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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.

OSSN S ALIS I
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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

SESSSESAS OGN ALISEIAIRET

' 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

LS G

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.

o= G AdbewNG T T
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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
Pkt

L
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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
HEEGAT | GERCT A

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
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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
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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.



=1 30=

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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“
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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
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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
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(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.
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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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