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Abstract

Building on previous presentations of SEEM at the 2003 and 2004 ESC (W) conferences, and the
feedback received for these presentations, this paper offers a detailed step-by-step approach for
analyzing, designing and implementing an embedded system. We present here a “cookbook” that
clearly delineates SEEM artifact creation from problem description to implementation. This paper
also describes tracking the dependencies among the artifacts, and the manner in which iteration is
embraced in order to handle discovered bugs and changing requirements. SEEM’s main hallmark
– namely, traceability from an unambiguous problem definition to the implementation - is
explicitly discussed.

Introduction
   The essential philosophy of the Software Engineering Effectiveness Model (SEEM) has been
presented, and is available in, the Proceedings of the 2003 and 2004 ESC (W) conferences. To
briefly recap it here: SEEM is a holistic approach to embedded systems development, essentially
emphasizing the fact that software source code needs to be developed only after:

� Gaining a thorough understanding of the problem to be solved, 
� Devising a sound model of the problem itself, 
� Precisely mapping the problem model to the architecture of its solution, and 
� Effectively communicating the details of the problem and solution to the whole

development team. 

The four essential features of SEEM are:

i. Collective Development. This concept emphasizes that a successful software
development project must involve not just the technical folks, but that there must also
be an effective interface to the business and marketing arms of the organization.
These other arms must stay involved throughout the development process. This
concept is akin to the eXtreme Programming (XP) concept of continuous customer
involvement.

ii. People and Problem Orientation. SEEM requires that the problem to be solved be
clearly defined and well documented using artifacts such that the problem
requirements can be precisely and unambiguously communicated to the people
involved Ð e.g., the entire development team as well as the marketing folks. It is
important to note that SEEM emphasizes that these artifacts be created entirely in the
problem domain, and no elements from the solution domain be included. This paper
describes the actual nature of such artifacts. 

iii. Str ict Traceability from Problem to Solution. Having described the problem in the
earlier phases of development, the development team moves toward the solution. As
the team approaches the design phase(s), SEEM requires that solution architectures
devised in these phases also be well documented to ensure effective communication.
Besides documenting the nature of the solution, SEEM requires that the structure and
behavior of the solution be strictly traceable from structures and behaviors shown in
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artifacts from the earlier phases.  Features from the technology used to implement the
solution are only included in the design phases.

iv. Progressive Learning. At each phase, as artifacts are created, reviewed and
validated, information learned from such exercises (learnings) must be precisely
captured. These learnings may identify drawbacks in the current artifacts (e.g., they
may identify that a particular customer requirement has not been modeled). These
learnings must then be evaluated in the light of the principles that have been
identified as ÒmustsÓ for the development team to maintain (e.g., the team must
maintain the fact that the client in a client-server model is ÒlightweightÓ). New
concepts that can rectify the drawbacks while maintaining the principles must be
devised and the artifacts updated. Progressive learning is an integral part of SEEM,
whose philosophy is to not just support, but embrace iteration. This paper identifies
points in the process at which Progressive Learning activities may need to be
considered.

The Process ÒRecipeÓ

Step 1. Make a business case for the product or service
Step 1.1. Create a Business Context Diagram
Step 1.2. Create Stakeholder Profiles

Step 2. Describe the problem Ð create a precise and unambiguous problem model
Step 2.1. Create User Stories
Step 2.2. Create problem domain sequence diagrams

Step 2.2.1. Create state diagrams, activity diagrams, etc. as needed
Step 2.3. Create Entity-Relationship diagrams
Step 2.4. Create Entity-Relationship-Collaboration (ERC) cards
Step 2.5. Create a Customer Acceptance Test Plan
Step 2.6. Create an artifact dependency graph

Step 3. Trace problem to solution Ð create a design model
Step 3.1. Create solution domain sequence diagrams

Step 3.1.1. Create state diagrams, activity diagrams, etc. as needed
Step 3.2. Create Class diagrams

Step 3.2.1. Create package diagrams as needed
Step 3.3. Create Class-Relationship-Collaboration (CRC) cards
Step 3.4. Create an Engineering Test Plan
Step 3.5. Update artifact dependency graph

Step 4. Trace problem to solution Ð develop the implementation
Step 4.1. Use CRC cards and sequence diagrams to create implementation code
Step 4.2. Execute engineering test plans
Step 4.3. Create deployment diagrams as needed

Step 1. Achieving Collective Development: Making a Business Case for the
Product/Service

The first step in the process is to make a business case for the product or service. While this
aspect of the productÕs life cycle is often considered to be outside the purview of the technical
team, it is important that the technical team understand the business priorities that drive the
inclusion of certain features in the product, and can interface with the other arms of the
organization in a way that enables them to understand better the technical feasibility of achieving
certain features given the resource/time constraints. This is the essence of ÒCollective
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DevelopmentÓ Ð an ambitious goal. Recognizing differences in organizational cultures, SEEM
seeks to define the minimal organizational interface requirements for this effort. The essential aim
is to ensure that the whole organization is aware of the rationale for developing this product or
service Ð i.e., everyone is Òon boardÓ and Òknows why we are doing thisÓ.  Artifacts created at
this stage should not be heavy on technical content, so that both the technical and the
business/marketing personnel of the organization can understand them.

Step 1.1. Creating a Business Context Diagram

Figure 1.  Business Context Diagram

The principal artifact created at this stage is the Business Context Diagram. The diagram
identifies the primary stakeholders in the new product. Refer to Figure 1 for an example of a
Business Context Diagram for a Vending Machine. The labels on the lines from the stakeholders
to the product describe the stakeholderÕs interest in the most general terms. These will be further
Òfleshed outÓ later. 

Good candidates for stakeholders can be obtained via extensive discussions and brainstorming Ð
possibly involving a number of domain experts. It is important to consider the people that interact
with your product (e.g., users, customers, service persons), organizations that interact with or
influence your product (e.g., regulatory agencies) and other systems (e.g., third party-supplied
sub-components that are bought rather than built in-house). Note that you should only consider
stakeholders from the problem domain, and not the solution domain. For example, a specific third
party product vendor who sells this product only for a particular technology platform is not a
stakeholder who needs to be considered at this point.
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Figure 1 shows an example of a Business Context Diagram for a Vending Machine.

Step 1.2 Creating Stakeholder Profiles

For each Stakeholder identified in the diagram, identify its value proposition Ð i.e., describe the
value that the stakeholder derives from the proposed new product or service. The primary
intention of this step is to precisely identify the benefits accruing to each stakeholder, as well as
the disadvantages or disruptions that other stakeholders (e.g., competitors) will suffer. Such
information helps the marketing folks Ð e.g., they can use it to analyze pricing possibilities for the
new product/service Ð and also the technical folks Ð e.g., they can use it as a starting point for
identifying the principal functionalities of the new product/service.

Figure 2 shows a sample stakeholder profile, created using the SEEM template for this artifact,
for the Vending Machine. The entire Stakeholder Profiles artifact will consist of a collection of
such individual profiles.

Value propositions indicate the benefits that the stakeholder derives from the product, and the
contribution section indicates the impact that the stakeholder imposes on the product. Value
propositions may positive or negative, as shown above. It is important to keep the value
proposition and contribution descriptions as terse as possible, and ensure that they donÕt get too
detailed. The set of value propositions should be kept at the Òelevator pitchÓ1 level.

Stakeholder: Customer
Descr iption: An individual who will buy an item from the machine
Value Proposition:

- Can buy items from machine 24/7 (+) 
- Can buy items at increased locations (+)
- Need to carry cash to buy items (-)

Contr ibution to the Product:
- Useful in preparing Requirements artifact

Figure 2. Stakeholder Profile

Note that stakeholder profiles are identified for precisely the set of stakeholders identified in your
Business Context Diagram. Addition of further stakeholders to, or removal of certain stakeholders
from the Business Context Diagram will alter the contents of the Stakeholder Profile artifact.
Thus the Stakeholder Profile artifact derives from the Business Context Diagram artifact. SEEM
recommends that a Dependency Graph be created to keep track of this, and subsequent, artifact
dependencies that emerge as a result of following the process.

Step 2. Descr ibing the Problem: Creating a Precise and Unambiguous Problem Model

Step 2.1. Creating User Stories

The creation of User Stories map the needs of the stakeholders on to behavior sequences for
features to be included in the new product or service. UML [1] uses the term ÒUse CasesÓ to

1 An Òelevator pitchÓ is a brief synopsis of your thoughts or ideas suitable for presenting to your fellow
passengers in an elevator while riding up to your floor.
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describe such behavior sequences. Drawing on the concept from eXtreme Programming, SEEM
advocates the use of the term ÒUser StoriesÓ instead, in order to emphasize that the behavior
sequences must stay confined to the problem domain, and bring in no entities from the solution
domain. Therefore, although solution domain constraints, such as mandated technologies, may be
known at this point, it is vital that no entities identified with these technologies alone be
considered. We have found that a good way to ensure that ÒdriftÓ into the solution domain does
not happen is to think of the workflow associated with that particular sequence Òcompletely
manuallyÓ. In other words, forget that a computer, or any computer-related equipment exists, and
describe how you would get the job done without them. Role-playing exercises among the team
members can be of great help here. 

A good way to move towards identifying a complete set of user stories, and ensuring that their
associated behavior sequences are completely in the problem domain, is to discover a ÒmetaphorÓ
for the system. A metaphor refers to a non-technical, real world environment where a system can
be identified with behaviors that are typical of what you can expect in the product or service
under development. For example, for the Vending Machine, the metaphor of a Òpre-paid candy
storeÓ can be envisaged. In such a store, the owner (or his/her representative) would be seated at
the entrance, and the customer would walk in and deposit a certain amount of money with the
owner. After this, the customer would look at the jars of candy on the counter and ask for one unit
of some particular candy (lollipops, M & Ms, etc.). The owner would open the jar, hand over one
unit to the customer and then return the appropriate change. With this metaphor in mind, we can
identify typical behaviors associated with such a store Ð an obvious one is the ability to buy a
single item of some particular candy. Others include the ability to re-stock the jars and re-price
the stock Ð both of which can be done only by the owner or authorized representative. Thanks to
this metaphor, we now have a set of user stories for the system Ð buy item, re-price item and re-
stock item. More importantly, we can think of how each of these user stories would be
accomplished in such a store, thereby giving us the precise workflow, but in a non-technical way.
Consequently, we have a very good model of problem domain behavior. 

It is not always easy to find the right metaphor. Sometimes, for a very specialized system, the
metaphor may even need to be invented. Extensive stakeholder interviews can help to elicit
desired behaviors, and thus lead to the metaphor. Researching competitor products also aids this
process. Once identified, however, the metaphor is a great communication tool.

All expected behaviors of the system are shown in a User Story Diagram. As in UML, these
diagrams identify the user stories (behaviors) and also the actors associated with the user stories.
Figure 3 shows an example user story diagram for the Vending Machine system.

In addition to the user story diagram, each user story must be described in detail. As in UML, the
pre-conditions for each user story, and the sequence of events that realize that behavior, must be
identified. Figure 4 shows such a detailed description for the ÒBuy ItemÓ user story.
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Figure 3. User Story Diagram

Even though we use natural language to describe the sequence of events in the user story, we aim
to achieve the greatest level of precision and unambiguity possible in this description. SEEM
recommends that each event in the sequence be written to ensure that it conforms to the following
sentential form: WHO does WHAT to WHOM. With such an approach, the nouns involved in the
behavior are clearly identified, together with the verb associated with that event. Consequently,
we take a major step towards obtaining a high quality object-oriented (OO) architecture. A good
OO architecture enables us to measure cohesion and coupling in our system better, thereby
enhancing the reusability and extensibility of our system.

It is important to remember that effective communication among the team is an important goal
throughout the SEEM process. For this reason, SEEM recommends that user story diagrams be
kept simple, with at most 7 +/- 2 user stories on each diagram. If more user stories are needed,
consider breaking them out into other diagrams, which relate back to the main user story diagram
containing higher level (i.e., more abstract) user stories. Similarly, too few user stories may
indicate inadequate analysis. Therefore, it is important to check the identified user stories against
the value propositions in the stakeholder profiles. If you find that many of these value
propositions do not actually map to some user story, the set of identified user stories needs to be
reconsidered.

User Story Name:
Buy I tem

Descr iption:
The customer buys an item from the vendor.
Stakeholders:
 Item Vendor, Customer
Preconditions:

1. The customer knows the item he/she wishes to purchase.
2. The customer has the money to deposit with the vendor representative (vending clerk).
3. The item is available for sale.
4. The price of the item is known.

Sequence of Events:
1. The customer deposits a certain sum of money with the vending clerk.
2. The vending clerk counts the amount of the money deposited.
3. The vending clerk notes the customerÕs credit balance, and informs the customer of the

balance.
4. The customer selects the item to be purchased, and indicates his/her choice to the vending

clerk.
5. The vending clerk verifies that the customerÕs credit balance is enough to cover the purchase

of one unit of the item.
6. The vending clerk accesses the shelf and retrieves one unit of the item, and hands it to the

customer.
7. The vending clerk computes the change to be returned to the customer.
8. The vending clerk returns cash corresponding to the change.
9. The vending clerk puts the purchase amount into the cash register.

Results:
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1. The customer receives the item.
2. The customer receives the appropriate change.
3. The inventory of the item on the shelf is reduced by one unit.
4. The balance in the cash register is incremented by the sale price of the item.

Alternates:
1. After depositing money, the customer decides to not purchase anything.
2. The customerÕs credit balance is not enough to cover the purchase of one unit of the

selected item.
Entities Involved:
Vending Clerk, Customer, Shelf, Item, Cash, Cash Register

Figure 4. User Story Description

Every user story must achieve a distinct result for the user. Therefore, it is important to
avoid ÒfractionalÓ user stories. For example, ÒLoginÓ is not a valid user story, as it is only
part of a more important process (e.g., in the Vending machine, it is the first step of the
re-pricing process). Also, the sequence of events indicates a Ògreased pathÓ for this
behavior. Any deviations are factored out into alternates, which correspond to their own
user stories. Finally, it is important to remember that user stories are strictly in the
problem domain, so ensure that no solution domain entities are captured as nouns in the
user storyÕs events.

Step 2.2. Descr ibing the Problem: Creating an Analysis Model

SEEM considers Analysis to be a distinct phase in the process. The intention is to build a precise
and unambiguous model of the problem itself Ð therefore, it is important that the analysis artifacts
not venture into the solution domain. A significant artifact created in this phase is a UML
sequence diagram Ð in fact, these may be considered to be the basis of a good OO architecture.
Sequence diagrams are created for each user story, and indicate the workflow outlined in the
sequence of events in the user story. Figure 5 shows an example sequence diagram for the ÒBuy
ItemÓ User Story.
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Figure 5. ÒBuy ItemÓ Sequence Diagram
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Note that the individual events in the user story map to (sub)-sequences of events shown in the
sequence diagram. An exact mapping is not essential Ð however, the integrity of the workflow
must be maintained. Since we advocate that the user story be created Òcompletely manuallyÓ,
most of the responsibilities fall upon the main ÒhumanÓ entity Ð in this case, the Vending clerk. In
the sequence diagram, we can redistribute some of these responsibilities and still maintain the
mapping. In fact, such redistribution is essential in the interests of maintaining good cohesion. In
Figure 5, for example, the ÒshelfÓ entity is given the responsibility for checking balance adequacy
to purchase an item, though the user story indicates that the clerk makes such a check. Since each
shelf stocks a single item, it seems natural to think that the shelf should assume the responsibility
of doing everything dealing with the item itself, such as getting its price, and verifying the
balance against the price. This implies that the item is also ÒownedÓ by the shelf and is not visible
to the clerk, who only deals with the shelf. Thus, thanks to the cohesive shelf, the clerk is not
coupled to the item entity. 

It appears that we now have high cohesion and low coupling, which are the standard metrics used
to measure quality of the architecture (to the extent that such measurement is possible!). SEEM
recommends an additional metric be used Ð namely, protocol. This metric measures the
complexity of the interactions in a particular sequence diagram. In Figure 5, the shelf asks the
item for its price when the balance check is done. Later on, it asks the item for its price again,
when the clerk requests this price in order to compute the change to be given to the customer. The
same request is made, at two different points in time between which it is guaranteed that the price
will not change (this is a single-threaded system). This is wasteful, and therefore, bad protocol.
Figure 6 shows an alternative sequence diagram that rectifies this problem.

Figure 6 only shows those interaction sub-sequences that are different from Figure 5; namely,
those involving the handling of the actual buy request and the computation of the change. It is
interesting to note that in Figure 6, the clerk keeps the responsibility of verifying the adequacy of
the deposited balance Ð it is not delegated to the shelf. The clerk asks the shelf for the price,
however, which it keeps track of for a later computation Ð namely, that of the change to be given.
The clerk is still not coupled to item, but it does keep track of the itemÕs price for the duration of
the interaction sub-sequence. This gives us a better protocol, as can be seen from Figure 6, and
the mapping from the user story is still maintained.  

Simplicity of the sequence diagram is key Ð considerations of coupling, cohesion and protocol
help to achieve simplicity. At this point, measuring these is mostly subjective. Quantitative
measures for these metrics are subjects of further SEEM research. In this context, note that the
number of entities in the sequence diagram should be kept at 7 +/- 2. Consider decomposing more
complex diagrams into separate diagrams that are then related to each other.

SEEM recommends that at this stage the developers check to ensure that their user stories and
sequence diagrams are consistent. If necessary, the user story may need to be modified to adjust
to learning gained from the diagramming effort, and be consistent with the sequence diagrams.
This is the ÒProgressive LearningÓ aspect of SEEM. Note also that since user stories map to
sequence diagrams, the Dependency Graph must be modified to show this relationship. Any
subsequent change made to the user story must be considered to see how it impacts the sequence
diagram, and thus maintain the mapping.
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Figure 6. Alternative workflow for ÒBuy ItemÓ

Step 2.3, 2.4. Creating Entity-Relationship diagrams and ERC cards

Additional artifacts created at the Analysis phase are the Entity-Relationship-Collaboration
(ERC) cards and entity relationship diagrams. Entity relationship diagrams depict discovered
static relationships between the entities as obtained from the sequence diagrams. ERC cards show
the responsibilities of each entity, which are also computed as the ÒunionÓ of all individual
responsibilities identified for that entity in each sequence diagram. Figure 7 shows an example of
an ERC card for the ÒShelfÓ entity. 

Entity Name:
Shelf

Descr iption:
The entity on which a collection of physical items is maintained for customers to see and buy
Type:
Entity
Responsibility: Collaborating Entities:
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Open access to itself when right access key is used Access key
Verify enough space on itself to stock a certain number of items
Add a certain number of items to itself
Set a new price for its item by instantiating the item record and
changing the price in this record, and also by displaying the new price
on itself

Item

Process the request for dispensing one item by decrementing the
record of the ÒinventoryÓ on the shelf by one
Provide the price of its encapsulated item by getting from the item
itself

Item

Know one Item Item
Know number of current items on itself
Know maximum capacity of shelf
Know one Item name String

Figure 7. ERC card for ÒShelfÓ

Entity relationship diagrams show aggregation and inheritance relationships among the entities.
Consider the diagrams shown in Figure 8. 

Figure 8. Entity diagram

The sequence diagrams indicate that the Shelf has the responsibility of interacting with the Item.
Moreover, the sequence diagrams also show that the Shelf needs to access the Item in multiple
interactions it receives. Therefore, we may say that the Shelf needs to Òremember its ItemÓ for the
duration of its existence. Consequently, the Shelf has a life-cycle dependency with the Item entity,
as shown in Figure 8 above. Also, for this reason, the ERC card for Shelf shown in Figure 7 says
that Shelf Òknows one ItemÓ. 

An important point to note here is that the Item entity contains ÒpersistableÓ data. Persistable data
is data that is stored to and retrieved from permanent storage. Item encapsulates price data, which
needs to be remembered in permanent storage. Therefore, Figure 8 above shows that Item Òis-aÓ
Persistable. Note that it is immaterial how such persistence is achieved Ð in a file, database, etc.

Note that the artifacts described above are not the only ones that SEEM recommends. For single-
threaded systems, they are adequate for describing structure and behavior. For multi-threaded
embedded systems, other artifacts like state diagrams are also appropriate. Whichever set of
artifacts are used, the understanding of the problem model is now expected to be complete. Based
on the sequence diagrams, Customer Acceptance Tests can therefore be created at this point. Due
to space considerations, this paper will not present details of the SEEM Testing process. 
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Step 3. Tracing to the Solution: Creating a Design Model

The design phase introduces elements of the solution domain into the model. The objective of the
SEEM design phase is to ensure that the structure and behavior outlined in the problem model are
maintained after the introduction of these additional entities. The first task in this phase is to
identify the system boundary Ð i.e., the limit at which automation will begin. For the Vending
Machine, it is clear that the Vending clerk will be automated; hence this becomes a system entity.
More importantly, as the sequence diagrams show, this is the entity that requires a user interface.
The standard vending machine user interface Ð with a button pad to choose the rack and shelf is
envisaged, together with a display for showing the balance. This interface is encapsulated as a
new solution domain entity. User interactions that were shown in the problem model as going to
the Vending clerk now actually go to this entity, which then sends them on to the actual Vending
clerk entity that executes the functionality shown above. Such a workflow brings to mind the
Model-View-Controller (MVC) design pattern [2]. The user interface entity is actually a view-
controller entity of the pattern, and the Vending clerk is the model. Interactions in the problem
model between external actors and system entities map well to the MVC pattern, with the
involved system entity being the model that has associated view-controllers. Problem domain
sequence diagrams are augmented with solution domain entities, while ensuring that the essential
workflow shown in them is maintained. Figure 9 shows a part of the design level sequence
diagram for the ÒBuy ItemÓ user story that incorporates solution domain entities.

Step 3.1. Creating Design Sequence Diagrams

The form of the design sequence diagram is essentially that of the analysis sequence diagram. The
contents, however, reflect additional solution domain entities. For example, in Figure 9, the
Vending Clerk View entity indicates the interface to the machine itself. It is into this interface that
the user deposits various coins. The diagram above shows that, in accordance with the classic
MVC behavior, external stimuli (from actors outside the system boundary Ð in this case, the User
actor) go to the view entity, which then conveys the content of these stimuli to the associated
model entity (in this case, the Vending Clerk itself). The model entity processes the content of the
stimulus (i.e., computes the balance). In Figure 9, it can be seen that the processing of this content
is exactly the same as that shown in the Analysis sequence diagram of Figure 5. Moreover, Figure
5 indicates that the balance is conveyed back to the customer. Figure 9 maps this interaction to
the displaying of the balance on the view entity. Thus, we may say that the diagram of Figure 9
shows a discernible mapping of the behavior shown in Figure 5 to the solution domain.
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Figure 9. ÒBuy ItemÓ Design Sequence Diagram

In order to achieve such a discernible mapping we have used a well-known design pattern Ð
namely, MVC. The fact that this pattern is appropriate is reflected in the last three interactions
shown in Figure 9 above. These interactions illustrate that the interactions comprising the
remaining behavior shown in the sequence diagram can also be mapped to the solution domain
through the use of an additional view entity. The user selects the 2 buttons indicating the item she
wants to purchase, and the view entity figures out the item name corresponding to these buttons.
It then conveys the purchase request containing the item name to the associated model entity,
which then processes this request in exactly the same manner as shown in Figure 6 above. Results
of the purchase will be conveyed back to the view for handling Ð e.g., dispensing the sold item,
and dispensing appropriate coins for the change. The appropriateness of the MVC pattern
indicates that this pattern is the right tool to achieve abstractive decomposition in this context.
SEEM advocates the technique of abstractive decomposition in the mapping process from
problem to solution Ð the essence of this technique involves decomposing objects at a higher level
of abstraction into one or more objects at lower abstraction levels, with the requirement that the
complete set of behaviors associated with the object at the higher level should be fully performed
by the set of decomposed objects. In general, achieving abstractive decomposition requires using
a set of patterns as tools, as discussed in [3].

Finding the right patterns for abstractive decomposition is a significant challenge. Having a
Òknowledge repositoryÓ helps Ð such a repository could exist in the form of a set of people who
have significant prior experience in this domain, for example. In the absence of such a repository,
it is important to discover this knowledge, using whatever means available. SEEM considers this
process aspect to be Concept Discovery activity. Concept Discovery research may yield several
possible choices. Ranking these various choices and selecting the appropriate one for the projectÕs
context is called Concept Selection. We have found that a Pugh matrix approach, as advocated by
Design For Six Sigma (DFSS) [4] helps in the Concept Selection process. An example of using
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this approach is discussed in the Implementation section of this paper. Concept Selection
techniques remain as another major focus area for SEEM research. 

It should be noted that design level sequence diagrams might become very complex, thanks in
part to the additional solution domain entities present in them. In order to handle such complexity,
it is important to ensure that the entities in each diagram be of the order of 7+/-2. Additional
entities, and the behavior associated with them can be broken out into additional diagrams that
are referenced from the original (UML 2.0 has a good reference notation). Also, it is possible to
gradually move from the abstract, problem-domain only description to the fully concrete,
solution-domain description. While the first design level diagram can show some details by
expanding certain interactions, others may be kept at the abstract level. At a later phase, which is
called the ÒDetailed DesignÓ phase, there may be a full diagram that solely explains how this
interaction may be accomplished. For example, in Figure 9 above, we can see that the user selects
two buttons on the view entity, which is then mapped to an item name and sent over in a purchase
request to the model. Details of how this mapping is accomplished is not shown in this diagram,
which, however, makes clear that such a mapping exists, and also shows how the result of this
mapping is used. At the Detailed Design level, we can have a diagram showing how this mapping
is accomplished Ð perhaps by looking up a hard-coded table encapsulated by the view entity?
Depending on the Degree of Ceremony (DoC), we will create such a diagram and the button
selection interaction in Figure 9 above will reference this diagram. We will then see that this
selection interaction describes not only the user action, but also the mapping behavior that
follows this action. Creating this detailed design level sequence diagram is a matter of choice.
Recall that one of the main goals of the SEEM methodology is ensuring effective communication.
Such effective communication is needed even within the development team itself. The means of
achieving such effectiveness depend on the nature of the project itself, the expertise of the team
members, their expected longevity in the project, etc. Depending on the impact of this
combination of factors, the team may decide to document details in artifacts (High DoC) or not
(Low DoC). In the Vending Machine project, for example, let us assume that it is obvious to
everyone that the mapping from user-selected buttons to item name is achieved by using a hard
coded table held in the interface (using an appropriate technology). In such a situation, Low DoC
is appropriate.

Steps 3.2, 3.3. Creating Class Diagrams and CRC cards

The Design Phase also requires the creation of CRC (Class-Responsibility-Collaboration) cards.
Just as the ERC cards in the analysis are created considering the union of all responsibilities
outlined in the analysis-level sequence diagrams, the CRC cards are created from the design-level
sequence diagrams. One significant point to note about the design-level sequence diagrams is that
the labels on the arrows showing the interactions need to be considered carefully. At the analysis
level, these labels may be in a more Òfree formatÓ and the idea is to essentially convey the
behavior expected to be fulfilled by the destination entity. At the design level, SEEM suggests
these labels to correspond to depictions of explicit user actions and the data associated with them
when coming from an external actor (e.g., look at the ÒselectÓ interaction in Figure 9 above).
Similarly, for interactions between entities in the system, these labels correspond to explicit
method invocations (including the parameters involved in the interaction) or a return value (e.g.,
look at the ÒaskToBuyÓ interaction in Figure 9). CRC cards, therefore, indicate explicit attributes
and method signatures, as shown in Figure 10.

Class Name:
Shelf

Descr iption:
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The entity on which a collection of physical items is maintained for customers to see and buy
Type:
Entity
Responsibility: Collaborating Entities:
-myItem: Item Item
-myCurrentInventory, myMaxCapacity: int
-myItemName: String String
+verifySpace(additionalUnits: int): boolean
+addItems(additionalUnits: int): void
+setNewPrice(newPrice: float): void Item
+getItemPrice(): float Item
+sellItem(): void Vending Clerk

Figure 10. CRC card for ÒShelfÓ

The attributes and methods shown in the CRC card in Figure 10 relate directly to the
responsibilities shown in the corresponding ERC card in Figure 7. We already know that the
methods shown derive from the design level sequence diagrams, thus giving us full traceability
among all the artifacts. Each CRC card is a starting point for the code for that class. The Ô+Õ and
the Ô-Ô in the attribute and method names indicate public and private visibility for those attributes
and methods in the CRC card.

Class diagrams are also an important aspect of the design phase. They are created by supplying
additional detail to the Entity relationship diagrams from the design phase, and they impact the
CRC cards. For example, the class diagram derived from Figure 8 shows that the Shelf entity
aggregates one and exactly one Item entity. Consequently, the CRC card in Figure 8 shows that
one of the attributes of class Shelf would be ÒmyItemÓ, of class Item. We have found that
aggregation and composition relationships shown in class diagrams are useful Ð they indicate
attributes of classes that need to be part of an objectÕs state (i.e., information ÒrememberedÓ
throughout the existence of the object). Dependency relationships can clutter up class diagrams,
and are usually derivable from the Collaboration section of the CRC cards, and also the sequence
diagrams.

It is important to note that the mapping from the analysis level artifacts to the design level
artifacts should be self-evident. For example, workflows shown in design level sequence
diagrams should be obvious in the analysis level sequence diagrams, and vice versa. If this is not
the case, then the mapping has not been done correctly, and needs to be reconsidered
(ÒProgressive LearningÓ). Our experience indicates that mapping done keeping abstractive
decomposition in mind usually works well Ð mapping via functional decomposition usually loses
the traceability from analysis to design. Therefore, the right kind of Concept Discovery and
Selection that achieves abstractive decomposition is important. The use of the MVC pattern in the
example shown in Figure 9 above proved to be the right tool for abstractive decomposition for
such workflows between external actors and boundary entities. We have numerous examples of
abstractive decomposition tools/strategies for various typical workflows that can be seen in such
systems.

Step 4. Tracing to the Solution: Writing the Implementation Code

The design level class diagrams and the CRC cards are the starting point for the code. Again, the
right mapping strategy from CRC card to code must be known (or invented). The actual mapping
strategy used depends on various factors, such as the technology used in the actual
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implementation environment, the choice of programming language, hardware constraints
imposed, etc. For example, the mapping strategy for Persistable entities (such as Item in Figure 8)
could require mapping the Persistable entity to an Entity Bean in a J2EE [5] environment. By
doing so, the developers do not need to write the logic embodied in the Persistable classÕ CRC,
consisting of logic that enables read/write access to a repository such as a database. In a more
stand-alone, embedded environment, the Persistable class will need to be Òcustom writtenÓ in full.

The actual code skeleton for the classes in the implementation is derived directly from the CRC
cards. Using a Java/C++ like language, the code skeleton for the Shelf class shown in Figure 8 is
as shown in Figure 11 below.

public class Shelf
{

//----------------------------------------------------------------------------------
private Item myItem;
private int myCurrentInventory;
private int myMaxCapacity;
private String myItemName;

//----------------------------------------------------------------------------------
public Shelf(String itemName, int maxInventory, int initialInventory)
{

myCurrentInventory = initialInventory;
myMaxCapacity = maxInventory;
myItemName = É. ; // item name

}

//----------------------------------------------------------------------------------
public boolean verifySpace(int additionalUnits)
{É}

//----------------------------------------------------------------------------------
public void addItems(int additionalUnits)
{É}

//----------------------------------------------------------------------------------
public void setNewPrice(ßoat newPrice)
{É}

//----------------------------------------------------------------------------------
public ßoat getItemPrice()
{É}

//----------------------------------------------------------------------------------
public void sellItem()
{É}

}

Figure 11. Code of class ÒShelfÓ

The actual bodies of these methods are completed on the basis of the logic shown in the sequence
diagrams (and also activity diagrams, if any). The sequence diagram of Figure 6 above shows
how, for example, the ÒgetItemPrice()Ó method is to be completed. The body of this method is
therefore as follows:

public ßoat getItemPrice()
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{
if (myItem == null)
{

myItem = new Item(myItemName);
}

ßoat itemPrice = myItem.getPrice();
return itemPrice;

}

The Òactivation boxÓ corresponding to method ÒgetItemPrice()Ó is implied and evident in Figure
6. It lasts from the invocation of this method until the return of the price to the requestor (i.e., the
clerk). It is this logic that is exactly replicated in the code above.

Discovering and evaluating the right coding strategies are important activities at this phase. Of
particular interest are strategies for implementing workflows involving callbacks (such as the
callback from Shelf to Vending Clerk at the end of the ÒsellItem()Ó interaction in Figure 6, or the
callback from Vending Clerk to the Vending Clerk View to show the balance in Figure 9). For
callbacks from entities explicitly identified as models and views Ð such as the callback in Figure
9 Ð the ÒObserverÓ design pattern and frameworks for realizing it (e.g., J2SEÕs java.util.Observer
and java.util.Observable interfaces/classes) may be used. For other callbacks Ð such as that
required at the end of ÒsellItem()Ó in Figure 6 Ð which involve two system entities, strategies
similar to those outlined in [6] need to be used. Cohesion and coupling Ð at the code level Ð need
to be kept in mind while evaluating alternative coding strategies.

Once the code is developed, standard unit and integration testing strategies need to be used to
validate the developed system. Due to space considerations, we do not discuss them here, but
refer the interested reader to the SEEM cookbook shown at the ArchSynergy web site [7].

Progressive Learning
In the above sections of the paper, we have indicated how SEEM emphasizes building a precise
and unambiguous model of the problem itself, and how this model is precisely mapped to the
solution so that the latter is fully consistent with the former. This is what makes SEEM a holistic
approach, as we indicated at the beginning of the paper. The phases that the SEEM process
recommends be followed are completely consistent with the traditional waterfall model of
software development. A SEEM adopter does not have to change his/her development approach
completely, but just add a subtle flavor to his/her approach that contributes to success. Effective
communication is one aspect of such subtlety. By ensuring precision and unambiguity in the
problem model itself, we achieve one aspect of effective communication. More importantly,
however, ensuring that the mapping from the problem to the solution is self-evident contributes
more significantly to effective communication. It is often difficult to build the correct model and
discover the right mapping at the very first attempt. Consequently, Progressive Learning becomes
important in these activities. 

SEEM advocates that at the end of each phase, ÒlearningsÓ from that phase be captured to
illustrate what the team feels was done well in that phase, and also what problems arose.
Identified problems then need to be addressed in a way that effectively identifies the source of the
problem, and not just its symptom. Consider, for example, the body of the ÒsellItem()Ó method
shown in Figure 11. Figure 6 indicates that the code should include a callback to the invoker of
this method (in this case, the Vending Clerk). However, while writing the code, the programmer
discovers that there is no reference to the Vending Clerk object Ð it is not part of the state of the
Shelf object, nor is the reference passed in as a parameter of the method! SEEM advocates that
this fact be captured as a ÒlearningÓ. The team will then identify the cause of the problem
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indicated by this ÒlearningÓ. Usually, this means going to an earlier phase. If we look at the
sequence diagram in Figure 6, we realize that the sequence diagram violated a Òconsistency
principleÓ that should be applied to such diagrams Ð namely, that an entity can invoke only those
other entities it Òknows aboutÓ. It is possible to ÒknowÓ entities in various ways Ð it could be a
singleton [2], part of the invoking entityÕs state, created Òon the spotÓ, or passed in as a parameter.
The Vending Clerk of Figure 6 is none of these. 

Concluding Remarks

SEEM has been successfully used to teach Software Engineering classes at various academic
institutions and also in multiple industry projects. SEEM is a developing methodology, and as we
get more experience with its application to various different kinds of systems, we expect to refine
the methodology further and present its application to varied technologies.
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