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Task-level Modeling

& System models

< Task modelling in D(S)CS
< Task modelling in CoCS
< Task modelling in HCCS

< An overview on graphics notations and
languages for CCS
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System Modelling
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"
System Modelling

Structured Methods

Structured methods incorporate system

modelling as an inherent part of the method

Methods define a set of models, a process for
deriving these models and rules and guidelines

that should apply to the models



"
System Modelling

Model Types
< Dhtssiroatssintpaedel
Siowng HowthatdiEs mpecoassadmt
aiffarantesiaties
< Somplositioaspodsé model

S b ttesareaivpaosesionts.
other entities

<~ Architectural model
Showing principal sub-systems
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System Modelling

Context Models

Context models are used to illustrate the boundaries
of a system:
<~ Social and organisational concerns may

affect the decision on where to position
system boundaries

< Architectural models show a system and its
relationship with other systems
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System Modelling

Process-Oriented Models

< A process-oriented model is based on a set of
Interacting processes (tasks) running under a
real-time kernel or a static schedule.

< Process-oriented models emphasize the functional
decomposition of real-time systems.

<~ Process-oriented models address naturally the
problems of scheduling and schedulablility analysis.
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System Modelling

Object-Oriented Models

Object-oriented specifications emphasize
structural decomposition.

System is conceived as a composition of
Interacting objects.



"
System Modelling

Behavioural Models

< Behavioural models are used to describe the
overall behaviour of a system.

< Two types of behavioural model are shown here:

» Computational models showing how data and signal
transformations are organized

> Control-flow models that show the systems response to
events and time passage

Both of these models are required for a
description of the system’s behaviour.



" A
System Modelling

Component-Oriented Models

Components are represented in the context of
control systems as:

<~ Schedulable computational element having well
defined behaviour and having a set of interfaces
to communicate to its environment

< A main difference form object-oriented model
IS that the component is self-dependent and
maybe it is a set of objects
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Task modelling in D(S)CS

Types

< Automata models

< Symbolic execution of state machines —
Programmable Logic Controller ( PLC )

< State-logic execution —
State Logic Controller ( SLC)
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Task modelling in D(S)CS

Automata Models

< FInite State Machines

< Petri Nets
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Task modelling in D(S)CS

Finite State Machines
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Automata Models

Finite State Machines

HFS&1thaceyappliodblsteterobEmmes (AN feld of
cssrmiefloviiphialbgmaiicahmageisaitich
serve as approximations to physical or abstract
Nlosndmeanafying nature of the theory of FSM is of
apparent value and it has been widely applied Iin

Witke siesficahceed-SM'’s theory is that its models
are not confined to any particular scientific area.



=
Finite State Machines

Preliminary Definitions:

< Dipipn araaksd e ardmiedrsese iiip giamsenals et st
ybagbieet ivibeckbdhionsit tafosouguids aidabiem aoa.
Fpeisin ot cisagbie mehdidsoldse vedaed as
respoenslyattblgariables are often immeasurable.
These variables can also be denoted as

Intermediate variables .
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Finite State Machines

Definition:

A Finite State Machine M is a 5-tuple

(1,0,S,R,r)

*he iritial state 9

(buur  tne outpurt ana transiuon relation
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Finite State Machines

Definition:

A Finite State Machine (FSM) can be interpreted
as an automaton over the alphabet | xO.

The set of all pairs (I, , O,) such that sequence O,
IS produced as output on applying sequence |, as
the input, gives the language of the automaton.
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Finite State Machines

Graphical Notation:

state
absorption state

- {FaNSitiON

ready

ﬁ input

/open

- OULPUL
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Finite State Machines

Classification

i WSWIPNDFSM)

Nt o aporrvichmtkpalt
PHNdIEaRPE fstdialsigte.
Otherwise, it is said to be incompletely specified.
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Finite State Machines

In the automaton sense

< Both DFSM and PNDFSM are deterministic

The underlying automaton for a PNDFSM makes
a unique transition for a given |/ O pair.

<  NDFSM Is non-deterministic



Finite State Machines

Time-discreetness

< Tlhge @WM@M%mtanaaywempling

A 5ROl s

e
.Evlaud, 18h true

mdeb&emlelytltmaoutyes not time, but the ordinal

lém,lqg ﬁlgteglwlth the sampling times.
ThIS S eC| e event Is called a synchronizing signal.

$F%$Mcﬁée§%9§m0@ﬂ%m1§j S&RRNRERen
agSUMpPHRIR designates the value of variable V
at the i-th sampling time.
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Finite State Machines

Types :

<  Moore machine
< Mealy machines

< Medvedev machine
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Finite State Machines

Moore machine

Next
state

Next state
logic

registers Output logic

Moore machine is a 5-tuple:
M=(S;[; O; 5; A)

A:S—>O0

Output function -> the output vector (O) is a function of
state vector (S)
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Finite State Machines

Mealy machine

Next state
logic

registers Output logic

Mealy machine is a 5-tuple:
M=(S;[; O; 5; A)

A:Sx|I—-0

Output function -> the output vector (O) is a function of
state vector (S) and the input vector (I)
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Finite State Machines

Medvedev machine

Mext state State

registers

Medvedev machine is a 5-tuple:
M=(S;[; O; 5; A)

A:S=0

Output function -> the output vector (O) resembles the
state vector (S)
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Finite State Machines

Modelling Aspects:

<~ Medvedev is inflexible
< Moore Is preferred because of safe operation.

< Mealy is more flexible but has
disadvantages —> possible spikes, long paths.

Every Moore automaton can be transferred
to Mealy and vice versa.
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Task modelling in D(S)CS

Petri Nets
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Automata Models

Petri Nets

PefhenEetomdéettsmidem maaimpdnematical model.

< a static graph structure for specifying the

DevalRREHisthrhBBAEDxeRE: Adam Petri

for describing the cause and effect relationships

pREREHUAN IRt SEalled the firing rule) for

describing the dynamic behaviour of the system
based on these relationships.



Petri Nets

Definition 1:

The triple X=(P, T, F) Is a set, where:

F c (PxT) U (TxP)

finite siate of arcs

< Inthe set X there are no pair of positions incident to
one and the same transition :

VP, P, € P:(p="p,) A(P = Py) = (P, = P,)

*X : the set of its input elements{y |yFx}, ¥k € X
x* : the set of its output elements {y | xFy }, ¥k € X



Petri Nets

Definition 2:

A Petri nets in a five-tuple PN = (P, T, F W, M,)) :

Mg:P— {0, 1,2 ..}
the initial marking

Mo(p), p € P is the marking (i.e. numbers of tokens) of
the place p.




Petri Nets

Notations:

< *t : the set of input places of transition t. That is the
set of places p suchthat (p,t) eF

< t* : the set of output places of transition t. That is p
suchthat (t,p) eF

< *p : the set of input transition of place p. That is the
set of transitions t suchthat (t,p) e F

< p* : the set of output transition of place p. That is t
suchthat ( p,t)eF



Petri Nets

Graphical Notation

place output — transition input O

place with token

| » Arc
place input — transition output Ltl
l » Arc
2 «—

transition

) 4
empty place — O

arc’s weight




Petri Nets

Activities:

< The transitiont € T Is enabled If for some
marking M for PN,

Vpe t:M(p) = F(p,t)

that means whatever place p from the input
places of some transition t contains number of
tokens greater or equivalent than the weight of

the arc connecting them.



Petri Nets

Activities:

<~ Firing the transition t in the context of marking M
results to new marking M’ as follows

>

removing W(p,t) tokens from each , meaning that
from each input place p of the transition t are
removed number of tokens equal to the weight of
the arc connecting the place and the transition;

adding W(p,t) tokens to each , meaning that to
each output place p for the transition t are added
number of tokens equal to the weight of the arc
connecting the transition and the place.



Petri Nets

Activities:

<~ Firing the transition t in the context of marking M
results to new marking M’ as follows:

vpeP:M'(p)=M(p)-F(p,t)+F(t p)

equivalent to

M'=M="F(t)+F (t).



Petri Nets

Activities:

On the set of markings M is introduced
relation —— for direct marking sequence as:

M——sM'e3teT : (M>F@1)AM'=M="F({t)+F"(t))

If M’ follows directly form M as a result of firing the
transition t it is said that

M—— M



Petri Nets

Activities:

Marking M’ is reachable from M if there is a
sequence of markings M, M;, M,, ..., M’ and
sequence of transition firings t=<t;t,...t,> on
the T, so that

M—L2SyM—"L3M—L3, . — SM—L3M"

We will say Tt =<t t, ... t,>to be a vector of firings.



Petri Nets

Activities:

To say that M’ Is reachable from M it Iis written
M——>M' or M——5 M’

A set of markings { M’| M — M’ } reachable in the
set PN from the marking M is represent as R(PN,M).

The set R(PN) = R(PN,M,) or the set of all markings
reachable from the initial marking M, is hamed

the reachable places set.



Petri Nets

Incidence matrix:

The matrix A=[4g;] Is a n xm matrix and for
each a; Is given
g -
aij - a” = au
where:
+ _ = .
* a; =w(,))
It is equal to the weight of the output arc from
transition | to its output place I.
¢ a; =w(,i)
it is equal to the weight of the input arc from
place i to its output transition j.



Petri Nets

Incidence matrix:

The incidence matrix can be represented as two
different matrixes A" and A’

< A" :represents the weight of output arcs from
every transition to every place,

< A :represents the weight of output arcs from
every place to every transition.



Petri Nets

Incidence matrix: Example

A sample Petri net and corresponding matrixes

of incidence:
A+...
My || 1B (| B35 |t}
bl @ | @ ||| oog|a
B/l @ [ 2 || 11 |
ol @ || @]
|t, 1] 0®]-D




Petri Nets

Properties:
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Petri Nets

In progress modelling:
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Examples:

Petri Nets




" A
Petri Nets

Analyzes :

< Structural analysis technigues
> Incidence matrix
> T-and S- Invariants

< State Space Analysis techniques
» Coverability Tree
» Reachability Graph



Petri Nets

Advantages and Disadvantages :

¢

<>

&<

Hasie gl efitioprectde it ot kdsys,
concurrency, conflicts and mutual exclusion
YL SHOSR: 0 state explosion situation thus

making graphical and mathematical

Freakatapbicadppresentation enables easy
understanding of structure of complex systems;

Hard to follow ¢changes in syste ct re
Analyzes possctﬂ r}gr detec¥| rH
starvations, overflow, irreversive S|tuat|ons, etc:

Performance analyzes based of deterministic
timed Petri nets or stochastic timed Petri nets;



Petri Nets

Timed Petri Nets

+LetinyngSliplechst-timecsBosatedssipidiggsition
isVatRdRIgEfitifrRP6E SLITSItion Mistared amaoiient
T OTHee takag bavadmsredrin in the place as a
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all vpciatluvll 1o pClivliiicu.



"
Programmable Logic Controller

Definition:

The programmable logic controller is a
reconfigurable software architecture that has
been specifically developed for synchronous

(time-driven) sequential controllers.



" A
Programmable Logic Controller

Characteristics:

The PLC emulates the circuit diagram of the state
machine (and indirectly — its behaviour).

Implemented by periodical computation of two sets
of Boolean functions describing the logical structure
of the state machine:

< state transition functions

< output functions (or state transition functions used
In conjunction with control memory).



" A
Programmable Logic Controller

Characteristics:

Reconfiguration can be done in several ways:

< By special-purpose graphical languages, such as
function block diagrams and ladder diagrams defined
In standard IEC 61131-3 in order to specify the
structural model of the implemented controller, which

IS subsequently translated into executable code
< By generating a data structure containing the

machine-level description of controller functions,
which is interpreted subsequently by a standard

software routine, i.e. the state machine driver.



" A
Programmable Logic Controller

Characteristics:

Binary decision diagram’s are used for table
description of controller’s functions :

<~ Binary decision diagram (BDD) is a special technique
used to represent and efficiently compute Boolean
functions.

Its main advantage is in terms of computation time,
which grows linearly with the number of arguments

evaluated (in most cases).



" A
Programmable Logic Controller

Characteristics:

The PLC-type state machine driver provides a
solution to the problem of designing re-configurable
and reusable state machines. However, this approach
has also some shortcomings:

< It is necessary to carry out the logical design of the
state machine before implementing it in software. This
might be a difficult task when implementing complex
state machines having a great number of states and
transitions.



B

Programmable Logic Controller

Characteristics:

The PLC-type state machine driver provides a

solution to the problem of designing re-configurable
and reusable state machines.

Drawbacks:

< Itis necessary to carry out the logical design of the
state machine before implementing it in software.

< PLSs are not optimal in terms of execution time.
They do not exploit the locality of behaviour.


Moderador
Notas de la presentación
Shortcomings:
It is necessary to carry out the logical design of the state machine before implementing it in software. This might be a difficult task when implementing complex state machines having a great number of states and transitions.
PLSs are not optimal in terms of execution time. They do not exploit the locality of behaviour, which is typical of state machines, i.e. it is necessary to compute all state variables with every invocation of the program, even though only one of them - the destination state variable will be activated as a result of the transition.
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State Logic Controller

Problems of non-optimality of PLCs can be
eliminated with the other type of software
architecture:

the State Logic Controller (SLC).

SLC are used to implement reconfigurable and
reusable state machines.
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State Logic Controller

The SLC is built around a data structure, which
contains the machine-level representation of the

formal model specifying system behaviour - a state
transition graph.

SLC interprets the model, resulting in direct emulation
of system behaviour. (vs. indirect emulation of PLCs).

System model is implemented as a table consisting of
modified binary decision diagrams that represent the
next-state mappings of various states, as specified by
the state transition graph.
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State Logic Controller

The SLC-type state machine driver is :
< powerful
< simple

< It can be used to implement all types of :

> sequential controller including synchronous
(time-driven)

» asynchronous (event-driven) state machines

< It can be extended to continuous and hybrid
control systems as well as other applications.



" A
Continuous Control Systems

Formal specifications of control systems
(computational models)

< Data-flow models

An instruction / module is executed when the
operands required become available.

s Control-flow models

An instruction / module executed when the
previous instruction / module in a defined
sequence has been executed.
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Continuous Control Systems
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Data Flow Systems

History

Proposed by Kahn in 1958 as a formal model.

Data flow technique was originally
developedin 1960s by Karp and Miller as
graphicmeans of representing computations.

Unigque attribute: deterministic
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Data Flow Systems

Applications of dataflow

< Block-diagram specifications
Circuit diagrams

Linear / Nonlinear Control Systems
Signal processing

Suggest dataflow semantics

R O R S

Common in Electrical Engineering
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Data Flow Systems

Data Flow Models

It uses a directed graph called :

a data dependence graph
or

a dataflow graph
\ / arcs

nodes
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Data Flow Systems

Types :

< Dtatamare thremullipldyratenostaoteanfaafperg @ilar
aodea-finmg iatEosaele :
>  Nodeke fine svinvdre alal hipytutiotcdes s pyitathensiaime
meg\nousbentmopéaken have been consumed.

> Mpre thleensne ¢otkerm ireatiovestiaot s antpandokens
pregeunsi@igolt tokens need not be consumed before

Thesetr}%lréOdgl oavr\]/sf'belﬁgﬁ Ne computations and loops

Ibblfd?@vﬁ%ﬁ'ﬂﬁé?ﬁ@@&@@h@ﬂﬂg not fixed though
AR ACHINR ATIGRY U B EREFER TR hanism.

There is no requirement of acknowlegment mechanism.
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Data Flow Systems

Macrodataflow:

2. Rafestion:

> Dadafi@andirfiwhgmdach node can represent
RO BreSRUREHAF¥Me operands are recieved

The nodes represent procedures/functions, the

NB0e5RBAS ) BB ure/function parameters

biedeHy esiiphe orensinapgpitcedararidridton
resigwed. Each nodal operation is completed

when all necessary operand are received.

\ A7
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Data Flow Systems

Intuitive Semantics

< Betersnjofien stateless) perform computation

+ U O TR e A ™S

SSAUElRGR con ion carrylng values

> '”t9§|%r¢|ﬂﬂatref'§f§q§8'r%tcess cannot test input queues
> matrix of integer, flog, fbraPtRRIBS

> Image of pixels

< State implemented as self-loop
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Data Flow Systems

Kahn Process

The process is constrained to be continuous.

< Prefix ordering of sequences: XcVY

< Set of sequence can be ordered as well:
XY, if XcY;, for Vi

< Increasing chain of sequences

v ={ Xg Xqi, -}

where: X, E X, € ....
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Data Flow Systems

Kahn Process

The process is constrained to be continuous.

< Least upper bound of ¥ : U g

< Functional process F: SP—»S9 :
> Continuity
F(uy) = UF(x)
> Monotonicity
X c X' = F(X) < F(X)

< Reading an empty channel blocks until data is
available.
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Data Flow Systems

Network of Processes

< A network: a set of relations between sequences.
X=F(XI)

< Any X that forms a solution is called a fixed point.
Continuity of F implies that there will be exactly
one “minimal” fixed point.

<- Execute the network by first setting | = 1 and
finding the minimal fixed point, then by iterative
computation to find other solutions.
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Data Flow Systems

Svynchronous Dataflow (SDF)

Edward Lee and David Messerchmitt, Berkeley, 1987

Restriction of Kahn Networks to allow compile-time
scheduling.

Basic idea:

Each process reads and writes a fixed
number of tokens each time it fires.
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Data Flow Systems

Svynchronous Dataflow (SDF)

< Firing rules: Fixed token consumption/production

<~ Can be scheduled statically
> Solve balance equations to establish rates
> A correct simulation produces a schedule if one exists

< Looped schedules
> For code generation: implies loops in generated code
» Recursive SCC Decomposition
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Data Flow Systems

Svynchronous Dataflow (SDF)

< Example:




"
Data Flow Systems

Svynchronous Dataflow (SDF)

< Example: step-by-step execution




" A
Control Flow Systems

< Representing system reactions instead of data flow.

< An instruction / module executed when the
previous instruction / module in a defined
sequence has been executed.

<~ Data presence/absence has no influence to
activation process

This model is very effective to represent
event-driven systems.

The simplest model is FSM.



" A
Control Flow Systems

Steps in building CFM

< Remove data flows from data-flow diagram (DFD)
< Add control flows, stores, events and windows

< Events may be:
> Sensor inputs
> data conditions
> switches and interrupts
> signals from other programs



" A
Control Flow Systems

Relations between DFM and CFM

Data input Data output

C ata—flovw/ Control-flow model
\ D -

Process activation

DF CFD
Process network | | Data conditions | Control-oriented
specification specification ™

7

/ Control input

Control output
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Control Flow Systems

Example: CFD creation

M1 M2
ei—Yi > filter
M4 upper & dowr'YlB

Ay control <—

limits control

form M5
SetPoint

! M7
” output control value

Flow-chart of PID contour
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Control Flow Systems

Example: CFD creation

N

Control-flow graph
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Control Flow Systems

Example: CFD creation

VIEF l l
_ G u
M2 e M3 > M5 —» M6 >
fr]_ rl ¢r2 ¢r2
F: {_A Fout® Fout*
J _____
—» M4 —» M7 - r a”a'°9
'output driver

F2
F 3X3 Data-flow graph


Moderador
Notas de la presentación
Here: 
   
 


Control Flow Systems

Example: CFD creation

Steps of work:
6. Nratmmnerptesiduatrobagedsisignal it cogessible

O ok 0 NDN

RUARILTSIEN RLAPNL YRDFFANSIORARE BeMBIGMEINGLa

Wblis BID regulator — it generates output signal U
MZ ebmhnﬂfs@sigrmbdabsﬁd@t \fall;é U to correspond to
WE&AHBP@’%@%%MS'M%&W& technological and

Amaiageoaypiindaver converts control value u to analog

ﬁ)lgfn@(&ntrols signal value to has gradient between upper
and down limits
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Hybrid Control Systems

Hybrid control systems are reactive control
systems that involve both continuous and
discrete dynamics and continuous and
discrete controls.



" A
Hybrid Control Systems

Possible approaches

< Two tier control system — supervisory discrete
automaton and number of sequential controllers

< Extended FSM possible to implement signal
transformations (continuous control) as state
activities.
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Hybrid Control Systems

The simplest solution

Designed by considering the continuous and discrete
event systems separately - by suppressing either

Difficulties:

The interaction between the continuous and
discrete event systems complicate analysis.

pecomes a difrerential equation



"
Hybrid Control Systems

Modelling by combining state machine(s) and
sequential flow controllers

PO ofr gntlal controllers.
on roI ers

setorc

¥ M?%Pq %@P FHAUMRYQL SbRtRAlEte
control devi @(géecrga;@wl) and number of

ntrolled plant a different

¢ EOHGYRN
contro /ated.
& Sy cg,u,;g@rv I reacts to exterpghevents.

Ita BRANGNDEIEVBriBCsstedller.
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Hybrid Control Systems

Modelling by hybrid controllers — extended
state machines

Modern approach in system design.

Control system behavior is represented as
extended form of Moore machine able to make

signal transformations as node operations.
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Hybrid Control Systems

Modelling by hybrid controllers — extended
state machines

1. Formal basis :
P={A X,C,Y,E,R,S},

A set of predicates, C={c, }

A set of signal transformations, specifying the
computafion of output signals during the
execution of the coresponding reactions
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Hybrid Control Systems

Modelling by hybrid controllers — extended
state machines

2. Specification of system reactions

R={r},
where :
r: AxExC->Y



4
Hybrid Control Systems

Modelling by hybrid controllers — extended
state machines

3. Specification of signal transformations

Signal transformation functions specify how
the output signals are generated within the
corresponding system reactions

Vy,eYo s, eS
St Xi(0) YD), X X

S, may be represented as a composition of simple functions,
. k k
I.e.: yk — Wl Wl—l WI 2 ........ Wl


Moderador
Notas de la presentación
 wjk    - a basic application function 
sk -> this composition corresponds to a sequence of computations, i.e. data-flow graph. 


Bl
Hybrid Control Systems

Modelling by hybrid controllers — extended
state machines

3. Specification of signal transformations

Combination of system reactions defined as for
Moore machine and signal transformations as
dataflow leads to new hybrid (extended) Moore

machine.


Moderador
Notas de la presentación
 wjk    - a basic application function 
sk -> this composition corresponds to a sequence of computations, i.e. data-flow graph. 
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Hybrid Control Systems

Modelling by hybrid controllers — extended
state machines

4. Example  -—---- ; ,/Q

. ena})le
I Blnary I lnitialize loop \A*

variable '

| logic | '
L __ _ | ]
Flages® ,< tunti r
Whit until Uy,
Process @ Y i
lic

, > :
message Input signal SetPoint PID Output
driver ::}-\\\ generator fzi:::C; signal driver
_> =
W\
Sy \O
Q/y/b
Manual
SIS Input signal
— — » 'Nputsig

driver



Moderador
Notas de la presentación
Activities associated with “Execute control” state
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Graphic Notations and Languages

< Specification languages
< UML
< SDL
< VHDL

< Languages defined in standards
IEC 61131 and IEC 61499



UML

o

» The Unified Modelling Language (UML), is the
language that can be used to model systems.

\/

< Unified Modeling Language Is:

< An emerging standard for modeling
object-oriented software.

< Resulted from the convergence of notations
from three leading object-oriented methods:
» OMT (James Rumbaugh)
» OOSE (lvar Jacobson)
> Booch (Grady Booch)



UML

< UML provides the ability to capture the
characteristics of a system by using notations.

» UML provides a wide array of simple, easy to
understand notations for documenting systems
based on the object-oriented design principles.

< UML does not have any dependencies with respect
to any technologies or languages.

*» UML can be used to model applications and systems
based on either of the current hot technologies.



UML

Diagrams

THe Undefiding RIS of uMLs BRI GRe
diagranasadiegpiuie the different € SHENS of a

system In its entirety. Hence, UML GomsEsts ation
ofhife RIRGrEIRY 8Bt can be used grgieds! 2

systeg L ditterent points of time in the software
life cycle of i%gystem. < Component

< Activity diagram diagram

< Deployment
diagram
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Notas de la presentación
Use case diagram: The use case diagram is used to identify the primary elements and processes that form the system. The primary elements are termed as "actors" and the processes are called "use cases." The use case diagram shows which actors interact with each use case. 
Class diagram: The class diagram is used to refine the use case diagram and define a detailed design of the system. The class diagram classifies the actors defined in the use case diagram into a set of interrelated classes. The relationship or association between the classes can be either an "is-a" or "has-a" relationship. Each class in the class diagram may be capable of providing certain functionalities. These functionalities provided by the class are termed "methods" of the class. Apart from this, each class may have certain "attributes" that uniquely identify the class. 
Object diagram: The object diagram is a special kind of class diagram. An object is an instance of a class. This essentially means that an object represents the state of a class at a given point of time while the system is running. The object diagram captures the state of different classes in the system and their relationships or associations at a given point of time. 
State diagram: A state diagram, as the name suggests, represents the different states that objects in the system undergo during their life cycle. Objects in the system change states in response to events. In addition to this, a state diagram also captures the transition of the object's state from an initial state to a final state in response to events affecting the system. 
Activity diagram: The process flows in the system are captured in the activity diagram. Similar to a state diagram, an activity diagram also consists of activities, actions, transitions, initial and final states, and guard conditions. 
Sequence diagram: A sequence diagram represents the interaction between different objects in the system. The important aspect of a sequence diagram is that it is time-ordered. This means that the exact sequence of the interactions between the objects is represented step by step. Different objects in the sequence diagram interact with each other by passing "messages". 
Collaboration diagram: A collaboration diagram groups together the interactions between different objects. The interactions are listed as numbered interactions that help to trace the sequence of the interactions. The collaboration diagram helps to identify all the possible interactions that each object has with other objects. 
Component diagram: The component diagram represents the high-level parts that make up the system. This diagram depicts, at a high level, what components form part of the system and how they are interrelated. A component diagram depicts the components culled after the system has undergone the development or construction phase. 
Deployment diagram: The deployment diagram captures the configuration of the runtime elements of the application. This diagram is by far most useful when a system is built and ready to be deployed. 



UML

Diagram Classification:

A software system can be said to have two distinct
characteristics:

<- a structural ( "static* ) part
<~ a behavioural ( "dynamic") part.

An additional characteristic of a software system
possesses is related to implementation.
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Diagram Classification:

< Static - this Is essentially the structural aspect
of the system. It defines what parts the system
IS made up of.

< Dynamic - this is behavioural features of a system

< Implementation - describes the different elements
required for deploying a system


Moderador
Notas de la presentación
Static: The static characteristic of a system is essentially the structural aspect of the system. The static characteristics define what parts the system is made up of. 
Dynamic: The behavioural features of a system; for example, the ways a system behaves in response to certain events or actions are the dynamic characteristics of a system. 
Implementation: The implementation characteristic of a system is an entirely new feature that describes the different elements required for deploying a system 


UML

Diagram Classification:

< Digoimmientation
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> Activity diagram .
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UML

Production life-time view:

$ e e 2

Design View
Process View
Component View
Deployment View

Use case View
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Notas de la presentación
Design View: The design view of a system is the structural view of the system. This gives an idea of what a given system is made up of. Class diagrams and object diagrams form the design view of the system. 
Process View: The dynamic behaviour of a system can be seen using the process view. The different diagrams such as the state diagram, activity diagram, sequence diagram, and collaboration diagram are used in this view. 
Component View: Next, you have the component view that shows the grouped modules of a given system modelled using the component diagram. 
Deployment View: The deployment diagram of UML is used to identify the deployment modules for a given system. This is the deployment view of the 
Use case View: Finally, we have the use case view. Use case diagrams of UML are used to view a system from this perspective as a set of discrete activities or transactions. 



SDL

Specification and Description Language (SDL)
IS a textual and graphical language that is both

formal and object-oriented.



SDL

SDL is “an object-oriented, formal language ...” intended
for the specification of:

< complex applications

< event-driven applications
< real-time applications

< Iinteractive applications

Involving many concurrent activities that communicate
using discrete signals.



SDL

Main characteristics:
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Semantic models for system representation
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Program elements

¢

SRR

System block

One or more Blocks
Process (at least one)
Procedure

Processes can be dynamically allocated,
blocks can not.
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Relation amonqg program elements

Block Bl1 Process Proc2 Procedure Prl
ﬁ, BI1 Prl < >
| '
- BI2
C3
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The structure of SDL and its formal model predetermines wide use in many areas of system design outside its initial – communications. 
Simple, efficient and rapid development, simulation, verification and testing of simple, extended and timed FSMs makes SDL very useful in the area of embedded systems design. Its extension by standard Z.109 SDl-UML-Profil makes multilevel system design more powerful, team- and domain-independent. 
SDL is one of main tools for specification, simulation and verification of synchronously operating software


VHDL

VHDL means
Very High Speed Integrated Circuits Hardware

Description Language

Basic definition

In Language Reference Manual (IEEE Design Automation
Standards Committee, 1993a) :

“...a formal notation intended for use in all phases

of the creation of electronic systems. ...it supports

the development, verification, synthesis and testing

of hardware designs,...".




VHDL

VHDL means
Very High Speed Integrated Circuits Hardware

Description Language

Basic definition

“...a formal notation intended for use in all phases
of the creation of electronic systems. ...it supports
the development, verification, synthesis and testing
of hardware designs,...".

in Language Reference Manual (IEEE Design Automation
Standards Committee, 1993a)




VHDL

VHDL is combination of programming language
and hardware modelling language. When it was

designed the main goal of VHDL was to simulate
circuits.

Now It Is used not only for simulation but for
synthesis. Accounting current situation of VHDL
Implementations its abbreviation can be changed
to VHSIC Hardware Design Language.



VHDL

Language characteristics and elements

<>
<>

Sequential Procedural language: inspired by ADA

Concurrency: statically allocated network of
processes

Timing constructs
Discrete-event simulation semantics

Object-oriented elements: libraries, packages,
polymorphism
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< One of most important parts of basic and
extended versions of VHDL is time flow control.

Original version of VHDL is synchronous

< The module reacts by running the code of its

This is called scheduling a transaction on that signal.
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Notas de la presentación
A scheduling a transaction on a signal -> if the new value is different from the previous value on the signal, an event occurs, and other modules with input ports connected to the signal may be activated. The purpose of the simulation is to gather information about the changes in system state over time. 


VHDL

VHDL is used outside electronics design.
An extension VHDL-ACS supports simulation
and description of circuits having continuous

over time and over amplitude behaviour.

It is technologically independent.




VHDL

VHDL is widely used for
simulation / description / synthesis of FSMSs.

For the needs of transitional systems analyses it
simulates non-zero-time atomic operations, thus
enabling time-correctness analyses.

VHDL is very useful for simulation and analyzes of
parallel event-driven processes.



VHDL

Main drawbacks

< 1tis hard for learning (except the user is not
used in ADA)

< not all descriptions can be synthesized

< one and the same behaviour leads to different
structures



"
Standard 61131

The IEC 1131 standards were developed
to be a common and open framework for PLC
architecture, agreed to by many standards
groups and manufacturers.

They were Initially approved in 1992,
and since then they have been reviewed
as the IEC-61131 standards.
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Standard 61131

The main components

IEC 61131-1 Overview

IEC 61131-2 Requirements and Test Procedures
IEC 61131-3 Data types and programming

IEC 61131-4 User Guidelines

IEC 61131-5 Communications

IEC 61131-7 Fuzzy control

R R R SR
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Notas de la presentación
This standard is defined loosely enough so that each manufacturer will be able to keep their own look-and-feel, but the core data representations should become similar. 
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The programming models (IEC 61131-3)
have the greatest impact on the user.

The IEC 1131-3 Standard

Common Elements

Programming Languages




g
Standard 61131

Common Elements

Data Type
Variables

Input variables
Output variables

Global variables

R R R SR

Configuration, Resources and Tasks


Moderador
Notas de la presentación
Data Type
Within the common elements, the data types are defined. Data typing prevents errors in an early stage. It is used to define the type of any parameter used. This avoids for instance dividing a Date by an Integer. Common data types are Boolean, Integer, Real and Byte and Word, but also Date, Time_of_Day and String. Based on these, one can define own personal data types, known as derived data types. � 
Variables
Variables can be declared at the beginning of each definition for the different Program Organization Units (POUs), i.e. programs, function blocks and functions. There are different types of variables depending on whether the variable is used as an input parameter, output parameter or  global parameters. LetÂ’s look these in detail.
Input variables
Input variables act as input parameters to a POU. They are supplied values form external sources such as sensors. Input variables will be required for programs, function blocks and functions.
Output variables
Output variables act as output parameters to POU. Output variables will be required for programs and function blocks but not functions.
Global variables
Global variables can be declared at configuration, resource or program level. They can be accessed by any POU that exists within the configuration, resource or program in which the global variable is declared. � � Configuration, Resources and Tasks
At the highest level, the entire software required to solve a particular control problem can be formulated as a Configuration. 
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Standard 61131

CONFIGURATION

RESOURCE RESOURCE
TASK TASK TASK TASK
RN i : ;
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Communication function (See IEC 1131-5)

------ Execution contral path
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Function block
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A configuration is specific to a particular type of control system, including the arrangement of the hardware, i.e. processing resources, memory addresses for I/O channels and system capabilities. Within a configuration one can define one or more Resources. One can look at a resource as a processing facility that is able to execute IEC programs. Within a resource, one or more Tasks can be defined. Tasks control the execution of a set of programs and/or function blocks. These can either be executed periodically or upon the occurrence of a specified trigger, such as the change of a variable. Programs are built from a number of different software elements written in any of the IEC defined languages. Typically, a program consists of a network of Functions and Function Blocks, which are able to exchange data. Function and Function Blocks are the basic building blocks, containing a data structure and an algorithm. 
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Program Organization Units

< Functions
< Function Blocks ( FBs)

< Programs


Moderador
Notas de la presentación
Functions
IEC has defined standard functions and user defined functions. Standard functions are for instance ADD(addition), ABS (absolute), SQRT, SINus and COSinus. User defined functions, once defined, can be used over and over again.
Function Blocks, FBs
Function Blocks are the equivalent to Integrated Circuits, ICs, representing a specialized control function. They contain data as well as the algorithm, so they can keep track of the past one of the. They have a well defined interface and hidden internals, like an IC. Once defined, it can re-used, in the same program, different programs, or even different projects. Function Blocks can be written in any of the IEC languages. It this way they can be defined by the user.  
Programs
With the above-mentioned basic building blocks, one can say that a program is a network of Functions and Function Blocks. A program can be written in any of the defined programming languages.
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Sequential Function Chart (SFC)

< SFC describes graphically the sequential
behaviour of a control program.

% SFC structures

The internal organization of a program, and helps
to decompose a control problem into manageable
parts, while maintaining the overview.
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Sequential Function Chart (SFC)

< SFC consists of :
> Steps

Each element can be programmed in any of the

IEC languages, including SFC itself.
It is very similar to GRAFSET language.

A transition is associated with a condition, which,
when true, causes the step before the transition to
be deactivated, and the next step to be activated.
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Programming Lanquages

< Textual:
» Instruction List (IL)
> Structured Text (ST)

< Graphical:
» Ladder Diagram (LD)
> Function Block Diagram (FBD)
> Sequential Function Chart (SFC)


Moderador
Notas de la presentación
Within the standard five programming languages are defined. This means that their syntax and semantics have been defined, leaving no room for dialects. Once you have learned them, you can use a wide variety of systems based on this standard.   

Ladder Diagram is based on the graphical presentation of Relay Ladder Logic. Currently there are many extensions to RLL making it more flexible but unfortunately they are not included in the standard.
Instruction List is textual language. It resembles assembler. 
Function Block Diagram is very common to the process industry. It expresses the behaviour of functions, function blocks and programs as a set of interconnected graphical blocks, like in electronic circuit diagrams. It looks at a system in terms of the flow of signals between processing elements. 
Structured Text is a very powerful language with its roots in Pascal. It can be used excellently for the definition of complex function blocks, which can be used within any of the other languages.  
SFC is typical control-flow language. It is mainly assigned to extended Finite State Machines realizations. Extensions enabling forking and joining are very applicable for implementation of internal parallelism. 
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Programming Lanquages

The choice of programming language is
dependent on:

» the programmers’ background
> what kind of the control problem
> the structure of the control system

All five languages are inter-linked: they provide a
common suite, with a link to existing experience.

In this way they also provide a communication tool,
combining people of different backgrounds.
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Programming Lanquages - examples

Instructio

LD A
ANDN B
ST C

Function Bloc

AND

il

Step 1 — N FILL
—| Transition 1

Step 2 — S Empty
—| Transition 2

Step 3

SFC
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Top-down vs. bottom-up

Common Elements

Programming Languages

Top Down

Bottom Up
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Notas de la presentación
Either you specify your whole application and divide it into sub parts, declare your variables, and so on. Or you start programming your application at the bottom, for instance via derived functions and function blocks. Whichever you choose, the development environment will help you through the whole process. 


Standard 61131

Advantages

<>

<>

<>

reduced waste of human resources, in training,
debugging, maintenance and consultancy

creating a focus to problem solving via a high level
of software reusability

reduced misunderstanding and errors

programming techniques usable in a broad
environment: general industrial control

combining different components from different
programs, projects, locations, companies
etc.
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The standard IEC 61499 defines how function
blocks can be used in distributed industrial
process, measurement and control systems.

In industrial systems, function blocks are

an established concept for defining robust,
re-usable software components.


Moderador
Notas de la presentación
A function block can provide a software solution to a small problem, such as the control of a valve, or control a major unit of plant, such as a complete production line. Function blocks allow industrial algorithms to be encapsulated in a form that can be readily understood and applied by people who are not software specialists. Each block has a defined set of input parameters, which are read by the internal algorithm when it executes. The results from the algorithm are written to the block's outputs. Complete applications can be built from networks of function blocks formed by interconnecting block inputs and outputs. 
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IEC 61499 defines a general model and
methodology for describing functions blocks in a
format that is independent of implementation.

The methodology can be used by system
designers to construct distributed control systems.

It allows a system to be defined in terms of
logically connected function blocks that run on
different processing resources.


Moderador
Notas de la presentación
The design of a control system typically starts with the analysis of the physical plant diagrams and documentation on the control system requirements. This analysis leads to the definition areas of functionality and their interaction with the plant. The final phase results in mapping functionality into physical resources such as PLCs, instruments and controllers.
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Phases In the design of a DCCS

< Functional design phase

Process engineers analyze the physical plant design,
to create the top-level functional requirements

< Functional distribution phase

A further design phase is required to define the
distribution of control functionality on to processing
resources.
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Functional design phase 
Process engineers analyze the physical plant design, for example using Process and Instrumentation Diagrams (P&ID), to create the top-level functional requirements. These can be represented as a series of blocks that outline the main software components and their primary interconnections. At this design phase, the physical distribution of the software blocks is not considered. In many cases diagrams that show the physical design of the plant or machinery, such as P&IDs, also show the location active devices such as valves and pumps and instrumentation points, such as the location of pressure and temperature sensors. 
Functional distribution phase 
In a distributed system a further design phase is required to define the distribution of control functionality on to processing resources. IEC 61499 standard provides models and concepts for defining the distribution of functionality into interconnected function blocks. System engineers complete the detailed design by mapping the software requirements on to IEC 61499 function blocks. These may be distributed on various processing resources. In many cases, function blocks as provided in field devices will be exploited; e.g. intelligent devices such as smart valves may provide software packaged as a function block.�Each function block in turn will have its own particular software design life-cycle. Some blocks will need to specifically designed for a system application, in other cases, existing blocks within instrumentation and controllers can be used. 
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IEC 61499 is a multi-part standard be in development
for a number of years.

< Part 1 covers the architecture and concepts for
designing and modelling function block oriented
systems

< Part 2 addresses the definition of a formal
Information models that will enable CASE tools
and utilities to manipulate and exchange system
designs based on function blocks.
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Notas de la presentación
Part 1 covers the architecture and concepts for designing and modelling function block oriented systems and covers the following topics: 
Rules for the declaration of function block types, and rules for the behaviour of instances of function block types.
Rules for the use of function blocks in the configuration of distributed industrial-process measurement and control systems (IPMCS).
Rules for the use of function blocks in meeting the communication requirements of distributed IPMCS.
Rules for the use of function blocks in the management of applications, resources and devices in distributed IPMCS.
Requirements for compliant systems and standards.
Part 2 of the IEC 61499 standard addresses the definition of a formal information models that will enable CASE tools and utilities to manipulate and exchange system designs based on function blocks. IEC 61499 defines how the Extended Markup Language (XML) can be used as a means to save and port Function Block definitions. Using XML will provide the exciting possibility of being able to transfer Function Block designs across the Internet and view them using the next generation of Web browsers. XML has been developed as major enhancement to the Hypertext Markup Language (HTML) currently used for WEB page creation. Using XML will allow designs to be saved with various attributes including version information and graphical layout details. 
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Task-level Modeling

The END
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