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The Analysis of an Opportunistic Spectrum Access with a
Strict T‐preemptive Priority Discipline

Kilhwan Kim

Department of Management Engineering, Sangmyung University

엄격한 T‐축출 우선순위 대기행렬을 이용한 
기회 주파수 접근 방식의 성능 분석

We propose a new priority discipline called the strict T-preemptive priority discipline, and derive the waiting time distributions 
of each class in the strict T-preemptive priority M/G/1 queue. Using this queueing analysis, we evaluate the performance of 
an opportunistic spectrum access in cognitive radio networks, where a communication channel is divided into time slots, a licensed 
primary user is assigned to one channel, and multiple unlicensed secondary users may opportunistically exploit time slots unused 
by the primary user. We also present a numerical example of the analysis of the opportunistic spectrum access where the arrival 
rates and service times distributions of each users are identical.
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2. 엄격한 T-축출 우선순위 정책 및 대기행렬 
모형

2.1 엄격한 T-축출 우선순위 정책
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2.2 엄격한 T-축출 우선순위 M/G/1 대기행렬 모형

M/G/1 
. ≥ 

.      ⋯ , 

.  
  

.  

, 
 , Laplace-Stieltjes Transform(LST) 

. 
 (time slot)

. 
- , 

- 

. 

. , 

,   

. , ≤ ≤ ⋯ ≤ 
. 

. 
(FIFO : First-In First-Out) 

.  

. 

.
T-

. , 




, 

. 

  


 . 

( ) 

 , 
. 

   
 .  

3. 엄격한 T-축출 우선순위 M/G/1 대기행렬의 
대기시간 분석



1  
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 

 . 
 ∑    

 ∑   

 
 




 .

3.1 서비스 시간 구조의 분석

 3
 . 





.  



(×[ time slot ])

. 






. , 


 



. 




( ) 

. 
   

. 
, ,  (offered load)

 
 

 . 

  


 








  







 

. 



 

.

      ≤  
 

(1)

,     ⋯.  LST 


.


 

  

 
 

∞

 ⋅
 

(2)

   

 . 



 


. 
 LST 

 

 . , 

.  ,  ,  . 
,  

 




 T- 


. , 

 LST


 
 ∑   


 M/G/1 

.


 
 

 

 (3)

, 

  

 
 

 
(Takagi [7]  p 

18-22, ).  
 

 

,   

  . 

.


   

  

 
 



 (4)



 



 
 . 

, .
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
  

  

 
 

 

 


∞

  

×
 

 


(5)

, ,  <Table 1> .

<Table 1> The Moments of Key Random Variables


   

 

∞

  (6)


 

  (7)

  


  (8)


  

 



 

 


  

 




(9)


  

 



 

 


  

 





  

 




 
 


  

 





(10)

  


⋅  (11)


    



⋅ 
 

 
 ⋅ 

 

 
 

⋅ 
  

 




(12)


   

 


 

 
 


  






(13)


   

 
 

 
 

 


  















 

 
 


  






 
 


  

 














(14)

 
 (15)


 

 
⋅

 (16)

3.2 지체 사이클을 이용한 대기시간의 분석

Conway et al.[1] (delay cycle analy-
sis) T-

LST .


 , 

 



, 

. , 
 



 ‘  

’ .
‘   ’ 







  . 

 

 

. 
 

  

 . 

 LST 
 


. 


 
  

 
 
 (17)


 


 

 LST . 

, ‘   ’
 

  , 




(Conway et al.[1] p 155 ).


 

 



 


 (18)

 
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(
). 

.


 

⋅
 (19)

(1)~ (7) <Table 1>  
1, 2 .

4. 시분할 통신채널에서의 기회적 주파수 접근 
방식에 대한 성능분석

. 
, 

. 
. 



. 
1

  ≤ ≤ .   

 .

. 
1 

, 

. 2 

 . 


, 

.   ≤ ≤, 
 

 
 

. 
⋅

,  
⋅ . 

. 

. 

. 
 
 ⋅

. 

4.1 수치 예제-동일 도착과정 및 서비스 시간 분포를 

가진 경우의 성능 분석

3 T-

. 
 .  

,    ≤ ≤. 
 . , 

 , 

   

. 
(6)~ (16)

, 
. , (6)

. , 

(upper and lower bounds)
. ,  

( , 
) 

.
 (upper 

and lower bounds) . (1)
.

    ≤   (20)

(20)  (7)
.

 
 ≤    

  (21)

(20)  

(7)
.
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
 




 ≤




 

 



 

    (22)



(21) 

.









≤ 

  
 








  ≤   
.









≤








≤












.


 ≤ 

  


, 


   

 (23)


   

  (24)

(13), (22)


.


≤ 




,


 


 





 


 

×


(25)


 


 






 




 


  

(26)

(11), (15) (20)
.


≤



,

















 
  (27)









 
  (28)

.      ≤ 
 ≤ . 

, .  
 ,       

2% . ,  .

 , ,     

. 
M/G/1

   . 
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<Figure 1> The Upper and Lower Bounds of the Expected 
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<Figure 3> The Upper and Lower Bounds of the Expected Waiting Times
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