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A systems and method are proposed that address the task of
locating advertised services satisfying specific requirements
described by a service request, and ranking discovered ser-
vices so0 as to enable selection of best services among them.
Real life scenarios often involve services described with com-
plex pre- and post-conditions, and have Quality of Service
(QoS) associated with them. The proposed method and appa-
ratus support a unified matching of functional as well as
non-functional service properties: input-output, complex
constraints, and QoS. A novel service discovery and selection
algorithm can adaptively locate advertised services by per-
forming a flexible matching of the three service properties.
The algorithm is capable of returning partially matched ser-
vices should there be no exact match.
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METHODS AND SYSTEMS FOR SERVICE
DISCOVERY AND SELECTION

FIELD OF THE INVENTION

[0001] The present invention aims to provide methods and
systems for permitting a user who wishes to obtain a service
(a “service requester”), to obtain information relating to ser-
vices (“advertised services”) provided by service providers,
to enable a choice to be made from among the services offered
by the service providers.

BACKGROUND OF THE INVENTION

[0002] Thefield of Services Computing (SC) aims to utilize
services as the basic building blocks for the development of
distributed applications in heterogeneous environments. SC
envisions a world of cooperating services where application
components are assembled with little effort into a network of
services that can be loosely coupled to create flexible,
dynamic business processes and agile applications that may
span organizations and computing platforms. Services com-
puting enables efficient re-use of existing applications, and
agile design, development and customization of software and
applications based on changing customer requirements.
[0003] A standard service-oriented ecosystem comprises
service providers advertising services, and service requesters
describing requirements in order to locate the advertised ser-
vices. The service which is advertised by providers is called
an “advertised service” and the service which is described by
requester is called a “requested service”. This is a generic
formulation of service discovery encountered in several com-
puting paradigms. For example,

[0004] Internet Protocol Television (IPTV), which deals
with multimedia services delivered over IP based net-
works managed to provide the required level of quality
of'service and experience, security, interactivity and reli-
ability, involves IPTV services (such as linear TV, Video
on Demand (VoD), SMS, or e-mail) offered by IPTV
service providers. IPTV Service discovery is the process
of discovering them from a request provided through the
user’s input device (e.g. remote control).

[0005] In Cloud computing, cloud providers advertise
infrastructure, platform and software services, and the
service discovery problem involves the identification of
desired cloud service(s) that satisfies the user’s require-
ments such as hosting region, budget, job specifications,
etc.

[0006] When Web is the service delivery platform, ser-
vices providers include web sites that advertise their
product catalogues, provide shipping services, and in
general data and functional services accessible over the
web. Here, service discovery is a process to discover the
desired web services given a user need.

[0007] Rich and formal representations of services and
interactions are required for principled selection of services,
context-aware analysis and satisfaction of requests, as well as
dynamic interaction and negotiation with the service provid-
ers. Semantic Web Services (SWS) facilitate specialization
and generalization of service needs. Thus, a higher degree of
automation and more precise results can be achieved.

[0008] A service description includes information about
functional properties and non-functional properties. Func-
tional properties which refer to Input, Output, Precondition,
and Effect are usually known as IOPE. Input-Out (I0) defines
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the type of service, and it may do so in either specific or
general terms. Quality of Service which is known QoS is an
important part of non-functional properties. Functional prop-
erties and non-functional properties must be described in a
service description language. The service description lan-
guage defines the “concepts” by which the 10 and QoS are
described. “Constraints” are conditions that services need to
satisfy in order to be valid, and are expressions defined based
on the IO or QoS concepts. For example, a shipping company
requiring that it can “ship only to Asia” constitutes a con-
straint. Both the requested service and the advertised services
may have constraints.

[0009] Several description frameworks have been proposed
to meet this demand. In this document, for the sake of
example only, we adopt OWL-S as it is the most popular and
supported formalisms. Moreover, OWL-S is an open recom-
mendation which can be extended easily to fully support both
functional properties and non-functional properties and com-
plex constraints. However, the disclosure herein can readily
be adapted to other protocols.

[0010] In a service-oriented ecosystem, publishing, bind-
ing, and discovering and selecting services are important
tasks. Among them, discovering and selecting services are
fundamental tasks that involve the processes of finding adver-
tised services satisfying specific requirements and selecting
the most suitable services among the service to be found.
Many service discovery and selection systems have been
proposed to meet the demand. However, the majority of cur-
rent systems are based on input and output of the requested
service and the advertised services. Obviously, these systems
have limitations as input and output are only a part of the
services. Some systems have included constraints but the
constraints which they support are primitive. A few recent
systems support QoS matching in addition to IO. These sys-
tems also cannot support complex constraints. A system was
proposed that attempts to combine 1O, Constraints, and QoS
matching but it is limited to exact match. Moreover, these
systems do not consider ranking of the discovered services.
Several service ranking systems have been proposed but they
mainly support IO. Some systems discuss QoS but no system
focuses on Constraints.

[0011] The document “Semantic Matching of Web Ser-
vices Capabilities”, ISWC 2002 describes I/0 matching only.
[0012] The document ““A Semantic QoS-Aware Discovery
Framework for Web Services”, 2008 IEEE ICWS, describes
QoS matching, but not flexibly (i.e. it considers only exact
matches), and does not describe 10.

[0013] The document “Automated Semantic Web Service
Discovery with OWLS-MX”. AAMAS 2006, describes
matching based solely on IO, with no handling of constraints
or QOS matching.

[0014] The present inventors published an article “OWL-S
Based Semantic Cloud Service Broker”, ISWC 2012, after
the priority date of the present application. This described
constraint-matching in the cloud computing domain, but did
not consider IO matching or Qos matching.

[0015] The article “Requirements for QoS-Based Web Ser-
vice Description and Discovery” in IEEE TRANSACTIONS
ON SERVICES COMPUTING, VOL. 2, NO. 4, OCTOBER-
DECEMBER 2009, describes flexible QoS matching, but
does not consider /O, or complex constraints.

[0016] Thearticle “A Framework for Dynamic Service Dis-
covery”, the 23rd IEEE/ACM International Conference on
Automated Software Engineering (ASE 2008), discloses a
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framework for web services discovery. It supports IO match-
ing, simple constraint matching, and takes certain account of
context and user behavior, but does not support Qos match-
ing.

SUMMARY OF THE INVENTION

[0017] The present invention aims to provide new and use-
ful methods and systems for service discovery and selection.
[0018] A first aspect of the present invention is a method for
suggesting a plurality of services to a user, the user being
associated with a service request S, specified by a request
dataset and defining request requirements of a service
requested by the user, the request dataset including input-
output (IO) data specifying the inputs and outputs of func-
tions describing the requested service, constraint data defin-
ing constraints on the requested service, and quality of service
(QoS) data defining QoS properties of the requested service,
the method using a database of advertised services, each
advertised service being associated with a service profile
including IO data specifying inputs and outputs of functions
describing the advertised service, constraint data defining
properties of the advertised service, and QoS data defining
QoS properties of the advertised service;

[0019] the method including:

[0020] (a) a service discovery step of comparing the
advertised services with the service request, to deter-
mine the degree of matching of the IO data, constraint
data and QoS data of the request dataset with the corre-
sponding data of the advertised services, and thereby
discover services consistent with at least some portion of
the request dataset; and

[0021] (b) a service selection step of:

[0022] (i) for each discovered service, using the deter-
mined degree of matching of at least the constraint data
and QoS data of the request dataset and the correspond-
ing data of the discovered service, to form a numerical
compliance measure (Simg,,,,..) of the compliance of
the discovered service with the request dataset; and

[0023] (ii) ranking the discovered services using the
numerical compliance measure,

[0024] (c) a step of presenting the user with the one or
more most-highly ranked discovered services, whereby
the user can select one of the discovered services.

[0025] The invention makes possible a discovery and selec-
tion system to overcome the limitations of the current sys-
tems. Preferred embodiments support a unified matching of
functional as well as non-functional service properties: input-
output, complex constraints, and QoS. Moreover, the system
aims to rank the discovered services and then choose the best
matched services.

[0026] Theinvention further makes possible anovel service
discovery and selection algorithm that can adaptively locate
advertised services by performing a flexible matching of the
three service properties. The algorithm is preferably capable
of returning partially matched services should there be no
exact match.

[0027] Preferred embodiments of the invention have the
following four major contributions:

[0028] The system covers all 10, Constraints, and QoS
properties of the services and providing requester aman-
ner to express their expected results flexibly.

[0029] A novel approach for QoS matching is proposed
to match QoS of the advertised service with QoS expec-
tation from requester flexibly.
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[0030] An atomic constraint is defined as one with only
one variable (concept at the lowest level of the ontology
hierarchy) and one comparative operation, such as
“Packages=2". Such a constraint cannot be broken
down into simpler constraints. By contrast, a complex
constraint is defined as a constraint which is a conjunc-
tion of atomic constraints (e.g. Packages=2 AND
Time<5 pm). The system supports matching based on
complex constraints as well as matching based on
atomic constraints.

[0031] The system is able to select the best services from
the discovered services based on a service ranking algo-
rithm by computing a combination of scores based on
the semantic matching levels.

[0032] Another important aspect of the invention it prefer-
ably includes ranking the advertised services using uses-
specific data, such as user profile, context data (describing the
context in which the service request was sent to the system,
e.g. from which country) and parameters extracted from user
behavior.

[0033] The invention may be expressed as a method, orasa
computer system (such as a server) for performing the
method, or as program instructions (software) stored in non-
transitory form for performance by a computer system to
cause the computer system to perform the method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] An embodiment of the invention will now be
described for the sake of example only with reference to the
following figures, in which:

[0035] FIG. 1 illustrates part of an ontology for use in the
embodiment of the invention, specifically the ontology relat-
ing to “American city”;

[0036] FIG. 2 illustrates five types of concept matching
recognized by the embodiment;

[0037] FIG. 3illustrates the overall structure of the embodi-
ment;

[0038] FIG. 4 operation of an embodiment using the SWRL
language;

[0039] FIG. 5 illustrates a QoS ontology used by the

embodiment; and

[0040] FIG. 6 illustrates in more detail part of the system of
FIG. 3.
DETAILED DESCRIPTION OF THE
EMBODIMENT
1. Problem Statement and Formalization
[0041] 1.1 Problem Statement Given a large advertised ser-

vices in a repository, service discovery and selection is a
process to locate or search for a suitable advertised services
that satisfy a requester’s requirement. Service discovery and
selection systems are based on input and output. Real-life
services comprise complex constraints (in terms of pre-con-
ditions and post-conditions), and QoS properties which must
be tackled in the discovery process.

1.1.1 Constraint Problem

[0042] Asdiscussed earlier, current discovery and selection
systems do not adequately support complex constraints
which are usually required in real world applications. This
limitation is caused by the current description languages
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which are often not expressive enough to support advanced
service descriptions that involve complex constraints.

[0043] For example, consider a shipping scenario where a
shipping provider offers a service to ship a package from one
place to another place. The service provider may have several
constraints on its service as follows: (1) Ships to Africa, North
America, Europe, and Asia; (2) Only packages weighing 50
Ibs or less are shipped; and (3) If the collected time is before
6 pm, then the shipping duration will be less than a day. Of
these, the first constraint can be described in the standard
ontology modeling the services. However, this is not true for
the second and the third constraints as the current ontology
languages do not support such complex constraints. Simi-
larly, the service requester may have similar sophisticated
constraints in the requests. So as to model real world sce-
narios, it is important to support such constraint descriptions
in current description languages. Subsequently, the service
discovery system must support matching service providers
and requester dynamically based on these constraints.

1.1.2 QoS Properties

[0044] After the discovery process, services that meet
requesters’ functional requirements must be able to be
located dynamically from a large and constantly changing
number of service providers based on their Quality of Service
(QoS). As aresult, using QoS criteria for service selection has
been an attracting topic. However, most existing approaches
only address some generic dimensions such as price, execu-
tion duration, availability and reliability. Such generic criteria
are insufficient in some applications. Thus, QoS model
should be extensible. Moreover, most of the current
approaches rely on service providers to advertise their QoS
information, which is subject to the providers. Obviously,
providers may advertise their QoS information in a biased
way which is beneficial to them. The embodiment uses a QoS
model which is extensible, and QoS information can be
advertised by providers, computed based on execution moni-
toring by the users, or collected via user feedback, depending
on the characteristics of each QoS criteria.

1.1.3 Semantic Matchmaking

[0045] It would be desirable for Service matching to be
more than just Exact or Fail. More fine-grained matching
types such as Subsume, Invert-subsume and Partial are pre-
ferred. While strategies to compute these for simple Input-
Output service matching situations are available, it is not
obvious to extend to more sophisticated scenarios, e.g.
involving complex constraints and QoS.

1.1.4 Context-Awareness and Adaptation

[0046] Service selection would preferably consider not
only the matching scores but also the user’s context, personal
profile, implicit preferences, etc to provide the best services.
Though explicit information such as user profile and context
are easy to exploit, extracting implicit user preferences is
non-trivial. It involves analyzing the recent history of service
invocations and mining for statistically significant patterns in
the user behavior, and making use of it in scoring services
together with other parameters.

1.2 Formalization

[0047] The embodiment assumes an ontology representa-
tion, i.e. the service requests and advertised services are
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described using service ontologies and domain ontologies.
The embodiment is explained using OWL-S ontology formal-
ism which is based on the W3C recommended OWL lan-
guage. OWL-S is a service description ontology based on the
W3C standard Web Ontology Language (OWL). It comprises
three main parts: Service Profile, which is for advertising and
discovering service capabilities; Service Process, which
gives a detailed description of a service’s operation; and
Service Grounding, which provides details on how to inter-
operate with a service, via messages. Generally speaking, the
OWL-S Service Profile provides both the functional and non-
functional information needed for an agent to discover a
service, while the OWL-S Service Process and OWL-S Ser-
vice Grounding, taken together, provide enough information
for an agent to make use of a service, once found. In discovery
of services, the embodiment uses the OWL-S Service Profile.

Example 1

[0048] (Shipping Service Scenario): Consider a scenario
where several advertised shipping services oftfer to ship pack-
ages from one City to another City. A service requester
(“user’) is interested to find the best shipment service offer,
taking into consideration constraints, e.g. weight and loca-
tion. Suppose there are five advertised shipping services
namely, S, S,, S5, S,, and S;. A service request S, intends to
discover the most suitable advertised shipping service that
best satisfies its shipping requirements. For illustration, we
are interested in the weight of the package, the City where the
package is shipped to, and be able to meet QoS criteria includ-
ing time, cost, reliability, and availability of the services. In
short, a service specification has the following information.

[0049] Weight range of the package=[the smallest
weight, the biggest weight]. Weights of both requested
service and advertised service are assumed to be in
ranges. Weights for advertised services are in ranges
since these services can offer to ship packages with
different weights. Weights for requested services are
also in ranges since the requested service may want to
ship different packages with different weights to the
same location with the same QoS.

[0050] To City: The City that the package is shipped to.
In this illustration, we assume that the City could be:
American City, North American City, East American
City, and New York. When we say a service can ship to
the American City, North American City, or East Ameri-
can City, it means that it can ship to all the Cities which
belong to that City area.

[0051] QoS: {time, cost, reliability, and availability}.
QoS criteria are assumed to be measured in some stan-
dard units. The values of these criteria are also can be in
ranges, but for illustration, in the following example we
only use single values.

[0052] The following are the descriptions of five advertised
services:

Provider S;:

[0053] Weight of the package=[30,50]
[0054] To City: North American City
[0055] QoS: {3,3,3,3}

Provider S,:

[0056] Weight of the package=[10,100]
[0057] To City: North American City
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[0058] QoS:{2,2,4,4}

Provider S;:

[0059] Weight of the package=[35,45]
[0060] To City: New York
[0061] QoS:{2,2,4,4}

Provider S,:

[0062] Weight of the package=[20,40]
[0063] To City: East American City
[0064] QoS:{4,2,33}

Provider Ss:

[0065] Weight of the package=[10,20]
[0066] To City: East American City
[0067] QoS:{4,2,3,3}

Requested service S,:

[0068] Weight of the package=[30,50]
[0069] To City: New York
[0070] QoS: {3,3,3,3}
[0071] Definition 1 (Input/Output): An input ‘ing’ (or an

output ‘outs’) of a service S is a variable which represents a
required parameter to execute the service (or a result of the
execution). These variables are associated with ontology
classes. Input i (or output)) of a service S is denoted as in(i)s
(or out(J)s). A service includes a set of input IN (Vi,in(i)
€IN) and a set of output OUT (Vi out(j)),eOUT ).

Example 2

[0072] (Input/output): With the services described in the
shipping scenario in Example 1, input and output of the
services are:

[0073] Input: the City where the package is shipped to.
This is represented by a concept in the ‘American City’
ontology, which is illustrated in FIG. 1.

[0074] Output: The output confirms if the package is
shipped. This is represented by a ‘Confirmation’ concept
in a ‘Shipping’ ontology.

[0075] By designing the American City ontology as in FIG.
1, when saying a service that can ship to ‘American City’, it
means that the service can ship to all the Cities in ‘American
City’, which includes New York. Similarly, when saying that
a service that can ship to ‘North American City’ or * East
American City’, it means that this service can ship to all the
Cities in ‘North American City’ or * East American City’,

respectively.
[0076] Hence, we have five advertised shipping with input
and output:
[0077] S,(In: North American City; Out: Confirmation)
[0078] S,(In: North American City; Out: Confirmation)
[0079] S;(In: New York; Out: Confirmation)
[0080] S,(In: East American City; Out: Confirmation)
[0081] Ss(In: East American City; Out: Confirmation)

and requested shipping service S,:
[0082] Sr(In: New York; Out: Confirmation)

[0083] Definition 2 (Concept Matching):

[0084] Concept matching between a concept C, and a con-
cept C defines a term representing how similar between the
two concepts is. It takes the values Exact match, Subsume
match, Invert-Subsume match, Partial match, and Fail match.
These Jive values are illustrated in FIG. 2. Note that a concept
A is called “super class” of concept B in the ontological
hierarchy if A is a parent (ancestor) of B. Concept A is called
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a “direct” super class of concept B in the ontological hierar-
chy if concept A is a parent of concept B and concept A is one
level above B (for example, in FIG. 5, “QoS Business” is a
direct super class of “Cost”), and Concept A is called a “non-
direct” super classes of Concept B in the ontological hierar-
chy if A is a parent of B and A is more than one level above B
(for example in FIG. 5, “QoS Measurement” is an non-direct
super class of “Response™).

[0085] Exact match (Cg, Cp): two concepts Cp and C,
are called ‘Exact match’ if the two concepts are seman-
tically equivalent. In this case, the two concepts refer to
a concept in an ontology or two different concepts in an
ontology but having the ‘same as’ relation. This is the
most accurate match.

[0086] Subsumes match (Cy, Cp): Concept Cy is called
‘Subsumes match’ with concept C, if C, is a super class
of concept C. Concept Cy, is called ‘Subsumes match’
with concept C, if Cis a direct super class or an indirect
super class of concept Cy. In this case, concept C is
more generic than concept Cg. This matching is less
accurate than exact match.

[0087] Invert-Subsumes match (C, Cp): Concept Cy is
called ‘Invert-Subsumes match’ with concept C,if Cy is
a super class (direct or non-direct super class) of concept
Cp. Inthis case, concept Cy is more generic than concept
Cp. This is an invert-case of the subsume case.

[0088] Partial match (C, Cp): Concept Cy is called “Par-
tial match’ with concept C, if C, and G are in the same
ontology but sharing one or some super concepts (in
other words if one or more concepts exist which are
super classes of both C, and Cy) and C and C do not
have “disjoint’ relation.

[0089] Fail match (Cg, Cp): Concept Cy is called ‘Fail
match’ if they are not classified in the above cases. This
usually happens when the two concepts are in different
ontologies or two concepts are in the same ontology but
they do not share any super concept.

Example 3

[0090] (Concept Matching): The similarity values Exact
match, Subsume match, Invert-Subsume match, Partial
match, and Fail match are illustrated as follows with concepts
in ‘American City’ ontology. This is also input matching
between requested service S, and advertised services S,(i=
1,5).

[0091] Exact match (New York, N.Y.): The two concepts
are identical.

[0092] Subsumes match (New York, North American
City): Similarity between concepts North American
City and New York is subsumed since North American
City is super concept of concept New York. It means that
the advertised service can ship to all the Cities of Ameri-
can consisting of New York while the requested service
only need to ship to New York. This is similar with the
similarity between the pair (American City, North
American City) and the pair (American City, East
American City).

[0093] Invert-Subsumes match (North American City,
New York): Similarity between New York and North
American City is Invert-Subsumes match since New
York is a sub concept of North American City. It means
that the requested service wishes to ship package to
Cities in North American City including New York but
the advertised service can only ship to New York. This is
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similar with the similarity between the pair (North
American City, American City) and the pair (East
American City, American City).

[0094] Partial match (New York, East American City):
Similarity between concept New York and concept East
American City is Partial match since they share the same
root (American City). In this case, the two concepts
share similar properties which are inherited from con-
cept American City. This similarity is similar to the pair
(North American City, East American City) since they
match in some common Cities in the North East Ameri-
can.

[0095] Fail match (New York, Confirmation): Similarity
between concepts New York and

[0096] Confirmation is fail as the two concepts are from
different ontologies (‘American City’ ontology and ‘Ship-
ping’ ontology) and has no relation.

[0097] Definition 3 (Constraint): Letx be a service attribute
and y,.y,, and y, are its possible values. A constraint of a
service S, c(.,.) belongs to one of the following classes:

[0098] Atomic=: c(X,y,): X=VY,

[0099] Atomic>: c(X,y,): X2y,

[0100] Atomic<: c(X,y,): X=y,

[0101] Conjunction: c(X,y)=A=",_, ,c/(X,y,), Where
c,(.,.) is an atomic constraint and the symbol “ 1 > is used
to mean “AND”. c(x,y) is referred to as a complex con-
straint, in that it is defined based on more than one
atomic constraints, and is met if and only if all of the
atomic constraints are met.

[0102] Below we define a matching strategy for arriving at
a semantic matching of atomic constraints.

[0103] Definition 4 (Constraint Matching Strategy): Let
Ccx(Xz,Y2)EC and ¢ (X 5,y 5)€C 5 be two atomic constraints. A
constraint defines a term representing how c, satisfies c.
Constraint matching is defined as:

[0104] Exact match: constraint ¢ is called ‘exact match’
with constraint ¢, if and only if:

(cgreAtomic) A (cpeAtomic=) A Ve=vp)

[0105] Subsume match: constraint ¢, is called ‘subsume
matching’ with constraint ¢ if and only if:

(cgeAtomic=V creAtomic>) A (cpeAtomic>)
A r=yp)Y
(cgeAtomic=V creAtomic<) A (cpeAtomic<)
A r=yp)Y
(cxeAtomic>) " (cpeAtomic) /1 (yp=yp) VY
(creAtomic<) /| (cpeAtomic) /| (yp=yp)
[0106] The symbol “V * is used to mean “OR”.

[0107] Invert-subsume match: constraint c, is called

‘invert-subsume match’ with constraint ¢ if and only if:
(cgreAtomic=VY creAtomic>) A (cpeAtomic>)
A r=vp)Y
(cgreAtomic=V creAtomic<) A (cpeAtomic<)
A wr=ypY
(cgeAtomic>) /| (cpeAtomic=) /| (g =yp)V
(creAtomic<) A (CpeAtomic=) A p=yr)

[0108] Partial match: constraint c, is called ‘Partial
match’ with constraint ¢, if and only if:

(creAtomic<) A (cpeAtomic>) A pZya)VY
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(creAtomic>) A (cPeAtomic<)A VaZyp)

[0109] Fail match: constraint c, is failed to match with
constraint ¢, if they are not categorized in the above
matches.

Example 4

[0110] (Constraint matching): Consider the advertised ser-
vices described in Example 1 with different constraints on
weight:

[0111] S;: can ship only packages in which the weight is
from 30 kg to 50 kg.

[0112] S,: can ship only packages in which the weight is
from 10 kg to 100 kg.

[0113] S;: can ship only packages in which the weight is
above 35 kg to 45 kg.

[0114] S,: can ship only packages in which the weight is
above 20 kg to 40 kg.

[0115] S,: can ship only packages in which the weight is
above 10 kg to 20 kg.

[0116] And the requested service S, with constraints on the
weight.

[0117] S,: wants to ship packages in which the weight is
from 30 kg to 50 kg

[0118] The results of constraints matching are illustrated
follows:

[0119] Exact match(S,, S,): Both the services can ship
packages in which the weight is from 30 kg to 50 kg
[0120] Subsume match(S,, S,): The ranges of weight
that S, offers includes the ranges of weight S, asks.

[0121] Invert subsume(S,, S;): The ranges that S, asks
including the ranges that S, offers

[0122] Partial match(S,, S,): Both the services have
common parts: supporting packages for which the
weight is from 30 kg to 40 kg

[0123] Fail match(S,, Sy): S5 cannot ship any packages
that are requested by S,

[0124] Definition 5 (QoS): QoS is a set of criteria determin-
ing the quality of the service showing the degree of satisfac-
tion by users using the service. Let q,;, q;5, - -
criteria of service S. QoS of S is defined as:

., q,, beasetof

QoS(~{4:1. 2. - - -, Tim)

Criteria of QoS can be classified by Pos or Neg sets. Pos set
includes positive criteria in which the higher value, the better
the service. Neg set includes negative criteria in which the
higher value, the worse the service.

[0125] QoS of a requested service is represented as the
following with q;, qs, . ..
the criteria:

, q,, denoting the expected values of

QoSR)={q1. 92 - -» T}

[0126] QoS of a advertised service is represented as the
following with q',,q'», q',,, denoting the offered values of the
criteria:

QoS(P={q". 4% - - -, Tt

[0127] Definition 6 (QoS Matching): QoS Matching
between a service R and a service P defines a term represent-
ing how QoS of service P satisfies QoS of service R. It takes
values Exact match, Subsume match, Invert-Subsume match,
Partial match, and Fail match.

[0128] Exact match: Service P is called ‘exact match’
with service R if and only if
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(Vg:€QoS(R)3q'£QoS (P):q,=9") /| (Vg'£QoS(P),
39,€QoS(R):q;=q")

[0129] Subsume match: Service P is called ‘subsume
match’ with Service R if and only if:

((4:£Q0S(R),4" QoS (Pq;=q")

((g:,9)€Pos(QoS)V ((Vg,£QoS(R). 3’ QoS (P):
9'=)/1 (4:9')eNeg(QoS))
[0130] Invert-Subsume match: Service P is called
‘invert-subsume match’ with Service R if and only if:

((g:£QoS(R),A9"€QoS (P):q'=q,) A ((g59)ebos
(Qosy)vY

(Yg,£QoS(R).A¢"QoS(P):q:=4")/\ (4,9 eNeg
(QoS))

[0131] Partial match: Service P is called ‘Partial match’
with service R if and only if they are not Exact match,
Subsume match, Invert-Subsume match and

(39,:€Qo8(R),A9'€QoS(P):9,=9")

[0132] Fail match: service P fails to match with service R
if they are not categorized in the above matches.

Example 5

[0133] (QoS Matching): We consider services with the fol-
lowing QoS criteria: time, cost, reliability, and availability.
Hence, QoS(S)={time, cost, reliability, and availability}.
QoS of the service in Example 1 as follows:

[0134] QoS(S,)~{3.3.3.3}

[0135] Q0S(S,)~QoS(Ss)—{2.2,4.4}

[0136] QoS(S,)—QoS(Ss)—{4.2,2.4}

[0137] Andarequested service S, with QoS(S,)={3,3,3,3}.

[0138] QoS matching between the requested service S, and
the respective S,(i=1,5) is as follows:

[0139] EXactmatch(S,,S,): The criteria are exactly the
same.
[0140] Subsumematch(S,,S,): Time and cost are nega-

tive criteria, so the lesser the values, the better the QoS.
Conversely, for reliability, and availability, the greater
values, the better QoS. This match is similar to the pair
(S,.S;) since QoS(S,)=QoS(S;).

[0141] Partialmatch(S,,S,): Two criteria are satisfied
(cost and availability) and the two other criteria are not
satisfied (time, reliability). This match is similar to the
pair (S,S;) since QoS(S,) QoS(S;).

[0142] Definition 6 (Service): Given INy is a set of input
and OUT is a set of output of service S. C is an optional set
of constraints and QoS is an optional quality of the service.
Service S is represented as follows:

Ss=(INs,OUT}, C5,Q085)

[0143] With the definition, a requested service is repre-
sented as:

Sp=(INg,OUTg, Cr,QoSz)

[0144] And an advertised service is represented as:
Sp=(INp,OUTp,Cp,Qo8Sp)
[0145] Definition 7 (Service Matching): Matching between

a service request S, and a published service S can be any of
the following Jive types:
[0146] Exact match: S; exactly matches with S inall of
IN, OUT, C, and QoS.
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[0147] Subsume match: S matches with S, such that S,
INg ¢ INp, OUT, ¢ OUT,, Cp implies Cgz, and
QoS;<=QoS;.

[0148] Invert-subsume match: S matches with S, such
that S, IN, < IN,, OUT,=OUT,, C, implies Cp, and
QoS; =QoS,.

[0149] Partial match: S partially matches with S, such
that the match is not subsume or invert-subsume

[0150] Fail match: if the match cannot be categorized
under the above four matches.

[0151] Definition 8 (Semantic Matching Partial Order): Let
Y be a list (Exact, Subsume, Invert-Subsume, Partial, Fail).
We define a partial order on Y such that: Exact
match>>Subsume match>>Invert-Subsume match>>Partial
match>>Fail match.

[0152] By Definition 8, the embodiment can optionally let
the user specify a lower bound on the desired service match-
ing, and require that all services matching at least this type be
returned. For instance, if the user desires at least a subsume
match, the matched services should be either Exact or Sub-
sume. Later service selection can be invoked to rank them
suitably.

[0153] Definition 9 (User Preference): User Preference
(UP) is a tuple {UP,, UPcop, UPg,s), where the tuple
values respectively specify the lower bound on semantic
matching required for input, output, constraints and QoS.
UPo, UPcon UPg,s€{Exact, Subsume, Invert-subsume,
Partial, Fail}

[0154] UP is understood to be a parameter available during
the entire service discovery pipeline.

[0155] Definition 10 (Service discovery): Given a service
request SR=(INR, OUTR, CR, QoSR) and user preference
UP. Service Discovery is a process to identify all SP=(INP,
OUTP, CP, QoSP) such that.

[0156] (VIN,, 3JINg: ConceptMatching(IN,,INR))
zUP, )N (VOUT,,  JOUT,:  ConceptMatching
(OUT,,0UT)ZUP )

[0157] (VCg  dCp:  ConstraintMatching(Cx,Cp))
A(VCp, AC,: ConstraintMatching(C,,Cp)))

[0158] QoSMatching(QoS(R),QoS(P)=ZUP,,, ¢

Example 6

[0159] (Service discovery): Assume that advertised service
repository ResP of the embodiment is includes five services
S1, 85, S5, S,, and S5 as mentioned in Example 1. A requester
wishes to search for provided services that satisfy that
requirement S,. Moreover, the requester also wishes to filter
the results in that he/she only wants the advertised services
that match the request Inver-Subsume, so UP=Inver-Sub-
sume. The matching occurs as follows and the matching
results of 1O, Constraints, and QoS are used from Example 3,
Example 4, and Example 5, respectively:

[0160] ForS;:

[0161] IO matching: Exact match

[0162] Constraint matching: Exact match

[0163] QoS matching: Exact match

[0164] = Service matching: Exact match
[0165] ForS,:

[0166] IO matching: Subsume match

[0167] Constraint matching: Subsume match

[0168] QoS matching: Subsume match

[0169] = Service matching: Subsume match
[0170] ForS;:

[0171] IO matching: Invert-Subsume match
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[0172] Constraint matching: Invert-Subsume match

[0173] QoS matching: Subsume match

[0174] = Service matching: Invert-Subsume match
[0175] ForS,:

[0176] IO matching: Partial match

[0177] Constraint matching: Partial match

[0178] QoS matching: Partial match

[0179] = Service matching: Fail match. The result of

service matching is ‘Fail match’ because the UP is
Invert-Subsume which is greater than Partial match logi-

cally.
[0180] For Ss:
[0181] IO matching: Fail match
[0182] Constraint matching: Fail match
[0183] QoS matching: Partial match
[0184] o Service matching: Fail match
[0185] In short, the advertised services that satisfy user

requirements (requested service and UP) are S1, S2, and S3.
[0186] Definition 11 (Service Selection): Given a list of
D=(S,M), and a tuple T=(UserProfile, UserCon,DLog),
where S is a discovered service, M=(M;,Mcop,Mg,s) 1s a
set of matched levels for input, output, constraints, and QoS
respectively. UserProfile is a list capturing user’s personal
information. UserCon is a list capturing user’s context infor-
mation and DLog is a database of service logs. Service selec-
tion is a process that outputs a ranked list D* using a scoring
mechanism based on M and T.

2. System Architecture

[0187] The architecture of the embodiment is illustrated in
FIG. 3. A requester 1 sends a request to the embodiment 2.
The core of the framework of the embodiment is a service
discovery section 3 which includes three layers for discovery
services: 10 matching 31, Constraint matching 32, and QoS
matching 33; and a component 4 for service selection. The
results of a previous layer will be the input of the next layer.
Particularly, result of IO matching 31 which a set is of adver-
tised services will be the input of Constraint matching layer
32; the output of Constraint matching layer 32 will be the
input of QoS matching layer 33. The output of QoS matching
33 is alist of advertised services that satisfied 10, Constraints,
and QoS requirements. These services are passed to compo-
nent 4 to be ranked. The output of component 4, consisting of
advertised services are ranked, will be selected and returned
to the users.

[0188] IO matching 31: Match input and output of
requested service against advertised service, respec-
tively.

[0189] Constraint matching 32: Resolve constraints of
requested service against constraints advertised services
and vice versa.

[0190] QoS matching 33: Match QoS of advertised ser-
vices with QoS expectation from requester.

[0191] Service selection 4: Choose the best discovered
advertised service(s) returned by the above three layers.

[0192] The service selection discovery section 3 makes use
of'data relating to 10, constraint, and QoS stored in a database
5. This data describes advertised services offered by one or
more providers (FIG. 3 shows, for example, three such pro-
viders labeled Provider 1, Provider 2 and Provider 3, but there
may any number of providers), and supplied by them into the
database 5. The database 5 has a first section (“semantic
service repository”) which receives this data, and a second
section (“domain ontologies™) for storing the data in the
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ontology format used by the system. A conversion system is
provided to transfer data from the semantic service repository
to the domain ontology section of the database 5. As
described in more detail below with reference to FIG. 6, the
service selection component 4 has access to three databases
61: a database of explicit information, a database of context
information and a database of implicit information. The con-
tents of the explicit information database and context infor-
mation database are received directly from one or more users,
one of whom is the same person as the Requester. The two
databases collectively store the data referred to as UserProfile
below. The implicit information is information collected
automatically from each user’s service log, and the database
of implicit information is storing the information referred to
as DLog below. The task of populating the databases 61 is
performed by a component 62. The operation of the units 4,
61 and 62 is described below in more detail in relation to FIG.
6. The system algorithm is presented in detail in Section 3.

3. Service Discovery and Selection Algorithm

3.1 Overall Algorithm

[0193] The embodiment’s discovery and selection algo-
rithm is presented as in Algorithm 1. The algorithm includes
three layers which are three filters to select advertised ser-
vices. The Requester 1 is able to give User Preferences (UP)
defined in Section 1 for the IO matching layer 31 and QoS
matching layer 33. The UP are typically minimum values for
concepts defined in terms of numbers, which must be satisfied
for the service to be accepted by a requester. Together the UP
define a request dataset, made up of a plurality of concepts.

[0194] The algorithm starts with the first matchmaking step
IOMatching(R,P) performed by the IO matching layer 31
which matches input and output of the requested service and
advertised service, respectively. This matching layer 31 is
presented in detail in Section 3.2. Only advertised services
satisfying the matching layer 31 will come to the second layer

[0195] ConstrainMatching(R,P) is performed the second
layer 32 which resolves constraints of advertised services and
requested service, respectively. Details of this layer are pre-
sented in Section 3.3. Only advertised services satisfying the
second layer 32 will come to the third layer 33.

[0196] QoS matching is performed by the third layer 33
which compares QoS value of the advertised service with
QoS expectation of the requested service. This layer is pre-
sented in detail in Section 3.4. Advertised services which
satisfy QoS Matching will be returned to the requester. The
last component 4, which performed Service Selection, will be
presented in Section 3.5.

Algorithm 1 ServiceDiscoverySelection: Search for advertised
services P in repository ResP that satisfy a given request R;
return a set of advertised services satisfying the request R

function ServiceDiscoverySelection(Request
R, Repository ResP)
result;, =©
resulte,, =0
resultQoS = ©
result = ©
// Performing IO matching
for all P € ResP
if IOMatching(R, P) then

CoRar ke
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-continued
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-continued

Algorithm 1 ServiceDiscoverySelection: Search for advertised
services P in repository ResP that satisfy a given request R;
return a set of advertised services satisfying the request R

10: result;,:= result;, U P
11: end if

12: end for

13: // Constraint matching

14: ResP = result,,

15: for all PE ResP

16: if ConstraintMatching(R,P) then
17: result e, = results,, U P
18: end if

19: end for

20: // QoS matching

21: ResP = resultc,,

22: for all P € ResP

23: if QoSMatching(R,P) then
24: resultg,si= resultg,s U P
25: end if

26: end for

27: result = ServiceSelection(resultg,s)

28: return result

end function

3.2 10 Matching Layer

3.2.1 10 Matching Description

[0197] IO matching is a process to check if inputs and
outputs of an advertised service are matched against inputs
and outputs of a requested service, respectively. In input
matching, we consider how inputs of requested service satisfy
inputs of advertised service as inputs of the advertised ser-
vices are more important to the provider. The service can be
invoked only if inputs of the advertised services are satisfied.
On the other hand, in output matching, we consider how
outputs of advertised services satisfy outputs of requested
service as outputs are more important to the requesters. Input
and output of a service are concepts in ontologies. Input
matching (or output matching) is a process to compute the
semantic matching between concepts representing inputs (or
output) of requested service and inputs (or output) of adver-
tised services. The Semantic Matching could be Exact match,
Subsume match, Invert-subsume match, Partial match, and
Fail match as introduced in Definition 2 (Section 2).

3.2.2 10 Matching Algorithm

[0198] Algorithm 2 illustrates how IO matching occurs. We
use two flags: flagIN and flagOUT. FlagIN is used to check for
every input of advertised service must be satisfied by at least
an input of a requested service. If this condition is satisfied,
FlagIN will have a value TRUE; Otherwise, it has a value
FALSE. Similarly, FlagOUT is used to check for every output
of requested service must be satisfied by at least an output of
a advertised service. If this condition is satisfied, FlagOUT
will have a value TRUE; otherwise, it has a value FALSE.

Algorithm 2 (IOMatching): Check if inputs and outputs of advertised
services are matched against inputs and outputs of requested
service with given User Preferences UP.IN and UP.OUT; return
TRUE if they are matched, otherwise return FALSE

1: function IOMatching(Request R, Advertise
2: service P)
3: // Inputs Matching

Algorithm 2 (IOMatching): Check if inputs and outputs of advertised
services are matched against inputs and outputs of requested
service with given User Preferences UP.IN and UP.OUT; return
TRUE if they are matched, otherwise return FALSE

4 forall inp € INp
5: flagIN = FALSE
6: for all ing € INg
7: if ConceptMatching(inp,ing)=UP.IN the
8: flagIN = TRUE
9: end if
10: end for
11: if !flagIN then
12: return FALSE
13: end if
14: end for
15:
16: // Outputs Matching
17: for all outz € OUTR
18: flagOUT = FALSE
19: for all out, € Outp
20: if ConceptMatching(outg,outz)=UP.OU’
21: then flagOUT = TRUE
22: end if
23: end for
24: if 1flagOUT then
25: return FALSE
26: end if
27: end for
28: return TRUE

29: end function

[0199] IOMatching is the first layer 31 of the system algo-
rithm. After [OMatching, only advertised services have Simi-
larity Matching greater than UP.IN for input and UP.OUT for
output are returned. The results are used for the next layer:
constraint matching.

3.3 Constraint Matching Layer

3.3.1 Modeling Constraints

[0200] OWL-S provides a generic way of representing con-
dition expressions in Web services. A description is given at
http://www.ai.sri.com/daml/services/owl-s/1.2/generic/Ex-
pression.owl. It supports six languages and logics including
SWRL, SWRL-FOL, DRS, KIF, SPARQL and RDQL and
can be easily extended to support other logic expressions.
However, reasoning support over logic expressions embed-
ded in OWL-S is limited. In this paper, we take a different
approach whereby we model the pre-conditions and post-
conditions as constraints in the domain ontology. As proof of
concept, we adopt SWRL to model the constraints.

[0201] SWRL is a proposal for a Semantic Web rules-lan-
guage, combining sub-languages of the OWL Web Ontology
Language (OWL DL and Lite) with those of the Rule Markup
Language. Therefore, SWRL uses OWL axioms and enables
Horn-like rules to be combined with an OWL knowledge
base. SWRL rules are written as pairs of antecedent and
consequent. The antecedent is referred to as the body while
the consequent is referred to as the head. The body and head
include a conjunction of one or more atoms. Multiple atoms
are considered as a conjunction. Rules with conjunctive con-
sequents could be changed into multiple rules each with an
atomic consequent. A rule expresses the following meaning:
whenever the conditions specified in the antecedent hold,
then the conditions specified in the consequent must also
hold.

[0202] The syntax for SWRL extends the abstract syntax of
OWL which is not “human readable”. Therefore, in the fol-



US 2013/0173388 Al

lowing discussions, the rules will be given in a relatively
informal “human readable” form similar to that used in many
published works on rules. A rule, in this syntax, has the form:
“antecedent= consequent” where both antecedent and con-
sequent are conjunctions of atoms written al A ... A an.
[0203] Variables are indicated using the standard conven-
tion of prefixing them with a question mark (e.g., ?x). For
examples, using this syntax, a rule asserting that the compo-
sition of parent and brother properties implies the uncle prop-
erty would be written as: “parent(?x; ?y) brother(?y; ?z)
= uncle(?x; ?z)”.

[0204] For example, a SWRL rule expressing that if the
shipping requester expects to ship a package to the shipping
provider residing in the same country then the provider can
satisfy the requester is depicted in FIG. 4. Executing this rule
would have the effect of setting the ShippingProvider-
Matched property to Provider in the individual that satisfies
the rule, named Requester.

3.3.2 Algorithm for Constraints Matching
[0205]

Algorithm 3 (ConstraintMatching): Comparing constraint similarity
between a advertised service and a requested service with
UP.CON which is user expectation. Return TRUE if the similarity
is greater than UP.CON; Otherwise return FALSE.

1: function ConstraintMatching (R, P)
2: // decompose Type3 constraints
3: for all c(x,y) € Cg

if ¢ is Type3 then

4 decompose(c,Cgr)
5t end if
6: end for
7: forall (x,y") € Cp
8 if ¢’ is Type3 then
decompose(c',Cp)
9: end if
10: end for
11:
12: //Checking if Cp satisfies Cg
13: forallc € Cy
14: flagC = FALSE
forall¢' €Cp
15: if AtomicConstraintMatching(c,c') Z UP.CON then
16: flagC = TRUE
17: end if
end for
18: if 1flagC then
19: return FALSE
20: end if
21: end for
22: //Checking if Cg satisfies Cp
23: forall¢' €Cp
24: flagC' = FALSE
25: forall ¢ € Cg
26: if AtomicConstraintMatching(c',c) Z UP.CON then
flagC' = TRUE
27: end if
28: end for
29: if !flagC' then
30: return FALSE
31: end if
end for
return TRUE

end function

[0206] Algorithm 3 presents constraint matching algorithm
between constraints of requested service and constraints of
advertised service. The algorithm first decomposes Type3
constraints of both services P and R into atomic constraints as
only atomic constraints can be measured similarity. From
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there, C; and C, only contain atomic constraints. Next, the
algorithm checks if Cy satisfies C, and vice verse with a User
Reference UP.CON. This is done by using AtomicConstraint-
Matching which is Definition 4 (Section 2).

[0207] Constraint matching is the second phase of the dis-
covery system. The results of this layer 32, which is a set of
advertised services satisfying the requirement, will be used as
arepository input for the final matching layer. QoS matching,
which is the final matching layer 33, is as follows.

3.4 QoS Matching Layer

3.4.1 QoS Criteria

[0208] We describe our the embodiment’s QoS matching
algorithm through a proof-of-concept QoS model. FIG. 5
represents a sample QoS ontology with different criteria and
relationship. The ontology was created based on different
QoS criteria discussed by existing work. QoS includes two
types namely, QoS Business and QoS Runtime. QoS Busi-
ness refers to the measurement of criteria from a business
perspective. QoS Runtime refers to the measurement of cri-
teria that are related to the execution of a service. QoS can be
classified in a different manner based on its Qualitative and
Quantitative measurement.

[0209] QoS criteria are measurements via a Monitoring
process. Depending on particular criteria, the embodiment
may use different techniques of monitoring. The techniques
are message interception, probing, value collection, and user
feedback. For examples, Reputation is measured based on
average rating of user feedback; Reliability and Availability
are measured based on Probing through pinging the services;
Accessibility and Response time are measured based on mes-
sage interception; Cost is measured based on value collection.
[0210] Business quality includes three criteria: reputation,
regulatory, and cost. Reputation represents a trustworthiness
of a service; Regulatory represents a conformance with the
rules of standards technology; Cost represents a unit of
money that a service requestor needs to pay to invoke service.
Runtime quality includes five criteria: time, reliability, avail-
ability, accessibility, response and integrity. Reliability rep-
resents the ability of a service to be executed within a maxi-
mum expected time. Availability represents the probability of
service being executed at any given moment. Accessibility
represents the probability of the success rate or chance of a
successful service instantiation at a point in time. Response
time measures the expected delay between the moment when
a service operation is initiated and the time the operation
sends the results. Integrity refers to how a service operation
maintains the correctness of the interaction in respect to the
source.

3.4.2 QoS Matching Algorithm
[0211]

Algorithm 4 QoSMatching: Comparing QoS values of advertised
service and requested services with UP.QoS. Return TRUE
if the user satisfies; Otherwise return FALSE.

1: function QoSMatching(R, P)
2: if QoSSimilarity(R,P) = UP.QoS then
3: return FALSE
else
4: return TRUE
5: end if

end function
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[0212] The proposed QoS ontology has covered the major-
ity of aspects of QoS services which are emerging in current
literatures. However, it does not cover all aspects of QoS
service as different specific applications may require difterent
specific criteria. The embodiment’s system for handling QoS
is generic so it is straightforward to add new criteria.

[0213] Algorithm 4 presents the embodiment’s algorithm
for QoS matching. The algorithm uses Definition 5 QoSSimi-
larity(R,P) (Section 1) to define the matching value between
R and P. It then compares the value with UP.QoS, the User
Preference for QoS. The algorithm returns FALSE if the
matching value is lesser than UP.QoS otherwise returns
TRUE. The value is lesser than UP.QoS meaning that the QoS
value advertised is under the requester’s expectation. On the
other hand, if the value is greater than UP.QoS, it implies that
the QoS value advertised is better than the requester expec-
tation.

3.5 Service Selection

[0214] Service selection is a process of arriving at a list of
best discovered services. This is done by first scoring the
services and then ranking them. Our service selection com-
prises the following three steps:

[0215] Semantic Service Score Computation: This step
computes a score based on the matching levels associ-
ated with the discovered service.

[0216] User Profile Based Similarity Computation: This
step computes a score by comparing the discovered ser-
vice with the user profile, context and behavior analytics
computed from service logs.

[0217] Service Ranking: This step aggregates the two
scores and recommends the best services to the user.

[0218] The three steps are described in detail as follows.

3.5.1 Step 1: Semantic Service Score Computation

[0219] Among the service description returning by the dis-
covery process, we need to rank the services and then choose
the best services. The best advertised services are the services
that have the highest similarities to the requested service. The
similarities are computed based on 10, Constraint, and QoS
of the two services.

[0220] Let D is a list of discovered services for requested
service R. DieD is a discovered service in the list. Matching
between a request R and Di is measured based on three
matching components, namely, 1O, Constraint, and QoS. The
result of each matching component is a list of semantic val-
ues, namely, Exact match, Subsume match, Invert-Subsume
match, Partial match, and Fail match.

[0221] Forexample, IO matching considers concept match-
ing between each concept in R and concepts in Di as R and Di
consisting of several concepts representing inputs and out-
puts. These concepts matching will return a value in one of the
similarity values: Exact match, Subsume match, Invert-Sub-
sume match, Partial match, and Fail match. Therefore, after
10 matching, we will have a list of these similarity values.
This principle is also applied for Constraint matching and
QoS matching.

[0222] Let X is a matching component variable, X={10,
Con, QoS} representing 10 matching, Constraint matching,
and QoS matching. LetY is a number of semantic similarity
representing Exact, Subsume, Invert-Subsume, Partial, and
Fail. nyy, is a number of semantic similarity Y returned by
matching component X. Take 10 matching example, ng ., is
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the number of Exact; ng, is the number of Subsume; n;¢,
is number of Invert-Subsume; 0z, is the number of Partial;
and Ny, is the number of Fail. Semantic Similarity of 10
between R and Di is given as follow:

Simo(R, Di) =
nE(0) *SE + Rsyoy *Ss + oy =St + Rpyo) = Sp + REyo) * SF
RE(I0) + 1si0) + Riio) + RPyo) + REI0)
[0223] This principle can be also applied to Constraint and

QoS in the same manner. As a result, constraint similarity is
computed as follow:

Simcon(R, Di) =

RE(Con) *SE + Rs(Con) ¥ 55 + NiCony #S1 + RP(Cony # Sp + NLF(Con) ¥ SF

RE(Con) F 15(Con) + Ri(Con) + P(Con) + 1F(Con)

and QoS similarity is computed as follows:

Simges (R, Di) =

NEQos) *SE + Ns(Qos) *Ss + RiQos) *S1 + pgos) #Sp + ILF(Qos) *SF

1LE(Qos) + s(QoS) T 1iQos) T P(Qos) + ILF(Qos)

[0224] We need to convert the semantic values Exact, Sub-
sumes, Invert-subsume, Partial, and Fail into numeric values
so that we can compute the similarities:

[0225] Exact match=S.
[0226] Subsumes match=S¢
[0227] Invert Subsume match=S,
[0228] Partial match=S,
[0229] Fail match=S.
[0230] S, S, S, Sz, and Sy are numerical values given by

users but they usually must satisfy S.>S>S>S >S .
[0231] Finally, Simg,,,,..(R,Di) (Definition 10) which is
the similarity of requested service R and advertised services
Di is computed as follow:
SiMepice R DEY=W *Sim o R,Di) W, it ¢o(R, Di)+

W3 *Sim ,s(R,Di) O
where w,w,, and w, are weights given by user depending on
the importance of the component and w, +w,+w,=3.
[0232] After obtaining the Simg,,,,.. of all services in the
list of discovered services D, we need to perform a sorting
operation to sort the discovered services based on the Simg, -
vice. Top m services in the sorted list will be selected depend-
ing on the users and applications. These m services are used
by the next step to check how user should be interested in
them based on the user profile.

Example 7

[0233] (Semantic Service Score Computation): Consider
requested service S, and the five advertised services described
in Example 1. We compute Simg,,.,,... based on this Example.
[0234] Foreach pair (S,.S,), there is one input matching and
one output matching take into account. Input matching can be
varied from Exact match to Fail match but Output matching
only results in Exact matching since both the concepts refers
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to ‘Confirmation’ concept. Based on the results in Example 3,
Sim,,, is computed as follows:

X 2xSE
Simio(Sy, S1) = 7 = 1+Sg
X 1+Sg +1%Sg
Simio(Sy, S2) = — s
X 1+Sg +1=5;
Simjo(Sy, S3) = T E—
X 1+Sg+1=Sp
Simyo(Sy, Sa) = — s
X 1xSg+1=5SF
Simyo(Sy, S5) = —

[0235] Also, based on the results in Example 3, Sim.,,, is
computed as follows:

1xSg
Simcon(Sy, S1) = T = 1+Sg
1=Sg
Simcon(Sy, S2) = = 1S
X 18y
Simcon(Sy, S3) = =1=x5
. 1%Sp
Simcon(Sy, Sa) = T = 1+Sp
X 1+Sp
Simcon(Sy, S5) = =1=Sp

[0236] Again, based on the results in Example 3, Sim ¢ is
computed as follows:

1+Sg

Simgos(Sy S1) = T = 1+Sg
X 1xSs
Simgos(Sy S2) = T = L+Ss
X 1xSs
Simgos(Sy, S3) = T = L+Ss
. 1%Sp
Simgos(Sy, Sq) = T = 1+Sp
X 1+Sp
Simgos(Sy S5) = =1%Sp

1

[0237] Inserting these similarity components into the for-
mula (I) above for Simg,,,,..(R,Di), we have similarity
between S, and the advertised services as follows:

Simservice(Spr S1) =wy x L xS +wp s 12Sg + w3 x 1 +Sg

. 1+Sg + 1+Sg

Simservice(Sr, S2) = wy % — +wy a1 xSs +wsxlxSg
. 1S+ 15

Simgerice(Sr, 53) = wy = — +wy el =Sy +wyxlxSg
. 1S+ 1%Sp

Simservice(Sr, Sa) = wy % — +wyalxSp+wyxlaSp
. 1S+ 1%Sp

Simservice(Sr, S5) = wy % — +wyalaSE+wyxlxSp
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[0238] With the Simg,,, ;... 1S formed in Example 7. We now
compute the values of Simg,, ... and then rank the advertised
services. We assume that the matching component 10, Con-
straint, and QoS are equally important. So, we put the weight
for the three components as follows: w,=w,=w,;=1. We also
assume that S;=4, S;=3, S~2, S=1, S.=0.

Simservice(Sr, S1) = w2 1xSg +wy 1 2Sg + w1 %S¢
=(w +wp +w3)xSg
=3x4
=12

1+Sg +1%Sg

2
1x4+1%3
2

Sitservice Sy, S2) = wy twyxlaSstwsnl *ss)

+1lxl+3+1%1%3

=1=

=95

1xSg +1=S5)

2
1xd4+1%2
2

Simservice(Sr, S3) = wy % +wyal xSy +wsxlxSg

+1xlx2+4+1%1x3

1%Sg+1%Sp

2
1x4+1=1
[ el
2

Simservice(Sr, Sa) = wy % +wyalxSp +wyxlaSp

+1lxlxl+1lxlxl

=45

1+Sg +1+SF

2
14+ 10
2

Simservice(Sy, S5) = wy * +wyxlxSp+wyxl=Sp

+1xl+04+1x1x1

[0239] In short, the results are Simg,,,;..(S,.S,)=12, Sim-
Service(sri S2):955 SimService(Sris3):85 SimService(Sris4):4'55
and Simg,,,,.(S,.S5)=3. Therefore, the ranked list is as the
following descending order: S,,S,.S;,S,, and S5 since the
higher the service similarity values, the closer between the
request and advertised services. This means that S, S,,and S,
are the most suitable advertised service while S, and S, are
the least suitable one. However, among these three suitable
services, we need to choose the most suitable service in order
to send to the user. This can be done based on user profile
which contents information implying user’s interest.

3.5.2 Step 2: Context-Aware Adaptive Score Computation

[0240] After computing the service similarity, we will have
a list m of advertised services which highly match with user
requirement. However, it may be that the pairs of similarities
between the advertised services with the requested services
are the same or very much close. In these cases, it is hard to
decide which services should be sent to the users. Moreover,
user personal information including user registration infor-
mation, user context, and history of user behavior should be
taken into account in ranking the advertised services that
match with user’s requirement. We propose a system that
takes into account the user information to tackle this problem.
Architecture of the system is presented as FIG. 6. The system
includes three major components:
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[0241] User explicit information: Before using the sys-
tem, the user might need to register to the system, and
could provide personal information to the system. This
is recorded by unit 621.

[0242] Context awareness information: For example,
using GPS technology, the embodiment can detect the
user context information such as region, country, street,
etc. Other context information includes time and so on.
This is performed by unit 622.

[0243] User implicit information: When user uses the
system, the system can learn about user behavior and
understand more about the user. This is performed by
unit 623.

[0244] Among the three components, the unit 623 for min-
ing implicit information is the most difficult one to construct.
The unit 623 performs three steps to mine implicit informa-
tion from the user behavior:

[0245] Service Logging: The backend system may store
all information about the history of user behaviors
including what services they have chosen and what they
have been doing with the system.

[0246] Behavior Analysis: This step cleans the log since
the log data contains a lot of noise. It then analyses the
log to understand the user behavior.

[0247] Pattern Discovery: After analyzing the log, we
understand more about the user behavior and finally, we
have pattern of user behavior.

[0248] The unit 623 includes a behavior analysis module,
which performs the behavior analysis, and generates an out-
put to a pattern analysis module. It further includes a QoS
analysis module for extracting the QoS of the services the
user selects. The output of the QoS analysis module is passed
to a Service QoS Extraction unit which analyses those
selected services and generates service QoS information
describing them, and to a provider QoS Extraction unit which
analyses the QoS of the providers of those selected services
and generates provider QoS information describing them.
[0249] FIG. 6 shows how the output of the component 62 is
output to databases 61, from which it is available to a context-
aware adaptive scoring unit 42, which is one of the units of the
component 4 in FIG. 3. As shown in FIG. 6, the database 61
include an explicit information database for storing the infor-
mation output by the unit 621, a context information database
for storing data output by the unit 622, and an implicit infor-
mation database for storing information output by the unit
623. The implicit information database is further composed
of a behavior pattern database for storing information gener-
ated by the pattern discovery process, a Service QoS infor-
mation database for storing information obtained by the Ser-
vice QoS Extraction unit, and a Provider QoS information
database for storing information generated by the Provider
QoS Extraction unit. The context-aware adaptive scoring unit
42 also receives input from a semantic service similarity unit
41 of the service selection component 4. The output of the
context-aware adaptive scoring unit 42 is passed to a service
ranking unit of the service selection component 4 (not shown
in FIG. 6).

[0250] In the adaptive scoring unit 42, the embodiment
measures how a user is interested in a service (S) by comput-
ing the following five similarity scores:

[0251] 1. Matching with user registration information:
Simg, (Reg, S)

[0252] 2. Matching with user context information:
SimllSeVC‘O}’l (COH, S)
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[0253] 3. Matching with Pattern: Sim,,,,.,,, (Pattern,S)
[0254] 4. Matching with QoS of Service: Sim g0 ice
(QoSS, S)
[0255] 5. Matching with QoS of Provider: Sim g, sp,0vider
(QoSP. S)
[0256] The similarity score based on user profile (Sim,,») is
aggregated by the five score components
Simyp(UP,S)=wl *Simp(Reg, S)+w2 *Simc,,(Con,S)+
w3 *Simp,(Pat,S)+wa*Sim o,ss(Q0SS,S)+wS *Sim
QoSP(QoSES) an

where w,, w,, w;, w,, and ws are weights given by user
depending on the importance of the component and w, +w,+
W+W+Ws=1.

[0257] The five similarity scores are generic such that they
may be custom chosen based on the particular applications.
For example, for the Simg,,, it very much depends on what
application the embodiment is working on so it can exploit
information such as age, sex, nationality, and so on to com-
pute the similarity. However, the embodiment can compute
the similarity scores for Sim,,,, s and Sim,,, s since the infor-
mation to get these scores are much more independent.
[0258] The embodiment starts by computing Simg,gq;
Sim,,, s is computed in the similar manner. Assume that after
the semantic service scoring process, we choose top m ser-
vices with the highest similarities. Let D' is the database of the
m services. Siis one of m services in D', S'ieD'. After analysis
the user log, it is feasible to archive the services that have been
used in the past history and their corresponding trust degrees
which are QoS of the services. Assume that we have such n
services have been used in the past and their corresponding
QoS. Let DLog is the database of the n services. Sj is one of
n services in DLog, SjeDLog.

[0259] The embodiment measures how interested the user
is in the service Si based on how interested he/she was in the
service Sj in the past. In order to do that, the embodiment
checks if Si has been used or if a similar service has been use
in the past. Therefore, the embodiment measures the similar-
ity for each Si in D' with each Sj in Dlog. Since Si and Sj are
typical services as definition 6, the formula to compute the
similarity Score;; between Si and Sj is presented in formula
(D). For each Si, the embodiment finds the highest similarity
with each Sj and then compares the highest similarity with the
threshold which is a number to determine how ‘similarity’
between Si and Sj is considered.

TABLE 1

Adaptive QoS Scoring Illustration

S1 S2 S3 . Sn Matched QoS
S'1 Score;; Score, Score;, ... Score;, S'1 Q1
S2 Score,; Score, Score,; ... Score,, S'm Q3
S'3 Score;; Scores, Scores; ... Scores, S'3 Q3
S'm Score,,; Score,,> Score,,3 Score,,,, S'2 Qm
[0260] Table 1illustrates how the embodiment gets the QoS

for each service Sibased on the history of using service Sj. In
this example, Score,;, Score,,,,, Scores, and Score,,, are the
highest similar scores for S1, S2, S3, and Sm respectively and
these scores are greater than the threshold. The algorithm to
getthis Sim,, <15 presented in Algorithm 5. The output of the
system is an array of services in D' with a corresponding
scores. These scores will be used to compute the aggregative
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similarity based on formula (II). Algorithm to measure Sim-
oosp 18 carried out in the same manner.

Algorithm 5 Sim,,.: Computing Service Score for each
advertised Service Si in D' based on the list
of Services Sj in DLog and the corresponding QoS scores.

1: function Simg,sserice (D', DLog, threshold)
2: arrayService[m] = nil;
3: for each service Si in D' do
4: Score; =0;
5: ServiceMatched = nil;
6: for each service Sj in DLog do
7: Score,; = SimService(Si, Sj);
8: if (Score;; > Score;) and (Score;;> threshold) then
9: Score; = Scorey;
10: ServiceMatched = S;
11: end if
12: end for
13: arrayService[i].Score = Score;
14: end for
15: return arrayService[m];

16: end function

3.5.3 Step 3: Service Ranking

[0261] This step is performed by the service ranking unit of
the service selection component 4 in FIG. 3. The best service
which s sent to the user has the highest similarity based on the
above two similarities. Given R is the request; UP is user
profile information; and S is a service. The formula to mea-
sure the final similarity is as follows:

Sim(RUP,S)=wl *Simg,, ;. (R, S)+w2*Sim,p(UP,S) (I

where w, and w, are weights given by user depending on the
importance of the component and w, w,=1.

[0262] Based onthedescription in formula (III), the service
selection will chose the service with the highest value of
Sim(R,UP,S). The service selection algorithm is presented in
Algorithm 6.

Algorithm 6 ServiceSelection(R, UP, D): Computing Service
Score for each advertised Service Si in database D based
on requester R and user profile UP information.

1: function ServiceSelection(R,UP,D)
2: //D' is used to store a list of discovered services
3: for each service Si in D do
4: Score = SimService(R,Si);
5: D'[i].Service = Si;
6: D'[i].Scoreg,,., ;.. = Score;
7: end for
8: Sort(D' based on Score g, yice)
9: Get top m service in D’
10: for each service Si in D' do
11: D'[i].Scoreyp = 0;
12: for each service Sj in DLog do
13: Score,; = SimUP(Si, Sj);
14: if (Score;; > D'[i].Score») then
15: D'[i].Scoreyp = Scorey;
16: end if
17: end for
18: end for
19: for each service Si in D' do
20: D'[i].Score = w1*D'[i].Scores e + W2*D'[i].Scoreyp;
21: Sort(D' based on Score)
22: return top service in D';

23: end function
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1. A method for suggesting a plurality of services to a user,
the user being associated with a service request Sy specified
by a request dataset and defining request requirements of a
service requested by the user, the request dataset including
input-output (I0) data specitying the inputs and outputs of
functions describing the requested service, constraint data
defining constraints on the requested service, and quality of
service (QoS) data defining QoS properties of the requested
service,

the method using a database of advertised services, each
advertised service being associated with a service profile
including 1O data specifying the inputs and outputs of
functions describing the advertised service, constraint
data defining properties of the advertised service, and
QoS data defining QoS properties of the advertised ser-
vice;

the method comprising:

(a) a service discovery operation of comparing the adver-
tised services with the service request, to determine the
degree of matching of the 10 data, constraint data and
QoS data of the request dataset with the corresponding
data of the advertised services, and thereby discover
advertised services consistent with at least some portion
of the request dataset; and

(b) a service selection operation of:

(1) for each discovered service, using the determined
degree of matching of at least the constraint data and
QoS data of the request dataset and the corresponding
data of'the discovered service, to form a numerical com-
pliance measure (Simg,,,,.,) of the compliance of the
discovered service with the request dataset; and

(i) ranking the discovered services using the numerical
compliance measure,

(c) an operation of presenting the user with the one or more
most-highly ranked discovered services, whereby the
user can select one of the discovered services.

2. The method of claim 1 in which the operation of deter-
mining the degree of matching of the IO data, constraint data
and QoS data of the request dataset with the corresponding
data of the advertised services comprises, for each of a plu-
rality of elements of the data, identifying which of at least
three categories the relationship between the element of the
request dataset and the corresponding element of the service
profile of the advertised service falls into.

3. The method of claim 2 in which each of the categories is
associated with a numerical value, and the numerical compli-
ance measure for each discovered serviced is formed as a
weighted sum of the numerical values associated with the
determined categories.

4. The method of claim 2 in which during the service
selection operation the numerical compliance measure is cal-
culated in respect of each of the discovered services, and in
respect of at least one some of the IO data, at least some of the
constraint data and at least some of the QoS data of the request
dataset.

5. The method of claim 2 in which each said category is
selected from a group comprising:

(1) an exact match category, if the corresponding data of the

request dataset and advertised service are identical;

(i1) a subsume match category, for which the discovered
service provides a super-set of the request requirements;

(iiii) an invert-subsume match category, for which the dis-
covered service provides a subset of the request require-
ments;
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(iv) a partial match category, for which the discovered
service has properties which overlap with the request
requirements; and

(v) a fail match category, for which the discovered service
has properties which do not overlap with the request
requirements.

6. The method of claim 2 in which the plurality of service
profiles are defined using a common ontology based on con-
cepts, at least one of said constraints of the service request
being a complex constraint which is defined by a plurality of
the atomic constraints defined based on a single one of said
concepts.

7. The method of claim 2 in which the service discovery
operation is defined based on input from the user which
defines which of said matching categories are regarded as
indicating that advertised services are consistent with said
portion of the request dataset.

8. The method of claim 1 in which said ranking operation
further employs data specific to the user.

9. The method of claim 8 in which in operation of ranking
the discovered services is performed based on a measure
which is a weighted sum of said numerical compliance mea-
sure Simg,,,,.., and a user-specific numerical compliance
measure Simg .

10. The method of claim 8 in which the data specific to the
user comprises preference data supplied by the user during a
user registration procedure prior to the reception of the ser-
vice request, the method comprising calculating said user-
specific numerical compliance measure Sim,, using a
parameter Simg,, describing similarity between an adver-
tised service and the preference data.

11. The method of claim 8 in which the data specific to the
user comprises context data relating to how the user submit-
ted the service request, the method comprising calculating
said user-specific numerical compliance measure Simg,
using a parameter Sim,, .., describing similarity between
an advertised service and the context data.

12. The method of claim 8 in which the data specific to the
user comprises data generated from previous usage of the
method by the user.

13. The method of claim 12 in which the data generated
from previous usage of the method is subject to a behaviour
pattern discovery algorithm to identify a pattern of usage, the
method comprising calculating said user-specific numerical
compliance measure Sim,,, using a parameter Simg,,,.,,
describing similarity between an advertised service and the
pattern.

14. The method of claim 12 in which the data generated
from previous usage of the method is subject to a quality of
service analysis to identify QoS features of advertised ser-
vices previously selected by a user, the method comprising
calculating said user-specific numerical compliance measure
Sim,» using a parameter Sim g, sg, . describing similarity
between an advertised service and the identified QoS fea-
tures.

15. The method of claim 12 in which the data generated
from previous usage of the method is subject to a quality of
service analysis to identify QoS features of providers of
advertised services previously selected by a user, the method
comprising calculating said user-specific numerical compli-
ance measure Sim,, using a parameter Simg,ssprovider
describing similarity between a provider of an advertised
service and the identified QoS features.
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16. The method of claim 1 in which said service discovery
operation comprises an operation of filtering said advertised
services using the input-output (I0) data of the request
dataset, followed by an operation of filtering said advertised
services using said constraint data of the request dataset,
followed by an operation of filtering said advertised services
using said quality of service (QoS) data of the request dataset.

17. An apparatus for suggesting a plurality of services to a
user, the user being associated with a service request S,
specified by a request dataset and defining request require-
ments of a service requested by the user, the request dataset
including input-output (10) data specifying the inputs and
outputs of functions describing the requested service, con-
straints which are data defining constraints on the requested
service, and quality of service (QoS) data defining QoS prop-
erties of the requested service,

the apparatus comprising:

a database of advertised services, each advertised service
being associated with a service profile including 1O data
specifying the inputs and outputs of functions describing
the advertised service, constraint data defining proper-
ties of the advertised service, QoS data defining QoS
properties of the advertised service;

a processor; and

a data storage device for storing computer instructions
operative, when performed by the processor to cause the
processor to perform:

(a) a service discovery operation of comparing the adver-
tised services with the service request, to determine the
degree of matching of the 10 data, constraint data and
QoS data of the request dataset with the corresponding
data of the advertised services, and thereby discover
advertised services consistent with at least a portion of
the request dataset; and

(b) a service selection operation of:

(1) for each discovered service, using the determined
degree of matching of at least the constraint data and
QoS data of the request dataset and the corresponding
data of'the discovered service, to form a numerical com-
pliance measure (Simg,,,,..) of the compliance of the
discovered service with the request dataset; and

(i) ranking the discovered services using the numerical
compliance measure,

(c) an operation of presenting the user with the one or more
most-highly ranked discovered services, whereby the
user can select one of the discovered services.

18. The apparatus of claim 17 in which the operation of
determining the degree of matching of the IO data, constraint
data and QoS data of the request dataset with the correspond-
ing data of the advertised services comprises, for each of a
plurality of elements of the data, identifying which of at least
three categories the relationship between the element of the
request dataset and the corresponding element of the service
profile of the advertised service falls into.

19. The apparatus of claim 18 in which each of the catego-
ries is associated with a numerical value, and the numerical
compliance measure for each discovered serviced is formed
as a weighted sum of the numerical values associated with the
determined categories.

20. The apparatus of claim 18 in which during the service
selection operation the numerical compliance measure is cal-
culated in respect of each of the discovered services, and in
respect of at least one some of the IO data, at least some of the
constraint data and at least some of the QoS.
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21. The apparatus of claim 18 in which a said category is
selected from a group comprising:

(1) an exact match category, if the corresponding data of the

request dataset and advertised service are identical;

(ii) a subsume match category, for which the discovered
service provides a super-set of the request requirements;

(iiii) an invert-subsume match category, for which the dis-
covered service provides a subset of the request require-
ments;

(iv) a partial match category, for which the discovered
service has properties which overlap with the request
requirements; and

(v) a fail match category, for which the discovered service
has properties which do not overlap with the request
requirements.

22. The apparatus of claim 18 in which the plurality of
service profiles are defined using a common ontology based
on concepts, at least one of said constraints of the service
request being a complex constraint which is defined by a
plurality of the atomic constraints defined based on a single
one of said concepts.

23. The apparatus of claim 18 in which the service discov-
ery operation is defined based on input from the user which
defines which of said matching categories are regarded as
indicating that advertised services are consistent with said
portion of the request dataset.

24. The apparatus of claim 17 in which said ranking opera-
tion further employs data specific to the user.

25. The apparatus of claim 24 in which in operation of
ranking the discovered services is performed based on a mea-
sure which is a weighted sum of said numerical compliance
measure Simg,, . and a user-specific numerical compliance
measure Simg .

26. The apparatus of claim 24 in which the data specific to
the user comprises preference data supplied by the user dur-
ing a user registration procedure prior to the reception of the
service request, the method comprising calculating said user-
specific numerical compliance measure Sim,, using a
parameter Simg,, describing similarity between an adver-
tised service and the preference data.
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27. The apparatus of claim 24 in which the data specific to
the user comprises context data relating to how the user sub-
mitted the service request, the method comprising calculating
said user-specific numerical compliance measure Sim,,,
using a parameter Sim, .., describing similarity between
an advertised service and the context data.

28. The apparatus of claim 24 in which the data specific to
the user comprises data generated from previous usage of the
method by the user.

29. The apparatus of claim 28 in which the data generated
from previous usage of the method is subject to a behaviour
pattern discovery algorithm to identify a pattern of usage, said
user-specific numerical compliance measure Sim;,» being
calculated using a parameter Sim,,,,,, describing similarity
between an advertised service and the pattern.

30. The apparatus of claim 28 in which the data generated
from previous usage of the method is subject to a quality of
service analysis to identify QoS features of advertised ser-
vices previously selected by a user, said user-specific numeri-
cal compliance measure Sim,, being calculated using a
parameter Sim g, describing similarity between an
advertised service and the identified QoS features.

31. The apparatus of claim 28 in which the data generated
from previous usage of the method is subject to a quality of
service analysis to identify QoS features of providers of
advertised services previously selected by a user, the method
comprising calculating said user-specific numerical compli-
ance measure Sim, using a parameter Simg,ssprovider
describing similarity between a provider of an advertised
service and the identified QoS features.

32. The apparatus of claim 17 in which said service dis-
covery operation comprises an operation of filtering said
advertised services using the input-output (IO) data of the
request dataset, followed by an operation of filtering said
advertised services using said constraint data of the request
dataset, followed by an operation of filtering said advertised
services using said quality of service (QoS) data of the request
dataset.



