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Instruction to all the laboratory assignments of the queuing systems

The theory of queues in performance evaluation

The aim of this part of course is to learn how to construct queuing model of the real problem
and how to analyse it. The leading example of the following little tutorial is not technical but it is
familiar to everyone who have ever sat in a queue in any clinic. The practice of building queuing
models of real-life problems will be presented as well as the methods of solving them and some tools
supporting us in this work.

Real system specification:

Let us assume we are going to open an allergic clinic. We want it to contain some consulting
rooms, treatment rooms, the registration, and of course waiting rooms. We will be looking for
answers to the questions about the number of doctors needed in our clinic, the number of chairs
needed in waiting room, etc.

First, to warm, we build a model for a very simple case — one doctor in one consulting room,
no treatment rooms, no registration. The model will contain only one "service place" with a queue.

The queuing theory model of the system:

In the simple version of the problem we have one

service node symbolizing a doctor. Patients

Doctor
Waiting room

The following model is for more complex case where
patients have to register, then go to the consulting room
and finally to the treatment room everywhere waiting in
queues.

Patients doctor

registration

Treatment room

Analysis by simulation:

First, let us try to simulate the model. We will use the discrete event simulator GoldSim.

About GoldSim Pro (Academic Version)

GoldSim Version 10.11 (SP4)
° Copyright & 19%8-2010
GOId GoldSim Technology Group LLC

This product is licensed to :
For more information, please visit our th
Web site or contact us:

http: /fwww. goldsim. com
software @goldsim. com

This software is protected by copyright law and international treaties. Unautharized
reproduction or distribution of this program or any portion of it, may result in severe dvil
criminal penalties, and will be prosecuted to the maximum extent possible under the law.

Verification status:  VERIFIED
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After launching the program, the "new model wizard" appears. At the first stage of running the
wizard it is very encouraged to write down the description of the model and the name of the author
(or authors).

New Model Wizard (Step 1 of 3) x|

Welcome to the New Madel Wizard

Author Mame:
' Tomasz Babczyniski
Analysis Description:
The first model of queving system: one

customer stream, one gqueus, one server

Specify Simulation Duration by
IEIapseu:I Time j

& WEtERT | Dalej = Anuluj | Pomoc |

The second stage is for specifying the time of simulation. According to the method of
specifying of the time, chosen at the previous dialog, one of the two dialogs appears. The time can be
specified by defining its duration or giving the starting and the ending dates. In the our example.

New Model Wizard (Step 2 of 3) =

Elapsed Time

Specify a simulation duration, an associated time unit,
and the number of timesteps.

Simulation Duration: & hr
Display Unit: IMinLrte vI
Mumber of Timesteps: 43[1_:|

< Watecsz I Dalgj = I Anuluj Pomoc
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The first method is chosen. We are to specify the units in which the time will be measured, the
duration of the simulation process and its granularity. In the example "hr" is the shortcut for the
"hour".

Third stage of the wizard is to decide whether one simulation or a number of runs with
random parameters will be performed. Using the GoldSim simulator for simulating of queuing
systems, the Monte Carlo simulations should be used. The number of realisations depends on the
accuracy of the results we want to obtain. For the preliminary simulation of the small model the one
hundred is good enough.

New Model Wizard (Step 3 of 3) 3
Mante Caro Option

In Mante Caro Simulation, the entire system is simulated
a large number of times. Each simulation is assumed to
be equally lilkely, and is refemed to as realization of the
gystem. For each realization, all of the uncertain
parameters are sampled.

if you do not use Monte Cado, Gold Sim will run ance
using the expected values of all inputs.

— ¥ Use Monte Carlo
Mumber of Realizations:

I 'IDD_I?

< Watecz Fakoncz Anuluj Pomoc

After defining the fundamentals of the model with the help of the wizard we can start to
define the model of the queuing system. We start from the defining the incoming stream. The
coming of the patient will be simulated using the timed event element which can be found in the
context menu (under the right mouse button) of the main screen of the simulator.

| Inzert Element Cortainer  *
Inputs »
% Stocks s
B Paste Functions ~ *
oo , | Events |4, Timed Event
Ve \ Delays k| Triggered Event
Results ¥ <7 Decision
Properties... Reliabilty 4l Random Choice
: & Milestone
Financial s
€ Status
I Discrete Change
/T Intemupt
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The timed event has a number of parameters which should be defined. First, it is very, very
encouraged to set element ID and the description of the element. The ID can not contain spaces and
it will be visible on the screen and on the printout. The description will be visible after choosing the
element. For the large model the discipline in naming elements would be very helpful.

The next thing we define for the timed event is its definition. The event can be triggered once
or periodically. In the second case, the repetition can be defined using a random variable as will be
shown later. When the event should be repeated in regular intervals or it should form a Poisson
stream, the specification can be simplified. Instead of the random variable, only the parameter can
be specified. In our example we choose the most common in queuing systems theory method of
repetition i.e. Poisson arrival. The parameter is the arrival rate. In our example it is 0.05/min what
gives 1 patient per 20 minutes (average of course).

Timed Event Properties - Patient |

Definition I

I &\ Appearance... |

I The patient came)

—Event Definition ~———

Ocourrence Type: f |Random time intervals (Poisson)

|n.|:|5 1min

[ Use Importance Sampl

Maximum Mumber of Events: IlE'EI

—Save Results
¥ Final values ¢ Time Histories

Ok I Anuluj Pomoc

Now we define the doctor with the queue in front of his room. In the context menu we find
the "Event Delay" element. This element is intended by the authors of the simulator, among others,
for modelling of queues.

| Ingert Element Container L
Inputs L
Stocks L
@ Paste Functions L

Events »
Zoom +

Delays i3 Information Delay
View 4

Results b 4 Materal Delay
Properties. ..

= Reisbity  » [ Event Delay
&1 Discrete Change Delay

Financial L

Project co-financed by European Union within European Social Fund



* % x
*

EUROPEAN UNION *Ex
HUMAN CAPITAL %J o EUROPEAN 2
NATIONAL CORESION STRATEGY Wroctaw University of Technology SOCIAL FUND el

THE DEVELOPMENT OF THE POTENTIAL AND ACADEMIC PROGRAMMES OF WROCLAW UNIVERSITY OF TECHNOLOGY

The properties of the event delay element contains already described fields "ID" and
"Description". More important now are the "Trigger" button and parameters marked with red on the
picture below.

Event Delay Properties - Doctor |
Definition |

Element ID: I Doctor Appearance... |

Description: I

— Discrete Input Signals ——— —
Spedify Discrete Input Signals to be delayed: ( ‘: Trigger... | ‘\;

— 1

— Delay Definition e

Delay Type: Defined Delay Tlm\ j

Delay Time:

)

[SfsEeEraia

¥ Use conveyer-belt approach

ber of signals simultaneously processed:

Spedfy Resources required per signal; = Fesources...
—Save Results
¥ Final valuss ¥ Time Histories
oK Anuluj Pomoc

There are five types of events that can be added as triggers:

e  On Event: The Trigger Definition must be a discrete event or discrete change signal from
another element. The element is triggered whenever the signal is received.

e  On Changed: The Trigger Definition can be any continuous output (it cannot be an expression
or a discrete signal). The element is triggered whenever the value of Trigger Definition
changes.

e On True/On False: The Trigger Definition can be any condition output or conditional
expression. The element is triggered whenever the Trigger Definition becomes True/False.

e Auto Trigger: The using of that kind of triggering is addressed to conditional containers only
and it is useless for our purposes.

The delay can be triggered by a number of events but in our simple example only one is used.
We can type a name of the desired event (e.g. "Patient") or select it using the "Insert Link..."
command.

Project co-financed by European Union within European Social Fund
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Select the output to link to:

* % x
*

1g Events i Type the name of a Discrete Event Signal & I :
output, Right-click to insert links. S

- |ﬁ Run Properties
( Insert Unk...! - Model

-- ConsultTime

itz b :
Functions » I DizcreteChange
Constants  # 47 Doctor

J A Dele laneous events, act onct 'Il:fh Intgrat.:.r‘l
E— B4

Eﬂg Hlose | Help -- PatientsTime
==E #-E5| Properties
Clear Input
Define Triggering... (Event) |
—Define Triggering Events
Type Trigger Definition
On Event - | Patient

g Add |?( Delete | [" For simultaneous events, act once

¥ Maore | Close I Help

Now, when we have the triggering event defined, we may choose the type of the delay. There
are four possibilities.

Delay Type: Defined Delay Time j
Delay Time: Defined Mean Time + Erlang Dispersion

: _ Defined Mean Time + Std, Deviation
(ISHEFSICTTE Stochastic Delay Time Definition

The first one is a simple constant delay. We define only the delay time e.g. 15 min. The next
two possibilities introduce a dispersion of the delay time with Erlang or Standard distribution
respectively. The widely used in the theory of queues exponential distribution is the Erlang
distribution with "n" parameter equal to 1.

Delay Definition

Delay Type: Defined Mean Time + Erlang Dispersion

Mean Time: I'CC'"&- tTime

Erlang n-value: I 1

In the above window instead of the absolute value of the mean time, the link to the data
element is used. What for? It will be explained later.
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Let us recall the full dialog box because we can not forget about one parameter. If we want to
model a queue, we must check the box marked at the following picture. In the queuing theory
terminology it is the number of servers (in our example — doctors). Unchecking the box we say that
the number is infinite and so there is no queue needed.

Event Delay Properties - Doctor E
Definition I
Element ID: IDDEb:Ir Appearance... |
Description: I
~Discrete Input Signals

Specify Discrete Input Signals to be delayed: éf_, Trigger... |

—Delay Definition

Delay Type: Defined Mean Time + Erlang Dispersion

Mean Time: ICD"&- tTime

Erlang n-value: I 1

¥ Use conveyer-belt approach

P
¥ Maximum number of signals simultaneously pm::em
Maxirmum: |1 Y
k"‘.‘-'-\-l—_

Spedfy Resources required per signal: = Resources... |

—Save Results
¥ Final values ¢ Time Histories

(0]4 I Anuluj Pomoc

Now, we have our first simulation model defined. It looks as follows.

o
/e
Patient d—

Doctor

sy 2 (Bl
Let us run it using the toolbar button: , from the menu, or using

the keyboard shortcut "F5". The following window will appear and we can click on the "Run" button.
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GoldSimm Fun Contraller

100100
Yao.4a0

ELAFSED

|E| RESLILTS

STATUS

SLOH |\!.—!tFIST

Edit...

Fun | /wR i R |

After some seconds the simulation finishes and we can look at the results. Note that the
arrows outgoing from the elements are green now what means that the result data is available for
the outputs. Placing the mouse cursor over the arrows we can get some values, clicking on the
arrows we can get the history of the outputs. Here we can see that in the last simulation 25 patients

came but only 20 were served.
—b. '
F%F Fﬁ * | %z poctor

Patient Events emitted: 20

4 Patient
The pabient came

Events emitted: 25

Type: Random time interval (Poisson)

Rate: 1/PatientsTime Dactar

The historical data from the simulation can be viewed individually for each realization or
statistically aggregated. The left chart shows the 35™ realization of the simulation. That was a hard
day for the doctor and for his patients (up to 28 patients in queue). The day simulated as the 44"
realization was much better. As it can be seen the single realizations differ very much.

B B Bn & 1S g [

#  Reslization 352

m Time History

e B B2 G e [ e Fesaton| 2]

[0l x]

Doctor

Doctor

200 300 400 500

Time (min)

200 300 400 500 0 100

Time (min}

] 100

44

The following charts show the results of all 100 simulations statistically processed. The marked
button should be pressed. The mean value, the upper and lower band, the median, and the
percentiles can be displayed. On the charts below the mean value (red) and upper and lower bands
(dark green) are presented. The left chart shows the queue length while the right one shows the
service time. It is easy to see that the parameters are badly chosen. The queue length may grow to
the length near 30 and the service time grows to even 5 hours. Unacceptable!
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[_[Ofx]

Doctor

400

Doctor.Current_Service_Time:

Time (min} 0 100 200 300 400 500

Time (min)

| Percentiles

Greatest Result Least Result —  Me ‘

Greatest Result ———  LesstResult

Let us try to improve the effectiveness of our clinic by employing a second doctor. In the model
this fact is expressed by changing the one value in properties of the delay element:

use conveyer-belt approacn

¥ Maximum number of signals simultaneously proceszed:
_—,

Maxirnum: UZ_)

+ify Resources reguired per signal:

= Besour

Now, after the simulation, we can see that the employing of a doctor helped. The maximal
qgueue length is now only 6, the maximal waiting time ab. 2 hours. The mean values are even better —
the queue length ab. 0, the mean service time less than 20 minutes. These values are acceptable. We
can buy 6 chairs and open the clinic.

! Time History

IS [=] M} Time: History [_[O]
B B S 5 [ e e
Doctor.Num_in_Queue Doctor
8 140
120
4 100
3 - 80
€
E
2 = 6o
1 40
0 20 W
1 0
] 100 200 300 400 500 0 100 200 300 400 500
Time (min) Time (min)

It was easy. Now, let us involve in a harder case. We need to add the registration and a
treatment room (or rooms). But first, some promised words about data elements and links. Below is
the model enriched by two data elements (marked red) and a Properties dashboard (marked blue)
shown expanded on the next picture. The edition boxes are connected with the values of the
appropriate data elements. It is obvious which ones are bound together.
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. |"\Properties

Mean time between two patients

ean time of consult

The properties of "Patient" element needs to have rate instead of mean time which is defined
in the dashboard. The rate is the reciprocal of the time, so it is given it the following way:

Occurrence Rate: |1_-'F'atients'l'|me

The using of dashboard makes it possible to have all important parameters in one place and
easily watch it or change.

The full model of the clinic is as follow. First the parameters:

Mean time between two patients 200 min
Mean time of registration 5 min
Mean time of consult 15| min
Mean time of treatment 2| min

Project co-financed by European Union within European Social Fund
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Again, we have only one doctor.

RegTime RegQ ConTime ConQ TreTime TreQ

Two elements in the model, marked with blue, need additional explanation. The first of them
is the preformatted chart element named "Time history" used for easier presentation purposes.

| Insert Element Cortainer ¥ ﬂ L
Iripts ¥ begQ Cc
% Stocks r
B Paste Functions r
- . Events r
om
Delays L4
View ’
| Resutts M Time History
Properties .. | |, Result Distribution
[ Multi Variate
lpy Ay View

The second element is the "Random Choice" of event. It is used here for modelling the fact

that some patients come only for vaccination and the rest of them needs the doctor consultation
before that.

| Insert Element Cortainer k
Inputs »
¥ Stocks r
FA Paste Functions ’
— , | Events % Timed Event
. , Delays b |:# Trggered Event
Results ¥ 7> Decision
Properties... I I‘@} oo Choice
@ Miestone
£ Crzhie
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The element has in its properties the table of probabilities. In our example it directs the
patient to the doctor with the probability 0.3 and to the treatment room with probability 0.7.

Probahility / Event Table

Probability Qutput Event
1 |03 toDoctor
2 11—-=F; toTreatment

We can provide the simulation now. The results will be kept in predefined charts so it will be
sufficient to double click on them to have seen the results. The blue lines show the value of the 95
percentile.

Doctor Doctor
140 3

120

100
60
40 imim——

] 100 200 300 400 500 0 100 200 300 400 s00

Time (min} Time (min)

(min)
J

Finally we want to answer the question how many patients wait in our clinic simultaneously.
We must to sum the lengths of all queues at all time steps. We use, of course, the "sum" function.

ime ConQ TreTime TreQ |j| Lookup Table

Convolution

f
s History Generator
&

Il

!

And
Or
| Insert Element Cortainer L Not
Inputs ¥ as Bxdemal
.:Iflo Stocks L %] File:
3 Paste Functions %] Spreadshest
2o R Events L
am
3
View k Delays
Results L
Properties... I

The element will sum for us all queues lengths during all simulation steps sending the results
to predefined chart element.
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> Kk

W ClueuesMum
Py

The result is as follows. The lower, red line is for the mean queues length, the upper, green line
is for the greatest values, and the middle, blue line is the 95% percentile. It means that during the
simulation, in the most cases (95% of them) the queues were not longer than two and never were
longer than 5. But remember —it is only the result of the simulation.

[

0 100 20 300 400 300

Time: {rmin}
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Theoretical analysis:

For the theoretical analysis of queuing systems we use a rather simple program RAQS. The
program is available for free from the address http://www.okstate.edu/cocim/rags/. It is rather old
program in fact but it is still useful.

About Raqs99 Ei

R&fs: & Saoftware Package for

ﬁ Rapid Analysis of Queueing Systems
Copyright [C] 1939

Homepage: http:/fww ok state edudcocindrags

Ernail; mk.amath@okstate. edu

Created at the Center for Computer Integrated Manufacturing,
School of Industrial Engineering and Management

Qklahoma State University

Stillwater, OF, 74078

Developed by Shank ar Sivaramakrishnan, Lim Kean-Giap,
and Girigh Shirhatt under the guidance of Or. Manjunath E.amath

After running the program we have to build a model. We start it with the new model
command which can be found in the menu or at the toolbar as presented on the following picture.

7 CCIM Rapid Analysis of Queueing Systems
Model View Help

O\ B §|pﬂ 't ,¢| b XA N Pij|]5 p, CCIM Rapid Analysis of Queueing Syst
Model View Help

D

Print Setup...

1 ChlUsers’tbDesldoprags 1inp

Exit

The model building wizard is starting. First, it gives us the choice to build the model from
scratch or to get is from a prepared ASCII file. Unfortunately the format of the file is undocumented
although it looks easy to understand. Now let us choose the building from scratch — the RAQS option.

Select a Model Configuration Format ]|
RAGS
A prepared A5C1 file

Cancel |

Create a nevs model and configure the model using RALS
windows interface.
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Next step is to decide how much complex will be the model. The first example is very simple so
the basic mode will be adequate.

Cancel

Select a mode |
:
Intermediate
Advanced |

Single-clazs open and clozed networks, with FCFS multi-zerver
nodes, unlimited waiting room, reliable servers and probabilistic
roLting.

Let us recall the model:

Patients

Doctor
Waiting room
Network Type and Size |
Metwark Type
Open Metwark,
Clozed Metwaork, Cancel |

— Check thiz box

To indicate arrival information entry by digtributions

1 [ Toindicate zervice information entry by distributions
7| Tz indicate unrelizhle senvers

™| Far single class netwark with unreligble senvers

MHumber of Modes in the Metwark [Max=50] ... j

Mumber of Claszes in the Metworl; [Maxg=20]........ II:I |
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It is simple open network, so we choose it in the following dialogue window. We will use
exponentially distributed times for incomings and service times. It is basic distribution in the queuing
theory so we need not to check the boxes indicating that the distributions will be special. The
number of nodes in the system is of course 1. After we clicked OK in this dialogue window — we have
the model built but the parameters still remains undefined. The set of (marked here) buttons on the
toolbar makes it possible to define the parameters of service time, arrival time and transitions matrix
(in the first example unneeded).

F, CCIM Rapid Analysis of Queueing Systems - rags2
Model Build View Help

DS &S| Tolio 4| &8 N NP Refa oo A NBj| X £ B W

Alternatively we can call the same dialogue boxes from the menu:

Buid View Help

C Basic » Single Class Service Information
Intermediate 3 Single Class Amival Information [Open Metwaorlc)
Advanced 3 [dumben off Customerns | Elosed Hetmmr]

Routing Matrix

= Erecute) [Etr{+Es

The service information is characterized by the mean time of service denoted as Tau. In our
example it is 15. The data in the program are dimensionless so we should have in mind that the units
we use are minutes. the second parameter denoted as SCV is the Squared Coefficient of Variation —
the parameter describing the random distribution. Numerically it is the variation of the random
variable divided by the square of its expected value. The exponential distribution has the SCV=1. The
third parameter is the number of servers, doctors in our example. In the first version of the
experiment it is equal to 1.

Service Ifomation |
Node | Tau | SCv | N5 I oK I
: Cancel |

Tau denotes the mean service time

SCY denotes the zquared coefficient of wariation of the service
time diztribution which iz the ratio of the varance and zquare
of the mean.

NS denotes the number of servers at a node
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In the similar way we can define the arrival parameters. For the arrival we do not set the mean
time between arrivals but the arrival rate. The AR is equal to the one divided by the mean time
between arrivals. As in the simulation we set it to the 1/20. The SCV as in the service time is equal to
1 because we want to have the exponential distribution i.e. the Poisson arrival.

Amival Information [ x| |

oo |
0.0500 1.0000 — |

Mode
1

R denates the arrival rate

SV denotes the zquared coefficient of varation
af the interarrival time [|AT] which is the ratio of the
wariance of the 14T and the square of the mean of
the IAT.

The routing matrix is trivial in our example because we have only one node.

Routing Matrix |

Cancel |

Node |Tn1
From 1| 0.0000

Enter the probabilities af customers going from one hode to anather.

For an open network, the sum of the probabilities in ary row must be less than or
equal o 1.

For a closed network., the zum of the probabilities in any row muszt be equal to 1.
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The window with the input information gives us the summary of all parameters put in the
system.

Input information

This Model has been developed in the Basic Mode
Type of Network - Open Network

Number of nodes = 1

Node Number Lrrival Lrrival Mean Serv Service tims
# of Servers Rate SCV Times SCV
1 1 0.050 1.00 15.000 1.00

— —_—

Now we can run the computation. We can choose the race flag from the toolbar or the Execute
command from the menu.

.4

) v a Build View Help
#y CCIM Rapid Analysis of Queueing Systems - rags2 Basic »

Model Build View Help - | Intermediate r
DS H S| wuwl4) 8 A 1P R/

Advanced »

Beecute..  Cid+F5

As we can remember the results of the simulations gave us the unacceptably great values of
the consult time and the queue length. Those values were the extreme values obtained during the
simulation. Now we have only the mean values calculated. The situation does not look dramatically.
The mean time spent in the clinic is about 60 minutes, average number of patients - 3.

Output Report

This Model has been developed in the Basic Mode

Type of Network - Open Network

Network Measures
Bkverage Number in the Network = 3.000

Lverage time spent in the Network = 60.000

Node Measures
Node Util AVTIQ VarTIQ AvNIQ AVTAN VarTAN AvNAN VarNAN
1 0.750 45.000 3375.000 2.250 60.000 3600.000 2.000 12.000

Util - the Utilization at a Nede

AVTIQ, VarTIQ - Mean and Variance of the waiting time in gqueue at a node
AVNIQ - Mean gqueue length at a node

AvVTAN, VarTAN - Mean and Variance of time spent at a node

AVNAN, VarNAN - Mean and Variance of the number of customers at a node

But let us look closer at the variation values. They are big what means informally speaking that
it is probable that the actual value of the random variable is far from the mean value. Let us analyse
deeper the mean and the variance of time spent at a node, the AVTAN and VarTAN values. For
simplicity and because we do not know what the distribution actually is, we assume that the
distribution is normal. For such a distribution the majority of the data values — 99.7% lays in the
range of the mean value 30, where o is the standard deviation of the random variable equal to the
square root of the variation. The square root of the VarTAN=60, so the time the patient have to
spent in the clinic may be even 60+3*60 minutes, i.e. 4 hours.
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Now we provide the second calculation — with two doctors. We have to change only the NS
value in the service information. The results now are as follows:
Network Measures

Average Number in the Network = .
Lverage time spent in the Network = 17.4

o
o

Node Measures

Node Util AVTIQ VarTIQ AvVNIQ AVIAN VarTAN AvVNAN VarNAN
1 0.375 2.455 26.107 0.123 17.455 251.107 0.873 0.704

Now the average time in the clinic is about 17.5 minutes and the majority of the patients waits
no longer than 17.455+3*sqrt(251.107)=65 minutes.

Now we build the model with the registration and the treatment room.

Input information

This Model has been developed in the Basic Mode
Type of Network - Open Network

Number of nodes = 3

Node Number Lrrival Mean Serv Service time

¥ of Servers SCV Time SCV
1 1 1.00 >.000 1.00
2 1 1.00 15.000 1.00
3 1 1.00 2.00f1 1.00

The node 1 states for the registration, node 2 — the doctor, node 3 — the treatment room. The
mean service times are the same as during the simulation — 5, 15 and 2 minutes, exponentially
distributed. The route table is as follows:

Mode |[Toi | Ta2 | To 3
Frem 1| 00000 | 03000 | 07000

From 2| 00000 @ 0.0000 @ 1.0000
From 3| 00000 @ 0.0000 @ 0.0000

As in the simulation the 30% registered patients go to the doctor and the rest directly into the
treatment room. The results are as follows:

Network Measures
Lverage Number in the Network = 0.735
Lverage time spent in the Network = 14.695

Node Measures

Neode Util AVTIQ VarTIQ AvNIQ AVTAN VarTAN AvNAN VarNAN
1 0.250 1.e867 19.444 0.083 &.667 44,444 0,333 0.444
2 0.225 4.355 145.610 0.0865 19.355 374.610 0.250 0.375
3 0.100 0.222 0.938 0.011 2.222 4,538 0.111 0.123

Util - the Utilization at a Node

AVTIQ, VarTIQ - Mean and Variance of the waiting time in queue at a node
AVNIQ - Mean queue length at a neode

AVTAN, VarTAN - Mean and Variance of time spent at a node

AVNAN, VarNAN - Mean and Variance of the number of customers at a node

The similar calculation as the above shows that the time spent in the node 2 — the consult
room is typically 19 minutes and in the most cases not longer than 80 minutes.
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Exercises

Remark:

System properties with its parameters will be given individually for every student.

Hence, the following exercises are defined without them.

Exercises:

Exercise 1
You have learnt the theory of queues in performance evaluation, and how to do the analysis.

Perform a similar analysis for changed parameters (given individually by the teacher).

Exercise 2
For a client-server service (given individually by the teacher) do the following:
e build a test application to obtain the chosen efficiency metrics,

e  build a simulation model of the service using queues and obtain the same metrics by the
simulation,

¢  build a queuing system model and obtain the metrics using the theoretical analysis.

This exercise will be repeated for some various services, protocols and scenarios.
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