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Continuous Time Markov Chains (cont.)

= X(t’) : the state of the system at time t’

= Three points in time :
= U’ =ris a past time
= t’ = s s the current time
= U’ = s+t is t units of time into the future

= Markovian property :
s P{X(s+t) =j| X(s) =iand X(r) =x(r) } = P{ X(s+t) =j | X(s) =i}
foralli,j=0,1,2,...,Mand forall r=20,s>r,andt >0
s P{X(s+t) =] | X(s) =1} is a transition probability.



Continuous Time Markov Chains (cont.)

= Stationary transition probability :
= If the transition probabilities are independent of s, so that
P{X(s+t) =] | X(s) =1} =P{X(®) =] X(0) =1}
they are called stationary transition probability.
= py(t) = P{X() =] | X(0) =i} is called the continuous time
transition probability function.

= Assumption : (1 |f|:J
lim p.. (t) =+
im p; () 0 ifi#]

\



Continuous Time Markov Chains (cont.)

= One key set of random variables, T; :

= Each time the process enters state i, the amount of time it spends
in that state before moving to a different state. (i =0, 1, 2, ..., M)

= Memoryless :



Continuous Time Markov Chains (cont.)

= An equivalent way of describing a continuous time Markov
chain :

= The random variable T; has an exponential distribution with a mean
1/q;.

= Py : the probability of moving from state i to state J.

M
P. =0 and Zpij =1 for all i

j=0

= The next state visited after state i is independent of the time spent
in state i.



i Continuous Time Markov Chains (cont.)

= [ransition rates :

— i 1- Pii (t)
q = lim=—s
= G = qipj;

= Steady-state probabilities _
= |If a Markov chain is irreducible, then !'_)rg Pij (t) = T

M
= ;= Z”i pij(t) forj=0,1,2, ..., M
i—0



i Continuous Time Markov Chains (cont.)

= Steady-state equation :

74 = Z”iqij forj=0,1,2, ... M

1#

M
Z?Z'j =1

1=0



An Example

= Model the traditional guard-channel scheme using continuous
time Markov channel.

= The tradition guard-channel scheme :
Ct

A new call is admitted only when there are

less than TH channels occupied.
TH

A handoff request is rejected only when all
channels are occupied.




An Example (cont.)

= The system : A cell
= The state : the number of occupied channels in a cell

A 4R . //1.;1\‘
i

Fig. 2. Markovian model.



An Example (cont.)

= Steady-state probabilities :
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An Example (cont.)

|

Call dropping probability :
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An Example (cont.)

= Find an TH which guarantees that CDP is kept below the
tolerable level.

1 [/ 4+ 2\ a0\ _
:,I — — * J - }
Pd C,] " " Po = Pud

= Why not to keep CBP below the tolerable level ?




An Example (cont.)

= The proposed approach :
= A cell is classified into two categories, hot cells and cold cells.
= Hotcells: Cu>TH
= ColdCells : Cu=TH

= Cold cells follow the same CAC as in the traditional guard-channel
scheme, while hot cells admit new calls with a probability, PCA,
instead of blocking new calls absolutely.

i

w—TH T .
PCA(C,) = S ((ir,_m) 3t ﬂ) +1, f TH<C, <

[ il C, < TH



channel allocation()

Ay, = the current arrival rate of handoff call;
Ay = the current arrival rate ol new call;
v = the tolerable dropping rate;
C¢ = the number of total channels;
C,, = the number of occupied channels;
TH = the value of threshold such that
~ \TH ,. \ C~TH
Pa = CLN (%) (’;—T) “Po S P
If (the arriving call 1s a handoff call)
If(C,— C,>0)
Accept this call;
Else
Drop the handoff call;
Else /* new call */
If (C,<TH)
Accept this call;

F — sin ((gljg) T+ n) + 1:
r = random( );
i (r<F)

Accept this new call;
clse

Block the new call:



An Example (cont.)
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Fig. 4. The dropping rate with different arrival rate of handoff call (4, = 1/6).



An Example (cont.)
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Fig. 5. Blocking rate versus arrival rate of handofl call (4, = 1/6).



Top Sentences

= Just as the transition probabilities for a discrete time Markov
chain satisfy the Chapman Kolmogorov equations, the
continuous time transition probability function also satisfies
these equations.

= just asA] AR LL#E. ---- I-Chi

= More specifically, a new call request is admitted only when there
are less than TH channels occupied.

= more specificallya] kR B HE — T BRI . ---- I-Chi

= We shall restrict our consideration to continuous time Markov
chains with the following properties.

= restrict our consideration to AfFAR R EE#/mEE. ---- I1-Chi
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