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Top-down design
In a very clear 1971 paper, Niklaus Wirth formalized a design procedure which had been used for years by the best programmers. Furthermore, his notions, although stated for program design, apply completely to the design of complex systems of programs. The division of system building into architecture, implementation, and realization is an embodiment of these notions; furthermore, each of the architecture, implementation, and realization can be best done by top-down methods.

Briefly, Wirth’s procedure is to identify design as a sequence of refinement steps. One sketches a rough task definition and a rough solution method that achieves the principal result. Then one examines the definition more closely to see how the result differs from what is wanted, and one takes the large steps of the solutions and breads them down into smaller steps. Each refinement in the definition of the task becomes a refinement in the algorithm for solution, and each may be accompanied by a refinement in the data representation.
From this process one identifies modules of solution or of data whose further refinement can proceed independently of other work. The degree of the modularity determines the adaptability and changeability of the program.

Wirth advocates using as high-level a notation at each step, exposing the concepts and concealing the details until further refinement becomes necessary.

A good top-down design avoids bugs in several ways. First, the clarity of the structure and representation makes the precise statement of requirements and functions of the modules easier. Second, the partitioning and independence of modules avoids system bugs. Third, the suppression of detail makes flaws in the structure more apparent. Fourth, the design can be tested at each of its refinement steps, so testing can start earlier and focus on the proper level of detail at each step.

The process of step-wise refinement does not mean that one never has to go back, scrap the top level, and start the whole thing again as he encounters some unexpectedly knotty detail. Indeed, that happens often. But it is much easier to see exactly when and why one should throw away a gross design and start over. Many poor systems come from an attempt to salvage a bad basic design and patch it with all kinds of cosmetic relief. Top-down design reduces the temptation.
I am persuaded that top-down design is the most important new programming formalization of the decade.
