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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 haran{e 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 

descriptior6are 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 compu:er 

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 'iJfi 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 

particular machine which has been chosen? 
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I have become convinced that there are great areas of similarity between 
all elemental ists 

1\ systems. I believe that our language specialft.k.8 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 resou.rce 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 nume.rical analysis in order to develop 

the most efficient algorithm for solving a particula.r 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 diHerent 

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. 

____ ...:oow thelengineer who can write out the equations for his problem need 
\ ..,.;()v 

no longer concern himself lar 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 machine which the user wishes : 

704. 709. 650, Burroughs 220, Transac 2000. etc. 
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If we in Production Control could discover these same kind of elements in 

business systems that would correspond to the multiply, divide, sine, etc. 

of the engineers language, then we would have a corresponding ability to 

prepare general purpose programs which would translate an algebraic state _ 

ment of the systems Operation into a computer program suitable for simulating 

the systems behavior . 

If this idea works then we can Sponsor work on the development of such a 

choose 
basic technique for the computer for which we tM.6'~ to work with. We can 

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 

production control rules. 

B. Grad/pd 
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G>LLINS RADIO GlMPANY 
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 : 

" ce' JNRAD 

On September 6th I wrote to you, describing our use 
of matrix algebra for paper 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 

~~~ 
Industrial Engineering Div . 

JLG/Jb 
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G>LLINS RADIO WMPANY 
CEDAR RAPIDS. I OWA, U.S.A. 

September 6, 1957 

Mr . Burton Grad, Specialist 
Manufacturing Services 
Production Control Service 
General Electric Company 
570 Lexington Avenue 
New York 22, New York 

Dear Sir: 

\ 

(Room 2401) 

Thank you for your letter of August 21st. 

, . 
• 

I have been assigned to the project of investigating and poss1bly 
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 monthj 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 uti l ize 
them 1n our solution . 

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

I tried applying the technique to the activities covered by our 
Manufacturing Order (Shop authorization to do work), PO 60 ( com
bination move ticket and location control card)J 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"J IIReceived 
By"J or IIDate ll information will not cause a fonn to be claSSified 
as a Source 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 J for 
example J was repeated before a given report was prepared . 



CoLLINS RADIO COMPANY 

General Elec. Co . Page 2 September 6, 1957 

Many forms contain information which is used only for what I call 
"10cal control I! and 1s not t ransmitted to a higher report level . 
Thus the name of the person ~hQ counts parts may be necessary for 
di~ciplinary purposes if theAcount should be found to be in
correct; it is not necessary for the weekly Shop Labor r~ortsl 
~ s I interpert the matrix system, the final matrix M K: M.rl
shows the total number of times a piece of information w Id be 
available if it had been retained at all report levels. 

I considered using Borne symbol--say an asterlsk--bes1de a number 
which represented local c~ntf91 tnrormatlQDs The number of 
asterisks beside the orig Da en ry would 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 lIs to represent retained 
information and O's for dropped or local control information. I 
found that mo~~_ ~cal control information is not carried to a 
higher repor~~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 six 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 

~.~~ 
Industrial Engineering Division 

JLG/jb 
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Au",£t ZOo 1957 

t!r . lJayld R . So1dt1an 
!DP Dept. . North American Avlat.lon 
Columbus 16. Ohio 

Dear "'.r . SeldJM.n I 

• 

During" stw17 cODdu<:tod e .... 17 th1a ,..,ar we have tried to anaITz
o 

aoce of our recorda In accordance wlt.h the suc::eat.IoDS ",de b,. 
• • IrYIoC LIober1UD In the mat.erlal he pul>lIdled In y.anacement 

.sclence~ . w. t.rted to apply these technique- In n bualne ... "'aI<iDC 
fract.ionaI ""tors us\ni:. as a consultant. .:r. Rlcb .... d CalUllne' 
froa Ca!Ulln4r. Slaa04 and Associates . l!ufortnnnt.el7. our l'eaults 
..era quito disappollltiDC so ... eontnctet! .:r. Ueberman to ask 
If anT others haC! be"" a~lo to successi'ul]y applT these principles. 
lie was a:ood eno~ to ~C8t your tla"" nod I wonder If we might 
exchll"l:O 1nf000000a tiOL on this BlL Jec t . 

Our difficulties dOTeloped around our apparent InabIDt,. to uniquQIT 
descrllJe a flold of Inl'on:atlon . h other words. wl\cn a field wns 
a "date" we as ad the quest.1e of ouraclve--tt':;}Hl.t. data?" 'WheJl 
we had a "name". we p:d, 1 ~tJQ QQ.Bt87" 1'hfs was one bocause 
4f t.he ImpUcntlOD. In llr . Ueb MJ&I\'" war' t.hat each Df these fields 
should represcHt a parUcular cia ... of Infol'llUlt.ioD such that when
ever I apeak 01' that class. I vouId aI ... ,.. got the" value In a 
specific altuatlon . Vlth thla phllosop/lT. we found some sao to 600 
flclda wero requIred In anaIyzlDg 100 forrc.& used In yarJou" ata ,'-6 of 
the eanufacturlnjf process . 1'he matrices were vlrt.ualIy empty and 
the redundancy measures verT loW . EveD our .ftorts to work toward 
a level liT lovel lDt.crpretatloD quJc!dy fouudered OD ttlill; "rock" ot 
field Identlflcat.lon . 
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I t' you aro I:Iterestoci In exclia.:.'l&:Inc your experIences In this s.r<!a 
With us, I should be pleased tc sand you cop! a of the Elaterial 
that we pre;>arad " If thIs doeSt •• t prove feaslblo , I should a;:proclate 
your InfortJIIDC me so that J IIfl:L,t as:.c ):1' . LleherQAtl for othor 
refcrtlnccs • 

DurtoQ Crad, 5;>ec!al1st 
)IAlIUFACTUT'.r;"G SERVICES 
PRODUCTIOll CO=OL SC;lVICB 
/too .. 2401 
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A\lItWIt.. 21, 1957 

1:'- • .Jobn 1. Oablo 
Iadcstria\ ~rlDC D\YISlon 
Coll';)O ltlltllo 
Ced ... Rapids, Iowa 

• 

Dear Hr. C,,'OIo. 

Durin!: Il study co::ulucted early t.bIS year "" haY" \rIed to Ilnalyze 
IlO<l8 of oW' rocorl!.l!i· accorclattee with tho """,,stlo

ns 
made by 

• 1I'YUIt lJeI>e= In t.he t .... W h .. pubu.h04 In S' t 
Sciences. 11 .. tl'lod to "l'PIy :u- tecl':':ques lo • two:.>e&8 .:n" ~ 
fraet.Io

onl 
..,torB ualnll', as a consult t., n ... IUcbaI'd Cannltljj; 

fl'O" Ca nIng, Sissou nne! AaaOCllltoa. Cnfo .. t.ucatlllJ, our I'CsWts 
wr" quit .. dlI;a;>POlntln; so .... contacted I:". 11_',0""'" to Ilsk 
If "",y othoNl had be .... able t.o aucceasf\Jlly IIPply these ~lnci"ICS. 
110 >IllS c;ood coougIl to ~t 7OU1' ..-0 and 1 ..., .. de .. If we JIIIGl.t. 

exchDnce lIIfo\"Clltlon aD t.hJs subjoct. 

Our d1ffioult;.lea developed aroUD<! our apparent !na;.!:lty to un1qUel,. 
d."..,.-!be e field of Infcraat.lon. In ot.he" "",,,ds, ""'en Il field .. 1lS 
a JI.dllec" we asked u><> question of oW'sslves--.... 

1lSt 
datel" When 

we hll .. naac<>". "" sald, '1\:."ho1lO na=1" 1.'bIs \taB 10Uji> because 
of tho t;;plIcatlon lD 1::- . UeborGJAt"" WOl't that caeb of theSe fields 
should I'cprcsent " partIcular claSS of j;>fonuatlOn such t.hat. ,,1_ 
.",.,.. I "pollio of tbnt. clnss, I .... uld .tua,.. ~'t. tho - value In Il 
spcclflc alt.uatlOt.. Wltb t.hJs phlIosop!.y. we found so"'" SOO to 100 
1'leids vcre .... qutred .In atiAlyzlna 100 fo1'D8 csecl In varioUS st. e.s of 
the FIIU1IlfacturJ:>g process. 'tho =t.rlcOS were virtuallY C!:IPt.y ~ 
the rodUlldllPCY mcnsureB V<U7 low. tYen our cffol't..II to work ~d 
II Ievo! 1.y IcYOI t.cr;u'CtatlOn T~C:!..1y faun" ...... " oil thIS nroc~" of 

flold IdentlflcatieC • 
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It )'Ou nrc 'Interollted III oxcha.ogIQ: your experiences In tllfs 4rtla 
>lith us, I should l>o ~allcd tn send ;rou copies of the e.terla/ 
t.h4t we Proparod ° If thla doesn' t pro.... reoslblc, I bOuld appt'CCJ&te 
)'Pur IDto.....m.:: .., 110 that I IIIII::ht as" )!r ° Llebercou for otbor 
referf!:1cas • 

Burton Cro~. Speci4llat 
)IANUFACTvru.'m SERVICES 
l'RODt;CTIOJ; co:JmOL SERVICE 
!lOOIi 2401 

BC/PlOo 
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A Com utational Procedure Ie Decision Criteria -

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 vari;us 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 e 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 ~pend 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 succes siul in accomplishing our objecti ve. 

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

maximize some "pay olin function. However, the payoff 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. The 

criteria are ranked in terms of relative importance; hence, criteria 1 is 

most important: criteria Z next in importance; criteria c 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 Z. and 90 on. 

It would be convenient to express this decision system so that a priority number 

could be ~ computed which wruld cause the decision a maker to make 

the correct selection immediately and directly without the necessity for 

multiple comparisons. 

:*xn:!.mx A solution to this need can be expressed in the following way: 

1. Each job is characterized by a criteria value vector (Vi) = V I' V 2' 

Jixx etc., V c. 

2. It can be stated that VI dominates V 2, and Vi _ l dominates Vi· This 

precedence domination relationship holds throughout for all 

criteria. 

3. The decision rule is to select the job with the largest VI; xx in 

case of a tie select the job with the largest V 2' etc. The same 

philosophy would hold for a rule which chose smallest V I' V 2' etc. 

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

d 
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a . For each criteria we will establish a reasonable 

b. 

maximum value whi ch we will call Mi' 

Hence for each criteria 

o ~ V. 
1 

For each job 

eM· _ 1 

i=c 

all j 

IT M i ) j 
1=2 

i=c 

IT 
1=3 

Mi ) 1 + . . . + [ve l 

5. Job selection will then be on the basis of the P j (Priority number 

for job j) choosing such that P , ... ::-P. for all j . 
J - J 

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

to be p:::t'IDIX processed at a certain station. There are 3 significant criteria. 

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

(highest), Z 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 4 5 

Criteria 1 3 2 3 3 1 

2 8000 9000 3000 8000 6000 

3 64 85 70 45 31 
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MI , 4 

M2 ' 10000 

M3 ' 100 

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

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

P 3 , 3 x 10000 x 100 + 3000 x 100_+ 70'3,300,070 

P 4 , 3 x 10000 x 100 + 1000 x 100 + 45,3,800,045 

P 5 , I x 10000 + 100 + 6000 x 100 + 31 , 1,600,031 

Clearly 

P j * ' 3,800,064 

or j = 1 

There is, of course, no necissity that the Mi values aeed to be power of 10. 

IT they are Dot then the original value terms are not directly recognizable as 

they are in the previous exa..mple. 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: 

I. Each job is characterix:ed by a cri teria value vector (Vi) = VI' V 2' 

etc •. Vc 
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2. It can be stated that VI dominates V • and V. I dominates V . 
2. 1- i 

3. The decision rule is to i. select the job with the largest 

V if (VI * - V ) 
I U 

• r. 

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

v 111 is next largest value of criteria 1. r is the prestated range 

value. 

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

larger than the next largest V Z. etc . 

4. 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 

R. I 1, 

range limits (R ) such that 
i. k 

o - R. k -" - M 
i 

where M. is the reasonable maxim for criteria i . 
1 

R. 
1, 2 - R· k - R·kl· ·· cR· k I, 1. + I, 

where R. k = M. 
1, 1 

K total number of ranges. 

r 

(R - R ) = r 
i,k+! i,k 

b. The following decision structure table illustrates the method 

[or developing each element of the priority number. 
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R. I 
" 

R. 2 
" 

I 

P (the priority number = 
i=c 

TT 
, 

[ F I Ki ) J 1=2 
Dpc 

\ ~R 
- i. k- 2 

~R" k-I - R" k 

K-2 K-I 

[ F 2 ( 

i,=e 

K i ) ] + TT + ..• [ Fe J 
i=3 

Thi-s same concept can be extended to percent ranges though/- it is not 

clear how a direct percent of value diHirence could be processed; e . g. if 

two values are within 5% of one another or two values are less than 10 units 

apart :D[ 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. Thi s 

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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A Computational Procedure for Multiple Decision Criteria 

Burton Grad 

In establishing decision rules to guide the choice between alternative 

courses of action, it is often neces8ary to consider multiple decision criteria. 

Typically, there will be a dominant factor and vari;ua secondary consideratioDs. 

It may be possible to establish explicit relative weights 80 that a direct 

equation can be used to determine the relative value of a particular course 

of a ction. Thia i. a problem which haa been thoroughly covered in the literature 

(Churcblrlan. et . al. OperatioDa Research). 

But in many case. we are only able to rank the deciSion criteria and 

state if the value of the first criteria i8 identical for two or more course, 

of action then the choice will q depend on the relative standing of th,e 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 automa&a.ble 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 a may be successful in accomplishing our objecti ve. 

At the other extreme we have an explicitly stated choice system with stated 

criteria a each of whose values states are precisely weighted and with alternate 

courses of a ction clearly defined and bearing a specific correspondence to 

relative criteria evaluation •. 

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

level can be characterized a8 follows: 
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We wish to select from arnong j available jobs that job which will 

maximize SOme "pay ofl" function. However, the payoff function cannot 

be atated al an explicit equation. There are c criteria each of which to 

a. greater or lesser extent may influence the job lelection. Each job has 

al.oelated 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 

moat important; criteria Z next in importance; criteria c leaat important. 

ActUally criteria 1 is dominant; it 18 only when there i8 a standoff (a tie) aa regard. 

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

It would be convenient to express this decision system 80 that a. priority number 

could be ~ computed which wwld cause tbe decision a maker to make 

the correct selection immediately and directly without the necessity for 

multiple comparisons. 

1&x-.lma: A solution to this need can be expre.sed in the following way: 

1. Fach job is characterized by a criteria vaJue vector (Vi) = V I' V Z' 

:Jixx etc. , Vc' 

Z. It can be stated that VI dominates VZ' and V
i
_

l 
dominate_ Vi' Thh 

precedence domination relationship holds throughout lor all 

criteria. 

3. The decision rule is to select the Job with the largest VI; u in 

case 01 a tie select the job with the largest V 2. etc. The _arne 

philosophy would hold for a rule which chose 8Mallest VI' V
Z

' etc. 

• . We will construct a priority number (P) lor each job as follow.: 
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•. For each criteria we will establish a reasonable 

maximum value which we will call Mi ' 

Hence for each criteria 

fl J 

b. For each job 

+ 

5. Job selection will then be on the basi. of the P j (Priority number 

for job j) choosing such that Pj*!l?'j for all J. 

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

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

The most important factor 11 the customer urgency code which ia either 3 

(highest), Z or 1 (lowest). The second factor (which is significant only if 

there are two or more jobs of the .&me urgency code) ia order value to the 

nearest thousand dollar. The highest value order ia never a8 great at $10,000. 

The third criteria which come. into play to break ties if factors 1 and Z 

are identical for two or more orders i8 the operation time at the next station 

exprelned to the nearest minute. No operation time will be ... great as 

100 minute • . 

As.ume we have the following vector. for each of the jobs. 

J ob' 1 z 3 4 5 

Criteria 1 3 z 3 3 1 

z 8000 9000 3000 8000 6000 

3 64 85 70 45 31 
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M =4 
1 

MZ = 10000 

M3 = 100 

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

P z = Z x 10000 x 100 + 9000 x 100 + 85 = Z, 900, 085 

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

P 4 = 3 x 10000 x 100 + 1000 x 100 + 45 = 3,800,045 

P 5 = 1 x 10000 + 100 + 6000 x 100 + 31 = 1, 600, 031 

Clearly 

Pj' = 3,800,064 

or j ::; 1 

There is, of course, no necl •• tty that the Mi value. aeed to be power of 10. 

U they are not then the original value terms are not directly recognizable .a 

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 follow.: 

The problem statement 18 a. before tn term. of desire to select 

among j available jobs each of which I. characterized by a let of criteria value • . 

The criteria are ranked in term. of relative importance. Criteria 1 still can 

be thought of a8 dominating criteria Z. What is changed i. the definition of 

a tie . We atate tbat a larger value {or criteria 1 18 dominant only if it is 

at leaat r units greater than the next largest value of that criteria. 

A aolution can be atated a. follow.: 

1. Each job is character~ed by a criteria value vector (Vi) = V
J

, V 2' 

etc . , Vc 



z. 

3. 

· 5. 

It can be stated that V dominates V . and V. I dominates Vi ' 
1 2 1 _ 

The deCision rule 10 to •• elect the job with the large.t 

r . 

Where V 10 i. the large.t value of criteria I among the j job •. 

VI' i. next large.t value of criteria I. r i. the pre.tated range 
value. 

In case of a tie, .elect the job with large.t V Z if it i •• ufficiently 

larger than the next largeat V 2. etc. 

4. We will con.truct a priority number (P) for each job a. fOllow. 

(Thi. i. not quite the sa"'e a. the rule abov~, but it i. a 

aitnplUied version of it): 

a . For each criteria We will e.tabli.h a .erie. of interim 

range limitl (R, ) such that 
" k 

o = ~.k = Mi 

where Mi is the reasonable maxim (or criteria i. 

R, Z 
" 

Where R. k = M. " , 
K _ total number of ranges . -r 

(Ri , k+1 • Ri , k) • r 

b. The follOWing deci.ion structure table illuatrate. the ",ethod 

for developing each ele",ent of the priority number. 
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V. -0 - R. I , - - " 

VI <Rt., 1 c R. Z 
" 

F. 0 I , 

c. P (the priority number ::: 

i=c 

K) 
I 

+ 

-R 
- i. k-Z 

cRt, k-l 

K-Z 

i;=e 

lFz ( iT Ki) 1 

i=3 

» RI,k_l -

-1\, k 

K-l 

+ . .. F 
c 

Thia same concept can be extended to percent ranges thought it i8 not 

clear how a direct percent or value difitrence could be processedj e. g . if 

two values are within 5~ of one another or two values al'e leas than 10 units 

apart :It then apply criteria II Z. This would require a one for one differencing 

which does not lend itself to a direct calculation procedure. 

Concluliona 

Some progress baa been made on changing multiple decision criteria 

rule. from a compare and branch procedure to a. computational approach. Thil 

should result in higher speed operation within a computer and for easier opera .. 

tiOD by operating personnel. These concept. could be applied directly to iactory 

dispatching, material scheduling, etc. 
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TABSOL - For Formula Statements 

1. 

z. 

3. 

4. 

5. 

6. 

7. 

8. 

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 itsel! is expressed; and non-literal where the name or location 
of the factor is denoted. 

W, ~ust use and recognize two IIdelineators" : open parenthesis 
-<\.(1' 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 exam.p1es a particular 
notation and logic which could be used to solve this problem. A 
technical swnmary of this approach is attached as exhibi t 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: 



R @ 
a 
+ 
b 

~ 

- 2 -

This would be a simple 
unconditional table stating 
that computed variable R 
equals the value of the 
expression (a + b). 

9. 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 followl.ng test is made : 

Is 1st Result Row 

(2) 

a computed variable 

Go To TABLE 

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 

yes no 

TAB FOR (Z) normal TABSOL 

operand operator operand @ 

-I operator operator 

(present (present (present 
word) word) word) .. c:z:::dt 

+ 1 + 1 + 1 + 1 

+ 1 + 1 + 1 + 1 

(2) (2) (3) (2) 

• 

• 

+ 1 

(7) 

• 



(3) 

Inter Result 

Store at NL - 3 
in Q line 

- 3 -

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

Inter Result 

Add to NL - 2 

Go To TABLE (2) 

(7) 

Store at Result 
Location 

Go To 

lst Entry in Q line 

TABSOL 

10. Letls expand this to handle a more complicated problem: 

R = cIa + b) 

R 

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

@ 
c 

• 
a 
+ 
b 
) 
¢ 
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TABLE (2) would be expanded to handle this as follows: 

type of present word 

type of previous word 
in 0 line 

store in 0 line at Next 
Location (NL) 

add to NL 

add to present word 
location 

Go To TABLE 

(5) 

store in 0 line 
at location NL - 2 

add to NL 

Go To TABLE 

(6) 

NL 

Type of word at 
NL - Z 

Go To TABLE 

-
(Z) 

( 

(present 
word) 

+ I 

+ I 

(Z) 

+ I 

(5) 

(0 line at location NL - I) 

- I 

(6) 

> 4 > 4 

operator I operator 

(3) (Z) 

• 

• 

• 
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Let us follow this through step by step. 

R @ 
Pres ent word location equals 1. 

e 

• 
( 

a 
+ 
b 
) 

~ 

Step (l) (pres ent word) = @ 

Q Line NL 
J 

Step (2) (present word) = c 

Q Line 
e 

Step (3) Q Line 
e 

• 
Step (4) Q Line 

e 

• 

Step (5) Q Line 
e 

• 
( 
a 

NL 
Z 

NL 
"""3 

NL 
4 

NL 
5 

Present Word Location 
Z 

Present Word Location 
3 

Present Word Location 
4 

Present Word Location 
5 

Present Word Location 
6 



R @ 
a 
/ 
( 
( 
b 

c 
) 

•• 
2 
) 
¢ 

- 8 -

The Q Line successively looks as follows: 

Q Line Q Line Q Line Q Lme a Line 

(i ) (2) a (3) a (4) a ( 5) a 
/ / / 

( ( 
( 

(6 ) a (7) a (8 ) a (9) a (i 0) a 

/ / / / / 
( ( ( ( ( 

( ( ( ~ -J ~.-;J 
b b ~-~ 

(II ) a (i2) 
~_~ 2 

( i3) 
a/ E- ~ 2-"7 R / a/ 

( 2 

[£- ~ 

• 

• 

• 



( 
TABFOR 

Table Solution Of Formulas 

Defini ti on8 

cr means operand 
r means operator 
( means front delineator 
) meanS close delineator 

Exhibit A 

B. Grad 
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¢ means end of expression delineator 
@ means begInning of expression delmeator 

All words m a result column will carry a tag . This tag will indicate the 
type of word that it is: operand, operator, front parenthesis , close paren

thesis. beginning of expression or end of expression. 

The content of an operand word in a result column will either be a literal 
value (fixed point noted by explicit inclusion or else assumed that the value 
is an integer) or a non literal whIch can be Interpreted into an a ddress. 

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

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 = 0-, r, (, ), ¢, @ 

PW indicates the kjth block of a result matrlx where k is the row and j the 
selected column; this is called the present word. T h e present word may 

have any of the following constructions: 



fTAAAA 

rbbb+ 

rbbb -

rbbb* 

rbbb/ 

rbb** 

(bbbb 

)bbbb 

¢bbbb 

@bbbb 

1~ 
TpW 

"-, 

) 

...J 

PW 

- Z -

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 alltnformation is stored prior to 
arithmetic manipulation . NL denotes the next location in the queue line. 

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. 

• 

• 

• 
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The following are the TABFOR Tables: 

(I) Go to (2) 

LR Result variable kj location 

(2) TpW @ r 

T - -
°NL _ 

°NL - ~~ 
NL 1 NL+I 

k k+l k+l 

Go To (2) (2) 

(3) Operate per 0 NL - 2 
Go to (4) 

on 0NL - I 

and %L - 3 

(4) Go To (2) 

(5) Go To (6) 

Q NL - 3 

NL 

0 N L - 2 

NL 

(J ( 

I r -

~~ ~~ 
NL+l NL+l 

k+l k+l 

(2) (2) 

Inter result 

Inter result 

NL - 2 

(QNL - I) 

NL - I 

() ) 

. 
=r -

~!l -

NL+l -

k+l k+1 

(3 ) (5) 

~ 

-

-

k+l 

(7) 



- 4 - • (6) NL 

r 

Go To (2) (3) (2) 

(7) 

The simplest form is: 

R=@CT'rCT'f 

This would be written: • 
LR @ 

() 

r 
cr 
f 

Initial condition: k = 1; LR is set up. 

Step 1 Q Line NL k LR 

I 2 

Step 2 Q L ine NL k LR 

CT' 2 3 

• 



• 

• 
L 

-

Ste,e 3 Q Line 
a-
r 

Stee 4(a) Q Line 
a-
r 
Cf 

(b) 
Q Line 

§~ 
Stee 5 (a) Q Line 

Er~ 
(b) Q Line 

NL 
3 

NL 
4 

NL 

z 

NL 

z 

NL 

- 5 -

k 
4 

k 
5 

k 

5 

k 

6 

k 

6 

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

There are six symbols <r. r, (, ). @. ¢ 

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

xOU
or 

xCf( 
IJ) 

xlT@ 
~ 

ra-
xrr 
r( 
xr) 

xr@ 
xr¢ 

(a-
x(r 

(( 
xO 
x(@ 
x(¢ 

x)a- @a-
)r x@i 

xl( @( 
)) x@) 

x)@ x@@ 
)¢ x@¢ 

1. Any permutation with @ last or ¢ first can be elirni nateq. 

2. Two operands or two operators cannot be adjacent. 

3. An expression or a term cannot end in an operator . 

xfa-
x¢r 
x¢( 
xf) 
xf@ 
x¢¢ 
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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 ( . 

7 . 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 leav es only twelve possible combinations of two symbols. The following 
three symbol combinations are possible using the above rules: 

9. 

CTra
<rr( 
(J)r 

0') 
IJ)¢ 

xror 
rO') 
r<r¢ 
r(ff 
r (( 

(or 
x(J) 
x(<r¢ 

wr 
((( 

)r
)r( 
»r 
») 
»¢ 

@<rr 
x@crj 
x@O"¢ 

@(O" 
@(( 

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 : 

@(frff 

rO')r (O"r<l" )rO) @crr( 
(frO) r(J» (ffr( )r<l"¢ @(crr 
<l"r(f¢ rlJ)¢ ((crr )r(<r @(((f 
(fr(<I" r(O"r (((<I" )r(( @((( 
crr(( r((<I" (((( »r<l" 
(f)rtr" r( (( »r( 
(f)r ( » )r 
11) )r »» 

~» »)¢ 
»¢ 

The following fi ve symbol combinations are possible using the above rules. 

x (lrrCT¢ 
x @<I"rO) 

• 

• 

• 
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11. There must be a close parenthesis between an open parenthesis 
and a ~. 

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

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

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

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

16. An open parenthesis cannot occur in an expression unless a close 
parenthes i s subsequently occurs . 

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

The following nine symbol expressions are possible: 

@ U" r ( err <r) ~ 
@(<rr()r<r¢ 

The following twelve symbol expression is po ss ibl e : 

@(<rr<r)r(err<r)~ 

The following thirteen symbol expression i s possible: 

@ ( <rr ((Jr <r) ) r er~ 
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