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Motivation Kind of problems

Problems we are dealing with (1)

Informal way — for human beings

Main goals
@ Performance Estimation

@ Resource Optimisation
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Motivation Kind of problems

Problems we are dealing with (1)

Informal way — for human beings

Main goals
@ Performance Estimation

@ Resource Optimisation

PN class: Process Petri nets
Shared resources systems
Any process which involves resource usage to complete

Different jobs with dissimilar handling

Examples:

Assembly lines

o Service-Oriented-Architecture services
o Supermarket shopping
)

<
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Motivation Kind of problems

Problems we are dealing with (I1)

Informal way — some examples
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Motivation Kind of problems

Problems we are dealing with (I1)

Informal way — some examples

Po Itl pI:

PRI T T

Pr = {p2,ps}
Ps = {p1,p3,p4, 5,07}

@ Places can be divided in three subsets: P = Py U Ps U Pg
@ Process-idle place, Py = {po}

o Process-activity places, Ps # (), Ps N\ Py = 0, Ps N Pp = ()
o Resources places, Pr = {ri,...,rn}, n>0,PrN Py =1
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Motivation Kind of problems

Problems we are dealing with (I1)

Informal way — some examples

It2 D3 %sz

Its C105 Its pr UT

@ When removing Pg places, we get a strongly connected state
machine, s.t. every cycle contains pg
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Motivation Kind of problems

Problems we are dealing with (I1)

Informal way — some examples

{P1,D2,D3,D4,D5,P7}

@ For each r € Pg, there exists a unique minimal p-semiflow associated
tor,y, € NIPl's.t. it contains on its support just the resource r and
does not contains pg
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Motivation Kind of problems

Problems we are dealing with (I1)

Informal way — some examples

@ Activity places set Ps does not contain resource places, neither
process-idle place
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The PeabraiN Tool

Outline

e The PeabrailN Tool
@ What is PeabraiN?
@ Theory Overview behind Peabrail
@ Implemented Features
@ Architecture
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The PeabraiN Tool What is PeabraiN?

The Peabrail tool (I): what is it? (1)

Our (primary) interest

@ Performance estimation based on Linear Programming (LP)
techniques

@ Upper throughput bound computation
@ Resource optimisation

@ Might the assembly line get more items completed per unit of time?
@ If so, how many staff it is needed to achieve it?

v

Alternatives studied

@ GreatSPN (platform-dependent)
@ MATLAB (proprietary ——)
@ HISim (PIPE extension for Hybrid PNs)

188 Zaragoza
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The PeabraiN Tool What is PeabraiN?

The Peabrail tool (I): what is? (2)

Performance Estimation bAsed (on) Bounds (and)
Resource optimisAtlon (for Petri) Nets

@ Based on PIPE tool

@ User-friendly Java interface

Po
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The PeabraiN Tool What is PeabraiN?

The Peabrail tool (I): what is? (2)

Performance Estimation bAsed (on) Bounds (and)
Resource optimisAtlon (for Petri) Nets

@ Based on PIPE tool

@ User-friendly Java interface
s Non-CPU-friendly Java interface :)

@ PNML-compliant tool (+1)
@ PNML is ISO/IEC 15909 standard
to @ Easiness of extension: modules (+1)
@ GPL license
o Some flaws discovered — -1

@ Multiplatform (Java-based)

Po
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The PeabraiN Tool Theory Overview behind PeabraiN

The Peabrail tool (Il): behind the scenes (1a)

Performance Estimation

@ LP problem (LPP) for computing upper throughput bounds

F(t;)) = maximumy - Pre-D
subject toy-C =0
(1)

y‘m():l
y>0

Lower bound for the average inter-firing time of transition t;, [(t;)
1

r(t;)

Upper bound ©(t;) for the steady-state throughput ©(t;) =
@ Based on previous work
@ Regrowing technique

@ More accurate than previous methods
o Further reading: google “RJ-EPEW-10"
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The PeabraiN Tool Theory Overview behind PeabraiN

The Peabrail tool (Il): behind the scenes (1b)

Performance Estimation

@ Degree of improvement to
achieve

© Compute initial upper throughput bound and initial bottleneck cycle
(LPP in previous slide!)

@ New upper throughput bound

@ lterate until no significant improvement is achieved
@ Look for next slowest p-semiflow (constraining the current one)
® Add the next slowest p-semiflow to the current one
© Compute new throughput bound

10 /aragoza
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The PeabraiN Tool Theory Overview behind PeabraiN

The Peabrail tool (Il): behind the scenes (1c)

Performance Estimation (example)

Parameters
@ nC=15;nS=4; nP =2

p3

tq
61 =30 1, serving
coming

03 =2

Ps
paying C T,
05 =5
ts P9 tz ps te P
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The PeabraiN Tool Theory Overview behind PeabraiN

The Peabrail tool (Il): behind the scenes (1c)

Performance Estimation (example)

Parameters
@ nC=15;nS=4; nP =2

@ Slowest p-semiflow:

{va P1, P3, P4, Pe6, P7, P8, pg}v
© = 0.384612
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The PeabraiN Tool Theory Overview behind PeabraiN

The Peabrail tool (Il): behind the scenes (1c)

Performance Estimation (example)

Parameters
@ nC=15;nS=4; nP =2

@ Slowest p-semiflow:

P3 {PoaPl?P37P47P67P77P87P9}v
t5 serving © = 0.384612

@ Next candidates: {py, ps}

tq
01 =30
coming
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The PeabraiN Tool Theory Overview behind PeabraiN

The Peabrail tool (Il): behind the scenes (1c)

Performance Estimation (example)

Parameters
@ nC=15;nS=4; nP =2

@ Slowest p-semiflow:

P3 {p07p17p37p47p67p77p87p9}v
ts serving © = 0.384612

o Next candidates: {pz, ps}— ps
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The PeabraiN Tool Theory Overview behind PeabraiN

The Peabrail tool (Il): behind the scenes (1c)

Performance Estimation (example)

Parameters
@ nC=15;nS=4; nP =2

@ Slowest p-semiflow:
1’3 {PoaPl?P37P47P67P77P87P9}v

tq

pilan?g’O © = 0.384612
o Next candidates: {pz, ps}— ps
©’ =0.339410

ending
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The PeabraiN Tool Theory Overview behind PeabraiN

The Peabrail tool (Il): behind the scenes (1c)

Performance Estimation (example)

Parameters
@ nC=15;nS=4; nP =2

@ Slowest p-semiflow:
P3 {PoaPl?P37P47P67P77P87P9}v

tq

P(E};n?;o © = 0.384612
o Next candidates: {pz, ps}— ps
©’ =0.339410

@ Next candidate: {p,}

ending
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The PeabraiN Tool Theory Overview behind PeabraiN

The Peabrail tool (Il): behind the scenes (1c)

Performance Estimation (example)

Parameters
@ nC=15;nS=4; nP =2

@ Slowest p-semiflow:
P3 {PoaPl?P37P47P67P77P87P9}v

tq

P(E};n?;o © = 0.384612
o Next candidates: {pz, ps}— ps
©’ =0.339410

@ Next candidate: {p,}
©" = 0.328190

ending
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The PeabraiN Tool Theory Overview behind PeabraiN

The Peabrail tool (Il): behind the scenes (1c)

Performance Estimation (example)

Parameters
@ nC=15;nS=4; nP =2

@ Slowest p-semiflow:
1’3 {PoaPl?P37P47P67P77P87P9}v

tq

P(E};n?;o © = 0.384612
o Next candidates: {pz, ps}— ps
©’ =0.339410

@ Next candidate: {p,}
©" = 0.328190

=2 @ Improvement of 14.67%

ending
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The PeabraiN Tool Theory Overview behind PeabraiN

The Peabrail tool (Il): behind the scenes (1d)

Performance Estimation (example)

Performance Estimation Module in Peabr

- Performance Estimation Computation @]@@J@J
Epsilon: [0
Regrowing step Components Throughput | Error accuracy|Sim. time
0 {PO, P1, P3, P4, P&, PV, P8, PS} 0.384612 +0.0000 0.0010
1 {PO, P1, P3, P4, P5, P5, P7, P8, P3} 0.333410 +0.0008 13.2000
2 {PO, P1, P2, P3, P4, PS5, P&, P7, P8, P9} 0.328130 +0.00068 13.4140

Total elapsed time: 26.6140 seconds.
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The PeabraiN Tool Theory Overview behind PeabraiN

The Peabrail tool (Il): behind the scenes (2a)

Resource Optimisation

Outputs
@ Resource places @ Throughput maximised
@ Process-idle place @ Vector (resource, number_of_instances)
@ Available budget @ When reached process idle-place — over-dimensioned system (idle
@ Cost per resource (vector) resources)

@ LPP for slowest p-semiflow (previous slide!)
@ lterate until no more money available, or reached process idle-place

@ Compute next p-semiflow constraining current one
® Compute the cost of incrementing such a resource

© Have all resources been incremented? Still remaining money?

@ |If so, we can keep incrementing ~ Bounded Knapsack Problem
(NP-complete)
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The PeabraiN Tool Theory Overview behind PeabraiN

The Peabrail tool (Il): behind the scenes (2b)

Resource Optimisation (example)

Parameters

@ Initial budget $80, 000
@ nC =10, 50% take beverage; New hiring $6.000:
2W = 2: nD = 2: @ New hiring $6,000; new

beverage dispenser $250

Lo Ty~coming ™~ P2 t ps Ty 2
o, =5 or, =2 /
getting pop-corns
— '
tio P2
Ps
I
P11 Pro t

getting beverage

p7
v
’ Py I

paying’ e Ps to D6
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The PeabraiN Tool Theory Overview behind PeabraiN

The Peabrail tool (Il): behind the scenes (2b)

Resource Optimisation (example)

Parameters

@ Initial budget $80, 000
@ nC =10, 50% take beverage; New hiring $6.000:
2W = 2: nD = 2: @ New hiring $6,000; new

beverage dispenser $250

@ Slowest p-semiflow:

getting pop-corns ¢
— by
tio P2
Ps
I
P1o t —
23

——=O—l : {P2, p3, pa, Ps, Ps; P7, P8; Po; P10, P11}
20 To~coming™ PL t s Ty P
o, =5 _~ o, =2 /

p7 ‘
G, - getting beverage
- |
=2 OO
paying’ (IR s L% Do
6 =1
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The PeabraiN Tool Theory Overview behind PeabraiN

The Peabrail tool (Il): behind the scenes (2b)

Resource Optimisation (example)

Parameters

@ Initial budget $80, 000

@ New hiring $6,000; new
beverage dispenser $250

@ nC =10, 50% take beverage;
nW =2: nD = 2;

@ Slowest p-semiflow:

wW—{—=O—l - {p2, p3, Pa, Ps, Ps; P7, P8, Po, P10, P11}
Po Tocoming ™ P t P T 2
or, =5 or, =2 /

- . gettng ,pA/,\? o Candidates: {po,p1} or {pr}
t1o 2
Ps
']
P1o L

pu nD) 1 —
7 ”
T fs- getting beverage
=2 OO i
paying P Ty Ps te D6
or; =1
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The PeabraiN Tool

Resource Optimisation (example)

Parameters

@ nC =10, 50% take beverage;
nW =2: nD = 2;

Theory Overview behind PeabraiN

The Peabrail tool (Il): behind the scenes (2b)

@ Initial budget $80, 000

@ New hiring $6,000; new
beverage dispenser $250

f1
t1o

P11 Pro

—
P7 fa
(- getting beverage
I 8 ¥
Po ps 1 Pe

paying T7
or; =1

Lo Ty~coming ™~ P t P T 2
o7, =5 o, =2
. _qeztm_t]Z pop-corns '/
— s
D2
Ps
ty

@ Slowest p-semiflow:

{P2, P3, pa, Ps, Pe, P1, Ps, Po, P10, P11}
o Candidates: {po,p1} or {pr}

— {p07 Pl}
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The PeabraiN Tool

Resource Optimisation (example)

Parameters

@ nC =10, 50% take beverage;
nW =2: nD = 2;

Theory Overview behind PeabraiN

The Peabrail tool (Il): behind the scenes (2b)

[

Initial budget $80, 000

New hiring $6,000; new
beverage dispenser $250

[

Po Tu:mm,n g~ P Itl ps Ty 23
o7, =5 or, =2
. _qeztm_t]Z pop-corns {
— t
tio P2
1 Ps
1
P11 P1o t —
P7 fa
fs- getting beverage
O, =2 \O < > =
paying P T D8 to D6

5’1‘7:1

R.J. Rodriguez et al.

The PeabraiN tool

(]

Slowest p-semiflow:

{P2, p3, pa, Ps, Ps, Pz, P8, Pa, Pro, P11}
Candidates: {po,p1} or {p7}

— {po, p1 }

Contains pg — no more
increments can be carried out!

(]

ACSD 2012 13 / 24




The PeabraiN Tool

Resource Optimisation (example)

Parameters

@ nC =10, 50% take beverage;
nW =2: nD = 2;

Theory Overview behind PeabraiN

The Peabrail tool (Il): behind the scenes (2b)

@ Initial budget $80, 000

@ New hiring $6,000; new
beverage dispenser $250

Lo Ty~coming ™~ P t ps Ty PIN
o, =5 or, =2 /

2
getting pop-corns M

— s

tio P2

Ps
|
P11 P1o t —
ts

P ‘
(- getting beverage
I 8 ¥
o1, =2 \O (=—O 1
Po T P8 T Pe

paying 7
or; =1
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The PeabraiN tool

@ Slowest p-semiflow:
{P2, p3, pa, Ps, Ps, Pz, P8, Pa, Pro, P11}
o Candidates: {po,p1} or {pr}
— {po, p1 }
o Contains pg — no more
increments can be carried out!

@ pp must be incremented in 3
units

ACSD 2012 13 / 24




The PeabraiN Tool Theory Overview behind PeabraiN

The Peabrail tool (Il): behind the scenes (2c)

Resource Optimisation (example)

Resource Optimisation Module in Peabr

v Resource Optimisation
A Resource Unit cost
Process-idle place: -
place: [P0 [~| 5500
Budget: 20000.0000 |[F7 250

Compute

Resource costs:

Remaining budget: $62000.0
Mare increments CANNOT be done with such a configuration.

Resource place |Increment
P2 3.0
Elapsed time (seconds): 0.0080

Computations done taking visit ratio normalised for transition To0.
v={101010101005,05 0505 05, 1.0}

e
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The PeabraiN Tool Implemented Features

The Peabrail tool (I11): Other Features

Some Easter eggs

Extra Functionalities added

@ Lower and Upper throughput bound

@ Slowest P-semiflow

@ Structural marking (enabling) bound of a place (transition)

LT — -t =" """j"
101  Zaragoza
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The PeabraiN Tool Implemented Features

The Peabrail tool (I11): Other Features

Some Easter eggs

Extra Functionalities added

Lower and Upper throughput bound

[

Slowest P-semiflow
Structural marking (enabling) bound of a place (transition)

Visit ratios computation
SPN simulator
o PIPE built-in simulator DOES NOT handle infinite-server semantics
@ Simulates just a no. of firings
o Can be invoked stand-alone
@ Supports command-line invokation
@ Uses an exact stochastic simulation algorithm

|
Zaragoza

=
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The PeabraiN Tool Architecture

The Peabrail tool (IV): Architecture (1)

return mess

invoke >

<use>
»

PNSlmu

D

@[S

eabrai
GUI
compute|

'results

GuI |
Performance Resource mearBound Structural VlsntRatl
layer EstimationGUI |\OptimisationGUI GUI BoundGUL GUI GUI "
I | Strategy
Intermediate A
Performance Resource LmearBound Structural 151tRat1 ( SPN |
lay er EstlmatlonStrategy OptimisationStrategy Strategy Iterator Strategy Simulator) | 'results
(algorithms) i 3 i
extConstraint): L .. .
Data layer i\ Resource /: i ; Y
N e . PetriNet
HValue Slowestl?Semlflow)‘ Model
Java Runtime Environment External libraries
Java ldy er version 1.6 or higher PIPE dependencies, JavalLP, SSJ, ...

PeabraiN software architect
@ Model-View-Controller (MVC) architectural pattern

ACSD 2012
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The PeabraiN Tool Architecture

The Peabrail tool (IV): Architecture (2)

<implement>> <implement>>

Gul IMOdlll§ < Performance W esourceOptimisation “YSPNSimul
layer <implement>>EstimationModule, Module J Module
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, PIPE
Intermediate modules
layer ereate, Kereate> ZLereate> PeabraiN
——————————————————————————————————————————————————————————————————————————————————————————— modules and class
Data layer PetriNetModel

Integration of PeabrailN in PIPE

@ Modules

@ PN matrix definition (PetriNetModel)

vinveil DIUdd
Zaragoza
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Architecture

The PeabraiN Tool

The PeabraiN tool (IV): Architecture (3)

sd_algorithm in Fig. 1_J

sd_performance estimation __J

% PerformanceEstimation

Module
4.1: create(matrix;

user

4.2: solve()

1: click-in-module
1.1: create(currentPNML)

matrix : Petril
results

1.2: create(matrix)
Estimat
/I §|'rr:|a=é°y" .4: create(matrix) HValue
4.5: solve()
i
|
!

1.3: create() J
4.6: results tl_J

2: get(epsilon) R
4.7: create(matrix) N;ég%e‘xﬂ

3: compute(epsilon) .
4: compute(epsilon
sd algorithm in Fig. 1 ;
loop 4.8: solve() g
4.9: results VH
T ?
6: results 5.results | PeabraiN classes and modules
by :l in the GUI Layer PeabraiN classes in the
- | I:l PeabraiN classes in t Datg Layer o
! Intermediate Layer nlversldad
Zaragoza
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Tool Installation and Availability

Outline

© Tool Installation and Availability
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Tool Installation and Availability

Tool Installation and Availability

What do | need for executing it?

o JRE > v1.6
@ An LPP solver, namely GLPK and GLPK JNI library

@ Rest of necessary files included in deployment!

@ Successfully tested in

o GNU/Linux
o Windows
@ Not yet in MacOS — error on GLPK JNI library

Sounds nice, where can | get it?

@ Project description

@ http://webdiis.unizar.es/GISED/7q=tool/peabrain
@ Source code + binaries

o http://peabrain.sourceforge.net

R.J. Rodriguez et al. The PeabraiN tool ACSD 2012 20 / 24
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Future Work

Outline

e Future Work

Universidad
Zaragoza

1542

R.J. Rodriguez et al. The PeabraiN tool ACSD 2012



Future Work

Future Work

What do we expect in the future?

Automatic detection of installed LPP solvers

(]

LPP solver chosen by user

°
@ Parametric evaluation (as GreatSPN does)

@ Approximate stochastic simulation algorithm
°

Simulation with DSPN

wss  Universidad
Zaragoza
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Future Work

Future Work

What do we expect in the future?

Automatic detection of installed LPP solvers

(]

LPP solver chosen by user

Parametric evaluation (as GreatSPN does)
Approximate stochastic simulation algorithm
Simulation with DSPN

(put here your idea, we'll [try to...] do it!)

e © © ¢ ¢
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Future Work

Future Work

What do we expect in the future?

Automatic detection of installed LPP solvers

(]

LPP solver chosen by user

Parametric evaluation (as GreatSPN does)
Approximate stochastic simulation algorithm
Simulation with DSPN

(put here your idea, we'll [try to...] do it!)

e © © ¢ ¢

[Some of these currently under development by a Final Degree Project] J
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Wait! Not yet finished :D

It's demo time! (2 whi

Just reach me on Tool Exhibition slot!

G Universidad
01  Zaragoza
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