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Abstract

In mobile networks, service composition usually depends on a predefined composition
model or a centralized communication node. These conditions are usually difficult to be
satisfied in mobile networks. This paper proposes a dynamic service composition method
in mobile networks. It does not depend on previous conditions. The service composition
scheme for a task is generated dynamically according to the environment of mobile
networks in real-time. Furthermore, paths can be selected according to the execution
load, and parameters can be adjusted personally by the user according to the
environment.
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1. Introduction

With the developing of various networks, service oriented computing has been widely
applied for the loose coupling and platform-independent characteristics. A variety of
professional service oriented applications are emerging. A service usually performs a
specific function. Appropriate service composition can realize a complex business
process. The mechanism of combining two or more services to form a complex service for
a specific task is known as service composition [1].

A lot of services among the network usually can provide the same function with
different QoS (Quality of Service, QoS). Even providing the same function, different
services often require different input parameters and provide different output types. So
appropriate service selection and composition models have been focused in service
oriented computing area. Generally, service composition mechanisms can be divided into
two categories: plan based composition and semantic based composition [2]. Plan based
composition is also regarded as static composition and semantic based composition is
usually regarded as dynamic composition.

In a static service composition mechanism, services are composed through three
phases: workflow design, service binding and execution. However, a device, may be a
service provider, could join and leave the mobile networks at any time. So the abstract
workflow can’t be predefined. Because services or service providers in the mobile
network can’t be predicted in the workflow design phase. Furthermore, some service
composition requirements can’t be known in advance. Plan based mechanism is not
applied in mobile networks.

In a dynamic service composition, services are composed on demanded in real-time,
not configured or deployed in advance [3]. Dynamic service composition can also be
divided into centralized and decentralized mechanisms. In the centralized scenarios, a
device is selected as a server. A new service should be registered on the server. A
customer should send the request to the server for service discovery or service
composition. The server will dynamically form a composed service according to the
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reality scenarios. Although centralized approaches present simple solutions, they suffer
from scalability, bottlenecks and single point of failure [2]. What is more serious is that a
central server can’t be assigned in advance in mobile networks. So a lot of decentralized
dynamic service composition approaches [2-4] emerged for the mobile networks in recent
years. In the decentralized scenarios, there is no service register center. A task is
decomposed into a lot of services dynamically according to the real-time network
scenarios. A task still can be finished through composing alternative services when a
device is out of service for resource limitation or mobility.

In the dynamic service composition environment, there are multiple optional paths for
a task. Each path is composed by different services. Though each path can achieve the
same function to accomplish the task, the QoS of each path is different. The QoS of a path
is determined by each service along the path. The QoS of each service or the whole path
is determined by different elements, such as execution time, success rate, service price,
etc. Different people have different preferences to the QoS elements. Some people expect
the shortest execution time. Others expect the highest execute success rate. Still others
expect the lowest cost. So the system should automatically select the optional composition
path according to the customer’s personal preference.

A lot of customers will require services in the network. A service may be selected by
different tasks. Multi users may wait for executing the same service and others which can
provide the same functionality may be vacant. The QoS of a service may be changed
under different execution load.

This paper proposes a personalized QoS aware dynamic service composition method in
a mobile network. A task is decomposed into services according to those available in the
network. The task requestor will compare QoSs of different candidate path and select the
best one to be executed. The weight for different elements of QoS is assigned by a
requestor personally. Execution load is regarded as a dynamic element of QoS in dynamic
network environment.

The main contributions of this paper include: (1) a personalized QoS-aware dynamic
service composition method is proposed, (2) a dynamic task decomposing algorithm is
proposed for dynamically producing distributed execution path, (3) load balance is
considered for execution path planning.

The remainder of this paper is organized as follows. Section 2 discusses related work.
QoS model is presented in Section 3. Section 4 presents QoS and load balance aware
personalized dynamic service composition method. Section 5 discusses the proposed
method. Section 6 offers conclusions and suggestions for future work.

2. Related Work

Service composition techniques can be classified into plan based and semantic based
mechanisms. Plan based composition is usually denoted as a workflow which indicates
transitions between a lot of states. Each transition is bound with a service statically. The
workflow designing and service binding are usually determined previously. A lot of plan
based service composition mechanisms [5-6] have been proposed in the recent years.
However, services which provide proper functions are usually not known in the design
stage in a mobile network. Furthermore, a device which provide services may leave the
mobile network at any time. So a plan based service composition mechanism can’t
provide a reliable solution. On the other hand, a service with better QoS may be added
into the mobile network at run time. How to dynamically bind a better service to improve
adaptability of a workflow has attracted a lot of interests. Some solutions [7-8] have been
proposed to improve adaptability of workflows. However, these solutions require central
entities for service composition. Providing a central entity is not practical in a mobile
network. Lee et al. [9] propose a functional flexibility service composition method to
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satisfy different QoS goals. But this method requires a predefined workflow which is not
suitable for a mobile network.

Semantic based service composition mechanisms facilitate discovering, composing and
executing services dynamically according to the real-time scenarios. They have attracted
much attentions [1-4, 10, 11] for their high adaptability. Fujii et al. [12] propose a service
composition approach based on the semantics of services and components. They also
combine components based on semantic and users’ contexts [13]. The mechanisms
proposed by Fujii et al. [12, 13] rely on a central middleware or manager. Kalasapur et al.
[1] treat the service composition as a problem of finding a shortest path between two
services in a directed acyclic graph. This approach also needs a central registry. A
semantic based service discovery is proposed by Paliwal et al. [11]. Unfortunately, this
method also relies on a centralized registry. Tong et al. [6] propose an automatic service
composition method. It requires an initial offline human intervention to generate plans. So
it is inadaptable to highly dynamic environments in the mobile networks for the static
nature of plans.

Al-Oqily et al. [3] propose a decentralized service composition solution. However,
service discovery in this solution relies on the geographic location of each node in the
network. But we can’t assume that every node in the network equipped with geographic
location sense module. Chen et al. [4] propose a dynamic service composition model for
adaptive systems in mobile computing environments using a semantic based overlay
network to discover logical neighbors instead of geographic ones. The execution plan is
formed dynamically. But an abstract workflow of the task should be defined in advance.
Furthermore, this approach is not QoS aware. Zhu et al. [14] propose a load aware
dynamic service selection model. In the model, the abstract workflow should also be
defined in advance.

In this paper, we propose a novel decentralized dynamic service composition
mechanism. It can procedure a workflow of a task dynamically according to the
environment. Personalized QoS and service execution load are regarded as measurements
for service selection.

3. System Model

This section firstly proposes a QoS model for service description. Then, the service
model is proposed based on functionality, inputs, outputs, QoS, etc.

3.1. QoS Model

Each service has some unique properties such as average execution time, mean time
between failures, cost, service execution waiting queue length, etc.
Def. 1 QoS properties of a service is a quintuple QoS = (SID, AET,MTBF,C, L), where

SID represents the identification of the service. AET represents average execution time
of the service. MTBF represents mean time between failures. C represents the cost of
each execution. L represents a list of requestors who is waiting for execution.

The execution load of a service can be calculated by Eq. (1).

len(L)

Load,, .. = D AET, (1)
i=1

Eqg. (1) adds each AET of the service for requestors. So the length of L and each
AET reflect the execution load of a service.
A node in the network may provide more than one service. The load of a node can be
calculated by Eg. (2).
numberOfServices len(L)

Load,,., = >, D AET; (2)
i=1

i1
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Eqg. (2) adds all loads of services which provided by a node.

3.2. Personalized QoS Calculation Method

Different people have different attentions to the elements of QoS. For example, cost
may the determinant for a person, but for others, AET may be the determinant for service
selection.

So the integrative QoS value of a service will influence the selection. An integrative
QoS value is calculated by Eq (3).

0= Vaer +B-Vyree + 7 Veow "'5'\/Loadm,de (3)
In the Eq. (3), the larger of the g means the better for the quality of service. «, g, »

and s represents the weights for the properties of AET , MTF , execution cost and
execution load of the node. Their values are assigned by the requestor and meet the

condition that o+ g+ +5=1.
AET , MTF, cost and wad , has different measurement unit with each other. So the
value of them should be normalized for integration of these values. v, , v, Voo and

MTF * "Cost

Vi, are their normalized values respectively. The normalization methods are described
in Eq. (4)(5)(6)(7).

AET, . — AET

Vg = ——mx — 4

AT AET - AET (4)

AET_ can be set to be zero. A requestor sets the value of AET_, for the whole

network. If the AET of a service is larger than AET,_ , the service will not be included in

the path. Once the values of AET,,, and AET,, are specified, the normalized value v,.,

will be increased with the reduce of AET .

. __MTBF - MTBF,, (5)
M MTBF,, — MTBF,,

MTBF is defined as the average duration the service can work correctly between
failures. The bigger of MTBF, the better of the service. MTBF,, and MTBF,, can be

assigned by the requestor as the personalized parameter acting on the entire network. The
normalized value v, will increased with the increase of MTBF under the specified

MTBF,, and MTBF,, .

C. —C
vV, =—mx 6
@t c  —C (6)

max min

C,.. can be set to be zero. C, can be assigned by the requestor as the personalized

parameter acting on the entire network. The normalized value v_, will decreased with the

cost
increase of C.

_ Loady; —Load,, (7)
e |_oad ™ — Load ™"

node node

In Eq. (7), the parameters represent the load for a node which may provide more than
one services. Load,,, is calculated by Eq. (2). Load can be set to be zero. Load™ can
be assigned by the requestor as the personalized parameter acting on the entire network.
The normalized value v, will decreased with the increase of Load

Load,

Load ge node *
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3.3 Task and Service Model

A task is handled by a service composition system which receives the task’s
specification as an input and composes concrete services [4]. In this paper, a task is
specified as T =(TID,1,,0,,Q;), where TID is the identification of the task, I, and O,

are input and output sets of the task, Q, is the QoS limitation which the requestor can
tolerated. Q; =(AET,, ,MTBF,,,C,..,Load) , where AET_ , MTBF C and

max ! min ? ~max ! node min ! max

Load™ have been described in previous.

node

A service is specified as S=(NID,SID,I,,0,,Q,), where NID represents the node
identification who provides the service, SID represents the service identification, I
represents the required input set of the service, O, represents the output set of the service,
Q, represents the QoS properties of the service. Q; = (AET,MTBF,C, Load,,.) - Qs IS
updated dynamically for the value of Load is changed in real-time.

service

4. Decentralized Dynamic Service Composition Method

For inherent dynamic environment in mobile networks, predefined abstract workflow
for a task is not adaptable. In this section, we propose an approach to decomposing the
task into concrete services according to the real-time environment of the network. Within
a period of time, the requestor will get several candidate execution paths. Each path is
composed by some concrete services. The path with greatest integrate QoS value will be
selected as the execution path. The others will be regarded as alternates. During
execution, the load of each node on the path will be updated. In this section, we provide a
workflow generation method and service information updating mechanism.

The requestor will broadcast a message for service request to accomplish a task. The
message is specified as m, =(MID, 1,,0;,L;,Q,;,TTL), where MID represents the message

identification, I, represents the required input set, O, represents the output set of the
service. L, represents the ordered list of services along the path who can produce the

expected output through cooperation. TTL represents the time to live of the message.
Q, =(AET,MTBF,C,Load) . If the execute path is realized by the concatenation of

services, AET =Y AET,, 1/MTBF = > (1/MTBF,), C=> C, and Load = > Load, , where

i=1 i=1 i=1 i=1
n is the number of services along the execution path. If the execute path is paralleled by
services, AET =Max(AET,), MTBF =Min(MTBF,), C=> C, , Load = Max(Load,).
i=1
In this paper, we suppose that service has an integral output set which can’t be divided,
and the input can be divided into one or two sets such as shown in Figure 1. Though the
input set could also be divided into multi sets, the process method is similar.

4’0—’

Figure 1. Service Type

Based on this assumption, there are two typical service compositions as shown in
Figure 2 and Figure 3.
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Figure 2. Concatenation of Services

Figure 3. Parallel of Services

If a node in the mobile network needs to finish a special task, it broadcasts a request
message and waits for reply messages within the message’s TTL. If the requestor receives
a message initiated by itself, L, in the message will be added to possible path set L.

Once the TTL reduces to zero, or the number of the received possible paths whose
input set equals to that of the initial message is large than the requestor’s specified
number k, the requestor will stop to receive the reply message and add possible paths
whose input set equals to that of the initial message into the confirmed path set P, .

Once the TTL reduces to zero, and there exists some possible paths whose input set is
equal to that of the initial message, the requestor will add possible paths whose input set
equals to that of the initial message into the confirmed path set P, .

Once the TTL reduces to zero, and there is no possible path whose input set is equal to
that of the initial message, the requestor will try to combine some possible paths in the L
into a confirmed path whose union set of input ones is equal to that of the initial message.
For example, Figure 4 and Figure 5 show that two paths in the possible path set L hold a
same sub path from service B to service A. If the union of the sets I, and I, is equal
to the input requirement of the service B, these two possible paths can be composed into
an integrated service, such as shown in Figure 6. Furthermore, if the union of input sets I,

and 1, is equal to that of the request task, the combined execution path will be added into
the confirmed path set P.. Once the number of elements in P, is large than k or the

consuming time on combining is expired, combing process will stop.
If P, is not null, it calculates the QoS value of each element in P, . If some QoS values

are large than Q,, the element in P, with max QoS value will be selected as the

execution path.
Otherwise, if the time is out and the set P, is still null, or the QoS value of each

confirmed path is less than the required value Q,, that means service composition for the

required task is fail in current mobile environment. The requestor could rebroadcast the
message after a while.
The detailed algorithm for previous process is described in Alg. 1.
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Figure 4. A Possible Path for Requestor

Figure 5. Another Possible Path for Requestor

Algorithm 1. Process of a service requestor in mobile networks

Input: I;,0,,Q;, TTL,k
Output: service composition scheme

1
2
3
4.
5.
6
7
8
9

10.
11.

12.
13.

14.

15.
16.

17.
18.

19.
20.

21.
22.

Candidate path set L is set to be null
broadcasts a message m, =(MID, I;,0;,L;,Q;, TTL)

wait for messages

if (the message is initiated by itself):
while (TTL >0 and len(L )<k and Lg in the message is not null):
add L, to L

if (len( L )>0 and the input set of some paths equals to that of the initial message):
add the possible path whose input set equals to that of the initial message
into the confirm path set p,

If (TTL =0 and len( L )>0 and there is no possible path whose input set equals to
that of the initial message ):
While (some possible paths can be integrated and len( p, )<k ):

Integrate some possible paths
Add the integrated result in to confirmed path set p,

If ( p, is not null):
Calculate QoS value of each element in p,
Return the elementin p, with max QoS value as the execution path

Else:
Return null

Figure 6. A Composited Path for Execution

When a mobile node receives a message m, =(MID, 1,,0;,L,Q;,TTL), it will modify

the message according to the Alg. 2 and broadcast the modified message.
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Algorithm 2. Process of a message receiver in mobile networks

Input: a message m. =(MID, I;,0;,L,Q;, TTL)
Output: a modified message
1. If (TTL>0 and L is not null and the receiver holds a service s whose output satisfies at

least one input set of the head of Ly and sisnotin L;):
2 Add s as the head of the list L
3 I; is set to be the input of the added service s
4. TTL=TTL-1
5. Elseif (TTL>0and L is nulland
the receiver holds a service s whose output equals O; ):

Add s into Lg

I; is set to be the input of the added service s

TTL=TTL-1

©® N o

10. Return the modified message

When a service is selected to be executed to perform the task, its load is added.
Similarly, when a service accomplishes the execution for a task, the load is reduced.

5. Discussion

In a mobile environment, success rate of service composition is influenced by the
density of mobile users, travelling speed, personalized parameters, etc. In our method,
users can specify the value of TTL, confirmed execution paths number k , minimum QoS

requirement value, etc. If the service composition fails, the requestor can adjust these
parameters, and rebroadcast the service composition request after a period.

6. Conclusion and Future Work

This paper proposes a personalized decentralized dynamic service composition method
in mobile networks. This method avoids shortcomings of traditional methods which
depend on predefined service composition models or a central node. These conditions
typically can't be satisfied in mobile networks. Our method is distributed and does not
depend on any predefined service composition models or a central node. Detailed
algorithm for dynamic service composition in mobile networks is proposed.

In the future, we will carry out experiments to obtain reliable parameters. Furthermore,
a trust model will be introduced to encourage cooperation between participants in the
mobile networks. Otherwise, service composition success rate will still be low even in
dense networks.
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