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Multi -rate systems - parameters 
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arrival rate for class-i call stream,  

arrival rate for carried call stream of class-i,  

arrival rate for lost call stream of class-i,  

 
service rate for class-i call stream,  

number of demanded units of service resources for class-i call,  

number of offered call streams in the system, 
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Full -Availability  Group  
FAG 
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FAG with multi -rate traffic  
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Microstate:  

Microstate probability:  
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Multidimensional Markov process 
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Microstate:  

Microstate probability:  
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Reversibility of multi -dimensional 
Markov process  

ÅNecessary and sufficient condition for reversibility 

(Kolmogorov criteria):  

o The circulation flow (product of streams parameters) among 

any four neighboring states in a square equals zero.  

o Flow clockwise = flow counter clockwise  

ÅState equations:  

o Reversibility property leads to  local balance equations 

between any two neighboring  microstates of the process.  
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Reversibility of multi -dimensional 
Markov process  

8 

Mi xxx ,...1,...,1 - Mi xxx ,...,...,1 Mi xxx ,...1,...,1 +

Mi xxx ,...,...,11- Mi xxx ,...,...,11+

1,...,...,1 +Mi xxx 1,...1,...,1 ++ Mi xxx

Ml

1l 1l

il il

MlMl

11mx 11 1m)( +x

iixm
iix m)( 1+

MMx m MMx m)( 1+
il

iix m)( 1+
1,...,...,1 -Mi xxx

MMx m)( 1+

iiMMiMMMiiMi xxxx mmllmmll )1()1()1()1( ++=++



Product form solution of multi -
dimensional distribution  (multi -rate) 

ÅAll offered streams are considered to be mutually 

independent and the service process  in the group is 

reversible, so we can write each microstate in product 

form  
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Product form solution of multi -
dimensional distribution (single-rte) 
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Macro-states 

ÅMacro -state: {n}, where n is the integer number of BBUs  

in the group.  

 

ÅMacro -state probability:  

 

 

 

Åwhere :         is the set of such subsets                         ,  

that the following  equation is fulfilled:      
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Macro-states and micro-states 

12 

Example: V=10, t1=1, t2=2, t3=4 

{5,0,0}    {3,1,0}     {1,2,0}     {1,0,1} 

Micro-states associated  with macro-states {5} 



Markov process in FAG ɬ micro-state level 
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