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APPLlCATION OF SOFTWARE ENGINEERING 

TO DEVELOPt·1ENT OF REACTOR SAFETY CODES 

Ov~r the past two-and-a-half decades, the application of new techniques 
has reduced h~rdwa~e cost for digital computer systems and ·increased computa
tional speed by several orders of magnitude. A corresponding cost reduction. 

in business and scientific software development has not occurred. The sam~ 
situation is seen for software developed to model the thermohydraulic behavior 

·of nuclear systems under hypothetical accident situations. For all cases this 

is particularly noted when costs over the total soft\•lare life cycle are con
sidered. It has been shown in typical business cases that from the start of 
a development of a piece of software until it is retired approximately 80% of 
the total time and cost is spent in maintenance and debugging. Similar costs 
have been experienced with Air Force command and control software. On one 
aircraft computer, software development costs were roughly $75/instruction, 
while (software) maintenance costs ran as high as $4000/instruction. {l) It 
has been stated, "the fact that we spend so much time and energy and money 

on maintenance is an indication of our failure as designers. The fact that 

we spend so much time debugging is an indictment of our modular design, coding 
and testing methods ... (2) 

Traditional text specifications are poorly suited for software specifi
cation and communication. Graphic description techniques are a natural way 
to display the relationships involved but have not, in general, been applied 
except at the very late stages of ·flow charting existing codes. Translating 
mathematical boundary value problems into calculation procedures requires 
description of complex, implicit functional relationships and reduction to 
explicit functional dependence. 

A solution to this dilemma for reactor safety code systems has been 
demonstrat.ed by applying the software engineering techniques \'lhich have 
been developed over the course of the last few years in the aerospace and 
business communities. {3, 4) These techniques have been applied recently 

with a great deal of success in four major projects at the Hanford Engineer

ing Development Laboratory {HEDL): 1) a re\'lrite of a major safety code (r~ELT); 

2) development of a new code system (CONACS) for description of the response of 

LMFBR containment to hypothetical accidents, and 3) development of two ne\·1 

modules for reactor safety analysis. 



The paper discusses primarily the first two projects which were divided 
into four carefully structured phases. These phases are the key to a bug-free 

code without the usual extensive debugging. They are described as follows 

Phase 1: 

Algorithm Specification 

Phase 2: 
Program Specification (analysis) 

Phase 3: 

Program Design 

Phase 4: 

Implementation 

~lark Product 

.· 
a. Equations to be programmed 

.b. Nomenclature definition 
c. High level structured control 

logic 

d. High level data flow diagram 

e. Detailed structured English 

f. Detailed data flow diagram 
g. Data dictionary 

h. Program hierarchy chart 

i. Pseudo-code 

j. Coding 
k. Running Code 
l. Testing 

In addition to the above phases, a further element of the software engineer
ing techniques is the "walkthrough."(S) This technique, which is a review of 

each. phase by peers who are not intimately involved with its execution, results 
in detection of errors and bugs during the early phases of the project. .A 

more detailed description of the phases follows: 

Phase 1 

Algorithm specification uniquely defines the boundary value or initial 
value problem and solution method used to solve it. For success in later stages, 
the model and algorithm must be stated completely and correctly before the 

code design is even considered. This avoids propagation of fundamental errors 

that destroy all succeeding efforts. 
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Phase 2 

Program specification is a further refinement of the algorithm specifica
tion. It uses techniques borrowed from the business community (3,4) of detailed. 

data flow diagrams, detailed structured ·English, and a data dictionary. 

The structured English and data flow diagrams not only replace but go far 
beyond traditional flow charts. Flow charts display the sequence of operations 

on data but not the underlying data transformations and data flow between them. 
The particular sequence is arbitrary in many cases. For example, independent 

calculations which produce variable~ being collected as input for a furth~r 
calculation can be done in any order; in contrast, displaying them on a flow 
chart implies .that only one order is possible .. Their independence is obscured 
on the flow chart because it can only describe one-at-a-time sequences. The 
more important problem is the fact that the data transformation sequence is 
completely ignored. In view of this key shortcoming, it is not surprising that 
the flow chart is a rather ineffective tool for bringing program modules into 
harmony with the underlying mathematica 1 transformations, where meaningful 
groupings of operations on data are a measure of success. For structured 
control logic, the structured English specification supersedes flow charts. 
Data relationships only are displayed by the data flow diagram. 

Phase 3 

· Program design is concerned with the detailed modular design and control .of 
coding .. A major goal of this phase is the designing of subroutines which have 

unified, clear-cut and coherent functions. The structured English is reduced to 
pseudo code in this phase (a very high level structured language which! even 
though compilers. for it would not normally be available, provides explicit 

instructions to the programmer and controls the product code generated within 

close tolerances). 

Phase 4 

Coding and testing is begun at the top of the hierarchy chart defined in 
Phase 3. This saves writing driver routines for each successful level (needed 

when bottom up implementation is used) and serves to verify high level integration 

from the beginning. A basic advantage to this approach is that the overall code 
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is always operational in at least a limited, but continually expanding~ sense. 
.. 

This is opposed to the classic ~ethods which have been used for the most part 
· in both the business and scientific community of \'triting individual code modules 

and corresponding drivers to test these modules and then collectively putting 

all the modules together for a grand and ~lorious test. The toughest kind of 
debugging is encountered when all. these modules interact. The difficulty arises 

in determining whether the bugs ~re due to module interface errors (which is 
most likely) or whether the problems are in the individual modules. 

Results 

Applying thPse software engineering techniques to the above projects has 
made it possibl~ to control code characteristics more effectively. Design goals 
were pursued without carrying the large overhead of Fortran coding details. 
Program design was carried out at a higher, more problem-oriented level of 
abstraction. Coding was undertaken only after optimizing and debugging at ~he 
design stage. For example, it was possible to completely restate~ clarify and 
simplify the MELT algorithm while maintaining logical equivalence \'lith the 
original code. Algorithm restatement and simplification was done entirely in 
terms of structured programming constructs. Furthermore; it was possible to 
substantially simplify the very complex interfaces between modules of the MELT 

· system . 

... Walkthroughs ... during the early phases of the project identified significant 
bugs, which were eliminated prior to coding. Control of individual subroutine 
coding without \vriting it was demonstrated to a surprising extent. These 
techniques are well suited to controlling the coding efforts of relatively 
inexperienced entry-level programmers, thereby redistributing development labor 
and conserving talent. 

Because of the very explicit and bug-free subroutine design, it was possible 
to code .(in ~he case of a major routine in the MELT system) some thirty logically 

equivalent replacement routines and successfully execute the revised ·~rogram 

within three weeks elapsed time. The bug-free pseudo-code specification5 were the 
key to this accomplishment. In the past, typical debugging productivity for 

alterations to systems in the MELT class has been as low as one line per day 
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using very highly qualified people. Eliminating this \·taste of talent makes 

~ossible a greatly improved product code and which will result-in highly reduced 
costs. 

The full paper will describe in detail the software engineering techniques 
and their application, including appropriate data gathered during the project 

phases, to demonstrate how use of software engineerin-g techniques results in a 

much more maintainable code, co.st effective development of sofb1are, and general
ly more understandable documentation for users other t~an the -dev~lopers of the 
software. 
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