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Introduction 

Any distributed information system primarily involves a network of nodes. 

Therefore, one of the most important tasks in the distributed network is routing. There 

is currently a large number of routing algorithms, satisfying the requirements for the 

transfer of traffic, for quality of service parameters, service level agreements, etc. [1-

5]. Thus, practically all the algorithms are designed for stable network and do not 

consider the mobile nodes and the heterogeneity of the structure. In this article we 

consider a mathematical model for the routing of modern heterogeneous information 

and communication networks with unstable structure.  

All values specified in this article are the normalized (conditional) and they can 

be used for different dimensions and conditions: data throughput and traffic volume 

are measured in units convenient for a specific task (bits, bytes, packets, etc.), the cost 

of transmission defines a certain indicator for the transfer costs: transmission time, 

energy or the economic costs of transmission, etc. 

Mathematical model of routing 

We consider a distributed information system (DIS) and the corresponding 

complete oriented graph G = (V, E), where V – a plurality of nodes, E – a plurality of 

communication lines (routes) between each pair of nodes.  



 

We define the plurality R,  that R ⊂ V x V. Pairs of nodes from the plurality R 

correspond to pairs of end nodes of the network between which the traffic is 

transferred. 

For ∀(vi, vj) ∈ R we define the plurality of all possible routes Lij ={l1(vi, vj), l2(vi, 

vj), … ,ln(vi, vj)} between nodes (vi, vj), where lr(vi, vj) – some unique route between 

nodes (vi, vj). 

In the work [6] were identified for each pair of nodes (vi, vj) ∈ R function f(vi, 

vj) ≥ 0, describing the volume of traffic between these nodes, and the conditions for 

such a function, excluding the weight fractions of the bandwidth of each route. We 

determine the conditions that satisfy the function f(vi, vj) taking into account the 

weight fractions of bandwidth of the route w:  
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where Fij(vk ,vl) – traffic proportion F(vi, vi), proceeding between nodes (vk ,vl); wkl ≥ 0 

– bandwidth of the route between nodes (vk ,vl), p – data flow identifier.  

Condition (1) specifies that the volume of traffic transferred over networks 

from the node vi, will be equal to the amount of traffic coming into the node vj. 

Condition (2) means that the volume of traffic transferred over any route, does not 

exceed the bandwidth of this route.  



We consider DIS as a graph, each pair of nodes (vi, vj) and the route between 

them (vi , vj) for which is assigned the tuple: 

  ],,,,,[ tvvfLprobw jiijijij , (3) 

where probij – the probability value of the existence of at least one route between 

nodes (vi, vj), f(vi, vj, t) ≥ 0 – function corresponding to the total amount of traffic 

being transferred between nodes (vi ,vj) at each time point t: 
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To each individual route lr ∈ Lij corresponds the tuple: 
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where probr(vi ,vj) – the probability value of the existence of the route lr between nodes 

(vi, vj), costr(vi ,vj) – the value of the transfer cost of any conventional information  unit 

on the route lr between nodes (vi, vj), fr((p, vi ,vj, t) ≥ 0 – function corresponding to the 

amount of traffic being transferred on the route lr at each time point t. At the same 

time we assume that the value of probij, probr(vi ,vj) and costr(vi ,vj) are the same for 

the traffic transfer in both directions (i.e. the probability of existence of the route and 

the transfer cost on this route in the forward direction are equal to the probability of 

the existence of this route and transfer cost on this route in the opposite direction). 

We assume that the probability of existence of the route between two nodes of 

each unique route lr is the probability product of all intermediate routes (included in 

this route) between adjacent links on this route: 
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where r – conditional number of unique route between each pair of nodes (vi, vj). Here 

and after we will take into account only routes with a probability different from zero, 

as the route with a probability of zero will never be able to realize itself. 



 

We assume that the overall probability of the existence of at least one route 

between a pair of nodes (vi, vj) is the sum of probabilities of the existence of unique 

routes between the nodes: 
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The formula (7.2) enables us to calculate the the probability of existence of at 

least one route between two heterogeneous network nodes, based on the probability of 

the existence of each individual networks segment. 

The remaining bandwidth portion of the route lr between the intermediate nodes 

(vm, vn) – is the value showing on what value can be increased the flow of data  p* on 

this route after the deduction of all third-party data flows: 
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where P – plurality of data flows coming on the route lr. The remaining bandwidth 

portion of the route lr between the intermediate nodes (vi, vj) will correspond to a 

segment of the route with the lowest bandwidth: 
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The amount of information transmitted in the flow p* on the route lr between a 

pair of nodes (vi, vj) during the time T: 
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The value of a unit of information transfer for a pair of nodes (vi, vj) on each 

unique route lr will be assumes as the sum of the values of the data transfer on each 

fragment of this route: 
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The relative cost of traffic transfer for each unique route lr will be assumes as 

the ratio of the cost of the information transfer on this route to the probability of the 

existence of this route: 
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It is obvious that the route with the lowest relative value  will be the the most 

optimal route of data transfer: such a route may have a higher value than a route with 

minimum costs, but the probability of losses on such a route will be much lower: 
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where costo – the costs of data transfer between nodes (vi, vj) on the most optimal 

route. 

Conclusions 

We solve the problem of finding the optimal route for traffic transfer taking into 

account the network load, remaining bandwidth of its links and routing requirements 

on condition of an unstable structure of the network, traffic transfer costs and the 

possibility of its separation.  

The suggested mathematical model can be used to develop methods and 

algorithms for routing, finding a solution for the problem of routing in information and 

communication networks with a complex structure. The implementation of the model 

is carried out by splitting the network graph on components, for each of them is 

applied the set out routing model followed by the composition of the total solution.  
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