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l';ducation Ernpl oyment 
Employee 

Name School Degree F-mpio3 er Position Starting Sa[aQ" 

John Jones Princeton BA Co A Trainee S3,0f)0 
MA Coder 

Columbia Phi) Programmer 
Harvard LLI) Co B Progranmmr gl,(~)O 

Co C Senior Pro S6,000 
~I'H[iI [il(. ~ U 

A ~ml3st 
Co I) .JR Specialist 820,000 

Fro. 2. Example of output listing of persomml record 

In collating systelns, once one has a set of records to be 
displayed, one has the problem of sorting t h e m  in some 
specified manner.  If  the field being sorted on appears  at  
inost once in every record, there is no problem.  Suppose, 
however, each record from which we have ext rac ted  out' 
da ta  has as subject a part icular  apa r tmen t  house  in some 
city and suppose tha t  among  the data  in the  record are 
the rmmes of all the tenants  and the address of tile apart-  
ment  house. If  the interrogation reads " I n  alphabetical  
order, list the names and addresses of all people  who live 
in apar tment  houses in tha t  ci ty",  arl,ifieial l~eords are 
created for sorting, duplicating the address of the  house for 
each person who lives in it. l"urther complicat ions  arise if 
more than one level of sorting is specified a t  orm time. 

D i s p l a y  

Display includes preparat ion of extracted da t a  for 
tabular  presentat ion using line pr int ing devices.  The  
retrieved information is extrac.ted as subsets of selected 
subjects. This information therefore has sub jec t  s t ructure 
and must  be printed so as to reflect tha t  s t ruc ture .  Tha t  is, 
replications of a part icular  sub-subject  or  field are verti- 
cally aligned and  are vertically spaced so as no t  to conflict 

wit}] ('ac'h c,tiwr. This also applies io values and repeal,ci 
fields rlm v×,(>c,,I e,.~#~ed (.ohmm width, f:igure '2 show:< a 
1)(,r>om~;~l re,c)// t'c), lohn .Joliet. C()lumn [ consists of thv 
field ~'Nt, n-:e," lh;~i (:,:)reprises dm subject "l;mpl()y(~o'" 

• t v Collln!ils ;2 aitd .~1 :<how t}l(~ fim.ts ":School" and ' :Degree"  
of the ~ubjc('t :qkhl(-atJotl". The remaining columns 4 l; 
show the fields " l : ]mplover"  "Posi t ion",  and "Star t ing  
salary" for the. sul)je~t "l i]rnploymem". No coordination 
is made. anlong the. three subject s " [Snployee" ,  ;'E(hl( a- 
t ion" and "Employmera"  within a single record. The 
sul:)jeet "Educa t ion"  permits reI)lications on the fMd 
"Degree".  These replications are ooordinated wiih ',he 
Yah.re of school name. Similarly, " E m p l o y m e n t "  permits 
repli('ations on the field "Posi t ion".  These replications are 
coordinaied with the values of "Enll:)loyer" and 'S ia r i i i , a  
salary".  

S u n ~ n l a r v  

Iri a data; orKanization for an information processing 
and retrieval system, the recurring problems of s t ructure  
and scope pervade all aspects of the processing. This is 
necessatT if the system is to permit  the var ie ty  of semamie 
relationships re(luired to effect moderately  sophisticated 
solutions for a class of information retrieval probk:ins. 
These considerations have suggested a flexibility and vari-  
ability not  ye t  available in any system or computer  hm- 
guage. The  proMems of ( 'onstrueting such programs are 
consideral)le, slid while such programs are not at hmM, 
they are on the horizon. 
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An Information System With The Ability To Extract 
Intelligence From Data* 

T. k. W a n g  

General Electric Company, Syracuse, New York 

I n t r o d u c t i o n  

An information system with the abili ty to extract  in- 
telligence or knowledge from a large mass of d a t a  has been 
developed and instituted. This informat ion sys t em was 
developed under  the auspices of the M i n u t e m a n  High 

* Presented at an Open TechnicM Meeting on "Design, hnple- 
mentation and Application of Ill-Oriented Languages," held by 
the ACM Computer Language Committee on Information Re- 
trieval on 20-21. October 1961 in Princeton, N. d. 

Reliability Componen t  Program,  the objectixe of which 
is to improve the reliability of the components  used in tile 
Minu teman  System by two to three orders of magnitude.  

To meet this challenge, it. is necessaw to collect and 
analyze eventually about  200 million digits of variable 
da ta  concerning a specific type of transistor alone. This  
large mass of data,  once collected, should comain  a lmos t  
all the answers tha t  evaluat ion engineers and statist icians 
mus t  know in order to improve the reliability of this par-  
tieular transistor. 
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The problem faci~:g the computer people is an obvious 
,me namely, to desig~ an information system capable of 
ex~ ratting from this large mass of data the needed answers. 
Because of the tremendous vohnne and complexity of the 
data, the answers must be provided in a highly digested 
form on a fully automatic basis. In other words we want 
the system to produce not the rearranged or partially 
summarized results, but rather to extract the ulthnate 
intellige~ee from the data. 

Before i go further, let me explain what I mean by in- 
telligeitee when I say we want to  extract intelligence from 
data. Intelligence, as I have arbitrarily defined it, is a 
piece or pieces of information that offer us more meaning 
than the numerieal values. For example, if we use the 
figure SI0,000 in computing one's income tax, we are using 
it as a pieee of information. If we use it to describe a man, 
it tells us soinething more than the faet that  this man's 
salary is S10,000 a year. For one thing, we know this man 
is not exactly a bum. If we have enough figures, such as 
4 years of college, 5 years of experience, 30 years of age 
and so on, we will have quite a feeling about what kind of 
man he is. This kind of feeling derived from a sitigle figure 
or a group of digested figures is what is here referred to as 
intelligence. 

S y s t e m  C o n c e p t  

An information system with the ability to extract in- 
telligence from data will essentially possess the ability 
to provide answers to any questions one might have, as 
long as the raw data pertaining to the specifie questions 
is available within the system. The first problem in de- 
signing such a system, however, is the ever present lan- 
guage problem. To expect the system to take any question 
one might have in the original form of English and proceed 
to produce the answer is a little beyond the present state 
of the art. However, if we were to examine how we humans 
go about finding the answers to a question from a large 
mass of data, you will find that we essentially determine 
first the specific data pertaining to a question. Then we 
retrieve this pertinent data, and perform some kind of 
analysis to produce some meaningful answer. The hardest~ 
parts to automate seem to be in two areas. The first one is 
to ascertain the specific pertinent data from the original 
question. The second area is to determine what kind of 
analyses need to be performed on the pertinent data in 
order to produce the answer--whether just taking an aver- 
age on the data, or performing a correlation coefficient 
or performing some kind of computation. Xow if we were 
to do these two parts manually, we can well expect an 
information system to do the rest automatically. 

Essentially, instead of feeding into this system a ques- 
tion in the form of English, we specify through the use of 
a fairly rigid retrieval language the specific data pertaining 
to a question, and at the same time instruct the system to 
perform a specific analysis with the retrieved data. Let me 
give you a very crude example here. Let us assume that 
we have an information system, in which we have col- 

letted a lot of data on the per.-onuc! within a company. 
One of the questions we want to ask is this: "Are married 
men steadier workers than single men?" After examining 
the question, we know that the dam pertaining m this 
question is the years of service with the company. We also 
know that the average years of service of married men 
versus that of the single men will produce some sort: of 
answer to our original (luestion. To get tl~e answer, we 
simply iirst~:uct this system to retrieve the years of seek-ice 
and group dtem by married and single men and perform 
an average on each group. 

Basically an information system possessing this capa- 
bility needs three elements. The first one is the collecting 
and storing of the raw data. The second element is a re- 
trieval mechanism to retrieve the pertinent data im'olved 
in an inquiry. The third element is the at)lilly to perform 
all the different types of eomputation required on the 
retrieval data. 

Sys t em Descript ion 

Based on this concept, we have developed an information 
system to serve our needs. This system, as [ have just 
mentioned, consists of three parts: 

1. D_vr.~ COLLECTION AXl) l.'n,i.: M:trXTEXAXCF.. Tile 
first part is called data collection and file maintenance. 
Ninety percent of the data is generated on the automatic 
test equipment and is fed into the system to be organized 
and updated into master files. A quite elaborate validity 
checking scheme to detect test equipment or human 
errors as well as any malfunction of the data collecting 
system is incorporated. This of course is due to the fact 
that the entire system is dealing with the reliability of a 
type of transistor. Hence the reliability of the input data 
is of utmost concern. 

The major breakdown of the master file is a variable- 
word-length record. Within each record, the data is further 
organized into four separated levels with one of the levels 
containing reference type of information which charac- 
terizes the data within each record. "['his type of structuring 
offers a great deal of freedom in file organization and at. the 
same time provides a much greater flexibility in data 
retrieval. 

2. RETRIEV*L. The second part of the system is the 
data retrieval. This is really the heart of the system. As 
mentioned earlier, to produce an answer to a ques- 
tion posed to this system we have to transform the ques- 
tion into the form of the specific data related to it. and 
define to the system the pertinent data through the use of 
a retrieval language. Since most of the users of this system 
do not possess any knowledge of computer programming, 
the retrieval language used nmst be simple enough so that. 
it ean be mastered by any users in a mat.let of hours. 

The basic element of the retrieval language consists of a 
six-character alphanumerical call letter designating a 
field of information and its associated value desired, 
separated by an equal sign. The selection of the characters 
is such that they are very dose to the terminology used 
and are readily recognizable. These elements, further 
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separated by comma signs, constitute the basic retrieval 
language used in retrieving data. All elements within a 
retrieval request are considered to have " A N D "  relation- 
ships among them. How(xer "OR"  relationships ave 
permissible under certain situations. 

ht  addition to these basic relationshii>., i Im reirie:al 
language has other capabilities: 

(a) It~ has the capability of grouping the desired output 
t)y the magnitudes of any field or any combinat ion of fields. 
Within each retrieval request, it can group the output 
in three levels of 8 groups each for a total of 512 individual 
groupings. In other words, it can construe( a three-dimen- 
sional table. In the event more than a three-dimensional 
array is needed, it can do so through the use of connecting 
retrieval requests. 

(b) lit also has tile simple capability of counting the 
number of times any specified rest.tit.lions are met. This 
again ('an produce output counts in three-dimensional 
arrays. This feature, simple as it might seem, turns out 
to 1)e the most powerful feature of the retrieval. There arc, 
almost unlimited ways this feature can be used in the 
initial aspect toward producing answers Ix) some highly 
complex questions. 

3. ANAhYSIS ),iONITOR. The third and last. part, of the 
inff)rmation system is the part that  will take the retrieved 
data and perform the type of analysis specified to produce 
the answers desired. I t  essentially consists of many dif- 
ferent, analyses in the subrout,ine form wi th  a eontrol to 
direct all the retrieved data from many different requests 
through whatever various analyses ca(.[, request calls for. 
The attalyses available consist of the basic statistical 
analyses such as frequency distril)ution, correlation, re- 
gression, analysis of variance, and discriminent analysis, 
t)hts some special type of analyses. Addit ional  ones, of 
course, can be readily added to the system if needed. 

I n t e r e s t i n g  Fac t s  

This information system has been in actual  use for 
almost a year now. The frequency of usage is about twice. 
weekly. About 15 to 20 questions have / ) een  processed at 
each run. Some interesting facts begin to emerge. 

1. Gt:XmtALIZED C~Cvt¢.~CTER. This information sys- 
tem t urns out to be far more generalized t h a n  we originally 
intended it, to be. At the initial system design stage, we 
were concerned wi th  the des ign of a w s t e m  to serve a 
specific need--namely, to provide intelligence to those 
who need it in improving the reliability of a specific type 
of transistor. We had no intention of designing a gen- 
eralized wystem that could be used in m a n y  other types of 
applications. However, since we were fully aware of the 
constant changes that  we would have to make, we have 
designed into the system features that  permi t  us to make 
any file format or other minor retrieval logic changes 
without, major reprogramming. These change features 
cover such a wide range that they t ransform the overall 
system into an almost generalized system capable of many 
types of applications where extracting intelligence from a 
large mass of data is involved. 
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2. I"I.f.:Xr~iI,~T~7 o~ i{;-:rtcil.;V.~L. Anoihor interes::i~t~ 
hindsi,x}~i i~ in ::he t'etde\al mccharfism. When we first 

- t i l  . . tried i o apc:~ ou :h(: basi~: ieat:m'es ~f th(~ ret:ricval, we 
thought if ;',o mg:mag~.d t~) handl~ ~0 perc~mt of tim (iucs- 
tions t)(,sed to :h0 system, we would t)e lu( ky. There are 
bom~d :o be q testions >o (:(?mpit,x i:ha: the retrieval lan- 
gl.tagc wouM not l?e able to retvievc the p(,rth:em data. 
tI:owe\er, after processing over 1000 iu(iuirios, some (of 
whi('h wore (luit(, complex, we have not yet one )unter('d 
any questions to which we are not able to retrieve the per- 
tinent (hta. After examining the retrieval mechanisnt in 
the light of all different types of requests, we found that 
the basi(, concept of simple elimination used in the re- 
trieval scheme co,dd very well account for its flexibility 
Each element in our retrieval language can |,e considered 
as a restriction which elinfinates all data outside its re- 
stricted boundaries. When a series of these elements are 
linked together with A N D / O R  logic, they turn out to be 
art extremely flexible yet powerful retrieval scheme. 

3. AX:L~-SIS ASPECT. in the analysis aspect of the 
system, we also encountered an interesting situation. 
Again at the initial design stage, we thought incorrectly 
that to provide meaningful answers to any questions wouht 
involve all kinds of computational and analytical (:apa- 
bility on tile part of (tie analysis portion of the system. 
We were thinking that eventually we would have to 
collect, ai least over t00 various kin(is of analytical or 
computational subroutines in order to serve the need. We 
started out to use the system with only 10 basic subroutines. 
and so far these basle ones seem to have seta'ed adequately 
more than 90 per cent of our need. This we believe is d u '  
to the nature of the questions orm most likely would want 
to ask concerning a large nlass of (lata. For instance:" Is a 
certain fact related to another fact? .... Which is better or 
the best? .... Which of the many variables that could con- 
tribute to this is the real eontrolling factor?" All these types 
of questions ean he readily answered through the use of the 
basic statistical analyses. This information system cannot 
el (om..,, handle the ~h):, type of question directly. You 
can, however, get the answer by being specific. By asking 
a series of "l)oes this or that have artything to do with a 
sit=nation, type of questions, you could eventually get the 
reason why. 

Con(:h/sion 

It, took us a little over a year's time from the initial 
system design to the actual usage of the system Oil a limited 
basis. Now that the initial rounds of fire-fighting work to 
keep the system going are over, we are beginning to work 
on more sophisticated features to expand the total system 
capability. We know there will be questions that arc 
beyond the system's capability to answer. However, we 
are protected in this respect. We claim that this informa- 
tion system has the capability of answering any intelligent 
question the users might have concerning the accumulated 
data. If we encounter any question to which the system 
cannot produce some nleaningfuI answer, we can always 
say it's because the question is stupid. 


