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Abstract: In this paper, we consider specialized tandem server networks with finite buffer
capacities, feedback and intelligent service strategy, which are one of the key elements in
ensuring quality of service in computer systems. Here, the two strategies of tasks service
are presented and compared. Generally, in this paper two models of linked computer servers
with blocking and with feedback service according to the HOL priority scheme are inves-
tigated. These kinds of models, describe behaviour of computer tandem networks, exposed
to open Markovian queuing models with blocking. These models which are illustrated be-
low are very accurate, derived directly from two-dimensional state graphs. In our examples,
the performance is calculated and numerically illustrated by regulating intensity of the input
flow and varying buffer capacities.
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1. Introduction

Queuing network models have been widely used to evaluate the performance of com-
puter systems and communication networks. Queuing theory was developed to under-
stand and to predict the behaviour of real life systems. Queuing networks models with
finite capacity queues and blocking and feedback have been introduced and applied
as more realistic models of systems with finite capacity resources and with popula-
tion constrains [1, 2, 5, 12, 13]. Over the years high quality research has appeared in
diverse journals and conference proceeding in the field of computer science, traffic
engineering and communication engineering. However, there are still many impor-
tant and interesting finite capacity queues under various blocking mechanisms and
synchronization constraints to be analyzed [3, 4, 6, 9-11].

Most of specialized computer systems are connection oriented, which are also
known as linked in series. There are many blocking models of linked in series net-
works that can be used to provide insight into the performance of those networks.

Zeszyty Naukowe Politechniki Biatostockiej. Informatyka, vol. 9, pp. 93-104, 2012.

93



Walenty Oniszczuk

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 ca-
pacity buffers, where the queue length cannot exceed its arbitrary maximum thresh-
old. 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 in computer systems and networks.

Despite all the research done so far, there are still many important and interest-
ing models to be studied. For example, finite capacity queues under various blocking
mechanisms and synchronization constraints, such as those involving feedback ser-
vice with priority scheduling, where in a feedback queue, a task with a fixed prob-
ability can return to the previous node immediately after its service at the current
node.

The paper is organized as follows. Section 2, describes the analytical models
of a tandem network with two proposed feedback service strategy in the first server.
Models implementation and numerical examples are described in Section 3. And
finally, conclusions are drawn in Section 4.

2. Models description and notations

The most common queuing models assume that the interarrival and service times
are exponentially distributed. Equivalently, the arrival and service processes follow
a Poisson distribution. That is, if the interarrival times are exponentially distributed
then the number of arrivals at the system follows a Poisson distribution. Similarly, for
the service process.

We consider an open queuing model of tandem networks with a single task class
and three stations: a source, station A and B (see Figure 1). Tasks arrive from the
source at station A according to the Poisson process with rate A. The service rates
at each station are 1}, 15 (for feed backed tasks) and u?, respectively. After service
completion at station A, the task proceeds to station B. Once it finishes at station B, it
gets sent back to station A for re-processing with probability 6. We are also assuming
that tasks are leaving the network with 1 — ¢ probability. Service at each station is
provided by a single exponential server.

In the first model, a feed backed task is served at station A according to a non-
preemptive priority scheme (Head-of-Line (HoL) priority discipline) independently
of all other events, where a task cannot get into service at station A (it waits at station
B - blocking factor) until the task currently in service is completed. Once finished,
each re-processed task departs from the network. The successive service times at both
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stations are assumed to be mutually independent and they are independent of the state
of the network.

Source Station A Station B

Fig. 1. Illustration of the three-station network model with feedback

Between station A and station B is a common waiting buffer with finite capacity
m2. When this buffer is full, the accumulation of new tasks from the first station is
temporarily suspended. Similarly, if the first buffer (with capacity m1) ahead of the
first station is full, then the source station is blocked.

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

a) Definition of the tandem station state space and choosing its state space represen-
tation.

b) Enumerating all the transitions that can possible occur among the states.

¢) Definition of the transition rate matrix that describes the network evaluation that
means generating the transition rate.

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

e) Computation, from the probability vector, of the average performance indices.

2.1 First service strategy for feed backed task: Head of Line

According to general assumptions, a continuous-time homogeneous Markov chain
can represent this tandem network. The queuing network model reaches a steady-
state condition and the underlying Markov chain has a stationary state distribution.
The underlying Markov process of a queuing network with finite capacity queues has
finite state space. If the numbers of tasks located simultaneously in the network in
the first and second servicing stations are denoted by i and j plus an index k depicted
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Fig. 2. Two-dimensional tandem network state diagram (first part)

the state of the each server, then a Markov model with two-dimensional state space
is defined in this paper (see Figure 2 and Figure 3).

96



Service strategies in tandem server networks with feedback and blocking

[T Y TRV bt

A A

Y Hy

el ey
Ggl _
‘L \,

‘
(;oiii:';’:’
Ll

Fig. 3. Two-dimensional tandem network state diagram (second part)

In these diagrams, the index k has the following values: 0,1,2,3,4,5. The value
k = 0 describes the idle network, k = 1 servicing the ordinary tasks, k = 2 servicing
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priority tasks, k = 3 blocking tasks, k = 4 blocking tasks and priority service, k =5
describes a deadlock.

Of course, in this special type of tandem network a deadlock may occur. For ex-
ample, let us suppose that station A is blocked by station B, because buffer in B station
is full. A deadlock will occur if the task in service at station B must be sent to station
A upon completion of its service. We assume that a deadlock is detected instanta-
neously and resolved immediately, with some negligibly delay time by exchanging
both the blocked tasks simultaneously with the mean rate equal to u.

This kind of service strategy with HoL priority service for feed backed tasks
is described more detail in [7]. In mentioned paper, the procedure of constructing
the steady-state equations in the Markov model is shown. Of cause, the stationary
probability vector for this model can be obtained using numerical methods for linear
systems of equations. Based on this stationary probability vector we can calculate the
quality of service (QoS) parameters and the measures of effectiveness for this model.

2.2 Second service strategy: no two priority services in succession
This service strategy principle include:

1. Procedure for feedback tasks '"'mo two priority services in succession' (prevent-
ing a possible congestion in the first buffer),

2. Mechanisms for checking the current buffer occupancy (resource allocation pol-
icy by blocking operations),

3. Procedures for detecting and resolving a possible deadlock.

In this strategy, we assume that deadlocks are detected and resolved instanta-
neously without any delay, simply by exchanging the blocked tasks.

Notation: the state space of this tandem network model 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 k represents the state of each
server (see Figure 4 and Figure 5). Here, the index & may have the following values:
0,1,2,3,4. If k =0 - idle network, k = 1 - regular task service, k = 2 - priority task
service, k = 3 - blocking one station and regular task service at the other one, k = 4 -
blocking one station and priority task service at the other one. Based on our analysis
of the state space diagrams, the steady-state equations in this Markov model ware
constructed. More detail this procedure is shown in [8]. In this paper the procedures
for calculation the measures of effectiveness and quality of service (QoS) parameters
are presented.
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Fig. 5. Second strategy two-dimensional state diagram (second part)

3. Numerical examples

To demonstrate our analysis of two service strategies in a tandem server network
with feedback and blocking presented in Section 2, we have performed numerous
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calculations. These calculations were realized for many parameters combinations by
varying the arrival rate (A) from source station and by varying the buffer capacities
m1 and m2.

For the first group of calculations the following parameters were chosen: the
service rates in station A and station B are equal to i} = 3.0, 15 = 2.5, 8 =2.0. The
inter-arrival rate A from the source station to station A is changed from 0.5 to 4.0 with
step of 0.5 and the feedback probability is chosen as ¢ = 0.7. The buffers capacities
are set to ml = 10 and m2 = 8.

Based on such parameters the following results were obtained and the majority
of them are presented in Table 1, where A is the inter-arrival rate from the source
station to station A, p — bB is the station B blocking probability, n — B is the average
number of tasks in the second station, w — B is the mean waiting time in buffer B,
t — bB is the mean blocking time in B station, ut! — B is buffer m?2 utilization coeffi-
cient and Al is the effective input stream intensity from source station to first server
(blocking factor).

Note: the columns with italic contains the results for second service strategy (no
two priority services in succession), the standard columns - results for first Head of
Line (HoL) service strategy.

Table 1. The measures of effectiveness and Quality of Service parameters.

A~ |p-bB|p—bB|n-B|n-B|w—B|w—B |t—bB|:—bB|utl—B| Al
0.5 | 0.036 | 0.043 | 0.393 | 0.403 | 0.052 | 0.053 | 0.013 | 0.015 | 0.286 | 0.500
1.0 | 0.143 [ 0.183 | 1.679 | 1.999 | 0.487 | 0.607 | 0.052 | 0.066 | 0.642 | 1.000
15 | 0272 | 0.339 | 6.028 | 7.939 | 2.349 | 3.144 | 0.100 | 0.122 | 0.958 | 1.428
20 | 0.287 | 0.345 | 7.051 | 8490 | 2.806 | 3.386 | 0.105 | 0.124 | 0.989 | 1.619
25 | 0287 | 0.345 | 7.088 | 8.497 | 2.822 | 3.389 | 0.105 | 0.124 | 0.990 | 1.746
30 | 0287 | 0.345 | 7.091 | 8.498 | 2.823 | 3.389 | 0.105 | 0.124 | 0.990 | 1.842
35 | 0287 | 0.345 | 7.091 | 8.498 | 2.823 | 3.389 | 0.105 | 0.124 | 0.990 | 1.919
40 | 0.287 | 0.345 | 7.091 | 8498 | 2.823 | 3.389 | 0.105 | 0.124 | 0.990 | 1.981

For the second group of experiments the following parameters were chosen: the
service rates in station A and station B are equal to ;/1‘ =4.0, ,ué‘ =3.5, yB =4.0. The
inter-arrival rate A from the source station to station A is 2.0. The feedback probability
¢ is 0.2. Buffer capacities m1 and m?2 are changed within the range from 1 to 10. For
this series of experiments, the following results were obtained and the selected set of
them are presented in Table 2.

In this table m is buffers capacities in A and B stations, vl —A and v2 — B are
mean number of tasks in first and second buffers, g1 — A and g2 — B are mean response
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times at station A and B, p — A and p — B are utilization coefficients at both stations
respectively.

Note: similarly as in the first experiment, the columns with italic contains the re-
sults for second service strategy (no two priority services in succession), the standard
columns - results for first HoL service strategy.

Table 2. Selected measures of effectiveness.

vIA [ vI-A | v2-B | v2B | qI-A | ql-A | 2B | 2B | p-A | p-B
0.304 | 0304 | 0.202 | 0.199 | 0.400 | 0.400 | 0.301 | 0.300 | 0.600 | 0.492
0.498 | 0449 | 0.358 | 0.350 | 0.443 | 0.443 | 0.340 | 0.338 | 0.607 | 0.527
0.627 | 0.628 | 0.473 | 0.460 | 0.473 | 0.473 | 0.369 | 0.365 | 0.610 | 0.546
0.713 | 0.715 | 0.554 | 0.537 | 0.494 | 0.494 | 0.389 | 0.385 | 0.612 | 0.556
0.771 | 0.775 | 0.610 | 0.590 | 0.507 | 0.509 | 0.403 | 0.398 | 0.613 | 0.562
0.810 | 0.815 | 0.648 | 0.626 | 0.517 | 0.518 | 0.412 | 0.407 | 0.614 | 0.565
0.836 | 0.843 | 0.673 | 0.649 | 0.523 | 0.525 | 0.419 | 0.413 | 0.614 | 0.567
0.853 | 0.862 | 0.689 | 0.664 | 0.528 | 0.530 | 0.423 | 0.417 | 0.614 | 0.568
0.865 | 0.874 | 0.700 | 0.674 | 0.530 | 0.533 | 0.426 | 0.419 | 0.614 | 0.569
0.873 | 0.883 | 0.707 | 0.680 | 0.532 | 0.535 | 0.427 | 0.421 | 0.614 | 0.569

S|l o] x| v v —|B

The results of the experiments clearly show that the effect of the properly chosen
service strategy in tandem network with feedback must be taken into account when
analyzing performance such computer network. As noted above, feedback probabil-
ity o and blocking factor considerably change the performance measures in such
networks.

4. Conclusions

An approach to compare the effectiveness of two service strategies in linked in series
servers with blocking and feedback has been presented. Tasks blocking probabilities
and some other fundamental performance characteristics of such network are derived,
followed by numerical examples. The results confirm importance of a special treat-
ment for the models with blocking and with HoL feedback service, which justifies
this research. Moreover, our proposal is useful in designing buffer sizes or channel
capacities for a given blocking probability requirement constraint. The results can be
used for capacity planning and performance evaluation of real-time computer net-
works where blocking and feedback are present.
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STRATEGIE OBSLUGI W TANDEMACH SERWEROW
Z POWTORNA OBSEUGA I BLOKADAMI

Streszczenie: W artykule poruszono zagadnienia zwiazane z modelowaniem sieci serwe-
réw z buforami o ograniczonej pojemnosci, powtdrng priorytetowa obstuga, ktére sa waz-
nym elementem, w badaniu parametréw jakosci obstugi w systemach komputerowych. Do
badan i analizy wybrano dwie strategie powtdrnej obstugi zadafi w pierwszym z serwerow.
Modele analityczne takich sieci stanowisk obstugi przedstawione s tutaj, jako otwarte mar-
kowowskie systemy kolejkowe z blokadami,. Tego typu modele w sposéb najbardziej pelny
odwzorowuja ewolucje takich systemdéw w czasie. Zbudowano dwuwymiarowe grafy takich
modeli tandeméw oraz na przyktadach pokazano jak zmieniaja si¢ ich miary wydajnosci i
jakosci obstugi, gdy zmienia si¢ intensywno$¢ wejsciowego strumienia i pojemnos¢ bufo-
réw.

Stowa kluczowe: powtérna obstuga, strategie obstugi, analityczne modele sieci
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