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D1=Ds1 (Dr1=0;Dq1=0)
D2=Dr2+Ds2 (Dq2=Dr2)
D3=Dr3+Ds3 (Dq2=Dr3)
D4=Dr4+Ds3+Ds4 (Dq2=Dr3+Ds3)
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M/G/1 – Queueing Delay



M/G/1 – Residual time

Packet arrivals (n in T)



T

Given the server is busy:
p_red = 6 * T_red / (6*T_red + 2*T_blue) = 6/8 T_red / E[T]
p_blue =   2 * T_blue / (6*T_red + 2*T_blue) = 2/8 T_blue / E[T]

E[D_r|busy] = (T_red / 2)*p_red + (T_blue / 2)*p_blau =
= ((½)/E[T]) * ((6/8) T_red * T_red + (2/8) T_blue * T_blue) =
= (1/2)*E[T^2]/E[T] 

E[D_r] = a * E[D_r|busy] + (1-a)*0 = lambda * (½) * E[T^2]

t

Poisson arrivals → arrivals may happen at any instant of time with the same prob.
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An arriving packet finds in average the same mix of packets from other flows
in the buffer → The waiting delay in the buffer is the same in average for all the packets of all flows

Multiple Flows

F= 3 flows



Multiple Flows - Example

● 2 Flows: λ1 , λ2, E[Ds,1], E[Ds,2], CV[Ds,1], CV[Ds,2]

We consider the aggregate traffic

All waiting delays
are the same



Average number of packets in the buffer
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Example



Traffic Differentiation | Priority Systems 













System delay (waiting + service)

● E[D1]=E[Ds,1]+E[Dq,1]
● E[D2]=E[Ds,2]+E[Dq,2]
● …
● E[DC]=E[Ds,C]+E[Dq,C]



Example – DL Traffic Differentiation

AP
● Station A has higher priority than B and C
● B and C have the same priority
● Flow 1 from A has higher priority than flow 2
● BA1=0.1 Mbps; BA2=2 Mbps; 
● B

B
=3 Mbps

● B
C
=2 Mbps

● E[DsA1]=0.5 ms;  CV[DsA1]=0;
● E[DsA2]=2 ms;  CV[DsA2]=4;
● E[DsB]=1.5 ms;  CV[DsB]=2.5;
● E[DsC]=0.9 ms; CV[DsC]=0.7;
● E[LA1]=400 bits
● E[LA2]=1500 Bytes
● E[LB]=10000 bits
● E[LC]=800 Bytes
● Transmission errors can be considered negligible

● Calculate the average total delay for the packets
of each flow:

● a) No traffic differentiation is applied
● Single buffer for all flows

● b) Traffic differentiation is applied
● Three buffers (2 per A, 1 per B and C)
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