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Figure 1 - Serial, parallel and combined supply chain 
 

In this supply chain is pricing policy set by the producers and then it is affected by other 
actors/entities in the supply chain and by their shipping cost. The pricing policy of those 
actors/entities can be made separately - each entity has its own pricing policy or together - 
pricing policy is set by the producer (principal distributor) for final consumers with respect to 
other subject in the supply chain. 
 
New trends in production, limited natural resources and environmental waste problems affect the 
transformation of classical supply chain. This transformation consists of using reverse logistics 
to ensure the return of end-of-life products back to producer. This return can be used for 
recycling, remanufacturing and reuse of materials. With these processes can producers reduce 
their costs of production or costs of purchase of materials and set pricing policy which is affected 
by previous saving of costs. Then there is a place for the application of the various rebates and 
discounts that have a positive impact on the pricing of the product in a competitive environment. 
 
Return of product or reverse logistics can be operated or managing by new actors/entities for 
supply chain. That can be point of collection, recycling point or point of reuse where consumers 
can return their end-of-life product for a reason rebates or discount for next purchase or for cash-
back. These back rebates and discounts may represent a strong factor that affects the pricing 
policy. 
 
The supply chain with these new entities typical for reverse logics can be illustrated in  
Figure 2. There are previous entities which are in Figure 1 and added new entities – collection 
point. Between consumers and point of collection is reverse flow (dotted) which is representing 
return of product.  
Pricing policy can be modeled by many principles and algorithms. Most of these principles and 
algorithms are based on deterministic pricing on the basis of production costs of products. But if 
pricing policy should include discounts or rebates from return of products, it should be 
determined in the other way, concretely stochastic way. There are a lot of uncertainties in 
estimating the quantity of returned products and therefore to determine this quantity of returned 
products. That is a reason for using simulations of return to estimate the quantity and define 
pricing policy by simulation results. Simulations are optimization methods that generate and use 
random variables for solving stochastic problems. They can be used for estimate real situation 
with known stochastic entry.  
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The main part of this example is about simulation of products return which is necessary to 
estimate the quantity and define pricing policy. In simulation municipalities were divided 
according to the character into 3 groups, considering size and population. The first group called 
"Bratislava" includes all suburban municipalities of Bratislava, the second group called 
"4_cities" includes Stupava, Pezinok and Senec, the last third group called "Others" includes the 
remaining 18 municipalities. 
This division is necessary, since the model is based on the assumption that the residents of larger 
town, resp. capital city transmit more of recyclable waste. This assumption is justified by the 
current situation and habits of individual residents or the possibility of using recycled waste by 
residents in small communities. 
 
The model is based on the simulation created in program Simul8. There are three inputs that 
represent three groups ("Bratislava", "4_cities" and "Others") in the model. From these inputs 
come entities into individual collection points, where are waiting for being "served", that is until 
comes the collecting vehicle.  
 
Capacity of collecting vehicle or quantity of collected waste represents a container which 
collection vehicle is emptying at the end of the simulation in the last workplace.  
 
The inputs are represented by settings of how entities are entering the system, that means, how 
the waste will be collected in individual collection point. This is shown in the setting of the 
distribution function, which was named "Base" in such a way that we have three time-dependent 
functions "Base_BA", "Base_4_cities" and "Base_others". Each of these functions will consists 
of two other functions. First function for the first eight hours of the simulation (functions 
"Base_BA", "Base4_cities", "Base_others"). And the second function "TSP" for the remaining 
time of the simulation. 
 
Distribution function for input is given the name "Base" and is a time-dependent function that 
consists of two other functions and for the first eight hours of simulation functions "Collecting" 
and features "TSP" for the remainder of the simulation. All times are based on the conceptual 
design, where the collection point opening hours are 8:00 to 16:00, ie eight hours. 
 
In functions "Collecting_BA", "Collecting_4_cities" and "Collecting_others" are set lower and 
upper limits. These limits are saying with what intensity the entity come into the system, ie with 
what intensity is waste collected, reflect the assumptions of the model by higher production 
estimate in the "Bratislava". 
 
The "TSP" is firmly specified function, which ensures the fact that out of working hours of 
collection point no entity comes into this collection point. Therefore, the waste is not collected 
and collection point for residents is closed. 
 
Types of Entities for individual collection points based on the data model, namely the population 
of each municipality, and based on the percentage assigned to each entity workplaces, ie collection 
point for the village in the catchment area. Inhabitants in the catchment areas, which assigns 87 
municipalities of Bratislava region has 26 collection points. 
The model is based on the population of each municipality and on the basis of the percentage 
assigned entity to each workplace. This percentage reflects the population of that group. In the 
"Bratislava" entities are assigned according to percentage of the population of the catchment area 
of the group for the 4 proposed collection points. This fact also applies to the allocation of 
entities in the group "4_cities" and in the group "Others". 
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                                                  Fig. 1. Example of a network 
 
In the first step, a post is placed into the node D, because the greatest number of other nodes is 
reachable from it within 20 minutes. They are four: A, C, E, G. The vertices B and F do not meet 
the limit since they are reachable from D within 24 min. Afterwards, in the following two steps, 
it is necessary to place two post more. One in B or C and other one in E or F. Hence, using the 
natural greedy heuristics, the resulting set of SAMU posts which covers the network in the sense 
of 20 min reachability, contains 3 elements, although it is obvious that the optimal solution 
equals to the set {C, E} with 2 elements. The above example shows that after a few steps in the 
spirit of greedy approach it is advisable to calculate the overall optimal location using an exact 
method. 
 
The problem of optimal placement (location) of SAMU habitats can be presented in several 
variants, differing mainly in constraints which any feasible solution should meet and in objective 
function whose maximum resp. minimum value will indicate the optimal solution. Although this 
is a problem of managerial decision making in health care, it turns out that by its nature it 
belongs to the theory of transport networks, represented by graphs with "time" edge lengths.  
 
1.2 Brief Overview of Literature 
The survey paper [8] presents several applications of operations research in the domain of health 
care, including SAMU. A wide survey of different location problems and methods of solution 
can be found in [2]. Another survey paper [7] describes Location Set Covering Problem (LSCP), 
Maximal Covering Location Problem (MCLP), Double Standard Model (DSM), Maximum 
Expected Covering Location Problem (MEXCLP), and Maximum Availability Location Problem 
(MALP) models. In [3] one can find an integer optimization model to decide locations and types 
of service station under service constraints in order to minimize the total cost of the overall 
system. [6] deals with ambulance location optimization model that minimizes the number of 
ambulances needed to provide a specified service level in the caser of random delays and travel 
times. [5] presents a simulation model enabling to observe effect of SAMU locations and number 
of ambulances onto the quality of emergency service. The SAMU location model of [4] 
incorporates a survival function. The paper [1] extends the traditional location problem to a goal 
programming version with two goals: 1. The maximum expected demand can be reached within 
a pre-specified target time. 2. Any demand arising within the service area of the station will find 
at least one vehicle, 
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Although the busy period’s distribution is much more complicated it is possible to present some 
results as it will be seen. 

 For what interests in this work 

     - A busy period is a pandemic period  

     - An idle period is a period free of the disease. 

The results that will be presented are on pandemic period’s length and their number in a certain 
time interval. 

2 THE PANDEMIC PERIOD LENGTH 
Call PP the random variable pandemic period length. According to the results known for the 

 queue busy period length distribution 
 

-                     
whichever is an infected person sickness time length distribution, see  

- As for , it depends on the whole sickness time length distribution 
 probabilistic structure. But Sathe, see , demonstrated that 
 
            

                    , 

where  is the sickness time length coefficient of variation 

       -If an infected person sickness time length distribution function is 

 

the PP distribution function is 

 

see  

        -If the sickness time length distribution function of an infected person is such that  
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2.1 Households 
Presented model considers two types of households: Ricardian and non-Ricardian. The Ricardian 
household i maximizes its utility by making choice about its consumption Ct

R(i), investment 
It(i), government bonds Bt(i), next period´s capital stock Kt(i) and intensity of the capital stock 
utilization zt(i), wherein utility function takes into accounts decisions between consumption and 
labour. The Ricardian household is based on a flow budget constraint in the following form: 

 
 

(1) 

Where represents costs associated with different levels of capital utilization . Dt(i) 
refers to dividends distributed by firms to the Ricardian household.  represent 
consumption, labour and capital income tax rates, respectively. denote aggregate 
price level, riskless return on government bonds, real wage income and real rental rate of capital. 
Capital stock  and government bonds  at current period are expressed by using (t –1) 
meaning that their decisions are made in previous period. 
The physical capital accumulation law for the Ricardian household can be expressed as follows: 

 
 

(2) 

Where  denotes depreciation rate,  is the adjustment cost function in investment.  
denotes a shock to investment cost function.  
Using  to denote the Lagrange multipliers, the first-order conditions with respect to 

 can be expressed as: 

  (3) 

 
 

(4) 

 
 

(5) 

 
 

(6) 

  (7) 

 denotes the shadow price of additional unit of capital. 
Characteristic feature of the non-Ricardian household j is that it is considered as non-optimizing 
agent, which does not have any access to financial markets. For that reason it simply consumes 
all its net disposal income. If we denote consumption and labour of non-Ricardian households as 

, , respectively, the budget constraint they face can be written as follows: 

  (8) 

2.2 Wage Setting 
In the model it is assumed that the members of Ricardian households are able to set their wages 
for their differentiated labour supply . Calvo’s staggered price setting represents key factor 
determining the nominal wages  of Ricardian households. On the contrary, non-Ricardian 
households set their wages  of their differentiated labour service as an average of 
wages of Ricardian households. Since every household face the same labour demand schedule, 
the wages as well as the labour supplies of both types of households are the same, i.e. 
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 and . The adjustment of aggregate wage can be 
written as: 

 
 

(9) 

Where  represents probability that particular Ricardian household is allowed to reset its 
wage in optimal pattern.  denotes the wage markup given as  where  is an 
i.i.d. normal error. 
2.3 Firms 
The model considers two types of firms: perfectly competitive final-good firms, which produce 
the goods Yt, and on the other hand monopolistically competitive intermediate-good firms f. The 
differentiated intermediate-goods yt(f) are combined and form final-goods Yt. Particular 
intermediate-good firms produce output by using increasing returns to scale Cobb-Douglas 
technology. Cost minimization with respect to the production technology determines marginal 
cost in the following form: 

 
 

(10) 

 is real rental cost of capital,  represents aggregate real wage and  denotes a technology 
shock which assumes a first-order autoregressive process in the following form . 
The labour aggregate demand function can be given as: 

 
 

(11) 

2.4 Price Setting 
As was already mentioned the model assumes staggered contracts proposed by Calvo, therefore 
sluggish price adjustment is used. Then the aggregate price adjustment can be given as: 

 
 

(12) 

2.5 Fiscal and Monetary Policy 
Fiscal authorities purchase final goods Gt, issue bonds Bt and collect following taxes:  
which denote consumption tax, labour income tax and capital income tax respectively. The flow 
budget constraint for the fiscal policy is given as follows: 

 
 

(13) 

Used model assumes that the tax rates positively respond to a debt-to-output ratio. Particular tax 
rates are expressed as follows: 

  (14) 

  (15) 

  (16) 

Where the variables with the hat denote log-deviations from steady state.  represents 
real government bonds. Similarly as in the previous case  denote i.d.d. normal errors. 
The combination of coefficients  determines the reactions of particular 
tax on debt-to-output ratio.  
Government expenditure is assumed to respond on output gap as follows: 
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