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0.1 Foreword

These are fairly advanced topics, I wanted to show you how we get a set of
objects (such as those I’ve given you in the coursework,) and how we work out
how they will perform operations together. I’m almost certain the content
of these notes is ’too much’ but I’m hoping that the key concepts:

• Identify objects you need

• Apply patterns to work out how they’re going to before the required
system behaviour

• Evaluate the design with useful metrics and apply good practice

Will be enough to get you going with developing Object Orientated software
as you go into year two.
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The Development of the Object
Model - Part 1

1.1 Introduction

During the initial phases of software developed we dedicate a substantial
amount of time to identifying the needs of the user, i.e. the requirements
of the system. In the Unified Process (or UP) this forms part of what is
called the Requirements discipline. This generates artefacts (documents,
models etc.) called Use-case, Vision, Supplementary Specification , Glossary,
Business Rules (Domain Rules). I’ve selected the UP as an example as its an
object oriented software developed methodology and includes two key actives
relevant to our current study.

Business Modelling

Firstly the development of the Domain Model (an artefact from the Busi-
ness Modelling discipline), in lay terms this is an attempt to work out what
are the key objects and their conceptual relationships in the problem space.
These will form the basis of our software objects later. Larman 7 states
that the object domain model is the most important object orientated model
in analysis (noting that use-case, while useful, are not object based). The
model illustrates useful concepts within the domain, i.e. things of interest
which will need to be represented in software [7]. It also forms the basis
of our design models here we attempt to lower the conceptual gap between
our problem space and the solution by using similar names e.g. we might
represent a Sale with a class called Sale.

In terms of learning this the diagrams (more UML,) see at first to be the
most difficult part however the syntax is simple, consistent and very well
documented. The most difficult part is using the diagrams correctly to elicit
a representative domain model.
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Design

The second key activity is the development of the Design Model. The design
model describes the logical design , including Software class diagrams, object
interaction diagrams package diagrams etc.[8].

1.2 Domain Models

The Domain Model is used to show noteworthy concepts, bounded by the use-
case (scenario etc.,) of the current iteration [7]. UP is an iterative method,
we target one operation of the system at a time. Essentially we’re looking
to identify things (though not always physical things,) we’re interested in
modelling. For example in a hotel we might include in our model, Room,
Guest and Reservation only two of which are physical objects in our problem
space.

Larman 7 notes that there are a number of synonyms including conceptual
models, domain object models and analysis object models. A closely related
terms is that of domain layer (also sometimes called the domain model,)
which describes the classes below the user interface which have responsibili-
ties (i.e. contain the logic for the application) [7].

The Domain Model allows us to visualise and relate concepts in the domain
while abstracting key details [7]. For this we use the UML class diagram no-
tation, however we’re careful to use only a subset of it omitting the method
signatures from each class. The Domain Model provides a conceptual per-
spective and shows [7]:

• domain objects or conceptual classes

• associations between conceptual classes, e.g. Sale relates to a number
of items.

• attributes of conceptual classes e.g. each Sale has a Date and Time.

The Domain Model is not a design diagram, it should have nothing which
relates to implementation (e.g. data types, collections,) or to domain layer
classes with responsibilities (i.e. methods) [7].
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1.2.1 Domain Models and Decomposition

As with many software development (and more generally engineering) meth-
ods object orientation promotes divide an conquer [7]. Unlike traditional
structured analysis which worked based on decomposition into processes or
functions (think back to semester one Introduction to Programming) [7].
Object orientated development relies on the identification and modelling of
entities, things (objects,) in the domain which though their interaction (work-
ing together,) perform the required functionality of the system [7]. In this
respect the identification of suitable objects from the domain is a key part
of the object orientated approach and its importance cannot be overlooked.

1.2.2 Conceptual Classes

The Domain Model illustrates conceptual classes or vocabulary, these are
essentially ideas, things or objects [7]. More formally they can be considered
in terms of:

• Symbol - A chosen symbol for a concept, e.g. the English word Sale.

• Intention - The intention of the symbol, e.g. to represent a purchase
transaction has a data and time.

• Extension - All the examples of sales, e.g. the set of all sales.

1.2.3 Examples

The example from Larman 7 is show in 1.1. See 1.4 for an explanation of the
syntax.
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Figure 1.1: An example domain diagram from Larman 7

1.2.4 Lowering the Representational Gap

The representational gap is that between the software model of the system
and our mental model of the problem space [7]. One of the advantages of
object orientation over other techniques is our ability to create objects in
the domain layer (below the interface layer in the software,) to represent
those in the problem space [7]. Reducing the Representational Gap makes
the software easier to understand and modify [7].

1.3 Domain Diagram Creation

Larman 7 provides some guidance for the creation of the Domain Model. He
condenses this to three steps Bounded by (i.e. assuming the limitations of
the current use-case/scenario etc.):
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1. Find the conceptual classes (see 1.3.1).

2. Draw them as classes in a UML class diagram (see 1.4.

3. Add associations (see 2.3) and attributes (see 2.4).

1.3.1 How to find Conceptual Classes

Identifying conceptual classes is often straight forward,identifying them all
and not ending up with some attributes as classes etc. is more complicated.
Larman 7 suggests the following methods:

1. Reuse or Modify Existing Models.

2. Use a Category List.

3. Identify Noun Phrases.

Use A Category List

Category lists are as the name suggests common categories of candidate class
[7], perhaps the easiest to consider is "Phyiscal Objects". The categories
provided by Larman 7 are focused towards information systems (see 1.2).
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Figure 1.2: Based on Larman 7: Categories to aid identification of conceptual
classes.

1.3.2 Noun Phrase Identification

Linguistic analysis of domain documentation or descriptions of domain oper-
ations can be used to identify candidate classes [7]. Blindly mapping nouns
to classes is however impossible as there will be some duplication, alternative
names for objects in different roles etc., however this is an excellent source
of inspiration [7]. The fully dressed use-case(s) provide a lot of descriptive
text related to the domain and provide an excellent point at which to start
this technique, Larman 7 provides a marked up example see 1.3.
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Figure 1.3: Based on Larman 7: Example of noun phrase identification for
objects from a fully dressed use-case.

Other Techniques

Douglass 1 provides the following useful techniques for object identification
see 1.4
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Figure 1.4: From Douglass 1: A selection of object discovery strategies.

1.3.3 Class Diagrams at Different Levels

Both Larman 7 and Fowler 3 describe UML being used at different levels,
this relates back to our assertion at the start of the section that UML is a
language used for a number of purposes. Larman 7 identifies:

• Essential or Conceptual Perspective – diagrams are interpreted
as representing real world entities and their relations in the problem
domain (this is where our Domain Diagram fits). See 1.6.

• Specification Perspective – diagrams are interpreted as represent-
ing software elements, including classes interfaces, packages etc. but
with no reference to the features of the implementation language. We
note that the notation used is the same as that for the conceptual
perspective, though clearly extended a little.

• Implementation Perspective – diagrams are interpreted as repre-
senting software elements in a particular language i.e. including the
specifics of the language chosen.
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1.4 Domain Diagram Syntax

This section begins to introduce the UML (Unified Modelling Language).

It is vitally important to note that the UML is just a language and it is im-
portant to distinguish between what Larman 7 describes as raw UML with
its applications within methodology defined diagrams. The Domain Diagram
uses the class diagram notation, as will the Design Model we produce later
in this phase. UML is a language, we use the same words and punctuation
to write a report as we do to write a story or a joke. The bad news I suppose
is you’re going to have to learn UML while learning to use it.

Note: There is a major difficulty here, either I introduce the techniques to
identify conceptual classes (classes in the domain model) and then how to
represent them (which I have done,) or as I’m going to do with associations
show you how they are represented then how they are found.

1.4.1 Basic Class Diagrams

Fowler 4 states that the class diagram describes the kind of objects in a sys-
tem and the static relationships between them. They show the properties
and operations (the UML term is features,) of the class along with any
constraints on its creation [4]. Fowler 4 expresses all of these in a single ex-
ample 1.5, I’ll add a little detail but to be honest there are so many excellent
and detailed books on the UML finding information should not be a problem.
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Figure 1.5: Based on Fowler 4: Class diagram example. Sorry about the
quality I’m working from home and only have access to the eBook version.

Representing Classes

The class is represented by a box subdivided into three sections, the top
section contains the class name, the middle section its attributes or more
broadly the properties of the class while the lower section is reserved for the
behaviours or operations of the class. The syntax of the diagrams changes
depended how they are being used (see 1.3.3). An example of conceptual
classes (as discussed in the sections above is shown in 1.6.
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Person

name
age
address

This is a conceptual class. 
Note there are no attribute 
types and no operations.

Figure 1.6: A Conceptual Class, of the kind that would be used to represent
‘ideas’ in the problem domain. This is the first of my own figures, not the
best example to be honest. I need to come up with something better.

The UML notation provides the facility to include much more detail in a class
diagram, the design and implementation diagrams use more of the syntax see
1.7 and 1.8. Fowler 4 provides a detailed discussion of these, there are also
many other sources. The design class shown in 1.7 shows as much syntax as
we’ll need for now.

Visiblity and parameter names
are optional. 

Methods (full form)

visiblity name(*paramName: type ...) : type

*optional

Visibility

+ public
- private
# protected
~ package

Person

- name : Text
- age : Integer
- address : Address

+ isWinner(winnerName:Text):bool

Attribute (full form)

visiblity name : type

Class Name (full form)

PackageName::ClassName

This is a Software or Design
class.  Note that we've added
attribute/property types, 
visbility and operations 
(methods). 

Figure 1.7: A Design Class, this is probably the more common form of class
diagram and uses more of the defined ‘language’. Again the example is not
the most representative.

The Implementation class shows a much more information, including the get
and set methods, constructors etc. which were omitted in the Design class.
These are implicit (the variables are private and will need to be accessed,)

17



but are only shown if there is something interesting about the get/set. This
very verbose format would only be used rare circumstances in my opinion.
I’ve used this format when specifying classes for students to implement and
this format may be generated from code by a tool.

Constructor is assumed unless
overload is present. 

Person

- name : String*
- age : int
- address : Address*

+ Person(name :  Text)
+ setName(String*) : void
+ setAddress(Address*) : void
+ setAge(int) : void
+ getName(void) : String*
+ getAddress(void) : Address*
+ getAge(void) : int
+ isWinner(winnerName:Text):bool

This is an Implementation 
class, here we notice some 
C++ syntax creeping into the 
UML.This level of detail may 
be present in the 
Software/Design phase. 

Figure 1.8: An Implementation Class, this is the kind of diagram you’d see
developed for implementation by a junior/student or as an output from too
which reverse engineered code into a class diagram.

Some of you may by now have spotted the issue with our example, which I
have allowed to cascade though the diagrams.

Representing Associations

Associations are relationships between instances of classes indicating that
some meaningful and interested connection exists between them [7]. We’ll
consider associations and attributes in more detail next week, however as ob-
ject diagrams without them are often incorrect we need to know a bit about
them up front.
According to Larman 7 associations should be shown when one object needs

18



to show that knowledge of a relationship needs to be preserved for some
length of time (milliseconds or years). At this stage (object modelling,) these
will not always translate into relationships between classes in software [7].
Larman 7 suggests the following guidelines for the domain model, show only
associations for which knowledge of the relationship is preserved for some
duration and those derived from the Common Associations List.
We’re not going to talk about this list in any detail until next week.
Representing associations is reasonably simple, we use a line with an asso-
ciation name [7] (see 1.9). At the end of each line we have a number or
range representing multiplicity (number of) for instances of classes [7]. The
association is inherently bidirectional and can be logically traversed in either
direction, the association may have a reading direction arrow which suggests
how the association name should be read - this has no meaning in the model
just helps the reader [7].

Figure 1.9: From Larman 7, a simple association with unit multiplicity.

In later sections we’ll consider these relations in terms of design and in-
clude restrictions on navigation, multiplicity, names for association end points
(roles) within the classes. However these are all for design models rather than
domain models!

We can however correct our earlier diagrams our conceptual class 1.6 had
a concept as an attribute (see 1.5.2). I’ve fixed this in 1.10. This had not
been spotted at the point we moved to the design class and is present here
also, this probably wouldn’t happen in the real world. There are instances
however where you suddenly realise that meta-data has crept into a class, i.e
something you though was an attribute has turned out to be a variable. For
Example, you have a sensor which gets a single temperature reading but you
later realise that it has to be calibrated and add a calibration constant. This
should now be modelled as a separate class.
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Person

name
age
address

But ... address
is a concept in its
own right. 

Address

houseNumber
street
postcode
county
country

Person

name
age

Lives-at 

Figure 1.10: A Conceptual Class, of the kind that would be used to represent
‘ideas’ in the problem domain. This is a fixed version of 1.6 which separates
out the x concept.

Classes and Class Diagrams in UP

UP defines several models which may use the class diagram, so far we’ve
looked at the domain model [7]. Each model imposes its own terminology
on the boxes (classes) of the model, for example in the Domain Diagram
these represent domain concepts or conceptual classes [7]. To simplify things
Larman 7 defines up front the terminology he’s using (which is both UP and
UML friendly,) and which we’ll use in these notes.
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Name UP
Model

Perspective Description

Conceptual
Class

Domain
Model

Conceptual A entity, concept or thing.

Software Class NONE Specification A class representing the de-
sign or implementation of
a given software component
irrespective of language or
method.

Design Class Design
Model

Specification
or Implemen-
tation

A class in a design model, in
UP this can be either a de-
sign model or an implemen-
tation model.

Implementation
Class

NONE Implementation A class written in a given
language such as Java or
C++.

Class NONE NONE as in the UML something
which could represent any
of the above depending on
context.

1.5 Domain Modelling Guidelines

Larman 7 provides a number of useful pointers and additional guidance for
creating domain models, a summary of which is provided here.

1.5.1 Think Like a Map Maker

When cartographers produce maps they use the local place names rather
than creating their own, in a similar way when developing domain models we
should use the terminology of the domain [7]. This applies to both objects
and their attributes and possibly to the names of certain relationships [7].
This can be taken further, cartographers do not add cars, or people to their
maps in the same way objects are discarded (or ignored) if they have no
relevance in the problem domain [7].

1.5.2 Concept or Attribute

Larman 7 suggests that one of the most common mistakes when modelling
is to misidentify a concept (object) as an attribute of another. For example,
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Sale may have an attribute called store to record the location from which
an item was purchased. Larmans golden rule here is If we do not think
of attribute X as text or a number in the real world, then its
probably a conceptual class. In the example above store should be a
conceptual class in its own right which has an association with sale. We’ll
come on to associations in a bit.

1.6 Tutorial

Hopefully if you all did the background reading we’ll have lots of time to
work though this:

1. Read the case study 1.6.1, then in teams of two produce:

• An object model.

1.6.1 Case Study 1

An application is required to convert between metric and imperial measure-
ments. The application must be capable of performing the conversion from
meters and centimetres to feet and inches and vice versa. The application
must be written for Windows compatible PC however porting at a later stage
is being considered and my include Linux (Gnome based), MacOS, iOS and
Android. The user must be able to enter their measurement in an appro-
priate format (depending on whether they are converting from imperial to
metric or metric to imperial). In response to some input from the user the
application should then produce the conversion in a format that allows them
to copy and paste this to another application.

The default conversion will be imperial to metric, a switch or toggle will be
provided to change to metric to imperial. The interface will consist of a box
for each of the units (feet/inches or meters/centimetres) depending on the
conversion option selected the application will display appropriate boxes as
input and output.

Scenario – Sunny Day Scenario (everything goes right)

A user opens the application and is presented with a screen and appropriate
input boxes for the default conversion. The user enters the feet and inches
and presses the covert button. The application performs some validation on
the input, the results of which is positive. An output box is filled with the
answer in an appropriate format such that it can be copied by the user.
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Scenario – Sunny Day 2

A user opens the application and is presented with a screen and appropriate
input boxes for the default conversion. The user decides not to perform the
default conversion and uses a button/toggle to swap to metric to imperial
conversion. The user interface updates to reflect this (labels change etc). The
user enters the feet and inches and presses the covert button. The application
performs some validation on the input, the results of which is positive. An
output box is filled with the answer in an appropriate format such that it
can be copied by the user.

Scenario – Formatting error scenario

A user opens the application and is presented with a screen and appropriate
input boxes for the default conversion. The user enters the feet and inches
and presses the covert button. The application performs some validation
on the input, the results of which is negative. The application reports a
formatting error, but does not clear the input field allowing the user to make
corrections.

1.7 Summary

In summary the process of developing an object orientated system requires
that we model objects within the problem space. Using the same names for
classes as conceptual entities helps us lower the representational barrier aid-
ing our understanding of the software.

There are a large number of suggested techniques, however experience is the
key to identifying which of these are strong candidates for objects in our
domain.

Next week we’ll continue to develop the object model looking at the proper-
ties of the classes (attributes and associations).

1.8 Preparation for Next Week

As your first years I’m only going to ask you to try and read though next
weeks notes before the class.
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1.8.1 Essential Reading

Larman 7 Provides an overview of what we’ve done so far and introduces the
next topic.

Larman (2014a). Applying UML and Patterns, chapter Domain Models,
pages 131–172. Prentice Hall PTR.

NOTE: Those of you who have the older version of Larman (before 3rd edi-
tion,) will find the order of the chapters has changed. The large 9th chapter is
split over three smaller chapters in this book and proceeded by an unrelated
chapter on System Sequence Diagrams (which we’ll come back to later). So
if you have that version, just read Chapter 10.

We’re hopefully going to finish object models, next week and then move on
to System Sequence Diagrams.

Larman (2014c). Applying UML and Patterns, chapter System Sequence Di-
agrams, pages 173–181. Prentice Hall PTR.

1.8.2 Background Reading

The following covers the development of object models really well:

Douglass, B. P. (2004a). Real Time UML: Advances in the UML for Real-
Time Systems, chapter Requirements Anlysis of Real-time Systems, pages
331–399. Object technology. Addison Wesley, 3rd edition.

The same book has some really good sections on use case modelling, I’m
slightly nervous about recommending it as I know how easy it is to get a
copy.
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The Development of the Object
Model - Part 2

2.1 Introduction

In the last class we started looking at the creation of a Domain Model. This
is is used to show noteworthy concepts, bounded by the use-case (scenario
etc.,) of the current iteration [7]. It is used to identify things (though not
always physical things,) we’re interested in modelling. For example in a hotel
we might include in our model, Room, Guest and Reservation only two of
which are physical objects in our problem space.

2.2 Orientation - from last week

Last week we started looking at object domain diagrams, but only got as far
as identifying the objects 1.3. This week we’re moving on to consider the
various methods to identify their associations and attributes.

2.3 Associations

It is useful to show the associations required for this iteration, to satisfy the
information requirements of the current scenarios (use case) and which aid
understanding of the domain [7].

An association is defined as the “semantic relationship between two or more
classifiers that involve connections amongst their instances” [7] in this in-
stance the class is our classifier so we’re talking about relations between
individual objects. Hopefully we covered this last year in the programming
module and you’ve all implemented associations, you may have already as-
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sociated one class with another in modules running alongside this one this
year. The example shown in 2.1 provides some of the syntax, this is not
all the Raw UML associated with Association (I’ll cover this when we start
looking at design diagrams).

Figure 2.1: An example assocation from Larman 7

What Associations should be included?

Larman 7 states that only those relations which are preserved for some du-
ration. This may be anything from milliseconds to years depending on the
context.

Deciding exactly which ones we show and which are visual noise, is difficult
and Larman 7 suggests:

• Associations for which knowledge of the relationship needs to be pre-
served for some duration (i.e. “need-to-know” associations).

• Associations derived from the Common Association List.

Syntax: Associations between Conceptual Classes

While we need some of the class diagram syntax for association we don’t need
all of it, I’m going to leave some of it until we actually need it (we’ll focus on
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the raw UML we need for object domain diagrams for now). The diagram
2.2 shows a connection between two objects, this has a directed association
name (see 2.3) and multiplicity at each end (see 2.3).

Figure 2.2: A home made example based on those in Larman 7, the tool
seems to display the reading direction arrow with no problem but struggles
to export this to an image. I’ve had to screen shot this one to get it to work.

Naming Associations

Simple names such as “has” and “uses” are a poor choice as they do not
enhance our understanding of the domain [7]. In the example 2.2 “has” could
have been chosen at as the association name but would have added nothing to
our understanding, however “Lives-at” tells us its their home address. Larman
7 suggests using a ClassName-VerbPhrase-ClassName format which is both
informative and can be read. While his examples use a hyphenated format,
camel case is also acceptable.

Roles & Multiplicity

The end of each association has a role and can have a name, multiplicity
expression and navigability [7]. We’re going to look at most of these later in
the course when we look at design diagrams, however multiplicity is useful
now.

Multiplicity :

Multiplicity simply defines how many of each class are involved in an asso-
ciation at one time [7]. That is how many instances can be connected, we
can improve / extend our earlier example (person-address) by considering
that more than one person can live at the same address. It may be that a
person lives at a number of addresses over the course of their lives, but for
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this system they have only one current address. The examples shown in 2.3
are reasonably representative.

Figure 2.3: A home made example based on those in Larman 7, the tool
seems to display the reading direction arrow with no problem but struggles
to export this to an image. I’ve had to screen shot this one to get it to work.

Larman 7 notes that there is some disconnect between the use of associations
in domain diagrams and in design diagrams here. While in the real world
we may not record the absence of something we may wish to do so in the
software case to ensure we know that it should be there and its absence is an
error.

The multiplicity of a relationship is always based on the needs of the scenario,
[7] cites Rumbaugh’s example where a Person is associated with a Company.
For tax purposes this will probably be a list of companies (i.e. all those who
the person currently works for) for a Union probably only one.
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Address

houseNumber
street
postcode
county
country

Student

name
age

Lives-at-outside-term 
1..* 2

Lives-at-during-term 
1..* 0..1

Figure 2.4: A home made example based on those in Larman 7, the tool
seems to display the reading direction arrow with no problem but struggles
to export this to an image, I’ve not screen-shot this and its lost its arrows.

A final note is that we can have multiple many to many relations [7], this is
perhaps best illustrated though an example see 2.4. Here each student has
two addresses a term time address (which may or may not be present,) and
a home address. Both of these are address objects, note that one or more
students can live at the address in each case.

2.3.1 Identifying Associations

Larman 7 recommends a category list to identify potential associations this
is shown in 2.5.
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Figure 2.5: A table from Larman 7, this shows the common associations list.

For those who need further explanation/examples please see:

Larman (2014a). Applying UML and Patterns, chapter Domain Models,
pages 131–172. Prentice Hall PTR.

2.4 Attributes

It is useful to identify attributes of conceptual classes where these are required
to satisfy the information requirements of the current scenario [7]. Attributes
are defined as “a logical data value of an object” [7].
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2.4.1 What attributes should be shown?

Larman 7 suggests that we should only show those attributes which are sug-
gested by the requirements artefacts (use-cases scenarios etc.) i.e. where we
need to remember information.

Looking back at our previous examples our selected examples were out of
context and the need for the selected variables gets lost. However, if we
consider a Sale being stored in a till system we’ll need to store the data and
time of that sale. If we’re storing a student as part of a Student Information
System (at UWTSD) we’d need to store the P number along with other
details such as full name, title etc.

Attribute Notation

Attributes are shown the in second compartment (from the top) (see diagram
2.6) and may have a type and other information (see 2.7. The full notation
is given in 2.6 we note that we can include:

• Derived attributes which are preceded by a /(perhaps the best example
being age, which can be calculated based on the data of birth)

• Visibility - which uses the same syntax as methods (i.e. +,−,#,& ).

• Property String - this describes the properties of the data e.g. {Read-
Only}.

• Optional values - indicates weather a given value is required 0 or not
1.

Figure 2.6: An example from Larman 7, this shows some basic syntax (as
might be used in an domain object model. The full syntax (raw UML) is
given for attributes in the box.
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Derived Attributes - Are interesting we use them to communicate that
while this is a noteworthy attribute, it is derivable from other data and
therefore does not need to be stored [7]. The UML convention is to use a /
symbol before the attribute name [7]. Its also useful to note that there are
a number of useful attributes which can be derived from the multiplicity of
a relation - e.g. we could work out the number of students in a group from
the multiplicity without storing its separately [7].

Figure 2.7: A second example from Larman 7, this shows how other infor-
mation may be captured. For recording purposes Larman suggest including
this in the glossary see 2.4.1

Where to Record Attribute Requirements?

Adding the additional information above, e.g. derived attributes, property
strings and optional values embeds requirements or domain rules in the do-
main model [7]. Larman 7 suggests that while this can be useful when cre-
ating domain diagrams with domain experts (users etc.) the domain module
is not always updated or used as a reference and these should therefore be
transferred to the glossary.

What are Suitable Attribute Types?

Attributes should be “primitive types” that is something which is not a con-
cept within our system (e.g. Number, Text, Boolean etc.) [7]. We avoid at
this stage considering primitive types from the design/implementation per-
spective, i.e. int, float etc. Some of these will require an object at design
time to represent them (e.g. Text/String, DateTime etc.). While Larman 7
provides quite an exhaustive list, I suggest we restrict ourselves to:

• Basic Data Types: Boolean, Number, Character and String (or
Text).

• Common Complex Data Types: Date, Time and Colour
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• Geometric Primitives: Point, Rectangle.

• Enumerations: e.g. Size=small,regular,large.

Larman 7 goes on to discuss data types in some detail, he concludes that
the term “primitive” implies a set of values for which a unique identity is not
meaningful. For example, the Integer 5 cannot be distinguished from another
Integer 5, nor a string containing “dog” from another string containing “dog”.
However there may be more than one instances of person, with the same
name. In this instance would not compare two entities by instance i.e. x ==
5, we would used x.equals(y) that is compare the values of the entity.

Guideline: Defining new Data Type Classes

There are a number of instances where we encounter this issue of non “prim-
itive” data types, often this suggests a conceptual entity which we should
consider. Some of these will be very small i.e. have no meta-data but have
associated rules governing their use or correctness [7]. For example consider
StudentID, we may at first suggest a number (i.e ignore the P in the case of
UWTSD Swansea students,) or possibly text however there may be sub-parts
within the I.d. e.g. the first year of enrolment may be the first two digits,
the department the second two etc.

Larman 7 provides some some common cases for making an attribute a new
data type with examples:

• Attribute composed of multiple sections

– Phone Number

– Address

– Full Name

• Attribute has associated operations, such as parsing, validation etc.

– Student Number

– Car Registration

– ISBN

• Attribute is has other attributes (meta-data)

– Promotional Price - has a start and end date

• Attribute is a quantity with a unit, (see 2.4.1).
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– Price - has a unit of currency e.g. Pounds, Euros, Groats etc.

– Weight - has a unit of measure e.g. grams, kilograms etc.

• Attribute is an abstraction of one or more types with some of these
quantities.

– Larmans sale item object has an identifier which is a generalisation
of specific types Universal Product Code (UPC) and European
Article Number (EAN).

Whether we include these as separate objects in our domain diagram or not
depends on what we are looking to emphasise in our digram [7]. At this
stage (i.e. while your a student trying to show you can model in objects,)
I would suggest expressing all data-type objects as separate and making no
assumptions.

Guideline: Avoid Relating Objects using Attributes

Attributes should not be used to relate two conceptual classes in the domain
model [7]. This is often a case of database driven thinking where foreign
key type attributes are included [7]. For example we may include a CourseID
in a student object, while we may do this at a later stage to enable us to
write a student to a database as a record. This is a design decision which
should be avoided at this stage [7].

Guideline: Modelling Quantities and Units

Larman 7 suggests that the majority of numeric quantities should not be
represented as plain numbers, he suggests that giving a price of 20 or a
weight of 100 does not provide enough information. It is common in this
case to represent such values with an associated Unit, describing the units
used [7]. This may be used to format output and for validation purposes.

2.4.2 Identifying Attributes

Larman 7 provides no guidance for identifying attributes at this stage.

2.5 Is the domain diagram correct?

In short no. But we’re not looking for correct, our aim is to create a useful di-
agram one which we can use as a tool for communication and understanding
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[7]. A useful model captures key domain abstractions and the information
required to understand the domain, i.e. its concepts, terminology and rela-
tionships [7].

2.5.1 The Role of Domain Models in UP

The Domain Model is exploratory and may evolve over a number of iterations
during inception, however by the end of which it may well be completed [7].
As we are exploring the system one use-case or scenario at a time we’ll expand
the domain model for each as required, however by the end of elaboration
there may be no ‘new’ concepts to uncover. Larman 7 stresses here that we
should avoid trying expand the model to cover everything, i.e. stick to the
scenario/use-case at hand, avoiding ‘waterfall’ (big model up front) thinking.

2.6 Tutorial

Hopefully if you all did the background reading we’ll have lots of time to
work though this:

1. Read the case study 2.6.1, then in teams of two produce:

• Refine the object model from last week, adding attributes and
associations as required.

2. Read the case study 2.6.2, then in teams of two produce:

• Create an object model from the case study, including the relevant
objects, attributes and relations.

2.6.1 Case Study 1

An application is required to convert between metric and imperial measure-
ments. The application must be capable of performing the conversion from
meters and centimetres to feet and inches and vice versa. The application
must be written for Windows compatible PC however porting at a later stage
is being considered and my include Linux (Gnome based), MacOS, iOS and
Android. The user must be able to enter their measurement in an appro-
priate format (depending on whether they are converting from imperial to
metric or metric to imperial). In response to some input from the user the
application should then produce the conversion in a format that allows them
to copy and paste this to another application.
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The default conversion will be imperial to metric, a switch or toggle will be
provided to change to metric to imperial. The interface will consist of a box
for each of the units (feet/inches or meters/centimetres) depending on the
conversion option selected the application will display appropriate boxes as
input and output.

Scenario – Sunny Day Scenario (everything goes right)

A user opens the application and is presented with a screen and appropriate
input boxes for the default conversion. The user enters the feet and inches
and presses the covert button. The application performs some validation on
the input, the results of which is positive. An output box is filled with the
answer in an appropriate format such that it can be copied by the user.

Scenario – Sunny Day 2

A user opens the application and is presented with a screen and appropriate
input boxes for the default conversion. The user decides not to perform the
default conversion and uses a button/toggle to swap to metric to imperial
conversion. The user interface updates to reflect this (labels change etc). The
user enters the feet and inches and presses the covert button. The application
performs some validation on the input, the results of which is positive. An
output box is filled with the answer in an appropriate format such that it
can be copied by the user.

Scenario – Formatting error scenario

A user opens the application and is presented with a screen and appropriate
input boxes for the default conversion. The user enters the feet and inches
and presses the covert button. The application performs some validation
on the input, the results of which is negative. The application reports a
formatting error, but does not clear the input field allowing the user to make
corrections.

2.6.2 Case Study 2

A researcher at the university is looking to write a paper with a colleague
they have both datasets and a new neural network to train on them. In
order to do this they need to load in files from the original project so that
their Neural Network will be trained and tested with the same files. Each file
consists of comments (which start with a #,) some meta data (information
about the file content) and the data itself (see example file), all in a CSV
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format. The data is in the form of input and output patterns, each contains
t (a time offset). The input contains the values for parameters t, r, g, and b
while the output patter has two values t and o. Due to the nature of neural
network operations all parameters are floating point numbers between -1.0f
and 1.0f further validation is possible as the t (which represent the time-step,)
should be identical in the input and output pattern.

2.6.3 Domain Object Diagram for Case Study 2

Figure 2.8: Domain Object Model for Case Study 2.
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2.6.4 System Sequence Diagram for Case Study 2

Figure 2.9: SSD for Case Study 2.

2.7 Summary

In summary the process of developing an object orientated system requires
that we model objects within the problem space. Using the same names for
classes as conceptual entities helps us lower the representational barrier aid-
ing our understanding of the software. The domain model is an incomplete
Business Object Model which focuses on a small part of the business/system
concerned with the software project at hand [7].

This week we’ve looked at the inclusion of relations and attributes in our do-
main model to capture essential details. This provides us with a first holistic
structural view of our system which will be refined in the design model to-
wards something we can implement in software.

Next week we’ll look at mapping system behaviour to the objects in the
domain model, this will allow us to create a design class diagram.
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2.8 Preparation for Next Week

No need to do the background reading, as its only your first year. Please
have a read though next weeks notes before the class.

2.8.1 Essential Reading

Larman 7 Provides an overview of what we’ve done so far and introduces the
next topic.

2.8.2 Background Reading

The following covers the development of object models really well:

Douglass, B. P. (2004a). Real Time UML: Advances in the UML for Real-
Time Systems, chapter Requirements Anlysis of Real-time Systems, pages
331–399. Object technology. Addison Wesley, 3rd edition.
The same book has some really good sections on use case modelling, I’m
slightly nervous about recommending it as I know how easy it is to get a
copy.
YOU will need to do the preparatory work ahead of next weeks
class!
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Responsibility Driven Design and
GRASP - Part 1

3.1 Introduction

In the previous notes (2) we’d started object design and were looking to
begin mapping the behaviour of the system to these. When we study this
in more detail we’ll have the analysis artefacts (use case, SSD, etc to guide
us,) however, for the simple problems we’ll solve between now and then I’m
hoping a simple set of patterns will be enough.

In an attempt to systematically design object orientation systems adopted
a responsibility driven design approach (RDD). This suggested the use of
GRASP patterns in order to assign low level responsibilities and we’d looked
at one of these patterns. I’ll recap the key concepts before adding more
patterns.

3.2 Responsibilities and Responsibility Driven
Design

Designing software objects by thinking in terms of responsibilities, roles and
collaboration is both popular and well established in Software Engineering
[10]. This is part of a larger approach called responsibility-driven design (or
RDD,) but may also be familiar from other techniques such as CRC cards
3.2.1. Larman is keen to point out the generality of this approach and we can
think of the work we’ve done with structures and functions in these terms.
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3.2.1 Aside: Class Responsibility Communication Cards

Class Responsibility Communication (CRC) cards are a popular text orien-
tated technique created by Kent Beck and Ward Cunningham (founders of
the ideas of XP and design patterns) [11]. Larman 11 suggests the primary
reason for this may be cognitive styles, however other factors experience,
comfort etc. may contribute. Using CRC cards for design is a reasonably
social activity (see next paragraph,) again this doesn’t suit everyone.

CRC cards are essentially index card (which you may have never seen - see ,)
with written on it the name of the class it represents and its responsibilities
(what it is responsible for knowing and doing,) and who collaborates with it
in each case [11]. The example below is a hand drawn template from Lar-
mans book ??.

The process of using the cards involves taking the conceptual classes as a
starting point sitting around a table working though ”what if’ scenarios or
use case with the cards [11]. This is almost a role playing exercise with
individuals playing the part of various classes, oversights and omissions can
be easily spotted and this provides a good starting point for responsibility
based design. We however are starting lower down with the GRASP patterns,
however the CRC technique is useful at a higher level.

3.2.2 RRD

In RRD objects are attributed responsibilities, in terms of what they are
responsible for knowing and what they are responsible for doing [10]. The
UML defines responsibilities as “A contract or an obligation of an element in
its relationship to other elements” [17], this is an abstraction [10].

There are two types of responsibility knowing and doing [10]:

• Doing - Responsibilities may include:

– Doing something itself, e.g. a calculation, creating and object etc.

– Causing something to happen in another object, or changing its
state.

– Controlling and coordinating activities in other objects (e.g. ??)

• Knowing - Responsibilities may include:

– Holding data itself in private attributes
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– Knowing about related objects
– Knowing about data it can derive or calculate

One key observation (which sort of links us back to CRC cards,) is that
objects can collaborate (work with other objects,) while fulfilling the respon-
sibilities in either knowing or doing [10]. Another is that while methods will
ultimately full fill the responsibilities of a class, responsibilities are not meth-
ods [10], I’ve tried to adapt some examples from Larmans book to give you
an idea.

Class ResponsibilityCollaboration
Classes

Collaboration Method

Sale Responsible
for creating
SalesLineItems
(doing)

None None

Sale Responsible
for knowing
the sale total
(knowing)

SalesLineItemsSale is associated with
SalesLineItems which are
part of the sale. It calcu-
lates the total by asking
each in turn for their to-
tals (price * quantity).
This uses getSubTotal() in
SalesLineItem.

Table 3.1: Examples of objects with responsibilities, appropriate collabora-
tors and collaboration methods (adapted from Larman 10

Guideline: Look for Responsibilities in the Domain Model

Any attributes which are shown in the domain model are things which the
equivalent class in the design model is responsible for knowing [10]. For
example, if the Sale class from Larmans example has an attribute called
time in the domain model it follows that class it inspires with the same
name in the design model (remember our aim to lower the representational
gap,) will be responsible for knowing the time of the sale.

Guideline: More than one Responsible class

Small (simple) responsibility may only require a single method (for example
“create a sale”,) where as more complex responsibilities (“store the sale data
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in a relational database”) may require the interaction of many more classes,
possibly including a subsystem with a responsibility to “provide access to
a relational database” [10]. RDD then includes the idea of collaboration,
responsibilities are fulfilled either by a method or with other objects methods
[10] (see 3.1).
Larman 10 notes that RDD is a general metaphor for thinking about OO
software design, objects are like people with different roles working together
to achieve some goal. Each is responsible for part of the tasks and and like
objects they operate as a community of collaborating responsible individuals.

3.2.3 GRASP - Design Principles (mini-patterns)

GRASP stands for General Responsibility Assignment Software Patterns
(technically GRAS Patterns,) with the name being specifically chosen to
emphasise the importance of grasping these principles for the development
of software [10]. GRASP is a learning aid which names and describes some
basic principles to assign responsibilities to objects, proving a simple first
step towards RDD [10]. It also provides a foundation for applying more
complex patterns such as the Gang of Four (GoF) patterns which are ‘larger’
and deal with coordinating higher level behaviour. Some of these (or perhaps
all,) will not really be new to you, but you won’t have seen them named and
their pros and cons discussed. Naming them allows them to be explained
and applied [10] leading to a more systematic approach to the delegation of
responsibilities (and therefore object behaviour).

When do we assign Responsibilities?

Responsibility are assigned either during design when we draw interaction
diagrams and decide where the methods which fulfil these responsibilities go
or while coding [10]. The GRASP principles can be applied to guide choices
about assigning responsibilities and can therefore be applied during design
(while drawing interaction diagrams,) or during coding [10].

Patterns

Experienced software developers build up and deploy a “repertoire of both
general principles and idiomatic solutions” (that is a generalised bits of so-
lutions,) which if codified in a appropriate format, i.e. named, with a de-
scription of the problem and solution give a pattern [10]. Named patterns
provide a way chunking and incorporating that concept in to our understand-
ing and memory [10]. That is if we see something described as a pattern (and
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named,) we can think of it as a pattern and remember it, perhaps associated
with other similar pattern. This also facilitates communication we can talk
about using the Abstract Factory Pattern, to solve a problem and other de-
velopers instantly know what we’re talking about [10].

According to Larman 10 Patterns are usually expressed in terms of a general
problem and solution which can be applied in many contexts, there may also
be some consideration of the trade-offs to be considered. The pattern will
then suggest which responsibilities should be associated with which objects
(given their roles in the pattern).

Pattern Name: Information Expert
Problem: What is the basic principle by which to assign re-

sponsibilities to objects.
Solution: Assign a responsibility to the class that has the

information needed to fulfil it.

Table 3.2: An example pattern from Larman 10 using his format.

Clearly the pattern shown in 3.2 is both very general and perhaps obvious,
however naming it helps use learn, discuss and deploy [10].

Before looking at some patterns being used in a real scenario we’ll note some
final points from Larman 12, patterns should not be new ideas (they should
be established ones which are being named). That being said I’ve found a lot
of new variations on old patterns, which I suppose is just people taking the
time to recognise that there are many versions of something. The GRASP
patterns do not state new ideas they name widely used principles, to an
expert they should be fundamental and familiar [10]. To you (second year
students,) they’ll hopefully be thing which you were starting to get to grips
with in your object originated coding, or even guidance for problems which
are on the horizon in your coding.

3.2.4 Example - Solving A Simple Design Problem using
a GRASP Pattern

Rather than start with a full scenario (or use case,) which is where we’d
normally start in terms of mechanistic design, I’m going to start with some
‘parts’ of a larger solution. Seeing these simple patterns deployed in a number
of examples will allow us to work up to a full scenario, essentially this will be
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the detail behind the call to system from our SSD (see ??). I’ve stolen these
examples from Larman 10, we’ll work though something similar for other
examples next year.

Question: Who creates the Square object?

Larman 10 provides a very detailed discussion of this example and the case
study it comes from, this is a much abbreviated version and I recommend
you read the full one. Larman really explains his thought process well.

A common (and basic,) problem in OO design is who creates a particular
object, this is a ‘doing’ responsibility which must be assigned to some object
[10]. The example we’ll use is from a scenario/use-case for the first elabo-
ration iteration of a Monopoly game, where the game is initially set-up, a
single piece is added to the board and moved around the board by dice roles
(without player interaction). ? ? covers this in some detail but we’re only
looking at some elements of it anyway.

The question is:

“Who creates the Squares which represent the Monopoly board?”

First lets look back at the object domain model to see what classes we have
in addition to square (see 3.1).

46



Figure 3.1: The domain model for the first elaboration iteration from Larman
10. This is how agile modelling should work, hand drawn diagrams created
through group consensus on a whiteboard and digitised.

There are several options according to Larman 10, I’ve put his discussion of
each into a tabular form to aid clarity (see 3.3).
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Class Name: Patterns or Princi-
ples

Evaluation

Dog Lower Representa-
tional Gap (LRG)

An arbitrary class could cre-
ate squares, however this
doesn’t fit well with our
mental model of the prob-
lem.

Player LRG Conceptually the player is
associated with a piece
which is associated with a
square, again this doesn’t
fit.

Board Creator This is the obvious choice,
(and Larman 10 suggests
the choice of Software pro-
fessionals he’s encountered
world wide), its also in keep-
ing with the Creator pat-
tern.

Table 3.3: Evaulation of the candidates for creating square based on Larman
10.

Note that this is essentially responsibility assignment, we’ve assigned the re-
sponsibility for creating square to Board.

Lets look at the creator pattern (3.4) and then look at the process by which
it is used.
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Pattern Name: Creator
Problem: Who Creates A?
Solution: (this an be
viewed as advice)

Assign class B the responsibility to create an in-
stance of class A if one or more of these) is true:

1. B “contains” or compositely aggregates A.

2. B records A.

3. B closely uses A.

4. B has the initializing data for A.

Table 3.4: The Creator Pattern Larman 10 using the less detailed format.

Aside: See the sections on Aggregation 3.3.2 a concepts we’ve hopefully al-
ready covered.

Software Objects and the Design Class Diagram - DCD .
Before applying the pattern we have to understand that we’re now working
with software objects 1.3.3 and not domain objects [10]. These will later be
shown in a DCD (Design Class Diagram,) but where do they come from?
We’ll work though the process of applying the creator pattern and hopefully
it will become clear.

This is the process described in Larman 10, in a simpler format with more
descriptive text.
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Step In this example.

1. Identify and describe the problem: Who creates square?

2. Decide on a pattern to solve the problem: We’ve chosen Creator.

3. Look for existing software objects to satisfy
the roles of A and B in the pattern:

• iteration n: Look for existing soft-
ware objects in our DCD.

• iteration 1: We are just starting
the design, using LRG (lower rep-
resentational gap) identify appropri-
ate domain classes (from the domain
model,) and promote them to software
classes. Add these to the DCD.

Board and Square are
made software objects,
and Board (B) is cho-
sen to be the creator of
Square (A) in our exam-
ple.

We now have to consider the relation between these two objects. Larman
10 suggests that as board will create squares, they will be part of the board
and when board is destroyed it will manage their destruction they should be
related by composition. A quick discussion of composition can be found here
3.3.2.

Agile modelling suggests that both the dynamic (behavioural - sequence,)
and static (structural - DCD) should be worked on in parallel [10]. Larmans
images (see 3.2) are cleaned up whiteboard images, these early stages really
need whole team involvement.
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Figure 3.2: The creator pattern being appiled and the start of the DCD from
Larman 10. This is how agile modelling should work, hand drawn diagrams
created through group consensus on a whiteboard and digitised.

3.3 Class Diagrams

In a previous section we looked at the use of raw UML to describe classes at
different levels 1.3.3, we’re now looking at design level class diagrams and the
classes in our diagrams are moving from conceptual to design. We’ll recap a
little of this, before going on to consider more UML syntax pertinent to this
stage.
The UML notation provides the facility to include more detail in a class dia-
gram than shown in the conceputal classes of the domain diagram. Larman
13 provides a single diagram which shows most of the syntax, shown in ??.

Constructors

It is normal for the constructor to be omitted, if shown it may be prefixed
with a stereotype «constructor »[13].
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Operations to Access Attributes

Access operations such as getX and setX are normally omitted (or filtered -
in sophisticated tools) as they clutter the diagrams without adding anything
interesting [13]. An exception here is any interesting attribute changing
methods such e.g. credit/debit/getBallence for an Account object. This is
perhaps essential when modelling on a whiteboard as these waste space/time
an ellipsis ... can be added to show there other attributes/methods are known
about but not shown [14].

3.3.1 Associations Between Classes

Much of the syntax has been covered before (when considering conceptual
class models,) but we need to take this a little further to consider more
sophisticated associations.

Representing Associations

Associations are relationships between instances of classes indicating that
some meaningful and interested connection exists between them [7]. We’ll
consider associations and attributes in more detail next week, however as ob-
ject diagrams without them are often incorrect we need to know a bit about
them up front.
According to Larman 7 associations should be shown when one object needs
to show that knowledge of a relationship needs to be preserved for some
length of time (milliseconds or years). As is hopefully clear from the section
above (3.2.4) many of these relations emerge from the application of basic
principles and patterns and can be added to the diagram as these are de-
ployed.
Representing associations is reasonably simple, we use a line with an asso-
ciation name [7] (see 3.3). At the end of each line we have a number or
range representing multiplicity (number of) for instances of classes [7]. The
association is inherently bidirectional and can be logically traversed in either
direction, the association may have a reading direction arrow which suggests
how the association name should be read - this has no meaning in the model
just helps the reader [7].

Now we begin to consider these relations in terms of design and include re-
strictions on navigation, multiplicity, names for association end points (roles)
within the classes.
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Figure 3.3: From Larman 7, a simple association with unit multiplicity.

Syntax: Associations between Classes

The diagram 3.4 shows a connection between two objects in both the do-
main diagram form and design class diagram. The top one shows directed
association name (see 3.4) and multiplicity at each end (see 3.5). It is more
common to see the role names at this stage rather than the relation name,
this representation is show in the lower half of 3.4

Figure 3.4: An example from Larman 7, this shows the difference in associ-
ations between domain object diagram and design class diagram.

Naming Associations

Simple names such as “has” and “uses” are a poor choice as they do not
enhance our understanding of the domain [7]. In the example 2.2 “has” could
have been chosen at as the association name but would have added nothing to
our understanding, however “Lives-at” tells us its their home address. Larman
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7 suggests using a ClassName-VerbPhrase-ClassName format which is both
informative and can be read. While his examples use a hyphenated format,
camel case is also acceptable.

Roles & Multiplicity

The end of each association has a role and can have a name, multiplicity
expression and navigability [7].

Multiplicity :

Multiplicity simply defines how many of each class are involved in an asso-
ciation at one time [7]. That is how many instances can be connected, we
can improve / extend our earlier example (person-address) by considering
that more than one person can live at the same address. It may be that a
person lives at a number of addresses over the course of their lives, but for
this system they have only one current address. The examples shown in 3.5
are reasonably representative.
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Figure 3.5: A home made example based on those in Larman 7, the tool
seems to display the reading direction arrow with no problem but struggles
to export this to an image. I’ve had to screen shot this one to get it to work.

The multiplicity of a relationship is always based on the needs of the scenario,
[7] cites Rumbaugh’s example where a Person is associated with a Company.
For tax purposes this will probably be a list of companies (i.e. all those who
the person currently works for) for a Union probably only one.
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Address

houseNumber
street
postcode
county
country

Student

name
age

Lives-at-outside-term 
1..* 2

Lives-at-during-term 
1..* 0..1

Figure 3.6: A home made example based on those in Larman 7, the tool
seems to display the reading direction arrow with no problem but struggles
to export this to an image, I’ve not screen-shot this and its lost its arrows.

Roles :

We can have multiple many to many relations [7], this is perhaps best illus-
trated though an example see 3.6. Here each student has two addresses a
term time address (which may or may not be present,) and a home address.
Both of these are address objects, note that one or more students can live at
the address in each case.

Association Syntax - Attribute Text and Association Lines

The role name is sometimes used on the association line itself, of may be
omitted an included in the list of attributes or the line omitted and the
attribute shown with a class type [13]. See the diagram 3.7
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Figure 3.7: Ways in which we can show role names and associations, based
on Larman 13.

Larman 14 provides the following guidance:
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Type Guidance Example
Association
Line

The visual emphasis is important, i.e. this
needs to be seen. The relationship may be
an important one in terms of domain logic.

Register to
Sale, Person
to Address
etc.

Attribute
Text

The relation would add clutter to the dia-
gram, the relation is an obvious one. The
relationship is not important in the context
of the domain perhaps to a utility or sup-
port class.

Sale to
DateTime,
Person to
Text etc.

Both This is usually what tools and lecturers try-
ing to make a point to their students do.

Last years
Introduction
to Pro-
gramming
coursework

We can go further and include details of multiplicity and property strings
(special keywords such as ordered which tell us about the collection of ob-
jects) [13], see ??. I’ve included this as its something we might want to use
in the coursework, I’d not be to worried at this stage however if you omitted
the property string.

3.3.2 Specialised Associations

Association is quite a general relationship between objects, we can think of
this as two objects which are connected but can exist independently. Where
one object is part of or owned and controlled by another we can use UML to
show that this is the case.

Composition

Composition (also known as composite aggregation) is a strong kind of whole
part aggregation and the most useful [13]. The implications of the relation
are [14]:

1. That an instance of the part (e.g. Square) belongs to only one com-
posite instance (e.g. Board) at a time.

2. That the part must always belong to an instance (though it may move
from instance to instance).
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3. That the composite part (whole) is either directly responsible for cre-
ating, managing and destroying the parts or collaborates with others
to do so.

Where a class orchestrates the behaviour of a number of internal parts it
becomes a structured class for which there is an alternate syntax (we’ll come
to these later ??.

Figure 3.8: Associations (directed with multiplicity) from Larman 13.

One point noted by Fowler 5 is than the association is usually has a multi-
plicity of one at the part end. The syntax is filled diamond arrow head which
points to the whole of the whole-part relation, this is shown in the figure 3.8.

Aggregation

Aggregation is a weaker form of Composition, it loosely suggests a whole part
relation but its unclear how this differs from a more traditional associations
[14]. I’ve always interpreted it as a part which cannot be used alone but may
exist to be used by other objects. I’ve always taught this to my students
(using the example of a car and a tow-ball,) however both Larman 14 and
Fowler 5 quote Rumbaugh (one of the original creators) who suggested it
exists because people though it should be there. Both authors go on to say
that its probably best to stick with association and composition (or composite
aggregation as Larman calls it). Its represented as a unfilled diamond but
otherwise identical to composition.

3.4 Sequence Diagrams

You’re never going to be tested on this, but to show you how classes talk we
need some way of showing how it works. UML exists to show the architecture
and behaviour of object orientated systems so its the natural choice.

3.4.1 Participants and Messages

Sequence diagrams are one of two kinds of interaction diagram provided by
UML (the other being communication diagrams,) [14], which we’re going to
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leave to a future iteration. Sequence diagrams are more commonly used than
interaction diagrams as they emphasise sequence over structure, making it
easy to find the next message (with time going down the page) [2]. A com-
munication diagram by contrast is simply an object diagram (like a class
diagram but showing individual objects,) which shows the messages passed
during an interaction [2].

Sequence diagrams are the more notationally rich [14] and hence our first
choice, 3.9 is based on Larman 14 but with some additional annotations of
my own.
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Destruction:
This is another special kind of 
message which creats and object. 

Synchronous Message:
Think of these as methods, 
we call possibly with paramters
e.g. addItem(price:Number)
and can have values returned
e.g. result:true
.
Note:
A can do nothing while B is 
doing its call. 

Execution Specification:
Denotes activity

Found Message:
Comes from outside the
collaboration (think 
objects fullfilling a 
use-case or scenario).

myB : B

Creation:
This is a special kind of message 
which creats and object. 

Messages:
A message is anything 
passed from an actor to
an object/system or 
between classes 
(regardless of the actual 
method). 

: A

Syntax
ObjectName : Class

*This can be extended but, 
we'll leave it here for now. 

Lifeline: 
A symbol is used to represent the head
- Rectangle - Object/Class/System
- Stick man - Actor (human or external system)
A tail shows the 'trace' of this objects 
activity within the scenario/use-case. 

«destroy»

doThree

result

doTwo

doOne

«create»

Figure 3.9: Based on Larman 9, augmented with my own annotations inspired
by Fowler 6 and Douglass 2
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The key elements (in 3.9) shown are:

• Participant - This is shown in the rectangle at the top of the lifeline,
it has usually has the format objectName:ClassName however this
can be extended to it can be used to describe multiple objects etc.
objectName[n]:ClassName. The UML specification [17] provides more
detail (though in a less than readable format). Common participants
are show in 3.10.

• Synchronous Message - The sequence diagram syntax allows us
to show both asynchronous and synchronous messages. The diagram
above shows the latter, the best way to think of these is as one object
calling a method on another, perhaps with arguments and returns (see
3.4.1 for more examples and discussion.

• Create and Destroy Messages These are special kinds of messages
which have a stereotype associated with them i.e. «create» and «de-
stroy». These can be though of as calling a notional constructor and
destructor for the object. These are not normally shown in System
Sequence diagrams.

• Found & Lost Messages - These are messages which leave the bound-
ary of the current sequence diagram. Sequence diagrams are normally
used to describe an interaction between classes (this could be a sce-
nario, single use case, part of a use-case etc.) where messages enter or
leave context they are represented as lost and found messages.

• Execution Specification - Processing within a method is often shown
as a block on the lifeline, these are often used to reinforce the differ-
ence between synchronous and asynchronous messages. These are more
commonly seen in diagrams created with UML tools and known as the
Activation Bar in UML 1.0 [14].

NOTE: The syntax of sequence diagrams has changed over the various ver-
sions of UML, there are also a number of tools, books, authors who appear
to impose their own limitations or add their own flourishes. Please make
every effort to use the correct syntax, if your in any doubt check the notes.
If you’re writing your diagrams up in a tool and it is unable to generate the
correct syntax, put a note to explain the issue. As with the other diagrams
I’m not looking for perfect syntax (the logic is more important,) however
there is a point at which it becomes just lines and boxes and is no longer
UML.
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Figure 3.10: From Larman 14.

Larman 14 provides some excellent documentation on the Sequence diagram
including the flowing examples of the kind of classes which may be involved
at the design phase.

Messages

As mentioned above there are a number of different kinds of message which
can pass between instances (or classes) in a sequence diagram, these are:
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Type Description Symbol
Asynchronous A message is send

but the sender does
not wait for a re-
sponse, e.g. an event
is sent to an event
queue.

Synchronous A message is send
and the sender waits
until the processing
is complete in the re-
ceiver before contin-
uing. There may be
a reply message in-
volved 3.4.1
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Replies These are messages
returned as the re-
sult of a call on
another object, you
can think of them
as method returns.
There is an alter-
native syntax (Lar-
man 14 provides an
example, we’ll stick
with one way to
avoid confusion.

«create» A special kind of
synchronous mes-
sage resulting in
the creation of an
object.

«destroy» A special kind of
synchronous mes-
sage resulting in the
destruction of an
object.

Asynchronous communication is most common with real-time systems where
objects have their own threads of execution, e.g. in multi-process or multi-
threaded design where there is more than one active object.

All messages have the full form
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return = messageName(paramter : paramterType) : return type

However it is not uncommon to see, calls for specific programming languages
used here [14] this is common where the diagram has been generated from
code, or is being used to generate code Model Driven Development (MDD).
Larman 14 also suggests that empty parameter lists and void returns are
often omitted, type information may also be omitted if obvious [14]. I’m not
sure the latter is a good idea!

3.4.2 Frame Operators

In the earlier section we breifly consdiered Frame Operators here’ we’ll recap
these there are still some we’re not going to use right away, but in the next
few classes we’ll be introducing them as requried (probably along with more
complex patterns). The following table is based on Larman 14 and Douglass
2.
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Operator Description
sd Names an interaction fragment. This could be a system

sequence diagram, a realisation of a use case (i.e. how
objects from our class diagram will interact to get the job
done,) a part of a sequence diagram we want to re-use in
other diagrams. Not covered here in detail, we don’t
need them until later see ??.

ref References another interaction fragment, i.e. where we
have parts we wish to re-use (e.g. authenticateUser) we
can refer to them with this. Not covered here in detail,
we don’t need them until later see ??.

alt This provides a number of alternatives, one of which will be
taken based on the guard conditions (in [ ]) an else guard
is also provided which evaluates to TRUE if all others are
false. This is a complex fragment [2] and is used in UML
to express both if/else and switch/case type programming
structures. Note: Larman 14 suggests the guard should
be placed over the life-line of the participant who performs
the test. See figure 3.11.

opt A kind of simplified alt, a fragment which will only be ex-
ecuted if its guard is true. See figure 3.13.

loop Specifies that a fragment should be repeated until some
condition (expressed in a guard) becomes FALSE. There is
no official for syntax though it is suggested one is being
considered [14]. See figure 3.12.

par This is similar in syntax to alt however, here all compart-
ments execute rather than one. Not covered here in
detail, we don’t need them until later see ??.

region Identifies a region which is atomic, and cannot be inter-
leaved with others, i.e. the actions in this fragment must
take place in this order with no possibility of interruption.
Not covered here in detail, we don’t need them un-
til later see ??
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alt

[condition]

[tFlag == true]

[else]

gaurd:
UML uses [ ]  to denote guards, 
these are conditions under which 
something happens. They contain 
boolean expressions.

else:
UML specification allows for an
else.

alt:
Only one of these will execute, 
each has a guard condition. 

myB : B: A

doOne

«destroy»

result

doThree

doTwo()

Figure 3.11: Syntax for the alt interaction fragment, this is used for both
if/else and switch case type structures.
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gaurd:
UML uses [ ]  to denote guards,these are conditions under which 
something happens. They contain boolean expressions.

In the case of loops the guard is sometimes inside the 5 sided 
box (after loop). 

Many authors use their own syntax (e.g. Douglass [0,10] while 
others use words [for each item] I've also seen C  style loops 
[i=0;i<10;i++]. 

loop:
The class interactions here will
be repeated while the condition 
is satisfied.

myB : B: A

loop

[condition]

doOne

«destroy»

result

doThree

doTwo()

Figure 3.12: Syntax for the loop interaction fragment, this is used for both
while and switch for structures.
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opt

[condition]

gaurd:
UML uses [ ]  to denote guards,these are conditions under which 
something happens. They contain boolean expressions.

opt:
The class interactions here will
be undertaken only if the condition 
is met.

myB : B: A

doOne

«destroy»

result

doThree

doTwo()

Figure 3.13: Syntax for the opt interaction fragment.

3.5 Tutorial

Hopefully if you all did the background reading we’ll have lots of time to
work though this:

1. Read the case study 3.5.1, and consider the use case 3.5.1 and domain
object model3.5.1 then use an appropriate pattern to identify:

• Who creates Unit?

• Who creates Format?
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2. Read the case study 3.5.2 the domain object model provided 3.5.2 then
use an appropriate pattern to identify:

• Who creates InputPattern?

• Who creates OutputPattern?

Questions to think about (or what kind of exam question could I get on this).

• Explain the Model-View Separation Principle and why such an ap-
proach would be used in the development of a commercial video game.

3.5.1 Case Study 1

An application is required to convert between metric and imperial measure-
ments. The application must be capable of performing the conversion from
meters and centimetres to feet and inches and vice versa. The application
must be written for Windows compatible PC however porting at a later stage
is being considered and my include Linux (Gnome based), MacOS, iOS and
Android. The user must be able to enter their measurement in an appro-
priate format (depending on whether they are converting from imperial to
metric or metric to imperial). In response to some input from the user the
application should then produce the conversion in a format that allows them
to copy and paste this to another application.

The default conversion will be imperial to metric, a switch or toggle will be
provided to change to metric to imperial. The interface will consist of a box
for each of the units (feet/inches or meters/centimetres) depending on the
conversion option selected the application will display appropriate boxes as
input and output.

Scenario – Sunny Day Scenario (everything goes right)

A user opens the application and is presented with a screen and appropriate
input boxes for the default conversion. The user enters the feet and inches
and presses the covert button. The application performs some validation on
the input, the results of which is positive. An output box is filled with the
answer in an appropriate format such that it can be copied by the user.

Scenario – Sunny Day 2

A user opens the application and is presented with a screen and appropriate
input boxes for the default conversion. The user decides not to perform the
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default conversion and uses a button/toggle to swap to metric to imperial
conversion. The user interface updates to reflect this (labels change etc). The
user enters the feet and inches and presses the covert button. The application
performs some validation on the input, the results of which is positive. An
output box is filled with the answer in an appropriate format such that it
can be copied by the user.

Scenario – Formatting error scenario

A user opens the application and is presented with a screen and appropriate
input boxes for the default conversion. The user enters the feet and inches
and presses the covert button. The application performs some validation
on the input, the results of which is negative. The application reports a
formatting error, but does not clear the input field allowing the user to make
corrections.

Use Case

The team have produced a number of use case summarised at the highest
level by the following use case diagram. The names of the use case here may
differ slightly from those we identified during the tutorial.

Change Units

Convert 
Measurment

User

Measurement Conversion Application

Figure 3.14: This is an incomplete use case based on the tutorial from a few
weeks ago, I’d like to have used the one we drew on the board however the
picture I had wasn’t clear enough.

Use Case: Convert Measurement
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UC1: Convert Measurement L2

Scope: Measurement Conversion
Application

Primary Actor: User

Level: user-goal

Stakeholders and Interests:
• User: Wants to convert between imperial and metric measurements

of length.

Preconditions:
• Application has launched and the interface is displayed

• Interface is prepared for user input

Postconditions (success guarantee):
• Output is presented in a suitable format

Main Success Scenario:

1. User enters a measurement in the default unit (imperial,)

2. User requests a conversion (indicating they have completed their
data entry).

3. System performs the conversion

4. System displays the converted measurement

Extensions (Alternative Flows):
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• 1a. User changes units before entering a measurement.

• 2a. User enters nothing

1. System does not attempt to convert

2. System highlights the lack of input (e.g. change background of
input field to red)

• 2b. User enters an incorrectly formatted measurement for the cur-
rent conversion.

1. System Displays an error message

2. System highlights the incorrect input (e.g. change background
of input field to red)

3. User enters a measurement

Special Requirements:
• Must be possible to enter the measurement in a number of formats,

e.g. 1’6", 1.5", 18" etc.

• The output must be such that the user can easily copy the output
for use in another application.

Technology and Data Variations List:

1. ...

Frequency of Occurrence: Expect the user to perform
one or more conversions in a
single session

Open Issues:
• Given that the input can be in a number of formats, which the

system is to deduce. How will this be done?

• The output may be required in a specific format, should this option
be given to the user and how? This could be a property set though
a menu (with a default,) or some means of selection near the output.

74



Domain Object Model

Figure 3.15: This is a domain object model based on the tutorial from a few
weeks ago, I’d like to have used the one we drew on the board however the
picture I had wasn’t clear enough. I’ve avoided describing this as a draft
(suggesting its incomplete,) or using any other term which would suggest it
is final. In the spirit of Agile Modelling we are using it to inform sketches
of the design so we can discuss and evaluate design options. Changes may
be made as a result of this discussion and its probably that future iterations
would contain some of the conceptual classes.

3.5.2 Case Study 2

A researcher at the university is looking to write a paper with a colleague
they have both datasets and a new neural network to train on them. In
order to do this they need to load in files from the original project so that
their Neural Network will be trained and tested with the same files. Each file
consists of comments (which start with a #,) some meta data (information
about the file content) and the data itself (see example file), all in a CSV
format. The data is in the form of input and output patterns, each contains
t (a time offset). The input contains the values for parameters t, r, g, and b
while the output patter has two values t and o. Due to the nature of neural
network operations all parameters are floating point numbers between -1.0f
and 1.0f further validation is possible as the t (which represent the time-step,)
should be identical in the input and output pattern.
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DCD for Case Study 2

Another knocked up DCD, this one is similar to this years coursework.

Figure 3.16: Domain Object Model for Case Study 2.

3.6 Summary

The next important part of the design process is the Realisation of the use
case, which is the mapping of use case and individual scenarios (descriptions
of system behaviour,) to domain (and non-domain) objects. We’ve started
small considering parts of these interactions in isolation and the low level
patterns (or OO principles,) we’ve looked at one of these patterns so far and
there are quite a few more to go!
The GRASP patterns are low level simple design patterns/principles named
and documented to make them easier to remember, discuss and use. This
week we’ve looked at Creator with some examples of its use, however we’ve
not considered the pattern in full (which we’ll do in a later class) at the
moment we need to see a few more patterns so we can start using them in
the realisation of use case.
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3.7 Preparation for Next Week

3.7.1 Essential Reading

An introduction to GRASP and Patterns, this covers this week and next
weeks class (maybe the week after).
Larman (2014d). Applying UML and Patterns, chapter GRASP: Designing
Objects with Responsiblities, pages 312–362. Prentice Hall PTR.

3.7.2 Background Reading

In conjunction with the above you may need to refer to these chapters which
provide very detailed coverage of Class and Sequence diagrams. Larman
(2014h). Applying UML and Patterns, chapter System Sequence Diagrams,
pages 221–248. Prentice Hall PTR.

Larman (2014g). Applying UML and Patterns, chapter UML Class Diagrams,
pages 249–270. Prentice Hall PTR.

YOU will need to do the preparatory work ahead of next weeks
class!
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Responsibility Driven Design and
GRASP - Part 2

4.1 Introduction

In the previous notes (3) we’d started object design and were looking to
begin mapping the behaviour of the system to these. When we study this
in more detail we’ll have the analysis artefacts (use case, SSD, etc to guide
us,) however, for the simple problems we’ll solve between now and then I’m
hoping a simple set of patterns will be enough.

In an attempt to systematically design object orientation systems adopted
a responsibility driven design approach (RDD). This suggested the use of
GRASP patterns in order to assign low level responsibilities and we’d looked
at one of these patterns. I’ll recap the key concepts before adding more
patterns.

4.2 Recap: Responsibilities and Responsibility
Driven Design (RRD)

In RRD objects are attributed responsibilities, in terms of what they are
responsible for knowing and what they are responsible for doing [10].
There are two types of responsibility knowing and doing [10]:

• Doing - Responsibilities may include:

– Doing something itself, e.g. a calculation, creating and object etc.

– Causing something to happen in another object, or changing its
state.

– Controlling and coordinating activities in other objects (e.g. ??)
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• Knowing - Responsibilities may include:

– Holding data itself in private attributes

– Knowing about related objects

– Knowing about data it can derive or calculate

4.3 Responsibilities and Responsibility Driven
Design (RRD)

4.3.1 Recap: What is RRD?

GRASP is a learning aid which names and describes some basic principles
to assign responsibilities to objects, proving a simple first step towards RDD
[10]. I use this in the second year to provide a foundation for applying more
complex patterns such as the Gang of Four (GoF) patterns which are ‘larger’
and deal with coordinating higher level behaviour.

Some of these (or perhaps all,) will not really be new to you, but you won’t
have seen them named and their pros and cons discussed. Naming them al-
lows them to be explained and applied [10] leading to a more systematic ap-
proach to the delegation of responsibilities (and therefore object behaviour).
We’re going to come back to these and discuss them in more detail at a later
stage, without a name we couldn’t do this!

Recap: When do we assign Responsibilities?

Responsibility are assigned either during design when we draw interaction
diagrams and decide where the methods which fulfil these responsibilities go
or while coding [10]. The GRASP principles can be applied to guide choices
about assigning responsibilities and can therefore be applied during design
(while drawing interaction diagrams,) or during coding [10].

Patterns

Experienced software developers build up and deploy a “repertoire of both
general principles and idiomatic solutions” (that is a generalised bits of solu-
tions,) which if codified in a appropriate format, i.e. named, with a descrip-
tion of the problem and solution give a pattern [10].

According to Larman 10 named patterns provide:
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• AMemory/Learning Aid It helps ‘chunking’ and incorporating that
concept in to our understanding and memory. That is if we see some-
thing described as a pattern (and named,) we can think of it as a
pattern and remember it, perhaps associated with other similar pat-
tern.

• A Communication Aid This also facilitates communication we can
talk about using the Abstract Factory Pattern, to solve a problem and
other developers instantly know what we’re talking about

Patterns are usually expressed in terms of a general problem and solution
which can be applied in many contexts, there may also be some considera-
tion of the trade-offs to be considered [10]. The pattern will then suggest
which responsibilities should be associated with which objects (given their
roles in the pattern) [10]. The GRASP patterns (or mini patterns,) do not
state new ideas they name widely used principles, to an expert they should be
fundamental and familiar [10]. To you (second year students,) they’ll hope-
fully be thing which you were starting to get to grips with in your object
originated coding, or even guidance for problems which are on the horizon
in your coding.

4.3.2 Solving A Simple Design Problems using a GRASP
Patterns - Continued

Rather than start with a full scenario (or use case,) which is where we’d
normally start in terms of mechanistic design, I’m going to start with some
‘parts’ of a larger solution. Seeing these simple patterns deployed in a number
of examples will allow us to work up to a full scenario, essentially this will be
the detail behind the call to system from our SSD (see ??). I’ve stolen these
examples from Larman 10, we’ll work though something similar for other
examples later.

Information Expert (or Expert)

Question: Who Knows about the Square object, given a key?

Larman 10 provides a very detailed discussion of this example and the case
study it comes from, this is a much abbreviated version and I recommend
you read the full one. Larman really explains his though process well.

Another common problem is working out who should know something, this is
a ‘knowing’ responsibility which must be assigned to some object [10]. Again
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the example we’ll use is from a scenario/use-case for the first elaboration it-
eration of a Monopoly game, where the game is initially set-up, a single piece
is added to the board and moved around the board by dice roles (without
player interaction). ? ? covers this in some detail but we’re only looking
at some elements of it anyway.

The question is:

“Who knows about Square given a key?”

First lets look back at the object domain model to see what classes we have
in addition to square (see 4.1).

Figure 4.1: The domain model for the first elaboration iteration from Larman
10. This is how agile modelling should work, hand drawn diagrams created
through group consensus on a whiteboard and digitised.

There are several options according to Larman 10, I’ve put his discussion of
each into a tabular form to aid clarity (see 3.3).
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Class Name: Patterns or Princi-
ples

Evaluation

Dog

• Lower Rep-
resentational
Gap (LRG)

• Low Coupling
(another pat-
tern see ??)

• An arbitrary class be
responsible for know-
ing create squares,
however this doesn’t
fit well with our
mental model of the
problem.

• Informally coupling
refers to a measure
of connectedness
between elements,
minimising this re-
duces the impact of
change on one class
on others.

Board Information Expert This is the obvious choice
(and Larman 10 suggests
that of most OO develop-
ers,) for an object to find an
present one square (given a
name,) it must know (have
the information) about all
the Squares.

Piece Information Expert This may fit conceptually,
the piece exists in our do-
main. However in terms of
having the information re-
quired it is hopefully clear
that while piece knows its
own square it doesn’t know
any others. Therefore it
cannot fulfil the responsibil-
ity.

Table 4.1: Evaulation of the candidates for creating square based on Larman
10.
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Note that this is essentially responsibility assignment, we’ve assigned the re-
sponsibility for finding square (with a given name) to Board.

Lets look at the creator pattern (4.2) and then look at the process by which
it is used.

Pattern Name: Information Expert
Problem: What is the basic principle by which we assign re-

sponsibilities to objects?
Solution: (advice) Assign a responsibility (knowing or doing,) to the

class that has the information needed to fulfil it.

Table 4.2: The Creator Pattern Larman 10 using the less detailed format.

As suggested above this pattern can apply to either knowing or doing,[10].
For example if we were looking to find the class that reset the squares (in
the event of reset or new game,) we would assign the responsibility of doing
this to Board, again following the Information Expert pattern.

Software Objects and the Design Class Diagram - DCD .

Again we’re working with software objects in the Design Class Diagram
(DCD) but we’re off the starting line and have some objects already in our
model, so the process changes slightly.

This is the adapted from that described in Larman 10, using the same format
as we’ve used earl
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Step In this example.

1. Identify and describe the problem: Who Knows about the
Square object, given a
key?

2. Decide on a pattern to solve the problem: We’ve chosen Informa-
tion Expert.

3. Look for existing software objects to satisfy
the roles of A and B in the pattern:

• iteration n: Look for existing soft-
ware objects in our DCD.

• iteration 1: We are just starting
the design, using LRG (lower rep-
resentational gap) identify appropri-
ate domain classes (from the domain
model,) and promote them to software
classes. Add these to the DCD.

Board and Square are
already software objects,
and Board is chosen to
be the Information Ex-
pert

We now have to consider the relation between these two objects, fortunately
the existing composition relation does not need to be changed. However the
ability to fulfil this responsibility must be reflected in the relevant diagrams.
Agile modelling suggests that both the dynamic (behavioural - sequence,)
and static (structural - DCD) should be worked on in parallel [10]. Larmans
images (see 4.2) are cleaned up whiteboard images, these early stages really
need whole team involvement.

NOTE: Remember this are part diagrams, no one in their right mind would
draw a class diagram for these other than for illustrative purposes. Imagine
these fragments as part of a complete sequence diagram for a given scenario
or use case.
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The problem:

A solution:

Figure 4.2: The expert pattern being appiled and updated DCD from Larman
10. This is how agile modelling should work, hand drawn diagrams created
through group consensus on a whiteboard and digitised.

Low Coupling

Question: Why Board over Dog?

Larman 10 provides a very detailed discussion of this example and the case
study it comes from, hopefully my cut down version has left enough context
for this to still make sense.

In the Creator (see 3.2.4) and Expert (see 4.3.2) we assigned responsibili-
ties to Board rather than some other arbitrary class, e.g. Dog. The Expert
Pattern suggested that Board which knows about all Squares, should be re-
sponsible for finding an individual Square given a key. Underlying this is the
principle of Low Coupling, which we introduce though this now familiar ex-
ample, but which is a central goal in the creation of software [10]. Informally
coupling is a measure of how strongly one element is connected to, depends
on, knows of etc., other elements [10]. For example if element A is tightly
coupled (or dependent upon,) B then any change in B will have an impact
(require changes in,) A. This is a very general principle which occurs at many
levels of software development [10] and one you may have come across before
in first year programming.
So the question is:
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“Why Board over Dog?”

Lets look at the Low Coupling Principle (4.3) in the same format as the
other patterns/principles we’ve looked at, its important to remember that
these all provide advice. In this case Low Coupling supports Information
Expert [10], in other cases principles will conflict and we’ll need to weigh up
the arguments for each.

Pattern Name: Low Coupling
Problem: How to reduce the impact of change?
Solution: (advice) Assign a responsibility so that unnecessary cou-

pling remains low. Use this principle to evaluate
alternative solutions.

Table 4.3: The Low Coupling Principle Larman 10 using the less detailed
format.

This is a little different to the first two patterns we looked at, we use Low
Coupling to evaluate design choices (or existing designs as targets for refactor-
ing,) unless there are external factors we favour the solution with the lowest
coupling [10]. We’ll start with an alternative solution to a problem we’ve
already solved “Who knows about a Square object, given a key?”, this will
allow us to evaluate this against the solution suggested by the Information
Expert pattern this is shown in 4.3.
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Figure 4.3: An alternative solution to the problem of “Who knows about
a Square object, given a key?” from Larman 10. The original (superior)
solution is show in 4.2

Going back to our previous evalaution based on Larman 10, but using the
tabular form to aid clarity (see 4.3).
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Class Name: Patterns or Princi-
ples

Evaluation

Dog

• Lower Rep-
resentational
Gap (LRG)

• Low Cou-
pling

• An arbitrary class be
responsible for know-
ing create squares,
however this doesn’t
fit well with our
mental model of the
problem.

• Coupling refers to
a measure of con-
nectedness between
elements, minimising
this reduces the im-
pact of change on one
class on others.

Board Information Expert This is the obvious choice
(and Larman 10 suggests
that of most OO develop-
ers,) for an object to find an
present one square (given a
name,) it must know (have
the information) about all
the Squares.

Piece Information Expert This may fit conceptually,
the piece exists in our do-
main. However in terms of
having the information re-
quired it is hopefully clear
that while piece knows its
own square it doesn’t know
any others. Therefore it
cannot fulfil the responsibil-
ity.

Table 4.4: Evaulation of the candidates for creating square based on Larman
10.
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We could assign the responsibility to the Dog class (as shown in 4.3) but this
would mean that Dog had to get all Squares from Board, then know enough
about the Square class to find the one with the right name [10]. This requires
Dog to know about (or be coupled to,) both Board and Square! The solution
suggested by Information Expert (i.e. Board has findSquare(name),) requires
only that Board knows about Squares i.e. Board is coupled to Square - the
coupling is lower for this solution.

Software Objects and the Design Class Diagram - DCD .

This time we’re not changing any objects but evaluating existing or alterna-
tive solutions [10]

There is no process described in Larman 10, using the same format as we’ve
used earlier, I’ve tried to provide a framework for the process.

Step In this example.

1. Identify and describe the problem: Why Board and Not
Dog?

2. Decide on a principle to evaluate the solu-
tions:

We’ve chosen Low
Coupling

3. Consider the Coupling of each Solution:

• Dog Requires Dog to be coupled to
Board and Square.

• Board Requires Board to be coupled
to Square.

Board and Square are
already coupled (due to
creator pattern,) and
this solutions gives the
lowest coupling Board
is chosen. This also
fits with Information
Expert which itself aims
to reduce coupling.

The diagrams in this section introduces some new syntax (see the section on
class diagrams 4.4 and sequence diagrams 4.5 for details).

Controller

Question: What is the first object after (or beyond) the UI layer
should receive the message from the UI layer?
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Larman 10 provides a very detailed discussion of this example and the case
study it comes from. Again the example we’ll use is from a scenario/use-case
for the first elaboration iteration of a Monopoly game, where the game is
initially set-up, a single piece is added to the board and moved around the
board by dice roles (without player interaction).

In a layered architecture the UI layer handles all interactions with the user,
i.e. showing windows, receiving mouse clicks and keyboard presses etc. [10].
In this case a button press results in a message being sent from the UI layer
to some class ’???’ in the domain layer who controls/coordinates this activity.

From the Model View Principle (see ??) we know that UI objects should not
contain business logic, (e.g. working out the next square etc.,) so this must
be delegated to a domain object (in the domain layer) [10].

So the question is:

“What is the first object after (or beyond) the UI layer should receive the
message from the UI layer?”

First we review the SSD (see 4.4,) this shows a message generated by the
human observer playGame [10]. Larman 10 goes on to discuss the potential
sources, essentially when the code which the button runs (however it runs
it - this will differ from Qt to Java, .Net etc.) this must create a call to
the System. I think Larman’s choice of example is an issue here, so lets
think back to the other SSDs we looked at. Or jump back to ??, here
addItem(item, quantity) was the message. While the conversion of an event
like a gui button on the screen being converted to a call on a domain object is
trivial, the addItem example requires some information to be collected from
other sources (probably text boxes, filled from the keyboard and bar-code
reader).
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Figure 4.4: The SSD for playGame() from Larman 10.

Note the connection between the SSD and this part of the design
Larman 10 is keen to point out the importance of the SSD here, later he
explains that the interfacing system may not be a user, but an interface to
a device (or group of devices,) a network port or some other outward facing
entity.
Next lets look back at the object domain model to see what classes we have
in addition to square (see 4.5).
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Figure 4.5: The domain model for the first elaboration iteration from Larman
10.

Its kind of obvious we’re going to use the Controller Pattern here, (following
the pattern from the other sections,) so lets look at the that first (4.2).
We’ll then evaluate possible implementation of its advice and look at some
examples Larman uses to show this being applied during agile modelling.
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Pattern Name: Controller
Problem: Which first object beyond the UI layer receives and

coordinates (or controls) the a system operation?
Solution: (advice) Responsibility should be assigned to an object rep-

resenting one of the following:

1. An object representing the overall “system” or
”root object” (this is a variation of the facade
controller)

2. A major sub system (another variation of the
facade controller)

3. A device the software is running within(yet
another variation of the facade controller)

4. A use case scenario within the system within
which the operation occurs (a use case or ses-
sion controller).

Table 4.5: The Controller Pattern Larman 10 using the less detailed format.

As usuall there are several options according to Larman 10, I’ve put his
discussion of each into a tabular form to aid clarity (see 4.6). One marked
difference here is that the choice of object may include the creation of a new
object (or objects,) this is one of those were first look at the options controller
suggests then a principle (High Cohesion 4.3.2) with which to evaluated the
options.
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Class Name: Patterns or Princi-
ples

Evaluation

MonopolyGame

• Controller see
4.5

• High Cohesion
(another pat-
tern see 4.3.2)

• This is a “system” or
”root object” as sug-
gested.

• If the controller be-
comes to big we vio-
late this see 4.3.2.

A device Controller This won’t work - we don’t
have a device. If this was
running on a phone or a cash
machine we could use Phone
or BankCashMachine.

Play Monopoly
Game

Controller This is an option, Play
Monopoly Game is the use
case that the playGame op-
eration game from. When
this is used we normally ap-
pend “...Handler” or “...Ses-
sion” to the name.

Table 4.6: Evaulation of the candidates for selecting a controller Larman 10.

Larman 10 cautiously accepts the first of these (MonopolyGame) however he
notes that there are trade-offs with the patterns, in this case if the controller
dose to much we get a bloated controller. We’re going to consider the pat-
terns in more detail over the next few weeks including the issues to consider
when deploying them.

Software Objects and the Design Class Diagram - DCD .

Again we’re working with software objects in the Design Class Diagram
(DCD) but we’re off the starting line and have some objects already in our
model, so the process changes slightly.

This is the adapted from that described in Larman 10, using the same format
as we’ve used earl
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Step In this example.

1. Identify and describe the problem: What is the first ob-
ject after (or beyond) the
UI layer should receive
the message from the UI
layer?

2. Decide on a pattern to solve the problem: We’ve chosen Con-
troller

4. Review the SSD, consider the message com-
ing from the UI layer as a system operation
(see 4.6)

5. Look for existing software objects to satisfy
the roles of Controller:

• Look for existing software objects in
our DCD.

• If just starting of or if the above
fails, using LRG (lower represen-
tational gap) identify appropriate
domain classes (from the domain
model,) and promote them to software
classes. Add these to the DCD.

• If none of the above fulfil the role
we may consider adding a class (this
is Pure Fabrication another GRASP
pattern 5.2.2).

MonopolyGame is added
as our Controller, this
is reasonably only if it
ends up with only a few
system operations (i.e.
doesn’t violate High Co-
hesion)
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Figure 4.6: Agile Modelling in Action, I like to think this is the moment
someone said “who should be the controller?” during the agile modelling
session. Actually its taken from Larman 10 discussion so its probably just
illustrative.

We now have to consider the relation between these two objects, we add the
class to our DCD, we can’t connect it up just yet as we need to think about
what playGame involves and how it impacts on other objects. Agile mod-
elling suggests that both the dynamic (behavioural - sequence,) and static
(structural - DCD) should be worked on in parallel [10]. Larmans image of
the completed controller, is a kind of after image of the earlier one 4.7.
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Figure 4.7: This is the controller pattern being applied (taken from [10].

NOTE: This is only a partial scenario, the next step is to work out what
objects need to do what. We’re not going to go into this in any detail but we
will consider High Cohesion a principle which helps us to evaluate our choice
(and in part one we’ve just made).

High Cohesion

The next step is to consider how the domain objects are directed will follow
in a few classes time, but one of the key principles we can consider now [10].
This is something we’ve considered before in the first year - Cohesion. Lets
review the problem and possible solutions, we’re looking produce the mech-
anistic design for playGame (that is how do the domain classes collaborate
to throw the dice, move the piece etc.) Larman 10 summarises this as a
part-complete sequence diagram 4.8.
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Figure 4.8: Agile modelling - what do we do next?! (taken from [10].

The possible solutions are again show as partial sequence diagrams (see 4.9)
but these differ in the level of cohesion.

Figure 4.9: High and low coupling and example taken from [10].

Cohesion provides an informal measure of how functionally related opera-
tions of a software element are, in this case we’re talking about the methods
(which fulfil responsibilities) of an object [10]. It also measures the amount of
work done by a software element [10]. The book goes for a software based ex-
ample to begin with but I’ll start with an analogy, a reasonably size builders
merchants has around 30 staff spread over a head office and several yards. A
member of staff Mr. A is responsible for working on the counter at Yard B,
organising the payroll for the whole company, completing the tax return and
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Health and Safety at yard C. This is not a cohesive set of responsibilities (and
hopefully the various issues with this are obvious). So lets re-organise the
company, so we have staff at each yard responsible for counter sales, stock
control, deliveries and Health and Safety only, in the office we have staff
responsible for payroll, finance, etc. Mr C. the manager is responsible for
overseeing the office staff, finance, payroll, deliveries, sales, stock control ...
in one morning he may authorise the purchase of some bricks from a stockist
for Yard A, the transfer of some paint from Yard A to Yard B, a repair to a
truck at Yard C, annual leave for a member of the sales team at Yard A etc.
Again this is Clearly this is also not quite right, we’d expect to see a layer
of management between the overall manager Mr. C and the front line staff.
Perhaps a yard manager who took responsibility for the day to day running
of the yard?

So the overriding principle here is that an object shouldn’t do unrelated jobs
and should not do too many jobs (i.e. we should delegate to other objects if
there are a large number of related responsibilities).

Going back to the example 4.9 we can see that the right hand version is much
more cohesive [10] despite not know what A, B and C are in this context it
doesn’t matter. If A, B and C relate to different responsibilities its cohesion
is low, if they are all related to one responsibility and its just big or complex
this is still low cohesion and we need to divide it up. Going a step further
if doA() etc. all require at least two collaborating classes (A1 and A2 say)
then the left hand version is highly coupled. This leads us to another key
point High Cohesion and Low Coupling often go together [10].

Finally we introduce the principle, (and this is more a principle than a pat-
tern,) High Cohesion 4.7 which can be used to evaluate solutions to find the
best alternative.

Pattern Name: High Cohesion
Problem: How to keep objects focused, understandable, man-

ageable and as a side effect support Low Coupling?
Solution: (advice) Assign responsibilities so that cohesion remains

high. Use this to evaluate alternatives.

Table 4.7: The High Cohesion principle Larman 10 using the less detailed
format.
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Note: Looking back a little we notice that our use of the controller pattern
may cause low cohesion, if we try to use the same controller for everything
this is called bloated controller [10].

4.4 More Class Diagrams

4.4.1 Dependency

Associations (and their specialised forms - aggregation and composition,) in-
dicate that one object has an attribute of a type which is another object
[13]. Dependency is used to indicate that while the object does not have an
attribute whose type is another object, it uses one in some other way [13].
The dependency arrow in UML is an open headed (crows foot,) arrow with
a dotted line which may have a stereotype to indicate the nature of the de-
pendency [13].

This shows a kind of coupling between classes [13], is useful when we’re
analysing solutions for Low Coupling!

Guideline: When to Show Dependency

Larman 14 suggest that we should only show dependencies in the following
circumstances (note UML describes the dependent class as the client and the
depended upon as the supplier):

• Accessing a local or global variable of the supplier type, this could mean
accessing a static constant of a class in C++ or creating a temporary
object inside a class.

• Calling a static method of the supplier type, this could mean accessing
a static constant of a class in C++, see example 4.10(A)

• Receiving a parameter of the supplier type, see the example 4.10(B)
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Figure 4.10: Showing dependencies (which are not association/inheritance)
in UML class diagrams adapted from[13].

UML provides a number of keywords to help clarify the dependency line (The
specification I have (2.5) dates after Larman’s book and gives the following)
[17]:

• «instantiate» - the client creations an instance of the supplier.

• «use» - the client uses an instance of the supplier.

4.5 More Sequence Diagrams

4.5.1 Collections and Return Variables

The examples shown above (in the section on Low Coupling4.3) use an alter-
native syntax for return variables to the one we’ve used previously (to save
whiteboard space). Larman 10 notes the following elements:
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• The return variable sqs from getAllSquares is the same as that named
in the 3rd lifeline. This is an object of type Map<Square> a type of
map that holds Squares. This referencing of a return variable in the
message (sent to it,) rather than as a return is common.

• Similarly the variable s in which begins the getSquare message and the
variable s in the later get message refer to the same object.

• The formatting of the message s = get(name) : Square indicates that
a Square is returned with the name s.

An additional example is show in 4.11.

Figure 4.11: Showing return values in sequence diagrams from[14].

4.5.2 Messages to Self

The example for High Cohesion(see 4.9) shows a number of self calls in a
sequence diagram, this is used to show an object calling methods from itself
(e.g. calling a private helper method). This is shown as a message arrow
point back to the originating lifeline with a nested activation bar [14].

Figure 4.12: Showing self calls in sequence diagrams from[14].
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An additional example is show in 4.12.

4.6 Tutorial

Hopefully if you all did the background reading we’ll have lots of time to
work though this:

1. Read the case study 4.6.1, and consider the use case 4.6.1, domain
object model 4.14 and SSD 4.15 then use an appropriate pattern to
identify:

• Who is the first object beyond the UI layer who receives the mes-
sage in the SSD?

• Who knows how to convert a measure between a given unit and
another unit?

• Who knows how to create a formatted output for a given unit?

2. Read the case study ?? see the ODD 4.16 and DCD provided ?? and
the SSD 4.17 then use an appropriate pattern to identify:

• Who creates InputPattern?

• Who creates OutputPattern?

• Who can find an Input Pattern given an index?

• Who can find an Output Pattern given an index?

• Who can load Input and Output Patterns from file, given a file-
name?

Questions to think about (or what kind of exam question could I get on this).

• What are the GRASP patterns and why are they useful in the devel-
opment of object orientated software?

4.6.1 Case Study 1

An application is required to convert between metric and imperial measure-
ments. The application must be capable of performing the conversion from
meters and centimetres to feet and inches and vice versa. The application
must be written for Windows compatible PC however porting at a later stage
is being considered and my include Linux (Gnome based), MacOS, iOS and
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Android. The user must be able to enter their measurement in an appro-
priate format (depending on whether they are converting from imperial to
metric or metric to imperial). In response to some input from the user the
application should then produce the conversion in a format that allows them
to copy and paste this to another application.

The default conversion will be imperial to metric, a switch or toggle will be
provided to change to metric to imperial. The interface will consist of a box
for each of the units (feet/inches or meters/centimetres) depending on the
conversion option selected the application will display appropriate boxes as
input and output.

Scenario – Sunny Day Scenario (everything goes right)

A user opens the application and is presented with a screen and appropriate
input boxes for the default conversion. The user enters the feet and inches
and presses the covert button. The application performs some validation on
the input, the results of which is positive. An output box is filled with the
answer in an appropriate format such that it can be copied by the user.

Scenario – Sunny Day 2

A user opens the application and is presented with a screen and appropriate
input boxes for the default conversion. The user decides not to perform the
default conversion and uses a button/toggle to swap to metric to imperial
conversion. The user interface updates to reflect this (labels change etc). The
user enters the feet and inches and presses the covert button. The application
performs some validation on the input, the results of which is positive. An
output box is filled with the answer in an appropriate format such that it
can be copied by the user.

Scenario – Formatting error scenario

A user opens the application and is presented with a screen and appropriate
input boxes for the default conversion. The user enters the feet and inches
and presses the covert button. The application performs some validation
on the input, the results of which is negative. The application reports a
formatting error, but does not clear the input field allowing the user to make
corrections.
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Use Case

The team have produced a number of use case summarised at the highest
level by the following use case diagram. The names of the use case here may
differ slightly from those we identified during the tutorial.

Change Units

Convert 
Measurment

User

Measurement Conversion Application

Figure 4.13: This is an incomplete use case based on the tutorial from a few
weeks ago, I’d like to have used the one we drew on the board however the
picture I had wasn’t clear enough.

Use Case: Convert Measurement

UC2: Convert Measurement L3

Scope: Measurement Conversion
Application

Primary Actor: User

Level: user-goal

Stakeholders and Interests:
• User: Wants to convert between imperial and metric measurements

of length.

Preconditions:
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• Application has launched and the interface is displayed

• Interface is prepared for user input

Postconditions (success guarantee):
• Output is presented in a suitable format

Main Success Scenario:

1. User enters a measurement in the default unit (imperial,)

2. User requests a conversion (indicating they have completed their
data entry).

3. System performs the conversion

4. System displays the converted measurement

Extensions (Alternative Flows):
• 1a. User changes units before entering a measurement.

• 2a. User enters nothing

1. System does not attempt to convert

2. System highlights the lack of input (e.g. change background of
input field to red)

• 2b. User enters an incorrectly formatted measurement for the cur-
rent conversion.

1. System Displays an error message

2. System highlights the incorrect input (e.g. change background
of input field to red)

3. User enters a measurement

Special Requirements:
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• Must be possible to enter the measurement in a number of formats,
e.g. 1’6", 1.5", 18" etc.

• The output must be such that the user can easily copy the output
for use in another application.

Technology and Data Variations List:

1. ...

Frequency of Occurrence: Expect the user to perform
one or more conversions in a
single session

Open Issues:
• Given that the input can be in a number of formats, which the

system is to deduce. How will this be done?

• The output may be required in a specific format, should this option
be given to the user and how? This could be a property set though
a menu (with a default,) or some means of selection near the output.
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Domain Object Model

Figure 4.14: This is a domain object model based on the tutorial from a few
weeks ago, I’d like to have used the one we drew on the board however the
picture I had wasn’t clear enough. I’ve avoided describing this as a draft
(suggesting its incomplete,) or using any other term which would suggest it
is final. In the spirit of Agile Modelling we are using it to inform sketches
of the design so we can discuss and evaluate design options. Changes may
be made as a result of this discussion and its probably that future iterations
would contain some of the conceptual classes.
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System Sequence Diagram

Figure 4.15: This is the one we did in class, I’m not sure if its going to be
usable!

4.6.2 Case Study 2

A researcher at the university is looking to write a paper with a colleague
they have both datasets and a new neural network to train on them. In
order to do this they need to load in files from the original project so that
their Neural Network will be trained and tested with the same files. Each file
consists of comments (which start with a #,) some meta data (information
about the file content) and the data itself (see example file), all in a CSV
format. The data is in the form of input and output patterns, each contains
t (a time offset). The input contains the values for parameters t, r, g, and b
while the output patter has two values t and o. Due to the nature of neural
network operations all parameters are floating point numbers between -1.0f
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and 1.0f further validation is possible as the t (which represent the time-step,)
should be identical in the input and output pattern.

4.6.3 Domain Object Diagram for Case Study 2

Figure 4.16: Domain Object Model for Case Study 2.

4.6.4 System Sequence Diagram for Case Study 2

Figure 4.17: SSD for Case Study 2.
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4.7 Summary

The next important part of the design process is the Realisation of the use
case, which is the mapping of use case and individual scenarios to object
behaviour. We’ve started small considering parts of these interactions in iso-
lation and the low level patterns (or OO principles,) we’ve looked the most
essential of the patterns (including creator we did last week). There are only
a few more to do, but we’re going to use these to realise some use case these
before looking at them.

The GRASP patterns are low level simple design patterns/principles named
and documented to make them easier to remember, discuss and use. This
week we’ve looked at Information Expert, Low Coupling, Controller and High
Cohesion with some examples of their application, however we’ve not con-
sidered the pattern in full (which we’ll do in a later class) at the moment we
need to see a few more patterns so we can start using them in the realisation
of use case.

4.8 Preparation for Next Week

4.8.1 Essential Reading

An introduction to GRASP and Patterns, this covers this week and last weeks
material..
Larman (2014d). Applying UML and Patterns, chapter GRASP: Designing
Objects with Responsiblities, pages 312–362. Prentice Hall PTR.
For next week read as much of chapter 18 as you can! I’ll not be going into
as much detail (or doing as many examples as Larman)!
Larman (2014i). Applying UML and Patterns, chapter Object Design Exam-
ples with GRASP, pages 312–362. Prentice Hall PTR.

4.8.2 Background Reading

In conjunction with the above you may need to refer to these chapters which
provide very detailed coverage of Class and Sequence diagrams. Larman
(2014h). Applying UML and Patterns, chapter System Sequence Diagrams,
pages 221–248. Prentice Hall PTR.

Larman (2014g). Applying UML and Patterns, chapter UML Class Diagrams,
pages 249–270. Prentice Hall PTR.
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YOU will need to do the preparatory work ahead of next weeks
class!
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Responsibility Driven Design and
GRASP - Part 3

5.1 Introduction

In the previous notes (4) we’d started object design in an attempt to system-
atically design object orientated systems, we adopted a responsibility driven
design approach (RDD). This suggested the use of GRASP patterns in order
to assign low level responsibilities and we’d looked at a few of these pat-
terns. We’re going to add two more (of the most useful,) then look at some
examples.

5.2 Recap: Responsibilities and Responsibility
Driven Design (RRD)

In RRD objects are attributed responsibilities, in terms of what they are
responsible for knowing and what they are responsible for doing [10].
There are two types of responsibility knowing and doing [10]:

• Doing - Responsibilities may include:

– Doing something itself, e.g. a calculation, creating and object etc.

– Causing something to happen in another object, or changing its
state.

– Controlling and coordinating activities in other objects (e.g. ??)

• Knowing - Responsibilities may include:

– Holding data itself in private attributes

– Knowing about related objects

– Knowing about data it can derive or calculate
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5.2.1 Recap: GRASP - Design Principles (mini-patterns)

GRASP is a learning aid which names and describes some basic principles
to assign responsibilities to objects, proving a simple first step towards RDD
[10]. I use it in the second year to provide a foundation for applying more
complex patterns such as the Gang of Four (GoF) patterns which are ‘larger’
and deal with coordinating higher level behaviour.

As we’ve noted previously these patterns shouldn’t be new but naming them
allows them to be learned, explained and applied [10] leading to a more
systematic approach to the delegation of responsibilities (and therefore object
behaviour). We’re going to come back to these and discuss them in more
detail at a later stage, without a name we couldn’t do this!

Recap: When do we assign Responsibilities?

Responsibility are assigned either during design when we draw interaction
diagrams and decide where the methods which fulfil these responsibilities go
or while coding [10]. The GRASP principles can be applied to guide choices
about assigning responsibilities and can therefore be applied during design
(while drawing interaction diagrams,) or during coding [10].

Note: Recently I’ve spoken to two members of staff who stated that sec-
ond year students were struggling to develop OO solutions. Applying these
principles/patterns when your writing code for them should help.

5.2.2 Solving A Simple Design Problems using a GRASP
Patterns - Continued

Before moving on to a full scenario (or use case,) which is where we’d nor-
mally start in terms of mechanistic design, I’m going to continue with some
‘parts’ of a larger solution.

We’ll see these deployed in a number of examples and this will allow us start
designing simple systems wiht objects. Eventually it will work up to a full
scenario. Essentially this will be the detail behind the call to system from
our SSD (see ??). For context in this case the question arises as part of
throwDice scenario.

I’ve stolen these examples from Larman 10 and Larman 16, we’ll work though
something similar for other examples next year.
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Something to note here is that these patterns are like the controller pattern
moving much more into the design of the system and the use of LRG seems
to decrease as we become more interested in creating well designed software
and less so in the modelling of the domain.

Pure Fabrication

Question: What object should have the responsibility, when you
don’t want to violate High Cohesion and Low Coupling, or other
goals, but the solution offered by Expert (for example) are not ap-
propriate?

Larman 16 provides a very detailed discussion of this example as this is from
a later section it introduces the pattern in a more formal way.

There are instances where the solutions proposed by simple patterns such
as expert will lead to solutions which violate high cohsions or low coupling
[16]. For example in the Monopoly problem the dice are associated with the
Player object and undertakes some dice related operations (e.g. working out
the total). In a more complex (and perhaps tangible) example an entity in
a data driven system (e.g. a Sale being recored,) needs to be saved in a
database. Information Expert suggests that as Sale has the relevent data it
should undertake the storing [16]. However Larman 16 notes the following
complications:

• A large number of database-orientated operations are required inside
of sale to support this (e.g. connect, build query etc.,) this impacts on
High Cohesion i.e. the class becomes incohesive.

• Sale becomes coupled to the interface to the database, Low Coupling
is impacted and coupling increases. Worse than this the coupling is to
a specific database interface rather than other domain objects.

• Saving objects is a general thing which lots of classes will do. Placing
these responsibilities in Sale will lead to duplication in other classes
which must also be stored.

The question is:

“Who can we assign this responsibility to without violating High Cohesion
and Low Coupling?”
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First lets look back at the object domain model to see what classes we have
in addition to square (see 5.1). In this case it doesn’t help.

Figure 5.1: The domain model for the first elaboration iteration from Larman
10. This is how agile modelling should work, hand drawn diagrams created
through group consensus on a whiteboard and digitised.

In this case we’re going to add a class, this will be something which doesn’t
exist in our domain (hence Fabrication) and hopefully something which gives
us high cohesion and low coupling (hence pure) [16]. As in other patterns
we’ll try to maintain LRG (Low Representational Gap,) by choosing some-
thing sensible [16] in the case of the Monopoly Game cup. The performs the
dice rolls for a number of dice and knows (and remembers,) the resulting
number, many games use a cup when rolling dice so it fits with the domain,
it could also be re-used in another game [16].

Note that this is essentially responsibility assignment, we’ve assigned the
responsibility for finding and knowing the total of the dice to the cup class.
Lets look at the Pure Fabrication pattern (5.1) and then look at the process
by which it is used.
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Pattern Name: Pure Fabrication
Problem: What object should have the responsibility, when

you do not want to violate High Cohesion and Low
Coupling, or other goals, but solutions offered by
Expert (for example) are not appropriate?

Solution: (advice) Assign a highly cohesive set of responsibilities to an
artificial or convenience class that does not repre-
sent a problem domain concept - i.e. made up to
support high cohesion coupling and reuse.

Table 5.1: The Pure Fabircation pattern Larman 16 using the less detailed
format.

As in previous examples this pattern can apply to either knowing or doinig,
[16].

Software Objects and the Design Class Diagram - DCD .

Again we’re working with software objects in the Design Class Diagram
(DCD) but we’re off the starting line and have some objects already in our
model, so the process changes slightly.

This is the adapted from that described in Larman 16, using the same format
as we’ve used earlier
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Step In this example.

1. Identify and describe the problem: What object should be
responsible for perform-
ing the dice role, and
knowing the total while
maintaining Low Cou-
pling and High Cohe-
sion?

2. Decide on a pattern to solve the problem: We’ve chosen Pure
Fabrication (over
Information Expert)

3. Think of (fabricate) a class which will per-
form the role, ideally this should either
mean something in the domain developing
the system

In this case we chose cup
to be our new class, this
supports LRG.

We now update the diagrams (DCD and relevant sequence digram,) I’m
showing the diagram from the first iteration 5.2 and the updated one from
the second iteration 5.3, Larman didn’t need to solve this problem in the first
iteration so he left it until much later in the book.
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Figure 5.2: This is the original design for roll dice, the issue with this is that
player is responsbile for rolling the group of dice and working out the total -
these are dice related rather than player related - hence cohesion is low. This
image is from Larman 16.

119



Figure 5.3: The Pure Fabrication pattern has been appiled to the above
resulting in a updated DCD and Sequence Diagram from Larman 16. Note
that all the responsibility for knowing about and doing things with dice is
now managed by cup.

Something Larman 16 does pick up in the discussion which is worth men-
tioning is that the objects selected in design can be broadly divided into:

1. Those chosen by representational decomposition, where entities are re-
sponsible for representing things in our domain.

2. Those chosen by behavioural decomposition, where responsibility is
assigned that to group behaviours.

Sale, etc. are all based on representational decomposition and this is a com-
mon design strategy which supports LRG [16]. Examples of classes which are
groupings of associated behaviours include TableOfContentsGenerator which
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contains a collection of methods associated with the generation of tables of
contents [16]. This helper class was created by the developer without any
concern for the domain vocabulary, it is a convenience class created by the
developer to group together some related behaviour/methods. There are a
number of similar patterns which provide behavioural (function-centric) par-
titioning e.g. Adapter, Strategy, Command etc. [16].

NOTE: Remember these are part diagrams, no one in their right mind would
draw a class diagram for these other than for illustrative purposes. Imagine
these fragments as part of a complete sequence diagram for a given scenario
or use case.

Polymorphism

Question: How to handle different types of square? Or to allow
for new types of Square in future variations?

Larman 16 provides a very detailed discussion of this example but as this is
from a later section it introduces the pattern in a more formal way.

I’ve kept the above related to Square, however the more general questions
are the question is (really):

“How to handle alternatives based on type? How to create pluggable software
components?”

The above requires a little explanation, we often require conditional vari-
ation in our programs (i.e. we have something with an if-then-else or case
statement) [16]. However taking this approach may mean the same condition
being repeated in a number of places, this makes extension to include more
variations as changes are required in several places [16]. Viewing software
entities as clients and servers (or producers and consumers,) i.e. something
which is coupled, we must consider how the server can be replaced without
changing the client [16].

I suspect as with a good deal of the other questions, we kind of know the
answer. We solved similar problems on the board in introduction to program-
ming by using polymorphism. So lets lets look back at the object domain
model (see 5.1).
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Figure 5.4: The domain model for the second elaboration iteration from
Larman 16. This is how agile modelling should work, hand drawn diagrams
created through group consensus on a whiteboard and digitised.

Lets explore a few options, I’m using the format Larman does in his early
examples and adapting the later ones to fit, this leaves out some of the
discussion (please read the relevant chapter of [16]). I think the table format
used in 5.2 still OK for this.
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Class Name: Patterns or Princi-
ples

Evaluation

Square None - Switch State-
ment in Square

This is poor design the
pattern explicitly advises
against this.

GoSquare
IncomeTaxSquare
etc.

None - Separate
classes

This is poor design we end
up repeating lots of com-
mon code across a number
of classes. The implications
are hopefully obvious.

Square
& children

Polymorphism Create an abstract square
class and a number of spe-
cific concrete derived classes
with specialised behaviours
as required.

Table 5.2: Evaulation of solutions to the problem Larman 16.

So we make Square abstract (allowing it to retain all the common informa-
tion,) and create several specialised versions with distinct behaviour (for the
landedOn() method). [16].

Note that this is essentially responsibility assignment, we’ve assigned the re-
sponsibility for doing something when the player lands on a square to Square
and its subclasses.

Lets look at the Polymorphism pattern (5.3) and then look at the process by
which it is used.
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Pattern Name: Polymorphism
Problem: How to handle alternatives based on type? How to

create pluggable software components?
Solution: (advice) When related alternatives or behaviours vary by

type (class), assign responsibility for the behaviour
– using polymorphic operations – to the types for
which the behaviour varies.
It follows (reversing the advice,) that we should not
test for the type of object and use conditional logic
to perform varying operations based on type.

Table 5.3: Polymorphisum principle/pattern based on Larman 16 using the
less detailed format.

Its less clear whether this is a principle or a pattern, though the distinction
is often blurred [10].

Software Objects and the Design Class Diagram - DCD .

Again we’re working with software objects in the Design Class Diagram
(DCD) this time we’ve got both classes in the DCD and some new ones
from the current iteration of the object domain model.
This is the adapted from that described in Larman 16, using the same format
as we’ve used earlier
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Step In this example.

1. Identify and describe the problem: How to handle different
types of square?

2. Decide on a pattern to solve the problem: We’ve chosen Poly-
morphism

3. What happens here largely depends on
when we spot the need for specialisation.

• From the object domain model –
1 we can promote square and its chil-
dren (which show the different types).

• From the object domain model –
2 If we didn’t spot the need for spe-
cialisations of square in the domain
model (i.e. we’re looking at taking
out common behaviours/attributes)
to create a parent we’ll need to up-
date this.

• From the DCD we may have created
a square in an earlier iteration and
need to refactor (change,) or make
this abstract and create child objects.

We now update the diagrams (DCD and relevant sequence digram,) I’m show-
ing the diagrams from the first iteration and the updated one from the second
iteration, Larman didn’t need to solve this problem in the first iteration so
he left it until much later in the book. First the before 5.5 and after 5.6 DCD.
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Figure 5.5: This is an early version of the design class diagram (during
its construction,) as the playGame use case is being realised, at this stage
Larman has not considered what will happen when the Player lands on a
Square [15].
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Figure 5.6: This is an later version of the design class diagram Larman has
considered the need for Square to have different behaviours based on the type
of Square and deployed Polymorphism to resolve this [16].

There are a few ways that we could consider the behaviour of the different
types in our sequence diagrams, Larman 16 suggests that the clearest when
modelling is to show the polymorphic behaviour of each derived (child) class
in a different sequence diagram. The other option for this is an alt fragment.

Figure 5.7: A sequence diagrams showing the base class [16].
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Figure 5.8: A sequence diagrams showing the base class [16].
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5.2.3 The Command-Query Separation Principle

This is not a GRASP pattern, but turns up mid way though Chapter 18
of Larman’s [15]. Its something we kind of know because its part of Low
Coupling at the method level but seeing it described like this is really powerful
and provides a justification for many of our earlier design decisions.
Larman 15 introduces this example at the end of the first iteration when
considering the dice, he separates roll from getFace value and this leads to
a discussion of the above principle. The listing 5.1 show roll() (a command)
as separate to getFaceValue() which query the class for the result.

Listing 5.1: Command-Query Seperation - Good Example

// Assume these are correctly declared in the class
//and the relevant includes for rand are present.

void Die::roll()
{

this ->faceValue = (rand ()%6)+1;
}

int Die:: getFaceValue ()
{

this ->return faceValue;
}

The Command-Query Separation Principle states that [15]

• A command method that performs an action (updating, coordinating,
etc.,) often has side effects such as changing the state of an object, and
is void (no return value); or

• A query that returns data to the caller and has no side effects should
not permanently change the state of any objects (this one or those
associated with it).

These are mutually exclusive, a method should never be both a Command
and a Query [15]. The following sample 5.2 shows a badly designed version
of the above (5.1).

Listing 5.2: Command-Query Seperation - Bad Example

// Assume this is correctly declared in the class
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//and the relevant includes for rand are present.

int Die::roll()
{

this ->faceValue = (rand ()%6)+1;
return this ->faceValue;

}

The final note here is that in this case with out this separation we cannot go
back and check what the last roll of the dice was (should we need to).

5.3 More Class Diagrams

5.3.1 Generalisation

Generalisation is shown using a solid line with a large triangular arrow head
pointed towards the superclass (or base class) [13]. The UML definition sug-
gests inheritance, essentially stating that a taxonomic relationship exists and
that each instance of the more specific classifier is indirectly an instance of
the more general classifier [14]. This is not strictly inheritance, in the do-
main diagram it implies one concept is a more specific subset of another (the
superset), however in the DCD (software-perspective,) it implies inheritance
[14]. The example provided by [14] shows all the relations on one digram,
I’ve created my own in 5.9.

Figure 5.9: Inheritance in the Design Class Diagram.

Terminology .
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There are a large number of terms used for this relation, I’ve tried to sum-
marise the most common below.

More Generalised More Specialised
Parent Child
Base Derived
Superclass Subclass

Abstract Classes and Abstract Operations

Abstract classes can be shown using the tag {abstract} or by italicizing the
name the former is clearly more useful while sketching while the latter is
more common in tools [14]. UML (and some languages such as C#) allow
for the opposite case, final classes and operations that can’t be overridden in
sub classes, these are shown with the {leaf} tag [14]. These are shown in the
diagram below 5.10.

Figure 5.10: Abstract classes / methods in the Design Class Diagram.

5.4 More Sequence Diagrams

5.4.1 Interactions with Polymorphic Instances

Following on from the section on generalisation (??,) we need to consider how
the interactions between these classes (notably when their behaviour deviates
from the parent class,) will be represented. Larman 14 recommends show-
ing these as separate diagrams each beginning with the found polymorphic
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message [14]. This means the method call which is abstract in the superclass
but overloaded in the subclass. This approach is shown in 5.11.

Figure 5.11: This is the what Larman 15 suggests, its especially good for
sketching.

Larman 15 suggests an alternative is to make use of ref and sd frames see
5.12.

5.4.2 Relating Interaction Diagrams

Occasionally we need to relate interaction diagrams, this is usually to factor
out common behaviour or simplify a complex diagram [14]. They are proba-
bly more common in UML tools which allow the diagrams to be related [14]
however I’ve found them handy for spreading things across whiteboards or
leaving something for later.

They are composed of two parts:

1. A sequence diagram (sd) in a box with a label in a five sided box
(e.g. AuthenticateUser).

2. A reference (ref ) that refers to another named sequence diagram; this
is the actual interaction occurrence.
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Figure 5.12: Example from Larman 14 showing the use of sd/ref.

Note: Larman 14 suggests only using the sd frame for sequence diagrams
when you expect to reference it in another frame. I can see this is very agile,
but other sources suggest that the correct syntax for a sequence diagram is
to always have the box (and some tools enforce it).

Alternatively we may need to represent a polymorphic operation and achieve
this by showing the operations is separate fragments (I’ve re-written Lar-
man’s example - shown in 5.11 using the alternate style 5.13

133



Figure 5.13: This is my copy of Larman 14 example shown in 5.11 using the
alternative syntax.

Interaction Overview Diagrams

Interaction overview diagrams are made up of a large number of references
to other sequence diagrams (interaction occurrences,) these can be used to
orchestrate complex behaviour in large systems [14].

5.5 Tutorial

Hopefully if you all did the background reading we’ll have lots of time to
work though this:

1. Read the case study ?? see the DOM 5.5.3 and DCD provided 5.5.4
and the SSD 5.5.4 then use an appropriate pattern to identify:

• Who creates InputPattern?
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• Who creates OutputPattern?

• Who can find an Input Pattern given an index?

• Who can find an Output Pattern given an index?

• How can we get print to work differently for input and output
patterns but allow both to be treated as patterns?

• Who can load Input and Output Patterns from file, given a file-
name?

2. Read the case study ??, and consider the use case ??, domain object
model ?? and SSD ?? then use an appropriate pattern to identify:

• Who is the first object beyond the UI layer who receives the mes-
sage in the SSD?

• Who knows how to convert a measure between a given unit and
another unit?

• Who knows how to create a formatted output for a given unit?

Questions to think about (or what kind of exam question could I get on this).

• What are the GRASP patterns and why are they useful in the devel-
opment of object orientated software?

5.5.1 Case Study 1

An application is required to convert between metric and imperial measure-
ments. The application must be capable of performing the conversion from
meters and centimetres to feet and inches and vice versa. The application
must be written for Windows compatible PC however porting at a later stage
is being considered and my include Linux (Gnome based), MacOS, iOS and
Android. The user must be able to enter their measurement in an appro-
priate format (depending on whether they are converting from imperial to
metric or metric to imperial). In response to some input from the user the
application should then produce the conversion in a format that allows them
to copy and paste this to another application.

The default conversion will be imperial to metric, a switch or toggle will be
provided to change to metric to imperial. The interface will consist of a box
for each of the units (feet/inches or meters/centimetres) depending on the
conversion option selected the application will display appropriate boxes as
input and output.
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Scenario – Sunny Day Scenario (everything goes right)

A user opens the application and is presented with a screen and appropriate
input boxes for the default conversion. The user enters the feet and inches
and presses the covert button. The application performs some validation on
the input, the results of which is positive. An output box is filled with the
answer in an appropriate format such that it can be copied by the user.

Scenario – Sunny Day 2

A user opens the application and is presented with a screen and appropriate
input boxes for the default conversion. The user decides not to perform the
default conversion and uses a button/toggle to swap to metric to imperial
conversion. The user interface updates to reflect this (labels change etc). The
user enters the feet and inches and presses the covert button. The application
performs some validation on the input, the results of which is positive. An
output box is filled with the answer in an appropriate format such that it
can be copied by the user.

Scenario – Formatting error scenario

A user opens the application and is presented with a screen and appropriate
input boxes for the default conversion. The user enters the feet and inches
and presses the covert button. The application performs some validation
on the input, the results of which is negative. The application reports a
formatting error, but does not clear the input field allowing the user to make
corrections.

Use Case

The team have produced a number of use case summarised at the highest
level by the following use case diagram. The names of the use case here may
differ slightly from those we identified during the tutorial.
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Change Units

Convert 
Measurment

User

Measurement Conversion Application

Figure 5.14: This is an incomplete use case based on the tutorial from a few
weeks ago, I’d like to have used the one we drew on the board however the
picture I had wasn’t clear enough.

Use Case: Convert Measurement

UC3: Convert Measurement L4

Scope: Measurement Conversion
Application

Primary Actor: User

Level: user-goal

Stakeholders and Interests:
• User: Wants to convert between imperial and metric measurements

of length.

Preconditions:
• Application has launched and the interface is displayed

• Interface is prepared for user input

Postconditions (success guarantee):
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• Output is presented in a suitable format

Main Success Scenario:

1. User enters a measurement in the default unit (imperial,)

2. User requests a conversion (indicating they have completed their
data entry).

3. System performs the conversion

4. System displays the converted measurement

Extensions (Alternative Flows):
• 1a. User changes units before entering a measurement.

• 2a. User enters nothing

1. System does not attempt to convert

2. System highlights the lack of input (e.g. change background of
input field to red)

• 2b. User enters an incorrectly formatted measurement for the cur-
rent conversion.

1. System Displays an error message

2. System highlights the incorrect input (e.g. change background
of input field to red)

3. User enters a measurement

Special Requirements:
• Must be possible to enter the measurement in a number of formats,

e.g. 1’6", 1.5", 18" etc.

• The output must be such that the user can easily copy the output
for use in another application.

Technology and Data Variations List:
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1. ...

Frequency of Occurrence: Expect the user to perform
one or more conversions in a
single session

Open Issues:
• Given that the input can be in a number of formats, which the

system is to deduce. How will this be done?

• The output may be required in a specific format, should this option
be given to the user and how? This could be a property set though
a menu (with a default,) or some means of selection near the output.

Domain Object Model

Figure 5.15: This is a domain object model based on the tutorial from a few
weeks ago, I’d like to have used the one we drew on the board however the
picture I had wasn’t clear enough. I’ve avoided describing this as a draft
(suggesting its incomplete,) or using any other term which would suggest it
is final. In the spirit of Agile Modelling we are using it to inform sketches
of the design so we can discuss and evaluate design options. Changes may
be made as a result of this discussion and its probably that future iterations
would contain some of the conceptual classes.
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5.5.2 Case Study 2

A researcher at the university is looking to write a paper with a colleague
they have both datasets and a new neural network to train on them. In
order to do this they need to load in files from the original project so that
their Neural Network will be trained and tested with the same files. Each file
consists of comments (which start with a #,) some meta data (information
about the file content) and the data itself (see example file), all in a CSV
format. The data is in the form of input and output patterns, each contains
t (a time offset). The input contains the values for parameters t, r, g, and b
while the output patter has two values t and o. Due to the nature of neural
network operations all parameters are floating point numbers between -1.0f
and 1.0f further validation is possible as the t (which represent the time-step,)
should be identical in the input and output pattern.

5.5.3 Domain Object Diagram for Case Study 2

Figure 5.16: Domain Object Model for Case Study 2.
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5.5.4 System Sequence Diagram for Case Study 2

Figure 5.17: SSD for Case Study 2.
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DCD for Case Study 2

Figure 5.18: I happen to have this as I set is as a coursework, to end up with
this we’ll need one pattern I’ve not covered yet!.

5.6 Summary

The next important part of the design process is the Realisation of the use
case, which is the mapping of use case and individual scenarios to object
behaviour. We’ve started small considering parts of these interactions in
isolation and the low level patterns (or OO principles,) we’ve now considered
all the most useful patterns. We’ll come back to the remaining ones if there
is time.
The GRASP patterns are low level simple design patterns/principles named
and documented to make them easier to remember, discuss and use. This
week we’ve looked at Pure Fabrication and Polymorphism with some exam-
ples of their application, however we’ve not considered the pattern in full
(i.e. with a full discussion of their pros and cons) at the moment we need
to see a few more patterns so we can start using them in the realisation of
use case. I’ve also included the Command-Query Separation Principle, this
is not part of GRASP but is another useful pattern which I think will help.
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5.7 Preparation for Next Week

5.7.1 Essential Reading

An introduction to GRASP and Patterns, this covers this week and last weeks
material..
Larman (2014d). Applying UML and Patterns, chapter GRASP: Designing
Objects with Responsiblities, pages 312–362. Prentice Hall PTR.
For next week read as much of chapter 18 as you can! I’ll not be going into
as much detail (or doing as many examples as Larman)!
Larman (2014i). Applying UML and Patterns, chapter Object Design Exam-
ples with GRASP, pages 312–362. Prentice Hall PTR.

5.7.2 Background Reading

In conjunction with the above you may need to refer to these chapters which
provide very detailed coverage of Class and Sequence diagrams. Larman
(2014h). Applying UML and Patterns, chapter System Sequence Diagrams,
pages 221–248. Prentice Hall PTR.

Larman (2014g). Applying UML and Patterns, chapter UML Class Diagrams,
pages 249–270. Prentice Hall PTR.

YOU will need to do the preparatory work ahead of next weeks
class!
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