
1) 𝑿,  is a random variable which is suitable of the Poisson 

distribution with the 𝝀, 

a) 𝑃(𝑋 = 𝑡) = 𝑓(𝑡) = 𝜆𝑒−𝜆𝑡 

b) 𝑃(𝑋 > 𝑡) = 1 − 𝐹(𝑡) = 𝑒−𝜆𝑡 

c) 𝐸[𝑋] =
1

𝜆
 

2) Exponential distribution has no-memory property. 

𝑃(𝑋 > 𝑡 + 𝑠|𝑋 > 𝑡) = 𝑃(𝑋 > 𝑠), 

3) 𝑇 is a random variable which is suitable of the Poisson 

distribution with the 𝝀, (Pure birth model) 

𝑛 𝑎𝑟𝑟𝑖𝑣𝑎𝑙𝑠 𝑜𝑐𝑐𝑢𝑟 𝑖𝑛 𝑡ℎ𝑎𝑡 𝑝𝑒𝑟𝑖𝑜𝑑 𝑖𝑠               𝑝𝑛(𝑡) =
(𝜆𝑡)

𝑛
𝑒−𝜆𝑡

𝑛!
 

4) 𝑁 𝑖𝑠 𝑡𝑜𝑡𝑎𝑙 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟𝑠 𝑖𝑛 𝑞𝑢𝑒𝑢𝑒 and 𝜇 is service frequency. 

The probability that n customers remain in queue in that 

period is (Pure death model) 𝑝𝑛(𝑡) =
(𝜇𝑡)𝑁−𝑛𝑒−𝜇𝑡

(𝑁−𝑛)!
   

5) Generalized Poisson Queueing Model; 
a) Steady-state probability of n customers in the system; 

𝑝𝑛 = (
𝜆𝑛−1𝜆𝑛−2⋯𝜆1𝜆0
𝜇𝑛𝜇𝑛−1⋯𝜇2𝜇1

)𝑝0 

b) There is no customer in the system, 

𝑝0 = 1 −∑ 𝑝𝑛
∞

𝑛=1
 

6) The steady-state performance values; 

a) 𝐿𝑠 = ∑ 𝑛𝑝𝑛 = 𝜆𝑒𝑓𝑓𝑊𝑠
∞
𝑛=1  

b) 𝐿𝑞 = ∑ (𝑛 − 𝑐)𝑝𝑛 = 𝜆𝑒𝑓𝑓𝑊𝑞
∞
𝑛=(𝑐+1)  

c) 𝑊𝑠 = 𝑊𝑞 +
1

𝜇
 

d) 𝐿𝑠 = 𝐿𝑞 +
𝜆𝑒𝑓𝑓

𝜇
 

e) 𝑐 = 𝐿𝑠 − 𝐿𝑞 =
𝜆𝑒𝑓𝑓

𝜇
 

f) 𝜌 =
𝜆

𝜇
 

g) 𝜆 = 𝜆𝑒𝑓𝑓 + 𝜆𝑙𝑜𝑠𝑡 

 

 

7) (M/M/1):(GD/∞/∞) ; 

a) 𝑝𝑛 = (
𝜆

𝜇
)
𝑛
𝑝0 = 𝜌

𝑛𝑝0 

b) 𝑝0 = 1 − 𝜌 

c) 𝐿𝑠 =
𝜌

1−𝜌
 

d) 𝑊𝑠 =
𝐿𝑠

𝜆
=

1

𝜇(1−𝜌)
 

e) 𝑊𝑞 = 𝑊𝑠 −
1

𝜇
=

𝜌

𝜇(1−𝜌)
 

f) 𝐿𝑞 = 𝜆𝑊𝑞 =
𝜌2

(1−𝜌)
 

g) 𝑐 = 𝐿𝑠 − 𝐿𝑞 = 𝜌 

 

8) (M/M/1):(GD/N/∞) ; 

a) 𝑝𝑛 = {
𝜌𝑛𝑝0       𝑛 ≤ 𝑁
0              𝑛 > 𝑁 

 

b) 𝑝0 = {

(1−𝜌)𝜌𝑛

1−𝜌𝑁+1
       𝜌 ≠ 1

1

𝑁+1
             𝜌 = 1 

 

c) 𝜆𝑙𝑜𝑠𝑡 = 𝜆𝑝𝑁 

d) 𝜆𝑒𝑓𝑓 = 𝜆(1 − 𝑝𝑁) 

e) 𝐿𝑠 = {
∑ 𝑛𝑝𝑛 =
𝑁
𝑛=0

𝜌{1−(𝑁+1)𝜌𝑛+𝑁𝜌𝑛+1}

(1−𝜌)(1−𝜌𝑁−1)
 𝜌 ≠ 1

𝑁

2
                                                        𝜌 = 1

  

f) 𝑊𝑠 =
𝐿𝑠

𝜆𝑒𝑓𝑓
 

g) 𝑊𝑞 = 𝑊𝑠 −
1

𝜇
 

h) 𝐿𝑞 = 𝜆𝑒𝑓𝑓𝑊𝑞 

i) 𝑐 = 𝐿𝑠 − 𝐿𝑞 = 𝜌 

 

9) (M/M/c):(GD/∞/∞) ; 

a) 𝑝𝑛 = {

𝜆𝑛

𝑛!𝜇𝑛
𝑝0              𝑛 ≤ 𝑐

𝜆𝑛

𝑐!𝑐𝑛−𝑐𝜇𝑛
𝑝0        𝑛 > 𝑐

 

b) 𝑝0 = {∑
𝜌𝑛

𝑛!
𝑐−1
𝑛=0 +

𝜌𝑐

𝑐!
(

1

1−
𝜌

𝑐

)}

−1

        
𝜌

𝑐
< 1 

c) 𝐿𝑞 = ∑ (𝑛 − 𝑐)𝑝𝑛 =
∞
𝑛=𝑐

𝜌𝑐+1

(𝑐−1)!(𝑐−𝜌)2
𝑝0 

d) 𝐿𝑠 = 𝐿𝑞 + 𝜌 

e) 𝜆𝑒𝑓𝑓 = 𝜆,      𝑊𝑠 =
𝐿𝑠

𝜆
 ,     𝑊𝑞 =

𝐿𝑞

𝜆
 

 

10) (M/M/c):(GD/N/∞) ; c≤N 

a) 𝑝𝑛 = {

𝜌𝑛

𝑛!
𝑝0              0 ≤ 𝑛 ≤ 𝑐

𝜌𝑛

𝑐!𝑐𝑛−𝑐
𝑝0         𝑐 < 𝑛 ≤ 𝑁

 

b) 𝑝0 =

{
 
 

 
 
[∑

𝜌𝑛

𝑛!
𝑐−1
𝑛=0 +

𝜌𝑐(1−(
𝜌

𝑐
)
𝑁−𝑐+1

)

𝑐!(1−
𝜌

𝑐
)

]

−1

       
𝜌

𝑐
≠ 1

[∑
𝜌𝑛

𝑛!
𝑐−1
𝑛=0 +

𝜌𝑐

𝑐!
(𝑁 − 𝑐 + 1)]

−1

       
𝜌

𝑐
= 1

  

c) 𝐿𝑞 =
𝜌𝑐+1

(𝑐−1)!(𝑐−𝜌)2
{1 − (

𝜌

𝑐
)
𝑁−𝑐+1

− (𝑁 − 𝑐 + 1) (1 −
𝜌

𝑐
) (

𝜌

𝑐
)
𝑁−𝑐

} 𝑝0 

d) 
𝜌

𝑐
= 1 için 𝐿𝑞 =

𝜌𝑐(𝑁−𝑐)(𝑁−𝑐+1)

2𝑐!
𝑝0 

e) 𝜆𝑙𝑜𝑠𝑡 = 𝜆𝑝𝑁 

f) 𝜆𝑒𝑓𝑓 = 𝜆 − 𝜆𝑙𝑜𝑠𝑡,      𝑊𝑠 =
𝐿𝑠

𝜆𝑒𝑓𝑓
 ,     𝑊𝑞 =

𝐿𝑞

𝜆𝑒𝑓𝑓
 

 

11) (M/M/∞):(GD/∞/∞) – Self Service Model 

a) 𝑝𝑛 =
𝑒−𝜌𝜌𝑛

𝑛!
      𝑛 = 0, 1, 2,… 

b) 𝐿𝑠 = 𝜌,    𝐿𝑞 = 𝑊𝑞 = 0 
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