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3 Desribing the funtional view of a system

� Ativity-harts are used to depit the funtional view of a

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

� This view of a system is spei�ed by

{ a hierarhy of funtional omponents, alled ativities,

{ what kind of information is exhanged between these

ativities and is manipulated by them,

{ how this information ows,

{ how information is stored, and

{ how ativities are started and terminated, i.e.,

ontrolled, if neessary, and whether ativities are

ontinuous, or whether they stop by themselves.

� Ativity-harts are kind of hierarhial data ow diagrams:
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3.1 Funtional deomposition of a System

The funtional view of a system spei�es the system's

apabilities.

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

is, it de�nes the environment with whih the system interats

and the interfae between the two:
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� This funtional view does not address the physial and

implementation aspets of the system; the latter is done

in its strutural view, i.e., its module-hart:

65



Statemate 2000-05-12

� Moreover it separates the dynamis and behavioral aspets of

the SUD from its funtional desription. The former is done

by its behavioral view, in its ontrolling Stateharts:
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Example

The funtional view tells whether a medial diagnosis

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

it gets its input data and whih funtions have aess to

the output data.

The behavioral view tells under whih onditions

monitoring is started, whether it an be arried out parallel

to temperature monitoring, and how the ow of ontrol of

the proess of monitoring develops.

The strutural view deals with the sensors, proessors,

monitors, software modules and hardware neessary to

implement the monitoring system
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The three views
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3.1.1 Funtional Deomposition

� In the Statehart approah, the funtionality of a system

is desribed by funtional deomposition, by whih a

system is viewed as a olletion of interonneted funtional

omponents, alled ativities, organized into a hierarhy.

� E.g., in the ativity-hart ews ativities, the set up

omponents an be deomposed leading to a multi-level

deomposition of EWS Ativities:

� Eah of the ativities may be deomposed into subativities

repeatedly until the system is spei�ed in terms of basi

ativities.

There are spei�ed using textual desription (formal or
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informal), or ode in a programming language, inside the

Data Ditionary.

� The intended meaning of the funtional deomposition is that

the apabilities of the parent ativity are distributed

between its subativities.

� The order in whih these subativities are performed, and the

onditions that ause their ativation or deativation are

not represented in the funtional view and are spei�ed in the

behavioral view, i.e., in the (one) statehart assoiated with

the parent ativity-hart.

� Please observe that a funtional omponent may very well be

reative in nature (fr. the �rst session leture).

� Ativities an represent objets, proesses, funtions,

logial mahines, or any other kind of funtionally distint

entity.

� In the following setions we'll on�ne ourselves to funtion-

based deomposition of an ativity-hart. We shall not

disuss objet-based deomposition (see Setion 2.1.3 of

Harel & Politi)
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3.1.2 Funtion-based deomposition of

ativity-harts

� In funtion-based deomposition, the ativities are (possibly

reative) funtions.

� As an illustration onsider the EWS example.

� Its �rst desription is in natural language:
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� Next we deompose this narrative to desribe its funtionality:

� Thirdly, we identify the various funtions that are desribed

by there requirements:
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� Notie that this desription also ontains info about handled

data. An ativity may transform its input into output to be

onsumed by other funtions, whih are internal or external

to the system:

� The interfae of an ativity is desribed 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 deisions to be made when developing a system

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

whih entities are part of the environment of a system, and how

they ommuniate with the system. The latter are alled external

ativities of the system.

Notie that for the EWS one might have hosen for the printer to

be external, leading to printer as external ativity.

Di�erent ourrenes of the same entity (here: operator) denote

the same entity; these are multipliated of ease of drawing.
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3.1.4 Deomposition proess

The funtional view is spei�ed by Ativity-harts,

together with a Data Ditionary that ontains additional

information about the elements appearing in the harts,

e.g., about their basi ativities.
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3.2 Ativities and their representation

We ontinue the funtional deomposition of the EWS, started

with:

This ativity hart ontains one top-level box, representing the

top-level ativity of the hart.
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On their turn, the ativities appearing above an be deomposed

themselves, as set up:
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Some terminology

� ews ativities is alled top-level ativity

� ews ativities is also alled parent ativity of set up,

ompare, et., whih are alled desendants of

ews ativities, as are the subativities prompt range

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

as anestor.

Eah ativity has a orresponding item in the Data Ditionary,

whih may ontain additional information.
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3.3 Flow of Information between Ativities

� Consider the following hart:

� operator and sensor are external ativities, drawn using

dotted lines.

� Di�erent ourrenes of operator refer to the same entity.

� Solid arrows denote data-ow-lines between ativities.

� Control of ews ativities is handled in its ontrol ativity

hart ews ontrol, a statehart (drawn using rounded

orners).

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

signals used in making ontrol deisions.
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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 suh elements, as in, e.g.:

Suh a group is alled information-ow.
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� A ow-line originates from its soure ativity, and leads to

its target ativity:

� An arrow an be onneted 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 delared in the Data

Ditionary as in Figure 3.2 and is used in data proessing.
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� Information ow ommands in the Data Ditionary delared

as below, is used to denote ontrol issues.

� Flow lines may represent, e.g.,

{ parameter passing to proedures

{ passing of values of global variables

{ messages transferred in distributed systems

{ queues between tasks in real-time appliations

{ signals owing along physial links in hardware systems

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

� Three types of information elements ow between ativities:

events, onditions, data-items.

� Their di�erenes are in their domain of values and timing

harateristis:

Events are instantaneous signals used for synhronization

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

Conditions are persistent signals that are either true or false,

e.g., sensor onneted in Figure 2.5.

Data-item are persistent and may hold values of various

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

legal range, areord with two �elds of type real,

high limit and low limit.

� All three types of information elements an be arranged in

array and reord strutures:
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3.3.3 Information Flows

The number of lines in an ativity hart an be redued 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, exeute,

reset.
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3.3.4 Data Stores

� There are no restritions on the time that data reside on a

ow line. Nevertheless it is often more natural to inorporate

an expliit data store in the hart:

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

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

inherited by the data store.
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3.4 The Behavioral Funtionality of Ativities

� The behavior of subativities of an ativity hart is desribed

by its ontrol ativity, whose funtion is to ontrol their

sibling ativities (i.e., the other subativities in the hart).

� A ontrol ativity may expliitly start and stop its

sibling ativities, i.e., ews ontrol ontrols set up,

proess signal, and ompare:

� Eah ativity may have at most one ontrol ativity.

� The ontrol ativity, depited as a retangle with rounded

orners, annot have subativities. Rather its spei�ation is

that of a Statehart, see next slide.
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3.4.1 Ativities in the Data Ditionary

� Every ativity an be desribed more extensively in the Data

Ditionary using textual information.

� Basi ativities are desribed in the Data Ditionary by

exeutable textual desriptions, speifying patterns of

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

� The data ow lines leaving ativity ompare in Figure 2.5

an be drawn with a joint onnetor as below:
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Juntion onnetors

90



Statemate 2000-05-12

Diagram onnetors

� Diagram onnetors are used when the soure of a ow line

is far from its target:
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