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The object-process methodology incorporates the system static-structural and 
dynamic-procedural aspects into a single, unified model. This unification bridges the gap 
that separates the static, "object" model from the dynamic, behavior, state, or function- 
oriented models lbund in many current object oriented methodologies. In this work we 
concentrate on the transition from object-process analysis to design within the devel- 
opment of information systems. We use a detailed case study as a running example 
throughout the paper to demonstrate how the structure-behavior unification, which char- 
acterizes object-process analysis, is carried on to object-process design. The case study 
first applies object-process analysis to perform the analysis stage. The sequence of 
steps that constitutes the design is then discussed and demonstrated through the case 
study. The design is divided into two phases: the analysis refinement phase and the 
implementation-dependent phase. Analysis refinement is concerned with adding details 
to the analysis results which are beyond the interest of the analysis itself, yet they are not 
related with a particular implementation. The implementation-dependent phase is con- 
cerned with code-level design, which takes place after specific implementation details, 
such as programming language, data organization, and user interface, have been made 
during the strategic design. 

1. Introduction: The object-oriented analysis/design transition 

For over two decades, developers of information systems have been stymied by 
the underlying major representation shift associated with the transition from analysis 
to design. This shift prevented designers from systematically adding design-dependent 
details to the analysis results. Prior to object-oriented methods, analysis, design and 
implementation were considered to be three completely different activities. Referring 
to the issue of different representations for different phases of information system 
development, Martin and Odell [1992] point out that "there really are three views 
to the world: the analyst view, the designer view and the programmer view". This 
approach created major gaps between the analysts' view of the system and the way 
the system was designed and implemented. Object-oriented approaches that have 
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evolved in recent years attempt at improving this situation through the introduction 
of concepts, terms and methods that are persistent and consistent throughout all the 
stages of information system development. 

As a result of this trend, the border between analysis and design is often blurred. 
Coad and Yourdon [1991] propose a general analysis/design classification rule from 
the analyst and the designer points of view: "While the systems analyst is concerned 
explicitly with the user's world, the problem domain, and the system responsibilities, 
the designer is concerned with translating and adapting the analysis results into a 
particular hardware/software implementation. The design should consist solely of 
expanding the analysis results to account for the complexities introduced in selecting 
a particular implementation." 

According to Rumbaugh et al. [1991], the distinction between analysis and 
design may at times seem arbitrary and confusing. They define simple rules for dif- 
ferentiating between the two stages: "The analysis model should include infon-nation 
that is meaningful from a real-world perspective, and should present the external view 
of the system. In contrast, the design model is driven by relevance to the computer 
implementation. In other words, analysis is understanding a problem; design is de- 
vising a strategy to solve the problem; and implementation is building the solution in 
a particular medium." Rumbaugh's OMT method does not specify a clear-cut border 
between the analysis and design phases. Instead, information is gradually added to 
the analysis model to form the design model, resulting in a smooth transition from 
analysis to design. 

Jacobson et al. [1992] claim that "there is no uniformly applicable answer 
to the question of analysis/design discrimination. On one hand, we want to do as 
much work as possible in the analysis stage, where we can focus on essentials, but 
on the other hand we do not want to be committed to concepts that may potentially 
be changed when adapted to the implementation environment." They conclude that 
the time for the transition between the stages should be decided separately for each 
application. 

Martin and Odell [ 1992] emphasize the advantage of object-oriented methodolo- 
gies over the traditional ones: "While in the traditional development methods analysts, 
designers and programmers spoke three different languages (analysts used ERDs, de- 
signers - DFDs and programmers - COBOL, C, etc.), with OO techniques, developers 
at all stages, as well as the end users, use the same conceptual model. The transition 
from analysis to design becomes so natural, that specifying when analysis ends and 
design begins is sometimes difficult." 

Overall, the various object-oriented methods have indeed contributed to nar- 
rowing the analysis-design gap and have made the transition easier and smoother than 
earlier approaches. However, the inherent lack of integration between system structure 
and behavior, which typically characterizes object-oriented methodologies, is carried 
on from the analysis to the design. We have presented the success the Object-Process 
Methodology (OPM) has in integrating structure and behavior within the analysis stage 
using a comparative survey of differant analysis techniques [Doff and Goodman 1996]. 
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The Object-Process Methodology, whose foundation is structure-behavior integration, 
improves the situation in that coherence and continuity are maintained not only be- 
tween analysis and design, but also between structure and behavior within analysis 
and within design. Object-Process Analysis (OPA) has been successfully applied in a 
variety of domains, including studyware design [Dori and Dori i 996], database design 
[Dori et al. 1995] and automating engineering drawing understanding [Dori 1995b]. 
The objective of this paper is to introduce and demonstrate the analysis-design transi- 
tion in the object-process methodology and elaborate on the analysis refinement and 
implementation dependent design phases. 

2. The Greeting Cards project: A case study 

To demonstrate the application of the Object-Process Methodology (OPM) 
throughout the analysis, design and implementation stages of system development, 
we use the Greeting Cards case study as a running example. We assigned this case 
study as a semestrial project to students in our third year undergraduate Information 
Systems Engineering course, who used OPM throughout the entire development pro- 
cess. The results of their work has shown that using OPM simplified the project and 
helped manage it. 

The project is small enough to be worked out in detail, yet it contains all the 
elements that are essential to demonstrate the methodology. It calls for computeriz- 
ing a firm that specializes in the design, printing and distribution of greeting cards. 
A customer ordering a greeting card is given the choice of either selecting an existing 
greeting card from a card library, or designing a new card on the screen by picking 
up one or more shapes from a collection of graphical shapes and arranging them on 
the card along with the user's personalized text. The system should also provide a 
number of management tools, including reports on customers, customer orders and 
pending orders by types. 

The students were familiar with a graphical library containing various graphical 
objects, which were composed in previous exercises. This library provided a basis for 
the application they were asked to develop. 

3. Analysis of the Greeting Cards system using object-process diagrams 

Figures 1 through 7 and 9 are analysis Object-Process Diagrams (OPDs) that 
show the analysis results, while figures 8 and 10-I 3 are design OPDs, which represent 
the major part of the language-dependent design process. 

Figure 1 is a top-level Object-Process Diagram (OPD) of the Greeting Cards 
system. Two 'agents' interact with the system: 'Manager' and 'Customer'. The man- 
ager carries out three of the processes: 'Handle Order', in which an order is generated 
and updated, 'Generate Report', which generates reports, and 'Handle Client', which 
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Figure I. Top level Object-Process Diagram (OPD) of the Greeting Cards system. 
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Figure 2. Blow-up of 'Create Order' and characterization unfolding of 'Order' from Figure 1. 
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adds and updates a client's information. The system provides customers with the abil- 
ity to compose their own greeting cards when activating the process 'Create Order'. 
Periodic reports are generated by the clock, which is therefore considered an instru- 
ment for the 'Generate Report' process. As indicated in the legend, the dotted arc, 
connecting the instrument link between 'Clock' and 'Generate Report' and the agent 
link between 'Manager' and 'Generate Report' denotes a logical 'XOR' relationship 
between the two, as only one of them (either 'Manager' or 'Clock') along with 'Order' 
and 'Customer' is required to activate the process 'Generate Report'. 

In Figure 2, the object 'Order' of Figure l is unfolded to expose the objects and 
processes that characterize it. Unfolding [Dori 1995a] is a type of up-scaling, in which 
the object being unfolded is shown in greater detail. In this case, characterization- 
unfolding (unfolding using the characterization relation) is used, and features (at- 
tributes and services) of the seed - the unfolded object - are revealed. Blow-up 
[Dori 1995], is a different type of up-scaling, in which the components of the seed 

- the blown up thing - are revealed, while keeping the outline of the seed as part of 
the diagram. The process 'Create Order' of Figure 1 is blown up, showing its two 
constituent processes: 'Insert Order Line' and 'Insert Order Details'. 'Select/Design 
Card' is a part of 'Insert Order Line'. The full execution of 'Create Order' is achieved 
by executing sequentially its two components 'Select/Design Card' and 'Insert Order 
Details' in this order. The order of execution is expressed by arranging the processes 
along the time line, which goes from the top of the diagram downward, as shown 
in Figure 1. The notation ' l . .m' next to 'Order Line' is a participation constraint, 
denoting the fact that there may be from one to many cards within a single order. 
Each ordered card has its own 'Quantity'. 

The first step in creating a new order is 'Insert Order Line'. This process is 
repeated until all the order lines are inserted in the 'Order'. Each 'Order Line' consists 
of a 'Card Id', and the 'Quantity' of the specific 'Card'. In order to select a 'Card 
Id', the process 'Select/Design Card', which is part of 'Insert Order Line' is used to 
select an existing greeting card or design the greeting card to be ordered. The object 
'Card Library', from which 'Card' is selected, is also shown within the 'Create Order' 
blow-up frame. The effect link from 'Select/Design Card' to 'Card Library' denotes 
the fact that 'Card Library' is used as an input for the process, and it also might 
be changed if a customer designs a new card which is inserted into 'Card Library'. 
The effect link from 'Select/Design Card' to 'Card Id' specifies that 'Card Id', which 
characterizes (i.e., is an attribute of) 'Order', is the object affected directly by the 
process 'Select/Design Card'. The effect of 'Select/Design Card' on 'Card Id' is to 
change the value of 'Card Id' from 'unspecified' to some specific value. The second 
sub-process within 'Create Order', which is 'Insert Order Details', is performed after 
all the 'Order Line's are created. 'Insert Order Details' assigns values to two attributes 
of 'Order': 'Requested Supply Date', and 'Customer Id'. 

The attribute 'Order Id' (used in the reports and for queries) is generated auto- 
matically, 'Sum Paid' is initialized to zero, and 'Physical Status' is set to 'ordered'. 
All of these default settings are done by the constructor 'New' of the object 'Order'. 
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Figure 3. Unfolding of the object 'Card Library'. 

The process 'Calculate Price" is invoked by 'Insert Order Details' to calculate the 
value of the attribute 'Price' of the object 'Order'. These effects of 'Select~esign 
Card' and 'Insert Order Details' on 'Order' are specializations of the more general 
effect of 'Create Order' on 'Order' at the top level diagram given in Figure 1. Note 
that since any attribute is considered an object, all six attributes of 'Order' ('Order 
Line', 'Customer Id', 'Quantity', etc.) are object classes, (these classes may be de- 
fined by the designer or taken from machine supplied classes, i.e., integer, etc.) whose 
instances are the values of the attributes. For example, '5' is both a value of the at- 
tribute 'Quantity' and an instance of the object class 'Quantity'. Note also that 'Card 
Library' is linked to 'Select/Design Card' by an effect link rather than an instrument 
link, because 'Card Library' can be changed by the process 'Select/Design Card', in 
case the customer designs a new card rather than selecting an existing one from 'Card 
Library'. In this case, 'Card Library' is updated with the newly designed card, 

Each object that characterizes 'Order' has access services (functions) that re- 
trieve and update its values. These functions are aggregated and represented in the 
diagram as the process 'Get/Set Info'. Since they are trivial, there is no need to specify 
each one of them separately. 
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Figure 4, Characterization unfolding of 'Customer' 

In Figure 3, 'Card Library' of Figure 2 is unfolded, showing that it is made up of 
a number between one to many 'Greeting Card's. This cardinality (participation con- 
straint) is demonstrated by the symbol '1 ..m', written above 'Greeting Card'. 'Greeting 
Card' itself is also unfolded in two ways, exposing its attributes and services through 
the characterization unfolding (black on white triangle), and its 'Graphic Shape' parts 
(the shapes embedded in the card) through the aggregation unfolding (black triangle). 

'Graphic Shape' is also unfolded in two ways, once through characterization 
and once through specialization. The generalization-specialization (gen-spec) relation, 
which induces inheritance, is an important feature of contemporfiry object-oriented 
programming languages. A conventional generalization relation among objects ex- 
ists between 'Graphic Shape' and its specializations 'Rectangle', 'Circle', 'Star' and 
'Text'. Each specialized shape is characterized by attributes that are unique to the 
shape. For example, a greeting card might be composed of a collection of rectangles 
at different positions, orientations, colors and sizes. Some of the attributes that distin- 
guish one rectangle from another, such as length and width, are unique to rectangles, 
while others, such as orientation and position, are common to all graphic shapes. 

Figure 4 is a characterization unfolding of the object 'Customer' of Figure I. 
It also shows that the process 'Handle Customer' can do one of two things: add a 
new customer by invoking the constructor 'New', or update a client's details via the 
service 'Get/Set Info'. 

Figure 5 includes the specialization unfolding of the process 'Generate Re- 
port' and the three unfolding types - specialization (white triangle), characterization 
(black&white triangle) and particulation (black triangle) - of the object 'Report'. 'Gen- 
erate Report' is a generalization of the three different report generating processes the 
system can perform, while 'Report' is the generalization of the three corresponding 
types of reports the system can generate: 'Pending Orders', 'Paid Orders' and 'Client 
List'. The behavior of 'Generate Report' is inherited to the three process specializa- 
tions: 'Generate Clients List', 'Generate Pending Orders Report' and 'Generate Paid 
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Orders Report', just as the attributes of 'Report' are passed to these three reports, as 
discussed below. 

3.1. Process inheritance 

A fundamental principle of OPM is that a process class may be independent 
and is not necessarily affiliated with a particular object. In OPM, the gen-spec relation 
is possible not only among objects, but also among processes. It follows that just as 
there is inheritance among objects, there can also be inheritance among processes. 
When a process is a specialization of another process, it inherits behavior from the 
generalized process. 

The specializations of the process 'Generate Report', shown in Figure 5, demon- 
strate the general issue of process inheritance in OPM. OPM extends the notion of 
generalization-specialization (gen-spec) from objects to processes. Process special- 
ization is applied again later to the services of 'Graphic Shape'. 

The process 'Generate Report' cannot be called directly, for there is no meaning 
to creating a generic report in practice. The design choice of 'Generate Report' will 
be an interface with the user, prompting him/her to select the requested report. Note 
the object instance symbol (see legend) used to denote the possible values - 'Printer', 
'File', and 'Screen' - that the object 'Destination' can assume. 

The gen-spec relationship among processes is not established in OO method- 
ologies since they consider only objects as independent entities. In conventional 
object-oriented analysis, the process of generating a report would be performed by 
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passing a message from 'Order' to 'Report'. Each specialization of 'Report' would 
have a separate constructor, even though all three report types share many things in 
common. OPM uses the concept of process classes and inheritance among processes 
(which results from the generalization-specialization relation among processes). 'Re- 
port' specializes into the three different reports provided by the system, and each 
'Report' is created by a corresponding specialization of the process 'Generate Re- 
port'. Each object specialization of 'Report' has a counterpart process specialization 
of 'Generate Report'. The common part of the report generation, such as formatting 
the title, is given by the general 'Generate Report' process, while specialized search 
and calculations are done for each report type separately in the specialized process. 

'Report' is composed of many 'Report Line's, while each 'Report Line' can be 
one of 'Header', 'Body', 'Footer', and 'Summary'. 'Report' is characterized by the 
two attributes 'Destination' and 'Generation Date', and by the process 'Show'. The 
process 'Show' specializes into 'Display' for displaying the report on the 'Screen', 
'Print', for printing the report on paper by 'Printer', and 'Store', for storing it into a 
'File'. 

The equivalence between object instances and attribute values is illustrated here 
by the attribute 'Destination' that characterizes 'Report'. The possible values (which 
are instances) that this attribute (which is an object) can assume are 'File', 'Screen', 
and 'Printer'. 

3.2. Process links 

The process 'Handle Order' is blown-up in Figure 6. The object 'Order', along 
with its unfolded features (attributes and services) shown in this diagram, is the same 
as in Figure 2, where it was shown along with the process 'Create Order'. The process 
'Handle Order' consists of four parts. An execution of 'Handle Order' requires calling 
'Select Order' first, to decide which order is to be handled. The effect of this process 
is to determine a specific order, i.e., a particular instance of the object class 'Order 
Id', to be passed on to one of the three possible subsequent processes. However, this 
is not an important fact that has to be modeled at this stage. Therefore, a process 
link (dotted line, see legend) links 'Select Order' directly to each one of the following 
three processes: 

(1) 'Receive Payment', which records a payment made by the client, by invoking 
'Order's service 'Add Sum Paid', 

(2) 'Update Details', which changes one or more of the three attributes of 'Order' 
- 'Physical status', 'Quantity' and "Requested Supply Date', and 

(3) 'Cancel Order', which is activated in case the customer has decided to cancel 
his order. 

Process links, which link processes directly with each other, are used whenever 
the intermediate objects (such as 'Order Id' in our case) are trivial and can be omitted in 
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Figure 6, Blow-up of 'Handle Order' and characterization unfolding of 'Order' from Figure 1. 

the analysis for the sake of simplifying the OPD. The specification of the intermediate 
object is added later in the design phase. The dashed line indicates that the intermediate 
object is not denoted in the diagram, but it exists and will be specified in the design. 

The 'Logical XOR' sign (a dashed arc, see legend) between the three processes 
indicates that they are not performed simultaneously. Rather, each invocation of 'Han- 
dle Order' consists of 'Select Order' followed by exactly one of the three processes. 
Note that 'Update Detail' and 'Cancel Order' both require that the attribute 'Physical 
Status' of the object 'Order' be 'ordered'. 

4. From analysis to design: The object-process approach 

Object-process design has two major parts: strategic design and tactical design. 
Strategic design is concerned with global issues, such as the system's environment of 
operation, hardware configuration, use of a commercial database vs. a tailor-made 
database, etc. Strategic design issues are common to many different information sys- 
tems development methodologies, and we do not discuss it here in further detail. 

The tactical design is based on the strategic design. It relates to the 'soft' parts of 
the system, and has two phases: the analysis refinement phase and the implementation- 
dependent phase. 
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4.1. The analysis refinement design phase 

Object-process diagrams developed during the analysis - analysis OPDs - con- 
stitute the basis for the refinement process, which is done at the analysis refinement 
phase of the design. At this stage, the analysis diagrams are extended and augmented 
with design-oriented information, which follows the same graphical conventions of 
analysis OPDs. Design additions include objects and processes that handle the require- 
ments of the system as they arise when the low-level details of the system are examined 
in view of the strategic decisions. While information added at the refinement phase is 
still implementation independent, the next stage - the implementation-dependent phase 
- adds low-level details that are specific to a particular target programming language 
and operating environment, decided upon as part of the strategic design. 

Figure 7 is an example of an OPD resulting from analysis refinement of the 
analysis OPD of Figure 3. As Figure 3 shows, the services 'Create Instance', 'Move', 
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'Delete', 'Display', and 'Resize' were originally associated with 'Graphic Shape'. 
During the refinement phase, lower-level requirements have been realized. 'Move' is 
identical for all four different specializations of 'Graphic Shape', as it includes chang- 
ing the 'Graphic Shape's handle coordinates, and then calling 'Display'. However, 
the other four services 'New', 'Delete', 'Display', and 'New' have some parts that 
are common and others that are specialized. Common parts include receiving the 
sizing factor in 'Resize' and determining the 'Line width' in 'New', while examples 
of different parts are scaling of the different factors in 'Resize' ('Radius' for 'Circle', 
'Size' for 'Text', etc.) and different memory allocation and release required for the 
different shapes by 'New' and 'Delete'. 

4.2. Process inheritance - design considerations 

As shown in Figures 3 and 7, the process 'New' characterizes the object 
'Graphic Shape' as it is linked to 'Graphic Shape' through the characterization rela- 
tion. Since 'New' does not require the involvement of any object other than 'Graphic 
Shape', it is considered a method of this object. As Figure 7 shows, a gen-spec re- 
lationship exists between this generic 'New' and each one of the specialized 'New' 
methods of each one of the graphic shape specializations. 'New' of 'Graphic Shape' 
is the generalized constructor. It handles the attributes that are common to all four 
graphic shapes, which are position, color, orientation and line width, while special- 
ized attributes, such as 'Font' for 'Text', 'Radius' for 'Circle' are handled by the 
specialized 'New' constructors. The example of Figure 7 demonstrates the concept 
of specialization of process classes: the first part of the process is common to all the 
specializing processes, but then each 'New' has a different behavior which is required 
to complete the creation of the specialized 'Graphic Shape'. Likewise, 'Resize' of 
'Graphic Shape' receives the sizing factor from the user, while the different specializa- 
tions handle the different attributes that have to be resized: 'Height' and 'Length' for 
'Rectangle', 'Radius' for 'Circle', etc. While standard OO methodologies view this 
as the inheritance of behavior among objects, we see this as process specialization. 

Conventional inheritance of whole processes, identical to that found in OOA 
for objects, applies to the processes 'Display' and 'Delete' of 'Graphic Shape', which 
are completely overridden by the corresponding processes of the specialized objects. 
The case in which the specializing process completely overrides the general process is 
a special case of process specialization. OOLPs such as Smalltalk and Object Pascal 
enable a specialized service of an object to invoke the service of the generalized 
object. The object-process methodology allows inheriting the general behavior of the 
general process, and adding to it specific behavior of the specialized processes, to be 
specified at the design stage, as demonstrated by the processes 'Resize' and 'New'. 
OPM allows this type of inheritance to exist also among standalone processes, that 
are not necessarily services of objects. 
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4.3. The implementation-dependent phase 

The set of object-process diagrams at the lowest, most detailed level, resulting 
from the refinement phase, provide the basis for the implementation-dependent phase. 
This phase is composed of three major components: language design, user-system 
interface design, and database design. These three parts of the design correspond to 
the three major parts of the system. All three are described briefly below, while the 
language design is further elaborated. In the language design part, the preparations 
for coding the system are made. Decisions are made regarding the communication 
between the behavioral and structural parts of the system. This entails describing the 
simple and abstract data types to be used and the different functions that will exist in 
the system. 

During the user-system interface design, the Human Machine Interface (HMI) 
of the system is built. This usually involves creating a prototype of the anticipated 
system and demonstrating it to the user to get a feedback. Interaction with the user 
continues until a satisfactory HMI is obtained. 

The third part is database design, which results in the database specification: 
which objects will be stored in the database, how will consistency be maintained, what 
will the database interface be, and, possibly (if a tailor-made database is the strategic 
design decision), what internal storage and access methods will be used in order for 
the database to be efficient. 

5. Language design 

Language design involves the following two main issues: (!) objects: what ob- 
jects will the software consist of and what will the relationships between them be, and 
(2) processes: what will the processes in the system be, how will they communicate 
with the objects and how will they be activated. 

At this stage, language-specific object-process design is introduced. Due to 
the wide acceptance of C++ we have elected to demonstrate this stage using this 
language. OPCAT, the object-process CASE tool, uses C++ as well. For each object, 
the attributes and methods, including their types, are listed in C++ syntax. For each 
process at each level, the return type, name and input parameter list is also specified 
in C++ syntax. Pseudo code for each process completes the language design of the 
implementation-dependent phase. Design-related issues, such as database and user- 
interface, are taken into account during both design phases. 

Figure 8 is an example of a C++ language-specific design resulting from the 
analysis OPD described in Figure 3 and refined in Figure 7. Language-specific design 
includes (a) function prototypes, which are the design counterparts of processes defined 
in the analysis, (b) classes, which are the design counterpart of compound objects, 
and (c) programming language types, which are the design analogs of simple objects. 
A simple object [Dori 1995] is an object that needs not be broken down into simpler 
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class Card_Library 
{ 

short Num_of_cards; 

list<Greeting_Card> Cards; 

// Cards saved in library 

public: 

Card_Library(void) //Constructor 

-Card_Library(void) //Destructor 

Add_Card(Greeting_Card) 

// Add card to library 
} 

class Greeting_Card 
{ 

float Price; 

short Card_id; 

list<Graphic_Shape> Shapes; 

// shapes that compose the card 

public: 

Greeting_Card(void); //Constructor 

~Greeting_Card(void); //Destructor 

void Display(void); 

void Calculate_Price(); 

float Get_Price(void); 

short Get_ID(void); 

void Edit(void); 
} 

class Graphic_Shape 
{ 

point Position; 

COLOR Col; 

float Orientation; 

float Line_width; 

public: 
GraphicShape(void); //Constructor 

-Graphic Shape(void); //Destructor 

void MoveTo(point); 

// move shape to new point 

virtual void Display(void); 

virtual void Resize(void); 

class Rectangle:Graphic_Shape 
{ 

float Length; 

float Width; 

public: 

Rectangle(void) // Constructor 

-Rectangle(void) // Destructor 

void Display(void); // ++ 

void Resize(void); // ++ 
} 

class Star:Graphic_Shape 
{ 

short Corners; 

public: 

Star(void) // Constructor 

-Star(void) // Destructor 

void Display(void); // ++ 

void Resize(void); // ++ 
} 

class Circle:Graphic_Shape 
{ 

float Radius; 

public: 

Circle(void) // Constructor 

-Circle(void) // Destructor 

void Display(void); // ++ 

void Resize(void); // ++ 
} 

class Text:Graphic_Shape 
{ 

short Size; 

FONT Font; 

STYLE Style; 

public: 

Text(void) // Constructor 

-Text(void) // Destructor 

void Display(void); // ++ 

void Resize(void); // ++ 
} 

Figure 8. C++ language design of 'Greeting Card', defined in Figure 3 and refined in Figure 7. 
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Figure 9. Unfolding of the object 'Card Library' after updating the analysis OPD of Figure 3 to include 
a 'Price' for each shape. 

objects for the analysis to be clear and complete. A compound object consists of  other 
objects. More examples of C++ language-specific design can be found in Figure 1 l 
that results from analysis OPD of Figure 9, and Figures 12 and 13 which result from 
the analysis done in Figure 6. 

Each augmented function prototype includes beside low-level process pseudo- 
code, the manner in which the process will be activated. In general, a process can be 
'Externally activated', i.e., activated by an external event or signal, 'Process Activat- 
ed', when it is used to complete the activating process, or 'Data-Driven', when it is 
activated as a result of changes that occurred in specific data. Other possibilities are 
'With Startup', 'With Cleanup' and 'Multiple' for processes that are activated when 
the program starts, finishes and for proceses used in differant manners, respectively. 
This issue is elaborated later, when we discuss writing the pseudo code for the different 
processes. 

Member functions of a specified class can be inherited completely from the 
generalized class, in which case they appear only in the generalized class. In a 
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class CardJ~ibrary . . .  
{ } 

• . .  class Circle : Graphic_Shape 
} LibraryOfCards ; { 

// Create a single instance ..• 
class Rectangle :Graphic_Shape static float Price ; 

. . . 

• . . } 

static float Price; class Text :Graphic_Shape 

. . • 

class Star :Graphic_Shape static float Price ; 
• . . 

• , , } 

static float Price; 
// Update•rice_List 
/ /  Purpose: update prices of generic "Graphic_Objects'. 
/ /Manner of activation: 'Externally Activated' by the manager. 
void Update_Price_List(void) 
{ 

Display the different static data-members 'price' of the different 
'Graphic_Object's• Allow changing the displayed values. 

} 

Figure 10. Updated part of Figure 8, after backtracking done in Figure 9. 

differant case, methods can completely override the general definition, in which case 
the '++' symbol is used as suggested by Nerson and Walden [1994]. Methods of the 
specialized class may also inherit part of the general behavior, and add some specific 
behavior of their own. This is the case of the 'Generate Report' process and its three 
specializations, defined in Figure 5. 

Figure l l completes the language design of Figure 8. It includes self- 
explanatory pseudo code of member functions listed in Figure 8. Writing the language 
design frequently reveals more information that was overlooked during the analysis 
and first refinement phase of the design. For example, while writing pseudo code for 
the service 'Calculate Price' of 'Greeting Card', we realized that we need an object to 
act as the base price for a 'Graphic shape'. To meet this requirement the object 'Price' 
is added to 'Graphic shape' (see Figure 9)• 'Price' is the base price for each 'Graphic 
shape' that appears in a 'Greeting Card', and therefore is an attribute of 'Graphic 
shape'. Note, however, that all instances of a specific type of 'Graphic shape' have 
the same 'Price', and therefore 'Price' is a singleton class that has one instance for 
each specialization of 'Graphic shape'. 'Price' is added along with the process 'Up- 
date Price List' to update and retrieve the values of each 'Price'. This process should 
be activated from the HMI. To maintain consistency, this object must be added to the 
appropriate analysis diagrams, as explained above, along with the updating processes. 
This backtracking should be carried out all the way to the highest level, and should 
also be reflected in the HMI planning• Figure 9 is the result of updating Figure 3• 
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//Greeting_Card ::Display 
//PmTmse: display a 'Greeting Card" 
//Maimer of activation: 'Process Activated', called by any process which needs to display 
/ /a  card. 
void Greeting_Card:: Display() 

{ 
for  each Shape in  Shape l i s t  c a l l  Disp lay( ) ;  
d i sp l ay  a l l  shapes u n t i l  any key i s  pressed.  
i f  user  reques t s  to modify a shape c a l l  E d i t ( ) ;  

} 

//Greeting_Card::Edit 
//Purpose: edit a shape in 'Greeting_Card' 
//Manner of activation: 'Process Activated' by 'HandleOrder::UpdateDetail' 
void Greeting_Card::Edit0; 

{ 

while not quit{ 
choose Shape to edit. 

edit Shape using 'Move' and ~Resize' and allowing changes to 

Shape' s p r o p e r t i e s .  
go to next  Shape 

} 
} 

//Greeting_Card::Calculate-Price 
//Purpose: calculate the price of a card, using the number of objects and a global price 
//per object. 
//Matmer of activation: ~Data Driven', called when the list 'shapes' is updated (a shape 
//is added or removed), or when 'Graphic_Shape::Price' is changed. 
void Greeting_Card::Calculatc_Price(); 

{ 

Price = O; 

fo r  each Shape( 
Pr ice  += S h a p e . P r i c e ; / /  w i l l  take the cor rec t  p r ice  for  each shape 
type 

} 
} 

//Update_Price_List 
//Purl,ose: update the prices of the different shapes. 
//Mamler of activation: 'Externally Activated' by 'Manager' as part of the HMI 
void Update_Pricelist0 

< 
display all the different prices, and allow manager to modify them. 

for each 'Greeting_Card' call Calculate_Price(); // denoted in OPD by 

// Invokation Link 
} 

Figure 1 t. Partial pseudo code for some of the services in Figures 8 and 10. (Continued on next page.) 
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//Graphic~hape::New 
//Purpose: create a new graphic shape 
//Manner of activation: 'Process Activated' by 'Greeting Card'::new or 'Greeting Card'::edit 
void Graphic_Shape::New0; 

get interactively from user using mouse, buttons, slides and color 

table position (x,y), color, orientation and line width and set them 

for the new shape. 
} 

/ /Rectangle::Create_Instance 
//Purpose: create a new rectangle 
//Manner of activation: 'Process Activated' by 'Greeting Card'::new or 'Greeting Card'::edit 
void Rectangle::Create_lnstance0; 

Display a default Rectangle on the screen; 

call Graphic Shape : :Create_Instance () ; 

Input interactively from user width and length. 
} 

Figure 11 (continued). 

While reconsidering Figure 3, we also add the fact that 'Card Library' is a singleton 
object class that has exactly one instance in the system. This fact is denoted by adding 
"1" at the top right corner of the rectangle symbolizing 'Card Library'. Figure 10 is 
the result of updating the language design of Figure 8. The singleton classes 'Card Li- 
brary' and 'Price' in Figure 10 are maintained from Figure 8 in the following manner: 
'Card Library' is defined once in the code (given the name 'LibraryOfCards'), and 
each specialization of 'Graphic Shape' has a static data member 'price' (this duplica- 
tion is a language-dependent requirement). To summarize, after the updating, Figures 
9, 10 and 11 are the updated analysis OPD, language-design and the corresponding 
pseudo code, respectively. 

6. Proces s  ac t iva t ion  

A process P can be driven (activated) by three major triggers: 

(1) event driven - an external event - user request, time arrival, etc. - that trig- 
gers P;  

(2) process driven - another process pt  as a sub-goal of Pt, in which case some 
object is usually passed as a parameter between the two processes; and 

(3) data driven - some change to data, i.e., a change that occurred to some object 
triggers P.  

Each activation method has a different graphical representation. Below we 
discuss each method along with its representation. 
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class Order 

short Client_ID; 
int Order_ID; 
float Price; 
Date Requested_Supply_Date; 
class OrderLine 
{ 

int Card_ID; 
int Quantity; 

} 

float Sum_Paid; 

enum Status{Ordered, Ready, Delivered}; 
enum Status Star; 

public: 
Order(void) // Constructor 
-Order(void) // Destructor 
void Calculate_Price(void); 
void AddSumPaid(float); 
short Get_Client_ID(void); 
// and other Get/Set lUnGS 

Figure 12. Design of Figure 6. Process pseudo code is supplemented in Figure 13. 

6.1. External event driven processes and the agent/instrument link 

An event driven process is invoked by an event that is external to the system. 
We therfore relate to this type of activation also as 'Externally Activated'. This type of 
invocation is denoted by the symbols that specify external interaction with the system, 
i.e., the agent link or the instrument link. Recall that these two links imply that the 
agent or instrument that take part in the process do not change themselves. Indeed, 
from the system's viewpoint, only things that are part of it can change. 

6.2. Data driven processes and the invocation link 

The invocation link, drawn as a lightening symbol between processes (as in 
Figure 6 and in Figure 9), is used either when an object invokes a process (Figure 9) 
or when a process invokes a process that characterizes an object (as can be seen in 
Figure 6). The symbol is used between a standalone process and a process that is a 
service of an object. Object oriented techniques do this by message passing among the 
services of the objects involved. The first use of invocation links is to denote processes 
that invoke object's services. Two examples for such links appear in Figure 6. One is 
between 'Cancel Order' and 'Delete' and the other - between 'Update Payment' and 
'Add Sum Paid'. In both cases a sub-process of 'Handle Order' invokes a service of 
'Order' which, in turn, changes 'Order'. In the first case the value of the attribute 
'Sum Paid' is changed, while in the second, 'Order' is destroyed. 

The second use of invocation links is with data-driven processes. The ob- 
ject 'Price' in Figure 9 is an example of an object that activates the process 
Greeting_Card: :Calculate_Price when it is changed. Greeting_Card: :Calculate_ 

Price (see Figure 11) is therefore an example of a data-driven process. Whenever the 
base 'Price' of a 'Graphic Object' is changed, the price of each 'Card' is automati- 
cally recalculated by this process. This is managed by the updating method of 'Price', 
which incorporates the invocation of this function. Likewise, whenever a 'Graphic 
Shape' is added or deleted from the list of shapes that compose the 'Greeting Card', 
Greeting_Card: :Calculate~Drice is invoked. 
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In general, whenever a process is invoked by a change to an object's data, it 
will be activated directly by the update service of the object whose data is affected. 
The same service should also check that the data of the appropriate object has been 
changed properly. In case the condition for activating a data-driven process depends on 
the value of two or more different attributes of an object, a special 'activate_process' 
method will be composed for the object. The pseudo code of the activating process 
will include the conditions for the process to be invoked, including the value required 
for each attribute. Each update method of one of the attributes will invoke this 
'activate_process' to check that the conditions are met. 

6.3. Process driven processes and the process link 

A process link, drawn as an arrow with a dashed line tail (see legend of Fig- 
ure 6), is used to link processes that are to be executed sequentially in order to 
accomplish some more complex task. While it is always tree that the result of any 
process is a new object, or the change to a state of an existing object, the process link 
is used in case the object created by the first process is trivial and/or not interesting and 
is therefore not shown explicitly in the diagram. Such an object is usually a parameter 
for the subsequent process, and its life span is therefore very limited. Process links 
can be viewed as the analogs of data-flows in DFD. 

The use of process links is shown first in Figure 6. As discussed, 'Handle 
Order' consists of first selecting the order to handle, and then performing a specific 
operation on the selected order. Using 'Select Order', the user picks an order to 
handle. Later, one of the three subsequent processes is activated. The object 'Order 

//Handle_Order 
II Purpose: perform different operations concerning orders 
II Manner of activation: 'Externally Activated' by the manager 
void Handle_OrderO 

ORDERID Id = Select_Order() 

// Get interactively from user the order to handle. 

// Get from user requested operation on the Order (Add to HMI) 

switch (operation) { 

case Update_Payment: Recieve_Payment(Id); 

case Update_Details: Update_detail(Id); 

case Cancel_Order: delete(Id); 
} 

l/Select_Order 
l/Pulpose: select the order to be handled by 'Handle_Order' 
/I Manner of activation: 'Process Activated" by 'Handle Order' 
ORDERID Select_Order() 

Figure 13. Pseudo code of the process 'Handle Order' and its constituent processes. (Continued on next 
page.) 
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// Use the browse option of the database in order to 

// choose the order to handle. 

// return Id number of the selected order. 

// alternatively allow the user to explicitly 

// specify the id of the order he/she wants to handle 

//Recieve_Payment 
//Purpose: record a payment received in the order 
//Manner of activation: 'Process Activated' by 'Handle Order' 
void Recieve_Payment(0RDERID Id) 

float paid = Get from manager sum paid by customer; 

// to be included in HMI 

Get Order from DB using Id 

order.Add_Sum Paid(paid); 

//Update_Detail 
//PmT,ose: allow changing certain attributes (fields) composing an order 
I/Manner of activation: 'Process Activated" by 'Handle Order' 
void Update_Detail(0RDERID Id) 

Get Order from DB using Id 

if (physical_status is not ~ordered') then error() // call error routine 

order.Display(); 

//allow user to edit fields (attribute values) in Order. Changing of the 

//fields client_id and order_id must be disabled. 

//for each field the possible values will be displayed. 

//in the field card_id an option will appear to view the card with 

//the Edit option enabled. 

Update(order); 
} 

H CancehOrder 
# Propose: remove an order when it is canceled 
H Manner of activation: 'Process Activated' by 'Handle Order 
void CancehOrder(0RDERID Id) 

{ 
Get Order from DB using Id 
i f  (phys i ca l  s t a t u s  i s  not  ' o r d e r e d ' )  then e r ro r  
delete Order // call the Order Destructor. 

} 

Figure 13 (continued). 
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Id' is the output of 'Select Order' and an intermediate between 'Select Order' and any 
one of the three subsequent processes. However, as noted, since it is trivial, it is not 
specified explicitly in the diagram. Figure 13 contains the pseudo-code for the process 
'Handle Order' and its constituent processes, showing the generation of order* (the 
object created by 'Select Order'), and its passing to the parameter list of each one 
of the three subsequent processes. 'Handle Order' is expected to be invoked by the 
user through the interface. This requirement is added to the HMI specifications. The 
requirement that the 'Status' attribute of 'Order' must be 'ordered' for the processes 
'Update Detail' and 'Cancel Order' to occur, shown as part of the analysis OPD in 
Figure 6, is expressed in the pseudo code of the corresponding processes in Figure 13. 

7. Database and human-system interface design aspects 

Two major design issues that are only mentioned briefly in this work are 
database and the human-system interface. To get an idea of some database design 
topics, consider the object 'Order', defined in the analysis. During the database design, 
decisions as to how the different 'Order's should be stored and retrieved will be made. 
In the design of 'Order', references to other objects in the system are exposed: 'Order 
refers to both 'Client' and 'Card'. These relations might be mapped to pointers in 
the design, but since the design decision is that these objects be stored in a database, 
the reference to 'Order' will be through their id numbers. The design details of these 
relations depend on the choice of database implementation, made during the strategic 
design. 

Suppose the decision was to use some commercial database package. This 
implies that we only need to define the database interface, leaving the internal database 
implementation as a black box that is not of the designer's concern. The database will 
include three classes of objects: 'Order', 'Card', and 'Client'. For each object class, 
a basic interface should include the following methods: 

1. void Insert(object *); 

2. void Delete(object Id); 

3. void Update(object *); 

4. object * Get(object Id); 

5. Functions to allow sequential access to all the instances of the same class 
through two methods: 

5.1 object  * Get_first(); 

5.2 object * Get_next(); 

As for the human-system interface design, we should bear in mind that human 
interaction with the system exists at different levels of abstraction. The first step in 
the interface design process is to make a list of all the processes whose occurrence 
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involves an agent or an environment object. An environment object is an object that is 
not part of the system, but interacts with it. In DFD, such objects are called "external 
entities". The object 'Manager' in Figure 9 is an example of environment object with 
respect to the system. Environment objects are denoted by the dashed lines as the 
border of their rectangle, as shown in the legend of Figure 9. We find the environment 
objects by looking for all the agent links, denoted by solid black circles attached to the 
processes. Since agents are almost exclusively humans, the agent-activated processes 
are processes that require interaction with a user. Agents of generalized processes, 
whose activation is abstract and cannot be instantiated, will be translated into multiple 
options within the user interface. Activating the process 'Generate Report' in Figure 5 
is an example of such multiple options interface, where the user can select one or more 
of the three different reports the system can generate. Great care for every detail of 
the graphic design of the HMI must be exercised. The prospective users should get a 
chance to play with a working prototype and provide direct feedback to the developers, 
who should improve the interface accordingly. This interaction should be iterated until 
a satisfactory interface has been designed and implemented. 

8. Summary and future work 

The Object-Process Methodology (OPM) alleviates the transition from analysis 
to design and from design to implementation. This work has laid the foundations 
for a complete set of rules defining how these transitions are to be carried out using 
OPM. We have demonstrated this method by following the details of a life cycle of 
a relatively simple case study. In this paper, we brought examples from the usage of 
OPM in the case study. We have completed the implementations of the case study, and 
the result is a working system that has evolved from the analysis diagrams followed 
by detailed design, as presented above. 

Analysis starts with a top-level Object-Process Diagram (OPD). Different ob- 
jects and processes are scaled up in different OPDs, while others may simultaneously 
be scaled down to control the diagrams' complexity. The up-scaling is done mostly 
by unfolding or blow-up. An important feature of OPM, which is not supported by 
current OO methodologies, is process inheritance. We have defined and demonstrated 
this feature in the case study. 

We divide the design into strategic design and tactical design. The tactical 
design consists of two phases: the refinement phase and the implementation-dependent 
phase. Design OPDs, generated during the refinement phase, evolve directly and 
naturally from the most detailed OPDs obtained in the analysis. These refined OPDs 
should include implementation-dependent details pertaining to such issues as database, 
user interface, communication with external devices, task and workload coordination, 
etc. 

Language OPDs are produced during the implementation-dependent phase. 
These diagrams, which are further refinements of the detailed design OPDs from 
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the refinement phase, are language dependent. Design-related issues, such as database 
and user interface, are taken into account during both design phases. 

Further research and development is needed to derive a complete set of rules 
and recommendations related to the way object-process concepts and symbols should 
be interpreted and handled while migrating from design to implementation in order to 
complete the specification of OPCAT, the object-process CASE tool, currently under 
development. An important objective of this work has been to lay the theoretical 
foundation for constructing a CASE tool based on the object-process paradigm. This 
object-process CASE tool is expected to accompany the entire development process. 
The tool, currently under development, already provides a convenient graphic interface 
to produce object-process diagrams. As such, it has already been successfully used in a 
number of large scale projects of computer integrated manufacturing facilities. Future 
versions are designed to include code generations. For each 'thing' (object or process) 
defined in the analysis, the tool will perform the routine treatment automatically, 
while allowing the user to add information as needed. For example, for an object 
defined in the analysis the tool will create the skeletal code for its implementation, 
and the developer will be able to add the programming language relevant types. Links 
are maintained among different stages to allow updates of things introduced at later 
stages. For example, the need for the object 'Price' in Figure 10 is discovered only 
at the language-specific design phase. It must then be added to the analysis, and then 
propagated through the subsequent stages. Only when it has been updated properly 
will the tool allow it to be used. 

The following issues still need to be addressed: 
1. Process timing. When a high-level process is scaled up (blown-up or un- 

folded), its parts (constituent processes) are specified. Rules must be devised regarding 
the order and the degree of parallelism according to which the parts are activated. Who 
activates the parts? This issue has been addressed to some extent in our case study. 
The order of activation is denoted by the order the ellipses are laid out in the diagram, 
where the time line is assumed to go from top to bottom, such that processes located 
higher in the diagram are activated first. One process activates another through an 
intermediate object embedded between the processes. A process link is used to link 
processes whose intermediate object is trivial. An invocation link is used in case one 
process is used to carry out a sub-goal of the calling process. 

2. Object aggregation (whole-part) relation. This relation occurs frequently 
among objects revealed during the different stages. How should this relation be im- 
plemented in an actual OOP language (as a set of pointers, list, etc.)? Should OPCAT, 
the object-process CASE tool, allow the user to decide or should it propose a manner 
to implement this relation. A default seems appropriate here, while the user should 
have the option to change it. 

3. Process gen-spec and its associated inheritance. As noted, inheritance in 
OPM occurs among processes as well as among objects. What parts of the general 
process are passed to the inheriting process and in what manner? Is there a meaning 
to activating the generalized process? If yes, what is the meaning? 
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4. Object gen-spec and the associated inheritance. This issue is familiar from 
current OOPLs, and will be integrated in the CASE tool. 

5. Multiple inheritance and selective multiple inheritance [Dori and Tatcher 
1994]. This issue pertains to both objects and processes, and should be incorporated 
in OPCAT. 

6. Logical XOR. The exact treatment of this condition among instruments and 
agents and among invocations of a process should be considered. 

7. General binary structural relations between objects. OPM allows the use 
of general relations between pairs of objects, e.g., 'Disk' stores 'File'. This type of 
relation should be carried on to design and implementation. 

8. Characterization of objects by processes and other objects, as methods and 
attributes respectively, is implemented in OOPLs. OPM enables processes to be char- 
acterized analogously. We shall have to relate to the implementation of this attribute. 

9. Process classes. An instance of a process class is a specific invocation of the 
process. In some cases, we may be interested in saving information regarding these 
invocations. For handling such cases, the generic class 'Process' should be defined 
along with the objects and processes that characterize it. How will these issues be 
implemented? In general it seems to be benifitial to use the class arrangement in order 
to maintain the process class. 

10. Object life cycle. The life cycle of an object is based on the different states 
that the object can be in and rules for moving among these states. In OPM these states 
and how processes affect them are explicitly shown. A general way of viewing the 
life-cycle of an object as a whole is required. 

11. Generic utilities and their usage. 
arrays are assumed to exist. The interface to 
libraries that handle these data types and will 

Generic data types, such as lists and 
these generic types will be taken from 
be used in the design. In our example, 

the existence of the abstract data type 'list' is assumed. Our CASE tool, OPCAT, 
should offer a customary method for handling these types. 

12. Process activation. What activates a process, and when are processes 
invoked? We have handled this issue partially in our work. We have related to three 
different types of processes, but the answer to this question is not yet complete. 

Since, at this stage, object-process analysis and design results are going to be 
implemented using C++, defining the design implementation transition must be defined 
in C++ concepts. 

While the list of open problems is quite long, it is not specific to OPM. This 
work demonstrates that OPM can encompass system development life cycle from 
analysis through design to implementation seamlessly, without switching models and 
without generating "grand canyons" between development stages. 

Acknowledgement 

This research was supported by the Fund for the Promotion of Research at 

Technion. 



50 D. Dori, M. Goodman, From object-process analysis to object-process desiglt 

References 

Coad, R. and E. Yourdon (1991), Object-Oriented Design, Prentice-Hall, Engelewood Cliffs, NJ. 
Doff, D. (1995a), "Object-Process Analysis: Maintaining the Balance Between System Structure and 

Behavior," Journal of Logic and Computation 5, 2, 227-249. 
Doff, D. (1995b), "Vector-Based Arc Segmentation in the Machine Drawing Understanding System 

Environment," IEEE Transactions on Pattern Analysis and Machine huelligence, T-PAMI 17, l l, 
1057-1068. 

Doff, D. and Y. Dori (1996), "'Object-Process Analysis of a Hypertext Organic Chemistry Module," 
Journal of Computers in Mathematics and Science Teaching, in press. 

Doff, D., A. Gal and O. Etzion (1996), "A Temporal Database with Data Dependencies: a Key to 
Computer Integrated Manufacturing," International Journal of Conq~uter Integrated Mant~facturing 9, 
2, 89-104. 

Doff, D. and M. Goodman (1996), "'On Bridging the Analysis-Design and Structure-Behavior Grand 
Canyons with Object Paradigms," Report on Object Analysis and Design, pp. 26-32. 

Doff, D. and E. Tatcher (t994), "'Selective Multiple Inheritance," IEEE Software, May, 77-85. 
Jacobson, I., M. Chffsterson, P. Jonsson and G. C)vergaard (1992), Object-Oriented Software Engineering, 

ACM Press, USA. 
Martin, J. and O. Odetl (1992), Object-Oriented Analysis & Design, Prentice-Hall, Engelewood Cliffs, 

NJ. 
Nerson, J.-M. and K. Walden (1994), Seamless Object Oriented Software Architecture. 
Rumbaugh, J., M. Blaha, W, Premerlani, E Eddy and W. Lorenson (1991), Object-Oriented Modeling 

and Design, Prentice-Hall, Engelewood Cliffs, NJ. 


