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Ajustes da Ferramenta

v Ajuste de funcionalidades da simulacao SPN
v Métricas do tipo: E{#P0}
v Marking dependent delays. Ex: IF (#SU=2 AND
#B>1):ST*0.5 ELSE ST;
v Geracao de modelos CTMC para o Mathematica

v Célculo do MTTA (mean time to absorption) na CTMC




Ajustes da Ferramenta

v Calculo da probabilidade de se alcancar um estado
absorvente em um instante t para CTMCs
Inclusao de métricas para CTMCs
Inclusao de rewards para CTMCs

Calculo de propriedades estruturais para SPNs




Meétricas e rewards na CTMC

Exemplo extraido de:

Matos, R.; Araujo, J.; Oliveira, D.; Maciel, P. ; Trivedi, K. Sensitivity analysis of a
hierarchical model of mobile cloud computing. Simulation Modelling Practice
and Theory, 2014.

rb: 60
dw:1.1
d3g: 14
p3g: 0.7
pw: 0.3

ooorororerorore:

° 2 3680 3Ga0 3670 3660 3650 3640 3630 3620 3G10  Discharged 3G
Wifi100
Wiig0 Wifig Wifi70 WifiG0 Wifi50 Wifidd W30 Wifi20 Wifilg~ Discharged_WiFi

Availability: 0.9979091427

AverageCharge: 56.1680288982




Meétricas e rewards na CTMC

rb: 60

dw:1.1
dig:14
p3g: 0.7
pw: 0.3

LDt D osl s s D D=3

3Ga0 3680 3670 3G60 3650 3640 3630 3620 3610  Discharged 3G
Wii100 g
oy
chor1 chorL m g e o= A ay B gy g P =y =
Wifig0 Wifig0 Wifi70 Wifi60 Wifi50 Wifido W0 Wifi20 WifilQ~ Discharged_WiFi

Availability: 0.9979091427
AverageCharge: 56.16802889582

Availability: 1-(P{Discharged_W:iFi}+P{Discharged 3G})
AverageCharge: R{}



Meétricas e rewards na CTMC

J Rewards podem ser atribuidos a cada estado
da CTMC

) Métricas sdao expressoes aritméticas simples,
gue podem incluir:

1 P{SO}: Probabilidade de se estar num
determinado estado SO

) R{SO}: Taxa de reward atribuida a um estado SO

J R{}: Reward do sistema como um todo.
Equivalente a P{SO}*R{SO}+P{S1}*R{S1}+ ...

/ _
| & State Properti.es - g

State Properties
Name
Reward NG

Wifid0

Metric

L ETT=R Aovail ability

Expression: 1-(P{Discharged_WiFi}4

0K | | Cancel

F-—————— e
dhvailability: 0.9979091427

p
d
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Tempo médio de absorcao

Exemplo extraido de:

Eliomar G. Campos, Rubens Matos, Paulo R. M. Maciel, Francisco V. de Souza,
lgor de O. Costa, Airton Pereira. Performance Evaluation of Virtual Machines
Instantiation in a Private Cloud. Aguardando revisao.

p_Cache: 1
t_ RL0.280
t CL7.624

t DL 194.790
t PV:10.603
t AS: 1886




Tempo médio de absorcao

Transient Analysis

Method: Uniformization

Save CTMC Matrix  #| Mean Tirme to Absorption (failure) v | |Absorption Probability

Options

Tirne: gLy Internal Step:

Precision: [ Set Initial State Probability

Output: ™ Paint Curve




empo meédio de absorcao

Transient Analysis

Method:

Options

Tirne: Internal Step: [N

Precision: 0.0000001
Output:

Analysis
Current Time: M. of iteratios for a step: _

Results:

DI=10,0
PY=2.733E-4
WR=0.9997255999999999
AS=0.0
bsorption probability: 09997267
ean Time to Absorption (MTTA): 18.506999999939398
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Linguagem de Script — RBD e Markov Chain

@ Estudo de caso extraido de: Models for Dependability Analysis

of Cloud. Computing Architectures for Eucalyptus. Platform.
J. Dantas, R. Matos, J. Araujo and P. Maciel

sa_s2 W_s1

T A_s1

Ai_s2




Modelo em cadeia de markov:

markov RedundantGC({
state fu up;

state fw;
state ff;

state uf up:;
state uw up;

transition
transition
transition
transition
transition

transition
transition
transition

transition
transition

metric aval

fw
fu
ff
uf
uw

fw
uw
uf

fw
fu

-> fu(rate = sa s2);

-> ff(rate = lambda s2);
-> uf(rate = mu sl);

-> uw(rate = mu s2);

-> fw(rate = lambda sl):
-> uw(rate = mu_sl);

-> uf (rate = lambdai s2);
-> ff(rate = lambda sl);
-> ff(rate= lambdail s2);
-> uw(rate = mu sl);
availability;




Modelos em RBD: 3

RBD NonRedundantGC/{
block hw(MTTF = mttfhw, MTTR = mttrhw) ;
block so0o(MTTF = mttfso, MTTR = mttrso):;
block clc (MTTF = mttfclc, MTTR = mttrclc) ;
block cc(MTTF = mttfcc, MTTR = mttrcc):;
block sc(MTTF = mttfsc, MTTR = mttrsc):;
block walrus (MTTF = mttfwalrus, MTTR = mttrwalrus);

series sl (hw, so, clc, cc, sc, walrus):;
top sl1;
metric aval = availability;

RBD Node{
block hw (MTTF = mttfhw, MTTR = mttrhw) ;
block so(MTTF = mttfso, MTTR = mttrso):;
block kvm(MTTF = mttfkvm, MTTR = mttrkvm) ;

block nc (MTTF = mttfnc, MTTR = mttrnc):;

series bl (hw, so, kvm, nc);




Linguagem de Script - SPN

@ Estudo de caso extraido de: German, R. (1996), A concept for
the modular description of stochastic petri nets , in ‘Proc. 3rd
Int. Workshop on Performability Modeling of Computer and
Communication Systems’

generate generated enter buffer service

-:I
free
loss




2
SPN Foo{ immediateTransition descarta(
place gerados; inputs = [gerados],
place buffer; inhibitors = [livres]
place livres (tokens = 10); ) ;
. .. immediateTransition enfileira (
timedTransition gerar ( . _ :
inputs = [gerados, livres],
delay = 1, outputs = [buffer]
outputs = [gerados] )
) ;
metric ml = stationaryProbability
) . . , : — > " :
timedTransition servir ( { expression P{#butter>0}" )
delay = servir, }
inputs = [buffer],
outputs = [livres],
serverType = "ExclusiveServer"




Avaliando os modelos:

main {
lambda s1 = 1/180.7212397;
mu s1 = 1/0.966902178;
mu s2 = 1/0.966902178;
lambdai s2 = 1/216.8654876049552;
lambda s2 = 1/180.7212397;
sa s2 = 1/0.005555555;

(...)

| Ready
a = solve( model = NonRedundantGC, metric = aval );
println( "Non Redundant GC Availability =" .. a );
a2 = solve( model = RedundantGC, metric = aval );

println( "Redundant GC Availability = " .. a2 ):




Realizando experimentos:

println ("MTTF em meses, disponibilidade"):;

for mttfmeses in [12, 18, 24, 30, 36, 43, 48, 54, 60]{
mttfhw = 30 * 24 * mttfmeses;

a = solve( model = NonRedundantCloud, metric = aval );
println(mttfmeses .. ", " «. @ );

}

r Console2 | = l-?'?-r

File Edit View Help

sve 3| OD| 0 ¢

Projects\trunk\ t>ja -jar Mercul




Melhorias na avaliacao de RBD

*Possibilidade de configurar um valor fixo para a
confiabilidade ou disponibilidade da cada bloco
*Calculo de downtime e uptime anual
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Melhorias na avaliacao de RBD

—_— -
cC1 NC2 CC1 ‘ ‘

Block Name
Parameters 3 State:  |Default
Parameters Rates

Failure Rate ETImE
wailability
Repair Rate

Price (5)

Cancel
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Melhorias na avaliacao de RBD

-

cC1 NCZ2_CC1

Edit Block

Block Name
Parameters Type:  |Availability 4 State:  |Default r

Parameters
Availability

Price (%)

NC3_.CC2
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Melhorias na avaliacao de RBD

!akelia bility Analisys

Calculation Type

Sum of Disjoint Products =

Choose Metrics
v| Mean Time to Failure ¥| Mean Time to Repair ¥| Uptime
ilability M| Instantaneo ilability | Downtime ailability
-y

¥| Reliability v| Unreliability Time unit: hours

Evaluation Time

e in multiple time poi
Murnber of sampling poin
0,5645746256

Run | | Cancel

Plot Reliability Plot Intantaneou

NC3_CC2




Geracao Automatica de Redes de &
Petri
*Utilizacao do Mercury como uma biblioteca Java

*Todas as funcoes do Mercury sao acessiveis por meio
da biblioteca.

*Pode-se criar ferramentas de alto nivel para
geracao/avaliacdo automatica de modelos.
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Geracao Automadtica de Redes de ¥
Petri

*Exemplo: GeoClouds

GeoClouds - /home/bs/Dropbox/Doutorado/Doctoral Degree Docs/Research/Performability/Prese

o b P

S components = B “.0 Playground‘ = B8
[~ Fdinburgh ——— T
i ®7Cl°Uds system |+ | g , Copenhagen| Map | Satellite |
£ Backup Server bl — Jow _ Denmark ~ ©
18 Load Parameters K'i.:‘lmtﬁ::n =3 '_ me——e —I
@ Time to Transfer VMs 9 l Amsterdam, The Netherlands ¢ | Berlin, Germany Gd
e of Man eeds § - T
v & DC1 Manchester  © ' \/ Hamburg \Szczecin
£ pmMoDC1 Liverpoolt Lo SF - smen
& PM1DC1 Birmiggham Amstérdam 4 . Beylin P
= " ;j Bielgfeld . : Pozonan
£ pm2Dc1 Bristol  London S, ;’};“se“‘ P dsibsia ,
= PM3DC1 N A S o Wroclaw
Paris, France X Germany [<]
um
= PM4DC1 ‘—'\ [ Golgg!'_\e ,, A
= PM5DC1 \/ P b rague .
Luxembourg Frankfurt .
2 PmeDC1 A, o, Czech Republic
& PM7DC1 o F - i o : o A
EAI; ) Fee Mnn - Munich ~Rraticlava
&£ pmsDC1 B
= PMSDC1 |3 Details | 45 Evaluation Parameters% & console Output | = 0O
= PM10DC1 | 2 U 1l J
& PM11DC1 ; Data Center #1 : Data Center #2 | MTT DC1 <->DC2
& PM12DC1 DC1 DC2 2.0509228358899643
= PM13DC1
= PM14DC1
L PNMIIESD(CA1
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Geracao Automatica de Redes de
Petri

*Exemplo: GeoClouds

**Mercury Tool - 2DC_2PM_DEPENDABILITY.xml

| 2DC_2PM_DEPENDABILITY.xml e W 8 ¥ I Tokengame
Bl Places
() BACKUPSERVER_ON
() BACKUPSERVER_OFF
() bcl_oN
() DCL_OFF
() NIDCL_ON
() NIDC1_OFF
() PMODC1_ON
() PMODC1_OFF
-(J) PM1DC1_ON
() PM1DC1_OFF
-() PMODC1_VMUP
) PMODC1_VMDOWN
-() PMODC1_VMRDY
) PMODC1_WMSTRT
() PM1DC1_VMUP
) PM1DC1_VMDOWN
-() PM1DC1_VMRDY
() PM1DC1_WMSTRT
-() DC1_FAILED_VMS
O D2 oN
() DC2_OFF
) NIDC2_ON
() NIDC2_OFF
) PMODC2_ON
-() PMODC2_OFF
() PM1DC2_ON
() PM1DC2_OFF
) PMODCZ_VMUP
-(_) PMODC2_VMDOWN
) PMODC2_VMRDY
-() PMODC2_VMSTRT
() PM1DC2_VMUP
() PM1DC2_VMDOWN
() PM1DC2_VMRDY
() PM1DC2_VMSTRT
() DC2_FAILED_VMS
(O TRF_DC1_DC2
() TRF_DC2_DC1
(O TBK DC1_DC2
() TBK DC2_DCl
B Timed Transitions
i -[] BACKUPSERVER,_F

Availability: 0.9961898463563843
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Geracao Automatica de Redes de %

Petri

*Passos
Importar o Mercury como uma biblioteca Java no

projeto.
Criar os places e transicoes (Analogo para o RBD

e CTMC).
Associar um gerador de layout (se necessario)

Avaliar o modelo




Geracao Automatica de Redes de
Petri

Importar o Mercury como uma biblioteca Java no
projeto.

Jawva - Eclipse SDK

Ci =

[# Package Explorer 22

S

yYVYYVYYYY¥Y VY VY V¥ VYY¥YYYYYTYYTYTYVYV¥VYVTPYVYVYVVYVY

r

e D v v ®™ o

f@f jcommon-1.0.13.jar 11
o jFreechart-1.0.10.jar 11
@5 jgraph.jar 11

fogy junit-3.8.1.jar 11

(o Ju 3.8.2.jar 11
fof junit-4.5_ jar 11

o log4j-1.2.13 jar 11

o looks-2.3.0jar 11

a4 org-netbeans-modules-java-j2seprojectcopylibstask.jar 11
% POI-3.6-20091214.jar 11

o poi-contrib-3.6-20091214.jar 11

=% poi-examples-3.6-20091214.jar 11

o poi-ooxml-3.6-20091214. jar 11

=% poi-ooxml-schemas-3.6-20091214.jar 11
% poi-scratchpad-3.6-20091214. jar 11

g RandomVariateExperimenks._jar 11

fon swing-layout-1.0.3.jar 11

oy swing-layout.jar 11

o xml-writer-0.2_jar 11

fon xmlbeans-2.3.0jar 11

Ga Mercury_jar 97

% MomentMatching.jar 27

fah commons-math3-3.2-javadoc.jar 37

foh commons-makth3-3.2-sources.jar 37

o commons-makth3-3.2-test-sources.jar 37
o commons-makth3-3.2-teskts.jar 37

ff commons-makth3-3.2 jar 37

=3 Blas.jar 96

@5 cglib-nodep-2.2.jar 96

package org.modcs.geoclouds.stochasticmodel;

rLayou [¥l Evaluatorjava 2= b J

import java.util.ArrayList;

public class Ewvaluator {

s/ get UISynchronize injected as field
@Inject

UIsSynchronize sync;
ArraylList<ResultsStatiomary> rs;

Job jobl, job2;

boolean isEwvaluating;

e

* @return the isEvaluating

£

public synchronized boolean isEvaluating() {
return isEvaluating:;

p
* @param isEwvaluating the isEwvaluating to set
=/

public synchronized weoid setEvaluating(boolean

this.isEvaluating = isEwvaluating;

¥

g
= print string
>/
private wvoid printsString(final sString string)
S+ IT you want to update the UI
sync.asyncExec(new Runnable() {
@0verride
public void run() {
System.out.print(string);
3}

i

9
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Geracao Automadtica de Redes de ¥
Petri

. Criar os places e transicoes

public SimpleComponentSPN(BasicComponent basic) throws Exception {
String name = basic.getName().replaceAll("\\s","").toUpperCase();

upPlace = new Place(name + " ON", 1);
downPlace = new Place(name + " OFF", 0);

places.add(upPlace);
places.add(downPlace);

failPlace = new TransitionExponential(name + " F", basic.getMttf());
failPlace.setArcInputs(new ArrayList<ArcInput=());
failPlace.getArcInputs().add(new ArcInput(upPlace, 1});

TfailPlace.setArcOutputs(new ArrayList<ArcOutput=());
failPlace.getArcOutputs().add(new ArcOutput(downPlace, 1));

repairPlace = new TransitionExponential(name + " R", basic.getMttr());
repairPlace.setArcInputs(new ArrayList<ArcInput=());
repairPlace.getArcInputs().add(new ArcInput(downPlace, 1));

repairPlace.setArcOutputs(new ArraylList<ArcOutput=>()});
repairPlace.getArcOutputs().add(new ArcOutput(upPlace, 1));

transitions.add(failPlace);
———— transitions.add(repairPlace);

_
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Geracao Automatica de Redes de %

Petri

- Associar o Layout

@lverride

public void updateLayout(Point2D inserctionPoint) {
this.insertPositionPlace(simpleComponentSPN.getUpPlace(), inserctionPoint, @8, 8);
this.insertPositionPlace(simpleComponentSPN.getDownPlace(), inserctionPoint, ©, 100);

this.insertPositionTransition(simpleComponentSPN.getFailTransition(), inserctionPoint, 46, 10);
this.insertPositionTransition(simpleComponentSPN.getRepairTransition(), inserctionPoint, -58, 18);
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Geracao Automatica de Redes de %

Petri

- Avaliar o Modelo

EDSPN spn = null;
try {
spn = Parser.getInstance().parse(hlm);
} catch (Exception el) {
// TODO Auto-generated catch block
el.printStackTrace();
return 5tatus.CANCEL STATUS;
}

printString("SPN created ...\n");

LayoutManager.getInstance().updatelLayout(
Parser.getInstance().getCloudComponentSPN());

printString("Graphical Layout Updated...\n");

printstring("Evaluating ... \nThe process may take several minutes...\n"};
setEvaluating(true);

rs = JFrameDesdacTool.stationaryAnalisys(spn, hlm.getStationaryParameters());
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New Feature — Propriedades %

estruturais

- Meétodo: Destrinchar a Petri net como a
combinacao de diferentes sistemas de inequacoes.

« Resultados : Propriedades inerentes da estrutura
Ex : boundedness, conservativeness,
repetitiveness and consistency




New Feature — Propriedades &
estruturais

Estudo de caso — Communicating System Modeling

Link: http://www.modcs.org/wp-content/uploads/2008/09/pnposgrad2.pdf




New Feature — Propriedades &
estruturais

- 1° - Teoria Matricial
. Matriz de entrada(l), saida(O) e incidéncia(C)

? Structural Analysis

Incidence Matrix * Classification ' Invariant Analysis * Siphons/Traps

PO | TED | TEL | TE2 | TE3 | TE4 | TES
PO-1|0)0)01 0]
F1|0]-1]0]0]0]1]
P2Z|1|0]-1]|00]0]
P3|0|1]0]-1]0]0]
P4 00|10 ]-1]0]
PS|0|0]0)2]0]-1]
PE|-1|-1]21|1|0]0]

Click to save the complete results on text files

Save




New Feature — Propriedades &
estruturais

. 2°-Sub-Classes

Petri Net, Simple Net, Extended Free Choice Net, Free
Choice Net, Market Graph, State Machine

% Structural Analysis

Incidence Matrixx | Classification * Invariant Analysis ' Siphons/Traps

- SPN CLASSIFICATION -

State Machine S
Marked Graph - false
Free Choice Met - false
Extended Free Choice Met - false
Simple Met - true

Click to save the complete results on text files

Save




New Feature — Propriedades &
estruturais

- 3°-|nvariantes de Lugar e Transicao
- Usa o algoritmo de computacao sobre matriz identidade

I%’- Structural &nalysis

Incidence Matrix * Classification | Invariant Analysis * Siphons/Traps

- INVARIAMT AMALYSIS -
- Plnvariants -
PO|PL|P2|P3|Pd|P5|PG|
1)0]1|0(1]0]0]
Oj1|0]1|0|1]0]
Olo1]1|0)0]1]

- TInvariants -
TED | TEL | TE2 | TES | TE4 | TES |
1||:||1||:||1||:I|
O11|01|01]

Click to save the complete results on text files




New Feature — Propriedades &
estruturais
. 4° - Siphon/Traps

- Usa as minimas combinacodes de linhasem ( C) para o
calculo .

'%- Structural Analysis

Incidence Matrix * Classification ' Invariant Analysis | Siphons/Traps

- TRAP/SIPHOM AMALYSIS -
- Minimal Siphaons -
PO|P1|P2|P3|P4|P5|PG|
110201 |0|0]
Q101|010

o101 11001

- Minimal Trap -
PO|P1|P2|P3|P4|P5|PE|
110201 |00]
01|01 0]1|0|
0joj1|1|00]1]

Click to save the complete results on text files




