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ABSTRACT 

 

This case involves Critical Logic, Inc., a software consulting company located in San Francisco, 

California, USA and Spokane, Washington, USA that performs software quality assurance services for a 

broad range of Fortune 500 companies such as Wells Fargo Bank and Oracle. 

 

The company’s approach to the issue of software quality is not typical; they use the concept of 

functional engineering, adapted from hardware chip design, to engage with software systems long before 

the testing phase typical in traditional software quality assurance. Functional engineering, in this 

context, involves the representation of the expected functional behavior of proposed software (implying 

completely detailed functional requirements) with mathematically complete models.  The history of this 

approach finds its origins in the late 1960s with two cutting edge IBM engineers, William Elmendorf 

and Richard Bender.  Elmendorf had the epiphany that the same manner of testing that was used for chip 

validation could be applied to software.  Subsequently, in the mid-1970s, Mr. Bender parted ways with 

IBM and launched his own enterprise to deploy the strategy.  Critical Logic founder, the late Peter 

Becker, worked for Mr. Bender in developing the tools used for functional engineering and cause-effect 

graphing and later started his company to provide the service to clients as a third-party vendor. 

 

The full paper further details the history of functional engineering as it applies to hardware (chip design) 

and how the approach came to be adapted to software design and testing.  Some of the models and 

algorithms (in particular Single Stuck Line or Stuck at Fault models) that the approach is based on are 

explained. 

 

In order to illustrate the process the paper then presents a fictional example of a functional model using 

an easily envisioned scenario; a portion of a web-based email system.  The software supporting the 

methodology has an elegant graphic user interface and the example illustrates the edit logic of an email 

entry field involving whether an email is submitted or not.  The functional engineering analysis reveals 

that what might initially be perceived as a very simple software problem has a surprising number of 

nodal decision points; ambiguity at any point resulting in potential defects.  The act of graphing the 

requirements one-step at a time flushes out ambiguous logic and forces the requirements to be boiled 

down to explicit rules.  When this approach is used early on in the software design process the resultant 

designs are much less prone to logic problems and the time to delivery and amount of rework are greatly 

reduced. 

 

After setting the stage by illustrating the technique, the paper details two actual applications of the 

methodology and analyzes costs and benefits of the approach in these instances.  What becomes clear is 

that this modeling solution allows functional/test engineers (the line between the two is significantly 
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blurred when models represent requirements as well as tests) to focus on building a graphical model of 

the expected behavior of the software, then rely on design software and other tools to analyze the 

requirements and generate the actual test cases.  Just as is typically taught in systems analysis and design 

classes, intervention earlier in the systems development life cycle is much less costly than rework of 

flawed designs later in the development process. 

 

This would seem to be a good thing, but while the company markets its services based upon its ability to 

reduce the rework required, this can, in practice, have an unintended consequence.  On occasion, the 

initial work that Critical Logic has conducted has revealed flaws in the number and scope for a given 

development such that the development has been suspended, abandoned or drastically changed; in all 

events limiting the opportunity for future services. In other words, the very efficacy of the approach has 

wound up costing the company work. 

 

The heart of the paper, then, is the presentation of the author’s innovative approach to valuing Critical 

Logic’s approach a priori by applying the work of Warren Harrison, who used common capital 

budgeting techniques to assess the value of project delays and risk.  Briefly, the argument is that, as a 

thought experiment, tightening the distribution of the cost of rework, a demonstrable outcome of the 

Critical Logic method, has, in and of itself, a calculable value on the cost of an overall software project.  

 

The paper concludes with what the company is currently doing to resolve their ‘victim of their own 

success’ conundrum and the author’s suggestions for future study. 


