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Abstract. The paper presents a concept, an algorithm and a system that allow
integration of various types of services into complex workflow applications. Fur-
thermore, an approach is presented for optimization of service selection consid-
ering service execution times, costs and energy consumption when some services
may fail.
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1 Introduction

Integration of various services run on various commodity computers, servers and clus-
ters have become possible thanks to various distributed architectures and technologies
such as grid, cloud computing and volunteer computing. Thisrequires QoS-aware ser-
vice selection. The more computing resources are used the more important it is to con-
sider not only execution time and cost but also energy consumption. Section 2 refers
to selected related work on integration of services in distributed environments, energy
management and motivations for a new solution. Section 3 provides details regarding
the proposed solution with a description of the platform in section 3.1, algorithm in
section 3.2 and implementation in section 3.3 while section4 concludes the work.

2 Related Work and Motivations

SOA [1] is a software architecture that is built on the concept of loosely coupled dis-
tributed services published by independent providers. Theservices can be integrated
into complex scenarios and invoke one another.

Grid computing [2] is about controlled resource sharing where different Virtual Or-
ganizations (VOs) offer hardware and software resources that are accessed through grid
middlewares such as Globus Toolkit, Unicore and others. High level grid systems allow
easy access to the distributed resources, in particular services for running applications
and data management. Differences in user management, authorization methods etc. are
hidden by the grid middleware.

Cloud computing [3] considers outsourcing the following: SaaS – Software as a
Service, IaaS – Infrastructure as a Service, PaaS – Platformas a Service. The client



does not need to know details of where and how particular services are implemented
and is interested mostly in the reliable delivery.

Volunteer computing engages computers of Internet clientsto perform parts of a
global task [4].

Green computing is energy-aware processing that is focusedon minimization of
energy consumption [5].

When considering a particular distributed task, the goal isto support interoperability
and QoS management when integrating services to accomplishcomplex tasks. A com-
plex task is usually modeled as workflow application represented by a directed graph
G(V,E) without loops in whichV is a set of vertexes representing workflow tasks while
E is a set of edges which denote dependencies between the tasks. For each taskti, there
is a set of servicesSi which contains services each of which is capable of executing task
ti. The services inSi offer the given functionality on particular and possibly different
terms such as the execution time, cost and possibly others such as reliability, confor-
mance, accessibility [6]. The standard optimization goal is to assign one service out of
Si to each taskti so that a certain global optimization goal is minimized or maximized
subject to additional constraints. For instance, a typicaloptimization goal is to mini-
mize the workflow execution time with a bound on the total costof selected services
[7]. Since there can be many servers or commodity computers from which services are
offered, there arises a need for energy management of such machines.

Thus the author proposes how to extend this workflow model to take into account
the energy consumption of these servers and computers. Thisis all done considering
possible service or node failures. Furthermore, the model and implementation allows
incorporation of both services published by their providers from particular resources as
well as services able to find resources to execute arbitrary code.

3 Proposed Solution

3.1 A Platform for Integration of Various Types of Services

BeesyCluster [8] is a middleware that allows integration ofvarious types of services.
It allows publishing particular services by their providers from their own locations. In
this case, the provider can define parameters of such services such as costs and manage
the services dynamically i.e. withdraw a service or offer new services. Furthermore,
BeesyCluster allows offering access to particular computational resources by allowing
the user to upload codes to particular clusters or servers and run such applications. Fi-
nally, a BeesyCluster user may be offered access to an account on a server or a cluster
with access to both hardware and software options there witha possibility to launch
applications with graphical interfaces through a Web browser. Additionally, the Beesy-
Cluster layer can match one of general accounts of servers/clusters not owned by any
of the users to the code the client wants to run (Figure 1).

The author proposes that such services are integrated into workflow applications
with management of time, cost and energy consumption as presented in Section 3.2.
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Fig. 1. BeesyCluster and Services

3.2 Optimization of Time, Cost and Energy Consumption for Workflow
Applications

For optimization of workflow execution, usually there is a trade-off between the ex-
ecution time and cost. Namely, faster services (e.g. installed on faster hardware) will
usually be more costly.

Similarly, there is a trade-off between execution time and energy consumption if we
consider that services may fail.

Generally, after the service selected for execution of taskti is started, it can either
finish successfully or fail. In the latter case, a backup service is selected [8] and we
can start a node for a backup service and run the backup service. Alternatively, nodes
for possible backup services can be started in advance. Thissolution saves the execu-
tion time but results in a higher energy consumption. It is assumed that the nodes for
the backup services are shut down after the service has completed. Now, the follow-
ing parameters are proposed for servicesij running on nodeNij to take into account
energy-aware workflow execution in the context of possible service or hardware fail-
ures:

– Sbackup ij – a set of backup services of servicesij used in the recent time frameT ,
– nclbackup ij – for thel-th serviceslbackup ij in Sbackup ij the number of times it was

run in the recent time frameT ,
– tlbackup ij – for thel-th serviceslbackup ij in Sbackup ij the average service running

time in the recent time frameT ,
– nij – the number of runs of backup services of servicesij in the recent time frame
T ,

– tstart N
backup ijl

– start-up time of nodeNbackup ijl on which serviceslbackup ij

runs,
– PNij

is the average power consumption required by nodeNij when running service
sij .

For each servicesij the author proposes to consider the following parameters:

– tij – execution time of the service itself,



– cij – cost of running the service,
– eij = (tij + tstart Nij

)PNij
– energy consumption for the service,

It should be noted that the node on which servicesij runs can be started just before
the service is needed or act as a server and be active at all times because of other reasons.
In any case, we consider the times and energy consumption taken by the given service
sij . These parameters can be defined both for particular services published by providers
and for services capable of finding nodes and executing any arbitrary code given by the
user. In the latter case, virtual services are considered for each of the node on which the
service might run with the time, the cost and energy parameters corresponding to the
node.

It is possible that when the task is to be executed, the node onwhich it is to be run
is no longer available. In this case, the following two solutions are considered, for each
of which a virtual service is proposed:

servicesdelayedij delayed start-up – start the next best service on the node which is
available at the moment the previous service failed. We can estimate its parameters
as:

– t
delayed
ij = tij +

1

nij

∑
l nc

l
backup ij(t

l
backup ij + tstart N

backup ijl
),

– c
delayed
ij = cij

– e
delayed
ij = eij +

1

nij

∑
l nc

l
backup ij(t

l
backup ij + tstart N

backup ijl
)PN

backup ijl

servicesimmediate
ij immediate start-up – start the nodes used for the backup in the

recent time frameT immediately which results in the following parameters for the
service:

– timmediate
ij = tij +

1

nij

∑
l nc

l
backup ijt

l
backup ij ,

– cimmediate
ij = cij ,

– eimmediate
ij = eij +

|Sbackup ij |
1

nij

∑
l nc

l
backup ij(t

l
backup ij + tstart N

backup ijl
)PN

backup ijl

Note that the cost of performing operations may depend on thetime of day which
suggests that performing computations in areas where thereis night time at the moment
might be preferred [9].

Consequently, for each servicesij there are two services which differ in the execu-
tion time and energy consumption based on the past experience, namely servicesdelayedij

and servicesimmediate
ij . The optimization algorithm can choose the best set of services

so that the required optimization goals are met even if some services have failed.
The goal of this extended formulation is to minimize the workflow execution time

tworkflow subject to the following constraints:∑
i,j cij < B whereB is the budget given,

∑
i,j eij < E whereB is the avail-

able budget and E is the maximum energy consumption used for the execution of the
workflow application.

Following [9], a genetic algorithm can be used to solve this problem and it was im-
plemented in the BeesyCluster middleware. Namely, the representation of the solution
in the chromosome consists of the following:



1. a part with|V | elements each of which contains an index of the service selected for
particular task of the workflow,

2. a part with|V | elements which denotes the order of execution of services assigned
to different tasks if the services assigned to these tasks execute on the same node
and if the order is not determined by the acyclic directed graphG.

The algorithm for execution of workflow applications using the aforementioned ap-
proach is presented in Section 3.3.

3.3 Implementation

Fig. 2.Execution of a Node

Following [8] Beesy-
Cluster uses an en-
gine based on the
Java EE architec-
ture in which sepa-
rate message driven
beans are responsi-
ble for selection of
a service and exe-
cution of a partic-
ular workflow task
[8]. The author pro-
poses how to extend
this approach to incorporate dynamic start-up and shutdownof nodes.

The proposed solution works as follows. Initially, a list ofinitial workflow tasks is
created. The execution of parallel tasks is executed by separate message driven beans.
The execution of each task is presented in Figure 2.

Fig. 3.Start-up of Future Nodes

Before taskti is
to be executed, fu-
ture nodes follow-
ing the given node
must be started (if
not already running)
depending on the
types of services se-
lected for their exe-
cution. This step is
shown in the activ-
ity diagram in Fig-
ure 3.

Note that the val-
ues of the services
presented above are
estimates based on
the past experience.



For each task, after a service and possibly backup services were selected for execu-
tion and the execution of the task has finally terminated, thevalues concerning the
backup services for the task are updated with possibly new services added to setsSi

or Sbackup ij and some services subtracted. It is up to the dynamic QoS algorithm, as
presented by the author in [8], to decide which services are selected if others have failed
or newly appeared services in the process.

Nodes are started using a Python script that uses the wake-on-LAN function.

4 Conclusions

The paper presents a concept and an environment that allows integration of various
types of services: services published by particular providers from locations managed
by them and services allowing to execute arbitrary code on the resources available to
the system.

Furthermore, the paper presents an algorithm for selectionof services for particu-
lar workflow tasks that copes with service failures by reselection of services if others
have failed or have become unavailable or new services have appeared. The algorithm
considers execution times, cost and energy consumption of the nodes on which the ser-
vices run to minimize the workflow execution time while keeping the cost and energy
consumption below predefined thresholds.
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