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Abstract. Nowadays every firm uses telecommunication networks to continue their existence and complete their daily operations. In this paper, we investigate an optimization problem that a firm faces when acquiring network capacity from a market in which there exist several network providers offering different pricing and quality of service schemes. In the mathematical model, quality of service level guaranteed by network providers and minimum quality of service level which is needed to accomplishing operations are denoted as fuzzy numbers. Finally, a heuristic solution procedure is proposed to solve resulting nonlinear mixed integer programming model with fuzzy coefficients. 
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1   Introduction 
Usage of data networks encompasses not only the traditional data applications but also newer applications such as real-time audio/video streaming, voice over TCP/IP, real-time transactions and other batch transactions over digital networks [1]. Firms in other words customers can lease or buy required amount of network resource from telecommunication network suppliers to perform their tasks. Each of these mentioned operations are assigned one of the acquired resources. Every task requires distinct amount of network capacity and different quality of service (QoS) requirements. As a consequence, not only cost but also QoS levels that are guarantied by network providers have to be taken into account by firms while selecting telecommunication network suppliers. 

The QoS requirements for an operation include a wide range of parameters such as bandwidth, loss ratio, maximum delay and delay variation (jitter) [2]. Due to the non-deterministic nature of telecommunication network environment, it is not always possible to correctly estimate these parameters beforehand. Therefore, the main contribution and innovation of proposed work is the development of a mechanism for solving complex selection and task allocation problems in communication networks.  Based on the fact that accurate information needed for making these decisions is not available. In the QoS related problems, QoS requirements by the users can be regarded as fuzzy terms, since there exist the imprecision of fuzziness inherent in human judgments. Network managers often avoid specifying crisp values for their goal [3]. Moreover, the imprecision of network state seems to be always present and our best bet is to live with it [3].
In this paper, we investigate an optimization problem that a firm faces when acquiring network capacity from a market in which there exist several network providers offering different pricing and quality of service schemes. Quality of service level guaranteed by network providers and minimum quality of service level which is needed to accomplishing operations are denoted as fuzzy numbers. Moreover, proposed model has ability of coping with different price discount policies (volume discount pricing) that are offered by network providers in order to encourage customers to acquire large scale capacity. The problem is modeled from the firm’s (customer’s) point of view and assumes customer is rational decision maker. Although there exist some studies in current literature related to routing and infrastructure by taking into account fuzzy quality of service, best to our knowledge there is almost no study about how fuzzy quality of service constraints effect network capacity acquiring and task allocation policies. To sum up, the aim of this research is suggesting a novel mathematical model and developing efficient solution algorithm to the capacity acquisition and task allocation problem which is encountered by firms using network capacity.   
2   Literature Review
Fuzzy logic has been applied to the several networking area during the last decade, and we believe that our study can extend the use of fuzzy logic in this area and particularly in task allocation. It is possible to divide current literature into two clusters that are related to application of fuzzy QoS parameters in telecommunication industry. One of these clusters might be considered as routing related researches under the assumption of fuzzy delay, jitter and package loss. Chen et al. [3] argues that it is unreasonable and inefficient to express the QoS constraints with deterministic crisp values. They presents new fuzzy genetic algorithm for QoS multicast routing and simulation experiments to demonstrate the algorithm’s efficiency. Cohen et al. [2] also tries to solve routing problem (path selection problem) under uncertainty. They present a fuzzy-based method for path selection under additive quality of service constraints, where the information available for making routing decisions is inaccurate. Guerin et al. [4] and Lorenz et al. [5] argue that the QoS constraints usually represented in the form of crisp limits. However, in actual network environment this kind of information is quite imprecision because of non-negligible propagation delay of state message, relative long update period due to overhead concern, and hierarchical state aggregation. Rai et al. [6] proposes a multi-objective Pareto-optimal technique using Genetic Algorithm (GA) for group communication, which determines a min-cost multicast tree satisfying end-to-end delay, jitter, packet loss rate and blocking probability constraints. Their model incorporates a fuzzy-based selection technique for initialization of QoS parameter values at each instance of multicasting.  Another existing set of literature about fuzzy QoS parameters mostly concentrates on selection or ranking of telecom suppliers or services under inaccurate or vague data.  Robak et al. [7] introduce modeling methodology of the QoS requirements for e-Business transactions between the service requestors and the service providers by usage of fuzzy methods. Wang [8] argues that service selection based on QoS-aware can bring great benefits to service consumers, as it is able to reduce redundancy in search. 

This section of literature review is devoted to articles that are concerned with supplier selection under existence of fuzzy information. Önüt et al. [9] develop a supplier evaluation approach based on the analytic network process (ANP) and the technique for order performance by similarity to ideal solution (TOPSIS) methods to help a telecommunication company in the GSM sector in Turkey. Kumar et al. [10] presents fuzzy Multi-objective Integer Programming Vendor Selection Problem formulation that incorporates the three important goals: cost-minimization, quality-maximization and maximization of on-time-delivery-with the realistic constraints such as meeting the buyers’ demand, vendors’ capacity, vendors’ quota flexibility, etc. Amid et al. [11] develops a fuzzy multi objective model is formulated in such away as to simultaneously consider the imprecision of information and determine the order quantities to each supplier based on price breaks. Amid et al. [12] suggests a weighted max–min fuzzy model to handle effectively the vagueness of input data and different weights of criteria. 
3   Problem Definition and Proposed Mixed Non-Linear Integer Mathematical Programming Model with Fuzzy QoS Constraints 

In the model, it is assumed that all tasks and operations that have to be performed by firm can be divided into two discrete sets namely size fixed and time fixed tasks without loss of generality. It is also assumed that all mentioned tasks independently require different transmission time, bandwidth and quality of service level. In the mathematical model, QoS level guaranteed by network providers and minimum QoS level which is needed to accomplishing operations are denoted as triangular fuzzy numbers (TFN). Two important QoS factors, delay and jitter, are modeled by fuzzy membership functions. Figure 1 shows delay membership functions for two different telecommunication suppliers. 
Objective function of presented model includes two cost terms, cost of acquiring capacity that reflects different pricing and discount schemes of suppliers and the potential opportunity costs such asthe cost of degradation in quality (which is more relevant for real time streaming applications), and the QoS switching cost when the decision maker intentionally downgrades the QoS level or switch to another supplier. The parameters define network providers are bandwidth, duration and QoS level.
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Fig.1. Delay fuzzy membership functions of two bandwidth provider
Problem Notation:
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Mathematical Model:
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Above mathematical model’s objective function represents cost minimization problem for firms that buy capacity from telecommunication market. Objective function includes two cost terms. First expenditure term consists of total capacity acquiring cost by taking into account discounts.  Second term reflects opportunity cost because of not meeting target transmission rate. Constraint set (2) ensures that we can use only up to available capacity. Fuzzy constraint sets (3) and (4) guarantee that task can be assigned to only resources (suppliers) which provide lower or equal delay and jitter values, respectively. Constraint (5) ensures that all time fixed tasks assigned to a resource are completed when the resource is available. Constraint set (6) prevents using more bandwidth than available at any time. Constraint (7) together with (18) ensures that a task is allocated just only one resource and all tasks are allocated. (8) Numbered constraint set guarantees that all time fixed jobs actually placed into required amount of time slice. On the other hand, constraint (9) forces to reverse enough capacity for size fixed tasks. Constraint set (10) prevents buying more than one bandwidth level from any supplier. Next constraint (11) enforces assigning tasks only to resources that is already bought. Constraint set (12) ensures that a task is allocated a network resource only if it is occupies a time slice on it. Constraints (13) and (14) put limitation on possible minimum and maximum transmission rate of each time fixed task, respectively. Constraints set (15) ensure not acquiring capacity more than sold by network providers. Rest of the constraints is used for sign and binary restrictions
4   Solution Heuristic and Computational Study 


The proposed model will turn into special case of well-known 2-Dimensional bin packing problem, if all tasks are considered as time fixed and opportunity cost term in objective function is removed. In addition, it is also necessity deleting fuzzy QoS constraints that are introduced in above formulation to make our model somehow similar to bin packing formulation.  2-Dimensional Bin packing problems are considered as NP Hard [13]. Therefore, it can be concluded that suggested cost optimization model for firms is also NP Hard in strong sense.  To sum up, existing commercial optimization software packages do not have ability of solving our model in reasonable amount of time. Hence, it is essential to develop fuzzy heuristic algorithm in order to solve existing problem. In the context of possibility theory, there are different approaches to model the coefficients of the objective function and/or the constraints as fuzzy members. Here the transformation method proposed by Gen et al.  [14] and used by [15] is adopted and extended to transform fuzzy right hand side numbers and fuzzy technological coefficients numbers in greater than or equal type constraints to crisp constraints. 
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where 
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(21) where 
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is a cutoff value that has to be established parametrically. Therefore, the transformation of the fuzzy QoS constraints sets (3) and (4) in Section 3 into crisp inequalities are performed by using (21).  In order to solve the problem 
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Fuzzy Heuristic Algorithm:
Step 1: For each task 
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by using (21). Afterwards, sort all tasks first increasing order of 
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Step 2: Sort the list by decreasing order of sizes of tasks. Call this list
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Step 3: For each supplier 
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Step 4: Sort all suppliers first increasing order of 
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Step 5: Sort the list obtained at Step 4 by increase order of effective unit capacity cost
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Step 7: After allocation of all tasks, find least used most expensive supplier. Try to move all tasks in this bin into other already chosen bins by taking opportunity cost and swapping tasks among resources. Calculate the current total cost by Eq. (1)

Step 8: Repeat Step 7, if it is feasible and economical, otherwise stop.  
Table 1 shows the results of a test case where firm has to complete 100 tasks and also there exists 40 different suppliers in the market. Test scenario analyzes indicates that changing value of 
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does not effect the number of supplier selected. Yet, it effects which supplier is selected. Optimal Solution for decision maker is observed when 
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is chosen 0.5. 
Table 1 Test results for changing 
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	# of
Suppliers


	#
of Tasks
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	Total Cost
	Opportunity cost
	Capacity purchasing cost
	#
Supplier Selected
	Unused Capacity (%)
	Run Time (sec.)

	40

40

40

40

40

40

40

40

40

40

40
	100

100

100

100

100

100

100

100

100

100

100
	0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
	288.375
288.883
288.725

289.195
290.204

286.100

286.547
287.571
287.558
288.690
287.752
	41.7375
42.2456
42.0878
42.5576

55.1896

39.4625
39.9097

40.9396

40.9205
42.0530

52.7371
	246.637
246.637

246.637

246.637

235.015
246.637

246.637

246.637

246.637

246.637

235.015
	5
5

5

5

5

5

5

5

5

5

5
	0.12
0.26

0,19

0,26

0,05

0,03

0,16

0,25

0,36

0,39

0,002
	3.939
3.699

3.483
3.858

4.965

3.912

3.919

4.190

3.929
3.945

4.934
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