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Aims

* depicting Mercury tool,

* reasons for proposing another tool,

* functionalities supported,

 current constraints, and

* Dbriefly mentioning next planned supported functionalities.
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Agenda

« Context

* Motivation

 Architecture: an overview

 Brief description of models’ functionalities supported
 Additional supported functionalities

But, before...
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where we are located

Our research group is part of Centro de Informatica at UFPE.
UFPE is located at state of Pernambuco at northeast region.
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Context

Research in the group: our main research interest is devoted to formal
timing modeling and evaluation of systems:

performance,
dependability and

energy consumption
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Context

We have devoted our efforts to study many practical domain problem,
emcompssing:

= cloud computing

= sustainable data centers

= mobile system

= workload generation for capacity planning of servers
= fault injection and monitoring in cloud computing

= energy consumption in embedded system

= convergent networks

= |ogistic distribution

= production systems

= policies of emergency call center systems
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Motivation

 Over the years, our group has used many academic and
commercial tools.

— Some academic tools we have adopted in our group:
INA, Design CPN and CPN tools, Great SPN, TimeNet, SHARPE ...

* |f there are so many tools, why should | implement another
tool?

— Cons. (some) :
 There are many good tools already available

* ltis likely the your (*first”) results should be worse than those provided by these estabilshed
tools

— Pros:
* ltis an objective mean for keeping your previous reseach results “alive”
« Allow practical/real connection between consecutive reseach works

 Having control over the products (software, models, methods etc) conceived and
implemented in the group by graduate students, that, after finishing their respective
research projects, start a new phase in their lives,

* Learning (in depth) of the respective methods.
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Motivation

* My decision was:
implement it.

* S0 we began implementing the tool in 2008 by conceiving,
specifiying and coding a simulation kernel for SPN.

 From then on many functionalties and models have been inclueded
and are now supported by the tool.
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Architecture: an overview

|
cTem SPN | RBD l EFM I Miscellaneous
. B
. RBD EFM

Steady State Transient e
Numerical Numerical | Evaluator l
Analysis Analysis

Steady State

Simulation

MoDCS

Research Group Www.modcs.org

Transient
Simulation
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Markov Chain view

Editing Analysis

E}---Metrics
el P{SD)
Al /
Evaluate | Tools Script  Help
/]\ A: 0.990099
A . “TMC View  «» EFM View ' Results
Stationary Analysis  Ctrl-F& : o .
\ Transient J:'c.ﬂ3|}"5-i Ctrl-F3 g ] B . =
Sensitivity Analysis
50 51
m A: 0.990099
Al
w100
k
0 51
K
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Markov Chain view

Evaluate | Tools Script

L%}--Metrics
R S PI50}
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Help

“TMC View

Stationary Analysis  Ciri-F8

Transient Analysis  Ctd-F2

Sensitivity Analysis

A:0.990099
/\ Al
h
|
7!
w100

MoDCS

Research Group

¢» EFM View

R4

Steady State Analysis

Direct - GTH
Experime Iterative - GAUSS-SEIDEL

Method: Run Close

Save CTMC Matrin

Options

0.0000001

Error:

Analysis
from:

Iterations:

Results:

50=0.9900990092009901

51=0.009900920099009901
Metrics

A=0.9900990099009901

%

Results written to Ch\Users\Paulo\Dropbox\Moedels\Mercuny\Mercury 4 5 dist\)
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Markov Chain view

p:0.9 2:0.055
X a:0.5
v:09 1 002
57 . .
) ) A Transient Analysis
NS A
S0 51 52
& Metrics 3 AP: 0.7407544
AP: P{5T} P50: 0.0040783

~-P50; P{50}

utta(dth order)
Save CTMC Matrix Mean Time to Absorption (failure) Absorption Probability

Options

Time: Internal Step:
55=0.0360542

56=0.1240858
57=0.7407543999993999

Precision: [0 Set Initial State Probability

Output: ™ Point Curve

Absorption probability: 0.7407543999999939

Mean Time to Absorption (MTTA): 80.6383838 LT
Current Time: _ M. of iteratios for a step: _
. : 7 Results:
_.l- ) DE PERNAMBUCO @:E‘% ResearchMgRESp
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Sensitivity Analysis

Markov Chain view

&3 SPN View ' #» RBD View | ¢» CTMC View

T~

Sensitivity analysis of CTMEC

Type of sensitivity index
- Unscaled

Measure of interest

Type of ranking

&» EFM View Results

%

® Ordered Unordered

r @O E e WoE % G

Parameter of interest

All measures ¥ All parameters

A:1/10000 U_F
wil/24

-0.25
[;f: 8 rR(l-
mf: 2
c:0.99 v
afps: 0.95 UP_S

mfps: 0.98 ' afpsaf ' A
MS: 2

3 mif*(1-mfps)

M

UP_D

"W

A:0.9999952351

AMF
DT_ym: 60793693296

COA: 09975661053

‘Metrics
-l 1-P{F}

e COA: ((PIUP_DYRIUP_DH+ (PIU_FFRIU_FI+ (P{C_FI"R{C_F}+ (P{UP_SY"R{UP_5})+ (P{AFFI"R{AFF )+ (PLAMFYRIAME 1+ (PIFFR{F 1)/ (N5)
‘ “-DT_ym: ((P{FY8760)60)
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Markov Chain view

File View Metrics Evaluate Tools Script Help

Emm S & = %R

Project ' SPN " RED | CTMC * EFM
ActivelctiveF.xml

markov CTMCModel Tools | Script  Help

RVG Ctrl-R.

state UP_[; Moment Matching Ctrl+Shift-L

state UF: MTTR/F Calc corm

state C_F; Evaluate External REDs Ctrl+AR-E . .
:::: iﬁ;:i Evaluate Bxternal Mode Ctrl+ Alt-M M at h e m at | Ca fl | e
ctate F: Remote SPN Evaluation Cri+AR-R g enera t i on

state AMF: Generate Random Numbers  Crl+Shift-G

Export model to Mathematica Ctr+Ak-X

SO

transition UP_D -= U_F( rate = 2*lambda*(1-c));
transition UP_D -= C_F( rate = 2*lambda®c):
transition U_F -= C_F( rate = sigma]; Select output directory
transition U_F -= F( rate = lambda);
transition C_F -= UP_5( rate = afps™af);
transition C_F -> AFF( rate = af*lfl-afps]]; ®) Mathematica 9/10 output format
transition C_F -> F{ rate = lambda); StateDiagrams.m package output format
transition UP_5 -= UP_D{ rate = mu);
transition UP_5 -= F{ rate = lambda);
transition AFF -» UP_5( rate = mf*mfps);
transition AFF -> F( rate = lambda);
transition AFF -= AMPF( rate = mf*(l-mfps):

Select output format

Generate linear system

Output

www.modcs.org
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Token game

SPN view Editing

> SPM View ' e» RBD View ' ©» CTMC View ' ©» EFM View

r® 10D EH&E -~ e B

/

7 TP: 0.28152974717797474

Place Properties

Piace Nome: 5/
Marking:

Results

i,

AS5:1.6398943392274319 M5 2

\ su . / Structural Analysis

A: 0.9882356240618574

COA; 0.917647513545558 Evaluate | Tools Script  Help

Stationary Simulation Ctrl-F5

Transient Simulation
Stationany Analys

r Transient Analy

g A hisis
PO ___—}]—{D X/ Structural Analysis
/ Convert to Mercury Script
CA P1 /
E[#B)
((P{(#B>0)AND(SU=1)}"(1/5T))+ (P{(#B>1)AND(#5U=2)}(2/5T)]) Forwards Matrix ' Backwards Matrix ' Combined Matrix ' Inhibition Matrix cation| " Invariant Analysi
E{#5U}/NS
P{ESU=0}

Transition Properties
Transition Name

Guard Expression [

S nla M
Server Type |Single Server 4|H'|F||E Met

Probability Distribution  |Exponential
Probability Distribution www.modcs.org

Mean delay:
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place P1;
place B;

SPN view

Tools

place 5D;

File View Metrics Evaluate

Script Help

¢» SPN View <> RBD View  «» CTMC View . delay = AT

o 110 HE - =

ASS5:1.6398943392274319

TP: 0.28152974717797474

A 0.9882356340618874

COA: 0.917647513545558

AT: 2

CA P1

E[B}
((P{(£B>0)AND(ESU=1) 1 (L/ST))+ (P{[(#B> 1) AND(£5U=2) *(2/ST)])
E{#5ULNS

P{£SU>0}

P2

RSAA: 30
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place PO{tokens=1);

timedTransition CA(
inputs = [P0],
outputs = [P1],

place P3{tokens= BSM J;

place SU{tokens= N5 );

Evaluate

TR 120

\

Evaluation

Tools

Script

Help

Stationary Simulation
Transient Simulation
Stationary Analys

¢ Transient Analy
Structural Analysis

Convert to Mercury Script

7 Staticnary Simulation

F
a'%?n Transient Parameters

Confidence Les

Simulation Time
# Sampling Points

Max simulation real time (sec)

File Containing Results

If

Cancel

|

Confidence

Ma. Relative En

Min.  of firing for each Transition

Warm-up period (simulation time)

Run iring)

Max simulation real time (sec)

Batch Size (simulation time)

Estimate Batch Size

Experiment

www.modcs.org
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RBD view

Editing

Al:0.0001 ul: 0.005
A2:0.00007 pz: 0.002
File View Metrics Evaluate s Script Help M

R2ms T % tT AR

©» SPMN View | ¢» RBD View ' &» CTMC View ' €» EFM View ' Results

BEGIN

MTTF: 223389.1213334
R: 0.9982874

A 09982873
R:1-P{F_F}

A: P{U_U}+P{F_U}+P{U_F}
MTTF: MTTA

Edit Block : T Boccname B
Availability Default

Block Nome: - [N Reticbility [

Parameters
Parameters Type: State: |Default : _
Parameters

Metric |[MTTF ~| Analisys Type: [Transient ~
Winil=750.019272042398 From Submodel SHE Analisys lype - [Transien

mTTR [ From Submodel ezl From Submodel
Price (3) [0 price 5) (X

Parameters Type:  |Rates 7 State:  |Default 7
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. Evaluati
RBD view Tuaton

File View Metrics

EEm = s

Script Help

'
View <>

% Reliability Analisys

Evaluate | To Script Help

Mean Time to Failure | Mean Time to Re v| Uptime

" . Steady-State Availability | Instantaneous v| Downtime
eliability -

Reliability | Unreliability

Evaluation Time L0

Time unit: hours

in multiple time p

f sampling points

Run | | Cancel

0.0833
00317 00157 goo7e 00037 0.0018
) . )

i} 200 400 eoo 800 1000 1200 1400 1800 1800 2000

' 4

Domain
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RBD view

File View Metrics Evaluate Tools Script

BmEd 5% RT B

e3> SPM View | € RBD View = ¢» EFM View

Evaluate | Tools Script  Help
Exact Evaluation
lounds Evaluation
Importance Measures
1 Experiment
Get Functions

Sensitivity Analysis

' 4

A

Centro de
Informatica
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«» CTMC View

Evaluation

Help

Results

213
- -
b3 b5
%‘f Experiment RED

Ctrl-F4

Crl-F11

Experiment

% Result Experient E

Result Chart (Right Click to Save Graph)
Experiment Output: mttf1 , Reliability

0.0055

-

2800 2000

Label Name:
mttfl: 17520.0 ™
mittf2
rmttrd:
mittrl
mittf3:
Evaluation Time: E mitrr3

Metric:
Range Minimal Value:

Interval:

Label Name: |mttfl: 17520.0
Reliability
Range Minimal Value: imum Value:
Intervat
Evaluation Time:
% Experiment RED E

Metric:

Range M

Experiment

Label Mame: 4
Mean Time to Failure

Reliability

Unrealibility

Metric:

Range Minimal Value:

Interval: MIns.tantanEI:l
Mean Time to Failure

vailability

Mean Time
Steady-State Avai
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RBD view

Sensitivity analysis of RBD

Type of sensitivity |

Evaluation

®) Scaled Unscaled

File View Metrics Ewvaluate Tools Script Help RERCiciRans i

! m = ,=-J m W T E ) ®) Ordered Unordered
- Parameters under analysis
¢» SPMN View | €» RBD View ' > EFM View = ¢» CTMC View Results
® Component's availability Component's MTTF and MTTR
Structural function: (b1)*(1-(1-b2) * (1-b3))*(b4)

Partial derivative of Availability with respect to

bl: bd*(-(-b2+1)*(-b3+1)+1)

b2: b1*bd4*(-b3+1)

b3: b1*b4*(-b2+1)
bd: b1*(-(-b2+1)*(-b3+1)+1)

Parameter Sensitivity value
1.0000000000000013
Evaluate | Tools Script  Help 0.8999999999999880
= 0.003981420039794288
= Exact Evaluation 6.635700063158216E-4
Bounds Evaluation

B Importance Measures  Cui-F4

B Experiment Ctri-F11

Get Functions

Sensitivity Analysi Partial derivative
Sensitivity analysis
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RBD view

Sensitivity analysis of RBD

Type of sensitivity |

Evaluation

®) Scaled Unscaled

File View Metrics Ewvaluate Tools Script Help RERCiciRans i

! m = ,=-J m W T E ) ®) Ordered Unordered
- Parameters under analysis
¢» SPMN View | €» RBD View ' > EFM View = ¢» CTMC View Results
® Component's availability Component's MTTF and MTTR
Structural function: (b1)*(1-(1-b2) * (1-b3))*(b4)

Partial derivative of Availability with respect to

bl: bd*(-(-b2+1)*(-b3+1)+1)

b2: b1*bd4*(-b3+1)

b3: b1*b4*(-b2+1)
bd: b1*(-(-b2+1)*(-b3+1)+1)

Parameter Sensitivity value
1.0000000000000013
Evaluate | Tools Script  Help 0.8999999999999880
= 0.003981420039794288
= Exact Evaluation 6.635700063158216E-4
Bounds Evaluation

B Importance Measures  Cui-F4

B Experiment Ctri-F11

Get Functions

Sensitivity Analysi Partial derivative
Sensitivity analysis
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RBD VieW Evaluation

File View Metrics Evaluate Tools Script Help

E | ,:T.' O .

3 SPN View | ¢» RBD View ' ¢» EFM View ' ¢» CTMC View ' Results

Importa nce measures

213
END
b3 b5

F ™
*F Component Importance ﬁ

Awvailability Importance (Al) © A t ' Reliability Importance (RI) | RI

Time: Evaluate
Component.  Importance Value Reliability Importance x Cost

0.4384477396461068 Value
0.2463759103574593
0.13223206362127476
0.023179537864145863
0.02222564741706167

Evaluate | Tools Script  Help

‘s Exact Evaluation

tounds Evaluation

Importance Measures  Ciri-F4

1 Experiment Ctr-F11
Get Functions . o3
MNormalized Value

Sensitivity Analysis o

0.5619276554061419
0.3015913908645211
0.052867276457748955 “H
0.050691668373067926

MoDCS ® Component
Research Group

o
£
m
c

=
£
o
c
=]
=
£
=]

L]

b2
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BEGIN

- =

RBD view

\l/
v

a%? Functions ? Functions

Get Structural Function | | Get Lu:..ic Function Get Structural Function | | Get Logic Function

Evaluation

Structural Function | Logic Function Structural Function ' Logic Function

(b1) *((b2) v (b3))"(b4)

Failed Blocks: Failed Blocks:

is: Working? ystem is: |Working!

File View Metrics Evaluate Tools Script

Bmma ) S - -

Help

Logic and structural functions

> 5PN View | ¢» w - €» EFM View  €» CTMC View ' Results

= -

Evaluate | To Script  Help
- NP Block Mame:
, » ' v
m act Evaluation ‘%? Functions

% Bounds Evaluation Parameters Type: |Rates State: |Failed -

1! Importance Measures Get Structural Function Get Logic Function Parameters
«periment Failure Rate
- Get Functions Structural Function * Logic Function

Failed Blocks:

(bl) * (1- (1-b2) * (1-b3))*(bd)

o Qualitative analysis
c Penn MoDCS e Systemis
DE PERNAMBUCO @Eﬁ Research Group - ] 18 SysEm
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RBD view

l Script generation

File View Metrics Evaluate Tools Script Help

€> SPN View | ©> RBD View = > EFM View €> CTMC View ' Results

Diodel]

block b1{ MTTF = 17520.0, MTTR = 8.0);
block b2({ MTTF = 12000.0, MTTR = 8.0):
block b3( MTTF = 6000.0, MTTR = 24.0):
parallel pl{b2, b3);

block b4 { MTTF = 1000.0, MTTR = 24.0);
series s0(bl, pl, bd );

top s

metric ml = availability;
H

main{

a = solve(model = RBEDModel, metric = ml):
printin(a);

H

Output

0.9?61141935928462|

e i
UMIVERSIDADE o
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Data Generator 'Report

Graph generated

Probability Distrubution and Random Variate

Miscellaneous

Mercury Tool - RED29092014.xml

¥
File View Metrics Evaluate Tools | Script  Help

E=®™a T F ( Ctri-R

- - — Moment Matching Ctrl+Shift-L . :
Project ' 5PN/ RBD ° CTMC ' EFR . :
- MTTR/F Calc Ctrl-M Nt

Ewaluate BExternal RBDs Ctrl+A-E

1100 1200

Ewvaluate External Model Ctrl+ Al-M
Remote SPM Evaluation Ctrl+AR-R
Generate Random Mumbers Ctrl+Shift-G

Export model to Mathematica  Cerl+AR-X
Show models

Ld ™
¥ MTTR/F Calculator ﬁ

Timelnterval &
availabitiy

o | File | | Calculate

[%

Result

Erlang distribution
V=05

MTTR = 8672.4
MTTF= 876

Delav (1/f) = 25.0

' 4

A

Centro de
Informatica
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Some current constraints and few planned
functionalities

« Hierarchical evaluation (at this point) only allows automatically
refining one sub-model.
— This constraint should be removed in next versions.

* Hierarchical multi-model sensitivity analysis not currently supported.
— On going work
 Enhancing the script language for taking into account other control
structures
 Considering other importance measures

 Keep fixing bugs...



http://www.modcs.org/

Final comments

* Mercury is an academic tool.

« The executable code is available for academic use.

« |f you would like to try it out, | encourage you to access
www.modcs.org and go to Tools. From there, you will get a form, sign it
and download it.

 There, you will also find a detailed manual.

 Presently, we have a group of 8 graduated students working on it.

» We very much appreciate if let us know about bugs and improvements,
but we cannot guarantee maintenance support.
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Thank youl!

Paulo Maciel
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