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ABSTRACT 

This paper compares inversion of 
text files with inversion of 
more structured records. The 
unique characteristics of tex- 
tual data mhich restrict the 
utility of inversion are identi- 
fied and discussed. Inversion 
is show to be useful only for 
small, static data bases, and 
mhen full text search is not 
required. 

1. TEXT SEfYRCH-RATIONALE P-P 

1.1 Uses-of Text-Files -b-P- 

A variety of institutions are in tlhe 
information business, and as a result, 
accumulate large files of textual data 
covering a mide range of subjects. Such 
organizations (such as nemspapers, spe- 
cialized libraries, and intelligence agen- 
cies) need to be able to search their text 
files 
to an 

rapidly in order to provide answers 
unrestricted range of 

questions, 
potential 

and to 
backup to 

provide documentary 
the ansuers which they provide 

to their clients. 

Modern technology has made it possible to 
store large textua 1 data bases in 
machine-readable form: indeed, mithin 
some organizations the majority of textual 
information is presented in electrica! 
form at some point in its ii<2 cycle, and 
is thus amenabie to entry into an elec- 
tronic storage and retrieval system * 

Conventicnal techniques Frovide i ,n s u f i i - 
cient search and retrieval capabilities 
against such a textual data base. Many 
users of such data bases cannot predict 
the kinds of questions they uill be asK- 
ing: pre-need dccument indexing, no 
matter hem good, is an insufficient 
response t0 their information 
merits. 

require- 

As a result, 
need for 

such institutions perceive a 
large-scale unrestricted search 

systems which allom access t0 the full, 

unaltered texts of the documents stored 
therein. 

1.2 Query-Capabilities 

Query capabilities fall into the four gen- 
eral categories of: 

0 Term Flatchi ng 

0 Numeric Ranging 

0 Term Processing 

0 Zone and Field Restrictions 

The minimum capabiiity which must be pro- 
vided by a text searching system consists 
of exact term matching, cowled with 
Boolean logic combinations using the AND, 
OR, and NOT ooerators among terms. Exact 
term matching with Boo1 can AND, OR, and 
NOT alloms textual data bases to be 
searched and documents retrieved in a use- 
ful kuay. By term u12 mean both complete 
mords, such as “aircraft” and “un i ver- 
sity", and continuous & phrases (CNPS) 
such as "mide-bodied aircraft" and "Syra- 
cuse Univ2rsity." 

The effectiveness of document retrieval 
when the system has only these capabili- 
ties, however, is limited. Potential 
problems are i!lustrated in Figure la. 
Retrieval effectiveness consists of tmo 
components: 

2 Recali: the percentage of relevant 
docum2nts actually retrieved in 
response to a query; and 

2 Precision: the percgntage of the 
retrieved documents which are actu- 
ally relevant to the query. 

In general, retrieval of unnecessary docu- 
ments is tolerable, and can be handled by 
human review of the retrieved documents, 
throming out those mhich are net relevant, 
but limits are imposed by the practical 
requirements of revieming all the 
retrieved documents in order to reject 
those which do not satisfy the stated 
information need. 
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The more serious problem is that of insuf- 
ficient recall. Documents which are 
missed remain unknown to the user, and are 
likely never to be retrieved. 

Query effectiveness can be improved by 
adding query capabilities as shoun in the 
Venn diagram of Figure la. 

ILLUSTRATION OF QUERY PRECISION AND RECALL 

Figure 1. 

Precision can be increased at no cost 
recall by adding the Boolean NOT a:: 
numeric ranging to the query capabilities 
provided by the text search system. 

Spelling variations may result in a wide 
range of key terms urithin a textual data 
base. To access these terms easily, 
queries may be allowed to contain 
incompletely-specified terms. Such terms 
may consist of known characters in con- 
junction mith place holders, representing 
either a single character (a "fixed-length 
don't care") or an unknolun number of char- 
acters (a "variable-length don't care"). 

Adding pseudo-synonym capabilities through 
implementation of fixed and variable- 
length don't care conditions (FLDC and 
VLDC) , as shomn in Figure lb, also serves 
to increase recall, although at some cost 
in precision. 

Precision increases can be achieved by 
adding nem capabilities peculiar to text 
applications, as show in Figure lc: 

l Proximity: inter-term relationships 
stated in terms of words, sentences, 
or paragraphs 

l Zone and Field Specification: 
requiring terms to occur mithin 
specified areas of the target docu- 
ments. Such specified areas might be 
the title, abstract, author, or text 
areas. 

Increases in capability along these lines 
result in concomitant increases 
softmare complexity, additional buf:: 
memory overhead, and longer processing 
time for each user query. Nevertheless, 
these capabilities are necessary whenever 
a generalized full-text search system is 
required. 

2. INVERTED FILE SYSTEMS --- 

An inverted file system is a searching 
system implementation model that uses 
files and information structures which 
explicitly associate index term search 
keys with sets of records from a data 
base. A fundamental property of an 
inverted file system is that it is able to 
determine these sets mithout directly 
retrieving the records in the data base 
itself. As a minimum, inverted files are 
composed of records, called postings lists 
which are lists of references from a par- 
ticular index term to records in the data 
base. One implementation of inverted 
files orders these postings lists by the 
index key value associated with each of 
them. This implementation is called a 
posted term file set. 

Maintenance considerations associated with 
inverted files for large scale data bases, 
however, generally dictate that the post- 
ings lists and the set of search keys be 
split into separate files. The file con- 
taining the index terms and pointers to 
postings lists is called an index file. 
Entries in the index file are normally 
ordered alphabetically, with primary and 
second level directories to facilitate 
term lookup. 

File inversion has a conventional 
interpretation mhen applied to data bases 
comprised of structured records. A search 
key is associated with an assignment of a 
value to a field within a record, and a 

postings list is associated cuith that sub- 
set of the data base such that each record 
in the subset has the value for the field 
determined by the search key. 

As an example, consider a personnel file, 
mith records containing fields such as: 

e Last Name 
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Harris 

LAST NAME POaS 
\ 2 :lyer, Barney 

JOB CODE INDEX 

JOB CO..- _-._..__ , 

Newton, Isaac 

I -. -. - - I - 
INDEX 

PERSONNEL FILE 

l First Name 
Figure 2. Inverted File Structure 

s Middle Name 

l Department Code 

l Salary 

l Job Code 

l Hire Date 

When a file containing such records ’ 
inverted, separate index files are ge:! 
erated, each sorted according to its own 
key. For examp 1 e, index files might be 
created ordered on last name, 
code, sa 1 ary, 

department 
job code, and hire date. A 

record in one of these index files could 
contain only tmo fields: 

l The key value (a particular Job Code, 
for example), and 

l A pointer giving the location of the 
record in the primary file mhich has 
this value of the key field. 

In general, though, any one key value can 
be found in more than one record in the 
primary file, 
the index 

and the location pointer in 
file points to a postings list 

in a postings file. Each postings 1 ist 
entry consists of a pointer to the primary 
file. An example of such a file structure 

is shomn in Figure 2. 

2.1 Inverted File Search and Retrieval ----- 

Retrieval from an inverted file on a sin- 
gle key involves three steps: 

l Locating the key value in the index 
file; 

l Locating the postings list associated 
eith that key and that value; and 

i ch con- l Retrieving those records mh 
tain that value of that key. 

2,2 Strengths-of-Inversion 

File inversion provides two major 
ities to a retrieval system: 

capabi l- 

l Rapid retrieval by multiple keys 

l Query evaluation without reference to 
the primary file 

These characteristics allow rapid response 
to queries such as: 

Which employees have JOB CODE = 6 
and mark in DEPARTMENT = 326 ? 
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or 

How many NflME = 'SMITH' 
make SALARY GE 27524 ? 

Queries of the second type can be answered 
mithout ever accessing the personnel file, 
simply by counting the number of postings 
remaining after performing the AND opera- 
tion between the postings list for -SMITH 
and the range of postings for SALARY 
greater than or equal to $27,524. 

Gueries of the first type involve an addi- 
tional step, that of retrieving records 
from the primary file, but only those 
records iuhich are know in advance to meet 
the query criteria need be retrieved. 

2.3 Weaknesses-of-Inversion 

Inversion is not the perfect ansurer, hom- 
ever. There are a variety of costs asso- 
ciated with constructing and maintaining 
an inverted file system. Among the obvi- 
ous costs are: 

l Complex file structures 

l Increased storage requirements 

l Complex file maintenance processes 

In addition, there are hidden limitations. 
In the personnel file example it is impos- 
'sible to access the file based on FIRST 
NAME except by a serial scan of the entire 
primary file because the FIRST NAME field 
was not an inversion key. 

2.3.1 Complex F& Structures. A pair of 
files must be created for each field upon 
which the primary file is inverted. One 
of these files, the vocabulary file, con- 
tains an ordered list of the key values 
which have occurred in the field, associ- 
ating each key value with its list of 
occurrences through a postings pointer. 
The second file, the postings file, con- 
tains a list of record pointers for each 
value in the vocabulary file. 

In order to preserve the integrity of this 
file structure, any operations mhich alter 
the order of records in the primary file 
must be reflected in the pointers in the 
postings file, and any reorganization of 
the postings file must be suitably 
reflected in the pointers in the vocabu- 
lary file. 

2.3.2 Storage Requirements. As iilore and 
more fields are inverted, the size of the 
inverted index files approaches (and may 
exceed) that of the primary file itself. 
Inverted file sets provide an excellent 
example of trading space for speed: the 
more fields are inverted, the more space 
is required, and the faster results can be 
obtained. 

Size estimates can be readily obtained: 
each vocabulary entry must be large enough 

to contain a postings list pointer (nor- 
mally a constant size, typically related 
to the computer's word length) and a key 
value, while each postings entry need con- 
tain only a pointer to the relevant record 

the primary data base. 
t:e same length 

Where keys are 
no space is wasted in the 

key field, b& mhen keys are variable- 
length, additional space is required for 
either the maximum key length or for an 
additional key-length field. 

Ef3.3 Maintenance Processes. Maintenance 
an inverted fila set includes the fol- 

lotuing basic,operations: 

l Addition of new records 

e Deletion of old records 

e Modification of existing records 

For each of these operations, all three 
fiies must be updated. The vocabulary 
file must be examined for each key value 
in an altered record in order to add nem 
values and delete unused values from the 
vocabulary list. The postings file must 
be accesse,d, for each value of the keys in 
order to add nem postings or delete 
removed postings. The primary file must 
be updated by addition of a nem record, 
removal of a deleted record, or modifica- 
tion of an existing record. 

As more and more fields are inverted, 
maintenance becomes more and more complex. 
Each inverted field leads to tao more sets 
Of accesses: one to its vocabulary file, 
and one to its postings file. 

3. EXTENSION-TO FILES OF-UNFORMATTED DATA ----- -- 

A number of information retrieval systems, 
mainly designed to store and process 
collections of bibliographic 

large 
data, have 

been built as index based systems using 
inverted file techniques. Items in these 
data bases are usualiy referred to as 
documents, although the data base record 
itself may represent subdocuments, such as 
articles within technical journals or 
nemspapers. 

These systems reference documents in the 
data base in much the same manner as card 
catalogs reference collections housed 
libraries. Indexers extract from the dot:! 
merit values or attributes associated with 
bibliographic citations 
title, 

such as subject, 
publication date, author(s), 

language(s). The indexers 
the content of the document, 

then analyze 
and tag it 

mith a set of subject terms or keywords. 
Depending upon the subject matter of the 
data base, the indexers may be constrained 
to choose the 
trolled 

terms from a predefined con- 
vocabulary, and may use broad or 

narrow subject content criteria to deter- 
mine which and horn many terms are 
assigned. The set of keywords and values 
of certain of the citation related fields 
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becomes the index term vocabulary from 
which queries can be formulated. 

Althouch the citations to the documents 
are themselves structured records, they 
may or may not be retained in the data 
base beyond their functional usage as 
transactions records for updating the 
vocabulary and postings lists. Khen the 
citations are retained, they may be stored 
as separate integral records within the 
data base, or they may be incorporated 
into the documents they reference. The net 
result, in any case, is the extension of 
inverted file search capabilities to 
unstructured bibliographic records. 

4. INADEQUACiES OF THE CLASSICAL EXTEN- 
SION 

Extending the inversion technique to files 
of unformatted textual material by impos- 
ing an external structure, such 
assigned index terms, has proven to zi 
inadequate to solve the complex problems 
of unrestricted text search luhich are 
required by many users. While it is true 
that structured files can be quickly 
accessed using inversion techniques, the 
structuring of text files has the effect 
of altering the very information which the 
users wish to query: the text itself. 

No matter how well indexing is performed, 
the fact remains that only the indexes -- 
not the original documents -- are avail- 
able for searching, and these surrogates 
can provide only the answers for which 
they were first developed. 

Flny transformation of the original input 
texts suffers from at least one of two 
flaws: 

Manual indexing leads to inconsisten- 
cies in term assignment 

Automated index term selection is 
consistent, but may be inaccurate 

Either approach limits the vocabu- 
1 a-3, and thus the scope of the con- 
cepts which can be found in the data 
base to those originally embodied in 
the indexing assignment process. 

These limitations, however, are precisely 
those that the text files mere intended to 
avoid. The full generality of text search 
capability is available only ohen the full 
text is made searchable, leading naturally 
to the concept of full text inversion. 

5. FULL-TEXT-INVERSION 

In the context of a text based system, the 
records in the data base represent collec- 
tions of textual material such as docu- 
ments, and the index terms used as search 
keys are the words of text themselves. 8s 
such, index terms in text-based systems 
have positional relationships to each 

other beyond the standard term-document 
mapping. 

Three varieties of text file inversion 
appear to be of interest: 

l Full inversion, with comprehensive 
postings lists for each term in the 
vocabulary 

e Partial inversion, where the entire 
vocabulary is preserved, but postings 
lists contain cniy minimal informa- 
tion (e.g., document identification, 
but not location within document) 

l Incomplete inversion, where the voca- 
bulary itself is limited by being 
filtered through a stoplist in order 
to remove the highest frequency 
structure words 

In a fully inverted text search system, an 
entry within a postings list normally 
describes the document identifier, field, 
paragraph, sentence, and word location of 
the occurrence of a term within a docu- 
ment. 

In a partially inverted system, an entry 
within a postings list contains the docu- 
ment identifier (and possibly a field 
qualifier). Thus the ‘only information 
available is whether a given word Occurs 
within a document (and possib!y which 
fields contain the word). 

Incompletely inverted systems can ccntain 
either complete postings !ists or the lim- 
ited postings lists of the partial inver- 
sion technique. Incomplete inversion lim- 
its the types of queries to which the sys- 
tem can respond without additional mechan- 
isms. A query for the contiguous word 
phrase 

gang of four 

would lead to a preliminary retrieval of 
all documents containing both 9ang and 
four. but their relationship in the 
desired contiguous word phrase would 
require further-analysis of the retrieved 
documents. Such analysis could be per- 
formed by the user or by a text streaming 
routine which would look only at those 
documents retrieved by the inverted file 
search. 

Full inversion allows proximity relations 
between terms to be handled by the post- 
ings list merge processor as special cases 
of Boolean and arithmetic operators, with 
adjunctive masking operations on the post- 
ings word. 

In a partially inverted system, an entry 
within 
ment 

idzny;sft;;gs list contains the docu- 
" (and possibly a field 

qualifier). Thus the only information 
available is whether a given word occurs 
within a document (and possibly which 
fields contain the word). In order to 
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handle proximity relations in a partially 
inverted system, adjunctive text streaming 
routines must be added. In well-behaved 
queries, the strictly Boolean operators 
are handled by the postings list merge 
processor, in order to narrow down the 
search to a manageable number of entries 
in the postings lists associated with the 
partially evaluated query. The associated 
documents must then be retrieved, and the 
text streaming routines determine whether 
the non-Boolean criteria specified within 
the query are satisfied for each candidate 
document. 

As might have been expected, the incor- 
poration of text-theoretic operations into 
an inverted file framework introduces 
several new problems (in addition to the 
classical ones shared by almost all search 
key based retrieval systems). Some of the 
difficulties which can arise are illus- 
trated by the following examples. 

5.1 Contiguous-Word-Phrases 

Consider, for example, the phrase: 

changing of the guards 

Even though this phrase conceptually 
represents but a single term, the fact 
that file inversion is based upon word 
units implies that the above phrase must 
be translated into an expression of words 
connected by proximity operators. If 
"<w+i>" designates the proximity operator 
followed within . words b_r, the examp!e 
phrase is translatid as the expression: 

changing <w+l> of <w+l> 
the <w+l> guards 

Although evaluaticn of this expression 
does result in precisely the list of docu- 
ments containing the example phrase, the 
amount of time and computer memory 
expended in merging the constituent term 
lists is considerable. Particularly irk- 
some is the necessity to generate and 
maintain postings lists for prepositions 
and articles such as the and o+^, which 
appear many times in almost all documents 
in the data base. An alternative approach 
is to approximate the phrase by the 
expression: 

changing <w+3> guards 

It must be observed, however, that this 
latter expression is indeed an approxima- 
tion. Not only would documents cbntaining 
the desired phrase be retrieved, but also 
documents containing phrases such as 
"changing uniforms for guards . ..'I or 
"changing combination locks guards out of 
blockhouse...". 

Another approach to CWPs includes them in 
the vocabulary explicitly, as two-word 
CWPs, three-word CWPs, etc. This approach 
consumes additional systems resources in 
two ways: 

* The vocabulary file size . 
increased, both by the addition b: 
new terms (the pairs or triples), and 
by the increased term length which 
results from such pairs or triples. 

l The postings file size is increased 
by the addition of a postings list 
for each such term which has more 
than a single occurrence in the data 
base. 

5.2 Partial-w-Strinms 

Query terms which contain fixed or vari- 
able don't care characters are patterns 
which represent sets of terms, the ele- 
ments of which are precisely those words 
which match the specified pattern. Since 
text file inversion methods produce post- 
ings lists for words, the query transla- 
tion process must, as a preliminary step, 
search the vocabulary fiie in order t0 

find all words matching the don't care 
patterns, and repiace them with equivalent 
expressions which "or" the postings lists 
of matching words. For the sizes associ- 
ated with vocabulary files in large text- 
based systems, the cost in additional 
storage associated with file structures 
necessary to perform these searches effec- 
tively is considerable, and the question 
of whether file inversion techniques are 
feasible in systems which require the full 
generality of word pattern matching as 
outlined above remains open. 

A summary of query terms and capabilities 
is presented in Table 1. 

5.3 Characteristics-of-Natural-Lanquage 

5.3.1 Definitions. We begin by defining 
the following terms: 

TYPE: F1 unique word. 

TOKEN: Rn occurrence of a type in run- 
ning text. 

WORD: A character string consisting of 
a contiguous string of word char- 
acters, bounded on each side by 
strings of interword characters. 

WORD CHBRRCTER: A character which may 
occur within a word. While vari- 
able, this set typically includes 
the alphabetic characters (A-Z), 
and the numerics (O-9), and may be 
extended to encompass a few of the 
special characters such as the 
apostrophe, decimal point (where 
it can be distinguished from the 
period), and the hyphen. 

INTERWORD CHARACTER: Interword charac- 
ters are all characters in the 
machine's character set which are 
not word characters. For purposes 
of completeness, document boun- 
daries are treated as interword 
characters as well. 
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TA3LE 1: &err CapabiIltkes 5.3.2 Characteristics of English. Kucera 
and Francis CKUC6?? aZi yzed a sanpi e oi 
1,014,232 words of running English text, 
taken from a variety of sources, and found 
that their sample contained 50,406 types. 

The Oxford English Dictionary contains 
about 600,000 entries, but many of these 
are homographs which would appear identi- 
cal to a string recognition program. On 
the other hand, the string recognition 
program would distinguish between verb 
forms, plurals, and other morphological 
endings which are lumped together in the 
dictionary. 

Word frequencies in the Kucera and Francis 
sample are highly skewed: the 100 most 
frequent types (the, and, of, etc.) 
account for 47.4% of the tokens, although 
they make up only 0.198% of the total 
vocabulary. Low-frequency words, on the 
other hand, make up a large portion of the 
vocabulary. Indeed, ’ 
44.723% of the types occuA:ed 

the sample, 
only once. 

The mean values from this sample were: 

a 20.1213 tokens/type 

e Standard deviation 448.3906 

l Mean Type Length: 8.13 characters 

l Mean Token Length: 4.74 characters 

5.4 Imclications 

The Kucera and Francis corpus was rela- 
tively small, only a little over one mil- 
lion words of running text. This 
corresponds to only 500 documents which 
average 2,000 words each. When their 
resu 1 ts are extrapolated to larger data 
bases we find that the skewness of the 
distribution becomes even worse. Con- 
sider, for example, a data base containing 
one million documents simi!ar to those in 
the Kucera’and Francis corpus. 
such a 

We expect 
data base to have the folloluing 

characteristics: 

l Vocabulary size: 300,000 to 500,000 
types (more if not all material is in 
standard English) 

l Hapax legomena: 150,000 to 250,000 
types will occur only once _ 

l Total text: 2 billion words 

l Average Postings Lengths: 

e TOO High Frequency Words: 10 
million postings each 

l 249,900 Medium Frequency Words: 
4,000.6 postings each 

l 250,000 Hapax 
jng each 

legomena: 1 post- 

These expectations are borne out by empir- 
ical analysis of large-scale textual data 

Query 
:apabl!ity 

caregory 
- 

i-lat:tl 
Speclflcatlcn 

SYRRCUSE 

SNeTH 

?PRESS 

Exact 
March 

Fixed Length 
D9n.t Care 
(FLDC) 

?iatChs* 
WITH, 
S’,YTH, etc. 

NatChaS 
PRESS, 
COnPREsS 
DEPRESS 

Variable 
Length 
Don’t care 
(VLOC) 

N>lO 
natchet 
11, 222, 
301, 
10134, etc. 

mtcner 
50, 29 
1. etc. 

lumeric 
!anging N<Sl 

Betuee” 
Limits 

natctles 
50, 25, 
11, etc. 

Tern* may 
appear 
anyuhere 
u,thrn the 
docilment. 

lO<N<Sl 

SYRPCLISE 
AND 
UNIVERSITY 

I;i,~VERSIT’ 
COL- 

LEGE 

unless 
othztwise 
swzcified. 

::I% docu- s 
wnlch con- 
tain 
UNiVERSITY 
and do not 
alao can- 
ta!” COL- 
LEGE 

SYRACiiSE 
UNIVERSITY 

SYRRCUSE 
+3u 
UNIVERSITY 

SYRACUSE 
co, lowed 
with:” 3 
words by 
UNIVERSiTY 

CWP 

Word Prox- 
imity 

sentence 
ProximitcJ 

PLRNE +Or 
TRAIN 

within the 
SdinC ren- 
tence. 

Paragraph 
Proximity 

CONFERENCE 

l 3P 
PROCEEO- 
INGS 

CLOCl 
SYRRCUSE 

CONFERENCE 
and 
PROCEEJ- 
INGS 
within 2 
paragraphs 
Of each 
other. ..- _ .- 

SYRRCUSE 
13 the 
location 
zone. 

zone 
Specifier 

ones 

bases. Indeed, one of the data bases with 
mhich we -have had experience appears to 
have an even larger potential vocabulary 
and higher hapax percentage because it is 
not restricted to standard English text. 

6. EVALUATION OF FULL TEXT ------ INVERSION 

6.1 Existinq,Inverted Text File Srlstems --- -- 

Several inverted file systems have been 
implemented for specific kinds of textual 
data bases. Examples are LEXIS and WEST- 
LAW, CLAR771, for legal data retrieval; 
ELHILL-III; CHUM751, for medical data 

48 



retrieval at the National Library of Medi- 
cine; and RECON, for aerospace data at 
NASA CPRY763. Other general purpose 
inverted file systems are commercially 
available, such as ORBIT, available 
through Systems Development Corporation, 
CSDC75J, DIALOG, available through 
Lockheed Missiles and Space Company, 
CLOC761 and RECDN, available through 
Informatics. 

As far as is known, none of these systems 
utilize full text inversion nor do they 
allow unrestricted query formulation. As 
a minimum, stoplists are used to eliminate 
the highest-frequency mords from the 
inversion process. 

6.1.1 Performance. The performance of 
these inverted file systems varies over a 
wide range, depending -on the complexity 
and capability of the query and the size 
of the textual data base. The foilowing 
are representative search times for dif- 
ferent query complexities and capabilities 
where the textual data base is a few bil- 
lion characters, and the host computer is 
a large, general-purpose computer. 

Simple queries without proximity or zoning 
can normally be processed in a few 
seconds; complex queries without proximity 
or zoning normally can be processed in ten 
to twenty seconds. These times reflect 
the exclusion of the most common English 
words from the inverted indexes. Simple 
queries with proximity or zoning normally 
require a few tens of seconds. 

6.1.2 Cost. The average cost per query 
as reoorted in a 
inverted file users 

survey .CCUP763, of 
is between $20. and 

$30. Upper !imit costs were reported to 
be as higrh as $100. 

High storage costs are associated with 
such systems, too. The inverted index 
files range in size from -5 to 3 times the 
size of the associated primary file, 
depending on the amount of compression 
associated with term usage and the degree 
to which term occurrences are described in 
the postings lists. 

6.2 Practical Uses of Text Inversion ----- 

Text file inversion is a practical tech- 
nique under the following conditions: 

l The data base is specialized (such as 
a legal or medical data base). 

e Queries are restricted to limited 
areas of discourse. 

l Fully generalized contiguous word 
phrase, proximity, and partial string 
matching are not necessary. 

l The full text need not be inverted., 

l The data base need not be updated in 
real time. 

e The documents are well controlled -- 
standard English is used with few or 
no idiosyncratic spellings and varia- 
tions. 

l The data base is relatively small 
(thousands of documents, a few mil- 
lions of characters) 

A specialized data base automatically lim- 
its the universe of discourse to special- 
ized topics, and implies the types of 
questions to which the data base is 
expected to respond. By limiting the 
universe of discourse, me find that a spe- 
cialized vocabulary can be used, and those 
terms which are expected to occur in 
queries can be identified in advance, thus 
allowing for the construction of a spe- 
cialized set of indexes. 

When the index terms are controlled in 
this manner, useful results can be 
obtained without requiring the full aen- 
erality of CWP, 
match processing, 

proximity, and oartiai 
kontiguous word phrases 

corresponding to the specialized terms 
used in the limited vocabulary can be 
included in the indexes without requiring 
that all such phrases be included. 

Because the system is expected to respond 
to only a limited range of queries, and 
because the form and content of these 
queries are known in advance, the full 
text need not be inverted. Typical imple- 
mentations utilize a stoplist which 
prevents inversion on the highest- 
frequency words in order to reduce system 
overhead. 

Inverted file maintenance is a major pro- 
cess. Whenever such maintenance can be 
deferred to a time convenient to the sys- 
tem implementors and operators (as opposed 
to the users), it can be made more effec- 
tive by taking advantage of batch process- 
ing economies of scale. 

Linguistic standardization also helps to 
reduce the costs associated with large 
inverted file systems. All the problems 
associated with vocabulary control and 
maintenance are exacerbated whenever the 
input contains a wide variety of 
idiolects, jargon, and non-standard usage. 

6.3 Circumstances Hostile to Text Inver- 
sion 

Text file inversion breaks down as more 
and more of the following conditions must 
be met: 

l The data base is heterogeneous. 

l Dueries cannot be predicted. 

l The input is uncontrolled- (intelli- 
gence reports, for example). 

l The entire data base must be search- 
able, including all forms of CWPs. 
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The data base must be updated in real 
time. 

Fully generalized character str 1ng, 
ccntiguous mord phrase, and prcximity 
matching is required. 

The data base is large !bil!ions of 
characters, millions of documents). 

These conditions are appearing more and 
more frequently as technologic’al innova- 
tion and computer development is 
the capability of 

bringing 

large quantities of 
storing and searching 

textua I material 
mithin the 
tial users. 

reach of more and more poten- 
While the initial impetus 

tocrard developing I arge textuai storage 
and retrieval systems came from the U.S. 
intelligence community, similar needs are 
noo being felt by libraries, corporations, 
and news media organizations as well. 

7. CONCLUSIONS 

In summary, me find that inversion is a 
technique mhich is applicable to textual 
files only under certain highly restricted 
conditions, and is by no means a panacea 
for text search problems. Particulariy, 
we conclude that inversion is & cost- 
effective mhen unrestricted querying of 
large textual files is required. 
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