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DESIGN METHODOLOGY 

This section considers the complete design methodology a design process for embedded 

computing systems. We will start with the rationale for design methodologies, then look at 

several different methodologies. Process is important because without it, we can’t reliably 

deliver the products we want to create. Thinking about the sequence of steps necessary to build 

something may seem superfluous. But the fact is that everyone has their own design process, 

even if they don’t articulate it. If you are designing embedded systems in your basement by 

yourself, having your own work habits is fine. But when several people work together on a 

project, they need to agree on who will do things and how they will get done. Being explicit 

about process is important when people work together. Therefore, since many embedded 

computing systems are too complex to be designed and built by one person, we have to think 

about design processes. 

The obvious goal of a design process is to create a product that does something useful. Typical 

specifications for a product will include functionality (e.g., cell phone), manufacturing cost 

(must have a retail price below $200), performance (must power up within 3 s), power 

consumption (must run for 12 h on two AA batteries), or other properties. Of course, a design 

process has several important goals beyond function, performance, and power. Three of these 

goals are summarized below. 

 Time-to-market: Customers always want new features. The product that comes out first 

can win the market, even setting customer preferences for future generations of the 

product. The profitable market life for some products is 3-6 months. If you are 3 months 

late, you will never make money. In some categories, the competition is against the 

calendar, not just competitors. Calculators, for example, are disproportionately sold just 

before school starts in the fall. If you miss your market window, you have to wait a year 

for another sales season. 

 Design cost: Many consumer products are very cost sensitive. Industrial buyers are also 

increasingly concerned about cost. The costs of designing the system is distinct from 

manufacturing cost, the cost of engineers’ salaries, computers used in design, and so on 

must be spread across the units sold. In some cases, only one or a few copies of an 

embedded system may be built, so design costs can dominate manufacturing costs. 



 
ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY 

 

EC8791 EMBEDDED AND REAL TIME SYSTEMS 

 

Design costs can also be important for high-volume consumer devices when time-to-

market pressures cause teams to swell in size. 

 Quality: Customers not only want their products fast and cheap, they also want them to 

be right. A design methodology that cranks out shoddy products will soon be forced out 

of the marketplace. Correctness, reliability, and usability must be explicitly addressed 

from the beginning of the design job to obtain a high-quality product at the end. 

Processes evolve over time. They change due to external and internal forces. Customers 

may change, requirements change, products change, and available components change. 

Internally, people learn how to do things better, people move on to other projects and others 

come in, and companies are bought and sold to merge and shape corporate cultures. Software 

engineers have spent a great deal of time thinking about software design processes. Much of 

this thinking has been motivated by mainframe software such as databases. But embedded 

applications have also inspired some important thinking about software design processes. 

A good methodology is critical to building systems that work properly. Delivering 

buggy systems to customers always causes dissatisfaction. But in some applications, such as 

medical and automotive systems, bugs create serious safety problems that can endanger the 

lives of users. 

 

DESIGN FLOWS 

A design flow is a sequence of steps to be followed during a design. Some of the steps 

can be performed by tools, such as compilers or CAD systems; other steps can be performed 

by hand. In this section we look at the basic characteristics of design flows. 

Figure 1.4.1 shows the waterfall model, the first model proposed for the software 

development process. The waterfall development model consists of five major phases: 

requirements analysis determines the basic characteristics of the system; architecture design 

decomposes the functionality into major components; coding implements the pieces and 

integrates them; testing uncovers bugs; and maintenance entails deployment in the field, bug 

fixes, and upgrades. The waterfall model gets its name from the largely one-way flow of work 

and information from higher levels of abstraction to more detailed design steps (with a limited 

amount of feedback to the next-higher level of abstraction). Although top-down design is ideal 
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since it implies good foreknowledge of the implementation during early design phases, most 

designs are clearly not quite so top-down. Most design projects entail experimentation and 

changes that require bottom-up feedback. As a result, the waterfall model is today cited as an 

unrealistic design process. However, it is important to know what the waterfall model is to be 

able to understand and how others are reacting against it. 

 

Figure 1.4.1 The waterfall model of software development 

[Source: Computers as Components - Principles of Embedded Computing System Design by Marilyn Wolf.] 

 

Figure 1.4.2 The spiral model of software design 

[Source: Computers as Components - Principles of Embedded Computing System Design by Marilyn Wolf.] 
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Figure 1.4.2 illustrates an alternative model of software development called the spiral 

model. While the waterfall model assumes that the system is built once in its entirety, the spiral 

model assumes that several versions of the system will be built. Early systems will be simple 

mock-ups constructed to aid designer’s intuition and to build experience with the system. As 

design progresses, more complex systems will be constructed. At each level of design, the 

designers go through requirements, construction, and testing phases. At later stages when more 

complete versions of the system are constructed, each phase requires more work, widening the 

design spiral. This successive refinement approach helps the designers understand the system 

they are working on through a series of design cycles.  

The first cycles at the top of the spiral are very small and short, while the final cycles at 

the spiral’s bottom add detail learned from the earlier cycles of the spiral. The spiral model is 

more realistic than the waterfall model because multiple iterations are often necessary to add 

enough detail to complete a design. However, a spiral methodology with too many spirals may 

take too long when design time is a major requirement. 

 

Figure 1.4.3 A successive refinement development mode 

[Source: Computers as Components - Principles of Embedded Computing System Design by Marilyn Wolf.] 

Figure 1.4.3 shows a successive refinement design methodology. In this approach, the 

system is built several times. A first system is used as a rough prototype, and successive models 

of the system are further refined. This methodology makes sense when you are relatively 

unfamiliar with the application domain for which you are building the system. Refining the 

system by building several increasingly complex systems allows you to test out architecture 

and design techniques. The various iterations may also be only partially completed; for 
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example, continuing an initial system only through the detailed design phase may teach you 

enough to help you avoid many mistakes in a second design iteration that is carried through to 

completion. 

Embedded computing systems often involve the design of hardware as well as software. 

Even if you aren’t designing a board, you may be selecting boards and plugging together 

multiple hardware components as well as writing code. 

 

 

 

Figure 1.4.4 A simple hardware/software design methodology 

[Source: Computers as Components - Principles of Embedded Computing System Design by Marilyn Wolf.] 

Figure 1.4.4 shows a design methodology for a combined hardware/software project. 

Front-end activities such as specification and architecture simultaneously consider hardware 

and software aspects. Similarly, back-end integration and testing consider the entire system. 

In the middle, however, development of hardware and software components can go on 

relatively independently, while testing of one will require stubs of the other, most of the 

hardware and software work can proceed relatively independently. In fact, many complex 

embedded systems are themselves built of smaller designs.  
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The complete system may require the design of significant software components, 

custom logic, and so on, and these in turn may be built from smaller components that need to 

be designed. The design flow follows the levels of abstraction in the system, from complete 

system design flows at the most abstract to design flows for individual components.  

 

Figure 1.4.5 A hierarchical design flow for an embedded system 

[Source: Computers as Components - Principles of Embedded Computing System Design by Marilyn Wolf.] 

The design flow for these complex systems resembles the flow shown in Figure 1.4.5. 

The implementation phase of a flow is itself a complete flow from specification through 

testing. In such a large project, each flow will probably be handled by separate people or teams. 

The teams must rely on each other’s results. The component teams take their requirements 

from the team handling the next higher level of abstraction, and the higher-level team relies 

on the quality of design and testing performed by the component team. Good communication 

is vital in such large projects. When designing a large system along with many people, it is 

easy to lose track of the complete design flow and have each designer take a narrow view of 

his or her role in the design flow.  

Concurrent engineering attempts to take a broader approach and optimize the total 

flow. Reduced design time is an important goal for concurrent engineering, but it can help with 
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any aspect of the design that cuts across the design flow, such as reliability, performance, 

power consumption, and so on. It tries to eliminate “over-the-wall” design steps, in which one 

designer performs an isolated task and then throws the result over the wall to the next designer, 

with little interaction between the two. In particular, reaping the most benefits from concurrent 

engineering usually requires eliminating the wall between design and manufacturing. 

Concurrent engineering efforts are comprised of several elements: 

 Cross-functional teams include members from various disciplines involved in the 

process, including manufacturing, hardware and software design, marketing, and so 

forth. 

 Concurrent product realization process activities are at the heart of concurrent 

engineering. Doing several things at once, such as designing various subsystems 

simultaneously, is critical to reducing design time. 

 Incremental information sharing and use helps minimize the chance that concurrent 

product realization will lead to surprises. As soon as new information becomes 

available, it is shared and integrated into the design. Cross functional teams are 

important to the effective sharing of information in a timely fashion. 

 Integrated project management ensures that someone is responsible for the entire 

project, and that responsibility is not abdicated once one aspect of the work is done. 

 Early and continual supplier involvement helps make the best use of suppliers’ 

capabilities. 

 Early and continual customer focus helps ensure that the product best meets customers’ 

needs. 

REQUIREMENTS ANALYSIS 

Before designing a system, we need to know what we are designing. The terms 

“requirements” and “specifications” are used in a variety of ways some people use them as 

synonyms, while others use them as distinct phases. We use them to mean related but distinct 

steps in the design process. Requirements are informal descriptions of what the customer 

wants, while specifications are more detailed, precise, and consistent descriptions of the 
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system that can be used to create the architecture. Both requirements and specifications are, 

however, directed to the outward behavior of the system, not its internal structure.  

The overall goal of creating a requirements document is effective communication 

between the customers and the designers. The designers should know what they are expected 

to design for the customers; the customers, whether they are known in advance or represented 

by marketing, should understand what they will get. We have two types of requirements: 

functional and nonfunctional. A functional requirement states what the system must do, such 

as compute an FFT. A nonfunctional requirement can be any number of other attributes, 

including physical size, cost, power consumption, design time, reliability, and so on. 

A good set of requirements should meet several tests: 

 Correctness: The requirements should not mistakenly describe what the customer 

wants. Part of correctness is avoiding over-requiring the requirements should not add 

conditions that are not really necessary. 

 Unambiguousness: The requirements document should be clear and have only one plain 

language interpretation. 

 Completeness: All requirements should be included. 

 Verifiability: There should be a cost-effective way to ensure that each requirement is 

satisfied in the final product. For example, a requirement that the system package be 

“attractive” would be hard to verify without some agreed upon definition of 

attractiveness. 

 Consistency: One requirement should not contradict another requirement.  

 Modifiability: The requirements document should be structured so that it can be 

modified to meet changing requirements without losing consistency, verifiability, and 

so forth. 

 Traceability: Each requirement should be traceable in the following ways: 

 We should be able to trace backward from the requirements to know why each 

requirement exists. 
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 We should also be able to trace forward from documents created before the 

requirements (e.g., marketing memos) to understand how they relate to the final 

requirements. 

 We should be able to trace forward to understand how each requirement is 

satisfied in the implementation. 

 We should also be able to trace backward from the implementation to know which 

requirements they were intended to satisfy. 

How do you determine requirements? If the product is a continuation of a series, then 

many of the requirements are well understood. But even in the most modest upgrade, talking 

to the customer is valuable. In a large company, marketing or sales departments may do most 

of the work of asking customers what they want, but a surprising number of companies have 

designers talk directly with customers. Direct customer contact gives the designer an unfiltered 

sample of what the customer says. It also helps build empathy with the customer, which often 

pays off in cleaner, easier-to-use customer interfaces. Talking to the customer may also include 

conducting surveys, organizing focus groups, or asking selected customers to test a mock-up 

or prototype. 

 

SPECIFICATIONS 

In this section we take a look at some advanced techniques for specification and how 

they can be used. 

Control-Oriented Specification Languages 

We have already seen how to use state machines to specify control in UML. An example 

of a widely used state machine specification language is the SDL language, which was 

developed by the communications industry for specifying communication protocols, telephone 

systems, and so forth. As illustrated in Figure 1.4.6, SDL specifications include states, actions, 

and both conditional and unconditional transitions between states. SDL is an event-oriented 

state machine model since transitions between states are caused by internal and external 

events. 

Other techniques can be used to eliminate clutter and clarify the important structure of 

a state-based specification. The Statechart is one well-known technique for state-based 
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specification that introduced some important concepts. The Statechart notation uses an event-

driven model. Statecharts allow states to be grouped together to show common functionality. 

There are two basic groupings: OR and AND. Figure 1.4.7 shows an example of an OR state 

by comparing a traditional state transition diagram with a Statechart described via an OR state. 

The state machine specifies that the machine goes to state s4 from any of s1, s2, or s3 when 

they receive the input i2. 

 

Figure 1.4.6 The SDL specification language 

[Source: Computers as Components - Principles of Embedded Computing System Design by Marilyn Wolf.] 

The Statechart denotes this commonality by drawing an OR state around s1, s2, and s3 

(the name of the OR state is given in the small box at the top of the state). A single transition 

out of the OR state s123 specifies that the machine goes into state s4 when it receives the i2 

input while in any state included in s123.The OR state still allows interesting transitions 

between its member states. There can be multiple ways to get into s123 (via s1 or s2), and 
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there can be transitions between states within the OR state (such as from s1 to s3 or s2 to s3). 

The OR state is simply a tool for specifying some of the transitions relating to these states.  

 

Figure 1.4.7 An OR state in Statecharts 

[Source: Computers as Components - Principles of Embedded Computing System Design by Marilyn Wolf.] 

 

Figure 1.4.8 An AND state in Statecharts 

[Source: Computers as Components - Principles of Embedded Computing System Design by Marilyn Wolf.] 
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Figure 1.4.8 shows an example of an AND state specified in Statechart notation as 

compared to the equivalent in the traditional state machine model. In the traditional model, 

there are numerous transitions between the states; there is also one entry point into this cluster 

of states and one exit transition out of the cluster. 

In the Statechart, the AND state sab is decomposed into two components, sa and sb. 

When the machine enters the AND state, it simultaneously inhabits the state s1 of component 

sa and the state s3 of component sb. We can think of the system’s state as multidimensional. 

When it enters sab, knowing the complete state of the machine requires examining both sa and 

sb. The names of the states in the traditional state machine reveal their relationship to the AND 

state components. Thus, state s1-3 corresponds to the Statechart machine having its sa 

component in s1 and its sb component in s3, and so forth. We can exit this cluster of states to 

go to state s5 only when, in the traditional specification, we are in state s2-4 and receive input 

r. In the AND state, this corresponds to sa in state s2, sb in state s4, and the machine receiving 

the r input while in this composite state. Although the traditional and Statechart models 

describe the same behavior, each component has only two states, and the relationships between 

these states are much simpler to see. 

 

Figure 1.4.9 An AND/OR Table 

[Source: Computers as Components - Principles of Embedded Computing System Design by Marilyn Wolf.] 

The AND/OR table, to describe similar relationships between states. An example 

AND/OR table and the Boolean expression it describes are shown in Figure 1.4.9. The rows 

in the AND/OR table are labeled with the basic variables in the expression. Each column 

corresponds to an AND term in the expression. For example, the AND term (cond2 and not 

cond3) is represented in the second column with a T for cond2, an F for cond3, and a dash 
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(don’t-care) for cond1; this corresponds to the fact that cond2 must be T and cond3 F for the 

AND term to be true. We use the table to evaluate whether a given condition holds in the 

system. The current states of the variables are compared to the table elements.  

A column evaluates to true if all the current variable values correspond to the 

requirements given in the column. If any one of the columns evaluates to true, then the table’s 

expression evaluates to true, as we would expect for an AND/OR expression. The most 

important difference between this notation and Statecharts is that don’t-cares are explicitly 

represented in the table, which was found to be of great help in identifying problems in a 

specification table. 

 

 


