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F & l tiFrom reuse & selection
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■ Service reuse

□ Retrieve service according to needs

3

□ Retrieve service according to needs

□ No exact match and flexibility (relaxed match)

□ Reuse outside original context□ Reuse outside original context

■ Semantic annotation & IOPE

■ Hierarchy■ Hierarchy

□ Single operations

□ Sequence global point of view□ Sequence global point of view

□ Choreography

■ Web service selection■ Web service selection

□ Conformance to a specification

□ Use of service allows achievement of a goal□ Use of service allows achievement of a goal
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painkiller
blood-thinner

conformance

global goal

patient in pain
patient in pain
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M thMath prep.
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■ Fluent: properties whose truth value can change over time due to 
the application of actions

5

app a o o a o

■ State: set of fluents

■ One could not assume that the value of a fluent is known.

■ : Beliefs of an entity about the worldࣜ y

□ Bf – f is known to be true

□ B-f – f is known to be false

݂ࣜ 

ࣜ¬݂ 

□ (-Bf&-B-f)– f is undefined

□ A fluent could be: true, false or unknown

݂

¬݂ࣜ  ݂¬ࣜ¬ ר

,
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M th  i t tiMath prep. – service representation
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■ Service description: 

□ O – set of operations

7

,ࣩۃ ۄ࣪,࣡
ࣩ□ O set of operations

□ G – set of actions that allow to receive messages

□ P – description of interactive behavior

ࣩ 

࣡ 

࣪□ P description of interactive behavior

■ O – set of operations (atomic action)

࣪ 

ࣩ
preconditions

■ O set of operations (atomic action)

□ Description in terms of:

◊ Preconditions

ࣩ

◊ Preconditions
◊ Effects
◊ Both sets of fluents

operation

◊ Trigger revision process on beliefs
effects
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M th  i t tiMath prep. – service representation
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□ Service

◊ Initiator –

8

◊ب݊݋݅ݐܽݎ݁݌݋ Initiator 
◊ Servant –

݊݋݅ݐܽݎ݁݌݋
 ا݊݋݅ݐܽݎ݁݌݋

□
□
,ݎ݋ݐݑܿ݋݈ݎ݁ݐሺ݅݊݀݊݋݅ݐܽݎ݁݌݋ ܍ܔ܊ܑܛܛܗܘ ሻݐ݊݁ݐ݊݋ܿ ܎ܑ ሼ 1ܲ … ሽݐܲ

,ݎ݋ݐݑܿ݋݈ݎ݁ݐሺ݅݊݀݊݋݅ݐܽݎ݁݌݋ ܛ܍ܛܝ܉܋ ሻݐ݊݁ݐ݊݋ܿ ሼ1ܧ ሽ݊ܧ…

□ Example:

݌ 1 ݊

,݁ݐܽܦ,ݎ݈݈݁݁ݏሺبݐ݄݈݂݄݃݅ܿݎܽ݁ݏ ,ݐݎܽݐܵ ሻݐݏ݁ܦ
܍ܔ܊ܑܛܛܗܘ ܎ܑ ሼࣜݐݎܽݐܵࣜ,݁ݐܽܦ,  ሽݐݏ݁ܦࣜ

ݎ݈݈݁݁ݏሺبݐ݄݈݂݄݃݅ܿݎܽ݁ݏ ݁ݐܽܦ ݐݎܽݐܵ ,ݎ݈݈݁݁ݏሺبݐ݄݈݂݄݃݅ܿݎܽ݁ݏሻݐݏ݁ܦ ,݁ݐܽܦ ,ݐݎܽݐܵ ሻݐݏ݁ܦ
ܛ܍ܛܝ܉܋ ሼࣜݎ݂݂݁݋_ݐ݁݃_݈݈݅ݓሽ 
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M th  i t tiMath prep. – service representation
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■ G – get_answer actions

□

9

࣡ 

݁ݒ݅݁ܿ݁ݎ ݎ݋ݐݑܿ݋݈ݎ݁ݐሺ݅݊ݐܿܽ ሻݐ݊݁ݐ݊݋ܿ ܛ܍ܞܑ܍܋܍ܚ ࣣ□
□ Finite set of possibilities

□ Example:

,ݎ݋ݐݑܿ݋݈ݎ݁ݐሺ݅݊ݐܿܽ_݁ݒ݅݁ܿ݁ݎ ܛ܍ܞܑ܍܋܍ܚ  ሻݐ݊݁ݐ݊݋ܿ ࣣ

□ Example:

ሻݎሺ݈݈ܵ݁݁ݎ݁ݓݏ݊ܽ_ݐ݁݃ ܛ܍ܞܑ܍܋܍ܚ ሾ݊ا݈ܾ݈݁ܽ݅ܽݒܽ_ݐ݋ሺ݈݈ܵ݁݁ݎሻ ܚܗ   ሻሿݎሺ݈݈ܵ݁݁اݎ݂݂݁݋
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M th  i t tiMath prep. – service representation
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■ P – encodes the behavior of a service

□ Collection of kind:

10

࣪ 

□ Collection of kind:

p_0 is p1 ... pn
p0 – procedure

1݌  ܛܑ 0݌ ݊݌…  

0݌  p0 procedure
p1 – atomic operation, get_answer action, testing action, 

procedure call

0݌
1݌  

□ Example:
,ݎሺ݈݈ܵ݁݁݃݊݅݇݋݋ܾ ,݁ݐܽܦ ,ݐݎܽݐܵ ܛܑ ሻݐݏ݁ܦ

݄ܿݎܽ݁ݏ ,ݎሺ݈݈ܵ݁݁بݐ݄݈݂݃݅ ,݁ݐܽܦ ,ݐݎܽݐܵ ݐ݄݈݂݃݅_݄ܿݎܽ݁ݏ,ሻݐݏ݁ܦ ሺ݈݈ܵ݁݁ݎ, ,݁ݐܽܦ ,ݐݎܽݐܵ ,ሻݐݏ݁ܦ
,ሻݎሺ݈݈ܵ݁݁ݎ݁ݓݏ݊ܽ_ݐ݁݃  ?ሻ݈݅ܽݒܽ_ݐ݋ሺ݊ݎ݂݂݁݋ࣜ

,ݎሺ݈݈ܵ݁݁݃݊݅݇݋݋ܾ ,݁ݐܽܦ ,ݐݎܽݐܵ ሻݐݏ݁ܦ ,ݎሺ݈݈ܵ݁݁݃݊݅݇݋݋ܾܛܑ ,݁ݐܽܦ ,ݐݎܽݐܵ ܛܑ ሻݐݏ݁ܦ
,ݎሺ݈݈ܵ݁݁بݐ݄݈݂݃݅_݄ܿݎܽ݁ݏ ,݁ݐܽܦ ,ݐݎܽݐܵ  ,ሻݐݏ݁ܦ
,ሻݎሺ݈݈ܵ݁݁ݎ݁ݓݏ݊ܽ_ݐ݁݃  ,?ሻݐሺ݂݈݄݅݃ݎ݂݂݁݋ࣜ

݈ܽݒ݁ ݎ݂݂݁݋ ሻݎሺ݈݈ܵ݁݁݁ݖ݈݂݅ܽ݊݅
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M th  b tit tiMath prep. – substitution
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■ Choreography

□ = set of interacting roles

11

□ = set of interacting roles

□ devided in

◊ Bound operations

ܵ݀ ൌ ,ࣩۃ ࣡,  ࣩۄ࣪
݅ܵ  

◊ Bound operations
◊ Unbound operations

■ Binding by substitution gߠ y

■
ߠ ൌ ൣ  ൧ݑࣩ/ࣩ݅ܵ

ߠ݀ܵ ൌ ,ߠࣩۃ ۄߠ࣪,ߠ࣡

ݑࣩࣩ
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M th  b tit tiMath prep. – substitution
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ߠ ൌ ቂ ݊݅ݎ݅݌ݏܣࣩܵ  ቃݑࣩ/
ߠ݀ܵ ൌ ,ߠࣩۃ ݀ ۄߠ࣪,ߠ࣡ ۃ ࣡ ۄ

܍ܔ܊ܑܛܛܗܘ ሻ݈ܽܿ݅ݐݑ݁ܿܽ݉ݎሺ݄ܲܽب݊݅ܽ݌_݁ݒ݈ܽ݁݁ݎ ܎ܑ ሼࣜ݅݊_݊݅ܽ݌ሽ
ܛ܍ܛܝ܉܋ ሻ݈ܽܿ݅ݐݑ݁ܿܽ݉ݎሺ݄ܲܽب݊݅ܽ݌_݁ݒ݈ܽ݁݁ݎ ሼࣜ൓݅݊_݊݅ܽ݌ሽ 

א ࣩ, ݑࣩ

ሻ݈ܽܿ݅ݐݑ݁ܿܽ݉ݎሺ݄ܲܽب݊݅ܽ݌_݁ݒ݈ܽ݁݁ݎ ܎ܑ ܍ܔ܊ܑܛܛܗܘ ሼࣜ݅݊_݊݅ܽ݌ሽ
ሻ݈ܽܿ݅ݐݑ݁ܿܽ݉ݎሺ݄ܲܽب݊݅ܽ݌_݁ݒ݈ܽ݁݁ݎ ,݊݅ܽ݌_ሼࣜ൓݅݊ ܛ܍ܛܝ܉܋ ሽ݀݋݋݈ܾ_݄݊݅ݐࣜ

ࣩ אߠࣩ ݊݅ݎ݅݌ݏܣࣩܵ , ߠࣩ
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M th  iMath prep. – reasoning
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■ „Is it possible to execute p in such a way, that the condition Fs is
true in the final state?“

13

u a a

■
■ If true sequence of actions

ݏܨ  ݌ ܚ܍ܜ܎܉

qߪ

■ ሺࣩۃ, ࣡, ,ۄ࣪ ܵ0ሻ ٟ ܩ .ݓ ܽ.  ߪ

■ Example:

ܵ ൌ ሼࣜ݀ܽ݁ݐ ݐݎܽݐݏࣜ ݐݏ݁݀ࣜ ݃݊݅݇݋݉ݏࣜ ሽܵ0ݐ݄݈݂݃݅ ൌ ሼࣜ݀ܽ݁ݐ, ,ݐݎܽݐݏࣜ ,ݐݏ݁݀ࣜ ሽݐ݄݈݂݃݅_݃݊݅݇݋݉ݏࣜ

ܩ ൌ ሼܾࣜ݀݁݇݋݋ሺ݂݈݄݅݃ݐሻ,  ሽݐ݄݈݂݃݅_݃݊݅݇݋݉ݏࣜ
܎ ܾ ݇݅ ሺ ሻܚ܍ܜ܎܉ …ሺ݃݊݅݇݋݋ܾ ሻ
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G l i t hGoal-preserving match
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M t hi h t d ‘t kMatching – what doesn‘t work
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■ EM – Exact Pre/Post Match

□

16

ሻݎሺݏܿ݁ݎܲ ൌ ሻݏሺݏܿ݁ݎܲ ר ሻݎሺݏ݂݂ܧ ൌ □ሻݏሺݏ݂݂ܧ
■ PIM – Plugin Match

□ Strongest of the flexible

ሻݎሺݏܿ݁ݎܲ ൌ ሻݏሺݏܿ݁ݎܲ ר ሻݎሺݏ݂݂ܧ ൌ ሻݏሺݏ݂݂ܧ

□ Strongest of the flexible

□
□ Allow at least all old conditions

ሻݎሺݏܿ݁ݎܲ ل ሻݏሺݏܿ݁ݎܲ ר ሻݏሺݏ݂݂ܧ ل  ሻݎሺݏ݂݂ܧ
□ Allow at least all old conditions

□ Provide a guarantee at least as strong

Service selection by choreography-driven matching | Christoph Thiele | 10.12.2009



Wh t d ‘t kWhat doesn‘t work

17

Example using PIM:

17

ܵ0 ൌ ሼܾࣜ݌, ࣜ݅݊ ,݊݅ܽ݌ ࣜ൓݄݊݅ݐ ሽ0݀݋݋݈ܾ ሼ ,݌ ݌_ , _ ሽ
ܩ ൌ ሼ ࣜ൓݅݊_݊݅ܽ݌, ࣜ൓݀݋݋݈ܾ_݄݊݅ݐሽ ܚ܍ܜ܎܉ …ሺ݊݋݅ݐܽܿ݅݀݁݉ ሻ
ሺࣩۃ, ࣡, ,ۄ࣪ ܵ0ሻ ٟ ܩ .ݓ ܽ.  ߪ

ሻ݉ݎሺ݄ܲܽب݊݅ܽ݌_݁ݒ݈ܽ݁݁ݎ ݈ܾ݁݅ݏݏ݋݌ ݂݅ ሼࣜ݅݊_݊݅ܽ݌ሽ
ሻ݉ݎሺ݄ܲܽب݊݅ܽ݌_݁ݒ݈ܽ݁݁ݎ ݏ݁ݏݑܽܿ ሼࣜ൓݅݊_݊݅ܽ݌ሽ

ሻݎሺݏܿ݁ݎܲ ل  ሻݏሺݏܿ݁ݎܲ

ሻݏሺݏ݂݂ܧ ل ݌ሻݎሺݏ݂݂ܧ ሺ ሻ ሼ ݌ ሽ
 

ሻ݉ݎሺ݄ܲܽب݊݅ܽ݌_݁ݒ݈ܽ݁݁ݎ ݈ܾ݁݅ݏݏ݋݌ ݂݅ ሼࣜ݅݊_݊݅ܽ݌ሽ

ሻݏሺݏ݂݂ܧ ل  ሻݎሺݏ݂݂ܧ

ሻ݉ݎሺ݄ܲܽب݊݅ܽ݌_݁ݒ݈ܽ݁݁ݎ ݏ݁ݏݑܽܿ ሼࣜ൓݅݊_݊݅ܽ݌, ሽ݀݋݋݈ܾ_݄݊݅ݐࣜ
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G l i t h h t kGoal-preserving match – what works
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■ Dependency

□

݈ࣜ 
18

ߪ ൌ ܽ ; ܽ ; ; ܽ ߪ ൌ ז;ז;ז;ז;ז;ז;ז;ז;ז;ז

݈ࣜ 

□
□ 2 fictitious actions

◊

ߪ ൌ ܽ1; ܽ2;… ; ܽ݊

ܽ0 ՜ ሺܽ0ሻݏ݂݂ܧ ൌ ܵ0

ߪ  ז;ז;ז;ז;ז;ז;ז;ז;ז;ז

݈ࣜ 

j k i

◊
◊

□

ܽ0 ՜ ሺܽ0ሻݏ݂݂ܧ ൌ ܵ0
ܽ݊൅1 ՜ ሺܽ݊൅1ሻݏܿ݁ݎܲ ൌ  ݏܨ

ߪ ൌ ܽ0; ܽ1; ܽ2; … ; ܽ݊ ; ܽ݊൅1
□ Indexes                     with

depends on for the fluent in   :݆ܽ ݈ࣜ   ߪ ݆ܽ ֧ሺ݈ࣜ,ߪሻ ܽ݅

0; 1; 2; ; ݊ ; ݊൅1

݅, ݆ ൌ 0,…݊ ൅ 1 ݆ ൏ ݅ 
ܽ݅   p

if
݆ ݆ ሺ݈ࣜ,ߪሻ ݅݅

݈ࣜ א ൫݆ܽݏ݂݂ܧ ൯, ݈ࣜ א ,ሺܽ݅ሻݏܿ݁ݎܲ ൓݇׌൫݆ ൏ ݇ ൏ ݅, ݈ࣜ א ሺܽ݇ሻ൯ݏ݂݂ܧ

■ Dependency set: ݏ݌݁ܦሺ݈ࣜ, ሻߪ ൌ ൛ሺ݆, ݅ሻห݆ܽ ֧ሺ݈ࣜ,ߪሻ ܽ݅ൟ 
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݈ࣜ 

ߪ ൌ ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז
݈ࣜ  ݈ࣜ ࣜ൓݈ 

ߪ ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז;ז
j

k

iݑ݋  

■ Uninfluential fluent

□ ሾ݋/ݏ ሿ א □ܯܫܲߠ
□ is uninfluential fluent iff

all pairs

ሾݑ݋/ݏሿ א ܯܫܲߠ
ࣜ൓݈ א ሻݏሺݏ݂݂ܧ െ  ሻݑ݋ሺݏ݂݂ܧ

ሺ݆ ݅ሻ א ሺ݈ࣜݏ݌݁ܦ ሻall pairsߪ

with identifying the position of in    and

or

ሺ݆, ݅ሻ א ,ሺ݈ࣜݏ݌݁ܦ ሻߪ

݇  ݑ݋ ߪ
݇ ൏ ݆ ݅ ൑ ݇or

Service selection by choreography-driven matching | Christoph Thiele | 10.12.2009

݇ ൏ ݆  ݅ ൑ ݇



G l i t h h t kGoal-preserving match – what works

20

■ A substitution is called uninfluential iff for any substitution

in       all beliefs in                           are uninfluentialܯܫܲߠ

20

ܯܫܲߠ
ሾ݋/ݏ ሿ ሻݏሺݏ݂݂ܧ െ ݋ሺݏ݂݂ܧ ሻin      , all beliefs in                           are uninfluential
fluents w.r.t. 

ܯܫܲߠ  ሾݑ݋/ݏሿ ሻݏሺݏ݂݂ܧ ሻݑ݋ሺݏ݂݂ܧ
ߪ
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C l iConclusion
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■ Achived

□ Formal representation of a service

22

□ Formal representation of a service

□ Uninfluential Plugin Match

□ Definition of a goal-preserving match□ Definition of a goal preserving match

■ Semantical annotation■ Semantical annotation

■ Definition of unbound operations

■ Feasibility■ Feasibility
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