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ABSTRACT 

Service provision to the public is crucial and wide ranging and it is the duty of the service 

provider to ensure that all clients’ needs are satisfied. This research is based on inventory 

routing from depot to a number of distribution centers. It seeks to solve the Inventory Routing 

Problem (IVP) by finding the minimum number of centers to be used as distribution centers 

minimizing total distance travelled but providing coverage to the whole area. Three 

supplementary goods were considered that is beans, gloves and soap. SPSS and Ms Excel were 

used in the data analysis. A real road map for the centers in Chirumanzu south was used in this 

study. A distance matrix was formulated and coverage of less than 20km was defined for each 

center.A zero-one coverage matrix was formulated from the distance demand matrix using the 

above coverage radius which then leads to the formulation of the objective function. The set 

covering approach that is P-center and P-median were implemented in Lindo 6.1 to solve the 

objective function.The P- center selected 7 centers out of the 20 centers already in use by the 

department while P-median minimized the centers to 9 out of 20. Both methods have 5 centers in 

common and the current depot was chosen by both methods hence it is an optimum position. 

Simulated annealing was then applied to the centers selected by both methods to find the order in 

which they should be visited covering a total distance of 138km in the following 

order 1, 21  21, 16  16, 11  11, 6  6, 1  . 

Key words: Inventory, routing, coverage matrix. 
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BACKGROUND OF THE STUDY 

Service provision is one of the core businesses of the catholic nuns; they are also providing a 

source of living to the community at large by employing quite a number of them on contract 

basis especially in Chirumanzu district. They assist in the day to day running of quite a number 

of people’s lives by giving them cash to venture into self reliance projects like poultry, gardening 

to mention just a few. With this in mind the nuns then formed a specialized group looking 

specifically at those people suffering from HIV and AIDS who are bed ridden and cannot be 

admitted into the hospital due to high charges and or serious conditions. Large quantities of 

inventory are received by the department and are supposed to reach the clients on time .The 

movement of the goods to the centers with dynamic demand is done by a fleet of vehicles with 

limited capacity hence the need to reduce transport costs.  

INTRODUCTION 

In many industries, the logistic planning functions of transportation and inventory play an 

important role and integrating these two areas may lead to better gains and more competitive 

distribution strategies. The coordination of transportation and inventory is an important source of 

competitive advantage in the supply chain management. The battle for cost minimization can 

pass through the equilibrium of transportation costs versus inventory managing costs. 

Inventory Management (IM) and Vehicle Routing (VR) have been extensively studied separately 

and there is a lot of literature on these areas. Many models have been proposed for inventory 

problems with no routing decisions and also vehicle routing with no inventory management 

being mentioned. The problem that considers VR and IM decisions together is called the 

Inventory-Routing Problem (IRP). Anily, S. and Federgruen, A. (1990) studied a one warehouse 

multiple retailer system with vehicle-routing costs and found that distribution systems with a 

depot and many geographically dispersed retailers each of which faces external demands 

occurring at constant, deterministic but retailer specific rates was best. All stock enters the 

system through the depot from where it is distributed to the retailers by a fleet of capacitated 

vehicles combining deliveries into efficient routes. Berman, O. and Parkan, C.(1981) studied a 

facility location problem with distance dependent demand and found that network systems where 

demand for the services of a facility originates at the nodes of the network and its magnitude 

depends on the shortest distance to a service-providing facility. Clark, G and Write J.W. ( 1963) 
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studied scheduling of vehicles from a central depot to a number of delivery points and showed 

the current state of art in optimization and mentioned three groups of interest in logistic 

warehouses and distribution centers. Drezner T and Wesolowsky, G.O. (1997) studied the best 

location of signal detectors and found two solution procedures proposed for the problem on a 

line segment: a mathematical programming model and a specially designed algorithm. The 

problem in an area is solved by a univariate search, a Demjanov-type algorithm, a mathematical 

programming model, and simulated annealing. Federgruen, A. and Zheng, Y-S. (1992) in their 

research on the efficient algorithm for computing an optimal (r,Q) policy in continuous review 

stochastic inventory systems presented a surprisingly simple and efficient algorithm for the 

determination of an optimal (r*, Q*) policy. The computational complexity of the algorithm was 

linear in Q*. For the most prevalent case of linear holding, backlogging and stock out penalty 

costs (in addition to fixed order costs), the algorithm requires at most (6r* + 13Q*) elementary 

operations (additions, comparisons and multiplications), and hence, no more than 13 times the 

amount of work required to do a single evaluation of the long-run average cost function in the 

point (r*, Q*). Lu Y., Song J-S. and Yao, D.D. (2003) researched on order fill rate, lead time 

variability, and advance demand information in an assemble-to-order system. They studied an 

assemble-to-order system with stochastic leadtimes for component replenishment. There are 

multiple product types, of which orders arrive at the system following batch Poisson processes. 

Base-stock policies are used to control component inventories. They analyzed the system as a set 

of queues driven by a common, multiclass batch Poisson input, and derived the joint queue-

length distribution. The result leads to simple, closed-form expressions of the first two moments, 

in particular the covariances, which capture the dependence structure of the system. Based on the 

joint distribution and the moments, we derive easy-to-compute approximations and bounds for 

the order fulfillment performance measures. They also examined the impact of demand and lead 

time variability, and investigate the value of advance demand information. Rosing, K. Hillsman, 

E. and Volgelaar, H (1979) investigated on the robustness of two common heuristic for the P- 

median problem and computed Optimal P-median solutions for six test problems on a network of 

forty-nine demand nodes and compared with solutions from two heuristic algorithms. 

Comparison of the optimal solutions with those from the Teitz and Bart heuristic indicates that 

this heuristic is very robust. Tests of the Maranzana heuristic, however, indicate that it is 

efficient only for small values of p (numbers of facilities) and that its robustness decreases 
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rapidly as problem size increases. Song, J-S. (1998) studied on the order fill rate in a multi-item, 

base-stock inventory system. In this paper, he studied this performance measure for a base-stock 

system in which the demand process forms a multivariate compound Poisson process and the 

replenishment lead times are constant. He shows that the order fill rate can be computed through 

a series of convolutions of one-dimensional compound Poisson distributions and the batch-size 

distributions. He also developed simpler bounds to estimate the order fill rate. These bounds 

require only partial order-based information or merely the item-based information. Finally, he 

investigated the impact of the standard independent demand assumption when the demand is 

actually correlated across items. Song, J-S. (2000) studied a note on assemble-to-order systems 

with batch ordering and an assemble-to-order inventory system. The stocks are held for 

components, with final products assembled only when customer orders are realized. Customer 

orders form a multivariate compound Poisson process, component replenishment lead times are 

constant, and demands in excess of inventory on hand are backlogged. The component 

inventories are controlled by (R, nQ) policies. We show that under certain general conditions the 

inventory position vector has a uniform equilibrium distribution. This result generalizes the 

corresponding single-item theory considerably. It allows us to express the key performance 

measures of the system, such as order fill rates and average order-based backorders, as the 

averages of their counterparts in the base-stock systems. Zhao, Y. (2008) studied the analysis and 

evaluation of an Assemble-to-Order system with batch ordering policy and compound Poisson 

demand and considered a multi-product and multi-component Assemble-to-Order (ATO) system 

where the external demand follows compound Poisson processes and component inventories are 

controlled by continuous-time batch ordering policies.  

 

The motivation of this work can be found on the advantages that can be obtained when 

combining these two activities, that is when trying to reduce total costs through the coordination 

of decisions between distribution management and inventory management areas. There are also 

some other motivating considerations like: (i) the importance of distribution systems in 

organizations and (ii) the current trend to coordinate distribution operations. 

METHODOLOGY 

The research will be based on monthly demand data for the fast moving items namely Soap, 

gloves and beans. Data was collected from St Theresa’s Home Based Care department. The 
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secondary data to determine the factors that affect the optimal movement of inventory from the 

hospital’s Home Based Care department covered the period January 2007 to December 2010.  

The distance between centers was calculated using the map for Chirumanzu south. The research 

was based on monthly demand data for the supplementary goods being distributed to the People 

Living with HIV and AIDS (PLWHA). Data for a series of fast moving items like soap, beans, 

gloves and peanut butter was collected from the department of information systems.  

Data was also collected through observing the situation at the hospital and the centers to make 

some conceptual judgments about the movement of inventory to the clients. 

Hypothesis testing on assumptions using Q-Q Plots 

The hypothesis to be tested was: 

𝐻0: Demand is normally distributed 

𝐻1: Demand is not normally distributed  

Test statistic 

Rejection criterion: reject 𝐻0 if the points on the graph do not cluster around a straight line. 

Test for independence using Runs test 

The hypothesis to be tested was 

𝐻0: The data is independently distributed 

𝐻1: The data is not independent  

Runs up and runs down 

If a is the total number of runs in the sequence the mean and variance of a is given by  

𝜇𝑎 =
2𝑁 − 1

3
 

𝜎2
𝑎 =

16𝑁 − 29

90
 

For N>20, the distribution of a  is approximated by a normal distribution. The test statistic is 

𝑧𝛼 =
𝑎 − 𝜇𝑎

𝜎𝑎
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This can be written as   𝑧𝛼 =
𝑎−[(2𝑁−1)/3 ]

 (16𝑁−29)/90
       where  𝑧𝛼~𝑁(0,1)             

Runs above and below the mean 

Let 𝑛1  𝑎𝑛𝑑 𝑛2  be the number of individual observations above and below the mean and let b be 

the total number of runs. The maximum number of runs is 𝑁 = 𝑛1 +  𝑛2  and the minimum 

number of runs is one. The mean and variance with continuity correction of b for a truly 

independent sequence are given by 

𝜇𝑏 =
2𝑛1𝑛2

𝑁
+

1

2
 

𝜎𝑏
2 =

2𝑛1𝑛2(2𝑛1𝑛2 − 𝑁)

𝑁2(𝑁 − 1)
 

For either 𝑛1𝑜𝑟 𝑛2 greater than 20, b is approximately normally distributed. The test statistic is  

𝑧𝑜 =
𝑏−[

2𝑛1𝑛2
𝑁

+
1

2
]

 
2𝑛1𝑛2(2𝑛1𝑛2−𝑁)

𝑁2(𝑁−1)

     

Failure to reject the hypothesis of independence occurs when −𝑧𝛼/2 < 𝑧𝑜 < 𝑧𝛼/2 where 𝛼 is the 

level of significance. 

 Distance Matrix for the centers 

The matrix was constructed using the real road network of scaled Chirumanzu South map. The 

following are the main centers that are serviced by the hospital: 

Depot(center1),Govere(2),Rupepwe(3),Mavhaire(4),Maware(5),Chinyuni(6),Shashe(7),Mutya(8)

,Mhende(9),Ngezi(10),Chihosho(11),Vhudzi(12),Chapwanya(13),Maponda(14),Debwe(15), 

Guramatunhu(16),Nyautonge(17),Nyamandi(18),Hwata(19), Rutunga(20),Muwani(21) and Holy 

cross(22) 
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Fig 1: Map of Chirumanzu South 

Zero-one coverage matrix for the centers 

A center in a particular area is expected to handle the clients’ needs both in its area and the 

adjacent areas (areas which share borders with its own); hence the demand zone assumes the 

value of 1 to show that it can cover itself and all areas which it shares border with that all centers 

with a distance less than 20km and 0 otherwise.  

 Minimizing the number of centers 

In order to minimize the number of centers to be visited during the distribution process, the 

Location Set Covering Model (LSCM) was used ascertain the number of centers selected was 

kept at minimum whilst all demand points are covered. The P-median and P-center formulations 

were used to obtain the optimal number of centers to be visited.  

Designing a distance matrix 

Step 1: Identify the distribution routes in accordance with the HBC regulations. A route is 

selected if it can get as close as possible to the clients.  

The map of Chirumanzu will be used to identify the routes. 
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Step 2: Formulation of a distance matrix of the demand zones. The diagonal elements of the 

matrix are zeros since implying that the decision associated with self assignment have a 

coefficient zero distance in the objective function.  

Step 3: Formulation of the Zero-one covering matrix for the centers and demand zones. 

The matrix that was used to formulate the objective function is called the zero-one matrix 

 for total covering problem. The diagonal elements were all ones because each center is capable of  

covering its self 

Formulation of the objective function 

After presenting the zero-one coverage matrix for demand areas the next step was to formulate  

the objective function that would be optimized to find the least number of centers to be visited  

but covering the whole demand area. The binary decision variables were given by 

                  
𝑥𝑖 = 1 𝑐𝑒𝑛𝑡𝑒𝑟 chosen
𝑥𝑖 = 0        otherwise.

  

The objective was to get the minimum number of centers that could be used. The problem was a  

minimization problem therefore the objective function was  

𝑀𝑖𝑛𝑖𝑚𝑖𝑠𝑒 𝑍 =  𝑥𝑗

22

𝑗=1

 

Subject to      

 𝑥𝑗𝑗𝜖𝑁 ≥ 1     𝑗 = 1,2,3, … ,22 

Xij= 0 or 1 

 

Simulated annealing 

 

Simulated annealing algorithm 

 

Step1. Generate an initial solution S randomly. 

Step2. Parameter initialization 

           𝑇𝑠 = 𝑇0 

           𝑇𝑟 = 𝑇𝑠 

           𝑇𝑘 = 𝑇𝑠 

           𝑠𝑏 = 𝑠 

           𝑘 = 1 
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Step 3.Next solution 

Explore the neighborhood of S using random interchange method and select a solution 𝑆 ′𝜖𝑁(𝑆) in an ordered search. Compute δ=(S)-C(S) according to the cost of a move. 

Step 4.Comparison of solutions 

If δ≤0, then 𝑆 = 𝑆 ′ 

El s e 

Generate a random number rεU (0, 1) 

If r ≤𝑒−𝛿/𝑇 , then 𝑆 = 𝑆 ′ 

Else retain S 

End if 

End if 

I f 𝐶(𝑆) < 𝐶(𝑠𝑏) then 

𝑆𝑏 = 𝑆 ′𝑎𝑛𝑑 𝑇𝑏 = 𝑇𝑘(Temperature at which the best solution is found) 

Else retain S. 

End if 

Step 5.Temperature up date 

We update the temperature according to a simple geometric scheme T (t+1) = 𝛼 T (t). 

Step 6.Termination test 

Stop if a small change in the objective function value and record the best solution. Otherwise go to step 3. 

Problem specific choices 

(i)Definition of a solution 

A solution is a facility set 

(ii)Objective function (cost function): 

Definitions: s - denotes a solution as defined (i). 

𝑠𝑏 −  Denotes the best solution found so far. 

C(S) - denotes the cost of a solution .This is the total distance in the facility set. 

The objective is to minimize C(s). 

(iii)Determination of the initial solution 

The initial solution was generated randomly. 
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DATA ANALYSIS AND RESULTS 

 Exposition to the problem 

 

 

Fig 1: Demand curve for beans 

This shows that the commodity was a necessity to the people with HIV and Aids as depicted 

from the increase in demand. Out of the 48 months in consideration, 12 have zero quantity 

distributed. On average the demand of beans per month was 558 packets which were far above 

the average of quantity distributed of 350 packets.  

 

 

 Fig 2 : Demand for gloves 

The demand is dynamic as shown by the department’s failure to distribute goods that met the 

demand for that particular period. Demand was met in 11 months only and distribution exceeded 

demand in 5 of the 11 months. Otherwise for the other months demand was far much above the 

quantity distributed. 
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 On average the demand of gloves per month was 315 boxes which were far above the average of 

quantity distributed of 184 boxes.  

 

Fig 3: Demand for soap bars 

Mostly demand was not met, save for only 15 months were it was fulfilled.The average soap 

demand was 201 bars a month compared to the distributed average of 127 bars . 

 Hypothesis testing on assumptions 

The hypothesis to be tested was:  

𝐻0: Demand was normally distributed  

𝐻1: Demand was not normally distributed 

 

 

Fig 4: Demand for beans 
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Fig 5: Demand for Soap 

                      

The points were clustering on the normal line with few deviations which implies a linear   

relationship on the demand for all the items.  

We fail to reject 𝐻0 and conclude that the demand is normally distributed since most of the data 

points are almost clustered to the straight line. 

 

 

Test for independence using Runs test 

 (a)The runs for the demand of beans are as follows 

+; +;-;-;-;+;+;-;+;-;+;-;+;+;+;-;-;-;-;+;+;+;+;+;-;+;+;-;+;-;+;+;+;-;+;-;+;-;+;-;+;-;-;+;-++ 

Number of runs (a) =29 with 15 runs up and 14 runs down  

(b)The runs for the demand of gloves are 

+;+;-;-;-;-;+;+;+;-;+;-;-;-;+;+;-;+;-;+;+;+;-;+;+;-;+;+;-;+;+;+;+;-;+;-;+;-;+;+;+;+;-;-;+;+;+ 

a =30 15 runs up, 15 runs down 

(c) The runs for the demand of soap are 

-;+;+;-;+;-;+;+;-;-;+;+;-;-;-;-;+;+;-;+;-;+;-;+;+;-;+;+;-;+;+;-;-;+;-;-;+;+;+;+;+;-;-;+;-;+ 

a=28 13 runs up, 16 runs down 
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   Table 1 Summary of runs tests 

Supplementary 

goods 

𝝁𝒂 𝝈𝟐
𝒂 𝒛𝜶 

Beans 31.667 8.211 -0.9307 

Gloves 31.667 8.211 -0.5818 

Soap 31.667 8.211 1.2797 

The critical values of the supplementary goods using the normal distribution (since n>20) are all 

less than1.96 . Therefore we fail to reject the null hypothesis at 5% level of significance and 

conclude that the collected data are independent. 

  Solution report for P-median 

 

              LP OPTIMUM FOUND AT STEP      24 

 OBJECTIVE VALUE = 9.000000000 

 FIX ALL VARS.(   22)  WITH RC >   1.00000 

 NEW INTEGER SOLUTION OF   9.000000000AT BRANCH      1 PIVOT     75 

 BOUND ON OPTIMUM: 9.0000000 

 ENUMERATION COMPLETE. BRANCHES=     1 PIVOTS=       75 

 LAST INTEGER SOLUTION IS THE BEST FOUND 

 RE-INSTALLING BEST SOLUTION... 

        OBJECTIVE FUNCTION VALUE 

        1)     9.0000000 

  VARIABLE        VALUE     SLACK OR SURPLUS           

        X1         1.000000          0.000000 

        X6         1.000000         1.000000 

        X7         0.000000          0.000000 

        X8         1.000000          0.000000 

       X11        1.000000          0.000000 

       X12         1.000000          1.000000 

       X15         0.000000          0.000000 

       X16         1.000000          0.000000 

       X17         0.000000          1.000000 

       X18         1.000000          0.000000 

       X21         1.000000          0.000000 

       X22         1.000000          0.000000 
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The number of centers was minimized to 9 and all the demand zones were covered after 76 

iterations and the objective value is 9. The Linear Programming Optimum was obtained at step 

24.The optimal centers as selected by the location Set covering problem were: X1; X6; X8; X11; 

X12; X16; X18; X21 and X22. In p-median formulation centre 6; 12 and 17 have been identified 

with a slack hence they have been used more than their normal usage. 

 P-centre solution report 

LP OPTIMUM FOUND AT STEP     16 

 OBJECTIVE VALUE =   7.00000000 

 FIX ALL VARS.(    2)  WITH RC >   1.00000 

 SET       X6 TO >=     1 AT    1, BND=  -7.000     TWIN= -7.000         63 

 NEW INTEGER SOLUTION OF    7.00000000     AT BRANCH      1 PIVOT      63 

 BOUND ON OPTIMUM:  7.000000 

 DELETE       X6 AT LEVEL     1 

 ENUMERATION COMPLETE. BRANCHES=     1 PIVOTS=      63 

 LAST INTEGER SOLUTION IS THE BEST FOUND 

 RE-INSTALLING BEST SOLUTION... 

        OBJECTIVE FUNCTION VALUE 

        1)      7.000000 

  VARIABLE        VALUE         SLACK OR SURPLUS      

        X1         1.000000          0.000000 

        X6         1.000000          1.000000 

       X11         1.000000          0.000000 

       X13         1.000000          0.000000 

       X16         1.000000          1.000000 

       X17         0.000000          0.000000 

       X20         1.000000          0.000000 

       X21         1.000000          0.000000 

The number of centers has been reduced to 7 with an objective value of 7 in 64 steps/iterations. 

The optimal centers as selected by the location Set covering problem were: X1; X6; X11; X13, 

X16, X20 and X21. In P-median formulation a surplus was recorded at centre 6,16 among others 
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implying the centres had been covered more than once. All other rows are 0 showing that the 

corresponding constraints are met. Some centres with a surplus of zero have not been included. 

 Determining the optimal centers by comparison 

A comparison on the results from P-median and P-centre to determine the optimal centers for all 

the variables was done. The table below shows the centers selected by both P-median and P-

center and those that were common to both formulations 

Table 2: Comparison of solutions 

P-Centre P-Median Common points 

1 1 1 

6 6 6 

11 8 11 

13 11 16 

16 12 21 

20 16  

21 18  

 21  

 22  

From the table above the P-centre formulation selected 7 optimal points to be used as distribution 

centers and the P-median formulation selected 9 centers such that the distance covered was 

minimized while serving the whole area. From the above table the common centers were center 

1; 6; 11; 16 and 21, this means we should have the distributing centers at these points.  

 Simulated annealing 

Simulated annealing was then be applied on the five selected centers by the P-median and P-

center that is centers1; 6; 11; 16 and 21. 

The table below shows the actual distances for the selected centres. 

 Table 3: Optimum center’s distance matrix 

 

 

 

 

 

 

Center 1 6 11 16 21 

1 0 23 32 34 23 

6 23 0 45 39 36 

11 32 45 0 20 38 

16 34 39 20 0 27 

21 23 36 38 27 0 
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As each route should start at the depot and end at the depot the following algorithms were used 

Initial solution 

The initial solution was generated randomly. Let 𝑆1 represent the initial solution 

𝑆1       =  (1, 6) (6, 11) (11, 16) (16, 21) (21, 1)  

𝐶 𝑆1 = 138 

Initial temperature 

The initial temperature was found by randomly selecting any four solutions and finding the 

average. 

   𝑎   1, 6  6, 1  1, 11  11, 16  16, 21  21, 1  

           =23+23+32+20+27+23 

           =   148 

 𝑏)(1, 16) (16, 21) (21, 1) (1, 6) (6, 11) (11, 1)   

           = 34 + 27 + 23 + 23 + 45 + 32 

           = 184 

 𝑐) (1, 11) (11, 16) (16, 21) (21, 6) (6, 1)  

           =  32 + 20 + 27 + 36 + 23 

           = 138 

 𝑑)(1, 16) (16, 11) (11, 6) (6, 1) (1, 21) (21, 1)  

            =  34 + 20 + 45 + 23 + 23 + 23 

            = 168 

 𝑇 0  = (148 + 184 + 138 + 168)/4 

           = 159.5 

Iteration 1 

T (1)    = T (o) = 159.5 

𝑆1         =  (1, 6) (6, 11) (11, 16) (16, 21) (21, 1)  

𝐶 𝑆1  = 138 

We generate a solution 𝑆2 ∈ 𝑁(𝑆1) by randomization 

𝑆2        = (1, 16) (16, 11) (11, 6) (6, 1) (1, 21) (21, 1)  

𝐶(𝑆2) =  34 + 20 + 45 + 23 + 23 + 23 

            = 168 

𝛿 = 𝐶 𝑆2 − 𝐶 𝑆1 = 138 − 168 = −30 < 0 
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Since 𝛿 < 0 it implies that 𝑆𝑏 = 𝑆1  

Iteration 2 

𝑆1      = 148 

𝑇 2 =∝ 𝑇 1 = 0.95 ∗ 159.5 = 151.53 

We generate a solution 𝑆3 ∈ 𝑁(𝑆1) by randomization 

S3      = (1, 16) (16, 21) (21, 1) (1, 6) (6, 11) (11, 1)   

          = 34 + 27 + 23 + 23 + 45 + 32 

          = 184 

𝛿 = 𝐶 𝑆3 − 𝐶 𝑆2 = 184 − 168 = 16 > 0 

Since 𝛿 > 0 we generate a random number 𝑟 ∈  0,1 = 0.872 

We then compute 𝑒−𝛿/𝑇 = 𝑒−16/151.53 = 𝑒−0.1055897 = 0.89979 

Now 𝑟 < 𝑒−𝛿/𝑇 we accept 𝑆3 = 184  as our solution to the iteration to follow and but  𝑆𝑏 = 168    

since it was nearer to the temperature than 𝑆3 

Iteration 3 

𝑆3 = 184   

𝑇 3 =∝ 𝑇 2 = 0.95 ∗ 151.53 = 143.95    

We generate a solution 𝑆4 ∈ 𝑁(𝑆3) by randomization 

S4    =   1, 6  6, 1  1, 11  11, 16  16, 21  21, 1  

        =  23 + 23 + 32 + 20 + 27 + 23 

        = 148 

𝛿     = 𝐶 𝑆4 − 𝐶 𝑆3 = 148 − 184 = −36 < 0 

Since 𝛿 < 0  it implies that 𝑆𝑏 = 𝑆4 = 148  

Iteration 4 

𝑆4      = 148 

𝑇 4 =∝ 𝑇 3 = 0.95 ∗ 143.95 = 136.75 

We now generate a solution𝑆5 ∈ 𝑁(𝑆4). 

S5    =   1, 21  21, 16  16, 11  11, 6  6, 1  

        =  23 + 27 + 20 + 45 + 23 

        = 138 

𝛿     = 𝐶 𝑆5 − 𝐶 𝑆4 = 138 − 148 = −10 < 0 

This implies that 𝑆𝑏 = 𝑆5 = 138 
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Iteration 5 

𝑆5     = 138 

𝑇 5 =∝ 𝑇 4 = 0.95 ∗ 136.75 = 129.91 

We generate a solution𝑆6 ∈ 𝑁(𝑆5). 

S6    =   1, 21  21, 1  1, 6  6, 11  11,16 (16,1) 

        =  23 + 23 + 23 + 45 + 20 + 34 

        =  168 

𝛿     = 𝐶 𝑆6 − 𝐶 𝑆5 = 168 − 138 = 30 > 0 

Since 𝛿 > 0 we generate a random number 𝑟 ∈  0,1 = 0.813 

We then compute 𝑒−𝛿/𝑇 = 𝑒−30/129.91 = 𝑒−0.2309 = 0.7938.  

Since 𝑟 > 𝑒−𝛿/𝑇  we reject the current s value and retain the previous 𝑆5 = 138 as the best 

solution 

The iteration process was continued until we got the global optimum solution that would enable 

the area to be covered while minimizing distance and time. 

The two formulations (P-center and P- median) selected only 5 centres to be used as the central 

distributing points in each area, now the simulated annealing was applied to these 5 centers to 

find the order in which they should be visited in order to minimize total distance traveled as well 

as time spend on delivery. 

We then selected the best route as the one with minimum cost. As found by the annealing 

method the centres should be visited in the following order  1, 21  21, 16  16, 11  11, 6  6, 1  

which gives the minimum distance covered at a minimum temperature. 

 

CONCLUSIONS AND RECOMMENDATIONS 

 

 Conclusions 

From the previous chapter the P-center formulation minimized the centers to 

7(X1;X6;X11;X13;X16;X20 andX21. ) and the P- median formulation also selected 9 centers 

(X1;X6;X8;X11;X12;X16;X18;X21 and X22 ) to be visited by the distributing vehicle, hence 

minimizing the average total distance traveled. From both the formulations 5 centres were 

common to both of them that is X1; X6; X11; X16 and X21. Some of the centers selected can be 

covered more than once as indicated by the surplus values. In both formulations X6 had a slack 

of value 1. The simulated annealing found the best route to traverse all the 5 chosen centers 
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as 1, 21  21, 16  16, 11  11, 6  6, 1 .St Theresa’s Aids department can minimize costs as the 

total coverage distance has been reduced to 138km.  

 

Recommendations 

The directors may use the 5 common points selected by the P-median and P-center as the 

distribution centers in the district. The existing depot can be used as another center rather than a 

warehouse since it is optimally located to serve its surrounding areas. 

It is often said “you will not discover new oceans unless you are prepared to lose sight of the 

shore”. The routing policy developed so far emphasized on the inventory routing in terms of 

minimizing distance and time. This poses another question of how the demand quantities will be 

incorporated into the policy. It is therefore recommended to expand on the policy and try to 

incorporate other factors. Future researchers can consider the time based fill rates of the demand 

centers and look at the supply chain for the depot or they can use other optimization techniques 

to find optimal solutions using the actual client population. 

 

References 
 

(1) Anily, S. & Federgruen, A. (1990), One Warehouse Multiple Retailer Systems with Vehicle-Routing 

Costs. Management Science, 36, 92-114. 

(2) Berman,O. and Lason R.C.  (2000), “Deliveries in an Inventory/Routing Problem Using Stochastic 

Dynamic Programming”. Transportation Science 35(2):192-213. 

(3) Berman, O. and Parkan, C. (1981), A facility location problem with distance dependent demand. 

Decision Sciences, 12,623-632. 

(4) Clark, G and Write J.W.( 1963), Scheduling of vehicles from a central depot to a number of delivery 

points. Operations Research.,12, PP.568-581. 

(5) Drezner T and Wesolowsky, G.O. (1997), On the best location of signal detectors. Iie 

Transactions, 29, 1007-1015. 

(6) Federgruen, A. and Zheng, Y-S. (1992), An efficient algorithm for computing an optimal (r,Q) 

policy in continuous review stochastic inventory systems. Operations Research. 1992, Vol. 40, pp. 

808-813. 



International Journal of Advanced Scientific and Technical Research                  Issue 4 volume 2, March-April 2014 

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com Page 784 
 

(7) Lu, Y., Song, J-S. and Yao, D.D. (2003), Order fill rate, lead time variability, and advance 

demand information in an assemble-to-order system. Operations Research. 2003, Vol. 51, 2, 

pp. 292-308. 

(8) Rosing, K. Hillsman, E. and Volgelaar, H (1979), The robustness of two common heuristic for the P 

median problem. Environmental and planning A, 11, 373-380. 

(9) Song, J-S. (1998), On the order fill rate in a multi-item, base-stock inventory system. 

Operations Research. 1998, Vol. 46, 6, pp. 831-845. 

(10) Song, J-S. (2000), A note on assemble-to-order systems with batch ordering. 

Management science.2000, Vol. 46, 5, pp. 739-743. 

(11) Zhao, Y. (2008), Analysis and evaluation of an Assemble-to-Order system with batch 

ordering policy and compound Poisson demand. European Journal Operational Research 

2008. 


