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A Formal Specification and Verification of CORBA Standards
Mi-Hee Kim'

ABSTRACT

The CORBA standard specification is peculiar in that, in addition to the usual description of architecture and
functionality of distributed systems, it also specifies in CORBA IDL(Interface Definition Language) the precise application
interfaces to be provided by implementation modules to conform to the standard. However, it is necessary to formally
specify the behavioral semantics of the interfaces and to formally verify and reason about their properties. A formal
specification and verification will ensure the correctness of CORBA specification, and thus will increase our confidence
on the standard. We propose a formal specification and verification method for CORBA standard specification. We first
specify CORBA standard modules in Larch/CORBA IDL (LCB), a Larch behavioral interface specification language
tailored to CORBA IDL. The LCB specifications are translated into LSL{(Larch Shared Language), an algebraic
specification language, based on the formal semantics of LCB. An actual mathematical verification is accomplished in
terms of LSL using its proof logic and support tools. We also provide the semantic foundation of our method and apply
it to the CORBA naming service specification to show its effectiveness and efficiency.
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typedef string Istring;
struct NameComponent {
Istring id:
Istring kind:
|3
typedef sequence NameComponent Name:
interface NamingContext {
//@ spec SetName ctx;
//@ spec FiniteMapName Object om;
//@ inv V n: Name *
/@ inv ctx N domlom) =@ A
/@ inv (len(n)>1 AnEctx Udom(om) =init(n) Ectx);
// rest of defs

(3% 1) NamingContext 2aj22] FA 2@
(Fig. 1) An abstract model of class NamingContext
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[{<usr>, <usr, bin>, <usr, bin, X11>},
{(<boot>, *), (<usr, log>, *), (<usr, bin, cat>, *)}]

bin log

cat X11
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(Fig. 2) An example of naming graph
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void bind(in Name n, in Object o)

raises(NotFound, CannotProceed, InvalidName,
AlreadyBound);

//@ behavior {

//@ requires len(n)>0An&ctxUdom(om”™)

/e A (len(n)>1=init(n) Ectx);

//@ modifies om

//@ ensures om'=update(om”, n, o)

/e }
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Object resolve(in Name n)
raises(NotFound, CannotProceed, InvalidName);
//@ uses Helper(Set<Name>, FiniteMap<Name, Object>):
//@ behaviour {
//@ requires len(n)>0 A n€dom{om))
//@ ensures result=apply(om, n):
//@ requires len(n)>0 A n€ctx;
//@ ensures result=[nXctx, n®om)}:
/@ )

WA usesH2 AF F+FA7E LSL “‘HI Helper
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ZAT AR il ®E ‘iﬂiii A oo}
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Helper(NS, OM): trait

includes Set(NS,Name), FiniteMap({OM,Name,Object)
introduces

_&_: Name, NS — NS

_®_: Name, OM — OM

asserts
forall nm: Name, o: Object, s: NS, om: OM |len(m) >0+
n¥ B ==

n & insert(s,;n | m) = insert(n®s, m);

n & empty == empty:

n & updatetomn || m,0) == update(n®om, m, o)
(0% 3) AL 829 He

(Fig. 3) A formal definition of operator ®
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(Fig. 4) A formal verification of LCB specification
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State = ObjSet X Env X Store
Env = Var — Ob;
Store = Obj — Val
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StateTrait(State, Obj, Env, Store): trait
includes EnvTrait(Env, Var, Obj),
StoreTrait(Store, Obj, Val), Set(Obj, ObjSet)
introduces
State tuple of objs: ObjSet, env: Env, str: Store
__ @ __: Obj, State — Val
__ @ _: Var State — Val

asserts
forall x: Var, o: Obj, st: State
o @ st == eval(st.stro)
X @ st == eval(ststreval(stenv,x))

(3O 6) AEHS) LSL BAM
(Fig. 6) An LSL formalization of states
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Vs: State, ¢ NamingContext, n, n;, n: Name
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Vs, t State, ¢: NamingContext, n, m: Name *
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Vs, t State, ¢ NamingContext, n, ni, i Name
flen(n@s) =22 A ni@s=init(n@s) An@s=<last(n@s)> ¢
TISPECIn, ctx, om\n, c.ctx, c.om]ls t
% 3r:State « TISPECIn,result,ctx,om\n;,0,c.ctx,c.om}lsr

ATISPECIn, ctx, om\n;, o.ctx, o.omlls t
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Fact 1. size(N) = 2
Fact 2. init{N) € CTX
Fact 3. N € CTX V N € dom(OM)
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TISPEClctx, om\c.ctx, c.om]ls t
©SPECIn,ctx,om,result\N,CTX,0M, result@t]
(A 23
& (size(N)>0ANEdom(OM) (=& &)
=result@t=apply(OM,N) A
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=>result@t=[NRCTX, NQOM])

NamingContext®] £¥Zgd) 28 N € dom(OM)
% N € CTX: 43 WgHeomzg (e, CTX N
dom(OM)=0) F 74 ZA$7t 7dssici(ad 1) #
Z) F AT BT 39S FAMHeR & =EdMe
A WA A &N € domOMYd ¢ FF3c)

osize(N)>0ANEdom(OM)  (718: NEdom(OM))
2result@t=apply(OM,N)
eresult@t=apply(OM,N) (Fact 13} 7}%)

tee eue BesEn. $we (LW [L29
T EeBO2 thirold RHEL.

Jr: State * T[SPECIn,result,ctx,om\n;o.c.ctx,comlisr [L1]
ATISPECIn, ctx, om\m, octx, oomllrt [L2]

A =2® ([L1]1e o3 Zo] THE T 5 3
ok #7]¢ HE A n@sE Nig e

T{SPECIn,result,ctx,om\ mo.c.ctx,comllsr

o (size(N)>O0AN;,Edom(OM) (H A &3
=0@r=apply(OM, Ni) A
(size(N)>0AN,eCTX
=0@r=[N®CTX, N ®OM])

©0@r=[N®CTX, NN®OM] (Fact 1% Lemma 1)

Lemma 12 N € dom(OM)o]|® Ni € CTXolx
N € dom(OM)Y) & YEpAthE-& A2 #Z)
&& =& [L2]1E =3 87 fstd |A N,
CTX,, OM:Z 474 n@r,(o@rlctx@r, (0 @rlom @
rolgtx &k

TISPECIn, ctx, om\n, o.ctx, o.om]Irt
&(size(ND>0ANEdom(OM,) (94 &3
=result@t=apply(OM;, N)) A
(size(ND>OANECTX,
>result@t=[NQCTX,, NQOM;])
©result@t=apply(OM,, Ni)) (Lemma 29} o}z] 49)
oresult@t=apply NN@OM, N))  (OM<] A 9])

Lemma 22 N € dom(OMDo]¥ last(N) € donKinit(N)
& OM)o] it last(N) Z dom(initN)QOOM) ¢ & 23tk
(F% A2 #2). 7 44 XA ey 2L
olf wW&olt}.

(D) sizeN) =1 0. ot 88U N =n@r=n@
s = lastn @ s} = <last(N)>o]o|o} &}7] wfjfo|c}

(2) CTX: , OM; ¥+ Z7F N®RCTX, N®QOMeltl, ¢f
U 3, o@r = [N®CTX, NROM]Jeld o} 3}7)
o2 o)},

(3) Ni = inittN)® Lemma 29l 28], N = last(N) €
dom(inittN)®OM) = dom(OM,) ¢Ith. N; = n@r
=n; @ s = init(n@s) = init(N)o] oo} ol Fo|s}e},

sgez DAAT H- Sug
FYsd 9o

oy

goted the g

result@t=apply(OM, N) =result@t=apply(N\@OM, Ny

Z apply(OM, N) = apply(N®OM, N)E Hol]d
"ol dojeo] AMAH ool didled apply(OM, N) = ogtx
7t 8t At,

apply(OM, N) = o
& (N, o) OM (applyd #9)
& (last(N), o) € mit(N)Q® OM (@1k=F ®9 F&)
< (N, 0) € NNOOM  (N# Ni9) AH9])
< apply(NNQOM, N)) = o (apply9] #A9))

2122 apply(OM, N) =
metA (54 112 FHHA0

apply(N®OM, Njo|H,
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FHLA7 JeEPE o] EF AN A o]Fo] R
dfus Lotk o] EAL FHs7l HiMME ¥+
resolve’} A4 WAE SlgejFojof st AAHd
4 bindE® 32T AL AM A2dd By E
Al Hojof @} EF olejdt WME Rz ddo
AA7F AR E gto] ohdel AA A B FH=
g7} 9 83t

5 WEw

CORBA £ZEE9 #Y2FE Hstd LCBE %
e AYAAE LSLE ¥@stn LSL $38=#E A}
g8te] 5A4E F¥HoR s MY AU
o} =3 CORBA oAb 2~E &0 A H&3te A
ohgt Wel AEAS UFAT B =89 F8 7
Ars oS3 g

-LCB2} el Larch®l CORBA IDLE &%
2E edo]2 wARlelg AUt LCB
e Z|RAEE [QlelM Agez Addn.
2 didMe 2yuss F4 A9 =U98
Foto] AALE 7hEd gEoz AT ()
o] LCB 344 vl & =89 "A7t 1998
3o olslzl 4ok HolH R¥YWs AFE
3%g # Atk

*LCB A¥en g REHoz2 At ¥Y
olu)E9] nigo] s oU|RY S LSLE 3%
Q3 ol wgoz 3t LCB HA Y LSLz29]
AL Yogozy AW HYYER
st qrigrs FEHoE Yo

*CORBA EZREY ZAFE S48 BY& 248
th FERES AR Aee) a9 PN &

g AP F98 F Ak oA 2 9
2 5 4 Ak 53, d#gse A

CORBA BZ2| HYBMI 58 3135
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EnvTrait(Env, Var, Obj): trait
includes StoreTrait{Env,Var,0bj)

StoreTrait(St,0bj,Val): trait
includes Set(Obj,0bjSet)
introduces

empty: — St
bind: St,Obj,Val — St
bottom: — St

_&_: Obj,St — Bool
eval: St,Obj — Val
isBottom: St — Bool
added: St,St — ObjSet
modified: St,St — ObjSet
objs: St -> ObjSet
asserts :
St generated by empty, bottom, bind
St partitioned by €, eval, isBottom
forall obj,0bjl:0bj, s,51:St, v,vl: Val

~(obj empty);
obj bind(s,0bjl,v) == (obj = objl) / (obj € s);
eval(bind(s,obj,v),0bjl) ==

if objl = obj then v else eval(s,objl);
~isBottom(empty );
~isBottom(bind(s,obj,v));
isBottom{bottom);

~(empty = bottom);

~ (bind(s,0bj,v) = bottom);

objEadded(s,s1) == ~(objEs) / (objEsl);

objEmodified(s,s1) == (chjEs) &
~((objEsl) / (eval(s,obj) = eval(sl,obj)));

objEobjs(s) == objEs

implies

convertsE€:0bj,St—Bool, eval, isBottom, added,
modified, objs

exempting forall obj:Obj, s:St
ob) € bottom,
eval(bottom,obj),
eval(empty,obj),
added(bottom,s), added(s,bottom),
modified(bottom,s), modified(s,bottom),
objs(bottom)

A2 A¥5Y

Lemma 1. ¢ N € dom(OM)e|® N; € CTXe]
2 Ni&dom(OM) o]t}

%% N € dom(OM)°]®H Fact 1 (len(N) = 2)3}
Eg 72§ 7Ixok dthe NamingContext®] E¥3
H(2g D F2)A 98, N, € CTXe|th N, €
CTXol E¥Ae ctxNdomlom) = @l &3 N, &
CTXolth. B
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Lemma 2. %% N € dom(OM)oj¥ last(N) €
dom(init(N)®OM)°| 2 last(N) € dom{init(N)QOM)
olt},

%% Fact 1 (len(N)22)oll 2 # lastN)# init(N)

Z 0| &
c-amil : mihee@etrirekr
198909 £ A&

E4(%HD
£ Aogr. Qa9 Qe g3 (No) € OMel 19899 ~ @A B2ANENAT
¥, (last(N), o} € init(N) ® OMeltk (29 3) # g A7q
z)., E£¢, 8848 ctx N domlom) = @ <3 19973~ @A $9dga HFH
last(N) & dom(init(tN)®OM)e]tt. &z AP

BARE: & BAT o]F AW, B4 A, &%
Edo] 3¢



