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COMPARISON OF HYPEREXPONENTIAL DISTRIBUTION AND OTHER MODELS 
FOR POSITIVELY DEFINED RANDOM VARIABLES  

Kovalenko A.I., Smirnov S.V. 
Institute for the Control of Complex Systems of Russian Academy of Sciences,

Samara, Russian Federation
E-mail: smirnov@iccs.ruDue to the necessity of creating complex system models with a large number of possible states (for example, network-centric control systems), there is a need for qualitative and quantitative selection of a model that takes into account essential characteristics of random phenomena from the practical standpoint and is characterized by moderate computational diffi culties in application.In the article we compare various models of positively defi ned random variable with hyper exponential distribution of special Hs-type based on empirical numerical characteristics: expectation and variance. We study the log-normal, gamma, and Weibull-Gnedenko distributions. All these distributions are examined under the parameters providing a decreasing intensity of “failures” and the coeffi cient of variation being greater than one. The uniform and average metrics are considered in the space of distribution functions as quantitative estimates of the proximity of the Hs-distribution to the rest of the models. The possibility of replacing two-parameter distributions of a positively defi ned random variable by the hyperexponential Hs-distribution of a special type is shown. Estimates of the effectiveness of such an approximation for various sets of parameters and examples of its application are given. An example of calculating the stationary probability characteristics of a system with server failures is con-sidered, where the basic Weibull-Gnedenko distribution is replaced by the hyperexponential distribution of a special type.According to the criteria considered, for small coeffi cients of variation Hs-distribution has the best approximation properties in relation to the Weibull-Gnedenko distribution, for large ones - to the log-normal distribution. In general, the larger the coeffi cient of variation is, the more precisely the possibility of describing the observed random variable by the hyperexponential distribution should be tested. But in case of such approximation admissibility, the use of the hyperexponential distribution greatly simplifi es the analytical modeling of complex systems due to the splitting of states into phases, the sojourn time having exponential distributions.
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Povolzhskiy State University of Telecommunications and Informatics, Samara, Russian Federation

E-mail: tarasov-vn@psuti.ruThe article is devoted to the analysis of the queuing system HE2/HE2/1 type G/G/1 with hyper Erlangen input distributions of the second order. The goal is to obtain a solution for the average waiting time for requests in the queue. To achieve it, the classical method of spectral de-composition of the solution of Lindley integral equation 
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 . .,  . .,  is used. For the practical application of the results obtained, the method of moments is used. It turns out that the hyper Erlangen distribution law HE2, same as the hyperexponential law H2, which has three parameters, can be defi ned by both the fi rst two moments and the fi rst three moments. The article proposes an approximation mechanism for the hyper Erlangen law of arbitrary distributions using the well-known method of moments. The choice of such a law of probability distribution is due to the fact that its coeffi cient of variation is larger   and covers a wider range than the hyperex-ponential distribution law, for which the coeffi cient of variation is greater than one. The method of spectral decomposition of the solution of the Lindley integral equation for the QS HE2/HE2/1 allows one to obtain a closed-form solution. Thus, the system under consideration allows working with coeffi cients of variations in the intake intervals and service time in the range  which expands the fi eld of application of QS. The resulting formula for the average waiting time for the HE2/HE2/1 system complements and extends the well-known formula for the average waiting time in the G/G/1 system with arbitrary laws of the distribution of input fl ow intervals and service time.
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E-mail: ntg81@list.ru The article presents the results of the analysis of the normative-technical documentation and the test methods for assessing the resilience of communication cables to negative temperatures. The method of testing the resilience to low temperatures for the protective polyethylene sheath of cable and for the cable itself is considered. Based on the analysis performed, a method of bending resilience testing at an ambient temperature of minus 60 degrees Celsius is proposed. According to the proposed method, two samples of communication cables were studied: symmetric high-frequency cable with fi lm-porous-fi lm polyethylene insulation and symmetric high-frequency communication cable with cord-polystyrene insulation. The results of experimental studies show a high resilience of the outer polyethylene sheath of tested cable samples.
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E-mail: ivk@psuti.ruThe article discusses two different approaches for estimating the average waiting time of a request in a queue for queuing systems with second order hyperexponential distribution of interarrival and service time. The fi rst approach involves solving the Lindley integral equation using the spectral method and reduces to fi nding an expression for the spectral decomposition as a composition of two multipliers that would give a rational function of an argument. The second approach is based on the assumption of ergodicity of the initial sequence of waiting time for a request in a queue considering the rational form of the Laplace transform from the exponent. The key point of this approach is the usage of the characteristic function defi ned by the Laplace transform for the probability density function of the sum of the random variables. To calculate the average delay time in the queue, the parameters of hyperexponential distributions are determined with the approximation of random variables defi ning the interarrival and service time at the level of three moment characteristics. This approach is designed to improve the adequacy and reliability of 
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  ns2     -   ns2.      -      -.  ,     , -   .      ,  1.  1.    ns2    G/M/1,        : , , .       ,       [7],        Dagym.  -     

  UDP,             .
е  1.      .  -     M/M/1.    -                     (2) λ –  ,       ;  –   .  ns2    -  :set udp [new Agent/UDP]$ns attach-agent $s2 $udpset rng1 [new RNG]$rng1 seed 1set arrival_t [new RandomVariable/Exponential]$arrival_t use-rng $rng1$arrival_t set avg_ 10$arrival_t set shape_ 1set rng2 [new RNG]$rng2 seed 1set pktSize [new RandomVariable/Exponential]$pktSize  use-rng $rng2$pktSize  set avg_ 10$pktSize  set shape_ 1set null [new Agent/Null]$ns attach-agent $dest $null$ns connect $udp $null       M/M/1    2. 2.     M/M/1
е  2.         . -     P/M/1. -   



36

«  »  17, № 1, 2019, . 34-41

 . .,  . .                         (3) α –  ;  –  -.  P/M/1   ,   [6].  -: α=2, =1.  ns2    -    -:set udp [new Agent/UDP]$ns attach-agent $s2 $udpset rng1 [new RNG]$rng1 seed 1set arrival_t [new RandomVariable/Pareto]$arrival_t use-rng $rng1$arrival_t set avg_ 10$arrival_t set shape_ 2     -               3.  3.      P/M/1 ,       .
е  3.          -.      W/M/1.             (4) α –  ,  –  -.     -   : 1) α=2, =1; 2) 

α=3, =1 (  α=1, =1     ).      , -   4     α=2, =1.

  4.     W/M/1         .
е  4. ,    .     ns2 - :set udp1 [new Agent/UDP]$ns attach-agent $s2 $udp1set ss_fi le2 [new Application/Traffi c/Trace]set trace2 [new Tracefi le] $trace2 fi lename iptv.dat$ss_fi le2 attach-tracefi le $trace2$ss_fi le2 attach-agent $udp1set null1 [new Agent/Null]$ns attach-agent $dest2 $null1$ns connect $udp2 $null1   ,         -   Dagym,                   (5) k>0  α>0 –  ; >0 – - ;  –   .    ≤x<∞   k=0,083; ε=5,9 ; =0,0014; =0.   5         -  . -   -      (  ).       - ,  ,  .    5,  -     .
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 5.       6.              Dagym    (        Dagym)    6.  7.        

 ,          -.   7        - . ,    -    ,     ,   ρ≈1  -  ∞.          .  -,               
ρ≈0      ρ≈1.

   
    

      -    -   ,   [12],    -  [2]   (1).        (6)  -     ( )     -;  -   ;   –   .   G/M/1 (6)        (7)  –    - R(y) –    -,                   (8)
η –   ,   
η=μ(1-ρ),  ρ –  ,            μ –   .   ,        , , . -     G/M/1  - .

е  5.        -   
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                       (9)                               (10)    (7)                                (11)  8           -   M/M/1.
е  6.  .     [12]      ,                      (12)  –  - .  (12)  (7)  - [12],       8.  8.            
е  7.  .  f (x)  (4)   (8)         (13)         -  .   α=1; =1:                         (14) α=2; =1:                        (15)

 α=3; =1:                          (16)  α,     - ,    -    .    8    -:  α=2, =1.  .      ,  -        ,  -   .  -     -   .  ,    3, 4  8,  ,    P/M/1     -,     W/M/1     . ,       ρ≈1 -    ,         .    , -       .   -             α=2, =1  -     -.     ,  Γ(x)– - ,   α    -  [16]. ,    ,    -,         ,       . ,  -         ,        -  .  ,         ,  ,    -.        ,   .    -     -  ,     
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STATIONARY CHARACTERISTICS OF UNRELIABLE SYSTEM WITH BRANCHING 
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E-mail: peschansky_sntu@mail.ruThe research object is a tree-system of the branching structure. Each element of any level con-trols several elements of a lower level and is controlled by one element of a higher level. The elements of the same rank are assumed to be of the same type. Any element failure of the sys-tem is detected instantly and its restoration begins immediately. During the element failure, all the following associated elements stop operating and being restored. It also disables all elements that precede the failed element and do not belong to any other operable path. When the element is restored, all the previously disabled functional elements, which form a workable path with the restored element, also begin operating. The system is considered to fail if there is not a single operable path connecting the main element and output. All the random variables describing the system are assumed to have distributions of general kind. To improve stationary reliability and economical indexes preventive maintenance is carried out according to the age strategy. By means of an apparatus of the theory of semi-Markov processes with a discrete-continuous set of states, iteration formulas for calculating operating effi ciency, average specifi c income and average specifi c expenses are obtained. The expressions obtained for these stationary characteristics in explicit form allow to get optimal intervals of elements’ maintenance. A numerical example of applying the obtained calculation formulas is given.
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E-mail: nikolay.gusev@spacekennel.ruThis article provides an analysis of the algorithm for blind deconvolution of distorted images to determine the possibility of its application to computer vision systems. The original and blurred license plate images were analyzed by a computer recognition system used in Orlan complex. By studying the results, optimal parameters for image reconstruction were found. These parameters allow to obtain the maximum accuracy of license plate recognition. Compared to the other recovery algorithms, the method under consideration shows better results. Computational complexity of the considered algorithm allows it to be used in real time computing. The article also presents data on the comparative performance analysis of various im-age correction algorithms. The experiments show that the proposed algorithm can be used in embedded systems in order to improve the accuracy of subsequent analysis and classifi cation of images.
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E-mail: mryzhakov@applmech.mipt.ruThe article highlights the aspects determining various conditions that complicate obtaining and formalizing the initial actual information about the object being monitored or localized at a certain point in time. Taking into account the above aspects, it is recommended to use fuzzy information as the basis for the methods of object recognition. To develop this direction, it is proposed to use so-called algebra-scales and appropriate methods of scaling and clustering to obtain and convert fuzzy information. In order to generalize this information, the article uses the concept of fuzzy situation. The current and typical situations are isolated. Their aggregates defi ne (characterize) both the observed image of the object, and its possible typical image, which corresponds to specifi c circumstances. In order to recognize the image of an object more quickly, it is recommended to use cluster analysis, which allows to combine typical situations into clusters with certain properties, and to trace the movement of the current situation inside the specifi ed clusters using the fuzzy inclusion or equality relations. This, to a signifi cant degree, makes it possible to increase the effi ciency of deciding on an appropriate response to the behavior of the observed object. It is proposed to develop and program such solutions in advance. The article contains analytical expressions of algorithms necessary for implementing the method of object recognition and provides an example of clustering of typical situations using matrices.
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E-mail: danilaev.reku@kstu-kai.ruIn the article the Enterprise–University Digital Cluster idea in the context of Digital Economy concept is considered. The digitalization concept segments are isolated, which determine the context of the interaction between the the cluster subjects. Specialists’ training models and forms can change signifi cantly and move to a new digital platform. Based on the unifi ed information environment, a new functionality appears in the form of coordinated competency models of the university graduate and enterprises expert, banks of competences, adaptive educational programs and modules. New forms of interaction allow reducing the transitional period of production digitalization at the existing enterprises.
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