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ABSTRACT 

In this paper two types of delay-loss systems 
with cut-off priorities for overload protection 
are investigated. 

The first part of the paper deals with systems in 
which waiting calls may be abandoned due to the 
impatience of customers. 

In the second part of the paper, a new model of 
dynamic cut-off priorities is presented which 
enables an improvement of system performance. 

In both parts, exact methods for the calculation 
of characteristic traffic values and waiting time 
distributions are presented. Results 'are gi ven in 
several diagrams. 

1. INTRODUCTION 

This paper deals with delay-loss systems . with 
cut-off priorities. In the systems consIdered 
there are n servers, s waiting places and two 
types of offered traffic A1 and A2. For calls of 
A1 the systems act as loss systems with full 
access to the n trunks , and for calls of _A2 as 
delay-loss systems with FIFO disciplin~Calls of 
A2 can, however, only be switched if less than m 
(m<n) servers are busy (m can be interpreted as 
a restriction parameter). 

It is well known that systems of this type can be 
applied in switching systems for protecting the 
traffic A1 against overload of the traffic A2 in 
paticular local overload situations [1,5,6,7, 
8,9,10] as well as for other purposes [21. 

The traffic A1 and the traffic A2 are supposed to 
have the same mean holding time h. The holding 
times and the interarrival times are assumed to 
be negative exponentially distributed with the 
terminating rate and the arrival rates A1 and 
"2. The tota I a rr i va I rate be denoted by A and 
the total offered traffic by A. This leads to the 
equations 

A1 ="1 h, (1) 

A2 = "'2 h, (2) 

A = A1+ A2 , (3) 

A A1+ A2' (4) 

E 1/h. (5) 

A state in which x servers and z waiting places 
are occupied is referred to as a state (x,z), 
with the probability p(x,z). Waiting places can 
only be occupied if at least m servers are. busy, 
i. e., states with x<m and z>O do not eXIst. 

Section 2 deals with a system in which calls may 
be abandoned due to the impatience of customers. 
Then, in section 3, a new model with dynamic 
cut-off priorities is presented and investegated. 
A conclusion follows in section 4. 

2. SYSTEMS WITH IMPATIENT CUSTOMERS 

2.1 System configuration 

In delay - loss systems which are, e. g., used in 
telephone switching systems, waiting calls may be 
abandoned after a time Tab due to the impatience 
of customers. Therefore, in this section a system 
with cut - off priorities and impatient customers 
is investigated. It is assumed that the times Tab 
are distributed negative exponentially with the 
mean hi. Thus, hi can be interpreted as the mean 
waiting time of calls before being abandoned 
(provided that the call is not served before). 
The quotient h/h I be denoted by 1) : 

h 
p=1l (6) 

For the terminating rate £1 with respect to a 
waiting call due to abandonment holds 

£1 = ~I (7) 

2.2 Equations of state 

For the systems discribed, the following 
equations of state hold true in statistical 
equi librium 

A p(x,O) = (x+1) p(x+1,0), O"5x<m, 

( d 1 A 1 + d 2A2 + x + 11 z) p (x , z ) 

= d1(x+1) p(x+1,z) + d3A1 p(x-1,z) 

+ d4A p(m-1,0) + dsA2 p(x,z-1) 

(8) 

+ d2~ (z+1) p(x,z+1) + d6m p(m,z+1), (9) 

where 
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d1=1, if x =#= n, d1=0 otherwise, 
d2=1, if Z4= s, d2=0 otherwise, 
d3=1, if x 4: m, d3=0 otherwise, 
d4=1, if x=m and z=O, d4=0 otherwise, 
d5=1, if z:#= 0, d5=0 otherwise, 
d6=1, if x=m and Z;#:s, d6=0 otherwise, 

with the normalizing condition 

m-1 n s 
2:p(x,o)+ 2: 2:p(x,z) = 1. 

x=O x=m z=o 

(10) 
( 11) 

(12) 
(13) 
( 14) 

(15) 

(16) 

These equations can be solved with the aid of 
iterative methods, e. g.( the successive over
relaxation (SOR) method 41. 

2.3. Characteristic traffic values 

From the state probabilities calculated as shown 
in section 2.2, the following characteristic 
traffic values can be determined. 

The total traffic Y carried by the systems is 

m-1 n s 

Y = 2: xp(x,O)+ 2: 2: xp(x,z) • (17) 
x=O x=m z=O 

For the calls of the traffic A1, the loss 
probability 81 and the carried traffic Y1 are 
determined as follows 

s 
81= 2: p(n,z), 

z=O 
Y1= A1(1-8 1)· 

(18 ) 

(19) 

For calls of A2 the waiting probability Pw, the 
mean queue length Q, the loss probability 82, the 
carried traffic Y2 and the probability Pab of 
abandonment the following formulae hold true 

n s-1 
Pw = 2: 2: p (x , z ), 

Q 

x=m z=O 
n s 

2: 2: z p(x,z), 
x=m z=1 
n 

B2 = L:: p(x,s), 
x=m 

Y2 = Y - Y1 ' 

Pab = (A2-Y2-A282)/A2 • 

(20 ) 

(21) 

(22) 

(23) 

(24) 

The loss probability 82 refers to such calls of 
A2 which are rejected because all waiting places 
are occupied, whereas the probability of 
abandonment Pab refers to calls which at first 
start waiting and then are abandoned. 

The mean waiting times tw with respect to 
arbitrary calls and te with respect to waiting 
calls are 

tw =f: h , 
2 

*-~ tw - A P h. 
2 w 

(25) 

(26) 

Example No. 1 

As an example, a system with n=30 servers, s=11 
waiting places and the traffic values A1=A2=11,35 
Erlangs is considered. In fig. l ' the loss 
probabilities 81 and 82, the probability of 
abandonment Pab, the waiting probability Pw and 
the waiting times tw/h (for waiting calls) are 
shown by solid lines as a function of the 
parameter~ • (This example has been chosen such 
that the values 81 ~ 0.5% and 82 ~ 1% are obtained 
approximately for~ =0, i. e. if calls are not 
abandoned). Furthermore, these values are shown 
by dashed lines for the case of overload of A2 
(A1=11.35 Erlangs, A2=2A1=22.7Erlangs) in fig. 1. 

'r,O 
.... -------- \--------

Pw ---,--
Pab 

0,1 

0,01 

O,001
0
L...--.L...-------L-..L------------I 

5 11 = ~, _ 10 

Fig.1: Characteristic traffic values as a 
function of 

normal load (A2=A1) 
- - - - - overload (A2=2A1) 

In case of overload and ~ = 0 (corresponding to a 
system in which calls are not abandoned) the loss 
probability B2 of the overloaded traffic A2 
increases by a factor of about 32, whereas the 
loss probability 81 (corresponding to the traffic 
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A1 which is not concerned by overload) is 
increased only by a factor of about 3. Thus, the 
traffic A1 can be protected against overload of 
the traffic A2. 

For increasing values of ~ = h/h', fig. 1 shows a 
slight decrease of the loss probabilities B1 and 
a remarkable decrease of the loss probability B2. 
On the other hand, the probability of abandonment 
increases. 

The decrease of*the curves representing the mean 
waiting times tw and the solid curve for the 
waiting probability pw are obvious. The maximum 
of the upper curve for the loss probability Pw 
can be explained as follows: for smaller values 
of ~ , Pw decreases because more calls are lost, 
and for larger va 1 ues of 11 because of the 
increasing abandonment of calls. 

2.4 Waiting time distributions 

2.4.1 Waiting time distribution for arbitrary 
calls 

For the calculation of the waiting time 
distribution, a test call is considered which 
arrives in a state in which X2:m trunks and u<s 
waiting places are occupied. Thus, in a state 
(x,u), the number u of waiting calls does not 
include the arriving test call. 

In the sequel, waiting calls which finally are 
served are refered to as successful calls, and 
abandoned calls as unsuccessful calls. The 
waiting process terminates when it enters a state 
of the taboo set. The taboo set consists of the" 
state "call is being served" with respect to 
successful calls and of the state "call has been 
abandoned" with respect to unsuccessful calls. 

For a state (x,u), the conditional probability 
density EH,s for the successful termination of 
the waiting process (i.e., for a direct 
transition to the taboo set in case of a 
successful call), the conditional probability 
density E H,u for the unsuccessful termination of 
the waiting process (i.e., for the direct 
transition to the taboo set in case of an 
unsuccessful call) and the conditional 
probability density E H for the direct transition 
to the taboo set in case of an arbitrary call, 
are obtained as follows 

with 

E H,s(x,u) = d7 mE , 

E H,u(x,u) = E 

E H(x,u) =EH,s(x,U)+EH,u(X'u) 

(27) 

" (28) 

(29) 

d7=1 if x=m and u=O, d7=0 otherwise. (30) 

If the system is in a state (x,u), transitions 
avoiding the taboo set are only possible to the 
states (x+1.u}.(x-1.u) and (x.u-1). For the 
conditional probability densities rx+1(x,U), 
rx-1(x,u) and ru-1(x,u), respectively, which 
correspond to these transitions, the following 
equations hold true 

with 

rx+1 (x,u) = d1 A1 ' 

r~_1(x,u) = d3xE, 

r u-1 (x ,u) = UE' + dff11 

d8=1 if x=m and u > 0, d8=0 otherwise. 

(31) 

(32) 

(33) 

(34) 

The constants d1 and d3 are given by the 
equations (10) and (12). 

The conditional probability density r(x,u) that a 
state (x,u) is left (by a transition to any other 
state which mayor may not belong to the taboo 
set) is " 

r(x,u) = r r+1 (x,u) + r r-1 (x,u) 

+ r u-1 (x, u) + E H (x, u) • (35 ) 

The probability that an arbitrary call (which may 
be successful or unsuccessful) waits longer than 
a time t under the condition, that this call 
arrives in a state (x,u) be denoted by w(tlx,u). 
For this conditional (complementary) distribution 
function w(tlx,u), the following set of 
differential equations holds true which is well 
known as the so-called Kolmogorov backward 
equation 

d atw(tlx,u)=r(x,u)w(t\x,u)+rx+1(x,u)w(t\x+1,u) 

+rx_1(x,u)w(tlx-1,u)+ru_1(x,u)w(tlx,u-1), (36) 

m!S X !S n, O!S u ~ s-1 • 

The definition of a test call, implying that this 
call starts waiting, leads to the initial 
conditions 

w(Olx,u) = 1 • (37) 

With these initial conditions the set of 
differential equations (36) can be solved, e.g., 
with the aid of the Runge-Kutta method [5]. 

Now the absolute (complementary) distribution 
function w~(t) of the waiting time of waiting 
calls is obtained as 

n s-1 

w*(t) = t 2:: 2:: p(x,u)w(tlx,u) • 
w x=m u=O 

(38) 

2.4.2 Waiting time distribution of successful 
calls and unsuccessful calls. 

The cond i tiona I probabi 1i ty that a ca 11 is 
successful and waits longer than a time t be 
denoted by ws(tlx,u). These conditional 
(complementary) distribution functions fulfil the 
same differential equation (36) as the function 
w(tlx.u). The initial conditions ws(O(x.u} for 
successful calls are, however, different from the 
initial conditions w(Olx,u) for arbitrary calls. 

It can be shown [7] that the following equation 
holds true 
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lim 
t ... O 

(39) 

which in connection with equation (36) for for 

discipline as described in section 3.1 has been 
developed which enables a better server 
utilization and shorter waiting times. 

t=O leads to the following set of equations 1,0 

-r(x,u)ws(0Ix,u)+rx+1(x,u)w(0Ix+1,u) 

+rx_1(x,u)ws(0Ix-1,u)+ru_1(x,u)w(0Ix,u-1) 

=-E H,s(x,u) , 

m!Sx!Sn, O'5u!Ss-1. 

(40) 

From these equations the initial conditions 
ws(tlx,u) can, e. g., be calculated iteratively 
by means of the successive overrelaxtion (SOR) 
method which has shown to converge rather fast in 
this case. A recursive solution for the equations 
(40) has also been derived [71 which can not be 
presented here for lack of space. 

With the initial conditions calculated in this 
way, the set of differential equations (36) for 
the functions ws(tlx,u) can be solved, e. g., by 
means of the Runge - Kutta method. This leads to 
the conditional waiting time distributions 
ws(tlx,u) of successful calls. 

The conditional probability that a call is 
unsuccessful and waits longer than a time t be 
denoted by wu(tlx,u). The waiting time 
distributions wu(tlx,u) of unsuccessful calls can 
be calculated by means of the equation 

wu(tlx,u) = w (tlx,u) - ws(tlx,u). (41) 

The absolute complementary distribution function 
w~(t) for successful calls (and wrr(t) for 
unsuccessful calls, respectivly) can be 
calculated in analogy to equation (38). 

Example No. 2 

For a system as considered in example No. 1 with 
n=30, s=11, A1=A2=11 .35 Erlangs a~ ~ =1, the 
waiting time distributions w~(t), ws(t) and w~(t) 
for waiting calls, for successful and 
unsuccessful calls, respectively, are shown by 
solid lines in fig. 2. Furthermore, these values 
are shown by dashed lines in fig. 2 for the case 
of overload of A2 (A1=11.35 Erlangs, A2=2A1=22.7 
Erlangs). 

3. CUT-OFF PRIORITIES WITH STATE DEPENDENT SERVER 
RESERVATION 

In this section a new strategy for overload 
protection with cut-off prior ities and dynamic 
(state dependent) server reservation is 
presented. This new strategy concernes ma inly the 
service discipline of calls of the traff ic A2 
which are denoted as 2-calls in the sequel. 

In prinCiple, the normal service discipline as 
described in section 1 enables an efficient 
overload control in systems as considered here. 
If, however, many waiting places are occupied and 
there are sti 11 several servers (n-m) idle it 
seems reasonable to admit further 2-calls to be 
served in order to achieve a better server 
utilization. Therefore. a modified service 

0,1 

w~ (t) 

0,01 

0,00 1 L-______ ...L-----~------' 

o 0,5 J.-~ 
h 

Fig.2: Waiting time distributions for waiting 
calls, successful calls and unsuccessful 
calls. 

normal load (A2=A1) 
- - - - overload (A2=2A1) 

3.1 System description 

In the systems considered in section 3, at most s 
waiting places are available for the queue of 
waiting 2-calls from which (if exactly m servers 
are busy) k waiting places (1!S k!S s) are allowed 
to be occupied. 

The waiting places are allocated dynamically, 
depending on the state of the system. If x 
servers (x~m) are busy a certain number c(x) of 
the total s waiting places can be occupied by 
waiting 2-calls. The function c(x) can be chosen 
e. g. according to the following formula in which 
a(x) represents an arbitrary integer function 

c(x) = min ( k+a(x) , s ), 
with x~m, a(x) € N. 

(42) 

If the system is in a state in which x servers 
are busy (x~m) and c(x) waiting places are 
occupied (c(x)< s), and a new 2-call arrives, 
then a certain number j(x) of the waiting 2-calls 
is served according to the FIFO discipline and 
the new 2-call starts waiting at the end of the 
queue. The function j(x) can be chosen (like 
a(x)) as an arbitrary integer function. 

In this way the service of 2-calls is controlled 
by arriving new 2-calls, which "push waiting 
2-calls into the sy stem 11 to be served. This 
mechanism therefore is called PUSH-IN and the 
modified FIFO service discipline is called 
FIFO-PI in the sequel. 

If the system is in a state in which x servers 
are busy (x~ m) and more than c(x-1) waiting 
places are occupied (c(x-1)< s) and if in this 
state an arbitrary call ends then a waiting 
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2-call is served according to the FIFO service 
discipline. 

If c(x) equals s and all s waiting places are 
occupied and a new 2-call arrives in this state, 
the call is lost. 

For the practical application of cut-off 
priorities for overload control a synthesis 
algorithm for system dimensioning has been 
developed [8]. It can be shown that the cut-off 
parameter m should be chosen relatively near to 
the total number n of servers for an efficient 
overload control (see fig. 3). 
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Fig.3: Number of exclusively reserved servers 
(n-m+1) and waiting places (s) as func
tions of the total number of servers (n) 
wi th 81:::: 0.5% and 82~ 1% 

Thus, for the investegation of the general 
behavior of the described overload protection 
strategie, it seems reasonable to choose the 
following functions a(x) and j(x) 

a(x) = x-m, 
j(x) = 1. 

3.2 Equations of state 

(43) 
(44) 

For the states of the system described above the 
following differential equations hold true 

~t p(x,O,t) = a1(A1+A2) p(x-1,0,t) 

+(x+1)£ p(X+1,0,t)-(A1~2+X£)P(x,0,t), (45) 

z = 0 and O:s X :s m-1 , 

d . 
dt p(m,z,t) = a~ p(m,z-1,t) 

+ ( m+ 1) £ p (m+ 1 , z , t) + m £ p (m , z + 1 , t ) 
+a3A p(m-1 ,z, t)- (A1+A 2+m £ )p(m,z, t) , 

x = m and 0::: z=:k-1, 

~t p(x,z,t) = "2 p(x,z-1,t) 

(46) 

+ (x + 1 )E.p (x + 1 , z , t ) - (A 1 +a 4 A. 2+ x€.) P (x , z , t), ( 47) 

m::: x =: ffi+s-k and z = x-m+k, 

d . 
at p(x,z,t) = a2 A2 p(x,z-1,t) 

+a5(x+1)£P(x+1,z,t) +A 1 p(x-1,z,t) 

-(a~1+a~+x£)p(x,z,t), 

m+1 'S x=: nand o=: z=: x-m+k-1 =: s, 

where a1 = 0 if x = 0, a1 = otherwise, 

a2 = ° if z = 0, a2 = 1 otherwise, 
a3 = 1 - a2, 
a4 = 0 if z s, a4 = 1 otherwise, 
a5 = 0 if x = n, a5 = 1 otherwi se, 

with the normalizing condition 

n m+s-k k+x-m 
L p(x,O,t) + 2: ~ p(x,z,t) 
x=O x = m z = 1 

n s 

(48) 

(49) 
(50) 
(51) 
(52) 
(53) 

+ 2: 2: p (x , z , t ) = 1. ( 54 ) 
x=m+s-k+1 z=1 

3.2.1 Solution of the state equations under 
steady state conditions 

In this case the state probabilities are not 
dependent from the time t and the differential 
quotient becomes zero. These equations can be 
solved iteratively, e. g., according to the suc
cessive overrelaxation (SOR) method [4]. 

3.2.2 Recursive solution 

In addition to the iterative method, a recursive 
solution for the state probabilities has also 
been derived [8,9] which can, however, not be 
described in this paper for lack of space. 

This recursive solution seems to be well suited 
for practical application. It is up to 100 times 
faster than the iterative solution and has shown 
to be fairly insensitive against rounding errors 
in all examples calculated up to now. 

3.2.3 Characteristic traffic values 

The loss probability 81 of the offered traffic A1 
and the loss probability 82 of the offered 
traffic A2, respectively, can be calculated 
according to the following formulae 

s 
81 = L: p(n,z}, 

z=o 
n 

82 = ~ p(x,s). 
x=m+s-k 

The total traffic carried by the system is 

(55) 

(56) 

Furthermore, the waiting probability Pw and the 
mean queue length Q can be calculated as follows 
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k n s-1 n 
Pw= L 2:p(x,z) + 2: 2: p(x,z ), (58) 

z=O x=m z=k+1 x=m+z-k 
k n s-1 n 

Q=2: 2:: zp(x,z) + L 2: z p(x,z). (59) 
z=O x=m z=k+1 x=m+z-k 

The mean waiting time t~ of waiting 2-calls and 
the mean waiting time tw of arbitrary 2-calls can 
be calculated according to the equations (25) and 
(26). 

Example No. 3 

In this example the same system as in example No. 
1 and No. 2 is considered. This system has loss 
probabilities B1~ 0.5% and B2~ 1% if a static 
cut-off priority (scop) (k=11) is applied. In the 
following diagramm the total s~rver utilization 
Y/n and the mean waiting time tw of waiting calls 
are shown as functions of the overload factor 
0=A2/A2n with A1=A2n=11.35 Erlangs for a system 
with a static cut-off priority (scop) (k=11) and 
systems with state dependent server reservation 
(sdsr) (k=8,9,10). 

As the diagram shows, the server utilization is 
better and the mean waiting time of waiting calls 
is lower for systems with state dependent server 
reservation. 

0,95 6"--·-- · 0,8 

t 
>-Ic 
0,90 

* ~I _.c 

0,85 
k = 8 

0,55 

.-'--' 

0,80 

0}5,-------....L
2
---

0
-_-_-_-_-_-...... -_----l

3 
0,3 

Fig.4: Server utilization and mean waiting time 
as functions of the overload factor 0 

3.2.5 Solution of the differential equations for 
the state probabilities 

In this section the solution of the differential 
equations for the state probabilities is 
presented. With this solution the transient 
behavior of the system and its reaction on 
overload pulses and jumps can be investegated. 
These differential equations (eq. (45) - eq. 
(53)) have been solved numerically with regard to 
eq. (54) br means of the Runge-Kutta method of 
4th order l3]. 

In fig·. 5 the server uti! ization for systems as 
considered in example No.3 is shown for an 
instationary calling rate A2 of the traffic A2. 

,....----------.----------. 0,95 

t 

OLL------L---~~~ O}5 
10 t/h 20 

Fig.5: Server utilization Y/n in reaction on 
an overload pulse of the traffic A2 

3.3 Waiting time distribution 

In this section the waiting time distribution of 
the described overload protection method with 
state dependent server reservation is calculated. 
Therefore a test call which arrives in a state 
(x,u) in which x~m servers are busy and u<s 
waiting places are occupied is considered. 

Due to the push-in mechanism calls arriving after 
the considered test call can influence the 
waiting time of the test call. Therefore, 
considering the calls which arrive after the 
testcall, a third dimension v is introduced to 
describe the state-space for the random walk of 
the waiting process l8,9). 

The taboo set consists of all states in which a 
call is served immediatelly, i. e. all states 
which can be reached from a state with u=O in one 
single step. 

The (complementary) waiting time distribution 
function for each state be denoted by w(tlx,u,v). 
For these distribution functions the following 
set of differential equations holds true 

d dt w(tlx,u,v)=-(b1A1+b~2+XE)W(tlx,u,v) 

+~w(tlx-1,u,v)+b1A1w(tIX+1,u,v) 

+bi'2w(tlx,u,v+1), (60) 

m+s-k+1~x~n, 0.:::u~s-1 , 0~v-s.s-u-1, 

d dt w(tlx,u,v) = -(~+A2+XE) W(tlx,u,v) 

+A1 w(tlx+1,u,v) +A2 w(tlx,u,v+1) 

+ xEw(tlx-1,u,v), (61) 
m+ 1-s. x ~ m+s-k, 0 ~ u -s. k+x-m-1, 0 ~ v ~ k+x-m-u-2, 

d dt w(tlm,u,v) = -(A1+A2+mE) w(tlm,u,v) 

+A1 w(tlm+1,u,v) + A2 w(tlm,u,v+1) 

+ b3mEw(tlm,u-1 ,v), 

x = m, 0:5U:5k-1, O~ V~ k-u-2, 

(62) 
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d . 
dt W(t\X,U,V) = -(A1+b~2+X£)w(tIX,U,v) 

+A1 w(tlx+1,u,v) +b3b~2 w(tlx+1,u-1,v+1) 

+ b3xE w(tlx,u-1 ,v), (63) 

m:sx:5m+s-k, 0:5u:sk+x-m-1, V = k+x-m-u-1, 

with b1=0 if x=n, b1= 1 otherwise, (64) 
b2=0 if v=s-u-l, b2= 1 otherwi se, (65) 
b3=0 if u=O, b3= 1 otherwise, (66) 
b4=0 if . x=m+s-k, b4= 1 otherwise. (67) 

In the considered system each waiting call is 
successful. Thus, the initial conditions 
w(Olx,u,v) are 

w(Olx,u,v) = 1. (68) 

The absolute (complementary) waiting time 
distribution function of waiting calls be denoted 
by w*(t) and is obtained as 

[ 

m+s-k k+x-m-1 

w*(t) = ~ ~O w(tlx,u,O) p(x,u) 

n 

+ 2: 
x=m+s-k+1 

s-1 
2: w{tlx,u,O) p{x,u) 
u=O 

s-2 
+ 2: w(tlm+u-k+2,u,O) p(m+U-k+l,U+ll] /pw·(69) 

u=k-1 

Example No.4 

In this example the total waiting time 
distribution functions of waiting calls are shown 
for systems as considered in the example No. 3. 

1,0 

0,1 , , , , , , , 
0,01 

---seop (k =11) 

-sdsr (k =9) 

0,001 O'----------JL--------.....a.....Jo-----.J 
tlh--- 2 

Fig.6: Waiting time distributions of a system 
with a static cut-off priority (scop) 
and a system with state dependent server 
reservation (sdsr) for 0=1 and 0=3 

The diagramm shows that the waiting time 
decreases when applying state dependent server 
reservation. 

4. CONCLUSION 

In this paper two different systems with cut-off 
priorities are investegated which are suitable 
for overload protection of switching systems in 
particular local Qverload situations. 

For the calculation of the state probabilities 
and characteristic traffic values, exact 
solutions are presented. Furthermore, the waiting 
time distributions are calculated with the aid of 
the Runge-Kutta method. Results are presented in 
diagrams. 
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