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ABSTRACT

The purpose of this thesis is to present an in depth study
of Decision Tables, The study includes both, the investigation of
the logical structure and the -nature of decision tables, as well as

the practical application of conversion procedures for electronic

data processing (EDP).

In the first part of this thesis a detailed mathematical
descriptioﬁ in terms of matrices, and the dharacterization of deci-
sion tables are introduced. Based upon these basic rules operations
are defined and used for the precisg investigation of ambiguity and
completeness of decision tables. The problems associated with split-
ting and merging the decision tables are discussed with the aid of
different types of links. Finally, different relations between deci-
"sion tables are defined, and based upon them algorithms for minimi-

zation of different types of decision talbes are included.

In the second part, a survey with detailed analysis of exis-
ting conversion procedures and algorithms is presented. This part

also includes testing and diagnostic procedures with some powerful

extensions,

The final part suggests an approach for implementing a deci-
sion table pre-compiler. The thesis is concluded by an attempt to
design a comprehensive example that indicates the power and advant-

ages of a good decision table pre-compiler,
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CHAPTER I: "INTRODUCTION

The recent development of third generation hardware in the
computers field and the increasing cost of the software necessary to
support it has lead different scilentists and mathematicians to design
autonated waysof software,generation such as coﬁpiler generators.
With the exception of report program generators (RPG'S) and sort pro-
gram generators no real attempt was made to automate the generation
of aprlication programs, which could lead to the elimination (to some
extent).of the costly job of the programmer. One possible approach -

for automation of user's program generation is decision tables,

The purpose of this thesis is to present an in-depth study of
the logical structure of decision tables as well as the practical

application of possible automated conversion procedures.

" Decision tables, as such, represent an organized method for
choosing a course of action upon the satisfaction of a set of speci-
fied conditions. The early use of decision tables was only as a
systems analysis tool, With the advent of more advanced conversion
techniques for converting decision tables intp computer programs,
today they are becoming an accepted tool for writing complex computer
programs both in commercial and scientifié applications., The main

advantages of the use of decision tables are :

1. ‘Direct communication language between the system analyst and the

computer.

2, High level, computer independent} programming language,



3. An advanced systeus analysis and design tool,

L, Enforces a clear problem statement and shows where informatioﬁ
is ambiguous or missing,

5. Provides a precise means of communication among functional per-.
sonnel.

6. Provides an effictive means of documentation and eliminates

much unnecessary verbal description which can be easily misin-~
terpreted,

7. Encourages modularity ofvprograms.

8. Enables visualization of complex situations.

9. An easily learned technique,

10, Decision tables are problem-oriented design methods rather than
machine~-oriented, .

1l. Reduces éiénificantiy the amount of technical knowledge of the

computer required by the systems designer.

.12. Provides easier maintenance of a system,

Presently, there are available a large number of conversion
processors for the automatic conversion of decision tables into com=-
puter programs, With the acceptance of these automated conversion
techniques, the precise definition and characterization of decision
tables is of vitai importance, This is required to avoid ambiguity -
between the intended logic in the decision table and the corresponding

computer program,

This thesis is divided into four parts:

l. Definition and characteristics of decision tables.



2, Manipulation of, and relations between decision tables.
3+ A survey of existing conversion methods and algorithms.

L, A suggested decision table pre-compiler,

In the first pari a generalized definition of decision
tables, that provides consistent nomenclature and classificéfion, is
introduced, This is déne 'in a matrix  format which is-
adaptable to mathematical treatment. Exact defiﬁitions for deci-
sion tables with unrelated conditions as well as with related condi-
tions, in terms of ambiguity and completeness,aré presented, These
definitions are in terms of the above defined matrix,and thus lend
themselves to mathematical treatment. Furthermore, this part in-

cludes the fundamentals required for the mathematical manipulation

of decision tables.

‘The second part is devotéd to the problems involved in the
splitting, merging, relationé and minimization of decision tables,
The problem of splitting decision tables is considered from the
point of view of splitting by rules, by conditions and by branching.‘
This is done by defining different types of linkages between decision
tables, The resulting decision tables are either in the form of
concatenated'tables, or in the form of é tree of decision tables,

It was found that merging, the inverse of splitting, could not

be generalized.,

The problem of relations between decision tables was consi-
dered from the point of view of isomorphism and equivalence. In

line with this =a féw algorithms, with the associated problems, are



presented. Finally, three procedures ﬁor the minimization of deci-
sion tables were developed. One, corresponding to rule minimization;
utilizes the concept of rule partitioning. The secohd corresponding
to conditidn minimization, combines a set of logically related con-
ditions into a single extended condition. The third, corresponding

to action minimization, combines a set of actions into a single ex-

tended action.

The third part contains a critical survey of existing conver-
sion procedures and algorithms., The procedures corrésponding to.
three différent conversion methods (the tree method, the mask method
and the computed GO TO method) are convered separately. The advan-
tages and the disadvantages of each conversion method are analysed
together with the characteristics of each algorithm., This part alsc
includes a set of theorems proving necessary and sufficient condi-

tions for testing and diagnostic procedures for conversion time and

"a set of testing procedures for run time,

The last part suggests a flexible decision table pre-compiler
based upon practical usage requirenents. 'ThiSMSCEeme'is'presented
in terms of syntactic and semantic description together with
suggested conversion procedures., Finally an attempt was made to
design a cbmprehensive example that indicates the usefulness of a
decision table pre-compiler (or compiler). The actual‘conversion of
this example into COBOL program code, using the steps of the sugges-

ted pre-compiler was done manually due to lack of funds necessary




for an implementation of a desired pre-compiler., The resulting

program was run on a Burroughs B-5500 computer, i




CHAPTER II, DEFINITION AND CHARACTERISTICS OF DECISION TABIES

The purpbse of this chapter is to introduce the general back-
ground required in the study ofldecision tables and to provide a
standard nomenclature. The latter is important as there are many .
uses of decision tables and thus, a number of different nomencla-

tures are used in existing literature,

In the first part of this chapter a general definition of
decision tables is given and a classification based upon this is
presented. The classification introduced here subdivides .
decision tables dinto 18 different classes, while the
existing literature subdivides them into 2, 4, or 6 classes. In
"the same section a: formal notation is introduced to éllow detailed

mathematical presentation.

In the second part of this chapter, a set of basic rule ope=-
rations is defined to allow the detailed characterization of deci-
sion tables. This characterization, which is based on redundancy,.
contradiction and completeness, is done seperately for tables with
unrelated conditions only as well as for tables with both related

and unrelated conditions.

II-1 DEFINITION AND CLASSIFICATION OF DECISION TABLES.

In this section we shall introduce a general definition of

decision tables, and based upon this we provide a classification of



decision tables, At the end of this section we also introduce a

list of notations,

II-1-1 DEFINITION OF DECISION TABLES:

RULES ELSE

l a L N N i L X ) p ’-P—"'l
1 .
2 :
CONDITIONS ;
STUB : Ji
q
1 .
2 :
ACTIONS 3 :
STUB ?"' |y
r

Fig. II-1-1

A decision table as indicated in Fig. II-1-1 has p (or p+l)
columns and g+r rows. The resulting table is subdivided into two

sub=-tables: A conditions sub-table and an actions sub-table,

The conditions sub-table is divided into two parts: the
CONDITION STUB containing the q CONDITIONS (condition statements)

and the CONDITION ENTRY MATRIX {cji}qxp'

A condition is LIMITED, cj, whenever it is completely spe-

cified in the condition stub, or EXTENDED, Cj, whenever the specifi~

cation of the condition is extended into the appropriate condition
row in the condition entry matrix. '
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provides a means of specifying the actions to be taken if none of

the other p rules is satisfied. Further discussion of the else rule

will be presented later.

The action sub-table is also divided into two parts; the AC-
TION STUB containing the r ACTION S{action statéments) and the ACTION
ENTRY MATRIX {aki} rip’ The action statement can be limited, G
whenever the action is completely specified in the action stub, or
extended, Ak, whenever the specification of the action is extended

into the appropriate action row in the action entry matrix,

With a limited action, a,., we associatethe set Wk = {x} and

with an extended action we associatethe set Wk = {wkl”" ’wkn,}

with n > 1.

th

The i“? column (ji of the action entry matrix represents the

actions and the order in which they are to be taken whenever the _:i.th

rule is satisfied. The kB

‘row of (Si denoted by (511; is "x"in the
linmited case,or an element of Wk in the extended case, wherever

the kth action is to be executed; otherwise, it will be blank, E

th

Accordingly, the ki entry of the action entry matrix A4 is

given by: ay = 6{: e = blanklx' € W

Note: The order in which the conditions of the table are
arranged is insigiificant in the above definition. This excludes
conditions such as testing a quantity for zero before performing

other tests which use that quantity as a divisor. This freedom in
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With the j'P condition we associate the set

Vg = Vg5
th

coo ,vjnj} with’nj $ 2. The j“* row of the condition entry matrix,
,03, associated with jth condition contains elements from the set

Vj or a don't care (sometimes denoted by "d",or left blankjor by

natt), It should be noted that only for extended conditions can n 3 2.

However in the case of limited condition Vy = {Y,N{, = 2.

o5

th

The i*® rule is represented by the i“" column of the con=-

dition entry matrix, 7’ i, whose jth

entry 7%’ is either a don't
care entry or an element from the set VJ._ Such a column 7i is
called an INCOMPLETELY SPECIFIED COLUMN or INCOMPLETE RULE (provi-
ding at least one of the entries 73’ is a don't care entry and not -

more than q-1 entries are don't care entries).

Thus the jith entry of the condition entry matrix is given

- i - j 0.._
€5y = 73‘ = D3 :s = don't careléiv:j

Equivalently D’i can be represented by a set of columns '
wi = {wil,wi.?.’". ,Uiv,ooo ,Uili}. Such a co:l.umnui is

called a COMPLETELY SPECIFIED COLUMN (completely specified rule)
h

and its ;jt entry w;;:v is an element of . V‘j .

Note that:

1<l s m:atx{na}m3x...np pMy XN3Xee o XNy 3esey nlxna...np_l}

A decision table may include the p+1SY column which is asso-

ciated with the so called ELSE RULE. This is a special rule which
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the order of conditions will allow us later to design effi~-
cient algorithms for treating decision ‘tables,

To clarify the above definition of decision tables we intro-
duce now an example of a decision table which includes the different
types of conditions, actions and rules,

RULE AND ACTION NUMBERS
CONDITION STUB 1 2 | eee i coe P +1
.4 X .4 L
‘1 A= B Y\\ N\ coe // N ,///Y E
g _P- 3 NN L35 | %
~ / c
[ R i) [, /o k1 Metl -
R 0 \\(:f ©
. : : @ : : L
/N5 ¢ 5D y | n | ... Y cie | -
J+l = Sor P - . S and P S
. ., . . . . S
g2 W = 3 0r 4| 5.5 -
(q-l REL U,V |U » V | U<V -
‘q T > A <A so0 | < A cee E
ACTION STUB
/l Ae-B X [ R X [N X}
Cié//fa Q(—-lO X see oo X
‘ K PERFORM Xl XZ ce e . Xl eoeo XS
é K'l"l Q@"E/Q X X se e X s e ."
Np G0 TO Pl P2 | uee P2 ee. | P1 |ERR

FIG. II-1-2
Example of IS-MCE-MAE decison table,
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b.
Ce
d.
€.
f.
g.
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Completely specified rule (providing the entries not shown
exclude don't care). .
Incompletely specified rules.

The else rule.

Limited condition entries.

Extended condition entries.

Limited action entries.

Extended action entries.

Note: The extended condition entries and action entries do

not necessarily represent all different possible conditions and

actions, In existing precompilers, interpreters and compilers

there are some limitations imposed on the user.

Many'other condition can be used, for example, testing a

field for numeric or alphabetic, etc. Some of the most commonly

used conditions and actions are summarized in later sections.

 II~1=-2 CLASSIFICATION OF DECISION TAPLES,

Decision tables are classified with respect to three major

characteristics: The don't care condition, the number of elements

in the sets VJ and the number of elements in the sets Wk.

i)

A decision table is called COMPLETELY SPECIFIED if it excludes

don't care conditions in its condition centries ¢ otherwise

jis
it is called INCOMPLETELY SPECIFIED, |

1i) A decision table is called LIMITED CONDITION ENTRY if all the

N
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sets Viy § = 1,2,0.0 ,q are of the type vy o= {Y,} and it is

called EXTENDED CONDITION ENTRY if all sets V., are of the type

J
VA = {V-- 0o 3
3 i ’VJQ§ n22 and Vy # {Y,N} § = 1,2,... ,q.

.Otherwise it is a MIXED CONDITION ENTRY decision table,

iii) A decision table is called LIMITED ACTION ENTRY if the sets
Wiy k = 1,2,... r are of the type W, = {x} and it is célled
EXTENDED ACTION ENTRY if all the sets Wy, k = 1,2,... ,r are of

the type W, = {Wkl,wka,... ’ Wknk}, w;th nkzzl. Otherwise it
is called a MIXED ACTION ENTRY decision table,

Accordingly we can group the decision tables into the foll-

owing classes:

1. CS-ICE-LAE

COMPLETELY SPECIFIED - LIMITED CONDITION ENTRY -

LIMITED ACTION ENTRY,
= COMPLETELY SPECIFIED -~ LIMITED CONDITION ENTRY =~
EXTENDED ACTION ENTRY. '
COMPLETELY SPECIFIED - LIMITED CONDITION ENTRY -
MIXED ACTION ENTRY. . :
INCOMPLETELY SPECIFIED - LIMITED CONDITION b
ENTRY - LIMITED ACTION ENTRY.
= INCOMPLETELY SPECIFIED - LIMITED CONDITION
ENTRY - EXTENDED ACTION ENTRY.
= INCOMPLETELY SPECIFIED - LIMITED CONDITION
ENTRY - MIXED ACTION ENTRY,
= COMPLETELY SPECIFIED =~ EXTENDED CONDITION
ENTRY - LIMITED ACTION ENTRY.
= COMPLETELY SPECIFIED - EXTENDED CONDITION
ENTRY - EXTENDED ACTION EHTRY.,
= COMPLETELY SPECIFIED = EXTENDED CONDITION
ENTRY = MIXED ACTION ENTRY.
INCOMPLETELY SPECIFIED =~ EXTENDED CONDITION
ENTRY - LINITED ACTION ENTRY.

o0
I

2, CS-LCE-EAE ¢

.00
o0

5. CS-LCE-MAE

4., IS-LCE-LAE

.0
e

5. 1IS-LCE-EAE

oe
oo
¥

6. IS-LCE-MAE

*0
oe
1

oo
o
|

7. CS=ECE-LAE

8. CS-ECE-EAE

9, CS-ECE-MAE

®0
o0

10, IS=-ECE-~LAE

0
0
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matic translation from a formatted decision table into high level

(or machine code) computer language.

II-1-3 NOTATION.

To simplify the future discussion on decision tables we

will adopt the following notations:

C4 ee = LIMITED CONDITION
Ci «+ = EXTENDED CONDITION

d="n=nnt 20 = don't care condition[don't do action
V; il = The set of values associated with the j! condition

Vy= {Vig0ee ,vjnj}, n,» 2

Y,N ¢ = The two different values a limited entry can have
Vj ={Y,N}(with exception of the don't care)

P es = The numbér of columns in g decision table (except the
ELSE rule) equal to the number of rules.

q ¢s = The number of rows in the condition sub-table equal to
the number of conditions.,

r s = The number of rows in the action sub-table equal to the

‘number of actions.

th ithe i%® rule.

The i“" column in the condition entry matrix representing(

<

H
[ N J
o0

]}

The jth entry in the 7’1 column (can be a don't care or

~

s B
[ X 2
e
n

a value from the set Vj).
The jth row in the condition entry matrix.

The 1B

A
]}

entry in the j°® row of the condition entry

ko)

e
oo
i

matrix.



11.

1z2.

13,

14,

15.

16,

17.

18.

IS=-ECE-EAE

IS~ECE=MAE

CS-MCE~LAE

CS-MCE-EAE
CS-MCE=-MAE
I1S-MCE~-LAE
IS-MCE-EAE

IS5~-MCE=-MAE

®0 ® 0 o
o

oe
L X

oo
i

o0

© 9

The hierarchy,
sented by the 'following diagram:

. 15

INCOMPLETELY SPECIFIED - EXTENDED COVDITION
ENTRY ~ EXTENDED'ACTION ENTRY.

INCOMPLETELY SPECIFIED - EXTENDED CONDITION

ENTRY - MIXED ACTION ENTRY,

COMPLETELY SPECIFIED - MIXED CONDITION ENTRY =

LIMITED ACTION ENTRY.

COMPLETELY SPECIFIED - MIXED CONDITION ENTRY -

EXTENDED ACTION ENTRY.

COMPLETELY SPECIFIED - MIXED CONDITION ENTRY -

MIXED ACTION ENTRY,

INCOMPLETELY SPECIFIED - MIXED CONDITION

ENTRY - LIMITED ACTION ENTRY.

INCOMPLETELY SPECIFIED = MIXED CONDITION

ENTRY - EXTENDED ACTION ENTRY.

INCOMPLETELY SPECIFIED = MIXED CONDITION

ENTRY - MIXED ACTION ENTRY.

then, in terms of complexity, can be repre-

Fige II-1-3

Note: This hierarchical diagram, as we shall see later,

is cquite important in developing or adapting algorithms for auto-
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€5y = ja- = pf_ +2=The Jith entry of the condition entry matrix.

W :: = The set of completely specified columns (or rules)
which represent the ith column (or rule)]i.

&/iV ee = A completely specified rule from the set L/i .

{cji}qxp e = The condition entry matrix.

{aki}rxp +¢ = the action entry matrix.

a, o¢ = A limited action (action statement)

Ay ++ = An extended action (action statement)

W, <¢ = The set associated with the kB action,
W, ={x}for limited actions. '
Wk ={ k1*°*® ,Wkn’}for extended actions n, > 2.

51 22 = The i column of the action entry matrix,

_ ce _ th i .
k = @4 o2 =The k™ entry in the §~ column.

Finally, a general decision table can be expresséd in terms

of the matrix definition given above, as follows:

0'1 11 +¢ C11 e flpﬂ

0:':1 ‘:’jl ‘:’Ji ‘:’:ip ’ W
géq ‘.’ql éqi ‘.’qp, _ 2 7'_‘71\ ey _
bfl ?.11 cos ?Li ceo ?lp} - oL 6,\61\ ------- (5?
S [ET A )
Pzr ;‘rl é‘ri érp ]
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i}

4
:D QS

Ld

5
ks
8
QA
.o
"

[ X
L X ]

ak/Ak

X ’
ZT= {Glsu- :Gq}
o= {0ty ' )

II-2 CHARACTERISTICS OF DECISION TABIES.

The maiorlcharacteristics of deciéion tables are ambiguity
and completeness., Ambiguity in decision tables deals with the
Vproblems of Redundancy, Contradiction and Inconsistency. Complete~-
‘ness, on the other hand, deals with the number of rules included in
a decision table. In order to define the characteristicswe intro-
duce some basic "rule-operations" in the first part of this
section. The actual characteristics are first considered for
decision tables with unrelated conditions and then extended to inc-

lude decision tables with related and unrelated conditions.

II-2=-1 BASIC RULE OPERATIONS.

Here we shall only introduce those "rule-operations" which are

required in the definition of‘ambiguity and coﬁpleteness. Other rule-




operations are defined wherever neccessary.

Definition II=-2-1l; -~ "Simple Rule Splitting" - Let a(i be
an incompletely specified rule with c;ji as a don't care entry and

the associated set Vj ={vjl’VjZ’”' ,anj}.Then a simple rule
splitting of cji (with respect to V;j)’ is given by:

C14) (€11}  [C1i) €3 ) c15]
c c Cans ) c c
) 2t 21 ;21 ;21 | 5, 21
S ] ] €, [
. J . . . p=1 |
®ai ((%ai]  ai] a1 ) ) %ai]

Note: The remaining entries cji in 71 may or may not be donft

care entries,

Definition II-2-2; - "Complete Rule Splitting" - A complete

rule splitting is defined as a multiple simple rule splitting of

all the dont't care entries of an incompletly specified rule 'J i

That is, from the definition of the decision table in II-1-1, b'i

can be expressed by the set of completely specified rules{wi}. If, for

example, cji and ¢ Gk, i are the only don't care entries in some rule
ey ’ ]
71 with the associated sets Vj and VJ.J'_k (j*k < q) respectively,

we denote this transformation as follows:

- 71 - *v {Ui} ={w11’wiz,._. Wi, ’wil;}
j’ Jtk .

~
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Where (,Jiv is a completely specified rule and (_Ji" £ ui” if v#u
Furthermore, note that 1i is the number of completely specified

rules corresponding to 7i .

Example:
i _ 2 - Va} - Y’N
Let Zr i @;Q- where ng} = {100,110;120}

d

then simple rule splitting with respect of Coy is given by:

Y Y
1 HEP 15|
7 _‘;—" - 3 -
-4 \ RED RED
- - e -

"and-a complete rule splitting is given by:

-

| Y Y sl 7«1 ¥l [¢1

N R A A R AR AR
7 T v Jjroo| 7 |10 * f120{ * [100}| * |210| * |220

'2’3“@Q rep|  [Rep| |REp| |RED| |RED]

Note: In splitting a. rule in an actual decision table, we

have to assign the original action column to every one of the com-
1

pletely specified rules associated with the split rule, Thus:

i il iz il
Y « Ul w W,

55 T [eT 6 o
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We shall consider now the decision table characteristics

separately for independent and dependent conditions.

II~2-2 CHARACTERISTICS OF DECISION TABLES WITH UNRELATED

CONDITIONS

Definition II-2=4; = Two conditions(or fcondition_ statements)

are called independent if and only if the variables in the respec-
tive condition stubs are logically independent, otherwise they are

called dependent,or related conditions,

Uéing the definition II-2-4 we can define redundancy and
contradiction in the case of limited condition entry decision

tables (LCE ) with independent conditions as follows:

Definition II-2-5; - If two (or more) rules )/i and yk

have identical actions ‘5 1. 6 k respectively, and do not include
at least one pair of Y,N in any of the pp rows (P = 125400 54),

then redundancy exists in the LCE decision table.

Definition II-2-6; - If two (or more) rules yl and )/k

have different actions ‘Si ¥ (5k respectively, and do not include
at least one pair of ¥,N in any of the pp rows (P = 1,25e00 Q)

then there is contradiction in the LCE decision table,

To include decision tables with mixed condition entries,

these last two definitions can be generalized as follows:



Dofinition II-2-3; - "Rule Intersection" - Let Yyl ana y¥®

be represented by the following sets of completely specified ruless
i i il | iz 13
Y W = {LJ sl aeee sl }

)’k= Uk =<Uklauk2:'" ’Ulk}

then the intersection of yi and ),k is given by:

i Uk i Kk 1 2 1
N = N = ’ .,ea 000 e = °
yiny wh 0w .{nik Q) oeee 20 = Qg

where ;. < Aui.- and Qi © Uk (in the usual meaning of

sub=-sets).

Also note that thé intersection is defined only between two
rules of the same order (name_ly, with the same number of entries)

and usually used for rules taken from the same table,

Furthermore, )’in )’k = )’kn )’i = nik = Ny

and 1:i.k = lki represents the number of completely specified rules ‘
in the set {nik}’ !

Example:
- Y —B ‘
et yi-| - andy® = [¥|  where {Vs}= {RED,BLUE,, PINK}
/[
Y Y | Y
then Yl yk T sty | |¥ = {Qlk}
RED BLUE PINK
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Definition II-2-7; = If two (or more) rules )’i and ){k
have identical actions ‘51 = (S k respectively, and do not include
at least one pair of values ')'% # )']; in any of the rows PP
(p=1,2,0e. 30) there is redundancy in the MCE decision table.

Definition IT-2-8; - If two (or more) rules Yy anda y*

have different actioms (Si 7 ‘Sk respectively, and do not include
at least one pair of values )/; # )/g in any of the rows pPF

(p = 1,2y... ,9) then a contradiction exists in the MCE decision
table,

Lemma II-2~1l: Given any twd rules yi and )Ik of a decision
table, their intersection is empty ({ nik} = @) if and only if
they contain at least one pair of different values y;, y% 7
don't care in any of the rows pp, (P = 1,2)000 ,9)

Prodf: Let )’i _:_’{ui}: {ull,uia,... ,uili}
' * 4+ k1

and  Y* S {wrl- (W WS W

a. First, let's prove that:. If there is at least one pair y; ;!y];,
(P = 1’2’000 ’Q) then yln yk = {Qik} = ¢°
Since, by assumption y; # )’l; (and they are not don't care)
then, Uiv #u kp ( yv= 1’2’000 ,li, MH= .1,2,..0 ,1k) and-
therefore, {ﬂ:_k} = g,

i k -
b, If {Q:Lk} = @ then there is at least ome )Ip 7 )’p (P =1,20000
q). Here, for simplicity, we shall start from completely spe=-

cified rules:

j

N
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i. For completely specified rules-: Uj'- = (le = )’j, J= i,k
thus if (PN WS = O, =g then W # (U™ ana
therefore, ’)’i ¥ )’k which means there is at least one pair
of values )’; £ )’k P=1,25000 Qe

ii, For incompletely specified rules, assuming {Qlk} & we
have th:Ls for every p=1 9C3eese ’li'

w n{ R W = g thus, w0 YR = § whicn
means there is at least one pair of values Ui"-’up
p=1l,2yeee 3@ such that )’P # don't care, This implies
the existence of at least one pair of values )’% # )’1; (')’%,
)’g # don't care).

Theorem II-2-1; Given a decision table with unrelated con-

ditions, the table is ambiguous if and only if there is at least one
set {Q., } # ¢ for i,k =1,2,... ,p. Furthermore, if ambiguity

exists then:

i. If 61 = 6k the table includes redundancy. ‘
11, 1t §1 # §F the table includes contradiction.

Proof:

“ e

a. If there is at least one set {Qlk} @, i,k 1,2,... +Ds
then by Lemma II-2-1, there can be no pair of values )’; 4 | )’];
in any of the rows pp, P=1l2yee0 3Qe Therefozje:

i, By definition IT-2-7 if §1 = §% the table includes redund-

ancy.

ii. By definition II-2-7 if 3 .# §¥ the table includes con-

tradiction.



This concludes the first part of the proof.

b. If the table includes ambiguity, then, by definition II=2-7 and
IT-2-8, the table contains at least one pair of rules Y and
)'k i,k = 1,2,eee 4 such that they do not include any pairs
of differe»nt.values y; -4 )’1; P = 1,2,.... sds Thus by Lemma
II-2-1 there is at least one set {ﬂik};! g for i,k = 1,2,...

oo ,Po

This concludes the proof.

In a décision table where all the conditions are independent

only data dependent inconsistency can exist.

Definition II-2=-9; « A rule )’i is said to be data dependent

~inconsistenty if it includes c; ¢ Vy or if the combination of its
- entries cannot be satisfied by real data. This is a semantics

problem and is beyond the scope of this document. |

Example:
RULE NUMBER
CoNDITIONS |1 |2 |3 |4 |5
SIZE-OF-JACKET |42 | 42 |42 |82 |1
SIZE-OF-PANTS |40 |42 |48 |46 |5
ACTIONS - Vy= @0,42,44}
ORDER x |x Ix |x
D& NOT ORDER x

Fige 1II-2=l
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In Fig. II-2-1 the third rule is data inconsistent of the
second type because the combination of its entries cannot be satis-

fied by real data. Rule number 4 is also data inconsistent because
g2 ¢ v,.

Note that this type of inconsistency cannot be identified by

any mechanical procedure,

In decision tables with related conditions, logical incon-
sistency may also exist. This type of incomnsistency is presented

in section II-2-~3,

Definition JI-2-10: -~ The Else Rule - Wherever included,

represents all the possible rules not explicitely stated in the con-

dition entry matrix.

Definition II-2-11l: - A decision table with independent

cbnditions is said to be complete whenever:

1. It includes the else rule (in fhis case, the table may include
ambiguities)

or

2, It does not include any ambiguity and,

P q

z 1i= T nj

i=1 =1

where n; is the number of elementsin the set V. .

Note that in the case of LCE decision tables, n; = 2 and

J

p
> 1:.L=2q

i=1
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I1-2-% CHARACTERISTICS OF DECISION TABLES WITH RELATED

AND UNRELATED CONDITIONS.

The above definitions were developed for decision tables
with unrelated conditions. Actﬁally,vthey can also be applied to
decision tables with related conditioms, but,’in this case, they
become too restrictive for practical use., At this point, we shall
introduce an example to indicate the festrictive nature of these

definitions and then give a modified definition of ambiguity.

Exanple II-2-2;

In Electrical Engineering, it could happen that the following deci=

sion table with related conditions has t0o be used:

RULE NUMEER
CONDITIONS.. .| 1 2 3

VOLTAGE < 110 | Y - -

VOLTAGE = 110 | -~ Y -
VOLTAGE » 110 | = - Y

ACTIONS

GO TO LOW | LOW |HIGH

Fig., II-2=-2:

Decision table with related conditions.

Obviously, the conditions in the example are related and the

rules are well designed and do not leave a place for ambiguity of
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any kind. On the other hand, applying the rule for ambiguity and
completeness just defined, we can easily determine thats

1. Rule number 1 and rule number 2 are redundant.

2. Rule number 2 and rule number 3% are contradictory.

3. Splitting the rules completély we get 1, = 12 £ 2 =8

4, Every rule includes inconsistency. For example:

Y . Y Y]  _ B4

- Y NJ LY N

=2
-

The first three competely specified rules are inconsistent.

In this case the don't care entries have.a different
meaning: they specify that the condition entry with a don't care
is irrelemaht to the decision if the particular rule holds, and
therefore, in making the decision, that condition should not be

tested,

RULE NUMBER
Actually, we could have
: CONDITIONS 1 2 3 L
designed a decision table
VOLTAGE < 110 | Y N N E
that satisfies all the above ' 1
, VOLTAGE = I10! N Y N
definitions performing the .S
VOLTAGE » 110 | N N Y B
same logical function as the
ACTIONS '
one in the given example,
, GO TO LOW | LOW |[HIGH ERROR

Fig. II-2-3:
: Fig., II-2-3

Decision table with related conditions
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Note that, in this case, we must include the else rule for
completeness (which will never take place in the example becéuse it
contains all the inconsistent rules which are logically impossible).
Furthermore, in converting that table to a program, we have to make
three tests in order to find thé rule, which is an unnecessary in-
crease in program running time. Actually to save program running
time the designer may introduce in the decision tables with .. re-
lated conditions, irrelevant don't caré entries, as in the above

Example.

Definition II-2-12; - Given a mixed condition entry decision

table with two (or more) rules ‘)’i and )’k that have identical
actions 51 = ,5]‘, then:
1) Possible redundancy exists 1f Y% andy® do not contain at

least one pair )’;, ylp{

of different values in any row PP
. i ok
P =1,2,.00 3q but have at least one pair )’p,- or -, )’p.
ii) If they contain at least one pair )’;, )’1; of different values
the rules are different and not redundant.
4ii) If neither i) mnor ii) holds, the rules are identical and there-

fore trivially redundant.

Definition II-2-13; = Given a mixed condition entry decision

table with two or more rules )/i and )’k that have different actions
(Si £ (51‘ then:
1. Possible contradiction exists if y» and y* do not contain at

least one pair )’;, YI; of different values in any row pP,
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: ' b
2, If the number of elements in the set {(,/}= Uﬁué} is equal to
q i=1

' Nse
J=1 ¥

Note: If the table includes extended condition entries, incon-
sistent data may give unpredicted errors when running a program
embodying such a table  (depending on the way the table was trans-

lated into a computer program) therefore, the inclusion of the else

rule is recommended whenever possible,
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P=12,0es 49 but have at least one pair )’; - Oor =- )’g.
ii) If the table qontains at '1east one pair )’;, )lg of different
values the rules are different and do not contain contradic-
tions.
iii) If neither i) ndr ii) holds, the rules are identical and

therefore trivially contradictory.

As stated before, in decision tables with related conditions
outside data dependent inconsistency (see definition II-2-9),

logical inconsistency may also exist

Definition II-2-14; -~ In decision tables with related condi-

tions, a rule 7’i is said to include logical contradiction, if it can
technically exist but implies logical contradiction,
Example II-=2-3:

RULE NUMBER
CONDITIONS 1|23 |4

In the table shown in
Fig, II~2«4 the first and last rules

A=3B Y|]Y|N|N
A#B YIN|Y|N
Fige II-2-L

are technically possible, but obviously,

logically impossible, In this case,

the conditions are clearly logically
related or dependent. .
Note that even this trivial type of logical inconsistency

cannot be, in general, identified by a mechanical procedure.

Definition II-2-15; - A decision table with related and unre=-

lated conditions is said to be complete whenever:

1, It includesthe Else Rule (even if it includes real ambiguities).
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CHAPTER III. MANIPULATION OF AND RELATIONS FETWEEN DECISION TABLES

The purpose of this chapter is to consider some basic proce-

dures for obtaining simpler decision tables from a given table,

In the first part of this chapter we consider the basic pro-
cedures for splitting decision tables, After defining the different
linkages that can exist between decision tables, the decision table
is split with respect to its rules, or conditions, or by branching,
Fprthermore, it is indicated that the merging of decision tables

can be done only as each specific case dictates.

In the second part of this chapter, isomorphism and equiva-
1ence of decision tables is defined and then simplification of
decision tables is done by minimization, The minimization techni-

ques developed in this chaptef are accomplished along three lines:

rule minimization; condition stub minimization and action stub mini-

mization.

III-1 SPLITTING AND MERGING OF DECISION TABLES,

In the previous section we presented the definition and the
charactristics of a single decision table. In the present section
we consider sets of a single decision table that are functionally in-

terconnected. First we shall define a few procedures for splitting
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a (large) decision.table into a set of smaller decision tables such
that the resulting set of interconnected decision tables will have
the same function as the original one., Finally, we shall deal with

the problem involved in merging sets of interconnected decision

tables,

IIT-1-1 SPLITTING OF DECISION TABLES,

Splitting of decision tables can bé obtained along two lines:
Splitting by rules and/or splitting by conditions. When splitting
by rules the result is two or more decision tables with the same
number of conditions, each containing else rules. On the other hand,
. splitting by conditions results in two or more decision tables with
. a reduced number of rules and conditions., It should be noted that
in both cases, an extra action must be used to allow llnkage between

the resulting tables.

The linkage between decision tables can have one of the fol-

lowing three forms:

1. Simple Linkage: - A decision table T1 is said to be linked to

a decision table T, by a "Simple Liﬁkage" if it contains in its
action stub a statement which transfers the control to T, upon

satisfaction of one or more of its rules. A simple linkage may

exist between a single decision table and a set of decision

tables.
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2. Concatenated linkage: - A decision’table T, is said to be con-
catenated to decision table 'I'2 if it contains in its action stub
a statement which transfer control to T2 only if none of its ex-

plicit rules is satisfied., This implies that T, includes the

Else rule,

3. Reference linkage: - A decision table-Tl is said to be linked

by a "Reference Linkage" or simply, to refer to T, if it con-
tains in its action stub’a statement which transfers temporary
control to T2, such that upon completion of T2 the control is
transferred back.to Tl to the next action in sequence (if any).
This implies that T2 may not be linked to any other table by
type 1 or type 2 linkes, That type of link allows for a

single deéision table to refer to a set of decision tables.

The third type of linkage is presented here only for the sake ‘
of completeness. It will be utilized only in later chapters.
The usage of this type of linkage implies certain restriction

which will be discussed later.

Example IIT-1-1l:

Simple Linkage = In this example we shall use the statement
"GO TO" to transfer control from one decision table to another,
As shown below, a decision table can be linked by a "Simple Linkage"

t0 one or more decision tables.




TABLE T

1 RULE NUMBER
CONDITIONS [1 12 35....
) G 1 . ® seceo E
. el L
. . . A S
d . N XX B
ACTIONS
al . . XX
GO TO TZ T3
i

/ )

TABLE Tp RULT TUISER TABLE T4 R
m-s 1 2 XXX E) ) EGNDITIOHS 1 2 com oo
Gl L] * * o000 Gl L] ® LA BN 2 I )
Gq . ° eo v e e ‘ 60 'S . esevsoe
ACTIONS - [FACTIONS
al [ . LI 2 I NN ) : al L] L] ee o oo
ar A . . eso0ece ar . ° ses e

Fig. I1I-1-1: Simple Linkage

Example III-l-B; Concatenation Linkage

TABLE Tl > TABLE TZ

RULx NUMBER RULK NUMBER

CONDITIONRS T L T2 Beeoe CONDITICNS |11 21 5evee
Gl L ] [ ) e 00 00 61 [ J ® * 00 00

L ] [ ] [ ] L L ] ® [

.. R s ﬂ : o]
Go [ ) [ ) [ N BN BE BN ) E Uc’ L ) L 2 LI IR B W )

ACTIONS - ACTIONS
a; a;

| a.

Fig III-1-2: Concatenation Linkage

e 660 O
e 000 o

o R R |

[ oo o
] 200 o

GO TO T,

- on o=
e e




Example IIT~1-3:

Reference Linkage - In this example, we shall use the stat-

ment "PERFORM'" for ."REEENCE LINKAGE",

TABLE Ty TUTS TUZEER
CONDITIONS [T 12 [ 3evee
Gl L] L] '. o0 o0 E
* ® ® L
: i S
‘ GQ- L ] [ ] ®-0 0 0 & E
“ACTIONS
al . . ecooe
PERFORM | | T, u
P ° - . ﬁ ———
. j.
TABLE T, TULE TR TABLE T, RUTE T e
CORDITIONS | L 12 ] soses CORDITIONS | L 12 Lecoss
Gl [ ] * s o000 61 L] L [ X 23X 2% BN J
Gq - * * e 000 Gq L ® ® e 0o 00
FCTTONS ACTIONS
al [ ] [ ] *® e e o al [ ] L 4 L 3N BN X I J
ar L [ ] e o6 00 ar L2 [ 4 LI AN N N J

.

g e

‘Fig. III-1-3: Reference Linkage

The splitting of a decision table by its rules is equivalent
to breaking a given decision table into a set of concatenated deci-
sion tables. The actual procedure, described below, breaks the set

of rules {)/1,)'2,... ’ ),p+1} into two or more concatenated sets
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1 2 R
{)’ ’ )’ seee yl,-yEl} ese {‘)’i +l,... s yp-!-l} of rules, where the
additional rules denoted by )’E4 ’ )’Ez yeseS2TVe as concatenation
links, A decision table is usually split by rules whenever the num—

ber of rules included in a single table are too large for practical

usage.
SPLITTING BY RULES:
TABLE T
. 1 RULE NUMBER
| Given a decision CORDITIORS [T 12 13 ] - 121 o T
table T, with the set (YT, 01 I I P I I
2 P : N I : :
Y seee Y} of rules. To
Uq * [ [ J LN N 2 ° LN AN ] [}
split this table into two ACTIONS
- - al [ * [ o oe L [ 2 N ) [ J
decision tables T11 and le . sl:1: . ‘
M -th o L J L L ] * L
after the 1™ rule and a, e lele]lveeloleenl]
“without altering the logic, : Fig. III-1-4

the following rules should be applied:
1. Reordering of ruies and/or conditions, before and/or after the

splitting.is allowed, as long as the logic remains unchanged,

2. Conditions and/or actions which become inapplicable after the

splitting,may be excluded,

3., Every decision table (except the last one) contains an addition-
al rule which is an else rule, and an additional action for con-
catenation linkage purpose (in the case of splitting into two, |

‘ only the firsé decision table contains the linkage).

The resulting decision tables after the splitting are shown

below.




TABLE T, ROTE NUNEER TABLE T,, RUIE NUWBER
TCONDITIORS [T 12T 3 o CONDITIONS [i+i [i+d ... T%
x| 1= 01 o IS IR K
: HET : Pl :
dq R . cee o E ‘ 6 [ ® L Y
ACTIONS ' AafggNs
al . ° ceee o - .1 : : e :
ar ) ° s0e0 o bt ar * * *ee '’
GO TO Tla - ol oee ™ x

Fig. 1III-1-5: Splitting by Rules

Splitting into more than - two decision tables is done in the same

way, keeping the same rules.

Note that any decision table can be split by rules up to p
concatenated decision tables, each containing a single rule and an
else rule for linkszge (except the last one, which contains a single

rule plus the original else rule if it existed).

Example III-l-4: = "Splitting by Rule"

In this example we shall split a given decision table into
two along the 16 rule.

It should be noted that in the process of splitting, we ex-
cluded the second condition 62 and the second action aa’ from Til’
since they originally had only don't care entries in their condition
entry and action entry matricos up to number 16, This, obviously,

did not change the loglc.




TABLE T

| 1 RULE" NUMBER .
CONDITIONS 1 2 .o 16 17 «os D
Gﬁ_ Ci1 1 Cyn ] eee - 0117 eve clp
62 - - es e - 0217 ceoe CEP
O3 | %1%z %506+ | == |-
. . . . é é

| ] Cq1 °q2 s %516
ACTIONS

aa - - see - a217 ce e azp
SR he o :
ar arl 0 eee ar16 . eee arp
.y N th
Splitting along the 16
TABLE Ty T Wins TABLE Ty > e woreER
CONDLITIONG 1 e cos 16 17 CONDITIONSY 17 see | D
. . . . S . : .
Gq * * L N L] i E Gq . L N L
ACTIONS ACTIONS
a 411 | 2129 ++c Prag |- ay 2117l e+ | %1p
a3 a31 a32 s e L] - 02 ) ?217 LI ?ZP
ar . . csee . . ar arll? ' arn
GO TO TlZ -~ - - ~ X

Fig. III-1-6: Splitting by Rules.

Splitting of a decision table by rules is definitely not re-

commended, unless it is absolutely necessary to do so. Splitting a
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decision table by rules, into a setof K concatenated decision tables,
multiplies the number of conditions that have to be tested by a fac-

tor of Q where 1 < Q < K,

The splitting of a decision table by its conditions is also
equivalent to breaking a given decision table into a setvof concate-
nated decision tables. The aﬁtual splitting can be done iny if the
condition entry matrix C can be partitioned inte blocks, such that
all nondiagonal blocké (cellé) contain only dont't care entries as |

in Figo III"']."‘? .

cll oo cll" ese -
Cjil e e cji- L3N] -
s R
.'- oo e -qu ?ot qu-

Fig. III-1-7

A partitioned condition entry natrix with don't care

entries in nondiagonal blocks,




SPLITTING BY CONDITIONS

Given a decision table with a partitioned condition entry -
matrix, in which all the non-diagonal blocks céntain only don't’care

entries, and with K diagonal blocks:

TABLE Ty - RULT NUNEER .

CONDITIONS | I 2 eee g |eees I, eee D
G1 °11 12 e %1 [T e R
Gjil lecja-ooo cji = e0ce | :":"
GJK ¢ ?j,é. e e ?jp
Gq T e - cqi e cqp

ACTIONS
0y 211 312 e°¢ ®1p
G 821 %22 <o | %2p
dr Ay Bpp eee , . rp

Fig., II1I-1-8,

The result of splitting the above given table by conditions
will be K concatenated decision tables. The set of conditions CG.{
Goseee s Gﬁ is broken into K sets of (G ,ees CGi’ Cﬁfl”;' s
Cax,... » O3, 2000 th The decision table will be represented by
a set of concatenated decision tables; every one containing one set

of actions respectively, and all the actions, The linkage is




done by concatenation.

o
TABLE Ty, RULE NURER
CONDITIONS | T [ 2 Jeee | 3p
O |°u|Ci2f*-- [11, |E
: : : : L
L ] * [ ] [ ] s
O |%a(Cs2l Py (=
ACTIONS
a %11 [ 212 Pai | T
d, & |%p2 ari |~
T T, [- |- |..} X

/

TABLE Ty, mUTE TOWEER
CONDITIONS | ovee
[ J ® L 3E N 1 [ ] E
: s L
: R
| B
S ~ECTIONS
GO TO T13 - esee "'X

N~

[ }
o
[ ]
TABLE Ty3 Gorc WUMEER
CONDITIONS T T 1 o 1%
. C" f BN BN 3 -
Tin | Saa| = o
C% cui. cee can
ACTIONS ,
al L ] * 00 alp
aa . s e aap
ar ® [ 2 W ) ar_o

Fig., I11I-1=-9: Splitting by Conditions
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Note that the splitting procedure can be executed only in
special cases, e.g., whenever the problem could have been originally
expressed by a set of concatenated decision tables. Whenever're-
arranging rules does not alter the logic, ;t is possible to start
from a decision table in which the condition entry matrix does not
allow splitting by conditions. Then, after reordering the rules
and the conditions, to generate a decision table in which splitting
by conditions is possible., (As we shall see in section II-5 it is
possible to do the same by changing the set of rules by merging

rules, or as we have seen before, by splitting rules).

Another case in which splitting by conditions is possible,
is of an extended condition entry decision table which is translated

into a limited entry decision table, e.g.,

Example IIT-1=-5:

Given the extended condition The equivalent limited entry
entry decision table: A decision table is:
RULE NUMBER | JULE NUMELR
CONDITIONS | L2154 CONDITIONS | L[ 2 [ 2
Fa= |zlelnl? a=3 |Y|-|-]g
s P =Q Yi{-1- :
IF P = QIRIT |5 A=2C -1 Y| =L
e = P=R -l Y}~
ACTIONS - = S
A=0D Y
al [ L] L ] [ P - T - - Y E
a L L] L] " @ ACTIONS
2 a; T T
Fig. III-l"lO . aa ° . ) .

Fig., III-1-11




Note that splitting by rules and excluding inapplicable con-
ditions would have resulted in the same set of concatenated decision

tables,

Another type of decision table splitting by its conditions is
also possible. To differentiate it from the previous one, we shall
refer to it as "Splitting by Branching",., In this case, any decision
table may be split with respect to any one of its conditions, pro-—

viding the order of the rules is immaterial,

SPLITTING BY BRANCHING

Splitting by branching can be done if and only if, the order
- of the rules in a decision table that has to be split is immaterial
. and reordering does not change the logic, Otherwise, splitting by
branching can be done only with respect to the conditions C4o in
which the condition row entries‘l)j are sorted by values from Vj'
and do-not contain don't care entries,

Assuming that reordering of rules is allowed, the splitting

is done as follows:

If tke splitting is done with respect to a limited condition
entry the result will be three differen£ tables., The first table
contains only the condition which controls the splitting, transfer=-
iﬁg control to tﬂe second or the third decision table, depending on
the outcome of this condition testing.. In the second and the third

tables, however, that condition is absent and also there are less




TABLE Tqq  roUTE O,
COTSITIONS T T 12
Cq Y | W
ACTTONS
GO TO Ty, | Ty
'4 : k\
TABLE Ty, T TSR TABLE T, RUTE TS
FOTSTTIoONS T 12 1 5 [ 65 17 COSDITIONd 3 15 1.6 1 7
> o1 [C22{%24 |C25] 27| 0, 231%25(%26|%27|L
s S
Oz ¢z 1= %3 | - | - |E 7
ACTIONS TCTIONS
al . e ° . ° . . al . . . . .
03 d * ¢ ¢ * * a2 ® [ ] L[] * L ]
a}? . . ° . . . a’.’) . . . . PY

Fig, III-1-13

’

Note that the action (, was excluded in Ty, and the conditions
53 was excluded in Tl}' Every rule which had a dont care entry in

-its first condition entry row.p]y appearsin T,, and T13°

If the splitiing is done with respect to an extended condition

entry the result will be nj+ 1 decision tables, otherwise, everything

else is done by complete analogy.

Note that this process of splitting by branching can be - con-
tinued wiﬁh each subtable until the resulting set of subtables con -
tains subtables with only one condition or one rule (and one else
rule if the else rule was included in the original table). Tests for

ambiguity and completess in the final stage ofsplitting becone trivial.,

Splitting by branching can also be done with respect to more



rules in each, If. the else rule was included in the original table,
the second and the third decision tables will contain it, Condi-

tions and actions which become inapplicable in the process of split-

“ting may be excluded,

Assuming that the splitting is done with respect to the first
condition then the actual splitting is done as illustrated in Fig,

ITI-1-13 below,

TABLE T4 RULE NUMBER
CONDITIONY 1 2 3 A 5 6 7
61 Y Y N Y - N - | E
L
0> Co1 | Co2C2z3|Cn|Cs5|%26|%27]| s
- - - - - |=
O ¢33 2
ACTTONS
al [ . O . . . . .
az =] " 23| T | " %6 T
03 RN ) [ ) * ® [ ] L] [ ) [ ]
ap . . . . . . » Y

Fig. 1III-1-12
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than one condition as illustrated in the following example,

Example ITT-1~6: Splitting by branching with respect to two éonditions

TABLE T4

— rULy NUMBKE
CONDITICHY 1 -2 3 i 5 6 7
Cl Y Y Y Y N N N N
02 Y Y N N Y Y N N
C3 °31 %32 = %% - | - | -
Cy, - 12| 3| ~ | s |6 7| Cu8
ACTIONS
al L] [ ] [ ] ® * * [ ] L ]
ar [ ] [ ) .. L] L ] L] * ]

Fig. III-1-14
After splitting with respect to Ccq and C, we get the follow-
ing set of tables,

TABLE Ty, —Ur= NUWEER
ORDITIONS 2 1 3 | & | 5
¢ v | v | Y|~
sy Y N N Y
G0 TO | Ty, | Tys | Ty, | Tis

T BT S0, 13 TS 70, T e Ts RUTT TOS
cor 11 2 T 2 T L =0 5 16 Com 7 18
03 | ®31] %32 g; = %3 | |Gz %35 (" g; = 1-
Cn| = {2 |9u] 3 - O | 15 Fug L | Cu7 s
ACT. LT, ACT, ACT,

al . . al [ [} al . * al . *
a?" . . ar . . ar . . ar . Py

Fig, III-1-15
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Even though the splitting procedures introduced in this sec-

tion were presented separately, in practice they can be utilized in

some combined way.

ITI-1-2 MERGING OF DECISION TABIES.

Merging of decision tables refers to the combination of two
or more decision tables into cne decision table, ' The guestion that
must be ascertained first, is whether or not two decision tables (or
more) can be merged without producing ambiguity and without changing

the logical function of the original decision tables,

From this point of view,‘one-can state that, given a set of
decision tables, which was derived by using one or more of the split-
‘ting procedures, introduced in section III-1~1, they can be merged.
.The problen is that there is no mechanized rrocedure for testing
whether the decision tables were derived by splitting a simple deci-
sion table or not., Therefore, even in this case, no generalized

merging procedure can be given,

Now, with considering any two decision tables, it was found
that even under severe restrictions there is no generalized proce=.
dure which Will not produce, in general, ambiguities or other logi-
cal errors. The only statement that can be made is that merging of
two decision tables (or more) can be considered only onan individual

basis.




I11I-2 RuLATIONS BuTWEEN DECISION TABLES,

In this section we shall define the different relations
possible between any two decision tables namely; i somorphsm, equi=-
valence, and Coverage. As we shall see in the next section the

equivalence relation is of special importance :mainly in practical

usage.,

III-2-1 TISOMORFHISM AND ESQUIVALENCE OF DECISION TABLES,

Definition IIT-2~-13; Two decision tables are called isomorphic

1. They have the same set of conditions in the conditions stub,

(not necessarily in the same order).
2. They have identical action stubs.

3. They have the same set of rules with the same actions associated

respectively.

L, And by reorganizing the rules and the conditions in one decision
table, providing the logic remains unchanged, it can be trans-

formed into the second.

The above definition of isomorphism defines an equivalenge
relation. The only problem is how to check whether reorganizing of
the rules changes-the logic of a table or not, If the conditions
are unrelated, the procedure for checking isomorphism can be mecha-

nized,
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Checking two decision tables (with dependent conditions) for

__ isomorphism can be accomplished manually, This is done by checking
after every rule reorganization to see that the logic was not chan-
ged, Another way is simply to check if all poszible combinations of

data will result in the same actions in both tables.

Definition III-2-2: Two decision tables T1 and T2 are said
to be simply equivalent if: ' |

1, They have the same set of conditions.
2, They have identical action stubs.

And as well, we can replace one decision table by the other

without changing the logical function of the total system,

_ We shall introduce at this point another rule operation
which,'together with the rule splifting operations thaﬁwere intro-
duced in II-2-1l, will simply allbw us to treat equivalent tables

more systematically.

Definition ITT-2-3: - "Rule Combination" - Let { Y™, ¥™*,...

.e. 5y be a subset of rules in a decision table with identical
actions Sn“fEE snv U,V = 1,2,400 ,j._ Let Vj = {le,vja,... v n}

>
be the set of values associated with the-jth condition, Then if:

1. The subset contains rules which are identical except for the jth

entry; and
- 2., Every element Vji €:Vj appears at least in one of the rules

(ne > nj)o
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This subset of rules can be conmbined into one rule in which

the jth entry is a don't care entry.
Example: "Rule Combination"
vj ={192a331+}
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Now it becomes quite:: dbvious how two decision tables can be
simply equivalent, To illustfate this, we shall introduce the foll-

owing example,

Example IITI-2-1: -~ "Simple equivalent tables™

Suppose the following table is given

RUL: NO,
COMDITIONS |1 121 3] 4
Cq YIY{YI|E
1L
03 YIYINI|E
ACTIONS ]
3y X111 X
as X

Fig, III-2-1




It is ecasy to see that we can corbine rules 1 and 2 or rules

2 and 3 giving two different decision tables which are simply equi-

valent by definition II-4-2,

LULE NO, RULE NO,

CONDITIONS |1 213 CONDITIONS | 11 2 é_

Cq Y| Y % cl Y|Y %

03 YINIE c3 YI~-{|E
ACTIONS ACTICNS

aq ItX al XtX

2, X a2 X“

Fig, III-2-2

For checking if two decision tables with unrelated conditions

are simply equivalent the following procedure can be used:

Procedure I1I-2-1:

STEP 1:

STEP 2:

STEP L:

Given two dec1s1on tables T1 and TZ'

Check if the conditions are the same

1, If they are different the tables are not simply equiva-
lent, END,

2, GO to sTEFP 2,

Check if the actions stubs are identical

1. If not, the tables are not simply equivalent, E#D.

2, If yes GO to STEP 3 .

(1

condition entry decision table Tg,

—-—
-

Transfer each table Ti 1,2) to a completely svecified

GO to STEP 4,

Check if Tg and Tg are isomorphic.
1., If Yes, the tables are simply cquivalent, END,
2, If Not, the tables are not simply equivalent, END,




Checking for simple equivalence in the general case, when the
decision tables may include related rules, may be considered only on
an individuél basis. The only mechanized procedure that can be
applied in every case is simply generating all possible combinations
of data and checking on both tables to see if the resulting actions
are the same for every combination., But even in this case, since
many combinations might be logically,or data inconsistent, the re-

sults of the test may not prove a thing:

Definition IIIl~-2-L: Two decision tables are called equivalent

if, and only if, we can replace one table by the other without chan-

ging the logical function of thetotal system,

In order to introduce a few comprehensive examples of equiva-
lent decision tables, we shall define a transformation of an exten-

ded condition entry into a set of limited condition entries,

Definition TTT-2-5: =~ Let Cj be an extended condition asso-
ciated with the set of values Vy ={le,Vj2,... ,an; then the trans-
formation of Cj and the associated row pJ of condition entries into
a set of limited conditions, and limited condition entries is done
as follows:

1. The extended condition Cj is transformed into nj limited condi=-
tions (obviously related).

2, Every don't care entry in cj will result in a complete column
of don't care entries after the transformation,

3, If as a result of the transformation, we get a condition c

B




associated with a row PP full of don't care entries, it can be

suppressed,

Example:

Given the extended condition A
A=1 2 3 L4 -2
associated with the set Vy = {1,2,3,4,5}

then after the transformation we get

1 2 3 4 5 6

Y « = = = =

> e e > >
]
u o W v
1
1
Lo}
1
1
1

- Y - - - X

Obviously, the Eth condition may be suppressed, column number
. 5 is the result of having a don't care entry in the original row,

Columns 2 and 6 must both be included,

Attention should be paid to the fact that the number of colu-
mns after the transformation remains the same and the number of
limited entry conditions is nj or less, Therefore, this transforma-

tion does not affect the action entry matrix,

be an extended action associated

Definition III-2-G: Let Ak

with the set Wk = {Wkl,vkz,... ’wknk} then the transformation of

Ak and the associnted action entries row into a set of limited entry

actions end limited action entrics, is done as follows:
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1, The extended action Ak is transformed into ny limited actions,
2. Every blank entry in the action entries row results in a'com-

plete columns of blanks,

Exanple:
Given the extended action:
GO TO 11 12 L3 =12 = =~

then after the transformation we get

GO TO L1 X
GO TO L2 X . X
GO TO L3 X

Here again the number of columns remains the same and the number of
limited entry actions is exactly n,. Therefore this transformation

does not effect in any way the condition entry matrix,

In the following example we shall see two equivalent decision
tables and using the transformations we just defined, we shall prove
that they are equivaleﬁt. Unfortunately, a general procedure
for testing for equivalencé.Cannot be given, In general case, the
equivalence or the difference between two decision tables may even
depend on information not explicitely stated in the decision tables
under consideraﬁion, and again, every case must be treated on an in-

dividual basis.

Example:
The following two decision tables are equivalent




TABLE Ty RUTE TUVEER TABLE T, r——307% WOMBER ]
CTIONS [TT2 15 1L 15 (617 ICTIONE T T T2 15T L5 1617

A = 1lalslul-12lE] A=1 |y|-l-1-1-]|-1¢E

¢y v|v|-|v|n|v|} A=2 |-fel-|-]|-1%

o5 “lylw|y|-|Y|E A=3 |-|-lxl-|-]-1|%
ACTTONS ~ a=k |={-|-1v|-1-1|s
GO TO L,| X c, vi|y|-ly|n|n
o 01 |X X s ~lyinlyl-lvlE
GO TO L, X ZTCTIONS

B 4— A X G0 T0 | Ly|Ly|Ls [T

| me— s X | Be—a 1 1x X
T e— A . X

Figo III"2"3

In the above given example (which is relatively simple) we
can deduce the equivalence of the tables simply by showing that by
using the transformations Jjust defined, we can transform every one

"of them to the table given below

| TABLE T RUTE NOVEER
which is equivalent to Tl and to ACTIonS |1 12131 L1I51617
T.. (The equivalence of decision A=1 [Y|=|=|-|-|-|®
2 A =2 - |Y|=}=]~-1Y
tables is an equivalence relation A=3 N U IR I I L
i.e. Reflexive symmetric and tran- 1 a=4 |~-]-]=-}Y}|-1}~ 5
sitive)s - °2 TIY |- T | NN
: Cx - JYINJY|-]YI|E
In general, two equiva- ACTIONS '
G0 TO Ly | X
lent decision tables may contain 20 TO LZ - x X
completely different conditions GO TO L3 X
of actions which are equivalent B & A X X
T &« A X

in some  particular type of Fig. III-2-4
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application, If, for example, the variable ALPHA is redefined some-
were as Beta (in COBOL) then a condition such as "IF ALPHA s O" is
logically equivalent to the statement "IF‘BETAV > 0", But it is

very difficult to know just from the information given in the deci-
sion tables., Moreover, in ALGOL, fof example, if a staﬁement like
"A w— B a— C" is executed previous to executing the same decision

table, then a condition like "IF A » O" is equivalent to the condi-

tion "IF B > O", But this equivalence is not apparent and requires

additional knowlege not includéd in the decision tables,

I1T-2-2 MINIMIZATIN OF DICISION TABLZS.

Minimizatioh of decision tables can be done along three lines:
‘Rule minimization, done by rule combination; conditions stub mini-

" mization, done by transforming sets of limited entry conditioné into
extended entry conditions and action stub minimization, done by
transformation of sets of limited eatry actions into extended enfry

actions.

RULE MINIMIZATION: = Here we try to minimize a given deci-
sion table by minimizing the number of rules included in the condi-
tion entry matrix by comtining or merping sets of rules whenever

possible,

A necessary, condition for rule combination is identical
actions azsociated with the rules we are trying to combine, There-

fore the first step in minirizing the table by rules is partitioning

the set of rules into sub=tables with identical actions., If the




partitioning requires reorganizing rules then afterwards additional
tests should be conducted to verify that the logic was not changed.
Ify,by reorganizing the rules, the logic was changed and the original
ordef of the rules is significant,then only partial partitioning is
possible, In some cases some reorganization of rules is possible
without altering.the logic of the decision tabies and should be
done, if neccessary, before partioning. The goal, in every case,

is toreach a partion with the smallest number of sub-sets possible,

‘Suppose the following decision table is given:

1 2 3 L 5 6 ~7 8 10
IVt Y r Y rrry
st 52 5 s+ 57 8¢ o7 & 5% §°

)
where 51 = 52.= 56
83 = 84 = 57 = 87 - 80
59 - 810

then, if reorganization of rules is possible, the partioning will

give:

1 ~2 A6y . 3 alt 45 A7 8 . 9 ~10
YRy S IR VALY arv ey &V AR BERVAY i
if the original order of the rules is significant, the partitioning

will give:

R TR TR Y Y )

if, for example, sone reorganizing should take place without chan-
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ging the logic, for example if shifting 7{6_to the 8th position was

possible, then the partioning will give:
1 42 . 3 Al A5 57 A48 . 6y . 9 410
{7,7},{7,7,7,7,7},'_{7'},{7,7}

The second step in rule minimization is to combine within
every b&ubset, as many rules as possible. To do that we shall
partition again every sub-set by condition entry TOWS, -As a first
step in partioning again, we have to .find which are the possible
condition entry rows that can be usecd, If'the ith sub=-set includes
Ni rules, then only the condition entry row associated with condi-
tion 03 which, in turn, is associated with the set Vj = {le,vjz,
KX ,ang- where ny < N;, should be considered, For simplicity,

we shall call the number nj associated with the set Vj the index of

" the condition GJ. .

VWle start by trying tolpartition every sub-set with respect to
the largest index nj < Ni' Every nj rules or more, included in the
same sub-set, will form a new sub-set in the secondary partition if
the jth condition entry row contains the complete set Vj = {le,vja,
coe ,ang- and 21l the other condition row entries contain identi-~
cal values, respectively., Such a sub-set is called COMFLETE. If

the original order of the rules is significant, then the rules of

~ that sub-set must appear in a continuous sequence,

" Now every cormplete sub-set of rules may be combined into a

single incompletely specifizd rule with respect to the jth entry*,

* See also the definition of rule combinationj; Definition III-2-3
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Here again we must differ between two cases., If a sub-set can
be partioned into a set of complete sub-sets, then the secondary

partition is called COMPLETE; otherwise, PARTIAL SECONDARY PARTITON,

A complete secondary partition with'respect to any index
nj‘< Ni will decrease the number of rules in the sub-set by a factor

of n..
13

That procedure of secondary partitioning and rule combination,
can be continued with respect ﬁo the other conditions until no more
secondary partioning is possible, The following example will clarify

the procedure of rule minimization, !

Example: ' :

Let the 7’1,7’2,... ,7’16 be a sub-set of rules with )

. s ]
identical actions as given below :

aaaa Pbbb ccee ddda
. VYNN YYNN YYNN YYNN
1 ~2 16, _
{7’ ’7’ L ’7r } - YVNYN YTYNYNXN YNYN YNYN {
eeee e eee eeee eeece :

Where the first condition entry row'is aszociated with the
index ny = 4 (and V; = {V11’V12’V13'Vi4} = {a,b,c,d} and the
next two are limited condition entry rows assoclated with the index

Ny =Ny = 2 (and V, = Vg = {v,n}).

-

- If the original order of the rules is not significant, star-
ting from the largest index n, = L4, we can derive the fdllowing

complete secondary partition:




=50=

{7{1.,75’79,713} ; {7/2,76’710’7/.14} : {73,77’711’715};'
{7,4’ 78, 712, y16),

and after rule combination with respect to the above secondary

partition, the following set of rules will result.

YYNN
1 A2 A3 L
(71T 71713 |y vy w

e e e ¢

As can be easily seen, the number of rules is decreased by
a factor nq =4 (from 16 to L), because the secondary partition

is complete,

Now we 'can go one'step farther and try to find another parti-
“tion with the largest index nj possible, which is, in this case,

.n3 = 2, and the partition is:
1 y2y . Y3yl
(75,75 5 ATTH
after rule combimation we get:

{7575t -

N

e

(O oS |

In the final step we arrive at a single rule which is:

th

# The notation 7’; is used to denote the i rule after n rule

combination took place




(Y3 =

ot 1l

Note: The above example was so designed as to give, in every
step, a complete secondary partition, In practical table's,‘ this is
not always the case. Sometimes it will be even difficult to decide
which index to use for partitioning (if they are equal) as for

example the following case:

Y Y N , | T
NYY
YYY

[yt y® ¥’}

4

By using nq = 2 we get {),1} H {ya,y3}, and by using n, = 2
we get {)’1,)’2} ; {)’3}. As a result, wheénever the secondary
.parfitions are not complete, the above described procedilre may not
neccessarily lead to the minimal number of rules, but will always |
decrease the number of rules., In such a case, the derivation of the
minimall number of rules can be done by exhausting all possibilities,
trying ih every step, to find a complete secondary partition with

respect to the maximal index,

CONDITION STUB and ACTICN STU3 MINIMIZATION,

The condition stub and action stub minimization are the oppo-
site transformations of the transformations defined in III-2-5/6,
By their very nature they are rossible only in special cases. The

ugefulness of that kind of minimization is mainly for documentation




purposes and whenever a precompiler , interpreter or compiler, which
accept ECE-EAE decision tables, is available, The procedure of
minimizing‘the condition stub or the action stub (wherever possible)
is simple and done step by step in the opposite order as defined in
definitions III-2-5 and III-2-6 and for that reason will be

omitted,

Note: that the nature of rule minimization is different from
the condition stub and action stub minimization. In rule minimiza-
tion we ac?ually decrease the size of the decision table (not only
physically) by reducing the number of rules and in terms of elec-
tronic data processing we decrease, in geﬁeral, the compile time and

run time., The condition stub and action stub minimization on the

e

other hand decreases the size of the decision table only physically
but usually increases compile or procompiler time due to the increase f

of complexity and does not save, in general, run time,
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CHAPTER IV, CONVERSION METHODS

The methods used in converting decision tables to compﬁter
programs (either manual or automatic) fall into three main cate-
gories, depending upon the translation method. In this chapter we
shall introduce the TREE METHOD, the MASK METHOD and the COMPUTED
GO TO METHOD. The purpose of this chapter is to present existing
procedures corresponding to the above methods and to print out their

advantages, disadvantages and the limitations.,

IV=1 THE TREE METHOD:

In this section, the tree method for conversion of decision
"tables to computer programs is described. Many variations of this
method have been published, and based upon this method a large
number of precompilers, interpreters and compilers have been imple-
mented., All the procedures and algorithms based upon the tree
technique were deSigned,maiﬁly for IS-LCE decision tables., At the
end of the section we shall analyse the advantages and disadvantages

of the tree method.

IV-1-1 THE TECHNIOUL:

The simplest technique for conversion of decision tables to
computer programs is to translate the decision table into an equiva-

lent flow chart, rule by rule, based upon "if... then..." relation-
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ships. To show this we shall use the decision table given in Fig.

IV-1l~1:

RULE NUMBER
‘CONDITIONS 112314
cq. Y|Y|NI]E
c5 YiIY|=-|1L
-03 Y F NI|E
ACTIONS
a) x| x X
as X x| x
a X
2

Fig, IV-1-l1

The corresponding flow chart is shown in Fig. IV-1-2. Note
that this technique produces as many branch points as the number of

condition entries which are not "don't care" entries.

RULE 2 'RULE 3 THE ELSE

RULE

Fig. IV-1-2




In this section the conversion is presented using a flow
chart to avoid the explicit use of a given programming language.
Once a flow chart is obtained it can be written in assembly or any

other high level language.

As seen from Fig, IV-1-2, in this translation a given condie-
tion is tested for every rule that inéludes it. For example condi-
tion ¢, is tested in every rule except the else rﬁle. The "tree
method" alleviates this by eliminating unnecessary redundancy. This

is shown in the "decision tree" in Fig. IV-1=3,

Y N
N e P
el
‘ &>
l . \C/g a l . <;> u l
7' 7“ ELSE 'RULE 73
0 0)

9‘,“ 64 : 53
Fig, IV-1=3: Decision Tree

Each condition is tested never more than once and, therefore,
the number of tests in a decision tree necessary to satisfy a parti-
cular condition, never can exceed the total number of conditions in

the condition stub of a decision table.

In comparing the flow chart in Fig, IV-1-2 with the Decision

Tree in Fig. IV-1-3, we can see that, in the worst cases, the former




must test eight times, while the latter requires three., Further-

more, a savins of over 50% is realized in storage required utilizing

the Decisién Tree Technique, Thus the superiority of the Tree ech-

nique over the usual flow chart a certainty.

Note that only if the order in which the conditions are tes-

ted must be kept the same as in the condition stub, then the Deci~

sion Tree is unique. In general the form of the becision Treé for

any decision table is not unique and depends on the order in which

the conditions are tested:

1.

2,

If, in every level of the decision tree, we test the same condi-
tion (if required), the number of different decision trees for
a given decision table is equal to the number of permutations of
the q conditions and therefore equal to ql.

If for every branch in the decision tree we are free to‘choose-
the next condition to be tested (in every level), then the
number of decision trees for a given decision table is much
larger., In this case, the upper limit of the number of differ-
ent decision trees for é given decision Zable is:

at [(g-1)t 1P.0(e-2) P ... ,[203%70 = 7 (u®®

. u=1 .
This upper limit is obtained whenever the decision table does

not include don't care conditions,

Even though many of the outcoming decision trees may look

similar to each other, but taking into account that different tests

may have different program code storage requirements and different




run times, thé different trees may differ in total storage or run

time requirments.

IV—i-Z EFFICIENCY CONSIDERATIONS.

In converting decision tables to computer programs the main
goal is to generate the most efficient program code in the least
amount of conversion time (by conversion time we mean the precompile,

the interpret or the compile time), The efficiency of the program

-

code is measured in terms of:
l. Computer run time.

2. Computer storage required.,

et ttu e B e 2 A

As usual, we expect to use ény program for some length of

time before any changes or updates are necessary. For this reason
" the minimization of the conversion time is of less or importance

. and is not considered in this.discussion.

The tree method can be used in many variations, and
. generate program code which takes minimum run time or minimum
storage or a desired combination of both., This is done by choosing
one of the many decision trees corresponding to a given decision

table,

In the rest of this section we shall introduce briefly some
of the most advanced techniques., The different techniques using

the tree method fall in two categories:

1. Techniques for optimization of standard decision tables,



2. Techniques that require additional information not usually in-
cluded in standard decision tables, such as apriori knowledge
on data distribution, or the amount of code generated for a

given condition etc,

PRESS'S [A5] PROCEDURE,

Press's procedure falls into the first'catégory and can be used
fof hand-coding or as an algorithm for a aecision tables processor,
The leading idea is to choose, in every level and for every branch
in the decision tree, the next condition to be tested, called by
Press the “key row" or "key condijion', based upon certain criteria.

The table is then split by branching as defined in III-1-1.

LT e T 20

The actual procedure, as stated by Press, is given below.
After every step a brief explanation is also included.
STEP 1: CHOOSE THE KEY CONDITION FROM THE SET OF ROWS (condition
entry rows pi) WITH THE MINIMUM NUMBER OF DON'T CARE

ENTRIES. |
As defined in III-1-1 splitting a table by branching on a | ‘
given condition Cp that has y "Y" entries, x "N" entries and i don't

care entries, results in two sub-tables with g-1 conditions and with

x+i and y+i rules respectively, Choosing the key condition as the

one with the minimum number of don't care entries obviously leads

to smallest sub-table.

STEP 2: IF ONE OF THE ROWS CONTAINS ALL Y¢S IN ALL ENTRIES
DISCRIMINATE ON THAT ROW. |
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This can be. best seen by the foolowing example,

Q
=
Htnt H W

In this example, both rules cq and c, are qualified to be
. the key condition by step 1 Choosing ¢, as a key condition, results

in a decision tree which requires less storage.

STEP 3: DISCRIMINATE ON THE CONDITION ROW WHICH MAXIMIZES CSi'WHERE

q
csy = ), Pij = P
=1 ‘
AND WHERE q EQUALS THE NUMBER OF CONDITIONS IN THE TABLE.

The first two steps of the procedure can be applied by
looking at the condition entry rows individually. In the third step
of the procedure a look ahead strategy is applied by taking under
consideration the relation among the key condition in such a way
that that future sub—tables_will contain condition entry rows with

all ¥'s or all N's. To understand this look ahead strategy, con-




sider the following:

 Divide the entries of each condition entry row pi into two
non disjoint sub-set:
1. A positive sub-set including all the Y and don't care entries.

2. A negative sub-set including all the N and don't care entries.

A condition entry row P9 is said to be the complement of a
condition entry row pi if corresponding to the négativé elements
and/or the positive element in pi the elements of pj are only Y's
or only N's. The number of complementary elements, which is called

the count of pPY with respect to pJ, is denoted by P e

q 'q
©s; = D, Pij = Pii = Z; P;;
J:

J=1
J#i
-tve elements  pi . [t ¥ - N]
pr={x I - N} pd -y ¥ N -]
+'ve elements , (Y

ij = 3

Thus choosing the row with the largest CS; may lead at a
future splitting to a subtable with a condition entry row with all
Y's or all N's, This procedure does not producé necessarily the
optimum code possible but gives a way of. converting decision tables

into efficient' '{ﬁi“"égram in terms of run time and storage required,

It should be noted that the above procedure is good only for
LCE non ambiguous decision tables. In_this procedure no means were

provided for testing for ambiguityor for completeness.




POLLACK'S [Al] PROCEDURES.

Two procedures were developed by S.L. POLLACK. One which
minimizes the required computer storage space and the other which
minimizes computer run time, The former falls into first category,
while the second falls into the second category which requires infor-

mation not usually included in a decision table.

POLLACK'S FIRST PROCEDURE: MINIMUM COMPUTER STORAGE REQUIRED

This procedure is based (as in Press) upon a selection crite-
ria that chooses, in every level and for every branch in the deci-
sion tree, the next condition. or condition entry row upon which the
table or the sub-table is split by branching (see definition III-1-1),
‘The selected condition is called by Pollack the "K condition" or the
"g row". Pollack does not prove that the procedure actually leads
to an optimum decision tree in terms of minimum computer storage re-

quired,

The procedure as stated by Pollack is given below, After

every step whenever necessary a brief explanation is given.

STEP 1l: CHECK FOR REDUNDAgCY OR CONTRADICTION. IF, AT ANY STAGE,
A PAIR OF RULES DdES NOT CONTAIN AT LEAST ONE Y,N - PAIR IN
ANY OF ITS ROWS, REDUNDANCY OR CONTRADICTION EXISTS.
Note: Poliack suggests performing the test for redundancy

or contradiction when the table is reduced to sub-tables with one




condition.

STEP. 2: DETERMINE THOSE ROWS THAT HAVE A MINIMUM DASHFCOUNT;

A don't care entry that appears in a rule (i.e. column) con-
taining r don't care entries is counted as 2F¥ dashes. For each rule,
we denoted the 2¥ as ~  the column-count. In each row, the sum of
the column=counts corfesponding to the don't care entries in that
row is denoted as dash-count. A row's dash-count is the sum of the

column-count of those rules that have don't care entries in the row.

STEP 3: IF TWO OR MORE ROWS HAVE A MINIMUM DASH-COUNT, SELECT THE
ROW THAT HAS THE MAXIMUM DELTA.

Delta is the absolute value of the difference of the Y-count
and the N-couﬁt; The. Y-count is the sum of the column-counts corre=-

~ sponding to the Y's in the row. The N-count is similar,

| STEP 4 DISCRIMINATE ON THE CONDITION IN ROW Kj CALL IT ¢« THIS
DISCRIMINATION HAS BRANCHES, EACH OF WHICH LEADS TO A SUB-
TABLE CONTAINING ONE MORE RULES, WITH ONE ROW LESS THAN THE
ORIGINAL TABLE (ROW K IS DELETED).

The K row is the selected row. The selection is based on
criteria described in the first three sﬁeps. Step 4 simply splits'

the decision table on the selected condition K by branching.

STEP 5: IF THE BRANCH LEADS TO A SUB-TABLE CONTAINING MORE THAN
ONE RULE GO BACK TO STEP 1.




Step 5 simply states that the splitting by branching is re-

peated until the sub-tables contain only one rule.

STEP 6a: IF A BRANCH LEADS TO A SUB-TABLE CONTAINING EXACTLY ONE
RULE, AND IF THAT RULE CONTAINS ALL DON'T CARE ENTRIES
REPLACE THE SUB+<TABLE WITH THE RULE ITSELF.

STEP 6b: IF A BRANCH LEADS TO A SUB-TABLE WITH ONE RULE, AND THAT‘
RULE CONTAINS ONE OR MORE DON'T.CARE ENTRIES BUT DOES NOT
CONTAIN ALL DON'T CARE ENTRIES, CHOOSE AS ROW K ANY ROW
THAT HAS NO DON'T CARE ENTRIES.

The selected branch will indicate a sub-~table with one less
row in it. The opposing branch of the selected row will be indica=-

ted as an ELSE-RULE.,

STEP 6c: IF A BRANCH DOES NOT LEAD TO A SUB~TABLE, IT LEADS TO AN
ELSE-RULE. -

STEP 6d; TIF THE BRANCH LEADS TO A SUBTABLE CONTAINING ONLY ONE RULE
AND THAT RULE CONTAINS ONLY ONE CONDITION WHOSE VALUE IS
Y (OR N), THEN ONE BRANCH OF THE DISCRIMINATION ON THAT
CONDITION LEADS TO THE RULE, THE OTHER BRANCH LEADS TO
THE ELSE-RULE. '

POLLACK'S SECOND PROCEDURE: MINIMUM COMPUTER RUN TIME.

In his second procedure, Pollack uses the same technique of

splitting by branching but the criteria for chopsing the K condition

upon which the splitting is done by introducing a weighted




dash count. This procedure can be used if and only if the following

restrictions and conditions are satisfied.

| l,. The table is complete, whether by an implicit ELSE-RULE, or an
explicit}ELSE-RULE. |

2, The average probability to satisfy a rule can be provided for

every rule,

3. Only a small percentage of the transactions will satisfy the

else rule.,

This procedure falls into the second category, for which addi-
tional information is needed. The actual procedﬁre, as stated by

Pollack, is given below and explanations are added whenever needed,

STEP 1: SAME AS FOR THE FIRST FROCEDURE,

STEP 2: DETERMINE THOSE ROWS THAT HAVE MINIMUM WEIGHTED DASH COUNT.

If we denote by (pi) the frequency of satisfying the ith
rule the weighted dash-count (WDC) for any row is the sum of the
products[pix (column count)]for those column that contain a dash in

that row.

STEP 3: IF TWO OR MORE ROWS HAVE A MINIMUM WDC, SELECT, FROM AMONG
THEM, THE ROW THAT HAS THE MINIMUM DELTA. IF, AMONG THESE,
THERE STILL EXISTS TWO OR MORE ROWS, SELECT THE ROW WITH
THE MINIMUM DASH-COUNT. IF THERE ARE MORE THAN TWO SUCH

ROWS, SELECT ANY ONE OF THEM.

STEP 4,5, and 6: Same as the first " procedure,.




The procedure imposes the following three restrictions :
1. The decision table must be unambiguous.
2., The decision table must be complete without including an explicit
else rule.
3., There is complete freedom in order in which the conditions in

the decision table are being tested.

Furthermore it requires the folloing additional information:

P( YY) the probability distribution of the rules.

g
[
1}

h

= C(ci) the cost function for testing the it condition expre-

Q
[Ty
1

ssed in terms of run time.

The rules are partitioned by actions.

At the the begining of this section we found that the number

of decision trees corresponding to-a given decision table is
aQ ‘
r (K!)q'K. Every decision tree is refered to as a Sequential

K=1 ‘
Testing procedure (STP). The criterion of efficiency employed is

nmexpected processing time", The expected processing cost for an STP
is the weighted sum of the path costs where the weights are the re-
spective path probabilities., The procedure described [A6] will

find the minimum expected cost STP for a.given LCE decision table,
This procedure uses a similar algorithm like the Branch and Bound
algorithm given by Little et al. [D4] for solving the traveling
Saiesman Problem.. The authors have developed an extension which can

be used in conversion of decision tables with related .conditions,

ampay ~

i
i
1
|
|




REMARKS ON THE PROCEDURES DEVELOPED BY L.T. REINWALD
AND R.M. SOLAND [A6]1,[A7]

A detailed deéscription of these two procedures are excluded
because of their length, but for the sake of completeness some rema-
rks are presented. L,T. REINWALD and R.M. SOLAND developed two pro-
cedures for converting decision tables to optimal computer programs.
The first converts decision tables to computer programs with mini-
mum average run time and thé second converts to programs with mini-
mum storage required. Both procedures were developed for conver-
sion of LCE~decision tables, and fall into the second category in

which additional information is required during conversion time.

FIRST PROCEDURE: MINIMUM RUN TIME [A6)

This procedure is designed to convert decision tables of the
form given in Fig, IV-1-4 to program code which on the average will

require minimum run tinme,

N
RULE NUMBER !
CONDITIONS JL 12 [ eee | 1| eee | D COST
cl ] . e e * see o C(cl)
c2 ® @ ® L C(ca)
’ cq . . . . C(cq)
PROBABILITIES Pl P2 ceo Pi eeo | P
ACTIONS 5‘ Jood OF (5"

Fig. IV-l-li- .
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SECOND PROCEDURE: -MINIMUM STORAGE REQUIRED [A7]

This procedure converts decision tables of the form given in
Fig. IV-1-5 to program code with minimum storage requirements, The

storage required for every individual test must be given.

‘ ! RULE NUMBER .
CONDITIONS | L 12| eee |1l ee0 | D S
¢y 3 ICH IEXTH KN KT K S(cl)
ca . . ° . S( ca)
Cq . . N ) . S(cq)
ACTIONS St beel O b O
Figo IV-1-5
’Si =.S(ci) is the storage required for ith test.

' Phe rules are partitioned according to the actions.

The algorithm is similar to the Branch and Bound algorithm
given by Little et al [D4] and used in the first procédure too,

The author developed a combination of both probedures to give

a total minimum cost in terms of minimum average time and storage.

IV~-1-3 ADVANTAGES, DISADVANTAGES AND COMPARISON OF

TREE METHODS °

1. THE ADVANTAGES OF THE TREE METHODS:

a. Easy to use for CS-LCE and IS~LCE decision tables with and
without related conditions. '

b, If used in a pre-compiler the generated code is clear and




easy to follow, (for debugging- purposes).
¢, Using the last two procedures, whenever the probability fun-
ction and the storage required per test is known, an optimum

program code .is generated,

2. THE DISADVANTAGES OF THE TREE METHODS:

a., Not easily adaptable for conversion of ECE or MCEvdecision
tables. Any extention of existing procedures to cover MCE
becomes extremely complicated.

b. Thé method does not include effective means for testing
ambiguity and completeness, in conversion and/or run time,

¢c. If order of the conditions_is important no optimization is
possible. i

4. If the order in which the rules have to be tested is signi-
ficant the tree method cannot be used efficiently.

e, The last tﬁo procedures require the probability function
and/or the storage and cost per test as additional info-

rmation, which in most cases are unknown to the user.

3. COMPARISON,

The comparison study of the different-procedureé presented in
this section will be done by converting two illustrative exam-

ples. to decision trees using the appropriate procedures as

applicable.

Example IV-1-l; Minimum Average Processing Time,

Given the decision table:




RULE NUMBER
conpiTIions |i1l213{4l516]171]8 COST
cq IYNYYNNNC(01)=50
cz YNNYNYYNC(c3)=25
PROBABILITIES.O00, 15} 20l 0525 20} 00 15
ACTIONS (5' 52' o
Figo IV-1-6

Using the minimization techniques defined in III-2-2 we can . )

obtain the following minimized condition entry matrices (with the

R AT

épproPriate probability and gctioné):

8T edmugh

"y N ® 1§ X]
Yy ¥ N - X

! L '
)
<
2 W
< =
==
- |

- N - Y XN I N - ¥ -
i i -
[(15 .20 .30 .20 .15] [0 .35 .30 .20 .15]
- X ‘ ] [~ I
- ‘51 61 62. ‘53 é_’l_ Léi (Si (S 2 (S 3 | (S’_
(a) (b)
"y N Y X N [y - Y N W]
Yy Y N Y XN Y Y N - N
- N - Y - ¥ ¥ - Y N
[.15 .20 .30 .20 .13 [.OO .35 .30 .20 .15]
-‘5! (51 (52 | (53 6,_ Lél 61 62 (5’ (Ssj

(e) (d)
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A, To take advantage of Press's procedure, we have to apply it to
each of the minimized version of the decision table., The re-

sulting decision trees are given below.

(b)

Press's criteria for choosing

the condition for splitting do
not give a unique result in

this case. There are three

different possibilities,

(a) - - (@
| Fig. IV-1-7
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In the following table the expected costs of (a) (b) and (c)

are given;

~ PROBABILITY — COST EXPECTED COST
(a) [ () [ Cc) [ (a) | (b) |(c) (a) (b) (c)

15 | .30 | .15 | 118 | 118 | 118 | 17.70 | 35.40 | 17.70
.30 | .15 .20 | 118 | 128 | 143 | 35.40 | 17.70 | 23.60
20| .351 .20 751 93143 |35.00|32.55 | 28.60
.15 | .00 | .30 | 143 | 143 | 128 | 21.45 | 00.00 | 35.40
.20 | .20} .15 343143 |18 | 28.60 | 28.60 | 17.70
TOTAL EXPECTED COST 118.15 [L04.25 [L23.00

VN L O R AU a

y TABLE IV-1-1

Note: It should be noted that using Press's procedure, any
one of the above d901s1on trees could have been the result, depen~-

dlng on the choice of the minimized form of the decision table.

B. Applying Pollack's second procedure on the minimized versions
| of the decision table giveén in Fig. IV-1-6, the resulting deci-
sion trees for (a)Fand. (b) are exactly the same as in the case .
where Press's procedure is used. For (c) we arrive at two
possible decision trees as shown below in (c,) and (¢,). Pollack's

procedure gives a unique decision tree shown in (d) below.
, <> 4
e o
c . . - _

LK L2 <& > —<C >
Y N N % Y l _
110

] 0




<Cz >~
Y N Y N
<> <2
Y N | Y N
' ' (S’ (Sl Ba . 6’., . ‘5;
(d)

Fig. IV-1-8
In the following table the expected costs of (a).,(b),(cl),
(ca), and (d) are given: |

3 EAPECTLD COST

1 i d a b Cq Co
.15.30.15.15.00118118118118143 17.70 35.40] 17.70{ 17.70Q 00.00
.30.15.30.20.20118118118143143 35,40 17.70 35.40 23,60 28.60
.20 39.15. 201 35| 75 93118143 93 15.00 32,55 17.70] 28.6Q 32.55
.15.00.20.30.30143143&43118118 21.45 00.00] 28.601 35.40C 25,40
.20.20.20.15.00143143;431181#3 28.60 28.60| 28.60 17.70 00.00
.15 ) |
TOTAL EXPECTED COST 18.15004,25028.001L23.00 18,00

'~ TABLE IV=-1-2

T PROBABILITY o)
alb c1 c2 dtalbic

o & Wb+

Note: It should be noted that in this case too, the result=~
ing decision 'tree could have been any one of the five different
decision trees, depending on the minimized version of the decision

table used.
Using the first procedure developed by L.T. Reinwald and R.M.




3.

be

tree is not unique when using Press's or Pollack's procedure
exhausting all possible minimal decision tables and trees, the
optimum decision tree can be found. (see tables IV-1-1 and IV~

1-2, Both include the minimal expected cost 104.25)

Press's procedure does not require any additional information
such as probabilities or costs, which is an advantage over the
other procedures. The procedure ;s simple and automatic conver-
sion is relatively simple and efficient. To evaluate the maxi=-
mum amount of expected overhead cost we shall use:

MAXEC-MINEC . 123,00-104.25
= x 100 = T x 100 ~ 19%

Where: MAXEC = MAXimum Expected Cost and MINEC = MINImum Expected

Cost.

The cost for a straight forward conversion is obviously 143 and

the absolutemakimum overhead is 143'38;%2%'25 . 37.2%

Taking into account cases in which the costs for the individual

tests cannot be supplied, Press's procedure still gives an

 improvement of about 37.2-19 = 18.2% in the worst case.

If the costs are given, Press's procedure can be used in an ex-
hausting mode in which the expected cost is calculated for all
the minimized decision tables., The decision tree with the mini-
mal expected cost is the optimal sequential path resulting from
Reinwald and Solandts first procedure, -

Pollack's second ﬁrocedure used in this example, makes use of
the rule probabilities but does not require.or uses the . cost’

for the individual test., In this case also, the optimim deci-

CEIRRNY N

VAN N L T ss v =
ML LT i
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- Soland [A6), we obtain directly from the original decision table
given in Fig. IV-1-6, the decision tree shown in Fig. IV-1-9(a)
and using the modified form of that procedure we obtain decision

tree shown in Fig. IV-1-9(b)

<& X
A4 : )
(50 (52 l'(s:s_ 6‘ 62 ‘53
(a) - | (b)
Fig. IV=1-Q
‘Optimal decision tree for the Optimal decision tree resul-

decision table given in Fig. ting from the modified pro-

IV-1l-6. The expected cost is. cedure. The expected cost
111.90 A iS loL{'o 25.

At this point we are ready to analyse the results from this
example; |
1, Neither Press's procedure nor Pollack's could produce a uniéue,
efficient decision tree from the original decision table given
in Fig, IV-1-6. Both procedures require some additional steps,

namely to minimize the original decision table.

2. Minimization techniques do not lead necessarily to the appropri-

ate minimal decision table and therefore the resulting decision

WA XT L TS i & s ot v

GV A

XL U D
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sion tree can be found (if the costs are supplied in an exhaus-

tive mode., The maximum overhead in this case is

- MAXEC-MINEC _ 128.00-104.25 _ 23.8%

MINEC - L0425

Taking into account that the maximum overhead is 37.2% we still

save about 37.8-23.8 = 14% in the worst caée.

The greatest limitation of Reinwald and Soland's first procedure
is that the rule probabilities and the costs for individual

test must be supplied. On the other hand, this procedure leads
to an optimal decision tree without going into a phase of mini-
mization., Note that for using this procedure it is required to

complete the table if it is given in an incompletely specified

forn.

MAXEC-MINEC _ 111,9-104.25 _ o 3¢
—Wivec - - 10h.25 .

The modified procedure leads to a decision tree with an absoiute
minimal expected cost. The only weak point is that branches (or
rules) with probability O do not appear in the decision tree.

If these rules are logically inconsistant, then by omitting them
no harm is done, However they are data inconsistent or simply
with probability O, and if data satisfying these rules is sub=-

mitted by mistake, the result may be unpredictable.

Exﬁmple IV=~1=~2: Minimum Storage Requirement.

Given the decision table:




4
Qo
g \n
] 1
=
=)
o .
0

' 0
— CONDITIONS 112151 415161710 S
cq YlY|IN]YIN]JY|NIN S(c1)=3
cs Y{Y|IN|N|Y|N|Y|N|S(c,)=7
c3 YININIY|Y|N|IN]|Y 5(03)=8
ACTIONS O O 5’ |

Fig., IV-1-10
Using again the minimization techniques defined in'III-a-Z,
we arrive at the following simple minimized condition entry matrix
(with the appropriate actions)

'Y N Y N ¥ N N|
Y NN YNYN
- N Y Y NN Y

666666 6"

'A. Using Press's procedure we obtain four decision trees, as shown

in Fig. IV-1-11.

y A W
~

60 61 | .63 62 55 ‘5‘ (5, (5“ ’
The stbrage required is The storage reguired is

3+ 2x7 + 3x8 = 41 3 + 2x8 + 3x7 = 40

(a): ' (b)
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[(Sj 6: (S: (57.."53 }65 6' 6‘ (5& (53 (52 65 6’ LS'

The storage required is The storage required is
7 + 2x3 + 3x8 = 37 | ? + 3x3 + 2x8 = 32
(c) | . ()

Fig. 1IV-1l-11

B, using Pollack's first procedure on the minimized decision table,
the resulting decision trées'are exactly the same as those

obtained by Press's procedure,

C. Using Reinwald and Soland‘s procedure, the resulting tree is

unique and is given in Fig. IV-1-11(d).

The results of this example lead to the following conclusion:
1. The resulting decision fiees after applying Press's or Pollack's
procedures are not unique and depend on the minimized veisions
of the decision‘tables. Eveh if there is only one minimized
decision table, the resulting decision tree is not unique, If
the storage required for every individual test is known, then
by exhausting seérch the decision tree with minimum storage re-
quifed can be fdund.- But, in any case, both procedures minimize

to some extent the required storage.
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2. Reinwald and Solandts second procedure leads to a unidue‘deci-
sion tree with minimum storage required. The only weak point is
that the individual storage required has to be known for every
test, which becomes extremly hard in high language as it is com-

piler dependent.

3. Reinwald and Soland's procedure is applicable for tree methods

only. It is possible to obtain further reducfion in the storage

requirement by using the mask method,

IV-2 THE MASK METHOD

In this section, a fundamentally different method for conver—

sion of decision tables to computer programs is presented. The mask k]

'method'can be regarded as a semi-interpretive method. :The basic M
technique as first described by H.W. Kirk [Bl] togetheé.with some

variations, modifications and extensions will be discussed., At the

end, a general comparison between the tree method and the mask

method is presented,

IV-2~1 THE TECHNIQUE.

The technique, as Kirk "R1] describes it, is based upon the
creation of a binary image 0f a limited entry decision table (we
shall see later that this can be extended and used for LCE and MCE
decision tables, too), and a binary image vector of the results -
after testing a given set of conditions for given data. This binary

image vector is used then to scan the binary image of the decision .
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table in order to find which rule is being satisfied and which ac-

tion has to be taken,

In introducting the basic Mask technique we shall use the

following IS-LCE decision table (given in Fig, IV-2-1).

o RULE NUMBLR
~CONDITIONS |L 2 3 L4 5> 6 7
1 Y Y Y NNNE
2 Y - = ¥ N N L
3 Y N Y - Y N S
l N ¥ ¥ - = N E
ACTIONS 5 52 8 8% 878 &

Fig. IV-2-1: Illustrative example

for presenting the Mask technique

- Mo create a binary image of a.given decision table (like the
one in Fig.IV-2-1) we have to build two binary matrices: a "Decision

Matrix" and a "Mask Matrix.

. The Decision Matrix: - Given 2 LCE decision table, the respective

decision matrix, denoted by D, is constructed by the following
rule: 1if cij =Y or Yes

dij

0 otherwise

The decision matrix which corresponds. to the decision table of

Fig. Iv-2-1 is: 111000
i 100100
D = [d;51 = lhoi1o1o0

0112000
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The Mask Matrix: = Given a LCE decision table, the respectlve mask

matrix, denoted by M, is contructed by the followmng rule°

0 if cij = don't care

M. . =

1J 1 otherwise -
The mask matrix which corresponds to the decision table of Fig.
IV-2-1 is: 11111 1]
jtoo0111
M o= Iyl =1111011
111 00 1]

These two binary matrices include all the information given

In order to decide which

-

i

in a limited condition entry matrix.

action is to be taken when certain data is presented, upon testing

concurrently a result binary vec-

LETXITRW .

the different conditions, we build

tor denoted by R, which is constructed by the following rule:

I LLELD IED R LIS DrT AT Ptr T

P v

rs <

{1 If the result of testing cy is YES
o otherwise

This next operation is a scanning operation in which, using the re-

sult vector and the mask matrix , we scan the decision matrix to

. f£ind which rule is satisfied.

The Scanhing operation: - Starting from the first column vector in

the mask matrix, we multiply it logically by the result binary

vector and test for equality with the corresponding column

vector in the decision matrix.
for all i = 1,25+40 14 then the jth rule
and the action to be taken is (7.

i, . If r. xm:LJ = dij

)’3 is satisfied

j for a least one i, 1 = 1,25¢00 390 then

ii. If ryxm 13 # d
the next column vector has to be tested.
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iii, If upon completion of the scanning operation, no rule was
-éatisfied, the action corresponding to the "else rule" has
to be taken., If no "else rule" is included (and the deci-
sion table is not complete) a standard error procedure has

to be performed.

In the basic mask technique, as originally presented by Kirk,
in order to find which rule is satisfied, we first have to test all
the conditions. In addition, p/2 scanning operations, on the ave-
fage, are also required., Therefore, a stréight application of this
method as a conversion procedure will give very inefficient program

with respect to run time,

On the other hand, testing every condition in a continuous se-
. quence, and recording the result in aﬁbinary-forms gives a very com-
pact pfogram procedure requiring tﬁe leést poséible amount of store
jégeo Also, no code for branching is requiredrand.theféfore some

run time together with many paragraph names (or labels) are saved
(very important especially for computers in which the number of para-

graph names or labels per program is limited as in the Burroughs

B-5500 computer).

Note that since both matrices and-the result vector are

binary, very little additional storage is required.,

- KIRK'S MODIFICATION,

For computers which are character oriented and are lacking

bit manipulation operations, Kirk [Bl] has suggested the following -

SRRV .

P et

WANTLELED 28D & 7S triT s dirsr >
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modification -of the mask technique. In the modified technlque, only
a modified decision matrlx and a modifled result vector are used,

The decision matrix dis created by the following rule:
' (

) Y if cij =Y or YES
le = (N if cij = N or NO
k D or =t if pij = "= or don't care.

In other words dij = cij or D = C the condition entry matrix

as defined, The result vector is created by the following rule:

r. =

{Y if testing the condition ¢ results in Yes
i- '

N otherwise

The function originally performed by the mask matrix in the

TP N

basic mask technique, is replaced by moving the result vector to a

work area and'then only inserting a D or "= into the corresponding

. SR Ca g &

VI GLLLD I R LISSrAsieD

‘position whenever a D exists in the corresponding column vector in

the decision matrix. The resulting modified result vector is de-

- nated by DlJ(rl)° ' Only then the comparison is done.

Let us use now the example given in Fig. IV-2-l., The modi~

fied decision matrix would be simply the original condition entry

matrix C = D. 'Y YYNNN
Y-~YNN

D=C=lrs5) = |lyyy-1N
INYY~--N

And if the result vector is:

=2




Then: ' Y

- _ N
Dyq(ry) n| ¥

Y

= [dg] = [cyq]

=

therefore the data does not satisfy the first rule

Y
Dyo(ry) = Iyl = [djp) = [egp]
Y .
the second rule 7Y2 is satisfied and therefore the action 2 has
to be taken.,

The mask method, unlike the tree method, can be easily ex~
tended and used for ECE and MCE decision tables as well. This ex~

tension was done in 1969 by R.Peel [B6] and is given next,

PEEL'S EXTENDED MASK TECHNIQUE

In the extended mask technique introduced by Peel [B6] the
. decision matrix isﬁmodified and some additional vectors containing
information pertinent toextended condition are utilized., In order

to illustrate extended mask method, the following IS-MCE decision

table will be used,

RULE WONBER

[CONDITIONS [T 1213 [ L 151617
1 alslaleclels 31'_?'

2 y |-In|-|Y |n]|Ss

E

3 2010~ | - 20} 30
actions |5 152 18° (6% 187 |6°
Fig, IV-2-2: Illustrative example for
presenting the extended mask technique

<y
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In the extended mask technique we first create a row vector,

denote by RV, for every condition by the following rule:

. V
RV(cj) = [le,vja,... ,VJ-n ]

J
For the illustrative example given in Fig. IV-2-2 we have to

create two such row vectors for the first and the third conditions
which ére extended.

RV(c;) = [4,B,C)

RV(cB) = [20,10,30]

Then the decision matrix is built, by using two different
rules, depending on the type of condition, For a limited condition

c. the corresponding row in the decision matrix is built using the

rule:
S 0 o if cij = don't care/n=n
dij(ci) = 1 if cij = YES/Y'
2 if cij = NO/N

For an extended condition Ci the corresponding row in the
decision matrix is built according to the following rule:
0 ifCi. = don't care/"-"

J .
15% clement in’ the appropriate row vector

2 if()ij = 2% eclement in the appropriate row vector
étc cce

Using these rules the decision matrix for the decision table

given in Fig. IV-2-2 is: 12133 2]
| D= |102012
: 120013
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The mask matrix is created by the same rule as in the basic
mask technique and therefore the corresponding mask matrix is :
' 111111
M= 1101011
110011
The result vector contains, as before, a single element for
each condition., For limited\éonditions, the result value after the
1  if the result is YES '

test is:
ri(ci) =
2 if the result is NO

For extended conditions the data is first compared against

each element in the appropreate row vecto;, and the value is - *

assigned according £oAthe following rule.

EIRWIT A

{O if no successful compare results.

ri(ci) = |1  if the first comparison is successful.

eyt vty

2 if the second comparison is successful

WVIVAV A LE D PED R ISSSETAT T
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The scanning procedure is done in the same way as in the
basic mask technique. As shown by Peel, the mask'method can be
easily adapted and used for all types of decision tables defined in
chapter II. This is its big advantage. In the next section we
shall analyse the efficiency of the mask technique and introduce an
additional variation which will increase slightly the storage re-

quired, but increase the efficiency of the technique in run time,

EFFICIENCY CONSIDERATIONS

Here, as in the tree technique, the efficiency of the methqd




or the technique would be measured in terms of: Conversion time,Run

time and Storage requirement.

In addition, the flexibility of the method to include pro-
cessing'of ECE and MCE decision tables, without overcomplicating
the techniques and increasing the conversion time significantly,
should be also considered as a strong point in measuring the effi-

ciency of the method.

Conversion time can be kept to a minimum due to the simpli-"
city of the method and the diffefent techniques. The modified Kirk
technique for example can make use of the original deciéion table -
as part of the converted tables, Therefore_the conversion time - .
using the mask method, as présented so far, can be classified as ldw
(the exact efficiency must be measured on an incividual basis and
.depends on the Sklll and ability of the system programmer writing

the Processor) .

storagéwise, the methbd allows implementation of techniques
which will give program code with minimum storage requirements re-
lative to any tree technique which attempls to do the same. A4s an
example if we calculate again the storage requirement for the deci-
sion table given in Fig. IV=-1-10 we get: S(ci) = 3+7+8 = 15 plus
some small additional storage for the different tables and vectors,.

Using the best tree technique the minimum storage required is 32.

The only disadvantage of the mask method lies in the fact

that the efficiency measured in terms of run time is less than in

VAR VALL S FED R ssszmaramr
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any tree technique,

Kirk, himself, noticed this drawback of his method and sugge~-
sted splitting large decision tables and taking into account, in
every partial decision table, the rule probabilities. The run time
saved in this way is relatively small and the main advantage of deci-
sion tables as a tool for describing complex logical problems in a

single tabular form is lost.

P.J.H. King [B2] is the'only one who has given serious con-
siderations to the mask technique and suggested a modification

which is called by King "The interrupted rule mask procedure'.

THE INTERRUPTED RULE MASK PROCEDURE

As stated before, the only drawback of the different maék
techniques and procedures is the inefficiency in run time, King, in
his techniques attempts to improve the run time by taking into '
account the rule probabilitieé and the relative cost for evaluating

the different conditions.

We shall introduce the interrupted rule mask procedure through
the illustrative example given in Fig. IV-2=-3, King developed the
procedure only for LCE decision tables. For the sake of simplicity
we shall also keep this restriction although that procedure can be

| extended and combined with Peel's procedure for ECE and MCE decision

tablese.
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| RULE NUMBER .
CONDLTIONS X123 4lb516 COST
Co N|lY|Y|Y]Y|L C(c2)=.l
ROBABILITIESLL L1 k&4 2 |1 J1
ACTIONS S 2152164107 10°

Fig. IV=2=3

If we express by a flow chart the basic mask technique, we
get the flow chart presented in Fig. IV-2-4(a). In this flow chart

we first test the conditions and then scan the rules.

g ‘
i
A
N
=t Cy " Cs > Cy g Cy "g
, - i
%
Y Y4 <G Y ! : ﬁ
I F b B Bk
(a) N
~ ¢, —c. cs
v Y2 Y
(5, 62 (5!
(b)

"Fig. IV-2-4.-
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However, it can be easily seen that in order to decidg if 7V1
is satisfied, it is enough if we test only first two conditions,
and in order to decide 1zvhe1',he1:"‘)’2 is satisfied, only the first
three condifions should be tested. This is expressed in Fig. IVQZ-

4(b).

The procedure described in IV 2-4(b) is refered to as the

interrupted rule mask technique.

As sugge ssted by King [B2], the order of the tests of the
different conditions and scanning of the different rules can be
specified in a 2x(q+p) array where q is the number of cdnditions and
p-the number of rules (excluding the'else-rule). For example, the
order of 0pera£ions for the flow chart in Fig. IV-2-4(a) and Fig.
IV-2-4(b) is given in Fig. IV-2-5 (a) and (b) respectively. . |

°y

727§ - 7475

()

3
- = = = Al 2Bk S - - Al -
&TT?’T T

Fige IV=2-5

Cl 02 03 C,+ Cl 02

Using the additional information supplied in the decision
table given in Fig, II-2-3 we are in a position to calculate the
average expected cost in terms of run time, Let denote by Sc the
time (or cost) required for scanning a rule. Then the average cost
for (a) and (b) are:

Té = (J6+:l+.3+,3) + 5S¢ x J1 + 25c x 1 + 38¢ X Lt + 4Sc x 2+
55¢ X .1 = 1.30 + 2,85c

Th = (o6+.145c) X 1 + (.64.,1+.3+25¢) x .1 + (.6+;1+,3+3Sc) X J +

i
i
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4 (oBtelte3+.3+45C) X o2 + (J6+.1+.3 3455¢c) x .1
= 096 + 28'50

Both expressions contain the constant 2.85c which'depends on
the way the scanning procedure was implemented, and remains a con-
stant, independent of the order in which the different opefafions
are performed, On the other hand, the first portion of the cost is

different and is reduced in the interruped rule mésk technique,

Let us introduce the following vector notation.

=, . v - - - -1
i Ccq)| 817 eee 8] 1 §
P=|: C=|: A= | . V= | R
L J ° [ ) s :3
he
- T : = ’ - - - 1
i

Where P is the vector of probabilities, C the cost vector

and A is a matrix in which every column vector conditions that have
to be ﬁested for the corresponding rule are represented by 1l's.

Finally lets denote by G, a vector of the probabilities rearranged

in the order in which the rules are tested.

Then: : a 4
T = CL AT + PC{Z C(ey) + P-Sc}+ Sc GV
i=1

The middle.term in the above expression is constant, and

therefore the procedure with the minimum average cost is the one for
which TT AT + ScGY ¥ is minimum.

King does not suggest any numerical or analytical procedure
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to solve this problem (except an exhausting search which is of limi-
ted usage in the case of large tables); Instead, he offers four di;
fferent strategies, in which the additional information of cost and
probability is used in a limited mode and do not lead to optimum
procedures. More detailed discussion on these techniques will be

given in'chapter VI.

IV~-2-3 ADVANTAGES,. DISADVANTAGES AND COMPARISON OF
THE MASK METHODS

1., THE ADVANTAGES OF THE MASK METHODS:

a. Easy to use for any kind of decision tables with and without

LISXIASINIT
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related conditions.
b, If used in a pre-complier, a compiler or an interpreter,

the conversion time is very low,.

Frravadins LI A

¢c. The generated program code requires minimum storage space.

d. Tf the order in which the rules that have to be tested is

~.. gignificant, the mask method is the one to be used,

e. Does not require manual translation from ECE and MCE deci~
sion tables to LCE decision tables.

f. The mask method lends itself to efficient testing for ambi=-
gﬁity and completeness in conversion time and/or run time,

(See chapter V).

2. THE DISADVANTACES OF THE MASK METHODS

a., If used in a pre-compiler or a compiler, the generated code

can be some times confusing and hard to follow (when debu =
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geing is neccessary).

b, Less efficient in terms of run time compared to the tree
method.

Cc. The scanning operation adds a significant factor to the in-
-efficiency in run time, |

3. COMPARISON,

At this point, general discussion rather than analytical or
numerical comparison  is done. This because the complete presenta=-
tion of the mask method together with different techniques for opti-

mizing will be given in chapter VI.

In general, the mask method can be considered superior to
the tree method. The mask method is easier to implement in an auto-

matic translator or compilér, even when used with most complicated

VTNV AAS (I ALISHTALIGD
et R T

decisioh tables. Using the mask méthod in an advanced precompiler

orAinterpreter can give . us the possibility of skipping the func-
tion of the programmer; going from the system analyst straight to

the computer, sacrificing, in some cases, more machine time which is

1
becoming cheaper and cheaper. As a semi-interpertive method, it can .

be applied in time sharing and real time systems.

iv-3 THE COMPUTED GO TO METHOD:

This last gethod is also a semi-interpretive method and with
some - modifications it could be used in interpreters for time sha~-
ring systems. The method was first introduced by C.G., Veinott [Cl]

and will be referred to as "VeinottsMethod", or "Veinott's Technique',
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Veinottsmethod is based upon the well known computed GO TO in COBOL,
FORTRAN and ALGOL.

JV=-3-1 THE VEINOTT'S TECHNIOUE

The Veinottstechnique differ from the mask technique, in the
recordihg method of the results after testing, and in the scanning
function required’ to find the right action. We shail introduce the
technique through an example .of Fig IV-2-l. The basic idea in
Veinott'stechnique is to calcﬁlate a unique number for every possible
combination of conditions, with a singie restriction that the result-

ing number are in an unbroken sequence;-such tﬁat they can be used

as -the value of a branching variable.

3

As a first step we shall assign a weighted value 2371 to the

AFEGET ERNT A

5%B condition and extend the decision table to its completely speci-

i

S
N
i
N
3
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n
)
1

fied form. The resulting decision table (which is equivalent to the

" one given in Fig, IV=2-l) is: -

. W RULE _NUVBER
CONDITIONS VALJOJ T2 2151516 ] 7]8]9HOLZ IO ILELD
cq 1 |y|y|y]Y|Y|N|N|N|N|N|N|N|Y]Y|Y|N
¢ 2 ly|lyfwfy|N|Y]Y|Y|Y|N|N|N|N|Y|N|IN
c3 L |YIN|NjYjY|Y|Y{N|N|Y|Y|N|N|N|Y|N
C) 8 Inf{y|Y|Y|lY|Y|N|]Y|N|Y|N|N|N|N|N|Y
- é 1) 5 -7
AoTIONS o 5 o 5 5 o o
Fig. IV-3-1 The Else Rule

It should be noted, that in this case, it was relatively easy

to derive the completely specified decision table with the correct
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number of rules because the original decision table was unambiguous
and complete, For decision tables in which apparent ambiguity
(in particular, when some or all of the conditions are related) the
process of going from a decision table given in IS form to a deci=-
sion table which is in CS form can be more complicated, ambiguous
and cannot be done using an automated procedure. In order to sim-
plify the procedure, avoid ambiguity énd keep completeness, it is
preferable to arrange the rules in an increasing séquence denoting
by "X", wherever the result of a test shouldvbe wY" and leaving the
entry blank when "N" should appear. The reformatteddecision table
is in Fig. IV=3-2

RUTE NUMBER

‘EﬁﬁﬁTTTGNE‘VXL, 01112151 61016171319POMIT L2514 |15
cq 1 X X X X X X X X

cy 2. X|X XX X|X X| X

c3 Ly XI1xX|x|X x|x|Ix!x

c), 8 XPxix|x|X|xXXx|X
ACTIONS §ls716°15716°1 871616 16719216°16%16°16°18°16°

Fig, 1IV=3=2

The technique now uses a result vector R with q entries in
which the outeoming results for the respective conditions tests are
recorded, "1" if the outcome is yes, and "O" otherwise, The next
operation is to compute a gingle number for the satisfied rule, and
the last operation is to branch to the appropriate action to be
téken. If wé assign labels L1, L2, L3 etc to the different actions
the last two operations can be done in COBOL, FORTRAN IV, ALGOL and
PL/1 as follows:

CLALLL A ALISHIAINGD
L ERGET SNV N
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In COBOL:

COMPUTE JUMP = 1 + R(1) + 2*R(2) + L*R(3)
T L6 L7 Ly L7 L5 L? Ly L1 L7 L2 Ly L2 L5 L3 Ly
13 DEPENDING ON JUMP. |

In FORTRAN:

JUMP = 1 + R(1) + 2*R(2) + 4*R(3)
g T (L6,L7,L4,L7,L5,L7,L4,L1,L7,L2,L4,12,15,L3,L4,L3)JUMP

In FORTRAN IV:

GO TO (L6,L7,L4,L7,L5,L7,L4,Ll,L?,La,Lu,La,LS,LB,Ln,La
1 + R(1) + 2*R(2) + 4*R(3)

<

In ALGOL or PL/L:

§WITCH SW = L6,L7,o .o

°

JUMP = 1 + R(1) + 2*R(2) + 4*(3)3
GO TO SW (JUMP)
or

SWITCH SW = L6,L75e0s

"G0 TO SW (1 + R(1) + 2*R(2) + L*R(3));

Using this technique, the problem of ambiguous and incomplete
decision tables does not .arise in the case of limited coxrdition

entry decision tables.

The same technique can be applied for ECE and MCE decision

oLl o ALISTIAINGG
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tables. The technique generates again for every rule, a unique

number which is used as a branching variable with the same restric-
tion as for the case of LCE decision tables. Let's‘assume now .
that the téble contains q conditions and every condition g- is

J
of nj valus. Then the jth

associated with the set V »V

ji,ooo jnj
position in the result vector -R(j) can take the values 0,1,2,...

cee ,nj-l depending on the outcome of the rest of the jth'condition.

Now, the branching variable is calculated according to the

following formula:g
. o q-1
JUMP = 1 + R(1) + nlfR(a) + nl*na*R(B) + eoo + R()* T n
: ‘ j=1
Everything else remains: the ‘same as in the case of LCE deci-
sion tables; ‘This techhiqhe implies again that the ECE or MCE deci-
‘éioh table has to be given in an CS-LCE decision table, excluding

the impossible combinations, due to the resulting related limited

conditions, after the conversion from NCE to LCE.

The following example given in Fig. IV-3-3 will clarify the

utilization of Veinottltechnique used for extended qondition entry

decision tables.

RULi _NUMBER
CONDITIONS |01 12 fof6]7]o19 HO UL
01 alalalalb}bjbibjclcjcjc
C»> 1f2|3|afr|2|3|s]22{3h
sorrons_|5°16" [5206°]6°[6°16%16716° |6°]6%16"

Fig. 1IV=3-3
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The condition c, is associated with the set a,b,c with ny = 3

The condition o is associated with the set 1,2,3,4 with n, = L

The decision table in Fig. IV~3-3 is already given in a com-
pletely specified form. In order to make use of the VeinottSproce-.
dure for extended condition entry decision tables, the tablé'should

be converted into the following form:

' RULE NUMVER . TOCAL | MUTI- | NET
F_——___|CONDITIONS OTIT 213151516 718 o0 AT VALUE | PLIER | VALUE
cy(a) | X X X x| 0 0
¢4 (b) X x| X X 1 1 1
cq(c) X X X x| 2 2 g
cx(1) [X|X|X 0 0 3
c5(2) x|x|x 1 3 3 35
cp(h) x|x|x| 3 | 9 "
acrzons |5°16' 16%15° 1616 %16¢l0716°16°16° (6" | | . ’x’ »

Fig . IV-S-L"

-It can be easily seen that the table does not contain all

possibilities; only those which are included.in the original CS-ECE .-

decision table. ' _%

IV=-3-2 EFFICIENCY CONSIDERATIONS. : l

If we llmlt the technique to CS-LCE-LAE nonambigous and com-
plete decision tables, rather than MCE-MAE decision tables then the
conversion time required (manually or automatically) is low. In
other words if the decision tables are such that most of the work is

done ahead of conversion time then obviously the conversion time is-
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low. On the other hand if we allow any kind of deéision tables up
to IS-MCE-MAE then the conversion time will be increased sigﬁifi—
cantly. 'In some cases in particular when IS-MCE decision tables
which include apparent ambiguty bu are incomplete, automated con~

version becomes impossible,

The run time of the generated code using this technique
obviously is maximum for testing all conditions, = In addition some.
computation time is required for computing the proper rule number -
and executing a computed GO TO, which is, in general, relatively
less than the time required for the scanning function ip the mask
techniques. In the case of ECE decision table, first they have to
ﬂe converted to LCE, In run time fbr every condition which was ori-
ginally extendgd'cj, n. tests are made disregarding the fact that

J
- they are dependant.

Obviously, the storage required for the generated code is

minimal as in the case of the mask method and may be even less.

Finally, it should be noted that, in terms of efficiency,

this methpd is not recommended.

1¥-3-3 ADVANTAGES AND DISADVANTAGES

1. THE ADVANTAGES OF THE VEINOTT'S METHOD

a, Simple to use as & manual conversion technique.
b. If used in pre-compiler or interpreter, within the limita-

tions mentioned before the conversion time is relatively

small.

L EEGE T
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The generated code requires minimum storage.

Cs

THE DISADVANTAGES OF THE VEINOTT 'S METHOD

a. The method generates inefficient code with respect to run |
time. '

b. Does not allow natural extensions to ECE decision tables in
the real sense,

¢c. Cannot deal with apparent ambiguities.

d. If the order in which the rules have to be tested is signi-
ficant there is no way to do so using Veinott's method.

e,

Uses in every case 22 branch tables, even in cases where

this is unneccessary.
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CHAPTER V. TESTING AND DIAGNOSTIC METHODS | .

This chapter is devoted to one of the most important aspects
in the usage of decision tables, namely, testing and diagnostic. |
methods.' The efficiency and usefulnessf of decision tables in EDP
(Electronic Data Processing) becomes doubtfull without incorporating
adVapced and efficient methods and/or procedures for testing deci~

gion tables and generating, if necessary, comprehensive diagnostic

messages. By testing, we mean testing for”ambiguity of any kind and

testing for completeness, ‘
" :
The testing of tables for amblgulty and completeness can be é
done at two dlfferent tlmes, prior to conversion to computer pro=

grams and/or at run tlme. If a decision tables processor is used in

LTS G
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' time sharing or real time in an interpretive mode, the possibility
. of checking at run.time is very desirable feature. Different app~-
roaches have been suggested and taken. The most common approach,
‘defined by Pollack [A9], which assumes unrelated conditions in the
condition stub, can be implemented in any LCE decision table procege
’sor; with relative simplicity, using the definitions for ambiguity
given in II-2-2., If testing for completgness_is required, one may
use, also with relative simplicity, the definition given in II-2-11.
Many of the existing decision table processors ignore complefely the
teétlfor completeness, and that automatically adds the requirement
of incorporating the ELSE RULE in every decision table. It should
be noted that if definitions II-2—5.and II-2~6 are used as guide
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rules for writing testing and diagnostic procedures (even with rela-
ted conditions) the resulting tables and programs are correct (see
the decision tables in Fig. II1-2-2 and Fig. II-Z-S).' These defini-

tions for ambiguity were used in many LCE decision table processors.

In general the testing and diagnostic methods fall into two
main categories: .
1. Testing methods in conversion time,

2. Testing methods in run time,

vi1" TESTING AND DIAGNOSTIC METHODS IN CONVERSION TIME.

In this section we shall introduce necessary and sufficient

Lot

. conditions for ambiguity in LCE and MCE decision tables which can

ST IREAT SN’ ALISSSAIINGT
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serve as guidé rules in writing and diagnostic procedures in conve~

_psion time. The conditions are based on the definitions given in

sections II-1 and II-2. We shall start with LCE decision tables

with unrelated conditions, exfend.it to LCE decision tables with re-
1ated and unrelated conditions. Finally we shall consider MCE deci-

sion tables. It should be noted that P.H.J. King was the first to

give a serious consideration to this subject and he introduced neces-

sary and sufficient condition for testing LCE decision tables.

Before going any farther let us introduce the following defi-

nitions and notations:
1. We denote by d; the i*B column of the decision matrix defined
in IV-2-1.

. the jth column vector of the mask matrix defined

2., We denote by mJ
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*

in IvV-2-1.
3, We denote by I a unity vector, a g dimensional column vector in

which every component equals 1.

Definition V~1=1l: -~ @Given two q dimensional vectors my and

dj’ the intersection m{ﬁdj is the row by row logical intersection
and the union miudj is the row by row logical union,

Bessed upon definitions II-2-5 and II-2-6, necessary and

sufficient conditions for ambiguity are derived in the following

theorems.

Theorem V=l-l: ~ Given a LCE decisibn teble with unrelated con-

ditions, the necessary and sufficient conditions for redundancy
between two.rules 7’1 and 7’3 ares

1. min\dj = mjﬂ di

2. &t =(5j_'

Where m;, mj are the 1
th

th th

and the jJ vectors from the mask

th

and the j~ vectors from the decision

matrix, and di’ dj are the i
matrix associated with the given LCE decision table.
Proof: First let us prove that the conditions are necessary. The

necessity of the second condition is obvious from the definition of.

redundancy .given in II-2-5.

From the definitions of the LCE decision matrix and the LCE
mask matrix, the set of conditions that has to be tested in order to

satisfy 711’ 7rj or both, is given by the 115 in the vector‘miL)mj.
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mjn (mif\ dj) =

mjn di

(miﬂ m:j)/'\d‘_j m;N (mjn dj)

miﬂ d j

if ambiguity exists min d.'i = mjf‘\ di
and if the ambiguity is redundancy §* = §

This concludes the proof that the conditions are necessary.

To prove that the conditions are sufficient we reverse the
steps used in proving the necessity of the conditions. .Therefore

if the two conditions hold, so does:
(miﬂmj)f\ d; = (min mj)ﬁ dj
and therefoi‘e redundancy exists.

Corollary V-l=1l: - If, for a given LCE decision table, two

rules ’)’i and 7’3 are found to satisfy the two conditions stated in

theorm V-1-1, then redundancy will occur whenever the data satisfies

the conditions represented b.y' the 1'° in the column vector, (miu mj)n
(diU dj). and every O in (miu mj) represents an irrelevant or a

don't care condition.

This corollary simply states that if two rules Y% ana ¥J
both have to be satisfied, the conditions relevant to ')’i or 7’3 or
both are given by the 1'S in the column vector (m;Um;). This set
can be divided intp three disjoint sets (as shown in theorem VI-1-1)

which, when united, give :

Ge NLISGSAINEG
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This set of conditions can be divided into three disjoint subsets:

1., Conditions relevant to Ti but not to 7’j, represented by the
118 in the column vectors ms N (I-mj), respectively.

2, Conditions relevant to ?’j but not to Ti, represented by the
1'% in the column vector mjﬂ (I—mi), respectively.

3, Conditions relevant to ‘ri and to ’Tj, represented by the 115

in the coulmn vector m, N mj, respectively.

To satisfy ’)’i, the conditions designatedby the 1'% in the column

vector miﬂ(I-mj)ﬂ di have to be satisfied (This is a subset of the

set of conditions that has to be satisfiedin order to satisfy Yi. The

complete set correspondence to the 1'% in the column vector mif\ d-i).
Note that this does not prevent the satisfaction of rule ’)’J also,

Ssimilarly to satisfy the rule 7’ j, the conditions designated by the

LSS Al AGSemeunid
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115 in the column vector mjn(I-mi)[\ d;j have to be satisfied. That,

| again, does not prevent the satisfaction of the rule 7’1 also,

Using the th:ird subset .miﬂ-mj, in order to satisfy the rule
7’i, the conditions designated by the 1'% in the column vectoxj
(mg N m )N d; have to be satisfied, and to satisfy the rule 77, the
conditions designated by the 115 in the column vector (mj_ﬁmj)r*;d:j
have to be satisfied. '

If ambiguity exists:

(miﬂ mj)ﬁ d; = (min mj)n dj

but by definitipn dic m; and djc mj , therefore:

(miﬂ mj)f\ di = (mjﬂ mi)ﬁ di =
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{[mjn (I-m;)1N d b U {lm;N (T-m3) 1N a3 v {[mjn m; 10 [,V dj]} |
= (myU mj)ﬁ(diu dj) |

Theorem V=1l=2: = Given a LCE decision table with unrelated

conditions, the necessary and sufficient conditions for contradig-

tion between two rules 7’1 and 7j are:
1. min dj = mjndi . )
2. ot # 7

Where mi’mj’di and d;j have the same meaning as in theorenm

V-1-1, The proof of thistheorem is completely analogous to the

-

wyr SNOSoHAINGF

proof in theorem V-1-1 and thus not included,

corollary V-1-2: = If, for a given LCE decision table, two

fu_.les 75‘ and 7j are found to satisfy the two conditions stated in
theorem V-1-2, thencontradiction will occur whenever the data satis-

fies the conditions represeniied by the 1*S in the column vector:

(miU mJ)n (diU dj)'

These two theorems can actually serve as guide rules for im-
plementation of an . efficient and comprehensive procedures for test-

ing LCE decision tables (with unrelated conditions) for ambiguity.

Actually, the same criteria for testing ambiguity of LCE deci-

sion tables with unrelated conditions can be used for testing ambi-

guty for LCE decision tables with related and unrelated conditions,

This is stated in the following theorems.
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Theorem V-laB: - Given an LCE decision table with relafed
and unrelated conditions, the necessary and sufficient conditions

for possible redundancy between two rules 7Vi and 7’j are:

i_ e
2. 5t =6
Actual redundancy exists if, and only if, there exists consise
“tant data which satisfies the conditions'represented by the 1'% in
the column vector (miu mj)r\(diL)dj).

The proof of this theorem is completely analogous to the proof of

theorem V~1-1 and corollary V-1~l1 and therefore not included.
Theorem V-l-li: - Given a LCE decision table with related and

-unrelated conditions, the necessary and sufficient conditions for

. possible contradiction between two rules 7y1 and 7rj are:

1. min dj = mjf\di

2. 5 £ ¢
Real contradiction exists if, and only if, there exists consistent
data which satisfies the conditions represented by the 1'5 in the

column vector (miu mj) N (diu dj)o

oof of this theorem is again completely analogous to the proof
not included.,

[Y]
. i Y j
Example V-1i-1l: = Given che rules 7’ = ﬁ and 7’ =

The pr
of theorem V-1-1 and corollary V-1=1 and thus

1 =221

the respective decision and mask vectors are:

2 e L1205,V

LA A

“nre
Py vy )

.
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1 i) ) 0
% % 1 1
n, = d, = m, =1 d, = 1|0
1713 e ol 3 711 I o
0 0 0 0
1 ) 0 0 1
na. =lol n |5 5 T 5 "
m. = 0 = 0 = 1 N 0 = m.Nd.
rJ 1 0 0 1 0 J L
0 0 0 0 0

5t = 5% them:

If the decision table contains wunrelated conditions, a definite

redundancy exists., (Theorem V-1-1)
If the decision table contains related (and unrelated) conditions

(as well), a possible redundancy exists. (Theorem V=1-3)

LU A

T wes SNALIIUSSIIVES

(51 £ (55; then?

'If the decision table contains unrelated conditioné, a definite

T &GS

.~

contradicﬁion exists., (Theorem V-1=2)

If the decision table contains related (and unrelated) gonditions

(as well), a possible redundancy exists. (theorem V-1-4)

Based upon corollaries V-l-1, V-1-2, and the last condition

. theorens V¥1-3 and V-1-4, the ambiguity will occur with the fol-

wing result:

;Um0 (d;0d5) = U N v

OO KK
OFKF RO
00O KO
00O HH
n
OHH HH
)
OO0 HH
r
OO0 HH
=2 2
n
W

. can be easily seen that RG{LJI}.as well as .RG{QJJ}.

The 1ast four theorems can t2 extended, with some modification
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and definition, to cover the MCE decision table. In order to intro-

duce these extensions we shal.. define fhe following two 0perations.'

Definition V-1-2: - Given a mask vector m; and a decision

vector dj of the same order, the multiplication mide is a vector

whose components are the respective row by row multiplication

Rik = mik X djk ; k = 1,2,00. ,q -7

This operation has the following property (mir\mj) X d:j =m X

(mj X dj)

Definition V-1-3: - The operator U has the following

meanings:

d d

s F dyy = dype

0 and/or djk =0

* .
di.y, U ds, =XO if dik

ik jk

not defined otherwise.

the operator U between two vectors d; andd..j is defined =~ as if it

is between every one of the corresponding components,

Theorem V-1-5: = Given an MCE decision table with unrelated

conditions,these necessary ang sufficient conditions for redundancy

between two rules 7’1 and 7’3 are:

1, my xd, =m. X di

e B
2. §*=¢§°

ST LAt uTsIIS
RNV A

LT AT,

Y rr

LS
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where m, ,m, are the i'h
and d;, 4  are the 1th

matrix associated with a given MCE decision table,

and the jB

th

vectors from the MCE mask matrix
and the j vectors from the MCE decision
Proof: First let us prove that the conditions are necessary. The
necessity o}f the second condition is obvious from the definition of
redundancy for MCE decision tables.
From the definitions of the MCE decision matrix and vf:he MCE
mask matrix the set of conditions that has to be tested in order to
satisfy ’)’ ’)’3 or both is glven by the 1'5 in the vector miu m.,.
This set of conditions can be divided into three.disjoint subset5°
1, Conditions relevant to ')/i but not to. ')’j, represented by the
1'? in the column vector niin (I—mj) respectively.

2. Conditions relevant to ’)’3 but not to‘]fi, represented by the
115 in the column. vector m., n(I-m ) . respectively.

:.3. Conditions relevant to ’)’ and to TJ represented by the column

vector miﬁ m'j regnectively.

To satisfy 'L, the conditions designated by the non-zero .
entries in the column vector [my N (I-mj)]- x d; have to be satisfied
(This is a subset of the set of conditions that has to be satisfied
in order to satisiy 71. The complete set corresponds to the non-
zero entries in the column vector m; X di)’ Note that this does not
prevent the satisfaction of the rule ’)’ J also., Similarly to satisfy
the rule ’7 J the conditions designated by the non-zero entries in
the column vector [m N (I-my )1l x dJ have to be satisfied. That,

again, does not'prevent the satisfaction of the rule 7 also,

R VAV S s

IR A

LY EEGT
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From the third subset m;N mys in order to satisfy the rule —-

7'1 , the conditions designated by the mon-zero entries in the colunn
vector (m;N mj) x d; have to be satisfied, and to satisfy the rule
’)(3 the conditions designated by the non-zero entries in the column

vector (min mj) x dj have to be satisfied,

If ambiguity exists

(min mj) X di = (min mj) X dj . | -

But the set of the non-zero entries in dj is a proper subset of the

non-zero entries in my and the set of the non-zero entries in d; is

a proper subset of the non-zero entries in my therefore

(min mj) x dy (mjn m'i).x dy

mj X (mi X di)

"
B
M
o)

[t

(minmj) xdj 3 % (my

]
B
b
~
=
)
2
[ 8
~

i
=
»
o
[N

If ambigu:‘;ty exists mix d;j = mjx di
and if the ambiguity is redundancy (51 = 53

This concludes i;he proof that the conditions are necessary.

To prove that the conditions.are sufficient we reverse the
sfeps used in proving the necessity of the conditions. Therefore
if the two conditions hold so does:

(mif\ mj) X di = (min mj) X dj

BRIy T
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and therefore redundancy exists.

Corollary V-1l-3: - If, for a given MCE decision table, two

rﬁles irl and ]ra satisfy the conditions stated in theorem V-1-5;
then redundancy will occur whenever the conditions represented by

the vector:
* - -
(miUmj) X (diUdj) are satisfied.

3 is as previously defined in definition V-1-3.

Proof: This corollary states that if two rules ?{i and i{j»both have

to be satisfied, the conditions relevant only to J™ have to be sati-

The meaning of diﬁd

sfied; the conditions relevant only to ;rj have to be satisfied and

R A V7V

LT A

_the conditions relevant to both'g’i and ;rj have to be satisfied by

~the same values respectively. The set of all the conditions that

rnrmoe e
o)

have to be satisfied can be divided into three disjoint sets (as

«£.

shown in theorem VI-1~5) which when united give:

{[mjn ('I-mi)] xAdj}ﬁ {[min (I-mj)]' x di}ﬁ{[mjn m;) x [diﬁdj]} i
%*

N .
Note that if the conditions of theorem V-1-5 hold diUdj is

B X% . .
always defined and the operation U is valid and can be applied.

Theorem V¥1-6: -~ Given an MCE decision table with unrelated

conditions, the necessary and sufficient conditions for contradi-
ction between two rules 7f1 and 7’3 are:

1.  my X dj = mj x_di

2. § 4§
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Proof: The proof of this theorem is completely analogous to fhe

proof of theorem V-1-5 and thus omitted.

Corollary V-1=4: - If, for a given MCE decision table two -

rules 71 and 7’3 satisfy the conditions stated in theorem V-1-6;
then contradiction will occur whenever the .data satisfies the con-

ditions represented by the vector:
d ¥d.)
(miUmj) x (dy 30

Proof: The proof of this corollary is completely analogous~to-the

proof of corollary V-1-3 and thus not included.

Theorem V-1-7: = Given a MCE decision table with related and

"unrelated conditions, the necessary and sufficient conditions for

' possible redundancy between two rules 7V? and 7(3 are: -

1. mg X dj = mj X di

A i_ ¢
2. § = o
Real redundancy exists if and only if there exists consistent data

which satisfy the conditions represented by the vector:
m.) x (d.Ud.)
(miUmj x (d;Udg).

Proof: The proof‘oﬁ this theorem is completely analogous to the proof

of;theorem V-1-5 and corollary V-1-3 and therefore not included.

Theorem V-1-8: - Given a MCE decision table with related and

unrelated conditions, the nebessary-and sufficlient conditions for

B S S TR

LERN A
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possible contradiction between two rules 7i and 7j are:

1. mixdj-.:mjxdi

2.. 5 # §° -
Real contradiction exists if and only if, there exists consistent

data which satisfy the conditions represented by the vector:
) x (d,0d,)
(miUmj x ( 1Ud5)e

Proof: The proof of this theorem is completely analogous to the proof

of theorem V«l-5 énd corollary V-1-3 and therefore not included.

T LRI iy

Example V-1-2: - Given the foolowing MCE decision table: g
Ig
- [:
RULE NUMBER §
CORBITIONS T 12 15 1%k 15 16 17 13 ]
¢y 27 |27 3035|3535 |0 |7 ¥
c5 Y |- {=-lY |- |¥Y |- ;gs
C3 - - - = = < brd
ACTIONS S 5% 15° 16 16" S¥16° 167
‘ Fig. V-1-1
v, = [27,30,35,40]
V2 = L=, < >]
12333 4] 1111111
D=|1001010 M={1001010
,0001‘123J 0001111
1 s S 1 T |
mlxd2=|‘1x0=0=0x1=m2xdl
0 0 0 0 0
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Since '7’1 and 72 stand for two_ different actions, and the
actual conditions are not explicitely stated, a possible contradic-
tion exists. If there exists consistent data which satisfy  the.

conditions represented by the following vector, real contradiction
exists

* 1 m 1y [ I 1 T 1 27

(mlUmz)x(dlUd2)= 1] U |0 ; il violy =1jx{1]l =\|1l|l=> (X

0 0J) 0 o)) - 1O o) (Y =

It can easily be verifled that data which satisfies [27,Y,-]
satisfies both 7{ and ]V

Testing for the 4th and the Eth rules we get:’

N e

And since 7(4 and 7’5 have identical actions, a possible re-

" dundancy for data which satisfies the conditions represented by the

following vector, exists:

ot B} <10 B -6+ - B 1

Data which satisfies [35,Y,=] satisfies both 7‘* and7”.

Conclusions: Any one of the previous theorems can serve as a

guide rule in implementing testing procedures for any kind of deci-
sion tables, starting with LCE decision tables with unrelated con-
ditions and going up to MCE decision tables with related and unrelated

.conditions,
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Since in every case, real or appareht ambiguity shoul@ result
in the generation and printing of the appropriate messages, and
since the most flexible decision tables for actual use are the MCE
decision tables ﬁith related and unrelated conditions, the use of
theorem V-1-8 is recommended.,  A good decision table processor
should not stop the conversion if possible ambiguity is found, It
should continue the conversion generatiﬁg the appropriate messages
and diagnostics, leaving the final decision to the systems analyst.
If, after reviewing the generated messages, actual ambiguity is
found then an appropriate correction and an additional conversion

pass should be made.

The testing procedureS'which can be designed, using the for-
mer theorems, are most adaptable to the mask method, in which the
‘same mask and decision matrices can be used, The same procedures
can be adapted for testing, even if the tree methods ére used; this

at the expense of some additional storage and conversion time.

V-2 TESTING AND DIAGNOSTIC METHODS IN RUN TIME

In the last section, we delt with possible ambiguity, because
in actual use of decision tables, we use MCE decision tables with
related and unrelated conditions. We were only able to comment on
the data (if any) for which ambiguity could occur. This, because
at conversion time, we are not able to judge whether or not this
type of data is consistant and/or possible. The big advantage of

the previously discussed testing and diagnostic methods, is the fact
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that at conversion time, they can be used with the mask method as

well as with the tree method,

The main problem is that a possible BT NOVEED
ambiguity cannot always be identified, by CONJI1alolh}o
. AB Y |~=-]| Y|~ |E

the user, as a real ambiguity or not. A lasel=-lyl-lv (L
' S

simple example, given in Fig. V-2-1 shows A=D|N|N{YIY|E
[} ' 2 2l es

that redundancy exists between the rules ' ACT. (5 (S (5 (5 (5

7t and 72, and possible contradiction Fig, V-2-1

exists between the rules 7(3 and 7’4. But

whether the ambiguity contained in this table is real or not it is

H
sometimes quite difficult to decide. ' )
i

The present section will deal with testing and diagnostic
methods at fuﬁ time. - These procedures were first published in an i
algorithmic form by C.R. Muthukrishnan and V. Rajaraman {B?7] and can
_ serve as a complementary way tp tha previously suggested methods to
solve completely the problem of ambiguity in decision table logic.
Note that these algorithms can be used with masked meﬁhod only.

The following two algorithms can serve as conversion techni-

ques as well as testing and diagnostic techniques,

ALGORITHM V-2-1: - For converting.and testing LCE decision
table.

STEP 1: GENERATE A MASK MATRIX M BY SUBSTITUTING THE FOLLOWING
CODES FOR THE CONDITION ENTRIES IN THE CONDITION ENTRY

MATRIX.
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N

1l
o if cij =Y
M., = 0 if c., =N
ij ﬁ 1 ij
\i if °ij = f—" or donft care.

For example, the corresponding mask matrix for the table

given in Fig V-2-1 is:

1 1 1 1
0 1 0 1
1 1 1 1
M=y1 o0 1 o0
{’o o 1 1 s
1 1 0 O] i
1 ¢
STEP 2: FOR GIVEN DATA, THE CONDITIONS ARE TESTED AND THE RESULTS - 'y
ARE RECORDED IN A RESULT VECTOR D USING THE SAME CODES AS 5
. 3'

IN STEP 1ls - 3

STEP 3: SELECT THE ROWS OF M WHICH CORRESPOND TO THE 1 ENTRIES IN
D, AND LOGICALLY “AND" THE RESULTING ELEMENTS IN A GIVEN
POSITION TO A RESULT ROW VECTOR R OF ORDER Pe.

STEP 4: IFRy=0 3§ =1,2,... ;p. THE "ELSE RULEV APPLIES. IF
R =1 fora unique k, THEN 7% RULE APPLIES. IF MORE.
THAN ONE ELEMENT is equal to 1, A REAL AMBIGUITY BETWEEN
THE CORRESPONDING RULES EXISTS; REDUNDANCY IF THE CORRES-
PONDING ACTIONS ARE THE SAME AND CONTRADICTION IF THE
CORRESPONDING ACTIONS ARE DIFFERENT.

Example V=2-1l: - Using the decision table given in Fig. V=-2-1;
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1. Suppose ¢y is false co true and s is false; then:

0]
1
D = % The corresponding rows in M are 0101
1111
0 1100
1l 0100

h
R=[0100]
- which points to the fact that 7’2 is satisfied and there is no

2, If ¢y is true, ¢, is true and c; is false; then:

the corresponding rows in M are

HO O O

Re[llO0O0)

which points out that ambiguity between ') and )2 exists and
since they have the sameléction, redundancy exists.

3. If cl_is true, ¢, is true and 03 is true; then:
1]

the corresponding rows in M are

o
1]
o+ O O

f[oo11]

o
u
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J

0 otherwise (incluéing the don't care case)

5 {1 if the i®™® condition is satisfied in

STEP 3: LET T =DORM

lThat is tij = dij OR,mij

STEP 4: LOGICALLY “AND" THE RESULTING ELEMENTS OF THE MATRIX T
COLUMNWISE.

q
N i3 =Ry
i=1

THE RESULTING ROW VECTOR R HAS 115 IN EVERY POSITION FOR
WHICH THE DATA SATISFIES THE RESPECTIVE RULE.,

Example V-Z-B:-; Refering to the MCE decision table givén ¥

'in Fig. V=1-1;
-1, Suppose ¢, is 35, c, is true and Cs is "=" then
0001110

D=/1001010
l[ooo1100

oo001l110 0000000 0001110
1001010} or (0110101 1111111
0001100 11120000 1111100

D or M =

R=[00011001

which points out that ambiguity between ¥* and 7° exists.

since the actions of these two rules are different, contradic-

tion exists. Note that this was discovered in Example V-1-2 as

a possible ambiguity.
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‘which points out that ambiguity between 7’3 and 7’4 exists and

since they have different actions, the rules contain contradic-

“tion,

The proof of the algorithm is based on the fact that in order
to satisfy a certain rule the corresponding outcome after the AND
operation must be "1", Since the code for a don't care entry in

the condition entry matrix is (i) this will not affet result of the

AND operation,

ALGORITHM V=-2-=2: = For Cohversion and Testing MCE Decision

Tables., The steps of this algoriﬁhm will be illustrated, whenever’ | §
it is felt necessary, by applying them to the MCE decision table '

given in Fig., V-1-1.

STEP 1: GENERATE A qxp MASK MATRIX M BY SUBSTITUTING THE FOLLOWING 4

CODES FOR THE CONDITION ENTRIES cij IN THE CONDITION ENTRY

MATRIX.

;5% )1 otherwise

The corresponding M matrix to the decision table given in

Fig. V-1-1 is: 0000000
- M=(0110101
1110000j

STEP 2; FOR GIVEN DATA IRRFORM THE TESTS AND GENERATE A gqxp MATRIX
USING THE FOLLOWING CODE.
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2. Suppose Cq = 30, c, is false and c3 is "y then:

0010000
D=|0000000
[000GG O 1

‘ 0010000 foocoo0o000 0010000
DorM=({0000000| or 0110101 = 10110101
0000001 1110000, 1110001

R=[0010000)

This points out that the 7’3 is satisfied.

Note: Conditions that have the same value in the condition Vg

: ' ‘ Z

entry matrix do not have to be tested more than once. For example, 1
as soon as we found that 1 is satisfied by 35 we can insert 1 in E
- i

'clq, 5 and Cige

Now we shall show that with some small modification the same -

algorithm can be used for testing at conversion time and at run

time,

MODIFICATION FOR ALGORITHM V-2-1:

The only modification that has to be made in order to use

this algorithm at conversion time for checking possible ambiguities,

nd Insted of generating a result vector after tes-

is in the 2 step.

ting real data, we can generate in a loop all the vossible outcomes
(2%) of result vectors and apply them to the mask matrix in the same

manner as described in algorithm V-2-1, This will give us another
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way to indicate possible ambiguities at conversion time,

MODIFICATION FOR ALGORITHM V=2-2:

Here the modification can be made in the same way as proposed
previously for algorithm V-2-1, ' But here, instesd of génerating a
possible result vector, we have to generate in a loop, a pdssible
result matrix., In this case the numbér of possible matrices becomes

q . .
very large ( 7r nj ~ see definition II=-2-11) and time consuming.,
J=1 L
Therefore, for MCE decision tables the use of theorems V=1=7 and

V-1-8 is highly recommended,

REMARLS: g

3

1. The two algorithms presented above are again interpretive in 5
. . 5y

nature, and therefore more suited for interpreters to be used in ﬁ

time sharing or real time systems,
2. Both alorithms require testing all the conditions before decid-
ing which rule is being satiafied and whether or not ambiguity

of any kind exists. Therefore, a price of longer run time is

paid for the advantage-of being able to test for ambiguities at
run time, | ‘ .

3, Both algorithms can be modified as suggested by King [B2] in
his interrupted rule mask procedure, for the Kirk's procedure.
But by doing so, ~we lose the ability of detecting ambiguities
in run time since, din this procedure, the first rule

satisfied will be taken., On the other hand this provides a way
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to save run time.

L4, In algorithm V-1-2 we could eliminate the T = (D or M) operation
by initiating D to the values of M and save some time by elimi=-
nating further testing of'conditions for a rule 7’1 as the con=-
dition entry °ij is found to be unsatisfie@. |

5. These two algorithms, as the other, discussed in the mask method,

in chapter IV, are very efficient as far as the required storage

is concerned,

V=3 TESTING AND DIAGNOSTIC METHODS 'IN CONVERSION TIME AND
IN RUN TIME -

_ Tn this section we shall introduce another two algorithms
capable to perform testing in conversion time and run time as well gs
'to éerve as conversion algorithms, The use of conversion algorithms
such as described in this section will allow conversion together'
with debugging runs to be run in a continuous sequence giving all

the necessary diagnostics for fast and efficient debugging.

ALGORITHM V-2-3: = For conversion of LCE decision tables ’

(with and without related conditions) and testing in conversion time

and run time whenever the table contains possible ambiguities. This

algorithm is based upon the mask technique given in IV=-2-1 and theo-
rems V-1-3, V=1l-4.,

' The steps of the algorithm are divided into two groups, the

first froup is eXecuted in conver51on tlme while the second, based

upon the first, is executed in run time.

&EHENVA

Pt vy
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GROUP 1: IN CONVERSION TIME

STEP l: GENERATE A DECISION MATRIX D BY SUBSTITUTING THE FOLLOWING
' CODES FOR THE CONDITION ENTRIES IN THE CONDITION ENTRY - -
MATRIX. ‘
1 if c.., = Y or YES
dy; = iJ
J 0 otherwise

STEP 2: GENERATE A MASK NATRIX M BY SUBSTITUTING THE FOLLOWING
B CODES FOR THE CONDITION ENTRIES IN THE CONDITION ENTRY

e

MATRIX,
if ¢. . = "=M or don't care

EHRNTA

mi : =
J 1 otherwise

Rex e xtss £

!
:
d
<

: i - m. 4,

_ STEP 3s CHECK FOR EVERY TWO RULES 7 , 7. IF n.li/\ dj w5 N dy
_ . i_ ¢3J -

1. IF myN dj = mjn d; AND IF 5 _(5 GENERATE A DIA-

GNOSTIC MESSAGE FOR POSSIBLE REDUNDANCY BETWEEN RULES

7i AND?'j FOR DATA WHICH SATISFYS THE CONDITIONSV

-

REPRESENTED BY THE 1'5 IN THE COLUMN VECTOR
(m,U mj)n (d;V dj). GENERATE A TEST RESULT VECTOR TR

IDENTICAL TO (miU mj)ﬁ (diU dj)WITH AN ADDITIONAL TAG
(i,Jj,k) WHERE i,j ARE THE RULE NUMBERS AND

1 FOR CONTRADICTION

0 FOR REDUNDANCY
k =
NOTE THAT HERE k = O,

TO B USED IN RUN TIME, STORE

THIS RECORD IN A TABLE,
= i J
2. IF mNd; =mnyNd; AN G- 4 §° GENERATE A DIAGNOSTIC

MESSAGE FOR POSSIBLE CONTRADICTION BETWELN RULES 71
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AND y 9 FOR DATA WHICH SATISEYS THE CONDITIONS REPRESENTED
BY THE 1'° IN THE COLUMN: VECTOR (m;um;)N(d;Ud;). GENE-
RATE A TEST RESULT VECTOR TR IDENTICAL TO (m;uU m )N (d;Ud)
WITH AN ADDITIONAL TAG (i,j,k) AS FOR 1, HERE k = 1.

'STORE THAT VECTOR IN A TABLE. |

GROUP 2: IN RUN TIME

STEP 4: FOR GIVEN DATA, THE CONRDITIONS ARE TESTED AND THE RESULTS
ARE RECORDED IN A RESULT VECTOR RV USING THE SAME CODES AS

FOR THE DECISION MATRIX.

STEP 5: IF THE TABLE IN WHICH THE TR VECTORS ARE STORED IN CONVER-
SION TIME IS NOT EMPTY COMPARE THE RESULT VECTOR RY WITH
EVERY,VECIOR IN THE TABLE. FOR EVERY MATCH GENERATE A RUN §
TIME DIAGNOSTIC MESSAGE LISTING THE AMBIGUOUS DATA, REDUN= -
DANCY IF k = O, CONTRADICTION IF k = 1, STATE ALSO THE

RULE NUMBER i AND j.

STEP 6: IF THE TEST RESULT VECTOR TABLE IS EMPTY OR NO MATCH OCCUR
IN STEP 5 PERFORM THE SCANNING OPERATION (DESCRIBED IN

IV-2-1) IN ORDER TO FIND WHICH RULE IS SATISFIED AND TAKE

THE APPROPRLATE ACTION,

ALGORITHM V-2-4: ~ For conversion of MCE decision tables (with

and without related conditions) and testing in conversion time and
run time whenever the table contains possible ambiguities, This

algorithm is based upon Peel's Exteﬁded Mask Technique given in page

92 and theorems V-1-7, V-1-8.
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The steps of this algorithm are also divided into two groups,
the first group is executed in conversion time and the second in run

time,
GROUP 1: IN CONVERSION TIME.

STEP 1: GENERATE A DECISION MATRIX D AS IN PEEL'S EXTENDED MASK
TECHNIQUE.

STEP 2: GENERATE A MASK MA‘I.‘RIX M AS IN PEEL'S EXTENDED MASK TECH=-

 NIQUE.

. i A3 _
STEP 3: CHECK FOR EVERY TWO RULES 7",;r IF my % dj =my X dg y
1. IFm; xd, =m, xd; AND IF S5t = §7 cENERATE A DIA- ¥
J J k;
GNOSTIC MESSAGE FOR POSSIBLE REDUNDANCY BETWEEN RULES .
- ‘H
;r AND ;y FOR DATA WHICH SATISFIES THE CONDITIONS RE- i
R

PRESENTED BY THE VECTOR (m;U m;) x (d;U d4). GENERATE
A TEST RESULT VECTOR TR IDENTICAL TO (m; U m;) x (d;0d,)
WITH AN ADDITIONAL TAG (i,J,k) SAME AS IN SIEP 3(1) IN
© ALGORITHM V-2-3, AND STORE IT IN A TABLE.
2. IFmxd; =m;xd; aD G54 § ENERATE A MESSAGE

Jd J
FOR POSSIBLE CONTRADICTION BETWEEN RULES 7 AND 73

FOR DATA WHICH SATISFIES THE CONDITIONS REPRESENTED BY
THE VECTOR (m; U mj) % (d; U d;). GENERATE A TEST RE-
SULT VECTOR TR SAME AS IN STEP 3(2) IN ALGORITHM V-2-3,
AND STORE IT IN A TABLE.

GROUP 2: IN RUN TIME.

STEP 4: FOR GIVEN DATA, THE CONDITIONS ARE TESTED AND THE RESULTS
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ARE RECORDED IN A RESULT VECTOR RV USING THE SAME CODES AS
FOR THE RESULT VECTOR IN PEEL'S EXTENDED MASK TECHNIQUE.

STEP 5: SAME AS STEP 5 IN ALGORITHM V-1-3,

STEP 6: SAME AS STEP 6 IN ALGORITHM V-l-3,

1.

-3,

REMARKS:

The main advantage in the last two algorithm is thé fact that
they incorporate in one; conversion, conversion time testing and
run tiﬁe testing almost without increasing theidonversiOn time
or the program run time and storage réquired compare to Kirk's
mask technique or Peel's exten@ed maskltechnique.

The only @isadvantgge is that Kirk's'mask technique as wel} as
Peel's ekteﬁded mask technique require the testing of every con-
dition, which is inefficient in run tinme,

One way to make use of these last algorithmsis by inclusion two
additional rules denoted by A (for ambiguity) and R (for redun-

dancy) which when satisfied specify theactions to be taken in &

either case.
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CHAPTER VI, PROPOSED CONVERSION METHOD

In this chapter, an attempt is made to propose an efficient
and flexible conversion method based upon the experience accumulated
in the previous chopters. We;can c¢learly state fhat none of the
previously suggestedmethods, procedures and algorithms, for conve-
rsion of decision tables to program code and for checking ambiguity
and completeness, can be used separately in a real attempt to write
a good decision table processor. We shall first state the main re-
quirements of a good processor im order of priority._ This list of
requirements will be the guiding list and the reaéon standing behind
the suggestmiéppraoch. Finally, we shall give an example in which
the conversion will be .made manually as if done‘by a. preprocessor

‘converting the tables into COBOL program code.

VI-1 REQUIREMENTS:

1., Minimum requirement limitations and restrictions imposed on the

usero

2. Efficient conversion time checking procedures and a comprehensive

system of diagnostic messages.
3. Efficient program code with optimal combinations of minimal run
time and storage requirements.

ly, Possible run time checking procedures for debugging mode runs.

5. Possible inclusion of additional information (such as probability

distribution of the rules and storage required) for optimization

-

AT A

L2t 7avemm
Ao L

PR Yo

A

}
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of the program code generated,
6. Possible elimination of ¢he programming.job.

7. Efficient decision table processor.

The most essential requirement, as stated above, is maximum .
flexibility. Fulfilling this requirment can eventually leéd to
possible elimination of the programming job. Using third genera-
tion computers, where machine time and memory are'becoming cheaper
and cheaper, and the price paid for progrémming becomes more and
more expensive, these requirements simple state that the reduction
and/or the elimination of the programming job is most‘desirable even

if this means relatively longer conversion time and execution time,

&HANT A

We would like to design and implement a decision table translator

which can cope with the following functions:

—er et f

!
!
J
‘::

1. -Accept MCE decisioﬁ tables, with and without auxiliary infor-_
mation., Easy to learn and easy to use.

2. Be able to copy standard portions of program code from standard
libiary.

3, Have the necessary interface to data bace generator.

4., Generate as efficient program code as poséible, without imposing
heavy restrictions or requirements upon the ﬁser.
5. Have efficient procedure for testing ‘and generating diagnostic
messages in conversion time, and upon requirement in run time as
. well, in a special debugging mode run,
6. Serve as an additional means of documentation.

7. The decision table processor should be written in a modular form



=]39-

(as far as possible) to allow easy modification by the potential

user,

VI-2 SUGGESTED DECISION TABLE COBOL PRE-~-COMPILER SYNTACTIC

STRUCTURE

In this section we shall deal with the formation. of rules
for writing decision tables utilizing the COBOL 1anguage; The COBOL
language was chosen in this‘ﬁarticular example because this is the
most useful language in today's computer applications. Besidés
a decision.table processor written in a high level language is re-
latively machine indépendent. As stated.ﬁefore, an actual pre-
compiler was not written because of lack of resources, but the pre-

sented suggestions can serve as nuclei in implementing one, and were

used to generate the example of this chapter.

A COBOL pre-compiler must be able to accept any COBOL program
intermixed with decision tables as input, from which an efficient

COBOL program will be generated.

-~
e

The syntax of the precompiler may contain few reserved words
and symbols which must not be reserved nor have any specific meéning
in any standard COBOL language specifications (COBOL 60, COBOL 61,
COBOL 65, USASI and CIDASYL COBOL).

The pre-compiler must be able to accept three types of input

data (or statements).

UL e
Rexr o Eie

B eh e A

[
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1. CONTROL STATEMENTS.
2. DECISION TABLES.
3. STANDARD COBOL STATEMENTS.

In the rest of the section we will make use of the Bachus nor-
mal form (with some modifications) to describe the syntax required
by the pre-=compiler, The conversioné used are: ‘
a., < > left and right broken brackets are used to coni:a:il.nx;e %‘variable.
b. ’:=‘Meéns nIs DEFINEDAAS".
C. Means "ORY

de [ ] Left and right brackets are used to indicate "AND"

Note: Some of the following is Burroughs oriented since I a1

most familiar with the Burroughs computers,

CONTROL STATEMENTS

Control statements can’be supplied to the precompiler by
means of punch cards and/or_card images on magnetic tape or disk.
The control statements suppiy important information to the pre-
compiler as well as set and reset different options., Most of the
control options are optional and must have a default value. The

general format of a control card is as follows:

COLUMN:

1-6  STANDARD COBOL 'CARD SEQUENCE

7 BLANK
8 # (CONTROL CARD ID)

T A

Lt imeme

e
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9-72 CONTROL OPTIONS (in free format)
73=-80 STANDARD COBOL IDENTIFICATION,.

SYNTAX:

<CONTROL OPTION> <INPUT OPTIONS><OUTPUT OPTIONS>

<TESTING OPTIONS><EFFICIENCY OPTIONS>
<DEBUGGING OPTIONS><WORK-FILES OPTIONS>
<COMPILE OPTIONS>

<INPUT OPTIONS>

<MAIN INPUT OPTIONS><LIBRARY OPTIONS>
CARD | TAPE | DISK | EMPTY
EMPTY | TAPELIB | DISKLIB

<MAIN INPUT OPTIONS>

oe
00

<LIBRARY OPTIONS>

oo
e0
i

, £
<LISTING OPTIONS><CARD-OUTPUT OPTIONS> Z

<OUTPUT OPTIONS>
| ~ <TAPE-OUTPUT OPTIONS><DISK~OUTPUT OPTIONS>

<XREF OPTIONS> * | CE

<REPORT OPTIONS»<EDITING OPTIONS> -

EMPTY|LIsT|LIST-1

EMPTY| <LINE OPTIONS><PAGE OPTIONS>

<LISTING OPTIONS»>

oo
]

[-X 2
[X ]

<ﬁEPORT OPTIONS>

ce
L X ]

<EDITING OPTIONS>

(X g

" EMPTY| SINGLE| DOUBLE |
EMPTY| NEWPAGE
EMPTY| PUNCH| PUNCH-1

<LINE OPTIONS>

<PAGE OPTION>
<CARD-OUTFUT OPTIONS>
<TAPE-OUTPUT OPTIONS>

X J [ X J
e oe
"

EMPTY | NEWTAPE| . NEWTAPE-1
EMPTY | NEWDISK | NEWDISK-1

[ X J
®0©

<DISK-OUTPUT OPTIONS>

L2 J

= EMPTY| XREF

L X J

DLt
<TREE OPTIONS>

EMPTY | CT-TEST| RT-TEST

<TESTING OPTIONS>

= EMPTY <FREQUENCY OPTIONS><MEMORY OPTIONS>

[LX ]

<EFFICIENCY OPTIONS>
<MINIMIZATION OPTIONS><COST OPTIONS>
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<FREQUENCY OPTIONS> i3 = EMPTY|FREQ
JMEMORY OPTION - ¢ = EMPTY|MEM.
<MINIMIZATION OPTIONS> :: = EMPTY|MINIMIZE
<COST OPTIONS»> t: = EMPTY|COST

*: = EMPTY|DEBUG

<DEBUGING OPTIONS>

<WORK~FILES OPTIONS»>
<COMPILE OPTIONS»>

 ad
»

 2.

3

EMpTY| wp3| wp2rPl | wpiTP2 | TP3
EMPTY| SYNCOM| RUNCOM | LIBCOM

o0
[ X}

[ X}
oe

REMARKS:

Control cards can be inserted anywhere in the input string to
reset different options with oﬁe exception,  The work-files
0p£ion'may appear only once in the first set of control cards
in front of ‘the pre-compiler input.

All the options can be pre-set at the time of the pre-compiler

compilation, A.suggested list of pre-set values is:

CARD, LIST, SINGLE, CT-TEST, TP3, SYNCON.

If necessary more than one control card may be used.

"SEMANTICS:

The funciions of the different control options available are

as follows:

INPUT OPTIONS: The precompiler must be able to accept its primary

input form cards, tape or decision tables and may be

copied from a standard library.

OUTPUT OPTIONS: Up to four different output files may be produced
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simultaniously. LIST stands for a listing of -
the generated program excluding the original
decision tables., LIST-1 stands for a complete

listing including the decision tables listed as

- notes for documentation purposes. SINGLE and

TESTING OPTIONS:

EFFICIENCY OPTIONS:

DOUBLE stand for single and double line skipping,
NEWPAGE stands for a.newpage for every new deci-
sion tables. PUNCH and PUNCH-1, NEWTAPE and NEW-

"PAPE-l, DISK and NEWDISK-1 are the same as LIST

and LIST-1. The XREF option allows the user to
receive crossreference of thelgenerated progranm,
bn request test for ambiguitj can be done in
conversion time or different procedures will be
incorporated to do so in run time as well, This
is a debugging mode of operation and as soon as
the user is sure that the program is free of
ambiguitiés, it should perform another conver-
sion and compile pass to return back to normal

mode of operation. Using the RT-TEST option

" additional and inefficient code will be incor-

porated to perform the required test.

If the probability distribution of the rules and
the storage required for testing fhe different
conditions is known, they may be supplied to thé
pre~compiler and taken into account in the conve-

rsion pass, on request, to generate a more effi-
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cienﬁ'code whenever possible. Possible minimiza-
tion of tables should be also available.
DEBUGGING OPTIONS: If the DEBUG option is set together with LIST-1l
| some additional notes (including the mask and the
decision matfices) will be listed for every deci-
sion table.
WORKING-FILES THREE WORKING FILES are used by the pre-compiler
OPTIONS: and they can be any combination of disk and tapes.
COMPILE OPTIONS: Three different options are available, The pre-
compiler may start the COBOL compiler, after

conversion, for syntax check, for compile and run

&I A

or for compile for library.

DECISION TABLES; PROGRAM FORMAT:

t
g
3
:J

The format of the program must be according to the COBOL re-~
quirement except from the control cards which can appear in one place
and the decision tables which are inserted in the procedure division

as sections and referred to by an appropriate COBOL statement (GO TO,

PERFORM or simply in line code).

The IDENTIFICATION DIVISION and the ENVIROMENT DIVISIONéme,
treated as in any svandard COBOL program. The DATA DIVISION in a
program containing decision tables must contain every data name,
constant .or conditional variable referenced in the procedure division

code or decision tables. Inconsistencies will be discovered only in

the compilation passe.
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CODE AND TABLE LINKAGE

In the procedure division COBOL statement can be intermixed
with decision tables. Every decision table is transléted into a
COBOL section code and decision tables can be linked by any of the
linkages described in chapter III;

FORMAT OF THE TABLES

The suggested format for a decision table is demonstrated in
the table given at the end of this chapter. Due to the limitations,
in size, of punched cards (80 columns) a special way was designed .-

for extended condition entries and extended action entries.

The program generated from a. decision table is illustrated in

‘the example given at the end of this chapter.

ALGORITHMS WHICH SHOULD BE USED

An efficient decision table precompiler muét be able to use
different procedures with different decision tables and according to
the user fequest. Therefore the following is suggested:

1. For standard LCE-MAE-decision tables: Press's or Pollacktg pro-
cedures should be used if run-time sfficiency is desired, and
Kirk's mask procedure if minimum storage is desired.

2, For LCE-MAE decision tables where the cost for testing different
conditions together with the rule probability distribution is

supplied: Reinwald and Soland's procedure is to be used if run
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. time efficiency is desired; otherwise, the interrupted rule mask

procedure (by King) should be used.

Note: In every one of the previous cases the procedures given by

section V-2 should be used if run time diagnosticé are required.

3, For MCE-MAE decision tables with and without cost and probability

information, a special procedure is suggested here (and demon- =

strated
STEP 1l:
STEP 2:

e

STEP >

at the end of this chapter.

Sort the conditions into two groups, LCE and ECE,

Use one of the tree procedures suggested in 1 or 2 for
the LCE (depending on the type of the table) to parti-
tion the ECE into groups. The table is split by
branching.

If cost and probability is given, use interrupted rule

. mask procedure accordingly; otherwise, use interrupted

rule mask procedure dictated by the don't care.entries.
Unsuccessful tests in any of the ECE groﬁps léads to
the ELSE RULE (if any); otherwise, to a standard error
exit. A

Note: 1If probabilities are given, the probability of
every branch in the LCE is the sum of the probabilities

of the rules in the appropriate group.

This procedure cannot produce run time diagnostics but can

give the possible ambiguities included in the table.

If run time diagnostics are required, the proceduresdescribed

in section V-2 must be used.,
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VI-3 DECISION TABLE PRE-COMPILER GENERAL BLOCK DIAGRAM
AND FILE CHART

The first of the following two diagrams is a macro flow chart

describing the different modules of the suggested COBOL pre-compiler.
No doubt that thé real implementation will probably require signifi-

cant modifications even to this general block diagram,

The file chart suggests a possible way of file utilization.
A1l the files are described as disk files,'actually any kind of

combination of disk files and magnetic tape files can be used,
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COBOL PRE~COMPILER MACRO
FLOW CHART

MODULE IIE

PROCEDURE

DIVISION

K
{GONCATENATED
MODULE I FILE-A
AND
FILE-B
: OPTIONAL
J— COBOL
. OPTIONS COMPILE
SYN,RUN,LIB
MODULE IV
COPY FROM OPTIONAL
LIBRARY OUTPUT TO
ON FILE-A \TAEE CARD

WRITE
\ CARD
ON

FILE-A

CONTROL
CARD

DECISION
TABLE
PROCEDURE

SET

MODULE 1II

OPTIONS

COPY FROM

_ LIBRARY
ON FILE-B
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DECISION TABLE COBOL PRE~-COMPILER

INPUT FILE CHART
CARD

MODULE

T

v SOURCE | -
LIBRARY FILE-A

l

MODULE
——® II

L ~ _/ FILE-B |
\

&SN A

P

-
g
|1
IR
5!
X

L

FILE-A /
MODULE |, [ONCATENA D MODULE
IV ifro FILE &
B
9

LIST COBOL
LEST-1 COMPILER
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VI-4 EXAMPLE?:

The following example was designed to illustrate a possible use

of the suggested COBOL pre—compiler.A The example does not contain

all the suggested options but can serve as sample, The example

contains the following: -

1.
2.

3.

e
5.

Input to the {suggested) precompiler,

LIST=1 output from the;ppe-compiler which was prepared by
simulating the pre-compilér operations manually. |

An actual compilation of the generated program (done on the
Burroughs B=5500 computer). |
Test data. '

Run,

Note that run time diagnostics where not demonstrated.

VI-4-1 PRE~COMPILER INPUT,

The pre-compiler input was desiged to illustrate the simplicity

of the input, and the suggested format for writing decision tables

with extended condition entry and extended action entry.

. PR e
RTFaEi i
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VI-4-2 COBOL PRE-COMPILER OUTPUT,

The pre-compiler output includes LIST-1, in which the
original decision tabletogether with conversion time diagnostics-

are listed under COBOL NOTES, as well as a cross reference .of the

program,

i:.:uN‘-q’A.
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VI—A-B' PROGRAM COMPILATION.

This part contains the actual COBOL compilatibn which can be
initiated Ey the precompiler on an optional basis. Three different
options can be used:

1. Compile for syntax (COMSYN)
2. Compile and Run (COMRUN)
3. Gompiie for Libtary(COMLIB)

Here the second option was illustrated.
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VI-1-l4 TEST DATA LISTING.

The test data was designed to illustrate later in the execution
of the program ambiguous rules. This was done by specifying on

every record the intended rule.
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VI-1-5 THE RUN,

The program output was designed to list every input record

together with the rule number it satisfies making possible to check

if the data satisfied the intended rule.
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CHAPTER VII: CONCLUSIONS AND SUGGESTIONS

In this thesis a general mathematical description of decision
tables was introduced for the first time. This mathematical forma-
lism served as a basis of the over all investiéation and allowed
for the first time a precise treatment of the logicalAbasiS'of deci~-

sion tables as well as the conversion problem,

Chapter II presents the matrix description of decision tables
with detailed classification. Based upon this, section II-2 intro-
duces basic rule operations such as "simple rule splitting", com=-
plete rule splitting" and rule intersection needed in the following
discussion of the characteristics of decision tables given in II-2-2,
and'II—a-B. In the case of decision tables with unrelated conditions
a formal theorenm (II-2~1) on ambiguity was given. A precise defini-
tion of data dependent inconsistancy was also included aﬁd demoné-
trated; Based upon previous definitiona clear definition in mathema-
tical terms for completeness is given. In II-2-3 the characteristics
of decision tables with related and unrelated conditions are analyzed
and given in terms of possible ambiguity. A definition of comple-
teness for this case is also given, ToO this field of decision tabies
with related conditions further investigation can be applied by the

inclusion of any garticular programming language.

Chapter III deals with a more practical aspect of decision

tables, namely, manipulatioﬁs of decision tables and relations
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between them. In many practical cases in which the use of decisidn
tgbles is applied the actual decision tables can become too large
anﬁ 105§ clarity and effectiveness. In these cases splitting tech-
nigues should be applied. The splitting techniques developed in
III-1~-1 are based upon the definition of different linkages betweenv
decision tables. Three different splitting procedures were deve= -
loped; splitting by rules, splitting by conditions and Splitting by
branching. Some of them were used later in different conversion
fechniques. The problem of merging decision tables was analyzed as
well. Unfortunately, the only conclusion £eached was that even
under severe restriction there is no simple geheralized procedure

for merging; on which will not produce, in general, ambiguities or

. other logical errors. Further investigations into this subject

" without making use of more intelligont procedures for logical rather

than structured analysis is impossible, Section III—; deals with
relations between decision tables. Few definitions for isomor-
phism and equivalence, based upon the previously defined rule opera-
tions and the rule combination defined in definition III-2-3 are
given, The purpose of these definitions was again to supply guiding
rules in the’practical use of decision tables creating a way of
deciding whether two tables are logically equivalent or not. Under
relatively severe restriction automated procedures were developed
for checking simple equivalence. This subject can be further deve-
loped and analyzed. Nevertheless, this was used in I1I-2-2 for

development of decision tables minimization procedures.,
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Chapter IV inciudes an in depth. study and analysis of the
advanced conversion methods published in existing literature. The
necessity of this study lies in the fact that in implementing a
decision table processor, one must be very careful in choosing the
conversion procedures. In this chapter every one of the different
existing techniques was analysed, leading to a conclusion that not

one of these procedures can be used separately for every case.

Chapter V is devoted to testing and diagnostic methods.

This chapter 1s divided into three sections. The first section
delt with testing and diagnostic procedures at conversion time. The
first set of theorems (for LCE decision tables) is based upon -
Chapter III and the payper published by P.H.J. King [B4] which was
the first to éive serious consideration to this subject. Theorens

. V-1~5 through y-1-8 (for MCE decision tebles) were originated for

~ the first time here. In the second section testing and diagno-
stic proceduresat. run time are presented (originally published by
.C.R. Muthukrishnan and V. Rajaraman [B?]),together with some exten=-
sions for conversion time. In the third sectlon, two algorithms for
LCE and MCE decision tables (with and without related conditions)
for conver51on and testing in conversion time and run time, are

developed. These algorithms give a combined and effloient way of

debugging,

In Chapter VI an attempt was made to suggest briefly a method
for writing a flexible decigion table COBOL pre-compiler. Vith re-

spect to this Chapter it should be noted that an actual pre-compi}er
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package has not been - produced Also, due to lack of funds, no
real pre-compiler was written and the conversion work of the colla

borated example included, was done manually. The goal of designing

a decision table processor which can serve as a form of direct com—-

munication language between thé systems analyst and the computer
was not accomplished, Most of the work was done with respect to the
conversion and testing procedures. Except .for suggesting the
option of library and data base interface no attempt was made to
suggest ways for data and errors description. This part is left
open for further investigation in the subject which might lead even=-

tually to the complete elimination of the programmer.

The purpose of this thesis was to provide a general tool and
therefore it is expected that an additional number of results could
"have been obtained: for special types of decision tables or for deci-

sion tables in special applications.

It is believed that this treatment of decision tables will pro-
vide the required tools for the potential decision table user, or

the implementer of a de0151on table translator.

A
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