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S u m m a r y 

The F a c t Compi le r is a s y s t e m for the t imely 
ex t rac t ion of significant information f rom source 
data and for the s to rage of this informat ion in an 
organized m a n i e r that p e r m i t s rapid r e t r i e v a l . 
In addit ion, the F a c t Compi le r can p r o c e s s or 
manipula te the s to red data in a va r i e ty of ways , 
and it is adaptable for use with p r e s e n d - d a y r e ­
port ing techniques . The s y s t e m is capable of o r ­
de r ly growth to mee t the changing r e q u i r e m e n t s of 
growing o rgan iza t ions . 

Information is s t o r ed accord ing to a logico-
l inguis t ic s t r u c t u r e . This s t r u c t u r e enables the 
s y s t e m to: (1) d i rec t ly in t e r roga te pe r sonne l and 
r eques t the repor t ing of specific information; (2) 
au tomat ica l ly p r e s e n t de s i r ed data at the a p p r o ­
p r i a t e t ime in te rva l s ; and (3) r e t r i e v e information 
accord ing to subject , a spec t , d a t e , degree of 
specif ici ty, and organizat ional uni t . 

The F a c t Compi le r 

As society m a t u r e s , production and use of in­
format ion g rea t ly i n c r e a s e s . At the s ame t ime , 
individuals tend to n a r r o w the i r fields of spec i a l i ­
zat ion in o r d e r to cope with this growth of infor­
mat ion . Thus , the old adage about knowing m o r e 
and m o r e about l e s s and l e s s becomes m o r e 
meaningful as t ime goes on. It becomes i n c r e a s ­
ingly m o r e difficult to a s s i m i l a t e and evaluate the 
m a s s of data contained in the paper work flooding 
many b u s i n e s s , government , and un ive r s i ty o r ­
gan iza t ions . The techniques of automat ion have 
been applied in va r ious ways to a l lev ia te this p r o b ­
l em. This paper will d i scuss an advanced sy s t em, 
the F a c t Compi le r , which u s e s new concepts to 
au tomate the s to rage and r e t r i e v a l of information. 

The F a c t Compi le r is a s y s t e m for the t imely 
ex t rac t ion of significant information f rom source 
data and for the s to rage of this information in an 
organized manne r that p e r m i t s rap id r e t r i e v a l . It 
has been designed to function as a cen t ra l i zed 
s to rehouse of impor tan t informat ion. In addition 
to r e t r i ev ing information, the F a c t Compi le r fa­
c i l i ta tes the p rocess ing or manipulat ion of the 
s t o r e d data in a va r i e ty of ways not read i ly p o s s i ­
ble with decen t ra l i zed s to rage s y s t e m s . The s y s ­
t e m is readi ly adaptable for use with p r e s e n t r e ­
por t ing techniques used in indus t ry . At the s ame 
t i m e , it can be used with fully au tomated input. 
The s y s t e m is capable of o rde r ly growth to mee t 
the changing r e q u i r e m e n t s of growing o rgan iza ­
t ions . The F a c t Compi le r is an in- l ine p roces s ing 
s y s t e m . That i s , input data is immedia te ly r e ­
corded in the m e m o r y and, t he re fo re , is avai lable 
for immed ia t e u s e . The rapid r e sponse of the 
s y s t e m p e r m i t s the p rompt d i scovery of t r ends in 
the s to red data . It a l so encourages pe r sonne l to 
" b r o w s e " for information as an aid in finding a l l 
r e l evan t data . The s to red informat ion, even if 

r ece ived f rom widely d ivergent s o u r c e s , can be 
organized automat ica l ly and used in the g e n e r a ­
tion of s u m m a r y r e p o r t s . 

A key p rob lem in designing the F a c t Compi le r 
was the development of a language capable of ex ­
p re s s ing the communicat ion needs of pe r sonne l 
engaged in the input of informat ion or in the fo r ­
mulat ion of a r eques t for informat ion. A l a rge 
amount of l inguist ic and e m p i r i c a l s tudy has r e ­
sul ted in a language s t r u c t u r e that sa t i s fac to r i ly 
mee t s these object ives . Development of the l an ­
guage vocabulary r e q u i r e d a p r e c i s e formula t ion 
of the information needs of s y s t e m u s e r s . These 
needs a r e e x p r e s s e d as a s e r i e s of ques t ions or 
in te r roga t ions which a r e indicat ive of the kind of 
informat ion that should be s to red within the s y s t e m . 

In te r roga t ions a r e organized accord ing to a 
logico- l inguis t ic s t r u c t u r e and a r e s to red in the 
s y s t e m m e m o r y . Input informat ion cons i s t s of 
r e s p o n s e s to the app rop r i a t e i n t e r r o g a t i o n s . The 
combinat ion of an in te r roga t ion and i ts a s s o c i a t e d 
r e s p o n s e s i s cal led a factual s t a t emen t . A fact is 
defined as an in te r roga t ion and one p a r t i c u l a r a s ­
socia ted r e sponse . 

Gene ra l s y s t e m f e a t u r e s a r e shown in F i g u r e 1. 
The s y s t e m is composed of human and machine e l e ­
m e n t s . In gene ra l , s y s t e m pe r sonne l e x e r c i s e 
judgment and p e r f o r m dec i s ion-making functions, 
and the equipment e l ement s p e r f o r m the n e c e s s a r y 
rout ine p roces s ing . Sys tem pe r sonne l moni tor 
and cont ro l opera t ional functions, and a id in the 
input of data . The s y s t e m uses a g e n e r a l - p u r p o s e 
digi tal computer and a h igh-capac i ty , r ap id -
a c c e s s , magnet ic m e m o r y . The g r e a t e r por t ion 
of this m e m o r y is devoted to the file of f ac t s . 
Other impor tan t fi les a r e the d ic t ionary , or vocabu­
l a r y of t e r m s , and the in t e r roga t ion vocabula ry 
file. The input or ex t rac t ion p r o c e s s is faci l i ta ted 
by the use of a communicat ion console having an 
a lphanumer ic display tube and a spec ia l se t of keys 
for data inse r t ion . The output or r e t r i e v a l p r o c ­
e s s may use e i ther the communica t ion console or 
a h igh-speed p r i n t e r . 

Use of a Fac t Compi le r in a Bus ines s 
F i r m 

The concepts involved in the use of a F a c t 
Compi le r may be v i sua l ized in the appl ica t ion of 
the s y s t e m to a hypothet ical bus iness f i r m . The 
organizat ion s t r u c t u r e of a typical b u s i n e s s f i r m 
is i l l u s t r a t ed in F i g u r e 2. Some of the ba s i c r e ­
sponsibi l i t ies of bus ines s management a r e the d e ­
t e rmina t ion of the future cou r se of the bus ines s by 
fa rs igh ted planning, the se lec t ion of qualified key 
pe r sonne l , development of a sound organizat ion 
plan, and effective cont ro l through the delegat ion 
of respons ib i l i ty . Management r e c e i v e s the data 
n e c e s s a r y for making decis ions in these a r e a s 
f rom a s e r i e s of r e p o r t s gene ra t ed by line and 
staff d e p a r t m e n t s . A common phenomena among 
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executive pe r sonne l is that of being "swamped" 
with r e p o r t s . Development of p rocedu re s to f i l te r 
information dest ined for management (i. e. , s e ­
lect ion of per t inent information and re ject ion of 
u n n e c e s s a r y data) is an impor tan t function usually-
pe r fo rmed by staff d e p a r t m e n t s . 

With a F a c t Compi le r , management and staff 
would, in effect, have an "extended m e m o r y " with 
which they could review pa r t i cu l a r a spec t s of the 
co rpo ra t ion ' s pas t h i s to ry in va r ious levels of d e ­
ta i l . This type of review may pe rmi t be t t e r f o r e ­
c a s t s about future conditions such as cos t s , sa le 
p r i c e s , raw m a t e r i a l avai labi l i ty , and product d e ­
mand. Also , the compi le r could supply data in ­
dicat ive of the degree of cont ro l in effect within 
the f i rm. Cor re l a t i ons could be made between 
ac t iv i t i es not previous ly compared and gene ra l 
economic condi t ions. 

In te r roga t ions for a bus iness F a c t Compi le r 
Sys tem a r e organized into in te r roga t ion l i s t s r e p ­
resent ing majo r subject ca t egor i e s of i n t e r e s t . 
Typical in te r roga t ion l i s t ca t egor i e s might be 
" fac tory ," " reg iona l sa l e s d i s t r i c t , " " s u b s i d i a r y , " 
"budge t , " " t a x e s , " " l e g a l , " " p a t e n t , " and " c o r ­
pora te a s s e t s . " Information to be s to red in the 
m e m o r y for a p a r t i c u l a r fac tory , regional sa l e s 
d i s t r i c t , or depa r tmen t is placed in an individual 
r e c o r d for that fac tory , d i s t r i c t , or depa r tmen t . 
This r e c o r d is cal led a Unit Record . Unit Records 
may s to re information der ived with the aid of one 
or m o r e in te r roga t ion l i s t s . The use of i n t e r r o ­
gation l i s t s for data ex t rac t ion and Unit Records 
for s to rage and r e t r i e v a l is fundamental to the op­
era t ion of the Compi le r Sys tem. 

F a c t Compi le r Language -Res t r i c t ed 
Engl i sh 

A solution to the communicat ion p rob lem b e ­
tween humans and the computer files was of c r i t ­
i ca l impor t ance in the development of the F a c t 
Compi le r . It was evident that ne i the r na tu ra l 
Engl i sh nor machine language could be used . A 
c o m p r o m i s e h a d t o b e made . After much e x p e r i ­
menta t ion, a language was developed which has 
proved sa t i s fac to ry for both pe r sonne l and the c o m ­
puter ; the language is called R e s t r i c t e d Engl ish . 

Res t r i c t ed Engl ish cons is t s of a vocabulary of 
specia l ly se lec ted Engl ish words that a r e fami l i a r 
and meaningful to pe rsonne l as well as being d i ­
r ec t ly r e l a ted to the types of in te r roga t ions and 
informat ion r eques t s that the s y s t e m is des igned 
to handle. Words a r e carefully se lec ted with r e ­
spec t to meaning, s ince synonyms a r e not p e r ­
mi t t ed . R e s t r i c t e d Engl ish t e r m s m a y b e " s i m ­
p l ex" (single words) or "complex" (a word g roup ­
ing or p h r a s e ) . Complex t e r m s a r e formed to 
r e p r e s e n t unique, commonly occur r ing concepts . 
Rules have been developed to aid in the t rans la t ion 
p r o c e s s f rom na tu ra l Engl ish word groupings to 
R e s t r i c t e d Engl ish s implex or complex t e r m s . 

The language cons is t s of five p a r t s of speech. 
E a c h of these different t e r m ca tegor i e s s e r v e s a 
unique function. The p a r t s of speech a r e : 

Substant ive. A noun or noun complex; a name 
for a thing or object. 

Desc r ip to r . Desc r ibes or l imi t s definitions 
of subs tan t ives . They m a y b e o rd ina ry adject ives 
or pas t pa r t i c ip les with adject ival funct ions. 

Activity Connector . Re la tes s e v e r a l subs t an ­
t ives in o rde r to de sc r i be an act ion. They a r e u s u a l ­
ly p r e s e n t ac t ive or p r e s e n t pas s ive p a r t i c i p l e s . 

Relat ional Connector . P r e p o s i t i o n s , u sed for 
defining re la t ionships between two subs t an t ives . 

In te r roga t ive Opera to r . In te r roga t ive a d v e r ­
bia l p h r a s e s used to d e t e r m i n e the magni tude , 
quali ty, or posit ion of things or objects of i n t e r e s t . 

R e s t r i c t e d Engl i sh does not use conjunctions 
or p ronouns . Typical examples of b u s i n e s s -
or iented t e r m s a r e shown in Table I. Most i n t e r ­
rogat ions may be formula ted by using four or five 
t e r m s ; however , a few may r e q u i r e as many as 
seven or eight. 

The total set of t e r m s defined for usage c o m ­
p r i s e s the F a c t Compi le r d ic t ionary . It is e s t i ­
ma ted that a d ic t ionary of a few thousand t e r m s 
should be sufficient to handle mos t bus ines s s t o r ­
age and r e t r i e v a l appl ica t ions . E a c h t e r m in the 
d ic t ionary is coded and ass igned a four-digi t tag 
for in te rna l computer u s e . The tag identifies the 
unique t e r m and the p a r t of speech of the t e r m . 

In te r roga t ion F i le Organizat ion 

Jus t as the d ic t ionary defines a vocabula ry of 
t e r m s for the computer , the in te r roga t ion file d e ­
fines a vocabula ry of i n t e r roga t i ons . As ment ioned 
e a r l i e r , in te r roga t ions a r e filed by majo r a r e a s of 
i n t e r e s t into in te r roga t ion l i s t s . Each i n t e r r o g a ­
tion l i s t i s fur ther divided into a f ive- leve l gene r i c 
c lass i f ica t ion s t r u c t u r e . 

Levels of Genera l i ty 

1. In te r roga t ion L i s t 1 , . 
2. Capital Topic J subject ca t egor i e s 
3. Major 
4. Minor 
5. Sub 
6. Sub Sub 

in te r roga t ion 
ca tegor i e s 

By assigning codes to each level , a "gener ic 
a d d r e s s " is fo rmed which uniquely r e p r e s e n t s any 
in te r roga t ion used in the s y s t e m . This a d d r e s s 
s e r v e s a v e r y impor tan t purpose in identifying the 
subject ca tegory and level of genera l i ty of an in ­
t e r roga t ion . It a l s o p e r m i t s i n se r t i on of new in­
t e r roga t ions at the end of a level without requ i r ing 
a rev i s ion of the en t i re a d d r e s s s t r u c t u r e as would 
be the case if an absolute a d d r e s s s t r u c t u r e w e r e 
used . 

In te r roga t ion file s t r u c t u r e is outlined in F i g ­
u r e 3. Each in te r roga t ion is r e p r e s e n t e d by i ts 
gene r i c a d d r e s s , a s e r i e s of four -d ig i t t e r m codes 
denoting in te r roga t ion content, a n d a s e r i e s of c r i ­
t e r i a . C r i t e r i a a r e defined a t the s a m e t ime as the 
in te r roga t ions and p e r m i t the computer to p e r f o r m 
the following opera t ions : 
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1. P r e s e n t the in te r roga t ion au tomat ica l ly 

to an input analys t on the bas i s of a p r e d e t e r m i n e d 
e lapsed t ime since the in te r roga t ion was las t 
answered . 

2. P r e s e n t c u r r e n t factual data to pe r sonne l 
at de s i r ed per iodic t ime i n t e rva l s . 

3. Select next in te r roga t ion on bas i s of r e ­
sponse to p r e sen t one. 

4. De te rmine if an answer is in the p rope r 
form; if so , p e r f o r m any p rocess ing that may be 
des i r ab le before answer s t o r age . 

Ex t rac t ion of Information—Input 

The computer may take an act ive or pass ive 
p a r t in the input of new informat ion. This d e ­
pends on the si tuation and s y s t e m r e q u i r e m e n t s . 
With l i t t le or no h i s to r i ca l data in i ts m e m o r y , 
the c o m p u t e r ' s ro le would be bas ica l ly pas s ive , 
waiting for pe r sonne l to r eques t in te r roga t ion d i s ­
plays and input a n s w e r s . However , once ini t ial 
data is s to red , the Compi le r Sys tem can compare 
data " age" with in te r roga t ion c r i t e r i a and begin 
act ively asking for new input at app rop r i a t e p e r i ­
odic i n t e r v a l s . This l as t fea ture can be quite 
useful in a s su r ing the repor t ing of impor tan t facts 
and dec reas ing the poss ibi l i ty of repor t ing redun­
dant fac t s . 

Upon rece ip t of a new document, an input an ­
a lys t mus t de te rmine the Unit Record to which it 
appl ies and then se lec t the major subject ca tegory 
involved. This information is conveyed to the sys -
tern via push-but tons , and the input ana lys t is p r e ­
sented with a se t of in te r roga t ion subject ca tego­
r i e s on the display scope . A p r o c e s s roughly 
analogous to the game of twenty quest ions ensues . 
The analys t , now aware of the ca tegor ies of in ­
t e r e s t , r eads the document until he finds r e p o r t ­
able informat ion. Depress ing a key onhis console , 
he gene ra t e s an answer to an in te r roga t ion in the 
se lec ted ca tegory . On the bas i s of the ana lys t ' s 
r e s p o n s e , m o r e detai led in te r roga t ions a r e p r e ­
sented as long as aff i rmative a n s w e r s a r e sup ­
plied; negat ive a n s w e r s cause the genera t ion of 
h ighe r - l eve l in t e r roga t ions , different subject ca t ­
e g o r i e s , or r e su l t in te rmina t ing the in te r roga t ion 
genera t ion . 

The ext rac t ion of significant information thus 
p r o c e e d s , with the analys t a l t e rna te ly scanning 
the document and then repor t ing data in as much 
detai l as poss ib le . This ex t rac t ion p r o c e d u r e , of 
c o u r s e , does not depend on the exis tence of a 
sou rce document . Source data that is in any fo rm 
recognizable by humans may be used . P e r s o n n e l 
could d i r ec t ly r e po r t facts f rom m e m o r y if d e s i r e d . 

F a c t Storage Organizat ion 

The choice of an information s to rage file 
s t r uc tu r e depends on many cons idera t ions such as 
the type of m e m o r y device used, e s t ima ted s ize 
of fi le, r e t r i e v a l t ime r e q u i r e m e n t s , and knowl­
edge of the frequency dis t r ibut ion of va r ious types 
of r e t r i e v a l r eques t s p re sen ted to the fi le. 

The F a c t Compi le r m e m o r y is capable of 
s tor ing one mil l ion factual s t a tements with an a v ­
e rage of ten a n s w e r s per s ta tement , for a total of 
ten mil l ion sepa ra t e fact i t e m s . With this type of 

m e m o r y , it is de s i r ab l e to s to re facts so that one 
or s e v e r a l en t r ies to the m e m o r y will s e l ec t the 
information r e c o r d s n e c e s s a r y to sat isfy typical 
r e q u e s t s . 

If the frequency d is t r ibut ion of r e q u e s t s were 
known in detai l and did not change with t ime , an 
opt imum file s t r u c t u r e could be developed. How­
ever , the dis t r ibut ion e s t ima ted before the s y s t e m 
is in operat ion is usual ly only a rough e s t i m a t e , 
and the dis t r ibut ion will change with t ime as i n t e r ­
es t in var ious a s p e c t s of the s to red informat ion 
changes . 

If it is n e c e s s a r y for r e t r i e v a l t ime to be 
min imized , factual s t a t emen t s m a y b e redundant ly 
s to red under s e v e r a l s to rage s c h e m e s , or s to rage 
schemes may be r ev i s ed by the compute r as the 
d is t r ibut ion changes with t ime . 

F o r most p u r p o s e s , such a high s e r v i c e r a t e 
would not be n e c e s s a r y , and one of the two follow­
ing s to rage plans would be sa t i s fac to ry . One or 
the other plan would be chosen on the b a s i s of the 
predominant types of r e q u e s t s . 

F a c t Storage by Unit Record . A fact cons i s t s 
of an in te r rogat ion and the answer to that i n t e r r o ­
gation, der ived f rom a p a r t i c u l a r sou rce docu­
ment . It is a l so a s soc i a t ed with a p a r t i c u l a r staff 
depar tment , factory, s a l e s d i s t r i c t , o r o ther Unit 
Record . A Unit Reco rd s to rage plan is shown in 
F igu re 4. In the Unit Record shown, a l l i n fo rma­
tion e x t r a c t e d f r o m f a c t o r y XYZ source documents 
is s to red . Major columns a r e the s t a t emen t g e ­
n e r i c a d d r e s s column and the r e sponse co lumns . 
A re sponse cons is t s of the a n s w e r ex t r ac t ed f rom 
a p a r t i c u l a r document ( r ep re sen t ed by i t s docu­
ment number) and the date (date on document) . 
Rows indicate specif ic gene r i c a d d r e s s e s of i n t e r ­
rogat ions used to ex t r ac t informat ion. An i n t e r ­
sect ion of row and column will provide an a n s w e r 
to a pa r t i cu l a r in te r roga t ion r e fe renced to the a s ­
socia ted document number and da te . In ac tua l 
s to rage , each row is a s epa ra t e va r i ab l e - l eng th 
field, and r e sponses a r e scanned for se lec t ion 
p u r p o s e s . Responses a r e s to red in i n v e r s e t ime 
sequence , so the l a t e s t a n s w e r is n e a r e s t i ts g e ­
n e r i c a d d r e s s . 

F a c t Storage by Substantive Record . The s e c ­
ond s to rage plan is based on the p a r t of speech 
which stands for the n a m e of the thing or object of 
i n t e re s t—the subs tan t ive . Storage of factual 
s t a t ement s by the n a m e s of things r e f e r r e d to in the 
s t a t ement s is a powerful method because these 
names or substant ives play a dominant ro le in 
mos t r e t r i e v a l r e q u e s t s . 

The layout of a Substantive Record s to rage 
plan is shown in F i g u r e 5. E a c h Substantive R e c ­
ord contains the gene r i c a d d r e s s e s of a l l s t a t e ­
ments which contain the p a r t i c u l a r subs tan t ive . 
The a d d r e s s e s a r e a r r a n g e d in sequent ia l o rde r a s 
in the Unit Record s to rage plan. However , as 
each a d d r e s s r e f e r s to one or m o r e Unit R e c o r d s , 
code number s occur a s s u b - e n t r i e s under each a d ­
d r e s s . These r e p r e s e n t the Unit Reco rds for which 
each gener ic a d d r e s s app l i e s . T h e r e f o r e , gene r i c 
a d d r e s s e s act a s ma in en t r i e s and have Unit R e c ­
ord code number s a s s u b - e n t r i e s . Each s u b - e n t r y 
has s to red with it a se t of r e s p o n s e s in the s a m e 
manner as the Unit Record . 
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Ret r i eva l 

The concepts and p rocedure s d i s cus sed up to 
this point pe r t a in to the ex t rac t ion of data f rom 
source documents and the s to rage of this data in 
an organized m a n n e r in a digital file unit . The 
s to red data cons is t s of factual s t a t emen t s—each 
s t a t emen t consis t ing of an in te r roga t ion and a 
va r i ab le number of a n s w e r s to the in te r roga t ion . 
E a c h answer is r e fe renced to the number of the 
document f rom which it was obtained and the pub­
l icat ion date of the document . Each s ta tement is 
gener ica l ly r e l a t ed to other s t a tements in an in­
t e r roga t ion l i s t and is filed in accordance with the 
Unit Record to which it r e l a t e s . 

The r e t r i e v a l s y s t e m is capable of se lect ing 
the se t of s t a t e m e n t s , the se t of a n s w e r s to these 
s t a t emen t s and, if r equ i red , the applicable docu­
ment n u m b e r s that satisfy the conditions in a r e ­
quest for informat ion. 

Re t r i eva l r e q u e s t s may take many f o r m s . If, 
for ins tance , a top executive were in t e re s t ed in 
receiving the m o s t up- to -da te information on p r o ­
duction schedules or sa les f o r e c a s t s , a console 
could be provided for h im with a push-but ton for 
each ca tegory of information. Whenever the ex ­
ecutive pushed one of the but tons , a s ignal would 
be sent to the computer which would se lec t the 
l a t e s t a n s w e r s to the re levant s t a tements and p r e ­
sent this informat ion on a display device in the 
execut ive ' s office. F o r highly s tandard ized r e ­
ques t s , this method would be s imple and effective. 
However , if a l l r e q u e s t s were of this n a t u r e , the 
F a c t Compi le r Sys tem woald probably not be e c o ­
nomical ly jus t i f iable , as this type of l imi ted , 
highly pred ic tab le information r e t r i e v a l could 
probably be pe r fo rmed by humans at l e s s cos t . 

As mentioned previous ly , the F a c t Compi le r 
is able to produce routine r e p o r t s and p r e s e n t 
t imely informat ion on a daily bas i s au tomat ica l ly . 
It is felt, however , that the mos t impor tan t a d ­
vantages of the s y s t e m a r e i ts abi l i ty to r e t r i e v e 
and re l a t e i t ems of information not o rd ina r i ly 
compared or ment ioned in n o r m a l bus iness r e ­
p o r t s , and i ts capabi l i ty of reviewing the pas t h i s ­
tory of va r ious a s p e c t s of bus iness information 
which can be s t o r e d in some detai l is d e s i r e d . 
The abi l i ty to "probe in depth" into h i s to r i ca l b u s i ­
ne s s data would s e e m especia l ly advantageous for 
staff depa r tmen t pe r sonne l engaged in ana lys i s of 
data for p resen ta t ion to top management . 

To provide this kind of capabil i ty, communi ­
cation with the F a c t Compi le r mus t take place in 
a language powerful enough to exp re s s the many-
different and v a r i e d reques t s and yet s imple 
enough so that humans can readi ly e x p r e s s what i t 
is that they want f rom the fi le. An impor tan t p a r t 
of the r e t r i e v a l language is the vocabulary of t e r m s 
used in defining the in te r roga t ions t h e m s e l v e s . 
T e r m s a r e chosen from this vocabulary and a r e 
combined to e x p r e s s the factual information d e ­
s i r e d . A the sau rus will faci l i tate the c o r r e c t 
choice of t e r m s . 

Res t r i c t ion of the r eques t to In te r roga t ion 
L i s t or Unit Record ca tegor ies is made by includ­
ing the names of the l i s t s or r e c o r d s of i n t e r e s t . 
P e r i o d s of t ime for answer select ion may be in ­
co rpo ra t ed by using date ope ra to r s such a s : 

be fo re -da te , a f t e r -da t e , du r ing-month (or y e a r ) . 
Grouping within a r eques t will be provided by the 
u s e of the logical o p e r a t o r s AND-OR and a p p r o ­
pr ia te use of punctuation. Ce r t a in a r i t h m e t i c a l 
opera t ions a r e al lowable for se lec t ion and p r o c ­
ess ing of a n s w e r s . Examples a r e : A n s w e r s ^ or 
^ a constant (for select ion) ; s u m , a v e r a g e (for 
p rocess ing a se t of r e l a t ed a n s w e r s ) . A r e t r i e v a l 
r eques t may be v i sua l ized a s an a lgo r i t hm which 
is capable of causing the F a c t Compi l e r to se lec t 
and p r e s e n t d e s i r e d informat ion to the r e q u e s t o r . 
The F a c t Compi le r r e t r i e v a l language of Engl i sh 
t e r m s and ope ra to r s p e r m i t s app rop r i a t e connec­
tion of t e r m s , r e s t r i c t i o n of r eques t scope , and 
definition of p rocess ing opera t ions . The combina­
tion of appropr i a t e t e r m s and o p e r a t o r s will allow 
the ready genera t ion of a lgo r i t hms for the r e ­
t r i eva l of informat ion. The r e t r i e v a l p r o c e s s is 
outlined in F i g u r e 6. 

As an example of a r e t r i e v a l r eques t , suppose 
it is n e c e s s a r y to have product ion and sa l e s in ­
format ion on a l l d i shwashe r s produced af ter June 
1950. It is de s i r ed to r e l a t e this informat ion to 
changes in the Gros s National P r o d u c t , Index of 
Indus t r i a l Produc t ion , and d i shwashe r develop­
ment cos t . The r eques t may be fo rmula ted as 
follows: (Dishwasher , model number of, a c t u a l -
fo recas t s a l e s of monthly, a c t u a l - f o r e c a s t p roduc ­
tion of monthly, development cos t of; G r o s s Na­
t ional Product ; Index of Indus t r i a l Product ion) 
after June 1950. 

1. P a r e n t h e s i s indicate a l l a n s w e r s a r e to 
mee t the date ope ra to r r e q u i r e m e n t . The 
date ope ra to r is "af ter June 1950." 

2. Commas s e p a r a t e r e l a t ed t e r m s . 
3. Dashes s epa ra t e mod i f i e r s . 
4 . Semicolons s e p a r a t e un re l a t ed t e r m s . 

The decoding sect ion of the r e t r i e v a l p r o g r a m 
would b r e a k down this r eques t , via the ope ra to r s 
used and a knowledge of the al lowable syntax pa t ­
t e r n s in s t a t e m e n t s , into the following p h r a s e s 
which may be pa r t i a l or complete s t a t emen t s in 
the f i le. 

1. Model number of d i shwashe r . 
2. Actual monthly sa l e s of d i shwashe r . 
3. F o r e c a s t monthly s a l e s of d i shwashe r . 
4 . Actua l monthly product ion of d i shwashe r . 
5. F o r e c a s t monthly product ion of 

d i shwasher . 
6. Development cost of d i shwashe r . 
7. G r o s s National P r o d u c t . 
8. Index of Indus t r ia l P roduc t ion . 

The model number and product ion data m a y be 
s to red in a Fac to ry Unit Record . Development 
cost may be located in a R e s e a r c h and Develop­
ment Unit Record . Sales information m a y b e con­
tained in s e v e r a l Regional Sales Di s t r i c t Unit R e c ­
o r d s . I t e m s 7 and 8 a r e r epo r t ab l e under a Genera l 
Economic P a r a m e t e r Unit Record . 

In a file organized by subs tan t ives , a l l infor­
mat ion is found under the t h r e e Substantive R e c ­
ords "Dishwasher , " " G r o s s National P r o d u c t , " 
and " Indus t r ia l P roduc t ion . " However , in o r d e r to 
find the information, the gene r i c a d d r e s s e s of the 
per t inen t s t a t emen t s mus t be known. These g e ­
n e r i c a d d r e s s e s a r e found through the u s e of a. fact 
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index. This index contains en t r i e s for a l l t e r m s 
in the vocabulary and, for each ent ry , l i s t s the 
gene r i c a d d r e s s e s of each in te r roga t ion which con­
ta ins that pa r t i cu l a r t e r m . 

Cons ider p h r a s e s 1 through 6 above. Each 
p h r a s e cons i s t s of th ree s epa ra t e t e r m s . All a d ­
d r e s s e s of facts that pe r ta in to one of the p h r a s e s 
m a y be obtained by matching the a d d r e s s e s for 
each of the t h r ee en t r i e s and select ing those that 
a r e common to al l t h r e e . When the app ropr i a t e 
se t s of a d d r e s s e s a r e se lec ted , the t h r ee Sub­
s tant ive Records may be d i rec t ly a d d r e s s e d , the 
gene r i c a d d r e s s e s located, and the date r e s t r i c ­
t ions appl ied to d a t e - a n s w e r combinat ions . 

It may happen that r e t r i e v a l r eques t s that 
would be unanswerable may be formula ted . This 
would mos t l ikely happen when too specif ic a r e ­
ques t is made , so that the combination of t e r m s 
used does not occur in any s t a tement in the f i le. 
A r e q u e s t of this type would immedia te ly be d e ­
tec ted s ince conjunction of t e r m s in the fact index 
would r e su l t in a z e r o set of gene r i c a d d r e s s e s . 
This fact would be immedia te ly p re sen t ed to the 
r e q u e s t o r so he could modify his r eques t . 

Converse ly , if a r eques t were quite gene ra l , 
a t r e m e n d o a s amount of information would be p r e ­
sented. Before pr int ing se lec ted information, the 
compute r would indicate the approx imate volume 
of informat ion that has been se lec ted . 

Monitor and Control 

F i g u r e 1 shows feedback to Monitor and Con­
t r o l f rom the input or ext ract ing p r o c e s s , and the 
output or r e t r i e v a l p r o c e s s . This feedback is an 
impor tan t p a r t of the se l f - co r rec t ing p rocedure 
n e c e s s a r y to keep s y s t e m pe r fo rmance at a high 
level of efficiency. 

Feedback f rom the input p r o c e s s occurs when 
an input analys t finds that he cannot en te r what he 
cons ide r s significant data into the machine m e m ­
ory because the re a r e no app ropr i a t e i n t e r r o g a ­
t ions in the in te r roga t ion vocabulary . 

Feedback f rom the output p r o c e s s occurs 
when s y s t e m u s e r s a r e not sat isf ied with the in­
format ion contained in s y s t e m - g e n e r a t e d r e p o r t s 
or a n s w e r s to r e t r i e v a l r e q u e s t s . 

In e i the r even t ,opera tor pe r sonne l mus t d e ­
cide whether s y s t e m capabi l i t ies should be changed 
to p e r m i t ex t rac t ion , s to rage , and r e t r i e v a l of 
new data . In making such dec i s ions , they mus t be 
guided by f i r m management policy on the use of 
the sy s t em. 

Sys tems capabil i ty may be modified by m a k ­
ing changes in the in te r roga t ion vocabulary or 
c r i t e r i a , the R e s t r i c t e d Engl ish vocabulary , or 
the Re t r i eva l Opera to r vocabula ry .Such changes 
a r e eas i ly made at a spec ia l display console op­
e r a t e d only by moni tor pe r sonne l . 

Addit ional functions of the group a r e to t r a n s ­
late na tu ra l language r eques t s into R e s t r i c t e d 
Engl i sh , and to cont ro l and opera te the sy s t em in 
accordance with the wishes of management . 

Conclusion 

The F a c t Compi le r Sys tem r e p r e s e n t s one 
solution to one ca tegory of information s to rage 

and r e t r i e v a l p r o b l e m s . The p redominan t philos -
ophy involved in i ts development has been that of 
an appropr ia t e division of labor between humans 
and mach ines . Humans a r e mos t efficient in m a t ­
t e r s of judgment , mach ines in routine and p r e c i s e 
p r o c e s s i n g . A machine will a lways need human-
genera ted c r i t e r i a in some fo rm for de te rmin ing 
what kind of informat ion is significant or impor tan t 
s ince an absolute m e a s u r e of the impor tance of in ­
format ion does not exis t . 

The value of a F a c t Compi le r Sys tem will be 
propor t iona l to the amount of judgment and effort 
exe r ted in producing and maintaining a se t of in­
t e r roga t ions that adequately e x p r e s s the r e a l r e ­
qu i remen t s of s y s t e m u s e r s . P roduc ing such a 
se t of in te r roga t ions is not an easy t a s k but it is 
p resen t ly being done and is g rea t ly fac i l i ta ted by 
the use of a s e r i e s of ru les for t r ans l a t i on f rom 
ord ina ry Engl ish to R e s t r i c t e d Engl i sh I n t e r r o g a ­
tion L i s t s . 

A c lea r ly defined unambiguous vocabula ry in 
a specia l ized field of i n t e r e s t p e r m i t s d i r e c t s t o r ­
age of factual informat ion within a compute r m e m ­
ory f i le . This file may be s e a r c h e d in s e v e r a l 
"d imens ions" of index space . They a r e : 

1. t ime , 
2. subject ca tegory , 
3. organizat ional unit (Unit Record) , 
4. a spec t (substant ives and the i r modi f i e r s ) , 

and 
5. degree of specif ici ty (gener ic level ) . 

In addition, the F a c t F i l e may be used a s a 
powerful index to sou rce documents . Reques t s 
may be formulated in a vocabula ry which is easy 
to l e a r n and to u s e . Gene ra l l y -o r i en t ed or 
"b rows ing" r eques t s may r e s u l t in the d i scove ry 
of re la t ions between data neve r before apparen t 
because of depar tmenta l r ep o r t boundar ies or b e ­
cause of the long t ime per iods involved. 

In many in s t ances , management should be able 
to r e t r i e v e facts f rom the file qu icker than they 
can find a r epo r t in a desk or file cabinet . I m ­
media te a c c e s s to this "extended m e m o r y " could 
help management in speeding up the dec i s ion­
making p r o c e s s . 

The F a c t Compi le r Sys tem equipment and 
computer p r o g r a m is capable of handling any in­
t e r roga t ion vocabulary and set of facts that a r e 
genera ted in an app ropr i a t e fo rm. F o r example , 
use by a l a rge un ive r s i ty might cons i s t of a l loca t ­
ing s y s t e m t ime of s e v e r a l weeks each to medica l , 
b u s i n e s s , and engineer ing schools . Thus , the 
medica l school might genera te a F a c t F i l e of in­
format ion about the diagnosis of va r ious d i s e a s e s , 
the bus iness school might use the F a c t Compi le r 
to compare data f rom ma jo r i n d u s t r i e s , and the 
engineering school might use the s y s t e m to s t o r e 
and r e t r i e v e data on use and development of digi tal 
c o m p u t e r s . E a c h school could r e a d m i t s own v o ­
cabula ry and data, and then ex t r ac t , s t o r e , and 
r e t r i e v e for the durat ion of i ts a l loca ted t i m e . At 
the end of the s ix -week cycle , the p r o c e s s could 
be repea ted . 

The organizat ion of informat ion within the Fact 
Compi le r will p e r m i t the development of s t a t i s t i ca l 
p r o c e d u r e s for au tomat ic co r r e l a t i on of data within 
the f i le. This will be one of the object ives of future 
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system studies. It is expected that these studies 
will result in a capability for automatically finding 
cause and effect relationships between various 
types of information in the file. 

Acknowledgement 

The author wishes to acknowledge the valuable 
suggestions of S. Rothman, J. Dealy, and R. Penne 
of Ramo-Wooldridge, and the important work of 
Planning Research Corporation in the area of lan­
guage studies. 

MONITOR AND CONTROL 

COMPUTER AND MEMORY UNIT 

PROGRAM DICTIONARY-
INTERROGATION 

FILE 
FACT 
FILE 

DATA 

FACT 
INDEX 

OUTPUT 

Figure 1 The Fact Compiler System 



BOARD OF DIRECTORS 

PRESIDENT 

VICE PRESIDENT 

(GENERAL COUNSEL) 

VICE PRESIDENT 
(GENERAL WORKS) 

STAFF 

LEGAL 
SECRETARY 
PURCHASING 

FACTORY 

2 

FACTORY 

3 

STAFF 
ENGINEERING 
DISTRIBUTION 
RESEARCH 
MANUFACTURING 

79 
2.3 

VICE PRESIDENT 
(GENERAL SALES) 

STAFF 

SALES 
ADVERTISING 

FACTORY 

4 

FACTORY 

5 

SALES 
DISTRICT 

A 

SALES 
DISTRICT 

B 

VICE PRESIDENT 
(COMPTROLLER) 

STAFF 
TREASURER 
COMPTROLLER 
PERSONNEL 
COST CONTROL 

SALES 
DISTRICT 

C 

SALES 
DISTRICT 

D 

SALES 
DISTRICT 

E 

Figure 2 Business Organization Chart 

GENERIC ADDRESS 

INTERROGATION LIST 
CAPITAL TOPIC 

MAJOR 
MINOR 

SUB 
SUB-SUB 

SUBJECT CATEGORIES 

INTERROGATION LEVELS 

CODED INTERROGATION 

FOUR DIGIT FIELDS REPRESENT UP TO EIGHT TERMS 

CRITERIA 

AUTOMATIC PRESENTATION OF INTERROGATION 
AUTOMATIC PRESENTATION OF FACTS 
INTERROGATION SEQUENCING 
ANSWER PROCESSING 

Figure 3 Interrogation File Organization 



TITLE: FACTORY XYZ 

GENERIC ADDRESS 

l A l a a 
1A 1 aaa 
IA l a a b 
1A 1 a ac 
IA l ab 
IA 1 aba 
IA 1 abb 

^ * - — * ^ , ^ - ^ ^ ^ ^ — — * ^ 

RESPONSE N 

ANSWER 
DOCUMENT 
NUMBER 

DATE 

RESPONSE N- l 

ANSWER 
DOCUMENT 
NUMBER 

DATE 

s 
\ 

Figure Unit Eecord Storage Plan 

TITLE: OPERATING BUDGET 

GENERIC 

ADDRESS 

UNIT 
RECORD 

CODE 

RESPONSE N 

ANSWER DOCUMENT 
NUMBER 

DATE 

RESPONSE N- l 

ANSWER DOCUMENT 
NUMBER 

DATE 

l A l a a \ 
03 
05 
09 

> 

lA laaa / 
03 
05 
09 
10 

lAlaab ) 
03 

Figure 5 Substantive Record Storage Plan 



INFORMATION REQUEST 

I 
REQUEST DECODING 

I 
SEARCH FACT INDEX 

SEARCH FACT FILE 

i 
CONVERSION TO RESTRICTED ENGLISH STATEMENTS 

I 
OUTPUT PROCESSING 

STATEMENTS 
DOCUMENT 
NUMBERS 

REQUESTED 
FACTS 

I 
DOCUMENT 

STORE 

i 
REQUESTED 
DOCUMENTS 

Figure 6 Retrieval 



82 
2.3 

UJ 
> 
.— or 

T
E

R
R

O
G

A
T

 

O
P

E
R

A
T

O
I 

-z. 

A
TI

O
N

A
L 

N
EC

TO
R

 

—1 z 
id o 
oc o 

or: 

T
IV

IT
Y

 

N
E

C
T

O
 

CJ 2 
< O 

o 

or 
p 
h-
Q_ 

C
R

I 

CO 
UJ 
Q 

IV
E

 
B

S
T

A
N

T
 

z> 
C/) 

u. 
o 
UJ 

o 2 

:A
S

T 
V

A
R

IA
 

FO
R

E
C

 

2 

O
V

IN
G

 

2 

N
E

W
 

D
U

C
T 

P
R

O
 

A
T

IO
N

A
L 

G
R

O
S

S
 N

 

U_ 

o 

IN
V

E
N

TO
R

Y
 

< 

IR
IV

IN
G

 

< 

UJ 
2 
< z 

B
U

D
G

E
T 

Li_ 

A
M

O
U

N
T 

0
 

R
O

M
 

u_ 

CD 

E
R

G
O

IN
' 

Q 
2 
Z> 

Q 

UJ 
CO 
< 
UJ 
OT 
O 
UJ 
O 

2 
O 

)R
P

O
R

A
TI

( 

o 

u_ 
o 
2 
o 

113
 

_i 

TA
G

E
 

C
O

M
P

 
P

E
R

C
E

N
 

or 
o 
u_ 

LU
D

IN
G

 

o 
z 

Q 
UJ 
1-

E
S

TI
M

A
 

N
E

L
 

P
E

R
S

O
N

 
K

E
Y

 

u. 

N
U

M
B

E
R

 
0

 

>-
CD 

Q 
UJ 

M
O

D
IF

I 

CD 
Z 
UJ 

m 

TE
D

 

< 
UJ 

-T
R

 

h-
< 
UJ 
X 

z 

A
T

IO
 

G
N

 
O

P
E

R
 

FO
R

E
I' 

u. 
o 
UJ 

_A
R

 
V

O
LU

M
I 

D
O

L
l 

:F
O

R
E

 

UJ 
CD 

O 
UJ 

or 
O

N
S

ID
E

 

CJ 
CD 

B
E

IN
 

i 

-J UJ 
< _i 
O J 

IS
T

I 
TR

O
I 

\- 2 
< O 
1- O 
CO 

S
A

L
A

R
Y

 

to 
B u 
<D 

& 
W 
•H 
H 
tjD 

W 
T( 
<D 
-p 
o 

- P 
W 
<U 

H 
cd 
o 

a 

H 
0) 

H 

•8 




