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Preventive health care is unlike health care for acute ailments, as people are less alert to their unknown medical problems. In order to motivate public and to attain desired participation levels for preventive programs, the attractiveness of the health care facility is a major concern. Health economics literature indicates that attractiveness to a facility is signi…cantly in ‡uenced by proximity of the clients to it. Hence attractiveness is generally modelled as a function of distance. However, abundant empirical evidence suggests that other qualitative factors such as perceived quality, attractions nearby, amenities, etc. also in ‡uence attractiveness. Therefore, a realistic measure should incorporate the vagueness in the concept of attractiveness to the model. The public policy makers should also maintain the equity among various neighborhoods, which should be considered as a second objective. Finally, even though general tendency in the literature is to focus on health bene…ts, the cost e¤ectiveness is still a factor that should be considered. In this paper, a fuzzy bi-objective model with budget constraints of the problem is developed. Later, by modelling the attractiveness by means of fuzzy triangular numbers and treating the budget constraint as a soft constraint, a modi…ed (and more realistic) version of the model is introduced. Two solution methodologies, namely fuzzy goal programming and fuzzy chance constrained optimization are proposed as solutions. Both the original and the modi…ed models are solved within the framework of a case study in Istanbul, Turkey. In the case study, the Microsoft Bing Map is utilized in order to determine more accurate distance measures among the nodes.

Introduction

Health care constitutes one of the largest shares in economic activities worldwide. US health care spending accounts for slightly more than 17% of the GDP and provides jobs to 11% of the workforce [START_REF] Manyika | Big data: The next frontier for innovation, competition, and productivity[END_REF]. Increasing spending due to aging population and expensive new technologies used for both diagnostic and treatment purposes, and increasing customer expectations in the quality of health care delivery, magnify the share of health care to levels that are not sustainable. The rate of growth in US health care spending (5% annually in real terms) for the last decade outpaces the average annual growth in GDP and expectation is the continuation of this trend for the coming two decades [START_REF] Manyika | Big data: The next frontier for innovation, competition, and productivity[END_REF]. Some researchers project that the share of health care spending in GDP of US will rise up to 28% by 2025, and even will be nearly half of the total GDP (v48%) by 2050 [START_REF] Schwartz | Health care quality, access, cost, workforce, and surgical education: the ultimate perfect storm[END_REF]. Turkey, as an example of emerging countries, is not exempt from similar trends. Even though, the proportion of total health expenditure to GDP in 2012 was 6.3% (which is signi…cantly less than the US …gures), it is sig-ni…cantly higher than 5.8% which was the case in 2006 and 4.9% which was the case in 2000 [START_REF]Deloitte: Turkey life science and healthcare report[END_REF]. The public health expenditures increased more than four times in a decade, which was around 13.3 BTL in 2002, and became 58.6 BTL in 2012. Therefore, e¢ cient management of health care spending is a major concern of public policy makers, managers of health care providers and insurance company managers both in developed countries and emergimng countries like Turkey.

Preventive health care has always been the preferred option for creating awareness and reducing diseases in public. Generally speaking, there are three categories in preventive health care [START_REF] Cohen | Does preventive care save money? health economics and the presidential candidates[END_REF]. Primary interventions are those that reduce the risk of disease for healthy individuals (e.g. immunization programs, diet schemes, autism screenings for children, etc.). Secondary interventions are those that are designed for early detection of diseases for the individuals who are in the risk groups (e.g., screening for breast cancer for females over a certain age, cholesterol control, screenings for osteoporosis, colonoscopies, consultancy services provided for pregnant women, audiometric tests). Neither the individuals who receive primary prevention services nor those who receive secondary services have any obvious sign of the disease. On the other hand, tertiary interventions are designed for individuals who have been already diagnosed clinically for a disease and the goal of the preventive health care service is reducing the complications that might be caused by it (e.g., for individuals that have diabetes, regular retinal checks are done).

Health bene…ts of prevention is intuitive. That is to say, there is little argument against that preventing a disease is more desirable than tackling with the consequences of it. However, there is an ongoing debate on the economical bene…ts of preventive health care programs. Substantial evidence exists that public health is usually easier to maintain than to …x. Particularly chronic diseases such as cardiovascular diseases, Type 2 diabetes, cancer and chronic respiratory problems which constitutes more that 75% of health expenditures are largely preventable by preventive health care programs [START_REF] Woolf | The economic argument for disease prevention: distinguishing between value and savings[END_REF] [START_REF] Holland | Screening in disease prevention: what works?[END_REF]. Maciosek et al. [START_REF] Maciosek | Greater use of preventive services in us health care could save lives at little or no cost[END_REF] examined the costs and bene…ts of the clinical services recommended for the general population by the U.S. Preventive Services Task Force or the Advisory Committee on Immunization Practices, based on data obtained from an extensive structured literature review. The study claims that greater use of proven clinical preventive services in the United States could avert the loss of more than two million life years annually. Based on their analysis, increasing the use of these services from current levels to 90 percent in 2006 would result in total savings of $3.7 billion, or 0.2 percent of U.S. personal health care spending.

On the other hand, some researchers argue that it might be more cost e¢ cient to treat the few sick patients rather than spending the money to reach the whole population for prevention. Based on a systematic review of 599 articles from the cost e¤ectiveness literature, Cohen et al. [START_REF] Cohen | Does preventive care save money? health economics and the presidential candidates[END_REF] concludes that the distributions of cost-e¤ectiveness ratios for preventive measures and treatments are actually very similar. That is to say, the opportunities for e¢ cient investment in health care programs are roughly equal for prevention and treatment. As a result they warn the policy makers to avoid generalizations that argues preventive health care programs are always bene…cial in terms of cost e¤ectiveness and careful analysis of the costs and bene…ts of speci…c interventions should be a major concern.

Preventive Healthcare Facility Network Design Problem (PHFNDP) deals with where to locate the facilities and determination of their capacities. Since it is among the most sig-ni…cant strategic level decisions in any preventive healthcare program, it should be devised carefully so that the each dollar spent yields substantial health bene…t. In order to ensure the economical feasibility of preventive programs the participation of target groups is essential so that the program attains its overall objective, i.e., prevention of diseases. Furthermore, the maximal participation levels also lead to economies of scale in the operational costs of preventive healthcare facilities. Therefore, higher participation levels lower the overall burden of health care spending for the society and increases the expected bene…ts from the healthcare delivery. Note that, preventive healthcare is inherently di¤erent from programs for acute ailments. People who seek preventive services have more ‡exibility as to when and where to receive preventive healthcare services in contrast to those who are sick and requires immediate medical attention. Ironically, even though the health bene…ts of preventive services are clear, most of the people are still reluctant to participate. Therefore, the achievement of the desired participation level continues to be a challenge to many preventive healthcare programs.

Due to the strategic nature of PHFNDP, the decision maker is the government who is responsible to spend public money e¢ ciently and fair at the same time. That is to say, the government should locate the facilities and adjust their capacities so that the target groups could have higher participation rate and maintain the equity among di¤erent population groups that live in di¤erent neighborhoods. Tsou et al. [START_REF] Tsou | An accessibility-based integrated measure of relative spatial equity in urban public facilities[END_REF] state that the achievement of equity in the distribution of urban public facilities is a goal of paramount importance to urban planners, who must analyze whether and to what degree their distribution is equitable. However, there is a con ‡ict between these two objectives. In the literature the trade o¤ between the "overall good" that would be attained from higher participation rates (i.e., utilitarianism ) and equity (i.e., egalitarianism ) is addressed in various ways. For example, in the PHFNDP literature, Gunes et al. [START_REF] Gunes | Matching patient and physician preferences[END_REF] incorporate equity in their model as a constraint. Another possible way to address the trade-o¤ is treating the problem as a multi objective optimization problem. In the location literature, earlier examples where equity is treated as part of the objective are available. For example, Feng and Timmermans [START_REF] Feng | Trade-o¤s between mobility and equity maximization under environmental capacity constraints: A case study of an integrated multi-objective model[END_REF] treats accessibility based equity as an objective where the second objective is mobility in the context of urban planning. Some other references in the context of waste location-routing problem where equity is again treated as part of the objective function in multi objective optimization setting are available in Alumur and Kara [START_REF] Alumur | A new model for the hazardous waste location-routing problem[END_REF]. Note that, treating equity as part of the objective rather than a constraint has the advantage of providing multiple solutions to the decision makers and letting them make the last call by incorporating their preferences which is generally hard to assess beforehand.

In this paper, we address the bi-objective preventive health care network design problem where the objectives are maximizing the participation level and maximizing the equity. We will also consider budget limitations. In the operations management literature the attractiveness of the facility is used in order to estimate the anticipated level of participation and attractiveness usually is modelled with a nonlinear function of distance to the facility. Empirical research also supports that the distance to the facility signi…cantly in ‡uences the attractiveness of the health care facilities. However, some other factors, which are hard to quantify, such as perceived quality, pleasant surroundings, availability of other attractions in the neighborhood, attentive sta¤ etc. also empirically are shown to in ‡uence attractiveness [START_REF] Biørn | Does quality in ‡uence choice of general practitioner? an analysis of matched doctor-patient panel data[END_REF], [START_REF] Goldman | Hospitals as hotels: the role of patient amenities in hospital demand[END_REF], [START_REF] Gravelle | Does quality a¤ect patients? choice of doctor? evidence from the uk[END_REF], [START_REF] Varkevisser | Do patients choose hospitals with high quality ratings? empirical evidence from the market for angioplasty in the netherlands[END_REF]. Actually Zhang et al. [START_REF] Zhang | A bilevel model for preventive healthcare facility network design with congestion[END_REF] mentions qualitative factors such as facility type and facility reputation among the factors that in ‡uence attractiveness, however, the authors limited their attention again to the distance to the facility in their model. In this research, the attractiveness of a facility will be modelled …rst as a negative exponential function of distance to travel, in line with the existing literature. We will utilize a fuzzy goal programming approach with two di¤erent and operators as a solution to this version of the model. Later, the attractiveness will be represented with a triangular fuzzy number which incorporates the vagueness of the attractiveness concept and a modi…ed version of the model will be developed. In the modi…ed version, the budget constraint will also be treated as a soft constraint and modelled with fuzzy chance constraints. In order to solve the modi…ed version a fuzzy chance constrained method will be utilized. The fuzzy chance constrained method will be a modi…ed version of an existing algorithm where -constraint method is incorporated in the solution process. Both of the models will be used in the framework of a case study in Istanbul, Turkey.

The outline of this paper is as follows: It proceeds with a literature review of relevant publications particularly in PH-NFDP in section 2. The basic terminology of fuzzy set theory and credibility measures, as well as a brief discussion on multi objective optimization, in particular goal programming and -constraint method, is introduced in section 3. The mathematical model of the paper is presented in section 4. The proposed solution methods, i.e., the fuzzy goal programming and modi…ed fuzzy chance constrained method, and the relevant literature are elaborated in sections 5 and 6. Later, in section 7, the case study and discussion on the results of the algorithms are provided. The paper is …nalized by conclusions and some future research areas in section 8.

Literature review

The publication of …rst papers regarding to the design of healthcare networks dates back to early 60s when Hakimi [START_REF] Hakimi | Optimum locations of switching centers and the absolute centers and medians of a graph[END_REF] presented the problem of location on a graph with applications in telecommunication, police stations and hospitals. Later, many papers have been published in the context of healthcare network design such as locating organ transplant centers [START_REF] Beliën | Optimizing the facility location design of organ transplant centers[END_REF], locating healthcare facilities assuming moving populations [START_REF] Ndiaye | Modeling health care facility location for moving population groups[END_REF], locating ambulances [START_REF] Shariat-Mohayman | Linear upper-bound unavailability set covering models for locating ambulances: Application to tehran rural roads[END_REF] and real-world case studies in Brazil [START_REF] Galvao | A hierarchical model for the location of perinatal facilities in the municipality of rio de janeiro[END_REF], Burkina Faso [START_REF] Cocking | Improving access to health facilities in nouna district, burkina faso[END_REF] and Malaysia [START_REF] Shari¤ | Location allocation modeling for healthcare facility planning in malaysia[END_REF].

The problem of designing preventive healthcare facilities with congestion considerations is not new to the literature. The …rst publication in this area was Verter and Lapierre [START_REF] Verter | Location of preventive health care facilities[END_REF], where the problem of locating preventive facilities was presented and case studies in Georgia, USA and Montreal, Canada were reported. Recently, Zhang et al. [START_REF] Zhang | Incorporating congestion in preventive healthcare facility network design[END_REF] presented the problem of preventive healthcare network design on a graph with optimal choice allocation and an objective of maximizing participation level. They presented four di¤erent heuristic methods for their problem. Later, Zhang et al. [START_REF] Zhang | A bilevel model for preventive healthcare facility network design with congestion[END_REF], addressed a similar problem and modeled it as a bi-level nonlinear optimization model. In order to solve their problem, they developed a lower level problem and an upper level prob-lem and proposed gradient projection method and an e¢ cient tabu search procedure.

Gu et al., developed an accessibility measure for PHNFDP and presented an e¢ cient interchange algorithm to solve it [START_REF] Gu | Optimization of preventive health care facility locations[END_REF]. The impact of client choice behavior on the network and the participation level of people was considered by Zhang et al. [START_REF] Zhang | The impact of client choice on preventive healthcare facility network design[END_REF]. Their decision variables are the location of facilities and also the number of facilities in each location. In Gunes et al. [START_REF] Gunes | Matching patient and physician preferences[END_REF], physicians' preferences are also addressed as part of the objective, where the workload, income (due to the practice of fee for service payments to the health care employees), professional service and a collegial environment, and equity are handled by means of various constraints (lower and upper bound on the assigned number of individuals to each physician, lower and upper bounds on the number of physicians in each facility, etc.). Parker and Srinivasan [START_REF] Parker | A consumer preference approach to the planning of rural primary health-care facilities[END_REF] adopt the view point of the individuals and the objective of the PHFNDP is set to maximize the overall utility of the individuals that will receive the service.

To the best of our knowledge, the case of preventive health care network design with equity considerations and budget constraints has not been addressed as a multi objective optimization problem in the literature. On the other hand, Batta et al. [START_REF] Batta | Public facility location using dispersion, population, and equity criteria[END_REF] points to the gap between model development and analysis, and usage of these models to make actual location decisions. They propose that an appropriate role for the OR/MS analyst should be assisting the decision makers to identify a good set of solutions rather than an optimal solution that may not be practical. We address this gap that exists in the literature and rather than providing an optimal solution, a set of Pareto e¢ cient solutions are obtained as the result of the developed solution methods.

According to Batta et al. [START_REF] Batta | Public facility location using dispersion, population, and equity criteria[END_REF] other issues that the location theory literature also su¤ers are lack of data and invalid assumptions regarding to the parameters used in the models. This claim seems to be valid in PHFNDP literature, particularly with respect to the attractiveness measure that is commonly used in order to determine the participation of the public to preventive programs. In order to model, the participation levels in a network, the papers in the literature assume attractiveness as a function of the proximity of the facility (i.e., time to reach to the service). Empirical research in health economics literature deals with the concept of attractiveness of health facilities. It is true that the empirical evidence suggests that the proximity has a signi…cant e¤ect on attractiveness of facilities. For example [START_REF] Müller | The e¤ect of distance from home on attendance at a small rural health centre in papua new guinea[END_REF], determines that in urban areas, distance in ‡uences the decision on which kind of medical services (e.g. a medical doctor or a hospital) the patients use, whereas in rural areas of developing countries, distance is the decisive factor whether or not to use medical services at all. Other research such as [START_REF] Capps | De…ning hospital markets for antitrust enforcement: new approaches and their applicability to the netherlands[END_REF], [START_REF] Haynes | Potential accessibility, travel time, and consumer choice: geographical variations in general medical practice registrations in eastern england[END_REF] also reveals evidence that supports this argument.

On the other hand, [START_REF] Biørn | Does quality in ‡uence choice of general practitioner? an analysis of matched doctor-patient panel data[END_REF], [START_REF] Goldman | Hospitals as hotels: the role of patient amenities in hospital demand[END_REF], [START_REF] Gravelle | Does quality a¤ect patients? choice of doctor? evidence from the uk[END_REF], [START_REF] Varkevisser | Do patients choose hospitals with high quality ratings? empirical evidence from the market for angioplasty in the netherlands[END_REF] demonstrates that attractiveness of health care facilities is not only in ‡uenced by the proximity, but also by other qualitative factors such as quality, availability of other facilities in the neighborhood (e.g., shopping malls, restaurants, etc.), amenities in the facility, etc. That is to say, for a more realistic model, attractiveness of a facility should not be modelled with a crisp number but rather should allow some variance based on the other factors as well. . Therefore, a more realistic approach for incor-porating the vagueness in the measure of attractiveness could be achieved by modeling it with fuzzy numbers.

Furthermore, even though budget is always a constraint in the decision making process, it is rather a soft constraint rather than a hard one. That is to say, public policy makers might eventually decide to increase the budget to a degree, based on the anticipated marginal outcome of such an increase in terms of participation level. Another issue that is addressed in this paper, in terms of the modelling aspect of the problem is modelling the budget constraint as a fuzzy constraint. In order to solve the mathematical model with fuzzy variables and fuzzy constraints a modi…ed version of fuzzy chance constrained algorithm is developed. Note that the relevant literature regarding to the solution methods will be provided in section 5, where the details of the proposed algorithms are presented. Next, the basic terminology from fuzzy set and logic theory required for the rest of the paper, as well as the relevant literature regarding to multi-objective optimization approaches utilized in the research, namely, goal programming and -constraint method, is presented.

Theoretical background

In 1965, Zadeh introduced the concept of fuzzy sets and de-…ned it as: "A collection of objects that might belong to the set to a degree, varying from 1 for full belongingness to 0 for full non-belongingness, through all intermediate values" [START_REF] Zadeh | Fuzzy sets[END_REF]. A formal de…nition of fuzzy sets is as follows:

De…nition 1 If X is a collection of objects denoted generically by x, then a fuzzy set e A in X is a set of ordered pairs:

e A = x; e A (x) j x 2 X
where e A (x) is called the membership function or grade membership (also degree of compatibility truth) of x in e A that maps X to the membership space M:

In order to measure a fuzzy event, Zadeh introduced the possibility measure [START_REF] Zadeh | Fuzzy sets as a basis for a theory of possibility[END_REF]. However, the possibility measure was not self-dual and later Liu [START_REF] Liu | Uncertainty theory: an introduction to its axiomatic foundations[END_REF] introduced a self-dual measure referred to as credibility measure which is de…ned as follows: De…nition 2 Let be a non-empty set, and P the power set of . Then, each element A in P is called an event. The set function Cr is called a credibility measure if it satis…es the following axioms [START_REF] Liu | Theory and practice of uncertain programming[END_REF]:

1-Cr f g = 1 (Normality ) 2-Cr fAg Cr fBg whenever A B (Monotonicity ) 3-Cr fAg + Cr fA c g = 1 (Self-duality ) 4-Cr f[ i A i g = sup i
Cr fA i g for any events sup i Cr fA i g < 0:5 (Maximality ) De…nition 3 A fuzzy variable is de…ned as a (measurable) function from a credibility space ( ; P; Cr) to the set of real numbers [START_REF] Liu | Theory and practice of uncertain programming[END_REF]. De…nition 4 Let be a fuzzy variable. Then, the expected value of is de…ned as:

E[ ] = +1 Z 0 Crf rgdr 0 Z 1

Crf rgdr

provided that at least one of the two integrals are …nite [START_REF] Liu | Theory and practice of uncertain programming[END_REF].

Unlike the real numbers, there is no natural ordering in fuzzy numbers. Therefore, an important problem that exists in fuzzy mathematics is ranking the fuzzy variables. There are various ranking criteria that exists in the literature. The following criterion is referred to as the Expected Value Criterion: De…nition 5 Assuming and to be two fuzzy variables, we

say > if and only if E[ ] > E[ ],
where E is the expected value operator of fuzzy variables. [START_REF] Liu | Theory and practice of uncertain programming[END_REF].

Note that there are other criteria available to rank fuzzy variables such as Optimistic Value Criterion, Pessimistic Value Criterion and also Credibility Criterion. For more information, readers may refer to [START_REF] Liu | Theory and practice of uncertain programming[END_REF].

Another issue in fuzzy set theory is basic set operators, i.e., the conjunction and disjunction operators. Generally speaking t norms are used as conjunction operators and t conorms (or S norms) are used as disjunction operators in fuzzy set theory.

Multi-objective optimization

The general form of a multi-objective optimization problem (MOP) with k objectives, m inequality constraints, and e equality constraints is as follows:

max x f (x) = [f 1 (x); f 2 (x); : : : ; f k (x)] T g j (x) 0 j = 1; 2; ::; m (1) 
h l (x) = 0 l = 1; 2; ::; e where a set of Pareto-optimal solutions is sought. A Paretooptimal solution is essentially a solution which cannot be improved in one of the objectives without deteriorating at least one other.

In the literature of MOP, various methods have been proposed to …nd solutions. Broadly speaking, these procedures can be categorized as a-priori, a-posteriori and interactive methods depending on at which stage the decision maker's preferences are incorporated to the solution process [START_REF] Hwang | Multiple objective decision making-methods and applications[END_REF]. Note that, there are a set of advantages associated with all three solution approaches, i.e., a-priori, a-posteriori and interactive methods. While a-priori methods are the most popular ones due to their relative simplicity in implementation, it is usually di¢ cult to elicit preferences of the decision makers accurately before the analysis. Among the latter two which provides more information to the decision makers during the process, the interactive methods are more straightforward whereas aposteriori methods provide more information to the decision makers by providing a better picture of the non-dominated set of solutions.

In this research fuzzy versions of an interactive approach, namely, goal programming [START_REF] Charnes | Optimal estimation of executive compensation by linear programming[END_REF], [START_REF] Charnes | A goal programming model for manpower planning[END_REF], [START_REF] Charnes | E¤ective control through coherent decentralization with preemptive goals[END_REF] and an a-posteriori approach, namely -constraint method [START_REF] Haimes | On a bicriterion formulation of the problems of integrated system identi…cation and system optimization[END_REF] which are widely used in the literature are adopted. In the sequel, a brief introduction of the conventional goal programming, -constraint method and a modi…ed version, namely the augmentedconstraint method will be provided. Note that, the fuzzy goal programming method proposed as a solution to the …rst model (which will be introduced later) is readily available in the literature. However, the augmented -constraint method will be introduced to an existing fuzzy chance constrained method and as a result a modi…ed version of the fuzzy chance constrained method is developed and proposed as a solution to the second model.

In goal programming, the goals, denoted as b i where i = 1; ::; k are de…ned for each objective function and the overall goal is minimizing the sum of absolute deviations, i.e., jd i j ; from these goals. 

min x2X;d ;d + k X i=1 (d + i + d i ) f i (x) + d i d + i = b i i = 1; 2; : : : ; k d + i ; d i 0 i = 1; 2; : : : ; k d + i d i = 0 i = 1; 2; : : : ; k (2) 
g j (x) 0 j = 1; 2; ::; m h l (x) = 0 l = 1; 2; ::; e Note that it is also possible to introduce weighting parameters w i and u i in order to prioritize the positive and negative deviations, respectively, for objective i in the formulation. These relative importance parameters as well as the goals (i.e., the target values) are supposedly provided by the decision makers. Therefore, goal programming approach was originally developed as an a-priori method. However, later the interactive goal programming approaches are developed and successfully applied in various multi objective problems [START_REF] Masud | Interactive sequential goal programming[END_REF].

On the other hand, the -constraint method belongs to a group of bounded objective function methods. These methods try to optimize a single objective fp(x) while keeping the other objectives as a constraint such as L i f i (x) U i ; i = 1; 2; : : : ; k where i 6 = p in which L i and U i are the lower and upper bounds of objective i respectively. However, in the -constraint method, either L or U is excluded depending on the type of the objective (maximization or minimization). Later a systematic, meticulous changing process of bounds brings about …nding the e¢ cient frontier. That is to say, the mathematical model of the -constraint method is similar to the model presented in [START_REF] Alumur | A new model for the hazardous waste location-routing problem[END_REF] with an extra set of constraints, namely, f i (x) F i i = 1; ::; k and i 6 = p: The resulting mathematical model is as follows: max x fp(x) f i (x) F i i = 1; ::; k and i 6 = p g j (x) 0 j = 1; 2; ::; m

h l (x) = 0 l = 1; 2; ::; e where F i is the threshold on the objective function i. Recently, Mavrotas [START_REF] Mavrotas | E¤ective implementation of the epsillonconstraint method in multi-objective mathematical programming problems[END_REF] presented a modi…ed version of the -constraint method which improves the performance of the traditional -constraint method and called it AUGME-CON 1 which avoids generation of weaker Pareto optimal solutions and tries to eliminate some redundant iterations throughout the optimization process. AUGMECON can be stated as follows:

max x fp(x) + ( X i6 =p s i r i ) f i (x) F i i = 1; ::; k and i 6 = p g j (x) 0 j = 1; 2; ::; m (4) 
h l (x) = 0 l = 1; 2; ::; e where is a relatively small constant, say 10 3 , s i is the slack variable of objective i in the set of constraints and r i is the range of the objective function i used to avoid scaling problems.

In this paper, the modi…ed approach, i.e., AUGMECON is utilized as part of one of the solution methods. Authors kindly ask the readers to refer to [START_REF] Mavrotas | E¤ective implementation of the epsillonconstraint method in multi-objective mathematical programming problems[END_REF] for further details of AUGMECON.

Problem description

Let G = (V; A) be a network in which V (jV j = n) and A represent vertices and edges respectively as a model for a region with population zones (V ) and transportation links (A). The distance matrix is assumed to satisfy the triangular inequality. The total population in the network is P where p i is the fraction of population living in population zone i 2 V . The aggregate number of clients requiring services in the whole network is estimated to follow a Poisson distribution with a rate of per unit of time. Similarly, the demand from each demand zone i will be p i .We also denote the set of potential nodes as X 2 V . There is a restricted budget of B to spend on establishing facilities. The shortest path from node i to node j is t ij .The attractiveness of a facility is modeled as a negative exponential function of the travel time as a ij = e tij where is a problem-dependent constant parameter. The unit cost of adding a server to a facility is denoted as , and the …xed establishment cost of a facility at node j is j . We assume that each facility j has k servers each providing an exponentially distributed service at a rate of service per unit of time.

is the set of number of servers which ranges from 1 to K. Additionally k is the maximum rate of participation possible for a system with no explosion, 0 = 0 and r k = k k 1 ; (k 2 ). There are two objectives for the decision maker. On one hand the decision maker wants to maximize the participation to the preventive program as much as possible, at the same time in order to ensure the fairness, in order to maximize the equity as well. We de…ned two decision variables for the model as follows:

x ij = 1 if client from zone i receives service from node j 0 otherwise s jk = 1 if node j has k or more servers 0 otherwise Now, the mathematical model of the bi-objective problem is as follows: max

X i2V p i X j2X a ij x ij (5) max min i2V X j2X a ij x ij (6) 
X j2X j s j1 + X j2X X k2 s jk B (7) 
X j2X x ij = 1 8i 2 V (8) x ij s j1 8i 2 V ; j 2 X (9) t ij x ij t ip + M (1 s p1 ) 8i 2 V ; j; p 2 X (10) X i2V p i a ij x ij X k2 r k s jk 8j 2 X (11) 
s j;(k+1) s jk 8j 2 X; k 2 f1; 2; :::; K 1g

x ij ; s jk 2 f0; 1g 8i 2 V ; j 2 X; k 2

The objective function ( 5) tries to maximize the aggregate participation level in the network. The objective ( 6) is the one to maximize the equity in the network. Constraint [START_REF] Charnes | Optimal estimation of executive compensation by linear programming[END_REF] restricts the total money to be spent. Constraint [START_REF] Charnes | A goal programming model for manpower planning[END_REF] states that any demand node should be allocated to one and only one open facility. Constraint [START_REF] Cocking | Improving access to health facilities in nouna district, burkina faso[END_REF] forbids the assignment to those nodes without any server and constraint [START_REF] Cohen | Does preventive care save money? health economics and the presidential candidates[END_REF] enforces the model to allocate any demand node to the nearest facility. Constraint [START_REF]Deloitte: Turkey life science and healthcare report[END_REF] is the constraint which guarantees that assignments satisfy the queuing limit of any facility. Constraint [START_REF] Feng | Trade-o¤s between mobility and equity maximization under environmental capacity constraints: A case study of an integrated multi-objective model[END_REF] states that the s variable is a non-decreasing function of k and constraint set [START_REF] Galvao | A hierarchical model for the location of perinatal facilities in the municipality of rio de janeiro[END_REF] is the integrality constraint on decision variables. Note that the second objective ( 6) is a nonlinear one which can be easily transformed into a linear one by assuming

Z = min i2V X j2X a ij x ij (14) 
and adding it to the model. Now, the linearized bi-objective model will be as: max

X i2V p i X j2X a ij x ij (5) max Z (15) Z X j2X a ij x ij 8i 2 D (16) 
and (7) (13)

5 Fuzzy goal programming Fuzzy goal programming is basically a fuzzi…ed version of the classical goal programming approach which assumes a fuzzy goal e G and a fuzzy constraint e C with a set of alternatives.

In fuzzy goal programming a decision e D is de…ned as the intersection of e

G and e C. This interaction can be obtained by using t norms in the fuzzy set theory literature such as the infamous min operator originally proposed by Zadeh.

Assuming only fuzzy objectives in the model, Zimmermann [START_REF] Zimmermann | Fuzzy programming and linear programming with several objective functions[END_REF] de…ned the following aggregate objective function for a problem with k fuzzy objectives: max e D = max minf 1 (x); 2 (x); :::; e k (x)g [START_REF] Gunes | Matching patient and physician preferences[END_REF] where e k is the membership degree of the objective function k, which represents the degree of satisfaction of the objective function value and the target values, i.e., f D i 's and the e G i 's . This model can be easily transformed to the following one:

max i (x) i = 1; 2; :::; k x 2 X Ax B (18) 
x 0 Although Zimmermann's operator is simple to use, it has the disadvantages of not being a compensatory operator and the possibility of not generating Pareto-optimal solutions. In other words, the solution obtained using this operator is affected only by the worst solution and no other objective is able to a¤ect the outcome. Therefore, various scholars have tried to present compensatory operators to solve this issue. In this paper, we will use the Werners' [START_REF] Werners | Aggregation models in mathematical programming[END_REF] compensatory and operator which can be represented as follows:

e D (x) = maxf min i f i (x)g + (1 )( 1 m ) m X i=1 i (x)g ( 19 
)
in which is the compensation magnitude. In other words, the lower the value of , the higher the compensation ability of the operator. Needless to say, by assigning a value of = 1, the operator is transformed into the standard min operator of Zimmermann's. Note that, the Werners'compensatory and operator guarantees generation of Pareto-optimal solutions [START_REF] Ozkok | A compensatory fuzzy approach to multi-objective linear supplier selection problem with multipleitem[END_REF]. Although a decision maker can de…ne the associated membership function of each objective as an arbitrary function. In this paper a monotonically increasing/decreasing (for positive/negative objectives respectively) function for all the objectives is utilized. To this end, assuming lower and upper bounds for an objective Z i to be Z i and Z + i respectively, the membership degree can be de…ned as follows for a maximization objective function as follows:

i (Z i fxg)= 8 > > > < > > > : 1 If Z i (x) Z + i Zj (x) Z j Z + j Z j If Z i < Z i (x) Z + i 0 If Z i (x) Z i
A sample linear fuzzy membership function as depicted in Figure 1.

{Insert Figure 1 Around Here} {Insert Table 1 Around Here} The solution methodology for the fuzzy goal programming model is as follows:

Algorithm 1 -Fuzzy Goal Programming

Step 1. The problem is solved for each of the k objective functions one by one with all of the constraints. The payo¤ table is constructed which is an asymmetric matrix where the matrix elements represent the optimal values. Table 1 tabulates sample payo¤s with k objectives in which x k is the optimal solution for objective k, and z ik is the value of objective function k when objective i is optimized. On the other hand, Z k is the vector of solution values when objective k is optimized. It should be noted that the values on the diagonal are the optimal objective values of the corresponding objective function.

Step 2. The lower and upper bounds of each objective function are determined based on the payo¤ table and membership functions are de…ned.

Step 3. Using equation ( 19), a secondary problem } with a single objective function and the identical constraints as (16, 7 -13) is constructed.

Step 4. The secondary problem } is solved using di¤erent values of and results are reported.

Fuzzy chance constrained optimization

Recall that the empirical evidence suggests that attractiveness is not only in ‡uenced by a quantitative measure of distance to facility but also qualitative factors. Therefore, a more realistic way of representing attractiveness of the facilities would be with fuzzy numbers. Furthermore, budget is rather a soft constraint than a hard one. These two observations yield a mod-i…ed version of the mathematical model. However, the fuzzy goal programming approach is not suitable for the modi…ed version of the model.

Liu [START_REF] Liu | Theory and practice of uncertain programming[END_REF] presents a fuzzy expected value model which allows fuzzy parameters and fuzzy constraints as follows: max E(f 1 (x; )); E(f 2 (x; )); :::; E(f k (x; )) E(g j (x; )) 0 j = 1; 2; ::; m x 0 where is a fuzzy vector, f i (x; ) is the i th objective function i = 1; 2; ::; k and g j (x; ) are fuzzy constraint functions j = 1; 2; ::; m. Since the fuzzy constraints g j (x; ) 0; j = 1; 2; ::; m do not de…ne a deterministic feasible set, a natural idea is to provide a con…dence level which de…nes the level of satisfaction of the constraint. This transformation leads to a separate chance constraints Cr g j (x; ) 0 j ; j = 1; 2; ::; m:

In line with the above formulations the bi-objective preventive health care network design problem is transformed as follows in which is a user-de…ned parameter:

maxfE[ X i2V p i X j2X a ij x ij ]; E[Z]g (20) Z X j2N a ij x ij 8i 2 D (15) Crf X j2X j s j1 + X j2X X k2 s jk Bg (21) 
and (8) [START_REF] Galvao | A hierarchical model for the location of perinatal facilities in the municipality of rio de janeiro[END_REF] In order to solve the above formulation a simulation-based optimization procedure developed by Liu [START_REF] Liu | Theory and practice of uncertain programming[END_REF] is utilized. In this approach, two separate fuzzy simulation procedures executes simultaneously in order to estimate the expected value of each objective and also the feasibility of a solution related to the budget constraint.

Liu [START_REF] Liu | Theory and practice of uncertain programming[END_REF] proposed simulation algorithms in order to simulate U 1 :

x ! E[f (x; )] and U 2 : x ! Crfg j (x; ) 0; j = 1; 2; :::; pg: The pseudo-codes of the algorithms are presented below. For the sake of limited space, the interested readers are kindly referred to Liu [START_REF] Liu | Theory and practice of uncertain programming[END_REF] for further details.

Algorithm 2 -Fuzzy Simulation for U 1

Step 1. Set e = 0.

Step 2. Generate k from the credibility space ( ; P; Cr), determine k = (2Crf k g) ^1 and produce k = ( k ); k = 1; 2; :::; N , respectively, where ^is a t norm operator.

Step 3. Set two numbers a = f (x; 1 ) ^f (x; 2 ) ^: : :

f (x; N ) and b = f (x; 1 ) _ f (x; 2 ) _ : : : _ f (x; N )
, where _ is a t conorm operator.

Step 4. Randomly generate r from [a; b].

Step 5. If r 0, then e e + Crff (x; ) rg Step 6. If r < 0, then e e Crff (x; ) rg

Step 7. Repeat the fourth to sixth steps for N times.

Step 8.

U 1 (x) = a _ 0 + b ^0 + e b a N Algorithm 3 -Fuzzy Simulation for U 2
Step 1. Randomly generate k from the credibility space ( ; P; Cr), determine k = (2Crf k g) ^1 and produce k = ( k ); k = 1; 2; :::; N respectively.

Step 2. Estimate the value of U 2 (x) = 1 2 ( max

1 k N
f k jg j (x; k ) j=1;2;:::;p 0g + min

1 k N f1
k jg j (x; k ) j=1;2;:::;p > 0g)

Note that, in order to generate the e¢ cient frontiers, the modi…ed -constraint method which is introduced earlier and referred to as AUGMECON [START_REF] Mavrotas | E¤ective implementation of the epsillonconstraint method in multi-objective mathematical programming problems[END_REF] is utilized. In other words, the simulated solution (after running algorithms 2 and 3) is fed to AUGMECON in order to obtain the e¢ cient frontier. Note that, the fuzzi…ed version of AUGMECON by embedding the Liu's simulation-optimization procedure in it, is a novel solution framework in the literature.

Case study

The health care status in Turkey has improved in the last decade with the implementation of Health Transformation Program since 2003. Preventive health care programs receive a signi…cant share of public health care budget and the total amount of expenditure to these programs have reached to 9 BTL in 2013 [39]. The preventive health care programs include Alcohol Control Programs, the Healthy Nutrition, Obesity Control, the Reduction of Excessive Salt Consumption, the Strategic Asbestos Control, the National Tobacco Control, etc. Note that, in particular the National Tobacco Control program, which was started in 2008, sets a good example for the e¤ectiveness of these programs. As a result of this program, tobacco consumption rates decreased from %31.2 in 2008 to %27.1 in 2012, and Turkey became the …rst country in the world to implement all of the …ve tobacco control measures [START_REF]…ve years of progress in global tobacco control[END_REF].

Particularly before the implementation of the Health Transformation Program a major problem of the Turkish network was to provide access to health services to all the people, including those living in remote places. For instance in 2002 Turkey had about 25 hospital beds per 10.000 population on the average, and the variation accross the country was from 3 to 60 beds per 10.000 population [START_REF] Savas | Health care systems in transition[END_REF]. As of 2012 the average of number of beds per 10.000 population is increased to 28, and more noticeably the regional variance is reduced drastically and the range accross the country has become 13 to 54 [START_REF]TUIK: Number of beds in public and private in-patient institutions[END_REF]. This improvement is partly due to the strategic goals that are set in the Health Transformation Program regarding to maintain the spatial equity (SH.2.9) and partly due to the governing law of the health care services (No. 3359) which imposes that the health care institutions should deliver, plan and coordinate their services considering the spatial equity, quality and e¢ ciency (Article 3.a). As a result, any decision to be made should consider the equity, participation level and budget in Turkey. Therefore, in this research we developed a model with these considerations on hand and a framework is proposed as a solution.

In order to analyze the performance of the proposed framework a case in Istanbul, Turkey is studied. Istanbul is a megacity with a population count of more than 13 million residents. Geographical coordinates for the 38 districts (all but the Princess Islands, which have no road connection to the other districts) of Istanbul were obtained through a commercial database. The geographical data was obtained as (X; Y ) pairs where X is the latitude of the potential district and Y is the longitude of this location. Then the population of each district (namely, the results of the 2012 general population count), were obtained from the Turkish Statistical Institute.

{Insert Figure 2 Around Here} {Insert Figure 3 Around Here} The distance matrix was created from obtained data using a software developed particularly for this purpose using the C# programming language. A snapshot of this software is included in Figure 2. The software acquires the road distances and puts them into the distance matrix by automatically querying them from the Microsoft Bing Maps through the appropriate API 2 . It was crucial for our problem that the road distances to be used instead of the Euclidean distances especially due to the Boshporus strait, i..e, the strait that ‡ows through the middle of Istanbul and separates the city into two. Any model built on Euclidean distances for both the European and Asian sides of Istanbul at the same time would be highly inaccurate due to the existence of the strait. Figure 3 illustrates the need to use road distances through showing the Euclidean distance and the road distance, where the latter is much longer.

Results of fuzzy goal programming

In order to assess the performance of the fuzzy goal programming approach for the problem on hand an experimental analysis was conducted. Even though Werners'compensatory and was preferred as the t norm by the authors, in order to compare the results of the methodology, the same prob-lem is also solved by using the Zimmermann's operator. The problem parameters in the analysis were generated as Table 2 where U (a; b) is a uniform random variable between a and b.

{Insert Table 2 Around Here} {Insert Table 3 Around Here} {Insert Figure 4 Around Here} Table 3 and Figure 4 present the results of algorithm using both Zimmermann's and Werners'operators. Clearly, the results of the two operators are pretty di¤erent. While the trend of change with Zimmermann's operator is an almost linear function of , the compensatory operator of Werners is quite robust for di¤erent values. Note that even though Zimmermann's operator doesn't utilize the parameter since for di¤erent levels the bounds of the objective function changes, the optimal value of the goal programming approach that utilizes Zimmermann's operator also changes. Recall that a major disadvantage of the interactive approaches such as goal programming is their reliance on decision makers subjective preferences, such as the parameter, due to the di¢ culties in the process of elicitation. Therefore, the robustness of the Werners' operator (as demonstrated by the Figure 4) is a highly desirable property and supports its preference in fuzzy goal programming.

{Insert Table 4 Around Here} {Insert Figure 5 Around Here} Figure 5 depicts the resulting network layouts and Table 4 demonstrates the payo¤ table of running test problems with di¤erent values of budget and for three objectives as Participation-only, Equity-only, and the Werner-based biobjective with = 0:4. In Table 4, each block (which are associated with di¤erent budget levels), the values on the diagonal report the optimal values of each problem. Results clearly show that all of the three objectives are all sensitive to a change in budget. For the tight budget case (B = 20; 000)

Werners' compensatory and yields the same results with Equity-only objective. On the other hand for medium and relaxed budget cases Werners'results are kind of compromised solution that handle both of the objectives as expected. Moreover, due to the special nature of districts in Istanbul, where some districts are remote from others, in those cases where the objective is to maximize the Participation-only, the value of equity is zero which corresponds to the most unfair network design with respect to the de…nition of the adopted equity measure.

Results plotted in Figure 5, demonstrate the resulting network layouts for the three di¤erent budget levels and also each of the three objective functions. The …gure clearly highlights the di¤erence between the solutions with di¤erent objective functions. While the layouts of regarding to the problem which optimizes the participation level only, almost all the facilities are located in the center of the plane. The dispersion of the facilities are more fair in the other two models. As expected, the higher the available budget, the substantial increases in all three objective functions which is more clear for the equity objective function owing to its special characteristic. Another interesting point in the …gure is the level of similarity among solutions with di¤erent values of budget for the same objective. Results show that almost two-thirds of facilities are identical among these set of problems which means that the solutions are almost robust to more investment in establishing facilities. This is of a high practical importance, as relocating facilities are really costly. Hence, establishment plans may start with a lower budget availability without a need for drastic changes in near future.

Results of the chance constrained optimization approach

As discussed earlier, in reality the attractiveness of a health care facility is not a function of a single parameter, namely, travel distance. Therefore, a more realistic approach would be modeling the attractiveness as the outcome of highly complex relations among various factors such as the proximity (i.e., time to travel), availability of other attractions in the neighborhood, perceived quality, etc. Therefore it is decided to measure the attractiveness with linguistic variables which can be represented with fuzzy sets rather than a crisp number. Likewise, as facility location is a strategic decision problem which needs major investments, there is a degree of uncertainty in the total cost to incur in the future. Furthermore, usually policy makers have some ‡exibility in terms of money spending in such major decisions. Hence, the budget constraint is actually a soft constraint rather than a hard constraint. Therefore the budget constraint is modeled as a chance constraint in the second phase of the research. The modi…ed mathematical model presented in Section 6 is solved by using the fuzzy chance constrained method which is discussed earlier.

In order to examine the behavior of the new model, we generated a set of test problems as follows. For any element of the attractiveness matrix, say a ij , which was computed in the previous section, a triangular membership function is generated as triangular membership function with parameters (' 1 a ij ; a ij ; ' 2 a ij ) where ' 1 and ' 2 were selected to equal 0:2 and 0:3 respectively. Note that, in reality experts would provide the appropriate triangular fuzzy numbers based on the factors that would in ‡uence the attractiveness of the node. However, for demonstrative purposes the simpli…ed approach is considered. After the preprocessing stage, the simulationbased optimization procedure is executed and the e¢ cient frontier, which should be regarded as a fuzzy e¢ cient frontier owing to the fuzziness of parameters, is obtained.

{Insert Figure 6 Around Here} Figure 6 depicts the Pareto-frontier of the two objectives. Each point in the curve depicts a di¤erent solution which has been found using the simulation-optimization as a result of 1000 iterations. The more one goes to the right in the …gure, an increase in participation level accompanied with a decrease in equity levels is observed. One should also observe that, initially the participation level increases signi…cantly with a relatively low deterioration of the equity. One of the interesting observation in the resulting set of Pareto e¢ cient solutions is its cardinality. That is to say, a lower number of Pareto solutions are obtained than expected. Second observation is the sharp change in the right hand side of the Pareto e¢ cient frontier. Both of these observations can be attributed to the special spread of nodes in Istanbul. Note that in a megacity like Istanbul, even though most of the population lives in districts that are usually close to one another, there are exceptional districts, which are located in relatively remote places and smaller population (in the case of Istanbul, the Sile district). Hence, the equity objective is almost robust throughout a large proportion of its range and sharply reduces as soon as the facility moves out of such a remote place in order to increase the participation levels.

Concluding remarks and future research

In this paper, we have addressed the preventive health care network design problems with budget constraints. The objectives of the decision makers, in this case the public policy makers, are maximizing the participation level as well as maximizing the equity among the populations living in di¤erent neighborhoods. On one hand, maximization of the participation level is crucial, since it increases the health bene…ts that are anticipated from such preventive programs as well as the cost e¤ectiveness due to the economies of scale. On the other hand, the public policy makers should also maintain the fairness among the public. The dilemma among these two con ‡icting objectives are common in public decision making, i.e., the maximization of overall goodness (i.e., utilitarianism ) and fairness (i.e., egalitarianism ). As a result the problem is treated as a bi-objective problem.

In order to solve the bi-objective PHFNDP, two multi objective approaches are utilized. First, for a conventional version of the model, a fuzzy goal programming approach based on the Zimmermann's operator and Werners'operators are developed. Later a modi…ed version of the problem is proposed. In the modi…ed version, the budget constraint is treated as a soft constraint and modelled as a chance constraint. Furthermore, since in reality the attractiveness measure is not a function of proximity to the facility but in ‡uenced by other qualitative factors, it is represented with triangular fuzzy numbers in the modi…ed version. In order to solve the modi…ed version of the problem a fuzzy chance constrained optimization model is developed. The developed methodologies are applied to Istanbul, Turkey in a case study. In order to be more accurate the traveling distance between the 38 nodes were generated using the Microsoft Bing Maps.

This paper is the …rst bi-objective modelling with objectives of participation and equity applied to PHFNDP. Note that, the resulting pareto e¢ cient solutions obtained from the -constraint method allow the decision makers to make informed decisions. That is to say, the model acts as a prescriptive decision support tool which has various advantages to normative approaches. Note that, even though many facility location papers are published in the literature, usually these papers had only scienti…c contribution but not practical value. One of the major reasons for this gap between the theory and practice is the developed models usually can't incorporate some concerns of the decision makers such as future development plans, tendency to promote their local voters, etc. Therefore, a prescriptive multi objective approach that yields multiple pareto e¢ cient solutions would be preferable for the public policy makers as opposed to a normative solution that dictates the best solution. Modeling the budget constraint as a soft constraint and representation of the atrractiveness with fuzzy numbers also serve to the same purpose. A novel methodological framework that incorporates simulationoptimization to the AUGMECON is developed in order to handle the modi…ed model. Finally, the paper is among the pioneers in PHFNDP by utilizing the more accurate travelling distance as opposed to the studies that utilizes only Euclidean ‡ight distance.

Since almost all of the parameters in real-world are uncertain, a possible future research area would be considering stochastic variables such as travel times in the network. Note that the preventive health care network design is inherently intertwined with some other problems such as sta¤ rostering. Integration of these problems in the current model can also be a promising future research area. Finally, the model can be enriched considering cultural and demographic issues such as the population of each age group in a neighborhood or using cultural aspects in de…ning the attractiveness functions. 
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  The negative and positive deviations are referred to as d i and d + i respectively. It should be noted that d i ; d +

	i	0 and d + i d i = 0. The mathematical formula-
	tion of a classical goal programming problem is presented as
	follows:	
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Augmented -constraint method