Lecture(5)
facil​ities location

facility is something built or established to serve a purpose .

facil​ities location
 is the determination of the site for that facility(تحديد موقع المراكز والموسسات سواء كانت خدمية, انتاجية....)
. The location decision is part of a larger study area called facilities management which involves both the location of the facility and the composition or internal layout of the facility 
Factors Affecting Location Decisions

Selecting a facility location usually involves a sequence of decisions. This sequence can include:

* a national decision.

*a regional decision.

* a community decision. 
* a site decision. 
Figure 5.4 shows this location decision sequence.

First, management must decide whether the facility will be located internationally(عالمي) or domestically(محلي).Today, however, with the internationalization of business, managers are  rou​tinely considering where in the world their facilities should be located. 

Once the international-versus-domestic issue has been resolved, management must decide the general geographic region within the country where the facility is to be lo​cated. This regional decision may involve choosing among a few national regions, or among several regions within a much smaller geographic area. 

Once the geographic region decision has been made, management must decide among several communities within the region. Figure 5.4 also lists some of the factors affecting the community decision. Most of the factors taken into consideration in the regional decision are also present in the community decision.

The community decision has some additional factors affecting the location choice. Community services and taxes, attitudes and incentives(الحوافز) toward new facility locations, availability and costs of sites, environmental impact, banking services, and manage​ment preferences are important inputs in deciding among communities.

Finally, once a community has been selected, a site within that community must be chosen. Some additional factors emerge(تظهر) in site selection: size and cost of each site, proximity to transportation systems and related industries or services, availability of utilities and materials and supplies, and zoning restrictions(قيود وقوانين المنطقة التي سوف تخضع لها الموسسسة الانتاجية)
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Considerations in selection the location of plant
Example :- Location of a Manufacturing Facility
The management of Waterstill Manufacturing Company has decided to begin a manufacturing facility expansion. The expansion is necessary because of an increase in sales of its product(water softeners(منقيات الماء   There are currently two facilities, one in Tulsa, Oklahoma and the other in Tempe, Arizona, but there is no additional space available at either site. Furthermore, the "company has warehouses in Washing​ton, D.C., Cleveland, Ohio, Lincoln, Nebraska, San Francisco, California, and Phoenix, Arizona. They feel that transportation costs might be reduced if a new plant constructed at a different location. Figure 5.1 shows the existing sites.(التوسع يشمل اختبار مواقع لاختيار افضلهما وفق معايير)
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Fig. 5.1. Waterstill Company—manufacturing and wholesale facilities.

There are analyt​ical procedures to aid in the process , but the decision must also include factors that are difficult if not impossible to quantify. The decision usually is made in two stages: 
(1) The general location must be determined. (تحديد الموقع العام)
(2) the exact site must be selected from among those avail​able in the general locale.(تحديد موقع محدد في الموقع العام المختار) 
The considerations in the two levels, but there is substantial overlap, as shown in Figure 5.2 which presents some of these considerations and the appropriate stages. Table (1) more complete list. the analytical techniques can be used for quantifiable factors, but not qualitative factors in nature. Any decision on plant location should include consideration of all factors.  
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Fig. 5.2. Consideration in the two stages of plant location. [Extracted
with permission from James M. Moore, Plant Layout and Design
(New York: The MacMillan Company, 1962.)]





(Fig.5.1 )Consideration in the two stages of plant location
*represent  the importance of factor 

Table (1) Non cost Factors in Plant Location
	1
	Nearness to Market القرب من الاسواق


	2
	Nearness to Unworked Goods 


	3
	Availability of Power 


	4
	Climate 


	5
	Availability of Water


	6
	Capital Availability


	7
	Momentum of Early Start



	8
	Fire Protection


	9
	Churches and Religious Facilities



	10
	Recreational Opportunities Housing



	11
	Vulnerability to Air Attack

	12
	Community Attitude

	13
	Local Ordinances

	14
	Labor Laws

	15
	Future Growth of Community

	16
	Police Protection

	17
	School and Colleges

	18
	Union Activity

	19
	Medical Facilities

	20
	Employee Transportation Facilities

	21
	Housing



A typical team studying location possibilities might include accountants, lawyers, marketing experts, various consultants, , and industrial engineers. With this entourage of talent, the industrial engineer usually is not asked to be knowledgeable in all areas. Instead, the industrial engineer may be called upon to provide talent and knowledge in the actual operations related areas and in analytical techniques.فريق العمل الذي يتخذ قرار الموقع الافضل من بين عدة مواقع يتكون من  محاسبين,محامين,خبراء في السوق ,مستشاريين مختلف الاختصاصات , مدراء تنفيذيون, مهندس انتاج, (وظيفة مهندس الانتاج الامور التخطيطية وكذلك العمليات الاحصائية التحليلية المتعلقة بالعمليات بالانتاجية )
Lecture(6)     
Analytical Techniques

Analytical techniques are solution procedures that involve for exami​nation of the problem, usually by breaking the problem down into compo​nents and utilizing mathematics to search for a good solution. any analytical technique can only used  for quantifiable considerations  & may be  handling all the quantifiable considerations in one model. 

Many different plant location problems can be defined based on varying criteria(معايير) and parameters(عوامل وموشرات). Each formulation usually requires a unique solution procedure or at least a modification of another solution procedure. 

Usually, the criterion or objective is to minimize some cost function. Often, the distance traveled is chosen as the cost function(مسافة النقل هي دالة كلفة هدفها تقليل الكلفة عن طريق تقليل المسافة). Thus, the objective becomes one of minimizing total distance traveled. Sometimes the objective, or at least a consideration, may be to minimize the maximum distance traveled (as, for example, in locating fire stations or hospitals where the maximum or worst response distance is important).

Another possible stratification is in the distance measure used. Some​times the straight-line or Euclidean distance(المسافة المستقيمة) may be more appropriate. If two facilities are located at points represented by (X1- Y1) and (X2-Y2), then the Euclidean distance between the two is:-
[(X1- Y1)2 + (X2-Y2)2]1/2
while the rectilinear distance(المسافة غير المستقيمة) is

 (X1- Y1)2 + (X2-Y2)2
The two are demonstrated in Figure 5.3.
 A rectilinear measure is used when the streets are laid out in grids, as in an urban setting (Philadelphia, Penn., in Figure 5.3).(في حالة المسافات غير المسقيمة (الشوارع شبكةكما في شوارع المدن )

 Euclidean measure is used when a straight-line distance is more appropriate, as in interstate or intercity travel(السفر بين الولايات والمدن) (Columbus to Akron in Figure 5.3). Still another classification scheme is on the number of facilities to be located—single vs. multiple. For example, the location of one fire station in Manhattan, Kansas, may require a different technique from the location of ten fire stations in Oklahoma City, Oklahoma.(المسافات المستقيمة)
s[image: image4.jpg]Columbus

Euclidean
Distance

Euclidean
Ohio

Columbia Street

Walnut Street

University
of Pennsylvania

Rectilinear

Distance
Aztilinear

Philadelphia, Pennsylvania

Fig. 5.3. Euclidean and rectilinear distance examples.




Transportation Method of Linear Programming
It is relatively simple to formulate a manufacturing plant location prob​lem as a transportation linear programming problem involving minimization of total cost to distribute the product. the transportation linear programming formulation is used to determine the best distribution pattern for the plant in a certain location. Then, calculated total cost, tried  the various locations, and chosen the location with the least total cost.
example 
the Waterstill Manufacturing Company tried to test two locations to chose the best (low transportation cost) 1- Youngstown, Ohio, 2-Sparta, South Carolina. the costs of  manufacturing and distri​bution to the various warehouses can be calculated as shown in Table 5.1 in which information was obtained through careful examination of forecasts and production and distribution costs.

To formulate this as a transportation linear programming problem, it first must be realized that there are two alternatives: 
(1) locate the plant in Youngstown or (2) locate the plant in Sparta.

 We will develop two transportation problems, one with the plant in Sparta and one with the plant in Youngstown
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THE EXISTING& ALTERNATIVE LOCATION
Consider the cost of production and distribution. If the Tulsa plant produced and shipped a softener to Washington(شركة لانتاج المنقيات), the total cost would be

$75.00        +   $5.00           = $80.00
 Production    Distribution   Total cost per unit

The cost in the transportation matrix would then be $80.00 for the Tulsa-Washington combination. For Tulsa-Cleveland, it would be
$75.00 + $3.00 = $78.00 
while for Tempe-Lincoln, it would be
$70.00 + $3.50 = $73.50
If we continue this for all combinations and remember that the plants cannot exceed capacity and that the warehouses do not need more than their demand, the transportation problem, with the plant in Youngstown, can be formulated as in Figure 5.4. Here the two existing plants are shown as sources along with the potential plant in Youngstown.
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    The number in the upper right-hand corner of each square indicates the total cost of production and distribution per unit for that combination. The numbers under plant capacity are the production capability for each plant and the numbers in the row for demand are the demand at the warehouses. The total capacity equals total demand; this must be true for the procedure to work. If total demand does not equal total capacity, 
To record a solution, numbers must be added to the various blocks to indicate the number of units involved in that transfer. 
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For example, implies that 500 units are being produced in Tulsa and shipped to Washington 
The total cost of= 500 units(عدد الوحدات الانتاجية) * $80.00/unit(كلفة نقل الوحدة الواحدة) = $40,000.
There are several ways of solving this problem. Some give optimal solu​tions with a relatively high cost of time and effort and others yield very fast, good but not necessarily optimal solutions with a relatively low cost.
the least cost assignment method
The first step in the least cost assignment procedure is to pick the least costly element and assign as much as possible to that combination remember​ing that demand or capacity cannot be exceeded(اختيار الخلية الاقل كلفة وتثبيت احتياجها مع الاخذ بنظر الاعتبار الطلب والسعة وتستمر العملية الى ان نثبت الكميات وفق كميات السعة والطلب  ). 
Then the demand and capa​city are corrected to show partial assignment and the procedure continues. For example, the Tempe-Phoenix combination is the least expensive at 70.20 per unit. Tempe can produce 5,500 units, but Phoenix only needs 3,000, so 3,000 units should be assigned to that combination. Now, Phoenix has 0 units demand and Tempe has 2,500 units capacity. Because Phoenix does not need any more water softeners, that column can be dropped from considera​tion. The next cheapest is Youngstown-Cleveland at 70.50 per unit. Six thousand units can be assigned there and the Cleveland column can be dropped from consideration. If we continue in this manner, the final solution would be as shown in Figure 5.5 in which the circled numbers imply the order in which the combinations were chosen. 
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The total cost of this solution (which may or may not be optimal) is

2,500 (77) + 4,500 (78) + 2,500 (71.50) + 3,000 (70.20) + 5,000 (71.50) + 6,000 (70.50) + 1,500 (71.80) = $1,821,050
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The corresponding formulation and solution for the plant located in Sparta are given in Figure 5.6. The total cost of this solution (which again may or may not be optimal) is

4,000 (77) + 3,000 (78) + 2,500 (71.50) + 3,000 (70.2) + 5,000 (70.80) + 6,000(72) + 1,500(74.50) = $1,829,100

     The total weekly cost of production and shipment of Youngstown is $1,821,050, which $8,050 per week more economical than the total cost of production and shipment at Sparta. This implies that if all other factors are equal, the plant should be built in Youngstown.

All other factors are probably not equal, however. For example, the wages have been accounted for in the transportation model, but the labor market has not. Is the needed labor available? Are the specialized trades available? What is the attitude of local labor? All of these are questions that must be answered before a decision can be made. The costs developed in Figures 5.5 and 5.6 must be considered along with all the other factors in the proper perspective .If the entries in the matrix of Figure 5.4 were profit instead of cost, then maximum profit assignment should be used. That is, each assignment is made to the remaining feasible combinations with maximum profit. Capacities and demands are adjusted as before and the procedure is continued.
Multiple Objectives
This technique used for decision making with multiple objectives. so many factors, such as local climate, labor attitude, fire and police protection, and so forth, cannot be quantified. but they are important in the location decision.

Example
suppose that Waterstill Manufacturing Company has limited its choice in  two locations, City A and City B. All cost was cal​culate and there is no clear-cut distinction In fact, for simplicity, assume that all costs are equal at the two locations..(لم نستطع ان نميز اي موقع افضل وفق معيار الكلفة لذلك نفترض ان الكلفة في الموقعين متساوية) How can the decision be made ?كيف سيكون القرار
The first step is to make a list of all important factors. There are several lists available, some list contain21 and another list contain 36 noncost factors and. The list  )Figure 5.7 ( . It is important that the list contain all noncost factors influ​ence on the decision to insure that no significant items are omitted.
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The second step is to assign relative point values for each of the factors for the specific company and plant to be located. The values may vary somewhat(تختلف بعض الشي) between companies and within one company between different plants. (اعطاء قيمة لكل عامل تختلف هذة القيم باختلاف الشركات ان هذة القيم اي ليست من الثوابت(Figure (5.7) presented as an example for the 21 factors listed in& figure(5.8) show the values.
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 If we assume that Waterstill Company uses this scheme,
 the third step is to assign degrees and points within each factor. Usually from 4 degrees to 6 degrees are used with a linear assignment of points between degrees. As an example, Figure 5.9 shows the degrees for factor 16 (community attitude) At this point Waterstill has its evaluation scheme completely defined.(مقارنة سلوك واتجاة مجتمع القوى العاملة  للموقعين المرشحين)
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now must assign each of the two locations (A and B) degrees and cor​responding points for each factor. The methods used to obtain the degrees for each location vary substantially. Usually, a team of experts does the rating and management has the right to veto or change the results. Figure 5.10 shows results. In factor 16 Waterstill has decided that City A has a cooperative labor force (degree 3), but City B has a noncooperative labor force (degree 2).
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Waterstill and the Whitehurst Cowboy Consulting Firm now compare these results with the cost calculations and make a decision. City A has a total point value of 719 compared to 643 for City B. City A would probably be preferred since all cost calculations were assumed equal. If they had not been, some trade-off in the decision process would have to occur.
 Mathematical Programming (Optional)
mathematical programming, optimally determining the number, location, and sizes of plants (warehouses). Mathematical programming consists of repre​senting the cost of a system by a mathematical expression, constraining the all possible solutions when necessary, and searching over the all solutions to find the optimum point (minimum or maximum).(هدف هذة الطريقة هو تحديد عدد وحجم وموقع المنشاءة الصناعية او الخدمية من خلال اختيار الحل الامثل من مجموعة حلول ممكنة بعد تحديد القيود والكلف )
 In mathematical programming for  plant location, must specify the cost & constraints of the system. first deter​mined the number of potential plant sites are. Locating a plant at a particular site involves a fixed cost (construction, insurance) and a variable cost of supplying customers. The model, when solved, yields the optimum number, location, and size of the plant. (كلف الموقع نوعين كلف ثابتة تتضمن كلفة البناء والتامين وغيرها  وكلف متغيرة مثل تجهيز المنتج للمستهلك)
Where:-

m = number of customers(عدد المخازن المطلوب تجهيزها )
n = number of potential plant sites عدد المواقع المرشحة

Kj = fixed cost of opening plant j( كلف ثابتة وتمثل كلفة تشييد المصنعوالكلف المرافقة للتشييد)   
Xij = percent or fraction of customer i ̓ s  demand that is satisfied by factory j
(نسبة او مقدار الطلب المجهز من الموقع ,الطلب ككل او جزء منة)
         {0 if a plant is not located at j
Y1= 
          { 1 if a plant is located at j 
Cij = cost of supplying the total demand of customer i by plant j
(كلف متغيرة وهي كلفة تجهيز الطلب للمخازن من المواقع المرشحة )
If all of customer i's demand were supplied by plant j, the variable cost of shipment would be just Cij. Since fractional deliveries are allowed(مسموح تجهيز جزء من الطلب ), the total variable cost for the amount customer i receives from plant j becomes Cij Xij and the total variable cost for all customers and plants is given by
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is a symbol signifying "the summation of m elements in the order of 1through m.
If a plant is located at site j, a fixed cost of kj  can be formulated as Kj Yj since Yj is 1 only if a plant is located at site j and 0 otherwise. The total fixed costs of locating all plants are 
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The total cost is the sum of Equations (1) ,(2)which yield Equation (3)

                     Total Cost=T.C.=
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Constraints(قيود الحل). 1-  a customer cannot be supplied from j unless a plant is located at j, 2-  the total amount supplied by a plant located at j cannot exceed the total demand. This is represented by Equation (4) (remember that Xij is a fraction and yj is either 0 or 1). The lower​case letter, n, at the right-hand side of the expression indicates the total number of inequalities
 (i.e., j = 1 . . . , n implies there are n expressions where j takes the values 1 through n
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Next, all customers must be supplied. This can be represented by Equa​tion( 5)
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Finally, all Xij must be 0 or positive and all Yj must be 0 or 1. These can be represented by Equations (6) and (7).

                     Yj =(0,l)    j=1...,n …….   (6)
Xij 
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Putting all these into one model yields

                     Minimize T.C. = 
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Subject to
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j simply means "for each j" or "for every j" while
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ij means "for each i and j." The term subject to means that all possible solutions is restricted by the constraints that follow.

Example 
the Whitehurst Cowboy Consulting Firm decided to aid another company, Indeng Enterprises. This company wants to start a new product line; so it has to construct one or more manufacturing plants capable of supplying its four warehouses located in Norfolk, Virginia, Chica​go, Illinois, Seattle, Washington, and Baton Rouge, Louisiana. The company has determined three potential sites. They are in Baton Rouge, Louisiana, Cookeville, Tennessee, and Kansas City, Kansas. The situation is shown in Figure 5.11.
 (الاستشارة في بناء مصنع اواكثر هذة المصانع قادرة على تجهيز مخازن شركة اندنك الاربعة ,الشركة تختبر ثلاث مواقع )
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To aid Indeng Enterprises, the Whitehurst Cowboys first determine some cost information at the three potential sites. Specifically, determined the cost of supplying the demand at any location by a plant. That information is shown in Table 5.2.
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It is relatively simple to develop the mathematical formulation when given the information shown in Table 5.2. For example, X11 is the percentage of total goods supplied to warehouse 1 from potential plant 1. Therefore, the cost coefficient in the objective function is the cost of supplying warehouse 1 from plant 1 or $85,000. Similarly, the cost of supplying warehouse 1 from potential plant 2 is $75,000. The first two cost expression are then

85,000 X11 +75,000 X12 

 and the total variable cost is

    85,000X11  +                75,000X12  +      100,000X13 +      95,000X21 +                                                  85,000 X22 +        40,000 X23+      200,000 X31 +                                              185,000X32 +      185,000X33 +      10,000 X41 +                                                 70,000 X42 +       60,000 X43
Since the fixed cost associated with opening plant 1 is $60,000, the first fixed cost expression for is $60,000 Yi and the total fixed cost is

$60,000 Y1 + $50,000 Y2 + $65,000 Y3  

The total cost is the sum of fixed cost and variable cost or
85,000 X11      + 75,000X12 + 100,000 X13 + 95,000X21 + 85,000X22                                    +  40,000X23 + 200,000X31 + 185,000X32 + 185,000 X33                            + 10,000X41 + 70,000X42    + 60,000X43    + 60,000 Y1                               + 50,000 Y2 +  65,000 Y3
(تحقيق القيد الاول)The first set of constraints (m = 3) states that the total amount shipped from any plant cannot exceed the total demand or that a plant must be open (i.e., Yj = 1) before any shipment can occur. Those constraints are

    X11+X21+X31+X41
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(تحقيق القيد الثاني)The next set of constraints requires that all demand must be satisfied.

X11 + X12 + X13 = 1

X21 + X22 + X23 = 1

X31 + X32  +X33 = 1

X41 + X42 + X43 = 1
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Putting all this together yields

Minimize Total Cost = 85,000 X,, + 75,000 X 12 + 100,000 X,
+ 95,000 X,, + 85,000 X,, + 40,000 X,,
+ 200,000 X, + 185,000 X,, + 185,000 X,,
+ 10,000 X, + 70,000 X,, + 60,000 X,,
+ 60,000 Y, + 50,000 Y, + 65,000 Y,
Subject to
Xu+ X, +X,+ X, =3k,
X2+ Xp + X5, + X, < 47,
Xis + X5 + Xy5 + X5 < 47,
Xu+X,+X,=1
Xo1 + X0 + X535 =1
X5, + X5+ X5 =1
X+ Xop + Xy=1
Y, =0,1, Y,=0,1, Y;=0,1
XIIZOS XIZZOi Xuzo, XZIZO’ XZZZO; XZSZO
X520, X520, X33>0, X, >0, X, >0, X,,>0

The solution procedure for this formulation is simple, but development
of it is not really necessary for understanding the model. Those interested
should consult Efroymson and Ray.

The optimal solution to this problem obtained through the use of the
solution procedure or exhaustive enumeration in this simple problem is

yr=1 3= Y3 =
X?‘l:l’ X§3=1’ X§3= s Xf1=1
sz=X¥3=X?1=X§z=X?1 = X% = Xt =X4L=

o P

This says that plants are to be constructed in locations 1 and 3. Warehouses
1 and 4 are to be serviced by plant 1 while warehouses 2 and 3 are to be ser-




Serviced by plant 3. According to this model, Indeng Enterprises should then locate plants in Baton Rouge, Louisiana, and in Kansas City, Kansas.
Public Sector Location Problems
the public sector service agencies: Fire stations, hospitals, emergency centers, equipment yards, and landfills. the criterion is different from that for private sector problems and the constraints may differ. The objective in the private sector is usually to minimize some total cost function often represented by time or distance. The distance measure is frequently Euclidean.

In the public sector the objective is minimize time, for example, time to get to a fire or emergency. almost problems are in an urban setting, the distance measure is often rectilinear. there may be problems in the private sector whose objectives are to minimize time with a rectilinear measure and vice versa. 

Example 
The Whitehurst Cowboy Consulting Firm has been contacted by the American Red Cross of Oklahoma City, Oklahoma. A new blood bank is to be constructed somewhere in the city that will serve 15 existing hospitals and research centers. A given number of trips weekly are to be made by a truck from the blood bank to a given hospital or center and then back to the blood bank. The number of trips be​tween the blood bank and any given facility is relatively constant and known, but the number varies between facilities. The Red Cross wants to locate the blood bank such that the total distance traveled by the truck is minimized . Table 5.3.show The details, including map coordinates and the weekly number of trips , Figure 5.12 is a map showing approximate locations of all hospitals and research centers.
[image: image35.jpg]Table 5.3. INFORMATION FOR THE BLOOD BANK LOCATION STUDY

Map No. Trips

Hospital or Research Center Location Weekly
1. Hillcrest (22.5,. 359 10
2. South Community (26.5, 9.5) 10
3. Capitol Hill (29.5, 14.0) 5
4. St. Anthony (28.5, 24.0) 3
5. Bone and Joint (28.5,24.5) 1
6. Mercy (29.0, 25.0) 3
7. Polyclinic (30.0, 25.0) 1
8. Wesley (29.5, 24.5) i
9. University (32.0, 24.5) 2
10. University School of Medicine (32.0,25.0) 1

11. Oklahoma Medical Research

Institute (32.5,25.0) 1
12. Veteran’s Administration Hospital (33.0, 25.0) i
13. Crippled Children’s (32.5,24.5) 1
14. Deaconess (16.0, 36.5) 5
15. Baptist Memorial (18.0, 37.5) 4





[image: image36.jpg]Fig. 5.12. Oklahoma city map for blood bank study.




this problem is a single-facility location prob​lem with 15 existing facilities. The objective is to minimize the total distance traveled by the truck. Since the problem occurs in an urban setting, the distance measure is most likely rectilinear (which it is in this case).
The algorithm for solution this problem is :- 
Solution Procedure. Location of a new facility with respect to several existing facilities (rectilinear distances assumed):
(1) Arrange all facilities in increasing order of the X coordinates. Add up the number of trips for that same order. The optimum X  location is such that no more than half the trips are to the left and no more than half to the right.
(2) Repeat for the Y coordinate such that no more than half the trips are above and no more than half below.
(3) The X and Y coordinates just chosen are the optimum locations. must considered The price of land, neighborhood, and other parameters 
In the example problem the calculations for the X coordinate are 
Min. X Coordinate



Max. X Coordinate
	X Coordinate
	16.0
	18.0
	22.5
	26.5
	28.5
	29.0
	29.5
	30.0
	32.0
	32.5
	33.0

	NO. of Trips
	5
	4
	10
	10
	4
	3
	6
	1
	4
	2
	1

	Cumulative
	5
	9
	19
	29
	33
	36
	42
	43
	47
	49
	50


The total number of trips is 50. The optimum x location then is that location where no more than 25 trips are to the left and no more than 25 are to the right. This occurs exactly at

X* = 26.5
There are 19 trips to the left of 26.5 and  4+3+6+1+4+2+1= 21 trips to the right of 26.5.  
For the Y coordinate, the same procedure is required
Min Y Coordinate 



Max. Y Coordinate

	Y Coordinate
	5.5
	9.5
	14.0
	24.0
	24.5
	25.0
	36.5
	37.5

	NO. of Trips
	10
	10
	5
	3
	6
	7
	5
	4

	Cumulative
	10
	20
	25
	28
	34
	41
	46
	50


There are 50 total trips. At

y* = 14.0

20 trips are to the left and exactly 25 trips are to the right of the blood bank. This implies that the optimum location is at (14, 0). At

y* = 24.0

however, exactly 25 trips are to the left and 22 trips are to the right of the facility. This implies that the optimum location is at 24.0.
In this example the optimal solution occurs at any point in the following range of Y values:

14.0 < y* < 24.0

The facility may then be located at (26.5, 14.0), (26.5, 24.0), or any point between. it is possible for the optimum location of such a facility to be a point, a line, a square, or rectangular area, depending on the details of the specific problem. In this case, the answer is a straight line since the optimal location on the X axis was exactly 26.5 but that on the y axis could vary between 14.0 and 24.0.
the next step is to consider other factors, for example, the price of the land, the neighborhood, and cost of construction. The American Red Cross should consider all these factors before making their final decision.
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