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3 Des
ribing the fun
tional view of a system

� A
tivity-
harts are used to depi
t the fun
tional view of a

system under development (SUD), \what the SUD does".

� This view of a system is spe
i�ed by

{ a hierar
hy of fun
tional 
omponents, 
alled a
tivities,

{ what kind of information is ex
hanged between these

a
tivities and is manipulated by them,

{ how this information 
ows,

{ how information is stored, and

{ how a
tivities are started and terminated, i.e.,


ontrolled, if ne
essary, and whether a
tivities are


ontinuous, or whether they stop by themselves.

� A
tivity-
harts are kind of hierar
hi
al data 
ow diagrams:
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3.1 Fun
tional de
omposition of a System

The fun
tional view of a system spe
i�es the system's


apabilities.

� It does so in the 
ontext of the system's environment, that

is, it de�nes the environment with whi
h the system intera
ts

and the interfa
e between the two:
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� This fun
tional view does not address the physi
al and

implementation aspe
ts of the system; the latter is done

in its stru
tural view, i.e., its module-
hart:
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� Moreover it separates the dynami
s and behavioral aspe
ts of

the SUD from its fun
tional des
ription. The former is done

by its behavioral view, in its 
ontrolling State
harts:
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Example

The fun
tional view tells whether a medi
al diagnosis

system 
an monitor a patient's fun
tions, and, if so, where

it gets its input data and whi
h fun
tions have a

ess to

the output data.

The behavioral view tells under whi
h 
onditions

monitoring is started, whether it 
an be 
arried out parallel

to temperature monitoring, and how the 
ow of 
ontrol of

the pro
ess of monitoring develops.

The stru
tural view deals with the sensors, pro
essors,

monitors, software modules and hardware ne
essary to

implement the monitoring system
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The three views
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3.1.1 Fun
tional De
omposition

� In the State
hart approa
h, the fun
tionality of a system

is des
ribed by fun
tional de
omposition, by whi
h a

system is viewed as a 
olle
tion of inter
onne
ted fun
tional


omponents, 
alled a
tivities, organized into a hierar
hy.

� E.g., in the a
tivity-
hart ews a
tivities, the set up


omponents 
an be de
omposed leading to a multi-level

de
omposition of EWS A
tivities:

� Ea
h of the a
tivities may be de
omposed into suba
tivities

repeatedly until the system is spe
i�ed in terms of basi


a
tivities.

There are spe
i�ed using textual des
ription (formal or
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informal), or 
ode in a programming language, inside the

Data Di
tionary.

� The intended meaning of the fun
tional de
omposition is that

the 
apabilities of the parent a
tivity are distributed

between its suba
tivities.

� The order in whi
h these suba
tivities are performed, and the


onditions that 
ause their a
tivation or dea
tivation are

not represented in the fun
tional view and are spe
i�ed in the

behavioral view, i.e., in the (one) state
hart asso
iated with

the parent a
tivity-
hart.

� Please observe that a fun
tional 
omponent may very well be

rea
tive in nature (
fr. the �rst session le
ture).

� A
tivities 
an represent obje
ts, pro
esses, fun
tions,

logi
al ma
hines, or any other kind of fun
tionally distin
t

entity.

� In the following se
tions we'll 
on�ne ourselves to fun
tion-

based de
omposition of an a
tivity-
hart. We shall not

dis
uss obje
t-based de
omposition (see Se
tion 2.1.3 of

Harel & Politi)
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3.1.2 Fun
tion-based de
omposition of

a
tivity-
harts

� In fun
tion-based de
omposition, the a
tivities are (possibly

rea
tive) fun
tions.

� As an illustration 
onsider the EWS example.

� Its �rst des
ription is in natural language:
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� Next we de
ompose this narrative to des
ribe its fun
tionality:

� Thirdly, we identify the various fun
tions that are des
ribed

by there requirements:
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� Noti
e that this des
ription also 
ontains info about handled

data. An a
tivity may transform its input into output to be


onsumed by other fun
tions, whi
h are internal or external

to the system:

� The interfa
e of an a
tivity is des
ribed in terms of input and

output signals, both data and 
ontrol, see last �gure.
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3.1.3 System 
ontext

One of the �rst de
isions to be made when developing a system

involves its boundaries, or, 
ontext. I.e., one must determine

whi
h entities are part of the environment of a system, and how

they 
ommuni
ate with the system. The latter are 
alled external

a
tivities of the system.

Noti
e that for the EWS one might have 
hosen for the printer to

be external, leading to printer as external a
tivity.

Di�erent o

urren
es of the same entity (here: operator) denote

the same entity; these are multipli
ated of ease of drawing.
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3.1.4 De
omposition pro
ess

The fun
tional view is spe
i�ed by A
tivity-
harts,

together with a Data Di
tionary that 
ontains additional

information about the elements appearing in the 
harts,

e.g., about their basi
 a
tivities.
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3.2 A
tivities and their representation

We 
ontinue the fun
tional de
omposition of the EWS, started

with:

This a
tivity 
hart 
ontains one top-level box, representing the

top-level a
tivity of the 
hart.
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On their turn, the a
tivities appearing above 
an be de
omposed

themselves, as set up:
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Some terminology

� ews a
tivities is 
alled top-level a
tivity

� ews a
tivities is also 
alled parent a
tivity of set up,


ompare, et
., whi
h are 
alled des
endants of

ews a
tivities, as are the suba
tivities prompt range

et
. of set up, who have SET UP and ews a
tivities

as an
estor.

Ea
h a
tivity has a 
orresponding item in the Data Di
tionary,

whi
h may 
ontain additional information.
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3.3 Flow of Information between A
tivities

� Consider the following 
hart:

� operator and sensor are external a
tivities, drawn using

dotted lines.

� Di�erent o

urren
es of operator refer to the same entity.

� Solid arrows denote data-
ow-lines between a
tivities.

� Control of ews a
tivities is handled in its 
ontrol a
tivity


hart ews 
ontrol, a state
hart (drawn using rounded


orners).

� Dotted arrows denote 
ontrol-
ow-lines, 
arrying info or

signals used in making 
ontrol de
isions.
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3.3.1 Flow lines

A label on a 
ow line denotes:

� Either a single information element that 
ows along the line,

i.e., a data-item, 
ondition, or event.

� Or a group of su
h elements, as in, e.g.:

Su
h a group is 
alled information-
ow.
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� A 
ow-line originates from its sour
e a
tivity, and leads to

its target a
tivity:

� An arrow 
an be 
onne
ted to a non-basi
 box, meaning it

relates to all the subboxes within the box in question, see

above the data 
ow lines labeled v and z.

� Information 
ow signal in Figure 2.5 is de
lared in the Data

Di
tionary as in Figure 3.2 and is used in data pro
essing.
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� Information 
ow 
ommands in the Data Di
tionary de
lared

as below, is used to denote 
ontrol issues.

� Flow lines may represent, e.g.,

{ parameter passing to pro
edures

{ passing of values of global variables

{ messages transferred in distributed systems

{ queues between tasks in real-time appli
ations

{ signals 
owing along physi
al links in hardware systems

� Flows 
an be 
ontinuous or dis
rete in time.
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3.3.2 Flowing elements

� Three types of information elements 
ow between a
tivities:

events, 
onditions, data-items.

� Their di�eren
es are in their domain of values and timing


hara
teristi
s:

Events are instantaneous signals used for syn
hronization

purposes, e.g., out of range in Figure 2.5.

Conditions are persistent signals that are either true or false,

e.g., sensor 
onne
ted in Figure 2.5.

Data-item are persistent and may hold values of various

types and stru
tures, e.g., signal, a bit-array, or

legal range, are
ord with two �elds of type real,

high limit and low limit.

� All three types of information elements 
an be arranged in

array and re
ord stru
tures:
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3.3.3 Information Flows

The number of lines in an a
tivity 
hart 
an be redu
ed by

grouping information elements into an information-
ow,

used to label a 
ommon 
ow line, see e.g. 
ommands

in the following �gure, 
onsists of set up, exe
ute,

reset.
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3.3.4 Data Stores

� There are no restri
tions on the time that data reside on a


ow line. Nevertheless it is often more natural to in
orporate

an expli
it data store in the 
hart:

� A data item is de�ned in the Data Di
tionary with the same

name as the data store. Any stru
ture given to a data item is

inherited by the data store.
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3.4 The Behavioral Fun
tionality of A
tivities

� The behavior of suba
tivities of an a
tivity 
hart is des
ribed

by its 
ontrol a
tivity, whose fun
tion is to 
ontrol their

sibling a
tivities (i.e., the other suba
tivities in the 
hart).

� A 
ontrol a
tivity may expli
itly start and stop its

sibling a
tivities, i.e., ews 
ontrol 
ontrols set up,

pro
ess signal, and 
ompare:

� Ea
h a
tivity may have at most one 
ontrol a
tivity.

� The 
ontrol a
tivity, depi
ted as a re
tangle with rounded


orners, 
annot have suba
tivities. Rather its spe
i�
ation is

that of a State
hart, see next slide.
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3.4.1 A
tivities in the Data Di
tionary

� Every a
tivity 
an be des
ribed more extensively in the Data

Di
tionary using textual information.

� Basi
 a
tivities are des
ribed in the Data Di
tionary by

exe
utable textual des
riptions, spe
ifying patterns of

behavior. These patterns are:
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3.5 Conne
tors and Compound Flow-Lines

� The data 
ow lines leaving a
tivity 
ompare in Figure 2.5


an be drawn with a joint 
onne
tor as below:
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Jun
tion 
onne
tors
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Diagram 
onne
tors

� Diagram 
onne
tors are used when the sour
e of a 
ow line

is far from its target:
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