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Subject: Systems Language

It's very enlightning to listen to an engineer or a procedures man describe

a systems process operation. We typically get into quite a haranﬁ% con=-

cerning the kind of hardware being used such as the kind of analog computer

or the nature of the typewriter or items of this sort. These hardware-oriented
descriptiomsare interlaced with the description of the movement of information

or signals, the decision criteria for determining courses of action and the

input and output formats.

We become particularly concerned with this problem when we try to build

a simulator to try to describe the operation of a particular system. We must
first make some sort of a flow chart or diagram to describe this systems
operation and then we must sequentially determine an algorithm for approximating
this systems operation that will be computationally effective on the compuer

we have available. Even in flow charting the systems problem we tend to get
involved in programming and modeling considerations instead of in just des-
cribing the systems operation. The problem becomes even more acute when

we consider that there are so many different systems which it is useful to
simulate: physical flow, informational flow, inventory processing, etc. Wouldn't
it be fruitful to have available a py# business systems language -- a special
algebra -- which would enable either the engineer or the procedures man to
describe the systems operation and then have the translator organized so as

to convert this systems description into an operational computer program for the

7

particular machine which has been chosen,




I have become convinced that there are great areas of similarity between
all elemental ists

A systems. I believe that our language specialfiks have emphasized
the differences instead of the commoness of patterns. For example, a defense
system which has to select a priority of attacking targets and a business system
which has to determine which job is to be worked on next are essentially
equivalent problems: the assignment of a limited resource to the performance
of needed work. This is not to say that the rules are necessarily the same
but that the function performed is essentially identical.
There are certain analogies which might be drawn; for example: each initial
work on computers was directed toward detailed programming of specific
problems. Expensive work was done on numerical analysis in order to develop
the most efficient algorithm for solving a particular set of equations. These
were then directly programmed for computer solutions. It was extremely difficult
and even well nigh impossible to exchange computer programs between different
disciplines and different computer groups since the level of the program was
so variable. However, what has happened over the past three years? The
concept of FORTRAN has been introduced. This program is written in terms
of basic calculation elements like multiply, divide, sine, square root, etc.

now th engineer who can write out the equations for his problem need
s

no longer concern himself for his method of programming rather the computer
will take over from these algebraic statements and prepare an operable computer

program within the framework of the particular inachine which the user wishes:

704, 709, 650, Burroughs 220, Transac 2000, etc.




-3 -

If we in Production Control could discover these same kind of elements in
buginess Systems that would correspond to the multiply, divide, sine, etc,

of the engineers language, then we would have a corresponding ability to
PTreépare general purpose pPrograms which would translate an algebraic state-
ment of the systems operation into a Computer program suitable for simulating

the systems behavior,

avoid entirely the necessity of detail Programming of future Computer simula-
tion models, This Seems to be a very worthwhile objective and further research
analysis might not only relieve our model building chores but could also give

Us a grasp and insight which would lead to major contributions in the field of

pProduction control rules,

B. Grad/pd
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CEDAR RAPIDS, IOWA, U.S.A.

December 19, 1957

Mr. Burton Grad, Specialist
Manufacturing Service

Production Control Service (Room 2401)
General Electric Company

270 Lexington Avenue

New York 22, New York

Dear Sir:

On September 6th I wrote to you, describling our use
of matrix algebra for mper work flow analysis. Did
you find any of the information helpful?

I would appreciate receiving further information about
work you may be doing in this field.

Yours very truly,
COLLINS RADIO COMPANY

JJohn L. Gable
“ Industrial Engineering Div.

JLG/jb




(OrLins Rapro (ompany

CEDAR RAPIDS, IOWA, U.S.A.

September 6, 1957

Mr. Burton Grad, Specialist \
Manufacturing Services

Production Control Service (Room 2401)
General Electric Company

570 Lexington Avenue

New York 22, New York

Dear Sir:
Thank you for your letter of August 21st.

I have been assigned to the project of investigating and possibly
developing an Integrated Data Processing and Analysis System
which will load and schedule our machine shop and fabrication
areas for maximum profit. Our stockrooms presently handle over
40,000 different active part numbers each month. There are
usually between 10 to 30 new equipment types started through the
shop each month; the lead time between design release by
engineering and delivery of the first units to Finished Goods
Stock 1s often only three or four months.

We feel that the development of such a system may take two to
three years. We hope to learn enough about Linear Programing
and other Operations Research approaches to be able to utilize
them in our solution.

During my research early this year, I skimmed through "Electronic
Computers and Management Control" by Kozmetsky and Kircher; an
appendix to thelr book introduced me to the matrix method of
paper work analysis.

I trled applying the technique to the activities covered by our
Manufacturing Order (shop authorization to do work), PD 60 (com-
bination move ticket and location control card), Raw Material
Requisition, and Daily Labor Distribution Cards (job time cards).
My primary interest was time reporting, I therefore adopted the
following ground rule--the introduction of "Written By", "Received
By", or "Date" information will not cause a form to be classified
as a 8Source Document., This greatly reduced the size of the matrix.
This approach is, I think, the direct opposite of yours. I was
primarily interested in the number of times part number, for
example, was repeated before a glven report was prepared.




(o1runs Ranio Company
General Elec. Co. Page 2 September 6, 1957

Many forms contain information which is used only for what I call
"local control" and is not transmitted to a higher report level.
Thus the name of the personéggg counts parts may be necessary for
disciplinary purposes if th A unt should be found to be in-
correct; 1t is not necessary for the weekly Shop Labor reports,
As I interpert the matrix system, the final matrix MK =l Mao
shows the total number of times a plece of information wduld ﬁé
avallable if it had been retained at all report levels,

I considered using some symbol--say an asterisk--beside a number
which represented local ¢ £ The number of
asterisks beside thé‘ﬁ?fi%naf en%ry wo%Id tell the number of
report levels which would retain the information. Each time a
matrix would be multiplied during the process of obtaining the
final report level, the number of asterisks beside a number would
be reduced by one. Any number with only one asterisk beside it
(indicating that the information was not carried to a higher
report) would be treated as a zero for the next matrix multipli-
cation. Thus any report level would show only the number of times
information was actually repeated.

This problem of pseudo-redundancy could be handled, I suppose, by
utilizing an operational matrix of 1's to represent retained
information and 0's for dropped or local control information. I
found that moatiégcal control information is not carried to a
higher reporty sually only one asterisk is used; I therefore
think that this technique is better than introducing an additional
matrix multiplication at each level.

It has been about s8ix months since I did the work on matrix
analysis; I hope that these recollections will be of help to you.

I would appreciate receiving any information or ideas which you
might have on the problem of machine loading and scheduling for
a job shop type of machine shop.

Yours very truly,

COLLINS RADIO COMPANY

J}ﬁigvv :{1J22n4&4£,
John L. Gable

Industrial Engineering Division

JLG/Jb




Auvust 20, 105:

My, David R. Seidman
IDP Dept. North American Aviation
Columbus 16, Chio

Dear Mr., Seidmant

Durlng a study coanducted early this year we have tried to analyze
some of our records ia accordance with the surrestions made by
Mr. Irving Lieberman in the material he published Iin ¥anaj ement
Sciences., We tried to apply these techniques in a business maXing
fractional motors using, as a consultant , M. Richard Caoning

fros Cauning, Sisson and Associates. Uunfortunately, our results

were quite disappointing S0 we contacted Mr. Liesberman TO asSk
if any others had been able to successfully. apply these principles.
le was good emough to suggeést your nanc and 1 wonder if we might
exchange information on this subject.

Our difficulties developed around our apparent inablity to uniguely
describe’'a field of Information. in other words, when a field was

a "date"™ we asked the question of ourselves=="what date?" When

we had a "name", we sald, Mhose name?" This wascdone because

of the Implication In Mpr, Licberman's work. that each of these fields
should represent a particular class of information asuch that whon=
aver 1 speak of that class, [ would always get the sawme value in a
specific situation. with this philosophy, we found some 500 to GO0
fields were required in analyzing 100 forms used In variou: stages of
the manufacturing process. The matsices were virtually empty and
the redundancy measures very low. Even our efforts to work toward
a level by level interpretation quickly foundered on this "rock™ of
field identification.
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l' (C:r:;tational Pr@' Multiple Decision Criteria =

. e e —_"'/" =

Burton Grad

In establishing decision rules to guide the choice between alternative
courses of action, it is often necessary to consider multiple decision criteria.
Typically, there will be a dominant factor and varijus secondary considerations.
It may be possible to establish explicit relative weights so that a direct
equation can be used to determine the relative value of a particular course
of action, This is a problem which has been thoroughly covered in the literature
(Churchman, et, al, Operations Research).

But in many cases we are only able to rank the decision criteria and
state if the value of the first criteria is identical for two or more courses
of action then the choice will depend on the relative standing of the second
criteria, and so forth,

There seems to be a logical hierarchy in the degree to which we are
able to understand and handle automatically a decision making process, At
the highest (and least automatable level) we do not know explicitly what para-
meters should be considered nor are we certain as to what courses of action
are available to us or ;/may be successful in accomplishing our objective,

At the other extreme we have an explicitly stated choice system with stated
criteria & each of whose values states are precisely weighted and with alternate
courses of action clearly defined and bearing a specific correspondence to
relative criteria evaluations,

There are, naturally, many in between states, One useful in between

level can be characterized as follows:




I

We wish to select from among j available jobs that job which will
maximize some ''pay off" function. However, the pay off function cannot
be stated as an explicit equation, There are c criteria each of which to
a greater or lesser extent may influence the job selection, Each job has
associated with it a set of values, one for each of the significant criteria.
criteria are ranked in terms of relative importance; hence, criteria 1 is

most important; criteria 2 next in importance; criteria ¢ least important.

Actually criteria 1 is dominant; it is only when there is a standoff (a tie) as regards ¢

criteria 1 that the decision-maker will examine criteria 2, and so0 on,

It would be convenient to express this decision system so thata priority number
could be ERKERNXpXDETX computed which would cause the decision = maker to make
the correct selection immediately and directly without the necessity for
multiple comparisons,

Axselsex A solution to this need can be expressed in the following way:

1. Each job is characterized by a criteria value vector (V;) = Vl' Vs,

¥xx etc., Vc.

2, It can.be stated that ¥; dominates Vs, and Vi—l dominates V;. This
precedence domination relationship holds throughout for all
criteria,

3. The decision rule is to select the job with the largest V;jxkin
case of a tie select the job with the largest V,, etc. The same

philosophy would hold for a rule which chose smallest V,, V,, etc.

4., We will construct a priority number (P) for each job as follows:




al

B S F AR R e

. 3=

For each criteria we will establish a reasonable
maximum value which we will call M;.

Hence for each criteria

all j

0 = V. =M
— , 1

For each job

i=¢ b i=c 1 ]
B = [Vl(?TMi) + (Vy (7 Mi)! touet [V
i=2 i=3 ' i

Job selection will then be on the basis of the Pj (Priority number

for job j) choosing such that pj*:Pj for all j.

A simple example will illustrate the principle -~ there are 5 jobs waiting

to be pmmxx processed at a certain station, There are 3 significant criteria.

The most important factor is the customer urgency code which is either 3

(highest), 2 or 1 (lowest).

The second factor (which is significant only if

there are two or more jobs of the same urgency code) is order value to the

nearest thousand dollar, The highest value order is never as great at $10, 000.

The third criteria which comes into play to break ties if factors 1 and 2

are identical for two or more orders is the operation time at the next station

expressed to the nearest minute,

100 minutes,

No operation time will be as great as

Assume we have the following vectors for each of the jobs.

Job #

Criteria 1

1 2 3 4 5

3 2 3 3 1

8000 9000 3000 8000 6000
b4 85 70 45 31




M, =4

M, = 10000

M, = 100

P, =3 x 10000 x 100 + 80000 x 100 + 64 = 3, 800, 064

P, = 2 x 10000 x 100 + 9000 x 100 + 85 = 2, 900, 085

P; = 3 x 10000 x 100 + 3000 x 1008 + 70 = 3, 300, 070

P, =3 x 10000 x 100 + 1000 x 100 + 45 = 3, 800, 045

Py =1 x 10000 + 100 + 6000 x 100 + 31 = 1, 600, 031
Clearly

P..= 3,800,064

or j =1

There is, of course, no necissity that the Mi values aeed to be power of 10,
If they are not then the original value terms are not directly recognizable as
they are in the previous example. This procedure then carries out the type
of multiple decision rule described above,

Another class of multiple decision rules are characterized as follows:

The problem statement is as before in terms of desire to select
among j available jobs each of which is characterized by a set of criteria values,
The criteria are ranked in terms of relative importance, Criteria 1 still can
be thought of as dominating criteria 2, What is changed is the definition of
a tie. We state that a larger value for criteria 1 is dominant only if it is
at least r units greater than the next largest value of that criteria,

A solution can be stated as follows:

- 1 Fach job is characterixed by a criteria value vector (Vi) = VI’ VZ'

etc., VC

[ TS




It can be stated that Vl dominates Vz, and Vi 1 dominates V .
= 1

The decision rule is to & select the job with the largest

¥ i (Vyai=V
y £ V1e

o

1#

Where V, . is the largest value of criteria 1 among the j jobs.

V., is next largest value of criteria 1, r is the prestated range

value,

In case of a tie, select the job with largest V, if it is sufficiently

larger than the next largest V,, etc.

We will construct a priority number (P) for each job as follows

(This is not quite the same as the rule above, but it is a

simplified version of it):

a. For each criteria we will establish a series of interim
range limits (Ri k) such that

U:Ri,k: M

i

where Mi is the reasonable maxim for criteria 1i.

R. R - ..cR - R " = Ri

5 k= J02 i,k i, k+l k

where R,

1.k " M

K =M, K = total number of ranges,

r

)=t

R - R,
{ i,k+1 i,k

b. The following decision structure table illustrates the method

for developing each element of the priority number,




v = = R a2 s zln Bory
) )
) )
B
)
= : { X
)
F 0 1 ) K-2 K-1
i
|
Co P (the priority number ) =
i=c
. > i=c
F K + F FECSEY L Pl i
1 ( i=2 1) Z( i 1) cl
' M i=3

This same concept can be extended to percent ranges lhoughf it is not
clear how a direct percent Df value difféirence could be processed; e, g, if
two values are within 5% of one another or two values are less than 10 units
apart x then apply criteria § 2. This would require a one for one differencing
which does not lend itself to a direct calculation procedure,

Conclusions

Some progress has been made on changing multiple decision criteria
rules from a compare and branch procedure to a computational approach, This
should result in higher speed operation within a computer and for easier opera-

tion by operating personnel, These concepts could be applied directly to factory

dispatching, material scheduling, etc,
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In establishing decision rules to guide the choice between alternative

courses of action, it is often necessary to consider multiple decision criteria.

Typically, there will be a dominant factor and varijus secondary considerations.
It may be possible to establish explicit relative weights so that a direct
equation can be used to determine the relative value of a particular course
of action, This is a problem which has been thoroughly covered in the literature
(Churchanan, et. al. Operations Research).

But in many cases we are only able to rank the decision criteria and
state if the value of the first criteria is identical for two or more courses
of action then the choice will dp depend on the relative standing of the second
criteria, and so forth.

There seems to be a logical hierarchy in the degree to which we are
able to understand and handle automatically a decision making process. At
the highest (and least automaable level) we do not know explicitly what para-
meters should be considered nor are we certain as to what courses of action
are available to us or & may be successful in accomplishing our objective,
At the other extreme we have an explicitly stated choice system with stated
criteria & each of whose values states are precisely weighted and with alternate
courses of action clearly defined and bearing a specific correspondence to

relative criteria evaluations.

There are, naturally, many in between states. One useful in between

level can be characterized as follows:




We wish to select from among j available jobs that job which will

naximize some "pay off' function. However, the pay off function cannot

be stated as an explicit equation, There are c criteria each of which to
a greater or lesser extent may influence the job selection. Fach job has
associated with it a set of values, one for each of the significant criteria. The
criteria are ranked in terms of relative importance; hence, criteria 1 is
most important; criteria 2 next in importance; criteria ¢ least important.
Actually criteria 1 is dominant; it is only when there is a standoff (a tie) as regards c
criteria 1 that the decision-maker will examine criteria 2, and so on.

It would be convenient to express this decision system so that a priority number
could be mapeamgpubers computed which would cause the decision & maker to make
the correct selection im nediately and directly without the necessity for
nultiple comparisons.

Bxgeleax A solution to this need can be expressed in the following way:

s Fach job is characterized by a criteria value vector (Vi} = Vl' V5,

¥Mxx etc,, V .
c

Z. It can be stated that ¥, dominates V,

&

, and Vi ] dominates Vi. This

precedence domination relationship holds throughout for all
criteria,

X = The decision rule is to select the job with the largest Vyiik in

case of a tie select the job with the largest V,, etc. The same

philosophy would hold for a rule which chose smallest Vl' V,, etc.

4, We will construct a priority number (P) for each job as follows:




a. For each criteria we will establish a reasonable
maximum value which we will call Mi'

Hence for each criteria

i i
p v, 3v; pllj

b. For each job

izc - ] 3
L { , " |
P = YI( M;) + V! Mi}J+..+YC}
i=2 i=3
5. Job selection will then be on the basis of the I:'j (Priority number

for job j) choosing such that Fj* :Pj for all j.

A simple example will illustrate the principle -~ there are 5 jobs waiting
to be pmex processed at a certain station. There are 3 significant criteria,
The most important factor is the customer urgency code which is either 3
(highest), 2 or 1 (lowest). The second factor (which is significant only if
there are two or more jobs of the same urgency code) is order value to the
nearest thousand dollar, The highest value order is never as great at $10, 000,
The third criteria which comes into play to break ties if factors 1 and 2
are identical for two or more orders is the operation time at the next station
expressed to the nearest minute. No operation time will be as great as
100 minutes.

Assume we have the following vectors for each of the jobs.

Job # 1 2 3 E 5
Criteria 1 3 2 3 3 1
2 8000 9000 3000 8000 6000
3 64 85 70 45 31




M = 4

1
N y = 10000
M, = 100
-~
}I = 3 x 10000 x 100 + 80000 x 100 + 64 = 3, 800, 064
Po,=2x10000x 100 + 9000 x 100 + 85 = 2, 900, 085

Fa=3x10000x 100 + 3000 x 100+ 70 = 3, 300,070

(]

F,=3x10000x 100 + 1000 x 100 + 45 = 3, 800, 045

o

Fe=1x10000 4+ 100 + 6000 x 100 + 3] = 1,600,031

Clearly
I 4 = 3, 800, 064
or j =1

Lhere is, of course, no necissity that the M; values aeed to be power of 10.
If they are not then the original value terms are not directly recognizable as
they are in the previous e¢xample. This procedure then carries out the type
of multiple decision rule described above,

Another class of multiple decision rules are characterized as follows:

T'he problem statement is as before in terms of desire to select
among j available jobs each of which is characterized by a set of criteria values,

8 of relative importance., Criteria 1 still can

-

lhe criteria are ranked in termn
be thought of as dominating criteria 2. What is changed is the definition of
a tie. We state that a larger value for criteria 1 is dominant only if it is
at least r units greater than the next largest value of that criteria,

A solution can be stated as follows:

15 Fach job is characi.eri:;_;c—d by a criteria value vector (Vi) = Vl, VL{'

etec., V
c




ted that v rjow:i:m:es Vj, and V i

i1 GOminateg Vv

i 3
3 The decision rule is to g select the Job with the largest
'-,'1 if (v 1% = ".-"j?} "k 19
Where \'1 % 18 the largest value of Criteria ] i nong the j jobs
Vj:’:' 18 next largest value of Criteria ], . is the Prestated range
value,
In case of 5 tie, select the Job with largest Vo if it is g 1ffici(—nl:}j.'
larger than the next largest ‘.*‘_,.. etc,
Ve will construct a Priority nun ber (P) for each job asg follows
(This is no

L quite the

Criteria j,

R, i B N AR - R ' e ve wp Bl 2
i, 1 3193 i, k i, k+l i,k
where R =M,
1, K 1
K = ?~’1 K = total number of ranges,
="
r
f.‘—-'." - ) g
1, K+] L, K
b, The i'ollov.-'ing decision gt

iI]ustratcs the m ethod

Priority number,




1 - = oAy 7 -1,k-2 1= i, k-1
’ |} L
2
V. <R - R. {

i, k

o
o
—

-
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-
-
(g%
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{ K-2 K-1

' i
c. P (the priority number ) =
i=c
L7 i=c
F K 4 ¥ T K.) - O F
p ¢ {2 \i) 2 { i c
A (=3

[his same concept can be extended to percent ranges thought it is not

clear how a direct percent or value difirence could be processed; e. g, if
two values are within 5% of one another or two values are less than 10 units
apart x then apply criteria g 2. This would require a one for one differencing

which does not lend itself to a direct calculation procedure.

Conclusions

Some progress has been made on changing multiple decision criteria

rules from a compare and branch procedure to a computational approach. This
should result in higher speed operation within a computer and for

easier opera-

tion by operating personnel. These concepts could be applied directly to factor
Y op g1 I Pl Y |

dispatching, material scheduling, etc
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TABSOL - For Formula Statements

1.

It would be desirable for a structure table to have the ability to
directly express simple formulas which could be solved by TABSOL
rather than requiring explicit programming. Since the bulk of the
equations used in Manufacturing Control Decision Rules are rela-
tively simple this would allow the system designer to define the
entire program without the necessity of any programming (even the
relatively small amount now needed for pseudo-arithmetic.)

The economics of including a formula solver in TABSOL is not
answered in this write-up, but only the technical feasibility of
representing the arithmetic logic in a simple, usable form.

In general, it will be necessary to express the operations of: plus,
minus, multiply, divide, square root and integer exponents (square,
cube). These are called operators.

There are two types of operands required: literal, where the actual
value itself is expressed; and non-literal where the name or location
of the factor is denoted.

We must use and recognize two '"delineators'': open parenthesis
<(> and close parenthesis < ) > . This enables us to define
related terms explicitly, Two additional symbols will be used

to indicate the beginning < @ > and end < ¢ } of the formula.

Finally provision should be made for the incorporation of special
formulas where required such as Sine functions, etc.

The balance of this paper will develop through examples a particular
notation and logic which could be used to solve this problem. A
technical summary of this approach is attached as exhibit A,

All formulas will be stated as a series of words (or blocks) in the
result (or output) rows of a structure table, The first row will be
the name or location of the result field, For example, R=a +b
would be shown as:




00+ PP

This would be a simple
unconditional table stating
that computed variable R
equals the value of the

expression (a + b).

To solve this simple expression the computer could use the logic
expressed in the following tables combined with a reserved
sequential storage area ( the Q line).

In the regular TABSOL routine the following test is made:

Is 1st Result Row

ac Omputed variable

yOoR I

no

(2)

Go To TABLE

” TABFOR @) l normal TABSOL

type of present word operand operator operand| @ ¢
type of previous word

in Q line # operator - operator| =--- ]
store in Q line (present (present |(present |[prosent] -
at Next Location {NL) | word) word) Word) m’

add to NL +1 + 1 + 1 + 1 -
add to present word

location +1 =+ +-1 il + 1

Go To TABLE

(2) (2)

(3)

(2)

(7)




10.

(3)

Inter Result

Store at NL. - 3
in Q line

Add to NL

Go To TABLE

(7)

(NL - 1) operates per (NL - 2) on (NL - 3)
note: NL - 2 is always an operator and the
others operands.

Inter Result

(2)

Store at Result
Location

Go To

1st Entry in Q line

TABSOL

Let's expand this to handle a more complicated problem:

R = c(a + b)

rewritten as R = c*(a + b)
where * means times

=T+~ 20 @




TABLE (2) would be expanded to handle this as follows:

type of present word

type of previous word
in Q line

"

( )

store in Q line at Next
Location (NL)

add to NL

add to present word
location

Go To TABLE

(5)

(presentI

word) -
+1 -
+1 + 1

(2) (5)

store in Q line
at location NL - 2

add to NL
Go To TABLE
(6)

NL

v

(Q line at location NL - 1)

(6)

Type of word at
NL - 2

operator

# operator

Go To TABLE (2)

(3) (2)




Wil

Let us follow this through step by step,

Present word location equals 1,

@
Cc
s
(
a
+
b
)
¢

(present word) = @

Q Line NL

1

(present word) = ¢

Q Line NL
C 2
Q Line NL
[ 3
3
Q Line NL
c 4
P
(
Q Line NL
5

Present Word Location
2

Present Word Location
3

Present Word Location
4

Present Word Location
5

Present Word Location

6




] ] ] 1 1 i ;ﬂ

*

] ] ] ]

D= MN £~ 0 1 T—~—<P @

The Q Line successively looks as follows:

Q Line Q Line Q Line Q Line Q Line
(1) (2) a (3) a (4) a (5) a
/ / /
( (
(
(6) a (1) a (8) a (9) a (10) a
/ / / / /
( ( ( ( (
( ( ( b - b-c
b b E, 2 :' [ E Ew-j
(11) a (12) 2 (13)
/ al b - alp-9 %> r




Exhibit A

TABFOR

Table Solution Of Formulas

B. Grad
1175/58_

Definitions
o means operand
r means operator
( means front delineator
) means close delineator
¢ means end of expression delineator
@ means beginning of expression delineator

t column will carry a tag. This tag will indicate the

All words in a resul
front parenthesis, close paren-

type of word that it is: operand, operator,
thesis, beginning of expression OT end of expression.

word in a result column will either be a literal
licit inclusion or else assumed that the value
be interpreted into an address.

The content of an operand
value (fixed point noted by exp
is an integer) or a non literal which can

The content of an operator word in a result column will designate the

type of operator:

add or plus by ==
subtract or minus by -
multiply by
divided by /
exponent by **

The content of a delineator word in a result column will be blank.

T represents the tag of a result block.

T=U_, r, (r )1 ¢s@

sult matrix where k is the row and j the

jth block of a re
sent word may

PW indicates the k
lled the present word. The pre

selected column; this is ca

have any of the following constructions:

particular




TAAAA

ONNNN

rbbb+ \‘
rbbb-
rbbb*
rbbb/
rbb%%
(bbbb “\
)bbbb
¢bbbb |
@Eggg'afj
A
Tpw \}bvv

Dok
operand, non literal, relative address may be
alphanumeric

operand, literal, numeric only, one location
may have a decimal point

five operators, add, minus, multiply, divided
by, exponent

four delineators

contents of the present word

QNL represents a queue line in which all information is stored prior to

arithmetic manipulation.

LR represents the location where the result is to be stored.

R represents the value of the result.

Initially k is set and j is fixed at the proper column.

In the regular TABSOL routine the presence of the symbol @ will automatically

transfer the program to the TABFOR subroutine.

NL denotes the next location in the queue line.




The following are the TABFOR Tables:

(1) Go to (2)

LR Result variable kj location
(2) T 18 r o ( o ) ¢
'I' —= - # b o — =r -
QNL -1
L |- B (v (bW [BW |- | -
NL 1 NL41| NL+41| NL+1] NL+41| - -
k k+1 k+1 k+1 k+1 k+1 k+l k+l
Go To |(2) (2) (2) (2) (3) (5) (7)
(3) Operate per QNL -2
Go to (4)
on QNL -1 Inter result
and O’NL -3
(4) Go To (2)
QNL -3 Inter result
NL NL - 2
(5) Go To (6)
Ong -2 | By - D
NL NL -1




Aid @
(6) NL <3| >4|v4
TaNL-4- | « | #
|
Go To |(2) (3) | (2)
}
(7)
R Q,
The simplest form is:
R=@ 0r 0 ¢
This would be written:
L @
R :
- g
- r
- o
- ¢
Initial condition: k = 1; LR is set up.
SteE 1 Q Line NL k Lgr
1 2
Step 2 Q Line NL k LR
a & 3




- By
Step 3 Q Line NL k LR
o 3 4
T
Step 4(a) Q Line NL k LR
a 4 5
Ir
o
(b)
Q Line NL k LR
B 2 s
Step 5(a) Q Line NL k LR
Erg 2 6
(b) Q Line NL k LE

6 [0=0]

We will now develop a wholly general form showing each possible kind of
juxtaposition;

&

There are six symbols 0, r, (, ), @, ¢

The possible permutations of six things taken two at a time (including
permutations with itself) is 36: (x notes an invalid combination)

il il (0 x)0” @  x¢U
Or xrr x(r )r x@r x¢r
x0( r( (( x) ( @( x¢ (
0) xr) x() ) x@) x¢)
x0@ xr@ x(@ x)@ x@@ x¢@
0% xr¢ x(§ )¢ x@¢ x¢¢
1. Any permutation with @ last or ¢ first can be eliminated.
s Two operands or two operators cannot be adjacent.
3. An expression or a term cannot end in an operator,

g el




- 8 =

4, An open parenthesis cannot be followed by a close parenthesis
or a ¢.

5. An operand cannot directly precede an (.

6. An operator cannot directly follow an ( .

Ts A close parenthesis cannot be followed by an open parenthesis

or an operand.
8. An @ cannot be followed by a close parenthesis, a ¢ or an r.

This leaves only twelve possible combinations of two symbols. The following
three symbol combinations are possible using the above rules:

0xr0 xr0T (0x )r- @0r
Ox( r0) x(0) )r( x@0)
0)r r0¢ x(0¢ Nr x@0¢
0) r(0 (( M) @
a)¢ r(( (« )¢ @l
9. An operand cannot be both preceded and followed by an operator; .
10. An operand cannot be both preceded by an open parenthesis or an @

and followed by a close parenthesis or ¢.

The following four symbol combinations are possible using the above rules:

@0r0

r0)r (0xr0 )r0) @0x(
0r0) r()) (0x( )r0¢ @(0r
0r0¢ r0)¢ ((0r )r (0 @((o
Or (0 r(0r (((o )= (( @l((
o (( r((0 ((( ))r0
0)r0” r((( ) Nr(
) ( Mr
o e

)

)¢

The following five symbol combinations are possible using the above rules,

x (0x0¢
x @0r0)




11.

12,

13,

14,

15,

16.

There must be a close parenthesis between an open parenthesis
and a ¢.

There must be an open parenthesis between a close parenthesis
and a @.

There must be an equal number of open and close parentheses in
an expression.

There must be only one @ and one ¢ in an expression and they must
respectively be in the first and last positions. No other symbol
may be in either the first or last position,

A close parenthesis cannot occur in an expression unless an open
parenthesis has previously occurred.

An open parenthesis cannot occur in an expression unless a close
parenthesis subsequently occurs.

Under the above rules this complete expression is possible in five symbols:

@O0r0¢

The following nine symbol expressions are possible:

@0r (0r0)¢
@(0Cr0)r0¢

The following twelve symbol expression is possible:

@(0r0)r(0r0)c¢

The following thirteen symbol expression is possible:

@(0r(0xr0))r 0¢
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