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Outline of the talk

= Model for web services
= Web services composition
= Composition problem decidability



Introduction

= Services oriented computing

= What is a Web service ?



Model

Information system

= Structure of the form IF=(Obj,Att,Val,f)

f al a2
ol {v1,v2} {}
02 {v1} {v3}

Val={v1,v2,v3,v4, 5}



Model

Example

= Information system for manufactured
goods.

f name price | color
ol { }+ {40} {blue, white}
02 {skirt} {80} {black, white}

Val={sweater, skirt, dress, 40, 80, blue, white, black, regl }




Model

Web service

= Web service is defined w.r.t. to an
information system

s It is a structure of the form
S=(Q,I,F,VarL,P, d)

Q: finite set of states
I: set of initial states
F: set of final states
VarL: finite set of local variables
P: finite set of ports
d: transition function




Model

Web service
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Model

Web service

= Transition function
6(9,9")={(C, a)|Cis a condition, a is a sequence
of primitive operations}

= Condition
C:=T|(6,= 6,) |(6€ f(z,a))| =C |(C, AC,)|Fz C
0 : local variable or a value in Val

Z : variable ranging over Obj
a . attribute in Att




Model

Web service

®m primitive operations

- Ccreate object Z

- destroy object z
_add 6 to f(z,a) IF update

- delete 6 from f(z,a)

- X:=0 allocate a value

- ?M(61,..., 6n) receive a message
- IM'(61,..., 6m) send a message




Model

Example
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Model

Web service
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Model

Link

C={S,,...,S,} set of services

P, i€{0,...,n} set of S, ports

A C-link L is a binary relation on

PoUP; U... UP,

L is defined such that:

- if (M,d,m) L (M’,d’,m") then d=in, d'=out, m=m’
- if (M,d,m) L (M’,d’,m") and (M, d,m) L (M"”,d”,m")
then M'=M"

- if (M,d,m) L (M”,d”,m"”) and (M’,d’,m’) L
(M”,d”,m"”) then M=M’
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Model

Example
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Model

Queue
EntF(M;, M,")
_ vl | v3
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What is the composition
problem?
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Issue

Input

Client goal Available services

l l l

Client service « L —, Goal service C={S,,....S.}
S’0 S’goal

|

(T,IM’(skirt))

o

(T,?M(40))

cl
skirt, dress




Issue

Output

PSO

Set of services Mediator between
S.and U
UCC «— N Service Sy L”

(C,IM’__(61,..., 6n))
O »O

O »O
(C,?M,..4(61,..., 6n))

»The behavior of {S,,S,,.q, U} is equivalent to that of
{SOI Sgoal}
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Execution trees

Nodes

= A node, in a tree for C={S,,...,S,} and a C-
link L, is a structure of the form

A=(IF, qq,..., Q,,/inty,...,int,EntF,cl)
- IF: information system

- q;: state of S,

- int;: VarL,— Val

- EntF: (M,M") € L —EntF(M,M")

- cl: finite set of values
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Execution trees

Edges

o (IF, qg,---,Qis---y QnsiNty,...INL,...,int, EntF,cl)

o

O (IF, qgs-.sQ’ye-rs Qreinty ,...int",..., int,, EntF,cl)

o (IF, gg,---,Qis--+s Gyinty,...ING,..., It ENtF,cl)

?M(61,..., 6m) (El\rf]ltll\zfl(’l;/llelvlll_)#g

O (IF, qq,...,q";-.-y GQpsinty ,...iNt",..., int, EntF’,cl)
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Execution trees

Equivalence between trees

= Two trees T and T' are embedding
equivalent if T is included in T’

= [Twotrees T and T  are weakly
equivalent if T and T’ are similar
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Composition pb

Composition problem

= Input: client service Sy, goal service S, link L for
Sp and Sy, and finite set C={S,,...,S,}

= QOutput: determines if there exists a subset U of C,
a mediator service S,,.4, @ link L' for Sy and S,
and, a link L” for Sy and U such that:

V IF tree(Sy, Syoar L, IF) is embedding (resp. weakly)
equivalent to tree (S, , Seqr LU, LY, IF)
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Decidability

Decidability

= Theorem 1

The embedding composition problem is
undecidable

Proof. We reduce the uniform halting
problem of Minsky machines to the
embedding composition problem
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Decidability

Decidability

= Theorem 2

The weakly composition problem is
undecidable

Proof. We reduce the 0-halting problem

of Minsky machines to the weakly
composition problem
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Decidability

Decidability

Some restrictions:
= There is no condition in the transitions

= Queues’ length is limited to at most 1
message

s Service mediator has at most k states
and b ports
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Decidability

Decidability

= Theorem 3

The weakly composition problem is
decidable, when restrictions above are

considered
Proof. 1- The number of all possible U,
Sneq L @nd L” is bounded and

countable
2- L(T) and L(T") are rational

25




Conclusion

Conclusion

= Composition problem decidability

= Services and safety policies

= Services and cryptographic protocols
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