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1 Mechanism Priority Queuing

Priority queuing (PQ) is one of the congestion management
tools. They allow controlling congestion by determining the
order in which packets are sent out through an interface based on
priorities assigned to those packets. The congestion management
tools entail the creation of queues, assignment of packets to
those queues based on the classification of the packet and the
scheduling of the packets in a queue for the transmission. In PQ,
one service class of packets is assigned to each queue with
specific priority. The priority of particular queues is different.
Within each of queues, packets are scheduled in FIFO order.
First packet is taken from queue into transmitter and then it is
sent bit by bit through output port. The queue with the highest
priority is served first until it is empty. Then, the lower priority
queues are served according to their priority. In other words,
packet is taken from the queue, only if all queues with higher
priority are empty. This procedure is repeated every time a
packet is sent. A rate of sent packets from transmitter is given by
bandwidth of output port.

2 Analytical model of Priority Queuing

Mechanism PQ can be modeled using different ways, similarly
as other QoS mechanisms. This section show, how Markov’s
chains can be used for this purpose. For the sake of simplicity,
model with only two infinite queues is assumed here. The goal is
to find the mean response time for packets of priority queue. It is
important performance measure.

2.1 Basic terms

Necessary conditions for using Markov’s chains are Poisson
distribution of packet arrivals and exponential distribution for
service time. Thus if 4(x) denotes the number of packets that
arrive during any time interval into the k-th queues of length x,
the Poisson distribution of packet arrivals is given by
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Parameter A is intensity of packet arrivals into the k-th queue
and is measured in packet per second. Compared to original,
packets are not transmitted bit by bit but as a whole. Time of
packet in transmitter (interval between selection packets to
transmitter and his transmission on output port) is given by
packet size and it is called service time. It has the exponential
distribution for Markov’s system. Thus service time for packets
of k-th queue 7, with mean 1/ g is given by

Pr[l, <x]=1-e"* 2)
where (1 is service intensity for packets of k-th queue. The mean
service time for packet of k-th queue is an inverse of service
intensity and here is denoted as 7.
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Offered load p;, with packets for k-th queue is defined as:

A
pp == )
Hy
Total offered load p is defined as:
K
pP= Z P )
k=1

where K count of queues in the system. In this model K = 2.
Necessary and sufficient condition, that the Markov’s chain has
a unique steady-state distribution is p < . Waiting time W} is the
interval from the arrival time of packet for A-th queue to the time
when its transmission is started. In other words, W, is the total
time of packet in the queue. Response time Ty is defined as the
time interval from the arrival time of an arbitrary packet for k-th
queue to the time, when the packet leaves the system after the
transition is finished. The response time consists of the waiting
time and the service time.

2.2 Transition graph

A state of considered system is given by three indexes (k;i,),
where k£ ={1,2}, i={1..L, } and j={1..L, }. k determines queue,
that packet is actually transmitted, i/ determines number of
packets of first queue (priority packets) and j the number of
packet of second queue (ordinary packets) that are actually in
the system. A value of state is determined by probability that
system is in this state. In further text, only the steady-state
probabilities are considered. If system can pass from one to
another state, a transition exists between these states. Value of
transition is determined by the mean intensity of arrival (4;) or
departure (14). All possible states of system and transition
between them can be represented by transition graph (Figure 1).

Figure 1 — Tran;ition graph of PQ with two queues
2.3 Solution
Let
Ful y):gpmy" Ty y)zilpz,jy" (©)

be the probability generating functions for states in i-th row on
the vertical and horizontal layer of graph in the Figure 1.

Let

H,(xy):iF“xi , Hz(xJ’):inl‘x’ (7)

i=1 i=0
be probability generating functions for states on the vertical and
horizontal layer of graph in the Figure 1.

Let pgo be a probability of empty system. A probability
generating probability function for the number of packets present
in the system is given by
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From (7), (8) we have:
H(1D)=p; =4/, Hy(11)=p,=2,/ u,, H(11)=1 (9)
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and next for their first derivate in x=1, y=1 we have:
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It is well-known fact that for Markov’s systems with infinite
queues and shared service holds:

K
po=1- Z Pr (12)
k=1
where p, is probability, that a system is empty.
Thus for pyy we have in this model:

Proo =P200=Pop=1= P = P> (13)
Following system of equations describes probabilities of
particular states:

(A +2)Poo = P10+ HaPso, (14)
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(t+A4,+2,)p, = 4Py, i=1.0 (16)
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D2y i,p,H/j i=2.0,j=1.00

(to+A+2)D2; ;= 20Ds; o+ AiPsyy;  E=1090,j=2..00. (20)

By multiplying these equations with x’, / and summing for all 7, j
we obtain:
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After summing (22), (25), (26) we get:
(H+24,+4, _lzy_ﬂlx_ﬂ)Hl(xy) =
* 28)

= %Hz(xy) + Axpy = [ 1,F (v)+ %Fm(y)]

and after summing (21), (23), (24), (27) we get:
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From (6), (21) and (24) we get relation between F; ; and F:
HF (v)=( + 4+, =4y *&)Fz,o(y) +
y (30)

H A+, =2,Y)Poy

From (28), (29), (30) we are able to determine H,(xy) and H,(xy).
Thus now we write according to (8):
Py (1=X)y(py =2y — 1, = 24(1-x)) + (31)
(A =2x=x((1=x)+ A (1=y))y( Ay =2y — 1, = 2y (x=1))
Fy(y)(A+ 2+ 1ty =y )(Ax(1-y) = wyy(1-x))
(A= Ax=x(Ay(1=x)+ (1= y))y( 2y = 2o = tt; = 2y (x=1))

H(xy)=

Hence we have depending for H(xy) only on unknown F,, ().
Forx — 1,y — [ from (9),(29) and (30) we have:

Fyy(1)=
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After partial derivation of (3/) by x and applying limits x — /,
y —1 and substituting (32) into (3/), we obtain the mean number
of priority packets in the system finally:
_ A( Aoy + ,Uzz)
Hy =2 113
Now we apply Little’s formula to (33) to obtain the mean
response time of priority packets:
E[N,]  Au, + i
E[T,] = i _ ot :Uzz
4 (=4

E[N,] 33)

(34)
3 Conclusion

This paper show, how can be used Markov’s chains to modelling
QoS mechanism Priority Queuing. The final result of the paper
is formula for the response time of priority packet. For the sake
of simplicity are assumed only two queues. Moreover, the
queues are infinite. If we considered model with finite queues,
the number of equations analogous to (14)-(20) would be
increased to 16 and the model solution would be too
complicated.
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