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Although the decision table still looks almost the same as years ago, when it was mainly used 

to construct the logic of computer programs, there have been important changes in content as 

well as in applications. 

In this paper, the perceived evolution of decision table research and practice is examined, 

showing how the technique keeps popping up in different areas and disguises, because of its 

advantages of representation, completeness and consistency. 

In order to deal with some classical misconceptions, however, it is argued that a clear 

definition of the decision table concept and a number of standards have to be respected, such 

that the advantages of the decision table technique can be exploited to their full extent. 

Categories and Subject Descriptors: D.2.2 [Software Engineering]: Tools and Techniques-Decision 

Tables; D.2.10 [Software Engineering]: Design-Methodologies, Representation; H.l.2 

[Information Systems]: User/Machine Systems-Human factors; 1.2.5 [Artificial Intelligence]: 

Programming Languages and Software-Expert system tools and techniques; K.6.1 

[Management of Computing and Information Systems]: Project and People Management

Systems analysis and Design 

General Terms: Human Factors, Verification 



1. INTRODUCTION 

A decision table is a tabular representation of a procedural decision situation, where the 

various combinations of a number of condition states, with the resulting decisions, are shown 

as columns in a table. 

Although the decision table looks almost the same as years ago, when it was mainly used to 

construct the logic of computer programs, there have been important changes in content as 

well as in applications. The application area is not only enlarged towards other domains 

involving procedural decision situations, but the power of the decision table to represent 

complex decision situations in a compact way, easy to check for completeness and 

consistency, became more and more emphasized. A state of the art overview was provided 

by the excellent 1982 report of the CODASYL Decision Table Task Group: A Modern 

Appraisal of Decision Tables [4]. 

Recent developments, e.g. in the area of knowledge based systems and expert systems, 

however, have led to a renewed interest in the technique. Moreover, the development of 

specific software for computer-supported design of decision tables has removed the most 

important objection against the use of decision tables, viz. the complexity of construction. 

Over the years the decision table has been subject to several adaptations and extensions. The 

proposed extra features have caused a loss of simplicity and uniformity. The effect has been 

that the power and the applicability of the technique were reduced rather than enlarged. A 

back to basics approach seems recommended here. 

Based on experiences with the technique in a variety of application areas, this paper contains 

a detailed discussion about the requirements and proposed standards to be respected when 

working with decision tables. First an intuitive definition of the decision table and its 

application area is given. Next, the evolution is outlined, illustrated with an example from 

information systems practice. In the following section the formal definition of the decision 

table, its proposed form, contents and pragmatics are treated in more detail. Then a review of 

specific application areas is shortly presented. In the final section, automated decision table 

construction and interfacing using a decision table engineering workbench are briefly 

described. An extensive list of references illustrating some major evolutions and application 

areas is provided. 
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2. INTUITIVE DEFINITION AND APPLICATION AREA 

A decision table is a tabular representation used to describe and analyze procedural decision 

situations, where the state of a number of conditions determines the execution of a set of 

actions. Not just any representation, however, but one in which all distinct situations are 

shown as columns in a table, such that every possible case is included in one and only one 

column (completeness and exclusivity). 

"A decision table is a table, representing the exhaustive set of mutual exclusive 
conditional expressions, within a predefined problem area." (Verhelst [41]) 

The tabular representation of the decision situation is characterized by the separation between 

conditions and actions, on one hand, and between subjects and conditional expressions, on the 

other. Every table column (decision column) indicates which actions should (or should not) 

be executed for a specific combination of condition states. A simple example of a decision 

table is shown in figure 1. 

THE APPLICATION AREA OF DECISION TABLES 

Problem domain is selection y N 

Separation conditions-actions simple complex 

Common actions y N y N 

Decision table recommended X 

Decision table to be considered X X 

Decision table unsuited X X 

figure 1: an example of a decision table 

In a lot of cases, the use of decision tables to represent procedural decision situations is 

preferable to other representation mechanisms (such as texts, decision trees, flowcharts, IF

THEN rules, Hom-clauses, nested IF-THEN-ELSE structures, ... ). The most important 

advantages concern (cf. Verhelst [41], CODASYL [4], Vanthienen [35], [36]): 

- conciseness; 

- easy checking for completeness, consistency and correctness; 

- flexibility; 

-overview; 
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-readable in two ways (data oriented, goal oriented); 

- correctness and speed of decision making; 

-uniform communication medium; 

- automatic conversion into computer programs; 

- simple specification of test data; 

- ease of translation between languages. 

However, the decision table technique is not always superior to other techniques and the 

advantages are not always recognized to the same extent (see e.g. Vessey and Weber [42] and 

Subramanian, Nosek, Raghunathan and Kanitkar [33]). Nor is it true that no disadvantages 

can be found (Vanthienen [35]). In this respect, the following considerations are important 

(figure 1): 

- The decision table has to represent a selection. Earlier attempts to fit for instance iterations 

in the decision table format (by using several "entry points") did not result in more 

convenient arrangements than conventional program structures. The decision table must be 

thought of as a structured one-entry-one-exit component, that can, however, be part of an 

iteration, selection or sequence on a higher level (nesting). 

- The separation between conditions and actions has to be clear (at least on the level of the 

specification, thus before optimization) or easy to reach (for instance through the use of 

subtables or "bound actions"). When conditions and actions are heavily merged, it will be 

hard to construct a well-organized decision table, so that other notations (for instance the 

decision tree or the nested IF-THEN-ELSE structure) can be more appropriate. 

- The concise representation of the decision table appears to full advantage when various 

paths (columns in the contracted table) indicate common actions. In that case, the 

application area of the resulting actions is represented in a clearly structured and compact 

way, which makes the decision table a better alternative than the flowchart and the decision 

tree. 

The use of the decision table technique is appropriate, if these three conditions are satisfied 

(as is the case for the decision table in figure 1). Otherwise, other representation methods can 

be equivalent or even preferable. 

However, the existence of these three conditions does not imply that the application field of 

the decision table is small or unimportant. From the description of the historical evolution of 

decision tables, it can be seen that the application area has extended from computer 
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programming towards various other domains with logical complexity, as there are: laws and 

regulations, system development, classification and diagnosis, knowledge representation, 

structuring of management decisions, etc. Of course, this counts only for these problem 

situations in which the above mentioned conditions are satisfied. 
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3. EVOLUTION OF RESEARCH AND PRACTICE 

Though the decision table still looks almost the same as in the early days of its first 

developments, some profound changes can be noted concerning the contents and the 

application field of the decision table technique. See e.g. earlier descriptions of the stages in 

the history of decision tables (Pollack, Hicks and Harrison [27] and Maes [15]) or the 

extensive 1982 report of the CODASYL Decision Table Task Group: A Modern Appraisal of 

Decision Tables [4]. 

Originally decision tables were used to construct the logic of programs, but more recent 

developments show that the application field is much larger. Also the objective has changed: 

the emphasis has moved towards the power of the decision table to represent complex 

decision situations in a simple manner, easy to check for consistency, completeness and 

correctness. 

It therefore seems appropriate, without proceeding towards a detailed subdivision into distinct 

stages, to situate the main points of attention in the evolution of decision table research and 

development (figure 2). 

- The use of decision tables is first reported in 1957, in data processing applications (NCC 

[23]). Because of its representational capabilities, the decision table is introduced as a 

structured alternative to classical flowcharting. 

The ability to represent conditional logical expressions in a readable manner and the ease of 

adaptation and consistency checking are considered as a solution to the problem of 

increasing program complexity. 

A number of specific languages and initial preprocessors are developed rather soon (1961-

1962), to convert the two-dimensional decision table into common program code. Due in 

part to the limited efficiency of these simple processors, the increasing interest does not lead 

to general acceptance in the world of programming. 
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figure 2: evolution of the decision table technique 

- This gives raise to the enlarged attention (from 1965 onwards) to the optimization of the 

conversion process, soon followed by the emanation of more powerful commercial 

preprocessors. 

In this era (between 1965 and 1980), a lot of effort is devoted to the (theoretical) conversion 

of decision tables into efficient computer programs, leading to a growing list of conversion 

algorithms. These algorithms gradually make it possible to obtain an optimal program 

structure (with respect to execution time) starting from (often limited entry) decision tables. 

Some important algorithms (with year of publication), in chronological order: Pollack 

(1965), Reinwald and Soland (1966), King (1966), Mutukrishnan and Rajaraman (1970), 

Shwayder (1971), Verhelst (1972), Bayes (1973), Ganapathy and Rajaraman (1974), 

Shwayder (1974), Smillie and Shave (1975), Shumacher and Sevcik (1976), Lew (1978), 

Martelli and Montanari (1978), Sethi and Chatterjee (1980), Papakonstantinou (1980). 

For specific references, descriptions and results of these algorithms, see Pooch [28], 

Verhelst [41] and CODASYL [4]. 

The improved conversion algorithms lead to a new generation of advanced preprocessors, 

which do not only provide for program conversion, but also pay attention to various 

additional functions, testing features, compatibility with other generators, etc. (McDaniel 

[19], Maes [15]). 
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The development of new algorithms and preprocessors silently reaches an end about 1975 

(except for some theoretical results up to 1980). 

It is however not a coincidence that the diminishing interest in preprocessors and, later on, 

also in conversion algorithms keeps pace with the birth of the structured programming 

concept (Dahl, Dijkstra and Hoare [7], Jackson [10]). The continuing improvements in the 

area of decision table to program conversion gradually offer the solution to a wrong, or at 

least, less and less relevant problem (see e.g. Chvalovsky [3]), because structured 

programming is already able to achieve a considerable reduction in program complexity. 

It is e.g. no use trying to fit iterations and sequences into the strict decision table format and 

then to apply an optimal table conversion algorithm, as these structures can easily and 

efficiently be implemented in a structured language (the classical file merging problem is a 

typical example here, see e.g. Gildersleeve [8] versus Jackson [10]). 

These considerations, however, do not imply that the decision table technique is obsolete or 

incompatible with structured programming. Well-defined application of decision tables acts 

not as a substitute, but as an extension to structured programming control structures 

(V erhelst [ 41 ]) . 

But the diminishing interest in preprocessors and algorithms not only results from this 

change in application field. Even where the use of decision tables is possible or 

recommended, its practical implementation still seems to cause some problems. The reason 

is that, focusing on compilers and algorithms, the existence of the decision table itself has 

always been assumed, but few or no attention was paid to the process of constructing good 

decision tables, which does not constitute a trivial task. 

- While the application of decision tables in computer programming is reduced to the 

selection construct itself, the application area of the decision table technique enlarges 

towards other domains involving procedural decision situations. 

Its ability to represent logically complex situations in a readable manner and to check them 

for consistency and completeness, is not limited to the world of programming. 

In the era between 1970 and 1982, the application field of decision tables gradually extends 

to various other areas with logical complexity: information systems design, laws and 

regulations, analysis of specifications, structuring of management decisions, etc. (see e.g. 

McDaniel [18], Verhelst [41], Maes [15] and CODASYL [4]). 

The need for optimal program conversion, if already relevant, is not present here (yet). 

- The rise of the decision table as a means of structuring and communication, and the 

increasing emphasis on the construction process (instead of the efficiency of conversion), 

shows the need for structured development methodologies and computer support for the 

8 



construction of decision tables (Verhelst [39], Vieweg [43], Johnson and King [11], 

Verhelst [41], Maes [15], Maes, Vanthienen and Verhelst [17], Welland [44], CODASYL 

[4]). 

-With the introduction of the computer into the construction process (and, more generally, 

into the program specification and generation area), there is a growing need for various 

automatic transformations and manipulations (from 1980 onwards). 

This does not only refer to the decision table itself: expansion and consolidation, factoring 

and contraction, limited vs. extended entry conversion, reordering, ... (see e.g. Cheng and 

Rabin [2], CODASYL [4], Srinivasan [31], Vanthienen [37]). 

The transformations, however, are not limited to the decision table technique, as its 

representational and other advantages link it to other similar areas with logical complexity: 

optimal evaluation of queries (Papakonstantinou [26]), complexity measures of flowcharts 

(Maes [15], Lew [13]), classification problems (Moret [22]), correctness proofs (Lew [14]), 

logic programming (Reilly, Salah and Yang [30]). 

- In the eighties, the rise of rule based expert systems and the emerging problems of 

validation lead to the use of decision tables (or similar techniques) in knowledge validation 

and verification (Suwa, Scott and Shortliffe [34], Vanthienen [35], Cragun and Steudel [6], 

Puuronen [29], Colomb and Chung [5]). 

THE CHANGING APPLICATION OF DECISION TABLES: 
A BELGIAN EXAMPLE 

In order to understand the application of decision tables and its evolution in business life 

(mainly in the information systems departments), an inquiry was hold in 181 Belgian 

companies. The results are discussed in detail in Bertels [1]. 

In the first part of the inquiry the extent of use was examined. There were 97 respondents, 

45% of which applies decision tables. This is an important result, even if we assume that the 

non respondents make no or little use of decision tables. 

The companies which do not use decision tables were asked why. An overview is given in 

figure 3. 
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familiarity with other techniques 31% 
lack of necessity 18% 
lack of schooling 18% 
difficult to construct 11% 
difficult to adapt 7% 

figure 3: reasons for not using decision tables 

The above indicates that the information and technical knowledge concerning decision tables 

can be improved considerably. For instance, the difficulty of constructing does not serve as 

argument, for the effort that is "lost" by constructing the table, is in no time regained by using 

the table (easy and correct decision making). 

Only in 7% of the companies that work with decision tables, a preprocessor is used to convert 

the table into program code. Condition test times and column frequencies, necessary to 

optimize the conversion process, are hardly considered. This illustrates the decreased 

relevance of (optimal) conversion algorithms and preprocessors. 

It can also be noticed that the application area of decision tables has enlarged from the 

programming phase towards the full system life cycle, and especially towards the domain of 

system analysis and design (CODASYL [4]). Figure 4 gives for each phase of the life cycle 

the number of companies that apply decision tables in that phase in proportion to the total 

number of decision table users. 

specification 52% 
system design 84% 
system construction 75% 
system delivery 30% 
operation 27% 
maintenance 43% 

figure 4: the application of decision tables in the system life cycle 

The way in which decision tables are used and the kinds of tables that are used are in a less 

favourable position. This appears from the second questionnaire of the inquiry, that was sent 

to the users of decision tables and asked after more details concerning the usage modalities. 

The results are shown in figure 5. 
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only limited-entry conditions 39% 
open subtables (GOTO-binding) 50% 
repeat actions 39% 
ELSE-column 61% 

figure 5: kind of features used 

This confirms the supposition that the majority of constructed tables are multiple hit tables 

(with an ELSE-column), which are, as will be explained further in this article, far from clear, 

difficult to check for exclusivity and completeness and hard to maintain. The use of limited 

entry conditions creates numerous impossibilities and thus intensifies these shortcomings. 

Based on the way in which decision tables are used, 14% of the users can be catalogued as 

advanced (extended entry tables, closed subtables, systematic construction methods) and 14% 

as primitive (limited entry tables, no subtables). The rest is found between these two 

extremes. 

Figure 6 gives the start periods of the application of decision tables. It illustrates the 

diminished interest between 1975 and 1980 and the relative revival after 1980, probably as 

result of the enlarging of the application field. 

1968-1974 47% 
1975-1980 21% 
after 1980 32% 

figure 6: start periods of the application of decision tables 

A striking result from the inquiry is that the late starters make a better use of the technique. 

Probably, the early starters continued working in the same obsolete way. The average start 

period of the advanced users is 1981, that of the primitive users 1970. 

Finally the users were asked after positive and negative experiences with decision tables. The 

results are shown in figure 7. 
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advantages disadvantages 

. correct decision making 62% . difficult to read 43% 

. verification possibilities 62% . difficult to adapt 35% 
• clearness, compactness 51% . construction time 30% 

and overview 
. speed of decision making 22% 

figure 7: advantages and disadvantages of the use of decision tables reported by users 

It is clear that more advantages than disadvantages are met with the decision table technique. 

Moreover, one can say that the disadvantages are situated on the level of schooling and 

computer support and are often a consequence of a wrong use of the decision table. 
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4. FORMAL DEFINITION AND NOTATION SCHEME 

In order to make a meaningful use of decision tables possible, the decision table has to be 

defined clearly and must meet the important requirements of consistency and completeness. 

For these purposes, the decision table is defined as function in this section. The formal 

definition part is a refined and extended version of definitions in CODASYL [4]. 

Furthermore, the standards that have to be respected, are discussed in detail. 

4.1 FORMAL DEFINITION 

A decision table describes a procedural decision situation, characterized by one or more 

conditions, whose combined states determine the execution of a set of actions. The table 

uniquely relates each possible combination of condition states to a combination of action 

values. 

The condition set C = { Cj} (i= l..cnum, with cnum the number of conditions), is the set of 

conditions Ci. Each condition Ci consists of a condition subject CSi, a condition domain CDi 

and a set of condition states CTi: 

CS = { CSj} (i= l..cnum) is the set of condition subjects; 

CD= { CDi} (i= l .. cnum) is the set of condition domains, 

with CDi the domain of condition i, i.e. the set of all possible values of condition 

subject CSi; 

CT = { CTj} (i= l..cnum) is the set of condition state sets, 

with CTi={CTik} (k=l..ni) an ordered set of ni condition states CTik, where each 

condition state is a logical expression concerning the elements of CDi, that 

determines a subset CTik, of CDi such that CTi'={CTik'}, the set of all these subsets, 

constitutes a partition of CDi; 

According to the definition of a partition, the subsets CT ik' satisfy equations: 
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i.e. the union of the subsets equals the original set CDi (completeness of the condition states) 

and the subsets are disjoint (exclusivity of the condition states) (cf. Verhelst [41]). 

The condition state sets Cfi are assumed not to be singletons. In other words, every condition 

must have at least two states. If the number of states is reduced to two (often Yes, No), the 

condition is called "limited entry", otherwise the condition is called "extended entry". 

If the cartesian product of n sets S 1, S2, ... , Sn is given by: 

the condition space CR can be defined as the cartesian product of the condition state sets Cfi. 

An element of CR is called a condition entry or a condition combination. 

condition subject: CS1 =Type of book 
condition domain: CD1 = {hard cover, normal, pocket} 
condition states: cr 1 = {hard cover, normal, pocket} 
partition: CT1' = {{hard cover}, {normal}, {pocket}} 

condition subject: CS2 = Customer is wholesaler 
condition domain: CD2 = {true, false} 
condition states: cr 2 = {yes, no} 
partition: cr 21 = { {true}' {false}} 

condition subject: CS3 = Quantity ordered (X) 
condition domain: CD3 = {0, 1, 2, ... } 
condition states: cr3 = {X<5, X>=5} 
partition: CT3' = { {0, 1, ... , 4}, {5, 6, ... } } 

C = {C1 , C2, C3} 
= {(CSt, CT1), (CS2, CT2), (CS3. CT3)} 
= {(Type of book, {hard cover, normal, pocket}), 

(Customer is wholesaler, {yes, no}), 
(Quantity ordered, {X<5, X>=5})} 

CR = cr 1 x cT 2 x cr 3 
= {(hard cover, yes, X<5), (hard cover, yes, X>=5), 

(hard cover, no, X<5), (hard cover, no, X>=5), 
(normal, yes, X<5), (normal, yes, X>=5), 
(normal, no, X<5), (normal, no, X>=5), 
(pocket, yes, X<5), (pocket, yes, X>=5), 
(pocket, no, X<5), (pocket, no, X>=5)} 

figure 8: examples of conditions 

The action set A = {Ajl (j=l..anum, with anum the number of actions), is the set of actions 

Aj, each action consisting of an action subject and an action value set: 
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AS= {ASj} (j=l..anum) is the set of action subjects; 

AV = {AVj} (j=l..anum) is the set of action value sets, 

with AVj = {AVjJ} (l=l..mj) the set of mj action values, that is, in the first instance, 

equal for every action subject, viz. {true, false, nil}. The ease of control during the 

construction of the decision table, suggests this reduction to "limited entry" actions. 

Once the construction process is finished, the various actions can be joined in order to 

increase readability. 

The logical values "true" and "false" indicate that the regarded action has to be executed (x), 

resp. should not be executed (-). The domain is extended with the value "nil" (.). This value 

means neither "true" nor "false", but unknown or undetermined. If in a given situation 

nothing is specified for a certain action, it does not necessarily mean that the action must not 

be executed, but that the value is not determined (yet). 

The action space AR is the cartesian product of the action value sets. An element of AR is 

called an action entry or an action configuration. 

A1: action subject: AS1 =Special discount (5%) 
action values: A V 1 = {true, false, nil} 

A2: action subject: AS2 =Free delivery 
action values: A V 2 = {true, false, nil} 

A ={A-} 
= {(ASj, AV)} 
= {(Special discount, {true, false, nil}), 

(Free delivery, {true, false, nil})} 

AR =AV 1 xAV2 
= {(true, true), (true, false), (true, nil), 

(false, true), (false, false), (false, nil), 
(nil, true), (nil, false), (nil, nil)} 

figure 9: examples of actions 

The decision table DT is a relation which maps condition entries into action entries. 

DT c {(x, z) I x E CR and z E AR} 
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This relation is a function since each condition combination is related to at most one action 

configuration. 

This excludes the occurrence of ambiguity (various action configurations for one condition 

combination) and a special case of this, inconsistency (conflicting action configurations for 

one condition combination). 

The domain of the function is the condition space CR, since an action configuration is to be 

present for all possible combinations of conditions (completeness). 

Dom(DT) = {x I (x, z) E DT} = CR 

Only if impossibilities occur, which by definition do not belong to the relation and are often 

deleted from the table, the domain differs from the condition space. However, it is advisable 

to add also the impossible condition combinations and to indicate them (for the sake of 

completeness). 

Formally the decision table can then be defined as follows: 

The decision table is a function from the cartesian product of the condition states 
CR = CT 1 x ... x CT num to the cartesian product of the action values 
AR = A V 1 x ..• x AVa urn' ~Y which every condition combination x E CR is mapped 
into one (completenes~ and only one (exclusivity) action configuration z E AR. 

Note that different condition entries can be mapped into the same action configuration 

(according to the definition of a function). In the decision table, these situations will result in 

contraction, if possible. 

An example of the decision table as function is given in figure 10. 
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Type of book hard cover normal 

Wholesaler y N 

Quantity ordered < 5 >=5 < 5 

Special discount X X X 

Free delivery X 

DT = {((hard cover, yes, X<5), (x, -)), 
((hard cover, yes, X>=5), (x, x)), 
((hard cover, no, X<5), (x, -)), 
((hard cover, no, X>=5), (x, -)), 
((normal, yes, X<5), (-, -)), 
((normal, yes, X>=5), (x, -)), 
((normal, no, X<5), (-, -)), 
((normal, no, X>=5), (x, -)), 
((pocket, yes, X<5), (-, -)), 
((pocket, yes, X>=5), (-, -)), 
((pocket, no, X<5), (-, -)), 
((pocket, no, X>=5), (-, -))} 

figure 10: the decision table as function 

4.2 KINDS OFT ABLES 

>=5 

X 

pocket 

In practice one has to distinguish between different kinds of tables, with the decision grid 

chart at one end of the spectrum and the real decision table at the other end. 

The most important criterion when distinguishing tables, is the question whether all columns 

are mutually exclusive (single hit versus multiple hit). In a single hit table each possible 

combination of conditions can be found in exactly one (one and only one) column. This 

makes an unambiguous use of the table possible. 

If the columns are not exclusive, the first hit rule will often be used. This rule states that the 

first hit (from left to right) will determine which set of actions has to be executed, thus 

preventing contradictions. 

Another possibility is that all hits are used to determine the set of actions to be executed. In 

this case, each hit from left to right can add actions (not mentioned by previous columns) or 

delete actions (contradiction with previous columns) to the set. An interesting concept of this 

latter form is the so called decision grid chart (Strunz [32]), a tabular representation of a set of 

decision rules. 
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In both cases (first hit versus all hits) the same combination of conditions can occur in 

different columns of the table. As a result the overview over the columns is lost, and with it, 

the simplicity of inspection. For these reasons we do not consider these tables to be decision 

tables. 

Based on these considerations, the following subdivision is put forward: 

1. multiple hit tables (tables with non-exclusive columns) 

a) all hits 

the rule table or decision grid chart (table representation of the (action 

oriented) rule base) that serves as a basis to construct the decision table; 

b)first hit 

the "classic" multiple hit decision table as end product, has to be evaluated 

from left to right; 

2. single hit tables (decision tables) 

a) expanded 

the condition oriented table representation of all single decision columns, used 

to check whether the table is correct and completely filled out; 

b) contracted 

the compact, condition oriented, table representation of all decision columns. 

This grouping does not imply that one form is always better than the others. The decision 

grid chart (rule base) primarily has a specification function, and the expanded table has a 

verification function. When constructing decision tables we will use both forms in this order, 

as steps in the process leading to the contracted table. In this context Maes and Van Dijk [16] 

discuss the life cycle of the decision table, distinguishing between 'construction time', 'test 

time' and 'interpretation time' decision tables (corresponding to the types la), 2a) and 2b) 

respectively). 
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An example: Holidays 

The number of holidays depends on age and years of service. 

Every employee receives at least 22 days. Additional days are provided according to the 

following criteria: 

-Only employees younger than 18 or at least 60 years, or employees with at least 30 years 

of service will receive 5 extra days. 

- If the employee has at least 15 but less than 30 years of service, 2 extra days are given. 

These 2 days are also provided for employees of age 45 or more. The 2 extra days can not 

be combined with the 5 extra days. 

- Employees with at least 30 years of service and also employees of age 60 or more, receive 

3 extra days, on top of possible additional days already supplied. 

(Note the implicit assumption that it is impossible for employees younger than 18 to have 

15 or more years of service.) 

HOLIDAYS (multiple hit, all hits) 

Age of Employee <18 >=60 18-<45 45-<60 >=60 

Years in Service >=30 15-<30 >=30 

Assign 22 days X 

5 days extra X X X 

2 days extra X X 

3 days extra X X 

HOLIDAYS (multiple hit, first hit) 

1. Age of Employee <18 >=60 >=45 

2. Years in Service >=30 15-<30 

1. Assign 22 days X X X X X X 

2. 5 days extra X X X 

3. 2 days extra X X 

4. 3 days extra X X 
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HOLIDAYS (single hit) 

1. Age of Employee <18 18-<45 45-<60 >=60 

2. Years in Service <15 15-<30 >=30 <30 >=30 

1. Assign 22 days X X X X X X X 

2 . 5 days extra X X X X 

3. 2 days extra X X 

4 . 3 days extra X X X 

figure 11: different kinds of tables 

43 THENOTATIONSCHEME 

The decision table is represented as a table which is split by a double line, both horizontally 

and vertically, resulting in four quadrants. The horizontal line divides the table in a condition 

part (above) and an action part (below). The vertical line divides subjects and entries in resp. 

the stub (left) and the entry part (right). As can be seen in figure 12, the resulting quadrants 

are: condition stub, action stub, condition entries and action entries. 

condition stub condition entries 

action stub action entries 

figure 12: quadrants of a decision table 

This strict separation between conditions and actions is not always as simple as it might look: 

- Some actions (initializations, actions bound to a condition) have to be executed before 

testing certain conditions. This problem can often be solved by using initializations 

(possibly condition subtables), but this results in a quite complex notation. If the problem 

cannot be solved this way, the table will have to be split in subtables. 

- Some actions can already be executed after testing one or more conditions. This "rising" of 

actions (called hoisting) has the advantage that the relation with the conditions involved is 

illustrated more clearly. However, in general this mixture of conditions and actions will 

result in complex tables, thus loosing the overview. After all, since putting the action earlier 

is not strictly required because there are no order restrictions, this is already an attempt to 

optimize the table. 
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The entries part consists of columns (with condition states and action values) separated by a 

vertical line from the first different condition state. A column then contains a state for each 

condition or a contraction of states which yields the same result (possibly "irrelevant" ("-") if 

this is the case for all states), followed by the resulting value for each action. The order of the 

columns shows that only single hit tables are taken into account. 

If each column only contains simple states (no contractions or irrelevant conditions), the table 

is called an expanded decision table (canonical form), in the other case the table is called a 

contracted decision table (consolidated form). The translation from one form to the other is 

defined as expansion (rule expansion) resp. contraction (consolidation) (CODASYL [4]). 

The condition names or action names in the stub can refer to other tables (subtables). The 

replacement of these references by the tables themselves, the junction of tables, is called 

(table) expansion. The reverse process, the division into subtables, is defined as factoring. 

Some combinations of conditions may be impossible, in other words, they cannot occur. 

Such combinations may be deleted from the table (see further). Keep in mind that only real 

impossibilities are to be deleted, combinations that should not occur must stay in the table, 

since they will occur at some point in time (according to Murphy's Law). 

4.4 A PROPOSED STANDARDIZATION OF DECISION TABLES 

The following paragraphs impose a number of constraints to the use of the decision table 

technique. The constraints deal with the form as well as with the contents of the tables that 

are used (Verhelst [41], CODASYL [4]). These restrictions mainly emanate from the need to 

use the decision table as a well structured tool across application areas. 

The ten commandments on decision table usage are: 

• Requirement 1: Exclusivity and completeness of the columns (single hit tables) 

The decision table, defined as a function from the cartesian product of the condition states to 

the cartesian product of the action values, by which every condition combination is mapped 

into one and only one action configuration, has to meet the demand of completeness and 

exclusivity with respect to the columns. Therefore, each combination of conditions has to be 

included in one and only one column of the decision table. If this is not the case, the 

validation and the adaptation of the table will be next to impossible. This excludes the use of 
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the multiple hit tables (with partially overlapping columns), where the following ambiguities 

and incompletenesses are possible (which often results in the agreement that the columns 

should be evaluated from left to right): 

condition X y - y 

condition 1\ Y N - I condition y y N N 

condition z - N y 

• Requirement 2: Multi-valued states (extended entry conditions) 

The distinction between tables with limited, mixed or extended entries (limited, mixed- or 

extended-entry tables) is outdated. The condition part essentially consists of a number of 

conditions with a number of values ("states") for these conditions. Whether a condition 

happens to take several (mutually exclusive) values or only two (type boolean) is irrelevant. 

The argumentation that all tables with extended entries can be converted to limited entries 

(and thus do not have to be considered), neglects the modelling advantages that come with the 

higher level of the extended entry table (conciseness, manageability, abstraction power, 

overview). Moreover, the implementation with limited entries will always result in numerous 

impossibilities, since the different states should be mutually exclusive. This disadvantage 

weights heavier than the representational advantage obtained from the use of one-symbol 

states (e.g. Y/N). 

• Requirement 3: Exclusivity and completeness of the states (no ELSE-column) 

Each possible value of a condition has to be included in one and only one condition state. 

This means that the set of states for a condition has to obey the requirements of completeness 

and exclusivity concerning the states (Verhelst [41]). To obtain completeness, an ELSE-state 

for a condition may be defined. This state (called OTHER to prevent confusion with the 

ELSE-column) then contains all values of this condition that were not mentioned before. This 

does not mean that this state is a waste basket in which all kinds of hidden combinations of 

conditions are put, as it was the case for the ELSE-column. 

• Requirement 4a: Contraction of condition states (group-oriented contraction) 

Columns or groups of columns that only differ in the state value for one condition and that 

contain the same actions, are joined as much as possible. This is not only the case if all states 

of a condition lead to the same action configuration, which renders the entry irrelevant("-"), 
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but also if (groups of) consecutive states with the same action configuration occur. The states 

may simply be joined by a connector ("OR"). 

Examples: 

color 1/ black OR blue other 

j distance //A<=5 OR 5<A<=81 A>8j = /distance jjA<=81 A>8/ 

• Requirement 4b: Optimization of the decision table (row order optimization) 

There are several ways to optimize the layout or execution time of the decision table. In 

increasing order of complexity, optimization deals with: 

- Table contraction: minimizing the number of columns for a given condition order by 

combining (groups of) columns which lead to the same action configuration. 

- Row order optimization: this determines the condition order which results in the minimum 

number of (contracted) columns. The condition order is the same for all columns of the 

decision table. For a table with n conditions, this implies a choice between n! alternative 

condition orders, some of which might be infeasible because of precedence constraints. 

- Execution time optimization: depending on the purpose of the decision table, it might be 

transformed into optimal test sequences, taking into account condition test times and column 

frequencies (if available). If test times or frequencies are not supplied, the average number 

of tests is minimized. In the resulting execution tree, conditions are not always tested in the 

same order anymore. For a table with n limited entry conditions, this implies a choice 

between f(n) decision trees, where: 

f(n) = n.[f(n-1)]2, with f(l) = 1 

_ 2(n-2) 
- n.(n-1)2.(n-2)4.(n-3)8 ..... 2 

n-1 . 
= n (n-i)21 

i=O 
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= IT p<n-j) 
j=l 

As far as the decision table itself is concerned, row order optimization finishes the 

representation. Execution time optimization is important, but leaves the table representation. 

• Requirement 5: Tree structures (top-down readability) 

Only tree structured tables are taken into account. A tree structured table is a table that can be 

read top-down (stepwise refinement) by continuing to choose from the relevant condition 

states until a specific column (traditionally called "rule") is reached. This excludes the use of 

the so called multiple-hit tables (with overlapping columns), that have to be evaluated from 

left to right, as well as the use of the ELSE-column. In this case the decision table is a 

straightforward representation of the decision tree with all conditions tested in the same order. 

This eliminates "rule ambiguity" (more than 1 column satisfied) and simplifies testing for 

completeness. The tree structure also implies that the condition combinations occur from left 

to right in lexicographical order, in other words that the states of the lowest conditions vary 

first. 

Requirement 6: Concise representation (block-oriented notation) 

In order to obtain a maximal resemblance to the decision tree, it is advised that each node 

(condition entry) of a path is represented only once in the table, such that it is easier to read 

and to understand the table. Therefore, consecutive equal condition states (repeating 

themselves on the same row) with the same value for the higher conditions are only included 

once. In addition, this choice never makes the table larger, but in most cases considerably 

smaller, and this is an important concern when using decision tables. 
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The following notation is therefore preferred: 

customer wholesaler 

credit y I N 

instead of: 

customer wholesaler wholesaler 

credit y N 

Furthermore, the visual interpretation of the tree-principle means that a condition entry in the 

table (a "block") can never be enlarged by a following condition, but can only be split into 

other condition entries, depending on the relevant states of this last condition (if there are 

any). It can sometimes save place and time to violate the tree-notation by combining adjacent 

equal entries with different parents starting from some conditions (if this causes no 

ambiguities), exactly as adjacent branches in a decision tree can be brought together again. In 

this way equal (parts of) paths only have to be written once. Nevertheless, the effect on the 

readability is quite unfavorable. Therefore each vertical line, once started, has to continue to 

the bottom of the table without interruption: 

y N y N 

y N - y N -
instead of 

- - - - -

- y I N y I N - y N 

• Requirement 7: Predefined actions (refined action-entries) 

Actions can only take a specific set of predefined values, e.g.: execute (x), do not execute (-), 

unreferenced (.), contradiction (?), .... This restriction is derived from the need for a simple 

(automatic) manipulation and validation of decision tables. An additional advantage is that 

all action entries are one symbol entries and thereby easy to represent in the table. After 

finishing and validating the table (and only then) actions can be combined. 
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Requirement 8: Subtables (closed subtables) 

Subtables should be used whenever useful. All subtables are of the closed type, this means 

that after ending a subtable the calling table regains control (Metzner and Barnes [21]). This 

PERFORM-binding, in contrast to the GOTO-binding where each subtable explicitly has to 

indicate the paths to follow, is essential to the use of the decision table as an one-entry-one

exit structure element. Two types of (possibly recursive) subtables are possible: the action 

subtable which is a further specification of a certain action (comparable to a PROCEDURE or 

SUBROUTINE in programming) and the condition subtable which determines the value of a 

condition (comparable to a FUNCfiON in programming). 

• Requirement 9: Selection structure (no initialization or repeat actions) 

A decision table is the representation of a complex multiple selection. It should therefore not 

include initialization or iteration facilities. By considering the decision table to be a structure 

element, initialization columns or actions can be represented as a sequence, and repeat actions 

can be represented as an iteration: 

Initialization DOWHILE iteration needed 

table table 

Other structure elements can be solved by using table calls. The so called bound actions 

(actions that have to be executed before testing a certain condition) can be obtained by 

referring to a condition subtable where the action can be included as initialization. Moreover, 

a table can refer to itself as subtable. This is not a repeat structure, but a recursive call. 

Within the table as structure element nesting can occur. The following actions could for 

instance occur: selections (IF-THEN-ELSE statements, nested tables), sequences (compound 

statements) or iterations. It should be clear that usually there is not enough room available 

and that the readability of the table is put under heavy fire. It is therefore recommended to 

realize such nesting only through procedures and functions. 

• Requirement 10: Indication of impossibilities (contracted impossibilities) 

Some combinations of condition states are impossible because of the nature of the problem, 

such that the state value of a condition may be implied by state values of higher conditions. If 

this is the case, there are different ways to indicate the existence of impossibilities: 
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- Assign to a supplementary action: "impossible". This may be practical for the construction 

phase, but the impossible combinations result in a final table crowded with columns that do 

not occur anyway. 

- Deletion of the impossible columns. This frees the table of the redundant columns, but puts 

(at least with manual construction) a heavy burden on the demand of completeness because 

there is no indication where something was deleted. Furthermore, this deletion causes 

contraction problems because no minimal table width is obtained (Vanthienen [35]). 

- Deletion of the impossible columns with indication of the possible (implied) states with ! , * 
or 0. This is historically the most common method in the literature, but this approach is 

only suited for "limited entry" conditions. In this case there is an indication that something 

is impossible, but for more than two states it cannot be indicated unequivocally what exactly 

is implied. Moreover, the same contraction problems occur as sub b). 

- Contraction of the impossibilities. 

In this case, impossibilities are contracted with the neighboring (possibly all other) states. 

This results in tables of minimal width. Only the naming of the resulting states may 

sometimes be misguiding: it is possible that an irrelevancy is the indication of one or more 

implied states (cf. the meaning of"-" as "does not have to be tested "versus" should not be 

tested"). 

- Contraction of the impossibilities with indication of the impossible states. The 

impossibilities are then contracted, but it is indicated which of the states are impossible. 

However, this way of indicating causes notational overweight, and so the previous option is 

preferred. 
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5. APPLICATION FIELDS 

Decision tables have been used in a large number of applications and environments. Some 

examples of the more common areas of experience include: 

- modelling and verification of complex procedural decision situations in general; 

-information systems analysis and descriptions of systems requirements; 

- calculation of rates and premiums in banks and insurance companies; 

- checking technical specifications in manufacturing; 

- information systems design and programming; 

- dialogue structuring facilities and input screen processing; 

- generating test cases for program structures; 

- verification and visualization of legal procedures; 

- legal knowledge based systems; 

- checking consistency in medical treatments; 

- help desk applications for computer networks; 

- validation of knowledge based systems; 

- knowledge acquisition for medical expert systems. 

In the following, three important application areas are elucidated: 

- Originally decision tables were used to construct the logic of programs. Its use as a 

structured program component remained important over the years and was not made 

redundant by the structured programming concept. 

- Decision tables act as an intermediate between the specification of a decision process (text, 

procedure, etc.) and the real decision making act, allowing overview and verification 

throughout the lifecycle. 

- The application of decision tables in order to ease the design and maintenance of knowledge 

based systems, is a current subject. 

5.1 THE DECISION TABLE AS A STRUCTURED PROGRAM 
COMPONENT 

Ever since the birth of the decision table, its use in computer programs has been an important 

point of attention. The absence of decision tables in programming languages is not 

surprising, since the decision table is a two dimensional concept, difficult to fit into the linear 
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structure of a programming language. In the past, numerous compilers, translators and 

interpreters were developed, allowing this use of decision tables in programs. Naturally this 

resulted in an enormous variety of possibilities and limitations, not only in the processing of 

the table, but also in the representation. However, two important aspects were overlooked 

(and continue to be overlooked, e.g. in COBOL's new EVALUATE statement, which acts as 

a first hit multiple hit table): 

- Almost all the attention went to an efficient processing of the table and few or none to its 

development. 

- It was always assumed that the decision table has to be specified as table, leading to a 

variety of syntactical problems (aligning columns, continuation indicators, etc.), especially 

if extended entries are used. 

Automating the construction process of the decision table remedies these difficulties, because 

then a distinction can be made between the contents of the table (the decision logic) and the 

representation (that is not relevant to the computer). It then suffices to enclose the decision 

logic, expressed in decision rules, in order to use decision tables in programs, because the 

construction process of the table can be left to an intelligent editor and the translation into an 

efficient condition oriented selection is the task of the (pre)compiler (see e.g. Vanthienen 

[35]). 

5.2 THE DECISION TABLE: FROM SPECIFICATION TO DECISION 
MAKING 

The decision table is condition oriented and therefore effective in representing and 

displaying procedural knowledge, with such advantages as: overview, readability, 

consistency, completeness and correctness. 

This structured enumeration of decision columns, however, is not the way in which 

procedural knowledge is acquired, specified or described. Most texts, procedures, laws, etc. 

are described in action oriented, partial or modular decision specifications, not suited for fast 

and correct decision making. The specification method does not offer the representational 

advantages of the decision columns (easy checking for completeness, consistency and 

correctness). To this end, the decision table construction process allows to transform the 

action oriented specification into a condition oriented representation. 
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The decision table being a representation mechanism, (execution) optimization is not the main 

concern. But it will be, once the table has to be converted to an operational system or a 

manual decision making procedure, e.g. in order to minimize the total test time or the number 

of questions. The advantage of the decision table approach, however, is that implementation 

aspects can be separated from the representation, through transformation. 

The decision table approach, therefore, unifies these three complementary aspects of a 

decision situation (figure 13): specification, representation and optimization. 

REPRESENTATION 
(verification) 

• 

·----------------~--------------· 

SPECIFICATION 
(construction) 

IMPLEMENTATION 
(decision making) 

figure 13: three aspects of a decision situation 

5.3 DECISION TABLES AND EXPERT SYSTEMS 

Gathering the knowledge is one of the main problems in building knowledge based systems, 

and usually, during or after the knowledge acquisition process, a lot of contradictions and 

insufficiencies remain which have to be detected and solved. Also, maintaining the 

knowledge base is not a trivial task and often introduces unnoticed inconsistencies or 

contradictions. 

A lot of current knowledge based systems, however, offer little or no guarantees to support 

validation, change and complexity control. Verification and validation of knowledge based 

systems are receiving increased attention (Suwa, Scott and Shortliffe [34], O'Leary, Goulet 

al. [25], Larsen and Nonfjall [ 12]). 

It has been reported earlier (e.g. Vanthienen [35), Cragun and Steudel [6), Puuronen [29), 

Colomb and Chung [5]) that, in a vast majority of cases, the (decision) table technique is able 

to provide for extensive validation and verification assistance. It easily enables the designer 
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to check for contradictions, inconsistencies, incompleteness, redundancy, etc. in the problem 

specification. Most of the common validation problems (Nguyen, Perkins, Laffey and Pecora 

[24]) can easily be solved using decision tables (Vanthienen [38]). 

The decision table approach, however, offers more than validation and verification. Instead 

of building or generating decision tables only during the validation and verification process, 

they will also show significant advantages in the knowledge acquisition phase, in which all 

the information has to be transformed into a coherent substance (Merlevede and V anthienen 

[20]). Moreover, if the decision tables are available from the validation and verification 

process, they can be used to actually implement (and maintain) the knowledge based 

application. 
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6. DECISION TABLE AUTOMATION AND INTERFACING 

The ability of the decision table to check a given specification for completeness, consistency 

and correctness has widely been recognized, but few attention has been paid to the modelling 

process itself and the introduction of computer supported modelling. Because manual 

decision table construction is a cumbersome process, a design tool for computer-supported 

construction, manipulation, validation and optimization of decision tables has been built, 

called PROLOGA (PROcedural LOGic Analyzer) (Vanthienen [35], [38]). 

Also, the decision table formalism is not an isolated technique and shows a lot of interfaces to 

other representation formalisms such as program code, trees, rules, etc. Making good use of 

these connections, however, is only possible through flexible computer support. 

For these reasons, it is briefly indicated how the decision table engineering workbench 

addresses the issues of decision table modelling and interfacing, creating a significant added 

value to the decision table technique. 

6.1 THE DECISION TABLE CONSTRUCTION PROCESS 

A major drawback of the use of decision tables is the complexity of the manual building 

process. A lot of redrawing work results from small changes like adding or deleting 

conditions, condition states and actions. Some manipulations like the reordering of 

conditions are quite impossible to perform manually. It is a major aim of the workbench to 

free the decision table developer from this cumbersome drawing job. 

In addition, however, PROLOGA was designed to offer some fundamental modelling issues: 

- a powerful specification language (with provisions for expressing general rules, exceptions, 

preliminary results, restrictive causes and consequences, etc.); 

- interactive possibilities such as automatic checking for consistency, correctness and 

completeness; 

- optimization (optimal contraction, layout, decomposition into subtables or conversion into 

efficient program code). 

A number of manual methods for the construction of decision tables exist. Choosing an 

appropriate method will simplify the construction process and will increase both its efficiency 

and effectiveness. Depending on the characteristics of the problem domain, several methods 

can be distinguished, (Verhelst [41]), dealing with comparable stages when analyzing the 
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problem. The main difference between them is the order in which these stages are treated and 

the way they are worked out. The following stages can be distinguished: 

1. obtain conditions, condition states and actions of the decision situation; 

2. specify the problem in terms of decision rules; 

3.fill the decision table based on the rules; 

4. check for completeness, correctness and contradictions; 

5. simplify the decision table and display it. 

In PROLOGA the construction process largely follows the same steps as described in the 

manual construction method. When building decision tables, the designer essentially 

provides the system with the following information: a list of conditions with their states, a list 

of actions and a list of relations between condition states and actions (in the form of logical 

expressions or rules). This will enable the system to construct, display and optimize the 

corresponding decision tables. 

Throughout this basic modelling process, the following features are available in order to 

enable a flexible construction and manipulation of the decision table(s): 

- inserting, deleting, changing, reordering the elements of the decision table. The updates are 

immediately reflected in the decision table. 

- reference to condition or action subtables and display of the hierarchy of decision tables. 

- changing the table layout: expanded versus contracted, minimal column width, state 

repetition, column numbers, etc. 

- display and consultation of the equivalent decision tree. 

6.2 INTERFACING FEATURES OF THE DECISION TABLE 
WORKBENCH 

As already mentioned, a major advantage of automated decision table construction is in the 

possibilities it offers through links with other knowledge representation formalisms. 

Therefore a variety of bridges have been built between the workbench and other 

representations, resulting in a large application domain for decision table modelling. Figure 

14 gives an overview of these bridges. 
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Program 
Code 

Expert System 
Shells 

\ / Consultation 
Environment 

~ •• -----+ 

/ ~ 
Optimal Test 
Sequence 

Rules est-Class 
Cases 
Examples 
Decision Trees 

figure 14: interfacing features of the workbench 

The decision table engineering workbench thereby incorporates powerful knowledge 

acquisition and representation, table based verification, and adequate interfaces to common 

formalisms, shells and languages. 
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CONCLUSION 

Over the years there has been a major change in research and application areas of decision 

tables. Decision tables are not an outdated, isolated concept with very limited applicability. 

In order to deal with some classical misconceptions, however, it is argued that a clear 

definition of the decision table concept and a number of standards have to be respected, such 

that the advantages of the decision table technique can be exploited to their full extent. 

Focusing on the development and transformation process can make the decision table play a 

central role in designing, validating and implementing a large class of decision situations. 
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