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1 SCOPE OF THE PAPER

An earlier paper nentioned the different conponents
of a thesaurus and the identification and display
of the Hierarchical ( HR) and Non-hierarchical Associa-
tive Relationships ( NHR) anong the concepts enunerated
in the thesauru~1)Jt was al so shown that the different
varieties of NHR could be represented by one or other of
the following types of relationships based on S R Ranga-
nat han's General Theory of Subject Classification ( 2
)
Facet relation, Speciator relation, Phase relation, and
Coordinate relation. Such relationships can be identi-
fied and represented in expressions of subject (subject
string) obtained by facet anal ysi s.

Thi s paper discusses briefly a methodol ogy devcof
| oped for the application conputer for the genera-
tion of a thesaurus for a specific subject-field
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di splaying HR and various types of NNR (3, 4). The sub-
ject strings obtained by facet anclysis and expressed in
a natural |anguage are nani pul ated by conputer using a
suitable algorithmto generate the NI/BT |links and RT
links for representing the HR and the different kinds of
NHR respectively identified anong the enunerated con-
cepts. In the earlier work of conputer nanipul ation of
classification schene for generating a thesaurus ( 5 )»

It was possible to incorporate in the thesaurus the HR
and only one type of NHR nanely, the coordinate relation-
ship. In another approach based on subject string mani-
pulation ( 1 ), it was possible to generate HR and all NR
except the coordinate rel ationship.

The label 'RT" in a thesaurus nerely indicates NFR
(other than equival ence rel ati onshi p) between concepts.
It has been found hel pful to specify the type of NHR
usi ng suitable phrases and al so to group "the concepts on
the basis of these specific relationships. Here are
two exanpl es:

SALT PROTON | RRAD AT CN
RT (AGENT IN BT | RRADI ATI ON
'PRODCTION F RT(-ACTTON
SOLAR ENERGY LI TH UM SCLAR CELL
RT (SOURCE FCR -) SI LI OON SOLAR CELL
SEAWATER ( COORDI NATE | DEAS)
RT (METHOD FCR BETA | RRADI ATI ON
PRCDUCTI ON CF - ) DEUTERON | RRADI ATI ON
DI STI LLATI ON GAMMVA | RRADI ATI ON

This feature is also incorporated in the thesaurus
generated by the net hodol ogydescri bed here,.
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2 INPUT

The input for conputer generation of mcro thesaurus

for a subject-field consists of the follow ng:

1 Structured subject string (wth indicator of
rel ati onshi ps anong concepts)

2 Phrase-code dictionary

3 Termcode dictionary

21 Input Preparation

The following are the steps for the preparation
of the input. The successive steps are briefly descri-
bed below w th a specific exanple.

C Title of docunent.- US Governnent support for
civilian technol ogy: Economc theory versus political
exi gency.

1 Subject Sring; 1.- Subject string in natural
| anguage: A perusal of the docunent indicates that the
speci fic subject of the docunent to be:

Eval uation of US Governnent's econom c policy
on civilian technology fromthe point of view
of political exigency.

2 Subject String II.- Subj ect string in kenal
terns: By renoving all the apparatus words from subj ect
string I, the follow ng subject string as obtai ned:

Eval uation. USA Governnent. Econom c poli cy.
AGvilian technol ogy. Political exigency.
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3 Subject String Il11.- Structured subject string:
The kernal terns in subject string Il are arranged in a
preferred sequence using the Principles of Hel pful
Sequence of the CGeneral Theory of Subject O assification
(2). This results in the follow ng subject string.

USA. CGovernnent. Economc policy.
Avilian technol ogy. Eval uation.
Political exigency.

4 Subject String IV.- Encoded structured subject
string with relationship indicators.

In subject string Il the relationship between
pairs of concepts is indicated and conputer instructions
generated using the follow ng codes:

indicating HR  Conputer generates NI/ BT
link between the two connected terns

— I ndicating Speciator relation (an NHR).
Conput er generates RT |ink between the two
connected terns

$1 I noxcating Facet relation (an NHR) .
Conput er generates RT |ink between the
termprefixed with $1 and the i medi ately
preceding termin the string prefixed with the
sane code.

$2, S3. .. I ndicating NHR other than Facet relation and
Coordinate relation. Conputer generates RT
link between the termprevised with $2, or S3,
etc, as the case may be and the termin the
string prefixed with the sane code.
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Each NHR is further specified by suffixing a code
for the specific relationship identified- To facilitate
Identification and representation of specific NHR a
table of the different NHR (See also table 2: Census of
NHR in the precedi ng paper) together with an appropriate
phrase and a code for each, is maintained. An extract
fromsuch a table is given bel ow

NHR Phr ase Code  Exanpl e
1 2 3
PROCESS and Devi ce used 1 Teaching with
DEVI CE/ METHCD! Met hod used p  Avalds
MEDI UM Wsed in Medi um used 3

the process

PROCESS and Process for Cooki ng of
resul ting Product of 5 f ood

PRCDUCT

PROCESS and Property of Det onati on

its PROPERTY waves produced

by det onati on

The code (colum 3) in parenthesis for the phrase
(colum 2) indicating specific NHRis interpolated in
the subject string. The resulting subject: string is
as fol |l ows:

$1USA$1(-8) Governnent $1(6-) Econom c policy.
(6-) Quvilian technology Evaluation-(-9) Political
exi gency
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The data in colums 2 and 3 of the above table are
conpi led into a conputer readabl e phrase-code diction-
ary for decoding the conputer readable thesaurus at a
| ater stage (See section 43).

Subj ect strings in coded formare nore conveniently
mani pul ated by conputer than those expressed in a natural
| anguage. To facilitate the encoding of the subject
strings and to decode the conputer readabl e thesaurus,

a terntode dictionary in conputer readable formis nain-
tained. This is also hel pful for identification of
equi val ence rel ationship (synonyn). (See Section 423).
An exanple of an entry in the termcode dictionary is
shown bel ow

Hectrical resistivity / Resistivity / Specific
resistence 32 / 33/ 34

Here, the preferred term 'Hectrical resistivity'
is listed first, followed by the synonyns; the corres-
pondi ng code nunbers for the terns are also in the sane
sequence.

The terns and their code nunbers are naintained in
a master termrecord file which gives conplete infor-
mation about each termis enunerated in the thesaurus.
An exanple of termrecord is given bel ow

Sheet No.: 35
Date: 9.1.78

1 SN 32 2 Reference : 6

3 Term Hectrical resistivity
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4 Context: Determnation of electrical resistivity of
sol ar

5 Definition: The electrical resistence offered by a
material to the flowof current, tine the cross-sec-
tional area of current flow and per unit |ength of
current path; reciprocal of conductivity

6 Source: MGawH Il Dictionary of Scientific and
Technical terns. 1974.

7 Category:. Facet

6 BT : Electrical properties

9 Used for: Resistivity (33)
Specific resistance (34)

10 Use:

11 Prepared by: 12 Checked by:

The nunber within parenthesis in the entry at SN 9
i ndi cates the code nunber for the corresponding term

The encoding of the terns in the subject string car-
be done manually or by conputer as was cone in cur work.

3 OQUTPUT

The out put thesaurus could be in conputer readable
formas well as printed out. A specinmen of the printed
t hesaurus is given bel ow
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RESI STANCE SALT
NT RT IAGENT IN
RADI ATI CN RESI STANCE PRCDUCTICN CF - )
SAAR ENERGY

RT\S\;EPRPERTYG:
BBED DENDR TI C SCLAR RT (SOURCE FCR -)

CELL WATER
R G D SOLAR PANEL RT (METHOD FCR
PRCDUCTI ON CF -)
BT DI STI LLATI ON
SAAR PANEL SALT WATER
RT (GOCRD NATE | DEA) U
SEM -R G D SOLAR PANEL SALI NE WATER
The synbol " — in prefixed/suffixed to the phrase

i ndicating the specific NHR hel ps in the neani ngful
linking of the terns. For exanple, the follow ng entry,

RES| STANCE
RT (- PROPERTY OF)
\WEBBED DENDR! Tf C SCLAR CELL

woul d be read as: Registance is a property of webbed
Cendritic solar cell.

Whereas, the follow ng entry

SALT
RT (AGENT USED I N PRCDUCTION - )
AR ENERGY
woul d be read as: Solar energy is an Agent used in
production of Salt.

It wll be noticed that the lead term repl aces
the dash

The absence of "— indicates coordi nate | deas.
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In the followi ng thesaurus entries

RIG D SOLAR PANEL
RT (OOCRDI NATE | DEA)
SEM - R G D SOLAR PANEL .

"Rigid solar panel” and "Sem-rigid solar panel”
are coordi nate ideas,

4 FROCEDURE
The major steps in generating printed thesaurus by
conputer are as foll ows:

Preparation of encoded subject string
Creation of coded thesaurus entries
Deriving thesaurus in natural |anguage
Sorting the thesaurus entries
Thesaurus print out.

aa b~ W DN -

Fig 1l is a systemflow chart of the steps.

41 Encoded Subject String

In the input subject string IV (See Sec 21, Step 4)
the terns are replaced by the nunerical code provided
taken from the conputer readable termcode dictionary
(See sec 21). An exanple of a conputer readabl e coded
subject string is given bel ow

$1 81$1(-8) 1 281 (6-)23-(8-)4iri(7-)5-(-9)62

wher e, 81 = USA
12 = Gover nnent
23 = Economc policy
41 = Commerci al technol ogy
5 = Eval uation
62 = Political exigency
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At this stage, the non-preferred termin the struct-
ure subject string IV may be replaced by the code nunber
for the preferred term For exanple, in the above sub-
ject, string, the preferred termfor "civilian technol ogy'
Is 'commercial technology'. In the termcode diction-
ary, the code for commercial technology is 41 and it
takes the position of 'civilian technology' in the string.

42  Ceneration of Coded Thesaurus Entries
421 Processing of Encoded Subject String

A coded subject string Is processed such that each
termin the string is linked with the succeeding term
inthe string, to create entries for the thesaurus. The
process is carried out fromleft to right of the string.
This process of generation of entries froma string is
iterated until each one of the terns in the string takes
the lead termposition. Once an entry is prepared, the
reverse entry is autonatically generated by changing the
position of the context termand the lead term. In hie-
rarchical entries, the relationship is changed fromXT to B
BT in reversing the entry. In RT entries, the relation-
ship does not change but the position of '— is changed
fromprefix to a suffix and vise versa as appropri ate.
For exanple fromthe coded subject string

$18I (-8) 1231 (6-)23(8-) 41 $1(7-)5-(-9) 62
the following entries are generated

SIRT( - 8) 12 12RTR 8-)81
12RT( 6- ) 23 23RT§ 6;1
23RT( 8- )41 4 RT(-8)2
5RT§7-;23 23RTE 7;5
5RT( - 4) 62 62RT(4-)5

Consi der anot her exanpl e:

10
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Subject String |I.- Drug treatnent of nonfatal
| ung di sease caused by G am negative bacteria.

Subject String I'l1l.- Lung. D sease. Bacteria.
G amnegative. Nonfatal. Treatnent.

Subject String IV.- $1 Lung $1(6-)S2
D sease -(-15) Bacteria-(20) Gam
negative $2(20-) Non fetal $1(17-) Treatnmnent-(23-)Drug

Coded Subject String: | 1245&81(6-) $2
252- (- 15) 315- (20 ) 264$2( 20-) 3279l (1 7-) 353~(23-) 282

From the above coded subject string the follow ng
entries are generated

2A5RT( 6- ) 252 252RT( - 6) 245

252RT( - 15) 315 315RT( 15-) 252
315RT( 20-) 264 264RT( - 20) 315
327RT( 20- ) 252 252RT( - 20) 327
353RT(17-) 252 252RT( - 17) 353
353RT( 23-) 282 282RT( - 23) 353

If for any of the terns in the input string HRis
i ndi cat ed by’ " ten the conputer will generate
NI /BT with the appropriate terns.

422 Processing of Coordi nate NTs

The set of NIs for a termin the string processed
as nentioned in the preceding section is picked up and
RT links generated anong the NIs so as to derive coordi-
nate relation anong them This is repeated with each
of the set of NIs for each of terns in the input string.

11
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Here is an exanpl e:

String segnents fromdifferent subject strings
M croorgani sm Bacteria
M croorganism Mrus
M croor gani sm Fungi

In coded form
233NT315
233NT318
233Mr320

Conputer generates the follow ng entries by proces-
sing the coded strings

315KT( 10) 518 318RT( 10) 515
315RT( 10) 320 320RT( 10) 315
318RT( 10) 320 320RT( 10) 318

The code "(10)" represents coordinate rel ati onship.

423 Processing of Termcode D ctionary

The records in the termcode dictionary in conputer
readabl e formare processed to derive equival ence rel a-
tionshi p wherever applicable.

Entries in the termcode dictionary (See Sec 21)
wll be as foll ows:

ECONOM C PQLICY 23
COMVERGA AL TECHNCLGGY/ A M LI AK TECHNCLOGY 41/ 40

The second entry indicates that 41 is the code
for "commercial technol ogy" (Preferred tern) and

12
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that its synonym (non-preferred term) is "civilian
t echnol ogy" coded 40.

By processing this string the follow ng thesaurus

entries will be generated indicating the equival ence
relation:
41UF40 40U41

43 Thesaurus in Natural Language

Using the termcode dictionary and phrase-code
dictionary (See Sec 21), the thesaurus entries in coded
form derived by the process described in Sec 42 are
decoded into the words of the natural |anguage (in*
English in our case). Here is an exanple:

Coded form Decoded form
81RT(-8) 12 USA RT (-Environment of) Governnent
23RT(7-)5 Econom c policy RT (Action on -)
Eval uati on
41UF40 "Commercial technology UF Civilian
t echnol ogy
73NT81 Aneri cas NT USA

44 Editing of Thesaurus Entries

In particular subject context, it may not be
necessary to generate thesaurus entries under certain
conmon generic ternms - e.g. lncrease, decrease,
Eval uate, produce, etc. Conputer instruction can be
devel oped to supress such entries using a term suprcs-
sion list. [1f, for exanple, from the subject string.

USA Government Econom c Policy. Commercial tech-
nol ogy. Eval uation. Political exigency

13
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one has to indicate the relationship between "Economc
policy" and "Evaluation"” but not in the reverse way,
that is, "Evaluation" and "Economc policy", the 'Term
Superssion list' wll be of help.

45 Sorted Thesaurus

The decoded thesaurus entries are sorted out and
arranged in al phabetical sequence according to the
lead term relationships, and context term The the-
saurus is in conputer readable format this stage.

46  Printout
The thesaurus is printed on on-line printer accord-
ing to a desired format. (See Sec 3)

5 SCFTWARE PACKACGE

A software package for generation of thesaurus
as described in this paper has been devel oped in DRTC
The prograns witten in QBC | anguage have been tested
on I QL 1901-A conputer. A thesaurus on Sol ar Energy
has been produced using this program package.
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Fig 1: System flow chart for generating micro thesgurus
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