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Overview

 Java Modeling Tools (JMT) is a suite of applicatios developed by
O Politecnico di Milano (Dipartimento di Elettroniealnformazione), Italy
0 Released under GPL license, 2008

0 The project aims at offering a complete framework or
O Performance evaluation
O System tuning
O Capacity planning
O Workload characterization study
O Main features of IMT
O MVA technique
O Modeling a queuing network
O Markov chain
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Installation Process

O Software Requirements

O Download all the components of the Java Modeling Tads (JMT) from
the link below.

JMT tool: http://imt.sourceforge.net/Download.htorhttp://sourceforge.net/projects/imt/files/imt/JMT-
0.9.1/JMT-installer-0.9.1.jar/download

a JMT is platform -independent and requires only the Java Runtime
Environment (version 1.6 or later). The Java Runtime Environment can
be downloaded from the link below.

Java runtime environment: http://www.oracle.com/technetwork/java/javase/davanls/index.html

a Install IMT and Java Runtime Environment on the PC.
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The Starting Screen of IMT Suite

JMT - Java Modelling Tools v.0.9.1

Project Coordinator: G.Serazzi
izard-based interface for the
DEB am 1 discrete-event simulator JSIM
Politecnico di Milano Textual—»| (@&
2y ™ 1Mwiz A graphical user-friendly interface
bl Colacie " Definition — or the same simulator engine JSIV
i i [ Y
Log?jon : ol on [ Crephical— jh/ For exact and approximate analysis|of
.~ Model - single-class or multiclass product
+ Methods - Definition — _form queuing networks, processing
|_Introduction to T | MVA L Textual—»| [ open, closed or mixed workloads.
e IMVA
| Onine Documentation] Models Analyftical It applies a simulation technique to
_ Mtk mai——r>Solve a single station model with
T R Souton S Ghai e finite (M/M/1/K) or infinite queue
Asymptotic Lty

bounds ABA
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Core Algorithms - JMVA

1 Mean value analysis (MVA)algorithm
Q Fast solution of product-form queueing networks
0 Openmodels: efficient solution in all cases
0 Closedmodels: efficient for models with up to 4-5 classes

J Product-form gueueing networkssolvable by MVA
0 PS/FCFS/LCFS/IS scheduling
Q Identical mean service time for multiclass FCFS
0 Mixed models (open + closed), load-dependent
0 Service at a queue does not depend on the statbafqueues
0O No blocking, finite buffers, priorities
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Model Definition

OO0 Parameters of a modelThe following parameters must be defined

QO Classes with their workload intensities (number of custonié for
closed classes and arrival ratefor open classes)

O Stations (service centers)
O Service demands (or service times and Visits)
a Optional short comment

M JMVA - Product form queueing network solver

.Eile Action Help
O Performance indices (for each station) |© = F[> &« @ | Algorthn: [mva

. . Classes | Stations | Service Demands | at-if | Comment |
0 Stations (service centers) e
D Q u e u e Ie n gth ::f::::f :::::’:zt::lr:ls::: type of classes and number of cusi
0 Th rou g h put classes one by one or define total number at once.

. . '7 - | Name . Type
0 Residence time | Class1 P
a Utilization
QO System power (throughput/response timeehmh class)
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Defining a Class and Stations

[ Class exampleThere are three classes of customers, two closkdraa
open. The third class has the default n&lass3 while the other two classes

have customized names, namé&losedClass andOpenClass
Number of customer of closed class

Classes "‘., Stations .".‘ Service Demands "'.‘ What-if “',‘ Comment ‘.['.

Classes characteristics ARSI Eﬁ Number of Class
Number, customized name, type of classes and number of customers (closed class) or arrival rate (open class).
classes one by one or define total number at once. New Class |

Name Type No. of Customers Arrival Rate (A) .
ﬂmmm -J—ﬁ/ 5 Arival rate of open of

openclass | open v 14 I
Class3 [closed v| @
Class Name

] Stations tab:there’is only one station with default name Statiand there
are three stations with customized names: CPU,IDaskl Disk2. A station
type can be Load Independent, Load Dependent ayDel

*

Name . Type .
1 |CPU | Load Independent - Y
2 |pisk1 | Load Independent v | X
3 |Disk2 | Load Independent v || X
e e SIx
Delay (Infinite Server)

Load Independent
Load Dependent
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Defining Service Demands Tab

0 Service Demands TabEach job of typeClosedClass requires an average
service demand time of 6 sec@BU, 10 sec tdiskl, 8 sec tdisk2 and 2.5 sec
to Sationd. On the other hand, a job of ty@penClassrequires on average 0.1s
of CPU time, 0.3 sec aDiskl time, 0.2 sec oDisk2 time and 0.15 sec of
Sation4 time to be processed by the system.

Classes | Stations = Service Demands | Comment

Service Demands * ClosedClass OpenClass | Class3
Input service demands of each CPU 6.000000 0.100000 4.000006—|
station for each class. Diskl | 10.000000 0.300000 8.000000 : :

. ) ~ J e
If station tyPe is set to "Load Disk2 8.000000 0.200000 7.000000 Service demand tim
Dependent”, you can set values of Stationd 2.500000 0.150000 6.000000

service demands for each number

J Visits Tabs: there is only one station with default name Statiand there are
three stations with customized names: CPU, Diskillxsk2. A station type can
be 1 nad Indenendent. [ .oad Denendent or Delav.

Classes ' Stations |, Service Times = Visits | Comment |

Visits * "_'ClosedClass— OpenClass Class3

Average number of accesses of CPU | 1.000000 1.000000 1.000069\ —

each class to the station, Diski | 1.000000 1.000000  1.000000 Visit number
Disk2 1.000000  1.000000  1.000000

| Station4 1.000000  1,000000  1.000000
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Example of IMVA Technique

A single class closed model with three load ind€jean stations and a delay
service center. Number of population in closeds;lds3. and the service

time and visit for station are given below:

‘ CPU ‘ Disk1l ‘ Disk?2 | Users ‘
Service Times [s] 0.006 0.038 0.030 | 16.000
Visits 101.000 | 60.000 | 40.000 1.000
Step 1: Define Class
Classes characteristics e =

Number, customized name, type of classes and number of customers (closed
class) or arrival rate (open class).
You can add classes one by one or define total number at once.

|

MNew Class

No. of Customers 77
3

—
J

o

Step 2: Stations Tab

Zlasses = Stations "Service Demands | Comment

Name Arrival Rate (\)

ClosedClass

Type
| closed

-

Stations characteristics

Number, customized name and type of stations.

You can add stations one by one or define total number at once.
ll

Name Type

I~z

Number: | 4] 2|

New Station

x| |

1 :&PU 4\. Load Independent - ||

2 |Diski1 | Load Independent -~ [
3 |Diskz | Load Independent ~ || |
4 |Users | Delay (Infinite Server) - |[ X
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Example of IMVA Technique

Step 3: Service time. Step 4: Visits
Classes | Stations ' Service Times ' Visits | Comment Classes \ Stations | Service Times = Visits | Comment |

Service Times * | Closedclass | Visits * | ClosedClass|
Input service times of each station CPU | 0.006000 Average number of accesses of CPU 101.000000
for each dlass. . Diskl | 0.038000 each class to the station, Diski | 60.000000
If station tyPe is set to “Load Disk2 0.030000 Disk2 40.000000
Depg‘udgnt , You can set values of Users 16.000000 " Users | 1.000000
service times for each number of E— —

Result of the Model

Throughput | Queue length | Residence Times | Utilization | Synopsis | . .
For the single-class model, all results in the

Throughput '
L SR columnAggregate are equal to the results in the
ClosedClass column.

s l Aggregate [ Closedclass[
Aggregate| 0.143961  0.143961

CPU | 14.540104 14.540104

Disk1 8.637686  8.637686
Disk2 5.758457  S5.758457

Users | 0.143961  0.143961
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JSIM graph (Simulation - Graphical)

OO0 Main Features
Q Arrival rate: for open classes of customers generated by source stations
O Station service time can be generated according to the following distributions

o Burst (General, Modulated Markov Poisson ProcessHRR), Constant, Erlang, Exponential,
Gamma, Hyperexponential, Normal, Pareto, PoisStudent-T, Uniform

O Queuing discipline: supports First Come First Served, FCFS with priority,
Last Come First Served, LCFS with priority

O Routing of the customers in the network: the path followed by the requests among
the resources can be described either probabilistically or accotalitng following

strategies:

o Fastest service, Least utilization, Load Dependmuting, Random, Round robin, Join the Shortest
Queue, Shortest response time.

0 Other features

O Load dependent service time strategies

Q Fork-and-join stations to model parallelism

O Simulation of complex traffic pattern and service times (e.gstpur
Q Blocking regions (in which the number of customer is limited)

Q What-if analysis (with various control parameters)
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Defining A New Model

O To define a new model the following steps haveaérformed

1.

"o 0N O UAWN

Draw the network (click and drop)
DefineCustomer Classes and select theference Sation for each class

. Set the parameters for each object
. Select the performance indices to be colleaebesyaluated

If needed, insert one or mdfaite Capacity Regions (FCR)

. Choose or change the simulation parameters

Enabléenhat-If Analysisand set its parameters, if required

. Start the simulation

. If an error is detected, click it. Then a windawll be opened which allows

Immediate fix.
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Defining A New Model (Cont'd)

0 Home view of JSIm

B st s vt i T

o | B

4

File Edit Define Solve Help

DB bl | R2e®Widk> n @

hlr"'@{i}*@@m@!#m!@m

'EI Defining Open Classes
Q After adding a class and set its name and pridhgy ty,

i he (‘.Ia_q_q .

azs1 distnbution..

needs to be selected. Go to define tab and seletzin

| AddClass |

Classes Characteristics
Define type, name and parameters for each customer class. Classes: =0

Colo Name Type I Priority Populati... Interarrival Time Distributio } Reference Station |
_ Edit ||
=

Exponential Distribution witih =1

1 Defining Open Classes

Selected Distributiol

Exponen{cmms

f(a) e

isson
Nl
eplayer
en

n: ExEnential j

Q The population size (also referred taNjgs the parameter that characterizes a
Cokr Name | Type  Priority|Popuation] Arrival Time Distribution| | Reference Station |

B Cosst [CCosed w] o0 4 e serverd ]34
O A Reference Station for the classst be selected from the Reference

closed class

Station menu
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Performance Indices

OO0 Number of Customers (of a station)

O Queue Time (of a station)

0 Residence Time

0 Response Time (of a station)

0 Response Time per Sink

O Utilization (of a station)

O Throughput (of a station)

O Throughput per Sink

O System Throughput [X] (of the entire system)

O System Response Time [R](of the entire system)
O System Number of Customers (of the entire system)
O System Power (at system and per-class levels):
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Example:

 The previous exampleThe users delay station represents user’s think
time (£ = 16s) between the interactions with the system.
Step 1:Draw the graph Step 2: Define customer class and

5 edit station properties.
“’{ ] Station Name: VU:er;
Diskl

Users Parameters Definiton
Users

Y

Service Section ’-Routing Section

Number of Servers

—T> ’ \-)_ Number;

CPU Service Time Distributions
M Class | Strategy | Service Time Distribution |
» ] | ||& Class0 Load Independent v, exp(0.062) Edit
e The Users properties window

Station Name: |Users e = -
: g Editing Class0 distribution... =5

“Users Parameters Definiton

§ 3 Selected Distrib t'on:’E onential -
Service Section | Routing Section ek AL EPONEN ]

Set the value of all class for user R || Exponential [exp(A)]:
4 F(x) = e A=

Service Time Distributions

Class Az |0.0625

Set the user delay as mean value, 16— | SEE=immmmm—s"

\_

e
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Routing Section

O As there are 3 outgoing links fro8PU, each job’s probability to choose one of the paths

needs to be set. This is done by setting the probabilitiesski, Disk2 andUsers as 60,
40 and 1 respectively.

| E'%Y 98 Editing CPU Properties.. - - e
D §Station Name | Setting the probabilities (ar
I et 0 | the visits) for the output of
~CPU Parameters Definiton - | the CPU Statlon
/ Queue Section | Service Section ':' Routing Section
Routing Strategies i Description
Class 1 Routing Strategy | It is possible to define the routing

probability for each connected
station. If the sum of the
probabilities is different from 1,

all the values will be scaled to
sum 1

Routing Options

Destination |_E|_'_cﬂ€bility I

Diskl 60.0
Disk2 40.0 ,
Users 10 |

L Need to set the routing strategy for all stations.

College of Software
# 16
SungKyunKwan University Hee Yong Youn



Define the Performance Indices

O In Example 1 the following indices are studied
O Queuelength [jobs] (for CPU, Diskl, Disk2, Users and the global Sygtem
Q Throughput [jobs/sec] (for CPU, Disk1, Disk2, Users and the System)
O Residencetime[sec] (for CPU, Diskl, Disk2, Users and the System)
a Utilization (for CPU, Diskl, Disk2 and Users).

O The following operations are required

a Select Queue Length: Click on ‘Add selected index’ for four
times. Change State/Region of these Indic&3Rid, Diskl,
Disk2 andUsers.

0 Repeat forThroughput, Residence time, Utilization.

Performance Indices System Response Time ~

Define system performance indices to be collected and plotted by the simulation engine. { Add selected index |
Performance Index Class | Station/Region Confidence Interval(0-1) Max Relative Error(0-1) 7 I

Queue Length --- All Classes w| = CPU v 0.9 0.1 X

Queue Length --- All Classes || = Diskl v 0.9 0.1 X,

Queue Length --- All Classes --- ¥ || = Disk2 - 0.9 0.1/ X

Queue Length --- All Classes || & Users - 0.9 0.1/ X

Throughput --- All Classes w|| = CPU = 0.9 0.1/ X
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Run the Simulation

Press » from the toolbar:

;{ - | Color define the layout of the model with
the percentage of utilization and queue
length

Users

CPU

—

Disk2

Average number of customer each second
Simulation Result /

l(’ Simulation Results.. e - ) == 2K
/ Queue Length | Residence Time | Utilization | Throughput | Systerm Response Time | Sys}/em Throughput | Custormer Number ',
Queue Length
Average number of customers for each chosen class at each chosen station.
. 1 0.107 | =
Station Name: CPU | Class Name: |-- Al -- J g i
Confint/Max Rel.Err: (0.9 /0.1 ‘ Analyzed samples: (163840 I 0.072
Min: 0.0818 | Max: 0.0es8 | 0.054
. . " 0.036
Average value: 0.0883 | 4 rt Measure | 0018
...................................... s i i e S e 0.000
interval (red lines) and the requested maximum relative error o 1 = 3 4 5 6 s
Station Name: -Diskl J Class Name: --- All -- J 2510; —
- ) = = 4
ConfInt/Max Rel.Err: (0.9 /0.1 ‘ Anabyzed samples: (163840 I 0.335
@ Min: [0.3754 | Max: [0.4464 | 0251
. " 0.167
Average value: 0.4109 | LA t Measure | 0084
interval (red lines) and the requested maxlmum relative error D'DODO 1 2 3 4 5 6 s
~ |
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JMCH (Markov Chain)

O JMCH provides a graphical representation of theestaf the Markov
Chain corresponding to a single station model

0 The type of station can be modified later by using the menu item
‘Queue -Change station type’
O M/M/1: 1 server and infinite queue size
O M/M/1/k: 1 server and finite queue sixe,
a M/M/c: c servers (homogeneous) and infinite queue size
a M/M/c/k: c servers (homogeneous) and finite queue &ize,

O It is possible to change the arrival ratend service tim& of the station
at simulation run time

O If the model is of limited capacity, the size of the queue can also be
changed dynamically
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Start the JMCH Solver

0 JMCH start screen

;jm{ - Markov Chain M/M/1 Station
Queue  Settings Help

Simulation Parameters

Avg. Arrival Rate (lambda) = 0.50 cust./s Avg. Service Time S = 1.90 s
0.00 0.25 0.50 0.75 1.00 0.00 0.50 1.00 1.50 2.00

Simulation Results

Avg. Cust. in Station (Queue + Service) N = 19.00 cust. Avg. Utilization (Sum of all Servers) U = 0.95
Avg. Throughput X =0.50 cust./s Avg. Response Time R = 38.00 s

States ' Log |

= Select The Station Type

s 3 (® M{Mj1 Station, 1 Server S =Ban

- probability T ol s
B cueue . @ () MjM{1/k Finite Capacity Station, 1 Server o O
) MfMjc Station, c Servers

.current state
3 2 1 .

executing cust. :0, residual time: 0ms

) MfMjcfk Finite Capacity Station, c Servers

Legenda

- current gueue
. dropped customer
- avg.utilization

cust. in the station:0 change 'icwl
Simulation time Customenrs
Time X50.00
- eV ' total customer arrived: 0
real time Faster fastest
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Select a Station Type and Simulate
The queue siz& can be set dynamically while the simulatipn

® MjM]1 Station, 1 Server IS running. The minimum value dfis 2.
{1 MiML K Finite Capacity Station, 1 Servss*/
[ MIM/c Station, c Servers . . .

M/t e e B > 1 1€ numbe_lc of the servers should be set Wlth this _dla 0g
box, and it cannot be changed dynamically while {the
simulation is running.

Enter

\ The numberc of the servers should be set with this dialog
box, and it cannot be changed dynamically while [the
simulation is running. The queue size can be set
dynamically while the simulation is running.

U To start the simulation, user needs to ‘Press Start’ button, esipgeStart the dialog’

oy ; . of cust. to simul _y : - -
If ‘Unlimited’ is selected, the simulation must

Select how many customer / . .
? mmntm;M be stopped manually. Otherwise, it runs foreyer.

® Unlimite

) Limked (Type ) R If ‘Limited’ is selected, the simulation runs for

| Log file ) .
- the given number of customers.
er
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Input Parameters

O /. Average arrival rate, the distribution of interiaal times is
exponential with mean/4

[0 S Average service time for each customer, the \wafire exponentially
distributed

O k Maximum station size: the maximum number of costs allowed
In the station | Arrival rate Service time k

Queue Settings Help

Simulation Parameters
Avg. Arrival Rate (lambda) = 0.50 cust./s Avg. Service Time S = 1.90 s Max Station Capacity k/= 16 cust.

: < T / 3 =" :
0.00 0.25 0.50 0.75 100 0.00 0.50 1.00 1.50 200 2 7 12 17 22 27 32
Simulation Results

Avg. Cust. in Station (Queue + Service) N = 6.78 cust. Avg. Utilization (Sum of All Servers) U = 0.91

Avg. Throughput X =0.48 cust./s Avg. Response Time R = 14.10 s

States "'i‘ Log |

0. 085 0. 081 0. (ITT 0. 073 0. 069 0. 066 0. 063 I) ooo

_ BcgcBcBcBcBclnge

K~ K__-7 K_7TK_STORK_STORKR_STRK S RS

D probability

. queue

. current state
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Performance Indicies

Mean number of customersin the station
Throughput

Utilization

Mean response time

Probability of the states of the Markov Chain

\

akrwdpE

Queue Settings Help \

Simulation Parameters
Avg. Arrival Rate (lambda) = 0.50 cust./s Avg. Service Time S = 1.90s Max Station Capacity k = 16 cust.

i {_Jl \ 1 [ O I {_} 1
' N
0.00 0.25 0.50 \ 0.75 100 0.0 0.50 1.00 1.50 200 2 7 12 17 2 27 32

FSimulation Results
Avg. Cust. in Station (Queue + Service) N = 6.78 cust. Avg. Utilization (Sum of All Servers) U = 0.91
| Avg. Throughput X =0.48 cust./s Avg. Response Time R = 14.10 s

States ", Log |
Legenda

0. 085 0. 081 0. nn 0. 013 0. 069 0. IIGG 0. 063 0 000

el ScBcBcBcBcBcBREe
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Conclusion

- Analysis with Java Modelling Tools (http://imt.sf.net)

O Queueing network simulation
O Bottleneck identification

O Workload analysis

O Mean value analysis

J Manual can be found on online from the link below
a http://imt.sourceforge.net/JSIMqg.html
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