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BMAP/M/1 Queuemg Model
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Degradation of secutity
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Notations

= L(t) : the number of customers in the group,

= M(t) be the number of jobs 1n the system
(key encryption server) at time t.

= X(t) = (L(t), M(t)) 1s a Markov process.
" 1 {Ilm}=P[L=1,M=m]

Tm = | Tm, Trml, o)

T = I:_.le, .1'1,..._:0 = (_.TlIl. MOy ey 1O, L, cony Moy, Tl |



Steady State Equation

» 1Q = 0,where Q 1s the infinitesimal
generator of the Markov Process X(t) =

(L(H), M(1)).
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Phase transition

D — %, D, :the generator of the phase transitions, is the
infinitesimal generator of an M/M/o0 queue, and its
stationary probability vector 1s Poisson distribution with

1ts mean A/p.
L (t):phase, the number of customers 1n the group.



Z-transform and stationary equation

" .-y .n. .z-transform of stationary
vector.
= Stationary equation
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Double z-transform

z:jobMD 2N

L[]
/l

stationary vector

y:phaseD 2 %1

n(0,y) : M=0&phase D [&] BF 73 1
n(1,y): phase® &3 73 %

. :double z-transform of
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Linear operator calculus

v, formal power series.

The linear operator U corresponding to a
matrix U by
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Differentiation by parts
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Theorem 1.

* The double z-transform of the stationary
probability n(z, y) should satisfy the
following equation:

w1y =« : phase @D marginal distribution
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Utilization

= p=P[M>0]:{ERFE




Operator A and its inverse

= [Af](y) = [D(Df](y) + f(1)=(1, y)

= [nverse of A

! I [P atuye =" — g1y ]
A gl(w) = (1, y ]1 / g, ]
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o 1(1,y)=e Mu (y—1)} is the fixed point of the
operator A



Theorem 3

* The mean queue length of encryption jobs
E[M] can be obatined by
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Bounds of E[M]



Theorem 4

* The bounds of mean queue length E[M]
can be found by



Upper bound and lower bound of E[W]
when p=1

* In the following, we fixed the service rate of the
encryptions to be ¢ = 10, 000.

= The lines “upper ” and “lower” are the upper and lower bounds of
mean waiting time respectively. The line “1.1.d” corresponds to the
batch arrival M/M/1 queue where the batch size is independent and
identically to Poisson distribution with its mean A/p.
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Upper bound and lower bound of
E[W] when p = 10.




Upper bound and lower bound of
E[W] when p = 100.




