
4 . 

CONSTRUCTION OF THE NASA THESAURUS: 

COMPUTER PROCESSING SUPPORT 

by 

W i l l i a m  Hammond 

5 January 1968 

FINAL REPORT ON 

CONTRACT NAS - 1 6  2 9 

'NOW WITH: 
I NFORMATI  ON I N D U S T R I  ES, I NC. 
6 8 2 5  REDMOND D R I V E  
MCLEAN, V I R G I N I A  2 2 1 0 1  
C7031 3 5 6 - 7 3 7 2  

ARIES Corporation 
7678 Old Springhouse Road 
Westgate Research Park 
McLean, V i rg in i a  2 2 1 0 1  
(703) - 893-4450 

A p p l i c a t i o n s  R e s e a r c h  I n  E l e c t r o n i c  S y s t e m s  

L- ~ 



/ 

CONTENT : 

. 
c . 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . 1 

CREATING THE THESAURUS CORPUS . . . . . . . . . . . . . . . . 2 

HIERARCHICAL DISPLAY GENERATOR . . . . . . . . . . . . . . 10  

APPENDIX A 

Thesaurus F i l e  Formation Flow Chart  . . . . . A - 1  
Punched Card Format for I n i t i a l  Input  ... A-3 
Magnetic Tape Layout .................... A-5 
MODIFILE Flow Chart ..................... A-7 
Functions and Input  Format f o r  MODIFILE . A-8 
Sample Edi t  P r i n t  ....................... A-12 
Spec i f i ca t ions  for Reproduction Copy . . . . A-13 
Sample Alphabet ical  L i s t i n g  ._ . . . . . . . . . . .  A-14 
Sample Postable  T e r m  L i s t i n g  . . . . . . . . . . . .  A-15 
Sample Subject  Category L i s t i n g  . . . . . . . . .  A-16 
Sample Permuted L i s t i n g  (NASA) .......... A - 1 7  
Sample Permuted L i s t i n g  (non-NASA) . . . . . . A-18 
Sample Hierarch ica l  L i s t i n g  . . . . . . . . . . . . .  A-19 
Hie ra rch ica l  Display Flow Chart  . . . . . . ._ .  A-20 
Category and Permuted Displays Flow Chart A - 2 1  
Miscellaneous Samples from o t h e r  t h e s a u r i  A-22 
Magnetic Tape Layout (LEX Data Store)  ... A-24 

APPENDIX B 

Thesaurus Rules and Conventions 

APPENDIX C 

Progress  Report from Sub-contractor 

A p p l i c a t i o n s  R e s e a r c h  I n  E l e c t r o n i c  S y s t e m s  

- 



Y 

CONSTRUCTION OF THE NASA THESAURUS: 

COMPUTER PROCESSING SUPPORT 

INTRODUCTION 

National Aeronautics and Space Adminis t ra t ion ' s  Contract #NAS-1629, 

dated 1 7  May 1 9 6 7 ,  c a l l e d  f o r  ARIES Corporation t o  provide the  

necessary computer process ing  se rv ices  t o  produce a NASA Thesaurus. 

These s e r v i c e s  included (1) keypunching t h e  terminology t o  ARIES 

s p e c i f i c a t i o n s  from approximately 19,000 T e r m  Review Forms furn ished  

by NASA; (2) modifying a s e t  of ARIES programs t o  s a t i s f y  NASA speci-  

f i c a t i o n s ,  p r i n c i p a l l y  t o  accommodate 42-character terms (versus 36 

f o r  t h e  Department of Defense Thesaurus of Engineering and S c i e n t i f i c  

Terms); (3) i nc lus ion  of no tes  t o  accompany t h e  headings f o r  t h e  

s u b j e c t  category d i sp lay ;  (4) expanding the  indenta t ions  between 

success ive  gener ic  l e v e l s  i n  the h i e r a r c h i c a l  d i sp l ay ;  and (5) 

formating computer generated reproduction copy i n  the  two-column 

pagina t ion .  

During t h e  course of con t r ac t ,  a t  i t s  own expense, ARIES rewrote i t s  

ex tens ive  s e t  of thesaurus- re la ted  programs t o  produce an in t eg ra t ed  

thesau rus  software package f o r  t h e  IBM 360 computer models 30 and 40 

w i t h  OS ,  DOS and TOS operat ing systems. Since t h i s  software package 

was introduced about midway of t h e  NASA Thesaurus p r o j e c t ,  t h e  des- 

c r i p t i o n  of t h e  processing t h a t  follows is i n  terms of the procedures 

t h a t  a r e  compatible with t h e  new s e t  of programs. 

A p p l i c a t i o n s  R e s e a r c h  I n  E l e c t r o n i c  S y s t e m s  
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The body of t h i s  r epor t  t h a t  dea ls  with t h e  computer app l i ca t ion  i s  

based on information contained i n  a prel iminary d r a f t  of a forthcoming 

book by William Hammond e n t i t l e d ,  Creat ive Applicat ion of Computers i n  

Library  Systems. 

I n  order  not t o  i n t e r r u p t  t h e  i n t e l l e c t u a l  processing of  t h e  termi-  

nology, t h e  main body of t h e  term review forms were r e l eased  t o  ARIES 

i n  f o u r  major increments. 

i d e n t i c a l  cycle:  

Fr iday  a t  t h e  end of t h e  workday and were keypunched a t  t he  ARIES 

Data Center over t h e  weekend; the forms were re turned  t o  NASA the  

fol lowing Monday morning; the punched cards  were processed by ARIES 

on a "crash" b a s i s  u n t i l  an e d i t  p r i n t  was produced. 

Each increment was processed through an 

The term review forms were received by ARIES on a 

. 

b 

CREATING THE THESAURUS CORPUS 

The punched card format f o r  the  i n i t i a l  input  and the  flow cha r t  f o r  

t h e  f i l e  c r e a t i o n  processing a re  shown i n  Appendix A ,  pages 1-3.  I n  

t h i s  processing,  scope no te s ,  sub jec t  category codes and c ross  

r e fe rences  (a l so  r e f e r r e d  t o  a s  subterms) were keypunched; t h e  com- 

p u t e r  processing generated t h e  main term record and records  f o r  t h e  

r e c i p r o c a l  of t h e  c ross  references.  A l l  records generated by t h e  

computer were tagged a t  t h e  time of  generat ion.  Where a computer- 

generated cross-reference record was a l s o  keypunched from another  

t e r m  review form, t h e  generated dup l i ca t ion  was dropped i n  a subse- 

quent  computer pass .  Thus, the e d i t  p r i n t  For tiit! Iirst iiicrieiiieiit 

contained a main term record f o r  each term review form furnished a s  

w e l l  a s  a generated main term record f o r  any cross-referenced term 
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0 f o r  which a term review card had not  been furn ished .  

however, c a r r i e d  t h e  generated "QT" i d e n t i f y i n g  t a g .  The same was 

t r u e  of c ros s  re ferences ;  where t h e  r ec ip roca l  of a c ros s  re ference  

t o  a term f o r  which a term review form had not been furn ished  was 

au tomat ica l ly  generated,  t he  iden t i fy ing  "QT" t a g  was added. Scope 

notes  and subjec t  category codes were p re sen t  i n  t h e  e d i t  p r i n t  on ly  

f o r  those terms f o r  which the  term review forms were furn ished .  An 

e d i t  of t h e  first increment was completed by NASA and processed by 

ARIES before t h e  second increment was added t o  t h e  thesaurus corpus. 

The l a t t e r ,  

Succeeding increments were processed by t h e  computer i n  a l i k e  manner 

but  were merged with the  preceding increments before t h e  new e d i t  

p r i n t s  were produced. The generated QT t a g  was el iminated from a 

given record whenever a dupl ica te  record keypunched from a term 

review form was encountered i n  the  merge. 

a r e  contained i n  Appendix A ,  page 1 2 .  

Examples of t h e  e d i t  p r i n t s  

Some d i f f i c u l t y  was encountered i n  maintaining the  generated term t a g  

throughout successive processing s t a g e s ,  u t i l i z i n g  programs o r i g i n a l l y  

designed f o r  "one-step" processing, with in t e rven t ion  f o r  i n t e l l e c t u a l  

process ing  between successive s t eps .  This prompted ARIES t o  expedi te  

i t s  production of a 'hext  generation" s e t  of thesaurus programs t h a t  

had been i n  work f o r  some time on a low p r i o r i t y  b a s i s .  These pro- 

grams permit ted computer cont ro l led  thesaurus construct ion--or  

maintenance-- from i n i t i a l  inpur t o  reproduction copy. 

a t  any po in t  f o r  i n t e l l e c t u a l  review and/or processing was r e t a i n e d  

I n i e r ~ v e r ~ t i o n  

a s  an opt ion .  
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Throughout t he  first f o u r  increments t h a t  c o l l e c t i v e l y  cons t i t u t ed  

t h e  gross thesaurus corpus,  co r rec t ions  were p r i n c i p a l l y  i n  word 

form and spe l l i ng .  It was no t  u n t i l  t h e  f i f t h  " intermediate  thesaurus" 

p r i n t  t h a t  t h e  f u l l  r e p e r t o i r e  of maintenance opera t ions  were per- 

mi t ted .  (See func t ions  of Modifile,  Appendix A ,  page 8) t o  provide 

a s u i t a b l e  ccrptls from which t o  produce t h e  "Review Copy" of the  

NASA Thesaurus i n  two-column format ready f o r  publ ica t ion .  

Subsequent t o  the  pub l i ca t ion  of  t h e  Review Copy of t he  Thesaurus, 

ARIES' con t r ac t  was amended t o  include t h e  r e s p o n s i b i l i t y  f o r  pro- 

v i d i n g  an e d i t o r i a l  "overview" of t h e  Thesaurus and provide recom- 

mendations f o r  improvements i n  content  and i n t e r n a l  consis tency.  

A copy of t h e  sepa ra t e  r e p o r t  on t h i s  t a s k  provided by t h e  subcon- 

t r a c t o r  i s  a t t ached  a s  Appendix C .  Correct ions,  d e l e t i o n s  and 

a d d i t i o n s  r e s u l t i n g  from t h i s  and o t h e r  NASA e d i t o r i a l  e f f o r t  

a f f e c t e d  about f o u r  percent  of t h e  thesaurus records .  This  f i g u r e  

included added records  required t o  expand t h e  gener ic  (BT-NT) 

s t ruc tu re  and t o  accommodate terms up t o  42 cha rac t e r s  i n  l eng th  

( l imi t ed  t o  a maximum of 36 charac te rs  i n  t h e  intermediate  ed i t i ons )  

The thesaurus s p e c i f i c a t i o n s  (see Appendix B) ca l l  f o r  e x p l i c i t  d i s -  

p l a y  of t h e  e n t i r e  gener ic  se t  (BT-NT s e t )  a long with each main term 

reco rd  i n  t h e  thesaurus.  Also, a l l  c r o s s  r e fe rences  (subterm records) 

a r e  r e c i p r o c a l ;  i . e . ,  i f  term B has a broader term A ,  then A must 

d i s p l a y  a narrower t e r m  B ;  i f  term B has  a narrower term C, then 

t e r m  C must  d i sp l ay  a broader term A a s  wel l  a s  a broader term B. 

(See Figure 1 on t h e  opposi te  page f o r  successive s t ages  of t h e  BT-NT 

A p p l i c a t i o n s  R e s e a r c h  I n  E l e c t r o n i c  S y s t e m s  
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INITIAL INPUT 

TERM A 
(R) NT TERM B 

TERM B 
BT TERM A 

(R) NT TERM C 

TERM C 
BT TERM B 

(R) NT TERM D 

TERM D 
BT TERM C 

(R) NT TERM E 

TERM E 
BT TERM D 

EXPAND I 

TERM A 
(R) NT TERM B 
(El) NT TERM C 

TERM B 
BT TERM A 

(R) NT TERM C 
(El)  NT TERM D 

TERM C 
(El)  BT TERM A 

BT TERM B 
(R) NT TERM D 
(El) NT TERM E 

TERM D 
(El) BT TERM B 

BT TERM C 
(R) NT TERM E 

TERM E 
(El) BT TERM C 

BT TERM D 

EXPAND I1 

TERM A 
(R) NT TERM B 
(El )  NT TERM C 
(E2) NT TERM D 
(E2) NT TERM E 

TERM B 
BT TERM A 

(R] NT TERM C 
(E l )  NT TERM D 
(E2) NT TERM E 

TERM C 
(El)  BT TERM A 

BT TERM B 
(R) NT TERM D 
(El) NT TERM E 

TERM D 
(32) BT TERM A 
(El) BT TERM B 

BT TERM C 
(R) NT TERM D 

TERM E 
(E2) BT TERM A 
(E2) BT TERM B 
(El) BT TERM C 

BT TERM D 

NOTES : 

(R) R e c i p r o c a l  records generated by computer i n  convert ing 
from punched cards t o  tape .  

(El) 

(E2) 

R e c o r d s  g e n e r a t e d  by computer in F i r s t  Expand  Pass.  

R e c o r d s  generated by computer in S e c o n d  Expand  Pass.  

F i g u r e  1 

A p p l i c a t i o n s  R e s e a r c h  I n  E l e c t r o n i c  S y s t e m s  
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expansion from t h e  minimum input--next broader term only) .  

From an examination of Figure 1, it can be seen t h a t  when processing 

a l i n e a r  f i l e ,  any gaps i n  t h e  generic  hierarchy exceeding t h r e e  

l e v e l s  cannot be de tec ted  i n  a s i n g l e  pass .  

a r e  i m p l i c i t .  

e a r l i e r ,  t h e  r ec ip roca l  records t h a t  were generated a r e  denoted by 

@) . 
re ferences ,  denoted by ( E l ) ,  over a gap of t h r e e  generic  l e v e l s .  Thus 

on t h e  first pass ,  t h e  complete gener ic  s e t  would be generated only 

f o r  term C .  

denoted by (E2). From an examination of t h e  processing l o g i c ,  it can 

be seen t h a t  i f  the  complete BT-NT s e t  f o r  term C had been included 

i n  t h e  o r i g i n a l  i npu t ,  t h e  f i r s t  expand pass  would have generated the 

full BT-NT s e t  f o r  a l l  f i v e  terms. 

I n  Figure 1, f i v e  l e v e l s  

I n  converting the punched card input  r e f e r r e d  t o  

The first expand pass  generated t h e  i m p l i c i t  BT-NT c ros s  

A second pass  would supply the  remaining i m p l i c i t s ,  

The second expand pass needs only t o  concern i t s e l f  with those main 

term record s e t s  where a generated BT o r  NT record added on t h e  pre-  

v ious  pass w i l l  r e s u l t  i n  t h e  generation of a d i f f e r e n t  s e t  of expand 

records .  This  w i l l  occur when the  main term record s e t  p r i o r  t o  t h e  

previous expand pass  conta ins  one o r  more NT records and a BT record 

was added, o r  when an NT record was added t o  t h e  e x i s t i n g  s e t  t h a t  

contained one o r  more BT records.  For t h e  purposes of our  thesaurus 

sof tware d i scuss ion ,  a main-term record s e t  c o n s i s t s  of t h e  main term 

recurd t oge the r  with a i l  cross-reference records l i s t e d  under the  main 

term record.  A s  can be seen from Figure 1, two passes  w i l l  span a 

g e n e r i c  gap of f i v e  l e v e l s ,  and th ree  passes  w i l l  span a gap of n ine  

- - _  - _ _  
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0 l e v e l s .  Each subsequent expand pass  w i l l  increment t h e  gener ic  span 

by fou r  l e v e l s  and on each pass only those main-term record s e t s  t h a t  

w i l l  generate  a d i f f e r e n t  se t  of expand records need t o  be processed. 

If t h e  i m p l i c i t s  generated on the  second or successive passes  exceed 

those of t h e  previous pass ,  the h i e r a r c h i c a l  s t r u c t u r i n g  should be 

va l ida t ed  by i n t e l l e c t u a l  review. For Pxample, i n  t h e  e a r l y  preces -  

s i n g  s t age  of t h e  NASA Thesaurus, t h e  term MONOPLANE was l i s t e d  a s  a 

narrower t e r m  (NT) t o  t h e  t e r m  AERODYNAMIC CONFIGURATIONS, which i n  

t u r n  was l i s t e d  a s  an NT t o  AERODYNAMICS. On t h e  second expand pass ,  

a long  l i s t  of a i r c r a f t  designat ions (s ince most of t h e  cu r ren t  models 

a r e  monoplanes) appeared a s  NT's  under AERODYNAMICS and AERODYNAMIC 

CONFIGURATIONS, and a l s o  under any o the r  term c a r r i e d  a s  a BT t o  

AERODYNAMIC CONFIGURATIONS. T h i s  was not  t h e  r e l a t i o n s h i p  t h a t  NASA 

had i n  mind and t h e  MONOPLANE-AERODYNAMIC CONFIGURATIONS r e l a t i o n s h i p  

was changed t o  an RT, thus  e l imina t ing  these  unwanted accumulations. 

c 

* 

The e n t i r e  thesaurus construct ion--or  maintenance--process must be 

monitored by someone f a m i l i a r  with t h e  terminology involved and a l s o  

knowledgeable of t h e  "thesaurus model" and t h e  l o g i c  of t h e  computer 

programs. This  becomes obvious when one t r a c e s  t h e  add i t ion  o r  dele-  

t i o n  of a cross-reference.  

If a n  NT cross-reference is de le ted ,  then it is  necessary t o  d e l e t e  

no t  only i t s  r e c i p r o c a l  BT record ( to  prevent  t h e  de l e t ed  record from 

being regenera ted  on a subsequel i t  pass) but a l s o  orher  NT records 

t h a t  may be p re sen t  a t  d i f f e r e n t  p o s i t i o n s  i n  t h e  f i l e  on the  s o l e  

b a s i s  t h a t  they a r e  a l s o  l i s t e d  a s  NT ' s  t o  t h e  NT being de le ted  o r  

A p p l i c a t i o n s  R e s e a r c h  I n  E l e c t r o n i c  S y s t e m s  
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being changed t o  an RT. 

r e c i p r o c a l s  and t h e i r  implied generics  must  be added. 

a d d i t i o n s  introduce c o n f l i c t s  with e x i s t i n g  RT's, then t h e  con- 

f l i c t i n g  RT and i t s  r e c i p r o c a l  must be de l e t ed .  

Also where NT's o r  BT's a r e  added, t h e i r  

Where these  

I n  t h e  cons t ruc t ion  of  a new thesaurus,  o r  f o r  a s i g n i f i c a n t  modifi- 

ca t ion  of an e x i s t i n g  thesaurus,  an i n t e l l e c t u a l  review of a t  l e a s t  

t h e  BT set  f o r  each main t e r m  record i s  e s s e n t i a l .  The BT set  i s  

suggested because it i s  more conveniently d i s t r i b u t e d  throughout t h e  

thesaurus .  (Few main term record sets conta in  more than t h r e e  BT's 

i n  e i t h e r  t h e  DOD o r  NASA Thesaurus; i n  some ins t ances  t h e  NT sets 

w i l l  exceed a hundred.) 

r eco rd  se t ,  t h e  reviewer should a sk  himself t h e  ques t ion ,  "Is t h i s  

main term one of these  BT's?" Also, "DO I want t o  cumulate and d i s -  

p l ay  t h e  a s soc ia t ed  NT sets i n  t h e  thesaurus whenever t h i s  main term 

i s  d isp layed  elsewhere i n  t h e  thesaurus a s  an NT?" (See e a r l i e r  

r e f e r e n c e  t o  AERODYNAMIC CONFIGURATIONS being shown as a BT t o  MONO- 

PLANE. ) 

For each BT record i n  a given main term 

Experience i n  t h e  cons t ruc t ion  of s eve ra l  t h e s a u r i  has  demonstrated 

t h a t  t h e  p r o j e c t  w i l l  be l e s s  costly--and less time consuming--if 

" i n  processing" i n t e l l e c t u a l  reviews of t he  generic  s t r u c t u r e  a r e  

made a f t e r  t h e  r e c i p r o c a l s  a r e  va l ida t ed  by t h e  computer and again 

a f t e r  t h e  f i rs t  expand pass .  

p a ~ c i e s  must be accm@..ished a t  t h e  rnli or" each such review. 

review of t h e  thesaurus corpus w i l l  be most p r o f i t a b l e  i f  a permuted 

d i s p l a y ,  a sub jec t  category d isp lay ,  and h i e r a r c h i c a l  d i sp l ays  of 

Corrections and r e so lu t ion  of d i s c r e -  

A f i n a l  

A p p l i c a t i o n s  R e s e a r c h  I n  E l e c t r o n i c  S y s t e m s  
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t h e  vocabulary can be provided a s  reviewing a i d s .  

c 

Where major changes a r e  being made i n  t h e  c o n s t i t u t i o n  of t he  

thesaurus  corpus,  two po in t s  of i n t e r r u p t i o n  i n  MODIFILE processing 

a r e  a v a i l a b l e  f o r  i n t e l l e c t u a l  review. 

Appendix A ,  page 7 . )  The run t h a t  converts  t h e  change da ta  on punched 

cards  t o  magnetic tape a l s o  e d i t s  t h e  da t a  f i e l d s  i n  t h e  ca rds .  I n  

t h e  IBM 360 TOS and DOS operat ing systems, t he  cards  conta in ing  e r r o r s  

a r e  l e f t  o f f  t h e  tape  and s tacker  s e l ec t ed .  

system, these  e r r o r s  a r e  l e f t  o f f  t h e  tape  and a r e  p r i n t e d  out f o r  

co r rec t ion .  To i d e n t i f y  o t h e r  forms of erroneous change data--or  t o  

add or d e l e t e  o r  modify t h e  i n i t i a l  change input--a l i s t i n g  of t h e  

s o r t e d  change f i l e  can be p r in t ed  out  f o r  i n t e l l e c t u a l  review.* A 

subrout ine i s  a v a i l a b l e  t o  a l t e r  and/or c o r r e c t  t h e  change da ta  t ape  

p r i o r  t o  processing it a g a i n s t  t h e  thesaurus corpus. 

(Refer t o  flow c h a r t  i n  

For  t h e  O S  opera t ing  

The second i n t e r r u p t i o n  can be taken a t  t h e  poin t  i n  t h e  processing 

j u s t  preceding the  f i n a l  MODIFILE da ta  merge with t h e  thesaurus  corpus. 

Th i s  f i n a l  MODIFILE da ta  t ape  can be p r i n t e d  out  f o r  review; however, 

t o  in t roduce  co r rec t ions  a t  t h i s  s t age  i n  t h e  process ing  i s  not  

p r a c t i c a l ,  The changes of any s ign i f i cance  w i l l  r e q u i r e  going back 

t o  t h e  first i n t e r r u p t  po in t .  

It i s  e s s e n t i a l  t h a t  t h e  reviewer be f u l l y  conversant with t h e  func- 

t i o n s  of MODIFILE t h a t  a r e  shown i n  Appendix A ,  page 8. I n  t h e  

* Might a l s o  be used a s  input  t o  a f f e c t  automatic changes i n  
p a s t  indexing. 

A p p l i c a t i o n s  R e s e a r c h  I n  E l e c t r o n i c  S y s t e m s  
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a i n t e r e s t  of computer economy, each new e n t r y  and each main term 

record f o r  which a change is  processed i n  t h e  first MODIFILE computer 

pass ,  a r e  output  on a separa te  tape .  Delet ions a r e  a l s o  output  on a 

separa te  t ape  s ince  t h e i r  r ec ip roca l s ,  which a r e  i d e n t i f i e d  i n  t h e  

first MODIFILE pass  and which must a l s o  be de l e t ed ,  appear a t  o t h e r  

p o s i t i o n s  i n  t h e  f i l e .  
c 

Duplicate e n t r i e s  generated o r  introduced i n  t h e  MODIFILE processing 

w i l l  au tomat ica l ly  be de le ted .  If c o n f l i c t i n g  func t ions  a r e  i n t r o -  

duced and one i s  a d e l e t e ,  t h e  d e l e t e  w i l l  t ake  precedence. If con- 

f l i c t s  i n  t e r m  r e l a t i o n s h i p s  a re  introduced,  they w i l l  be automati-  

c a l l y  e l iminated ( i f  no manual i n t e rven t ion  is spec i f i ed )  i n  subse- 

quent processing with t h e  following r e t e n t i o n  precedence: 

MT (occasionally cross-referenced t o  i t s e l f )  
USE 
UF 
BT 
NT 
RT 

I n  summary, t h e  Modifile l o g i c  i s  designed t o  maintain the  i n t e g r i t y  

of t h e  i n t e l l e c t u a l  dec i s ions  and r e f l e c t  them throughout the  

thesau rus  corpus.  When a t e r m  i s  t o  be de l e t ed  from the magnetic 

t a p e  which s t o r e s  t h e  thesaurus corpus,  it i s  e s s e n t i a l  t h a t  a l l  

t r a c e s  of t h e  term be purged from t h e  f i l e .  This is of necess i ty  a 

mult i -pass  opera t ion  when the  f i l e  i s  maintained i n  l i n e a r  format on 

magentic t ape  s ince  t h e  r e s idua l  entr ies--and t h e i r  inf luences--are  

s c a t t e r e d  throughout t h e  f i i e .  S u b t i e t i e s  a r e  not  e a s i l y  t r aced ,  

p a r t i c u l a r l y  where a term being added o r  de l e t ed  a f f e c t s  t he  h i e r a r -  

c h i c a l  s t r u c t u r i n g  of o ther  terms i n  t h e  f i l e .  Also ,  a s  i n  t he  case 0 

A p p l i c a t i o n s  R e s e a r c h  I n  E l e c t r o n i c  S y s t e m s  



- 10 - 

I .  

of seve ra l  t h e s a u r i ,  scope notes  may make re ference  t o  terms appearing 

elsewhere i n  t h e  f i l e .  

Where s p e l l i n g  of a term i s  being a l t e r e d ,  processing i s  a l s o  complex; 

t h e  o ld  s p e l l i n g  must be replaced by t h e  new s p e l l i n g  throughout t he  

thesaurus.  Additions and de le t ions  of c ross - re ferences  a l s o  have a 

r e s i d u a l  e f f e c t  on t h e  remainder of t h e  thesaurus  corpus. The 

Modifile program s e t  i s  designed t o  r econc i l e  t h e  r e s i d u a l  e f f e c t  of 

a l l  a l t e r a t i o n s  t o  t h e  thesaurus a s  wel l  a s  t h e  "bookkeeping" t o  i n s u r e  

t h a t  new e n t r i e s  a r e  not  cross-referenced t o  terms s ince  de le ted  o r  

modified i n  s p e l l i n g  -- cumulative a c t i o n s  t h a t  a r e  of ten  being 

executed simultaneously i n  t h e  same maintenance processing.  

Samples of t he  two-column format produced f o r  t h e  publ ica t ion  of t h e  

NASA Thesaurus Working Copy a r e  contained i n  Appendix A ,  pages 1 3  

through 1 9 .  

HIERARCHICAL DISPLAY GENERATOR 

The h i e r a r c h i c a l  genera tor  u t i l i z e s  the  magnetic tape  f i l e  of t he  

f i n a l  thesaurus corpus a s  input .  

r a t e d  only f o r  those terms t h a t  have no broader terms i n  t h e  thesaurus  

and have a t  l e a s t  t h r e e  generic  l e v e l s  l i s t e d .  

o p t i o n a l  f e a t u r e ,  t h e  terms t o  be displayed can be designated by t h e  

thesau rus  e d i t o r .  It was suggested t o  both NASA and DOD t h a t  they 

~ r i p l ~ y  the  hieparchicai &isplay f o ~ m a t  tiiruughuui- t he  main body of 

t h e i r  published t h e s a u r i .  For t h e  DOD thesaurus t h i s  would have meant 

reducing  the  f o u r - c o l m  format t o  t h r e e  columns and adding about a 

Displays a r e  automatical ly  gene- 

However, a s  an 

A p p l i c a t i o n s  R e s e a r c h  I n  E l e c t r o n i c  S y s t e m s  
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* 

hundred pages t o  t h e  p r i n t e d  book. NASA f e l t  t h a t  i t s  prel iminary 

e d i t i o n  , o r  "working copy", should rece ive  ope ra t iona l  usage under 

t h e i r  cu r ren t  approach. 

c h i e s  f o r  t h i s  d i sp l ay  ca r ry  an i d e n t i f y i n g  t a g  (#) wherever they 

appear  i n  t h e  thesaurus main body. I n  t h e  DOD Thesaurus the  i n t e r -  

mediate l e v e l  terms ( t h ~ s e  terms with narrower term cross-references)  

c a r r y  an iden t i fy ing  t a g  (-) wherever they appear i n  t h e  thesaurus  

main body. 

I n  the  NASA Thesaurus t h e  heads of  h i e r a r -  

This  opera t ion  r equ i r e s  t h e  computer t o  s e l e c t  t h e  h ie rarchy  sets  t o  

be d isp layed ,  compile t h e  broader term s e t  f o r  each term i n  t h e  

h i e r a r c h i c a l  d i sp lay ,  and then determine t h e  immediate broader term 

(or terms i f  more than one t r e e  i s  involved) t o  each term i n  t h e  set .  

Numeric codes were s u b s t i t u t e d  f o r  redundant occurrences of t h e  terms 

t o  form t h e  a r r a y  shown i n  Figure 2 .  Coding was p r imar i ly  t o  con- 

se rve  core  s torage  s ince  several  of t he  h i e r a r c h i c a l  sets contained 

s o  many terms t h a t  the program l o g i c  would have t o  be modified o r  a 

much l a r g e r  computer would have been required.  

Although the  h i e r a r c h i c a l  display example shown i n  Figure 3 i s  one 

of l e s s  than average complexity, a desc r ip t ion  of i t s  development 

w i l l  serve t o  i l l u s t r a t e  t h e  computer l o g i c  i n  t h e  generat ion of t h e  

h i e r a r c h i c a l  d i sp l ay .  A much more d e t a i l e d  desc r ip t ion  of t he  com- 

p u t e r  programming techniques i s  contained i n  a paper by Johnie 

S u l l i v a n ,  who wrote t h e  IBM 360-40 programs t h a r  were useci t o  produce 

t h e  h i e r a r c h i c a l  d i sp l ays  fo r  both t h e  NASA and DOD t h e s a u r i .  

I 
A p p l i c a t i o n s  R e s e a r c h  I n  E l e c t r o n i c  S y s t e m s  ~ 



0 Term 
Code 

32 

2 1  
22  
23 
2 4  
25 
26 
27 
28 
29 
30 
3 1  
33 
3 4  
35 
36 
37 
38 
39  
40 
41 

Microwave equipment 0903 
UF Microwave devices  
NT Backward wave tubes . . . . .  

Carcinotrons.  . . . . . . . .  
Horn antennas . . . . . . . .  

.Klystrons . . . . . . . . . .  

.Lens antennas . . . . . . . .  
Luneberg l enses  . . . . . . .  
Magnetrons. . . . . . . . . .  
Maser ampl i f i e r s  . . . . . . .  

.Microwave ampl i f ie rs .  . . . .  

.Microwave antennas. . . . . .  
Microwave f i l t e r s  . . . . . .  
Microwave o s c i l l a t o r s  . . . .  
Microwave re f lec tometers .  . .  
Microwave spectrometers . . .  

.Microwave tubes . . . . . . .  
Pla t ino t rons .  . . . . . . . .  
Reflex k lys t rons .  . . . . . .  
S l o t  antennas . . . . . . . .  

.Travel ing waves tubes . . . .  

Ferrimagnetic ampl i f ie rs .  . .  

Codes of Broader 
Terms 

32 37 41 
32 37 41 
32 30 
32 3 1  
32 37 
32 3 1  
32 26 3 1  
32 37 
32 30 
32 
32 
32 
32 
32 
32 
32 
32 37 
32 25 37 
32 3 1  
32 37 

Figure 2, Generic Array 

Microwave equipment 
.Microwave ampl i f i e r s  
. .Ferrimagnetic a m p l i f i e r s  . . Maser ampl i f i e r s  
.Microwave antennas 
. .Horn antennas 
. .Lens antennas 
.. .Luneberg l e n s e s  
. . S l o t  antennas 
.Microwave f i l t e r s  
.Microwave o s c i l l a t o r s  
.Microwave re f lec tometers  
.Microwave spectrometers 
.Microwave tubes 
. .Klystrons 
... Reflex k lys t rons  

. . Pla t ino t rons  

. .Traveling wave tubes 

.. .Backward wave tubes 

... Carcinotrons 

nn, --cU-- - . . ria6;lie L L ' u i I a  

Figure 3 ,  Hiera rch ica l  Display 

Code of Imme- 
d i a  t e  Broader 
Term 

41 
41 
30 
3 1  
37 
3 1  
26 
37 
30 
32 
32 
32 
32 
32 
32 
32 
37 
25 
3 1  
37 
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.c 

The main term record s e t  f o r  the term Microwave equipment, shown i n  

Figure 2 ,  i s  i n  the  same sequence t h a t  each appears  i n  t h e  main body 

of t h e  thesaurus.  I n  the  i n t e r e s t  of s i m p l i c i t y ,  t he  numeric codes 

f o r  t h e  terms r e t a i n  t h i s  same sequence. I n  t h e  f irst  processing 

phase,  t h e  computer selects and  w r i t e s  ou t  on t h e  same work tape  t h e  

h ie rarchy  s e t s  t o  be displayed toge the r  ~ i t h  the e n t i r e  s e t  of BT 

records  i n  t h e  thesaurus corpus. The records  f o r  d i sp lay  i n  t h e  

h ie rarchy  s e t s  a r e  output  j u s t  a s  they appear i n  t h e  thesaurus  f i l e .  

The BT records a r e  output  i n  r ec ip roca l  form s o  t h a t  they can be 

matched with t h e i r  corresponding terms i n  t h e  d i sp lay  s e t  t o  t r a n s f e r  

t h e  accumulation of codes of the broader terms and t o  form t h e  a r r a y  

shown i n  Figure 2 i n  t h e  columns headed by Codes of Broader T e r m s .  

The a r r a y  a t  t h i s  s t age  i n  t h e  processing t e l l s  us which terms i n  the  

s e t  a r e  broader than o the r s  i n  t h e  same se t .  For in s t ance ,  it t e l l s  

us t h a t  t h e  term Backward wave tubes  has t h r e e  broader terms i n  t h e  

s e t ;  Term 32 ,  Microwave equipment; T e r m  37 ,  Microwave tubes ;  and 

Term 41, Travel ing wave tubes .  It does not  t e l l  us  t h e  r e l a t i v e  

gene r i c  order  of t h e  three broader terms. 

I n  t h e  next phase of processing, our ob jec t ive  is t o  determine t h e  

immediate broader t e r m  f o r  each term i n  t h e  d i sp lay  se t .  

a t  t h e  top  of t h e  l i s t  with Term 2 1 ,  Backward wave tubes ,  we m u s t  

determine whether Term 37 o r  Term 41 i s  t h e  next  broadest  t o  Term 21.  

To do t h i s ,  we must determine which of t h e  two terms--37 o r  41--is 

S t a r t i n g  

t h e  narrower--a s o r t  of " lose o r  win" tournament. We scan down t h e  

l i s t  of terms t o  Term 3 7 ,  Microwave tubes ;  t he re  we see t h a t  Term 37 

A p p l i c a t i o n s  R e s e a r c h  I n  E l e c t r o n i c  S y s t e m s  
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does not  have a broader term i n  t he  l i s t  o the r  than Term 32 which i s  

t h e  head of t he  hierarchy.  We, t h e r e f o r e ,  scan down t h e  l i s t  t o  

Term 41. There we see t h a t  Term 41 has a broader Term 37; t h e r e f o r e ,  

we conclude t h a t  Term 41, Traveling wave tubes ,  i s  t h e  next  broader 

term t o  Term 2 1 ,  and so we place 11411T a t  t h e  head of t h e  l a s t  column 

i n  t h e  a r r a y  a s  t he  numeric code f o r  t h e  next broader term t o  Term 2 1 .  

Processing successive t e r m  records i n  the  s e t  i n  a s i m i l a r  manner 

w i l l  complete t h e  determination of t h e  next  broader t e r m  t o  complete 

t h e  l a s t  column i n  t h e  a r r a y  shown i n  Figure 2 .  I n  t h e  a c t u a l  pro- 

cess ing ,  dup l i ca t e  term records were added t o  t h e  a r r ay  whenever one 

of t h e  terms i n  a d i sp lay  had more than one broader t e r m  i n  t h e  s e t .  

To formulate t h e  h i e r a r c h i c a l  d i sp lay  shown i n  Figure 3 from t h e  f u l l y  

developed gener ic  a r r ay  i n  Figure 2 ,  we p r i n t  out  t he  d i sp lay  header,  

Microwave equipment, l e f t  j u s t i f i e d  i n  t h e  p r i n t  a r ea .  

t h e  column of immediate broader term codes u n t i l  we come t o  one whose 

immediate broader t e r m  code matches t h e  d isp lay  header. 

i n s t a n c e ,  it i s  Term 30, Microwave ampl i f i e r s ;  w e  now p r i n t  Microwave 

ampl i f i e r s  a s  t h e  second term i n  t h e  d i sp lay  indented two p o s i t i o n s  

( the  do t  i n  the  second indented p o s i t i o n  was used by DOD t o  a s s i s t  t h e  

u s e r  following t h e  s t r u c t u r e ;  NASA used more exaggerated indenta t ion  

t o  accomplish t h e  same e f f e c t ) .  

i n d i c a t e s  t h a t  it has narrower terms, we must a t  t h i s  po in t  go back 

t o  t h e  head of t h e  column o f  "Codes of Immediate Broader Terms"  and 

scan it f o r  terms whose immediate broader term i s  30. Following t h i s  

procedure,  we would first s e l e c t  Term 23, Ferrimagnetic a m p l i f i e r s ,  

We next scan 

I n  t h i s  

Since t h e  do t  i n  f r o n t  of T e r m  30 

A p p l i c a t i o n s  R e s e a r c h  I n  E l e c t r o n i c  S y s t e m s  1 
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p r i n t  it o u t ,  indented one pos i t i on  from Term 30, and s ince  Term 23 

4 

I .: 

has no narrower terms, continue t o  scan down t h e  column f o r  30. We 

next come t o  Term 29,  Maser ampl i f i e r s ;  s ince  it has no narrower 

terms i n  t h e  l i s t ,  it i s  pr in ted  out  i n  t h e  same p r i n t  p o s i t i o n  a s  

Term 2 3 .  There a r e  no more code 3 0 ' s  i n  t h e  column; t h e r e f o r e ,  w e  

have completed t h e  sub-display under Microwave ampl i f i e r s  and must 

now resume our scanning of t h e  column "Codes of Immediate Broader 

Terms" for t h e  next t e r m  whose immediate broader term is  Microwave 

equipment; t h i s  t u r n s  out  t o  be Term 31, Microwave antennas.  We 

then  wr i t e  ou t  Microwave antennas a s  we  d i d  Microwave a m p l i f i e r s  

and continue t h e  processing a s  we have descr ibed it t o  t h i s  p o i n t ,  

u n t i l  t h e  f u l l  h i e r a r c h i c a l  display has been p r i n t e d  (or a p r i n t  

t a p e  produced f o r  subsequent p r i n t  formating).  

The "bookkeeping" f o r  t he  processes is much more complex than 

a c t u a l l y  descr ibed when l a r g e  d isp lays  conta in  many more gener ic  

l e v e l s  and when t h e r e  a r e  severa l  overlapping gener ic  t r e e s  ; however , 

t h e  l o g i c  remains t h e  same. 

A p p l i c a t i o n s  R e s e a r c h  I n  E l e c t r o n i c  S y s t e m s  
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APPENDIX A 

Content Page 

Thesaurus F i l e  Formation Flow Chart 

Punched Card Format For I n i t i a l  Input  

Magnetic Tape Layout 

Modifile Flow Chart 

Functions and Input  Format For Modifile 

Sample Edi t  P r i n t  

Spec i f i ca t ions  For Reproduction Copy 

Sample Alphabet ical  L i s t i n g  

Sample Postable  Term L i s t i n g  

Sample Subject Category L i s t i n g  

0 Sample Permuted L i s t i n g  (NASA) 

Sample Permuted L i s t i n g  (non-NASA) 

Sample Hierarch ica l  L i s t i n g  

Hie ra rch ica l  Display Flow Chart 

Category and Permuted Displays Flow Chart 

Miscellaneous Samples from Other Thesauri 

Magnetic Tape Layout (LEX Data S tore)  

1 

3 

5 

7 

8 

1 2  

1 3  

1 4  

15 

1 6  

1 7  

18 

19 

20 

2 1  

22 

24 
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CARD FORMAT FOR INITIAL INPUT 

A - 3  

T h i s  card format was adopted by ARIES t o  f a c i l i t a t e  data interchange i n  
the ear ly  s tages  of collaboration between Project LEX and the Engineers 
J o i n t  Council. 
number of contr ibutors  t o  the original EJC thesaurus updating project .  

I t  i s  a modified version o f  a format already i n  use by a 

A B C D E  F 
*- 

FIELD CONTENT 

A 1-2 Reserved -- (was o r ig ina l ly  used t o  carry a 2 - d i g i t  
subject  code for  the LEX Data Store of contributed 
vocabularies) . 

B 3-38 Main-term f i e ld .  

C 39-40 Reserved -- (was o r ig ina l ly  used t o  carry a 2-character 
source code f o r  the LEX Data Store of contributed 
vocabularies).  

e 
D 41-43 Relationship or  record type designator:  BT, NT, RT, 

USE, UF,  o r  SN. 

E 44 Scope-note sequencing code (1-9) or  subject-category 

F 45-80 Sub-term f i e l d .  

Main-term card: 

record designator ( C )  . 

Alpha/numeric of Main Term i n  Field B. 

All o ther  f i e l d s  blank 

Note: The  punching of Main-term cards i s  optional -- Main-term 
records can be automatically generated from sub-term 
cards .  

Sub-term cards:  

Alpha/numeric of Main Term in Field B ;  th i s  Field i s  then duplicated 
in ' t he  cards f o r  a l l  sub-terms belonging t o  a g i v e n  Main-term entry.  

Relationship designator:  BT,  NT, RT, USE, or  UF i n  Field D .  

Alpha/numeric of Sub-term i n  Field F. 



A - 4  

2 

Scope-note cards: 

I -  Alpha/numeric o f  Main Term i n  Field B (same as f o r  sub-term cards) .  

SN i n  Field D. 

Scope-note l i n e  sequence number (1-9) in Field E. 
~ 

e.* Scope note alpha/numeric i n  Field F. 

Subject-category cards : 

Alpha/numeric o f  Main Term i n  F i e i d  B (same as f o r  sub-term cards) .  

SN i n  Field D. 
.b 

C i n  Field E. 

Category numbers i n  Field F. 
i n  Col. 45, with a blank column separating the  s e t s .  Seven category- 
number s e t s  can be accommodated on one card. 
Fields A-E a re  duplicated,  and the s t r ing  o f  subject-category s e t s  i s  
resumed i n  Col . 45. 

These are  punched as 4-d ig i t  s e t s ,  beginning 

I f  more are  required,  

. 
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FIELD 

A 

- 

B 

C 

D 

E 

F 

G 

H 

I 

J 

109 CHARACTER RECORD -- 10 FIELDS -- IBM MODE 

(Rlockifig Factor c p t i o n a l  depending on capa- 
c i t y  of computer; 800 BPI record ing  dens i ty ) .  

POSITION (S) 

1-7 

8 

9 -14 

15 

16-20 

21-23 

24 

25-66 

67-108 

109 

FIELD CONTENT 

CONTENT 

Reserved for  l i n e  sequence code employed i n  
maintenance. 

T e r m  r e l a t i o n s h i p  code; see code key below. 

Reserved f o r  main term e n t r y  numeric sequence code 
employed by sys tem.  

Line sequence code f o r  scope no te ;  type  of pseudo 
scope note ;  see code key below. 

Reserved for  subterm e n t r y  numeric sequence code 
employed by s y s t e m .  

A - 5  

Reserved for  system use 

Reserved for term t a g  

42-character  term e n t r y ,  scope note l i n e ,  or s u b j e c t  
ca tegory  codes; t h i s  f i e l d  is a l s o  r e f e r r e d  t o  as t h e  
sub-term f i e l d ;  see key below. --- 
42-character  term e n t r y ;  t h i s  f i e l d  a l s o  r e f e r r e d  t o  
as main-term f i e l d .  

~ 

Reserved for  systems use i 

"ReservedTr f i e l d s  s e r v e  multi-purpose use and t h e i r  conten t  w i l l  vary 
w i t h  t h e  a p p l i c a t i o n .  

FIGURE 1 
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RECORD IDENTIFLCATION CODE KEY 

. Main-term record  (MT) is i d e n t i f i e d  by a 1 i n  p o s i t i o n  8. 

. Scope Note (SN) is i d e n t i f i e d  by a 2 i n  p o s i t i o n  8 and a 
numeric l i n e  sequence code (1 through 9) i n  p o s i t i o n  15. 

. Sub jec t  Category Code is  i d e n t i f i e d  by a 2 i n  p o s i t i o n  8 
and a C i n  p o s i t i o n  15. Each s u b j e c t  ca tegory  is rep resen ted  
by a se t  of 4 numeric d i g i t s ,  beginning i n  p o s i t i o n  25, w i t h  
a blank between each Y-digit s e t .  Thus, seven ca tegory  codes 
may be c a r r i e d  i n  a s i n g l e  record .  If more t h a n  seven codes 
are r equ i r ed ,  an a d d i t i o n a l  record  is formed. 

A "USE" cross- re ference  is i d e n t i f i e d  by a 3 i n  p o s i t i o n  8. 

A "Use for" (UF) cross-reference ( r e c i p r o c a l  o f  USE) is 
i d e n t i f i e d  by a 4 i n  p o s i t i o n  8. 

A "Broader term" (BT) c ross - re ference  is i d e n t i f i e d  by a 5 
i n  p o s i t i o n  8. 

A "Narrower t e r m "  (NT) cross-reference is i d e n t i f i e d  by a 6 
i n  p o s i t i o n  8. 

A "Related term" (RT) c ross - re ference  is i d e n t i f i e d  by a 7 i n  
p o s i t i o n  8. 

FIGURE lA 
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FUNCTIONS OF "MODI FILE" 

1. To DELETE records: 

- D Function: 

Format: 

Note : 

- R.Function: 

Format: 

- T Function 

Format : 

Deletes a single record ( l i n e )  and i t s  reciprocal, where 
applicable (e.  . , category and scope note records have 
no reciprocals 3 . 
D i n  Col. 1 

Sequence number in Cols. 2-8 

All other columns blank 

Do not employ on UF records; ra ther ,  employ the T 
function (described below) on the "main term" of the USE 
reference. 

Deletes a l l  records between two sequence numbers, and 
a1 1 thei  r reci procal s. 

R in Col. 1 

Beginning sequence number (inclusive) i n  Cols. 2-8 

Ending sequence number (inclusive) i n  Cols. 9-15 

A l l  other columns blank 

Deletes an ent i re  term entry and a l l  reciprocals 
( i . e . ,  a l l  occurrences of a term throughout the thesaurus). 
This function i s  intended for  use on Main-term l ine  only 
(although i t  can, i n  f ac t ,  be used t o  delete the en t i re  
t a i l  end o f  an entry).  

T i n  Col. 1 

Sequence number o f  Main Term (or  beginning of delete) 
i n  Cols. 2-8 

All other columns blank 

2. To CHANGE records: 

- C Function: Changes the relationship between a pair  o f  terms. 
as noted below the change may be in i t i a t ed  a t  e i ther  o f  tne 
two reciprocal occurrences of the p a i r ,  and i s  automatically 
carried through t o  the other. 

Except 
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Format: C i n  Col. 1 ~ 

Sequence number o f  sub-term i n  Cols. 2-8 

New desired relat ionship beginning i n  Col. 9 ( i . e .  , 
BT, NT, RT, or USE). 

All other columns blank 

Note : When changing a term pa i r  t o  the  USE/UF re la t ionship ,  
i t  i s  preferable to  i n i t i a t e  the change on the USE side.  

Changes the spell ing ( o r  wording) of a term i n  a l l  i t s  
occurrences throughout the thesaurus. The E change is  
always i n i t i a t e d  a t  the  Main-term occurrence. 

- E Function.: 

Format: E i n  Col. 1 

Sequence number of Main Term i n  Cols. 2-8 

New spel l ing ( o r  wording) i n  Cols. 9-50 

All other  columns blank 

Note: Aside f r o m  normal spel l ing correct ions,  this function 
i s  a l so  used f o r  re-wording o f  terms beyond the 36- 
character  limit of the "new i n p u t "  card format. 
maximum term length i s  42 character  posit ions.  

The 

- Z Function: Changes the content o f  a Scope Note o r  a Subject 
Category record (1 i ne) t o  the new content indicated.  
has the option o f  changing or confirming the 1 - d i g i t  
sequence number o f  a Scope Note l i n e ,  o r  the "C" de- 
s igna tor  of a Category record (4.e. tape posit ion 15 
i n  Magnetic Tape Record). 

A1 so 

Format: Z i n  Col. 1 

Sequence number i n  Cols. 2-8 

New context of record i n  9-50 

Optional: 

15 of t h a t  record remains unchanged). 

SN1, SN2, SN3, e t c . ,  o r  SNC i n  Cols 78-80. 
(If o p t i o n  i s  no t  ei(erci je6,  n . , h - + n n , n -  4 -  < n  C - n n  n n r 4 C ; e n  w i i a c c v v c l  1 3  I I I  L a p G  ~ U ~ I ~ I V I I  

All other  columns blank 
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Note: To change t h e  wording or spell ing of a Scope Note, only 
the l i ne ( s )  affected need be changed ( b u t  the new wording 
of the ent i re  l ine must be punched). Subject Category 
numbers are punched as 4-digit s e t s ,  beginning in Col. 9 ,  
leaving a b l a n k  column between se ts .  

3.  To ADD records: 

- I Function: Inserts a record; adds i t s  reciprocal, where applicable. 
T h e  point of insertion i s  denoted by punching the 
sequence number of the record immediately preceding the 
inser t .  
the "main-term f ie ld"  of the preceding record already 
on the f i l e ,  unless the inserted record i t s e l f  i s  denoted 
as a Main T e r m .  

The inserted record automatically picks u p  

Format: I i n  Col. 1 

Sequence number in Cols. 2-8 (number of record immediately 

i a i n  Term (MT i n  Cols. 78-79), punch A instead of (2 in 
Col . 2. For subsequent records (scope note, category- 
number record, BT's, NT's, e t c . )  , restore (2 i n  Col . 2 ,  
and keep repeating the sequence number. 

Content of record (spell ing or categories) i n  Cols. 9-50. 
If  the inser t  i s  a category l ine ,  punch as described 
under Z Function above. 

receding the inser t ) .  If tne record being inserted i s  a 

Type of record in Cols. 78-80. 
inser t s :  the card must specify MT, BT, NT, RT, USE, UF, 
SNC, SN1, SN2, SN3, or whatever. 

This i s  mandatory for  

Note: The only significance of the insertion point i s  that  i t  
governs the "rnain-term f ie ld"  that  i s  picked u p  by an 
inserted record, a s  mentioned above. 
must be selected somewhere within the entry under the 
desired Main Term. 
entry is  irrelevant because a l l  inser ts  and the i r  
reciprocals f i r s t  get sorted and l a t e r  merged back i n t o  
the f i l e ,  alphabetically and by relationship. New Main 
Terms are best inserted a f t e r  the l a s t  sub-term of an entry 
i n  the f i l e .  All sub-terms inserted under tha t  same 

Hence, the point 

The specif ic  location within the term 
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sequence number will pick u p  t he i r  "main-term f i e ld"  
from the inserted Main Term. To make sure t h a t  the Main- 
Term inser t  i s  processed ahead of i t s  sub-terms, the 
l e t t e r  A i s  substituted fo r  the f i r s t  leading zero i n  
the sequence number. 
t o  be added, i t  i s  best t o  select  different  insertion 
points for  each one. 
these points w i t h i n  the thesaurus i s  irrelevant.  

I f  several main-term entr ies  are  

A g a i n ,  the alphabetic location of 

USE/UF Swap 

Complex interactions can occur between MODIFILE functions, which make i t  
necessary t o  follow a def ini te  procedure. One such i s  the USE/UF swap, 
where a complete "about-face" i s made concerning two synonyms (for example, 
"Tri ni t rotol  uene USE TNT" i s changed t o  "TNT USE Tri ni t rotol  uene") . 
To achieve t h i s ,  an E-change i s  performed on the Main Term of the entry 
containing the UF, and a T-delete i s  performed on the Main Term of the USE. 
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Speci f ica t ions  f o r  Reproduction 

Copy of NASA Thesaurus 

Two-column format which w i l l  f i t  within a 16-inch v e r t i c a l  
space ( including headers and page numbers) and 11%-inch 
ho r i zon ta l  space,  

Running head "NASA Thesaurus" on each page. 

L e f t  page - i n d i c a t e  first term on page i n  header. If a 
term has been continued f r o m  the  previous page, p ick  up t h a t  
term i n  header and i n d i c a t e  (continued),  

Right page - i n d i c a t e  last  main term e n t r y  on page i n  header. 

Pagination - bottom cen te r .  

Twenty-six new s t a r t s  - one for each l e t t e r  of t h e  a lphabet .  
Each new s t a r t  on right-hand page. 

Use MYLAR ribbon p r i n t e r .  

Addit ional  p r i n t o u t s  should have fol lowing headings: 

a .  Hierarchy - NASA Thesaurus (Appendix A) 

b.  Category - NASA Thesaurus (Appendix B) 

c .  Permuted Index - NASA Thesaurus (Appendix C) 

d.  Postable Terms. 

N e w  term en t ry  w i l l  not s t a r t  on l a s t  l i n e  of  any column. 

A p p l i c a t i o n s  R e s e a r c h  I n  E l e c t r o n i c  S y s t e m s  



h A S A  THESAURUS (ALPHABETICAL'  L I S T I N G 1  

MICROWAVE SPECTRA 
23C5 2402 

U F  INTERSTELLAR MICROWAVE SPECTRA 
BT ELECTROPIAGNETIC SPECTRA 

R A C I A T I C N  SPECTRA 
RAOIO SPECTRA 

R T  AbSORPTIOh  SPECTRA 
#SPECTRA 

IhFRARED SPECTRA 

MICRCWAVE F I L T E R S  
MICRCUAVE FREPUEhCIES 
RICRCYAVE TRANSHISSION 
MOLECULAR RCTATICN 
MCLECULAR SPECTRA 
MGLECULAR SPECTRCSCOPY 

#MICROWAVE EQUIPMENT 

MICROUAVE S k I T C H I N G  
0902 0904 2309 

BT S h I T C H I N G  
AT FERROELECTRICITY 

CYRATCRS 
IMICRGYAVE EQUIPMENT 

PhASE S h I F T  
S h I T C h I N G  C I R C U I T S  
WAVEGUIDES 

0701 2309 2402 
MICROYAVE TRANSMISSION 

BT ELECTROMAGNETIC WAVE TRANSMISSION 
RAOIG TRAhSMISSICN 

#SIGNAL TRANSMISSION 
#TRANSMISSION 

YAVE PROPAGATIGN 
N T  MAhCELSTAM REPRESENTATION 
RT MICROWAVE SCATTERING 

(IICROWAVE SPECTRA 
TELETYPEWRITER SYSTEMS 

MICROWAVE TUeES 
OF05 2309 2402 

BT t E L t C T R O h  TUBES 
#MICRGWAV€ EPUIPHENT 
#OSCILLATORS 

VACUCM TUBE OSCILLATORS 
VACUUM TUBES 

CARC IFcCTRCNS 
CATHCOE RAY TUBES 
CELESCDPES 
COLD CATHODE TUBES 
6 A S  CISCHARGE TUBES 
HELITRONS 
I6hI TRGNS 
IMAGE ORTHICONS 
IMAGE TUBES 
KLYSTRONS 
MAGNETRCNS 
MOHOSCOPES 
ORTHICONS 
PHOTOMULTIPLIER TUBES 
PHOTOTUBES 
P ICTURE TUBES. 
PLAhGTPGNS 
THERMICONS 
T H E R H I G h I C  O I O D E S  
THYRATRONS 

V I D I C O N S  

MICROWAVE RESONANCE 
TRIODES 
TUBES 

NT BACKkARO CAVE TUBES 

TRAVELING UAVE TUBES 

R T  MICRCUAVE C I R C U I T S  

MICROhAVLS 
2305 

UF MICRCWAVE R A O I A T I O N  
BT IELECTROMAGhETIC R A D I A T I O N  

R A O I O  kAVES 
SHORT YAVE R A D I A T I O N  

NT M I L L I M E T E R  WAVES 
RT COSMIC k O I S E  

E ,  C C T 0 n " l C . C T . T  . , n . c c  
L..LC.n"II""I.LI .u I . C I . _ ) L  

EXTRATERRESTRIAL RADIO WAVES 
INFRAREO R A D I A T I G N  
MICROWAVE FRE4UENCIES 
SUBMILL IMETER WAVES 
WHISTLERS 

MICROWEIGhING 

M I C T U R I T I G N  
U S E  YEIGHT MEASUREMENT 

U S E  U R I N A T I C N  

MIDLATITUOE ATMOSPHERE 

MICAS S A T E L L I T E S  
1404 3107 3401 

BT A R T I F I C I A L  S A T E L L I T E S  
EARTH S A T E L L I T E S  

RECONNAISSANCE SPACECRAFT 
# M I L I T A R Y  SPACECRAFT 

#SATELL ITES 
N T  MIOAS 3 S A T E L L I T E  

MIDAS 4 S A T E L L I T E  
MIOAS 5 S A T E L L I T E  
MIOAS 6 S A T E L L I T E  
MIOAS 7 S A T E L L I T E  

RT ATLAS AGENA a LAUNCH VEHICLE 
M I C A S  2 S A T E L L I T E  

1404 3107 
81 A R T I F I C I A L  S A T E L L I T E S  

EARTH S A T E L L I T E S  

RECONNAISSANCE SPACECRAFT 
# M I L I T A R Y  SPACECRAFT 

# S A T E L L I T E S  
MIOAS 3 S A T E L L I T E  

1404 3107 
BT A R T I F I C I A L  S A T E L L I T E S  

EARTH S A T E L L I T E S  
MIOAS S A T E L L I T E S  

RECONNAISSANCE SPACECRAFT 
# M I L I T A R Y  SPACECRAFT 

# S A T E L L I T E S  
MIDAS 4 S A T E L L I T E  

1404 3107 
e T  ARTIFICIAL SATELLITES 

EARTH S A T E L L I T E S  
MIDAS S A T E L L I T E S  

RECONNAISSANCE SPACECRAFT 
# M I L I T A R Y  SPACECRAFT 

# S A T E L L I T E S  
MIOAS 5 S A T E L L I T E  

1404 3107 
BT A R T I F I C I A L  S A T E L L I T E S  

EARTH S A T E L L I T E S  
MIDAS S A T E L L I T E S  

RECONNAISSAkCE SPACECRAFT 
# M I L I T A R Y  SPACECRAFT 

#SAT E L L  I T  ES 
M I D A S  6 S A T E L L I T E  

1404 3107 
e T  ARTIFICIAL SATELLITES 

EARTH S A T E L L I T E S  
MIDAS S A T E L L I T E S  

RECONNAISSANCE SPACECRAFT 
# M I L I T A R Y  SPACECRAFT 

# S A T E L L I T E S  
M I D A S  7 S A T E L L I T E  

0705 3107 
BT A R T I F I C I A L  S A T E L L I T E S  

EARTH S A T E L L I T E S  
MIDAS S A T E L L I T E S  

RECONNAISSANCE SPACECRAFT 
# M I L I T A R Y  SPACECRAFT 

# S A T E L L I T E S  
MIDCOURSE GUIDANCE 

2102 2103 
BT #GUIDANCE O.IOTION1 
RT COHMANO GUIOANCE 

I N E R T I A L  GUIDANCE 
I N J E C T I O N  GUIDANCE 
RENOEZVOUS GUIDANCE 
SPACECRAFT GUIOANCE 
TERMINAL GUIOANCE 

MIDCOURSE TRAJECTORIES 
1904 2102 2204 3101 3103 3105 3106 
3 1 0 8  

8 1  #TRAJECTORIES 
RT ASCENT TRAJECTORIES 

B A L L I S T I C  TRAJECTORIES 
COASTING F L I G H T  
DESCENT TRAJECTORIES 
PARABOLIC F L I G H T  

YIDDLE E A 2  
0404 0405 0408 

BT #ANATOMY 
EAR 
SENSE ORGANS 

MIOOLE EAR PRESSURE 
RT SEMICIRCULAR CANALS 

0404 0408 
BT #PRESSURE 

MIOLATITUDE ATMOSPHERE 
1301 1302 1308 2003 

473 
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AEROOYNAMIC L O A D S  
AERODYNAMIC h O I S E  
A E R O O Y h A M I C  S T A B I L I T Y  
AEROOYNAM I C  S T A L L I N G  
AE ROOY h A M  I C s  
A E R O E L A S T I C I T Y  
ACROEMBOLISM 
AEROLOGY 

A E R O N A U T I C S  
AERONOMY 
AEROS S A T E L L I T E  
A E R O S I N U S I T I S  
AEROSOL S 
AE ROS P AC E E N G I N E  ER I N G  
AEROSPACE E N V I R O N M E N T S  
AEROSPACE I N D U S T R Y  
AEROSPACE M E D I C I N E  
AEROSPACE S C I E N C E S  
A t R O S P A L E  S V S l t M S  
AEROSPACE V E H I C L E S  
AEROSPAC E P L  ANES 
AEROTHERMOCHEMISTRY 
AEROTHERMODYNAMICS 
AEROTHERMOELAST I C I T Y  

I A E R O N A U T I C A L  E N G I N E E R I N G  

A E R O Z I N E  
A F F E R E N T  NERVOUS S Y S T E M S  
A F F I N I T Y  
A F R I C A  
A F T E R B O D I E S  
A F T E R B U R N I N G  
A F T  ERGLOUS 
A F T E R I M A G E S  
AGE F A C T O R  
AGENA A ROCKET V E H I C L E  
AGENA B RANGER PROGRAM 
AGENA B ROCKET V E H I C L E  
AGENA C R O C K E T  V E H I C L E  
AGENA D ROCKET V E H I C L E  
AGENA ROCKET V E H I C L E S  
AGENTS 
A G G L O M E R A T I O N  
A G G L U T I N A T I O N  
AGGREGATES 
A G I N G  
A G I N G  ( B I O L O G Y )  
A G I N G  ( M E T A L L U R G Y )  
AG 1 T A T  I O N  
AGREEMENTS 
A G R I C U L T U R E  
A I D S  
A I L E R O N S  
A I R  
A I R  B R E A T H I N G  E N G I N E S  
A I R  CARGO 
A I R  C O N D I T I O N I N G  
A I R  C O N D I T I O N I N G  E Q U I P M E N T  
A I R  C O N D U C T I V I T Y  
A I R  C O O L I N G  
A I R  CURRENTS 
A I R  D E F E N S E  
A I R  D U C T S  
A I R  F I L T E R S  
A I R  FLOW 
A I R  I N T A K E S  
A I R  J E T S  
A I R  L A U N C H I N G  
A I R  L O C K S  
A I R  M A I L  

A I R  N A V I G A T I O N  
A I R  P O L L U T I O N  
A I R  PUR I F  I C A T  I O N  
A I R  S A M P L I N G  
A I R  T O  A I R  M I S S I L E S  
A I R  T O  A I R  R E F U E L I N G  
A I R  T R A F F I C  
A I R  T R A F F I C  CONTROL 
A I R  T R A N S P O R T A T I O N  

A I R B O R N E  I N F E C T I O N  
A I R B O R N E  RANGE AND O R B 1  D E T E R M I N A T I O N  ' . 
A I R C R A F T  
A I R C R A F T  A C C I D E N T  I N V E S T I G A T I O N  
A I R C R A F T  A C C I D E N T S  
A I R C R A F T  A N T E N N A S  
A I R C R A F T  APPROACH S P A C I N G  
A I R C R A F T  B R A K E S  
A I R C R A F T  C A R R I E R S  
A I R C R A F T  C O M M U N I C A T I O N  

A I R  M A S S E S  * .  

A 1 0  P l n O N E  En1 I1  DYCNT . . - . - - . . . . - - - - - . . . -. . . 

I 

A I R C R A F T  COMPARTMENTS 
A I R C R A F T  C O N F I G U R A T I O N S  
A I R C R A F T  CONTROL 
A I R C R A F T  D E S I G N  
A I R C R A F T  O E T E C T I O N  
A I R C R A F T  E N G I N E S  
A I R C R A F T  F U E L  S Y S T E M S  
A I R C R A F T  F U E L S  
A I R C R A F T  G U I D A N C E  
A I R C R A F T  H A Z A R D S  
A I R C R A F T  H Y O R A U L I C  S Y S T E M S  
A I R C R A F T  I N D U S T R Y  
A I R C R A F T  I N S T R U M E N T S  
A I R C R A F T  L A N D I N G  
A I R C R A F T  L A U N C H I N G  D E V I C E S  
A I R C R A F T  L I G H T S  
A I R C R A F T  M A I N T E N A N C E  
A I R C R A F T  MODELS 
A I R C R A F T  N O I S E  
A I R C R A F T  P A R T S  
A I R C R A F T  PERFORMANCE 
A I R C R A F T  P I L O T S  
A I R C R A F T  P R O D U C T I O N  
A I R C R A F T  R E L I A B I L I T Y  
A I R C R A F T  S A F E T Y  
A I R C R A F T  S P E C I F I C A T I O N S  
A I R C R A F T  S T A B I L I T Y  
A I R C R A F T  STRUCTURES 
A I R C R A F T  T I R E S  
A I R C R A F T  WAKES 
A I R F I E L D  S U R F A C E  MOVEMENTS 
A I R F O I L  F E N C E S  
A I R F O I L  P R O F I L E S  
A I R F O I L S  
A I R F R A M E  M A T E R I A L S  
A I R F R A M E S  
A I R G L O W  
A I R L I N E  O P E R A T I O N S  
A I R P L A N E  P R O O U C T I O N  C O S T S  
A I R P O R T  BEACONS 
A I R P O R T  L I G H T S  
A I R P O R T  P L A N N I N G  
A I R P O R T  S U R F A C E  O E T E C T I O N  E Q U I P M E N T  
A I R P O R T  TOWERS 
A I R P O R T S  
A I R S H I  P S  
A I R S P A C E  
A I R S P E E D  
A I R Y  F U N C T I O N  
A J -  10 E N G I N E  
A K E R M A N I T E  
A L A I S  M E T E O R I T E  
A L A N I N E  
A L A R M  P R O J E C T  
A L A S K A  
A L B E D O  
A L B I N I S M  
A L B U M I N S  
A L C O H O L S  
A L D E H Y D E S  
A L D O L A S E  
ALDOSTERONE 
A L E R T N E S S  
A L G A E  
A L G E B R A  
A L G E R I A  
A L G O L  
A L G O L  E N G I N E  
A L G O R I T H M S  
A L I G N M E N T  
A L I P H A T I C  COMPOUNDS 
A L K A L I  H A L I D E S  
A L K A L I  M E T A L  COMPOUNDS 
A L K A L I  M E T A L S  
A L K A L I E S  
A L K A L I N E  B A T T E R I E S  
A L K A L I N E  E A R T H  COMPOUNDS 
A L K A L I N E  E A R T H  O X I D E S  
A L K A L O I D S  
A L K A L O S I  S 
A L K A N E S  
A L K E N E S  
A L K Y D  R E S I N S  
A L K Y L  COMPOUNDS 
A L K Y L A T E S  
A L K Y L A T I O N  
A L K Y L F E R R O C E N E  
A L K Y L  I O E N E  
A L K Y N E S  
A L L  S K Y  PHOTOGRAPHY 
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0300 A U X I L I A R Y  SYSTEMS 

INCLUDES TERMINOLOGY ON ENERGY CONVERSION TECHNIPUES; FUEL CELLS AN0 CHEMICAL BATTERIES;  AN0 
A U X I L I A R Y  SYSTEMS (GENERAL). FOR RELATE0 TERMS SEE ALSO 0900 ELECTRONIC EPUIPMENTt 1400 
INSTRUMENTATION AN0 PHOTOGRAPHY, AN0 2 8 0 0  PROPULSION SYSTEMS. 

0301 ENERGY CONVERSION TECHNIPUES 
ABSORPTION CROSS SECTIONS 
ACCUMULATORS 
ASTEC SOLAR TURBOELECTRIC GENERATOR , 
BURSTS 
CESIUM DIODES 
CESIUM ENGINES 
CONCENTRATORS 
D I R E C T  POWER GENERATORS 
DYNAMOMETERS 
ELECTRIC MCTORS 
ELECTRIC POWER 
ELECTRIC PROPULSION 
ELECTROMECHANICAL DEVICES 
ELECTRGMECHANICS 
ELECTROSTATIC GENERATORS 
ENERGY 
ENERGY ABSORPTICN F I L M S  
ENERGY CONVERSION 
ENERGY CONVERSION EFFIC IENCY 
ENERGY SOURCES 
ENGINES 
FURNACES 
GENERATORS 
GOLAY DETECTOR CELLS 
HEAT SOURCES 
HEAT STORAGE 
I N D U C T I O N  HEATING 
INTERNAL CONVERSION 
KNUOSEN GAGES 
LUNAR ENVIRONMENT 
MOTORS 
N I C K E L  Z I N C  BATTERIES 
ONBOARD EPUIPMENT 
PHOTOELECTRIC CELLS 
PHOTOELECTRIC GEhrERATORS 
PHOTOVOLTAIC CELLS 
PHOTOVOLTAIC CONVERSION 
PHOTOVOLTAIC EFFECT 
POW E R 
POUER PLANTS 
R A O I  AT I O N  
RADIOISOTOPE BATTERIES 
ROTATING GENERATORS 
SNAP 
SOLAR A U X I L I A R Y  POWER U N I T S  
SOLAR CELLS 
SOLAR COLLECTORS 
SOLAR ENERGY ABSORBERS 
SOLAR GENERATORS 
SOLAR INSTRUMENTS 
SUFtFLOWER POWER SYSTEM 
T H E R M I C N I C  CONVERTERS 
THERMOCOUPLES 
THERMONUCLEAR POWER GENERATION 
TURBINES 
TURBOGENERATORS 

0302 FUEL CELLS AN0 CHEMICAL BATTERIES 
AC GENERATORS 
A L K A L I N E  BATTERIES 
ALTERNATING CURRENT 
AMPLIDYNES 
ARC GENERATORS 
B I O C h E M I C A L  FUEL CELLS 
C E L L  ANODES 
C E L L  CATHODES 
C E L L S  
CHEMICAL A U X I L I A R Y  POWER U N I T S  
CHEMICAL ENERGY 
C O L L O I D A L  GENERATORS 
! E ? O L R R I Z ~ . T I O Y  
D I R E C T  CURRENT 
O I R E C T  POWER GENERATORS 
DRY CELLS 
E L E C T R I C  BATTERIES 
E L E C T R I C  CELLS 
E L E C T R I C  EQUIPMENT 
E L E C T R I C  GENERATORS 
ELECTROCATALYSTS 
ELECTROCHEMICAL CELLS 
ELECTROSTATIC GENERATORS 
F E E 0  SYSTEMS 
F I S S I O N  ELECTRIC CELLS 
F U E L  C E L L S  

GENERATORS 
HEAT STORAGE 
HUMAN WASTES 
HYDROGEN OXYGEN FUEL CELLS 
I O N  EXCHANGE MEMBRANE ELECTROLYTES 
MAGNESIUM CELLS 
METAL A I R  BATTERIES 
Et ICKEL CADMIUM BATTERIES 
N I C K E L  Z I N C  BATTERIES 
PHOTOVOLTAIC CONVERSION 
POWER L I M I T E R S  
POWER PLANTS 
PRIMARY BATTERIES 
P R O V I S I O N I N G  
REFUELING 
REGENERATIVE FUEL CELLS 
SEPARATORS 
S I L V E R  CADMIUM BATTERIES 
S I L V E R  Z I N C  BATTERIES 
SPACE POWER U N I T  REACTORS 
STORAGE BATTERIES 
THERMAL BATTERIES 
THERMOELECTRIC COOLING 
THERMOELECTRIC GENERATORS 
THERMOELECTRIC POWER GENERATION 
THERMOMAGNETIC COOLING 
THERMOPILES 
TRANSFORMERS 
VAN DE GRAAFF ACCELERATORS 
VOLTAGE GENERATORS 
WET CELLS 

0303 A U X I L I A R Y  SYSTEMS (GENERAL) 
ACCESSORIES 
ACTUATOR D I S K S  
ACTUATORS 
A I R  LOCKS 
AIRCRAFT FUEL SYSTEMS 
AIRCRAFT HYDRAULIC SYSTEMS 
ALTERNATING CURRENT 
AMPL IOYNE S 
A U X I L I A R Y  POYER SOURCES 
BASE HEATING 
BLEEOING 
BLOCK I NG 
BRAKES 
BRAKING 
BRAYTON CYCLE 
BYPASSES 
C A P I L L A R I E S  
CARBURETORS 
CHEMICAL A U X I L I A R Y  POWER U N I T S  
CLOCKS 
COMPRESSOR EFFIC IENCY 
COMPRESSORS 
CONDENSERS ( L I P U I F I E R S )  
CONTROL RODS 
CORDAGE 
OISTRIBUTCRS 
EARPHONES 
ELECTRIC CELLS 
ELECTRIC CONNECTORS 
ELECTRIC CONTACTS 
ELECTRIC COFtTROL 
ELECTRIC ENERGY STORAGE 
ELECTRIC EQUIPMENT 
ELECTRIC GENERATORS 
ELECTRIC I G N I T I O N  
ELECTRIC MOTORS 
ELECTRIC NETWORKS 
ELECTRIC POWER 
ELECTRIC WIRE 
ELECTROHYDRAULIC FORMING 
ELECTROMAGNETIC C O M P A T I B I L I T Y  
ENERGY STORAGE 
F L U 1 0  POWER 
FLYWHEELS 
FUEL CELLS 
GAS GENERATORS 
GLANDS (SEALS)  
HEAT PUMPS 
HEAT SOURCES 
HYDRAULIC CONTROL 
HYORAUL I C  E QUIP MEN1 
HYDRAULIC F L U I D S  

8- 15 
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E 
ARGO E-5 ROCKET V E H I C L E  
ATLAS E I C B M  
E R E G I O H  
E- 1 LAYER 
E- 2 LAYER 
E- 3 LAYER 
E-,? A I R C R A F T  
SPORADIC E LAYER 

EAR PRESSURE TEST 
EAR PP.DTECTORS 

EAR 

M I D D L E  EAR 
Y I D D L E  EAR PRESSURE 

EARLY 
B A L L I S T I C  M I S S I L t  EARLY WARNING SYSTEM 
EARLY B I R D  S A T E L L I T E S  
EARLY STARS 
EARLY d A R N I N G  SYSTEMS 

A R T I F I C I A L  EARS 

A L K A L I N E  EARTH COMPOUNDS 
A L K A L I N E  EARTH O X I D E S  
EARTH ( P L A N E T I  
EARTH ALdEOO 
EARTH ATMOSPHERE 
E A R T H  A X I S  
EARTH CORE 
EARTH CRUST 
EARTH HYDROSPHERE 
EARTH HANTLE 
EARTH MOTION 
EARTH MOVEMENTS 
EARTH O R B I T A L  RENDEZVOUS 
EARTH O R B I T S  
E A R T H  PLANETARY STRUCTURE 
EARTH R O T A T I O N  
EARTH S A T E L L I T E S  
EARTH SURFACE 
EARTH-MARS T R A J E C T O R I E S  
EARTH-MOON SYSTEM 
EARTH-MOON T R A J t C T G R I E S  
MOON-EARTH T R A J E C T O R I E S  
RARE EARTH ALLOYS 
RARE EARTH COMPOUNDS 
RARE EARTH ELEMENTS 
RETURN TO EARTH SPACE F L I G h T  

EBERT SPECTGOMETERS 

E C - 1 2 1  A I R C R A F T  

ECHELETTE GRATINGS 

ECHO PROJECT 
ECHO S A T E L L I T E S  
ECHO SUPPRESSORS 

' ECHO 1 S A T E L L I T E  
ECHO 2 S A T E L L I T E  

AURORAL ECHOES 
LUNAR ECHOES 
LUNAR RADAR ECHOES 
RADAR ECHC!ES 
R A D I O  ECHOES 
SOLAR RADAR ECHOES 
VENUS RADAR ECHOES 

E C L I P S E  PROJECT 

LUNAR E C L I P S E S  
SOLAR E C L I P S E S  

EARS 

EARTH 

EBERT 

EC 

E C H E L E T T E  

ECHO 

ECHOES 

E C L I P S E  

E C L I P S € S  * 

E C L I P S I N G  

E C D L C G I C A L  
E C L I P S I N G  B I N A R Y  STARS 

CLOSED ECOLOGICAL SYSTEMS 
ECONOMICS 

ncu. . .n  . ' , - " U " Y . P C ,  
YLII..I"" , Lb"I.U.I.Gd, 

EDDINGTON 
E D D I N G T D N  APPROXIMATION 

EDDY CURRENTS 

EDGE D I S L O C A T I O N S  
EDGE L O A D I N G  
L E A D I N G  EDGE SLATS 
L E A D I N G  EDGE SdEEP 
T R A I L I N G - E D G E  F L A P S  

EDDY 

EDGE 

I 
c- 37 

EFFECTS 

EDGES 

EDGES 
L E A D I N G  EDGES 

SHARP L E A D I N G  EDGES 
T R A I L I N G  EDGES 

E D I T A R  SYSTEM 

EDUCATIONAL T E L E V I S I O N  

AUGER EFFECT 
BARKHAUSEN EFFECT 
BAUSCHINGER EFFECT 
B R I L L O U I N  EFFECT 
CAPTURE EFFECT 
CDAIIDA EFFECT 
COkPTON EFFECT 

CUSHIONCRAFT GROUND EFFECT M A L H l N t  
DOPPLER EFFECT 
DOPPLER- F I ZE AU E FFECT 
ELECTRO-OPTICAL EFFECT 
ETTINGSHAUSEN EFFECT 
F A R  A 0  AY EFFECT 
F I E L D  EFFECT TRANSISTORS 
F I Z E A U  EFFECT 
GREENHOUSE EFFECT 
GROUND EFFECT 
GROUND EFFECT MACHINES 
GUNN EFFECT 
H A L L  EFFECT 
HOVERCRAFT GROUND EFFECT MACHINES 
I S O T O P E  EFFECT 
JOULE-THOMSON EFFECT 
KAG-3 GRCUND EFFECT MACH1P.E 
KERR ELECTGOOPTICAL EFFFCT 
KERR MAGNETOOPTICAL EFFECT 
K I R K E N D A L L  EFFECT 
LUXEMBOURG EFFECT 
MAGNUS EFFECT 
MOSSBAUER EFFECT 
NERNST-ETTINGSHAUSEN EFFFCT 
NONOHMIC EFFECT 
NUCLEAR EXPLOSION EFFECT 
P E N N I N G  EFFECT 
PHOTOELECTRIC EFFECT 
PHOTOVOLTAIC EFFECT 
P I N C H  EFFECT 
POYNTING-ROBERTSON EFFECT 
RAMSAVER EFFECT 
SCALE EFFECT 
SCREEN EFFECT 
SEEBECK EFFECT 
STARK EFFECT 
SUHL EFFECT 
SYEEP EFFFCT 
UMKEHR EFFECT 

E D I T A R  

EOUCATIONAL 

EFFECT 

. .  C O R I O L I S  EFFECT 

VA-3 GROUND EFFECT MACHINE 
V O I G T  EFFECT 
UESTLAND GROUND EFFECT MACHINES 
ZEEMAN EFFECT 
ZENER EFFECT 

R E L A T I V E  B I O L G G I C A L  E F F E C T I V E N F S S  I R B E I  

B I O L O G I C A L  EFFFCTS 

E F F E C T I V E N E S S  

EFFECTS 

CHEMICAL EFFECTS 
C O M P R E S S I B I L I T Y  EFFECTS 
GALVANOMAGNETIC EFFECTS 
G R A V I T A T I O N A L  EFFECTS 
J E T  B L A S T  EFFECTS 
KERR EFFECTS 
LONG TERM EFFECTS 
LUNAR EFFECTS 
LUNAR G R A V I T A T I O N A L  EFFECTS 
WAGNETIC EFFECTS 
MOIRE EFFECTS 
PATHOLOGICAL EFFECTS 
P E L T I E R  EFFECTS 
PHOTOELECTROMAGNETIC EFFECTS 
PHDTDMAGNETIC EFFECTS 
P H Y S I O L O G I C A L  EFFECTS 
PRESSURE EFFECTS 
PSYCHOLOGICAL EFFECTS 
R A D I A T I O N  EFFECTS 
REENTRY EFFECTS 
R E L A T I V I S T I C  EFFECTS 
SOLAR A C T I V I T Y  EFFECTS 
SURFACE ROUGHNESS EFFECTS 
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LUNAR MOOULE 
MARS EXCURSION MOOULE 

SPACECRAFT CONTROL 
S A T E L L I T E  CONTROL 

S A T E L L I T E  ATTITUOE CONTROL 

SPECTRA 
ENERGY SPECTRA 

ELECTRONIC SPECTRA 
NEUTRON SPECTRA 

MASS SPECTRA 
MOLECULAR SPECTRA 

ELECTRONIC SPECTRA 
RAMAN SPECTRA 
V I B R A T I O N A L  SPECTRA 

N O i 5 E  S P E i i i i A  
OXYGEN SPECTRA 
PLASMA SPECTRA. 
POHER SPECTRA 
R A D I A T I O N  SPECTRA 

ABSORPTION SPECTRA 
FRAUNHOFER L I N E S  
HERZBERG BANDS 
T E L L U R I C  L I N E S  

ELECTROMAGNETIC SPECTRA 
INFRARED SPECTRA 
L I N E  SPECTRA 

BALMER SERIES 
0 L I N E S  
ELECTRONIC SPECTRA 
FRAUNHOFER L I N E S  
H L I N E S  

H ALPHA L I N E  
H BETA L I N E  
H GAMMA L I N E  

K L I N E S  
LYMAN SPECTRA 
PASCHEN SERIES 
RYOBERG SERIES 
TELLURIC L I N E S  

MICROWAVE SPECTRA 
R A D I O  SPECTPA 

RAMAN SPECTRA 
STELLAR SPECTRA 

SOLAR SPECTRA 
ULTRAVIOLET SPECTRA 

- VIBRATIONAL SPECTRA 
E M I S S I O N  SPECTRA 

SHOCK SPECTRA 
SPECTRAL BANDS 

ABSORPTION SPECTRA 
FRAUNHOFER L I N E S  
HERZBERG BANDS 
T E L L U R I C  L I N E S  

PHOTOLUMINESCENT BANDS 
SCHUMANN-RUNGE BANDS 
SWAN BANDS 
VEGARD-KAPLAN BANDS 

SPECTROSCOPY 
ASTRONOMICAL SPECTROSCOPY 
AURORAL SPECTROSCOPY 
GAS SPECTROSCOPY 
INFRARED SPECTROSCOPY 
MAGNETIC SPECTROSCOPY 
MASS SPECTROSCOPY 
MOLECULAR SPECTROSCOPY 

NUCLEAR R A D I A T I O N  SPECTROSCOPY 
OPTICAL E M I S S I O N  SPECTROSCOPY 
RADIO SPECTROSCOPY 
SPECTROPHOTOGRAPHY 
SPECTROPHOTOMETRY 

SPECTROSCOPIC ANALYSIS 
ULTRAVIOLET SPECTROSCCPY 
VACUUM SPECTROSCOPY 
X RAY SPECTROSCOPY 

RAMAN SPECTROSCOPY 

STELLAR SPECTROPHOTOMETRY 

SPEECH 
ART I CUL AT I O N  
CCNVERSATION 
PHONEMES 
PHONE1 I CS 

A-139  

281684 0-67-10 

SPEECH 
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DESCRIPTION 

OF 

MAGNETIC TAPE LAYOUT FOR LEX DATA STORE 

109 CHARACTER RECORD -- 1 0  FIELDS -- IBM MODE 

(10 records  pe r  block; 800 BPI record ing  dens i ty ;  
9 -track) 

FIELD 

A 

- 

B 

C 

D 

E 

F 

G 

H 

I 

POSITION (S) 

1-7 

8 

9 -12 

13-14 . 

15 

1 6  -19 

20-21 

24 

25-66 

J 67-108 

K 109 

FIELD CONTENT 

CONTENT 

Reserved f o r  l i n e  sequence code employed i n  
maintenance. 

Term r e l a t i o n s h i p  code; see code key below. 

Reserved f o r  system use 

Source vocabulary code (repeated f o r  scope notes  only) 

L ine  sequence code f o r  scope note  

COSATI sub jec t  category code 

Source vocabulary code - a l l  e n t r i e s  

Reserved f o r  LEX Di spos i t i on  Code 

42-character term e n t r y ,  scope note  l i n e ,  o r  s u b j e c t  
category codes; t h i s  f i e l d  is a l s o  r e f e r r e d  t o  as the 
sub-term f i e l d ;  s e e  key below. --- 
42-character term e n t r y ;  t h i s  f i e l d  a l s o  r e f e r r e d  t o  
as main-term f i e l d .  

Record Mark (retained from IBM 1401 computer genera t ion) .  



APPENDIX C 

c 

. 
c 

PROGRESS REPORT FROM SUB-CONTRACTOR 
@EX-INC) 

- 
A p p l i c a t i o n s  R e s e a r c h  I n  E l e c t r o n i c  S y s t e m s  



PROGRESS REPORT 

Subcontract 2 1  2056 Under NASA Contract NASW-1629 

Discussion 

A.  Editinq of the NASA Thesaurus Review Copy 

1. Materials Provided by NASA and ARIES Corporation 

A s  input to  the thesaurus editing operation, NASA provided the following 

m a  teri a1 s : 

NASA Thesaurus -- Review Copy. 

Copies of Term Review Forms (TRF's) 

completed during the period 6-1-67 to 7-5-67. 

Subject Authority L i s t  (dated June 1967).  

Main Term (and U s e  Reference) Lis t ,  based on the 

Thesaurus Review Copy. 

Phase 3 (Pre-Review Copy) 

Computer printout of the Thesaurus. 

L i s t  of Terms explicitly deleted. 

In addition, so that the editing effort could be expedited and made more 

effective, the prime contractor (ARIES Corporation) provided the following 

materials: 

NASA Thesaurus -- Computer printout ("Phase 7" )  

essent ia l ly  equivalent to the Review Copy. 

A list of changes made to the "Phase 7" 

printout to create  the Review Copy. 

A loan copy of the l a t e s t  computer printout of the 

LEX-EJC Thesaurus, including permuted term index. 

2 .  Editing Objectives 

The primary objective of the editing effort, as  detailed in  conversations 

with NASA-STID personnel,  was  to review all work performed by the "NASA 

task  force" between June 1 ,  1 9 6 7  and July 5 ,  1 9 6 7 .  This task force effort  

cons is ted  of a review and updating of the products of a previous contract effort 
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and the resultant addition or deletion of thesaurus entr ies .  An additional 

objective of the editing effort, however, was  the "overview" of the entire 

thesaurus,  such that recommendations for improvements in  content and 

internal consistency could be provided. 

0 

3.  Editing Procedures 

The init ial  editing procedure consisted of reviewing each TRF copy, a s  

it had been translated into the Thesaurus Review Copy, for accuracy and 

completeness.  About 2500-3000 TRF copies were provided. 

corrections and additional entries) were entered in red ink in  the "Phase 7" 

computer printout, rather than in  the review copy, t o  facilitate clarity of entry 

!the Review Copy itself was  too greatly s i ze  - reduced during reproduction to  

permit voluminous notations) and t o  increase the efficiency of later keypunching 

of the notations (in that changes to  the Review Copy are  handled by l ine numbers 

-- which appear on the "Phase 7" printout but not on the Review Copy itself) .  

The LEX-EJC Thesaurus printout was  used as  a reference in  detecting missing 

crossreference entries; i .  e .  , i f  a crossreference term appeared in  the LEX-EJC 

Thesaurus, - and i f  it - a l s o  appeared i n  the NASA Main Term L i s t ,  then the cross- 

reference term was  a candidate for addition to the NASA Thesaurus. 

Main Term L i s t  was  available only after August 8 ,  19 6 7 ,  the NASA Subject 

Authority L i s t  had to  be used i n  l i e u  of the Main Term L i s t  prior to that time. 

Th i s  means that some of the added crossreferences may no longer be valid 

NASA terms; they may have been deleted or changed in  word form. 

Notations (i . e .  , 

Because the 

The overview of the Review Copy indicated that  a number of internal 

inconsis tencies  ex is ted ,  a s  follows: 

a .  "Array" terms with BT o r  NT crossreferences.  

b.  " U s e  Reference" terms with category numbers. 

c. Essentially duplicate m a i n  terms (i .e .  , singular and plural , misspelled 

and  spel led correctly , etc . ) 
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d .  Many invalid BT/NT crossreferences were caused by a few erroneous 

but bas ic  BT or NT entries: for example, X-19 Aircraft was erroneously (via 

TRF entry or key punching) given a NT (rather than a BT) crossreference to 

Research Aircraft, and the computer promptly made a l l  Research Aircraft 

(X-1 Aircraft, X-2 Aircraft, e t c . )  narrower terms for X-19 Aircraft, and  X-19 

Aircraft a broader term for all of the various Research Aircraft. 

Because the above items (a) and (c) were eas i ly  and quickly corrected, 

such action was  completed a s  a part of the Thesaurus overview, and the 

appropriate entries were made, again i n  red,  i n  the "Phase 7" printout. Item 

(b) was  made known to NASA-STID personnel, who agreed to see that  category 

numbers were removed from "use  references"; this  can probably bes t  be done 

by computer. Item (d) was  a l so  reported to NASA-STID personnel, who asked  

u s  to make the appropriate corrections partially i n  l ieu of the educational 

seminar (especially because many of the seminar comments would have been 

concerned with the numerous invalid BT/NT crossreferences) . 
When i t  became apparent that  NASA would be unable to  organize the 

educational seminar for the NASA research centers ,  and thereby to  obtain 

"face-to-face" comments by the research centers on the Review Copy, we 

were a sked  to  perform several tasks  to provide a t  l e a s t  a part of the input 

which would have been provided by such comments. 

additional tasks  was  to  validate a l l  BT crossreferences (thereby a l s o  validat- 

ing all NT crossreferences , i n  view of the capabili t ies of ARIES' thesaurus 

assembly programs). The second additional task was to  review carefully all 

"multiple u se  references".  The third additional task was to provide the bases  

for a procedure for converting existing machine-sensible indexes from the 

original vocabulary to the ''new" one. 

t a sks  is described below. 

The first  of these  

The performance of these additional 

The validity of BT crossreferences was determined by scanning the 

entire 1 5 2 , 7 4 3  l ines  of the "Phase 7"  printout for BT crossreferences,  evaluating 

each  such crossreference for validity, and  ( i f  invalid) marking the entry for 
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appropriate change or deletion (e .g .  , X-19 Aircraft was  deleted as  a BT for 

X-1 Aircraft and X Rays was deleted a s  a BT for Aerospace Medicine). Many 

invalid BT crossreferences were appropriate as  RT (i.e. , related term) cross- 

references,  and in  such instances the crossreference type was  changed. All  

entries were marked in  red in  the "Phase  7" printout. 

The validity of t h e  "multiple use  references' '  was  determined by 

scanning the Main Term L i s t  for occurrences of such terms, by reevaluating 

the utility of the t e r m  (employing usage s ta t i s t ics  available i n  the Subject 

Authority L i s t  when appropriate), and by marking i n  the "Phase 7" printout 

any changes.  A number of the "multiple use  references" were found properly 

to  be "single use  references" , but most of them were retained. 

use reference" serves a valuable function when a term is seldom (or -- a t  

most -- moderately) used in  indexing and when its referent belongs to  two or 

more classes. Consider the following example: 

The "multiple 

Boeing Military Aircraft (used 8 t i m e s  in  indexing) 

(I' new" term) 

(used 2 2 8  t i m e s  in indexing) 

U s e  Boeing Aircraft 

(and) Military Aircraft 

The ''new'' term, Boeing Aircraft, i s  a much more useful term than was  Boeing 

Military Aircraft. In fac t ,  we are  able to ass ign  to  Boeing Aircraft a total of 1 6  

narrower terms, each the name of a specific aircraft model. 

moved our act ive , "postable" terminology from the overly specific to  the more 

appropriately general .  Nevertheless, should the need ever ar ise  to reconstitute 

Boeing Military Aircraft a s  a "postable" term, such can be done by searching 

for t he  logical intersection of Boeing Aircraft and Mil i ta ry  Aircraft and thereby 

reconstituting the postings for Boeing Military Aircraft. 

reference' '  technique thereby serves as  a ' 'safe" means of "demoting" less u s e -  

ful terms without destroying irretrievably their postings . 
such  a term's postings is essentially a mechanical task  , whereas reconstruction 

of a "s ingle  use  reference's" postings would be a n  almost totally cerebral t ask .  

Thus we have 

The "multiple use  

Reconstruction of 

The problem of converting the existing machine-sensible indexes to 

the "new" vocabulary is discussed in the following section of this report. 
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B .  Index Conversion 

1. Statement of the Problem 0 

c 

NASA's existing machine-sensible indexes are now based on i t s  "original" 

(pre-Thesaurus) vocabulary. I t  will ultimately be necessary to  convert these 

indexes to  the ''new" vocabulary. It is thus necessary to provide a "trail" from 

each term in  the "original" vocabulary to a term in  the "new" vocabulary. The 

problem assigned to  u s  is "How c a n  this  terminological trail be created? I' 

During the original contract work (and during the subsequent NASA task 

force work) which created the  raw material for the Thesaurus (the completed 

TRF's) , each  TRF was  given a two-digit "trail" code , indicating the action to  

be taken with respect  to each "original" term's postings.  Codes beginning with 

" 4 "  indicated no change in  term word-form: "41" or "42" indicated that the term 

would now be llunpostablell , and the term for terms) "used for" the term-at-hand 

and to  which the term-at-hand's postings were to  be transferred, was  written on 

the TRF. A "40" code indicated no change in either word-form or postings.  

Codes beginning with "5" indicated only a change i n  term word-form: a "50"  

indicated that the ''new" term was  "postable" , and "51" or "52" meant that the 

term w a s  a "single" or "multiple use reference",  with action on postings indicated 

a s  for the "41"  and " 4 2 "  codes.  

deleted; " 6 0 "  indicated deletion of the term and its postings,  while "61"  and " 6 2 "  

indicated that the postings should be transferred to  one or more other terms. 

Codes beginning with " 6 "  indicated terms to  be 

At the t i m e  of TRF completion, these "trail" codes were still val id .  

However, between that time and the t i m e  when we began work under this  sub- 

contract  , hundreds of changes (corrections , deletions , etc. ) were made to  the 

computer Thesaurus record without making corresponding changes to  the "trail" 

code record. In not a few instances,  changes were no doubt made to  changes,  

with the resul t  that  consistent correspondence no longer ex is t s  between the 

terms to which "trail" codes were assigned and the present terms, and between the 

terms to  which postings were to  be transferred 'per the TRF record) and the present 

terms. Hence the problem "How can the terminological trail be re-created" ? 
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We discard immediately the alternative of trying to  recapture, to  

reconsti tute,  and to  a c t  upon all changes made to  the computer Thesaurus file 

as  being too complex and uncertain. The bes t  remaining alternative involves 

u s e  of both computer and cerebral techniques, but i t  is at least reasonably straight- 

forward, is assured of s u c c e s s ,  and is therefore recommended. The other 

alternative is  to re-code all 19,000 original terms by reference to the TRF's 

I0 

I .  

l and to  the Thesaurus itself: this  approach is not recommended because of its 

great manpower requirements. ' . *  

2 .  Index Conversion Procedure 

a .  Nomenclature 

c 

. 

0 
T 

Tt 

U 

X 

T 

T 

xt 

ot 

XY 

OY 

T 

T 

T 

T 

Terms in originial" (pre-Thesaurus) vocabulary. 

Terms i n  Thesaurus vocabulary. 

Terms to be used i n  l ieu of others in Thesaurus vocabulary. 

Terms to  which postings on "original" terms were to be 

transferred (per TRF's). 

Terms which are in  both T and T 

Terms which are in  both T and T 

t '  Terms which are i n  T but not T 

t '  Terms which are in  T but not T 

(Symbols i n  parentheses and separated with a dash indicate 

double-field records. ) 

t '  

t '  

X 

0 

X 

0 

b.  Computer Files Available 

F i l e  1 -- T with associated T assumed available from keypunching 
0 X I  

of the TRF's; "trail" code (also available) is not needed, except for the " 6 0 "  

code.  These records should be carefully proofread from the TRF's  . 
File  2 -- T , the "original" vocabulary term list: this may even be the 

0 

most up-to-date vocabulary l i s t  available.  

Fi le  3 -- TL - T , the Thesaurus main term l i s t ,  together with any 
L U  

terms which are to  be "used" in  l i e u  of any T t .  

- 6 -  



I - -  

c.  Detailed Procedure 

We wish to create four final files: 

(1) 

(2)  

Fi le  U -- terms (with their postings) unchanged from the original. 

Fi le  X -- "original" terms together with the Thesaurus terms to 

which the postings are to  be transferred. 

Fi le  D -- "original" terms which are to be  deleted together with 

their postings. 

Fi le  R -- an  ultimate residue of "original" terms which have not 

been assigned to one of the first  three files and which must be 

I' researched" individually. 

The first s tep is to match the T 

(3) 

(4) 

records of F i le  1 with the T records 
0 t 

of F i l e  3 .  Matching records should be transferred from File 3 to  Fi le  4 (T - T ) .  ot  u 
Those records of Fi le  4 which have no T record should be transferred to Fi le  U 

!T ) .  Those records of F i le  4 which have T records should be transferred to  
U 

o t  U 

Fi le  5 ,  with the T records converted to  the T field,  such that  Fi le  5 (T - Tt) 
U t o t  

is the beginning of F i le  X .  

Non-matching records from the first s tep  (matching of Fi le  1 with F i l e  

- T ) onto Fi le  6 (T o x  OY x U 
3) should be written from File  1 (T 

should then be matched with File 2 (T ) and the non-matching T 

should be written as  Fi le  7 (T 

create  Fi le  8 , a complete record of (T 

not be written in  F i le  8 .  

- T ) .  Fi l e  4 (Tot -T ) 

records of Fi le  2 
0 0 

1, which in  turn should be merged with Fi le  6 to  
OY 

- T ) . Duplicate T records should 
OY x OY 

Fi le  8 (T - T ) should then be matched with the T records in  F i l e  1 

and  the matching entries i n  File 1 which are  coded with a I' 60" trail code should 

be de le ted ,  with non-matching records of Fi le  8 written on File 9 (T - T ) and 

matchinq records written on Fi le  10 ,  which is  the beginning of Fi le  D. 

OY x 0 

OY x 

File  9 should then be processed to write on File 11 (T 

components and on Fi le  1 2  (T 
- -  Y 0 y 

- T ) those 
OY x 

-- the beginning of Fi le  R) records which have T 

those  records which do not have T components. F i le  11 should then be sorted by 
X 

T to create  Fi le  13 (T - T ) .  
X x OY 
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File  13 is now matched with F i l e  3 (Tt - T ) to  find records with 

X t OY 

U 

matching T and T entr ies .  On File 1 4  (Tt - T 

which have T matching T on F i l e  3 ,  except  convert the resulting T entry 
X t xt 

on F i l e  14  to the T entry taken from Fi le  3 when a T entry is present.  
U U 

Fi le  1 5  (T - T 
XY OY 

) write the entries from Fi le  13 wh 0 

On 

) write the residue of records from Fi le  13.  

Until this point a l l  processes have been via computer, and Fi le  15 
* will be a relatively small file. Cerebrally convert the T components of the 

XY 
L *  

File 15 records to T entries by finding appropriate T terms in  the printout of 
t t 

Fi le  3 (Main Term and " u s e  reference" list). 

with Fi le  14 to  obtain Fi le  16 (T - T ) . Sort File 1 6  by the T component to 

create Fi le  1 7  (T 

the continuation of the creation of File X .  

Merge the ' 'converted" F i l e  15 

t OY OY 
-T ) and merge File 1 7  with File 5 to create F i le  18 (T -Tt) , 

OY t 0 

We are  now left with only F i l e  1 2  (T 1, a record of all "original" 
OY 

terms which are not i n  the Thesaurus vocabulary, which did not have assigned 

to them any kind of term to  which their postings were to be transferred, and 

which had not been explicitly deleted from the vocabulary. F i l e  12 ,  when 

combined with any residue from the cerebral conversion effort performed on Fi le  

15 (see above) thus becomes Fi le  R -- subjects  to  be "researched" individually 

and ass igned  to Fi le  D (original terms deleted with their post ings) ,  F i le  X 

(original terms not now postable but "tagged" with postable Thesaurus terms to 

which postings are  to be transferred), or Fi le  U (which implies adding the 

"original" term to the Thesaurus, with all i t s  crossreferences) . These various 

reassignments of Fi le  R terms, when added to  Fi le  18 and File 1 0  become Files 

X and  D respectively.  I t  is expected that  few reassignments will be made from 

F i l e  R to the already-existing File U .  

d .  Remarks 

Other than a small amount of human (rather than computer) effort in  

proofing Fi le  1 and in  converting Files 1 2  and 15 (and a l l  these files will be 

reasonably s m a l l ) ,  a l l  work i n  the above procedure is via computer. Nearly 
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a l l  the computer programs require only standard,  " canned" routines , and those 

which do not are quite simple. There a re  11 computer runs involved, all on 

small files: hence running t i m e  will not be a significant cos t  factor.  

e 
Once Files U ,  X and D have been assembled,  they can  be used  

respectively to (1) transfer terms and postings unchanged from the present 

machine-sensible indexes to the new ones ,  (2)  to transfer postings only from 

terms in  the present indexes to terms in  the new ones ,  and (3 )  to delete  both 

terms and postings from the old indexes. Whereas the procedures to create  

Files U ,  X and D are  not cost ly  in  t i m e  or funds,  the actual  index conversion 

involves very large files (some of which will have to be sorted twice) and 

will therefore be relatively costly in  computer t i m e .  

'L 

Y 
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Lex Tnc 
Information Systems Consultation 

7037 WOLFTREE LANE 
ROCKVILLE, MD. 20852 

TELEPHONE 301 - 881-1623 

August 30 ,  1 9 6 7  

ARIES Corporation 
Westgate  Research Park 
McLean , Virginia 2 2 101 

Gentle men: 

Progress Report 
Subcontract 2 1  2056 -- NASA Contract NASW-1629 

Summary 

This report, and the materials delivered herewith or previously , 
const i tutes  completion of our dut ies  under Tasks 1 and 2 of the subject  
subcontract.  We  have reviewed the Thesaurus printout and Term Review Forms 
(TRF's) and have marked corrections in  the Thesaurus printout, i n  accordance 
with ARIES' requirements for keypunching input to effect the corrections (Task 
1). Because NASA was  unable to schedule the seminar for the research centers , 
we were a sked  to provide a t  least a part of the input which had been expected as 
a resu l t  of the seminar (Task 2)  -- to validate all BT crossreferences,  to re- 
examine all "multiple u se  references" , and to provide the b a s e s  for a procedure 
for  converting existing machine-sensible indexes from the original vocabulary 
to the "new" one. Corrections to the BT crossreferences and to the "multiple 
u s e  references" , when necessary,  were also marked in  the Thesaurus printout. 
The b a s e s  for the index conversion procedure a re  recommended i n  detai l  i n  the 
I' Discussion" sect ion of this  report. Briefly, a largely computerized procedure 
is recommended, with input consisting of existing computer records.  

We  return herewith the following materials: 

1. Marked (i . e .  , corrected) Main Term and 'I U s e  Reference" L i s t .  

2 .  L i s t  of terms explicitly deleted during the creation of TRF's. 

3 .  Marked (i . e .  , corrected) NASA Thesaurus printout -- "Phase 7 " .  

4 .  L i s t  of changes made to the "Phase 7" printout to  create the 
Review Copy. 
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ARIES Corporation -2-  

We have previously returned to you the following: 

1. Loan copy of the LEX-EJC thesaurus printout. 

August 3 0 ,  1967 

2 .  Copies of TRF's supplied by NASA. 

We have previously returned to NASA the no-longer-needed copy of a n  
ear l ier  (Phase 3) NASA thesaurus printout. This leaves  i n  our hands worn-out 
and mutilated copies  of a Subject Authority L i s t  and a NASA Thesaurus Review 
Copy, which we intend to retain until af ter  the completion of Task 3 -- the 
planning and conducting of the indexer training program , scheduled for 
October 1 9  6 7 .  

We  estimate that  we have made about 1 5  , 000 corrections to the printout 
-- about 5900 crossreference deletions,  about 5200 crossreference additions , 
about 3200 crossreference changes,  about 500 changes i n  term word-form, and 
about 200 t e r m  deletions: many of the la t ter  were dupl icates ,  etc. After these  
corrections (as noted i n  the Thesaurus printout) are  made to the computerized 
Thesaurus f i le ,  together with any other corrections desired by NASA, it will  be 
necessary to repeat the entire set of computer runs because of the massive nature 
of the revision. The first  runs should de tec t  non-existent main terms to which 
crossreferences have been made, and inconsis tencies  and conflicts i n  cross-  
referencing. These corrections should be made and verified (proofread) and i f  
necessary  - re-corrected before the hierarchical expansion run is attempted. 
Hierarchical expansion must begin from its f i rs t  phase ,  as  it has  been impossible 
to enter  all BT's of BT's i n  the correction and review procedure to  da te .  Again, 
the printouts and corrections m u s t  be carefully reviewed after each  phase of 
hierarchical expansion. 

The work performed under Tasks 1 and 2 of this  subcontract is described 
i n  detai l  i n  the "Discussion" section of th i s  report. 

Respecthl ly  submitted , 

d e k i d e n t  '-' 

EW: cpw 



I 

A P P E N D I X  B 

THESAURUS RULES AND CONVENTIONS 
c 

Facsimile from 
ONR-26, Appendix 7 

(AD 661 001) 

A p p l i c a t i o n s  R e s e a r c h  I n  E l e c t r o n i c  S y s t e m s  

~ ~~~~~~~~~~ 



. 

. 
r 

I 
1 

I 

j 
i 

1 
1 

. 

Appendix 7 

Alphabetization 

A- 1 
Alphabetize descriptors letter-by-letter, according 

(1) Ignore all spaces between words. 

(2) Ignore all characters other than Ieft paren- 

to the following rules: 

thesis, numerals, and letters. 

(3) File according to the sequence: 

(a) left parenthesis 
(b) numerals in usual order 
(c) letters in usual order 

A representative sequence of terms filed according 
to the above rules is: 

mercury (metzl) 
mercury (planet) 
mercury amalgams 
mercury arc rectifiers 
mercury lamps 
metal finishing 
metallurgy 
metals 
metal working. 

NME: Metal working is sometimes spelled as one 
word, metalworking. In letter-by-letter alphabetiza- 
tion, the sequential position of metulworking is 
unaffected by the spelling selected for the author- 
ized descriptor. Similarly, the sequential position of 
metal-working is unaffected by the use of a hyphen. 
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the hyphen) to indicate that it is not the most specific 
concept of its class. The placement of such terms in 
the thesaurus should be such that the term is left justi- 
6 4  according to its first alphabetical character (so that 
the alphabetical portion of the entry lines up with the 
terms above and below it in the display). (See also 
Rules C-5, C-6, and C-8.) For example in the thesaurus 
display: 

impedance 

NT acoustic impedance 
capacitive reactance 
characteristic impedance - electrical impedance 

- electrical resistance 
inductive reactance 
input impedance 

transfer impedance 

conductivity 

dead time 

- reactance 

RT bandwidth 

- damping 

- dynamic response 

-resistivity 
hold-up 

transient response, 

the hyphen designator shows that, for the terms so 
designated, there are more specific terms available in 
the vocabulary. 

c-5 
Narrower Terms 

The NARROWER TERM reference (NT) is the recip- 
rocal of the BROADER TERM reference (See Rule C-4) 
and isemployed to refer from a term symbolizing a 
concept class to all terms symbolizing concepts that are 
members of that class; for example, iron alloys NT gray 
iron, mottled iron, steels. For each NARROWER TERM 
reference, there must be provided a corresponding 
BROADER TERM reference. 

C-6 
Hierarchy 

BROADER TERM references and NARROWER TERM 
references are hierarchical references. If there exist 
more than two levels in such hierarchies, the cross 
references for all levels should be completed for each 
term. This is done to enable the thesaurus user to 
ascertain the appropriate level of specificity in a family 
of generically related concepts and to promote editorial 
consistency during thesaurus revision, or in cases where 
portions of the thesaurus are extracted as speciaiized 
indexing vocabularies. 

In a few instances, terms will be so broad in 
meaning that their utility as indexing terms will be 
doubtful, yet they must be retained for use in disciplines 
of peripheral interest or merely as a guide to more 
specific terminology. Under these circumstances, list 
under the very broad descriptor the terms to which it is 

desirable to refer the thesaurus user omitting cross 
reference designators. Append to the broad descriptor 
the scope note Use of a more specific term is recom- 
mended - consult rhe terms listed below. For example, 
the term materials is of little use in indexing documents 
that deal with materials in any but the most general 
way, but in a vocabulary in which many specific 
materials types are represented by indexing terms, the 
term is a useful point at which to display certain more 
specific terms or related terms for further study without 
carrying a useless BROADER TERM reference to materials 
on each of many specific terms. No reciprocal cross 
references should be made from listed specific descrip- 
tors to the broad descriptor, although such records 
should be maintained for housekeeping purposes. (See 
Rule C-9.) 

. 

. 

c-7 
Hierarchy Overlap 

Terms may be members of more than one hier- 
archy. (See Rules C-4 and C-5.) For example, consider 
the entries avalanche diodes BT diodes and semicon- 
ductor devices; diodes NT avalanche diodes. The term 
avalanche diodes represents a concept that is properly 
a member of the two different classes of concepts 
represented by the terms diodes and semiconductor 
devices. 

C-8 
Related Terms 

The RELATED TERM references (RT) is employed 
as a guide from a given descriptor to other descriptors 
that are closely related conceptually, but not hierarch- 
ically. (See Rules C-4 to C-7.) In general, any two 
descriptors are cross referenced RT if it is believed that 
the user, when examining one descriptor, might want 
to be reminded of the existence of the other. 

RELATED TERM references may be used to identify: 
a. descriptors that are closely reiated in meaning 

or concept including those in different hierarchical 
structures. 

b. descriptors that are near synonyms. 
c.  descriptors that have viewpoint interrelation- 

ships, such as a relationship based on usage; for ex- 
ample, alcohols RT solvents, RT antifreezes. 

d. descriptors representing concepts bearing a 
part-whole relationship to each other. 

* c-9 
Reciprocal Entries 

Reciprocal entries are required in every instance 
of cross-referencing except as noted in Rule C-6. The 
three pairs of reciprocal cross references are: 

USE USED FOR 
BROADER TERM NARROWER TERM 
RELATED TERM RELATED TERM 
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Cross References 

c-1 
Cross References 

Relationships among terms will be shown by cross 
references, which will aid users in selecting descriptors 
from the thesaurus. Types of cross references and their 
symbols that will be used as required are: 

Cmrr References Symbols 

USE 
USED FOR 
BROADER TERM 
NARROWER TERM 
RELATED TERM 

USE 
UF 
BT 
NT 
RT 

These are described in the following rules. 

c-2 
Use 

The USE reference is intended to lead users of the 
thesaurus to appropriate descriptors and should be em- 
ployed to refer from a term that is not an authorized 
descriptor to the term which has been chosen as the 
descriptor, as follows: 

a. to indicate a preferred synonym; for example, 
lysozyme USE muramidase; secondary batieries USE 
s t o r r  ktteries; 

3 refer from a specific term to a more general 
term which has been selected to represent (that is, sub- 
sume) the specific concept; for example, plant waxes 
USE waxes; sand blasting USE abrasive blasting; 

c. to indicate a preference between spelling varia- 
tions, or to expand or explain abbreviations; for example, 
pi mesom USE pions; inflammability USE flammability; 
pedaerythritol tetranitrate USE PETN; IFF USE identi- 
fication systems; 

d. to prescribe the use of two or more descriptors 
to express a concept; for example, ferromagnetic films 
USE ferromagnetic materials and films; antitank rockets 
USE antitank ammunition and rockets; optical illusions 
USE illusions and vision; 

e. To express concepts that can be considered 
synonyms for purposes of indexing and retrieval; 
for example, heredity USE genetics; semantemes USE 
semantics; 

f. to bring together different viewpoints of a con- 
ceptual continuum; for example, fluidity USE visco$ty; 
smoothness USE roughness; instability USE stability. 

g. to explain variations in word order; for ex- 
ample, tables (mathemaics) USE mathematical tables; 
propellers (aerial) USE aerial propellers; propellers 
{marine) GSE marine prope//ers; 

h. to reflect current terminology; for example, 
electrical condensers USE capacitors; 

i. to eliminate jargon; for example, whirly bird 
USE helicopters. 

i 
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c-3 
Used For 

The USED FOR reference (UF) is the mandatory 
reciprocal of the USE reference and accompanies the 
descriptor to which the USE reference refers. Accord- 
ingly, the USE references in two of the examples given 
in Rule C-2b and C-2c would generate the followin_s 
USED FOR references: 

abrasive blasting 

1 

UF sand blasting 

pions 

UP pi mesons 

When a USE reference has prescribed two or more 
descriptors to represent a concept (See Rule C-2d), a 
unique spnbol such as the & 9 9 w  sign (r ) should 
be placed in front of the unauthoized term in the 
USED FOR reference; for example, ferromagnetic films 
USE ferromagnetic materials and films; 

ferromagnetic materials 

UP ferromagnetic films 

films 

UP + ferromagnetic films 

c-4 
Broader Terms 

The BROADER TERM reference (BT) is employed to 
refer from a term representing a member of a class (or 
classes) of concepts to any term(s) in the thesaurus 
representing that class or classes; for example, steels 
BT iron alloys. For each BROADER TERM reference there 
must also be provided a corresponding NARROWER 
TERM reference. (See Rule C-5.) The part-whole rela- 
tionship is usually not a broader-narrower relationship; 
for example, gear teeth BT gears is incorrect. However, 
in certain specific areas, part-whole generics can be use- 
fully employed. These areas are anatomy and geo- 
graphic locations. Also specifically excluded from the 
broader-narrower term category are relationships based 
on the possible applications or uses of an entity; for 
example, platinum is not considered to be a member 
of the generic family catalysts because, although it is 
sometimes used as a catalyst, it has too many other 
applications to list all as broader terms. Platinum is, 
however, always a member of the class metals, so that 
the reference platinum BT metals should be entered. 

Wherever a descriptor for which there are nar- 
rower terms in the vocabulary appears in the thesaurus 
display as either a narrower term or a related term, it 
should be preceded by an unambiguous symbol (such as 
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ations. Abbreviated terms can be used when meanings 
are well established and when significant gains in con- 
venience can be demonstrated. Examples are: ACTH 
for adrenocorticotropic hormone; PETN for pentaery- 
thritol tetranitrate; VTOL aircraft for vertical take 00 
and landing aircraft. Abbreviated and unabbreviated 
forms of a given term should be treated as synonyms 
and cross referenced accordingly. (See Rule C-2c.) 
Well established acronyms are acceptable as descrip- 
tors; for example, shoran, radar, maser. 

T-10 
Specialized Vocabularies 

Effective indexing and retrieval of information in 
certain specialized subject fields will require descriptor 
vocabularies that differ in some ways from the natural 
language approach of the thesaurus as a whole as in 
the following examples. 

a. Chemistry. To avoid proliferation of terms in the 
field of chemistry, the names of specific chemical com- 
pounds as descriptors should be restricted. Instead, a 
vocabulary of descriptors representing generic com- 
pounds classes, functional groups, and structural fea- 
tures should be devised. This will permit indexing and 
searching by coordinating appropriate descriptors to 
denote specific compounds as well as classes of 
compounds. 

Names of specific compounds that occur frequently 
in the literature may be entered as descriptors; for 
example, sulfuric acid, carbon tetrachloride, morphine, 
progesterone. 

b. Alloys. Descriptors should be established for certain 
generic alloy families; for example, aluminum copper 
alloys, mo~ybdenurn steels, zinc alloys. This will pcrnlit 
indexing and retrieval on a somewhat general level, but 
will prevent proliferation of descriptors to represent 
specific alloy systems. 

C. Biological nomenclature. Where possible, consistent 
use should be made of established nomenclature systems 
for describing plants and animals. Where departures are 
necessary, cross references should be provided to main- 
tain continuity. 

T-1 1 
Multiword Descriptors 

A descriptor represents a concept. In general, a 
- i  

I 
descriptor should reflect the terminology found in the 
literature regardless of the number of words needed to 

express the concept. However, many candidate descrip- 
tors will represent, or appear to represent, concepts 
that are combinations of two or more specific descrip 
tors or potential descriptors. In these instances, a deter- 
mination must be made of the most effective way in 
which to incorporate the candidate descriptor, that is, 
by adding the specific multiword term to the thesaurus 
or by prescribing a combination of two or more existing 
descriptors. 

Specific multiword descriptors often facilitate re- 
trieval of specific information, but may add to the cost 
of indexing by increasing substantially the number of 
descriptors in the index. On the other hand, proper use 
of individual descriptors in indexing for later combina- 
tion upon retrieval will serve to control the size of the 
vocabulary and to promote consistency in the use of 
terminology. Decisions on the formation of specific 
descriptors require consideration of the following factors. 
If reasonable doubt remains, a specific multiword de- 
scriptor should be established because, if it elrentually 
proves to be of little utility, it can easily be reduced 
to a combination of individual descriptors. The con- 
verse is not easily accomplished. 

a. A specific multiword descriptor should be es- 
tablished when suitable more general descriptors are 
not available in the vocabulary. To provide adequate 
representation of the specific concept, a combination 
of general descriptors must include at least one descrip- 
tor that is a member of the same hierarchical class as 
the specific concept. Observation of this principle will 
promote more consistent and complete retrieval, whereas 
the use of a combination in which neither descriptor 
bears a generic relationship to the specific concept may 
lessen retrieval efficiency. 

b. A specific, multiword descriptor should be es- 
tablished when the specific concept is encountered so 
frequently that the ability to index and search directly 
would be both expeditious and economical or when one 
or both of the more general descriptors is so often used 
in indexing as to make searches awkward or inaccurate. 

c. Two or more individual descriptors should be 
used instead of establishing a specific multiword descrip- 
tor when the specific concept is a member of the same 
generic class (See Rule C-4) as each of the more 
general descriptors. 

- 1  
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USE SINGULAR FORM 

When term is specific, as: 

USE PLURAL FORM 

When term is generic, as: 
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Appendix 7 
TABLE 1. GUIDELINES TO SINGULAR-PLURAL USAGE 

TYPE OF TERM 

Material terms, such as: 
chemical compounds 
mixtures 
materials 

urea 
cellophane 
beeswax 

amines 
solvents 
plastics 

Terms representing properties, 
conditions, characteristics 

When term is generic, as: 
physical properties 
process conditions 

When term is specific, as: 
viscosity 
temperature 

opacity 
Purity 

Do not use singular 

c 

I : Terms representing equipment, 
devices, physical objects, and 
elementary particles 

pulverizers 
regulators 
mesons 
teeth 

Class of use terms Do not use singular Use plural, as: 
adhesives 
catalysts 

Do not use plural Use singular, as: 
constructing 
installing 
modulating 

Process terms 

Proper n a m a  (A proper name 
is defined as the name for a 
single unique item) 

Use singular, as: 
Hookes Law 
Pluto 

Do not use plural 

Disciplines, fields, subject areas Use singular according to common 
usage, as: 

chemistry 
hydraulics 
engineering 

Do not use plural (Words such 
as “hydraulics” are actually 
singular) 

Use plural, as: 
ambushes 
explosions 
discharges 

Do not use singular Events or occurrences 

the thesaurus, and are not necessary to convey the 
meaning of the terms. Hyphens should be used only in 
terms whose intended meaning would be altered by 
omission of the hyphen. In omitting a normally occur- 
ring hyphen, the space occupied by the hyphen should 
be handled according to these criteria; (1) retain the 
space for compound adjectives, noun-noun combma- 
tions, and letter-word combinations; (2) drop the space 
in attaching prefixes to the base words. Examples are: 

( 1 )  high temperature testing (2) countermeasures 
man machine systems microanalysis 
n body problem ultrahigh frequency 

T-9 ~ 

Abbreviated Forms 
In general, abbreviated terms should be avoided as 

descriptors because their understanding may not be uni- 
versal, their meaning may be dependent on context, or 
their recognition may be dependent on capitalization 
and periods, which are constraints in computer oper- 

preferred term should be entered as a descriptor, the 
other as a USE reference. (See Rule C-2f.) 

Terms representing concepts that overlap signifi- 
cantly may be treated as quasi-synonyms; for example, 
lighting and illumination; duration and time; genetics 
and heredity. The preferred term should be indicated 
by a USE reference. (See Rule C-2e.) 

c 

i 

T-8 
Punctuation 

I 

Punctuation marks in descriptors should be re- 
stricted. Highly specific systematic names, such as some 
chemic$ naiiics, that reqnire eizbcrate punctuation 
should be treated specially when they fall within the 
scope of the thesaurus. (See Rule T-10.) Parentheses 
should be used to enclose qualifying expressions which 
are included in descriptors to prevent ambiguity. (See 
Rule T-5.) Cpmmas, periods, apostrophes and most 
hyphens should be excluded since they are difficult to 
handle consistently, complicate machine processing of 

I 
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b. As construction of the thesaurus progresses 
and descriptors are selected, an ad hoc vocabulary 
framework will emerge. This structure will help form 
a basis for the selection of additional descriptors. Can- 
didate descriptors should be examined to determine 
that they reflect a level of specificity commensurate 
with that of the existing structure and that they rep- 
resent discreet concepts. Avoid the selection of descrip- 
tors whose meanings coincide so closely with those of 
established descriptors that indexers (and searchers) 
will have difficulty in distinguishing between or among 
them. 

c. The acceptability of terms can be determined 
by consulting dictionaries, encyclopedias, other indexing 
vocabularies, and the opinions of subject specialists. 
Slang, jargon, coined terms and deprecated terminology 
should be excluded. 

d. It is usually desirable to establish a maximum 
term length for the purpose of maintaining succinctness 
of terms or for other special purposes such as main- 
taining the capabi!ity for a particular page format in a 
printed thesaurus. A maximum of 36 characters per 
term is recommended. 

. 
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T-2 
Noun Form 

Use noun forms wherever possible; for example, 
roughness rather than rough. In a limited number of 
instances, needed retrieval concepts can be represented 
only by adjectives or equivalent expressions. These 
usually take the form of words or phrases that describe 
in some manner the operation of equipment or  systems; 
for example, airborne, mobile, portable. 

Never use verbs; for example, use catalysis rather 
than catalyze, the gerund pouring rather than the verb 
pour. 

T-3 
Singular vs. Plural 

In choosing between singular and plural noun 
forms, a useful rule of thumb may be applied as fol- 
lows: use the plural form when the proposed term is 
a count noun, that is, a noun which may be used to 
answer the question “how many?” (for example, de- 
vices such as gages, nozzles, fuzes); use the singular 
form for mass nouns, those that express “how much?” 
(for example, iron, wood, charcoal); use the singular 
for specific processes, properties, or conditions. Table 1 
provides a summary of the recommended procedure. 
Common usage should be followed for term types not 
covered in the above general rule or in the table. 

T-4 
Direct Entry 

Descriptors consisting of two or more words should 
be listed in their natural word order, that is, the order 
normally used in English sentences; for example, radar 
antennas rather than antennas, radar; refractory mate- 
rials rather than materids, refractory. 
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T-5 
Descriptor Definition 

Terms that have more than one acckpted meaning, 
that are intended to be used in a somewhat different 
way than ordinarily defined, or for ‘which distinctions 
from other descriptors must be drawn, should be accom- 
panied by an explanation. The meanings of terms can 
be clarified or made more specific in the following 
ways : 

a. Modifying terms can be used to preface a given 
term, as in me!aI tubing to make the meaning of the 
term tubing more specific. This is the method under- 
lying the construction of direct entries (See Rule T-4) 
and is subject to the limitations of the rule on multi- 
word descriptors (See Rule T-11) . 

b. A parenthetical qualifying expression can be 
appended to a homograph to clarify its meaning; for 
example, mercury (metal) and mercury (planet). Such a 
qualifying expression becomes a part of the descriptor. 

c. Employ the “-ing” suffix for processes and the 
“-ion” suffix or other appropriate suffixes for materials, 
characteristics, etc., when necessary to distinguish clearly 
among them. Examples are: concentration and concen- 
trating; .precipitation and precipitating. 

d. When a qualifying expression cannot adequately 
convey the intended meaning, a short explanation called 
a scope note should accompany the term. Precise dic- 
tionary definitions usually should not be attempted. The 
scope note merely indicates the way in which the 
descriptor should be used. It is not a part of the 
descriptor, but follows on a succeeding line, as: 

water cooling 

’ 

cooling with water 

e. Since trademarks are recognized by law as 
being proprietary, they should be identified in the 
thesaurus by the qualifying expression “(trademark) .” 
When the meaning of a trademark is not self-evident, 
a scope note may also be added to clarify its meaning. 

T-6 
Synonyms 

When two candidate descriptors are true syno- 
nyms, one should be selected as the descriptor, the 
other entered as a USE reference. (See Rule C-2a.) 

T-7 
Quasi-synonyms 

To prevent scattering of like information in index- 
ing and to obvlate muitipie searches for eEeciive re- 
trieval o€ information, it is both practical and desirable 
to consider terms having certain special relationships to 
be synonyms for indexing and retrieval purposes, that 
is, quasi-synonyms. 

Terms that represent different viewpoints of the 
same property continuum may be considered quasi- 
synonyms; for example, smoothness and roughness. The 

L 
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Introduction 
Building a thesaurus for vocabulary control in 

information storage and retrieval systems requires that 
certain decisions be made and recorded so that the 
thesaurus structure is internally consistent and reason- 
able. Moreover, users of a thesaurus need to know the 
rules and conventions upon which it is based for effi- 
cient and intelligent use. 

These rules and conventions were used as the basic 
reference in the joint EJC-Project LEX development of 
an identical thesaurus for both Engineers Joint Council 
and the Department of Defense. The principles set 
forth should be generally applicable to thesaurus 
development and use. Uniform application of widely 
accepted thesaurus rules and conventions in informa- 
tion storage and retrieval systems may be expected 
to facilitate compatibility of systems for more efficient 
operation. 

The thesaurus rules and conventions were prepared 
by a Task Group of the EJC Engineering Vocabulary 
Panel, Robert Dodds of Gibbs and Hill, chairman. 
Members of the Task Group were: 

David M. Liston - Battelle Memorial Institute, 

Margaret Hicks - CFSTI, assigned to Project LEX 
Jack y. Hilf - Bureau of Reclamation, Dept. of 

Terry pillurn - DDC, assigned to Proj ct LEX 
Eugene Wall - Consultant to Project {EX 

chairman 

the Interior 

Indexing Terms- 
13 esc ri pto rs 1 

The description of technical documents (indexing) 
for information storage and retrieval requires the use 
of two types of terms: (a) those that describe the 
information and data contained in the document, and 
(b) bibliographic terms-terms that describe the docu- 
aen t  itself, not the information in the document. Biblio- 

corporate authors, and publication dates, should not 
be included in the thesaurus. Terms that describe 
the information contained in the documents may in- 
clude (1) project names, (2) military nomenclature, 

giaphk i e i i ~ ,  eiiaiiipk~ of W S C ~  Sie piisofid Z G ~ ~ G ~ S ,  

1 Examples of descriptors included in these rules and conven- 
tions are chosen for illustration only. and do not necessuily 
appear in the thesaurus. 

(3 )  identification symbols or numbers, (4) nicknames 
or jargon, (5) geopolitical names, (6) trademarks, 
(7 )  other proper names, (8) terms of ancsnalyUcal 
nature, such as anemometers, boundary layer, cardio- 
vascular system, density, energy conversion, heat resis- 
tant alloys, spectroscopy; and (9) terms of an abstract 
nature, such as tests, measurement, and calibration. The 
index terms of primary concern to the thesaurus are 
types 8 and 9. For convenient reference, terms selected 
to be entered into the thesaurus for use as indexing 
terms will be called “descriptors.” 

The rules and conventions for constructiig the 
thesaurus are of three types: (1) those dealing with 
fundamental terms (T-1 to T-12); (2)  those dealing 
with cross references (C-1 to C-8); and ( 3 )  the alpha- 
betization rule (A-1 ). 

T- 1 
Descriptor Selection 

Descriptors should be selected for inclusion in the 
thesaurus on the basis of their estimated usefulness in 
communication, indexing, and retrieval. In general, 
utility of terms can be estimatcd by considering (a) the 
relative frequency of Occurrence in the literature, 
(b) the relative frequency of use within an operating 
system, (c) relationships to descriptors that have been 
selected previously, and (d) scientific or technical pre- 
cision and acceptability. These factors are very much 
interdependent and should be considered together in 
the selection of descriptors. 

a. Frequency of prior use of a term in indexing 
and searching within a particular vocabulary gives a 
rough quantitative indication. of its usefulness. The im- 
portance of frequency of use of a term depends upon 
the usage of other terms, the relative age of the term, 
and the age and scope of the col1ecti.m. Terms that 
have been used relatively often within a given vocabu- 
lary may repreent concepts that are poorly defined or 
too general to be useful in describing subject matter, 
whereas those that have been used very infrequently 
may represent concepts that are obscure or ovoriy qx- 
cific. Low frequency of use should not necessarily cause 
the rejection of a term that represents a novel concept 
and is a recent addition to the original vocabulary. 
The general rule is to establish descriptors that convey 
specifically the subject matter indexed. The utility of 
the terms can then be evaluated by reviewing their 
frequency of use in indexing. 
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A-25  

LEX DATA STORE 

RECORD IDENTIFICATION CODE KEY 

Main-term record  @IT) is i d e n t i f i e d  by a 1 i n  p o s i t i o n  8. 

Scope Note (SN) is i d e n t i f i e d  by a 2 i n  p o s i t i o n  8 and a 
numeric l i n e  sequence code (1 through 9) i n  p o s i t i o n  15. 
Frequency of use is a l s o  included as a scope note  l i n e  thus  
"FRQ 135". 

Sub jec t  Category Code. Subjec t  ca tegory  is represented  by 
a se t  of  4 numeric d i g i t s :  numerics i n  p o s i t i o n s  1 6  and 1 7  
r e p r e s e n t  COSATI F i e l d s  and those  i n  p o s i t i o n s  18  and 1 9  
r e p r e s e n t  COSATI groups (included where information became 
a v a i l a b l e ) .  

A "USE" cross- re ference  is i d e n t i f i e d  by a 3 i n  p o s i t i o n  8. 

A "Use fo r "  (UF) c ross - re ference  ( r e c i p r o c a l  of  USE) is 
i d e n t i f i e d  by a 4 i n  p o s i t i o n  8. 

A "Broader term" (BT) c ross - re ference  is i d e n t i f i e d  by a 5 
i n  p o s i t i o n  8. 

A "Narrower term" (NT) c ross - re ference  is i d e n t i f i e d  by a 6 
i n  p o s i t i o n  8. . 

A "Related t e r m "  (RT) c ross - re ference  is i d e n t i f i e d  by a 7 i n  
p o s i t i o n  8. 

Some c o n t r i b u t o r s  a l s o  submitted a non-reciprocal  r e l a t e d  term. 
T h i s  is i d e n t i f i e d  i n  t h e  f i l e  by an  8 i n  p o s i t i o n  8. I n  ARIES 
Programs t h i s  w i l l  p r i n t  out as "RRT" u n l e s s  suppressed.  


