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

             
bytes em um único servidor de la com chegadas de tráfego mult  
             
             
processos multifractais. Mais especicamente, assumimos      
             
            
           
              
              
             
             
            
            issão proposta é robusta e eciente.
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

             
a single server queue with multifractal trafc arrivals. In     
      f the multifractal trafc traces. Next, we
         fractal trafc processes. More specically,
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trafc characteristics. We compare the proposed admission      
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proposed admission control strategy is robust and efcient

: Multifractal Processes, Trafc Modeling, Network Trafc    
 
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                        

                                     

        
                                          
                                       
                               
                          
                      







                                  
                              

                                
                                    
                                   
                                  
                                  
                                

                               
                                     

         
                                          
                          

                           
                         
                              
                           

                             
                               
                                

                                  
                                     
                               
                                   
                                   

                               
                                     

  

Referências bibliográcas 

   
                                  
                                 
                                       

    

    
                                 
                                 

     



  

              o innito de subdivisões. 5
                                  
              

codicado MPEG-4 do lme         
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
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              
                                   

             
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  

    

    

    

     

 - Square Coecient of Variation

   

    

    

   

    

     

    

 - Fractional Brownian Trafc

    

      

   

   







    

    

    

     

    

     

   

    

     

    

     

    

     
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    

    



   

               

              



               

Multifractal Network Trafc Flows”. International Workshop Telecommun   


               

             

     

          h for Network Trafc
           

 





 



            

             

           

              

tráfegos exíveis e ecientes para descrevê-los (Balakrish  
            

        

                  

             

             

         

              

             

             

inger, W.; Taqqu,M.S.; & Erramilli, A. , 1996) e que inuenci    

      

       

             

           

            

            

              

 

                







               

            

                

              

              

               

            

possibilitando maior exibilidade em descrever fenômenos      

           

        

           

               

            

            

               

              

            

            

             enição do movimento
                 

          

           

              

            

de perda de pacotes para uxos de tráfego. A estimação da prob    
         nho dos buffers nos roteadores a m
              

            

do comportamento de la dos dados de tráfego.

             

um enlace com um servidor e buffer nito cujo tráfego de entra   
            

              

              

E através da estimação da probabilidade perda, o trabalho n      





 

      

             

            

de processo multifractal é denido. São exibidas ferrament    
          ue quanticam a característica
      tes métodos de estimação. Ao nal do
        

               

           

            

            

validação do modelo proposto. E, nalizando o capítulo, apr   
comprovam a eciência da equação proposta.

             

são de uxos de dados. São apresentados vários modelos exist   
            

              

missão. E, nalmente, validamos a proposta, comparando o mé    

citados no capítulo, e comprovando novamente a eciência da 

• O Capítulo 5 nalmente apresenta as conclusões obtidas e pos    



 

     

 

    , signicando irregular ou quebrado, a palavra fractal foi o
            

            

             

                   

               

   

               número innito de subdivisões.







            

sucientemente regulares. Posteriormente, notou-se que t    

       ográcas, turbulência em uidos, dentre
            

           

        unidade cientíca. A partir de estudos
             

              

                  

            

           

                

               

              

                

              

dependência de longa duração, inuenciam fortemente no des    
            



             

              

     s em diversas áreas tais como teoria de las
                

             

            

           

              

              

      cado como o modelo que de maneira
          

    fractional Brownian trafc, fBt   
              

             

               

              





            

           

              

           

            

         uestão, e dos mecanismos m-a-m
            

uxo de informações entre diferentes camadas na hierarquia     

        

           

             

       ítulo, são apresentadas as denições for-
            

O capítulo 2 nda com a breve descrição de três modelos multif  

    

            

            

 

         , é necessário quanticar
            

              

  , signica que esta função é não diferenciável em       
           

          

              

dando origem a duas denições distintas.

2.2.1 Primeira Denição de Multifractais

A primeira denição de multifractais aborda o comportament      



Tal denição é uma generalização da denição de processos mo
Denição 2.2.1            





  



  

        

    

A teoria de multifractais generaliza a denição anterior e e   
  



  

            

            

   . Por analogia, dene-se o índice generalizado     

  



  

                

             

          

             

, conduzindo à primeira denição de multifractais.

Denição 2.2.2         

          

                    

                     

              

               

           

   

           


        

                 





     

2.2.2 Segunda Denição de Multifractais

Na primeira denição, os multifractais são denidos atravé     
       . Portanto, trata-se de uma denição
        rocesso no tempo. A segunda denição de
             

       

Denição 2.2.3             
  

             

      

             

      
 

              

        . A partir de Denição 2.2.3 pode-se deduzir
                  

                    

  

  

             

       

Considerando as Equações 2.6 e 2.7, verica-se que para uma realização xa de um determinado
 , suas variações innitesimais nas proximidades de    

      

              

          

              





       

    
  

 
    

A partir da Equação 2.9, na Denição 2.2.4 apresenta-se um es     
   

Denição 2.2.4             

             identica o estágio na seqüência de sub-
                
   ) é denido por:


     

 
 

               

                 

  


                 

                

             

           

             

             

                

             

            

à Denição 2.2.5.
Denição 2.2.5              

              

   , é denido por:

  
 


   

          seja denido e positivo em um suporte maior que um
            é denido para apenas um





         o classicados como monofractais.
            

                      

     

    

Assim como as denições de multifractais apresentadas ante    
            

               

      

     

A partir da Denição 2.2.2 percebe-se que a descrição de um pr    
              

             

  

   

            


. Dene-se a

  


 








  






 




  

           


Para um valor xo de            

       
  

   

         l. O coeciente an-
              

                   

             






    

       

               

                 

número de bytes por quadro de vídeo codicado MPEG-4 do lme     
                

                    

                 



               

         , levando o gráco de  

               

              

    

    tal como apresentada na Denição 2.2.5 e chamada de espectro  
            

               

       





                
cado MPEG-4 do lme             
vídeo codicado MPEG-4 considerada.

           

          

         rl concavo, onde a abscissa
              

              

                   

             

                   

                 

                

                  

             

supercial do conceito de espectro multifractal. Na realid     

três espectros, conforme as denições apresentadas a segui

              

importante. A dimensão de Hausdorff tem a vantagem de ser de     
     

  uma coleção nita de conjuntos com diâmetro de no máximo     

               





Denição 2.3.1       . Dene-se      

   




            

       é denida como limite de     

  

    
  

O limite que dene a medida de Hausdorff existe para qualquer      

       

Denição 2.3.2               

    é denido como dimensão de Hausdorff de 

            

             

             

               

Denição 2.3.3              

      

         

        

     

           

              

           

Apresentado anteriormente na Denição 2.2.5, o espectro de    
               

poente grosseiro de Hölder. A partir da Denição 2.2.5 obser        
             

aleatoriamente um ponto com um expoente de Hölder especíco     





              

             

              

            

          

              

              

         specícos (Riedi, R. H. & Lévy Véhel, J,
              

             

de sua denição.

Denição 2.3.4                

 

     

                  

               

       

              






         

Apresentado na Denição 2.2.3, o expoente de Hölder de um sin     

                

variações locais são quanticadas a partir do processo de ta       
            

              

              

               

    
       

                 

                 

        

                

                 

              

               

              

                 

          

               
         





    

           

              

               

             

          

  

           

          

            

            

          

           

            

           

        



   

             

                

              

          em dos coecientes   

          

              é o coeciente    

coeciente de escala e             

              iada do coeciente
                

                  

     

    

    






              

             

      

             

               

             

              

                

    

      

           

             

              

Este modelo simplica o processo de síntese do modelo MWM, ao i  
            , denidos na seção 2.3.

      

              

               

               

      





               

                   
                  

                  

                 

               

          

        

           

              

                

               

               

              
 

 
                

 

               

                 

           

primento da la, atraso, perda de pacotes e valor de banda efe     
                

            

 





   

            

                

             

               

                 

        

                

                 

                

   

  

              

            

            

denições apresentadas ao longo do capítulo demonstram com    

           

           

             

            

        



 

     



 

A teoria de las é o estudo de modelos matemáticos de sistemas     
telefônicas, uxos de tráfego, entre outros, sobre a base do        
               

            

de resultados: resultados especícos relativos a modelos e     
 

A maior parte da literatura atual de teoria de las consiste em resultados especícos baseando-se
              

tados em teoria de las são conhecidos que não dependem espec   

        

       nhecidos em teoria de las para propor
               

 

              

               

          amanho médio da la e a distribuição do
                 

             

       ade de serviço requerida pelos uxos de








O objetivo deste capítulo é a análise de la de um servidor ali   
         

             

cos sobre teoria de la. A Seção 3.3 discute uma abordagem par    

             

               

               

            

           

        nas Seções 3.3 e 3.4. E nalmente na
     

  

        oria de la que servem como uma
   

               

               

                

    

O processo correspondente ao tamanho de la        

 

        
 
  

Para que a la seja estável é preciso que         

regime permanente do processo de tamanho de la        

      



 

 
  



    

             





              

variância nita. Outros resultados de la para modelos com variância innita também foram repor-
             



   

          e controle de uxo,
estão relacionadas ao comportamento de la do tráfego nas re     

cia do tráfego tem um impacto signicativo em seu comportamento de la, principalmente com re-
               

Dufeld e O’Connell (Dufeld, N. G. & O Connel, N., 1993) aprese   

        (probabilidade do tamanho de la     

            

                  

         ) (Dufeld, N. G. & O Connel, N.,
               

la para                
            

da la ou a probabilidade de perda para processos que têm parâ        

dada, segundo (Dufeld, N. G. & O Connel, N., 1993), por:




           

    

               

    
 

 

                

                    

               

           

             

           

            





             

      rmam que o tempo entre chegadas de
               

tempos de chegada para um uxo de tráfego tende a ser lognorma      
              

               

              

             

       

      

A cauda da distribuição do tamanho da la, ou seja, a estimaçã    
perda em um sistema de la com  innito, tem sido bastante estudada, (Chang, C. , 1994) (Glynn
                  

            nito (Likhanov,
                

            

              

                

              

              

              

imado (Dufeld, N. G.; Lewis, J. T.; O Connell, N.; Russel, R. & To     
      

      , um uído de entrada com taxa      

           denotando tamanho da la para  nito e
innito no instante de tempo           

                

             é denida como a razão
entre a quantia de uído de tráfego perdido pela quantia de u       
   

  



      


 

 





Já a probabilidade de cauda é denida como o tempo gasto pelo      
tamanho innito, acima de um nível           
        

     










   

              

          a de la, Kelly (Kelly, F.,
              

               

               

                   

               

               

              

             lveram uma análise de la mul-
            

            

            

                

                
        innito e capacidade de serviço constante  
   represente o tamanho da la no instante de tempo      

          

 




 

                  

        

         

       

 


  





  o ultimo instante que a la estava vazia antes do instante de t       

    

    


  

Assim, se a la estava vazia em algum momento no passado, entã

  


  

                   



          o tamanho da la    

           

               

                   

                

        

     




       

            

da la                 

            

  


  

        

        

            justicando a Equação 3.15, que nos diz
                

                  

1998), (Grossglauser M. & Bolot J.C., 1996). A CTS é denida como

   


     





e a escala de tempo crítico de las (CTSQ) denida como:

       

                  

           

Similarmente, introduz-se a escala de tempo crítico de las 

   


     

E denimos a escala de tempo crítico diádicas de las (CDTSQ) c

   


   

                   

                

              

               

               

     

         



             

                

                 nito
através da cauda da distribuição do tamanho de la (probabil     

             

          

             

             

    

           

              





  , denimos o processo multifractal da seguinte forma:

Denição 3.5.1              

           

          

       

  


  

 

                

      

           

                  

  
   

             

    

       



 







   

 



   

       

           

      

             

         . Para simplicar os cálculos assume se que
               





                   

              

        


 

 


 


  

                  

   









  


  

 
 

                

               

                

    

                 

               



  
        

 

          

     





  

  o comprimento da la em um servidor no tempo         

                 

Em uma la em equilíbrio temos:

         

                , podemos escrever o comprimento da la
 

      

  a taxa de serviço da la e             

    

             

      

               

dade de perda na la da seguinte forma (Benes V., 1963):

                          



                

                  

   quando o tempo tende ao innito, e o segundo termo       

            

       

               

         





          




 

        

             




 

      

 









 

          izando a Equação ii da Denição 3.5.1


 




 









  
 

 

                

 

  


  






  

           

processos multifractais em uma la pode ser dada por:

  










 

 


 

                

              

        

  










     

   

       
 





            

             

 

                

mostram os dados estatísticos da série usada, a conguração       
               

          são os coecentes obtidos da aproximação


            

    

    

          

  

Tab. 3.2: Conguração do Sistema para 

       

     

    

              

     

              

bilização, precisão, e convergência, negando a armação de      
             

mos nesta dissertação uma alternativa eciente para o cálcu      
             

     , obtemos uma expressão mais simples e eciente para m de
    


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                 
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    

                  

                 

             

              

               
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simplicar a derivação das expressões           
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     

  
   

 

     

       

               

       

                

         
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 

            

            
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      

              

           fato a armação de que o processo
      

Devido a esse fato e para comprovar a ecácia do Equação 3.44 p    
               

         

     

             

lores e grácos obtidos nas aproximações da relação variânc       

 

   

              

            
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             

             

           

        

            

    

    

                 

              

              
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   

       

     

    

   

               

             

          

        

            

    

    

                 

              

              
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   

       

     

    

    

              

             

              

            

Apresentamos na Tabela 3.14 a conguração do sistema (Capaci     
       

          

  
  
  
  

  

Tab. 3.14: Congurações do Sistema.





                

tráfego utilizando as congurações denidas na Tabela 3.14    Dufeld (Dufeld,
             

             

               

             

 Dufeld               

         

       

     
Dufeld     
     
     
     

     

                

             

             

             Dufeld 
    

          










































     

          

































     





             

               

aproximação mais precisa e eciente em relação a simulação r      

   Dufeld            

      

    










































     

         



























     

          
















































     

      






























     





          










































     

         







































     

         













































     

         

































     


  

            

             

 Dufeld           

       e perda em um servidor de la com 

nito cujo tráfego de entrada possui características multi    

              





   e ou a capacidade do servidor, do que os métodos de Dufeld e da   


Os resultados obtidos comprovam a ecácia do método propost    

               



 

     

 

 

                

              

mecanismo de gerenciamento de tráfego para este m, determi      
        

               

         ontrole de admissão eciente busca
               

 

              

                 

              

               

             

            

               

pecicações dessas arquiteturas, resulta em uma diminuiçã     

              

              

              

fonte de tráfego uma especicação precisa de seus parâmetro     







            

          

A disponibilidade de um mecanismo de controle de admissão e     

fundamental no desempenho das redes modernas com e sem o. É i   
           

              

              

             

           

             

           

Além de uma caracterização renada do tráfego, também há a ne    
              

escolha entre uma abordagem mais simplicada (monofractal     
                

               

         9). A m de examinarmos o impacto de
             

       

             

             

              

              

              

           

             

de traços de tráfego. E nalmente na Seção 4.7 apresentamos as considerações nais.

       

        ) podem ser classi-
         

simples parâmetros de tráfego, denidos através da sinaliz       
ou taxa média. Isto simplica o processo de decisão, porém, a    

            





           

            



             

             

                

             

            

      

            

      

             

              

             

               

                 

            

           

              

                

admissão. Isso faz com que esquemas MBAC se beneciem da mult   
     

               

todos os uxos daquela classe, a decisão de aceitar um novo u     
qualidade de serviço para os uxos já aceitos admitidos nest      

qualidade de serviço de uxos em classes de mais baixa priori     
         do efeito que o novo uxo terá em
outros uxos e a utilização da rede em questão.

             

            

                

cada um, possui um efeito signicante no comportamento dos e    

Devido a esta diversidade, aqui é feita uma classicação des    
compreensão dos mesmos. Esta classicação está baseada no p     
            





             

          

   

              

                   

               

  

              

             

                

            

             

tribuição do tamanho de la quando a intensidade de tráfego é       

          uição do tamanho da la, seja menor
   

      ecíco de tráfego e utiliza apenas
                  

        

               

             

                 

           

              

                

                   

                 

        

               

             

                

               

             

               

      





        

                 

               

               

              

          se os uxos de tráfego podem ser
  

      

               

                 

                 

                 

                

              

               

                

              

                 

                fontes ativas é denido
                   

                  



  

 


  

  

   





              

 




 






 



 

 

                 

           urto prazo de carga utuante causada
              

                

real para prevenir a perda devido ao curto prazo de carga utu     

capacidade derivado de um modelo de la M/D/1. (Karol M. J. & H    

     

    

   , o uxo           

 


     

               



         

             

               

               

                

    


 



 
 

               

                   

       . Dessa forma, um uxo de tráfego é aceito se a estimativa
                





           

    

    

    

               

         cada para a representação da banda
              

            

modelos de uxo contínuo e outra, em uma aproximação da distr    
             

           

 

             

             

         icativa.

   

Na aproximação de uxo contínuo, uma única fonte de tráfego é     
                 

                   

       . A distribuição do tamanho da la, quando tal fonte está
alimentando uma la com um servidor de taxa de serviço consta     
nicas padrão para o caso de las tanto de fontes idênditicas q     
               

              

    de tamanho nito       
             


 

  
 

     
 

           

                

              





propuseram uma aproximação xando o valor de          

      

  
       

  
 

   

   

    

              

             

               



  

             

            

               

                

      
          

 

 
 





 
  

            

              

             

        porém existe uma innidade deles,
                

            um problema de teoria de las
       de fontes alimentando uma la de ca-
pacidade nita e servida por um servidor com tempo de serviço    
               

        roblema de la é muito árdua e difícil de
              





           

      

Uma vez que a estimação de parâmetros multifractais dos uxo    

           

           

                  

                

              

               

             

      , os coecientes          
relação variância por tempo, além da xação das conguraçõe      
        ). Um uxo de tráfego será aceito se a estimativa da
         

     

O tráfego de dados e de vídeo com compressão são classicados      
              

 

              

            Square Coecient
        

            oeciente de surto, dado pela
                   

                  

             

   

                    
                 denido pela
            

  





 





      o coeciente de surto desse processo é dado por:





 

O segundo parâmetro analisado, é o coeciente de variabilid      
 

               

  

 




 

       e é o coeciente quadrático de variabilidade (CSQ -
Square Coecient of Variation           

 




  

             

             

                  

               

                  

 

  
  
   

     

             

              

      

   

              

                

           signica que utilizamos a série





     , signica que para a série        

              

            

               

   

            

    
    
    
    
    
    
    
    
    
    
    

       

     

     

    

              

                   

               

  

            

          

       

              

             

            





             

               

milissegundos respectivamente. E nalmente as séries    
           

               

            

        

   

           

              

            

    
    
    
    
    
    
    
    
    
    

        

     

     
     
     
     
     
     
     
     
     
     

     





     

              

         ecicações existentes nas caixa de diálogo
             

          

           

               

  

            

    
    
    
    
    
    
    
    
    
    

        

     

     
     
     
     
     
     
     
     
     
     

      







     

              

     o as especicações existentes nas caixas de
              

             

            

              

         

            

    
    
    
    
    
    
    
    
    
    

        

     

     
     
     
      
     
     
     
     
     
     

      





    

              

Dierma            
              

           

             

 

            

    
    
    
    
    
    
    
    
    
    
    

       

     

     
     
     
     
     
     
     
     
     
     
     

   

 





    

              

               

   

Na Tabela 4.11 apresentamos as congurações do sistema (Capa    
            

          

   
    
   

   
  

Tab. 4.11: Congurações do Sistema.

               

             

Vídeos. As guras mostram a quantidade de séries agregadas v     
             

              

              

              

         

                 

             

 

               

             

         

              

               

              



E por m, observa-se na Figura 4.5 que o método proposto perma    

    
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



















                


         






























                






          







































                

               

             



          

         

     
     
     

       

Vemos que a Tabela 4.12 conrma que as quantidades de conexõe    
       

             

       

  

              

              





         

     
     
     

        

simulação real dos traços e conrmamos que as quantidades de     
         

            

  

         

     
     
     
    

        

             

               

           onrmamos que as quantidades de
              

    

             

 

         

     
     
     
     

        

                

             

               





              

           Dierma 
           

         

     
     
     
     

       

E nalmente a Tabela 4.16 volta a conrma que as quantidades d    
         

  

              

              

            

eciência destes mecanismos, entretanto, é muito difícil,        

              

               

  ) determina se um novo uxo de tráfego pode ser admitido na red 
             

pode se tornar complexa devido a algumas diculdades, por ex    
perda com uxos apresentando densidade de probabilidade lo     
                

no Capítulo 3 foi possivel analisarmos a admissão de uxos de t  


Vericamos pelos resultados obtidos que o esquema de contro     

             

              

parâmetros de QoS requeridos aos uxos de tráfego.
              

               





                  

               

se mostrou ser eciente para vários tipos de tráfego reais de      




 



             

                 

              

               

         s precisos e ecientes podem ser
      

          

                

                

   

                 

de serviço oferecido a um uxo de tráfego. Neste estudo, o comportamento de la, principalmente
            

    

              

             

               

              

           

uma equação para caracterizar as perdas existentes nos uxo   
              

relação a alguns modelos já existentes na literatura (Dufe        

              

              







e os resultados experimentais mostraram a eciência do mode    
              

              



            

          s para garantir que os uxos atendam
    

             

             

            

 

               

               

            

           

  
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        

              

c.IEEE/ACM Transactions on Networking. (7(5)):629–640, 1

          endence in network trafc.
   

             

         

                

   

                

   

            

of Trafc Changes.      

Karasaridis, A. & Hatzinakos, D. A network heavy trafc mode    
      





            ched trafc.     
 

            

           

          r multiclass markov uids and other
       

           ymptotic analysis for nite buffer
      

              

 

                

     

             

trafc processes: variable bit rate video trafc. Proceedi     

        

            etwork trafc modeling, Kluwer
  

                

            

                

      

                 

trafc (extended version).      

                

            

               

  





             

    

             
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         



 

 

   

           







 

 

  


     

     

          

              

                 

    

             

              

 

           

  






 
   



        

     







               

     

    

               

       

       






 
  







 
   



       








 





   

                  

                 

      




         

 













 





    





         









    

    

 




  

 










 

 




 

 








 

    

             

    

  

 





  

 
   

         











  

    















 


  

    

   






  






   






 


 






 






 

   

        

 
 





 








 









 





 


 




 

Para simplicar a notação, vamos denir:





  







    

        

 

 









 

              






 

 





 





    

            

   

    

   

 





  

 

   

 








      

 

 





  





   

       

       

             

                

       

      

    

       , e denimos:

  





Denimos

    

      

   
   

      

               



    







 

  



 



 


 







   

 
    

 







   
  

  



 

    

    
 



 

  


  



 
 





e nalmente obter o valor revisado de 

  

                 

               

               

    

  

            

       



             

         

       




  




   




 
 

           

       







  




 
 

 

   








   

    signica calculado no ponto 





        







 









 



 

     

 


 






 
 









 




  

 





 















 









  

        

   
















 

   













   

















   























   















 



 





 





              





 

  

    denida em um intervalo          

              

                  

     


        

         



     



   




 



     




 


   

   





 









 







 




 







                  

                 





 




   



   




 

                 

                

 





 




     



 





     



 












  





       



     







  


     

       

                

        

                 

    

 



    

 


       

          

     

    





  




  


  


  

                        

   

   


 





        

          



        

          




       



   

   







  


   




  


   


 







   


 









  


   



 



 




    


   


  







 




  







   


   




  


    


 







   


  












   


  







  




  







   


  

             




 



         

       




 



    

      


        

        


  


   




 







 







        








 




    




 







 







        








 




    

 







 







        








 




    

     



 



    

 







    

 


    

 



 

  

            

    

    

              

            

       

                  

                  

innito (



    da Denição 3.5.1 e 3.36 temos a Equação 3.38 dado como:

 




 









  
 

 

       do item ii da Denição 3.5.1. Chamaremos z o termo efr(.) de C.1, 
      

 
   


    

    



   

     








      







Podemos ver que quando tende ao innito (         

para o innito , e o segundo termo converge para  (zero). Desta forma quando z tende ao innito
               

    

               

              

      

             

      

   tende ao innito (



               


            

           





  



        

    







 

   

              

       




    


    

              

              


   

    


   

    


    

      

                     

                

                

               

           . É fácil vericar que, neste







         

           

           

       

   

   



             

           

                 

                 

   ,por denição. O parâmetro         

           

              

     

             

  


  


    



 



 

  
    

               

   

 




 




   
 

                   

  

 









   









 




   

 


  





          

  



  

  
  

      
 



 

              

      

     

    

       

       

     

     

    

   



   

        





      

    




   

  



 

   



 

  



 

      

 



  

         

 








 



 

   

 








   


