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Patterns

I a promising approach to software development, a
means to reuse software development knowledge on
different levels of abstraction, classify sets of
software development problems or solutions that
share the same structure

I introduced on the level of detailed object oriented
design, now defined for different activities.

I Problem Frames (Jackson) classify software
development problems,
Architectural styles/ “architectural patterns”
characterise software architectures
Design Patterns for finer-grained software design,
frameworks less abstract, more specialised.
idioms/“code patterns” : low-level patterns related
to specific programming languages

I construct software in a systematic way, body of
accumulated knowledge, not starting from scratch
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Università di Genova,

Italy)
http://www-lipn.univ-
paris13.fr/∼choppy

Issues

Motivation

Problem Frames

The transformation
frame

The Commanded
Behaviour frame

The Commanded
Information frame

The Rich Workpieces
frame

Conclusions and
perspectives

Overview

Issues

Motivation

Problem Frames

The transformation frame

The Commanded Behaviour frame

The Commanded Information frame

The Rich Workpieces frame

Conclusions and perspectives



Problem frames and
UML description

development

Christine Choppy
(LIPN, Université Paris
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combines
- the use of the structural concepts provided by
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- the use of the UML notation

I Method

1. Match the problem with a problem frame
2. Develop the UML description

I Guidelines to develop all the required artifacts
dedicated choice of appropriate UML diagrams
predefined schemas or skeletons for their contents

I model the domain, the requirements capture and
specification, and their relationships, model the
design
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I problem frames concept : present, classify,
understand software development problems

I characterisation of a class of problems in terms of
their main components and the connections between
these components

I Once a problem is successfully fitted to a problem
frame, its most important characteristics are known

I diagram : involved domains, requirements, design,
interfaces

I five basic problem frames, variants

We propose associated development methods
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A basic problem frame : required behaviour

Control
CD!C2

CM!C1

domain
Controlled

C

C3

machine behaviour
Required

There is some part of the physical world whose
behaviour is to be controlled so that it satisfies
certain conditions. The problem is to build a
machine that will impose that control.

I embedded systems
I sensors (C2) and actuators (C1)

Example : A machine that keeps the temperature of some
liquid between given bounds. Then, the temperature of
the liquid would be a shared phenomenon controlled by
the environment. The corresponding sensor would be a
thermometer. Another shared phenomenon would be the
state of a burner. That state would be controlled by the
machine, i.e., the machine is able to switch the burner on
or off.
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Machine domain Given domainDesigned domain

X

Lexical domain Causal domain

CB

Biddable domain

D2D1
D2!ph2(args)

D1!ph1(args)

Interface and shared phenomena
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A basic problem frame : information display

~

RW!C1

Display

Display
C

C
C3

Y4

Real world

world
Real

IM!E2

machine
Information

There is some part of the physical world about
whose states and behaviour information is
continually needed. The problem is to build a
machine that will obtain this information from
the world and present it at the required place in
the required form.
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UML description

Following Astesiano-Reggio : a Domain Model, a
Requirement Specification, and a Design Specification

I Domain Model : class diagram (if active, behaviour
description - statechart)

I Requirement Specification : Context View(context
entities), Use Case View, Internal View(use cases
”behaviour”), Data View

I Design Specification : Data View, Static View(context,
boundary, executor, store), Behaviour View

I flexibility : more or less informal/formal, detailed

Diagram skeletons for the basic problem frames (or some
variant) illustrated on examples/case studies
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Università di Genova,

Italy)
http://www-lipn.univ-
paris13.fr/∼choppy

Issues

Motivation

Problem Frames

The transformation
frame

The Commanded
Behaviour frame

The Commanded
Information frame

The Rich Workpieces
frame

Conclusions and
perspectives

UML description

Following Astesiano-Reggio : a Domain Model, a
Requirement Specification, and a Design Specification

I Domain Model : class diagram (if active, behaviour
description - statechart)

I Requirement Specification : Context View(context
entities), Use Case View, Internal View(use cases
”behaviour”), Data View

I Design Specification : Data View, Static View(context,
boundary, executor, store), Behaviour View

I flexibility : more or less informal/formal, detailed

Diagram skeletons for the basic problem frames (or some
variant) illustrated on examples/case studies



Problem frames and
UML description

development

Christine Choppy
(LIPN, Université Paris
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”behaviour”), Data View

I Design Specification : Data View, Static View(context,
boundary, executor, store), Behaviour View

I flexibility : more or less informal/formal, detailed

Diagram skeletons for the basic problem frames (or some
variant) illustrated on examples/case studies
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A basic problem frame : transformation

IO
relation

IN!Y1

machine
Transform

X

Y3

TM!Y2
X

Output

Input

Y4

There are some computer-readable input files
whose data must be transformed to give certain
required output files. The output data must be
in a particular format, and it must be derived
from the input data according to certain rules.
The problem is to build a machine that will
produce the required outputs from the inputs.
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Mailfiles Analysis Case Study (Jackson)

Analyser
Mail

Mailfiles

Analysis
rules

a c

b dReport

c: {Mail, From, To, Length}a: MF!{Mail, File, From, To, Length}

d: {ReportLine}b: MA! {ReportLine}

The goal is to analyse mailfiles, and build a report
providing for each correspondent, the number of
messages received, their maximum and average lengths,
and the same information for the messages sent by the
user of this facility
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Università di Genova,

Italy)
http://www-lipn.univ-
paris13.fr/∼choppy

Issues

Motivation

Problem Frames

The transformation
frame

The Commanded
Behaviour frame

The Commanded
Information frame

The Rich Workpieces
frame

Conclusions and
perspectives

Overview

Issues

Motivation

Problem Frames

The transformation frame

The Commanded Behaviour frame

The Commanded Information frame

The Rich Workpieces frame

Conclusions and perspectives



Problem frames and
UML description

development

Christine Choppy
(LIPN, Université Paris
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The Commanded Behaviour frame

B

C

OP!E4

CM!C1
CD!C2

behaviour

Control
machine

Commanded

domain
Controlled

Operator
E4

C1, C2

 E4 are operator commands, C1 are Pulses and C2 are Sensors

There is some part of the physical world whose
behaviour is to be controlled in accordance with
commands issued by an operator. The problem
is to build a machine that will accept the
operator’s commands and impose the control
accordingly.
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Lift System Case Study

Lift
commanded

Lift user

Lift plant

Lift
controller

commands commands

pulses

behaviour

sensors
pulses

sensors

A lift system consists of a lift plant (that is the cabin, the
motor moving it and the doors at the various floors),
some software automatically controlling the lift
functioning (the controller), and the people using it (the
users). The controller monitors the lift plant by means of
sensors, which communicate the status of its various
components (e.g., there is a sensor detecting the position
of the cabin), and directs its behaviour by means of
orders (e.g., it can order to open/close the doors).
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The Controlled domain

- is equipped with some sensors
−→ public attributes sensor1, . . . , sensork

- is controlled by pulses −→ interface operations Pulses

- may change its state and functioning,
“autonomous” activities −→ auto1, . . . , autoh

- other private attributes may be used to describe its state
- if a value signalled by sensors is derived from attributes,
invariant constraints
- behaviour : statechart, events (pulsei autoj), attributes
upd
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XIII, France)
Gianna Reggio (DISI,
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RW!C1 C1

EO!E1
AM!E2

E1
E2

E2 are Display Acts and Error Messages
displayed by the Answering Machine to the Enquiry Operator

C1 phenomena are referred to later as Events issued by the Real world
E1 are Enquiries from the Enquiry operator

There is some part of the physical world about
whose states and behaviour information is
needed upon requests from the operator. The
problem is to build a machine that will obtain
this information from the world and present it
at the required place in the required form.
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Università di Genova,

Italy)
http://www-lipn.univ-
paris13.fr/∼choppy

Issues

Motivation

Problem Frames

The transformation
frame

The Commanded
Behaviour frame

The Commanded
Information frame

The Rich Workpieces
frame

Conclusions and
perspectives

Plumber’s Friend Case Study

a c

b b

Plumber’s
friend

Documents

Plumber

definitions
Pservices

ChangeClientAddress, ChangePartPrice, UpdateInvoice}

b: PSERVICES = {AddClient, AddPart, CreateInvoice, ComputeBudget,

a: PF!{{SQLSelect}, {SQLInsert, SQLUpdate}} c: {SQLSelect}

support a plumber in handling documents
invoices to present to the clients (initially to approve a
job and at the end to require the payment), records
about the clients, parts used (tubes, faucets, . . . ),
All these documents are stored in an already existing
relational database



Problem frames and
UML description

development

Christine Choppy
(LIPN, Université Paris
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Università di Genova,

Italy)
http://www-lipn.univ-
paris13.fr/∼choppy

Issues

Motivation

Problem Frames

The transformation
frame

The Commanded
Behaviour frame

The Commanded
Information frame

The Rich Workpieces
frame

Conclusions and
perspectives

Use Case Create invoice - statechart

� � � � � � � � � � � 	 
 � � � � � � � � � �  � 	

� � � �
� 	 � � � � � � � � � � � � 
� � �  � 	 � � � � � � � � � � � � 
 � � � � � � � � � �  � � 	 � � � � 	 � � � �� � �  � � � � � � � � � � � � � � � � � � �  
 � ! � � " � # � � � � 


$ % &
' ( )

* +, -

. / 0 � � / 1 2 � / � �

34 564 78
9:;

<=>?

@ 84 A>4 78
9:;

< B>
C � 2 2 � � D

7E
;>F ;G94 8E=?

@H A7I 9J= 84?

KLM
=N?

@ 84 AKL4> B84 AKL4> ON

P Q R � � D
7L
GEF ;G94 8E=?

@H A7I 9J= 84? SH A89;
34 T U
V LGE
=? S

W X Y
Z [ W \] ^

_ ` Z a X b W b c X d
ef Z [ W \ e

g h i
jk l m

no p

q r s t u v w x x y z { | } x ~ � � � � } { � �

. / 2 / � � � D
� � � � � � � � � �

�� �� �� � ���� �
� � � � 0 � � � D

� � � � � � � � � �

��  ¡¢£ ¤¡ ¥¦§ ¨
© � � � � D

ª � � � � � �

«¬¬  ®̄
°±²



Problem frames and
UML description

development

Christine Choppy
(LIPN, Université Paris
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Conclusions

I a software development approach

1. match with a (basic or variant) problem frame
(check IST paper for the Required behaviour frame)

2. model the various frames parts following the
proposed UML diagrams

I problem frames are very good at providing a first
requirement structure that is invaluable to start the
analysis of a problem and understand its nature.
A means to reuse experience helpful to start a
complex problem analysis with some structuring
concepts in mind.

I reduce time spent to decide which UML constructs
to use and how to model the domain and the
requirements
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Università di Genova,

Italy)
http://www-lipn.univ-
paris13.fr/∼choppy

Issues

Motivation

Problem Frames

The transformation
frame

The Commanded
Behaviour frame

The Commanded
Information frame

The Rich Workpieces
frame

Conclusions and
perspectives

Conclusions (follwd)

I a more direct path to the UML models,
improved models quality (relevant issues are
addressed, a uniform style is offered)

I essence : use and combination of the relevant
underlying concepts, possible different notations
(e.g. a graphical language for a different level of
abstraction, UML, formal specification language,
etc) and different target languages.
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Perspectives

I how to match a complex problem with a basic pbf ?

either devise a more complex problem frame (still
covering a range of applications)
quite some work done in this area (by others) ...
Enterprise Applications frame (ASWEC)
or decompose the problem (eg through use cases ...)
and recompose the solutions (provide appropriate
architecture, component-based (CCMH),
using coordination (Barroca, Fiadeiro et al.))
or multiframe/hybrid ...

I how to move from the problem frame to the design ?
associate/embody architectural styles ...
(Jon Hall, Lucia Rapanotti et al.,
Christine Choppy, Maritta Heisel and Denis Hatebur)

I how to validate this approach ?
integrate with other development methods (Agile,
KAOS, ...)
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XIII, France)
Gianna Reggio (DISI,
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