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Peer Play as a Context for Identifying Profiles of Children and Examining
Rates of Growth in Academic Readiness for Children Enrolled
in Head Start
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Na aula passaoda vimos as téewnicas de design (as
principais) para a modelagem de sistemas em redes ole
Petrl, nesta awla trataremos brevemente da téenica de
building blocks aplicada as redes de alto nivel e
seguiremos na discusséo oos métodos de modelagem

de sistemas usando Redes de Petyi, hoje com 0 métoodo
ortentado a estados .
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PN Basic Properties

1) boundedness, characterising finiteness of the state space.

2) liveness, related to potential fireability in all reachable markings. Deadlock-
freeness is a weaker condition in which global infinite activity (i.e. fireabil-
ity) of the net system model is guaranteed, but some parts of it may not
work at all.

3) reversibility, characterising recoverability of the initial marking from any
reachable marking.

4) mutual exclusion, dealing with the impossibility of simultaneous submark-
ings (p-mutex) or firing concurrency (t-mutex).

Escola Politécnica da USP




Fairness properties

- Are only relevant if there are Infinite Firing Sequences
(IFS), otherwise CPN Tools reports: "no infinite
occurrence sequences".

» Given a transition t it is often desirable that t appears
infinitely often in an IFS.

* Properties reported by CPN Tools
» tis impartial: t occurs infinitely often in every IFS.

 tis fair: t occurs infinitely often in every IFS where t is
enabled infinitely often.

» tis just: t occurs infinitely often in every IFS where t is
continuously enabled from some point onward

* No fairness: not just, i.e., there is an IFS where t is

continuously enabled from some point onward and does
not fire anymore

ANA-26
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valn =5,

color DBM = index d with 1..n declare ms;
color PR = product DBM * DBM declare mult;
fun diff(x,y) = (x<>y);

color MES = subset PR by diff declare ms;
color E = with e;

fun Mes(s) = muitPR(1°s,DBM-1"s);

var s, r: DBM;

Send an
Acknowledg-
ment

Receive all
Acknowledg-
ments

Nests) /Aanowledged

PMR5237

Escola Politécnica da USP




Use of Petri Nets in Design

Req. Analysis

Requirements
Model

Model
Analysis

Verification/Validation
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Petri nets modeling

T T —— T
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Reusa loLL'Ltzd,
Based on compositiowaLLtg
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Top Down

S 5stem'w,
Based on refinements
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Communteation should be sywcehronous or asynchronous...

... Asynehronous communteation must be
representeo bg place fustow or arc addition.

Prof. José Reinaldo Silva
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Automatic Teller Machines

A classic automation example

\/@CtOI’StOCKF VectorStock.com/18579778

Prof. José Reinaldo Silva
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Applying place fustow to the
modeling with CPN requlres
that the color of marks in the
fusion places be respected anol
preserved.

Prof. José Reinaldo Silva
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Applying arc addition to the
modeling with CPN requlres
the addition of an arc
EXPrESSLO.

Escola Politécnica da USP
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L rdy | e balance
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Applying transition fuston
to the modeling with CPN
regquires some filter
expressions connected to the

transtitions and the fuston.

Prof. José Reinaldo Silva
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This example illustrates that transition fusion with coloured nets is less
stal htforward than place fusion. Arc addition is in between the two. Ex-

isting tools for modelling and simulating coloured nets, such as Design/CPN
([Jen92b]) and ExSpect ([HSV91], [Bak96]), support only place fusion for this

Very Treason.

Prof. José Reinaldo Silva
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P={p1, p2: P3}
C, Cs H={h,, h,, h;}
U=PUH

[:P—H
b, bs pi—>h
r:P—H
o p—=h
p;—> by
ps— hy
w:P—1
p; —> j=(i)mod 3+1

-~

4

Priority directly addresses conflicting firings for which preferences can
be indicated. A less-preferred firing will occur only if more-preferred firings
cannot. In nets without colour, preferences are attached to transitions. In
coloured nets, these preferences also depend on the bindings (the colours
of the tokens to be consumed), so it is for example possible to indicate a
preference for the largest token in some place. With parametrised transitions,
the transition parameters can also be included in determining preferences.

Prof. José Reinaldo Silva
PMR5237
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Object-oriented

Event-oriented

Prof. José Reinaldo Silva
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o i‘a}%ﬁﬁ < 3

N\

General Systems
Englneering
Design

transition

method paradigm formality graphical object-
name represen- oriented
tation
" [Action state formal no no
Systems transition
B state formal no no
transition
CASL algebra formal no yes
Cleanroom & |traces & formal yes no
JSD process
algebra
CcOQ state formal no no
transition
Estelle state formal no no
transition
process formal no yes
algebra
state
transition
Petri Nets state
transition
Petri Nets state
with Objects |transition
AR state imformal & yes no
transition semi-formal
SAZ state semi-formal & |yes no
transition formal
SCCS process alge-|formal no no
bra
SDL state formal yes yes
transition
UML state informal & yes yes
transition semi-formal
- (VHDL state formal no no

state

transition

formal
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iy &
W N AR S

method paradigm formality graphical object-

name represen- oriented
tation

B state no

transition
OMT & B state
transition
Petri Nets state
transition
Petri Nets state
with Objects |transition

method provability |model event
name checking bition
B yes yes no
OMT & B yes yes no

Petri Nets yes yes no
Petri Nets yes yes no
with Objects

Prof. José -R'_eirl-_clﬂdd Silva
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Modeling Architecture
Tools Frameworks

maximum
system
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effectiveness
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Event-oriented
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problem-oriented.

Req. Analysis

Requirements
Model

Model
Analysis

Prof. José Reinaldo Silva
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Structured and Systemic Method

Bottom Up

Top Down

Problem Solving Method

Generate
new ldeas

Define the
problem

Implement

Evaluate and
and evaluate select solutions
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Modeling Architecture
Tools Frameworks
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Some assumptions: fairness and de’rermlnlsm

weak-fair transitlons
" Productive transitions eventually occur in an infinite occurrence sequence if they are l
persistently enabled. This characteristic is also known as the finite delay property or a
the weak fair condition. In an infinite sequence, productive transitions must
_ not be enabled in the last marking.

.

|rtanS|t|n also known as strongly fair) eventually occur in an infinite occurrence 7

sequence if they are enabled infinitely often. In an infinite sequence, fair transitions must

Lnot be enabled in the last marking. >

All other transitions are said normal and are not constrained.

Prof. José Reihqido‘Si'Iva
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Requirements

System

l

|

Formalizing

Modeling

!

!

Property Specification (¢)

System Model (M)

Model Checker
(ME$)

Counter-example

|

Simulation

.

l
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— MECATRONICA
I Requirements I | System |
I Formalizing I l Modeling |
| Property Specification (¢) I l System Model (M) I—

Model Checker
ME4)

A formatagdio tedrica usada comumente diz gque os
reguisttos devem ser fettos de maneira formal, bem
como o wmodelo do sistema. Para sistemas dinéimicos

automatizaoos a wossa recomendacgéo (e de vartos
pesquisadores no munoo) € que ambas sej am fettas em
redes de Petrt.

Prof. José Reihqido‘Si'Iva
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formal modeling
and verification

In the new design scenario, requirements
should be modeled (following an MBE
approach) and verified before going

further with the design process.

Prof. José Reinaldo Silva
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Robin Qiu, Service Science,Wiley, 2014
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A manufacturing example

ROADEF is a challenge repositories were real companies
leave some challenges to be solved to academics. Car
sequencing was proposed in 2005 by RENAULT and were
used in several competitions of knowledge engineering
systems later on.

Prof. José Reinaldo Silva
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Regq. elicitation

(GO requirements Documentation
REKPLAN
Req. Engineering Knowledge
for Planning
LTL PetriNets
/(1 %2 R ' ts Engi ing &
Formal verification | engIErg:"rfllzgtlsanrgelgﬁﬁ::]r:]geS
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Converting KAOS [T O

to Petri nets (ado | [T O, o

Enabled Arc OR-Refinement

bj|
Q)
Bax
Box
Behaviour

Peeudo-Box Macro Box

O
O
O
O
@

Element Name

Jomain
Enabled Arc
>
Macro-Box

Macro-Activity Pseudo Box&
Enabled Arc
. . - . ® ) rg:
Fig. 2. GHENeSys is a unified net that incorporate - for-
mally - extensions to Place/Transition and High-Level (a) (b)

Net definitions as Pseudo-box, to represent observable
but not controllable events and hierarchical elements . . ) . )
(macro-box and macro-activities). Fig. 6. a) Semantic Translation: basic elements. b) Seman-

tic translation for refinements.
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New approach to
manufacturing & assembling design should be:

Systemic;

Free from functional/non-functional dilema;
Device oriented;

Attached to service;

Distributed;

Flexible.

Element Name

Box

Activity

Psaudo-Box

Enabled Arc

Macro-Box

O
O
O
O
d

Macro-Activity

Fig. 2. GHENeSys is a unified net that incorporate - for-
mally - extensions to Place/Transition and High-Level
Net definitions as Pseudo-box, to represent observable
but not controllable events and hierarchical elements
(macro-box and macro-activities).

% Ny
- MECATRONICA

Petri Nets (PNs)

* Model introduced by C.A. Petriin 1962

— Ph.D. Thesis: “Communication with Automata”

« Applications: distributed computing, manufacturing,
control, communication networks, transportation...

* PNs describe explicitly and graphically:
— sequencing/causality
— conflict/non-deterministic choice
— concurrency

« Asynchronous model

 Main drawback: no hi¢

Escola Politécnica da USP

José Reinaldo Silva I M S 201 9
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L7 Cars pain

L7 Cas El’ol v
" »

Base/ 7 Nei Documents

Name | A request is md)‘f

Def 10
Issue v
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Goal Diagram - Roadef 2003 &
L OOOO0OO0 & O-AA
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« / A request is ready for delivery when /y
Co gm':l P r@c" group 'D / a order was received
panting bl r -‘ L
Cars pamnted when a order Cars assembled when
was received they are painted in
painting area
Goal LTL Sentences

Cars painted
when a order
was received.

Ve :Car, dpa :PaintingArea,painter :Painter, sg :
SprayGun.color :Color; isOnPA(c.pa) A
sprayGunInPA (sg.pa) / use(sg.color) A
paintColor(c,color) A workingInPA((painter pa)
A - painted(c) A c.posPainting = painter. last-
Painted +1 = { painter.lastPainted= c.pos-
Painting A gs.sprayGunLimit=gs. sprayGun-
Limit+1 A painted|c).

Transported
for assembling

Cars assembled
< when they are
painted in
painting area.

Ve :Car,Zass :Assembler, aa :AssemblingArea;
painted(c) N IsOnAA(c.ea) /A grouped Assem-
bled{«) » workingAA(ass.aa A - assembled(¢)
A coposAssembling= ass. lastAssembled+1 =
O mnt.lastAssembled= c.posAssembling A
assembled /().

Cars grouped
according spray
gun limit.

Y e:Car, d op:Operator; — painted{c) A
- assembled(¢) A availableOperator|op)
A c.posPainting = 0 = { groupedPaint(c).

Cars grouped
by special fea-
tures.

Ve :Car, d op:Operator; painted(c) A available-
Operator{op) » - groupedAssembled(c) =
O groupedAssembled(c).

Transported to
painting when
were grouped.

Ve :Car, dtra ‘Transporterr. 3pa :PaintingArea,

&g ‘SprayGun; groupedPaint(c) A available-

Transporter (tra) A — painted(c) A - 1s0On-
PA(cpa) A pacurrentPaint < sg.sprayGun-
Limit = ¢ isOnPA(c,ap) N pa.currentPaint
= pa.currentPaint +1 A

c.posPainting = pa.currentPaint.

Transported for
assembling
when grouped.

The spray gun
washed with
solvent.

¥ e:Car. dtra: Transporter, aa :AssemblingArea;

- assembled(¢) A - isOnAA(c.aa) / available-
Transporter(tra) A groupedAssembled{c) =
O isOnAA(c.aa) A ac.currentAssembled =
aa.current Assembled +1 A

c.posAssembling = ae.current Assembled.

¥ s :SprayGun, 3 painter:Painter;

- clean(sg) A has(painter, sg) A
painter.qearsPainted > 0 = O clean(sg) A
painter.qearsPainted= 0.

The spray gun
has painted
when it was
washed.

Y e:Car, sg:SprayGun, 3 painter: Painter;
has(painter, sg) A clean(sg) = 0 — clean(sg).

# Cars grouped
| |[) by special
1~ features

Transported to
painting when
cre grouped

Painter

) when they are
grouped

The spray
gun washed
with solvent

has painted wh

it was washed
Cars painted
when they are

on painting arca

Cars assembled when
they are painted in
painting arca

Cars painted
when a order
was received

T

A request is ready for
delivery when a order
was received
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Petri nets

Requirements

l

Formalizing

!

Property Specification (¢)

System

|

Modeling

!

System Model (M)

Model Checker
(ME$)

Counter-example

|

Simulation

.

l
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Matching by construction

(W

W= 0

. Create the set of places used for the net model.
. Design constraints describing the behaviour and the structure of the so-

lution, which ensure at least the safety properties of the specification.

. Add all transitions that do not violate the constraints.
. Prove the dynamic properties.

O O /r
el
By

Petri Nets

for Systems Engineering
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The we of Knowledge Engineering (KE) processes © analyz and confi domains in P ——
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Hier
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Hieraxhical pevri ness
Requiremenss analysts

g The bety ag independent approach, taken a5 canonical in Al and alermative
processes that include h\owladg engineering -~ eventually adding specific knowledge ~ has been discussed
by Comp and Engi ities. A big impact has been noticed mainly in the exrly phase of
requirement analysis vdum KE apraach & lly introduced. R analysis & respomsible for
carrying out the Knowledge deli ofbﬁr"' -ﬂwakmmﬂ\sakyumbpde
different planner algorithms © come out with effident solutions. Ako, there is the scalability issue that appear
in most real problems. To face that, hierarchical methods played an important hale in the history of planning
and inspired several solutions since the proposal of NONLIN in the 70's. Since then, the idea of associating
hierarchical relational nets with partial andered actions has prevailed when large systems were mnsidered.
Howzva,d\aeisnilllwb&vemt!zhiﬂdfnlwmhmddwﬂeof“quuimtmﬂyﬁs
to allow fi idpated by KE ap h to really appear in the requi of a planning process.
ﬂlqu)erpcpc-:-phmybmlvcdusgq)smngmd: qui elicitation repr d first in
the ] semi-farmal (diag id) language ~ UML - Mlsﬂulshbdto}baudlanmNm
(HPNs) by a new enhanaxd algarithm. The propased pr was installed in a sofiware wal -~ developed
by one of the authors ~ that amalyzes the perfarmance of the KE planning model: iSIMPLE (Integrated
Toak Software Interface for Modeling Plaming Pnviromment). This tool was initially designed to wse classic
Place/Tramsition nets and an old version of UML (2.1). It & now enhanced © we UML 24 and a hierarchical
Petri Net ako developed by the authars. Realistic ples ill the 1 which & now

being applied to larger problems related to the manufactwring of car sequencing damain, ane of challenge of

MADEP20(B (P!E'Idl Operations Research & Decision Suppart Society). Finally, we consider the passibility to

duce approach to the KE process by using KAOS (Keep All Object Satisfied) to make the planning
design mare accurate.

1. Introduction

Planning defines a specific type of statetransition problem where

approaches lead to very smart solution frameworks - normally based
on STRIPS - and in practice, can be adapted to solve real problems.
In this work, a domain-independent general approach is still used as

the goal s to find an ad missible sequence of actions to bring the system
from a given initial state to a target final state. Some approaches in
the literature aim to improve the performance of intelligent automated
planners by trying to optimize search algorithms for a general solu-
tion (Edelkamp and Jabbar, 2006). In addition, most existing work
on Al planning use a domain independent approach where specific
knowledge and restrictions of the targt problem are not modeled and
analyzed in the planning domain. However, even domain independent

inspiration for planners algorithms, but before planners start the search
for a sequence of actions that lead to the final state the whole planning
domain s modeled and analyzed based on requirements (Vaquero et al,,
2013b).

After extensive development combining domain independent and
domain specific approaches some authors started to apply planning
techniques to real world problems - as real logistic systems - with

* No authar amocisted with this paper has disclased any potential or pertinent conflicts which may be perceived to have impending cmnflict with this work
For full dsdasure statements refer © https//doiorg/10.1016/j engappai 2019.02.019.
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Os requisitos podem ser previamente modelados usando
métodos goal-oriented ou UML, o importante € que
podem ser sintetizados em redes de Petri, espectalimente
no caso de ststemas dindmicos automatizados.
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f'i; " ; Model Checker : _
i (MEQ) |
. " Petri nets
Petri nets No
Counter-example
Simulation

O wmatching entre o modelo de requisitos e do destgwn da
solugdio seria um algoritmo de construgiio (da solugéio)

que respeLte as restrigdes dos requisitos, os tnvariantes e
que produza wma rede tsomorfa a rede dos requisttos.
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In the beginning of this century a new approach to
Requirements Engineering was introduce: Goal-oriented
Requirement Engineering (GORE) which can be a good

alternative to achieve the features to service-oriented Mfg.

KAOS

Responsibility modeling

The new approach based

ho ?
on Objectives )
’ esponsibility m
C Pertorms
e Opgrationalization ‘
EVENT
- FNTITY
Binary - Cacse
Association Aggregation
Isa Input
ENTITY ~B enrry @
Attr :Type ink/ Output
What to do?
When?
J

On what?

Operation modeling
Object modeling
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VERIFICATION OF AUTOMATED SYSTEMS USING INVARIANTS

ARIANNA Z. OLIVERA SALMON*, PEDRO M. G. DEL Fovof, JosE R. SiLva*

*Design Lab, Department of Mechatronics and Mechanical Systems Engineering, University of Sao
Paulo

Av. Professor Mello Moraes, 2231, CEP 05508-970
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t Mechanical Engineering Department, Federal University of Pernambuco,
Av. Académico Helio Ramos s/n, CEP 50670-901
Recife/PE, Brazil

Emails: arianna@usp.br, pedro.foyo@ufpe.br, reinaldo@usp.br

Abstract— Nowadays, Petri net and this extensions has been used for modeling and verification of complex
systems, used as a sound description language. Algorithms derived from this modeling framework can facilitate
the analysis and verification of properties. Methods of verification based in invariants are among the most
computacionally efficient and allow the verification of other important properties. This work proposes the use of
invariants for the verification of desirable properties for an automatic system in the early design phase. Therefore
invariants are used to validate requirements assuming they are elicited using UML Diagrams and modeled also
in Petri Nets.

Keywords— Invariants, Verification, Petri net.

Resumo— A Rede de Petri e suas extensdes sio amplamente usadas na modelagem, andlise e verificagao
de sistemas complexos, devido fundamentalmente a expressividade da linguagem de descrigdo e aos algoritmos
derivados deste formalismo, que facilitam a andlise e verificacdo de propriedades. Os métodos de verificagdo
baseados no célculo de invariantes sdo considerados entre os algoritmos computacionalmente mais eficientes. Neste
trabalho mostraremos mais uma vertente para o uso de invariantes na verificagdo de propriedade desejaveis em
sistemas automatizados. Neste caso, os invariantes serdo usados para validar requisitos ainda na fase preliminar
do processo de design, assumindo que estes requisitos sejam representados em UML e modelados também em
redes de Petri.

Palavras-chave— Invariantes, anélise de requisitos, validagao, verificacao formal, redes de Petri.

1 Introducton such as Petri Nets and associated to invariants 1.
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State-oriented modeling (SOM) is a very reliable
approach to formal verification and produces models
correct by construction. However, Lt Limplies a state-
space analysis, and Lts generation beforehand or
“on the fly”. For critical systems, it Ls the
recommended approach, but it s computationally
hava.
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State Space Methods for
Coloured Petri Nets

Lars Michael Kristensen

Ph.D. Dissertation
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Event-oriented PN modeling is directed to
transactions and workflow.

Prof. José Reinaldo Silva

Escola Politécnica da USP PMR5237

57




Na proxima aula vamos ver como aplicar a téewiea oe
building blocks nas redes de alto nivel e seguiremos na
discussiio dos métodos de modelagem de sistemas usando

Redes de Petyt.
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