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J the JMT suite of tools

1 Fork/Join (Queueing Networks, QN)
= timeout of computing time

= approximate computing
. Place/Transition (Petri Nets, PN)

 Multi-formalism models (QN + PN)
= core allocation in HPC system

= Adaptive Car Navigation Service

J What’'s Next
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Java Modelling Tools (JMT)

The project
= co-developed by Politecnico di Milano and Imperial College London
= 63+K downloads, open source http://jmt.sourceforge.net

Supported models
= Queueing Systems
= Queueing Networks (QN)
=  Product-form
= Extended (fork/join, blocking, priorities, ...)
= Petri Nets (PN)
= Stochastic Petri Nets (SPN)
= Generalized Stochastic Petri Nets (GSPN)
= Coloured Petri Nets (CPN)
=  Multiformalism models (QN + PN)
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JMT website http://jmt.sourceforge.net

DEIB -Politecnico di Milano - Italy

Imperial College
London

Java Modelling Tools -
JMT

- -

NN nwoduction

Coordinators: G.Casale, G.Serazzi

Introduction
- Download JMT

Requirements

JSIMgraph
JSIMwiz

~ JMVA
JABA
JWAT
| MG eaa,,
%, Documentation 4«
UDocrsenne®
L

Need Help?

Report a Bug
- Request a New Feature

Contribute a Patch
Sourceforge Page

----.

Project Description

Java Modelling Tools (JMT) is a suite of applications developed by Politecnico di Milano and Imperial College London
and released under GPL license.

The project aims at offering a comprehensive framework for performance evaluation, system modeling with analytical
and simulation technigues, capacity planning and workload characterization studies.

The current stable version of the suite includes six Java applications:

JSIMgraph - Queueing network and Petri net simulator with graphical user interface

JSIMwiz - Queueing network and Petri net simulator with wizard-based user interface

JMVA - Mean Value Analysis and Approximate solution algorithms for queueing network models
JABA - Asymptotic Analysis and bottlenecks identification of queueing network models

JWAT - Workload characterization from log data

JMCH - Markov chain simulator

~=~-manual, papers, video tutorials
Versions \

Download: JMT 1.0.4 (Released 2019-Sep-04).
Release announcements: please subscribe to the jmt-ann

Joorona

———

nce list.

New users: new to JMT? Check out the manual and our video tutorials.

Reference

If you are using JMT for scientific papers, academic lectures, project reports, or technical documents, please cite:

M.Bertoli, G.Casale, G.Serazzi.

Java Modelling Tools




JMT start screen nttp://jmt.sourceforge.net

IJMT - Java Modelling Tools v.1.0.4

JMT - Java Modelling Tools v.1.0.4

Project Coordinators: G.Casale, G.Serazzi
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Fork/Join (QN)

Java Modelling Tools



Fork —@=3 Join =)

Semaphore |

Fork

= jobs split into tasks (with same id of the parent job) executed in parallel

advanced fork policies: "
= Branch prob.: randomize output links and
no. of tasks per link

..I.

= Random subset: choose n-out-of-k output linkJ 7=

= Class Switch: assign new class to forked tasks

Join

Advanced Fork Stratwoes s

h-‘

 jemmeEEEEEERNy,, “‘-.d IIIIII ...

Bram:h Prohahllrﬂ&s

Random Subset

Class Switch
Multi-Branch Class Suﬁ

.

%

" Bidhaton | Probability
Cueue 1 0.2
Cueue 2 0.2

Task Dlstrlhutlun ‘

= fires a job when all tasks forked from the same parent job are executed

advanced join policies:

= Quorum: wait a subset of tasks of the same parent job
= Guard: like quorum but requires a given class mix (multiclass workload)

F/J region
= finite capacity on no. of jobs, multiple join

= Semaphore : block the first N tasks of the same job, when N is reached unblock all
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timeout on computation time — the problem

e the service demands of the algorithms executed by a genetic program are
highly variable

a limit (timeout) to the computation time of each algorithm must be set
in order to complete the program execution in a given amount of time

e the timeout can be described by a constant value or other statistical
metrics: mean, std.dev, distribution (independence from distributions)

* investigate the behavior of the response time of each algorithm as a
function of the timeout

e the model
* F/J region with capacity limited to one request
two Delay stations: one for service demands, one for timeout
the Fork has two output links, one for each Delay
job split into two tasks, one for each output link
Join waits only the first task executed (Quorum=1)

Java Modelling Tools



timeout — the JSIM model

I'I'I
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timeout — Fork/Join parameters

] Editing Fork 1 Properties...

Editing Join 1 Properties...

- Station Name

X

Station Mame: |_||:|ir1 1 |

rJoin 1 Parameters Definiton
Join Strategies‘l( Routing Section \".

~ Join Strategies
Class

- Description
Fires when a subset of tasks forked
from the same job.anie ot dnesjmim

Join Strategy @

|
RLELER

- Join Options

..lll“
’f

=4
11

-

as

Mumber of Required Tasks’s

A d
MY

Done
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*
- Station Mame
Station Mame: |Fu:urk1 |
r Fork 1 Parameters Definiton ,," "YLLLLT 7N 7
Cueue Section \". Capacity Section 5 Fork Strategiesit ,l
V4
(| [Enable Advanced Fork Strategies| JREETTTTL e /
Standard Fork Strategy seiEa,
Murnber of tasks to be generated on each output link for each input job (customer) to the Fork:s 1 %‘:

* areq generate one task
/ per link

e the max number of req
in the F/) section is 1

+---+= Join Quorum=1: the first task that
complete the execution exit the Join
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timeout — service times of the two Delays

- Editing Class1 Service Time Distribution...

Selected D'lstrlbutlim ﬁHypera{punentLat

Hyperexponential [hyp(p.A;,A2)]:

f(x)

= pAre” M + (1 — p)Age ™"

p: |0.019615533535

Al |1}.1}39231'D'.-"?1 &9

A2 |1.960768922831

ev i,

\ QK | | Cancel

Service times hyper-exp distr.
S=1s coeff.var.=5

Java Modelling Tools

Editing Class1 Service Time Distributi...

s

Selected Distributiw‘l Determl.nl.stl.c "‘.

Deterministic [det(k)]:

1 ;I‘=ﬁL'

Al

S | OK || Cancel

timeout value
constant = 10 sec
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timeout — service times of requests

20 S timeout
. * ——————
100 T 107 e o e o e e e S e — M—
80 8
60 6
40 4
) m 2 m W wu M’MWMM)\MWU MW
N " I W M OB
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
service times without control service times with timeout
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timeout — response times Fork/Join vs timeout

[ Fork Join Response Time

Average response time for each selected class in each selected Fork/Join section.

n.o of JSIM ot

Description / .
o 2 .
-~ mvocations i i
” W
Station Mame: Fork 1 (Fork Join) PR Show confidence interval range
EB‘EVA T T T T T T T T T T T T T T T =
Class Mame: All claszes ,;: sk i
TET
Conf.Int. / Max Rel.Err. (0-17: 0.99 /0.03 ’¢’ E 407 7
[
) 35 T
EcTily 1
5 Zapl |
ek i
¥ min: 0.539(= =
L1or 7
Ymax: 4I825 : DE _I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7
0 2 4 [+] =] 10 12 14 16 18 20 22 24 26 28 S0
__——”—' Class1 service tirme at Tirmeout [=]
- -
ttmeout 1+30 sec --~
Simulation Results
* s | 21.000 5 | 22.000 s 23.000 5 24.000 5 25.000 s 26.000 s 27.000 s 28.000 s 29.000 s 30.000 s
Mean Value (=) 3 3.0853 3.2729 3.3560 3.6276 3.7516 3.9673 41267 43109 44779 47207
Max (s) (Confnt.) [ 3.1578 3.3557 3.4645 3.7361 3.8502 4.0649 42261 4.4051 45878 4.8261
Min (s} (Conf.nt) 3.0128 31500 3.3276 3.51482 3.6531 3.8696 40272 42166 43679 41,6133
4]
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approximate computing: Alternative Route Planning

Alternative Route Planning: several algorithms are executed in parallel to
compute N=6 alternative routes from source to destination in a Car

Navigation System (highly variable computation times: travelling time,
municipality policies: no city center, limited traffic areas, street closed, ...)

to limit the computation time of the best route to R<=3 sec, sub-optimal
solutions (approximate) are computed using a subset k of the N routes

impact on the best route computation time wrt variability of the
computation times and the subset size k

e the model

* F/) region with capacity limited to one request
e 6 delay stations, one for each algorithm

e arequest is split into N=6 tasks in output from Fork (1 task per link)
e Join waits the complete execution of only the first k tasks

) 14
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approx. comp.— the model

Source 1

A=0.2 r/s exp /

Route 1
O S=3 ¢c=
Route 2
1 \__S=1c=1
\_/ K
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Route 6
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approx. comp. - Fork/Join parameters

| Station Mame

suEE,

Editing:Fmrk 1?rmperties....

" || Station Mame: |F|:|rk1

"|r Fork 1 Parameters Definiton
Queue Section = Capacity Section \\ Fork Strategies‘l,l

Fork-Join Section Capacity

|Enab|e Finite Capacity: limit maximurn number of jobs (customers) inside a fork-join sect

Capacity (max number of jobs, NOT tasks): A

Join Quorum=4: wait the computation
of the first 4 routes then fire

X
|| = each req generate one task per
output link
~* the max number of req in the
.. F/)sectionis1
ﬂ""’ff
Editing Join 1 Properties... b4
- Station Name -
Station Name:a‘]nin 1':-

rJoin 1 Parameters Definiton
Join Strategies\ Routing Section \\I

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

L Join Options

Mumber of Hequire-d ?EEE:?’

*

LB
Py

4

4|
»
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approx. comp. — computation time of k routes

threshold

’

all 6
algorithms

time to compute k routes
SN

== ———————————p

\
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0 1 2 3 4 5

no. of alternative routes computed
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Place — Transition (PN)

Java Modelling Tools
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PN elements supported

e Places and Transitions (PN)

2
» O

e Multi-formalism models (QN + PN)

‘ s —r-l]—ﬂa4|. 05—

O_ I - Transition1 - © Queuel - - - - Placel - |- - . Transition 3
queue depository —}Di ............. _____;.I]—

P1
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PN sections & modes

e JMT design paradigm extends to PN elements
e Enabling, Inhibiting, Timing, Firing sections
e Mode: a rule to activate and fire a transition

= =In = . - - I r——-| ____I

Input :-}'Sewice:-)' Output !

I

: | | |
Section Section Section

: Ly '« [

______ I T

i Editing Transition 1 Properties...

Place Station ‘m‘ §>§> 69
~Station Name

Store Tunnel Link Station Name:

Section Section  Section
L . rTransition 1 Parameters Definiton
Transition Station L EEE TR > —>» ¢ ] Enabling Sectlon\Tlmlng Sectlon\ Firing Sectlon.l.'v
#.’. lll.ll....... ............ amEEEEEE ...-.--ll
o ~ . “Enabling Condition for Mode1

Enabling Timing Firing Class | Class2 ‘
Section Section  Section Place 1 5 0
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PN - transition parameters

gy Editing Transition 1 Properties...

[ Station Mame

|| Station Mame: |Transition 1

Ir Transition 1 Parameters Definiton

_enable firing when 4 classl requests are
Enablmg Section ‘\Tmmg Section \l\ Firing Section \L,

‘Enabing Gonditon for Mode1 e arrived (4 tokens of colour classl)
* Class1 ,f”’
ek C :
Place | et _.inhibit the fire when 6 or more requests are
] n-h-|l;r.l|.mi] tondition for Mode1 ’,r”’ d rrlved
7 Class1 ’,¢”
Place 1 -"E'}k" | Station Name

. Station Mame: |Transition 1

. - Transition 1 Parameters Definiton

when enabled, send 5 class1 requests to Sink1 | Ensbling Section | Timing Sections 'F'””g Sectior

......... - Firing Outcome for Mode1
o -~-~:__ Class1
= LS
Sink 1 st
’.."
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Multi-formalism models (QN+PN)

Java Modelling Tools
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HPC cluster on cloud: core allocation and dynamic routing

a cloud provider offers a HPC service through a cluster infrastructure with
two powerful HPC multicore systems (HPC Serverl, HPC Server2) sharing a
high performance storage and networking components

the HPC app considered (find nearest available parking space) is compute
intensive and the number of cores it uses depends on the number of
requests in execution (one request per core assuming a single-thread core)

there is a high variability of arrival traffic of requests and compute demands
arriving requests to the cluster are initially routed to HPC Serverl

to avoid decreasing the performance of other apps running on HPC Serverl,
the number of cores that can be allocated to this app is limited to N

when this threshold is reached, new incoming requests are dynamically
routed to HPC Server2 (where an instance of the same app is running)

23
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HPC cluster on cloud:

the infrastructure

——

@

Ve N
HPC load / g \
troll
con : er - g \ \
.==>@§ : ' HPC Server 1 ‘
\\ /‘;torage,
N \ HPC 2 /
\‘\ % \{ erver )
= ===
£ HPC cluster
@ £
Cloud %
=

e GOAL: evaluate response times and throughput of the requests executed
on the HPC cluster wrt the constraint on the maximum number of cores
it can use in HPC Serverl (in the range 1-190)

Java Modelling Tools
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HPC cluster: the model

» 2 classes of customers: requests (open) and cores (closed)

throughput of
standard route $=0.18s exp Server 1
RS ) - . .
. Join_Serverl . Gerver] - . Release Serverl Rel Sink 1
| requests _ S
l_ !'@9:. ‘cores available -
5-:urce1 ~ Arriving e
A=57/s b MaxServerl,
hyper c=4 | . b . .
v, 4
. .,l.' S ,,'  Join_Server2 . L Semver? . . . 5'”k2
alternative route / $=0.18 s exp tﬁrougﬁput of
inhibiting arc Server 2

25
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HPC cluster: transitions enabling/inhibiting conditions

Join_Server 1

Rel
Editing Join_Server1 Properties...

Editing Rel Properties...
~Station Name

Join_Server 2

_ Editing Join_Server? Properties...

‘[r Station Name

: Station Name:

Join_Sewer2|

rJoin_Server2 Parameters Definiton

Enabling Section \Timing Section \! Firing
"Enabling Condition for Mode1

* Arriv_Req | maxReq_Lin k1|
Arriving 1 )
MaxServer1 0 0

" Inhibiting Condition for Mode1

~Station Name
Station Name: Join_Sewer1| Station Name: Rel|
rJoin_Server1 Parameters Definiton " Rel Parameters Definiton
Enabling Section \Timing Section \ Firing : Enabling Section \Timing Section \! Firing *
“Enabling Condition for Mode1 “Enabling Condition for Mode1
§ Arriv_Req |maxReq_Link1| * Arriv_Req |maxReq_Link1|
. ——
Arriving 1 0 Release_Se... L) 0
LS — ~A
MaxServer1 0 l\ l 1
- 1
A ]
1 1
1 1
" Inhibiting Condition for Mode1 —‘I “Inhibiting Condition fnr‘MDdﬂ
x Arriv_Req |maxReq_Link1| ‘| " Arriv_Req |r||-|axREq_|_ink1
_ - - 1
Arriving 7'1 m‘\l Im“' \ Release Se.. A -
1 - 1
MaxSewerj‘/ Re \\?: - =Y ||I |‘|
‘4—— 1 \
never at least 1 core
blocked

execution completed,
must be available

exit the model

Java Modelling Tools

& Arriv_Req | maxReqg_Lin k1|
Arriving oo o
Ca ‘\
MaxServer co Wl\ 1 ’l
, -
IR

,/

inhibit when # o
(cores are available)
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HPC cluster: transitions firing outcome

Join_Server 1

Al Editing Join_Server1 Properties...

- Station Name

Station Name: |J0in_5erver1|

rJoin_Server1 Parameters Definiton

Enabling Section | Timing Section ' Firing Section’

Firing Outcome for Mode1
* Arriv_Req_I maxReq_Link1
R
Server 1 \ 1 ) 0

1 request sent to Server 1

(when enabled)

Rel

Join_Server 2

A Editing Rel Properties...

~Station Name

i " Station Name

Station Name: |Re||

i Editing Join_Server2 Properties...

|| Station Name: ‘Join_Sewer2|

r Rel Parameters Definiton

Enabling Section\Timing Section Firing Section

Firing Outcome for Mode1
E Arriv_Req |maxReq_Lirlkj <
MaxServeri 0 &,
il - %__/
Sink 1 ' AN
L= o K/ K
1 /4
/
I
1
14
17
v

1 request completed and exit
+ 1 core becomes available

(when enabled)

Java Modelling Tools

‘(r Join_Server2 Parameters Definiton

Enabling Secticm\Timing Section Firing Section

Firing Outcome for Mode1
k Arriv_R;q_l,rgaxReq_LinH
Server 2 '\ 1 ) ]
-y
1
|
1

I
1 request sent to Server 2
(when enabled)
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HPC cluster: behavior of core allocation (N1max=20)

1
ar/’/iv ing h ques ° \_I“II‘IJ_I_\_I“II_I““‘HUM‘I
0

0 20 40 o0 a0 100 120
(20) = o o o » Nlmax
~_’
15
cores allocated
of Server 1 10
5
0
0 20 A0 ol a0 100 120
20
15
cores allocated
of Server 2 10
| hﬂ‘
]
0 20 40 ol a0 100 120
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HPC cluster: behavior of response times (N1lmax=20)

Server 1

Server 2

"""" 2> mean RServer1=
2.20 s

20 40 60 80 100 120

mean RServer2=
0.78 s

20 40 B0 80 100 120

Java Modelling Tools
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HPC cluster: mean no. of cores allocated vs N1max

o_Mumber of Customers ()

Server 1_Arriv_Re

[
o }
T

Server 1 Server 2
Plot Plot
Show confidence interval range Show confidence interval range
T T T T T T T T T g T T T T T T T T T

:

B1f
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S08f
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Z 08T

[
o
T

e ——————————

Server Z2_Arriv_Re
[ —)
b2

0.0L |
0.2 0.4 0.6 0.3 1.0 112 14 1.8 1490 0.2 0.4 0.6 0. 1.0 1.2 14 1.6 1890
N1 max 0’ N1max A
max number of cores available max number of cores available
on Server 1 on Server 1
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HPC cluster: response times of Serverl — Server2 vs Nlmax

o_Response Time pear Sink {s)

Sink 1_Arriv_Re

Server 1

Plot

Show confidence interval range

Server 2

Plot

Show confidence interval range

sy
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T

sy
—
T
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T

(=
T

-2
T

=
oo
T
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-
-

R e e

A
I
I
I
I i
: 0.6
I
I
| L
: mEl.ﬁ
1 s
| ,EI
I E04r
I <
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I =03
1 | | | 1 1 1 1 II LE
02 04 0 08B 10 12 14 18 1.&90
N1max s

max number of cores available

on Server 1
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HPC cluster: throughput of Serverl — Server2 vs Nl1max

o_Throughput per Sink (s

Sink 1_Arriv_Re
[ o)
m

n
)
T

oo
[y ]
T

o
]
T

(]
[y ]
T

Server 1 Server 2
Plot Plot
Show confidence interval range Show confidence interval range
T T T T T T T T T T g T T T T T T T T T
14T
=
- T12r
I 5
: 2107
l 5
I Soaf
] J
: &D'E
I 204t
I Ch
I %
: LT
I ! I I ! I I ! I [ | EI_'.ID[I_ | | | | | | | | ! i
00 02 4 08 D 10 11 14 1B 1§9gq 2 12 04 05 08 10 12 14 15 l8ggq
N 1rax A0 N1lmax At
max number of cores available max number of cores available
on Server 1 on Server 1
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Adaptive Car Navigation Service for Smart Cities

L.Arcari, M.Gribaudo, G.Palermo, G.Serazzi, Performance Driven Analysis for an Adaptive Car Navigation
Service on HPC Systems, ISCIS19, Paris, 2019, EU Project 671623 FET-HPC-ANTAREX

" provide optimal routes to Global view
hundred thousands of drivers Data from
operating in the city area — Moving Cars

— Road Sensors

Requirements:
9 : : — Weather monitoring
" intelligent routing based on _ Accident and road

calculation of traffic view state work »1/ T

= traffic global view calculation & Routes

optimization based on data Client navigation g}.@ Routing service
fusion from several sources _

m different layers of adaptivity > > =
—

GOAL: evaluate the optimal A‘?’ e =

number of cores of the HPC Ao s + -

: : qUESTS HPC

infrastructure to achieve the target Other Data

performance of R<1 sec.
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Car Navig. Serv.: three stages of the application

Input data

» GPS Coord.
* Origin, Dest.
* Dep. Time

Road Network

Graph

Global view elements

Java Modelling Tools

Municipal
Policies

QN
H

OUTPUT

<4

Route
* Waypoint 1
* Waypoint 2

Best Route
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Car Navig. Serv.: Adaptivity controls

regular traffic

Standard algorithm
execution

Collect complete
response

REGULAR

I _ . 5. 5. . .S L. e a1

Traffic intensity TIMEQUT ] Collect partial Route delivered
control response :ﬁ: )

variability of computation time

Routing
requests

L I " L e n_ 2

PEAK
f [uctuqtlons ] Fast algorithm > Collect complete
Of arrvy Ol[.'S‘ execution response

" the application may apply sub-optimal solutions when the system is
overloaded, or when the computation time of a request is too long

35
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Car Navig. Serv.: ARP stage — Regular service

req. in queue <n

U
J
U

\—

O

Release

available

DO+

®
e

Resources

~

O

e
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Car Navig. Serv.: ARP stage — requests with timeout

req. in queue <n

1
1
]
!

-

—O 1@

available

ing

Release

e )
@)
]

Resources

~

O—1-
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Car Navig. Serv.: Fast algorithm when overloaded

O R< >~ D-O-

Release

available

Resources

B @

req. in queue > n

® Fast lane: system privileges speed over quality, giving a better

performance at the expense of the effectiveness of the suggested routes
38
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Car Navig. Serv.: transitions enab/inhib conditions

Serving

8 Editing Serving Properties...

- Station Mame

Senvin:

Station Mame:

- Serving Parameters Definiton
Enabling Section ‘\'ﬁming Section \\\ Firit

- Enabling Condition for Mode1
= Route Heq| Cores |
Incoming 1 0
Vel
] Cores Avai.. 0 ( 1 )
~
- Inhibiting Condition for Model ———
* Route Heq| Cores |
4 =
Incoming | {72 110 oo
\—,
Cores Avai. ,ﬁ & ca
/
U
U

4
block when requests
in queue are 2n

-

at least 1 core
available

’/

’I

in queue are 2n

Overload

30 Editing Overload Properties...

- Station Name

Station Mame: | Chverl Dadl

- Owverload Parameters Definiton
Enabling Section \\'ﬁming Section ‘l\ Firing

~ Enabling Condition for Mode1
* Route Heq| Cores |
N
Incoming_.?(n 1 0
- 4
St B %
= Cores Avai.. 0 ( nll'l'l]
-
4
- Inhibiting Cumlitiun}ﬁr Maode1
* F‘Luutyﬁeq| Cores |
. v
Incoming | o =4 o
'l
Cores Ava}( co o
4
(4
4
4

at least n core
available
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Car Navig. Serv.: workload

——Hourly traffic ——Averaged traffic

10
<
£ 8
~
O
L /™~
0]
£, \
e \\‘
52

1 5 9 13 17 21

Day time [hours]

" routing requests traffic in Milano Urban Area (1 day)
2.5 Million trips per day
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Car Navig. Serv.: Regular and Fast lane response time

sponse time (s)

Ve
% Fast lane requests |/
]
3 /]
'\ /
Y
Regular requests e /
\ o O
\ o=
\ el
— . ,_e—“’é’
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Car Navig. Serv.: some Results

Time Slot ARP PTDR Reordering Total cores
01 - 06 51 10 1 62
07 - 10 H&4 111 2 697
11 - 16 373 71 1 445
17 - 20 393 75 1 469
21 - 24 200 38 1 239
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What's Next
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What's next

O Impatient customers (debugged)
J Parallel What-if (debugged)

(J What-if — new control parameters
 New scheduling algorithms

J Blackbox modeling with predefined targets

O With multiclass workload find the optimal load that minimize Response time
or maximize throughput, Energy saving in a cloud, adaptive allocation of
Virtual Machines, ...
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