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Solution  trancaction eycle time {e.q., datalled clalm data, rules among OEM, suppllar
throughout the enterprise part/subsystam interfaces and and dealer
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“IRF AN AT S M AR, AT ) BRI HOR ) L IE T ZAREAE .
RE, HRANEHNNERZ.”
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“A software application identified by a URI, whose interfaces and bindings
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supports direct interactions with other software applications using XML-based
messages via Internet-base d protocols.” --World Wide Web Consortium(W3C)
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3.0 AT RS RS IAK:

A Service Ontology Based on strategic capability

In this section, we will first give precise definitions on the terms in our service

ontology, followed by the rules for reasoning.

> AR, BE, SRERBRRLESHEL.

Definition 1. A4 = {a,, ..., a,} is a set of Actors. S= {s,, ..., s,} 1s a set of Services.

0 ={q, ..., q,} 1s a set of Quality attributes .

> REFLSBMEELX RGN,
Definition 2. ME =S — P S, is a set of means-ends relationships. DC =S — P S,

is a set of decomposition relationship s.

< BEREBHHENL,
Definition 3. f=Ax Q x § — Intis aset of Quality of Service function. f{a, g;
sy), in which a; €4 q; €0, s,e S, describes the value of a quality attribute g, of a

service s, provided or required by actor a;.

> RFERRAGEL,
Definition 4. For each actor a € A4, there is an FRc Ax § representing the set of
Functional Services Required by a. There is also NFRc Ax Q x Sx Int

representing the set of Non-Functional Services Required by a.

> BERARSHEL.
Definition 5. For each actor a € 4, there is a FC < Ax S representing the set of
Capable Functional services. There is also NFCc Ax Q x Sx Int, representing the

set of Non-Functional Services Can be provided by a.

< BRFsindE &) AL,
Definition 6. For each actor a € A4, thereisa K < Ax FC UNFC UFR UNFR

representing the set of Knowledge about services capabilities and requirements.
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& RFBAEREESL,

Definition 7. O = {o,, ..., 0,} is a set of applicable Operations to a service situation

SC= <4, R, C, K >. There are following basic types of operation constructs: delegate,

tell, and perform.

1. delegate (x, y, z), represents that there is an inter-actor delegation, where x,z €4,
yesS. RHFiep#k

2. tell (x,y, z), represents an inter-actor communication, where x, z €4, y€ FRU
NFRUFCU NFC. 1% & XM

3. perform .y, represents a service delivery, where x€4, yeS. RA-PATIRAE

A world of services is an open environment, in which each of the above sets can
be updated dynamically. In other words, actors will come into and get out from the
environment. New request will be initiated or removed by actors; new capabilities
will be added into or removed by the actors. In such a highly dynamic and distributed
environment, automated service discovery, service agreement formation, and service
selection need to be manipulated by certain machine processable rules and policies.
Below, we define some of the rules that can be applied under a service situation: sc;=
<A, R, C, K>

Rule 2.1: Service Delivery Rule R BATINY

If an actor a is capable of providing a service s, and it also has the needs of
performing the service, it can perform the service.

Actor (a) N Service(s) N Can ,s N Requires ,s = perform ,s
Rule 2.2: Service Composition/Transformation Rule MR 44845 K4LAN)

If an actor a is capable of providing a set of services {s; ..., s, }, and it also has
knowledge on how to compose or transform it into other more complicated service sy,
then it will be able to provide the transformed or composite service sy.

(1) (OR composition, Means-ends)

Actor (@) N Service (s)) N ...AService (s,) N Know , (means-ends (sy, { s; ..., s, }))
AN Can,Sici< j <y = Can ;5.

(2) (AND composition, Decomposes-into)

Actor (a) N Service (sg) N ...AService (s,) N Know , (decomposes-into (sy, {s; ...,

Sa N Can ;s ;A...A Can, s, = Can,s,.

Rule 2.3: Request Decomposition/Transformation Rule ## R 5# -5 X HAR

122



= .: SOA HAE K F 4ot H R4 200 H A

If an actor a requires a services s, and it also has knowledge on how to
decompose or transform it into other more concrete services {s; ..., s, }, then it can
request for those the transformed or component services instead.

(1) (OR decomposition, Means-ends)

Actor (a) N Service (s)) N ...AService (s,)N Know , (decomposes-into (s, {s; ..., s,
)N Requires , s) = Requires,s; N ...N Requires ,s,.

(2) (AND decomposition, Decomposes-into )

Actor (a) N Service (sy)) N ...AService (s,)N Know , (means-ends (sy, {s; ..., s, }))
Requires , sy = Requires ,s;V...VRequires , s,.

Rule 2.4: Publication Rule AR h iR A4-H1)

An actor @ may inform other actors about its request, capability about a service.
(1) Publish Request to Known Provider
Actor (a) N Actor (b) N Service (s) N Requires ,s N Know,(Can,s) = Tell (a,
Requires ,s, b) A Know , (Know , (Requires ,s)).

An actor a may publish a request to a known provider with the intention of
building a service agreement. A direct effect of this publication action is that the
publisher believes that the receiver of the message will know about his requirement
on this service.

(2) Publish Request to an Expert on Service

Transformation/Composition/Decomposition
Actor (a) NActor (b) AService (s) N Service (s’) N Requires , sN Know , ( Know ,
(s’—s)) = tell (a, Requires ,s, b) N Belief , (Belief , (Requires , s)).

An actor @ may publish a request to a known expert, who has knowledge on
service composition, decomposition, or transformation, with the intention of knowing
relevant steps of fulfilling a service. A direct effect of this publication action is that
the publisher believes that the receiver of the message will know about his
requirement on this service.

(3) Publish Request to Service Registry (or Other Information Intermediary)
Actor (a) N Actor (b) N Actor (x) N Service (s) N Service (s’) N Requires ,s N
Know , (Know j, ((Requires . s)v (Can ,s) v (Know s —s))) = tell (a, Requires |,
s, b) N Know , (Know , (Requires , s)).

An actor a may publish a request to a known information center, who might be a
web services registry, or simply another actor, who has knowledge on capabilities,
requests, knowledge on other unknown actors, with the intention of knowing relevant

information of fulfilling a service. A direct effect of this publication action is that the
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publisher believes that the receiver of the message will know about his requirement
on this service.

(4) Request Broadcasting

Actor (a) N Service (s) N Requires , s = tell (a, Requires , s, all) N Know ,
(Know ., (Requires , s)).

An actor a may broadcast a request with the intention of obtaining relevant
information of fulfilling a service. A direct effect of this publication action is that the
publisher believes that the receiver of the message will know about his requirement
on this service.

(5) Publish Service to Known Requestor
Actor (a) N Actor (b) N Service (s) N Can ,s N Know , ( Requires ,s) = tell (a,
Can ,s, b) N Know , (Know , (Requires , s)).

An actor a may publish a service to a known requestor, with the intention of
building service agreement. A direct effect of this publication action is that the
publisher believes that the receiver of the message will know about his capability on
this service.

(6) Publish Service to Known Expert on Service Composition/Transformation
Actor (a) N Actor (b) N Service (s) N Service (s’)A Can ,s N Know ,( Know ,
s—s’) = tell (a, Can ,s, b) N Know , (Know , (Can, s)).

An actor @ may publish a service to a known expert, who has knowledge on
service composition, decomposition, or transformation, with the intention of knowing
relevant steps of building a new service based on existing ones. A direct effect of this
publication action is that the publisher believes that the receiver of the message will
know about his capability on this service.

(7) Publish Service to Information Intermediary

Actor (a) N Actor (b) N Actor (x) ~ Service (s) N Service (s’) A Can ,s AN
Know , (Know , ((Requires . s)v (Can .s) v (Know s —s))) = tell (a, Can ,s, b)
A Know , (Know , (Can ,s)).

An actor a may publish a service to a known information center, who might be a
web services registry, or simply another actor, who has knowledge on capabilities,
requests, knowledge on other unknown actors, with the intention of knowing relevant
information of promoting a service. A direct effect of this publication action is that
the publisher believes that the receiver of the message will know about his capability
on this service.

(8) Service Advertising
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Actor (a) N Service (s) N Can ,s = tell (a, Can ,s, all) N Know , (Know , (Can
alt S))-

An actor @ may broadcast an advertisement of a service with the intention of
obtaining relevant information of promoting a service. A direct effect of this
publication action is that the publisher believes that the receiver of the message will
know about his capability on this service.

Rule 2.5: Knowledge Update Rule  4=i%545 & F 4731
1 xe RU CU KU B, Actor (a) N Actor (b) A tell (a, x, b)) = Know , Know , x.

An actor will update his Knowledge when receive a message about a requirement,
a capability, a piece of knowledge, or belief. A direct effect of this action is that the
receiver of the message will know about the relevant information .

Rule 2.6 Knowledge Contradiction Resolution Rule 4#i%7 R 5 F & ¥ AN

(1) No Contradiction: Actor (a) N Actor (b)N Know , (Know , x) N no

Know , not x = Know, x.
(2) Ignore: Actor (a) N Actor (b)N Know , (Know ,x) N Know ,notx = B
/ {Know, x, Know , not x .

(3) Ask public opinion about a contradicting knowledge

Actor (a) N Actor (b)N Know , (Know ,x) N Know , not x = tell (b, not x,

all).

(4) Confirm with the sender about a contradicting knowledge:

Actor (a) N Actor (b)~ Belief , (Belief , x) ~ Belief , not x = tell (b, not x,

a).

(5) Accept the sender’s knowledge although contradicting:

Actor (a) N Actor (b)N Know , (Know ,x) N Know , not x = Know x.

Rule 2.7: Service Agreement / Delegation Rule fR %445 £3e8L0)
Actor (a) N Actor (b) N Service (s) N Requires ,s N Know, (Can s) A tell (b, s,
a) = delegate (a, s, b).

A service agreement is established when an actor a has a requirement, and he
believes that another actor b could provide the service, and also receives a message
from b about his capability regarding the service. A direct effect of a service
agreement is a delegation action.

Rule 2.8: Reciprocal Dependency Rule 3t AR 430N
Actor (@) N Actor (b) N Service (s) N delegate (a, s, b) N delegate (b, s’, a) =
Requires , s (for a).

A delegation will take effect to the delegatee only if he believes that it is
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reciprocal. That is, he also needs exchange-services from the requestor. In real world
case, general exchange for services could be payment, social benefits, etc.
Rule 2.9: Capability Propagation Through Delegation AR#8& 77 3AA)

Actor (a) N Actor (b) N Service (s) N delegate (a, s, b) N Perform ,s = Can ,
S.

A delegation will take effect to the delegator, only if the delegatee performs the
service provisioning procedure. That is, if a delegatee does not deliver the expected
services, the fulfillment of the delegator’s service request is problematic.

The reasoning procedure to be applied to a service situation SC =<4, R, C, K > is to
find a sequence made up of links (k) applied to SC such that for each Requires, s—
Can, s.

The rules listed above build the basic reasoning structure for the proposed
formalism. By pursuing further about usage of quality attributes, other service
composition/decomposition rules, formal models with richer expressiveness can be
built, and analyzed. For instance, by explicitly representing quality requirements, we
will be able to reason about how quality requirements can be used in service selection.
By considering scenarios that actor tells false capabilities, knowledge, and beliefs out

of malicious intent, we will be able to model trust issues in the service world.

3.2 RIS AR 34

A world of two persons: A Simple Direct Service model

In a world of two persons, we assume that there is no third party and zero advance
knowledge is available to either side of services. Conducting analysis to such models
is to find another actor through whom the required services of an actor can be
accomplished through delegation . The basic assumption is that a capable and trusted
actor can be depended on for the fulfillment of a service request an actor has. The
model shows the reasoning procedures of the two actors regarding a service situation
SCyy:

In a physical world, knowledge about the participants of a service relationship can
be obtained easily, for instance, Friday sees Robinson growing crops; so he believes
that Robinson has the capability of providing food to him. Such scenario works fine in
a closed world where people can meet face-to-face easily. However, when we come to
an open world where direct observation and past experience are not available, how do
we build a relationship between the service requestor and the service provider? What

new problem do we need to deal with? Assume that now Robinson and Friday come
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to the digital civilization, and get online, and assume their needs and capabilities

remain the same.

A World with Deception: A Service Model on Trust

The publication rules set given in Rule 2.4 is based on an assumption that the
actors in the system are telling the truth, but this may not be the case in the real world.
Assume that there is an actor who lies about his capability to obtain another actor’s
service. We may extend the framework with action rules such as the following:

Publish false capability:

Actor (a) N Actor (b) N Service (s) N no Can ,s N Know ,( Requires ,s) =
tell (a, Can s, b).

The service situation can evolve into the one represented by the following
graphical model:

Establish black list:

Actor (a) N Actor (b) N Service (s) N delegate (a, s,b) N no perform ,s =
Know (a, not Can , s).

From this model we can see that the proposed formalism can be used to describe
different domain assumptions, operational rules in a service environment. By
analyzing the differences between systems showing desired properties, and those
allowing undesirable behaviors, a designer will be able to build mechanisms
reflecting the right control schema.

A World with Circle of Trust: Service Selection based-on Community Feedback

As mentioned in the previous section, in an open environment, direct knowledge
about others actor is very hard to obtain. And sometimes, beliefs about another actor’s
trustworthiness on providing a service are not two value black-or-white assertions, but
vectors using discrete values to represent varying levels of confidence. For instance,
we may adopt a trust scoring schema to quantify the confidence level of beliefs
circulated within the service network.

i. Atthe beginning, the trust level of all actors and beliefs is 0.

ii. Whenever an actor successfully delivers a service, its trust level to the service user
will be increased by 1.
iii. When an actor fails to deliver a delegated service, its trust level will be decreased

by 5 or to —1 whichever is higher.
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iv. Whenever an actor recommends a provider who delivers a service successfully, its

trust level to the service requestor will be increased by 1.

v. Whenever an actor recommends a provider who fails to deliver a service, its trust

level to the service requestor will be decreased by 1.

vi. The confidence level of a recommendation is based on the recommender’s
confidence to the content, and the recommender ’s confidence level to the

receiver of the recommendation.

Naturally, we may consider defining a function of each of the beliefs in B of a

service situation SC, whose domain is A U B, with range being Integer:

Rule 2.10: Trust Function Management Rules
1. Setinitial Trust value between actors (in response to rule (i) above):
Actor (a) N Actor (b) N no Belief ,b = f(a, b) =0
2. Compute Trust value of a received recommendation (in response to rule (vi)
above):
1 xe RU CU KU B, Actor (a) N Actor (b) A tell (a, x, b) = f(b, x) =f(b, a)
X fla, x).
d xe RU CYU KU B, Actor (a) N Actor (b) N tell (a, x, b) N Belief , x =
S (b,x) =f(b,x) x fib,a) x fla, x).
3. Compute Trust after a service (in response to rule (ii, iii, iv, v) above):
Actor (a) N Actor (b) N Service (s) N delegate (a, s, b) N perform , s for a
= f"(a, Can, s) =f(a, Can, s) +1 .
d xe RU CU KU B, Actor (a) N Actor (b) A tell (a, x, b) N no Perform ;s
fora = f (a, Can,s) =f(a, Cans) =5, if f(a, Can, s)>4;f (a, Canys) =-1
, otherwise.
Actor (a) N Actor (b) N Actor (x) N Service (s) N delegate (a, s, b ) A
perform , s fora A tell (x, Belief .Can ,s,a) = [ (a, x) =f(a, x) +1.
Actor (a) N Actor (b) N Actor (x) N Service (s) N delegate (a, s, b) N no
perform , s A tell (x, Belief .Can,s,a) = f (a,x)=f(a, x)- 1.
4. Select a service according to trust level:
Actor (a) N Actor (b) N Actor (x) N Service (s) N Requires , s N Belief ,
Can ,s N Belief ,Can s N tell (b, s,a) N f(a, Can,s) = f(a, Can.s) = 0
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= delegate (a, s, D).

2H XK
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AR R BEA4E, —RAR —ABARITHE£48, —ReLETeE43.
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Fast AR 691 F. We believe we can fly!

[ used to think that I could not go wrong
and life was nothing but that an awful song
but now I know the meaning of true love

I am leaning on the everlasting arms

if I can see it

then I can do it

I believe I can fly

I believe I can touch the sky

I think about it every night and day
spread my wings and fly away

I believe I can soar

I see me running through that open door

I believe I can fly
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if I just spread my wings

I can fly

I can fly

I can fly

Oh if I just spread my wings
I can fly

I can fly

FAI LA SOA #1749 B

7,00
2006 % 6 A 25 H
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