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Java Modelling Tools

¢ Simulation and analysis of queueing networks.

e Project started in 2002 at Politecnico di Milano, since
2010 co-developed at Imperial.
e JMT is open source: GPL v2,
« Medium-size project: ~1,000 classes

« JAR, source code and maven build files (pom.xml)
http://jmt.sourceforge.net/Download.html

¢ Good diffusion (59k downloads, mostly from the US)

e Community interaction mainly through
o Bug reports
« Feature requests

« Templates



Supported models

e Queueing Systems

e Queueing Networks (QN)
o Product-form
« Extended (fork/join, blocking, priorities, ...)

e Petri Nets (PN)
+ Stochastic Petri Nets (SPN)
+ Generalized Stochastic Petri Nets (GSPN)
» Coloured Petri Nets (CPN)

e Queueing Petri Nets (QPNs)



Who uses JIMT?

. JMT is for PE practice, teaching, and research

. Several university courses worldwide (tell us!)

. Supporting materials available on website

Project Coordinator: G.Serazzi

Imperial College
London

. Java Modelling Tools

Manuals & Books

» Java Modelling Tools - Users manual
v.0.9.1, 181 pp., Oct. 22th 2013 (Manual)

+ 3.5erazzi Ed
Performance Evaluation Modelling with JMT: learning by examples
Politacnice di Milano - DEI. TR 2008.09, 386pp.. June 2008 (Book)

Tutorials

+« G.Casale, G.Serazzi
Quantitative System Evaluation with Java Modeiling Tools
2nd ACM/SPEC Iintermational Conferance on Performance Engineenng (ICPE), March 2011, Karisruhe, Garman

Papers

» M Berioli, G .Casale, G.Serazzi
JMT. parformance engineering fools for system modaling.
ACM SIGMETRICS Performance Evaluation Review, Volume 38 Issue 4, New York, US, March 2008, 10-15, Al

» M Berioli, G.Casale, G.Serazzi
User-Friendly Approach o Capacily Planning Studies with Java Modelling Tools.
Int] ICST Conf. on Simulation Tools and Techniques, SIMUTools 2009, Rome, italy, 2009, ACM press. (Aniclg)



JMT Start Screen

Project Coordinators: G.Casale, G.Serazzi

DEIB
L-gPnl] Politecnico di Milano
RIS Italy
Bk, 2

Imperial College
London

Introduction to JMT

Online Documentation

Credits -

JMT - Java Modelling Tools v.1.0.2

JMT - Java Modelling Tools v.1.0.2

Simulation

»  Methods

Models Analytical

Workload
Analysis

-

MVA

exact
appraximate

Solution

Asymptotic
bounds

Textual

Maodel
Definition

Graphical

Model
Definition

Textual

Markov
Chain

%

— Simulator

S B8

>
>

S




JSIMgraph: QN & PN simulation

J5IMgraph - Graphical Q ing Netwo nulator - 5jAS04Model BAS-| e

File Edit Define 5Solve Help
Dr B % OB | &Y > na@Ee|T
NEEEEE T REREFNIEIEE:




IDeEE %D B X |2 =Y W > o J0|g®@
Templates NEREEEXL BN R

Add/See Available Tem

Site: JMT Off,

Name
B = JMT Official Site

B & ntranet

plates
3tier_Intranet

The routing probabilities are the same for all stations of each tier

X

"Model layout

This template generates an intranet wi
(for the data management).

The number of service stations (that ¢
If the classes of workload have alread
A limit to the number of customers in
may change all the parameters as neec

Name of the service centers presSewer

. -
Number of service centers | 1/,
. 2
Number of processors per service center| 1/

Mean service time per class (same for all stations):

Presentation Tier Application Tier Data Tier

B Three Tier Intrane
B = ParaIIEI Computatior presServer 1 appServer 1 storageServer 1

D Para"e' Router 1 Router 2 Router 3 Router 4
= = System Componen. ’ ’

presserver n appsServer n storageServer n
[ Ceph
[ RAID " Presentation tier rApplication tier

Name of the service centers |appServer

. =
Number of service centers EB

. a
Number of processors per service center ,

Mean service time per class (same for all stations):

Add/Use templates Class1 1 % Class1 1 '%
| Add/Seei| pata tier Finite Capacity Region
Template | Version ) . By
— o Name of the service centers ‘storageSer\fer Max number of customers in the Intranet (-1 = infinite)

Three Tier Intranet

Number of service centers | 1/,
Number of processors per service center

-

Mean service time per class (same for all stations):

Class1 1

1

£

Insert




JSIMwiz: wizard-based user interface

JSIMwiz - Queue Metwork Models Simulator - xml_code_1,jsimw

]

File Action Simulation Define Help
- 7y 5
Dl > 0 a|E|e
Classes | Stations 1,] Connections  Station Parameters | Performance Indices | Reference Stations IIL Finite Capacity Regions | Simulation | What-if analysis |
Station Parameters
For each station in the list, define the requested parameters
5} Source | -Station1 Parameters Definiton
# Sink Queue Section | Service Section | Routing Section !
e Stationl | Capacity Queue Policy
Station queue policy: | Naon-preemptive Scheduling -
Class | Queue Policy | Drop Rule |
& infinite & Classt FCFS v|
# Simulation Results - xml_code_1.jsimw ==
Mumber of Custnmzrsll
Number of Customers
Average number of customers for each chosen class at each chosen station.
Ol Station Name: Stationl Class Name: Classl : 12,567,
A\
Conf Int/Max Rel.Err: 009 /0,03 Analyzed samples: 5898240 LT R —
: 8.969 R e |
Min: 8573 Max: 9.090 d
TATS|
max no. customers ] Average value: 8831 5181
(queuesservice) | '
| | 3587
Hide instantaneous values | 79
1 4
Click on green bars to see the simulation time, the sample average (blue), and the 2000
sample values (green). TUno0® 18 27 3B
1046
1 Simulation Complete (Time Elapsec

_cBack_ N.Bcti_ Sul\.rel Cancel
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JSIMengine: discrete-event simulator

e Simulation components defined by 3 sections

@& IO

________________________________
Input Service utput Job Service,
Section Section Secmn_l I_Sgun::e Tunnel +RD”E'_I I—Queue—l—ﬁewer—l—ﬁnumr_l
component sections external arrivals queuelng station
(open class)

e Discrete-event simulation of section messaging

AN A.SRY AQUT BIN

job (delay:0) serve
EE: job (delay:21)
admit
route
job (delay:0) job (delay:0)

TR Ske LEiOE=CON
ack (delay:0) ack (delay:0) ack (delay:0)
e e = —————— e ————————— ==
+ complete < T T
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JSIMengine: JMT architecture

(also stores results)
4

|
CLI /XML ............
JABA, IMVA, JWAT m JSIMgraph « ‘

XSLT
R YML L?tadtus
“XSLT pdate

T Y
) [

JMT framework JSIMengine

XML
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JMVA: analytical solver

e Analysis of product-form queueing networks

e Several exact and approximate algorithms
« Exact MVA « Normalizing constant

e Reiser & Lavenberg O(NR)  ® RECAL  O(N")
e Load-dependent  O(N2®) ¢ CoMoM  O(NlogN)

o Approximate MVA 0(1)

e Chow
e Bard-Schweitzer .
Wele N: jobs
e AQL .
. . M: stations
e Linearizer

e De Souza-Muntz R: classes

13



JMVA: model parameterization

JMVA - Product form queueing network solver

ESEACIE X

File Action Help

O = ‘} *‘:ﬁ@

Algorithm: | MVA

-

Service Demands

Input service demands of each station
and class.

If the station is "Load Dependent” you
can set the service dernands for each
number of custemers by double-click
on "LD Settings...” button,

Press "Service Tirmes and Visits"
button to enter zervice times and
vizits instead of service demands.

Classes \ Stations Service Demands\ Reference Station \ What-if \ Comment \

* Class1 Class2
Storaael 20.000000 90.000000
Storaae? 80.000000 30.000000
Storaae3 31.000000 33.000000

AnnlServerT 14.000000 20.000000
AnplServer? 23.000000 14.000000
_WehServer | 12.000000 7.000000

14



JMVA: solutions

WA JMVA Solutions - MVA = B

Synopsis |
Throughput | Number of Customers | Residence Times :'.I System Response Time '|thilizati0n | System Power |

Utilization
Litilization of a customer class at the selected station. The utilization of a delay station is the average number of customers in the station (it may be greater than 1)

| - ._ Aggregate Class1 Class2

Storacel | 0999999 0181818  0.818181 Sm————
_Storace? |  1.000000 0727273  0.272727
_Storane3 | 0.581818 0.281818 0.300000

AoplServe.| 0309091 0127273  0.181818

AnnlServe.! 0336364 0.209091  0.127273
WebServer! 0172727 0109091  0.063636

o
o
o

File Action Het Choice of solution algorithm

o
-
o
S

O ‘} ﬁ?ﬁ%@‘ﬁllgorithm:

Classes \ Stations \ Service Times

What-if analysis

Select a control parareter if you v
madels with its values changing ir
The performance indices will be sl

Bard-Schweitzer
AQL
Linearizer

15



JABA: bottleneck identification

Sk bottlenecks ‘
1.000
)
Storagez
Common saturation sector
0.r2r
Storage
Storage
E Y E
Fraction of class 2 jobs that — Storage
Gl saturate two resources concur%rently
5 0.273 5 1.000° Class? %
0.00o0 0818

16



JABA: bottl

eneck identification

e 3-class model

/Service demands of class 2

Class/
Storage] .. .
oo | Styeeel.
*
80 | \
M.
70 :
B0 -
50 -
40 -
StﬂraEEa . i
. StorageZ2
30 -
Appls 1
2':' - F'E erger
ApplServe2
1':' E WebServer
L ]
EEEEEEEEL ]

Service demands of class 1 17



JMCH: Markov chain animation

= jMCH - Markov Chain

Queue  Setkings  Help

Simulaton Parameters

Avg. Arrival Rate (1): 2,19 job/s

Avg. Service Time (S5): 0,43 s Buffer Size: 16 jobs

S(=1E

Simulation ime

Time xSEI 1]1]

0.0 0.5 1.0 1.5 2.0 2.5 3.0 0 0,114 0,228 0,342 IJ,.":S?I:I c 10 i5 =0
Simulaton Results
Avg. Queue Lenght {Q): 6,78 jobs Avg. Utilization (U): 0,95
Avqg. Throughput: 0,78 job/s Avg. Response Time (R): 8,68 s
States | Log |
0. 035 0. 031 0. IH'? 0. 0?3 0. 069 0. ﬂﬁﬁ 0. 063 0.000
[ probavitity ~
e 9 @ © © © @ G .. O
.r.:urrent state
1]
w
.current queue
. L e o] o ] 1 R N R
. aviy.utilization
executing job:14, busy time: 3%90ms
Jobs in the system: 6 change view

Jobs

[ |. .l

real time fasker

' tot.jobs arrived: 19

fastest

| skap || pause

18



JWAT: workload characterization

File Action Help Column-Oriented Log File

[ B » 2
Main panel  Input ..",' Statistics \l'-. Clustering x'l Clustering Information 1-,'

— [Input file
b 3o

Inputs
Define a new input format or cpen a saved format Specify Format K | iD:\ws-measurem.txt

Selecti Mame | Type | Comment | SM,PEHS Reg. Exp. . ; r File information
vl Variable( Num... ¥|Response Flight Reserv. ([+-I11d+([.]\d... NUFﬂbEF of observations: 15240
[w] WVariablel |Num... *|Response Travel Agency 1 ([+-D7d+ ([ ]\d.. File name: ws-measurem.bit

[w Variable 2 &Jum... "'_E Response Travel Agency 2 ([+-1"d+([.]nd... [ File format
Load saved format Save format

| khws-measurem ﬂuatform at
v

Loading Complete “Work mpling method-
Choose fampling method

2 % observations processed: 15240 ! Com pl'éte file

. # correct observations 15240 Loadln-g size options—
To see errors press Show Log

[Continue]| | show Log | [ Cancel Data Format

Templates

| For filtering on variable see next step

| < Back| [ Next> || S0 | [ Edt] | Help | Load Data




JWAT: workload characterization

Wit JWAT - Workload Analysis - Bl | %
File  Action Help
CmE > @
Main panel N'l,l Input Staﬁsﬁﬁ‘l\ Clusﬁeringw'l,l Clustering Infurmatiun‘l,l Scatter plots
Un'war'tate\ll Sample Cunstruct'r::-n"l,l E!-ivariatew'l,l QQ-plot Matrbc‘l,l Scattef plot Matrixﬁ'l,l
Univariate statistics c=std. dev. /mean
This panel shmtiﬂics and graphs
Yaria bM | Mean ‘T\ Variance | Std. D‘E‘I.l'/| Coeff. of var. | \innimum | Maxirmum | Range | Median | Kurtosis |

Variable O&6.580E0 012.198E4 30384201 314.347E-2 2004000E-2 302.900E2 302.880E2 328.000E0 426.838E-1

011.325E0

Variable 2 8.850E4 264.358H1 200.081E-2 JO0OE-2 - 250.140F2 250.130E2 304.000E0 576.731E-1

|£| Variable 1 frequencies graph (2= A=
4 3 H' t | b
#10 Istogram
'va i T T T T T T T _'Grapl'h
sl I
< = Frequencies -Plot
@ 1.0 « |6 1 QQ-Plot |
S0Ar . \
% m }:1 < T T T T T T T
gn.ﬁ ii Hyper-Exp | 1.01 i
[ =osf (c>1) |
a5tk . . . 4
0.2[r
Transfg)| 000 . | | : . . 0.0 P | 1 | .
¥10
40 1 2 3 4 5 o 1 7 3 4 5 B
| vatiable Variable 1 x10°
‘Next > | | Solve | | Bit| | Help |

20
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Hands-on activity: M/M/1

e Arrival rate: A=0.5 job/s (Exponential)
e Service rate: u=1.00 job/s (Exponential)
e Goal: verify u=> A property

i JSIMgraph - Graphical Queueing Network and Petri Net Simulator

File Edit Define Solve Help

% O I x{|¢r§$$@ T el | > 11 Ja|ﬁ@|T

@Iﬁ-@{ﬂ#@'@ SERON | ~HE ¥

u
N
a,
ey
......
"y
-._
-._.,

.............................
. 2,

e,
"y
.
......
.....
LN
.
LN

. . . L% . . . . . . s . T

L
LN
L

........... [ o
e W
1 . - ~al

= O e
S.Durce"l QUEUE.I ..... 5 Ink"l .........
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« ey o E[en B X(@e® P> 1@ Ee|T
ClaSS def|n|t|0n IX][Ele®F »@Q=SER@O0 | ~M| @ -F

e Open, closed, and mixed workloads

e Priorities and reference stations

e )
Define customer classes @

Classes Characteristics | Add Class |
Define type (Open or Closed), name and parameters for each customer class. - =
Closed Classes: If a ClassSwitch is in the model, then all the closed classes must have the same reference station. Classes: 2/~

Open Classes: An open class that has Fork, ClassSwitch, Scaler or Transition as the reference station is not generated by any Source.
Priorities: A larger value implies a higher priority.

Color | Mame Type | Priority | Population | Interarrival Time Distribution Reference Station |

- ClassD & Open - 0 exp(5) Edit &l Source0 -

x
- Class2 L Closed = ] 10 ¥ Delay1 -

23



Arrival distribution

3000

2500

N

2000

1500

1000

incoming requests / 15 m

900

Mon

2% Editing Class1 Service Time Distribution...

X

Selected Distribution: |Burst (MMPP2)

-

Markov-Modulated Poisson Process:

[mmpp2(io, M, Go, o1)]
Go

AD: (12

A1:10.0872

00: |0.0098

o1:0.0008

OK

Cancel

24



Queue section

e Non-preemptive scheduling: FCFS, LCFS, RAND,
SJF, LJF, SEPT, LEPT, HOL (FCFS priority)

e Preemptive scheduling: PS, GPS, DPS

% Editing Queue 1 Properties...

Station Name

Station Name: |(OIVEVEN!

Queue 1 Parameters Definiton

Queue Section \ Service Section\ Routing Section\

Capacity Queue Policy
Station queue policy: |Preemptive Scheduling
® |Infinite
Class Queue Policy Drop Rule Service Weight
. Buffer size .| ||C Class1 PS
:,:'.'::3' Finite “"_‘Lf Class2 PS

“.Max no. customers ikl
(queue+service) .

‘e

. .
N .
'''''
------
-------------------




Service section

Queue Section

s —
Service Section

o
°,

o
.
.
0 .
--------
----------------

£

)i:RDuting Sectiun\

e
3
.,
.
o,

Service Time Distributions

0 *
s .
0 .
------------
------------

.
-----------
.

-
.
.
-

1 I

— | Ser?"i.ce Time Distribution
0'25‘ o exact \ @il oad Dependent Service Stra... e Edit
—fitted function dexpidsy 0000 i
0ol Edit
Strategy... X
Add Range
nge of number of jobs inside the station. Mean
0 . : wpression, as a function of the current value of 'n’' . 2=
0 5 10 15 Ranges:
queue-length
n Mean C
0|Exponential 3 2

X

26



Service time distribution

7

1.5}

0.5

2P Editing Class2 Service Time Distribution...

Selected Distribution: |[Exponential -
EXP OnNenepyst (mmper2)

fz)

probability density function: f{(x)=4 exp{(-A x)

Burst (General)

Coxian
Deterministic
Erlang

:10.5

Gamma

Hyperexponential

Normal

E Pareto E

------- External trace

Replayer

Service time X

Uniform

10
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Perf. Indices

lorElvoe x| 2@)P s> na@Eo|T
NEEEEE L RO IEL

e 19 types of performance indices

+ Utilization, residence time, response time
« Throughput, firing rates, drop rates, ...

e Granularity: system, station, class, mode, sink

i Define performance indices

K
Performance Indices
Define performance indices to be collected and plotted by the simulation engine, ---Select an index--- -
Performance Index Class/Mode Station/Region Stat.Res. Conf.Int. Max Rel.Err.

-—- All Classes ... :| Queue _| X

--- All Classes ---

¢ Class1

¢ Class2

28



lorEvnn x| 2P O (@ o|T

Sim. Results RE+B8 @0 ~<SEQO[0|~E £

¥ Simulation Results...

System Number of Customers performance indices
Average customer number for each chosen class. confidence interval
Station Name: -- Netwo Class Name: o R . N, '
............... 8.334 =2
Conf.Int/Max Rel.Err:  0.95 / 0. Analyzed sampless 15E||:|[ ‘:jE.T“IE =
A 9.084
Min: 8.3130  Max: Q.EEIEI 7 ART . .
: transient duration
Average value: 8.7567 | T B.845
“““““““ £.223
,,,,,,,,,, 5.600{™-
@ Simulator failed to ccrmpute this measure with the specified confidence rnterual and maximum relative error
the number of e 4,386
samples needed is 3.734 .
greater than the i ] H'étp ..........
max allowed m@g ‘.ﬂF|@| > Il W ("f'@ @
actual sim. parameters - DO - | @ . default values
Simulator failed to compute this measure with the i) of parameters
specified confidence interval and maximum relative error 0. DDDIII T & o op 0 on 1 o 2a

29




Statistical analysis

e Automated (overridable) simulation stop

@ < P[relative error <

confidence level e
S0 Editing Defamm

\ \ 30

maximum
relative error

~Simulation parameters \\ \
ﬂ Infinite Confidence Interval Measure (0-1): \ \ 0.99|i|
\
I - . v 1 | il Fax Relative Error Measure (0-1): | ! 0.03 | il
JsIMgraph - Advanced queueing network design tool - / - ' e
File  Edit Solve  Help / '| Simulation seed: 23,000 (= [v] Random
- - = —_— —/ . \
= 0 TH | i, | /'1’ Maximum duration (sec): Infinite T
O r- s Customer claszes... g \" 7 | |i|
| e - Maxirnum number of samples: 1,000,000
h | El 1 |E Performance indices... e/ ‘-E .
/

=~ E. ,
 Simulation parameters...

_ S traditional control
WY What-if analysis.. L parameters

-,'Lf: Default parameters...

| Define default value of model's parameters '

30



Transient filtering

e Intelligent filtering of simulation data

» R5 heuristics, spectral analysis, MSER-5 rule, ...

[Spratt, M.S. Thesis, 1998]
/

. e -
Transient { init \/: » collect samples 4/
v . ¥ .
apply MSER-5 no

» collect samples
rule

no
/‘I“m
~~maxsamples~_, o .~ R5heurstic™. -~ tuncation g ,q:-f'inax samples‘“},
~._analysed? ~._verified? -~ ~._pointok? -~ ~.analysed? -
yes yes yes yes
_ ¥ _ ¥ . = ¥
"'/aborl eslimationm"' discard sequence et ( abort estimation\'
|I |I - ! |
N L q |unstationary data | N A

(" apply 5":|::-e_c:tra‘;|I_"\.I

. analysis xﬂ\
_ | _ \ (Steady State)
[Pawlikowski, CSUR, 1990] [Heidelberger&Welch, CACM, 1981]
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Detailed statistical results

e Response time percentiles, buffer overflow
probability, departure process moments, ...

Performance Indices

Define performance indices to be collected and plotted by the simulaticn engine.

---Select an index---

N\
Performance Index Class/Mode Station/Region 4 Stat.F{es.\ Conf.Int. Max Rel.Err.
Response Time --- All Classes ... ¥| ** Queue 1 3 0.99 0.03
|4: | MM1_Number of Customers =srEl X
Measures : E:s'—
Mean: 4.2661 Variance: 11.0125 0.14]
0147 {
Standard Deviation: 3.3185 Coefficient of Variation:/0.7779 013
013}
Skewness: 0.4442 Kurtosis: -0.9469 n1z
'RET
Moments E:u |
First Moment:  4.2661 Second Moment: 29.2121 il

Third Moment :|234.8163

Fourth Moment: |2059.7804

noE
oo

o | - 1
n&’lﬁ] 065 130 194 255 324 389 453 S8 583 648 Ta2

Bounds a u;i
Min Value: 0.0000 Max Value: 9.7153 E::
Min Simulation Time: 0.0670 Max Simulation Time; 227165.4694 g:j
No. of Discarded Samples: 5 2 ;i
9 .07
Filter analyzed samples 0.0z
Based on number of samples'® Based on simulation time gg
Initial simulation time: 0.0000
Final simulation time: 227165.4694

Progress Status

T deomges

TIT B4 80T ar:

32
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Loggers

NEEEE - elE e

Simulation events can be traced in CSV files

r WorkerThreads -

‘logger
5 .. regamive i AppISﬂvEFCPUS : Database
. Think Tirmpe . .. . . . . Load context
logger
g \ g : { .
N N :
. req leave.
job id (same throughout
global.csv simulation)

req arrive;8.00942 0010041264 ransactional workload;;;
req leave;B.B217557654334812 ;25962 TFansactional workload;;;
req arrive;0.8310832734664243056;253498;Transactional workload;;;
req leave;B.84915995332009814 ;253498 Transactio workload;;;
req arrive;;B.87727161520772474 ;253542 ;Transackional workload;;;

job class

LOGGERHAME ; TIMESTAMP ;JI]E_IDTEHFIHHIUFIL_SFIMEELFISS s INTERARRIVAL _AHYCLASS ;SIMUL_START_TIME

33
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Routing section or ....

e Probabilistic routing

e State-dependent routing: JSQ, SRT, LU, FS
e Load-dependent probabilistic routing

Queue Section\Service Section Routing Section\

"Routing Strategies

Class Routing Strategy

¢ Class1 Random =

cCes2 [

Round Robin

Probabilities

Join the Shortest Queue (JSQ)
Shortest Response Time

“Description

Jobs are routed randomly
to stations connected to
the current one. All routes
have the same probability
to be selected.

"Routing Options
No options available for
this routing strategy

Least Utilization

Fastest Service

Load Dependent Routing

35
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.. router node Ls.@r 000 000 @ - -

e Router node also allows to specify routing
« Applies policy across multiple input queues
« Same policies as routing section




Hands-on activity: load balancing

e We add two queues to the M/M/1 model.

e Goal: compare round-robin and probabilistic
load-balancing

37



Blocking after service

J: Editing Server Properties...
Station Name

Station Mame: |Server

-Server Parameters Definiton

Capacity

Queue Section "'. Service Section ‘1 Routing Section ‘1

Queue Policy

Station queue policy: |Non-preemptive Scheduling -

-------
“““““

station with fir
’0
i finite
max num.customers: Sl

) infinite Class Queue Policy Drop Rule
BAS blocking -

nite capacity

selection of the
BAS policy

IIIII
............
"y
L]
L4
L4

max number of requests
in the station

Waiting Queue (no dro
AT [ 9

Drop

BAS policy:
requests are blocked in the
sender station when the max
capacity of the receiver
is reached
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Hands-on activity: bottleneck switch

e Analysis of bottleneck switch

e Measure: Number of Customers
¢ Demands: Queue 1: 10, 5; Queue 2:5, 9

© Quedel - Quete? =

What-if Analysis

R *&1{ ------- . .| 28 Define What-if analysis parameters

Define the type of What-If analysis to be performed and modify pararmeter options,

WARNING:

Enabling What-If analysis will disable all statistical outputs.

Parameter selection for the control of repeated executions

Type of population mix

Initial B: | e
Final B: | e
Steps (n. o... | 11
Class: IClass1 v

Population mix ~

Description

This type of analysis is available
other open classes) and it appli

Repeat the simulation changing
keeping constant the total num

40
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R][5le®F »@P-<SER@OD || @ -E

What-If analysis

e Perform repeated executions automatically
S

8 Define What-if analysis parameters

What-if analysis = i 3
| Define the type of what-if anakysis to be performed and modify parameter options, ¥ Enable what-if anal;.rsls
WARNING : Enabling What-If Analysis will disable all Statistical Outputs.

Parameter selection for the control of repeated executions

Type of arrival rate growth

@ Change arrival rates of all open dlasses simulation with different arrival rate for =~

CTe S 5E5.

= Change the arrival rate of one open class ¥ SIN0AN OO imterval range
From (%e): |
To (9%): [ 150k
O —
Class: LAl anen ca
10 JSIM
invocations

DD 4% 1100 135 A3 4135 135 135 180 145 153
Pt bbwpen assumed senae bma Bl VWeb Senair 1 and he el ond %] e
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JMVA: What-If

yalil

Throughput
o P =

=
oo
T

0.2r1

0.0

0'
Q
o
o

0.0181 job/ms

class 1

Common
Saturation
Sector
| | s

0.0

0.1

N2 03 04 05 0B
Fopulation mix @i for Class?

Throughput

0.7 08 049

¥10

ak}

| class 1

Common
Saturation
Sector

-

S
.
.
.
-
-----------
s

system

equiload

class 2

02 03 04 05 08
Fopulation mix @i far Class

Response times

0.7 08 049
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Activity 4:
Capacity constraints
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FCR definition R E®f +00=em@0 [ ~@o

. Thread limits via finite capacity regions (FCRs)

J: JSIMgraph - Advanced queueing network design tool - cs4

File Edit Define Solve Help
DB (YD B | 2P R > nnd Lo
R EeSE 2@k WD -E

Suy
—

stepl- selectthe e step 2 —set the FCR
components 1 T
| of the FCR N A : ™ |
I | P

(Clients | SerycPY

region with constrained
. number of .customers

_____________—-.-__________l

E AL )HAI J.
C“?ﬂtﬂ ServCPU . . : SEWH'D : . 5IFI|(|:| .

__________________________
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FCR parameters

. Capacity constraints: total, per-class, per-group

. Memory constraints: jobs have sizes and must fit

Editing FCRegionl Properties... @
" Global Properties of FCRegionl '
Region Name: -__FCREE!iUnl Global jOb capacity
REcRN Canacitle .' .................................................. > lﬂ:| | Infinite
Region Memory Size: | Global memory capacity ... » 15/%] [[] Infinite
Region Groups: =1 7] Enable
~ Specific Properties of FCRegionl -
Class Specific | Group Specific | Memory ca.?aCIty Job Size
| Class | Capacity | e | Me.ﬁ’rqg Sze | e | Drop | Weight | 4 Size
& Classl 2 [ 3 O true vl . 1
< Class2 Atl L] 5 L] true 4 v 2
OCess ‘6 O 70 e i~ : 1]
max number of requests drop the requests when the region

per class in the FCR capacity is saturated 45



FCR groups and indices

. Group-specific constraints (i.e., for subset of classes)

rSpecific Properties of FCRegion1

Class Specific\ Group Specific\

Group Capacity oo Memory Size co Member Cl...
it | ox
¥ Editing Group1 Member Classes... XK
Select Member Classes
Class Select
¢ Class1
....... R

. Dedicated performance indices

Performance Indices :
Define performance indices to be collected and plotted by the simulation engine. ||-S.e.lect an index--- ‘ij
| I_i'erl;nrma nce Index [ 'I-C.!.ﬂss;nr Mode i :. .Sta_ti;rl..--F R-EQ-I-OI'I !-— Stat.ﬁ.ﬁ, _E;:lﬁf.int. . Max_ R-EL-E-TI'. - /_:
Mumber of Customers --- All Classes --- * i FCRegionl " : 0959 0.035?5
Response Time --- All Classes --- -‘"-‘ [ FCRegionl _" i | 0.99 Dﬂ3§|
FCR Total Weight --- All Classes --- v M FCRegionl v 1 0.99 u,u3;;d_j-'
FCR Memory Occupation | --- All Classes --- "' M FCRegionl '*; L] 099 0.035'&-




Support for PN elements

e Places and transitions

P2
2
P1 P1 I
t1 P3

o Queuemg Petri nets

3
O_ - Transitionl - | - . . Queuel - - - - - Place e sition 3
queue depository | —;-Di ............. }D
7]

P1
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PN sections & modes

e JMT design paradigm extends to PN elements
e Mode: a rule to activate and fire a transition

I
1 Input :-H‘T}EWICEI—)l Output !
'
'

: I |
Section Section Section
™ :-IH [

. | 89 Editing Transition 1 Properties...

Store Tunnel Link :
Section Section  Section -|rStation Name

® - / . ‘tation Name:

- . - N
#===== » —_—
fransition Station _-7 @ N 7| Transition 1 Parameters Definiton
o~ L] :

Enabling Section\Timing Section\Firing Secticn\
Enabling Timing Firing

Section Section  Section || rEnabling Condition for Mode1
Class1 | Class2 |
Place 1 5 0




Hand-on activity: FCRs vs QPNs

e Arrival rate: A=0.99 job/s
e Service rate: u=1.00 job/s
e Goal: restrict max 1 job inside queue

L N N JUas. Ve N N .
= — S Z—— - > L/ ______________ 5 .
So 2 Arrived Transiton1 - - - - Queue2 - - - - Completed Transition 2 Sink 2
PR I o
S /o
P Access Tokens
.. .. .. [FCRegionl |

1 I B e o
B |
5 1 0 Queue 1 . | . . . Sink 1 .,
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Activity 5:
Workflows & fork-join
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Class-switching

e A job can change its class during the
+ Workflows, re-entrant lines, track path

Example: re-entrant line

e |

ClassSwitch 1 .. Queue Stat, 0

DNEEEEET RO IR - [IEE:

simulation

-wise perf,, ...

Editing ClassSwitch 1 Properties...
- Station Name

Station Name: .C lassSwitch 1

- ClassSwitch 1 Parameters Definiton
Class Switch Matrix \".I Routing Section |
CS Strategies
[—— _Class) _Classl
Class0 0.6 (60%) 0.4 (40%)
 Classl 0.8 (80%) 0.2 (20%)
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Fork-Join elements
e Jobs split into tasks carrying id of the parent job

e Support for:
. nested fork-joins » finite capacity between fork-join

. multiple join points * advanced policies (e.g., quorum)

}4'\1_)—
Queue )®1 }S !k!
] 4| \_} Join in

Queue 2

JMT can compute
EI @ Response time at Sink 2 only

Source 1 Fork1 | Ty

Queue 3 )@ > .
> | J_ Join 2 Sink 2
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Advanced fork

e Branch prob.: randomize no. tasks and output links

lorE|YDB X

L Y B> o

D LT

X Bl e & QO =<@SERO[0 | ~il|© £

e Random subset: choose n-out-of-k output links

e Class Switch: assign new class to forked tasks

Editing Fork 1 Properties...

r Station Name

Station Name: |F|:|rl-:l

r Fork 1 Parameters Definiton
Queue Section \ Capacity Section " Fork S’Erategies“,I
Enable Advanced Fork Strategies

~ Standard Fork Strategy
Mumber of tasks to be generated on each ocutput link for each input job (customer) to the Fork:
~ Advanced Fork Strategies - Branch Probabilities ————
Class Fork Strategy Destination Probability ‘
Queue 2 0.6
- Task Distribution
Mumber of Tasks Probability
1 0.5
- Description 3 0.5
Each cutput link has a probability p of generating tasks, When a
output link is selected, the number of tasks to generate is described
by a custom distribution (one for each cutput link). Add " Delete |
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Advanced join

a3

LLoh|> 1 AP |T

@ %D E%l&
NEEEE <O ZEE NI IEE:

e Quorum: wait a subset of tasks (of the same job)

e Guard: like qguorum but requires given class mix

e Scaler: join then fork again

Editing Join 1 Properties...
- Station Name

Station Name: |Join 1

r Join 1 Parameters Definiton

loin Strategies‘\ Routing Section ‘\

~ Join Strategies

Class loin Strategy

~ Description

Fires when a subset of tasks forked
from the same job arrive at the join.
Pending tasks are discarded upon
arrival,

~ Join Options

MNumber of Required Tasks:
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Semaphore

e Block first N tasks for
e Upon arrival of the Nth, unblock and let the other

pass

DB %D B X | 2le? % e > o

@ LT

NEREEEY L EE @) ToIEs TEx:
ked from the same job

Editing Semaphore 1 Properties...

 Station Name

Station Mame: |Semaphnrel

r Semaphore 1 Parameters Definiton

Semaphore Strategies\'! Routing Section \‘.

- Semaphore Strategies

Class

Semaphore Strategy

- Description
Holds until a subset of tasks forked from
the same job arrive at the semaphore.
Pending tasks pass through upon arrival.

.—/\

N

- Semaphore Gptionséﬁ

MNumber of Required Tasks: =
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Case Study: YARN Capacity Scheduler

e YARN — Yet Another Resource Negotiator

HADOOP 1.0

MapReduce

(cluster resource management
& data processing)

HADOOP 2.0

MapReduce Others

(data processing) (data processing)

\_J w
YARN

(cluster resource management)
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Case Study: YARN Capacity Scheduler

e Detailed model using QPN
« Nested FCRs (JobQueue, MapQueue, RedQueue)

+ 14.13% error in trace-driven simulation [D. Ardagna
et al., ICA3PP’16]

. Think

JoinReds @ |  RedRelRes

..................................................................



Case Study: YARN Capacity Scheduler
e Simplified model using QN

+ Class switching between Map tasks and Reduce
tasks
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Conclusion



Coming Soon (>= version 1.0.3)

e Customer impatience

e Ability to parallelize JMT on multiple cores
» Collect samples or run what-ifs in parallel
+ Internal simulation remains single-threaded

e New load-balancing policies

« Power of k choices
o SITA

e TreeMVA in JMVA for sparse networks

Tutorial supported by the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 644869. 60
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