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Abstract—In ubiquitous services, concurrent requests from
various services for limited service resources such as network 1I. RELATED WORK

bandwidth, easily lead to a problem of resource insufficiency. The In thi : introd d di ith a f
resource scheduling for ubiquitous services is the key to improve n this part, we infroduce and discuss with a few resource

the tradeoff between request admittance, resource utilization and scheduling algorithms as follows. Opportunistic Load
service quality. In this paper, a GA-based approach to resource Balancing (OLB) [5-7] makes every machine keep a busy
scheduling to enable a flexible quality management of ubiquitous  condition. This resources scheduling algorithm distribute the
services is proposed to solve the problem mentioned above. First, unassigned tasks to the available machines for the moment in
the relationships between service of quality and resource arbitrary order, but it doesn’t consider the workload of every

requirements are explored. There are four different types of .
relations including (1) linear with saturation (LWS), (2) linear machine at present. The best advantage of OLB resource

with deadzone and saturation (LWDS), (3) shifted step (SS), and scheduling algorithm is quite simple. As a whole, without
(4) exponential (EX). Based on the derivation of the  consideration of the expected task execution time, the
resource-quality model with the four relations, we define the  makespan of OLB takes much more time. Minimum Execution
maximum and minimum of resource requirement and regard the Time (MET) [5][8] resource scheduling algorithm has an
scope' as the nego.tiation criterion for quality guarantee in genetic intention to let every task can be supported by the best machine.
algorithm. Experimental results show that the proposed approach MET scheduling algorithm will dispatch the unexecuted task to
definitely benefits quality guarantee of service and the increasing . ¢ ) : U
of service request admittance ratio. the machine which has the least execution time arbitrarily
without taking account of the workload of the machines
Index Terms—Resource scheduling, Ubiquitous service, Genetic  presently. This resource scheduling algorithm may result in the
Algorithm, Quality of Service unbalance between all computers in the entire system so MET
is not suitable to be applied with the heterogeneous systems.
Minimum Completion Time (MCT) [5-8] resource
N a providing ubiquitous service environment[l],  scheduling algorithm distributes the unexecuted task to the
multi-users can request many services at the same time, and machine which has the minimum completion time at random.
then it is likely to cause the condition of resource shortage [2-3].  This scheduling algorithm calculates the completion time by
Except for the absolutely sufficient resources, it is difficult to adding ready time and execution time of each current task and
avoid the resource shortage. Therefore, the negotiation [4] assigns the task with the smallest completion time to the earliest
among the all requested services and resource scheduling are available machine. But there are some tasks which can’t get the
important topics for discussion in realizing ubiquitous service. minimum completion time. Minimum-Minimum Completion
Because of limited resource, quality of service and the number Time algorithm [5][7][9-10] calculates the minimum
of requests are also required to be considered in this research completion time of each unscheduled task and assigns the task
area. Usually, it is difficult to maximize the number of requests to the machine which also has the minimum completion time.

1. INTRODUCTION

with the best quality guarantee. In ubiquitous environment, Thus it is called as Min-Min scheduling algorithm. The
how to adaptively schedule the resource, particularly such as advantage of this algorithm is to consider the minimum
network bandwidth, is a significant issue to investigate [11]. completion time of all tasks, but it also spends more time on

Resource scheduling has been recognized as a method to find a computing than other algorithms. Though the foregoing
resource composition between multi-layers. Thus, to find out  scheduling algorithms have the effects on some applications,
the best solution, the considerable computation is necessary. the quality of service are not under consideration. As a result of
The proposed GA-based solution benefits the reduction of the unconcerned factor, the system may provide a whole
computational cost and has a capability of searching service but the users are not served with quality-guarantees
near-optimal solution quickly. services.

The organization of the paper is as follows. In Section II, Bio-inspired Computing has been a new expertize to offer
related work is introduced. We present the proposed service the effective and efficient search for optimal solutions of a
model, scheduling criteria and scheduling strategies in Section defined cost function in the past decades. There were some
III. Simulation design and experimental results are shown in paradigms such as genetic algorithm (GA), neural networks,
Section IV and the paper is concluded following a discussion in particle swarm optimization, ant colony, immune system, and
Section V. so on. These methodologies have been successfully applied on

a diverse of target problems [12-15] to obtain fine solution.
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III. A RESOURCE SCHEDULING APPROACH OF FLEXIBLE
QUALITY MANAGEMENT

A. Service Model

We assume a request can include just a service or a
composition of services, a service only demands a device, and a
device can support one service at least. The relations among
requests, services and devices are shown in the below Fig. 1.
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Fig. 1. The Relations among Requests, Services and Devices.

{R1.R2, R3, R4, R5, R6}: Resource type

The service profile of ubiquitous service is predefined to
describe the identity and the demanded resource of this
ubiquitous service. S; (where i =1,...,i, ) is denoted a
ubiquitous service provided by this ubiquitous service
environment. i is denoted the identity of the ubiquitous service
,and there are i, types of the ubiquitous services in all. Each
element i} (where k = 1, ..., k,,) in S; is one of the demanded
resources of S;. k is denoted the type of the resource ,and there
are k, types demanded resources provided by this ubiquitous
environment. Each element r,i in S; is composed of two units,
r,ilml-n and r,i,max. r,ilml-n is denoted the minimum of the
resource type k when the ubiquitous service i provides the
lowest quality of service which the users can endure. Tli,max is
denoted the maximum of the resource type k when the
ubitquitous service i provides the highest quality of service.
Therefore, the value of 7 is between r,i'min and r,i_max.

The device profile is predefined to describe the identity and
the available resource of the device. D; (where j = 1, ..., ji,) is
denoted a device provided by this ubiquitous service
environment. j is denoted the identity of the device ,and there
are j, types of the devices in all. Each element R,](‘ (where
k=1,..,k,) in D; is one type available resource that D;
provides.

The request profile is predefined to describe the identity and
the required ubiquitous services. Reqy,, (Where x = 1, ..., x,,
y=1,.. , 4) is denoted that a ubiquitous service request is
required by a user. x is denoted the serial numbers of the
required ubiquitous service requests in a time interval, and y is
denoted the priority level of the ubiquitous service. Each
Req, , is composed of a ubiquitous service or ubiquitous
service composition. Each element S};” (where v = 1, ..., v,)
in Req,, is one of the required ubiquitous services. In a
Reqy, , v is denoted the serial numbers of the required
ubiquitous services, and there are total v, ubiquitous services
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which are required.

B. Scheduling Criteria

Different types of services have different relations between
quality of service and resource. The relationship was rarely
investigated in previous work. In this paper, we would like to
propose several models to quantify this kind of relationship;
including Linear with Saturation(LWS), Linear with deadzone
and saturation (LWDS), Shift-Step (SS) and Exponential(EX).

First of all, supplying more resource will usually obtain
better quality of service. But, the quality of service will reach
the saturation when the offered resource exceeds the certain
resource requirement. The relation between resource
requirement and quality of service shown in Fig. 2 and can be
represented by the linear equations. In this work, such type
relation is called as Linear with Saturation (LWS).
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Fig. 2. The Relation of Quality and Resource is Linear with Saturation (LWS).
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Fig. 3. The Relation of Quality and Resource is Linear with deadzone and
saturation (LWDS).

Secondly, when the amount of resource does not exceed the
certain resource requirement, the required request will not be
able to be executed. Once reaching the lowest resource
requirement, the later relation between resource requirement
and quality of service is the same as LWS, and is shown in Fig.
3. So, in this work, such type relation is called as linear with
deadzone and saturation (LWDS). Next, not only the amount of
resource reaches the threshold value and then the service starts
to serve, but also it will keep the same quality even if the system
allocates much more resource. The relation resource
requirement and quality of service is shown in Fig. 4, and is
called as shifted step (SS) in this work. If more allocated
resource still provides better quality of service, but it is
different from LWS and LWDS. In this type of situation, the
relation between resource requirement and quality of service is
not linear but exponential. This type of relation is shown in Fig.
5 and is called as exponential (EX) in this work.
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Fig. 4. The Relation of Quality and Resource is Shifted Step (SS).
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Fig. 5. The Relation of Quality and Resource is Exponential (EX).

Therefore, through the foregoing relations among service of
quality and resource requirement, we can define a range for
each relationship and the Quality Funtion as follows:

Definition 1: Quality Function
We define that ¢ = Q(r), and the formula depends on which
kind relation the ubiquitous service has.

®  Linear with Saturation (LWS)
0, r=0
o) = Rz;T, 0<r<Ry (1)
1, r=Ry
®  Linear with Deadzone and Saturation (LWDS)
0, r <R,
-R
Q) = 47— 0ST <Ry ©)
1, r=Ry
®  Shifted Step (SS)
_ (0, 7 <R,
0 ={y T3 3
[ ) Exponential (EX)
Q) =1—-e"" 4

The proposed idea of resource scheduling is to obtain tunable
ranges of resource requirements based on the resulted quality of
service under the resource constraints. And we propose a
mechanism ensure admitted requests with quality guarantees.

C. Scheduling Strategy

Our purpose is to admit more requests with quality guarantees.

According to the different concerned factors, we design three
scheduling strategies as the followings. Based on Section III,
the equations are defined.

29

1) Minimum Quality Guarantee Resource Scheduling
(MQGRS)
In this scheduling strategy, to admit the maximum number
of requests is mainly taken into account. The objective
function is formulated as bellow:
Maximize
Yty Be )
where
1,

be={y

Flexible Quality Guarantee Resource Scheduling
(FQGRS)

In this strategy, we obtain a quality scope from the above
mentioned four relations. Based on Definition 1, Q(r) of
each service request can be calculated and each service
request will have a quality value. We will find the service
request set with the maximum sum of quality values for
admitting. The objective function is formulated as bellow:
Maximize

Req, is admitted;
otherwise.

(6)

2)

QU™ ,Vi=1,..,ik=1,..,k,

X v
inl vzl

subject to

v, xiv Jj
1;11 Tk yxivj < Rk (7)

T

where

1,
Yxivji = {0

First In First Out Resource Scheduling (FIFORS)

This scheduling strategy is the most traditional way
without any rules but time. As the literal meaning, the
earliest required service request will be executed at the first
time in the duration and so on until the waiting queue is
empty.

D; is selected to S; in Reqy; 8)

otherwise.

3)

4) Priority Resource Scheduling (PRS)

In this scheduling strategy, we defined four levels of
priority for all services. They are level-1, level-2, level-3
and level-4. Every ubiquitous service request is set up with
a parameter. The parameter denotes which priority level
the service has. For example, the parameter of the
ubiquitous service request is level-1, and this request will
be given precedence for admittifdz1When the requests with
level-1 are finished scheduling, the system will start to
schedule the requests with level-2 and so on.

D. The Design of GA Algorithm

In order to keep the diversity among all chromosomes, the
initialization population is produced randomly. We use 12-bit
stings to represent the value between 0 and 1. The value is Q(r),
which is the allocated quality of a service request. The fitness
function is defined to evaluate the possibility of a chromosome
whether it is the best solution. In this paper, we design two
fitness functions to find the feasible solutions for MQGRS and



FQGRS. The fitness functions of MQGRS and FQGRS are
shown respectively as bellow

fitness(ﬂ) = 2?;1 x )

fitness(Q(r)) = X, Tor, Q (™) (10)
We adopt the Roulette Wheel Selection as our selection
mechanism. And a chromosome with higher fitness value will
have the higher possibility to be selected. Genetic operators,
which are crossover and mutation, are used to generate the next
generation. These two operators are described as follows,

1) Crossover
A crossover operator that selects a crossover point
randomly within a chromosome then combines the two
parent chromosomes at this point to produce two new
offspring. A multi-point crossover is adopted here.
Mutation
A typical mutation is to select a single bit in a
chromosome and flip it. This means that if the selected
bit is a 1 it now becomes a 0 and vice versa. Mutations
have to occur rarely, or they will result in that it is hard
to converge toward an ideal value for fitness.

2)

In this paper, we specify the termination condition of 500
generations to evolve those chromosomes for the optimal
solution.

IV. NUMERIC RESULTS AND ANALYSIS

In this chapter, some experiments are designed and made to
observe the performance of Flexible Quality Guarantee
Resource Scheduling (FQGRS). The experimental results are
also compared with other scheduling strategies such as
Minimum Quality Guarantee Resource Scheduling (MQGRY),
Priority Resource Scheduling (PRS) and First In First Out
Resource Scheduling (FIFORS). The construction of a
ubiquitous service environment needs to consider many phases
and integrate a lot of different devices. On the other hand, the
establishment of an ideal ubiquitous environment is a very
complicated work. The experimental goal is to express that the
flexibility of the proposed resource scheduling. Therefore, we
narrow down the experimental scope and simplify the
experimental environment.

We emulate a single resource-constrained situation so take
bandwidth-constrained situation as the case study. First, we
assume a small-sized enterprise network offering broadband
network service as our experimental environment. There are
four typical kinds of network services used in enterprises.
These services are streaming service that may often be used to
hold the video conferences, VoIP service that are used not only
in video conferences but also instead of classic phones probably,
FTP service that are used to transmit any type of files, and
browsing web page service. In this experiment, every request is
only composed by one service. We will select one of those
provided network services, and increase the number of selected
network service. Through the increasing number of network
services, it can make different overloading situations.
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If the value of the overloading ratio is a positive number, it
will be shown in the field. Otherwise, it will be shown as
“Non-overloading” instead of the negative number.

We choose to increase the number of browsing web page
service in order to emulate various situations from
non-overloading to overloading. Then, dealing with each
situation uses those mentioned resource scheduling methods,
FQGRS, MQGRS, PRS, and FIFORS. Fig. 6-8 show the
bandwidth allocations for all service requests in case of 20, 30,
40 service requests. This allocation is done by the proposed
FQGRS. And x and y axes denote the serial numbers of total
required requests in the duration and the amount of bandwidth
respectively. The number of x axis represents one request and
the maximum of x axis also means the total amount of required
requests in the duration. The broken line with squares
represents the maximum of required bandwidth of one request.
The broken line with hallow circles represents the minimum of
required bandwidth of one request. The broken line with
pentagrams represents the actual amount of allocated
bandwidth of each request.

As shown in Fig. 6-8, the line with pentagram is always
between maximum and minimum bounds. The pentagram sign
also means that the required request is admitted. When the total
requests are admitted in the duration, the allocated bandwidth is
between the minimum bandwidth and maximum bandwidth. In
Fig. 6, FQGRS admits all the required requests. The height of
the broken line with pentagrams in Fig. 6 is lower because
FQGRS sacrifices the quality of each request to save more
bandwidth for allocating resource to other requests. In Fig. 8,
the line with pentagrams has two breaks that mean FQGRS
drops two requests. The overloading situation makes FQGRS
not only sacrifice the quality but also drop the certain requests
which need more required resource for admitting other requests
which need less required resource. In Fig. 9, with higher
overloading, there are more and more breaks on the broken line
with pentagrams and the height of the line with pentagrams is
getting lower and lower but still above the minimum of
required bandwidth. As a result, FQGRS not only enhances the
number of admitted

V. CONCLUSION AND FUTURE WORK

In this paper, we propose a flexible resource scheduling
method for the resource-limited problem in ubiquitous
environment, called Flexible Quality Guarantee Resource
Scheduling (FQGRS). The experimental results show that
FQGRS looks after both sides that are the number of admitted
requests and the quality of each admitted request. In an
overloading situation, FQGRS is able to admit much more
requests with guaranteed quality which is between the
minimum and maximum of quality. In the future, we can give
careful consideration to the distribution of required service
request sequence to establish a coping mechanism. With
different distribution, this mechanism can set different order of
adjustment in the duration to make FQGRS has more delicate
flexibility. Moreover, we also take account of the size of the
tunable range and the relation of quality and resource at the
same time to find out the more applicable order of adjustment to
improve FQGRS.
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Fig. 7. The Allocated Resource of Each Admitted Request in case of
30 requests.
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