PROFESSIONAL STUDIES:

2021/ 9 (24)

Theory and Practice

50

EXPERIMENTAL RESEARCH OF SERVICE
SYSTEM

Liudvikas Kaklauskas
Siauliai State University off Applied Sciences
Lithuania

Annotation

Most of the modern service systems have different performance channels. Most of them
are ineffective because queries are distributed to channels in random order. In order to use
them efficiently it is necessary to choose the right strategy for query distribution. In this article
we take experimental research with service system having two different performance channels.
The study found, that service system efficiency belongs from flow intensity and from detention
buffer length.
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Introduction

Service systems are widely used in business and technology. Efficient service systems
are necessary in order to save resources as well as to serve as much clients as possible.
Currently there are many various service strategies which have their own pros and cons. The
known service strategies are suited for systems with equal performance channels, however, in
practice service systems have different performance channels (Erlong, 1909, Sakalauskas,
2000, Iversen, 2011). For instance, at the shop every cashier’'s efficiency depends on her
experience in this field, therefore her service speed can be several times higher than the new
cashier who is working for several days. The similar situation is encountered in computers
where work is done by CPU and GPU. Thus their capacity may differ up to 100 times, therefore
it is necessary to allocate them the work optimally (Bilel, etc., 2012, Hetherington, etc., 2012).

However the systems with different performance channels are not discussed sufficiently
in scientific literature as in this case the received mathematical patterns are greatly difficult
(Efrosinin, Rykov, 2008, Rykov, Efrosinin, 2009). The well-known works by E. R. Larsen
(Sankaranarayanan, Larsen, van Ackere, Delgado, 2010) as well as Rybinovitch (Rubinovitch,
1985, Mokaddis, Matta, El Genaidy, 1998) discussed the service systems with two different
performance channels, however not many results are provided and without clear grounding.

When the capacities of processors vary with little difference, then the service disciplinary
might be the first to come the first to be served, and the query goes straight to the free channel
or waits in line until another channel clears up. It is noted that under high capacity ratio this
disciplinary slows the system work (Rykov, Efrosinin, 2008). In case of high ratio, it appears that
it is useful to install detention buffer as sometimes it is more efficient to wait until the high speed
channel gets free eventhough the inefficient channel was free. Systems with detention buffers
were discussed in works, as well as some of the trials have been received in Rubinovicius‘s
work. Recently the relevance of research of these systems has been increased by creating
multiprocessor calculation systems, combining CPU (A Central Processing Unit) and GPU (A
Graphics Processing Unit) processors (Hetherington, & etc., 2012, Kadjo, & etc., 2015), by
creating combined service systems of high and low capacity networks (Rykov, Efrosinin, 2004,
Yue, &etc., 2009, Efrosinin, Sztrik, 2011). As their capacity may vary up to 100 times therefore
there is an actual task to discuss systems in which the ratio of capacity of used processors is
increasing and we can apply respective asymptotic extensions. In the scientific literature about
the systems with two different performance channels mostly analyzes theoretical side of
problem, but no used experimental research by simulation. This work it is discussed
experimental research of service system having two different performance channels.

1. Two-channel service systems characteristics

A discussed service system consists of two different performance channels as well as
one detention buffer. Assuming that the time length between two adjacent queries is falling
within the discussed service systems, allocated under the Puason‘s Law with parameter A and
the length of service is allocated also under this Law with parameters p1 and p2 (faster channel
and slower channel). Assuming that the queries are served in sequence, i.e. first came — first
served (Gelenbe, Pujjole, 1999, Xiaolong, Geyong, 2009).

If the query after being released into the system finds a free performance channel, it is
served immediately; otherwise it goes to detention buffer of k length where it waits until the



efficient channels gets free. One query is served by one channel. If all places in detention buffer
are occupied, the query rejects the service of performance channel and transfers to the slow
channel. If the slow channel is occupied as well, the application waits in m row of finite length. If
all places are occupied, the query rejects and not served. This strategy is suitable only when the

coefficient of flow volume p = - is lower than 1, because in case of higher intensity it is not

1+in
efficient to keep free channels even though they are slow.
In the service system with two different performance channels we use denotes and
formulas discussed in L. Kaklauskas, L. Sakalauskas and V. Denisovas article (Kaklauskas, , &
etc., 2019).

2. Experimental research of service system

With the local and global development of computer networks, there is an increase of
mixed (several of diverse forms) of heterogeneous network, which connect many sub-networks
of capacity, supporting different standards, protocols as well as velocities of network. HetNet
definition is used in modern heterogeneous wireless computer networks using various types of
network nodes for description. Compatibility problems of heterogeneous networks are solved by
offering specialized data maintenance solutions (Chang ant etc., 2015, Yang, Chawla and etc.,
2012, Qi and etc., 2012), evaluating their combining cases (Shi, 2017), analyzing errors, links
(Zhang and etc., 2013, Sajadmanesh and etc., 2016, Yang, Kung, and etc., 2013).

Our solution will help to choose optimal network node detention buffer, by combining
networks of different capacity. Absolute majority of companies in local network of Ethernet
(IEEE 802.3) also realize the wireless sub-network ensuring the accessibility of service for
mobile users. Using 802.11n (802.11n-2009 — IEEE Standard for Information technology —
Local and Metropolitan area network) standard WLAN (Wireless Local Area Network, IEE
802.11) network node, usually its technical possibilities guarantee 300 Mbps one-channel
speed. In the network of company‘s Gigabit Ethernet it is ensured with up to 1000 Mbps channel
speed. Upon the arrival of queries through these channels into company‘s network server, the
efficiency ratio of served channels r=3.3. For the optimal work of this node it is sufficient to
have buffer of 2-7 applications. If 802.11g WLAN node is used, then r=18.5, and buffer 14-16
applications.

Pattern of computer network node with two different performance channels was used for
service system research. Modeled system uses the disciplinary of queue service FIFO taildrop
(Nzouonta, Ott, Borcea, 2009). It is considered that in the primary state both service system
channels and queue are free (t=0), i.e. system is prepared to service the received application
immediately. By imitating network node work, length of sequence of moments between the
appearance of packaged in the node were generated 74,74....7,, and length sequence of the
package service x, %y, ... X, . Using these sequences, the characteristics of package service are
being calculated in accordance with the distributions and services procedures of the
sequences‘elements. Modeled network flow is generalized stochastically bounded burstiness
gSBB (hereinafter gSBB). This flow for all t =0 as well as all x =0 satisfy the inequality
P{A(t,p) = x} < f(x), when p is the upper limit of the flow, f — coverage function which is not
increasing and f(x)=0 for allx =0, 4(0,t) — incoming flow, satisfying the inequality
A(0,t) « {f,p) (Jiang, Yin, Liu, Jiang 2009). It is shown that if gSBB network flow demonstrates
stationary and ergodicity peculiarities, then P{A(t:p) = x} in any moment of times has the upper
limit in constant sgction of queue Ingth, i.e. P{A(oo,p) = x} in virtual one channel system with
constant p. Here A(w, p) indicates A(t,p), when t — oo (Jiang, Yin, Liu, Jiang 2009). Length of
generated network flow packages is variable and satisfying the requirements of Ethernet
standard.

(Jiang, Yin, Liu, Jiang 2009) proofed that according to gSBB singularity process is
modeled according the formula:

feelf—smilar(yy = ¢ (p;m), when the satisfied inequality is

P{f(l‘(t,p) - x} = fsglf—sz'mz’!ar(x).
Here C, and m are calculated as parameters of 5,(f .1) and x. According to gSBB
pattern, Puason’s flow is modeled using the formula:

frosson()=1—(1-n) Xk, [M e"’“"’"3'], when the satisfied inequality is

il

P{A(t,p) = x} < fPO5ON (%) Here 7 =%§ and .Ir=is', where S is the average package
length. B
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Fig. Average number of queries in the system changing the length of buffer,
when r=5 (left picture) and r=15 (right picture).

The received findings of simulation of system with one efficient (fast) and one inefficient
channel (slow) confirmed that 5-10 application buffer is enough for 802.11n and Gigabit
Ethernet channels (r=3.3). When 802.11 n and Gigabit Ethernet channels (r=18.5) are used
then 10-15 application buffer is enough for optimal system work.

3. Conclusions

1. When the flow intensity g is close to zero, optimal buffer size varies linearly relative to r
Kope = 1,12-7 — 2.

2. When the flow intensity g is close to 1, optimal buffer size is calculated using formula
Kope = 1,12 7% + 0(r?).

3. In case of high capacity of channels to ratio r, numbers of application becomes the
same as using one-channel system, therefore in which case it is recommended to refuse the
second inefficient channel.
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