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Abstract 

This paper represents territorial responsibilities and location of permanent 

facilities. This paper diverts our attention to the “tenants” of those facilities, 

i.e. personnel and mobile equipment. From here through the end of the work, 

the focus centers on the “tenants” rather than on the stationary facilities, which 

are assumed to emanate from strategic decisions Relative to stationary 

facilities, mobile resources are easier to move and allocate. 

Key words: stationary facilities, tenants, , mobile resources, strategies.  

 

1. INTRODUCTION:  

The resources allocation encompasses a wide class of problems ranging from staffing 

stationary facilities. The flow of activities from the time a service need arise until the 

service is provided. Two major classes of considerations are highly instrumental in 

selecting an approach to solving a location problem. One class relates to management 

objectives, the other class is concerned with the nature of the demand for services. In 

the some cases, the imperative concern is to minimize the average distance to or from 

the facilities for the population of their users. This concern is usually dominant for 

cases of nonemergency services such as locating a post office, a transportation 

terminal, or an office of a government agency. In other case, the average distance is 

considered less important than the maximum distance. Such case is more relevant to 

issues of equity, where management would not like to deprive any portion of the 

population, even when this portion is small. 
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 2. OVERVIEW OF SERVICE RESOURCES: 

2.1 Answering telephone calls  

One of the prominent allocation problems is how many telephone operators should be 

positioned in a dispatching center. This question is especially crucial in emergency 

services, where a prompt reaction is required. A relatively long delay in answering a 

phone call might cost lives or cause server damage to property. Even in 

nonemergency service organizations, management would be reluctant to have its 

customers wait a long time until the telephone line stops being busy. 

The major concern in such a problem is waiting time for a call to be answered. We 

assume that if telephone center is fully busy the calling person does not choose to call 

back but rather to wait in a queue until one of the operators becomes available. It is 

denoted by WQ. The time the customer waits for an operator to answer his or her cell 

WQ is a random variable whose distribution can be calculated for the M/M/N/ infinity/ 

infinity case. Let T be a certain arbitrary amount of the T>0,be a certain arbitrary 

probability value (1 ≥α>0) and P(WQ  >T) be the probability that the waiting time is 

larger than T. 

  Let                    



                                                                              (1) 

ρ denote the ratio between the mean arrival rate and the mean service rate, it is often 

called the demand intensity. On the basis of queuing theory, P(WQ  > T) can be 

determined by                                     
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In fact, management can fully control only two parameters the arbitrary limit on 

performance time T, and the number of services, N. The rest of the variables are 

imposed by the nature of the service and the environment. From a managerial 

perspective, the calculation process is somewhat different. Management would 

normally want to set performance objectives, namely, to set a reasonable waiting time 

T, and a limit on the percentage of cells waiting longer than the time T which we call 

. The model will determine the minimum number of operators required to conform 

to the predetermined performance.  In order to accomplish that 

(i)Choose T and α. 

(ii)Set N to be equal to the smallest integer that is larger than ρ. 

(iii)Compute (2) 
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(iv)If the resultant ρ(WQ>T) satisfies the requirement  (i.e.) ρ(WQ> T≤α). If ρ (WQ>T 

is too high, increase N by 1 and return to step 3. 

The algorithm will identify the minimum number of operators needed to meet 

management requirement .Expression (2) can be useful for such decisions. The 

vertical axis designates ρ = λ/µ = λ /0.75, while the horizontal axis indicates the 

number of operates. Each curve is associated with a different performance level, α. 

After learning about ρ and setting ρ(WQ >T), one can easily determine N.   In fact, 

expression (2) can be further developed into a decision support system (DSS) for an 

operator allocation problem. Management can try different combinations of 

parameters and examine the consequent needs in terms of operators. Management can 

examine how the needs vary during different times of the day and during different 

days of the week. We will turn now to the second allocation problem, the one dealing 

with the number of service units to be positioned in a station. 

 

2.2 Allocating services to a station: 

We assume that only one service station is considered for allocation. The problem is 

how many service units are to be positioned under its supervision, subsequent sections 

will deal with problems utilizing reserve units and allocating units among multiple 

stations. We assume that an individual service station is responsible for providing a 

certain service to a community generating a demand for this service. The capacity of 

the station is determined by the number of units assigned to the station. If the demand 

exceeds the capacity at a certain time, requests until servers become available. 

Management’s prime concern is the size of the queue. In fact, management would like 

to eliminate the existence of a queue at all. However, because of probabilistic nature 

of the problem, one cannot eliminate the possibility of facing a queue but rather try to 

reduce that probability. 

The probability of having a queue of any size is given by. 
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Where N is the number of servers deployed in the station,  is the demand intensity 

(/µ), QN is the probability. Management’s objective is of course, to reduce QN. 

Here the minimum amount of N must be [] + 1 (  [] is the integer portion of , 

since if N = [].   The complementary value of QN is 1-QN. This is called the service 

level of the station. It indicates the probability of not encountering a dispatch delay.    

Management can improve service levels by allocating more units to the station. 

We can formulate a decision support algorithm for this problem. 
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(i)Choose the desired service level denoted by SL. 

(ii)Set N = [] + 1. 

(iii)Compute 1-QN as a function of the values of N. 

(Iv)If 1 - QN meets the desired level i.e. (1 - QN  >  SL) otherwise increase N by one 

and return to step 3. 

The algorithm will terminate and provide the minimum number of units required to 

maintain the desired service level. The algorithm can be used to demonstrate the 

marginal cost of improving the service level. We will now turn to the case where in 

addition to primary units; reserve units are also available at a certain extra cost. 

 

2.3 Employing reserve units: 

It is well know that the demand for almost any type of service fluctuates during the 

day. The availability of service units is much less flexible since it is usually instituted 

on a shift basis. It is very difficult, therefore, for an organization to dismiss and 

reemploy service units in the middle of a shift. In order to maintain a desired service 

level, management would normally allocate an amount of unit that meet the 

requirements when the demand is peaking. Since the cost per shift is almost constant 

and depends mostly on the number of units assigned to a shift rather than on the 

intensity of their activation. An alternative policy could be to subcontract the service 

to another organization on the basis of pay-per-call. The subcontract organization can 

be either an adjacent service network or a private company capable of providing 

similar services. We shall define the servers the subcontracted organization as 

secondary units, whereas the units under direct disposition of the station are labeled 

primary units. 

Assume there are N primary units. The cost of operating them is a linear function of 

N. The system can be in N + 1 state. 

0 units are busy 

1 units is busy 

 

N units busy. 

It is assumed that secondary units are paid according to the duration of time they are 

employed at a rate of r. The expected cost of time system is  

 C = K (N + r PN)                                                        (4) 

Where K is a constant,  is demand intensity and PN is the probability that all N 

primary units are busy. The first part of (4) kN reflects the cost of the primary units, 
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the second part is the secondary units cost since PN is the fraction of time that 

secondary units are dispatched and is the average number of calls received per 

service unit time. The pertinent queuing theory model is labeled M|M|N|O infinity, 

except for the capacity of the queue, which is zero, all the other parameters are 

similar. The value of PN is given  by : 
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                                                              (5) 

There is a trade-off between employing more primary units and secondary units. As N 

increases, the first expression of the cost function  is also increasing since, it is linear 

to N. On the other hand. Increasing N reduces PN and consequently the cost of the 

secondary unit. Therefore, a certain value of N where the costs function reaches a 

minimum level. This can be computed by repetitive calculation of (4) for various 

value of N, starting at N = 1 and increasing N as long as the total cost is decreasing. 

When the trend of the cost function changes. 

An interesting analysis can perform by comparing the two policies that have been 

discussed in this section.  When K = 1 and r = 5 the cost of employing secondary units 

and avoiding a queue is more or less equivalent to the cost of maintaining a service 

level of 95% by using only primary units and allowing a queue. We may conclude 

that the models presented in the last two stations may constitute an appropriate DSS 

for network management for establishing an allocation and subcontracting policy. The 

next section presents a model of allocation among a number of stations. 

 

2.4 Allocation of units among a number of service stations. 

The sections were confined to allocation problems, one service station was considered 

for deployment of units. The major question was many units should be allocated to 

that particular station. There are many cases where a number of service stations are 

governed by one individual authority. Resources are always limited by budget 

constraints, allocating more service resources to certain will always be at the expense 

of another station. The allocation decisions, management has to first determine its 

overall objectives. In other words distribution of resources among several facilities 

requires striving for a global optimum rather than for local optimal solution.  We 

assume that the global objective is to minimize the overall cost of service delay for 

the entire network. We assume no cooperation, that is, each station is independent and 

cannot draw external resources from other stations. Each station provides services to a 

local community, if all its servers are busy, a queue is generated. Service delays 

emanate from having a queue; those delays incur cost which we would like to 

minimize. 
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Once all the restrictive constraints are identified, it is time to minimize the objective 

function (8). It means of dynamic programming, the formulation of which is given in 

the mathematical station. We demonstrate technique through a numerical illustration. 

Suppose there are 15 service units to be allocated among three service stations. The 

characteristics of each station are displayed in table (2). Also assume Cc = 1, C = 1, 2, 

3. 

First step is to select, arbitrarily, one of the stations and calculate the cost of allocating 

any number of units to this station, starting from the minimum restrictive number of 

available units. Let us select, for instance station 1, it may possess any number of 

units from two to 15.exhibits the cost associated with each number of units. Table (3) 

designates the number of units allocated to the station the optimal solution. 

 

Table1. Allocation and costs for station 1. 

Total number 

of Units 

Unit allocation for 1 costs so far 

2 2,1.9285 

3 3,0.23684 

4 4,0.04475 

5 5,0.00863 

6 6,0.00156 

7 7,0.00026 

8 8,4.02 x 10-5 

9 9,5.67 x 10-6 

10 10,7.36 x 10-7 

11 11,8.83 x 10-8 

12 12,9.86 x 10-9 

13 13,1.028 x 10-9 

14 14,1.004 x 10-10 

 

The eight units is considered, we may add it either to station 3 or to 1 and 2. If it is 

added unit to station 3, station 1 and 2 left with five units. The optimal solution for 15 

units is to allocate four units to station 3, six units to station 2 and five units to station 

1.  There are, for instance, only 12 units to allocate, we first examine row 12 in the 
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column related to station 3. We find out that the optimal allocation is three units. We 

are left, then with assign to stations 1 and 2. We observed row 9 of the column related 

to station 2 and we find this station has to possess five units. 

This completes our numerical example for the multistation allocation   model. 

 

Table 2: Allocation and costs for stations 1, 2 and 3. 

 

Total 

number of 

Units 

Unit allocation for 1 

costs so far 

Unit allocated to 2 

costs so far 

Unit allocated to 3 

costs so far 

2 2,1.9285 - - 

3 3,0.23684 - - 

4 4,0.04475 - - 

5 5,0.00863 3,5.4390 - 

6 6,0.00156 4,2.4616 2,6.5064 

7 7,0.00026 4,0.7699 2,3.5283 

8 8,4.02 x 10-5 5,0.3672 2,1.8366 

9 9,5.67 x 10-6 5,0.1751 3,0.9145 

10 10,7.36 x 10-7 6,0.0786 3,0.9145 

11 11,8.83 x 10-8 7,0.0172 3,0.5118 

12 12,9.86 x 10-9 7,0.0101 3,0.3197 

13 13,1.028 x 10-9 8,0.0036 4,0.2010 

14 14,1.004 x 10-10 9,0.0020 4,0.1045 

 

We discussed problems of allocating service units to stationary locations they have to 

stand by for a call. The next issue to be addressed is staffing of each individual unit. 

This question is not always crucial for commercial services the load of work is usually 

known before a service unit is dispatched. For emergency services the question is very 

crucial because such services operate under great uncertainly with regard to the nature 

of the call. It is also important in terms of the safety of operating personnel. A number 



542 O.P. Singh & Mohammed Abid 

of works have dealt with theoretical aspects as well as practical applications of the 

staffing problem. 

 

CONCLUSION 

The analysis of the three sample precincts, an extrapolation for the entire city was 

performed. The numerical result are based on a requirement that the maximum 

expected delay allowed for high priority jobs in three minutes .The conclusion was 

presented to the city , which then commissioned   an extensive study to develop.  
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