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Analysis of Linked in Series Servers with
Blocking, Priority Feedback Service and
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Abstract—The use of buffer thresholds, blocking and adequate
service strategies are well-known techniques for computer networks
traffic congestion control. This motivates the study of series queues
with blocking, feedback (service under Head of Line (HoL) priority
discipline) and finite capacity buffers with thresholds. In this paper,
the external traffic is modelled using the Poisson process and the
service times have been modelled using the exponential distribution.
We consider a three-station network with two finite buffers, for
which a set of thresholds (#m/ and tm2) is defined. This computer
network behaves as follows. A task, which finishes its service at
station B, gets sent back to station 4 for re-processing with
probability . When the number of tasks in the second buffer exceeds
a threshold #m2 and the number of task in the first buffer is less than
tml, the fed back task is served under HoL priority discipline. In
opposite case, for fed backed tasks, “no two priority services in
succession” procedure (preventing a possible overflow in the first
buffer) is applied. Using an open Markovian queuing schema with
blocking, priority feedback service and thresholds, a closed form
cost-effective analytical solution is obtained. The model of servers
linked in series is very accurate. It is derived directly from a two-
dimensional state graph and a set of steady-state equations, followed
by calculations of main measures of effectiveness. Consequently,
efficient expressions of the low computational cost are determined.
Based on numerical experiments and collected results we conclude
that the proposed model with blocking, feedback and thresholds can
provide accurate performance estimates of linked in series networks.

Keywords—Blocking, Congestion control, Feedback, Markov
chains, Performance evaluation, Threshold-base networks.

I. INTRODUCTION

INITE buffer queues with thresholds, blocking and service

priorities are of great importance towards the effective
computer network traffic congestion control. Congestion
occurs when many users compete for the network resources
and the resources are inadequate for the requests. The use of
thresholds and blocking for controlling congestion in
computer network buffers is well known and often used.
Congestion control based on thresholds and blocking is aimed
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to control the traffic-causing overload and so to satisfy the
Quality of Service (QoS) requirements of the different classes
of traffic.

The aim of this paper is to build up an analytical model of
computer networks with blocking, feedback priority service
and threshold policies; seeking to obtain high network
utilization, acceptable delay time, and some degree of fairness
among users. It is difficult to compute the queue length,
waiting time and other queuing features of this network, since
this is a two-queue network and both are finite capacity
queues with thresholds. Throughput studies, and efficiency
studies of the network with blocking, thresholds and feedback
using this model, are important for real-life applications. In
the past couple of years, there has been a strong demand for
computer networks that can provide adequate quality of
service (QoS) among users. Such demand initiated a need for
a solution where the servers play an active role in congestion
control. A series of threshold policies and congestion control
procedures were proposed to control queue lengths and to
promote fairness among task generating sources [1, 2, 8, 9, 10,
12, 17, 21, 24, 25]. Most computer networks are connection
oriented, also known as linked in series. There are many
blocking models that can be used to provide insight into the
performance of those networks. Blocking models, if they can
be solved efficiently, are often used in network planning and
dimensioning. Due to obvious resource constrains, realistic
models have finite capacity buffers, where the queue length
cannot exceed its arbitrary maximum capacity. When the
queue length reaches its capacity, the buffer and the server are
said to be full (blocking factors). Queuing network models
(QNMs) with finite capacity queues and blocking provide
powerful and practical tools for performance evaluation and
predication of discrete flow systems as computer systems and
networks. As a consequence, cost-effective numerical
techniques and analytic approximations are needed for study
of complex queuing systems. Time priority mechanisms such
as Head of Line (HoL), take into account that some services
may tolerate longer delays than others and deal with the order
with which tasks are transmitted [14]. The traditional analyses
of the ONMs with blocking are based on the Markov Chain
approach [3, 4, 7, 11, 16]. In recent years, extensive research
in this field produced many results that are well explained in
the literature. An excellent study may be found in the well-
known series of books by Balsamo [2] and Perros [21]. In
addition, many interesting theories and models appeared in a
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variety of journals and at worldwide conferences in the field
of computer science, traffic engineering and communication
engineering [6, 13, 19, 20, 23].

Despite all the research done so far, there are still many
important and interesting models to be studied. One such
model is finite capacity queues under various blocking
mechanisms and synchronization constraints, such as those
involving feedback service or priority scheduling. In this kind
of model, a task with a fixed probability can return to the
previous node immediately after its service at the current
node. Although feedback queues have already been
extensively studied in literature see [12, 15, 18], series queues
with priority feedback are more complex object for research
than the queues without feedback. The introduction of
multiple-thresholds can give rise to inter-dependency between
the thresholds setting, which are also dependent on the service
discipline used. Because of these complex inter-dependencies,
a suitable analytical model is necessary to understand the
resulting interactions. The main aim of this paper is to
formulate such a model with multiple queue thresholds and
examine the queuing behaviour under a priority service
discipline for feed backed tasks.

The rest of the paper is organized as follows: Section 2
presents and explains the analytical model. Section 3, analyzes
a three-node network with blocking, priority feedback and
thresholds. Procedures for calculating the performance
measures and quality of service (QoS) parameters are
presented in Section 4. Numerical results obtained using our
solution techniques are given in Section 5. Section 6 finally
concludes the paper.

II. MODEL DESCRIPTION

The general model description is:

e The arrival process from source station is Poisson.

e Each station consists of a single server and queue.

e Two stations provide service that is exponentially
distributed.

e Scheduling disciplines are FCFS and HOL.

e All queues have finite capacity m/ and m2 with
thresholds #m1 and tm2.

Fig. 1 presents a simplified three-station (source, station A
and station B) description of the proposed model. Tasks arrive
from the source at station 4 according to the Poisson process
with rate 4 and they are processed in a FIFO manner. The
service received by station A is as follows. The task first
receives an exponentially distributed service with rate s,
After service completion at station A4, the task proceeds to
station B (exponentially distributed service with rate /). Once
it finishes at station B, it gets sent back to station 4 for re-
processing with probability o (exponentially distributed
service with rate u," - according to HoL priority discipline).
Once finished, each re-processed task departs from the
network. We are also assuming that tasks after being
processed in the station B leave the network with /- o
probability.

A feed backed task is served at station 4 according to a
non-preemptive priority scheme (HoL). It is served
independently of all other events if the number of tasks in the

second buffer exceeds a threshold #m2 and the number of task
in the first buffer is less than m/. If the number of tasks in
second buffer is less than #m2 and the number of tasks in the
first buffer exceeds tml, another procedure is applied. This
“no two priority services in succession” procedure prevents a
possible overflow in the first buffer.

4No two times priority
service in succession”
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Fig.1. Illustration of the three-station network model with
blocking, priority feedback service and thresholds.

The HoL priority service means that a task cannot get into
service at station 4 (it waits at station B — blocking factor)
until the task currently in service is completed. The successive
service times at both stations are assumed to be mutually
independent and they are independent of the state of the
network.

In such networks, another one blocking factor may occurs
when a station reaches its maximum capacity, which, in turn,
may momentarily stop the traffic of all incoming tasks to that
station. Let us say that between station 4 and station B, there
is a waiting buffer with finite capacity m2. When the buffer
fills up completely, the accumulation of new tasks from the
first station is temporarily suspended. Similarly, if the first
buffer (with capacity m/) in front of the first station gets full,
then that source station is momentarily blocked. This is a
classical mechanism for controlling the intensity of an arriving
task streams from a source station. According to our model
specification (see Fig. 1), when either of the buffers is full,
any task upon completion of service at the source station or at
station 4, is forced to wait at its station. The task flows from
the source station to station A4 or from the first station-to-
station B depending on service process in stations 4 or B
respectively. Physically, blocked tasks stay on the source
station or on station A, but the nature of the service process in
stations 4 and B allows us to treat them as located in
additional places in the buffers and belonging to stations 4 or
B (see Fig. 2 and Fig. 3). If the server 4 is busy, any task
which needs a repeated service in this station, after having its
service completed in the station B, is forced to wait in this
station (blocking factor). The nature of the service process in
this case depends only of the service rates in station A.
Similarly; it allows one to treat this task as located in the
additional place in the buffer 4.

Deadlocks can occur in a multistage network with feedback
and blocking - as depicted above. For example, assume that
station A4 is blocked by station B (the second buffer is full). In

710



International Journal of Information, Control and Computer Sciences
ISSN: 2517-9942
Vol:3, No:3, 2009

such situation, it is possible that a task in station B, upon its
completion may get send back to station 4, which in turn, will
cause a deadlock. In this paper, we assume that deadlocks are
detected and resolved instantaneously without any delay,
simply by exchanging the blocked tasks.

III. PROPOSED SOLUTION (QUEUEING MODEL)

Markov processes constitute the fundamental theory
underlying the concept of queuing systems and provide very
flexible, powerful, and efficient means for the description and
analysis of dynamic computer network properties. Each
queuing system can, in principle, be mapped onto an instance
of a Markov process and then mathematically evaluated in
terms of this process. The linked in series network model
described in Section 2 is a multistage queuing system with
recycling that also allows blocking. Service at each station
(see Fig. 1) is provided by a single exponential server.
External arrivals (tasks) from the source station join the first
station in a Poisson fashion at the rate . We assume that each
successive service at both station and the inter-arrival times
are independent of each other. Under such assumptions the
queuing network we are describing can be represented by a
continuous-time Markov chain, in which the underlying
Markov process can analyze the stationary and transient
behavior of the network. We consider this network in its
stationary conditions. As such, the queuing network model
reaches a steady-state condition and the underlying Markov
chain has a stationary state distribution. If each queue has
finite capacity, the underlying process yields finite state space.
The solution of the Markov chain representation may then be
computed and the desired performance characteristics, such as
queue length distribution, utilizations, and throughputs,
obtained directly from the stationary probability vector. In
addition, features such as blocking, priority feedback service,
thresholds, may be incorporated into a Markov chain
representation — although the effect of doing so will increase
the size of the state space.

In theory, any Markov model can be solved numerically. In
particular, solution algorithm for Markov queuing networks
with blocking, priority feedback service and thresholds is a
five-step procedure:

1. Definition of the series network state space (choosing a
state space representation).

2. Enumerating all the transitions that can possible occur
among the states.

3. Definition of the transition rate matrix Q that describes
the network evaluation (generating the transition rate).

4. Solution of linear system of the global balance
equations to derive the stationary state distribution
vector (computing appropriate probability vector).

5. Computation from the probability vector of the average
performance indices.

The state of the queuing network with blocking, priority
feedback service and thresholds (see Fig. 2 and Fig. 3) can be
described by random variables (i,j,k), where i indicates the
number of tasks at the first station, j indicates the number of
tasks at second server and & represents the state of each server.
Here, the index & may have the following values: 0, 1, 2, 3, 4.

TABLEI
THE INDEX K VALUE
Index k:  Task Description:
0 Idle network
| Regular task service for i <mi+1
and source blocking for i = mI+2
) Priority task service for i <mi+1
and source blocking for i = m1+2
Blocking one node and regular task
3 .
service at the other one
4 Blocking one node and priority task

service at the other one

Based on an analysis the state space diagrams, the process
of constructing the steady-state equations in the Markov
model can be divided into several independent steps which
describe some similar, repeatable schemas (see Fig. 2 and Fig.
3). These steady-state equations are:

7 'Po,()B() = /12(1'0) “Porr T /lef;PLo,z for /l;=0’j=0: k=0
(A+ ot (1-6) poji = u  prjig Y1 P2
+ /43(1;30) gL for i=0, j=I, o m2, k=];A if m2>0
(A+ oty (1-6)  pomzrs = Wi Pimog T U Dimori2
+/JB(1-0') *Pom2+2,3 for i:0, j:m2+1, k=1
Ot ui) pros = 2 pogo+ u(1-0) - pris+ 1t pros
for i=1, j=0, k=1
Gt url') pios = A prros +1’(1-0)  pirg + 1t piron
for i=2, ..., mi+1, j=0, k=1; if mI>0
G+ 1) pros = 1 o pory tu’l-0) pria+ w'piig
for i=1, j=0, k=2
O+ 1) pioz =4 piros +u’(1-0) - pirs+ w' - pirg
for i=2, ..., tml+1, j=0, k=2; if tml>1
O+ u") pio2 =24 piros+u’(l-0) - pirs
for i=wml+2, .., mi+1, j=0, k=2; if tml <ml
7 +BNB(1-0)+ ' +/‘j 0) piji = A Pirjs + i piergn
+u”(1-0) * pijrig + 1" pivij2
for i=1, ..., mI+1, j=1, .., m2, k=1; if m2>0
A+ ,:{B(I'U)"" ,UIA ‘;HB 0) * Dimr+i1 = /E'Pi-LmzHJ
T ;" Pistma T UC(1-0)  Pimzeaz ¥ U Pisrmo+l2
for i=1, ..., mi+1, j=m2+1, k=1
(ot w10t " 41 0) priz =’ pijs
U (1-6) *prjer2 1 0 pojers + U Prjia
for i=1, j=I,.., m2, k=2; if m2>0
(2 +BHB(]‘0)+ ot + ﬂj ) pij2 = A Pirg2t wi’pis
+u"(1-0) * pijri2 + 1" Pijirg
for i=2, ..., tml+1, j=1,..,m2, k=2; if tml>1&m2>0
(2 +Bﬂ8(1-0)+ w1 0) iy = A pirgst o’ pys
+u(1-0)  piji12 ey
for i=tml+2, ..., mi+1,j=1, ... ,tm2+1, k= 2;
if tml <ml & tm2<m?2
(2 +B,UB(]'U)+ o 1P 0) i = Aopigat ot pis
Tu(1-0) - pijer2
for i=tml+2, ..., mi+1, j=1, .. ,m2, k=2;
if tml <ml & tm2=m2 &m2>0
(2 +B,UB(1-U)+ w2 1% 0) pis = A pega ot pis
tu(1-0) " pijr12 + 12" Pigria
for i=tml+2, ..., mi+1, j=tm2+2, ..., m2, k=2;
if tml <ml & tm2 <m2-1
(A + AﬂB(l'U)+ ,UZA ;‘ ,UB 0) " Pim2+12 = A Diim2+i2
T U Pima+1s T O Piima+2s
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for i =2, .., mI+1, j=m2+1, k=2; if ml>0

O+ WP(1-0)+ 1" + 1P 0) - prmsers = " Prmrers
+luB O " Dom2+23 for i:], j:m2+], k=2

For states with blocking the equations are:
O+ 1P(1-0) + 1° 0) - pomrizs = i Prmaers
for =0, j=m2+2, k=3
(A + A,U B(I'O') + ,UB 0) *Pim2+23 = A Dilm2+23
U Pisimaend
for i=1, ..., ml, j=m2+2, k=3; if ml >0
(1P (1-0) + 18 0) - Dutsimrsrs =24 Puimre2s T 10" Pmteamoer
for i=mi+1, j=m2+2, k=3
Wt Puiaor = A Puriros T 15(1-6)  Puriai
for i=mi+2, j=0, k=1
(,u;AB+ u’(1-0) + i’ o) CPmi+2jl = A Dmiviji
+u°(1-0) *Pmi+2j+1.1
for i=mi+2, j=1,...,m2, k=1; if m2>0
(,UJA + ﬂB(l'U) + ,UB 0) * Pmi+om21,1 = A Pmi+im2+1,1
for i=ml+2, j=m2+I, k=1
1o Puiezns = A Puieros T 15(1-0) - Pureni 2
for i=mi+2, j=0, k=2; if tml <ml or mi=0
1t Pumiiz02 = A Pmisnoz + 1 5(1-6) - Puisa
+ " Pt s 2
for i=mi+2, j=0, k=2; if tml =ml and ml >0
(12 AB+ 1(1-0) + 1 o) “Ppie2j2 = A Pmi+142
+u(1-0)  pursajirz T UL Pmit2j3
for i=mi+2, j=1I, ..., tm2+1, k=2; if tmi<ml & tm2<m2-
1
(ﬂzAB+ 1’(1-0) + 1 o) - Ppis2j2 =4 Pisij2
+17(1-6) * Pmir2jrr2 T U Pmiv2j3
fori=mi+2, j=1, ...m2, k=2; if tmI<ml & tm2=m2 & m2>0
(U2 AB+ ,UB(I-U) + ,UB o) ‘%mﬁz,j,z =1 'pmjﬂ,j,z
Fu”(1-0) - pmiv2jer2 T U Pmiv2j3 T M2 Pmivagig
for i=mli+2, j=tm2+2, ... .m2, k=2; if tmI<ml & tm2 = m2-
2
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+u"(1-0)  pmp2jer2 T U Pmiv2j3 T U Pmivagins
for i=mi+2, j=1,.., m2, k=2; if tmI=ml & tm2 >0
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t WO Puicima+23 T U Pmiv2ama+1s
for i=mi+2, j=m2+1, k=2
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O+ ") prys =10 prj
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O+ ") prys =10 pij
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Fig. 3. Two-dimensional network state diagram (second part)
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Here, a linked in series network with blocking is
formulated as a Markov process and the stationary probability
vector can be obtained using numerical methods for linear
systems of equations. The process of solving the set of
equations given by (1) and (2) with common algorithms is not
a trivial case, because part of the graph has an irregular shape.
There are many methods for the solution of a system of linear
algebraic equations but some of these are restricted to certain
regular structures of the parameter matrix. In this paper, a
method is used, in which the whole graph column by column
is sequentially re-numbered in order to solve this problem (to
get a standard finite-state one-dimensional Markov chain).
This operation is necessary for solving a set of linear
equations in MATLAB based on the well-known MATLAB
efficient sparse storage schemas and efficient sparsity-
preserving algorithms. The state of any Markov chain may be
represented as an integer-valued row vector adopted by the
above-mentioned MATLAB algorithms. After this operation,
new set of linear equations can be solved using classical
numerical methods, based on algorithms typical for sparse and
diagonal matrices (for example — numerical experiments in
MATLAB). The generation of the rate matrix @ can now be
accomplished by going through the list of states and
generating all the feasible transitions out of each state and the
associated rate of transition. For this kind of Markov process
in a steady state, we simply have [2, 5, 22]:

xQ =0 3)

Where x is the stationary probability vector whose k-th
element x; is the steady-state probability that the system is in
state k. Vector x can be obtained from (3) and the normalizing

condition Z X, =1, using equation-solving techniques.

all states

In the next step, calculated state probabilities are assigned
to each state shown on the two-dimensional state graphs.

IV. PERFORMANCE MEASURES (AN INTEGRAL APPROACH)

The different types of queuing systems are analyzed
mathematically to determine performance measure from the
description of the system. Since most queuing systems have
stochastic elements, these measures are often random
variables and their probability distributions, or at the very
least their expected values desired to be found. Normally,
however, we are content with the results in the steady state.
The system is said to be in steady state when all transient
behaviour has ended, and the values of the performance
measures are independent of time. The solution of the Markov
chain representation may then be computed. The desired
performance characteristics, such as queue length distribution,
utilizations, and throughputs can be also obtained directly
from the stationary probability distribution vector.

The most important performance measures are:

1. Idle probability p;q.:

Didgie = P00 4

2. Station 4 blocking probability py;, :

ml+l

Poia = D Pim2i23 ®)
=

3. Source station blocking probability pys:

m2+1

Pois = 2 ( Ptz jg ¥Pmis2j2)
=0

(6)

m2+1

+ Z (Pmis2,j3 T Pmiv2,ja )t Pmivimoe23
j=1

4. Both stations (source and station 4) simultaneous
blocking probability p,4s:

Pbias = Pmi+lm2+2,3 @)

5. Station B blocking probability pyp:

ml+2 m2+1

Pop = D, Z(Pi,j,,? +Dij4) (®)

=1 j=I
6. Both stations (source and station B) simultaneous
blocking probability pyss:

m2+1
Poiss = 2 P2z + Pmiszja) 9
J=1
7. The average number of blocked tasks in station 4:

mi+]

My = 21 Pimrins) (10)
=0

8. The average number of active (non-blocked) tasks in
station A4:

mi+2 m2+1 mil+2 m2+1

=2 X Z(I Pt 2 > z(z pix) (D)

i=l  j=0 k=1l i=l  j=1 k=3

9. The average number of tasks in the first buffer v, :

ml+] m2+1 ml+1 m2+1
Z Z(l 1) pljk+ z Z z(l ]) pljk
i=2  j=0 k=1 i=2  j=1 k=3
m2+1 m2+1
+ z Z(ml pml+2]k)+ z Z(m] pml+2]1()
Jj=0 k=1 j=1 k=3

ml

+ Z (i Pim2+23) ML Dt mai23
i=1

12)
10. The average number of tasks in station 4:
mi+1 m2+1 ml+1 m2+1
”A—z z z(l P:/k)“‘z Z Z(l pz/k)
i=l  j=0 k=1 i=l  j=1 k=3
m2+1 m2+1 4
+ Z(m1+1) Putszjk + 20 2 (mI+1) Py
j=0  k=I j=1 k=3
ml
(i 1) Pigrias H(MIA 1) Py mrins
i=0
13)
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11. The average number of blocked tasks in source station:

m2+1
Mps = D (1 Pogsz s + 1 Ponrsaiz)
Jj=0
m2+1

+ (1 Pmi2,3 ¥ Pmin2ja )t Puisimee23
Jj=1

(14)

12. The average number of simultaneous blocked tasks in
both stations (source and station A) ns

Mpias =2 Dilvim2+2,3 (15)

13. The average number of tasks blocked in station B:

mi+2 m2+1

Mg = 2, 2(1pijs+1-pijy) (16)

=l j=I

14. The average number of active (non-blocked) tasks in

station B:
mi+2 m2+1 2 m2+1 mi+]
lp = Z z Z(] Dijk)+ Z(] Poji)+ Z(] Dim2+23)
i=1  j=1 k=1
(17)
15. The average number of tasks in the second buffer vj:
m2+1 ml+2 m2+1
VB_Z(] 1) p(1/1+z Z Z(J ]) pljk
j=2 i=l  j=2 k=I (18)
ml+l
+ 2 (M2pris)
i=0
16. The average number of tasks in station B:
m2+1 ml+2 m2+1 4
ng = ZJ Pojit Z Z Z(J Dijk)
i=l  j=1 =
ml+1 (19)
+ D (m241)-pj s

i=0
17. The average number of simultaneous blocked tasks in
both stations (source and station B) nyzs:

m2+1
Mgs = 2.2 (Pmiszjz + Pmiszja) (20)
=1

18. The mean blocking time in station 4:

mi+1

n
tyy == = 2(1 Pim2:23) 1)
u® ,U

19. The mean blocking time in station B:

”1513 ”1313 ml+2 m2+1
tblB:_A""_A: > 2 (1piys)

Hi H> ﬂ] =l j=I 22)

mil+2 m2+1

+_ z Z(] p1/4)

,Uz =l j=I

20. The mean blocking time in source station:

hs  Mis . Mis !
lys=—+t— +t—p =—7 [Z( Pmis2,j1)
Hp Hy H ,U1 J=0
m2+1
+ 2(1'pm1+2,j,3 )]
7 (23)

m2+1 m2+1

1
+— [ (1 ppiaa)+ 2(1 DPmis2,ja )]
ﬂz j=0

T Pmi+im2+23
Yz

21. The simultaneous mean blocking time in both stations
(source and station A4):

n 1
thigs = % o (24)

22. The simultaneous mean blocking time in both stations
(source and station B):

)i m2+1 m2+1
lhips =" 2D Purizs = 21 Purizja (25)
Mo j=1 /‘2 J=1

23. The mean waiting time in the buffer 4:

_ (Var+vas) +(VA2 V) _
4 4
Hi H>
I mil+l m2+1 m2+1

:_[z Z(l I) pz]1+ Zml pm1+211

,U1 =2 j=0
ml+1 m2+1
+ z z (i—l)'Pi,_/,,?
=2 j=I
ml m2+1
+Z(i'Pi,m2+2,3)+ Z Ml pis s Ml Py w3 ] (26)
i=1 j=1
1 mil+1 m2+1
+—A'[z D (i=1)-p;;,
H> =2 j=0
m2+1 ml+1 m2+1
+ zml'pml+2,j,2 + > (i=1)'p;;4
j=0 =2 j=I
m2+1
+ Z ml-p, ;4]
j=1
24. The mean response time in station 4:
1

qa=—7F1t—7
,U1 ﬂz

SO ity Wy 27

25. The mean waiting time in the buffer B:

(Vg +vgs) v v m2+!
B=—Bl BBZ +Lj+ﬂ:—[Z(J 1)-pyji1
H Hp Hy H

mil+2 m2+1 ml+1

+ > Y j=D(pij +pia )+ Z(mZ Dim2+23 )]
i=l j=2
] ml+2 m2+1 ml+2 m2+1

+_ z Z(J 1) p1/3+ Z Z(] 1) pl_]4
/u1 =l j=2 2 i=1 =

(28)
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26. The mean response time in station B:
1
qp =Wp+—5 +tipp (29)
H
27. The average network throughput (sojourn) time:
1
Lihy :;"'fb/s“‘% +4q5p (30)

28. The effective input stream rate (intensity):

=t (1)
7 s

29. Station A utilization p, :

pa =1Ly + nyy (32)

30. Station B utilization pg:

pp=1Ip+ nyp (33)

V. NUMERICAL RESULTS

To demonstrate our analysis procedures of a three-station
network with blocking, priority feedback service and
thresholds proposed in Section 3, we have performed
numerous calculations. The first group of calculations was
realized for many parameters combinations by varying the
feedback probability ¢ within a range from 0.0 to 1.0 and by
varying both threshold values within a range from 0 to /0 for
tml, plus within a range from /0 to 0 for tm2 (tml+tm2 =
const). The inter-arrival rate A from the source station to
station 4 is chosen as equal to 2.0. The service rates in station
A and station B are equal to x; 1=y, ) 1=10, u B=30.
Based on such parameters, the following results were obtained
and presented in Fig. 4 and Fig. 5. Figs. 4-5 depict the Quality
of Service (QoS) parameters as a function of the thresholds
policy and of the feedback probability value. In the two
figures, the buffers size is taken as m1 = 12 and m2 = 10.

QoS parameters(1)

—- - hlA-pr
—.m.—hlS-pr
7] e B B- 1
— = = hlAS-pr

Results

—»— hIBS-pr

——idle-pr

o 01 02 03 04 06 0B 07 08 09 1

Relation of tm1 to tm1+tm2 and feedback probability

Fig. 4. Graphs of QoS parameters, where, b/4-pr is the station 4
blocking probability, bIS-pr is the source station blocking
probability, bIB-pr is the station B blocking probability, bIAS-pr is
the simultaneous blocking probability of the source station and
station A, bIBS-pr is the simultaneous blocking probability of the
source station and station B and idle-pr is idle network probability.

Effective rates

45
LR e et CLEELPIERR SR REES S O el S et -
| —-m-—Al-rate
2]
= — —A2-rate
L)
@ — = = B-rate
r

—a— Aoutiliz

- =3 = B-utiliz

0+ T T T T T T
o o1 02 03 04 05 06 07 08 D2 1

Feedback probahility and relation of tm1 to tm1+tm?2

Fig. 5. Graphs of QoS parameters, where S-rate is the effective
input rate, Al-rate is the effective service rate of regular tasks in
station A (blocking factor), 42-rate is the service rate of priority tasks
in station 4 (no blocking), B-rate is the effective service rate in
station B (blocking factor), A-utiliz and B-utiliz are servers utilization
coefficients.

For the second group of experiments the following
parameters were chosen: the service rates in station 4 and
station B are equal to u; * = 2.0, u,* =2.0, u® =1.6. The
inter-arrival rate A from the source station to station 4 is 3.0.
The feedback probability o is equal to 0.6. Buffer capacities
are: ml = 2 with threshold tmI = I and m2 is changed within
the range from 0 to 16 (with step 2) with threshold #m2 equal
to m2/2. For this model the following results were obtained
and the majority of them are presented in Table 1 and Fig. 6.

TABLE II
THE MEASURES OF EFFECTIVENESS

m2 Wy wg Tpi Tpis T Thip Toas  loigs Al

0 096 000 015 036 336 011 0.11 0.08 1.42
2 094 106 018 037 445 012 013 0.10 1.41
4 092 1.68 0.09 033 494 014 006 0.11 1.49
6 087 1.87 005 029 501 0.16 003 0.11 1.59
8 085 221 003 028 532 017 002 0.11 1.62
10 085 256 0.02 027 563 017 001 0.12 1.64
12 084 291 001 027 598 0.18 0.01 0.12 1.65
14 084 329 001 026 635 018 000 0.12 1.66
16 084 370 0.00 026 6.76 0.18 0.00 0.12 1.66

Given parameters: 1/ = 0.333, I/u/* = 0.500, 1/uy" = 0.500, 1" = 0.625, m1
=2, m2 (var) =0- 16, tml = 1, tm2 (var) = 0—8, and ¢ = 0.60.

The results of the experiment clearly show that the effect of
the blocking, feedback phenomena and threshold policy must
be taken into account when analyzing performance of a
computer network. As noted above, feedback probability o,
blocking factor and threshold policy considerably change the
performance measures in such networks. Figs. 4-6 illustrate
dependencies of QoS parameters and effective input and
service rates on the feedback probability and buffer threshold
policy.
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QoS parameters(2)

— . & .. hlA-pr

—-m.—hlS-pr

— —hlB-pr
A e - blASpr

—s— m1-fill

- m2Hill

—+—hIRS-pr

0 2 4 6 8 10 12 14 16
Euffer B capacity

Fig. 6. Graphs of QoS parameters, where, bl4-pr is the
station 4 blocking probability, bIS-pr is the source station
blocking probability, b/B-pr is the station B blocking
probability, bIAS-pr is the simultaneous blocking probability
of the source station and station 4, mi-fill and m2-fill are
buffers filling coefficients and b/BS-pr is the simultaneous
blocking probability of the source station and station B.

VI. CONCLUSION

In this paper, we investigated the problem of analytical
(mathematical) modeling and calculation of the stationary
state probabilities for a multistage network with recycling
task, blocking and threshold policy. We have developed an
analytical, queuing-base model for the blocking characteristics
in a series computer network. In particular, we modeled the
threshold-based buffers filling control algorithm. Tasks
blocking probabilities and some other fundamental
performance characteristics of such network were derived,
followed by numerical examples. The results confirm
importance of a special treatment for the models with
blocking, with HOL feedback service, and threshold policy in
finite capacity buffers, which justifies this research. The
results can be used for capacity planning and performance
evaluation of real-time computer networks where blocking,
feedback and thresholds are present. Moreover, this proposal
is useful in designing buffer sizes or channel capacities for a
given blocking probability requirement constraint.
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