA)
gfehomp(AC). D C ]
3. C,D , C D F
ABeob C, homc(AB) homp(A,B)
F(gf)=F(g) F(f);(C2) F(1a)=1a.
C ) L Y
AeClass, type(A) e Typey .
RL={r,r5...,n} L
L subtyping
pePL, p
4. RcR,, Cr
(i) reR, (AB)er,
ro,ryehom(A,B);(iii) (@),(ii). Cr
, Class ). R=R,, Cr L
C..
1 RcR ,RcRR

(objects)

class

Class

ob C;(2)
hom(A,B)),
hom(A,C)
1,ehom(AA),
1aehomp(A,A);(4)

obD=0obC, D C

f L F(f).F

CrR

p inheritance P«

( Subtyping )
type’
).
subtyping
subtyping

inheritance
(anomaly-free)(

4).

[18,19]

(f,g)-gfC
(C2)

(1) ob Dcob C;(2)

(1) ob C

Class,, type

r,cClass, xClass,
PL={Pw.P2...,Pm},

RecR
(1) ob Cr=Class;(2)
rehom(A,B);(ii)

Ceob Cr
1. Cr L
Class ( L

Class Cgr,
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Class
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Cr Class
4, A,Beob Cg=0b Cg,homc, (A,B)chomc(A,B). O
1 RcR. Class Cr C. Class
5. pePy, Tp  :(1) ob T=Type,;(2) A,Beob T,,,(AB)e homrp(A, B) (A,B)ep.
Tp Type , .
6. Cr Class To Type F ob Ck ob T, , : Aeob
CrFA=type(A). F Ck Tp , Cr To.F
2. Ck Cr Class .Cr To, Cr Tp.
:Cr Tp Cr Tp a
7. Ck Cr Class To Type .Cr To( 2,Cr To).F
Type Tp.Cr Cr, Cr=pCr AB'eob Cgr=0b Cg, f'e
homc,(A,B"), fehome,(A,B), (FB,FB’)ehomrp(FB,FB’)/\(FB',FB)ehomTp(FB',FB)( 2.3 5)).

:(FB,FB") ehomy (FB,FB’) type(B) type(B)( p )
type(B) type(B)( p ) .(FB,FB") ehomy (FB,FB)A(FB',FB) e homy (FB',FB)
p.B B type”.
8.(1) RcR.  Cg Tp. Cr:Cr Tp, Cr=pCr
L (Rup)- : L " p :
3. RcRcR, peP. subtyping ,Cr Te. L (Rp)-
R'DR, Cg To(Cr,Cr T, Cr=pCr Cr=,Cr.
4. ppePpcp, RcR. L (Rp)- oL (Rp)-
: R, Cr To(Cr To), Cr=pCr Cr=pCr
9. L , pePL Lop
4
4.1
1 ) . )
subtyping p( R inheritance p
T, :CL Ty, F:VA(Acob C —FA=type(A)). 7
subtyping , subtyping
subtyping 5 9, L
2: ,
Buffer GBuffer L ockableBuffer History-Sensive
, subtyping P1( ).
P2( ), P1, © Buffer Gbuffer
Class subtyping P2.P1 P2 blocking hiding
abstraction a7y,
P1:Subtype supertype ,
P2:(1) P1 (1);(2 a,
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s s R, a
R Rs Ry
3 1 method  guard , LockableBuffer get put
Buffer , . , . ,
" ” . 1, “ ” " guard ” ,
LockableBuffer  Buffer
4.2
( )
, inheritance subtyping " )
, subtyping .Subtyping ,
, subtyping ) ( 4),
( 3).  ,subtyping
) ) subtyping ‘ "
y y . ’ [17] SUbtypl ng Sptlspj S|Cl [17]
Inheritance-Preserving-Transformation ( IPT ). IPT
X 3 , APT , ,
subtyping
5
“ 8 Subtyping “
( )
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Abstract: The combination of concurrency and object orientation is definitely natural except for inheritance.
One of the interferences between inheritance and concurrency is inheritance anomaly. Although having been
researched extensively, inheritance anomalies are still only vaguely defined and often misunderstood, and no much
formal work has been done. A new viewpoint is set forth for understanding inheritance anomalies, in which each
subtyping relation has its specific incremental inheritance. Related concepts and definitions are formalized through
the language of Category. Some issues are well adapted to distinguish and explain different standpoints about
inheritance anomalies, and can serve as guidelines in the modeling of inheritance.
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