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Introduction

The object oriented approach to software development dominates the IT industry. The two most 

widely used software platforms, Java and Microsoft .Net, both rely heavily on object oriented 

paradigms. Yet many software developers donÕt know how to create a bridge between the re-

quirements and specification of a software system and its development in an object oriented pro-

gramming language. This is most ironic, since the ideas of object orientation were first intro-

duced precisely to make the transition between system analysis and implementation an easier and 

more intuitive process.

Much progress has been made over the past twenty five years since the ideas of object oriented 

analysis first began to be popularized. One key achievement has been the creation of a standard-

ized graphic language for use in object oriented analysis and design, viz. the Unified Modeling 

Language (UML). Another has been the proliferation of more flexible software development 

methods, which help software developers more easily transition between analysis, design and 

implementation.

This white paper provides an overview and introduction to object oriented analysis (OOA).The 

paper emphasizes the connection  of OOA to the overall software development process. It also 

introduces and makes use of UML notations. My two previous white papers on software devel-

opment methods and use cases provide useful introductory material. However, they are not pre-

requisites for reading this paper.

There are three main sections in this paper. The first section discusses what is object oriented 

analysis and design. It defines key concepts and explores the relationship of analysis to the over-

all software development process. Since this is the first paper on the topic, it all spends a bit of 

time defining and introducing the concepts behind object orientation. The second section intro-
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duces the Domain Model, a static model of the system under design. The third section introduces 

System Sequence Diagrams and Operation Contracts, which provides dynamic system models.

While we make use of UML, the emphasis is how to use this language without getting overly 

involved in proper syntax and pretty drawings.  The goal is to provide practical tools and tips for 

using OOA and UML in real software projects.

Section 1 What is Object Oriented Analysis (OOA)?

What Does Object Oriented Mean?

Before defining OOA, we must first define what we mean by an  Òobject orientedÓ  approach. 

The concepts underlying object orientation are meant to address the fundamental problem of 

software development: change is the only constant in a software project. The biggest challenge 

for software developers is managing change.

The challenge of change in software development begins at the very beginning of the process - 

when the requirements for the project are defined. Software project requirements change for 

many legitimate reasons:

¥ The usersÕ view of their needs change as a result of their discussions with developers and from 
seeing new possibilities for the software 

¥ The developersÕ view of the usersÕ problem domain changes as they develop the software and 
become more familiar with the problem

¥ The environment in which the software is being developed changes (this is particularly true in 
large projects and organizations)

There are two approaches to dealing with change. The first approach views change as a neces-

sary evil. Every attempt is made to restrict and limit possible changes. Such an approach flies in 

the face of reality and usually results in project failure. Even if the project is completed it usually 

does not meet the true needs of the customer.

2



A better approach for software development is to embrace change. The goal is to allow maxi-

mum flexibility to both encourage and manage change. The question then becomes how does one 

go about providing maximum flexibility in software development? Object orientation is meant to 

be an answer to this question.

To understand how object orientation works, consider the following problem: you are a professor  

in a university. ItÕs the first day of classes, and the first year students in your class need to get to 

the next class after yours. One way of helping them is to have each student come to you after 

class and to receive individual directions. In this approach, you have to remember an awful lot of 

details. You also become a bottleneck, as each student waits in turn for their instructions. If they 

get lost, it is unclear whether the problem lies with their faulty understanding of your instruc-

tions, or with you providing bad instructions

Another alternative is for you to post maps with detailed directions for alternative classes. The 

advantage of this approach is obvious. All you have to do is tell the students Ògo to the next 

class.Ó You assume they know what their class is and how to read a map.  By delegating respon-

sibility to the students. you save an awful lot of time, reduce complexity and the chance for error. 

If a student doesnÕt show up in the next class, you know the failure lies with the student, not with 

the instructions you may have provided (unless all the students in that class get lost!).

Suppose you have graduate assistants in your class. They too must go to the next class. But sup-

pose your department head wants the graduate students to drop off the class roster before going 

to their next class. In the first case you would need to be aware of this requirement and modify 

your instructions for each graduate assistant you encounter. In the second case nothing changes. 

You still just issue the command Ògo to your next class.Ó The graduate students know what is re-

quired of them and figure out the path to the department office and from there to the next class.

The obvious lesson is that by delegating responsibility as close as possible to those who must 

carry out certain behaviors, we reduce complexity and the chance for error while allowing for 

greater flexibility. Its easier to make changes in the second approach than in the first, since only 

those effected by the change need to know about it.
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Object orientation takes these ideas and applies them to the world of software. Firstly, it models a 

software system as close as possible to real world systems. What characterizes the real world 

classroom system? First the system contains objects of certain types - professors or students. As-

sociated with these object types is basic information (such as the student id or professor name). 

There are also behaviors associated with these object types. ÒGo to the next classÓ is a behavior 

that students have and know how to carry out. The system operates through specific ÒinstancesÓ 

of these object types, viz. the individual students and professors in the classroom. Communica-

tion between object instances in the system takes place by sending a message. For example, the 

professor tells the students Ògo to the next classÓ (i.e. s/he sends that message to the students) 

and the individual student instances implement the behavior.

Similarly in an object oriented software system we have components or objects which are of a 

certain type which have both data and behaviors associated with them. In a graphics system we 

may have different geometric objects such as triangles, squares and circles. Associated with these 

object types are data about their specific size and shape. There are also behaviors associated with 

these objects: they may be a ÒstoreÓ behavior for putting them in some database or they may be 

ÒprintÓ or ÒdisplayÓ to get them to show up on a printer or graphics terminal.

Assume there is a controlling program that pulls geometric shapes from a database and displays 

them on a terminal. If the controlling program is responsible for the display of a geometric shape, 

it has to know about the detailed characteristics of each different shape. If new geometric shapes 

are introduced, we have to make complex changes in the controlling program.  In the object ori-

ented approach, the shape object itself knows how to carry out its behavior. All the controlling 

program needs to do is tell the shape to display itself (i.e. send a display message to the shape 

object instance). The object itself will take care of carrying out the display behavior. We can 

change an object or introduce new object types without effecting the controlling program. We 

can add squares and parallelograms for example. The controlling program doesnÕt even have to 

know these new shapes have been introduced! It sends the display message to the shape instance 

it pulls from the database. The shapes take care of implementing their own display behavior. 
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By delegating responsibility for implementing behavior to software objects, we reduce complex-

ity and increase flexibility. Much more can be said about why object orientation embraces  

change in software systems development. But underlying it all is the concept of assigning re-

sponsibility to the objects themselves, as opposed to top-down control.

What is Object Oriented Analysis (OOA)?

There has long been in a consensus in the IT industry that software development projects all go 

through distinct stages:

1. Requirements - Defining what the customer needs the system to do

2. Analysis - Creating a model of the problem domain based on the requirements

3. Design - Mapping the domain model to the architecture of the software system

4. Implementation - Programming the software system

5. Testing - Checking the system in a model environment

6. Deployment - Rolling out the system in the actual work environment

There is much controversy, however, about how much time and effort needs to be allocated to 

each of these stages, and in what order they are to be carried out. Various methods of software 

development have been proposed, and they differ mainly on this point. 

The traditional method, often called the Software Development Life Cycle (SDLC) argues that 

each of these stages are done in strict order. One doesnÕt begin the Design stage until one com-

pletes Analysis. This approach, often called the ÒwaterfallÓ model,  makes sense for those who 

see change in software projects as something that needs to be strictly controlled and restricted.

We noted earlier that object orientation is an approach that stresses embracing change. Hence, it 

should come as no surprise that object oriented development methods also stress flexibility. 

There are many alternative OO methods - the Unified Process and Extreme Programming are 
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two very well-known examples. Yet they all share some common characteristics. For one thing, 

they all are iterative. By that we mean instead of sequentially going through the 6 stages noted 

above, from the beginning of the project through its end, they repeat these six stages over and 

over. As a result they are also incremental - the overall project is broken up into smaller chunks, 

and complete development is done for each of these parts. 

All OO methods also agree that each iteration should be Òtime-boxed,Ó i.e. a strict deadline 

should be set for the completion of each iteration from beginning to end. Rather than change the 

deadline (as is common in the more traditional software development approach), features are 

dropped if the deadline is in danger. These time-boxes are kept relatively short, so even if a fea-

ture is dropped in the current iteration, it wonÕt be long before it is added in the next one.

The relationship between iterative, incremental development and the idea of object responsibility 

(discussed above) is also common to all OO methods and quite important. It is only because re-

sponsibility is delegated to objects, that incremental development is even possible. We can build 

the graphics controller without having implemented the graphic objects, since the controller 

needs only to know about behaviors like Òretrieve,Ó ÒstoreÓ and Òdisplay.Ó without having to 

know how these behaviors will be implemented. Similarly the various graphic objects can be im-

plemented (and implemented independently) without having to know exactly when and in what 

order they will be used. They need only know what behaviors they are responsible for and how 

to carry them out in the best possible way. As the iterations move forward, and we need to make 

changes in implementation or order of action, we can do so without adversely effecting the parts 

of the system already built.

Where the various OO methods might differ is in how much time to spend on each of the six 

stages within any given iteration, or even the order in which the stages are done (e.g. Extreme 

Programming argues tests should be developed before you begin to code!). They also differ in 

the type and quantity of ÒartifactsÓ or outputs that need to be developed in each of the six stages. 

Overall, however, we can talk about object oriented analysis or design without worrying too 

much about the difference between the various OO methods.
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LetÕs get back then to our six stages and define them in a bit more detail. First we note that the 

outputs, or artifacts, of one stage usually serve as the inputs for the next. For most people it is 

quite clear what we mean by requirements. The most common way for defining requirements is 

through use cases (see white paper on this topic). So the use case is the artifact which serves as 

input to the analysis stage.

People are often confused by the difference between analysis and design. One way of under-

standing the difference is by describing our goal in a software development project. This pithy 

saying is a good summary: Do the right thing (analysis), and do the thing right (design). In other 

words, analysis emphasizes an investigation of the problem domain and its relationship to the 

requirements. Design is about defining  a solution to the problem. Alternatively we can think 

about our success criteria for software projects: working code [do the thing right] which meets 

customer needs [do the right thing]

Interestingly the difference in order between these two statements is meaningful. Advocates of 

methods like the Unified Process argue that before we can build a good solution, we need a bet-

ter understanding of the problem, i.e. analysis precedes design. Proponents of Extreme Pro-

gramming argue that by building code, we get a deeper understanding of customer needs. In a 

sense, design and implementation precede analysis.

Since analysis is about investigating the problem domain, we can say that OOA emphasizes find-

ing and describing the key objects (concepts) in the problem domain. Along with these concepts, 

we describe their attributes (i.e. the information associated with the concept) and the associations 

(i.e. relations) between these concepts. This information is put together in a model which is a 

static (Domain Model) and behavioral (System Sequence Diagram) description of the system un-

der design. Since OOA is part of an iterative, incremental process, the model is also built itera-

tively and incrementally.

Since this white paper is about OOA, the rest of our discussion focuses exclusively on that topic. 

But it is important to understand where OOA fits in the overall process. It does not exist in a 

vacuum. The artifacts created in the OOA stage serve as input to the object oriented design and 

7



down the road to programming. Because object orientation models software systems on their real 

world counterparts, the Òrepresentational gapÓ between the OOA model and the design that will 

implement it is not that great. This is another important advantage of OO methods, and will be 

discussed in greater detail in a paper on the topic of OOD.

Section 2 OOA - Static Model

Unified Modeling Language (UML)

ÒThe UML is a family of graphical notations, backed by a single meta-model, that help in de-

signing and describing software systems, particularly software systems built using the object-

oriented (OO) style.Ó [Fowler, 1] This concise statement by Martin Fowler, gives us the key 

charactersitics of the UML. It provides graphical visualizations of the models we build in OOA 

and OOD. Unlike many other graphics notations, the UML is formally defined by a meta-model. 

In fact, the UML can be as precise as any programming language and executed as a program for 

that very reason. 

Therein lies the problem. Because the UML can be as formal as any programming language, 

many people who use it feel that it should be. They became overly engaged in building precise 

graphical models of the software system they are trying to build, in the hope that the graphical 

models can be used to actually generate the final programming code (or even be the final pro-

gramming code). Unfortunately, the closer we get to software implementation, the less useful 

graphical notations become. Text languages still seem to be the most flexible and powerful tools 

for bridging between human communication and computing machines. Graphical notations donÕt 

work well at the programming level for most projects and people. Many software developers 

who have been forced to use UML in an overly formal setting, come away with a bad feeling.

For that reason, Fowler and others stress the use of UML as a language for sketching models, and 

put far less stress on its formal aspects. The advantage of using UML as a sketching tool are 

many. UML is standardized by the Object Management Group. Hence it is a language that eve-

ryone who uses it can understand. It allows for a clear and unambiguous communication, even 
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when its not used with totally precise syntax. Moreover, even if UML isnÕt used to generate the 

final working code of a system, it can be used to generate code ÒstubsÕ or outlines that can be 

fleshed out by programmers, saving a good deal of grunt work. Moreover, using specially de-

signed UML tools, existing code can be Òreversed engineered.Ó For example, one can get a 

graphical model of the existing system architecture by using a tool to reverse engineer the code 

base into a UML diagram.

The UML is most closely associated with the Unified Process and in particular the Rational Uni-

fied Process (RUP). Rational is the IBM subsidiary which is the largest provider of software en-

gineering tools. RUP puts a strong emphasis on the formal aspects of the UML and on code gen-

eration. However the UML can be used quite well, both for sketching tool and Òreverse-

engineeringÓ capabilities, without having to use Rational products. 

Those who support the most light-weight software development methods would argue that UML 

can be drawn by hand or on a white board. A snapshot with a digital camera can provide all the 

documentation needed for these hand drawn sketches. For those who want a bit more computer 

aided design, MicrosoftÕs Visio and the open source product Dia, both provide excellent support 

for creating UML diagrams as sketches. If one wants a powerful UML tool that supports 

Òreverse-engineeringÓ in Java, the open source Argo UML is an excellent alternative. ArgoUMl 

also can be used to generate XMI models, which can be used as input for other design and pro-

gramming tools. Poseidon is a commercial version of ArgoUML which is more feature rich. 

There are also many plugins available of the Eclipse integrated development environment, which 

provide extensive support for UML (see the bibliography below).

In this paper, and the paper on OOD, we focus on the use of UML for sketching. No matter what 

OO software development method you use, UML has a place used in that way. In the course of 

introducing the various relevant UML diagrams, we will briefly provide relevant information 

about the UML syntax associated with that diagram.

Domain Models

Coming out of the Requirements stage, we have several artifacts available to us:
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¥ Use Cases (XP: User Stories)

¥ Supplementary Specification Ñ non-functional requirements 

¥ Glossary 

¥ Domain Rules Ñ how the Domain (organization) operates Ñ application independent 

These give us a broad picture of what the customer wants and the general environment in which 

the system must operate. In any given iteration we donÕt look at all the use cases, but only the use 

cases that were chosen as relevant for this particular iteration. 

Our task at this stage is to create a model of the noteworthy concepts within the problem domain 

(often called the System Under Description). We stress that the focus must be on concepts not 

software components. The latter belong to the design phase. At this stage we want to remain at a 

higher level of abstraction. We create this model using a UML-based diagram which is called a 

Domain Model.

Following many other authors, we will use as our main example a Point of Sale system. At this 

stage we are looking at the use case associated with making a sale.  What are some of the note-

worthy concepts we might identify? Two examples are ÒPaymentÓ and  ÒSale Item.Ó These two 

items have an association between them: ÒPays-For.Ó  We can see this visually in a Domain 

Model:

  

Payment Sales Item

Pays-For
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A Domain Model is a simplified version of a standard UML diagram known as a Class diagram. 

The box has the name of the concept in the top part above the line. The association between the 

two concepts is indicated by a labeled line drawn between them.

Concept may also have attributes. This is important information or data associated with the con-

cept. For example, the Sales Item might have price and quantity attributes. These attributes are 

noted in the area below the line, as follows:

      

Sales Item

quant it y : int
price : money

Pays- For

The Domain Model is not a complicated model to create and its easy enough to diagram. But 

there are important points to keep in mind when creating the domain model. First, we repeat the 

point made earlier: think about the domain not the software. At this stage we need to identify im-

portant concepts not software objects. Why do we do this? Remember, the ultimate measure of 

success in a software project is meeting customer needs. At this stage it is most important that we 

understand what those customer needs are. Hence we need to focus on the problem domain and 

its associated vocabulary that the customer is most familiar with. 

The Domain Model serves as a communication tool between the customer and the software de-

veloper. By focusing on the customer concepts the developer can learn what is important to the 

customer. By contrast, early introduction of software models might confuse the customer and 

pre-judge the solution before the developer has a good grasp of what the customer wants.
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For the same reason, the Domain Model should not include software artifacts. For example, at 

this stage there is no reason to note the existence of a database. Also, we are not creating a data 

model. The data model is part of the software design. 

At some stage we will make the transition between this conceptual world and the software 

model. The Domain Model becomes on of the inputs to the OOD. We hope that there will be a 

low representational gap, i.e. a close representation in the software world of the concepts in the 

real world system. But this is only useful if the concepts we focus on at this stage are customer 

concepts.

Just as the concepts we focus on are significant and meaningful within the domain, similarly the 

associations that we add to the model should be meaningful and interesting relationships or con-

nections between these models. The attributes we chose to include should also be significant to 

the problem domain, and not  our software needs.

Now we know what a Domain Model is, why we create one and what it includes. The next ques-

tion is how do we create one? We donÕt mean how in the technical sense, but rather how do we 

approach the creation of the model. First we identify the three steps in creating the model:

1. Find the domain concepts 

2. Identify associations and attributes

3. Draw them in a UML class diagram

We can identify three strategies for step 1, finding domain concepts:

1. Reuse Existing Models 

2. Category Lists 

3. Linguistic Analysis 
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Reusing existing models is actually the best strategy if it is at all possible. Quite often organiza-

tions have already spent a great deal of time and effort trying to analyze the systems the organi-

zation uses. It is often the case that we may want to modernize the software systems associated 

with a particular problem domain within the organization. But the needs of the customer (often a 

group internal to the organization) may have changed relatively little since the system was last 

automated.  

Another source of existing models are design books on software development. While it is easier 

to find existing models for design elements, there are some resources available for analysis mod-

els as well. Martin Fowler, for example, has published several books on the topic.

Where no pre-existing models exist and/or where they have to be modified, the challenge lies in 

identifying the concepts which meet the criteria of being Òsignificant and meaningful.Ó There are 

two important tools for identifying such concepts. A category list is a general list of important 

categories to look for when analyzing a system. Larman includes such a list on pages 140-141 of 

his book. These include such categories as Òbusiness transactions,Ó Òtransaction line items,Ó  

Òplace of transactionÓ and so on. So, for example, Payment falls into the category of business 

transaction. Sale Item falls into the category of transaction line item.

The category list is never used on its own, but rather in conjunction with linguistic analysis. This 

means going through the use case and identifying all the nouns. On its own, this is not all that 

helpful. You will get a very long list of potential concepts. You will also find several nouns 

which refer to the same concept. There are two important ways to narrow down this list, and both 

should be used. The first is to refer to a category list and see which nouns fall into important 

categories. The second is to involve the customer. Show them the list and get their feedback on 

what is important and significant. All OO development methods stress the importance of involv-

ing the customer at every stage of the development process. Ultimately we want the model to 

reflect their needs and interests. The vocabulary for the concepts should be the vocabulary of the 

customer. For this reason, no matter what method is used for identifying domain concepts, it is 

important to get customer input and feedback on the model. 
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Next we turn to Associations. Once again we want to include relationships between concepts that 

are significant and meaningful. We use the same approach for identifying associations as we do 

for concepts (see Larman 155-6 for a category list). The main difference is that here we focus on 

verbs in our linguistic analysis, instead of nouns.

It is is important not to get too carried away in listing associations. For one thing we want to 

limit number to avoid diagram clutter. A cluttered diagram hinders communications. Most asso-

ciations are obvious as well. Do we really need to indicate that the Payments Pays-For the Sales 

Item or canÕt we assume that is obvious? What to include and what not to include is not always 

clear cut. Customer feedback in invaluable.

There are certain things to keep in mind. Although its been mentioned several times, this is such 

a common mistake it bears repeating: the associations are not meant to document software ob-

jects or data structures. They should stress a real world need, not a software implementation 

need. In general, we want to note relationships that need to be preserved for some duration. For 

example, a Sale is ÒRecorded InÓ a Ledger is a relationship with duration. By noting this rela-

tionship we indicate it is important to to preserve the memory of the relationship between the 

concepts. By contrast, when a Ticket-Agent Looks-Up Flight-Information, the information re-

trieved is ephemeral. Do we really need to preserve the memory of the ÒLook-UpÓ relationship? 

There are several conventions associated with naming associations. First they are usually capital-

ized (Paid-by or PaidBy). We choose a meaningful verb-phrase that enhanced understanding. For 

example,  ÒPaid-byÓ is a good association name. ÒUsesÓ is not, since it is a common verb that 

adds very little useful information.

There are several UML notations that can be used to enrich the association notation, but the only 

one that is of significance for the Domain Model is multiplicity. Multiplicity indicates a numeric 

relationship between the domain concepts. We can see how it is used in the following diagram 

(which improves a bit on the over-simplified diagram above):
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Payment Order

date : Time
total : moneyPays- For

Sales Item

quant it y : int
price : moneyContains

1..*

1..* is a multiplicity that indicates an order may contain from 1 to any number of sales items. The 

multiplicity is placed on the association end. It can also be a single number. For example, had we 

placed the number 1 next to the payment on the Pays-For association, that would indicate that 

each order can have only one payment.

Multiplicity should only be added to the Domain Model if it is a domain constraint of importance 

. In the example above we want to note that the there must be at least one Sales Item in an Order 

and there can be as many as we want. Keep in mind that multiplicity is context dependent. In a 

payroll system for example, a Person Works-For 1 Company. In a tax system a Person-Works for 

1..* (at least one but maybe more) Company.

The last part of the Domain Model are attributes. As in associations, we want to limit the attrib-

utes to avoid domain clutter. We need to focus on noting significant information that is relevant 

for the conceptual model, not necessarily the implementation. The attributes included in the 

small domain model above are examples of such relevant information. Note that besides the at-

tribute name, we also indicate what data type the attribute is. Again, this is a not a software data 

type, at least not at this stage.

It is not always clear when a concept should be noted as a domain concept, an attribute or an as-

sociation. In general, something which is a number or text is most likely an attribute. Even if its a 

complex number, like a phone number or student id or date, it still should be an attribute.
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On the other hand, complex domain concepts should be related by associations not attributes. In 

the example above, we could have included Sales Items as attributes of an Order. However, since 

Sales Items are themselves relatively complex constructs, it makes more sense to show the rela-

tionship as an association.

Given the simple UML notation we are using for the Domain Model, the third step in creating 

the Domain Model, namely creating the UML diagram, can actually be done as you identify the 

concepts, associations and attributes. This is particularly easy if you use an automated UML de-

sign tool. The diagrams included here were created quite easily and quickly using the ArgoUML 

tool.

Section 3 OOA - Dynamic Model

System Sequence Diagrams (SSD) 

The Domain Model provides a static view of the important concepts in the System Under De-

scription. It does provide any information about the dynamic behavior of the system. For this we 

use the System Sequence Diagram which is a stripped down version of a UML Sequence Dia-

gram.

 Use cases describe external actors interacting with system. In a Point of Sale system, the Cashier 

enters an ItemID for each Sales Item. In doing so the cashier generates a system event:  ÒEnter-

Item.Ó The system must have some operation to handle this event, e.g. ÒRecord-Item-Sale.Ó The 

interaction between the actor generated event and the system operation may only be implicit in 

the use case. The System Sequence Diagram makes these explicit and so exposes the top level 

system behaviors. It allows for examining the interaction across the boundary between the actors 

and the system.

As in the Domain Model, SSDs are created incrementally over time as we go through each de-

sign iteration. SSDs are created for some of the scenarios within a use case and are named after 

the scenario. Since our models always focus on what is significant, obviously there should be an 

SSD for the main success scenario of the use case. There also should be an SSD for frequent or 
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complex alternative scenarios. Unlike the Domain Model where there is only one which is built 

up and added to over time, there are multiple SSDs, one for each important use case scenario.

There are two main players in the diagram: the external actors and the system itself, treated a s a 

black box. The SSD shows the system events that the external actors generate. It also indicates 

the order in which these events are generated (hence the name sequence diagram).

The SSD is important because it deepens our understanding of system behavior in relation to ex-

ternal events, whether these be actors, timer events, system faults or exceptions. These external 

events are what initiate the system and modify its behavior in mid course. Everything that goes 

on inside the system, is ultimately connected to one of these external events. Because OO is ul-

timately about assigning behavioral responsibility, the SSD becomes a critical input for the OOD 

and in many ways drives the design. 
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The above is an SSD for the main success scenario of the Process Sale use case. As in the case of 

the Domain Model, the UML notation is quite simple and easy to understand. Along the top are 

the two main actors - the Cashier to the left and the System (as a black box) to the right. Extend-

ing from each of these actors is a life line which indicates the sequential passage of time. The 

Cashier generates events. Sometimes these events have data attributes associated with them. The 

events label solid message lines with filled in arrow heads. Sometimes, the system returns infor-

mation. These are placed on broken lines with open arrow heads that go in the opposite direction 

- from the system to the Cashier, the external actor. A primitive looping mechanism is used to 

indicate more than one item can be entered (UML 2.0 has a slightly different syntax for looping, 

but since we are sketching the exact syntax is not of great importance). This diagram was created 

using Dia.

As in the domain model, our focus is on the conceptual level of the system. In naming system 

events, we start with a verb to emphasize these are requests. We avoid talking about physical 

methods of implementing an event so as not to pre-judge anything about the system. For exam-

ple, we indicate the event ÒenterItem(itemID).Ó We avoid using Òscan(itemID)Ó since we may not 

want to use a physical scanner, and we donÕt want to make that decision at this early stage.

Besides creating SSDs of interactions between external actors and the systems, we might also 

create an SSD showing collaboration between systems, for example the POS and external credit 

authorization systems.

Operation Contracts 

Besides SSDs there is an additional tool used for modeling system behavior. Unlike Domain 

Models and SSDs this tool does not use graphical UML notation. Rather it is text based.

¥As noted above, in the course of developing the SSD we uncover various system operations 

which must handle the events listed in the SSD. These system operations actually define the pub-

lic interface of the system. At this stage, we may not say very much about most of these opera-

tions. However, for some of them we may want to record significant pre- and/or post-conditions 
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of the system.  We may view operation contracts as post-facto observations about state changes 

to domain objects. The operation contract describes what happens without explaining how. 

There are various conventions associated with operation contracts. They are structured text 

documents, written in past tense, consisting of passive declarative sentences. The structure of the 

operation contract is as follows:

¥ Operation Name associated with an event in the SSD

¥ Cross-reference to the use cases that reference operation 

¥ Pre-Conditions 

¥ Post-Conditions 

Operation Contracts are not created for every operation in the SSD. We only use them for com-

plex system operations and/or system operations with subtle outcomes, where the pre and/or post 

conditions may not be obvious. Post-conditions describe system Domain Model state changes. In 

particular they describe instances created, associations formed or broken and attributes that are 

changed. What follows is an example of an Operation Contract:

Contract CO2: enterItem 

Operation: enterItem(itemID : ItemID, quantity : integer) 

Cross References: Use Cases: Process Sale 

Preconditions: There is a sale underway. 

Postconditions: 

- A SalesLineItem instance sli was created (instance creation). 

- sli was associated with the current Sale (association formed). 

- sli.quantity became quantity (attribute modification). 

- sli was associated with a ProductSpecification, based on itemID match  (association formed).
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Conclusion

OOA is one stage in the overall software development process. It focuses on creating conceptual 

models of the system under description. The goal is to come up with a static and behavioral 

model which helps us understand the main components in the system and how they inter-relate. 

The models created in the OOA serve as input to the OOD. They familiarize the developers with 

the conceptual vocabulary of the customer. They serve as a communication tool between teh cus-

tomer and the developers.  They help keep the developers thinking about what issues are most 

relevant to the customer and what needs to be addressed when designing and building the soft-

ware system.

The notations used for OOA models are actually quite simple and straight forward. The difficulty 

in creating these models is not technical or notational. Rather, the difficulty lies in identifying 

what is most important and significant, and making sure the models are not overly detailed or 

complex. Finally, developers must learn to avoid the temptation of creating design models at this 

early stage.
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Infotech has two previous white papers by this author which are relevant as background material 

for this paper:

ÒSoftware Methodologies: Battle of the GurusÓ
ÒUse CasesÓ

When you go to any bookstore looking for a book about UML, you will find shelves upon of 

shelves of books on the topic. The only book you will ever need is this:

UML Distilled: A Brief Guide to the Standard Object Modeling Language, 3rd Edition
by Martin Fowler, Published: 2003, Addison-Wesley (ISBN: 0321193687)

An excellent introduction to OO development, covering both analysis, design and programming, 

as well as how they fit into an iterative, interactive process (in particular the Unified Process) is 

this book by Larman, which is referenced above:

Applying UML and Patterns: An Introduction to Object-Oriented Analysis and Design and Itera-
tive Development, 3rd Edition by Craig Larman Published: 2004, Prentice Hall (ISBN: 
0131489062)

You can download and find out more about the Dia drawing tool here:

http://dia-installer.sourceforge.net/

The ArgoUML site is here:

http://argouml.tigris.org/

Dia certainly should be sufficient as a sketching tool. ArgoUML is adequate for Java program-

mers. if you want some reverse engineering capabilities. Umbrello is a very full featured UML 

tool but it only works under Linux:

http://uml.sourceforge.net/index.php
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As mentioned in the text there are numerous commercial UML tools which for which the ven-

dors would be happy to give you information, should you go down that route.
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